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SUMMARY

The present study was conducted to explain how light energy of laser can be affected of ion pumps (ATPase)
and concentrations of available ions across cellular membranes.

A whole blood samples were collected and divided into three groups, the first group was remained without
irradiation to serve as a control group and to perform comparisons between irradiated and non-irradiated samples,
The second group was subdivided into two subgroups. The first subgroup was irradiated with laser 532nm, 4mw for
10 minutes and the second subgroup was irradiated with 650nm, 135mw for 10 minutes , there after these samples
were used to determine the activities of ATPase and the obtained results showed a remarkable increase in the
ATPase activities of irradiated blood samples when compared with non-irradiated blood samples .The results
showed increased activities of ATPase in laser 650nm via increase concentrations of in organic phosphate (pi)
resulted from hydrolysis of ATP to ADP.

Three group of samples was also subdivided into two subgroups. The first subgroup was consequently
irradiated with laser 532nm, 4mw for 5 and 10 minutes. The second subgroups was also consequently irradiated
with laser 650nm, 4mw for 5 and 10 minutes. After irradiation, the samples were used to determine the common
available ions (Na*, K*, CI- and Ca*?). Results of Na* showed a progressive decrease in both irradiated blood
sample (532nm, 650nm) when compared with non-irradiated samples. On the other hand, results of the other ions
(K*, CI, Ca*?) showed a remarkable increase in all irradiated of blood- samples in a comparison with control group.
The low levels of Na* were found to be associated inversely with increase wave length of laser especially at 650nm.

On the other hand, the decrease in concentration of ion (Ca*, K*, CI) were directly proportional with wave
length of laser beam.

In conclusion, the data obtained from this study indicated that light energy can be exert photo-biostimulation, in
particular, on ATPases enzymes and increases their activities through increase the final product of inorganic
phosphate (pi). At the same time, the laser energy can be affect ion channels responsible for distribution of ions
across cell membranes and enhances the movement of ions across cellular membranes too much when blood
samples become irradiated with laser energy.

The aim of this study involved to determine the effects of two types of laser (532nm and 650nm) with 4mw and
135mw on adenosine triphosphatase enzymes (ATPases) activities and then after estimation of some available ions
to explain the effects of light energy on membrane potential (ion distributions).
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INTRODUCTION and so that they have been widely applied in diffe-

Laser has ability to interact with living tissues
by three reactions including photochemical, pho-
tothermal, photoplasmal pathways. The photoche-
mical interactions involve that the very low ene-
rgy irradiated acts to inactivate cellular functions
by production harmful toxic compounds. Convert-
ing it to heat. The pohotoplasmal reaction occurs
when irradiance located on the order of 10® or
order 10° w/cm?, so plasma formation happens in
this reaction (Welch et al., 1989).

It has been showed that laser light can be induced
activation of many changes in protein energy.
These observations were supported by many evi-
dences such as activation of the rhodopsin/ bact-
erio rhodopsin pigment by light induce excitation
leading to hyper polarization states of cell memb-
ranes (Blank and Soo, 2001). It is well documen-
ted that laser represents a high stable origin for
light that have coherent and mono chromatic light

rent technical and medical applications. Studies
were focused on the effects of laser light on
cellular membrane functions especially changes
occurring in enzymatic activities and ion channels
across cell membrane (Kassak et al., 2006).

Erythrocytes are unique cells in studying of
laser light effect because they are more prominent
and simplicity. The red blood cells undergo many
changes during exposure to He-Ne laser irradia-
tion such as hemolysis and osmotic fragility
(Zavodnik et al., 2002). Erythrocyte membranes
have three ATPase enzymes particularly Ca*?-
ATPase, Na'-K*ATPase and Mg*?ATPase in diff-
erent regions of cell membrane (Drickamer,
1975).

The effect of light irradiation on living tissues
can be classified into many patterns according to
wave length and power intensity of the radiation.
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The nanometer unites used to express wave length
and power intensity means energy delivered by
area of exposure (Basford, 1995).

It is well documented that absorption and

scattering level of laser light in living tissues are
highly rates in blue region than of red and this is
because the tissue chromopheres particularly
hemoglobin and melanin can to absorb bands of
light at short region of wavelength (Karu and
Afansa, 1995). Irradiated of isolated mitochondria
with He-Ne laser showed accelerated ATP-ADP
metabolism, increased ATP output and propagat-
ion of the electrical field across mitochondrial
membrane (Passarella et al., 1988).
Laser has potobiological effect on many cells and
tissues. These effects a ris as a result depend esse-
ntially on the wave length of laser and cell type
(Anwer et al., 2012).

