
Abstract. Background/Aim: [Pd(sac)(terpy)](sac)•4H2O
(sac=saccharinate and terpy=2,2’:6’,2”-terpyridine) is newly-
synthesized palladium(II) (Pd) complex. We investigated the
antiproliferative and apoptotic effects of this complex on Ehrlich
ascites carcinoma (EAC). Materials and Methods: EAC cells
were administered to 33 Balb/c mice. Mice were divided
randomly into four groups: control, cisplatin, Pd(II) complex
and paclitaxel. Control group animals received 0.9% NaCl;
other groups received treatments cisplatin, Pd(II) complex and
paclitaxel on days 7 and 12. At day 14, animals were sacrificed.
Expression of active caspase-3, p53 and proliferating cell
nuclear antigen (PCNA) was investigated and apoptosis was
evaluated by terminal deoxynucleotidyltransferase (TdT)-
mediated nick-end labelling (TUNEL) technique. Results:
Expression of p53 and PCNA were found to be decreased
(p<0.0001), cells with active caspase-3 and TUNEL-positive
cells were found to be increased (p<0.0001) in all treatment
groups. Conclusion: Like cisplatin and paclitaxel, this Pd(II)
complex has a strong anticancer activity against EAC by
inducing apoptosis and suppressing proliferation in vivo. 

Breast cancer is one of the major causes of morbidity,
mortality and therapy costs in women (1). Although there are
many drugs on the market for the therapy of breast cancer,
the response to such therapy is still very poor and therefore
more efficient drugs should be developed (2). Recently,

palladium (Pd), which is chemically similar to platinum,
showed a significant antitumour effect on cancer cells, as well
as relatively weak side-effects in comparison to platinum (3).
Although synthesis of palladium complexes dates back 30
years because of their anti-fungal, anti-viral and anti-bacterial
activities (4), research on anticancer activity of palladium
complexes only progressively increased after the 1990s.
Different methods in chemistry eased the synthesis of new
stable Pd(II) complexes, thus eliminating the significant
disadvantage of the lack of in vivo stability of these
complexes (2). Some Pd(II) complexes with significant
cytotoxic activity against cancer cell lines have been
synthesized and reported in recent years (5, 6). Palladium
complexes not only exhibit anti-tumoural activity against
cancer cells, but they also have fewer side-effects than
platinum-based compounds (3). As a major property of
anticancer agents containing metals, it is expected that
palladium complexes cause less kidney toxicity than cisplatin
(7). It was reported that palladium complexes demonstrate
significant anti-tumour activity when compared to cisplatin
(8). In addition, novel palladium complexes with strong
cytotoxicity to different cancer cell lines were reported (7, 9).

In our previous studies, we evaluated the anticancer
properties of some platinum and palladium complexes and
explored their mechanism of cell death induced in breast and
lung cancer cell lines (10, 11, 12). In these preliminary
studies, it was demonstrated that the anticancer activity against
human breast and lung cancer cells of certain complexes
occurs by inducing apoptosis through cell death receptors (12).
One newly-synthesized palladium(II) complex is formulated
as [Pd(sac)(terpy)](sac)•4H2O, where sac is saccharinate, and
terpy is 2,2’:6’,2”-terpyridine (2). Even though these studies
examined the in vitro effects of this complex, there is no
information regarding the mechanism of its effects, such as its
apoptotic and antiproliferative activity in vivo.
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Therefore, in this study, we aimed to investigate the
antiproliferative and apoptotic effects of this complex and
compare its effects with clinically used drugs such as cisplatin
and paclitaxel. For the elucidation of the mechanism, p53 and
Proliferating Cell Nuclear Antigen (PCNA) were investigated
with immunohistochemistry, while apoptosis was evaluated by
terminal deoxynucleotidyltransferase (TdT)-mediated nick-
end labelling (TUNEL) technique and the expression of active
caspase-3 (AC3) in induced Ehrlich ascites carcinoma (EAC)
in vivo. 

