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N d - Y A G  laser radiation of  1.06 or 1.32 ~ wavelength killed a proport ion o f  Staphylococ- 
cus aureus and Escherichia coli cells at power  densities of  40 to 80 W / c m  2 and effected a 
100% kill o f  these cells at a power density of  1000 W / c m t  In blood agar, the radiation of  
1.06 g produced bactericidal effects to a depth twice that o f  the radiation o f  1.32 ft. Laser 
radiation o f  these wavelengths did not  cause elimination of  R plasmids and had no effect 
on the antibiotic resistance of  bacteria. 
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The conventional  methods used to control wound 
infection, which rely on antibiotics (or other anti- 
microbials), are not  always effective because of  the 
increased resistance developed by bacteria and fungi 
to most o f  the current  antibiotics and also because 
these drugs do not  penetrate deep enough into in- 
flamed tissues, especially when applied topically. 
Moreover,  antibiotics tend to sensitize the host or- 
ganism and lower immunity [6,10]. Hence  the im- 
portance of  the search for new chemical and physi- 
cal agents with antimicrobial activity. 

Recent  years have seen a steady increase in the 
use of  lasers in medicine. Research into various aspects 
of  their interaction with living organisms has shown 
that low-energy radiations, in particular those of  heli- 
um-neon  lasers, which are now more popular than 
other types, either have no effect on micro flora or even 
stimulate bacterial growth [5,9]. By contrast, high-enelgy 
lasers exert bactericidal effects at the large power densi- 
ties (4000-8000 W/cm 2) used to cut or vaporize tissues. 

The mechanism o f  the bactericidal effects pro-  
duced by lasers is not  straightforward. At or near the 
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tissue surface, bacterial death is evidently caused by 
heat which destroys products o f  protein nature,  but  
it has not  been ascertained how such effects occur  
deep inside tissues or when wounds  are treated with 
a defocused laser beam of  relatively low power  [7]. 

Unlike the radiation from carbon-dioxide lasers, 
whose energy is retained almost complete ly  in the 
superficial cell layers, the radiation o f  wavelength 
~.=1.06 ~t from a neodymium-doped  yt t r ium-alumi-  
num-garnet (Nd-YAG) laser is only slightly absorbed 
by water and blood and penetrates deep into the tis- 
sue, where it releases its energy in dense structures 
[4,8]. The latter property may prove particularly use- 
ful in the control o f  wound infections involving the 
spread o f  microorganisms deep inside viable tissues 
[3]. The radiation of  wavelength 1.32 ~t is less pene-  
trating; in physiological saline, for example,  its ab- 
sorption was found to be 10 times greater than that 
o f  1.06 ~t radiation [1]. 

In the present study, we evaluated 1) bacterial 
survival at the surface of  and deep inside a nutrient 
medium exposed to N d - Y A G  laser radiation of  1.06 
or 1.32 rt at different power densities and 2) the in- 
fluence of  these radiations on the antibiotic resist- 
ance o f  bacteria containing R plasmids. These plas- 
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mids carry genetic information coding for resistance 
transfer factors (which confer antibiotic resistance on 
the bacteria) and may be wiped out by the action of  
a chemical or  physical agent. 

MATERIALS AND METHODS 

We used a Nd-YAG laser operating in a pulse mode at 
wavelengths of 1.06 and 1.32 ~t and having a peak output 
power of  35 W for 1.06 ~ and 20 W for 1.32 g. 

Individual colonies from 20-hour cultures of  Sta- 
phylococcus aureus 209 grown on meat infusion blood 
agar (MIA) and Escherichia coil J53 Nal R met-63 
prozz RP4 (bacteria o f  the Ap, Tc, Km phenotype 
carrying the R plasmid RP4 conferring resistance to 
ampicillin [Ap], tetracycline [Tc], and kanamycin 
[Km]) grown on Endo medium were irradiated by 
the laser with power  densities o f  40 to 4400 W / c m  2, 
each colony being exposed to 5 or 6 consecutive 
pulse series of  1-sec duration each. Unexposed col- 
onies served as controls. 

