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For more than a century, solar radiation has been known to contribute significantly to the extrinsic aging of skin. Until recently, this was 
almost exclusively attributed to the photodamage caused by ultraviolet (UV) light. However, a growing body of evidence now indicates 
that both infrared (IR) and visible light may also contribute to extrinsic skin aging. Infrared radiation, comprised of IR-A, IR-B, and IR-C, 
accounts for 54.3% of the total solar radiation reaching the skin. Studies have shown that IR radiation is also responsible for skin aging. 
Thus, IR-A radiation regulates hundreds of genes in skin, with roles in extracellular matrix (ECM) homeostasis regulation, apoptosis, 
cell growth, and stress responses. IR-B and IR-C radiation are primarily responsible for the increase in skin temperature associated with 
solar exposure, and are implicated in heat-related skin destruction of collagen and elastin,  which is characterized by an increase in the 
expression of matrix metalloproteinases (MMPs). The contribution of visible light to photoaging is less well understood; however, some 
preliminary indication associates visible light with the upregulation of MMPs’ expression, DNA damage, and keratinocyte proliferation. 
Interestingly, the common denominator that links skin damage to the different solar wavelengths is the enhanced production of reac-
tive molecule species (RMS) and therewith increased oxidative stress. SkinMedica® Total Defense + Repair (TD+R; SkinMedica Inc., an 
Allergan company, Irvine, CA) is a “superscreen,” which combines broad spectrum UV protection with a unique blend of antioxidants 
(SOL-IR Advanced Antioxidant ComplexTM) that provide protection from IR radiation while promoting skin repair. Preclinical studies have 
indicated that TD+R SPF34 prevents the formation of UV-induced sunburn cells and cyclobutane pyrimidine dimers while preserving or 
improving the expression of ECM genes. In addition, it prevents IR-A‑triggered fragmentation of elastin fibers and expression of MMP-
1. Initial clinical studies indicate that TDR+R SPF34 reduces the increase in surface temperature seen with IR radiation. A significant
improvement in the appearance of lines and wrinkles was reported as early as week 2 in patients using TDR+R SPF34. In summary, we
observed that the unique blend of antioxidants present in TD+R acts in harmony with SPF active ingredients, expanding solar protec-
tion beyond UV radiation and counterbalancing the deleterious effects of free radicals on skin cells by promoting endogenous repair.
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 ABSTRACT

 INTRODUCTION

The relationship between sun exposure and skin dam-
age has long been established. Reports from as early as 
the 19th century described photoaging, photodistributed 

dermatosis, and a high incidence of keratosis and skin cancer in 
individuals who spent significant time outdoors.1,2 The first study 
identifying a causal link between a specific wavelength of light 
and skin damage was published in 1922, suggesting that wave-
lengths in the ultraviolet-B (UVB) range were primarily respon-
sible for sunburn.3 Despite this early interest, the field of photo-
dermatology did not develop significantly until the late 1960’s, 

when Kligman’s landmark report was published differentiating 
extrinsic ageing (photoaging) from intrinsic aging.4 At this point, 
it was still believed that UVB was the wavelength responsible for 
skin damage, a concept that was not challenged until 1977 when 
Kumakiri et al identified ultrastructural changes in skin as a result 
of repeated exposure to ultraviolet-A (UVA) radiation.5 

Studies conducted during the late 20th century focused on the del-
eterious effects of UVA and UVB radiation on the skin, with little 
or no consideration of the effects caused by other wavelengths. 
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Infrared radiation is comprised of IR-A (760 nm - 1,400 nm), IR-B 
(1,400 nm - 3,000 nm), and IR-C (3,000 nm - 1 x 106 nm). Among 
them, IR-A accounts for 30% of total solar radiation and has the 
capacity to penetrate deeper into the skin, reaching subcutane-
ous tissues (Figure 1). Nowadays, there is compelling evidence 
that associates solar IR-A radiation with premature aging and the 
progression of malignancies.1,29-31 Interestingly, for many years IR-
light based therapies have been used clinically to promote wound 
healing, protect muscles from stress, and reduce proinflammato-
ry cytokine and chemokine production.6 The apparent dichotomy 
of IR-A and its effect on the skin (good or bad? friend or foe?) is ex-
plained by the capacity to control the intensity, time of exposure, 
and heat production during clinical exposure to IR-A.32

IR-A regulates proximally 600 genes in human skin that are in-
volved in ECM homeostasis, apoptosis, cell growth, and stress 
responses.8,30,33,34 While the mechanisms by which this occurs are 
highly complex, it is thought that many of the pathological effects 
of IR-A are attributable to the altered function of mitochondria, 
as the cytochrome c oxidase from complex IV acts as its photo-
acceptor.1,35 Interestingly, it has been shown that simultaneous 
exposures to multiple wavelength of low energy light (ie, visible 
and near IR radiations) also modulated cell metabolism and gene 
expression, indicating that ratios of different solar rations may im-
pact skin premature aging.36 IR-A–induced mitochondrial changes 
(ie, increase in mitochondrial reactive oxygen species [ROS] 
production, decreased adenosine triphosphate [ATP] synthesis, 
and enhanced permeability) are responsible for the activation 
of a retrograde signaling pathway that can trigger activation of 
mitogen-activated protein kinases (MAPKs) and caspases (apop-
tosis).35 MAPK pathways play a critical role in controlling the 
expression of MMP-1 and therefore ECM destruction.1,6,37 More-
over, studies using different experimental models showed that IR 
radiation enhanced the deposit of elastotic material in the dermis 
while decreasing collagen. Epidermal hyperplasia/thickening, in-
creased senescent marker expression (ie, telomerase expression 
and activity), angiogenesis (by increasing vascular endothelial 
growth factor [VEGF] production and CD31 positive cells), ery-
thema, and swelling are also characteristics present in IR-radiated 
skin. Finally, IR-A also triggers a significant decrease in antioxidant 
capacity in the skin (specifically by destroying carotenoids such 
as β-carotenes and lycopene), as well as the activation-recruited 
mast cells (MCTC), enhance oxidative stress and inflammation, 
promoting premature aging.38-40

