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Therapy with low-energy He-Ne laser has been in 
use for more than 30 years. In vitro investigations, 
experiments on animals, and clinical studies have 
shown that monochromat ic  coherent radiation of 
He-Ne laser (HNL) activates the immune system, 
the biosynthesis of ATP, RNA, proteins, and pros- 
taglandins, and stimulates cell proliferation [4,15]. 
These effects have made it possible to use HNL 
in the treatment of suppurative-inflammatory dis- 
eases, trophic ulceration, and gastric or duodenal 
ulcers [5,6]. In recent years HNL has come into 
use for the treatment of ischemic heart disease and 
chronic failure of the arteries of the extremities 
[8,10]. Here, great importance in explaining the 
mechanism of the biological effect of HNL on the 
organism is attributed to vascular reactions and to 
changes in the blood rheology. Koslov et al. [7] 
showed the stimulating effect of HNL on the mi- 
crocirculation. According to the data of Aleinikov 
et a/. [1], laser treatment blocks the efferent in- 
nervation of the vessels, resulting in vasodilation. 
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In studies of the effect of HNL on blood rhe- 
ology Lysov observed a decrease in blood viscos- 
ity, increased deformability of erythrocytes, and 
suppressed platelet aggregation. These results were 
obtained for intravascular irradiation of the blood 
with the aid of flexible light pipes [9]. 

We studied changes in the blood theology for 
another method of irradiation, namely transcutane- 
ous. The method is based on the extremely high 
permeability of living tissue for red light. 

MATERIALS AND METHODS 
Rapid effects of HNL were investigated, i.e., the 
blood samples before and immediately after irra- 
Nation were compared. A total of 37 procedures of 
transcutaneous laser irradiation of the blood (TUB) 
were performed in 12 patients with acute pneumo- 
nia. The source of radiation was a continuous-mode 
LG-79-2 HNL, power 17 mW. The duration of ir- 
radiation of the cubital vascular bundle was 40 min. 

Blood viscosity was determined on a Roto- 
visco-100 rotary viscosimeter (Germany). The os- 
motic resistance of erythrocytes was studied after 
Deich. The elastic properties were assessed as the 
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TABLE 1. Effect of Transcutaneous Irradiation of the Cubital Vascular Bundle with L o w - E n e r g y  H e - N e  Laser on Blood Viscosity 
(N---m) 

Blood viscosity (centipoise) at a shear velocity (sec") 
Experimental conditions 

1 9 30 150 

Before  i r r a d i a t i o n  25.49--1.04 7.48---0.32 t 5.534-0,18 3.91--0,1'0 
Af te r  i r radia t ion ,  22.42--0.92* 6.554-0.29" I 4"844-0'15" 3.46--0.07* 

Note. Here and in Table 2 an asterisk denotes reliability at v<0.05 vs. the control. 

rigidity index (the ratio between the viscosity of the 
blood at a high shear velocity and the hematocrit). 

The intensity of platelet aggregation was mea- 
sured on an Elvi/840 aggregometer (Italy). Aggre- 
gation was induced by solutions of ADP (2• .5 
M) and epinephrine (5• .6 M). 

RESULTS 

The results of the viscosimetric investigations are pre- 
sented in Table 1. The rigidity index of erythrocytes 
decreased from 8.67_+0.15 to 8.03_+0.13 (2<0.05), 
this attesting to improved erythrocyte viscoelasticity. 

The results of measurements of the osmotic 
resistance of erythrocytes before and after irradia- 
tion are presented in Table 2. 

The intensity of platelet aggregation increased 
after i r radiat ion:  with A D P  from 31.0+4.4 to 
44.9+5.1% and with epinephrine from 24.6-+3.1 to 
37.5-+4.7%, @<0.05). In 8 cases the aggregation 
was unchanged,  an initially high intensity of ag- 
gregation being noted in all these cases. 

