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Low-level laser energy has been inereasingly used in the
treatment of a broad range of conditions and has im-
proved wound healing, reduced edema, and relieved pain
ol various etiologies. This study examined whether
638-nm low-level lasers had an effect on adipose tissue in
vive and the procedural implementation of lipoplasty/
liposuction techniques. The experiment investigated the
ellfect of 635-um, 10-mW diode laser vadiation with ex-
clusive energy dispersing optics. Total encegy values of 1.2
JAem®, 248 [/em?®, and 3.6 J/em? were applied on human
wlipose tissue taken from lipeetomy samples of 12 healthy
women. The tissue samples were hrvadiated for 0, 2, 4, and
6 minutes with and withoul wmescent solution and were
stuclied using the protocols of transmission clectron nii-
croscopy and scanning electron microscopy. Nonirradi-
ated tissue samples were taken Tor refevence. More than
180 tmages were recorded and professionally evaluated.
Allmicroscopic results showed thatwithout laser exposure
the normad adipose tissue appeared as a grape-shaped
node. Aller 4 minutes of laser exposure, 80 percent of the
fat was released from the adipose cells; at 6 minutes of
tser exposure, 99 percent of the fal was released from the
aclipocyte. The released fat was collected in the aterstitial
space. Transmission electron microscopic images of the
adipose tissue taken at X 60,000 showed a transi tory pore
and complete deflation of the adipocytles. The low-level
luser energy affecied the adipose cell by causing o tran-
sitory pore in the cell niembrane 10 open, which permined
the fat content to go from inside to owside the cell, The
cells in the interstitial space and the capillavies remained
intact. Low-devel laser—-assisted lipoplasty has a significant
impact on the procedural implementation of lipoplasty
techniques.  (Plast. Reconstr. Swrg. LU 918, 2002

The science of lipoplasty has advanced sig-
nificantly since its 1921 inception, when
Charles Dujarrier of France attempted to re-
move subcutaneous fat from a dancer’s calves
using a uterine curette.! Although Dujarrier’s

results were less than acceptable, he proved the
viability of attempting to beautify the human
body. Lipoplasty and its first rudimentary tools
were improved on through the innovative
thinking of professionals such as Babcock,'
who initiated technigues to contour the breast
ancl abdomen in 1939. Babcock was lollowed
by Pitanguy in 19677 Regnault and Danicel in
1975,% Tltouz in 1980, Jackson and Downie in
19787 and Juri et al. in 19795 all of whom
contributed to the growing popularity of con-
tour operations. The process was revelution-
ized in 1980, when Schrudde? introduced -
pexeresis as a means of eliminating local
adiposity. Fournier and Oteni® used uncut
edge cannudas for contouring bodies through
tipolysis. Fodor? deseribed the superwet tech-
nique in 1986, and Kicin’s'®'t development of
the tumescent technique that allowed near
bloodless liposuction using only local anesthe-
sia mcreased the popularity of lipoplasty. In
1992 the internal ultrasound technique was
developed by Zocchi,' and in 1998 the exter-
nal ultrasound was developed by Silberg.'® In
2000 Neira et al.'™ presented a new liposuction
technique that demonstrated Lquefaction of
fat using a low-level laser device during a lipo-
suction procedure, All of these techniques
have improved the surgical procedure with
varying degrees ol contribution: some have re-
duced risk to the patient and others have ex-
pedited the process; yet all ultimately aim to
decrease fat particles and thereby facilitate fat
extraction. Fach is a testimony of the develop-
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er’s ability 1o use learned knowledge in a dy-
namic model to expand the science and appli-
cation of lipoplasty.

Combining low-level laser energy with the
established practice of lipoplasty o create a
new technique!' is a result of the same dynamic
application of knowledge. Low-leve] lasers are
often used in physical therapy and as antiin-
flammatory devices.'® Low-level laser therapy is
defined as treatment with a dose rate that
causes no immediate detectable temperature
rise of the treated tissue and no macroscopi-
cally visible changes in tissue structure.'® Over
the past decade, low-level Jasers have been in-
creasingly used in the treatment of a broad
range of conditions and have improved wouncd
lwdlmg reduced edema, and relieved pain of
various etiologies.!!"” The dosage is a magni-
tude used to define the laser beam cnergy
applied to the tissue. Normal units for the
dosage are given in joules per squared centi-
meter, and the dosage is calculated as the laser
power measured in milliwatts, multiplied by
weatment time in seconds, and divided by area
in squared centimeters of the laser spot di-
vected toward the tissue.

