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HIGHLIGHTS

Silver is increasingly used in functionalized products for consumers and medicinal products.

Dermal absorption of silver after wearing a silver containing garment did not exceed the current reference dose.

Dermal absorption of silver in healthy volunteers and patients with atopic dermatitis did not significantly differ from each other.
Dermal exposure to silver containing textile did not lead to increased levels of IL-1 cytokines in the stratum corneum.
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after dermal exposure to silver containing garment in healthy individuals and atopic dermatitis (AD)
patients. Next to assess pro-inflammatory effect of silver in the skin. Healthy subjects (n=15) and
patients with AD (n=15) wore a sleeve containing 3.6% (w/w) silver on their lower arms for 8 h during
5 consecutive days. The percutaneous penetration parameters were deduced from the silver
concentration-depth profiles in the stratum corneum (SC) collected by adhesive tapes. Furthermore,
Percutaneous penetration silver was measured in urine samples collected before and after exposure. Inflammatory response was
Dermal exposure assessed by measuring IL-1a and IL-1RA in the exposed and non-exposed skin sites. Dermal flux of silver
Atopic dermatitis in healthy subjects and AD patients was respectively 0.23 and 0.20ng/cm?/h. The urine silver
Cytokines concentrations showed no increase after exposure. Furthermore, exposure to silver did not lead to the
changes in the profiles of IL-1a and IL-1RA. Dermal absorption of silver under “real life scenario” was
lower than the current reference dose. Furthermore, dermal exposure did not lead to altered expression
of inflammatory IL-1 cytokines in the skin.
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1. Introduction

Antimicrobial properties of silver have been recognized since
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followed by silver sulfadiazine cream and more recently by
medical garments and dressings containing silver salts or metallic
silver (including nanosilver) (Moiemen et al., 2011). Nowadays,
silver is also increasingly used in functionalized products for
consumers like in outdoor- and sport clothing, and personal
hygiene products aiming at prevention of malodour. The most used
form of silver in textiles are silver salts (79%) followed by metallic
silver and silver ion exchangers (respectively 13% and 8%) (Windler
et al., 2013). As silver containing textiles are in direct contact over
large body surface areas for prolonged periods this has raised
concerns over possible adverse health effects, also realizing that
these products are worn by individuals who might be increasingly
susceptible, e.g. children and individuals with skin diseases. For
substances in textiles no registration is required in many EU
countries, since textiles in the EU are treated as articles (von Gotz
etal,, 2013). Substances in articles also do not need to be listed on a
product label or be evaluated according to their potential for
consumer exposure (von Go6tz et al., 2013). Dermal exposure to
silver might potentially lead either to local skin effects or systemic
adverse effects after its absorption in the body (Samberg et al.,
2010). The likelihood of such effects is dependent on the amount of
silver which penetrates into and across the skin. The in vivo data on
percutaneous penetration of silver from clothing and garments
under “in use scenario” are scarce. Furthermore, little is known on
dermal absorption of silver in the individuals with impaired skin
barrier. Reduced skin barrier can be intrinsic, like in patients with
AD, or acquired, e.g. due to skin irritation caused by sweating or
exposure to skin irritating chemicals, UV light or mechanical
friction. In addition to the skin barrier condition, actual exposure
can be influenced by various factors that can influence migration of
silver from fabrics like skin pH and temperature, physical stress
acting on the fabrics (wear -and- tear), type of silver and the way it
is incorporated in the textile (von Gotz et al., 2013).

In fabrics, silver can be present as metallic silver in a natural
crystalline or nano state which ionizes in the presence of water or

body fluids. The antimicrobial action of silver or silver compounds
is believed to be proportional to the bioactive silver ion (Ag")
released.

In the present study we investigated the percutaneous
absorption of silver in healthy individuals and patients with AD
under “real life” scenario. AD patients have been selected from two
reasons. Firstly, AD patients, in particular children, are frequent
users of silver containing garments due to often occurring bacterial
superinfections. Secondly, one of the main features of AD is
reduced skin barrier, thus they represent a model for damaged skin
barrier (Kezic et al., 2014). In addition to percutaneous penetration
we investigated for possible proinflammatory effects associated
with dermal exposure to silver and measured the levels of the
inflammatory mediators, interleukin (IL) cytokines, IL-1 and IL-
1RA in the skin after exposure to silver.