MATERIALS AND METHODS

Collection and irradiation of blood samples:
The blood samples were drawn from healthy subj-
ects, their ages ranged between 17 to 22 years old.
The blood samples were collected at 8 to 10 A.M.
The anticubital vein was employed and before
collection the skin was cleaned with 70% alcohol
solution and wormed to improve blood circulat-
ion. The torniquate was applied around arm at 7
cm above the site of collection.

A series of heparin containing tubes were
prepare and arranged into several groups. The first
group was irradiated with He-Ne laser (532nm,
4mw) for 5 and 10 minutes. The second group
was also irradiated with red laser (650nm, 135
mw) for 5 and 10 minutes. The two groups were
immediately transferred to centrifuge at 3000 rpm
for 15 minutes to obtain the plasma that used to
determine of available ions (Na*, K*, CI, Ca*?)
and comparing their levels with non-irradiated
blood samples (control group). Also, blood samp-
les were used to estimate the activities of ATPase
enzyme activities. Two groups of heparins cont-
aining tubes were also prepared. The first group
was irradiated with He-Ne laser (650nm, 135mw)
for 10 minutes. The second group was exposed to
laser 532nm, 4mw for 10 minutes and then imme-
diately used to determine ATPase activities and
these activities were compared with non-irradiated
blood samples (control group).

Determination of ATPase activities: This met-
hod was based on determination of the inorganic
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phosphate amount (pi) that liberated during hydro-
lysis of ATP compound by Adenosine tirphospho-
sphatase enzymes (ATPase) and expressed as
nmol phosphate per mg of protein liberated during
30 minutes of incubation. Briefly, 15uL of suspe-
nsion was incubated with 55ul of medium cont-
aining 100mMtris-HCI, 10Mm MgCl;, 15Mm
KCI, 85Mm NaCl, 1IMm EDTA, 2Mm ATP PH
7.4.

This mixture was incubated at 37°C for 30
minutes to observe enzymatic and non-enzymatic
and hydrolysis of ATP molecules. Then, the reac-
tion was stopped with addition of trichloro acetic
acid (15%). The amount of inorganic phosphate
was with malachite green and measured at 640nm
of spectrophotometer.

Measurement of sodium: Sodium ion are preci-
pitated with Mg-Uranl acetate. The uranyl ion
form dark yellowish with thioglycolic and the
absorbance read at 410nm (according to kit of
spin react company)

Measurement of potassium: In alkaline medium
and protein, potassium ions are reacting with
sodium tetra phenyl boron to form potassium tetra
phenyl boron with turbid color.

The intensity of color is proportional directly
with concentration of potassium (according to kit
of spin react). The absorbance was read at 578nm.
Measurement of chloride ion concentrations: In
acidic medium, chloride ions and mercury 11-
thiocynate react to form thiocynate ions. These
ions then react with both HNO3 and Fe*® forming
red color. The intensity of color proportional dire-
ctly with chloride ion concentrations. The absor-
bance read at 505nm. (according to AGAPPe
Diagnostic Switzerland).

Measurement of calcium ions: In alkaline med-
ium, calcium ions tend to react with cresolftalein
complex to form complex colour that proportional
directly with calcium concentration in sample.
The intensity of color is measured spectrophoto-
metrically at 570nm (Randox Company).

Statistical analysis: The results of this study were
expressed as Meansz standard deviation.

RESULT AND DISCUSSION

The effects of laser (352nm, 4mw) and (650nm,
135mw) on ATPase activities (Table 1): The res-
ults of ATPase activities a explained remarkable
increase when exposed to laser 532nm, 4mw for
10min and laser 650nm, 135mw for 10 minutes.
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Table 1: The effects of laser 532nm, 4mw and laser 650nm, 135mw for 10 minutes on ATPase activities of
irradiated and non-irradiated blood sample