Many studies have been conducted on the
most elficient use and most elfective applica-
tion of laser energy, % the results of which de-
pended on threc factors: (1) coherent light
verses noncoherent light, (2) wavelength, and
(3) power,

Coherent 1ight

Based on quantam physics, Frohlich'® pre-

dicted that the living matrix (i.c., the sets of

protein dipoles) must produce coherent or la-
ser-like oscillations if energy is supplied. The
coherent radiation fietd of a faser and the bio-
chemical energy form the surroundings that
provide that energy. Frohlich deduced the ex-
istence of acousto-conformational transition,
or coherent photons?! binding a Bose-

Einstein condensate.?2 Such cohervent vibra-

tions recognize no boundaries at the surlace of

a molecule, cell, or organism: they ave a collec-
ton of cooperative properties of the entire
being As such, they are likely to serve as signals
that integrate processes such as growth, vepair,
defense, and the functioning of the organism
as a whole. Research on clectrically polarized
molecular arrays of biclogical systems reveals

that interactions repeated by the millions ol

molecules within a cell membrane give rise o
huge coherent or Frohlich-like vibrations.®*/
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This singular response shows that the compo-
nents of living matrices behave like coherent mo-
lecular antennas, raciating and recciving signals,
In this way, coherent Irohlich excitations in cy-
toskeletal microtubules have been suggested to
mediate information processing. -

Similar mechanisms could be evoked to ex-
plain the effects of fow-level faser therapy. Nev-
ertheless, the successful use of light-emitting
diodes in Jow-evel laser therapy ™7 proves,
apparently, that coherence is not an essential
light property for the clinical elfects of laser
therapy. Coherence seems to be more impor-
tant for light propagation and diffusion, pro-
ducing speckle patterns [rom 1111]0:110;,(‘11(*011&
tissues, which leads to local heating.™

Optimum Weavelength

Research supports 630 to 640 nm as the op-
timum'2h 335 wavelength because it facilitates
biomodulation. Furthermore, this range of
wavelength promotes the proliferation of fibro-
blasts and keratinocytes, increases skin civeula-
tion and microcirculation, and diminishes scar
tissue, A 630~ 10 640-mm wavelength proved to
be more elfective on wound healing by a min-
imum ol 6 to 14 percent when compared with
other lasers

Optimum Power

At high laser powers, the most important
mechanism is heating. This occurs in all laser
medical zlppli(‘atim'w involving ablation, cut-
ting, vaporization, and coagulation. All of these
procedures involve tissue destruction and are
roughly wavelength-dependent, Almost all
high-power racliation beams are capable of pro-
cducing tissue ridmdgc The wavelength depen-
dence appears in the ahsorption coefficient of
the irraciated tissue, which cefines the special
application, the laser type, and length of the
procedure. At low laser intensities, however,
stronger wavelength dependence is present
The photochemical energy conversion gener-
ally involves the light absorption by special mo-
lecutar light receptors. Also, the light absorp-
tion by nonspecialized molecules plays a
significant role in medical applications because
of the capacity of molecules to absorb light at
certain energy levels and the possibility of en-
ergy transfer between molecules. An activated
molecule can cause biochemical reactions in
the surrounding tissue. In a complete chapter,
Karu® established the most essential mecha-
nisms of light tissue interaction, It is significant
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that she wrote, “The photon receptors take
part in a metabolic reaction in a ¢ell that is not
connected with « light response. After absorb-
ing the light of the wavelength used for irradi-
ation this molecule assumes an electronically
excited state from which primary molecular
processes can lead to a measurable biological
effect in certain circumstances.” In her com-
prehensive work, Karu®® analyzed and dis-
cussed the most important findings concern-
ing low-level laser therapy. In explaining the
experimental results, she concluded “that one

key event among the sccondary reactions of

cellular responses was the change in overall
recdox state of the irradiated cell,” so “that the
cellular response is weak or absent when the
overall redox potential of a cell is optimal or
near optimal for the particular growth condi-

tions, and stronger when the redox potential of

the target cell is initially shifted 10 a more
reduced state.”

