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Shelf life of stored blood in a bank is an important  
parameter for the effective use of blood drawn from 
the donors. Several attempts have been made (such as 
antioxidant treatment and magnetic field interven-
tion) to improve the above lifetime of 42 days. Here, 
we show that biostimulation by a He–Ne laser could 
enhance the shelf life to 63 days. The results are based 
on the fragility and conductivity measurement of red 
blood cells.  
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BLOOD constitutes 7% of the human body weight and is 
about 5 litres in volume. It is a life-saving fluid in the 
body and has the most essential function of supplying nu-
trients and oxygen to all parts of the body. It also re-
moves CO2 from the system. Blood contains cellular 
components (red blood cells (RBCs); white blood cells 
(WBCs); and platelets) and plasma (which contains a host 
of proteins, hormones, glucose, etc.). There are blood 
banks all over the world collecting this vital fluid from 
donors for transfusion into acceptors (during major sur-
gery or in trauma care). The blood samples collected 
should be stored for a long time for effective use. It is 
important to note that the blood kept stored between 1–
6C up to a maximum of 42 days only can be adminis-
tered to any acceptor according to the US federal law. 
This is because RBC gets spoiled due to slow haemolysis 
and release of nitric oxide (NO), which leads to some 
complications in the acceptor1. 
 In this line, several efforts have been made to enhance 
the storage or shelf life of the blood collected. For exam-
ple, trilazd mesylate (TM), a powerful antioxidant has 
been used to protect the stored RBCs against oxidative 
damage of gamma irradiation. It was found to decrease 
the osmotic fragility (OF), thus improving shelf life2.  

 Another interesting aspect is the effect of magnetic 
field in improving the erythrocyte OF. An improvement 
by 15% in shelf life has been observed using a magnetic 
field of 0.15T for 30 min (ref. 3). In the present study,  
to enhance shelf life we have used low-power laser  
irradiation instead of chemical or magnetic field inter-
action.  
 Low-power laser treatments (LPLTs) have a wide 
range of applications from diabetic wound-healing to pain 
removal by acupuncture4. Some workers have used a  
He–Ne laser for photosensitized oxidation of RBCs5, in-
hibition of platelet function6,7, and to obtain biophysical 
information about blood8. Others have tried laser priming 
of human leucocytes9 and even laser-induced thermal  
coagulation of whole blood10.  
 In a study11 using a red He–Ne laser of 800 W and 
exposure of 300 sec, RBC deformability has been  
reduced by 30%. In another study12, improved ion flow 
on the RBC membrane has been shown. A comparative 
study of red and green lasers on rheological factors  
of human blood was also made13. In spite of the variety  
of works undertaken, to our knowledge there are no  
reports on the enhancement of shelf life for stored blood. 
In the present study we show 60% enhancement in  
the shelf life of blood by LPLT of whole blood. The  
only comparable report is the enhancement of shelf life  
of blood by 50% by deoxygenation using chemical  
methods14.  
 Fresh blood (5 ml) was taken from the blood bank of 
King Khalid University Hospital (KKUH) and transferred 
into the violet vial containing EDTA as anticoagulant. 
This was centrifuged at 4000 rpm for 15 min, leaving the 
RBCs at the bottom, and WBCs, platelets (as grey buffy 
coat) and plasma (yellow–green liquid) on the top. Except 
the RBCs (about 2 ml), the supernatant was discarded. 
Samples of RBCs were prepared by saline water dilution, 
according to Parpart et al.15. This was used as the experi-
mental sample.  
 One millilitre of RBC, taken in a closed, sterile tube, 
was irradiated for 24 h on both sides with the laser  
(He–Ne laser,  = 633 nm, power 690 W over a diame-
ter of 3 mm), with frequent rotation of the tube for uni-
form exposure. This corresponds to an irradiance of 
7.6 mW/cm2 and a fluence of 59J. In a similar sterile tube 
1 ml RBC was taken as control. The irradiated and con-
trol samples were kept at 4C in a refrigerator. The OF of 
the above samples was monitored using absorption at 
540 nm, according to a well-established protocol15. In 
short, the stronger the absorption at 540 nm, the greater 
the fragility of RBC. Such measurements were done 
every six days for the control and laser-irradiated  
samples. The instrument used was Perkin Elmer UV–Vis 
spectrometer which has a scan range 190–1100 nm.  
 A small quantity (100 l) of the above blood samples 
was loaded in a RCL bridge for conductivity measure-
ment, which has range from 10 Hz to 1000 MHz (PCA, 
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US make). In our experiment we have taken all the meas-
urements for 10 laser-irradiated samples and 10 control 
samples. The whole experimental procedure was repeated 
thrice for consistency.  
 The OF of blood is a measure of the degradation of 
RBCs, using the absorption spectra at 540 nm (Figure 1). 
This is because the absorption peak at 540 nm is most 
sensitive to monitor the spectral features of haemoglobin, 
more precisely the porphyrin in the heme part of RBCs. 
The area of absorption at 540 nm is a measure of decom-
position of RBCs and is presented as arbitrary units in 
Table 1. After 34 days of preservation, OF was 92% for 
control and 60% for the laser-irradiated sample. That is, 
there was about 55% retardation in the haemolysis of 
RBCs by laser biostimulation.  
 Figure 2 shows another way of representing the differ-
ence between the control and laser-irradiated samples. It 
shows haemolysis as a function of shelf life as monitored 
every six days. It can be seen from Figure 2 that half-life, 
defined as 50% haemolysis, is about 17 days for the con-
trol and 28 days for the laser-irradiated sample. That is, 
there is almost 65% enhancement in shelf life.  
 In order to understand the physical mechanism of  
decrease in haemolysis, which improves the shelf life,  
 
