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Palladium nanoparticles (Pd-NPs) have various applications in industries, such as:
Biomedicine, Sewage treatment, Electronics, and Catalytic processes. Different
studies on NP have shown that they have negative impacts on different cell
categories in vitro. Despite extensive considerations, the molecular mechanism
of Pd-NPs toxicity has remained elusive thus far. Therefore, in this paper,
we investigated the toxicity of Pd-NPs by evaluating their effects on human
lymphocyte. Blood lymphocyte cells were initially isolated by ficoll solution and
were exposed to Pd-NPs and Pd (ll) ions. Then, we examined oxidative stress, cell
cycle and apoptosis employing flow cytometry. We found the NPs administration
suppressed cell growth,which in turn resulted in cell apoptosis. Also, cell cycle
stopped at sub G1 phase, resulting in DNA damage as well as profound ROS
increase. Our results showed that Pd-NPs treatment for 24 hours led to apoptosis,
oxidative stress, as well as cell cycle blockage. It is notable that Pd (I1) ions induced

more severe toxicity. Our findings provide valuable insights on Pd-NPs toxicity.

How to cite this article

Zivari fard M., Sharifi M., Shojaei A., Rezayat S.M, Mousavi S.E., Falahati M. The Investigation of the Toxicity of Palladium
Nanoparticles on Human Lymphocyte. ]. Nanoanalysis., 2021; 8(2): 151-157. DOI: 10.22034/jna.007.

INTRODUCTION

Nanomaterials referred to particles which are
smaller than 100 nm and considered as one of the
strategic materials of the twentieth century [1]. One
of the most important members of these materials
is Pd-NPs that is used in various industries such as
ornaments, dental alloys, and catalytic converters
in automotive exhaust [2-4]. Therefore, the possible
health impact of Pd-NPs when they enter the body
is of great interest. The catalytic converters release
Pd particles as well as very small amount of Pd-NPs
in the human respiratory range [5]. After using
the elements of Pd group as catalytic converters,
the amount of Pd, especially Pd-NPs, will increase
significantly around the roads [4]. There is not
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enough information about the role of Pd-NPs in
allergic sensitivity [6, 7]. Also, it has been shown
that Pd-NPs affect the secretion of INF-y and
Thl cytokine in type IV immune reactions [3].
Petraca, Clemente, found that exposure to Pd-NPs
increases the mitogen activation rate with DNA
diploid content, which shows that GO phase has
increased in human peripheral blood mononuclear
cells. This feature of Pd-NPs is very important,
because preventing the progression of the cell cycle
is a crucial factor in curing the human cancers [8].
Studies on several cell lines including human skin
malignant melanoma cells and human ovarian
A2780 cancer cells show that the induction of
apoptosis and cessation of cell cycle happens after
exposure to Pd-NPs [8-10] .

ROS performance in biological species has many
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contradictions. It helps the cellular messaging and
system defence of the body, also it plays an essential
role in induction of apoptosis in order to prevent
disease. On the other hand, damaging the important
cellular macromolecules results to cancer and heart
disease. Also, studies have shown that ROS plays a
very important role in the immune system as well
as the transmission paths of signalling. Nevertheless,
its excessive increase leads to various damages to the
cell and even to the body [11-13] . Therefore, due to
the lack of a study on induction of apoptosis of Pd-
NPs on human lymphocyte, this paper investigates
the possible effects of Pd-NPs and Pd (II) ions on
induction of cell apoptosis. It also studies the NPs-
associated effects on oxidative stress and cell cycle
arrest in human lymphocytes.

MATERIAL AND METHODS
Materials

Pd (II) ion and Pd-NPs were purchased
from US Nano, USA, as a powder with a particle
size of 15 nm, with a purity of 99.95%, and with
spherical morphology. The metals composition
RPMI1640 (biosera), Fetal Bovine Serum (Gibco
BRL), NaCl (merck), NaOH (merck), penicillin/
streptomycin solution 100X, PBS tablet, MTT (3-
(4, 5-dimethylthiazol-2-thiazol-2-tl)-2, 5-diphenyl
tetrazolium bromide) (Sigma), dimethyl sulfoxide
(DMSO), a AnnexinV, Dichlorodihydrofluorescein
diacetate  (DCFH-DA), phytohemagglutinin
(Gibco), Trypan Blue in 0/9% NaCl solution 0/4%
(wt/vol) (Gibco), propidium iodide (sigma Aldrich,
Milan, Italy), RNase (DNase-free, Sigma Aldrich,
Milan, Italy).