It is known that power density and exposure
time results show that laser power below 2,91
mW could enhance cell proliferation, whereas
higher power had no effect. Stmulatory effects
are most pronounced at irradiation times be-
tween 0.5 and 6 minutes. The ArndeSchultz
biological law states that weak stimuli excite
physiologic activity, moderately strong stimuli
empower it strong stimuli retard it, and very
strong stimuli inhibit physiologic activity. Lab-
oratory analyses show that the 10-mW laser is
more eflective than a 100-mW laser for cell
mitosis.

Alter assessing all known variables, we devel-
oped our hypothesis: The application of low-
level laser energy— effectively administered ac-
cording to established criteria addressing
coherence, wavelength, and power-—to proven
lipoplasty/liposuction processes will result in a
significantly safer, shorter, and relatively trau-
ma-free procedure. Identifying this procedure
as laser-assisted liposuction, our multidisci-
plinary team of experts set out to establish
proof for our hypothesis using scientifically
proved testing methods to evaluate the laser
effects on the adipose cells.

PROGESS/ PROTOCO!L,

First, in-vitro human adipocyte cultures were
developed and then irradiated. After irradia-
tion, it was shown that the adipose cell mem-
brane lost its round shape and that the fat
content left the cell through a transitory pore
discovered in the cell membrane, Next, the
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irradiated adipose cells were recultured and
shown to be able to recover their original cell
membrane structure and remain alive or via-
ble. After this, we took samples of adipose tis-
sue from lipectomy; irradiated them for 0, 2, 4,
and 6 minutes; and examined them under
light microscopy. Although the first results of
the optical stucies were inconclusive because
ol the initial sample testing procedures, the
chinical team decided to continue the case
study because the preliminary clinical evidence
achieved by the plastic surgeon (a co-author of
this article) ' was clearly impressive.

The clinical team sent samples for scanning
clectron and transmission electron micro-
scopic study. Both microscopy protocols were
performed on superficial and deep fat samples
to establish the cellular effects correlated with
the penetration depth of the laser beam afier
application of the tumescent technique. Sam-
ples without the tamescent technique but with
exposure to faser (or 0, 4, and 6 minutes were
also taken. Results indicated that the tumes-
cent technique facilitates laser heam penetra-
tion and intensity—fat liquefaction is thus
improved.

Fat samples were processed as [ollows and
analyzed by using both microscopy protocols:

I. adiposc  tissue  taken  from  the
abdominoplasty

2. application of tumescent technique anc ex-
posure to taser beam for 0 minutes

3. application of tumescent technique and ex-
posure to laser beam for 4 minutes

4. application of tumescent technique and ex-
posure to laser beam for 6 minutes

5. no application of tumescent technique and
In vitro exposure of adipose tissue to laser
beam for 4 and 6 minutes compared with
samples without laser exposure (0 minutes).

Results indicated thai the tumescent tech-
nique facilitates laser beam penetration and
mtensity and thus improves fat Hquefaction,
The adipose cell membrane was also studied in
detail with transmission electron microscopy to
clarify the suspected pore.

Materials and Methods

Twelve healthy women who had undergone
lipectomy were selected for random fat sam-
pling. Their abdominal fat was analyzed alter 0,
2, 4, and 6 minutes of external laser CXposure.
Follow-up observation was done 24 hours after
surgery and continued for up to 12 months
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atter the procedure. The tumescent technique
was applied, followed by external laser therapy
using a low-level energy diode laser with a nom-
inal wavelength at 635 nm and a maximal
power of 10 mW diode. The laser light is line
generated at a 60-degree angle with a maxi-
mum width of 3 mm. The length of the line
generated is factored at an average of 28,7 mm

per inch of generated line for each 25 mm of

distance from the patient,

The laser light was passed in a sweeping
motion about 6 inches above the targeted area.
The adipose tissue was externally irradiated
through the skin. Cellular effects were studied
in samples after 2, 4, and 6 minutes of laser
exposure time. Because the dosage is the mea-
surement generally used to defline the laser
beam energy applicd to the tissue, it is useful to
reduce the above total applied energy values to
these normal units that are given in joules per
squared centimeter. In this case, dosage is cal-
culated as the laser power measured in milli-
watts, multiplied by treatment time in seconds
and divided by area in sgquared centimeters of
the laser spot directed toward the tissue. Con-
sidering the properties of the laser output op-
tics and a normal laser at a target distance of 6
inches, the aforementioned energy values cor-
respond to dosages of 1.2 J/cm?, 2.4 [ /cm?, and
3.6 J/em?,

