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Treatment for lung cancer is still far from satisfac-
tory. Therefore, there is a call for novel anticancer 
agents. In the present study, the anticancer activity of 
[Pd(L)Cl], 1a complex towards A549 human lung ade-
nocarcinoma cells was investigated. [Pd(L)Cl], 1a  
inhibited the growth of A549 cells in a time and dose-
dependent manner. The IC50 value was 10 M after 
24 h treatment. Flow cytometric analyses revealed a 
dose-related increase in the percentages of cells in the 
Sub-G0/G1 state, indicative of apoptosis which was 
further confirmed by Annexin V binding assay, via  
a ROS-mediated mitochondria-dependent pathway. 
Western blot analysis showed that 1a complex induced 
Bax expression to desintegrate the outer mitochon-
drial membrane and causing cytochrome c release,  
associated with the activation of caspase-3. All of these 
signal transduction pathways are involved in initiating 
apoptosis. [Pd(L)Cl], 1a seems to represent a poten-
tially active drug against non-small cell lung cancer 
A549 cell line in vitro, and further studies in vivo are 
warranted. 
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LUNG cancer is one of the most common-disease causing 
death worldwide1. Although many drugs have been intro-
duced into the market, response to therapy is still poor. The 
foremost target of most research groups is to find a con-
venient anti-cancer drug that can be used efficiently for 
the treatment of human tumours. The recent history of 
metal-containing antitumour agents began with the unex-
pected detection of antitumour properties for inorganic 
compound cis-diamminedichloroplatinum(II) (cisplatin) 
in 1969 (ref. 2). It seemed that such biological activity 
had to be unique among heavy metal compounds and was 
seen as a result of the definite kinetic and structural prop-
erties at platinum(II) centre, making possible the specific 
impact on genomic DNA. There is steadily a growing  
interest in investigations of transition metal complexes 
other than the traditional platinum-based compounds for 
use as chemotherapeutic agents against cancer. 

