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Abstract—High oxidative stress can occur during ischemic
reperfusion and chronic inflammation. It has been hypoth-
esized that such oxidative challenges could contribute to
clinical risks such as deep tissue pressure ulcers. Skeletal
muscles can be challenged by inflammation-induced or
reperfusion-induced oxidative stress. Oxidative stress report-
edly can lower the compressive damage threshold of skeletal
muscles cells, causing actin filament depolymerization, and
reduce membrane sealing ability. Skeletal muscles thus
become easier to be damaged by mechanical loading under
prolonged oxidative exposure. In this study, we investigated
the preventive effect of poloxamer 188 (P188) on skeletal
muscle cells against extrinsic oxidative challenges (H2O2). It
was found that with 1 mM P188 pre-treatment for 1 h,
skeletal muscle cells could maintain their compressive dam-
age threshold. The actin polymerization dynamics largely
remained stable in term of the expression of cofilin, thymosin
beta 4 and profilin. Laser photoporation demonstrated that
membrane sealing ability was preserved even as the cells were
challenged by H2O2. These findings suggest that P188 pre-
treatment can help skeletal muscle cells retain their normal
mechanical integrity in oxidative environments, adding a
potential clinical use of P188 against the combined challenge
of mechanical-oxidative stresses. Such effect may help to
prevent deep tissue ulcer development.

Keywords—Poloxamer 188, Skeletal muscle, Oxidative stress,

Cell mechanics, Deep tissue injury.

INTRODUCTION

Deep tissue pressure ulcer is a serious clinical issue
affecting millions of people with physical disability.

Preventive measures are still limited due to the lack of
attention to the many contributing factors. Mechanical
deformation due to pressure and shear is a well-rec-
ognized predisposing factor in pressure ulcer develop-
ment. Ischemic–reperfusion (IR) is believed to be also
involved in pressure ulcer development.23,32 It has been
shown that IR can generate high oxidative stress in
various tissues,1,28,38 including skeletal muscle.3 The
effects of oxidative stress in muscle have been widely
discussed, such as their contribution to force genera-
tion,25 their involvement in inflammatory responses
during muscle repair13,31 and their role in diseases such
as muscle atrophy.26 Our group has previously de-
scribed the effects of oxidative stress on skeletal muscle
cell mechanics. We demonstrated that prolong oxida-
tive stress would lower muscle cell stiffness, the num-
ber of actin filament, pre-tension,14,34 compressive
damage threshold,36 and membrane repair ability.7 As
muscle tissues become easier to be mechanically dam-
aged under prolong oxidative stress due to IR and/or
chronic inflammation, oxidative challenge can increase
the risk of deep tissue injury (DTI). DTI is hardly
detectable clinically at its beginning and can ultimately
expand towards the skin surface to become a full-
thickness pressure ulcer. Methods that can reduce the
combined challenges of oxidative and mechanical
stresses may help to lower the risk of deep tissue
pressure ulcer.

Antioxidant supplements have been proposed to
prevent muscle from damage. Researchers have
applied vitamin C/vitamin E supplements to patients at
risk of pressure ulcer. However, the beneficial effects of
antioxidants supplements have yet to be confirmed. A
detailed review can be found in McGinley et al.17
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Effective protection of muscle from mechanical dam-
age in oxidative environment is still in demand.

Poloxamer is a general term for a class of nonionic
synthetic polymers composed of a hydrophobic poly-
oxypropylene chain chelated with two hydrophilic
poly-oxyethylene chains (Supplementary Fig. 1). Its
amphiphilic property leads to a wide range of indus-
trial and pharmaceutical applications. In addition to
its manufactory usages, poloxamer also showed bio-
logical effects, such as in altering enzymatic activities in
heart and liver.12 Such effects depend on the size and
the exact composition of poloxamer.

Among different poloxamer compounds, poloxamer
188 (P188) showed multiple biological effects. Some
studies reported that P188 had deleterious effects such
as increasing muscle susceptibility to contraction
injury30 and increasing the permeability of exercised
muscle27 and cardiac fiber.29 On the other hands, it was
also reported that P188 protects neuron cells from
toxin,15 prevents skeletal muscle necrosis from irradi-
ation,9 blocks dystrophic heart failure,37 and improves
renal dysfunction.8 P188 also exhibited protective ef-
fect on IR damage in muscles,21,33 intestines11 and
neurons.10 Another well-recognized function of
poloxamer is its cells membrane repair ability. It could
promote membrane repair in neuroblastoma cells,19

fibroblasts,18 electropermeablized skeletal muscles4

and alveolus.24

Taking into account that P188 could help to prevent
IR damage and promote membrane sealing, we
hypothesized that P188 could protect skeletal muscle
cells against the combined challenge of physical and
oxidative stresses.

