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Abstract. We investigated the effects of low power 830 nm near-infrared laser light and of the
highly toxic environmental pollutant cadmium (Cd++) on cultured human peripheral blood
lymphocytes and acute leukemia Jurkat T cells viability, proliferation and preferred death form. Our
data indicate that Cd++ induces a decrease in viability and survival / proliferation of both human
peripheral blood mononuclear cells (PBMC) and of Jurkat cells in a concentration and exposure time
dependent manner. The effects are more substantial in serum starvation or growth factor lack caused
stress conditions. Cd++ induces either apoptosis or necrosis in human T cells depending on the
cadmium concentration, duration of exposure, and cells microenvironment. At low concentrations of
cadmium, exposed cells die exclusively / prevailingly by apoptosis, while at increasing cadmium
concentrations demise occurs both by apoptosis and necrosis, necrotic death becoming dominant at
high concentrations of cadmium in stress conditions. The 830 nm laser light decreases PBMC
viability in growth factor lack induced stress conditions, and impedes cell death in the presence of
growth factors. Low level near infrared laser irradiation enhances cadmium effects in lack of growth
factors, but offers some protection to human PBMC in the presence of growth factors.
Key words: AlGaInP/GaAs laser, heavy metal pollution, apoptosis, necrosis.

INTRODUCTION

The non-essential heavy metal cadmium (Cd++) is a widespread industrial and
environmental pollutant. Since Cd++ is not degraded in the environment, the risk of
human exposure is increasing constantly, and due to its very long biological halflife (10–30 years) it almost irreversibly accumulates in exposed humans’ organs,
causing toxicity to lungs, liver, kidneys, pancreas, testis, placenta, bone, and brain
[31]. This highly toxic heavy metal, classified as a human carcinogen [43],
identified as endocrine disruptor [53], was also shown to damage the immune
_______________________
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system, the cardiovascular system, and to affect the nervous system inducing
neurological disorders [10, 31, 42]. In spite of the sustained efforts, and the remarkable
number of well-designed high-class scientific investigations aiming to reveal early
and late effects of varying levels of cadmium exposure in various conditions [1–3,
6–7, 10, 26–29, 31, 33–35, 42–43, 46, 53–54], understanding of the molecular /
cellular mechanisms involved in cadmium tissue toxicity is yet poor.
Low Level Laser Therapy (LLLT) proved to be very efficient in relieving
pain, reducing inflammation or toxicant / mechanical injury caused, or after-stroke
neurological deficits, and improving wound healing [9, 11, 36, 44–45, 48–50, 52],
is nowadays used as part of physiotherapy in most countries. However, in spite of
impressive progress made in revealing molecular and cellular mechanisms
involved in LLLT beneficial effects [4–5, 8, 13–22, 24–25, 30, 32, 37–41, 47, 51]
opening new perspectives in its applications, many details of basic processes
mediating the photosignal transduction and amplification cascade are yet
insufficiently elucidated.
The aim of the present work was to contribute new data concerning Cd++
effects on viability, survival / apoptosis induction in normal and leukemic human T
cells, as well as the influence of low power infrared laser irradiation on these
parameters in normal and toxicant presence induced stress conditions. Investigating
the impact of various concentrations of Cd++ and of various doses of 830 nm laser
light on cell death rates and weight of different death forms, we report dose and
exposure time dependent effects in peripheral blood lymphocytes and in leukemic
Jurkat cells, as follows: (i) apoptosis was the preferred death form of both
peripheral lymphocytes and of leukemia lymphoblasts at low doses and short
exposure periods; (ii) Jurkat leukemia lymphoblasts occurred more vulnerable as
compared to peripheral blood lymphocytes; (iii) Jurkat cells susceptibility to Cd++
deleterious effects appeared even greater in serum starvation caused stress
conditions; (iv) increasingly significant necrosis occurred at higher levels and
lengths of Cd++ exposure of Jurkat cells, more remarkable in serum starvation
caused stress conditions; (v) the 830 nm near-infrared laser light enhanced
cadmium toxicity in human peripheral lymphocytes cultured in media without
growth factors, while the same irradiation doses offered protection in the presence
of growth factors.
MATERIALS AND METHODS