Superficial and deep Fat samples of laser-
treated tissue were taken from the infraum-
bilical area of all patients studied. Biopsies
were taken with a scalpel {no. 11) from ex-
tracted abdominoplasty tissue and then in-
troaduced into a §.1-ce glutaraldehyde phos-
phate 2.5% buffer at pH 7.2 and 4°C.
Furthermore, Fat samples extracted without
the tumescent technique were also taken and
irradiated following the aforementioned se-
quential procedure. These samples were
then examined with scanning electron and
transmission electron microscopy to study
the laser beam effects on fat cells. The pro-
tocols used to study these samples are pre-
sented in the Appendix. Regarding the
changes in the adipose tissue, there were no
major observable differences between sam-
ples exposed Lo 2 and 4 minutes of laser
radiation. The samples were to be standard-

ized to those taken for 4 and 6 minutes of

exposure time, in which different cell effects
could be observed under each microscopy
protocol.

G915
RESULTS
Microscopie indings

Application of tumescent lechnique without expo-
sure o laser beam.  Figure 1 shows a scanning
electron microscopy photomicrograph of an
adipose tissue sample without laser exposure. A
tridimensional view of the adipocytes can be
secen. The contours are regular and the tradi-
tional grape-cluster shape is evident (Fig. ).
This tissue received tumescent solution but was
not exposed 1o the laser beam.

Application of tumescend lechnigue and exposure lo
taser beam for 4 minutes. By 4 minutes of expo-
sure, partial disruption of the adipose cell was
observed, butseveral cells without disruption of
the cellular membrane were preserved (Fig. 2,
above}. The adipose cells lost their round shape,
and fat spread into the intercellular space, go-
ing from inside to outside of the cell (Fig. 2,
below).

Application of tumescent technigue and exposwre to
taser beam for 6 minules.  As shown in Figure 3,
microscopic cvidence was found that fat was
completely removed from the cells and re-
mained in the intexstitial space, Some disrup-
tion of the connective tssue was also observed.
Other structures, such as the capillaries and the
remaining interstiial space, were preservel
{(Fig. 3).

No tumescent solution and in vitro exposure of
adipose tissue o laser beam for 4 and 6 minutes
compared with semples with tumescence and same
taser exposwre times.  The findings of scanning

Fi;. 1. Scanning electron microscopy photograph of noi-
mal adipocytes (X198), Note the round shape. The contours
are regular with a grape-cluster shape, This specimen re-
ceived timescent sohation.
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Fic. 2. Scanning clectvon microscopy phowgraphs of adi-
pocytes after-d-minute application of laser beant. {Adoee) Only
a fow adipoeywes are liquefied, and there is preservation of
some cell membranes, some of which have Tost their eriginal
stiape (X190}, Arpws point out Fat particles coming from
inside w outside of the adipose cell. (Belowd) The adipocytes
have lost their roundness, and some have a star or oval shape

(> E301,

clectron and transmission clectron microscopy,
after 6 minutes laser exposure in samples taken
without tumescent solution (Fig., 4), corre-
spond to those observed in samples exposed 1o
4 minutes of laser irradiation of equal hntensity
{10 mW) taken with ttmescent solution. Laser
penetration through adipose tissue decreased
when the twmescent solution was not used, sug-
gesting that the application ol the tumecscent
solution is an important enhancement factor
(Fig. 4),

Comparison of adipose membrane of nonivradiaied

sample with cell membrane afler 6 minudes of laser

exposure.  Figure 5 shows a X40,000 magnifica-
tion photomicrograph taken of the adipose
membrane of a nonirradiated sample. The
membrane remained intact when the laser was
not applied. Figure 6 shows a cell membrane at
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X 60,000 magnification In a tissue sample with
6 minutes of laser exposure, It is possible to see
that after irradiation, the membrane is tempo-
rarily disrupted, creating a transitory pore that
allows the liquefied fat to come out of the cell
and be released into the interstitial space.

In summary, without laser exposure, the ad-
iposc tissue remains intact and adipocytes
maintain their round shape (Fig. 1). After 4
minates of laser exposure, the membrane of
the adipocyte is partially disrupted (Fig, 2,
above), anc 80 percent ol the fat is liquefied.
Fat particles build up, forming a “cell helmet.”
Adipocytes suffer partial disroption of their
membranes, exposing fat bodies within the cell
(Fig. 2, below). At 6 minutes of laser exposure,
scanning clectron microscopy shows almost to-
tal disruption of the adipose cell membrane
and evacuation of fat (Fig. 3).