MATERIALS AND METHODS

Cell Culture, Chemicals and Treatment Groups

C2C12, murine myoblasts cells line, was purchased
from ATCC (#CRL-1772). The cells were cultured
with medium composed of Dulbecco’s Modified Ea-
gle’s Medium (DMEM), 10% Fetal Bovine Serum
(FBS) and 1% Penicillin–Streptomycin (P–S) in a 5%
CO2 and 37 �C incubator. When the culture reached
90% confluence, the culture medium was replaced by
DMEM + 2% FBS + 1% P-S (differentiation med-
ium) to trigger myotubes differentiation, Myotubes
formed after 3–5 days incubation with differentiation
medium.

Myotubes were used for compressive damage
threshold and actin filament polymerization analysis.
Pre-confluent myoblasts culture was used for laser
photoporation experiment for better visualization of
the cell boundary.

Hydrogen peroxide (H2O2) served as an extrinsic
oxidant to introduce oxidative stress to the cells in this
study. P188 was purchased from sigma (P5556). Both
P188 and H2O2 were diluted with differentiation
medium to the desired concentration in each experi-
ment.

To investigate the effect of poloxamer pre-treatment
on muscle cells in response to oxidative insult, four
experimental groups were set: (A) Control group
without any P188 and H2O2 treatment; (B) P188
treatment group in which the cells were treated with
1 mM of P188 for 1 h, to study the effect of P188 on
muscle cells; (C) H2O2 treatment group in which the
cells were treated with H2O2 for 20 h; (D) P188 pre-
treatment group in which the cells were first treated
first with 1 mM of P188 for 1 h, then the poloxamer
containing medium was removed and the culture was
rinsed with PBS three times before H2O2 medium was
applied for another 20 h.

Compressive Threshold Measurement

We investigated the effect of P188 pre-treatment on
muscle cells compressive damage stress threshold using
the similar method that our group reported previ-
ously.36 0.5 mM H2O2 was chosen as this concentra-
tion could cause significant threshold changes.36 In
brief, after the experimental treatments, 0.5% agarose
gel was fabricated on top of the monolayer of treated
cells. Mach-1 micromechanical system (Biomomentum
Inc.) was used to apply an indentation with a half-
spherical indenter of 6.38 mm diameter at a rate of
0.01 mm/s until 50% compressive strain of the gel at
the center was reached, to generate a radial compres-
sive stress field at the bottom of the gel layer. The stress
profile was estimated using a finite element model. The
stress is highest at the center and decreases along with
the radial position of the dish. Constant indentation
was maintained for 70 min. The whole process was
conducted within an incubator with temperature
maintained at 37 �C. After the indentation, 10 mg/ml
propidium iodide (PI) was applied to the culture for
cell damage assay. The compressive damage thresh-
olds, with unit Pascal (Pa), were then estimated by
defining the radial position of the edge of damage
zone. The methodology is illustrated in Fig. 1.

Real-Time PCR

We studied the effect of P188 on actin filament
polymerization dynamics using the same approach
reported by Wong et al.34 In this part of investigation,
the oxidative strength was set at 1.0 mM, as this con-
centration of H2O2 could induced a significant shift of
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the polymerization dynamics as we previously
demonstrated.34 After the oxidative treatment proce-
dure was done, the cultures were briefly washed with
diethyl pyrocarbonate (DEPC) treated PBS. 1 mL of
RNAiso Plus (TaKaRa #9109) was applied for total
RNA extraction. 200 lL of chloroform was then ad-
ded to each sample and mixed vigorously. The extracts
were centrifuged at 12,500 rpm and 4 �C for 20 min
for phase separation. The upper layer, where the total
RNA was, was transferred into a new tube. 500 lL of
isopropanol was added to the samples, and the samples
stood at room temperature for 10 min for RNA pre-
cipitation. The same centrifugation was repeated and