Chemicals, supplements and staining kits: Sterile DMSO, the anticoagulant
solution phosphate-citrate-dextrose, D-glucose, and standard RPMI 1640 culture
medium were purchased from SIGMA CHEMICAL Co. (R6504), Dulbecco's
Phosphate buffered Saline (PBS) 10× from BIOCHROME, while the supplements
(FCS, fetal calf serum, EU tested, and antibiotics/glutamine) from
GIBCO/INVITROGEN. The growth factors (IL-2, IL-4 and GMCSF) were from
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Santa Cruz Co., the colorant Trypan Blue was from SIGMA (T8154, GM 960,81,
solution 0.4% in 0.81% NaCl and 0.06% Na2HPO4), the fluorescent nuclear stains
Hoechst 3342 (Hoe) (λex/emm: 347/483 nm), and Propidium Iodide (PI) (λex/emm:
538/617 nm) from SIGMA or Invitrogen Molecular Probes, while all other
chemicals were of the best research grade available.
Stock solutions: The fluorophor Hoe was solved in sterile water (10 mg/mL),
while PI in PBS (1 mg/mL). Stock solutions of CdCl2 were prepared in sterile
water or in PBS, pH 7 (50 mM and 10 mM).
Culture media: The standard RPMI 1640 medium was supplemented with
2 g/L sodium bicarbonate, 10% heat inactivated fetal bovine serum, 100 U/mL
penicillin, 100 µg/mL streptomycin, 2 mM L-glutamine, and the pH was adjusted
to 7.2 (complete medium, M). The serum deprived medium was prepared in the
same way without adding FCS (M0 – M without FCS). Other modified culture
media were prepared from the complete medium FCS (M), adding growth factors:
medium with growth factors (M-GF – M with 1 ng/mL IL2, 5 ng/mL IL4, and 10
ng/mL GMCSF). Cadmium-containing media were prepared from M0 (M0XCd –
M containing XmM CdCl2), from M (MXCd), or from M-GF (M-GFXCd).
Cells: Human Leukemia Jurkat T lymphoblasts were from ATCC (TIB-152).
Human Peripheral Blood Mononuclear Cells (PBMC) were obtained from venous
blood collected in a PCD buffer, of drug-free healthy volunteer donors. All donors
signed an informed consent, and protocols were approved by the University Ethics
Committee. PBMC were separated from the venous blood by the standard FicollHypaque density gradient centrifugation, obtaining ~ 15% adherent cells
constituted of monocytes, and ~ 65–70% CD3+ T cells. Non-adherent cells
constituted mainly of human peripheral blood lymphocytes were occasionally
separated from monocytes, by 2–4 h sedimentation allowance of adherent cells,
and careful supernatant removal.
Cell culture: The human acute leukemia T Jurkat cells were cultured in flasks
or Petri dishes of variable surfaces, in a 5% CO2 humidified (80%) atmosphere at
37 °C, in 10% FCS containing complete RPMI medium (M), in serum deprived
medium (M0) or in cadmium containing media (M0XCd and MXCd), and
passaged every 2/3 days through dilution of cell suspensions with fresh media to a
concentration of 5–6 × 105 cells/mL. Human PBMCs were cultured in the same
standard conditions (37 ºC, 80% humidity, 5% CO2) in complete medium,
supplemented (M-GF) or not (M) with growth factors, and containing (MXCd or
M-GF-XCd) or not, various concentrations of CdCl2.
Cadmium exposure: Cells were cultured in various cadmium containing
media (M0XCd, MXCd or M-GF-XCd, X varying in the range 0.1–20, indicating
CdCl2 concentrations of 0.1–20 µM) for various time periods (20–120 h).
The radiation source was an AlGaInP/GaAs based semiconductor laser used
in the medical practice, Sony SLD202-D3, with continuous wave output, having
emission wavelength of 830 nm, nominal power of 50 mW, elliptical beam size
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2.5 mm × 7.0 mm with speckle area of 13.7 mm2, divergence 5º and polarization
ratio 100:1, with an emitted laser power density in the expander-increased speckle
area of 100 mW/cm2.
Sample irradiation regimes and laser irradiation doses: Sample irradiation
was performed in the laminar flow, with sources placed at 10 cm height from the
upper surface of cell suspensions, in 2 consecutive positions as to cover with the
expanded laser speckle the whole surface of the suspension-containing Petri dishes
rotating at a speed of 0.5 s–1. Duration of treatment varied between 0–600 s, giving
single incident doses equivalent with (1÷5)×1012 photons/cell or ~ (0.2–1.5)
µJ/cell. Irradiation regimes of once or twice per day, or every second day with
these single doses gave total irradiation doses of ~ (1–15) µJ/cell.
Trypan Blue exclusion method for cell viability and proliferation assessment:
After 16–22 h of serum starvation, cells in metabolic quiescence were resuspended
in various media at a density of 0.8–0.9×106 cells/mL, distributed in 3.5 cm
diameter Petri dishes, and further cultured for 18–96 h. At indicated time points
cells in aliquots of 50 µL were stained with the Trypan Blue colorant (final
concentration ≤ 0.2%), visualized using a Zeiss Axiovert 25CFL or 40CFL
inverted microscope, and counted in a Buerker-Tuerk hemocytometer. Alternately,
micrographs were taken using a Sony 4MP digital camera. Dead cells having
permeable plasma membranes are stained by Trypan Blue, live cells with intact
plasma membranes exclude this colorant. Counting both live (Trypan Blue
excluding, TB–), and dead (TB+) cells, the percentage cell viability (ratio of live
and total cell numbers):
% viability =