However, this last decade has seen the development of a grow-
ing body of evidence indicating that infrared (IR) radiation and 
visible light are also responsible for changes in the skin physiol-
ogy that can lead to premature aging, pigmentary changes, or 
other pathologies in human skin.6,7,8

Intrinsic vs Extrinsic Aging
The appearance of skin reflects a combination of one’s gen-
eral health, ethnicity, life style, diet, and age. These features 
determine the color, texture, firmness, and smoothness of the 
skin. Intrinsic aging is a naturally-occurring process that relates 
closely to chronological age. At a microscopic level, chronolog-
ically-aged skin can be characterized by an atrophic epidermis 
with flattening of the dermal-epidermal junction and loss of the 
Rete pegs,9 as well as a decrease in the number of fibroblasts 
and collagen, resulting in a much thinner dermis than that ob-
served in young individuals.10 

The skin is the only organ chronically exposed to the environment, 
and the resulting interaction with environmental factors can strong-
ly influence skin physiology, leading to extrinsic aging. By far the 
most studied source of extrinsic skin damage is solar radiation.4,11,12 

Ultraviolet Radiation-Photoaging 
The term “photoaging” was first coined in 1986 in an attempt 
to describe the effect of chronic UV-light exposure on the skin.13 
It has been estimated that photoaging accounts for up to 90% 
of visible skin extrinsic aging. Photoaged skin is characterized 
by dryness, a rough texture, increased skin laxity, irregular pig-
mentation, telangiectasia (or angioectasias), a yellowish color, 
plaque-like thickening, deep creases, and fine wrinkles.11,14 Solar 
elastosis is the dermal hallmark of photoaged skin.15,16 In addi-
tion, photodamaged skin also presents an extensive decrease 
of fibrillar collagen (types I and III)17-20 due to the decrease in 
transforming growth factor (TGF)-β levels and the activation of 
activator protein-1 (AP-1).10,21,22 Changes in the extracellular ma-
trix (ECM) composition result in decreased mechanical tension 
on the cell surface of fibroblasts, triggering cellular collapse 
that aggravates the already diminished collagen synthesis and 
increases MMPs expression even further. On the other hand, 
a photoaged epidermis shows hyperplasia or atrophy, as well 
as the disappearance of dermal papillae, thickness of the base-
ment membrane, an increased number of melanocytes and 
melanomes, presence of atypical keratinocytes, parakeratosis, 
and thickness of the stratum corneum.23,24 

Infrared Radiation
Previously, the negative effects of solar light on human skin 
were primarily attributed to wavelengths in the UVB and UVA 
range.25-28 However, recent research has shown that other solar 
wavelengths, such as IR and visible light, may also play a key role 
in extrinsic skin aging. Human skin is predominantly exposed to 
IR radiation, which accounts for 54.3% of total solar light.6 

"We observed that the unique blend of 
antioxidants present in Total Defense 
+ Repair acts in harmony with 
SPF active ingredients, expanding 
solar protection beyond ultraviolet 
radiation."
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being triggered by heat. IR-associated increase in temperature 
is mainly associated with IR-B and IR-C, which are absorbed 
by the epidermis.41 

Heat-related skin damage is characterized by an increased 
expression of MMPs, more specifically MMP1, MMP-3, and MMP-
12, resulting in the destruction of collagen and elastin.43,44 In 
addition, heat also promotes dermal expression of tropoelastin 
while decreasing fibrillin-1 levels, resulting in the accumula-
tion of elastotic material.44 Increased ROS production by heat is 

Heat-Thermal Aging
Solar IR radiation transmits heat energy that is responsible 
for raising skin temperatures to levels close to or higher than 
40°C.3,8,41 Chronic increases in skin temperatures are associ-
ated with “erythema ab igne,” a pathology that is characterized 
by reticular pigmentation of the skin and by the presence of 
dermal solar elastosis similar to that seen in photoaged skin. 
Thus, heat-linked premature aging of the skin has been re-
ported on baker’s arms and on the faces of glass blowers, 
supporting the concept of thermal-aging or premature aging 

FIGURE 1. Solar-aging: combination of photoaging, infrared aging, visible aging, and thermal aging: 1+1+1+1=100, synergistic implications. 
The deleterious effects of solar radiation on human skin are the combination of UVR, visible light, IR, and heat. Synergistic effects of these 
factors on skin aging cannot be discarded and require further investigation. Increased formation of reactive molecule species (RMS) or free 
radicals is a common pathway that becomes activated by the different components of solar radiation and heat, though the initial place of RMS 
generation (membrane, nuclei, mitochondria, or cytosol), as well as the type of reactive molecule formed, may differ. Ultraviolet radiation – 
UVA (320 nm - 400 nm) and UVB (290 nm - 320 nm) – accounts for approximately 6.8% of solar radiation. UVC (200 nm - 290 nm) is fully blocked 
by the atmosphere. UVB penetrates only at the epidermal level, while UVA affects both the dermis and epidermis. Visible light (400 nm - 760 
nm), the portion of solar electromagnetic radiation that is visible to the human eye, accounts for 38.9% of total solar radiation. Visible light 
penetrates into the dermis and generates heat upon absorption. Infrared radiation accounts for 54.3% of total solar radiation and is formed by 
IR-A (760 nm - 1,440 nm), IR-B (1,440 nm - 3,000 nm), and IR-C (3,000 nm - 1 mm). IR-A penetrates deeply, reaching the epidermis (35%), dermis 
(48%), and subcutaneous tissues (17%). IR-B reaches as deeply as IR-A, but the main part of it (72%) is absorbed by the epidermis (20% and 
8% are absorbed by the dermis and subcutaneous tissues, respectively). IR-C is fully absorbed by the epidermis.