the supernatants were discarded. The remaining total
RNA was washed with 1 mL of 75% DEPC-EtOH,
vortexed, and centrifuged at 7500 rpm, 4 �C for 5 min,
to remove the unwanted salts. DEPC-EtOH was then
discarded and the tubes were allowed to be air dried.
The RNA pellet was re-suspended by 20 lL of DEPC-
H2O and warmed at 65 �C for 10 min. The concen-
tration of total RNA was measured using Nanodrop�.
1 lg of total RNA was reverse transcribed by using
RevertAidTM First Strand cDNA Synthesis Kit (Fer-
metas, K1622) to convert the mRNA to cDNA. The
cDNAs was ready for Real-time PCR assay. The pri-
mers used are shown in Table 1. SYBR green reaction
kit from TaKaRa (DRR041A) was used for Real-time
PCR. The reaction was performed in an Abi viia7 real-
time PCR machine with 2(2DDCt) method while
GAPDH was used as the housekeeping gene for
internal control.

Femtosecond Laser Photoporation

We elucidated the effect of P188 on the vulnerability
of muscle cells to damage by femtosecond laser pho-
toporation, largely similar to the methods reported

Damage radius

Top view of the culture dish. 
Green circle indicated the 
indenta�on posi�on

Propidium iodide staining 
revealed damaged cells

Correlate the radius with 
stress profile and define the 
damage threshold

Yao et al. (2015)

FIGURE 1. Illustration of how the compressive damage stress threshold is defined.

TABLE 1. Primers sequences used for real time PCR assay

Profilin1 mRNA (NM_011072.4) F: ggaacgcctacatcgacagc

R: tgcctaccaggacaccaacc

Cofilin2 mRNA (NM_007688.2) F: tcccgttcgtgaatgagtga

R: actgcaaggaaggcatggaa

Thymosin beta 4 mRNA

(NM_021278.2)

F: tgacaaacccgatatggctga

R: cgctcgcctcattacgattc

GAPDH mRNA (NM_001289726.1) F: atcctgcaccaccaactgct

R: gggccatccacagtcttctg

F: forward primer; R: reverse primer.
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earlier.7 After P188 and/or H2O2 treatment, the cul-
tured cells were stained with calcein AM (1 lg/ml) for
viability, and with plasma membrane dye Molecular
Probe� (5 lg/ml, Thermo Fisher Scientific, C10046) to
identify cell membrane. Photoporation was delivered
to the cells with laser power of 22 mV for 2 s exposure.
The initial size of the holes generated by the laser and
the number of cells capable of resealing the hole was
recorded by a 639 water immersed objective lens for
analysis. Initial hole means the hole shown on the
image scan immediately after laser hit. Images were
processed with a built-in binary algorithm by ImageJ.
The size was presented in lm2, using the microscope
calibration standard for actual length per image pixel.
The resealed cells were defined by the criteria that the
initial hole could no longer be identified within 100 s
after the laser hit. Total 15 cells from 3 separated
experiments were observed.

Statistical Analysis

One-way ANOVA test and post hoc Tukey’s HSD
test was performed for statistical difference analysis
among experimental groups. Statistical significance
was claimed with p< 0.05.

RESULTS

P188 Effect on Compressive Damage Stress Threshold
of Myotubes After Oxidative Insult

Myotubes cultures were successfully differentiated
and confirmed by its fibered morphology (Fig. 2B).
The results of the compressive damage threshold study
were shown in Fig. 3. The control group, without any

P188 and H2O2 treatment, showed a compressive
damage threshold at about 288.7 ± 14.4 Pa. After
0.5 mM H2O2 treatment for 20 h, the compressive
damage stress threshold decreased to 174.3 ± 65.7 Pa,
implying that myotubes became easier to be damaged
after the oxidative insult. Pre-treating the cells with
1 mM P188 for 1 h, the compressive threshold declined
slightly to 255.5 ± 18.8 Pa, but no significance when
compared to control. These data supported that mus-
cle cells would not be significantly weakened after
1 mM P188 treatment for 1 h. For the last group
where muscle cells were pre-treated with 1 mM P188
and then subjected to 0.5 mM H2O2 oxidative insult
for 20 h, the compressive damage stress threshold
value remained at the similar level as control,
291.8 ± 16.9 Pa. Thus, the results of this study sup-
ported that pre-treatment of P188 could reduce the
weakening effect by prolong H2O2 exposure. No sig-
nificant differences could be established in the com-
pressive damage stress thresholds between control and
the P188 pre-treatment group.