Thus,  our f indings show that TLIB has a 
rapid and reasonably marked effect on blood rhe- 
ology: it lowers the viscosity at all velocities of 
displacement, improves the viscoelacticity of eryth- 
rocytes and their osmotic resistance, and activates 
platelet aggregation. These effects, with the excep- 
tion of the last, play a positive role in the organ- 
ism. According to Hageman's law, a decrease of 
the blood viscosity leads to an increase in the 
volume blood flow rate. In addition, when the vis- 
cosity of  the blood is low, the general vascular 
resistance drops, the myocardial load decreases, and 
the coronary blood flow is enhanced. An improve- 
ment of viscoelastic properties of erythrocytes is 
especially important  for the capillary blood flow, 
since only  in the case of  a sufficiently high 
deformability can this cell, with an average diam- 

eter of 7.5 g, pass through the vessel with its 2.5- 
g lumen. 

With regard to platelet ag~egation,  its TLIB- 
induced activation may increase the probability of 
pa thologica l  th rombosis  dur ing  venous  stasis, 
hypercoagulation, and lesions in the vascular wall. 

The effect of e lectromagnet ic  radiation on 
blood rheology has been known since the 50s, but 
mainly for the ultraviolet range of the spectrum. 
A large number of studies published on this ques- 
t ion attest to a decrease of blood viscosity, im- 
provement  of erythrocyte deformability, and sup- 
pression of platelet aggregation following ultraviolet 
irradiation of the blood [3,11,14]. At the same 
t ime,  it has been established that just a small 
port ion of the blood (some 5%) has to be irradi- 
ated to cause rheological shifts in all the circulat- 
ing blood. For a time, scientists debated which 
components  of the irradiated blood are the carri- 
ers of  the information causing all the blood to 
alter. According to different data, this role is 
played by erythrocyte membrane  glycoproteins, 
platelets, or lymphocytes [12]. 

The mechanisms underlying changes in blood 
rheology after irradiation with the red light of 
H N L  are still unclear. Adequate synthesis of ATP 
is known to be a prerequisite for the deformability 
of erythrocytes; otherwise, the function of the ion 
pumps is disrupted and calcium ions start entering 
the cell. This leads to disturbances of membrane 
elasticity and to an increase of viscosity inside the 
erythrocyte. The discovered improvement of eryth- 
rocyte elasticity, evidence of which was the reduced 
rigidity index, may be due to the favorable effect 
of HNL on the product ion of energy. Such an 
effect of HNL has already been described in a 
number  of publications [2]. 

The decrease in blood viscosity at low shear 
velocities can be explained only by a decreased 

TA.BLE 2. Ch an g es  of Osmotic  Resis tance of Erythrocytes  after TLIB (M• 

Experimental conditions 

Before irradiation 

Hemolysis, % 
I 

0.55 I 0.50 0.45 0.40 0.35 

01~)0-----0,00 4.24---z-0.45 20.664-2.21 46.89• 94.42---3,03 
i 

After irradiation 0.004-0.00 3.73---0,18 14.874-0,75" 32,71--1.59" I 90,12---3.41 
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aggregability of erythrocytes. However, the mecha- 
nism of this p h e n o m e n o n  demands further study. 
Erythrocyte aggregfftion results from the complex 
process of interaction between the forces of attrac- 
tion (Van der  Waals forces) and the forces of 
repulsion (due to the negative charge created by 
the carboxyl groups of  sialic acid, which is a con- 
stituent of membrane  glycoproteins). Evidently, 
the absorption of the red light energy is attended 
by a disruption of the specific balance between these 
forces, i.e., an increase of the forces of repulsion. 

The present studies show that transcutaneous 
irradiation of the blood with red light of HNL 
improves the blood rheology. Hence, in this re- 
spect transcutaneous irradiation is an alternative to 
intravascular irradiation. On the other hand, tran- 
scutaneous irradiation of the blood exhibits a num- 
ber of advantages: there are no problems of steril- 
izat ion of the  light p ipes  and of  per forming  
venopuncture on sclerotized or poorly marked veins; 
moreover, the risk of damage to the vessel or its 
infection is ruled out. 
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