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<HKE >
"Andrew D Jung, MD*; Mackenzie C Morris, MD*; Rosalie Veile, BS*; Lou Ann Friend, RVT*; Sabre Stevens-Topie,
RVTS; Daniel D. Cox, etal.

"] ABSTRACT

< Introduction >

Traumatic brain injury (TBI) has become increasingly prevalent among the injuries sustained in the military.
Manywounded warriors require emergency medical evacuation via helicopter and subsequently fixed wing
transport. Duringaeromedical evacuation, both pilots and patients experience whole body vibration due to
engine, rotor, and propellerrotation. The impact of posttraumatic vibration and hypoxia exposure characteris-
tic of the aeromedical evacuationenvironment on TBl is currently unknown.

< Materials and Methods >

A swine TBI model of controlled cortical impact was utilized. The pigs first underwent TBI or sham injury and
weresubsequently exposed to vibration or no vibration and hypoxia or normoxia for 2 hours. They were moni-
tored for an additional 4 hours following vibration/hypoxia and blood was drawn at hourly intervals for cyto-
kine and serum biomarker analysis. Continuous physiologic and neurologic monitoring were utilized. Prior to
the conclusion of the experiment, the animals underwent brain magnetic resonance imaging. At the end of
the study, the brain was extracted for histologic analysis.

< Results >

Physiologic parameters except for peripheral capillary oxygen saturation (SpO2) were similar between all
groups. The hypoxia groups demonstrated the expected decrease in SpO2 and pO2 during the hypoxic
period, and this was sustained throughout the study period. The pH, pCO2 and electrolytes were similar among
all groups. Neuron specific enolase was increased over time in the TBI group, however it was similar to the sham
TBI group at all time points. There were no differences in IL-1B, IL-6, IL-8, TNFa, GFAP, HIF1a, syndecan-1, or S100p
serum levels between groups. The mean ICP during cortical impact in the TBI group was 279.8 + 56.3 mmHg.
However, the postinjury ICP was not different between groups at any subsequent time point. Brain tissue oxy-
genation and perfusion were similar between all groups.

< Conclusions >

In this novel study evaluating the effect of vibration on short-term outcomes following TBI, we demonstrate that
the moderate vibration and hypoxia simulating aeromedical evacuation do not impact short term outcomes
following TBI."
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<Various medical applications of IR radiation for different cells and tissue tissues.1>

<Various medical applications of IR radiation for different cells and tissue tissues.2>