Isolation and stimulation of peripheral blood
lymphocytes

We have isolated the human peripheral blood
lymphocyte from three healthy donors by density
gradient centrifugation and using Ficoll-Hypaque
according to the standard manufacturer procedure.
Cultured cells exposed to different concentrations of
Pd-NPs or Pd (II) complexes (0, 0.01, 0.1, 1, 10, 50,
100, 200 pg/ml) in RPMI 1640 medium containing
10% fetal calf serum (complete culture medium),
1% penicillin and streptomycin, containing 2%
phytohemagglutinin (sigma Aldrich, Milan, Italy),
and incubated at 37°C under 5% CO2 95% air
atmosphere.

Cell viability assays
The cytotoxicity is studied by MTT assay,
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1x10* cells per well in 200 pL culture medium
(three replicates), seeded in 96-well culture plate,
incubated at 37°C, 5% CO2, and exposed to
different concentration of Pd-NPs (0, 0.01, 0.1, 1,
10, 50, 100, 200 pg/ml) or Pd (II) ions (0, 0.01,0.1, 1,
10, 50, 100, 200 pg/ml). The control group received
only the culture medium plus solvent after 24 hours
of incubation. At the end of exposure time, we had
a washing step to remove the incubation medium
containing Pd-NP or Pd (II) ion. Then, we added
20pL of the MTT solution (5mg/ml) to each well
and then incubated it with MTT for 4 hours. The
coloured formazan crystals formed by MTT in
living cells dissolved in 200 pl of DMSO. After 10-
15 minutes, the optical density (O.D.) values of the
solutions are measured at 540 nm as the stimulation
wavelength by using a spectrophotometer plate
reader (Applied Biosystems, Life Technologies,
Monza, Italy). Also negative controls (i.e., complete
culture comprising Pd-NP or Pd (II) ions) at all
of the concentrations that we used have been
tested, and no interposition with the colorimetric
assay observed. We considered the cells without
treatment as negative controls (100% viability).

Detection and measurement of ROS

Intracellular reactive oxygen species (ROS) are
measured by using Dichlorodihydrofluorescein
diacetate (DCFH-DA), which is a non-fluorescent
and cell permeant substance, which will be
transformed to dichlorofluorescein (DCFH) by
endogenous esterases. DCFH is a non-permanent
non-fluorescent substance which will be oxidized
by cellular ROS to fluorescent dichlorofluorescein
(DCF). 1x10° cells per well in 1000 pL culture
medium seeded in 24-well culture plate (three
replicates). After 24 hours, the cell is washed with
phosphate-buffered saline (PBS) and incubated
with 10 uM DCFH-DA, for 30 minutes, at 37°C.
The fluorescence emitted by the oxidized form of
DCFH-DA is measured by using a FACSCalibur
flow cytometer.

Cell cycle assay

For analysis of DNA content in each phase of
the cell cycle, 1x10° cell per well in 1000 uL culture
medium was seeded in 24-well culture plate (three
replicates). After treatment with Pd-NPs or Pd
(IT) ions cells were washed, for 24 hours with PBS,
and fixed in ethanol 70% ice- cold. The cell then
stained with 50ug/mL propidium iodide in PBS
buffer containing 200ug/ML RNase (DNase-free,
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Fig. 1. Evaluation of in vitro cytotoxicity by MTT assay. A) Different concentrations of Pd (II) ions (0, 0.0, 0.1, 1, 10, 50, 100, 200
ugmL-1). B) Different concentrations of Pd-NP (0, 0.0, 0.1, 1, 10, 50, 100, 200 ugmL-1).

Sigma Aldrich, Milan, Italy) and analysed with
FACSCalibur flow cytometer equipped with Cell
Quest Software (Becton Dickinson, Mountain
View, CA).