nTB−
nTB− + nTB+

⋅100

(1)

percentage of dead cells (ratio of dead and total cell numbers):
% dead cells =

nTB+
nTB− + nTB+

⋅100

(2)

and/or relative total live cell number (ratio of actual and initial live cell numbers):
relative live cell no =

nactual TB−
ninitial TB−

(3)

were calculated.
Hoescht Staining. Cells grown on tissue culture dishes distributed in 12/24
well plates were incubated with Hoe (2 µg/mL) for 5 min at 37 °C. The cells were
then washed twice with phosphate-buffered saline and examined immediately or
fixed with 2% paraformaldehyde for 10 min at 4 °C, and visualized within 1 week
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by using a Zeiss Axiovert25 CFL and 40CFL inverted microscope with appropriate
excitation/emission filters (Filter Set Zeiss 488002-0000).
Propidium Iodide Staining. Cells grown on tissue culture dishes distributed
in 12/24 well plates were incubated with PI (1 µg/mL) for 5 min at 37 °C, washed
twice with cold PBS, resuspended in PBS, and examined immediately using a Zeiss
Axiovert 25CFL or 40CFL inverted microscope with appropriate
excitation/emission filters (Filter Set Zeiss 488014-0000). Alternately cells were
fixed with 2% paraformaldehyde for 10 min at 4 °C. Fixed cells were visualized
within 1 week.
Fluorescence microscopy for assessment of apoptotic and necrotic cell rates:
Hoe and PI stained cells were examined using a Zeiss Axiovert 25CFL and 40CFL
inverted microscope with 20× or PlanFluar 40× objectives, and appropriate
excitation/emission filters. Routinely cells from five random microscopic fields of
view at ×200 magnifications were scrutinized. Alternately, images were captured
with a Sony 4MP digital camera, and processed later. By morphologic inspection
cells were identified as having normal, fragmented, or condensed nuclei. Hoe
stained cells with fragmented or condensed nuclei were classified as apoptotic (A,
Hoe+Ap.Morphol.). PI stained cells were classified as late apoptotic and necrotic
(LA+N, PI+). PI stained cells with fragmented or condensed nuclei were classified
as late apoptotic (LA, PI+Ap.Morphol.), while those with normal nuclei as necrotic
(N, PI+Non-Ap.Morphol.). Average total/early/late apoptotic (A/EA/LA) and
necrotic cell rates (N), and average total dead cells proportion (A+N), expressed as
% of total or of total dead cell numbers were calculated as follows:
%A=

%N =

nHoe+ Apopt.Morphol.
nHoe+

nPI+ Non-Apopt.Morphol
ntotal cells

ntotal dead

⋅100 or % N =

% LA =

% EA =

nHoe+ Apopt.Morphol.