IR, infrared; RMS, reactive molecule species; UV, ultraviolet.
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mainly due to the activation of nicotinamide adenine dinucleo-
tide phosphate (NADPH) oxidase, xanthine oxidase, and the 
mitochondrial electron transport system,45 and it is responsible 
for protein and DNA oxidation.8 Increase in skin temperatures is 
also associated with chronic inflammation and a pro-angiogenic 
environment characterized by an increased VEGF to thrombos-
pondin (TSP)-1 and 2 ratio.46 Finally, heat-activation of transient 
receptor potential vanilloid-1 (TRPV-1) mediates the expression 
of MMP-1,47,48 opening a potential role for TRPV-1 inhibitors to be 
used to prevent heat-induced skin aging.

Visible Light
The visible part of the solar spectrum is used for general il-
lumination and is defined by the electromagnetic radiation 
that is visible to the human eye (400 nm - 760 nm).49 Visible 
light accounts for the remaining 38.9% of the solar radiation 
reaching the earth’s surface,6 and is able to penetrate the der-
mis and generate heat after being absorbed. While there is 
now substantial evidence to indicate that UV, IR, and heat all 
influence solar-aging, the contribution of visible light to skin 
damage is less well understood,1,7 due in part to the lack of 
light sources that emit in the visible spectrum (without UV or 
IR contamination).50 

Recent experiments have shown that visible light can increase 
the production of ROS, stimulate the production of pro-inflam-
matory cytokines, and upregulate the expression of MMP-1 in 
humans.51 In addition, a potential role of visible light in DNA 
damage has been suggested by Kielbassa et al,52 who esti-
mated that 10% of the total  DNA oxidation is associated with 

FIGURE 3. Treatment with Total Defense + Repair SPF34 prevents UVB-dependent cyclobutane pyrimidine dimers formation in a full thick-
ness reconstituted skin model. Pyrimidine dimers are molecular lesions in the DNA produced via photochemical reactions. Ultraviolet radiation 
is the main source of pyrimidine dimmer formation, which are bulky DNA adducts. The most common CPDs include thymine dimers, thymine-thy-
mine dimers, and 6, 4 photoproducts. These pre-mutagenic lesions alter the structure of DNA and inhibit polymerases arresting replication. CPDs 
need to be removed and repaired to preserve cellular integrity. A representative immuno-staining that shows detection of CPDs in Epiderm-FT 
tissues after UVB-radiation is shown in this figure. Tissues were pretreated with TDR+R SPF34 as described in Figure 2, and allowed to recover 
for 24 hours after UVB radiation. Histological analyses were performed on formalin-fixed paraffin embedded (FFPE) samples using anti-thymine 
dimer mouse monoclonal antibody (Kamiya Biomedical Company, Seattle, Washington, USA).  n=3 in each experimental group.

FIGURE 2. Pretreatment of Epiderm-FT tissues with Total Defense + 
Repair prevents sunburn cell formation (representative histological 
results). In brief, stabilized Epiderm-FT tissues were treated with 
TD+R SPF34 10 mins before radiation. Formulation was left during 
UVB radiation (200 mJ/cm2, equivalent to 5MED) and tissues were 
allowed to further recover for a total time of 6, 16, and 24 hours after 
UVR. As expected, UVB radiation induced the formation of sunburn 
cells (SBCs) (apoptotic keratinocytes, white arrows). The number of 
SBCs increased as untreated tissues recovered from UVB radiation. 
Pre-treatment with TD+R SPF34 resulted in the prevention of SBC 
formation. n=3 in each condition.

UVR, ultraviolet radiation.

UVR, ultraviolet radiation.
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radiations  between 400 nm and 500 nm. In vitro results also 
showed thymine-thymine (T-T) dimer formation in response to 
visible light (>395 nm) radiations,53 as well as the accumulation 
of epidermal p53 wild-type and mutant forms.54 The reported 
increase on Ki67 and cyclin A expression suggest a role of vis-
ible light at promoting keratinocytes proliferation.55 

One interesting hypothesis suggests a role of visible light on 
skin pigmentary changes.28 Three decades ago, Kollias and 
Baquer56 showed that pigmentary changes could occur in re-
sponse to near-IR light in the absence of ultraviolet radiation 
(UVR). Porges et al57 demonstrated that exposure to visible light 
(385 nm - 690 nm) triggered acute and fading erythema on  skin 
types II and III, which later resulted in  darkening of the skin 
that remained for the duration of the experimental protocol (10 
days). More recently, Mahmoud et al50 showed that melano-
competent skin types (types IV-VI) respond to visible light with 
pigment formation that differs from the UVA1–induced darken-
ing. Interestingly, these authors showed migration of melanin 
from basal cells into the upper layers of the epidermis in re-
sponse to visible light. Though further investigation is required 
to assess the role of melanin in visible light–induced pigmenta-
tion, it is important to remark that this pigment has the capacity 
to absorb visible light, generating heat that can lead to deep 
dermal vessels dilation, erythema, and inflammation, further 
aggravating potential pigmentary changes. In agreement, Chi-
arelli-Neto et al58 showed that UVB–induced melanin can act as 
a visible light photo-sensitizer, leading to singlet oxygen (1O2) 
formation, which can interact with proteins, nucleic acid, and 
membranes to trigger cell damage.59 