P188 Effect on Actin Filament Polymerization
Regulation After Oxidative Insult

The transcriptional expressions of three actin fila-
ment polymerization regulatory proteins, cofilin2,
thymosin beta 4 and profilin1 were shown in Fig. 4 and
Table 2. For cofilin2, the relative expression level sig-
nificantly increased by +55.2 ± 14% after 1 mM
H2O2 exposure for 20 h. 1 mM P188 treatment for
1 h down-regulated cofilin2 expression by about
6.5 ± 5.5%, but no significant difference was estab-
lished. Pre-treatment of 1 mM P188 for 1 h and then
applying 1 mM oxidative challenge to the culture led

FIGURE 2. Representative images of (a) myoblasts and (b) myotubes culture.
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to about 12.9 ± 24.5% up-regulation of cofilin2,
which was statistically significant when compared to
control. For thymosin beta 4, 1 mM H2O2 treatment
for 20 h caused about 32.9 ± 14.4% down-regulation,
which was statistically significant. 1 mM P188 treat-
ment for 1 h showed 7.5 ± 11.9% increase of thy-
mosin beta 4 expression; and 7.6 ± 9.8% down-
regulation of thymosin beta 4 was recorded in the P188
pre-treatment group with the subsequent 20 h of
1 mM H2O2 treatment. These two differences did not
show significance compared to control. For Profilin1,
35.3 ± 24.5% up-regulation was shown in 1 mMH2O2

treatment group. 6.2 ± 12.1 and 11.0 ± 8.5% increase
in profilin1 expression were recorded respectively for
the 1 mM P188 treatment group and the P188 pre-
treatment group with subsequent 1 mM H2O2 treat-
ment for 20 h. Only the up-regulation effect in the
H2O2 treatment group was found to be significant. No
significant differences were found in the CT values of
the reference gene among experiments.

P188 Effect on Cell Damage and Repair After
Femtosecond Laser Photoporation Under Oxidative

Stress

The initial hole sizes generated in various experi-
mental groups by 22 mV femtosecond laser power for
2 s exposure were shown in Figs. 5 and 6. The average
initial hole size for the control group was
26.5 ± 9.1 lm2. After 0.5 mM H2O2 treatment for
20 h or 1 mM P188 treatment for 1 h, the average
initial hole size increased to 40.0 ± 9.2 and
35.8 ± 6.9 lm2 respectively. These increases were
found to be statistically significant, indicating that
0.5 mM H2O2 for 20 h alone or 1 mM P188 treatment
alone for 1 h would make the cells more vulnerable to
laser damage. As for the group with cells pre-treated
with 1 mM P188 for 1 h followed by 0.5 mM H2O2

treatment for 20 h, the initial hole size was
25.0 ± 7.1 lm2, which showed no significant differ-
ence with the control group. This value was found to
be significantly smaller than the two treatment groups
mentioned above. The percentages of cells having their
laser generated holes resealed were 80, 33, 73 and
100% for the control group, the H2O2 treatment
group, the P188 treatment group and the P188 pre-
treatment group with subsequent 0.5 mM H2O2

treatment for 20 h, respectively (Table 3).

DISCUSSION

Oxidative stress frequently occurs in skeletal muscle,
such as during aerobic activities. We have reported
here the preventive effects of P188 against oxidative
challenge in myotubes, in terms of their compression
damage stress thresholds, actin filament polymeriza-
tion regulation, and cell membrane damage and repair
after femtosecond laser photoporation. Our data re-
vealed that, pre-treatment of 1 mM P188 for 1 h can
prevent the H2O2–induced loss of integrity in the cell
membrane and cytoskeleton, thus maintaining the
resistance of myotubes against biophysical damages.