⋅100 or % A =

nPI+ Apopt.Morphol
ntotal cells

nPI+ Non-Apopt.Morphol
ntotal dead

⋅100

(4)

(5)

(6)

⋅100

nHoe+ Apopt.Morphol − nPI+ Apopt.Morphol
ntotal cells

⋅100

⋅100

(7)

where ntotaldead = nHoe+Apopt.Morphol. + nPI+Non-Apopt.Morphol,, while ntotalcells was counted in
phase contrast or bright field.
Statistical Analysis: Viabilities and percentage and relative cell subpopulation
sizes were obtained as means calculated from at least 3 independent assessments
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(S.D. ≤ 15%). Unpaired analysis of data series obtained by measurements made on
cells various time periods after their transfer in various modified media, irradiated
and/or not irradiated, was performed by Student’s t-test (two-tailed). P-values less
than 0.05 were regarded as indicating statistical significance.

RESULTS

Experiments were performed to assess human PBMC viability and
proliferation, and changes occurring in these parameters in cadmium-treated and/or
irradiated samples in various conditions. Counting live and dead cells in trypan
blue stained samples in a hemocytometer, following 18–54 h exposure to a dose of
2–20 µM Cd++, the heavy metal-induced cytotoxicity and cell growth inhibition
was evident, as well as the sensitive modulation by soft laser irradiation of the
observed effects. Figure 1 illustrates the Cd++ concentration and exposure length
dependent increase in the death rate of exposed cells.
PBMC

% Dead Cells

10% FBS

100%

80%

60%

60%

20%
0%

Cd Cd Cd
2.5 5 10
Co
1 h
23

Cd Cd Cd
2.5 5 10
Co

Cd
10

Cd
10

40%
20%

2 h
52

10% FBS

100%

80%

40%

PBMC

% Dead Cells

0%

Cd
Co 10
221 h

Co

Co
240

h

3 h
88

Fig. 1. Dose and exposure time dependent cadmium effects on dead cells rate in human PBMC
populations; % of dead cells determined by the trypan exclusion method, counting trypan excluding
(TB–) and trypan not excluding (TB+) cells in a Neubauer-Tuerk hemocytometer, using a Zeiss
Axiovert 25CFL or 40CFL microscope, various time lags after cells resuspension in media containing
different Cd++ concentrations. Represented entities were calculated as averages of values obtained in
3 independent measurements; S.D. ≤ 15%.

Figures 2 and 3 illustrate the changes occurring in human PBMC viability
and proliferation/survival rate following their exposure to deleterious effects of 10
µM Cd++. Obviously longer exposure times result in increased damage, and
cadmium toxicity is higher in growth factor deprived media, as compared to that
observed in the presence of growth factors.
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Fig. 2. Photobiomodulation of microenvironment and exposure time dependent cadmium effects on
dead cells rates in human PBMC populations; % of dead cells determined by the trypan blue
exclusion method, counting trypan excluding (TB–) and trypan not excluding (TB+) cells in a
Neubauer-Tuerk hemocytometer, using a Zeiss Axiovert 25CFL or 40CFL microscope, various time
lags after cells resuspension in media without/with growth factors containing 10 µM Cd++ (M10Cd
and M-GF-10Cd). Not irradiated controls (Co) and cell suspensions irradiated with 1, 2 or 3 single
doses of 1 µJ/cell of 830 nm near-infrared laser light (1×IR, 2×IR, 3×IR). Represented entities were
calculated as averages of values obtained in 3 independent measurements; S.D. ≤ 15%.
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Fig. 3. Photobiomodulation of microenvironment and exposure time dependent cadmium effects on
human PBMC proliferation/survival; Relative live cell numbers determined by the trypan blue
exclusion method, counting trypan excluding (TB–) and trypan not excluding (TB+) cells in a
Neubauer-Tuerk hemocytometer, using a Zeiss Axiovert 25CFL or 40CFL microscope, various time
lags after cells resuspension in media without/with growth factors containing 10 µM Cd++ (M10Cd
and M-GF-10Cd). Not irradiated controls (Co and Cd10) and cell suspensions irradiated with 1, 2 or
3 single doses of 1 µJ/cell of 830 nm near-infrared laser light (1×IR, 2×IR, 3×IR).