To our knowledge, until now, the use of
lowdevel Taser energy to open a transitory pore

16, 3. Seanning clectron microscopy photographs after
§ minutes of lser application (X180 and *190), No round
adipocyles are seen, only lquefied G Awows point to fat
coming oul of the adipose cells.




Vol. 110, No. 3 / LOW-LIVEL LASER-ASSISTED LIPOPLASTY

S

Fi. 4 Scanning cleciron microscopy photograph alter
application of the laser beam for 6 minutes without tmes-
cenee. Some adipocytes are intact, but others are disrypred
(3150y. Single arrow points to an intact cell, double arrows point
to the distupred cells.

in the adipose cell membrane has not been
reporied.¥ Therefore, the technique deseribed
in this article is a new application in the field of
plastic surgery, and we have provided the sci-
ence to support it. We have also demonstrated
the effect of the laser beam on the adipose cell
through the in vitro human adipose culture,

DISCUSSION

Liposuction techniques and co-adjuvants
have been used for many years. Nevertheless,
cach time a new method or procedure is de-
veloped, there are expectations about its po-
tential benefits for mankincd, The scientific ev-
idence provided in this article shows that the
laser-agsisted fipoplasty technique will serve as a
valuable contribution to this specific field of
medicine and will generate the same expecta-
tions as other techniques previously described
by other authors. Among its benefits are the
recduced risk and improved quality of life for
patients.

Random samples taken from 12 patients and
submitted to scanning electron and transmis-
sion electron microscopic studies demon-
strated that the application of the tumescent
techuique is an important co-adjuvant to laser
beam application because it facilitates beam
penetration, and as a result, {at extraction. The
consistently observed Mndings are discussed
below.

The results of both microscopy protocols in-
dicated that 6 minutes of laser beam exposure
with application of the laser-assisted lipoplasty

Fii. 5. Adipose membrane (%40,000}. The membrane
remains intact when the laser is not applicd.

Fi. 6. Transmission cleciron microscopy photograph of
cell membrane alter 6 minutes of Jaser exposure (XH0,000).
The membrane is temporarily disrupted, creating a transitovy
pore (single arrow) thatallows the liqueficd Fato teave the cell
and be released into the interstitial space. Dordle arrew points
out the at particles released from inside the cell.

technique and without wmescent technigue
were comparable with the recorded results
achieved from 4 minutes of laser beam expo-
sure combinecd with the application ol the la-
ser-assisted lipoplasty technique and the tumes-
cent technique. The tumescent technique,
therefore, empowers-the laser beam to affect
the cell, Transitory pores were also observed in
the cell membrane, with the subsequent spill-
age of fat into the interstitial space, In samples
that underwent the tumescent technique but
not laser exposure, a tridimensional scanning
electron microscopy photograph showed that
the adipocyte retained its original shape (Fig,
7). Several collagenic [ibers can be observed in
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Fic. 7. Seanning clecteon microscopy photograph of adi-
pocytes with no kaser exposure (X200). Adipocyies are intact,
and several collagenic fbers {armws) can be scen surround-
ing the adipose tissue,

FiG. 8. Scanning elecwron microscopy photograph after |
minutes of laser exposure (X 190). No mimescence has been
apphied. Only a fow adipocytes have heen Haquefied. Arpws
point oul inkact adipose colls.

the interstice. At 4 minutes of laser exposure
without the timescent techuique, liqueltaction
ol only a few adipocytes occurred (Fig. 8). At 6
minutes ol laser exposure without the tumes-
cent lechnique, scanning electron microscopy
showed liquefaction of a higher number of
adipocytes but nol all. When the traclitional
tumescent technique was combined with 4
minutes of laser exposuve, scanning electron
microscopy showed pardal disruption of the
adipocyte membrane with 80 percent of the fat
extracted from the cell (Fig. 2).