<IR=LLLT(Razor)>

Author, reference,

Medical application|Author, reference, et al Year Target IR Results
Wound healing Toyokawa 2003 Skin wound inrat Mid P(;?Trggfg? wound healing and expression
" e Enhanced collagen accumulation and
Wound healing Gupta 2014 Dermal abrasionsin mice Near | poain g effects
. . . Promotes wound healing and
Wound healing Santana-Blank 2000, 2013| Softtissuesinrat Near | . lusion zone (E2) growth (1H NMR 1/T2)
. Santana-Blank 2013 . . Promotes wound healing, membrane
Wound healing Rodriguez-Santana 2003 Softtissuesin rat Near| effect measured by IH NMR tau©
) ) e ' Generated a spatially selective response
Neural stimulation Wells 2005 Ratsciatic nerve Mid insmall fascicles of the sciatic nerve
’ . . . Induced optical pacing of the adult
Neural stimulation Jenkins 2013 Adultrabbit heart Near rabbit heart
. . . y Optical radiation stimulated the
Neural stimulation lzzo 2006 Gerbils auditory nerve Near cochlear response amplitudes
Hybrid electro-optical stimulation
. ’ i generated sustained muscle
Neural stimulation Duke 2012 Ratsciatic nerve Near contractions and reduced
the laser power requirements
. . . Altered the membrane electrical
Neural stmulation Shapiro 2012 HEK-293T cells Near | apacitance during optical strmulation transiently
' . . Formed free radicals and decreased
Photoaging Darvin 2006 Human skin Near | Crtentof B—carotene anfioxidants
Photoaging Schroeder 2008 Human dermal fibroblasts Near | Increased expression of MMP-1in the dermis
Caused a collapse of mitochondrial
Antitumor action Tsai 2016 Hela cervical cancercell Mid | membrane potential and anincrease
in oxidative stress.
Induced G2/M cancer cell cycle arrest,
Antitumor action Chang 2013 Ereasttcannﬁ e{;e"s I(I’jl nd normal Mid | remodeled the microtubule network and
reastepithelial cets. altered the actin flament formation
Antitumor action Tanaka 2012 A549 lung adenocarcinoma cells Near Smtaey the DNA damage response
A431 (vulva), A549 (lung), Suppressed the proliferation of cancer
Antitumor action Yamashita 2010 HSC3 (fongue), MCF7 (breast) and Mid | cells through enhancing the expression
Sa3 (gingiva) cancer cells of ATF3gene
Antitumor action Santana-Blank 2002 Solid tumor Clinical trial Near | 88% anticancer effect. Ten years follow up
- : . Selective apoptosis, necrosis, anoikis
Antitumor action Santana-Blank 2002 Solid tumor cytomorphology Near in tumor tissies of cancer patients
Solid tumor Evidence of interfacial water exclusion
Antitumor action Santana-Blank 2013 T2wMRI-Microdensi Near | zone (EZ) as a predicator of anti-tumor
WMRI-Microdensitometry response in cancer patients
: ; Immuno-modulation in cancer patients
Antitumoraction | Santana-Blank 1992 S‘f’"d t.”mhor;elr“m levels Oftc)ywk'”es Near | of INF-asIL-2R and CD4+ CD45RA+
of peripheralleucocyte subsets and CD25+activated
Brain neuralr . . - Improved cognitive function, sleep and
egeneration Naeser 2014 Mild traumatic brain injury Near post-traumatic stress disorder symptoms
zrgjer::;tﬁlr: Lapchak 2010 Strokes in embolized rabbits Near | Increased cortical ATP content
Adipose . . . . . . L
regeneration Wang, Y., 2016 human adipose-derived stemcells | Near | Stimulate the proliferation and differentiation
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etal Year Target Results
Lubert 1992 Fibroblasts Prevent cell apoptosis and improve cell proliferation, migration and adhesion
Yu 1994 Fibroblasts Prevent cell apoptosis and improve cell proliferation, migration and adhesion
Yu 1997 | Skinwound Prevent cell apoptosis and improve cell proliferation, migration and adhesion
Grossman 1998 Keratinocytes Prevent cell apoptosis and improve cell proliferation, migration and adhesion
Moore 2005 | Endothelial cells Prevent cell apoptosis and improve cell proliferation, migration and adhesion
Agaiby 2000 | Lymphocytes Prevent cell apoptosis and improve cell proliferation, migration and adhesion
Crysler 2003 | Human gingival fibroblasts Prevent cell apoptosis and improve cell proliferation, migration and adhesion
Gavish: 2006 | Porcine aortic smooth muscle cells | Modulated matrix metalloproteinase activity and gene expression
Ajpivats e stelte cals enhancing the rofieraon nhiiing
Enfance nechsscultaion promots angiogensss and increase
Corazza 2007 | Wound rats Acceleration of cutaneous wound heaing with a biphasic dose response
Gigo 2004 | Nerves Stimulate healing
Results 2005 | Tendons Stimulate healing
Morrone 2000 | Cartilage Stimulate healing
Weber 2006 | Bones Stimulate healing
Shao 2005 | Internal organs Stimulate healing
Bjodal 2006 | Pain,inflammation by injuries Reduce
Carati 2003 | Swelling Reduce
Oron 2001 ggg%ggffgﬁg%isn skeletal Beneficial (multiple animal models : in vivo)
Lapchak 2008 | Damage after strokes Mitigate damage in both animals and humans
Oron 2007 | Aftertraumatic brain injury Mitigate damage in both animals and humans
Wu 2009 | Afterspinal cord injury Mitigate damage in both animals and humans
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Copyright and
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"A Controlled Trial
to Determine the
Efficacy of Red
and Near-Infrared
Light Treatment in
Patient
Satisfaction,
Reduction of Fine
Lines, Wrinkles, Skin
Roughness, and
Intradermal
Collagen Density
Increase"

