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Exposure to laser radiation increases pH and isoelectric point of  human hemoglobin 
solution, improves the acid-base properties, increases affinity for oxygen, and decreases 
the Bohr effect in comparison with intact hemoglobin. The mechanisms underlying these 
changes are discussed. 
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Irradiation with light from a low-intensity He-Ne  
laser increases the degree of blood oxygenation [5]. 
However, it is unclear to what extent this pheno- 
menon depends on physicochemical and functional 
properties of hemoglobin (Hb). The present study is 
an attempt to clarify this issue. Our goal was to find 
out how Hb properties are affected by laser radiation. 

MATERIALS AND METHODS 

Hemoglobin solution (150 gM) was prepared from 
fresh donor blood. After separation of  plasma by 
centrifugation, erythrocytes were destroyed with chlo- 
roform without washing [2]. Hemoglobin solution 
was irradiated in a cuvette (layer thickness 2 cm) for 
10, 15, or 20 min at =20°C with red light from an 
He-Ne laser at a wavelength of  632 nm and an 
output power of  25 mW; the distance between the 
laser and cuvette was 20 cm. Immediately after ir- 
radiation, Hb was analyzed for solubility, acid-base 
properties, pH, and affinity for oxygen. The Hb 
solubility was estimated by optical density (OD) at 
37°C upon titration with 0.1 N NaOH in a KFK-2 
photoelectric colorimeter (the initial OD 0.12 unit). 
Changes in pH were measured in a pH-meter .  The 
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acid-base properties were assessed by the ability of  
Hb to establish ionic equilibrium in distilled water. 
For this purpose distilled water (8 ml) was added to 
a thermostated cuvette (37°C), and pH was adjusted 
to 6.65 or 7.8. Hemoglobin solution (0.02 ml) was 
then added with constant stirring, and pH was mea- 
sured again after 3 min. The Hb affinity for oxygen 
was estimated by the p50 value (mm Hg) measured 
as described [6]. The data were analyzed using Stu- 
dent's test for small samples. 

RESULTS 

The initial pH of control Hb solutions was 6.39+ 
0.07, the corresponding OD being 0.168+0.010. Titra- 
tion with NaOH increased pH, which was accom- 
panied by OD rise to 0.247+0.010 with subsequent 
decline (Fig. 1). Judging from these values, Hb solu- 
bility was minimal within a narrow pH range, where 
electrostatic repulsion of Hb molecules is minimal 
and the distance between oppositely charged mole- 
cules is short. These pH values correspond to the 
isoelectric point in the control samples (6.70+0.03), 
which agrees with the literature data [4]. 

Laser radiation rendered Hb more alkaline: pH 
of Hb samples increased to 6.48_+0.05 after 10 min 
of exposure, 6.59+0.05 after 15 rain, and 6.67+0.07 
after 20 rain. The titration curves shifted to higher 

00072,888/97/000t-0011518.00©1997 Plenum Publishing Corporation 



12 Butletin o f  Experimental Biology and Medicine ,  No I, I997 PHYSIOLOGY 

Optical density 

C 1 2 

0.16 

0.18 

0.20 

0.22 | 

0.24 T 

6.3 

3 

I 

!' 

' "i"" I I 

I z i ! 

i t  i I  I 

I 1 I I 
6.5 6.7 6.9 7.1 

pit 

I t 

I I 

I I 

[ [ 
J 

t t 
f t 

I 
z I 

I 

I I 

l 

i t 

I l 

f 

i f  
! 

I 
7.3 

Fig. 1. Hemoglobin solubility as a function of pH of the medium 
(n=10). Here and in Fig 2: 1, 2, and 3 are 10, 15, and 20 min of 
laser irradiation, respectively. C) control samples. 
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Fig. 2. pH values of the medium after ionic equilibrium was 
reached. C) control Hb solutions. 

pH, so that after 10 rain of  irradiation the isoelectric 
point increased by 17% compared with that in the 
control samples, after 15 min of irradiation it in- 
creased by 28%, and after 20 min by 41%. 

In the control samples, ion equilibrium between 
Hb and medium was reached after 3 rain, when the 
medium pH was 0.33 unit higher than the initial 
value of  6.65 and 0.29 unit lower than the initial 
value of  7.8 (Fig. 2). After 20 min of irradiation, the 
ability of Hb to increase the medium pH was almost 

60% higher than in the control, while its ability to 
acidify the medium decreased to the same extent. 