Apoptosis assay

Apoptosis in lymphocyte measured by using
the Annexin V-propidium iodide. 1x10° cells per
well in 1000 pL culture medium were seeded in
24-well culture plate with three replicates. After
treatment with Pd-NPs (95 pug/ml) and Pd (II) ions
(65 pg/ml) complexes the cell washed for 24 hours
with PBS. After 15 minutes incubation in dark
with 5 pL Annexin V-FITC and 5pL propidium
iodide, the cells suspended and then diluted with
200 pL binding buffer and then the cells filtered and
analysed by FACSCalibur flow cytometer.

J. Nanoanalysis., 8(2): 151-157, Spring 2021
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Statistical analysis

The data is presented as mean values with
standard deviations. Statistical analysis was
performed with one-way ANOVA followed by least
square means and also the statistical differences
were considered significant at level of "P<0.05, ™
P<0.01 and ™" P<0.001.

RESULT AND DISCUSSION

The lymphocyte is known as inactive cell,
which is used in vitro experiments to stimulate
cells and start a cell cycle of phytohemagglutinin
(PHA). After 24 hours exposure to Pd (II) and
Pd-NPs, we observed a decrease in cell survival
by MTT assay (Fig.1). The results showed that by
increasing the concentration of Pd (II) ion and Pd-
NPs in the culture medium, their toxicity increases
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Fig. 2. Flow cytometry can analyse the AnnexinV-PI stained cells. Only PI positive population indicates necrotic cells whereas only
AnnexinV positives are early apoptotic cells. Cells in the late apoptosis get both colours. Induction of apoptosis in human lymphocytes
by NP-NP and Pd (II). Human lymphocytes were activated by treatment with PHA.

significantly, whereas ionic Pd was the most toxic
(Fig. 1). Nevertheless, effect of Pd (II) ion and Pd-
NPs cytotoxicity on the lymphocyte cells started
at 10 pg/mL, with 21-25% (P<0.01) and 18-21%
(P<0.05) decreases in cell survival, respectively
(Fig. 1). The IC50 values for lymphocyte cells
exposed to ionic Pd were lower than 70 pg/mL,
which is indicating a strong cytotoxicity. While, the
IC50 values for Pd-NPs were in the range 90-100
pg/mL for lymphocyte cell. Overall, despite the
higher toxicity of Pd (II) ion compared to Pd-NPs,
the pattern of cells vitality and their reduction in
concentrations of 0 to 200 pg/mL was similar for
both of them.

The effect of Pd-NPs and Pd (II) ions on cell
cycle development was investigated for 24 hours
(Fig. 4). When cells faced with DNA damage, they
accumulate in one of the phases of cell cycles such
as gapl (G1), DNA synthesis (S), or in gap2/mitosis
(G2/M). Both Pd (II) ions and Pd-NPs significantly
increased the population of lymphocyte cells in the
subG1 phase (24.32% and 19.38%, respectively)
compared to the control phase. While the highest
accumulation of the cellsin the Sand G2 phases were
related to the Pd-NPs and Pd (II) ions, respectively.
In addition, based on the increment of cellular
population in the subG1 phase the results of the cell
cycle indicate that Pd (II) ion is approximately 1.25
times more effective in stopping the cell cycle than
Pd-NPs. The results of this study showed that the
exposure to Pd (II) ions and Pd-NPs, reduced the
cells vitality and maintains at GO status or prolong/
stop at subGl stage. Studying the effect of toxicity
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in the G1 stage of the cell cycle is very important for
both therapeutic and biological activities [14]. For
example, the most healthy cells and even the cancer
cells decide on the development of cell growth,
such as increasing cell size and proliferation, at the
Gl stage [15].