Objective: The purpose of this study was to investigate the safety and efficacy
of two novel light sources for large area and full body application, providing
polychromatic, non-thermal photobiomodulation (PBM) for improving skin
feeling and appearance. Background data: For nonthermal
photorejuvenation, laser and LED light sources have been demonstrated to be
safe and effective. However, lasers and LEDs may offer some disadvantages
because of dot-shaped (punctiform) emission characteristics and their narrow
spectral bandwidths. Because the action spectra for tissue regeneration and
repair consist of more than one wavelength, we investigated if it is favorable to
apply a polychromatic spectrum covering a broader spectral region for skin
rejuvenation and repair.

Materials and methods: A total of 136 volunteers participated in this
prospective, randomized, and controlled study. Of these volunteers, 113
subjects randomly assigned into four treatment groups were treated twice a
week with either 611-650 or 570-850 nm polychromatic light (normalized to ~9
J/cm2in the range of 611-650 nm) and were compared with controls (n=23).
Irradiances and treatment durations varied in all treatment groups. The data
collected at baseline and after 30 sessions included blinded evaluations of
clinical photography, ultrasonographic collagen density measurements,
computerized digital profilometry, and an assessment of patient satisfaction.
Results: The freated subjects experienced significantly improved skin
complexion and skin feeling, profilometrically assessed skin roughness, and
ultrasonographically measured collagen density. The blinded clinical
evaluation of photographs confirmed significant improvement in the
intervention groups compared with the control.Conclusions: Broadband
polychromatic PBM showed no advantage over the red-light-only spectrum.
However, both novel light sources that have not been previously used for PBM
have demonstrated efficacy and safety for skin rejuvenation and intradermal
collagen increase when compared with controls.

2009

"Asheesh Gupta,
Tianhong Dai,
Michael R. Hamblin"

""Effect of red and
near infrared
wavelengths on
low-level laser
(light) therapy
induced healing of
partial-thickness
dermal abrasion in
mice"

Low-level laser (light) therapy (LLLT) promotes wound healing, reduce pain,
inflammation, and prevent tissue death. Studies have explored the effects of
various radiant exposures on the effect of LLLT, however studies of wavelength
dependency in in vivo models are less common. In the present study, healing
effects of LLLT mediated by different wavelengths of light in the red and near
infrared (NIR) wavelength region (635, 730, 810 and 980 nm) delivered at
constant fluence (4 J/cm2) and fluence rate (10 mW/cm2) were evaluated in a
mouse model of partial-thickness dermal abrasion. 635 and 810 nm
wavelengths were found to be effective in promoting healing of dermal
abrasions.However, treatment using 730 and 980 nm wavelengths showed no
sign of stimulated healing. Healing was maximally augmented in mice treated
with 810 nm as evidenced by a significant wound area reduction (p < 0.05),
enhanced collagen accumulation, and complete re-epithelialization as
compared to other wavelengths and non-illuminated controls. A significant
acceleration of re-epithelialization and cellular proliferation revealed by
immunofluorescence staining for cytokeratin-14 and proliferating cell nuclear
antigen (PCNA) (p < 0.05) was evident in 810 nm compared with other
groups.Photobiomodulation mediated by red (635 nm) and NIR (810nm) light
suggests that the biological response of the wound tissue depends on the
wavelength employed. The effectiveness of 810 nm agrees with previous
publications, and together with the partial effectiveness of 635 nm and
ineffectiveness of 730 and 980 nm can be explained by the absorption
spectrum of cytochrome c oxidase, the candidate mitochondrial
chromophore in LLLT.
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2009 | Barolet D., Roberge C.J., Auger F.A., Regulation of skin collagen metabolism in vitro using a pulsed 660 nm LED light
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2018

Sabine Szunerits*
and imageRa-
bah Boukher-
roub

Heat: A Highly
Efficient Skin
Enhancer for
Transdermal
Drug Delivery

Transdermal delivery systems have become a successful alternative for a continuous drug delivery on
demand. The clinical potential of light-based transdermal activation using lasers, photodiodes and in
combination with light-to-heat converting materials is large. Considering the progress made in the
transdermal field, the future of transdermal drug delivery depends largely on the implementation of
novel approaches to overcome constraints of passive diffusion without compromising skin integrity.