 Current metal-based drugs research is moving towards 
the development of new agents which are able to improve 
effectiveness and reduce the severe side effects of cis-
diammine-dichloroplatinum(II) (cisplatin) and its ana-
logues that are still the most widely used anti-cancer 
therapeutics3. Along with platinum(II) complexes, numer-
ous planar and octahedral platinum complexes as well as 
compounds of other platinum-group metals such as  
ruthenium, rhodium or palladium were characterized by 
cytostatic activity4–6. The major classes of metal-based 
anticancer drugs include platinum(II), palladium(II), 
gold(I), gold(III), metaloporphyrins, ruthenium(II), ruthe-
nium(III), bismuth(III) and copper(II) compounds.  
Special attention in this regard has been given to palla-
dium(II) complexes7–11, since the coordination pattern 
and complexation behaviour of palladium(II) are similar 
to those of platinum(II)7,12,13. However, platinum(II) 
complexes are thermodynamically and kinetically more 
stable than those of palladium(II). The complexes un-
dergo equation and ligand exchange reactions 105 times 
faster than the corresponding platinum(II) analogues.  
Importantly, a good relationship was observed between 
the cytostatic activity of the palladium(II) complexes and 
their lypophilicity or solubility14. As non-platinum com-
plexes, they have recently been reviewed to have a signi-
ficant anti-tumour activity to cancer cells as well as lower 
side effects compared to cisplatin15, this often-used che-
motherapeutic in clinics. 
 As an important feature of metal-containing anti-cancer 
agents, palladium(II) complexes are expected to have less 
kidney toxicity than cisplatin16. Moreover, better solubility 
compared to platinum(II) seems to make palladium(II) 
complexes more attractive. In one study, palladium(II) 
complexes of glyoxylic oxime were found to have higher 
aqueous solubility than platinum(II) complexes of glyoxy-
lic oxime17. The palladium(II) complexes dissociate readily 
in solution leading to very reactive species that are unable 
to reach their pharmacological targets such as DNA7,18,19. 
This rapid aquation and formation of very reactive spe-
cies could be overcome if palladium(II) complexes are 
stabilized by bulky ligands and suitable leaving groups7. 
As a result, a number of palladium(II) complexes with 
neutral ligands have shown promising results. Palladium 
complexes with 1-benzyl-3-tert-butylimidazol-2-ylidene, 
which are active against tumour cells, have an antiprolif-
erative activity stronger than cisplatin20. Palladium(II) 
complexes derived from thiosemicarbazones are active 
against cisplatin-resistant cell lines9, while benzaldehyde 
thiosemicarbazones21 exhibit cytotoxicity against human 
tumour (carcinoma, melanoma and leukaemia) cell lines. 
The literature also describes the anti-proliferative activity 
of palladacycles22, a large variety of palladium complexes 
containing triphenylphosphine and thymidine moiety23, 
pyrazole ligands24 and methionine sulphoxide25. 
 Palladium complexes with two different chelating 
ligands, tropolone and bipyridine, have also been  
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reported, their biological evaluation revealing activity in  
vitro against human tumour cells lines26,27. The success of 
metallo drugs is closely linked with the proper choice of 
ligands, as they play a crucial role in modifying reactivity 
and lipophilicity, stabilizing specific oxidation states, im-
parting substitution inertness20 and influencing metal co-
ordination pattern. Recent research has been directed 
towards synthesis and evaluation of complexes with bio-
logically interesting ligands with the aim of widening the 
spectrum of complex activity7,19,28. In the present work, 
we have investigated the anti-cancer activity of a novel 
palladium(II) complex. A luminescent palladium(II) com-
plex [PdII(L)Cl], 1a with the acyclic tridentate quinoline-
2-carboxaldehyde-2-pyridylhydrazone ligand, HL, 1, was 
previously synthesized29. We have further investigated the 
anti-proliferative activity and the capacity to induce apop-
tosis of the novel complex 1a against human lung cancer 
cell line, A549. 
 Stock solution of the previously synthesized29 
[PdII(L)Cl], 1a complex was prepared in DMSO (Sigma-
Aldrich, USA) at a concentration of 20 mM, filtered 
through a Millipore filter (0.22 M), before treatment, 
and diluted with culture medium to at least six different 
working concentrations ranging from 0 to 25 M. Culture 
medium was DMEM supplemented with 10% foetal  
bovine serum (Himedia) and antibiotics/antimycotic 
(conc. 100 units) and gentamycin (conc. 50 g/ml) solu-
tion with Na-pyruvate (1 mM). Human lung cancer cell 
line A549 was purchased from the National Centre for 
Cell Science, Pune, and cultured in DMEM supplemented 
with 10% FBS and antibiotics/antimycotic (conc. 100 
units) and gentamycin (conc. 50 g/ml) solution with  
Na-pyruvate (1 mM) in a humidified incubator at 37C in 
5% CO2. 
 A549 cells (50,000 cells/cm2) were seeded in triplicate 
into six-well plates for 24 h. Then the cells were supple-
mented with different concentrations of [PdII(L)Cl], 1a 
for 24 h. Cell viability was measured by trypan blue dye 
exclusion method. DMSO was used as negative control 
and cisplatin was used as reference drug. After 24 h, 
1.0  106 ml–1 cell suspension for viability assay was pre-
pared by trypsinization, centrifugation and counting with 
a haemocytometer. A 1 : 1 dilution of 200 l of the cell 
suspension was made using 0.4% trypan blue solution 
and incubated for 3 min at room temperature. Replicate 
samples of stained and unstained cells from each well 
were counted with a haemocytometer on a microscope 
under a 20 objective. Following analysis of variance, 
data from all experiments were pooled for further statisti-
cal analysis. The calculated percentage of unstained cells 
represents the percentage of viable cells. 
 For cell cycle distribution, A549 cells were seeded in 
growth medium in six-well plates (3  105 per well) and 
grown overnight at 37C in a humidified incubator with 
5% CO2. Cells were then treated with [PdII(L)Cl], 1a at 
indicated concentrations for 24 h. Cell-cycle analysis was 