No. Native ATPase Protein ATPase/Protein
(mmol/L Pi) | (mmol/L Pi) (g/L) ratio (umol Pi/g
Protein)
1 1.88 0.73 174.4 4.2 Without laser
2 2.32 1.002 196.6 5.1 Green laser
3 2.79 1.57 216.0 7.3 Red laser
4 0.96 0.63 203.3 3.1 Without laser
5 1.3 0.86 205.1 4.2 Green laser
6 1.92 1.58 184.3 8.6 Red laser
7 1.16 0.67 192.6 3.5 Without laser
8 1.28 1.16 212.3 5.5 Green laser
9 1.77 1.6 205.3 7.8 Red laser
10 3.25 0.33 139.1 2.3 Without laser
11 2.66 0.57 135.6 4.2 Green laser
12 2.3 1.04 130.8 7.9 Red laser
13 1.75 0.58 181.4 3.2 Without laser
14 2.57 0.69 192.4 3.5 Green laser
15 2.95 1.45 187.5 7.7 Red laser
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8 - B LASER 650NM
7
" 6
S 5
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g 3
© 2
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Figure 1: Shows the effects of laser 532nm and laser 650nm for 10 minutes on ATPase activities of irradiated and
non-irradiated blood samples

Results of Na* ions of blood samples irradiated 135mw for 5 min and 10 min (139.9+6.00,
with laser 532nm, 4mw for 5 minutes and 10  138.9+12.30 mmol/Il , respectively) recorded more
minutes  (142.3+6.75, 140.7£5.53 mmol/l,  decreased when compared with non-irradiated
respectively) were decreased. Also, The Na* of  blood samples (control group).

irradiated blood samples with laser 650nm,

Table 2: Na* ion concentrations of irradiated blood sampels with both la sers (532nm, 650nm) for 5 and 10
minutes.

(laser) 650nm (laser) 532nm
No. Wit out laser 10min 5min 10min 5 min
1 140 111 130 137 139
2 135 133 134 130 130
3 144 143 133 142 141
4 150 144 145 145 147
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without laser

Green laser 5
min

Green laser 10 Red laser 5 min Red laser 10 min

min

5 150 148 147 148 154
6 148 149 140 145 147
7 147 145 147 146 148
8 150 147 140 136 139
9 145 144 144 139 139
10 140 125 139 139 139
Means 144.9+5.15 138.9+12.30 139.9+6.00 | 140.7+5.53 | 142.3+6.75
146 -
145
144 -
143 -
142
w141 4
Z 140
o
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c
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Figure 2: Concentration of Na* ions of irradiated blood samples with laser 532nm, 4mw and laser 650nm, 135mw
for 5 and 10 minutes

Results of K* ion concentrations (Tab 3, Fig 3):
Data of K* ions obtained from irradiated blood
samples with laser 532nm, 4 mw for 5 and 10
minutes (4.39+0.30, 4.44+0.29 mmol/L, respect-
ively) were markedly elevated in a comparison

with control samples. Moreover, blood samples
irradiated with laser 650 nm, 135mw for 5 and 10
minutes (4.48+0.32, 4.48+0.39 mmol/L respect-
ively) were increased when compared to control
samples

Table 3: Result of K* ions irradiated blood samples with laser 532nm, 4 mw and laser 650nm, 135mw for 5

and 10 minutes

(laser) 650nm (laser) 532nm
NO. Without laser 10 min 5min 10 min 5 min
1 4 4 4.1 4.2 4.2
2 3.8 4.2 4 4.1 4
3 4.5 4.8 4.8 4.6 4.6
4 4 4 4.6 4.2 4.1
5 4 4.3 4.2 4.1 4.1
6 4.3 4.8 4.4 4.7 4.6
7 5.7 45 4.3 49 4.8
8 4.4 4.2 49 4.8 4.8
9 4.5 5 49 45 45
10 4 5 4.4 4.3 4.2
Means 4.32+0.54 4.48+0.39 4.46%0.32 4.44+0.29 4.39+0.30
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Figure 3: Concentrations of K* ions of irradiated blood samples with laser 532nm, 4mw and laser 650nm, 135mw
for 5 and 10 minutes

control samples. Concerning blood samples  Levels of chloride (CI) ions (Table 4, Fig 4):
irradiated with laser 650nm, 135mw for 5 and 10 Levels of chlorid ions (CI") of irradiated blood
minutes  (97.81+5.57, 98.94+6.08 mmol/L, samples with laser 532nm, 4mw for 5 and 10
respectively) appeared more increased in a  minutes  (97.6£5.29, 97.7+3.50 mmol/L,
comparison with non-radiated blood sample. respectively) pointed out an elevation compared to

Table 3: Results of K* ions of irradiated blood samples with laser 532nm, 4 mw and laser 650nm, 135mw for
5 and 10 minutes