Antioxidant Protection and Repair
Antioxidants are widely used in the cosmetic industry due 
to their capacity to prevent or minimize the oxidation of mol-
ecules.60 Though oxidation of molecules is common and 
essential for the cellular functioning, it can also result in dam-
age to key structures.61 Aside from oxidation of DNA, lipids, and 
proteins, overproduction of RMS modulates cellular regulatory 
mechanisms and signal transduction pathways, metabolism, 
inflammation, immune system activation, and apoptosis.62 To 
prevent cellular or structural damage due to unwanted or un-
controlled oxidations, all living organisms maintain complex 
systems of multiple types of antioxidant, which are the natural 
defense against free radicals or RMS.63 Antioxidants perform 
their function by becoming oxidized themselves, and they act 
also as pro-oxidants under certain circumstances.60 This capacity 
of antioxidants to play “in favor of or against” our skin health 
and integrity needs to be taken into consideration when design-
ing cosmetic products to provide the maximum benefits in the 
absence of potentially harmful effects. 

In the skin, an increase in oxidative stress, which is charac-
terized by enhanced production of RMS, is the main cause 

FIGURE 4. Pretreatment with Total Defense + Repair SPF34 prevents 
deleterious effects of UVB-radiation on ECM and superoxide dis-
mutase 1 gene expression in the dermis. Epiderm-FT tissues were 
pretreated with TD+R SPF34 as described in Figure 2 and allowed to 
recover for 24 hours after UVB radiation. The dermis and epidermis 
were physically separated, and gene expression was assessed 
using commercially available TaqMan® labeled primers. Results 
showed a prevention of deleterious effects of UVB on the expres-
sion of collagen type I (COL1A1), collagen type 3 (COL3A1), elastin 
(ELN), and superoxide dismutase 1 (SOD1). n=6 in each experimental 
group. (*) P<.01 with respect to control and UVR groups. 

FIGURE 5. Prevention of IR-A–associated disruption of elastin fibers 
by pretreatment with SOL-IR Advanced Antioxidant Complex. Hu-
man skin explants (ɸ11mm) were obtained from an abdominoplasty 
(Caucasian female 48 years old) and treated with SOL-IR Advanced 
Antioxidant Complex (2 μl/cm2) on day 0 to day 6. On day 5 the tissues 
were irradiated with IR-A (720 J/cm2). The surface temperature of the 
explants was maintained at or below 39oC. Tropoelastin immunostain-
ing was performed on frozen samples using a monoclonal antibody 
from Chemicon (Chemicon International Inc., Billerica, Masachus-
setts, USA) followed by a secondary FITC-conjugated antibody from 
Invitrogen (Invitrogen™, Carlsbad, California, USA). Figure 5 shows 
representative immunostaining of tropoelastin in the papillary dermis 
and upper reticular dermis. An acute (24 hour) decrease on tropo-
elastin staining was observed in the IR-A group compared with the 
control group (non-radiated, non-treated). A significant fragmentation 
of elastin fibers in the upper reticular dermis was also observed in 
response to IR-A radiation at the same time point. Pretreatment with 
SOL-IR Advanced Antioxidant Complex prevents in part the deleteri-
ous effects of IR-A on human skin explants.

TDR, Total Defense + Repair; UVR, ultraviolet radiation.

IR, infrared; TDR, Total Defense + Repair.
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of molecule oxidation, endogenous antioxidant consump-
tion/inactivation, and premature aging. A decrease in skin 
endogenous antioxidant levels occurs in response to envi-
ronmental factors (ie, solar radiation, pollution, smoking, 
diet, stress, inactivity, etc.) and endogenous factors (ie, 
normal metabolism, mitochondria-produced free radicals, 
chronological aging, activation of immune responses, in-

flammation, etc.)61,64,65 Either way, a net decrease in the skin 
antioxidant capacity flips the physiological balance toward 
premature or accelerated aging. 

An interesting function of antioxidants is linked to their 
potential capacity to restore or prevent skin damage in a 
timeline-independent manner. Therefore, topical antioxidants 
can repair past damage of the skin by controlling undergoing 
chronic inflammation, promoting ECM repair, decreasing acti-
vation of melanocytes, and controlling angiogenesis. They can 
neutralize present damage by preventing (or minimizing) RMS 
formation before these molecules can negatively impact ECM 
production or levels, immune and inflammatory responses, 
pigment formation, and cellular viability. Finally, they can pre-
vent future skin damage by preserving skin homeostasis and 
by increasing antioxidant capacity in the skin.

Current Practice
Currently, sunscreens play an important role in maintaining the 
health of the skin by providing “broad spectrum” protection 
against the harmful effects of UV radiation (UVA 320 nm - 400 
nm and UVB 290 nm - 320 nm). To achieve protection against 
these wavelengths, sunscreens combine several ingredients 
(chemical or physical actives) such as PABA derivatives, sa-
licylates, cinnamates (octylmethoxycinnamate and cinoxate), 
benzophenones (such as oxybenzone and sulisobenzone), avo-
benzone, titanium dioxide, or zinc oxide. 