After the exposure, colonies were cut out togeth- 
er with pieces o f  the nutrient medium, placed in 
Eppendorf  tubes containing 0.9% NaCI solution, and 
homogenized in a Vortex mixer, after which their 
serial 10-fold dilutions (0.2 ml) were plated onto 
dishes with the MIA (for S. aureus) or Endo medi- 
um (for E. colt) and, 20 h later, the grown colonies 
were enumerated to determine the number  of  colo-  
ny-forming units (CFU).  

TABLE 1. Bactericidal Effects of Radiation from the Nd-YAG Laser 
at Different Depths of the Nutrient Medium 

Note. *p<0 05 relative to the control group, 
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Fig. 1. Bactericidal effects from the N d -  YAG laser as a funct ion 
of  its radiat ion p o w e r  densi ty .  All resul ts  were  s ign i f ican t  at 
p<0.05. 

To estimate the bactericidal effects from the la- 
ser at different depths o f  the culture medium, an S. 
aureus broth culture grown to the stationary phase 
was added to and thoroughly mixed with a blood 
agar melted and cooled to 42-45~ and the mixture 
was dispensed into plastic tubes with an inner diam- 
eter of  2 mm. After solidification, the S. aureus-con- 
taining nutrient medium was irradiated, perpendicular 
to its surface, with 20 laser pulse series o f  1 sec each 
at a power density of  4400 W / c m  2. The agar column 
was then cut off in layers together with the tube so as 
to obtain cylinders 2 mm high; after the treatment of  
these as described above, the number of  C F U  was 
determined and compared with their number  in the 
control cylinders prepared from unexposed tubes. 

The impact of  laser radiation on bacterial anti- 
biotic resistance was evaluated by comparing the 
phenotype of  bacteria exposed to sublethal doses with 
their initial (pre-exposure) phenotype;  to this end, 
bacteria were replica-plated onto MIA dishes with 
serial antibiotic dilutions [2]. 

RESULTS 

Bactericidal effects o f  radiation from the Nd-YAG 
laser at different power densities are shown in Fig. 1. 
Significant decreases in the number  o f  C F U  were 
already noted after the 20-h blood agar-grown S. 
aureus colonies or  Endo medium-grown E. coli col- 
onies were irradiated at 40-80 W/cmL Irradiation 
with a power density of  1000 W / c m  2 or  more result- 
ed in a virtually complete  (100%) sterilization of  the 
nutrient medium surface. No  appreciable difference 
was observed between the bactericidal effects o f  ra- 
diation at 1.06 and 1.32 ~t. 
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In contrast, the depths at which bactericidal ef- 
fects were evident strongly depended on the radia- 
tion wavelength (Table 1). After the irradiation at 
1.06 IX, a significant fall in the number of  S. a u r e u s  

colonies per unit agar volume was noted at depths 
of  25-26 mm vs. only 13-14 mm after the irradia- 
tion at 1.32 IX. 

The evaluation of  laser radiation for its influence 
on the antibiotic resistance of  bacteria carrying anti- 
biotic resistance plasmids (R plasmids) indicated that 
exposure to sublethal doses of  either wavelength (1.06 
or 1.32 Ix) did not alter their antibiotic resistance 
phenotype. 

To sum up, radiation o f  wavelengths 1.06 and 
1.32 g from the Nd-YAG laser exerted bactericidal 
effects at power densities as low as 40-80 W/cm: and 
led to a practically complete sterilization at a power 
density o f  1000 W/cm2; after the exposure to radia- 
tion of  1.06 IX, the depth at which bactericidal ef- 
fects were apparent in blood agar was twice that af- 
ter the exposure to radiation o f  1.32 g; finally, radi- 
ation of  either 1.06 or 1.32 IX failed to eliminate R 

plasmids and did not affect the antibiotic resistance 
of  the bacteria. 
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