The p50 values in the control samples did not 
differ from the normal [1]. Laser irradiation for 10 
min had no appreciable effect on the functional pro- 
perties of  Hb. After longer exposure, particularly 
after 20 min, Hb affinity for oxygen increased con- 
siderably (Table 1). 

Doubling the exposure time from 10 to 20 min 
increased Hb affinity for oxygen by 12%. This is 
much  lower compared with the shift in physico- 
chemical properties (Fig. 3.), which showed almost 
linear dependence on the exposure time (radiation 
dose). These properties are related to each other and 
reflect specific features of ionization of  Hb molecules 
induced by laser radiation. A question arises: why 
changes in Hb affinity for oxygen are smaller than 
those in its physicochemical properties? This dis- 
crepancy can be at least partially explained by the 
fact that Hb binds oxygen when the samples are 
stirred in the air, and oxyHb is then irradiated. Thus, 
Hb isolated from venous blood is "arterialized" and 
acquires the R conformation with specific molecular 
organization and functional properties, for example, 
high affinity for oxygen [1]. This accounts for the 
statistically significant increase in Hb affinity for 
oxygen observed only after a 20-min exposure. In 
addition, the discrepancy in the dynamics of  physico- 
chemical properties and oxygen affinity of Hb may be 
associated with determination of these parameters [6]. 

In irradiated samples, the relationship between 
p50 and pH was much weaker than in the control. 
In fact, the Bohr effect calculated from the formula: 
H+=2xlg p50/ApH was equal to 0.28, when the data 
obtained after 10-min and 20-rain exposure were 
compared. This value is almost two times lower than 
that for native human Hb [1]. Consequently, changes 
in Hb affinity for oxygen observed in this study were 
determined not only by pH of the medium. To a 
certain extent it was influenced by metHb,  whose 
generation, if any, in response to laser radiation so 
far has not been studied. A reduction in the relative 
proportion of metHb was observed in whole blood 
after laser irradiation [5]. The mechanism by which 
heroic iron is oxidized does not operate in Hb solu- 

TABLE 1. p50 Values (mm Hg) in Control and Irradiated Hb 
Samples (.~+m; n=10) 

Exposure time, 
rain 

10 

15 

20 

Control 
samples 

26.4_+0.7 

26.3__.0.6 

26.3+0.6 

Irradiated 
samples 

25.8+0.8 

24.3_+0.7 

22.5_+0.9 
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tion. Previously, we showed that metHb formed in 
Hb solutions irradiated with ultraviolet light con- 
tributes to an increase in the Hb affinity for oxygen 
and to reduction in the Bohr effect [3]. However, 
the main mechanism underlying alterations of  Hb 
function involves molecular reconformations, when 
the ch romophor  groups of  aromatic amino acids 
utilize the energy of  short waves. Although the waves 
of red light from a H e - N e  laser are twice as long as 
those of  ultraviolet light, the alterations they cause 
in Hb properties are virtually the same. Increased 
affinity for oxygen and  decreased Bohr effect have 
been shown for a number of  abnormal hemoglobins 
(Hb Iwata, Hb Boston, Hb St. Etienne, Hb Zurich, 
and several o t h e r s ) i n  which aromatic amino acids 
(His, Tyr, Phe) have been substituted [1]. Similarities 
between functional disorders caused by such sub- 
stitutions, ultraviolet light, and laser radiation suggest 
that these disorders may have a common origin; thus, 
the irradiation of  Hb solutions with red light from a 
He-Ne  laser affects, directly or indirectly, the chro- 
mophores of  aromatic amino acids in the polypeptide 
chains of  Hb molecule. A decrease in the Bohr effect 
may result from the damage to His-121c~ and His- 
14613, on which this effect depends by 50% [7-9]. 
Changes in prosthetic groups of  hemes with their 
system of conjugated bonds caused by laser radiation 
may also contribute to this decrease. 
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Fig. 3. Changes in Hb parameters as a function of exposure time. 
The corresponding vatues in the control samples (C) are taken as 
100%. 1) pH; 2) acid-base properties; 3) isoelectric point; 4) 
hemoglobin affinity for oxygen (p50). 
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