The compressive damage threshold of myotubes
(288.7 ± 14.4 Pa) was slightly lower than our previous
finding in myoblasts (330.0 ± 7.8 Pa) as reported by
Yao et al.,36 indicating the myotubes might not resist
compressive damage as well as myoblasts do. This
observation agreed with Bouten’s finding using an
agarose 3D muscle construct.2

After H2O2 treatment, the compressive damage
threshold was significant lowered, indicating that
myotubes become more vulnerable under compressive
challenge. One of the possible explanations for such
effects was related to the stabilization of actin filament
polymerization dynamics. The actin filament network
is in a dynamic status. Profilin promotes polymeriza-
tion by bringing actin monomers into the existing actin
filaments, while cofilin takes actin monomer out from
the filaments, hence to depolymerize the filament.
Thymosin beta 4 competes with cofilin to bind on the
actin molecule.6 We have reported that prolonged
1 mM H2O2 treatment can shift actin filament poly-
merization dynamics to the depolymerization side,34

because of the up-regulation of cofilin and down-reg-
ulation of thymosin beta 4, leading to an extra effi-
ciency for actin filament depolymerization. We
hypothesize that the up-regulation of profilin is a cel-
lular response to the loss of actin filaments, but such
up-regulation could not fully compensate for the actin
filaments lost, which was confirmed by phalloidin
staining.34 Since actin filaments provide a major

*
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300.0

350.0

CTL 0.5mM H2O2 for 20hrs 1mM P188 for 1hr 1mM P188 for 1hr then
0.5mM H2O2 for 20hrs

Pa

Average compressive damage threshold

Average 288.7 174.3 255.5 291.8

SD 14.4 65.7 18.8 16.9

FIGURE 3. Compressive damage thresholds in Pascal (Pa)
The average and SD values are from 3 individual experiments
(*p< 0.05 compared to control).
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structural support to the cells. Actin depolymerization
would reduce the mechanical strength of the cells.

With the pre-treatment of P188, the expression of
thymosin beta 4 and profilin1 did not show significant
difference compared to control, even after 1 mM H2O2

treatment for 20 h. Only cofilin2 showed a significant
up-regulation. However, such up-regulation effect was
relatively small (the MSD by Tukey’s test was 0.1289,
while the critical value was 0.1286) to the point that it
did not cause significant change in the compressive
damage threshold. This indicates that, with the pre-
treatment of P188, the polymerization dynamics was
largely maintained in the presence of prolong H2O2

challenge. Such stabilization effect can help to main-
tain the actin cytoskeleton, allowing the cells to
maintain their compressive strength. No additional
strengthening effect was observed after P188 treat-
ment.

We studied the vulnerability of cells to photopora-
tion using femtosecond laser. With P188 pre-treatment
before the 20 h of oxidative insult, the initial hole
created by the same laser power was significantly
smaller than the H2O2 treatment group without P188
pre-treatment (25.0 vs. 40.0 lm2). We can claim that
P188 helps muscle cell membrane maintain its ability
to sustain photoporation after H2O2 challenge. Here
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FIGURE 4. Relative expressions of the regulatory proteins for actin filament polymerization. (a) Cofilin2; (b) thymosin beta 4; (c)
profilin1. The relative expression level is an average of three individual experiments and each individual experiment consisted of a
triplicate assay (*p< 0.05 compared to control).

TABLE 2. Relative fold changes of actin filament regulatory genes

1 mM H2O2 for 20 h (%) 1 mM P188 for 1 h 1 mM P188 for 1 h then 1 mM H2O2 for 20 h

Cofilin2 +55.2 ± 14 26.5 ± 5.5 +12.9 ± 24.5

Thymosin beta 4 232.9 ± 14.4 +7.5 ± 11.9 27.6 ± 9.8

Profilin1 +35.4 ± 24.5 +6.2 ± 12.1 +11 ± 8.5
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again, P188 can only maintain the original resistance
of the cells against laser photoporation as before the
oxidative insult. No significant differences can be
established between control and the group with P188
pre-treatment before the 20 h of 0.5 mM H2O2 treat-
ment.

One intriguing observation was that with P188
treatments alone, the initial hole size was significantly
larger than those of control (35.8 vs. 26.5 lm2),
though not as large as those in the H2O2 treatment
group (40.0 lm2). Yet, 73% of those holes could be
resealed by the P188 pre-treated cells, only slightly

lower than the 80% resealing rate in the control
group. This finding suggests that the P188 treatment
could change the physical properties of the cell
membrane, making the membrane more vulnerable to
laser photoporation. But the P188 pre-treatment did
not lower the resealing capacity like H2O2 did. The
exact mechanism behind has to be further investi-
gated. This could be the reason of the little difference
in the compressive damage stress thresholds between
the control and the P188 pre-treatment group, as the
damaged cell membrane could be readily resealed
and PI could not get in.