2. Materials and methods
2.1. Investigational material

For this study the Argentum company (Geneva, IL 60134, USA)
provided two sleeves marked with “L” (left arm) and “R” (right
arm)in 5 different sizes to avoid that the sleeves are not too tight or
too loose. One sleeve contained silver, the other one was a placebo,
i.e. silver free. The participants got 2 pairs of sleeves. The silver
containing garment, registered as medical device class I powered
by Silverlon® technology, consisted of 79% Micromodal fibre, 13%
Polyamide Ag and 7% Lycra. The surface of the fibers are covered by
a layer of 0.2-0.4 wm of pure metallic silver using an electroless
chemical plating method. The content of silver in the textile was
3.6% (w/w). A fiber coated with pure silver is knitted in such a way
that silver yarn lies exclusively on the inside of the textiles. The
SEM/EDX (Scanning Electron Microscopy/Energy-dispersive X-ray
spectroscopy) images of the fibers containing silver (Spectrum 2)
and silver free fibers (Spectrum 1) are shown in Fig 1. The area of
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Fig. 1. Scanning Electron Microscopy images of the Silverlon®™ sleeve (Upper level) and Energy-dispersive X-ray spectra of the silver free fiber (Spektrum 1) and silver coated

fiber (Spektrum 2) (Lower panel).
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the sleeve was on average 600 cm?. The sleeves were worn for 8 h
during the night on 5 consecutive days. The sleeves were elastic
ensuring good contact with the skin during wearing. The exposed
skin sites, sampling schedule and investigated parameters in the
stratum corneum (SC) are shown in Fig. 2.

2.2. Study population

30 Caucasian subjects (fifteen healthy subjects and fifteen
subjects with AD; fifteen males and fifteen females), with a mean
age of respectively 41,9 and 26,5 years participated in the study.
The Medical Ethics Committee of the Academic Medical Center,
University of Amsterdam, approved the experimental protocol
(METC 2013_031). The study was conducted according to the
Declaration of Helsinki Principles and informed consent was
obtained from the participants before the start of the study. The
diagnosis of AD patients has been established using a question-
naire based on UK Working party criteria (Williams et al., 1994).
Participants did not use anti-inflammatory, anti-histamines and
antibiotic medicine during, and 4 weeks prior to the study period.
Furthermore, volunteers with systemic inflammatory, immuno-
logical and malignant diseases except AD were excluded. No
sunbathing during, and 4 weeks prior to the study period was
permitted. Also pregnant and lactating woman were excluded.

2.3. Estimation of the exposure concentration from the silver release
test

Preceding the in vivo study, the release test was performed by
soaking a sample of Silverlon® material in synthetic sweat for 8 h
(2.5 cm?/ml). Synthetic sweat consisted of 0.5% (w/v) NaCl, 0.1% (w/
v) lactic acid and 0.1% (w/v) urea in MilliQ water adjusted to pH
4.5 with 3.8% ammonia solution. The concentration of total silver
released in synthetic sweat was determined by ET-AAS (4100 ZL,
PerkinElmer, Waltham, MA, USA) with transversely heated
graphite atomizer (THGA) and Zeeman background correction.
The concentration of Ag released into sweat solution amounted to
300,3 pg/L which equals the release of 0.12 g Ag/cm? of surface
area. We assumed that in the in vivo dermal exposure all released
silver will be transferred into the sweat layer on the skin. The
volume of sweat has been estimated from literature data of sweat
rate of 4.03mg/cm? (Eishi et al, 2002). Assuming a density of
sweat of 1g/cm?, the calculated total silver concentration (i.e.
exposure concentration), was 29.8 pg/cm® (29.8 ppm) using the
data as given above (0.12 pg Ag/cm?/4.03 mg/cm? x 1073 g/cm?).
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Fig. 2. Tape stripping skin sites and sampling schedule.

2.4. Tape stripping of the stratum corneum

The samples of the stratum corneum (SC) for the analysis of
total silver mass have been collected on days 2 and day 5. The SC
layers were sequentially removed with circular adhesive tapes
(3.8cm?, standard D-Squame, Monaderm, Monaco, France). The
tapes were consecutively attached to the volunteer's underarm
and pressed for 10 seconds with a constant pressure (225 g/cm?)
using a D-Squame pressure instrument D500 (CuDerm, Dallas, TX,
USA). To normalize for the variable amount of SC material on tape
strips, the optical density (OD) was measured using the D-Squame
Scan 850A (Monaderm, Monaco, France). In this already validated
method, SC material on the tape was calculated as the amount of
protein using a procedure described elsewhere (Voegeli et al.,
2007; Hahn et al, 2010). Assuming a SC density of 1g/cm3
(Anderson and Cassidy, 1973) and uniform distributions of SC on
the tapes and proteins within the SC, the protein mass removed
was converted to a volume, enabling the calculation of depth of
each strip in the SC(x) as described elsewhere (Pirot et al., 1997).