However, current “broad spectrum” protection does not pro-
tect human skin from 94.2% of solar radiation (comprised of 

FIGURE 6. Total Defense + Repair SPF34 provides protection against 
infrared-induced heat accumulation. TD+R SPF34-treated test sites 
consistently exhibit lower mean temperatures compared with un-
treated test sites at all follow-up time points. The mean temperature 
for TD+R SPF34 test sites was significantly lower than for untreated 
at 90 minutes (P<.039), and trended toward significance at other 
time points.

FIGURE 7. Standardized digital photographs of subject before and after 4 weeks of use. A 58-year-old female with Fitzpatrick skin type I a) at 
baseline and b) after 4 weeks of once-daily TD+R SPF34 use. Reductions in the appearance of coarse lines/wrinkles of the upper lip can be 
observed. 

IR, infrared.
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visible and IR light), and nor does it prevent heat accumu-
lation damage.65 Thus, none of the commercially-available 
sunscreens (that can block wavelengths up to 380 nm) are 
able to block 100% of UVR. For example, SPF 15 filters out ap-
proximately 93% of all incoming UVB rays. SPF 30 and SPF 50 
keep out 97% and 98% of total UVR. The magnitude of the UVB 
radiation that escapes UV-filters may seem negligible, but can 
make a difference if the person has light-sensitive skin or a 
predisposition to skin cancer. 

Total Defense + Repair
Although different wavelengths of solar radiation (UVA, UVB, 
IR, visible) damage human skin by activating different path-
ways, they share as a common mechanism the generation of 
RMS and oxidative stress (Figure 1). Therefore, it is logical to 
assume that more realistic broad solar protection can be ac-
complished by the combination of SPF active ingredients and 
antioxidants.65 A key consideration for boosting SPF protection 
is to select the appropriate blend of antioxidants. Specifically, 
antioxidants should exhibit stability in response to solar ra-
diations and to heat, and should also show high potency to 
neutralize RMS activity while promoting repair of damaged 
structures. 

Inspired by the need to provide patients with a more compre-
hensive solar protection, SkinMedica® created Total Defense + 
Repair (TD+R), a rejuvenating superscreen that represents a 
new generation in solar skin care protection. TD+R combines 
SPF actives providing UVA and UVB broad spectrum protec-
tion with a proprietary blend of antioxidants (SOL-IR Advanced 
Antioxidant ComplexTM) that provides IR-A and heat protection 
while minimizing inflammation and promoting skin repair. Ef-
ficacy testing of TD+R was evaluated using in vitro, ex vivo, and 
clinical testing. 

In Vitro Testing
Protection against UVB radiation was tested using Epiderm-full 
thickness (Epiderm-FT™; MatTek Corporation, Ashland, MA, 
USA) radiated with a UVB light dose equivalent to 5 MED (200 
mJ/cm2). As expected, this dose of UVB resulted in the forma-
tion of sunburn cells (SBCs) and cyclobutane pyrimidine dimers 
(CPDs) in radiated but untreated tissues (Figures 2 and 3). Pre-
treatment of tissues with TD+R SPF34 (2 μl/cm2) 10 minutes 

before UVB radiation prevented both SBC and CPD formation, as 
well as other histological changes associated with UVB radiation. 
Interestingly, pretreatment with TD+R SPF34 also helped prevent 
UVB-mediated down regulation of ECM genes (Figure 4). 

Ex Vivo Testing
IR-A protection was evaluated using abdominal human skin 
explants (Figure 5). Human tissues were pretreated with  
SOL-IR Advanced Antioxidant Complex (2 μl/cm2) for 5 days 
before being radiated with a single dose of IR-A (720 J/cm2). 
We observed a significant alteration of tropoelastin distribution 
and abundance in both papillary and upper reticular dermis 
response to IR-A (24 hours after IR-A radiation). Pretreatment 
with SOL-IR Advanced Antioxidant Complex partially prevent-
ed these alterations (Figure 5). Moreover, tissues treated with 
this unique blend of antioxidant do not differ from the control 
tissues (non-radiated, non-treated) after 4 days IR-A radiation 
(data not shown).

Clinical Testing
To assess the ability of TDR to protect against IR-induced heat 
accumulation, a proof of concept clinical study was conduct-
ed. Two test sites (2 cm x 5 cm), including untreated control 
and TDR, were randomly assigned to designated locations on 
the back of each subject. TDR+R SPF34 was applied approxi-
mately 15 minutes prior to IR radiation exposure. Subjects 
were positioned 33 cm away from the IR source (Hydro-
sun® 750; Hydrosun GmbH, Mullheim, Germany), which has 
an emission wavelength range of 760 nm to 1,400 nm. The 
test sites were exposed in 30 minute increments, where the 
surface skin temperature was recorded every 30 minutes. 
Infrared thermograph images were taken every 30 minutes 
to capture the skin’s surface temperature (ICI 9320 P-Series 
Thermal Camera; ICI Infrared Cameras Inc., Beaumont, Texas, 
USA) at baseline and at minutes 30, 60, 90, 120, and 150. 
Test sites treated with TDR consistently provided protection 
against IR-induced heat compared with untreated sites at all 
follow-up time points (Figure 6). The mean temperature for 
TDR test sites was significantly lower than untreated at 90 
minutes (P<.039) and trended toward significance at other 
time points.

Initial clinical-use testing of TD+R SPF34 on subjects with 
moderate to severe facial photodamage demonstrated vis-
ible improvements in lines and wrinkles after 4 weeks of 
once-daily use (Figure 7). In a separate clinical study, sig-
nificant improvements in lines and wrinkles, skin tone 
unevenness, and texture were observed after only 2 weeks 
of twice-daily use in subjects with moderate to severe 
facial photodamage (all P≤.03). These initial results sug-
gest that the antioxidants included in TDR work beyond 
providing protection against solar radiation, and may also  
work on repairing existing photodamage.

