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This study evaluated the effects of photoactivated PRP. A Polychromatic
light source (PAC) was used: specially doped quartz plasma arc lamp along
with a band pass filter and reflector system at 633, 666, 712, 812, 1018 and
1128 nm with an average output intensity of 90 mW/cm2.

Major findings and conclusions
• PRP was successfully activated with light for 10 min.
• An activation-dependent sustained growth factor release for 28 days
was observed.
• PAC enables sustained growth factor release from PRP.
• The ATP amount was normal in resting platelets while a significant
increment (p<0.001) was observed in all groups after
photostimulation.
• ATP secretion was increased after 24 hours in all groups. A
significantly increment was observed for PAC-treated platelets. This
increment was higher (p<0.001) than other groups (fig.2.b).

• Cytosolic Ca2+ concentration was increased after 24h in all groups,
but the increment for PL-PAC-10+ groups was a significantly higher
than other groups (p<0.001) (fig.2.b-2d).

Figure 2: a,c): Comparison of ATP secretion and calcium
release from unstimulated and photostimulated
platelets. Data are expressed as mean value of triplicates
and error bars as the standard deviation. Statistically
significant differences are stated by symbols:
***p<0.001 when the control group is PL, △△△p<0.001,
when the control group is PL-PAC1, +++ p<0.001 when
the control group is PL-PAC5, b,d) After incubation
during 24h: PL ***p<0.001, when the control group is PL,
△△△ p<0.001 when the control group is PL-PAC10.

Figure 3: SEM images of platelets. Resting platelets.
Columns left to right: 5,000X, 20,000X, 40,000X,
respectively. Rows top to bottom: Photostimulated
during 1min, 5min, 10 min.
Platelets after incubation during 30 min: 20,000X. PAC
application to PL-PAC10 platelets after 24 h incubation:
5,000X, 20,000X.

Figure 4: Observation of PRP activation with SEM
photograph, a (5,000X), b (20,000X) Unstimulated PRP, c
(5,000X), d (20,000X): PRP activated by CaCl2 (5%, w/v)
during 10 min, e (5,000X), f (20,000X): PRP activated by
PAC for only first day during 10 min, g (5,000X), h
(20,000X): Photostimulated PRP for 10 min, cultured in
α-MEM for 24 h and then treated with PAC for 10 min.

Figure 5: Flow cytometry analysis results, P-selectin and
GPIIbIIa
expressions
of
unstimulated
and
photostimulated platelets with different times. Data are
expressed as mean value of triplicates and error bars as
the standard deviation. Statistically significant
differences are stated by symbols: ***p<0.001 when the
control group is PL,
p<0.001 when the control
group is PL24h, ### p<0.001, when the control group is
PL-PAC24h.

Figure 6: In-vitro cumulative growth factor release (TGF-ß, bFGF, and PDGF) from activated PRP. Data are expressed
as mean value of triplicates and error bars as the standard deviation.

Despite the large diversity of protocols for PRP preparation, all of them
involve a common sequence: 1) extraction of peripheral blood; 2)
centrifugation of the sample; 3) concentration of the platelets; 4) platelet
stimulation.
Multiple variations can be identified in each of these phases, mainly: 1)
volume of drawn blood; 2) type of anticoagulant used; 3) centrifugation
parameters; 4) extraction and sample collection materials; 5) the type of
platelet-activating agents.12 All of this results in a highly heterogeneous
biological potential.13
Wavelengths between 600 and 1000 nm produce changes in the viability,
proliferation, and/or migration of MSCs, predicting an excellent
regeneration potential.
Considering that platelets also have mitochondria, it could be argued that
the effects observed in MSCs following PBM might, to a certain extent, also
be observed in platelets: the conditioning of PRP with PBM could provide
benefits, such as enhanced regenerative properties.38

Conclusions
As a renowned therapy with extraordinary regenerative potential, PBM has
already embarked upon its transformation journey and will stop being an
up- and-coming tool to become a crucial element in the medical
armamentarium. This transformation entails awareness and understanding
of all the steps and elements involved through sound evidence. These
framework steps can be summarized as follows: 1) Platelets are active
quasi-cellular elements, which are fully capable of responding to PBM; 2)

Platelet responses are complex, susceptible to modulation, and have
extraordinary potential, which can lead to all kinds of clinical
improvements; 3) The technology for the useful and effective application of
PBM must guarantee the proper cellular stimulus and an accurate dosage;
and 4) A larger corpus of evidence must be built, to adequately support and
endorse all the steps. This transformation will only be possible to answer
the following questions concerning any PBM procedure: 1) What cells
should be stimulated? 2) How should they be stimulated to obtain the
intended response? And 3) With what clinical goal? All our PBM-related
R&D efforts must follow this direction.

Phototherapy is Becoming Mainstream. The increasing number of papers
on LLLT in the Photobiomodulation sessions presented at the 2010 and
specially the 2011 meetings of the American Society for Lasers in Medicine
and Surgery (ASLMS) bear witness to the fact that LLLT is no longer quite
the bête noir it used to be in the USA.