Apoptosis  plays an important role in
the biological activity of cells, which can be
characterized by several morphological and
biochemical changes in cells. As shown in Fig.
2, both Pd (II) ions and Pd-NPs significantly
(P<0.001) caused cell death in 24 hours incubation
period. The results of the Annexin V/PI assay
showed that Pd-NPs significantly increase the
apoptotic cell induction in Q, (early apoptotic cells)
from 0.531% to 20.3% and Q, (late apoptotic cells)
from 0.221% to 10.8% compared to the control
group, while Pd (IT) ions increased cell death in Q,
(27.6%) and Q, (19.4%), respectively. Similarly, it
was found that Pd (II) ions increased the 1.8 and
1.35-fold induction of apoptosis in regions Q, and
Q, relative to Pd-NPs, respectively. If no corrections
are made to reduce the toxicity of Pd (II) ions and
Pd-NPs, the cell may go to the pathway of apoptosis.
Increasing the level of apoptosis in this experiment
confirms this hypothesis. As depicted in Fig. 3, the
treatment of Pd (II) ions and Pd-NPs increased the
intracellular levels of ROS to 196 and 173 units
compared to the control group. On the other hand,
the ROS results indicate that its increase is in line
with apoptosis fluctuations. Therefore, it is possible
to increase the induction of apoptosis with ROS. In
agreement with our results, Reza et al. revealed that
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Fig. 3. ROS generation in lymphocytes exposed to Pd-NP and Pd (II) complexes.

positive controls (as antioxidants).

using Pd (II) ion or Pd-NPs not only increases the
cytotoxicity of cells through the enhancement of
ROS, but also halts the activity of cells in the subG1
stage. Another study in 2020 confirms the effects of

J. Nanoanalysis., 8(2): 151-157, Spring 2021
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Cells treated with silymarin were considered as

apoptosis induction and cellular toxicity of Pd-NPs
in the ovarian cell [16]. Furthermore, similar to
our results, they showed that Pd (II) ions are more
toxic than the Pd-NPs [16]. In agreement with our
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Fig. 4. Cells were treated with 95ug/ml of Pd-NP and 65ug/ml Pd (II) complexes for 24 hours and the ratio of sub-G1 was measured by
flow cytometry analysis after PI staining.

results, by studying the human peripheral blood
mononuclear model showed that the use of Pd (II)
ion or Pd-NPs not only increases the cytotoxicity
of cells through the enhancement of ROS, but
also halts the activity of cells in the subG1 stage.
In agreement with our results Gurunathan et al.
showed that Pd-NPs increase ROS levels as well as
induced apoptosis on the A549 cell line [17]. Also,
similar to our results, it has been showed that Pd (II)
ions are more toxic than the Pd-NPs [8]. Since part
of the toxicity of Pd-NPs depends on the release of
Pd (II) ions from their NPs, the Pd (II) ions toxicity
is expected to be as high as that of NPs. Therefore,
metal jons may accumulate in mitochondria
and damage their function, which could induce
mitochondrial apoptosis. However, these possible
mechanisms of action should confirm through a
deeper research [18, 19]. Likewise, Iavicoli et all by
using Pd-NPs based on a dose-dependent manner
were able to inhibit A549 and lung epithelial cells
activity in a relatively long period (48 to 120 hours)
at the subG1 phase [20]. In this work, the higher
inhibition of Rat-1fibroblasts compared to A549
cellsindicates the variability of cellular susceptibility
to the cytotoxicity of Pd-NPs [20]. At the same
time, it was shown that Pd-NPs not only inhibit
the proliferation of melanoma A375 cells in a dose-
dependent manner, but also they induce apoptosis
by increasing ROS, damaging DNA, stopping the
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cell cycle in the GO/G1 phase, and accumulating
of cytotoxicity of Pd-NPs in phases S and G2/M
[9]. Whereas, contrary to provided reports,Chhat,
Morphy-Marion showed that Pd-NPs do not have
a negative effect on human 3D10 eosinophils and
primary eosinophil cells survival which plays an
important role in pulmonary diseases and allergies
[21]. Nonetheless, Pd-NPs significantly increased
the adhesion of eosinophil cells to endothelial cells.
Recently, in the cellular models it has been shown
that Pd-NPs and Pd (II) ions, based on the increase
ROS and induction of apoptosis, led to the death
of Human ovarian cancer cells (SKOV3 cells) and
the stopping of cell cycles in the G1 phase due
to DNA damage [18]. Also, Gutunathan, Qasim
showed that Pd (II) ions, are increasing the rate
of SKOV3 cells accumulation in the subG1 phase
in comparison with Pd-NPs [18]. In general, the
results indicate that Pd-NPs and its ions can be
effective in reducing cell viability. Therefore, usage
of these compounds is effective in biomedical
activity,especially in controlling cancerous cells.