Materials and Methods

Animals. The protocol used in this study was approved by the
Istanbul University’s Ethic Board (no: 36/30.03.2009). Female
Balb/c mice weighing 22 g on average, bred at the Faculty of
Veterinary Medicine, were used in this study. The animals were
housed in polypropylene cages in a controlled environment (12 h
dark/light cycles), fed with standard laboratory chow, and given up
tap water ad libitum.

In vivo experiments. Thirty-three Balb-c female mice were
subcutaneously injected with 2.5×106 EAC cells (Istanbul
University, Department of Experimental Animal Biology and
Biomedical Application Techniques, Istanbul, Turkey) to induce a
solid carcinoma (13) (day 1) and then they were randomly divided
into four groups: the control group (n=4); and three experimental
groups (n=9-10). On days 7 and 12, the control group animals
received 0.5 ml of 0.9% NaCl; the second group received 4 mg/kg
cisplatin (Kocak Farma, İstanbul, Turkey) i.p.; the third group
received 2 mg/kg of the Pd(II) complex (Uludag University, Science
Faculty, Department of Chemistry, Bursa, Turkey, Patent Number:
TR 2011 00198 B) i.p.; and the fourth group received 12.5 mg/kg
paclitaxel(Sandoz, Novartis, İstanbul, Turkey) i.p. The dose and
duration of cisplatin and paclitaxel treatment were slightly modified
from a previously published study (14). On day 14, animals were
sacrificed cervical dislocation and tumour tissues were extirpated
measured with a caliper and, the tumor volume was calculated using
the formula V(mm3)=a × b2/2, where V(mm3) is the tumor volume
in mm3, a=length, b=width of the tumors. Then tumors were fixed
and embedded in paraffin as routinely performed. 

Immunohistochemical detection of AC3, p53 and PCNA. Tissue
sections from paraffin blocks were collected into positively charged
slides. They were put through de-paraffinization, antigen retrieval,
endogen peroxidase and protein blocking procedures and incubated
with antibody to AC3 (diluted 1:100, overnight at 4˚C, Millipore,
USA, cat no: AB3623), p53 (diluted 1:750, 1 hour, room
temperature, AbCam, Cat No:PAb240 (Ab26), Cambridge, UK) and
PCNA (diIuted 1:20, 1 h, room temperature) then they were treated
with a commercial secondary antibody kit (Invitrogen, Histostain-
Plus IHC Kit, HRP, broad spectrum, Cat. No: 85-9043, Paisley, UK)
and marked with 3,3’-Diaminobenzidine (DAB) chromogen
(Invitrogen, DAB-Plus Substrate Kit, Cat. No: 00-2020, Paisley,
UK). Finally, the sections were counterstained with Mayer’s
haematoxylin. Negative control sections were incubated with
Phosphate Buffer Saline (PBS) instead of the primary antibody.
Antigen retrieval was performed using citrate buffer solution. 

Detection of DNA fragmentation in tumour tissues. TUNEL assay was
performed by using a commercially available kit (ApopTag® Plus in
situ Apoptosis Detection Kit, Catalogue Number: S7101, Millipore,
USA). Tissue sections (5 μm) from paraffin blocks prepared from
tumour tissues were collected onto positively charged slides and
incubated overnight at 37˚C. Sections were deparaffinized with xylene,
digested with proteinase K (20 μg/ml, 15 min), endogen peroxidase
was quenched and slides were incubated with equilibration buffer. TdT
enzyme was applied for 1 hour at 37˚C. Anti-digoxigenine-peroxidase
was applied for 30 min at room temperature and for colour
development sections were marked with 3,3’-Diaminobenzidine
(DAB) chromogen. Methyl green was used for counterstaining. For
negative controls, distilled water was used instead of TdT 

Evaluation of p53 staining. Staining was determined according to
the following categories: 0: no staining; 1+: weak but detectable;
2+: moderate or distinct staining; 3+: intense staining. For each
tissue, the HSCORE was given by the following formula:
HSCORE=S×Pi×(i+1) , where i is the intensity score and Pi the
corresponding percentage of cells presenting a given staining
intensity. For each slide, five randomly selected areas were
evaluated under a light microscope, and the percentage of the cells
at the various intensities within these areas was determined at
different times by two researchers in a blind fashion (15, 16).