2012

Amit Alexander,
Shubhangi

Dwivedi ,

Ajazuddin,

Tapan K. Giri ,
Swarnlata Saraf
Shailendra Saraf,
Dulal Krishna
Tripathi

"Approaches for
breaking the
barriers of drug
permeation
through trans-
dermal

drug delivery”

Transdermal drug delivery system (TDDS) utilizes the skin as executable route for drug administration but
the foremost barrier against drug permeability is the stratum corneum and therefore, it imits therapeu-
tic bioavailability of the bioactive. This review focuses on the recent advancements in the TDDS which
include iontophoresis, sonophoresis, electroporation, microneedles, magnetophoresis, photomechan-
ical waves and electron beam irradiation. These advancements are exhaustively discussed with tech-
niques involved with their beneficial claims for different categories of bioactive. However, a lot of
research has been carried outin TDDS, still the system has many pros and cons such as inconsistent
drug release, prevention of burst release formulation and problems related to toxicity. In addition to
that, to exploit the TDDS more efficiently scientists have worked on some combinational approaches
for manufacturing TDDS viz., chemical-iontophoresis, chemical-electroporation, chemical-ultra-
sound, ionfophoresis—ultrasound, electroporation-iontfophoresis electroporation-ultrasound and
pressure waves—chemicals and reported the synergistic effect of the same for safe, effective and prac-
tical use of TDDS. The present article covers all the above-mentioned aspects in detail and hence the
article will assuredly serve as an enlightening tool for the visionaries working in the concerned area.

2014

Mark R. Praus-
nitz*, Samir
Mitragotri and
Robert Langer

"CURRENT STATUS
AND FUTURE
POTENTIAL OF
TRANSDERMAL
DRUG DELIVERY"

The development of transdermal delivery systems involves balancing increased transdermal transport
with patient safety/comfort and cost. Because intact skin is not sufficiently permeabile to the large
majority of drugs, enhancement methods are needed. Despite extensive research during the past few
decades, hemical enhancers have achieved only imited success in increasing transdermal transport
of smallmolecules and have only a relatively poor ability to increase macromolecular transport under
conditions likely to be clinically acceptable. Methods involving ultrasound and electric fields, including
jontophoresis and electroporation, have more extensively increased transdermal delivery for small
drugs and macromolecules. The ability of these technologies to deliver drugs effectively is partially
counterbalanced by their reliance on electronically controlled devices that require an energy source,
which constrains applications and cost. Methods that pierce micron-scale holes in skin, such as
microneedles, thermal poration and jet injection, can dramatically increase transdermal delivery of
small drugs, macromolecules and even particles, butmore work is needed to establish safety/skin
damage and cost effectiveness. Each of these technologies s likely to suit the needs of different appli-
cations and, in some cases, combinations of enhancers might be the most effective strategy (TABLE 2).

2008

Mark R Praus-
nitzl & Robert
Langer2

Transdermal
drug delivery

Overall, transdermal drug delivery offers compelling opportunities to address the low bioavailability of
many oral drugs, the pain and inconvenience of injections, and the limited controlled-release options
of both. Building off the successes of first-generation transdermal patches, second-generation chemi-
cal enhancers and iontophoresis are expanding delivery capabilities for small molecules, whereas
third-generation physical enhancers (including ultrasound, thermal ablation and microneedles) could
enable transdermal delivery of macromolecules and vaccines. These scientific and technological
advances that enable targeted disruption of stratum corneum while protecting deeper tissues have
brought the field to a new level of capabilities that position transdermal drug delivery for an increasing-
ly widespread impact on medicine.