CONCLUSION

Since the use of Pd (II) ions and Pd-NPs in
catalytic processes, electronics, and nanomedicine
has attracted a lot of attention, their toxicity is
considered to be very vital in biological processes.
However, unlike other metallic NPs, there are
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fewer reports of cytotoxic Pd-NPs. Therefore,
this study aimed to investigate the potential
cytotoxicity of Pd (II) ions and Pd-NPs based on
cell proliferation, apoptosis, ROS and cell cycle
stopping in lymphocyte cells. The results showed
that Pd-NPs and Pd (II) ions inhibit the growth
of lymphocyte cells in a dose-dependent manner,
while the intensity of inhibition was higher by Pd
(I1) ions. Furthermore, Pd (II) ion or Pd-NPs not
only increase the cytotoxicity of cells through the
enhancement of ROS, but also halt the activity
of cells in the subGl stage, whereas Pd (II) ions
provide a higher level of apoptosis and ROS.

ACKNOWLEDGEMENT

This research has been supported by Tehran
University of medical sciences & health services
grant NO.97033039252, Tehran, Iran. Also, we
sincerely thank Razie Khosh-sohbat for her
assistance in cell culture and data collection.

CONFLICTS OF INTEREST
The authors have none to declare.

REFERENCES

1. Khan MI, Alsaedi A, Hayat T, Khan NB. Modeling and com-
putational analysis of hybrid class nanomaterials subject to
entropy generation. Computer Methods and Programs in
Biomedicine. 2019;179:104973.

2. Helmers E. Palladium emissions in the environment ana-
lytical methods, environmental assessment and health ef-
fects. Umweltwissenschaften und Schadstoff-Forschung.
2006;18(4):278-.

3. Reale M, Vianale G, Lotti LV, Mariani-Costantini R, Perconti
S, Cristaudo A, et al. Effects of Palladium Nanoparticles on
the Cytokine Release from Peripheral Blood Mononuclear
Cells of Palladium-Sensitized Women. Journal of Occupa-
tional & Environmental Medicine. 2011;53(9):1054-60.

4. Aruguete DM, Wallace A, Blakney T, Kerr R, Gerber G, Ferko
J. Palladium release from catalytic converter materials in-
duced by road de-icer components chloride and ferrocya-
nide. Chemosphere. 2020;245:125578.

5. Prichard HM, Fisher PC. Identification of Platinum and Pal-
ladium Particles Emitted from Vehicles and Dispersed into
the Surface Environment. Environmental Science & Tech-
nology. 2012;46(6):3149-54.

6. Di Gioacchino M, Verna N, Di Giampaolo L, Di Claudio E,
Turi MC, Perrone A, et al. Immunotoxicity and Sensitizing
Capacity of Metal Compounds Depend on Speciation. In-
ternational Journal of Immunopathology and Pharmacolo-
gy. 2007;20(2_suppl):15-22.

7. Boscolo, P, et al,, Different effects of platinum, palladium,

J. Nanoanalysis., 8(2): 151-157, Spring 2021
[@)er |

and rhodium salts on lymphocyte proliferation and cyto-
kine release. Annals of Clinical & Laboratory Science, 2004.
34(3): p. 299-306.

8. Petrarca C, Clemente E, Di Giampaolo L, Mariani-Costanti-
ni R, Leopold K, Schindl R, et al. Palladium Nanoparticles
Induce Disturbances in Cell Cycle Entry and Progression
of Peripheral Blood Mononuclear Cells: Paramount Role of
Tons. Journal of Immunology Research. 2014;2014:1-8.

9. Alarifi S, Ali D, Alkahtani S, Almeer RS. ROS-Mediated Apop-
tosis and Genotoxicity Induced by Palladium Nanoparti-
cles in Human Skin Malignant Melanoma Cells. Oxidative
Medicine and Cellular Longevity. 2017;2017:1-10.