Proliferative index, apoptotic index and statistical analyses. Sections
were examined under Image Pro-Plus (MediaCybernetics, USA).
PCNA-positive cells were used to quantify the proliferative index
(percentage of PCNA-positive cells in 800-1000 cells). Similarly,
AC3 labelling and TUNEL-positive cells were used to quantify the
apoptotic index (17).

Statistical analysis was performed using GraphPad Prism version
5.2 for Windows (GraphPad Software, San Diego, CA, USA). One-
way variance analyses were used with Tukey post-hoc analyses
when p<0.05. For all analyses, p<0.05 was considered significant.

Results

The complex was found to significantly reduce the growth
(size) of tumors. Tumor sizes were; 14 690.9±9054.6 mm3

Control, 4780.4±2562.9 mm3 in Complex, 9343.9±3298.0
mm3 in Cisplatin and 5498.7±2593.1 mm3 in Paclitaxel
groups. These results regarding to tumor sizes have been
previously published (11).

When compared to the control, the expressions of p53 and
PCNA were found to be decreased (p<0.0001) and the
expression of AC3 and the percentage of TUNEL-positive cells
were found to be increased (p<0.0001) in cisplatin-, Pd(II)
complex- and paclitaxel-treated groups (Figure 1). The
expression of p53 in the control group was dense and intense in
the nuclei, but very light in the cytoplasm (Figure 2A). p53
expression by HSCORE decreased considerably in the group
treated with Pd(II) complex (Figures A and 2B), and in the
cisplatin-, and paclitaxel-treated groups in comparison to the
control (p<0.0001). Moreover, the decline in p53 expression
induced by the Pd(II) complex was similar to that of paclitaxel
and slightly better than that of cisplatin (Figure 1A). 
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The expression of AC3 in the controls was very low
(Figure 2C). AC3 expression was increased in the groups
treated with cisplatin, Pd(II) complex, and paclitaxel, but was
the greatest in the Pd(II) complex- treated group (Figure 2D).
The expression of AC3 in Pd(II) complex- and paclitaxel-
treated groups was higher than that of cisplatin (Figure 1B)
(p<0.0001). The increase in AC3 expression noticed by
Pd(II) complex was nearly two-fold that by cisplatin and
slightly higher than that by paclitaxel.

The intensity of PCNA expression was dense and nuclear
(Figure 2E). The PCNA reaction decreased in groups treated
with cisplatin, Pd(II) complex (Figure 2F) and paclitaxel in
comparison to the control. The proliferative index by PCNA
was significantly reduced by all treatments (p<0.0001), with
Pd(II) complex and paclitaxel being more effective than

cisplatin (p<0.0001), and the Pd(II) complex having the
greatest effect (Figure 1C).

The reaction in the TUNEL assay was also evaluated as
an index. In the control group, the apoptotic index was low
(Figure 1D and 3A). The TUNEL reaction increased in all
groups (Figure 1D; Pd(II) complex-treated group) (Figure
3B) in comparison to the control (p<0.0001), with paclitaxel
having the greatest effect. 

Discussion

In our previous study (11), we already showed that this
Pd(II) complex had strong anticancer activity against EAC.
In the evaluation of the tumor sizes in mice demonstrate that
the regression in tumor size of the Pd(II) complex-treated
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Figure 1. Comparison of results between groups of treated mice. A: P53; B: active caspase-3 (AC3); C: proliferating cell nuclear antigen (PCNA); D: terminal
deoxynucleotidyltransferase (TdT)-mediated nick-end labelling (TUNEL) **p<0.001 and ***p<0.0001 versus control; +++p<0.0001 versus cisplatin. 