performed as described earlier29. The propidium iodide 
(PI) fluorescence was then measured using a FL-2 filter 
(585 nm) in a BD FACS Calibur flow cytometer (Becton 
Dickinson); a minimum of 10,000 events were acquired 
for each sample. The flow cytometric data were ultimately 
analysed using WinMDI 2.9 and histogram display of 
DNA content (X-axis, PI-fluorescence) versus counts (Y-
axis) was displayed. 
 Early apoptotic process is characterized by changes in 
the phospholipid bilayers of cell membranes. Staining 
with FITC-conjugated annexin V and PI can help quanti-
tate subpopulations of cells with compromised membrane 
integrity. Untreated control and 5 and 10 M of 
[PdII(L)Cl], 1a treated cells were washed twice with cold 
PBS and resuspended in buffer at a concentration of 1.0  
106 per ml. Cells were mixed with 1 l of fluoresceine 
isothiocyanate (FITC)-conjugated annexin V reagent 
(BioVision, USA) and PI solution (conc. 10 g/ml). After 
15 min incubation at room temperature in the dark and 
further washing, the samples were analysed by flow cyto-
metry. Cells were then analysed in the FACS Calibur 
flow cytometer; for each sample, a minimum of 10,000 
events was acquired. Using WinMDI 2.9 software, histo-
gram displays of DNA content (X-axis, PI-fluorescence) 
versus counts (Y-axis) were generated. Cells that were 
positive for both PI and annexin V were considered as ne-
crotic cells and thus excluded from analysis. All results 
were expressed as the percentage of apoptotic cells 
( SD)/sample. 
 The generation of reactive oxygen species (ROS) was 
detected by DCFDA fluorescence. Intracellular, membrane-
bound esterases and ROS respectively, cleave and oxidize 
non-fluorescent H2DCFDA to the fluorescent 2,7-
dichlorofluorescein (DCF). Cells were seeded (4.0  105 
cells/well) in six-well plates and allowed to adhere over-
night. The cells were then treated with [PdII(L)Cl], 1a 
concentrations of 0, 5.0 and 10.0 M for 24 h at 37C. 
The treated cells were incubated with 100 M final con-
centration of DCFDA for 35 min in the dark at 37C. The 
cells were harvested by centrifugation at 1500 rpm for 3–
5 min, resuspended in phosphate buffered saline (PBS), 
and ROS generation of 10,000 cells was measured by the 
fluorescence intensity (FL-1, 530 nm). Logarithmic am-
plification was used to detect the fluorescence of the 
probe. Four independent experiments were performed in 
triplicate. Data were analysed using WinMDI 2.9, and they 
represent the mean fluorescence intensity. 
 Loss of mitochondrial transmembrane potential (m) 
was determined by the retention of the dye DiOC6. A549 
cells were seeded (4.0  105 cells/well) in six-well plates 
and then treated with [PdII(L)Cl], 1a concentrations of 5.0 
and 10.0 M for 24 h at 37C. After 24 h cells were har-
vested and washed with PBS, incubated with 100 nM 
DiOC6 at 37C for 30 min in the dark. Loss of DiOC6 
fluorescence indicates disruption of the mitochondrial  
inner transmembrane potential. The probe was excited at 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 107, NO. 10, 25 NOVEMBER 2014 1713 

488 nm and emission was measured through a 530 nm 
band pass filter. Logarithmic amplification was used to 
detect the fluorescence of the probe. Data were analysed 
using WinMDI 2.9, and they represent the mean fluores-
cence intensity. 
 A549 cell death induced by the studied compounds was 
analysed by observing the change of nuclear morphology 
stained with acridine orange (AO). When AO enters into 
the cells, it shows green colour. Also, 4.0  105 of A549 
cells were seeded on the six-well culture plates. Follow-
ing 24 h incubation 5.0 and 10 M concentration of the 
studied compound was added to the cells. After 24 h of 
treatment, cells were washed with PBS and fixed with 4% 
paraformaldehyde solution for 15 min. Cell were stained 
with 5 g/ml AO for 5 min. The cells were observed and 
photographed under an Olympus Bx51 fluorescence  
microscope. 
 For immunofluorescence of Bax, A549 cells were 
grown in poly-L-lysine (0.1 mg/ml) coated sterile cover 
slip. Cells were treated with or without the presence of 5.0 
and 10 M concentration of [PdII(L)Cl], 1a complex for 
24 h. After washing three times with PBS, coverslips 
were fixed with 4% paraformaldehyde for 15 min at room 
temperature. Cells were permeabilized with PBS contain-
ing 0.1% Triton X-100 for 5 min and then washed three 
times with PBS. After blocking with 3% BSA in TBS so-
lution for 1 h, the cells were incubated with monoclonal 
antibody of anti-Bax (1 : 100) overnight. After comple-
tion of primary antibody incubation, the cells were incu-
bated for 2 h with a dilution 1 : 100 of goat anti-mouse 
FITC conjugated secondary antibody. Finally, the nucleus 
was stained with 1 g/ml DAPI (4,6 diamodino-2-phenyl-
indole) for 5 min. Images were collected by an Olympus 
BX51 fluorescence microscope provided with a cool–snap 
digital camera. Filters used were: 460–490 nm excitation 
and 510–550 nm emission for FITC; 360–370 nm excita-
tion and 420–460 nm emission for DAPI. 
 After washing in cold PBS, 9  106 cells/90 mm petri 
dishes, the cells were lysed using the lysis buffer (150 mM 
sodium chloride, 1.0% Triton X-100, 50 mM Tris pH 8.0, 
0.01% SDS, 0.5% sodium deoxycholate) containing 1 mM 
PMSF, aprotinin 1 g/ml and leupeptin 1 g/ml. Super-
natants were collected by centrifugation at a 14,000 rpm 
for 15 min at 4C. Then protein estimation was done us-
ing the Bradford method at 595 nm. For Western blot 
analysis of cytochrome c and caspase-3, the cell lysate 
(40 g) was loaded onto a 10–15% sodium dodecyl sul-
phate polyacrylamide gel after electrophoresis; separated 
proteins were transferred onto nitrocellulose membrane 
(Millipore, Bedford, MA). The membrane was blocked in 
5% nonfat dry milk and blotted with primary antibodies 
diluted in a blocking solution (5% BSA in TBS). After 
washing, the membrane was incubated with AP-conjugated 
secondary antibodies according to the manufacturer’s  
instructions. Positive reactions were visualized using the 
developer NBT and BCIP solution. Western blot and  