10. Gurunathan S, Kim E, Han J, Park J, Kim J-H. Green Chem-
istry Approach for Synthesis of Effective Anticancer Palla-
dium Nanoparticles. Molecules. 2015;20(12):22476-98.

11. Seifried HE, Anderson DE, Fisher EI, Milner JA. A review
of the interaction among dietary antioxidants and reactive
oxygen species. The Journal of Nutritional Biochemistry.
2007;18(9):567-79.

12. Pohanka M. Alzheimer’s Disease and Oxidative Stress: A
Review. Current Medicinal Chemistry. 2013;21(3):356-64.

13. Oh S, Lim S. A rapid and transient ROS generation by cad-
mium triggers apoptosis via caspase-dependent pathway
in HepG2 cells and this is inhibited through N-acetylcys-
teine-mediated catalase upregulation. Toxicology and Ap-
plied Pharmacology. 2006;212(3):212-23.

14. Sharifi M, Hosseinali SH, Saboury AA, Szegezdi E, Falahati
M. Involvement of planned cell death of necroptosis in can-
cer treatment by nanomaterials: Recent advances and future
perspectives. Journal of Controlled Release. 2019;299:121-
37.

15. Malumbres, M. and A. Carnero, Cell cycle deregulation: a
common motif in cancer. Progress in cell cycle research,
2003. 5: p. 5.

16. Sasabe E, Tomomura A, Kitamura N, Yamamoto T. Metal
nanoparticles-induced activation of NLRP3 inflammasome
in human oral keratinocytes is a possible mechanism of oral
lichenoid lesions. Toxicology in Vitro. 2020;62:104663.

17. Gurunathan S, Jeyaraj M, Kang M-H, Kim J-H. Melatonin
Enhances Palladium-Nanoparticle-Induced ~Cytotoxicity
and Apoptosis in Human Lung Epithelial Adenocarcinoma
Cells A549 and H1229. Antioxidants. 2020;9(4):357.

18. Gurunathan S, Qasim M, Park CH, Arsalan Igbal M, Yoo H,
Hwang JH, et al. Cytotoxicity and Transcriptomic Analyses
of Biogenic Palladium Nanoparticles in Human Ovarian
Cancer Cells (SKOV3). Nanomaterials. 2019;9(5):787.

19. Dumas A, Couvreur P. Palladium: a future key player in the
nanomedical field? Chemical Science. 2015;6(4):2153-7.

20. Tavicoli I, Farina M, Fontana L, Lucchetti D, Leso V, Fanali
C, et al. In vitro evaluation of the potential toxic effects of
palladium nanoparticles on fibroblasts and lung epithelial
cells. Toxicology in Vitro. 2017;42:191-9.

21. Chhay P, Murphy-Marion M, Samson Y, Girard D. Acti-
vation of human eosinophils with palladium nanoparti-
cles (Pd NPs): importance of the actin cytoskeleton in Pd
NPs-induced cellular adhesion. Environmental Toxicology
and Pharmacology. 2018;57:95-103.