group was similar to that under paclitaxel treatment and even
better than that under cisplatin. Moreover, the number of
drug-related deaths in the Pd(II) complex- and paclitaxel-
treated groups was one, while it was two in the cisplatin-

treated group. Taking into account this promising finding, in
the current study, we further explored the effect in vivo of
the Pd(II) complex on some parameters related to
proliferation and apoptosis.
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Figure 2. Expression of P53, active caspase-3 (AC3) and proliferating cell nuclear antigen (PCNA) in control (A, C, E) and palladium (II) complex-
treated (B, D, F) groups (Bar=20 μm). 



p53 is a protein that in humans is encoded by the TP53
gene. The p53 protein is crucial in multicellular organisms,
where it regulates the cell cycle and, thus, functions as a
tumor suppressor, preventing cancer. As such, p53 has been
described as ‘the guardian of the genome’ because of its role
in conserving stability by preventing genome mutation (18).
p53 activation regulates genes involved in many cellular
functions, the most important being cell-cycle arrest and
apoptosis. It is often remarked that 50% of carcinomas have
mutated or inactivated p53; however, the true number is
probably much higher when the involvement of the entire
p53 pathway in tumorigenesis is examined (19). Tumor types
with cytoplasmic confinement of p53 are less responsive to
genotoxic stress induced by radiotherapy or chemotherapy;
while cytoplasmic accumulation of p53 is an independent
unfavourable prognostic factor in cancer. Relocation of p53
to the nucleus after cellular stress is desirable to inhibit the
growth of malignant cells. Moreover, in a number of tumor
types that retain wild-type p53, loss of p53 activity is
associated with cytoplasmic localization (20). In such cases,
p53 is excluded from the nucleus as a result of cytoplasmic
sequestration, or hyperactive nuclear export (21-23). In the
present study, we used antibody to p53 [PAb240 (ab26)]
which recognizes both mutant and wild-type p53 under
denaturing conditions, and according to the manufacturer’s
manual, cellular localization is predominantly nuclear but
p53 is translocated to the cytoplasm following cell stress.
Compared to the control group, the p53 expression decreased
approximately 2.89-fold in paclitaxel- and 2.42-fold in Pd(II)
complex-treated groups, which were quite similar to each
other. In a normal cell, the p53 level is very low.
Overexpression of p53 in the control group led us to believe

that the majority of this population consisted of mutant type
p53. According to Kacar et al., a different Pd (II) complex
might represent a promising anticancer agent that exhibits
Bcl-2 Associated X Protein (BAX)-mutant, and caspase 3-
mutant cancer cells (24). The decrease in expression of p53
in the Pd(II) complex-treated group was similar to their
finding. Thus we believe that the decrease in our study was
because of cytotoxicity of Pd(II) in p53-mutant cells (24).

The anti-growth effect of Pd complex could be achieved
by suppression of proliferation, activation of cell death, or
both. Thus we first stained cells for PCNA to determine
proliferation. PCNA is a protein expressed in the G1/S phase
of the cell cycle (25). In this study, the Pd(II) complex and
other drugs reduced PCNA expression, which also shows the
proliferation rate was reduced. This might explain the
reduction of tumour diameters in treated groups observed in
the previous study. Apoptosis was shown by AC3 staining
and was confirmed by the TUNEL assay. Caspase-3 protein
is a member of the cysteine-aspartic acid protease (caspase)
family (26). Sequential activation of caspases plays a central
role in the execution phase of cell apoptosis. Caspase-3 is
activated in apoptotic cell both by extrinsic (death ligand)
and intrinsic (mitochondrial) pathways (27, 28). The
zymogen feature of caspase-3 is necessary because if
unregulated, caspase activity would kill cells indiscriminately
(29). As an executioner caspase, the caspase-3 zymogen has
virtually no activity until it is cleaved by an initiator caspase
after apoptotic signalling events have occurred (30). 