densitometry studies were performed using Bio-Rad Gel 
Documentation system. -actin was also analysed on each 
membrane for confirmation of gel sample loading (i.e. 
based on constitutive expression). 
 Data obtained from experiments are represented as 
mean  SD of at least three independent determinations. 
One-way analysis of variance was applied to determine 
the possible significant differences followed by Student’s 
t-test and P value  0.05 was considered as statistically 
significant difference. 
 The effects of [PdII(L)Cl], 1a complex on A549 cells 
were first evaluated by trypan blue exclusion assay, 
which indicated that the 1a complex significantly  
decreases the percentage of viable A549 cells in a dose-
dependent manner. As shown in Figure 1 a, the viable 
cells at 24 h after treatment with [PdII(L)Cl], 1a complex 
decreased to 64% (5 M), 50% (10 M) and 18% 
(25 M) with respect to the control. The trypan blue as-
say showed that IC50 is 10 M for 1a complex (Figure 
1 a). Simultaneously to determine the cytotoxic effects of 
[PdII(L)Cl], 1a on A549 cells, we observed the alterations 
in cell morphology. The results showed that [PdII(L)Cl], 
1a led to apparent morphological changes in a dose-
dependent manner. The conspicuous changes observed in 
[PdII(L)Cl], 1a treated cells included cell shrinkage,  
 
 
 

 
 

Figure 1. Cytotoxic effects of [PdII(L)Cl], 1a on A549 cells. a,  
Inhibitory effects of [PdII(L)Cl], 1a on the cell viability of A549 cells 
by trypan blue exclusion assay. b, Cell morphology under light micros-
copy after incubation with [PdII(L)Cl], 1a at indicated concentrations 
for 24 h (magnification 20). Data are presented as mean  SD by three 
independent experiments. Significance: *P < 0.05 versus control. 
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Figure 2. Flow cytometric analysis of [PdII(L)Cl], 1a induced cell cycle arrest in A549 cells. a, Cells were  
harvested and processed for cell cycle analysis using propidium iodide. Cell cycle phase distribution of A549  
nuclear DNA was determined by single label flow cytometry. Histogram display of DNA content (X-axis, PI  
fluorescence) versus counts (Y-axis) has shown (Sub G0/G1, G0/G1, S, G2/M): 0, 5 and 10 M [PdII(L)Cl], 1a  
after 24 h treatment. b, Bar represents the percentage of A549 cells DNA population in different stages of cell cy-
cle after [PdII(L)Cl], 1a treatment. Results are a single representative of five comparable experiments. Asterisks 
(*) indicates significant differences (P < 0.05, ANOVA followed by post hoc LSD test) in values for different 
doses compared to controls. The different letters indicate significant differences (P < 0.05) between groups.  
(c) Morphological changes of cell apoptosis detected by acridine orange staining. 0, 5 and 10 M of complex 
treated A549 cell condensed nucleus (magnification 40). Data are presented as the best representative of five in-
dependent experiments. 

