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ABSTRACT

The process by vblch He-Ne laser radiation (A » 632.8 nm) enhances
the healing of cutaneous wounds, made by concentrated nitric acid on nice
has been studied. The dose used was of the order of 2.7 Joule per day,
till the day of complete wound closure. The wounds were Irradiated at
three points on Its periphery so that to form a sealtriangular pattern
this method was adopted, because chealcal burns involve the killing of both
the epidermis and dermls. The influence of the laser on the healing was
estimated quantitatively and statistically, with a significance of p < 0.001
over the control (the unirradiated).
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I. INTRODUCTION

Laser radiation has found applications In different fields of science

and technology, especially biology and medicine. Such a bean can be used as a

stimulative (constructive) or destructive tool in blosubstunces, because of

its ability to interact with such substance at various molecular and atonic

levels . In general low energy laser radiation (for example He-He laser

of A - 632.8 tin and energy of few milliwatt) is used for stimulation,

while high energy laser is used for destruction in the living systems.

Although the consequence of low doses of radiation in biological systems,

suggests series latent problems , to our knowledge, such problems with low

doses of laser light have not been firmly reported, and the possibility

remains for such effects. The stimulated effects appeared in the mid-sixties,

especially the effects of He-Ne laser radiation and Incoherent red light ^•i\

Many trials have been Bade, to understand the mechanism of such stimulative

action, and hence many postulates were put forward to achieve a solution for

such an obscure mechanism. Red laser light has gained acceptance in medical

applications, especially in the USSR *', for Its anti-lnflamatory, analgesic

action, stimulation of the regenerative power of tissues, action on trophic

ulcers, Indolent wounds and severe burns. Karu has carried out a series of

remarkable attempts to elucidate quantitatively the biostlmulating effect of

low Intensity red light on tissues and micro-organisms. These results could

be a key to understand the mechanism of the action at the molecular level 5)

II. MATERIALS AND EXPERIMENTAL TECHNIQUE

Animals used in the experiments were Swiss white mice from both

sexes, with ages between 50-60 days, all adapted to a similar environment.

Following hair plucking, the chemical burning waa made by dropping a small

amount of concentrated nitric acid (HNOj) on circular dorsal areas of the

mice and after a short time, a aemicircular burn area was formed and the

area was measured for all the animals. The controlled mice were kept in

the same living conditions as the Irradiated ones. The radiation source

used was He-Ne gas laser (PHWE, Gottingen, Germany), with a power of 1.0 aM,

a wavelength of 6328 X and e beam diameter of 0.6-1.00 sn at the source.

The animals were kept at a distance of 25 cm from laser source throughout

all the experiments; the wounds were peripherally irradiated at three

points (focussed beam) using three such laser instruments simultaneously

to form a semi-equllaterial triangle. Actually this is one of the radiation

methods which we are trying in our laboratory, to observe the differences,

in a particular process of the healing, using a different irradiation method.

The reason for peripheral irradiation arose from the remark that the epithelial
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cells are absent in the central region of the wound. The chemical burns
involve the killing of both epidermis and dermls. Hence the Boat stinulating
dose for other types of wounds (to be published) of 2.7 Joule/day was used
(i.e. Irradiation for 15 minutea fron each source). The wound healing
In the Irradiated and the unlrradlated (the control) groups of sice was
followed by measuring daily the wound diameter. This was dona in four
different directions and then the surface area of each wound was obtained.
The data were averaged for each group (4 mice per group). This procedure
wfollowed daily until the phase of complete wound closure was achieved.
Observations were made on the Irradiated and unirradiatad animals for a
period of four months, In search of the development of any abnormalities
in the skin. The average areas for the wounds were converted into percentages
with their standard deviations as shown In Table I, for control and
Irradiated wounds.

III. RESULTS

Following the acid application to the chosen parts of the alee skin,

a nearly circular area with brownish colour was observed, approximately after

15 minutes, with a total surface area of 18.2 mm (see Fig.l, area A), and

another annular area (see Fig.l, area B) enclosing area A with total

area of approxliiatley 31.8 yellowish in colour. During the

first day the area of the original burn was Increased, as a result of necrosis
of the most outer circle and, hence, gave a larger surface area of killed cell
approximately 50 an . The healing processes actually started during the
second day for both iradiated and unlrradlated burns (see Table I and Fig.2).
On the third day the burnt region started to dry, with a change of colour
to a brownish-red. A scar appeared during the fifth day In the case
of the irradiated burns, while on the seventh day it appeared in the case of
the tmlrradiated burns. In most of the wounds pus fluids were seen leaking
from underneath the acar. The scar fell off from the surface area on the ninth
day for the Irradiated samples, Mid during the tenth day In the case of the
unlrradlated burns, and hence an ulcerated area was seen fron which the pus
was leaking. During the fifteenth and sixteenth day another scar appeared
covering the Irradiated and unirradiatad burns respectively. Two days before
the complete wound closure. In both cases these scars fell off. There
appeared a growth of new hair in the peripheral area during the thirteenth
and fourteenth day in the irradiated and the unirradiated cases, respectively.

There was only small contraction of the skin In the surrounding region.
The animal tolerance for this type of wound was less as compared with other
types of wounds (mechanical, superficial and heat wounds - to be published).
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This was estimated from the movement and the activity of the animals during
the first days of the burns. The wounds were healed totally and normally.
The treated wounds healed in 21 days, five days before the untreated wounds.

The data were subjected to statistical analysis using the SPSS

progr,

IV.