According to our results, expression of AC3 was very low
in the control group. AC3 levels were highest in the Pd(II)
complex-treated group and these results were approximately
2.7-fold higher then by cisplatin and slightly higher than that
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Figure 3. Terminal deoxynucleotidyltransferase (TdT)-mediated nick-end labelling in control (A) and palladium (II) complex-treated. B) groups
(Bar=20 μm).



of The paclitaxel-treated group. In accordance with this
finding, TUNEL staining, which measures double-stranded
breaks in DNA, was highest in the paclitaxel-treated group
but the difference between the group treated with Pd(II)
complex and that treated with paclitaxel was small. Caspase
activation is a relatively early event and DNA strand breaks
are late events in apoptosis (31). The results of these two
assay methods were in concordance, which indicates that
apoptosis was also another factor contributing to the decrease
in the size of the tumor resulting from treatment with the
Pd(II) complex.

In a similar study with a different Pd complex in murine
cancer cell lines, it was reported that the complex had an
activity equivalent to that of cisplatin (32). In this study, our
results were compatible with these findings, the Pd(II)
complex demonstrated even better results than cisplatin. The
mechanisms of action of paclitaxel and cisplatin in cancer
treatment differ. Cisplatin crosslinks DNA in several
different ways, interfering with cell division by mitosis. The
damaged DNA elicits DNA repair mechanisms, which in
turn activate apoptosis when repair proves impossible (33).
Microtubule-arresting drugs like paclitaxel inhibit mitotic
progression leading to mitotic and post mitotic arrest and cell
death (34). The Pd(II) complex led to similar and sometimes
better antiproliferative effect than paclitaxel in this study. We
observed that the greatest difference was observed between
groups in terms of the PCNA and AC3 results. 

Only a single drug-related death occurred in each of the
groups treated with Pd(II) complex and paclitaxel, whereas
two animals died in the cisplatin-treated group. This suggests
that the Pd(II) complex had a less than moderate toxicity
when compared to cisplatin. As no side effects like tremor,
paraplegia and weight loss were observed in any of the
groups (11). Parallel to these findings although cisplatin was
applied two-fold higher than Pd(II) complex, the anti-
proliferative and apoptotic effect of Pd(II) complex was
higher than cisplatin and nearly similar to paclitaxel.

In conclusion, the Pd(II) complex used in this study had
strong anticancer activity on EAC by inducing apoptosis as
well as inhibiting proliferation in vivo. However, more in
vivo studies with different types of cancer models need to be
performed in order to demonstrate the detailed mechanism
of action of this Pd(II) complex. 

Conflicts of Interest

The Authors have no conflicts of interest to declare. 

Acknowledgements

The study was supported by a grant from the Istanbul University
Scientific Research Projects Department (grant number of UDP-
47082). 

References

1 Benson JR, Jatoi I, Keisch M, Esteva FJ, Makris A and Jordan
VC: Early breast cancer, Lancet 373: 1463-1479, 2009.

2 Guney E, Yilmaz VT, Sengul A and Buyukgungor O:
Platinum(II) and palladium(II) saccharinato complexes with
2,2’:6’,2”-terpyridine: Synthesis, characterization, crystal
structures, photoluminescence and thermal studies. Inorganica
Chimica Acta 363: 438-448, 2010.

3 Gao E, Liu C, Zhu M, Lin H, Wu Q and Liu L: Current
development of Pd(II) complexes as potential antitumor agents.
Anticancer Agents Med Chem 9: 356-368, 2009.

4 Graham RD and Williams DR: The synthesis and screening for
antibacterial,-cancer, -fungicidal and -viral activities of some
complexes of palladium and nickel. J Inorg Nucl Chem 41:
1245-1249, 1979.

5 Abu-Surrah AS, Al-Allaf TA, Rashan LJ, Klinga M and Leskelä
M: Synthesis, crystal structure and initial biological evaluation
of the new enantiomerically pure chiral palladium (II) complex
trans-bis{endo-(1R)-1,7,7-trimethylbicyclo[2.2.1]-heptan-2-
amino} palladium(II) dichloride. Eur J Med Chem 37: 919-922,
2002.