157


http://dx.doi.org/10.1016/j.cmpb.2019.07.001
http://dx.doi.org/10.1016/j.cmpb.2019.07.001
http://dx.doi.org/10.1016/j.cmpb.2019.07.001
http://dx.doi.org/10.1016/j.cmpb.2019.07.001
http://dx.doi.org/10.1065/uwsf2006.10.142
http://dx.doi.org/10.1065/uwsf2006.10.142
http://dx.doi.org/10.1065/uwsf2006.10.142
http://dx.doi.org/10.1065/uwsf2006.10.142
http://dx.doi.org/10.1097/jom.0b013e318228115e
http://dx.doi.org/10.1097/jom.0b013e318228115e
http://dx.doi.org/10.1097/jom.0b013e318228115e
http://dx.doi.org/10.1097/jom.0b013e318228115e
http://dx.doi.org/10.1097/jom.0b013e318228115e
http://dx.doi.org/10.1016/j.chemosphere.2019.125578
http://dx.doi.org/10.1016/j.chemosphere.2019.125578
http://dx.doi.org/10.1016/j.chemosphere.2019.125578
http://dx.doi.org/10.1016/j.chemosphere.2019.125578
http://dx.doi.org/10.1021/es203666h
http://dx.doi.org/10.1021/es203666h
http://dx.doi.org/10.1021/es203666h
http://dx.doi.org/10.1021/es203666h
http://dx.doi.org/10.1177/03946320070200s204
http://dx.doi.org/10.1177/03946320070200s204
http://dx.doi.org/10.1177/03946320070200s204
http://dx.doi.org/10.1177/03946320070200s204
http://dx.doi.org/10.1177/03946320070200s204
http://dx.doi.org/10.1155/2014/295092
http://dx.doi.org/10.1155/2014/295092
http://dx.doi.org/10.1155/2014/295092
http://dx.doi.org/10.1155/2014/295092
http://dx.doi.org/10.1155/2014/295092
http://dx.doi.org/10.1155/2017/8439098
http://dx.doi.org/10.1155/2017/8439098
http://dx.doi.org/10.1155/2017/8439098
http://dx.doi.org/10.1155/2017/8439098
http://dx.doi.org/10.3390/molecules201219860
http://dx.doi.org/10.3390/molecules201219860
http://dx.doi.org/10.3390/molecules201219860
http://dx.doi.org/10.1016/j.jnutbio.2006.10.007
http://dx.doi.org/10.1016/j.jnutbio.2006.10.007
http://dx.doi.org/10.1016/j.jnutbio.2006.10.007
http://dx.doi.org/10.1016/j.jnutbio.2006.10.007
http://dx.doi.org/10.2174/09298673113206660258
http://dx.doi.org/10.2174/09298673113206660258
http://dx.doi.org/10.1016/j.taap.2005.07.018
http://dx.doi.org/10.1016/j.taap.2005.07.018
http://dx.doi.org/10.1016/j.taap.2005.07.018
http://dx.doi.org/10.1016/j.taap.2005.07.018
http://dx.doi.org/10.1016/j.taap.2005.07.018
http://dx.doi.org/10.1016/j.jconrel.2019.02.007
http://dx.doi.org/10.1016/j.jconrel.2019.02.007
http://dx.doi.org/10.1016/j.jconrel.2019.02.007
http://dx.doi.org/10.1016/j.jconrel.2019.02.007
http://dx.doi.org/10.1016/j.jconrel.2019.02.007
http://dx.doi.org/10.1016/j.tiv.2019.104663
http://dx.doi.org/10.1016/j.tiv.2019.104663
http://dx.doi.org/10.1016/j.tiv.2019.104663
http://dx.doi.org/10.1016/j.tiv.2019.104663
http://dx.doi.org/10.3390/antiox9040357
http://dx.doi.org/10.3390/antiox9040357
http://dx.doi.org/10.3390/antiox9040357
http://dx.doi.org/10.3390/antiox9040357
http://dx.doi.org/10.3390/nano9050787
http://dx.doi.org/10.3390/nano9050787
http://dx.doi.org/10.3390/nano9050787
http://dx.doi.org/10.3390/nano9050787
http://dx.doi.org/10.1039/c5sc00070j
http://dx.doi.org/10.1039/c5sc00070j
http://dx.doi.org/10.1016/j.tiv.2017.04.024
http://dx.doi.org/10.1016/j.tiv.2017.04.024
http://dx.doi.org/10.1016/j.tiv.2017.04.024
http://dx.doi.org/10.1016/j.tiv.2017.04.024
http://dx.doi.org/10.1016/j.etap.2017.12.002
http://dx.doi.org/10.1016/j.etap.2017.12.002
http://dx.doi.org/10.1016/j.etap.2017.12.002
http://dx.doi.org/10.1016/j.etap.2017.12.002
http://dx.doi.org/10.1016/j.etap.2017.12.002

	The Investigation of the Toxicity of Palladium Nanoparticles on Human Lymphocyte 
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION
	MATERIAL AND METHODS  
	Materials
	Isolation and stimulation of peripheral blood lymphocytes  
	Cell viability assays 
	Detection and measurement of ROS  
	Cell cycle assay 
	Apoptosis assay 
	Statistical analysis 

	RESULT AND DISCUSSION 
	CONCLUSION 
	ACKNOWLEDGEMENT  
	REFERENCES