 
 
round-up and extensive detachment of the cells from the 
culture substratum. These changes became increasingly 
visible with dose increase, but were absent in the control 
cells (Figure 1 b). 
 To determine whether or not [PdII(L)Cl], 1a complex 
exerted its cytotoxic effect via the induction of cell cycle 
arrest or apoptosis, we examined the distribution of cell 
cycles of A549 cells by flow cytometry, after their expo-
sure to [PdII(L)Cl], 1a complex. As shown in Figure 2 a, 
[PdII(L)Cl], 1a complex induced an altered cell cycle dis-
tribution in a dose-dependent manner. The flow cytome-
try data revealed a dose-related substantive increase in 
the percentages of cells at sub-G0/G1 (might be apoptotic 
cells; M1) after 5 M (i.e. 3–4-fold) and 10 M (i.e. 8–9 
fold) [PdII(L)Cl], 1a treatment respectively, compared to 
control cells. The percentages of cells at G0/G1 phase at 
24 h after treatment with [PdII(L)Cl], 1a complex (5 and 
10 M) did not significantly decrease (Figure 2 a and b). 

 For further confirmation of apoptosis in A549 cells, the 
change in nuclear morphology by AO staining and  
annexin V staining before and after [PdII(L)Cl], 1a com-
plex treatment was observed. After AO staining the nu-
clei of the control cells were round and homogeneous, 
whereas after [PdII(L)Cl], 1a complex treatment a reduc-
tion of cell volume, nuclear condensation (a hallmark of 
apoptotic cells), and increased non-adherence of the cells 
to the culture surface (Figure 2 c) were observed. Induc-
tion of apoptosis was rigorously substantiated by examin-
ing the flow cytometry pattern of annexin V-FITC stained 
cells (Figure 3 a). It was found that the number of  
annexin V + PI–, i.e. early apoptotic cells, increases signi-
ficantly in 5 (~ 15.0%) and 10 M (~ 25.0%) compared to 
the untreated cells (~ 0.5%) and number of annexin 
V+/PI+, i.e. late apoptotic cells also increases in 10 M 
(~ 5.0%) compared with the untreated one (0.1%; Figure 
3 a and b). 
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Figure 3. Flow cytometric analysis of apoptotic cells after treatment of A549 cells with [Pd II(L)Cl], 1a. The 
cells were harvested and labelled with annexin-V-FITC and PI and analysed by flow cytometry. a, Representative 
biparametric histograms obtained after 24 h of incubation at the indicated concentration of 0, 5 and 10 M 
[PdII(L)Cl]. The lower left-hand segment represents the annexin-V−/PI− cells, the lower right-hand segment the 
annexin-V+/PI− cells, the upper right-hand segment the annexin-V+/PI+ cells, and the upper left-hand segment the 
annexin-V−/PI+ cells. b, Bar graph represents the percentage of apoptotic population at different treatment condi-
tions. Results are the best representative of five comparable experiments. Asterisks (*) indicates significant  
differences (P < 0.05, ANOVA followed by post hoc LSD test) in values for different doses compared to control. 
The different letters indicate significant differences (P < 0.05) between groups. c, Immunofluorescent assay of 
pro-apoptotic protein. Immunofluorescent analysis of the expression of Bax (green). The cells were incubated 
with anti-Bax, antibody followed by incubation in appropriate fluorescent secondary antibody. Nuclei were 
stained with ethidium bromide (red) for 5 min. The images were photographed under an Olympus fluorescence 
microscope (magnification 100). Data are presented as the best representative of five independent experiments. 

 

 
 It has been reported that activation of the proapoptotic 
Bcl-2 family members, Bax (or Bak), is an essential 
gateway to mitochondrial dysfunction required for cell 
death induced by diverse cytotoxic stress. Therefore, here 
we have studied the expression of Bax by immuno-
fluorescence staining. A549 cells were exposed to 5 and 
10 M concentration of [PdII(L)Cl] complex along with a 
control and the localization of Bax was investigated 
within cytosol using FITC-conjugated secondary anti-
body, which gives the green fluorescence and as a counter 
stain the nucleus was stained by ethidium bromide. Expres-
sion of Bax increased with the treatment of the 
[PdII(L)Cl] complex, further confirming apoptosis of 
A549 cells (Figure 3 c). So it may be considered that the 
[PdII(L)Cl] complex induces apoptosis on A549 cells 
through the mitochondrial pathway, although further  
verification is needed. 