FIGURE 5. Representative images of myoblasts in a photoporation experiment. (a) Myoblasts stained with plasma membrane dye
(red); (b) initial hole generated by femtosecond laser hit (yellow arrow); (c) resealed injury site; (d) calcin AM staining indicated the
viability of the cell.
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Interestingly, with P188 pre-treatment before the
oxidative insult, membrane resealing after laser pho-
toporation was 100%, higher than all other groups
(Table 3). In most of the reported studies related to
membrane sealing in P188 treated cells, P188 was
applied after the damage,20 thus affirming the thera-
peutic effects of P188 rather than its preventive effects.
In this study, the enhancement in membrane repair
could still be recorded even P188 was not apparently
present in the medium when the insult was introduced.

Maskarinec et al. demonstrated how P188 might
interact with the lipid bilayer of cell membrane and
proposed that this molecule could bind onto the
damaged sites on the membrane to facilitate membrane
sealing.16 They claimed that P188 would be removed
from the membrane after the damage was completely
repaired. Another study on the interaction between
P188 and cell membrane demonstrated that P188
interacted with structurally disrupted lipid layer and
was removed when the membrane became reestab-

lished.35 Our observations here apparently showed for
the first time possible interaction between P188 and
normal cell membrane, which enough to bring forth
the preventive effects of P188.

The interaction between P188 and normal cell
membrane has to be further investigated. Dastgheyb
et al.5 reported a modification protocol of chelating a
fluorescent probe on P188. This approach may help to
reveal how P188 interacts with normal cell membrane.

A possible mechanism for P188’s binding on normal
cell membrane is related to surface tension. In the
above-mentioned study, Maskarinec et al. reported
that P188 was inserted into a lipid monolayer with
drastically higher rates when the surface tension
decreased.16 Assuming surface tension was a key factor
permitting P188 to bind to the cell membrane, we
hypothesize that P188 may possibly interact with non-
damaged cell membrane as a living cell is dynamically
modulating cellular homeostasis to accommodate cel-
lular events such as migration and exocytosis. This
may lead to inhomogeneous surface tension on the cell
membrane, potentially lowering the surface tension at
some sites to a point low enough for P188 to interact
with cell membrane even without deliberate experi-
mental insults. Such interaction may lead to changes in
membrane properties that help the cell to sustain
mechanical and oxidative challenge. More studies have
to be conducted to fully understand the interaction
mechanism between P188 and intact cell membrane to
decipher the protective effects of P188 on muscle cells
mechanics.

P188 is currently in phase III clinical trial. There are
increasing applications of P188 to protect different cell
types and tissue systems against pathological chal-
lenges.20 The protective mechanism of P188 for muscle
cells still leave much to be understood. While P188
treatment could show positive effects like preserving
force generation in muscle after contraction injury,22

negative effects like increasing susceptibility to con-
traction injury have also been reported.30 Such dis-
crepancy may be due to the differences in dose
concentration, number of administration or treatment
duration of P188 in different systems. The standard
treatment protocol of P188 has yet to be confirmed.

Here we submitted with report the effects of P188 in
muscle damage mechanics. Pre-treatment of P188
could maintain compressive damage threshold, actin
polymerization regulation, and membrane sealing
capability of skeletal muscle cells under oxidative
stress. Our findings added a potential application of
this compound in counteracting the combined dam-
aging effects of prolonged oxidative and mechanical
stresses.
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FIGURE 6. Initial hole size after photoporation. The average
values and SD are from 15 individual cells per group in three
separated laser photoporation experiments (*p< 0.05 com-
pared to control; #p< 0.05 between the corresponding
groups).

TABLE 3. Percentage of cells resealed after laser photopo-
ration

Group

Resealed cells after

photoporation (%)

Control 80

0.5 mM H2O2 treatment for 20 h 33

1 mM P188 treatment for 1 h 73

1 mM P188 pre-treated for 1 h

then 0.5 mM H2O2 treatment for 20 h

100

The numbers were obtained from a total of 15 individual cells in

three separated experiments.
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The online version of this article (doi:10.1007/
s10439-016-1733-0) contains supplementary material,
which is available to authorized users.
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