Conclusions: Provided an LED phototherapy system has the correct
wavelength for the target cells, delivers an appropriate power density and
an adequate energy density, then it will be at least partly, if not significantly,
effective. The use of LED-LLLT as an adjunct to conventional surgical or
nonsurgical indications is an even more exciting prospect. LED-LLLT is here
to stay.

This study aimed to optimise the protocol by analysing PRP angiogenic and
regenerative properties and set the basis for for PRP Thermoactivation at
4oC. Three optimising strategies were evaluated: dilution, 4 °C preincubation, and plasma cryoprecipitate supplementation.

Conclusion: PRP
is
usually processed at 37
°C or RT (20–25 °C);
however,
it
is
traditionally known that
lower
temperatures
prime
platelet
activation and trigger
the release of alpha
granules. Accordingly,
we observed that the
release of VEGF, EGF,
bFGF, IL-17, and IL-8,
but not PDGF, was
significantly increased
when
PRP
was
incubated at 4 °C before
inducing coagulation.

Another milestone study in PRP thermoactivation. Human blood samples
were processed by a two-step centrifugation process under hypothermic
conditions (4∘C) to obtain t-PRP and rewarming up to 37∘C to activate tPRP.

• t-PRP showed up to 6.58 ± 0.45-fold significantly higher platelet
concentration.
• t-PRP maintained a stable GF level between plasma and PRP.
• t-PRP demonstrated natural fiber scaffolding, which trapped more
platelet and GFs, and exhibited a slow release and degradation rate
of GFs.
Conclusion: t-PRP is a novel and convenient method for the preparation
and activation of PRP without any additives. Compared to c-PRP, t-PRP
reflects more physiologic characteristics while maintaining high quality.

This paper goes deep in photoactivation.
Conclusion and outlook
Advances in design and manufacturing of LLLT devices in the years to come
will continue to widen the acceptability and increase adoption of the
therapy among the medical profession, physical therapists and the general
public.
While the body of evidence for LLLT and its mechanisms is still weighted in
favor of lasers and directly comparative studies are scarce, ongoing work
using non-laser irradiation sources is encouraging and provides support for
growth in the manufacture and marketing of affordable home-use LED
devices.
The almost complete lack of reports of side effects or adverse events
associated with LLLT gives security for issues of safety that will be required.
We believe that LLLT will steadily progress to be better accepted by both
the medical profession and the general public at large.
The number of published negative reports will continue to decline as the
optimum LLLT parameters become better understood, and as reviewers
and editors of journals become aware of LLLT as a scientifically based
therapy.
On the clinical side, the public’s distrust of big pharmaceutical companies
and their products is also likely to continue to grow. This may be a powerful
force for adoption of therapies that once were considered as “alternative
and complementary,” but now are becoming more scientifically accepted.

The main objective of this study has been to evaluate the effects of a
thermal conditioning protocol in a liquid autologous tissue (PRP) using an
innovative, pioneering set-up.
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Figure 1. Comparison of mean concentrations of growth factors measured in activated PRP
before (blue) and after (orange) thermal conditioning at 4 oC for 10 minutes.

Results. Concentrations before (pre-TC) and after (post-TC) thermal
conditioning are described as mean and standard deviations (Figure 1).
Epidermal growth factor (EGF): pre-TC 21.98 (3.41), post-TC 43.69 (4.05); pvalue <0.001.

Controlled thermo and photo conditioning are ‘game changing’ concepts
The benefits of tissue Thermo-conditioning are increasingly being reported:
our results were consistent, achieving statistically significant increments of
growth factor concentrations in PRP thermo-conditioned simples.

This paper focuses on the subprocess that underly ATP production.
Since the earliest evidence that low-level laser (light) therapy (LLLT) can
increase ATP synthesis (3, 4), several mechanisms of action have been
proposed to explain LLLT effects on mitochondria.
ATP assay:
- LEDT-6h increased ATP contents (4.53 nmol/ well, SEM 0.19)
compared to: Control (1.28 nmol/ well, SEM 0.05): P < 0.001;
LEDT-5min (2.01 nmol/ well, SEM 0.16): P < 0.001; LEDT-24h (2.77
nmol/ well, SEM 0.16): P = 0.007.
- LEDT-3h increased ATP contents (3.73 nmol/ well, SEM 0.17)
compared to Control (P < 0.001) and LEDT-5min (P = 0.008).
- LEDT-24h increased ATP contents compared to Control (P =
0.020).
In the present study we found that muscle cells need a longer time in the
range of 3h to 6h to show the maximum effect of light therapy and convert
it into a significant increase in MMP and ATP synthesis, comprising an
increase around 200% to 350% over the control values.