Author Tittle Abstract
Andrew D Jung, | Effectof vibration The effect of vibration on skin microcirculation was studied to investigate the possibility of clinical use
MD*; Mackenzie | onskin blood of vibration to prevent and treat pressure ulcers. Vibrations at a vibrational intensity of 600, 800, or
C Morris, MD*; flowin anin vivo 1,000 mVpp with a fixed frequency of 47 Hz were applied horizontally to the ear of male hairless mice
Rosalie Veile, BS*; | microcirculatory (n=6foreach group) underinhalation anesthesia. The control group (n = 6) received no vibrations.
Lou Ann Friend, model Venular blood flow was measured by an intravital videomicroscope at the baseline and at 0, 5, and
RVT*; Sabre 15 min after the application of vibrations. A significant increase was observed in the 600 mVpp
Stevens-Topie, group 5 and 15 min after vibration in comparison fo the control group (P =0.002 and P =0.046,
RVTE; Daniel D. respectively). We also detected increased blood flow in the 800 mVpp group (P =0.028) and the
Cox, etal. 1,000 mVpp group (P =0.012) 5 min after vibration; however, these increases attenuated after 15 min.
These results indicate that direct skin vibration at a frequency of 47 Hz improves skin blood flow. The
present study gives further support to the role of vibration on a short-term increase in skin blood flow.

"Yi-Ting Tzenl "Increased skin Low intensity vibration produced acute increases in skin blood flow mediated in part by vascular
,Eileen M. blood flow during control mechanisms of myogenic origin. Further investigation is warranted fo determine whetherlow
Wein- low intensity intensity vibration induces similar increases in skin blood flow in populations prone to developing
heimer-Haus2 vibration in chronic non-healing wounds, such as spinal cord injury and diabetes.
,ThomasF. human
Corbiere2 participants:
, Timothy J. Koh2 | Analysis of
* etal” control

mechanisms

using short-time

Fourier fransform”
"Weiyan Renlf, Effects of Local For diabetic subjects, the SBF was significantly increased in both Vibration and Recovery Stage with
Fang Pu2,3t, Vibration With local intermittent vibrations (LIV1 and LIV2), but not with LCV. However, there was no significant differ-
Huiqin Luanl Different ence in change percentage and change rate of SBF in diabetic subjects across the three tests. For
, Yijie Duan2 Intermittent healthy subjects, all vibration inferventions significantly increased the SBF in the Vibration Stage and
, Honglun Sul Durations on Skin in the first 1.5 min of the Recovery Stage. Also, the change rate of SBF during the Vibration stage in
,Yubo Fanl,2,3 Blood Flow LIV1 test was significantly greater than that in LIV2 test for healthy subjects. Moreover, change
*and Responsesin percentage of SBFin Vibration stage of LIV1 test and in some periods of Recovery stages of LIV and

Yih-Kuen Jan3,4
*

, Yijie Duan2
,Honglun Sul
,Yubo Fan1,2,3
*and

Yih-Kuen Jan3,4
o

Diabetic People

LIV2 tests for diabetic subjects were lower than for healthy subjects; the absolute change rate of SBF
in LIV1 test for diabetic subjects was also lower than for healthy subjects. 3 LIV : Local intermittent
vibrations .LCV : Local continuous vibration

2015

Mei-Chin Chen,
Ming-Hung Ling,
Kuan-Wen
Wang, Zhi-Wei
Lin, Bo-Hung Lai,
Dong-Hwang
Chen

Near-infrared
light-responsive
composite
microneedles for
on-demand
transdermal
drug delivery

This study presents near-infrared (NIR) light-responsive polymer-nanostructure composite microneedles
used for on-demand transdermal drug delivery. Silica-coated lanthanum hexaboride (LaB6@SiO2)
nanostructures were incorporated into polycaprolactone microneedles, serving as an NIR absorber.
When the microneedles were irradiated with NIR light, light-to-heat transduction mediated by the
LaB6@SiO2 nanostructures caused the microneedle melting at50 ° C. Thisincreased the mobility of the
polymer chains, enabling drug release from the matrix. Drug release from the microneedles was evalu-
ated for four laser on/off cycles. In each cycle, the samples were irradiated until the temperature
reached 50° C for 3 min (laser on); the laser was then turned off for 30 min (laser off). The results showed
that light-induced phase transition in the polymer triggered drug release from the melted micronee-
dles. A stepwise drug-release behavior was observed after multiple cycles of NIR light exposure. No
notable drug leakage was found in the off state. This NIR-light-triggerable device exhibits excellent
reproducibility, low off-state leakage, and noninvasive triggerability and, thus, represents an advance
in transdermal delivery technology.