2.5. Determination of silver in tape strips

To each tape strip 1 mL MilliQ water and 0.5 mL of ultrapure
HNO;3 (69%) was added. Samples were sonicated for 15 mins and
diluted to a final volume of 6.5 mL with MilliQ water. The total
silver concentration in the tape strips was determined by an
inductively coupled plasma mass spectrometry, ICP-MS 7500CE
(Agilent Technologies, Santa Clara, CA, USA). The limit of detection
of the method, LoD was 0.05 pg/L, RSD < 5%).

2.6. Determination of silver in urine

Urine samples were collected before and after ending of the 5-
days exposure. As only a spot samples of urine were collected, the
Ag concentrations were normalized with creatinine levels. The
total silver concentration in urine was determined by a high
resolution inductively coupled plasma mass spectrometry, HR-ICP-
MS (Thermo Fisher Sientific, Bremen, Germany) (methodological
limit of detection, LoD=0.015 g/L). For the quantification, an
external calibration with internal standard correction by the
element rhodium (Rh) was applied. The results which were under
the detection levels of the method (0.015 j.g/L) have been set to the
1/2 of the detection limit (0.008 p.g/L).

2.7. Analysis of cytokines in tape strips

The cytokines interleukin IL-1a and its receptor antagonist IL-
1RA were determined in the SC tapes collected after the 5th day
from the exposed and placebo forearm. To determine the amount
of soluble protein and cytokines, the tape strips were extracted in
phosphate-buffered saline (pH 7.4) using ultrasound sonification
(de Jongh et al., 2006). The concentration of soluble protein was
determined with a Pierce Micro BCA protein assay kit (Thermo
Scientific, The Netherlands) and cytokine concentrations were
determined using ELISA assay (Bio-Source International, CA, USA)
as described elsewhere (de Jongh et al., 2006).

2.8. Data analysis

To estimate the penetration parameters, an approach based on
Fick’s second law of diffusion, which applies to the non-steady
state condition was used. The theoretical background and
application of this method are extensively described in the studies
of Crank (1975) and Pirot et al. (1997). In this method, two
parameters, K and D/L?, are estimated by best-fit regression of the
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Fig. 3. Concentration decay of silver as a function of normalized position (x/L) in the
SC after the first 8-h exposure to a Silverlon®™ sleeve.

concentration of silver as a function of relative SC depth (x/L)
(Fig. 3) to the following equation:

X
c(x) = K x Cyen (1 - f)
> 2 . /NTX —Dn?m?t
_ ,,§:1 ﬁK X CyepSiN (T) exp (T) (1)

where c,ep, is the applied silver concentration (i.e. the concentra-
tion of silver in the sweat layer covering the skin surface) (29.8 g/
cm?), c is the silver concentration (mg/cm?) at SC depth x (cm), K is
the SC/water partition coefficient of silver, L is the total thickness of
the SC (cm), D is the apparent diffusion coefficient of silver through
the pseudo-homogeneous SC (cm?/h), D/L? (h~!) is the diffusion
rate constant, and t is the exposure duration (h). The fitted curve
represents the solution to the Fick’s second law of diffusion
providing the estimates of K and D. In deriving the equation, K and
D/L? are assumed to be constant throughout the SC. The apparent
permeability coefficient (Kp, cm/h), which is commonly used for
the risk assessment was estimated from the relationship K,=K x
D/L. The values of K and D are obtained from the curve fitting and
the thickness of the SC (L) is derived from the total amount of
proteins removed by tape stripping. Dermal kinetics can be derived
by this method only after a single exposure (Day 2). After day 5,
only a cumulative amount of silver in the SC has been deducted
from the area under the curve (AUC).

Prism 5 (Graph Pad Software Inc.,-San Diego, CA) for curve
fitting and statistical calculations was used. Student’s t-test (or
Mann-Whitney test in case of non-Gaussian distribution of data)
was used to test the differences between AD and healthy subjects.
For cytokines, Wilcoxon matched pairs test was used to compare
the values of the silver containing and placebo sleeves. A p-value of

Table 1

<0.05 was considered significant. In the case of deviation from
Gaussian distribution of data, median and interquartile ranges
have been shown.