By increasing the laser exposure to 6 min-
utes, scanning elecron microscopy showed al-
most total cisruption of the adipocyte mem-
brane, which was empty and flexed with
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irregular contowrs (Fig. 3). In samples ob-
tained [rom the waditional tumescent tech-
]]](]l_l' without laser exposure, (ransmission
clectron microscopy showed adipocytes com-
pletely saturated with homogeneous fat. Figure
9 shows four of those cells, which were of reg-
ular diameter, were close together, and had
recuced intercellular space. When the laser-
assisted lipoplasty technique was applied with 4
minutes of laser exposure, ransmission elec-
tron microscopy showed partial loss of intvacel-
lular fat and increased intercellular space. Fig-
ure 10 illustrates this and shows three
adipocytes. Deformed adipocytes that had lost
their round shape were also observed. Capillar-
tes remained completely intact afier 4 and 6
minutes ol laser exposure (Fig. 11). When the
taser-assisted lipoplasty techmque was applied
with 6 minutes of laser exposure, transmission
electron microscopy showed almost total dis-
ruption of the regular contours of the adipo-
cyte. The mtracellular fat was completely re-
moved from the cell, and the cl(llp()(}’l(‘ was
deformed and did not mdmmm its original
shape (Fig. 12). Figure 12 also shows the de-
formity, (otding, and disr uption ol the adipo-
cyle membrane with 6 minutes of laser
cxposure.

As an Interprelive explanation of our study
findings with regard to the biological perfor-
mance of the adipose tissue, its interaction with
laser tight, and the environmental contribu-
tions of the tamescent solution, experimental
studies show a 0.3 o 2.1 percent transmittance
ol red laser light in 2-cin-thick normal skin,
depending on the laser wavelength.™ Further,

Fie, 9. Tramsmission  clectron microscopy  photograph
showing adipocytes completely sanrated with fat and close to
one another (20,0000,
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Fic. 10, Transmission clectron microscopy photograph
after 4 winntes of laser exposure (X20,000). There is partial
loss of e intraceltubae Bag, and the membrane has become
flexed because iU has lost part of its b content.

Fig. 11, Fransmission clectron microscopy photograph
after 4 minutes of laser exposure (X20,000), The adipose
membrane is Nexed and deformed. The capillaries renain
intaet in the inereellular space (arrows).

it was found that the transmittance of granular
tissue is 2.5 times higher than that of normal
skin. Moreover, to find a method for increasing
light wansport deeply into target arcas of Us-
sue, the effects of a hyperosmotic agent on the
scattering properties of rat and hamster skin
were investigated,® and a transient change in
the optical properties ol in vitro rat skin was
found. A 50 percent increase in transmittance
and a decrease in diffusive reflection occurred
within & to 10 minutes alter introducing glyc-
erol.? In our case, it is known that fat contains
glycerol; therefore, laser transmitiance
through the adipocyte could be very etfective.

919

Fig. 12, Transmission eleetron microscopy photograph
after G mimues of laser exposure (KX20,000}. There is almost
total disruption of tw adipocyte membrane, The adipose cott
has wlmost completely fost its fat content.

In acddition, the taumescent solution has two
mechanisms ol action:

1. It is a polar solution that destabilizes the
acdipocyle membrane, thus facilitating the
penctration of the laser beam. This was
demonstrated by the findings in the samples
subjected o both microscopy protocols.

2, The aqueous portion alse serves as a co-
adjuvant to laser action, These cffects are
co-adjuvants o the laser action, making the
low-level energy laser a powerful tool in li-
posuction procedures.

The adipocyte membrane is activated by dif-
ferent cyclic adenosine monophosphate con-
centrations that simulate, in turn, cytoplasmic
lipase that triggers the conversion of triglycer-
ides into Fatty acids and glycerol, both elements
that can casity pass through the cell mem-
brane. The adrenaline, also found in the -
mescent solution, stimulates the adenyl cyclase
that, together with the effect of the laser beam
on the interpal and external media of the adi-
pocyle, changes its molecular polarization. The
exiland removal of fatly acids and glycerol into
the extraceltular space enhance this, The elfec-
tiveness of low-power laser light in producing
changes in biological tssues and laser action
on cells, even in low doses, has been reported
recently.®®"? Reproducible lght-induced
changes in the transmission spectrum of hu-
man venous blood under the action of low-
intensity radiation from the helium-neon laser
were found,™ showing that laser light induced
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the changes and highlighting the potential of
the spectrometric studies. In addition, the in-
fluence of low-level laser irvadiation on the
degranulation process of the mast ceils was
studied in mesentery mast cells of the rat intes-
tine," showing that laser radiation (880 nm, in
this case) stimulates degranatation of mesen-
tery mast cells. This study also showed that the
effect is dose-dependent, and maximal degrain-
ulation was registered after laser irvadiation