 Cancer chemotherapy is known to induce tumour cell 
death in a variety of cell types in part by promoting the 
production of intracellular ROS. In order to know 
whether ROS production is associated with [PdII(L)Cl], 
1a complex-induced apoptosis of A549 cells, we assessed 
the expression of ROS at respective concentrations of 
[PdII(L)Cl], 1a complex treatment by examining the fluo-
rescence intensity of DCHF-DA-incubated cells. Upon 
challenge of A549 cells for 24 h with [PdII(L)Cl], 1a, a 
concentration-dependent increase of ROS production was 
observed (Figure 4). A representative fluorescence pat-
tern from flow cytometry shows that the intracellular 
ROS level increased after [PdII(L)Cl], 1a complex treatment 
in a dose-dependent manner (Figure 4 a). Mean fluores-
cence intensity of untreated cells was ~ 10%, and the  
values changed to ~ 50% and ~ 70%, after treatment with 
5 and 10 M [PdII(L)Cl], 1a respectively. Fluorescence 
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Figure 4. Flow cytometric analysis of [PdII(L)Cl], 1a induced reactive oxygen species production in A549 cells. 
Cells were harvested and when were 80% confluent they were treated with 0, 5 and 10 M [PdII(L)Cl], 1a respec-
tively, for 24 h. a, After treatment the cells were incubated with 20,70-dichlorofluorescein diacetate fluorescent 
probes and analysed by flow cytometry in a single labelling system with a 530-nm band pass filter using an over-
lay histogram plot. b, Bar graph represents the mean fluorescence intensity (MFI) compared with the control. Re-
sults are a single representative of five comparable experiments. Asterisks (*) indicates significant differences 
(P < 0.05, ANOVA followed by post hoc LSD test) in values for different doses compared to control. The differ-
ent letters indicate significant differences (P < 0.05) between groups. c, Flow cytometric analysis of mitochon-
drial transition pore formation in response to [PdII(L)Cl], 1a treatment with 0, 5 and 10 M [PdII(L)Cl], 1a 
respectively, for 24 h. The mitochondrial membrane permeability was measured by flow cytometry in a single  
labelling system using DiOC6 fluorescent probes and a 530 nm band-pass filter. The loss of fluorescence indi-
cates the disintegration of mitochondrial membrane. d, Bar graph represents the MFI compared with the control. 
Results are a single representative of five comparable experiments. Asterisks (*) indicates significant differences 
(P < 0.05, ANOVA followed by post hoc LSD test) in values for different doses compared to control. The differ-
ent letters indicate significant differences (P < 0.05) between groups. e, Effect of [PdII(L)Cl], 1a on cytochrome c 
and caspase-3 expression in A549 cells. The protein levels of apoptosis regulatory molecules, including cyto-
chrome c and caspase-3 in A549 cells treated with [PdII(L)Cl], 1a at indicated concentrations for 24 h were ana-
lysed by Western blot assay. f, Bars represent quantitative densitometric values of the expressed protein in the 
samples shown in (e); -actin used as loading control. Data shown are representative of five comparable  
experiments. Asterisks (*) indicates significant differences (P < 0.05, ANOVA followed by post hoc LSD test) in 
values for different doses compared to control. The different letters indicate significant differences (P < 0.05)  
between groups. 

 
 
intensities of [PdII(L)Cl], 1a treated A549 cells were 
much higher than those of untreated controls (P < 0.05) 
(Figure 4 a and b). 
 To further demonstrate the induction of apoptosis by 
[PdII(L)Cl], 1a complex, the mitochondrial membrane 
depolarization was examined using DiOC6. The A549 
cells were treated with [PdII(L)Cl], 1a complex at a con-
centration of 5 and 10 M for 24 h (Figure 4). Our results 
indicate that the [PdII(L)Cl], 1a complex induced mito-
chondrial membrane depolarization in a dose-dependent 
manner. These results clearly show that [PdII(L)Cl], 1a 
complex is an efficient inducer of mitochondrial  