 
Table 1. Comparison of osmotic fragility of two red blood cells  
samples, control and irradiated with He–Ne laser, power 690 W 
  for 24 h 

 Osmotic fragility (decay rate) of RBCs 
 

No. of days in Control Laser-irradiated Percentage 
preservation sample sample improvement 
 

10  36.23  10.84  69.70  
16  52.02  24.61  52.15  
22  69.35  35.11  49.13  
28  79.82  50.43  37.00  
34  91.66  59.38  34.00  

 
 

 
 
Figure 1. Absorption spectrum of red blood cells (diluted with nor-
mal saline) in the range 200–800 nm. 

conductivity measurements were done. Figure 3 shows 
the conductivity as a function of log of frequency. Both 
samples show increase in conductivity; however for fre-
quencies higher than 10 kHz, conductivity saturates for 
both samples. It can be seen that for any frequency, the 
laser-irradiation sample exhibits lower conductivity (or 
higher resistivity) and this difference is highest around 
10 kHz.  
 It has been proved that measuring OF is a reliable way 
to monitor the viability and resilience of RBCs. This pro-
tocol has been used to diagnose blood diseases such as 
sickle cell anaemia and thalassaemia16. OF is directly 
 
 
 

 
 
Figure 2. Relationship between fragility (decay rate) for two samples 
of RBC, control and irradiated, as a function of stored time in days. 
Note the half-time for haemolysis is 16 days for the control and 28 days 
for the irradiated sample. 
 
 
 

 
 
Figure 3. Plot of conductivity as a log of frequency. Both samples 
show increase in conductivity and saturate after 10 Hz. It can be seen 
that for any frequency the laser irradiation sample has lower conducti-
vity (or higher resistivity) and this difference is highest at 10 kHz.  
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proportional to haemolysis and hence inversely propor-
tional to cell viability. In the present study, RBC viability 
has been measured using the absorption at 540 nm. This 
is the characteristic band of haemoglobin, more particu-
larly porphyrin in haeme. Our results had shown that  
laser-exposed samples have about 60% less absorption at 
540 nm, i.e. 60% less haemolysis.  
 This could be due to increased resistivity as shown by 
the conductivity measurements. The cell membrane  
always contains static charges, because it is always in 
motion. This may polarize the inner constituents of cells, 
which may lead to haemolysis. It may be reasonable to  
assume that the fast electromagnetic field with a fre-
quency of 1014 associated with LPLT, produces rapid 
(1014 Hz) alteration in the static charges built on mem-
brane. Perhaps this could reduce the polarization-induced 
damage on the intracellular components. Such rapid 
change of charges could be equivalent thermal heating 
and cooling, which often lead to hardened surfaces in 
metallurgical annealing17. That is, LPLT is equivalent to 
rapid changes in the charge density (equivalent to electri-
cal annealing), which increases the electrical resistivity of 
the membrane. Such a line of argument is strongly sup-
ported by our observation of 16% decrease in conducti-
vity or increase in resistivity of the laser-exposed 
samples. Though the explanation offered here is hypo-
thetical, the enhanced shelf life is factual.  
 In this study on shelf-life of whole blood is reported. It 
has been shown that low-power laser-irradiated RBCs 
show 60% enhancement in viability and lifetime. Such 
positive, beneficial changes could have been due to the 
‘electrical annealing’ introduced by the low-power laser 
with electromagnetic waves of 1014 Hz. This technique 
may find clinical use as it is also economical.  
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