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The stimulatory action of red fight from a He-Ne 
laser ()~=632.8 nm) on cell proliferation has been 
described by a number of scientists (see [5] for a 
review), and a possible molecular mechanism re- 
lating the absorption of light by primary photoac- 
ceptors and by respiratory chain components to the 
final macroeffect and to changes in the cell pro- 
liferation rate has been proposed [4]. In this pa- 
per, a scheme is presented in which extrasynthesis 
of ATP is suggested as one link in the chain of  
photosignal transmission and amplification. Several 
authorities observed intensified ATP synthesis when 
isolated rat fiver mitochondria were exposed to red 
light radiation [1,3;7,10]. In the available literature, 
however, we could not find any data on the mea- 
surement of ATP in irradiated cells cultured in vitro. 

The purpose of the present study was to mea- 
sure ATP in He-Ne laser-irradiated HeLa cells. It 
should be mentioned that this model has been used 
previously to examine how proliferation is affected m 
cells so irradiated [2,6]. 

MATERIALS AND M ETHODS 

HeLa cells grown in penicillin vials containing 1 
ml of medium 199 supplemented with 10% bovine 
serum and antibiotics (penicillin and streptomycin, 
100 U/ml  each) were used. The cells were irradi- 
ated with a He-Ne laser through a light guide 
(d=4 mm) so that the diameter of  the beam cot-  
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responded to that of the vial bot tom covered with 
the cell monolayer. The light intensity at the level 
of the vial bo t tom was 10 W / m  2, the time of ir- 
radiation was 10 sec, and the radiation dose was 
100 J/mL These He-Ne laser parameters had been 
found optimal for altering the proliferation rate of 
HeLa cells [1,6]. The irradiation was carried out 
through the bo t tom of  the vial in darkness. Dur- 
ing irradiation the vial was fixed in a stand. 

The amount of ATP in the cells was determined 
by a bioluminescence technique [8] based on a quan- 
titative measurement of the intensity of the light flux 
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Fig. 1. Numbers of cells in monolayer (1) and ATP levels in 
individual  cells dur ing  their  growth in cul ture  (2). 1) ATP 
concentrat ion in cellsXl0 -~5 moles; 2) number  ol cellsXl03, 
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Pig. 2. A m o u n t s  o f  A T P  in  H e L a  ce l l s  i n  t h e  e x p o n e n t i a l  
g r o w t h  p h a s e  a f t e r  i r r a d i a t i o n  o f  the i r  m o n o l a y e r  w i t h  H e -  
N e  l a s e r  a t  100 J / m  2 for  10 sec  ( the  c o n t r o l  level,  t a k e n  as 
100%, i s  8x10  -~6 m o l e s / c e l l ) .  

induced in the reaction ATP + luciferm + O 2 i,~o,~o 
oxyluciferin + .~aVIP + phosphate + CO + light using 
an appropriate reagent kit (LKB Wallac, Fin/and). The 
absolute amount of ATP was determined by use of 
a calibration graph constructed through measurement 
of reference ATP solutions (LKB Wallac, Finland). 
The luminescence of the samples was measured with 
a Biolumat LB 9500 instnnnent (Berthold, Germany). 

At specified times postirradiation, the medium was 
decanted from the vial, the cell monolayer was rinsed 
with cold H a n ~  balanced salt solution, and 0.5 ml 
of 0.7% trichloroacetic acid was added to the mono- 
layer, which was then kept on an ice bath for 5 rain 
without shaking to release ATP from the cells. Next, 
the sample was transferred to a clean test tube and 
appropriate dilutions were prepared in HEPES buffer 
(pH 7.75), after which 200 gl of the sample were 
taken into the cuvette of the measuring instrument 
and 20 ~ of the luciferin-luciferase solution were 
added to the cuvette. The maximum luminescence of 
the sample was determined for 10 sec after the start 
of the reaction. The number of cells was determined 
in each vial. The results were expressed in units of 
ATP per cell. The values obtained are means of three 
replicate measurements. 
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1 2 3 4 5 6 7 8 9 Figure 1 shows the ATP concentrat ions in the 
cul tured HeLa cells during their  growth. The 
amount  of ATP remained low in the lag period 
and in the early exponential growth phase 1 to 2 
days after seeding. After 3-4 days, i.e. in the 

midexponential growth phase, the ATP concentra- 
t ion rose to its highest value of 8• -~6 mol/ceU 
and then declined by the start of the early sta- 
t ionary growth phase (on days 7-8 after seeding). 
This pattern of variation in ATP agrees with the 
data reported in the literature [9]. 