membrane depolarization of A549 cells. Since decreased 
DiOC6 fluorescence is a measure of the integrity of the 
mitochondrial membrane, therefore the results from this 
study indicate decrease in integrity of the mitochondrial 
membrane after addition of [PdII(L)Cl], 1a at doses of  
5 and 10 M (Figure 4 c and d). 
 To understand the further downstream events of apop-
tosis, we examined whether the complex 1a has any effect 
on the expressions of pro-apoptotic proteins cytochrome c 
and caspase-3. It is known that cytochrome c causes  
activation of caspases by cleaving the procaspases. Using 
Western blot analysis, we observed increased expression 
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of cytochrome c and caspase-3 (Figure 4), which signifies 
caspase-3 upregulation in treated A549 cells in compari-
son to the untreated ones. Therefore, increase in  
cytochrome c expression in the cell lysate suggests that 
[PdII(L)Cl], 1a complex, upregulates caspase-3 to initiate 
the apoptotic cell death (Figure 4 e and f ). 
 The search for new chemo-preventive and antitumour 
agents that are more effective but less toxic has become a 
matter of interest. Different palladium complexes with 
promising activity against varying kinds of tumour cell 
lines have been synthesized and tested over years30–34. 
Taking into account the promising activity of palladium 
complexes against cancer, we have recently synthesized 
the [PdII(L)Cl], 1a complex which shows cytotoxic effect 
with prostate cancer (PC-3) cells, modulating the cell  
cycle as well as the balance between pro- and anti-apoptotic 
proteins29. In the present study, we first examined the 
anti-proliferative effect of [PdII(L)Cl], 1a complex on 
human non-small lung cancer cells at concentrations 
ranging from 0 to 25 M for 24 h. The [PdII(L)Cl], 1a 
complex significantly decreased the proliferation of A549 
cells in a dose and time-dependent manner. This was con-
sistent with previous reports that daidzein inhibits the 
growth of human colon, breast, and ovarian carcinoma 
cells35. Similar to the results of the cell proliferation  
experiment by trypan blue exclusion, the phase contrast 
photomicrographs of A549 cells treated with the 
[PdII(L)Cl], 1a complex in different concentrations rang-
ing from 0 to 25 M for 24 h confirms the cell death of 
A549 cells with complex treatment. 
 Cell cycle control is a major event in cellular division. 
Blockade of the cell cycle is now considered as an effec-
tive strategy for the development of novel cancer thera-
pies36,37. To further scrutinize these results, we analysed 
cell cycle pattern of A549 cells treated with 0, 5 and 
10 M concentrations of [PdII(L)Cl], 1a complex for 
24 h. In the case of 10 M treated A549 cells, the sub 
G0/G1 cell population increases (~ 27%) with respect to 
control (~ 3). As another measure of apoptosis, we deter-
mined the induction of apoptosis by examining the mor-
phological change of nucleus by acridine orange staining 
method. The A549 cells treated with 10 M [PdII(L)Cl], 
1a complex show a condensed nuclei compared to the 
control, which shows the intact nuclear architecture. 
Apoptosis is characterized with morphological and bio-
chemical changes that include blebbing of the cell mem-
brane, a decrease in cell volume, nuclear condensation 
and the intra-nucleosomal cleavage of DNA. In the phase 
contrast photomicrograph, we observed decrease in cell 
volume of A549 cells and also nuclear condensation by 
AO staining after treatment with [PdII (L)Cl], 1a complex 
compared to control A549 cells. Both these experiment 
confirm the apoptosis of A549 cells induced by 
[PdII(L)Cl], 1a complex. 
 The cell cycle arrest may partly explain apoptosis and 
anti-proliferative effects induced by [PdII(L)Cl], 1a. 

Apoptosis plays an important role in anti-cancer effect. It 
is a highly regulated death process by which cells  
undergo inducible non-necrotic cellular suicide38. Data 
obtained from annexin V staining showed that [PdII(L)Cl], 
1a complex induces significant apoptosis in A549 cells. 
In this study, we observed that [PdII(L)Cl], 1a also acts 
effectively on human lung cancer cells to induce cytotox-
icity in a manner that causes apoptosis. Investigating the 
mechanism by which lung cancer cells undergo apoptosis 
in response to [PdII(L)Cl], 1a treatment, we found that 
[PdII(L)Cl], 1a treatment resulted in severe ROS accumu-
lation. Excessive ROS caused oxidative damage to the 
mitochondrial membranes and impaired the membrane  
integrity, leading to cytochrome c release, caspase activa-
tion and apoptosis. 
 We have demonstrated that the cause of induced apop-
tosis is ROS. The generation of ROS in A549 cells was 
detected by DCFDA. ROS, such as H2O2 and O