6 Abu-Surrah AS, Abu Safieh KA, Ahmad IM, Abdalla MY, Ayoub
MT, Qaroush AK and Abu-Mahtheieh AM: New palladium(II)
complexes bearing pyrazole-based Schiff base ligands:
Synthesis, characterization and cytotoxicity, Eur J Med Chem
45: 471-475, 2010.

7 Divsalar A, Saboury AA, Mansoori-Torshizi H and Ahmad F:
Design, synthesis, and biological evaluation of a new
palladium(II) complex: beta-lactoglobulin and K562 as targets, J.
Phys. Chem B 114: 3639-3647, 2010.

8 Gao EJ, Wang KH, Zhu MC and Liu L: Hairpin-shaped
tetranuclear palladium(II) complex: Synthesis, crystal structure,
DNA binding and cytotoxicity activity studies. Eur J Med Chem
45: 2784-2790, 2010.

9 Al-Masoudi NA, Abdullah BH, Essa AH, Loddo R, LaColla P:
Platinum and palladium-triazole complexes as highly potential
antitumor agents. Arch Pharm 343(4): 222-227, 2010.

10 Ulukaya E, Ari F, Dimas K, Sarimahmut M, Guney E,
Sakellaridis N and Yilmaz VT: Cell death-inducing effect of
novel palladium(II) and platinum(II) complexes on non-small
cell lung cancer cells in vitro, J Cancer Res Clin Oncol 137:
1425-1434, 2011a.

11 Ulukaya E, Ari F, Dimas K, Ikitimur EI, Guney E, Yilmaz VT:
Anti-cancer activity of a novel palladium (II) complex on human
breast cancer cells in vitro and in vivo, Eur J Med Chem 46(10):
4957-4963, 2011b.

12 Ari F, Aztopal N, Icsel C, Yilmaz VT, Guney E, Buyukgungor O
and Ulukaya E: Synthesis, structural characterization and cell
death-inducing effect of novel palladium(II) and platinum(II)
saccharinate complexes with 2-(hydroxymethyl)pyridine and 2-
(2-hydroxyethyl)pyridine on cancer cells in vitro, Bioorg  Med
Chem 21: 6427-6434, 2013.

13 Armutak-Ikitimur E.I, and Gurtekin M: Effects of curcumin on
apoptosis in “in vivo” solid ehrlich ascites tumor model in Balb-
C mice. J Fac Vet Med Istanbul Univ 40(2): 183-190, 2014.

14 Chahinian P, Mandeli, J.P. Gluck H, Naim H, Teirstein AS,
Holland JF: Effectiveness of cisplatin, paclitaxel, and suramin
against human malignant mesothelioma xenografts in athymic
nude mice. J Surg Oncol 67: 104-111, 1998.

ANTICANCER RESEARCH 35: 1491-1498 (2015)

1496



15 Senturk LM, Seli E, Gutierrez LS, Mor G, Zeyneloglu HB and
Arici A: Monocyte chemotactic protein-1 expression in human
corpus luteum. Mol Hum Reprod 5: 697-702, 1999.

16 Taskin EI, Kapucu A, Akgün-Dar K, Yagci A, Caner M, Firat
UB, Firat I and Dogruman H: Effects of an oral treatment with
concentrated grape juice (Ent) on cell nos (eNos and iNos)
Expression and proliferation in experimentally induced
carcinoma in mice. Revue Méd Vét 159: 3, 123-129, 2008.

17 Taşkın EI, Akgün-Dar K, Kapucu A, Osanc E, Dogruman H,
Eraltan H and Ulukaya E: Apoptosis-inducing effects of
Morinda citrifolia L. and doxorubicin on the Ehrlich ascites
tumor in Balb-c mice. Cell Biochem Funct 27: 542-546, 2009.

18 Strachan T and Read AP: Human Molecular Genetics 2. Chapter
18: Cancer Genetics. New York: Wiley, 1999.

19 Fojo, T: P53 as a therapeutic target: unresolved issues on the
road to cancer therapy targeting mutant p53. Drug Resist. Updat
5: 209-216, 2002.