"Initial clinical-use testing of Total 
Defense + Repair on subjects with 
moderate to severe facial photodamage 
demonstrated visible improvements 
in lines and wrinkles after 4 weeks of 
once-daily use."
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 CONCLUSION
The deleterious effects of solar radiation are not linked exclu-
sively to UVR. In vitro and clinical studies have shown that 
visible and IR radiations, as well as heat accumulation, are able 
to activate different signal transduction pathways, resulting in 
enhanced oxidative stress and premature aging. Chromophores 
for solar lights are localized in different cellular compartments, 
(ie, IR-A is mitochondrial cytochrome c complex, UVA is lipid 
in the biological membranes, and UVB is DNA in the nuclei), 
which strongly suggests a synergistic effect among these differ-
ent types of radiation (UV + IR + visible + heat = 1+1+1+1=100). 
Thus, a sensitive approach to providing an efficacious and 
comprehensive solar protection is to generate SPF active in-
gredients with potent and efficacious antioxidants. TDR has a 
blend of antioxidants and special ingredients that complements 
SPF ingredients, redefining total (broad) solar protection. These 
antioxidants are the product of breakthrough technology, sci-
entific research, and innovation, providing the next generation 
of multifunctional skin care products. SOL-IR Advanced Antioxi-
dant Complex acts in harmony to diminish the signs of aging, 
providing an active superscreen effect that counterbalances the 
deleterious effects of free radicals on skin cells whilst promot-
ing endogenous repair. 

 DISCLOSURES
Virginia L. Vega, Rahul Mehta, and Elizabeth T. Makino are em-
ployees of SkinMedica, an Allergan Company. David Mc Daniel 
was a MAB for Juvederm Voluma and has performed other con-
sulting work for Allergan and SkinMedica.

 ACKNOWLEDGMENTS  
We would like to thank Kuniko Kadoya PhD and Robin Gu-
nawan for providing us with unpublished data, and Samantha 
Widdicombe for her administrative support.

 REFERENCES
1.	 Krutmann J, Morita A, Chung JH. Sun exposure: what molecular pho-

todermatology tells us about its good and bad sides. J Invest Dermatol. 
2012;132(3 pt 2):976-984.

2.	 Vierkötter A, Krutmann J. Environmental influences on skin aging and ethnic-
specific manifestations. Dermatoendocrinol. 2012;4(3):227-231.

3.	 Dupont E, Gomez J, Bilodeau D. Beyond UV radiation: a skin under chal-
lenge. Int J Cosmet Sci. 2013;35(3):224-232.

4.	 Kligman AM. Early destructive effect of sunlight on human skin. JAMA. 
1969;210(13):2377-2380.

5.	 Kumakiri M, Hashimoto K, Willis I. Biologic changes due to long-wave ultra-
violet irradiation on human skin: ultrastructural study. J Invest Dermatol. 
1977;69(4):392-400.

6.	 Akhalaya MY, Maksimov GV, Rubin AB, Lademann J, Darvin ME. Molecular 
action mechanisms of solar infrared radiation and heat on human skin. Age-
ing Res Rev. 2014;16:1-11.

7.	 Mahmoud BH, Hexsel CL, Hamzavi IH, Lim HW. Effects of visible light on 
the skin. Photochem Photobiol. 2008;84(2):450-462.

8.	 Cho S, Shin MH, Kim YK, et al. Effects of infrared radiation and heat on hu-
man skin aging in vivo. J Investig Dermatol Symp Proc. 2009;14(1):15-19.

9.	 Kurban RS, Bhawan J. Histologic changes in skin associated with aging. J 
Dermatol Surg Oncol. 1990;16(10):908-914.

10.	 Varani J, Warner RL, Gharaee-Kermani M, et al. Vitamin A antagonizes de-
creased cell growth and elevated collagen-degrading matrix metalloprotein-
ases and stimulates collagen accumulation in naturally aged human skin. J 
Invest Dermatol. 2000;114(3):480-486.

11.	 Scharffetter-Kochanek K, Brenneisen P, Wenk J, et al. Photoaging of the skin 
from phenotype to mechanisms. Exp Gerontol. 2000;35(3):307-316.

12.	 Gilchrest BA. Photoaging. J Invest Dermatol. 2013;133(e1):e2-e6.
13.	 Kligman LH, Kligman AM. The nature of photoaging: its prevention and re-

pair. Photodermatol. 1986;3(4):215-227.
14.	 Gilchrest BA. Skin aging and photoaging: an overview. J Am Acad Derma-

tol. 1989;21(3 pt 2):610-613.
15.	 Braverman IM, Fonferko E. Studies in cutaneous aging: I. The elastic fiber 

network. J Invest Dermatol. 1982;78(5):434-443.
16.	 Tsuji T. The surface structural alterations of elastic fibers and elastotic mate-

rial in solar elastosis: a scanning electron microscopic study. J Cutan Pathol. 
1984;11(4):300-308.

17.	 Smith JG Jr., Davidson EA, Sams WM Jr, Clark RD. Alterations in human 
dermal connective tissue with age and chronic sun damage. J Invest Der-
matol. 1962;39:347-350.

18.	 Lavker RM. Structural alterations in exposed and unexposed aged skin. J 
Invest Dermatol. 1979;73(1):59-66.

19.	 Marks R, Edwards C. The measurement of photodamage. Br J Dermatol. 
1992;127(suppl 41):s7-s13.

20.	 West MD. The cellular and molecular biology of skin aging. Arch Dermatol. 
1994;130(1):87-95.

21.	 Massagué J. TGF-beta signal transduction. Annu Rev Biochem. 
1998;67:753-791.

22.	 Kang S, Fisher GJ, Voorhees JJ. Photoaging and topical tretinoin: therapy, 
pathogenesis, and prevention. Arch Dermatol. 1997;133(10):1280-1284.