Irradiation with the 830 nm laser light increases the dead cells rates in the
absence of growth factors, and decreases them in the presence of growth factors
both in control and in cadmium exposed human PBMC. Decrease in relative live
cell numbers is prevented, and control and cadmium exposed human PBMC
survival/proliferation is clearly promoted by doses of 1–2 µJ/cell of the 830 nm
near infrared laser light in the presence of growth factors.
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Human leukemia T lymphoblasts (Jurkat) are more susceptible to cadmium
toxicity, as compared to human PBMC. Harmful effects are more substantial in
media deprived of FCS (FBS). Figure 4 illustrates the Cd++ concentration and
exposure length dependent increase in the death rate of exposed Jurkat cells.
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Fig. 4. Dose and exposure time dependent cadmium effects on dead cells rate in Jurkat cell populations,
observed in FCS deprived and in FCS supplemented media; % of dead cells determined by the trypan
exclusion method, counting trypan excluding (TB–) and trypan not excluding (TB+) cells in a NeubauerTuerk hemocytometer, using a Zeiss Axiovert 25CFL or 40CFL microscope, various time lags after cells
resuspension in normal and serum deprived media containing different Cd++ concentrations. Represented
entities were calculated as averages of values obtained in 3 independent measurements; S.D. ≤ 15%.

Figures 5–8 and Tables 1–4 illustrate the cadmium exposed Jurkat cells
death-style choices in serum supplemented and serum deprived media at increasing
levels and lengths of exposure.
Jurkat

80

Apoptotic Morphology

60
40

0

Co

Cd
Cd 5
2.5

1
21h

Cd
10

2 45h

10% FBS

100

Hoechst+

% Apoptotic Cells

% Apoptotic Cells

100

20

Jurkat

Serum starved

80
60
40
20
0

Cd
Cd 10
Cd
5
Co 2.5
1
21h

2
45h

Fig. 5. Dose and exposure time dependent cadmium effects on apoptotic cells rate in Jurkat cell populations,
observed in FCS deprived and in FCS supplemented media: % of apoptotic cells determined by
fluorescence microscopy, counting Hoechst stained Jurkat cells – total and with apoptotic nuclear
morphology (Hoe+Apopt.Morphol.) – in 5 random microscopic fields, using a Zeiss Axiovert 25CFL or
40CFL microscope (magnification x200), various time lags after cells resuspension in normal and serum
deprived media containing different Cd++ concentrations. Represented entities were calculated as averages
of values obtained in 3 independent measurements; S.D. ≤ 15%.
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Fig. 6. Dose and exposure time dependent cadmium effects on necrotic cells rate in Jurkat cell
populations, observed in FCS deprived and in FCS supplemented media: % of necrotic cells
determined by fluorescence microscopy, counting Propidium Iodide stained Jurkat cells with nonapoptotic nuclear morphology (PI+Non-Apopt.Morphol.) in 5 random microscopic fields, and total
cell numbers in 5 random bright fields, using a Zeiss Axiovert 25CFL or 40CFL microscope
(magnification ×200), various time lags after cells resuspension in normal and serum deprived media
containing different Cd++ concentrations. Represented entities were calculated as averages of values
obtained in 3 independent measurements; S.D. ≤ 15%.