(Laser) 650nm (Laser) 532nm
No. Without laser 10min 5min 10min 5min
1 91.6 92.1 94.3 93.4 92.6
2 98.1 106.1 100.2 99.3 98.1
3 98.2 92.1 95.5 95.3 97.1
4 90.9 101.2 914 91.3 91.3
5 95.1 100.1 96.3 97.1 96.5
6 97.7 99.1 98.5 99.1 97.3
7 90.9 94.5 96.3 96.1 97.1
8 97.7 96.4 98.2 98.3 98
9 97.8 96.6 95.3 97.3 96.8
10 107.1 111.2 112.1 110.1 111.2
Means 96.51+4.84 98.94+6.08 97.81+5.57 97.73%5.02 97.6£5.29
99.5 -
99 -
'G 98.5 -
S 98 -
S 975 - s
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g 965 -
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Type of laser

Figure 4: Concentrations of CI- ions of irradiated blood samples with laser 532nm, 4mw and laser 650nm , 135mw

for 5 and 10 minutes

Levels of Ca* ions in irradiated and non-irra-
diated blood samples (Table 5, Fig 5): Results
of calcium ions Ca*? of irradiated samples with
laser 532nm, 4mw for 5 and 10 minutes (9.43 +
1.06, 9.68+1.06 mg/dl, respectively) are increased

when compared to control group (non-irradiated).
Also, irradiated blood samples with laser 650nm,
135mw for 5 and 10 minutes (10.26+1.85, 10.34 +
1.87 mg/dl, respectively) are heightened levels in
a comparison with control groups.

Table 4: Levels of Ca*? ions of irradiated blood samples with laser 532nm, 4 mw and laser 650nm, 135mw for

5 and 10 minutes

(Laser) 650nm (Laser) 532nm
No. Without laser 10min 5min 10min 5min
1 9.17 10.9 10 9.9 9.9
2 9 10.4 10.2 9.2 9.1
3 8.8 10.4 8.9 9 9.4
4 8.3 8.9 8.5 8.1 8.5
5 8.2 8 8.8 8.8 8.4
6 8.5 9.5 12.5 9.9 8.5
7 9.3 9.9 9.4 9.9 8.8
8 9 9.8 9.4 9.5 9.2
9 9.7 105 105 105 11.3
10 10.8 15.1 14.4 12 11.2
Means 9.077+0.76 10.34+1.87 10.26+1.85 9.68+1.06 9.43+1.06
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Figure 5: Concentrations of Ca*? ions of irradiated blood samples with laser 532nm, 4mw and laser 650nm, 135mw

for 5 and 10 minutes

Membranes of cells are primarily surrounded
with aqueous buffer having many electrolytes
such as Na*, K*, Mg*?, Ca*, and CI.. These ions
are not distributed in equall manner, since, the
intracellular and extra cellular enviroments have
variant concentrations of these ions. The distribut-
ion of ions across cell membrane depends on
many factors including channel of ions, ATPase
(pump), electrochemical gradient and concentrat-
ion gradient (Bokmann etal, 2003).

Previous study indicated that elevated levels
of intracellular H* ions affects the Na*-H* antiport
activities within plasma membrane (Pouyssegur,
1985). Experimental studies that are carried out on
irradiated cells with laser invitro give an evidence
that a high amounts of hydrogen ions and ATP
can activated of other channels and ions carriers
of the cell membranes such as Na*. Also, the acti-
vation of essential ion pumps , particularly Na*-K*
pump causes to increase levels of intracellular K*
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and decrease intra cellular Na* (Rozengurt and
Mendoza, 1980).

It is well documented by previous research
that changes occurring in respiratory chain as a
result of photobiostimulation for enzymes can
shift the flux of calcium ions between mitochon-
dria and cytoplasmic compartments (Karu, 1988).
Our suggestion about increase extracellular ions
(CI,, K*, Ca*?) in extracellular fluids (plasma) can
be return to increase motion of intracellular
molecules and ions that resulted because of light
absorption that resulted because of light absorp-
tion by intracellular chromophores and these alter-
ations can increase movment of ion out of cells.