- If light intensity is lower than the physiological threshold value for
a given target, it does not produce photostimulatory effects, even
when the irradiation time is extended.
- Certainly, a minimal exposure time per treatment is necessary-in
the order of several minutes rather than only a few seconds- to
allow activation of the cell machinery.
- The ideal treatment time has to be tailored.
- Very precise positioning or working distance is mandatory to
ensure optimal beam delivery intensity covering the treatment
area so as to achieve maximum physiological effects.
- Compromised cells and tissues respond more rapidly than healthy
cells or tissues to energy transfers that occur between LEDemitted photons and the receptive chromophores.
- Cell conditions are to be considered because light exposures
would restore and stimulate procollagen production, energizing
the cell to its own maximal biological potential. This may explain
the variability in results in different studies.
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The search yielded 42 original articles and five reviews. 37 articles were
selected with a total of 43 procedures. Three procedures (7.0%) from 620
to 625 nm; 26 procedures (60.5%) from 625 to 740 nm; 13 procedures
(30.2%) from 740 to 1000 nm; and one procedure (2.3%) with combinations
of wavelengths. Of the 43 procedures, 14 assessed cell viability (n = 14/43,
32.6%); 34 cell proliferation (n = 34/43, 79.1%); 19 cell differentiation (n =
19/43, 44.2%); and three cell migration (n = 3/43, 7.0%).
Conclusions: Photobiomodulation is a promising technology that can
impact on cell viability, differentiation, proliferation, or migration, leading
to enhance its regenerative capacity.

Photons can be transmitted from a low-power laser can be absorbed by
mitochondria, leading to an increase in the production of ATP

This paper focuses on light dosage
A biphasic dose response has been frequently observed where low levels of
light have a much better effect on stimulating and repairing tissues than
higher levels of light. The so-called Arndt-Schulz curve is frequently used to
describe this biphasic dose response.
If the power is doubled and the time is halved, then the same energy is
delivered but a different biological response is often observed.
For low power visible light to have any effect on a living biological system,
the photons must be absorbed by electronic absorption bands belonging to
some molecular photoacceptors, or chromophores.
The use of LLLT in animals and patients almost exclusively involves red and
near-infrared light.
Cox is the primary photoacceptor for the red-NIR range in mammalian cells.
In general, fluences of red or NIR as low as 3 or 5 J/cm2 will be beneficial in
vivo, but a large dose like 50 or 100 J/cm2 will lose the beneficial effect and
may even become detrimental.
The molecular and cellular mechanisms LLLT suggest that photons are
absorbed by the mitochondria; they stimulate more ATP production and
low levels of ROS.

Background: The possibility of improving conditions and pathologies using
biological materials prepared with the patient’s own tissues has always
been an attractive idea. There is a great disparity between the huge amount
of preclinical data and the limited research conducted on photomodulation
or photoactivation. This is because, for an effective and controlled
management of light energy, several obstacles must be overcome.
Aim: The aim of this study is to evaluate the physical obstacles encountered
by light in its path from the source to the biological tissue lodged in a
receptacle specifically built for this purpose.
Methods: Total reflectance (specular + diffuse for an incidence angle of 8o)
and total transmittance (regular + diffuse) of a rectangular area of 2 cm2
corresponding to a 5-cm long, 4-cm wide, 1-mm thick Terlux 2812HD plastic
polymer sheet were evaluated.
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Figure 3: Curve generated using all measurements obtained from total reflectance.
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Figure 2: Curve generated using all measurements obtained from total transmittance.

Results: Showed that, with this set-up, over 90% of emitted light energy
reaches the targeted tissue, with less than 10% loss in the process.
Conclusion: Data obtained in this study enable us to establish the suitability
of this system as an effective tool to take advantage of the clinical benefit
of photoactivation of biological materials.

Other studies you may find interesting

This study proves that you need a specific set-up to achieve results. The only
attempt of photoactivation delivery system was performed by ADLIGHT and
their reports were never good because they irradiated the syringes,
directly, thus making it impossible to control the energy that reached the
targeted cells.
This is a photactivated PRP (paPRP) report in osteoarthritis. Photoactivation was achieved using ultraviolet light irradiation (Adilight-1,
Adistem Ltd.) for five minutes consistent with published protocols.23
Conclusions: This study provides proof-of-concept evidence concerning the
feasibility and safety of PA-PRP injections, necessary to inform a larger
clinical trial in people with knee OA. Our preliminary results also suggest
PA-PRP improves self-reported pain, symptoms and lower extremity
function, however no between-group differences were found. Photoactivated PRP may provide a safe and effective novel treatment for knee
OA.

Taken together from all the previous findings and interpretation, this study
demonstrated that the efficacy, safety and feasibility of a one-step surgical
procedure for chondral cartilage regeneration using laser-activated
adipose-derived stromal cells in PRP vehicle. Moreover, the freshly isolated
adipose stromal cells are at least equal to cultured AD-MSCs to regenerate
chondral and osteochondral defects. The isolation process of SVF following
the enzymatic process and PRP preparation and photoactivation using low
level laser was an easy procedure, not time consuming and with minimal
contamination level.
Low level laser irradiation could enhance the viability and proliferation of
the stem cell properties of stem cells and hence can maximize the effect of
AD-MSCs therapies.

Results: It is envisaged that underlying mechanisms of beneficial impact of
lasers to patients involves biological processes at the cellular and molecular
levels. The biological impact or effects of LLLT at the cellular and molecular
level could include cellular viability, proliferation rate, as well as DNA
integrity and the repair of damaged DNA.
Conclusions: It is suggested that a change in approach is required to
understand how to exploit the potential therapeutic modality of lasers
whilst minimizing its possible detrimental effects.