"PaulaK.
Johnson, MS1
,J. Brent Feland,

"Effect of Whole
Body Vibration
on Skin

"Results: Low-frequency, low-amplitude WBV significantly increased SBF compared to the sham
condition (F2,18 = 5.82, P =.0115). Whole blood NO concentrations did not differ between the WBV
and sham conditions immediately or 5 minutes after freatment (F2,18 = 1.88, P =.1813).

2004

Weiyong Li,
David Nadig,
Henrik T. Rasmus-
sen, Kudan
Patel, Tridarsh
Shah

"Sample prepa-
ration optimiza-
tion for assay of
active pharma-
ceutical
ingredientsin a
transdermal
drug delivery
system

using experi-
mental designs”

"Asimple but very effective sample preparation method is discussed for a matrix or drug-in-adhesive
type of transdermal drug delivery system (TDS). The method is a one-step extraction using a metha-
nol/water solvent system. Because of the unique design and physical property of the delivery system,
special considerations were taken in selection of sample solvent, sample container and extraction
enhancement device. The main focus of the article is on method optimization using experimental
designs. A Plackett-Burman design was used fo screen multiple method factors including exfraction
solvent strength, extraction solvent volume, shaking speed of a reciprocating shaker, and shaking time.
Later, two of the factors were studied in more details using a 4 x 5 general factorial design. From the
experimental results, the so-called main

effects plots and interaction plots were generated using a statistical software. The plots are helpful in
choosing the method conditions. "
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PT, PhD1 Blood Flow and Conclusions: These findings demonstrate that patients with diabetes respond fo WBV with increased
A.Wayne Nitric Oxide SBF compared to the sham condition.

Johnson, PT,PhD1 | Production” The implication is that WBV is a potential nonpharmacological therapy for neurovascular complica-
, Gary W. Mack, tions of diabetes."

PhD1

and Ulrike H.

Mitchell, PT, PhD1"

"Ate S. Boere- The Relationship In summary, PETimaging revealed that glucose uptake was not changed as a consequence of a
mal,2, Marelle of Three-Dimen- 5-week WBV intervention. The WBV did, however, improve motor performance and reduced arous-
Heesterbeek2, sional Human al-induced activity in mice. Cognitive tests in humans revealed a selective improvement in the
Selma A. Skull Motion to Stroop Color-Word test. Taken together, itis concluded that our WBV intervention is a safe interven-
Boersmal,2, Brain Tissue tion that can improve atleast some aspects of brain functioning. A limitation of the cognitive testin
Regien Deformationin the human study, however, might be that we did not control for variables such as dietary supple-
Schoemaker2 Magnetic ments, caffeine intake, or sleep quality. Other factors influencing the direct comparison between
,Erik F. J.de Vriesl | Resonance mice and humans are based on the inherent differences between the species. Mice received WBV
, Marieke J. G. Elastography while standing on 4 legs, sitting or lying down, or a combination of these, whereas our 2-legged
van Heuvelen3 Studies human participant were seated. Also the number of WBV sessions and the duration of the WBV

and Eddy A. Van
derZee2"

session (respectively, 37 and 10 minutesin mice, and 27 and 4 minutes in humans were notsimilar. The
reason for the lower number of WBV sessions in humans was to ensure high adherence rates and to
prevent to ask too much from our participants and supervisors (in case of the older participants).The
shorter duration of the WBV session was based on pilot studies in which it was found that WBV sessions
longer than 4 minutes were perceived as too long for the older participants as used in this study.
Nonetheless, we found positive effects of WBV in both mice and humans.
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