Following many reseach, there is growing evi-
dence that UV light have many possible pathways
implicated in the breakage of disulphid bonds
within molecule of proteins leading to produce
many conformational changes of affected protein
molecules (Petersen et. al, 2009). There are many
alterations can be appeared in cells especially
their membranes during irradiation by laser light .
It well mentioned that laser can affected many
enzyme activities of cell membranes including
acetyl cholinesterase (AChE) and Na*-K* ATPase
(Piasceka etal, 2000, Kujawa etal, 2003). Memb-
ranes of red blood cells have not only lipid but als
contain other components including protein mole-
cules, glyco protein and elements either embedded
within membrane or localized on its surface. The
variation of membrane structures appears respon-
sible for the differences in extent of absorption for
laser radiation (Pasternak et al., 2014). Study of
Kassak et al., (2006) shwed that there is a positive
effects (biostimulation) of Na*/K*-ATPase of red
blood cells activities when irradiated with green
light laser at fluences ranged between 9-63J/cm™,

Photon is absorbed and intiates many electri-
cally event by excitation of atoms and then energy
is taransferred and causes cascad of many chemi-
cal and signaling pathway within the cells or
enzymatic activity (Karu, 1998). When laser irra-
diation is focused on living cells, many of energy
are transferred to transient temperature that in turn
causes many conformational changes and initiate
several biochemical reactions, in particular, mem-
brane ATPase affecting active site of enzyme
molecules (Lumry, 1959) and thus functions of
enzymes can be increased due to absorbs of light
by surrounding lipid and enzymes itself. The decr-
ease of Na*? concentrations in this study may be
attributed to increase photobiostimulation of enz-
yme Na'-K* ATPase that exceed the transport of
Na* ions by Na* channels and this enhancement
appear overwhelming to Na*-K* ATPases.
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Concerning IR effects on lipid bilayer of cell-
ular membrane, it is enabling to damage lipid per-
oxidation especially polyunsaturated fatty acids
causing to increase membrane pereambility (Reisz
etal., 2014).

It is well known that photobiostimulation
showed laser with low power has marked effects
on living cells of biological system, the photons of
the light can be absorbed by specific molecules
called chromophores (Sutheland, 2002). Low
intensity of laser increases reduction-oxidation
potential of cells lead to increase oxidation rate
and reactive oxygen species (Karu, 1999, Alexan-
dratou et al., 2002).

The light of laser enhances ATP production
with elevated gradient of proton across mitochon-
drial membrane. Activities of many antiport ion
exchange also increased such as Na*/H* and
Ca*¥Na* and accompanied with increase many
ion carriers dependent ATP including Na'/K*
ATPase and Ca*? ATPase (Hamblin, 2009).

Irradiation of cellular components with laser
can be produced many harmful compounds called
lipid peroxides that they orginate from unsaturated
fatty acids of cell membrane and the final product
of lipid peroxide essentially called MDA (Stadler
et al., 2000). It is well suggested that photobio-
stimulation of laser is focused on respiratory chain
of mitochondria and lead to enhance electron tran-
sport activity and finally associated with increase
ATP production (Yu et al., 1999).

Previous study of Kilanzyk et al., (2002) indi-
cated that irradiation of cells with many doses of
radiation lead to increase enzymatic activities of
red cell membranes in particular Na* /K*-ATPase
and this study used 670nm wavelength on red cell
membrane of human to explain the activity of Na*
/K*-ATPase our results can be consistent with the
purpose of this study, since, we recognized incre-
ase activities of ATPase enzymes when irradiated
with red laser.

There are many alterations of ATPase activi-
ties are found when red blood cells irradiated with
near infrared low intensity laser. These changes
that occurring in pumps of ions are found not
associated with other parameters such as oxyhe-
moglobin, antioxidants, and membrane lipid.
When laser power of 10mw applied on erythro-
cytes, it is accompanied with increase ATPase
activities but when laser intensity reaches to 400
mv led to inhibition of ATPase activities (Kujawa
et al., 2004).

Study of Ando et al., (2009) revealed increase
membrane potential hyper-polarization when non-
excitable cell exposed to the laser with 780nm. It
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is well noted increase intracellular calcium ion
(Ca™®) and this study confirmed that cellular
interactions with laser occur as a result of release
of Ca*2 ions which in turns activate potassium ion
channels causing hyperpolarization to occur.

CONCLUSIONS

From data mentioned above, Laser energy exerts
photobiostimulation of enzymes located within
cellular membranes and increase their activities to
transport more ions and increase enzymatic
hydrolysis of ATP to ADP Increase flow of major
ions across cell membranes and mediated this
pocess by induction of conformational changes in
ion channels that might be increase ion redistri-
bution across cell membrane. It is appeared more
obviously that red laser (650nm) has more effects
on studied parameters than of green laser (532
nm). Increase light absorption via intracellular
chromophores can lead to increase motion of ions
and other intracellular molecules.
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