6) Table II, summarizes the analysis of variance (ANOVA) 7)

DISCUSSION AND CONCLUSION

The relative Increase In the wound size of both Irradiated and un-
irradiated animals (see Table I, «nd Fig.2) is attributed to the action of the
nitric acid till the following day or days. For a few days the tolerance of
both groups to such wounds was hard, due to the irritation caused by concentrated
nitric acid. A scar appeared for the second time, in the wounds.. This could
be related to the size of the wound, as it was still large and at this stage the
unabllity of the epithelial tissue to cover the whole area. Hence the scar
formation wan a mechanism to enable these tissues to proliferate beneath it.
The most stimulative dose for this type of wound was chosen because such
a dose was known 'to have similar stimulative action In different wounds,
in agreement with previous work . The stimulative dose in
nechanical and electrical wounds was the same, despite the fact that the
size of the mechanical wounds was at least twice of that of the electrical burns.
The partial delay in stimulation of hair growing could be explained as an
effect of the acid diffusion from treated areas surrounding the wounds.

Assaying complete wound closures is important in the healing process.
It was emphasized tnat this phase Is not merely the action of epithelial growth,
but rather an outcome of all the healing activities. The assay is liable to
be carried out In living animals and therefore should be more suitable for
application to human wounds. The stimulatory action of this type of laser bean

The stimulatory action of this type of laser beam on wound healing

was substantiated historically and the role of follicular cells in healing

was appreciated (to be published).

The blostlmulatlng effect of He-He laser was observed from the early
appearance of the scars covering the wounds in the irradiated wound, with their
size smaller than that of the control and peeling off prior to those covering
the control. The wounds in the irradiated samples healed 5 days prior tof that
of the unirradiated ones.

The overall conclusion is that this type of He-Ne laser has a

real stimulative action. The present work, together with that of previous

workers, may give the clue for understanding the real mechanism of stimulative

actions.
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From TabU II we «ee that the computed P if 26.0146. And since
F.9g [99th Percentlle Valuea (0.01 Levels), for the F Distribution) - 2.72
for 24, 21 degrees of freedom, we can conclude that there la statistically
a significant variation at 0.01 level due to the treatment (Irradiation by
laser).

ACKNOWLEDGMENTS

One of the authors (S.F.K.C.) would like to thank Professor Abdus

Salam, the International Atoalc Energy Agency and UNESCO for hospitality

at the International Centre for Theoretical Physics, Trieste. Thanks are

also due to Professor Borselllno of S1SSA and ICTP, Trieste, for his super-

vision and to Professor Stefanlni of the Computer Centre at Trieste

University for his great assistance In the statistical calculation and the

use of the programs and to Professor Ram Mohan of NIH-USA for his advice.

-S-

REFERENCES

1) V.3. Letokhov, Nature 316, 325 (1985).

2) Biological Effects of Low-Level Radiation, Proceedings of a Symposium
Jointly organised by IAEA and WHO in Venice, 11-15 April 1983.

3) N.F. Gamaley in Laser Application in Medicine and Biology, Vol.3, p.54
(Plenum Press, New York and London, 1977).

4) T.G. Karu and O.A. Tlpohlova, Nuovo Clmento D2, 1138 (1983)

5) fl. Frohlich. Phys. Letts. UOA. 480(1985).

6) SPSS-, Statistical Package for the Social Sciences, Centro di Calcolo,
University di Trieste, Version 9.0 (NOS), 6 March. 1984.

7) A.A. Afifi and S.P. Azen, Statistical Analysis, A Computer Oriented

Approach, Second Edition (Academic Press, Inc. 1979).

8) E. Heater,T. Spiry, B. Stende and J.G. Tota, An. J. Surg. 122, 532
(1971).

-6-



TABLE I

The average areas for the wounds in percentages, with their standard

deviations in . parenthesis, during the healing process.

Days

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

IB

19

20

21

22

23

24

25

26

Wound size (X)

(control) CB

100.00 (0.00)

108.09 (0.65)

101.75 (0.89)

92.97 (1.66)

85.86 (0.89)

79.30 (1.31)

75.18 (2.31)

64.24 (7.31)

60.75 (6.75)

55.00 (3.96)

47.30 (5.72)

38.75 (7.77)

2B.2O (4.35)

24.28 (3.42)

22.35 (3.51)

18.88 (3.92)

18.12 (4.08)

14.98 (3.03)

12.07 (1.71)

10.08 (1.30)

8.50 (0.88)

6.28 (0.99)

3.62 (1.27)

1.66 (0.63)

0.65 (0.28)

0.00 (0.00)

Wound sice (X)

(Irradiated) en2

100.00 (0.00)

117.70 (7.04)

94.56 (10.90)

83.60 (8.74)

77.02 (6.10)

67.71 (7.21)

61.86 (7.87)

60.79 (7.87)

52.64 (5.38)

34.80 (6.54)

22.56 (4.84)

16.49 (3.26)

10.37 (2.83)

9.37 (2.63)

7.63 (2.39)

4.95 (1.57)

1.86 (0.54)

1.08 (0.38)

0.54 (0.30)

0.07 (0.07)

0.00 (0.00)

-7-

TABLE II

ANOVA TABLE

Between groups

Within groups

TOTAL

F - 26.0146

Sun of squares

61498.3807

1985.7532

63484.1339

SIG. • 0.0000

Degrees of freedom

(24)

(21)

(46)

ETA SQRD - 0.9687

Mean square

2459.9352

94.5597
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FIGURE CAPTIONS

Flg.l The formation of area A and area B on the nice akin
following the acid application to it

Fig.2 Wound sire curves of control and exposed alee to a

He-No laser during the daya of the healing. The

exposure dose is 2.7 Joule/day. The control is

ahovn as while the irradiated wound la shown

as .
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