In serum containing media cadmium exposed Jurkat cells die by apoptosis. In
serum deprived media at high levels and long exposure periods apoptotic cell death
is accelerated (Fig. 7–8), and necrosis becomes an important death form (Fig. 6,
Tables 1–4).
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Fig. 7. Dose and exposure time dependent cadmium effects on late apoptotic cells rate in Jurkat cell
populations, observed in FCS deprived and in FCS supplemented media; % of late apoptotic cells
determined by fluorescence microscopy, counting Propidium Iodide stained Jurkat cells with
apoptotic nuclear morphology (PI+Apopt.Morphol.) in 5 random microscopic fields, and total cell
numbers in 5 random bright fields, using a Zeiss Axiovert 25CFL or 40CFL microscope
(magnification ×200), various time lags after cells resuspension in normal and serum deprived media
containing different Cd++ concentrations.
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Fig. 8. Dose and exposure time dependent cadmium effects on early apoptotic cells rate in Jurkat cell
populations, observed in FCS deprived and in FCS supplemented media: % of early apoptotic cells
determined by fluorescence microscopy, counting Hoechst stained and and Propidium Iodide stained
Jurkat cells with apoptotic nuclear morphology (Hoe+Apopt.Morphol. - PI+Apopt.Morphol.) in 5
random microscopic fields, and total cell numbers in 5 random bright fields, using a Zeiss Axiovert
25CFL or 40CFL microscope (magnification ×200), various time lags after cells resuspension in
normal and serum deprived media containing different Cd++ concentrations. Represented entities were
calculated as averages of values obtained in 3 independent measurements; S.D. ≤ 15%.

Table 1
Death style choices of serum starved Jurkat cells exposed 21 h to deleterious effects of 10 µM Cd++.
Live, dead, total/early/late apoptotic, and necrotic cell rates determined by conventional and
fluorescence microscopic inspection of TB, Hoe, and PI stained cells, and expressed as percentages of
total (live and dead) and total dead cell numbers. Represented entities were calculated as averages of
values obtained in 3 independent measurements; S.D. ≤ 15%
Sample

Live1
% total cell
number

Dead2
% total cell
number

Apoptotic3
% dead cell
number

Necrotic4
% dead cell
number

Early Apoptotic5
% apoptotic cell
number

Late Apoptotic6
% apoptotic cell
number

Control
Cd2.5
Cd5
Cd10

90.32
72.37
54.13
39.69

9.88
26.83
45.79
60.32

63.98
68.57
62.51
66.65

38.06
28.47
37.35
33.36

55.06
60.87
37.76
28.86

44.94
39.13
62.24
71.14

1

TB data; 2Average TB, Hoe & PI Data; 3Hoe & Nuclear Morphology Data; 4PI & Nuclear
Morphology Data; 5Hoe, PI & Nuclear Morphology Data; 6PI & Nuclear Morphology Data
Table 2
Death style choices of serum starved Jurkat cells exposed 45 h to deleterious effects of 10 µM Cd++.
Live, dead, total/early/late apoptotic, and necrotic cell rates determined by conventional and
fluorescence microscopic inspection of TB, Hoe, and PI stained cells, and expressed as percentages of
total (live and dead) and total dead cell numbers. Represented entities were calculated as averages of
values obtained in 3 independent measurements; S.D. ≤ 15%
Sample

Live1
% total cell
number

Dead2
% total cell
number

Apoptotic3
% dead cell
number

Necrotic4
% dead cell
number

Early Apoptotic5
% apoptotic cell
number

Late Apoptotic6
% apoptotic cell
number

Control
Cd2.5

88.78
54.61

11.01
40.54

62.13
77.46

35.97
10.56

23.39
61.91

76.61
38.09
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Table 2 (continued)

Cd5
Cd10
1–6

21.41
12.15

78.31
87.91

62.01
59.61

37.53
40.45

36.88
22.02

63.12
77.98

Significance is the same as in Table 1.
Table 3

Death style choices of Jurkat cells exposed 21 h to deleterious effects of 10 µM Cd++ in 10% FCS
containing medium. Live, dead, total/early/late apoptotic, and necrotic cell rates determined by
conventional and fluorescence microscopic inspection of TB, Hoe, and PI stained cells, and expressed
as percentages of total (live and dead) and total dead cell numbers. Represented entities were
calculated as averages of values obtained in 3 independent measurements; S.D. ≤ 15%