2
–, are 

constantly produced during metabolic processes in all liv-
ing species. Under physiological conditions, the mainte-
nance of an appropriate level of intracellular ROS is 
important in keeping redox balance and cell prolifera-
tion39–42. Previously it was reported that cancer chemo-
preventive agents induce apoptosis in part through ROS 
generation and disruption of redox homeostasis43. It is 
also known that the pro-apoptotic signal(s) emanating 
from accumulated ROS trigger the mitochondrial release 
of caspase-activating proteins, such as cytochrome c, 
apoptosis inducting factor, and Smac/DIABLO to the  
cytosol44. ROS shows secondary messenger function  
because of its ability to influence MMP and mitochon-
drial function and to induce intracellular Ca2+ flux and 
eventual activation of the caspase cascade45. 
 One of the early events that initiate apoptosis is the  
release of cytochrome c from the mitochondria into the 
cytosol29. Consistent with these results, in the cytosol of 
[PdII(L)Cl], 1a treated A549 cells, cytochrome c was  
detected after a 24 h treatment. This complex activates 
caspase-9, which in turn cleaves and thereby activates 
caspase-3. In the [PdII(L)Cl], 1a treated cells, release of 
cytochrome c from the mitochondria was followed by  
activation of caspase-3. Mitochondria are important in en-
ergy production, cellular calcium homeostasis, generation 
of ROS and capacity to release apoptogenic proteins46. 
Several factors can stimulate mitochondria-mediated 
apoptosis; these include DNA damaging agents, UV, acti-
vation of tumour suppressors, and chemotherapeutic 
agents47–49. Previously, it has been reported that the  
release of cytochrome c appeared to be dependent on the 
induction of mitochondrial permeability transition, which 
is associated with a decrease in mitochondrial transmem-
brane potential that results from the opening of PTP50. 
 It has been reported that Bcl XL is down-regulated by 
cytochrome c protein22,23. Since we observed an increase 
in cytochrome c expression, the role of cytochrome c in 
the down regulation of Bcl XL can be postulated. Bcl XL 
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is an anti-apoptotic gene and hence its down-regulation is 
associated with apoptosis induced by curcumin24,25. In 
summary, we have demonstrated that [PdII(L)Cl], 1a  
induces ROS-mediated apoptosis in A549 lung cancer 
cell lines, initiated upstream of mitochondrial dysfunc-
tion. A determining event that commits the cancer cells to 
apoptotic death subsequent to the loss of MMP, cytosolic 
release of cytochrome c and activation of the caspase 
cascade, further investigation would possibly develop 
[PdII(L)Cl], 1a into a chemotherapeutic agent. 
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The objective of this study is to (a) test the proposition 
that the variance of water quality from undefined 
sources is a function of land use within the watershed, 
and (b) examine the premise that the impact of land 
use near the stream is more important than that far 
away from the stream in affecting the water quality 
from non-point sources. Results obtained using this 
approach support both these hypotheses. Moreover, 
these tests suggest the importance of considering the 
means by which chemical elements are delivered to 
the streams. Nitrate-nitrogen and phosphorus can 
probably be intercepted by different means because of 
their varying delivery systems. Nitrate-nitrogen can 
be intercepted by removal of fast-growing floodplain 
crops and phosphorus by sediment barriers at sites 
outside the floodplain. Further evidences suggest that 
reservoir trap-efficiency is considerably important in 
improving the downstream water quality as the former 
entraps clay nanominerals (with adsorbed particulates 
of phosphorus) that are found to be responsible for 
the fate and transport of phosphorus. The methodo-
logy of analysis of stream loads is ordinary least 
square regression analysis. Stream loads of nitrate-
nitrogen and total phosphorus have been studied as a 
function of land use. 
 
Keywords: Land use, non-point source, nitrate-
nitrogen, phosphorus, water quality. 
 
THE primary objective of a non-point source (NPS) pollu-
tion control watershed project is to protect or restore the 
designated use of a water resource by reducing pollutant 
delivery to it. Because NPS of pollution is usually wide-
spread, intermittent and undefined, mitigating a water 
quality problem, or potential problem, caused by such 
pollution is often difficult. The task is further compli-
cated when sufficient time and funding are not available 
to implement all the recommended best management 
practices (BMPs). For this reason, a land treatment or  
watershed management strategy should be developed to 
guide the selection and implementation of BMPs. While 