with power of 25 mW and an exposure time of

15 1o 30 seconds. Finally, confocal microscopy
was used for irradiation, and simultaneous ob-
servation of low-power laser effects in subceellu-
lar components and functions at the single-cell
level was made ™ Culiures of human fetal
foreskin libroblasts were prepaved for in vivo
microscopic evatluation. Cells were stimulated
by the 647-nm line of the argon-krypton laser
ol the conlocal microscope (0.1 mW/cm?). La-
ser Irradiation caused alkalization of the cyto-
solic pH and increased the potential of the
mitochondrial membrane. Temporary global
cytoplasmic calcium responses were also ob-
servecl. The effects were localized to the irradi-
ated microscopic fields, and no toxic effects
were observed during experimentation,?’

CONCLUSIONS

The lTowlevel laser-assisted lipoplasty con-
sists of the tumescent liposuction technique
with the external application of a cold laser
(635 nm and 10 mW intensity for a 6-minute
period). This technique produces a transitory
pore in the adipocyte membrane, preserving
the interstice, particularly the capillarics.
When adipose tissue is exposed to the laser
beam for 4 minutes, 80 percent of the adipo-
cytes’ membranes are disrupted; this increasec
to almost 99 percent with 6 minutes of laser
exposure, as demonstrated by both scanning
electron  and  wansmission  electron
MICroscopy,

The laser facilitates the releasing ol fat and
contributes to the disruption of the fat
panicles, allowing the fat to go from inside to
outside the cell and placing it in the interstitial
space. With casier fat extraction, swrgical
rauma, ecchymoses, and hematomas are re-
duced to facilitate the patient’s recovery.

The transitory pore formation induced by the
laser ocenrs exclusively at the level of the aclipo-
¢yte membrane. When tumescent solution was
used as a co-acdjuvant, almost 99 percent of the fat
was released into the interstice, whereas the cap-
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illavies and the remaining interstice were pre-
served. The result of this development is a safer,
more effective procedure with elimination of the
need for preturmeling, 937
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APPENDIX

Protocol to Identify Tissues by Seanning Blectron
Microscopy

1. Fix tissue in phosphate bulfer with 2.5% 0.1 M
ghtaraldehyde at pH 7.2 for 24 hours.

2. Rinse buffer in 4.5% 0.1 M sucrose phosphate
bufler for 15 minutcs,

3. Dehydrate in alcohol at different concentra-
tons, 30% to 100%, for 2 minutes per per-
centage of alcohol,

4. Dry until critical point is reached.

D, Place tissue on specimen holder previously
prepared with colioidal graphite and attach
with double adhesive tape,

6. Tonize with gold-palladium until a 10- to 18-

monometer fayer is formoed.,

Observe under a microscope (c.g., JEOL-820

[scanning] or JEOLAEM 1010 [transmission];

JEOL USA, Inc,, Peabody, Mass.).

~3

Protocol to Observe Ultrafine Tissues by Dransmission
tectron Microscopy

L. Fix tissue in Milloning bulfer with 2.5% ghu-
taraldehyde at pH 7.

2. Rinsc in 0.1 M phosphate buffer at pH 7.2 for
th minutes.

3. Postfix in 1% oswmium tetra-oxide in distillecd
water for | hour,

4. Rinse in 6.1 M phosphate buffer at pI1 7.2 [or
10 minutes.

5. Dehydrate in 25% o 100% alcohol for 15
minutes.

6. Add 70% uranyl acetale to the alcohol dur-

i
5
;
;
;
;
;
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. Silberg, B. N.

. Neira, R, Solarte, E., Reyes, M. A, ot al.

. Meirg, R, Solarte, E., Reyes, M. A, et al,

ing dchydration and leave tissues for 12
Lours.

. After Tast pass through 100% alcohol, pass

three times through acetone for 15 minutes.

. Infiltrate with 3:1 acetone + V plastic for 60

MINLes.

. Infilrate with 2:2 acetone + V plastic for 60

minutes,

Infilrate with 1:3 acetone + V plastic for 60
minuies,

Leave in pure plastic overnight,

Place in recently prepared plastic (Spurr).
Polymerize on stove at 60°C [rom 8 to 15
hours,

. Make ultrafine 600-nm cuts with diamond-

lead scalpel in the ultramicrotome and col-
lect in J-hole grids covered with Fomvar
{Structure Probe, Inc, West Chester, Tal)
membranc,
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