1–6

Sample

Live1
% total cell
number

Dead2
% total cell
number

Apoptotic3
% dead cell
number

Necrotic4
% dead cell
number

Early Apoptotic5
% apoptotic cell
number

Late Apoptotic6
% apoptotic cell
number

Control
Cd2.5
Cd5
Cd10

94.80
88.64
86.54
74.66

5.24
11.32
13.51
25.28

100
95.41
89.71
80.78

0.76
4.24
10.66
18.99

75.57
61.11
43.89
58.89

24.43
38.89
56.11
41.14

Significance is the same as in Table 1.
Table 4

Death style choices of Jurkat cells exposed 45 h to deleterious effects of 10 µM Cd++ in 10% FCS
containing medium. Live, dead, total/early/late apoptotic, and necrotic cell rates determined by
conventional and fluorescence microscopic inspection of TB, Hoe, and PI stained cells, and expressed
as percentages of total (live and dead) and total dead cell numbers. Represented entities were
calculated as averages of values obtained in 3 independent measurements; S.D. ≤ 15%

1–6

Sample

Live1
% total cell
number

Dead2
% total cell
number

Apoptotic3
% dead cell
number

Necrotic4
% dead cell
number

Early Apoptotic5
% apoptotic cell
number

Late Apoptotic6
% apoptotic cell
number

Control
Cd2.5
Cd5
Cd10

96.84
81.24
68.94
54.12

3.42
18.78
30.95
45.97

100.00
97.98
92.42
84.76

1.17
2.13
7.21
15.42

70.33
46.09
49.58
52.18

29.67
53.91
50.42
47.82

Significance is the same as in Table 1.

DISCUSSION AND CONCLUSIONS

Given the need to find ways to prevent/reverse heavy metals tissue toxicity,
cellular effects of the highly toxic xenobiotic Cd++ are intensely studied. The so-far
revealed molecular mechanisms involved in cadmium toxicity are enhancement of
the free radical production and interference with the cellular defense mechanisms
against oxidation [31, 34, 53], modulation of cytokine production in immune cells
[10], up-regulation of gene-expression, especially of those related to inflammation,
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survival and apoptosis [43], ceramide production, sequential calpain and caspase
activation, mitochondrial damage with release of cytochrome C, apoptosis inducing
factor (AIF) and ATP in later stages [31]. Apoptosis induction was demonstrated in
various cell-types [2, 6–7, 26–29, 31, 33–34, 46, 54], and it is generally accepted
that the cellular processes responsible for the development of cadmium toxicity
culminate in triggering of cell death by either apoptosis or necrosis [6, 31].
However, programmed cell death also plays an important beneficial role in
homeostasis of multicellular organisms, so that impaired apoptotic rates may be as
damaging as increased ones [12, 23], and induction of apoptosis resistance and
enhancement of cell proliferation were shown as underlying Cd++ carcinogenic
effects [1]. Thus far, the dependence on level, length, and conditions of exposure of
cadmium effects – pro- or anti-apoptotic, apoptosis or necrosis promoting – in
different cell-types is poorly understood.
Promotion of cell proliferation [4–5, 25, 37, 47], de novo protein synthesis
[40], survival and cell cycle entry [41], reversal of toxicity caused apoptosis
induction [8, 30, 51] by low power long wavelength laser light, was repeatedly
reported, and we also described significant modulation by the low power 680 nm
far-red and 830 nm near-infrared laser irradiation of quercetin caused apoptosis
induction in human leukemic cells in vitro [38]. Though disclosure of the exact
dependence of the effects on fluence rate, frequency of irradiation, and individual
and total doses await further thorough investigations, cell type and state and
exposure conditions dependence of laser effects is apparent.
Investigating impact of low, micro-molar, concentrations of Cd++ and of low
doses of 830 nm laser light on cell death rates and death-style choices, here we
report dose and exposure time dependent effects in both peripheral blood
lymphocytes and in leukemia Jurkat cells. Our data indicate apoptosis as preferred
death form at low doses and short exposure periods, document increasingly
significant necrosis occurrence at higher levels and lengths of exposure, confirm
serum offered protection and cell type dependence of the induced changes, and
point out significant microenvironment dependent photobiomodulation of Cd++
effects in human T cells.
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