3. Results

3.1. Percutaneous penetration of silver as determined by tape stripping
of the stratum corneum

Fig. 3 shows a typical concentration profile of silver across the
SC obtained after the first 8 h of exposure. The average number of
strips needed to remove the SC was 22 and 22 in healthy subjects
and AD patients, respectively. The fitted curve represents the
solution to the Fick's second law of diffusion providing the
estimates of K and D. The curve fitting could not be performed for
3 healthy volunteers and 3 AD patients because of excessive
variability of data points. The apparent permeability coefficient, Kp,
has been estimated as described in Data analysis section. From K,
the exposed skin surface and the exposure duration, the steady
state flux has been estimated as follows: ] (ngcm 2 h~1)=K,, x Cyen.
Steady state dermal fluxes of silver estimated as described above
are shown in Table 1. There was no significant difference in the
fluxes between control subjects and subjects with AD (Table 1). By
using the area under the concentration vs. depth curve (AUC) the
amount of silver present in the entire stratum corneum has been
estimated (Table 1). As seen from Table 1, the amount of silver in
the SC was higher after Day 5 as compared to Day 2 which indicates
accumulation of silver in the SC during repeated exposure.
However, also for the absorbed amounts of silver in the SC there
were no significant differences between healthy individuals and
AD patients (Table 1).

3.2. Silver concentrations in urine

The concentrations of silver in urine sampled before and after
5 days of exposure are shown in Table 2. There was a large
interindividual variation in the concentrations of silver, even after
normalizing with creatinine and there was no significant increase
of silver in urine after 5 x 8 h of dermal exposure either in healthy
volunteers or in AD patients (as tested by a Wilcoxon matched
paired test).

3.3. IL-1Cytokines

The results of IL-1 cytokines in the SC collected on day 5 after
the last 8-h exposure are shown in Fig. 4. There were no significant
differences in the levels of investigated IL-1 cytokines between the
silver- and placebo treated arm in both healthy volunteers (CTRL)
and in AD patients, which indicates absence of any pro-
inflammatory effect of silver in the garment. The values of IL-
1RA were higher in AD patients compared to healthy volunteers,

Dermal flux and absorbed amount of silver in the stratum corneum in healthy volunteers (Ctrl) and subjects with AD (AD) after 1st and 5th 8-h exposure. Results are expressed

as median (25%; 75% quartiles).

Ctrl
n=12

AD Ctrl+AD

n=12 n=24

Dermal flux ng/cm?/h
Diffusion coefficient (D) cm?/h x 10~ 1°
Permeability coefficient (K)
cm/h x 1076
Ag (ng) absorbed in the SC
1st exposure
Ag (ng) absorbed in the SC
5th exposure

0.23 (0.12; 0.38)

9.08 (3.56; 13.62)
7.79 (413; 12.71)
57.4 (26.1; 100.9)

105.0 (57.3; 156.6)

0.20 (0.08; 0.41)
466 (2.93; 10.81)

0.21 (0.11; 0.38)
8.09 (3.24; 12.44)

6.83 711 (3.66; 12.71)

(2.67; 13.88)

73.9 62.7 (26.1; 108.6)

(25.7; 115.0)

119.8 116.3 (59.0; 186.0)

(65.7; 262.1)
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Table 2

Silver concentration in urine of control subjects (Ctrl) and subjects with AD (AD) before (Day 0) and after 5 days (Day 5) of exposure to Silverlon® sleeve.

Results are expressed as median (25%; 75% quartiles).

Ctrl
n=12

AD Ctrl+AD
n=12 n=24

Day 0

g Ag/L of urine

wg Ag/mol of creatinine
Day 5

g Ag/L of urine

wg Ag/mol of creatinine

0.014 (0.008; 0.02)
11 (0.57; 2.6)

0.02 (0.011; 0.028)
2.0 (0.99; 3.04)

0.02 (0.008; 0.02)
2.3 (0.99; 3.04)

0.02 (0.008; 0.02)
1.2 (0.67; 3.8)

0.02 (0.008; 0.028)
1.3 (0.64; 16.4)

0.02 (0.008; 0.028)
1.9 (0.90; 16.4)

independently on the exposure (ie. silver containing sleeve or
placebo).