23.	 Yaar M, Eller MS, Gilchrest BA. Fifty years of skin aging. J Investig Derma-
tol Symp Proc. 2002;7(1):51-58.

24.	 Gilchrest BA. Actinic injury. Annu Rev Med. 1990;41:199-210.
25.	 Matthews YJ, Halliday GM, Phan TA, Damian DL. Wavelength dependency 

for UVA-induced suppression of recall immunity in humans. J Dermatol Sci. 
2010;59(3):192-197.

26.	 Norval M, Halliday GM. The consequences of UV-induced immunosuppres-
sion for human health. Photochem Photobiol. 2011;87(5):965-977.

27.	 Schade N, Esser C, Krutmann J. Ultraviolet B radiation-induced immunosup-
pression: molecular mechanisms and cellular alterations. Photochem Pho-
tobiol Sci. 2005;4(9):699-708.

28.	 Sklar LR, Almutawa F, Lim HW, Hamzavi I. Effects of ultraviolet radiation, 
visible light, and infrared radiation on erythema and pigmentation: a review. 
Photochem Photobiol Sci. 2013;12(1):54-64.

29.	 Darvin ME, Fluhr JW, Meinke MC, Zastrow L, Sterry W, Lademann J. Topi-
cal beta-carotene protects against infra-red-light-induced free radicals. Exp 
Dermatol. 2011;20(2):125-129.

30.	 Schroeder P, Calles C, Benesova T, Macaluso F, Krutmann J. Photoprotection 
beyond ultraviolet radiation – effective sun protection has to include pro-
tection against infrared A radiation-induced skin damage. Skin Pharmacol 
Physiol. 2010;23(1):15-17.

31.	 Zastrow L, Groth N, Klein F, et al. The missing link – light-induced (280-
1,600 nm) free radical formation in human skin. Skin Pharmacol Physiol. 
2009;22(1):31-44.

32.	 Oliver JW, Vincelette R, Noojin GD, et al. Infrared skin damage thresh-
olds from 1319-nm continuous-wave laser exposures. J Biomed Opt. 
2013;18(12):125002.

33.	 Calles C, Schneider M, Macaluso F, Benesova T, Krutmann J, Schroeder P. In-
frared A radiation influences the skin fibroblast transcriptome: mechanisms 
and consequences. J Invest Dermatol. 2010;130(6):1524-1536.

34.	 Holzer AM, Athar M, Elmets CA. The other end of the rainbow: infrared and 
skin. J Invest Dermatol. 2010;130(6):1496-1499.

35.	 Frank S, Oliver L, Lebreton-De Coster C, et al. Infrared radiation affects the 
mitochondrial pathway of apoptosis in human fibroblasts. J Invest Derma-
tol. 2004;123(5):823-831.

36.	 McDaniel DH, Weiss RA, Geronemus RG, Mazur C, Wilson S, Weiss MA. 
Varying ratios of wavelengths in dual wavelength LED photomodulation al-
ters gene expression profiles in human skin fibroblasts. Lasers Surg Med. 
2010;42(6):540-545.] 

37.	 Schroeder P, Lademann J, Darvin ME, et al. Infrared radiation-induced matrix 
metalloproteinase in human skin: implications for protection. J Invest Der-
matol. 2008;128(10):2491-2497.

38.	 Kim MS, Kim YK, Lee DH, et al. Acute exposure of human skin to ultraviolet 
or infrared radiation or heat stimuli increases mast cell numbers and trypt-
ase expression in human skin in vivo. Br J Dermatol. 2009;160(2):393-402.

39.	 Bhawan J, Oh CH, Lew R, et al. Histopathologic differences in the photoaging 
process in facial versus arm skin. Am J Dermatopathol. 1992;14(3):224-230.

40.	 Bosset S, Bonnet-Duquennoy M, Barré P, et al. Photoageing shows histo-
logical features of chronic skin inflammation without clinical and molecular 
abnormalities. Br J Dermatol. 2003;149(4):826-835.

41.	 Lee HS, Lee DH, Cho S, Chung JH. Minimal heating dose: a novel biological 
unit to measure infrared irradiation. Photodermatol Photoimmunol Pho-
tomed. 2006;22(3):148-152.

42.	 Schieke SM, Schroeder P, Krutmann J. Cutaneous effects of infrared radia-
tion: from clinical observations to molecular response mechanisms. Photo-
dermatol Photoimmunol Photomed. 2003;19(5):228-234.

43.	 Park CH, Lee MJ, Ahn J, et al. Heat shock-induced matrix metalloproteinase 
(MMP)-1 and MMP-3 are mediated through ERK and JNK activation and via 
an autocrine interleukin-6 loop. J Invest Dermatol. 2004;123(6):1012-1019.

44.	 Chen Z, Seo JY, Kim YK, et al. Heat modulation of tropoelastin, fibrillin-1, 
and matrix metalloproteinase-12 in human skin in vivo. J Invest Dermatol. 
2005;124(1):70-78.

JO0715

© 2015-Journal of Drugs in Dermatology. All Rights Reserved. 
This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD). 
No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD. 
If you feel you have obtained this copy illegally, please contact JDD immediately.