20 O’Brite and Giannakakou P: The importance of p53 location:
Nuclear or cytoplasmic zip code? Drug Resist Updat 6: 313-322,
2003.

21 Bosari, S, Viale, G, Roncalli, M, Graziani D, Borsani G, Lee AK
and Coggi G: P53 gene mutations, p53 protein accumulation and
compartmentalization in colorectal adenocarcinoma. Am J
Pathol 147: 790-798, 1995. 

22 Moll, UM, LaQuaglia, M, Benard J and Riou G: Wild-type p53
protein undergoes cytoplasmic sequestration in undifferentiated
neuroblastomas but not in differentiated tumors. Proc Natl Acad
Sci U.S.A. 92: 4407-4411, 1995. 

23 Moll U.M, and Zaika A: Disrupting the p53–MDM2 interaction
as a potential therapeutic modality. Drug Resist Updat 3: 217-
221, 2000

24 Kacar O, Adiguzel Z, Yilmaz VT, Cetin Y, Cevatemre B, Arda
N, Baykal AT, Ulukaya E and Acilan C: Evaluation of the
molecular mechanisms of a palladium(II) saccharinate complex
with terpyridine as an anticancer agent. Anticancer Drugs 25:
17–29, 2014.

25 Kurki P, Vanderlaan M, Dolbeare F, Gray J, Tan EM: Expression
of proliferating cell nuclear antigen (PCNA)/cyclin during the
cell cycle. Exp Cell Res 166: 209–219, 1986.

26 Alnemri ES, Livingston DJ, Nicholson DW, Salvesen G,
Thornberry NA, Wong WW, Yuan J: Human ICE/CED-3
protease nomenclature, Cell (87;2): 171, 1996.

27 Salvesen GS: Caspases: opening the boxes and interpreting the
arrows. Cell Death Differ 9(1): 3-5, 2002.

28 Ghavami S, Hashemi M, Ande SR, Yeganeh B, Xiao W, Eshraghi
M, Bus CJ, Kadkhoda K, Wiechec E, Halayko AJ and Los M:
Apoptosis and cancer: mutations within caspase genes. J Med
Genet 46(8): 497-510, 2009.

29 Boatright KM, and Salvesen GS: Mechanisms of caspase
activation. Curr Opin Cell Biol 15(6): 725-731, 2003.

30 Walters J, Pop C, Scott FL, Drag M, Swartz P, Mattos C,
Salvesen GS and Clark AC: A constitutively active and
uninhibitable caspase-3 zymogen efficiently induces apoptosis.
Biochem J 424(3): 335-345, 2009.

31 Duan WR, Garner DS, Williams SD, Funckes-Shippy CL, Spath
IS and Blomme EA: Comparison of immunohistochemistry for
activated caspase-3 and cleaved cytokeratin 18 with the TUNEL
method for quantification of apoptosis in histological sections of
PC-3 subcutaneous xenografts. J Pathol 199(2): 221-228, 2003.

32 Rocha MC, Santana AM, Ananias S.R, de Ameida ET, Mauro AE,
Placeres MCP and Carlos IZ: Cytotoxicity and immune response
induced by organopalladium(II) compounds in mice bearing
Ehrlich ascites tumour. J Braz Chem Soc 18: 1473-1480, 2007.

33 Pruefer FG, Lizarraga F, Maldonado V and Melendez-Zajgla J:
Participation of Omi Htra2 serine-protease activity in the
apoptosis induced by cisplatin on SW480 colon cancer cells. J
Chemother 20(3): 348-354, 2008.

34 Giannakakou P, Robey R, Fojo T and Blagosklonny MV: Low
concentrations of paclitaxel induce cell type-dependent p53, p21
and G1/G2 arrest instead of mitotic arrest: molecular
determinants of paclitaxel-induced cytotoxicity. Oncogene 20:
3806-3813, 2001. 

Received November 10, 2014
Revised November 21, 2014

Accepted November 25, 2014

Ikitimur-Armutak et al: Pd(II) Complex Anticancer Activity on EAC

1497