4. Discussion

Wearing of silver-containing sleeves resulted in low but
measurable amounts of silver in the stratum corneum even after
the first 8 h of exposure, revealing that silver is able to penetrate
into and across the SC. The concentration-depth profiles of silver
obtained from the silver concentrations in different layers of the SC
after the first 8-h exposure period enabled determination of the
steady state dermal flux which amounted to respectively0.20
and 0.23ng/cm?/h in the AD patients and healthy volunteers. There
was no significant differences in dermal fluxes between healthy
subjects and AD patients, although it has to be noted that the skin
sites investigated for the percutaneous penetration were not
visually affected by disease and the patients had only mild
symptoms.

Literature data on in vivo silver absorption after dermal
exposure are scarce and to our best knowledge this is the first
study in which dermal flux has been estimated after repeated,
controlled exposure. Several studies reported systemic uptake of
silver by measuring an increase of silver plasma and urine levels in
patients with burns treated with silver dressings, however the
quantitative relationship between exposure to silver in these
studies and the silver levels in biological samples is difficult to
establish (Moiemen et al., 2011).

The silver levels in the SC in the present study have been
measured as total silver, so no characterization of silver species has
been done. Several studies showed that silver is released from
fabrics mainly in ionic form as Ag®, although dependently on the
physico-chemical properties of used silver and method applied to
treat the fibers, also metallic silver particles of nano or micro size
can be released (Stefaniak et al., 2014; von G6tz et al., 2013). Silver
ions readily react with different constituents present in the sweat

IL-10
100

-
1

-

IL-1a (pg/pg protein)
=5

Ctrl Silverlon® AD Silverlon ®

AD placebo

Ctrl placebo

on the skin surface and dependently on the solubility of these
compounds, silver can be present in dissolved form or as
particulate. Silver ions, its soluble forms, but theoretically also
particles of several nm size could penetrate into the skin. Von Gotz
et al. (2013) investigated in an experimental setting the release of
silver into artificial sweat from various textiles with claimed
antimicrobial properties and found particles smaller than 450 nm
in detectable amounts (23-74 pg/g/L).

The concentration of soluble Ag species which are able to
penetrate the stratum corneum varied in that study from
43-45 pg/g/L. Stefaniak et al. (2014) found that the relative
amount of ionic silver is also dependent on its concentration in
sweat solution. At higher concentrations the silver rapidly reacted
with sweat chloride ions to form poorly soluble silver chloride
particles. In contrast, at lower silver ion concentrations measured
in the use scenario experiment, silver was primarily in the ionic
fraction. Clearly, the prediction of the concentration of bioavailable
silver is the biggest challenge in determining the percutaneous
penetration of silver and assess the health risk for a certain
exposure scenario. In the present study we assumed that all silver
which is released from the garment is available for penetration and
further that silver present in the SC is available for systemic
absorption.

The question arises whether dermal absorption under real life
exposure scenarios can lead to adverse health effects. For this
purpose we estimated the hypothetical uptake of silver in a baby
who wears a comparable silver-containing garment for 8 h/day.
There is currently no reference dose for dermal exposure but US
Environmental Protection Agency (EPA) has established a chronic
oral Reference Dose (RfD) for silver ingestion of 5 jug per kg of body
weight per day based on a review of 70 cases of argyria that were
associated with oral and other uses of silver compounds (EPA, IRIS).
Argyria is a medically benign but permanent bluish-gray
discoloration of the skin. To calculate the uptake associated with
dermal exposure the following equation has been used:

IL-1IRA
1000

p=0.0181

-

—
1

//
7

Ctrl placebo

IL1RA (pg/pg protein)

=)

Ctrl Silverlon® AD Silverion ©

AD placebo

Fig. 4. The levels of IL-1 cytokines in the stratum corneum after 5 x 8-h dermal exposure to respectively Silverlon™ and placebo sleeves (geometric mean 4 95% CI). The
differences in cytokine concentrations between Silverlon™ and placebo sleeve were tested by a Wilcoxon matched paired test and between AD patients and healthy controls

by Mann-Whitney test.
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Dermaluptake(mg/kg/day)

_J(mg/cm?/h) x Exposurearea(cm?) x Exposure time(h)
n Body weight(kg)

(2)

The skin surface area of a child from three to six months of age is
estimated to be 0.38m? (EPA, Exposure factor handbook, 2011)
with average body weight of 7.4 kg. Contribution of trunk, arms
and legs to the total skin surface is 70% and corresponds to
0.266 m? (EPA, 2011). The estimated flux of 2.1 mg/cm?/h has been
used for the calculation (Table 1). Assuming that a child (average
body weight of 7.4 kg) is exposed to silver coated textile covering
only trunk, legs and arms (with skin surface area of a 0.266 m?)
during 8 h and that all textile is in close contact with the skin, the
average dermal uptake can be calculated using the equation:

2.1 x 107"mg/cm?/h x 2660cm? x 8h
7.4kg

=6.01 x 10"*mg/kg/day (3)

Dermaluptake(mg/kg/day) =

This equals to the uptake of 0.6 pg/kg of body weight/day. This
value is well below the RfD value of 5 jvg per kg of body weight per
day. For comparison, the current norm for drinking water in the
USA is 0.1mg/L (EPA, 2012). Assuming daily drinking water
consumption for a 10 kg child to be 1 L/day, the uptake via water is
approximately 0.01 mg/day/kg which is higher than dermal uptake
0.6 pg/kg of body weight/day calculated above. It has to be noted
that the RfD is an estimate (with uncertainty spanning perhaps an
order of magnitude) of a daily exposure to the human population
(including sensitive subgroups) that is likely to be without an
appreciable risk of deleterious effects during a lifetime. In general,
silver containing garments are used only in periods with disease
exacerbations and furthermore AD clears up during infancy or
childhood in the majority of children (Garmhausen et al., 2013) so
the exposure to silver will be intermittent and over a limited period
during a lifetime.

Low systemic uptake as calculated from the estimated dermal
flux is consistent with low amounts of silver detected in urine
samples. The concentrations of silver in urine before and after
exposure were within the concentration range (Table 2) reported
in the literature for the general population which is caused by
environmental exposure to silver, e.g. via drinking water and food
(Rodushkin and Odman, 2001; Rodushkin et al., 2001, 2004) (Fung
and Bowen, 1996). Clinical studies in patients treated with silver
medical products for severe burns have shown that elevated silver
levels were detectable in urine within 24 h, thus the exposure time
of 5 days in the present study would have been long enough to
detect an increase of silver in urine (Wan et al., 1991). Boosalis et al.
(1987) found the mean urinary silver excretion after treatment for
severe burns with silver sulfadiazine was found to reach
approximately 1100 pg/L; much higher than the average levels
detected in the present study of 0.02 g/L.

Exposure to silver did not lead to increased expression of IL-
1 cytokines in the SC as there was no significant difference in the
measured values before and after wearing of silver containing
sleeves neither in AD patients or in the healthy volunteers. These
cytokines are highly abundant in the SC and are released after
damage of the skin barrier or inflammation as e.g. shown after
exposure to a skin irritant (de Jongh et al.,, 2006). IL-1a, when
released, mediates local inflammation, which is prevented by IL-
1 RA. Though, in placebo treated skin IL-1RA was higher in AD
patients as compared to healthy volunteers which can be explained
by an increased inflammatory status in atopic dermatitis (Kezic
et al, 2012).

The performed study has several uncertainties which should be
considered in the interpretation of the results. Several assumptions
have been made to calculate the exposure concentration. It has
been assumed that the total amount of silver found in the release
test is available for dermal absorption. However, as addressed
previously, released silver ions in contact with sweat form
complexes and salts which limits the amount of dissolved silver
available for penetration. Furthermore, silver can be present as
particulate (von Gotz et al., 2013) that might have different
penetration kinetics dependently on the particle size. As the
speciation of silver in the present study has not been done we
assumed a worst case scenario, i.e. the total amount of silver which
is released from the garment into sweat is available for
penetration.

Another assumption made in the present study is that silver
present in the SC is available for systemic absorption. However,
silver ions once in the SC can react with different functional groups
of the present proteins and free amino acids, especially those
containing sulfur, which might reduce the amount of silver
available for the penetration and systemic uptake (Liu et al., 2012).

The value for the volume of sweat on the skin surface needed for
the calculation of the exposure concentration has been taken from
the literature (Eishi et al.,, 2002). Possible changes in the sweat
volume due to absorption into the garment or occlusion have not
been taken into account.

In conclusion, the in vivo data based on the percutaneous
penetration and excretion of silver in urine revealed that dermal
absorption of silver after wearing a garment containing 13% silver
is low and not likely to lead to systemic effects. Furthermore,
dermal exposure to silver from the investigated garment does not
lead to altered expression of inflammatory IL-1 cytokines in the
skin, indicating absence of a local pro-inflammatory effect.
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