To order reprints or e-prints of JDD articles please contact sales@jddonline.com

Do Not Copy
Penalties Apply



s11

Journal of Drugs in Dermatology
July 2015  •  Volume 14  •  Issue 7 (Supplement)

D. McDaniel, I. Hamzavi, J. Zeichner, et al.

45.	 Shin MH, Moon YJ, Seo JE, Lee Y, Kim KH, Chung JH. Reactive oxygen 
species produced by NADPH oxidase, xanthine oxidase, and mitochondrial 
electron transport system mediate heat shock-induced MMP-1 and MMP-9 
expression. Free Radic Biol Med. 2008;44(4):635-645.

46.	 Kim MS, Kim YK, Cho KH, Chung JH. Infrared exposure induces an angio-
genic switch in human skin that is partially mediated by heat. Br J Dermatol. 
2006;155(6):1131-1138.

47.	 Li WH, Lee YM, Kim JY, et al. Transient receptor potential vanilloid-1 medi-
ates heat-shock-induced matrix metalloproteinase-1 expression in human 
epidermal keratinocytes. J Invest Dermatol. 2007;127(10):2328-2335.

48.	 Lee YM, Li WH, Kim YK, Kim KH, Chung JH. Heat-induced MMP-1 expres-
sion is mediated by TRPV1 through PKCalpha signaling in HaCaT cells. Exp 
Dermatol. 2008;17(10):864-870.

49.	 Lim HW, Honigsmann H, Hawk JLM, eds. Photodermatology. In: Photoder-
matology.  New York: Informa Healthcare USA; 2015:15-27.

50.	 Mahmoud BH, Ruvolo E, Hexsel CL, et al. Impact of long-wavelength 
UVA and visible light on melanocompetent skin. J Invest Dermatol. 
2010;130(8):2092-2097.

51.	 Liebel F, Kaur S, Ruvolo E, Kollias N, Southall MD. Irradiation of skin with vis-
ible light induces reactive oxygen species and matrix-degrading enzymes. J 
Invest Dermatol. 2012;132(7):1901-1907.

52.	 Kielbassa C, Roza L, Epe B. Wavelength dependence of oxidative DNA dam-
age induced by UV and visible light. Carcinogenesis. 1997;18(4):811-816.

53.	 Hoffmann-Dörr S, Greinert R, Volkmer B, Epe B. Visible light (>395 nm) 
causes micronuclei formation in mammalian cells without generation of cy-
clobutane pyrimidine dimers. Mutat Res. 2005;572(1-2):142-149.

54.	 Edström DW, Porwit A, Ros AM. Effects on human skin of repetitive ultravi-
olet-A1 (UVA1) irradiation and visible light. Photodermatol Photoimmunol 
Photomed. 2001;17(2):66-70.

55.	 Ren ZP1, Pontén F, Nistér M, Pontén J Two distinct p53 immunohistochemi-
cal patterns in human squamous-cell skin cancer, precursors and normal epi-
dermis. Int J Cancer. 1996 Jun 21;69(3):174-9.

56.	 Kollias N, Baqer A. An experimental study of the changes in pigmentation in 
human skin in vivo with visible and near infrared light. Photochem Photo-
biol. 1984;39(5):651-659.

57.	 Porges SB, Kaidbey KH, Grove GL. Quantification of visible light-induced me-
lanogenesis in human skin. Photodermatol. 1988;5(5):197-200.

58.	 Chiarelli-Neto O, Ferreira AS, Martins WK, et al. Melanin photosen-
sitization and the effect of visible light on epithelial cells. PLoS One. 
2014;9(11):e113266.

59.	 Duteil L, Cardot-Leccia N, Queille-Roussel C, et al. Differences in visible 
light-induced pigmentation according to wavelengths: a clinical and histo-
logical study in comparison with UVB exposure. Pigment Cell Melanoma 
Res. 2014;27(5):822-826.

60.	 Oresajo C, Pillai S, Manco M, Yatskayer M, McDaniel D. Antioxidants 
and the skin: understanding formulation and efficacy. Dermatol Ther. 
2012;25(3):252-259.

61.	 Wang SQ, Balagula Y, Osterwalder U. Photoprotection: a review of the cur-
rent and future technologies. Dermatol Ther. 2010;23(1):31-47.

62.	 Wölfle U, Seelinger G, Bauer G, Meinke MC, Lademann J, Schempp CM. 
Reactive molecule species and antioxidative mechanisms in normal skin and 
skin aging. Skin Pharmacol Physiol. 2014;27(6):316-332.

63.	 Lademann J, Schanzer S, Meinke M, Sterry W, Darvin ME. Interaction be-
tween carotenoids and free radicals in human skin. Skin Pharmacol Physi-
ol. 2011;24(5):238-244.

64.	 Pandel R, Poljšak B, Godic A, Dahmane R. Skin photoaging and the role of 
antioxidants in its prevention. ISRN Dermatol. 2013;2013:930164.

65.	 Rai R, Shanmuga SC, Srinivas C. Update on photoprotection. Indian J Der-
matol. 2012;57(5):335-342.

66.	 Gilaberte Y, González S. Update on photoprotection. [Article in Spanish.] Ac-
tas Dermosifiliogr. 2010;101(8):659-672.

AUTHOR CORRESPONDENCE

Virginia L. Vega PhD  
E-mail:................……........................... Vega_Virginia@Allergan.com

JO0715

© 2015-Journal of Drugs in Dermatology. All Rights Reserved. 
This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD). 
No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD. 
If you feel you have obtained this copy illegally, please contact JDD immediately.

To order reprints or e-prints of JDD articles please contact sales@jddonline.com

Do Not Copy
Penalties Apply

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffmann-D%C3%B6rr%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15790497