Figure 2 shows the ATP concentrations in the 
exponential growth phase cells (72 h after seeding) 
in relation to the time after irradiation. It cart be 
seen that the concentration of ATP in the cell re- 
roamed virtually at the control level within the f~'st 
15 min postirradiation (100 J/m 2, 10 sec, 10 W/m2). 
Some increase in its concentration occurred 15 min 
after irradiation, followed by a sharp rise in the next 
few minutes. After the ATP concentration reached its 
peak (at 20 minutes), it slowly declined to the con- 
trol level. 

The dependence of ATP levels 20 rain postirra- 
diation of HeLa cells in the exponential growth phase 
(day 3 after seeding) on the radiation dose is shown 
in Table 1. As seen in this table, the effect was vir- 
tually nil at the dose rate of 10 J /m 2 while at 1000 
J / m  2 it was much greater than at 100 J /m 2. 

Since the amount of ATP in the cell depends 
on the growth phase of cultured ceils (Fig. 1), it was 
of interest to explore how ATP levels were altered 
by irradiation according to the ~ o w t h  phase or, in 
other words, to find out whether the sensitivity of the 
cultured cells to red fight radiation depends on their 
growth phase. To this end, similar tests were run at 
various times after seeding (1 to 8 days), irradiating 
the monolayer at 100 J / m  2 and measuring ATP 20 
rain postirradiation, i.e., when the amount  of ATP 
was at its maximum (see Fig. 1). 
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Fig .  3. S e n s i t i v i t y  of  c u l t u r e d  H e L a  ce l l s  to  H e - N e  l a s e r  
r a d i a t i o n  {100 J / m  2, 10 sec, 10 W / m  2) d u r i n g  the i r  g r o w t h  (in 
e a c h  t e s t  t h e  a m o u n t  of  A T P  w a s  d e t e r m i n e d  20 ra in  a f t e r  
i r r a d i a t i o n ) .  
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TABLE 1. Amounts of ATP in HeLa Cells in the Exponential 
Growth Phase 20 rain after their Irradiation with He- -Ne  Laser 
in  Various Doses (mean• 

Dose, J/m 2 Amount of ATP, % of control level 

- -  100----'2.0 
10 100.5---3.5 
10 z 170.8-----2.3 
103 238.3-----5.5 

Irradiating the cells with the He-Ne laser on day 
1 or 2 after seeding was found not to have increased 
the amount of ATP as compared to intact cells (Fig. 
3), whereas irradiating them on day 3, 5, or 8 in- 
creased its level; their sensitivity to the radiation re- 
mained virtually the same and peaked on day 5 
(190%) under the experimental conditions used. 

The results of this study indicate that He-Ne laser 
radiation-induced ATP extrasynthesis does not occur 
just only in isolated rat liver mitochondria [2,3,7,10]. 

After He-Ne laser irradiation, ATP also increases in 
cells cultured in vitro. 
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There has been an upsurge of  interest in the syn- 
thesis and degradation of polyamines in different 
biological objects in the last decade in connection 
with the vital role played by polyamines in the 
regulation of cell metabolism and in DNA, RNA, 
and protein synthesis, particularly in the course of 
malignant growth [5, 7, 11, 14, 15]. Convincing 
evidence has been obtained of a direct relationship 
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between polyamine concentration of eukaryotic cell 
differentiation rate. A specific level of polyamines 
regulated by the ratio of enzymes catalyzing poly- 
amine synthesis and degradation has been found to 
be characteristic of different stages of cell differ- 
entiation and growth [13, 16]. An increased activ- 
ity of enzymes catalysing polyamine synthesis and, 
conversely, a decreased activity of  enzymes of 
polyamine catabolism are characteristic biochemi- 
cal features of some rapidly growing tissues (em- 
bryonic and malignant, regenerating liver, etc.) [4, 
12]. We should like to mention here our previous 

0007-4888/93/0006-0690512.50 �9 Plenum Publishing Corporation 


