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Abstract: Bacterial biofilms are a serious threat for human health, and the Gram-positive bacterium
Staphylococcus aureus is one of the microorganisms that can easily switch from a planktonic to a
sessile lifestyle, providing protection from a large variety of adverse environmental conditions.
Dormant non-dividing cells with low metabolic activity, named persisters, are tolerant to antibiotic
treatment and are the principal cause of recalcitrant and resistant infections, including skin
infections. Antimicrobial peptides (AMPs) hold promise as new anti-infective agents to treat such
infections. Here for the first time, we investigated the activity of the frog-skin AMP temporin G (TG)
against preformed S. aureus biofilm including persisters, as well as its efficacy in combination with
tobramycin, in inhibiting S. aureus growth. TG was found to provoke ~50 to 100% reduction of
biofilm viability in the concentration range from 12.5 to 100 uM vs ATCC and clinical isolates and
to be active against persister cells (about 70-80% killing at 50-100 uM). Notably, sub-inhibitory
concentrations of TG in combination with tobramycin were able to significantly reduce S. aureus
growth, potentiating the antibiotic power. No critical cytotoxicity was detected when TG was tested
in vitro up to 100 uM against human keratinocytes, confirming its safety profile for the development
of a new potential anti-infective drug, especially for treatment of bacterial skin infections.

Keywords: biofilm; antimicrobial peptides; Staphylococcus aureus; persisters; tobramycin; drug-
combination

1. Introduction

In nature, bacteria can alternate between a free-swimming (planktonic) life phase and a sessile
phenotype called biofilm, where bacterial cells are embedded into a matrix composed of extracellular
polymeric substances (EPS) consisting of exopolysaccharides, nucleic acids, proteins, lipids, and
other biomolecules [1]. The EPS shields bacterial cells from the action of antibiotics, from the
clearance of immune cells, and from external stressful conditions, allowing bacteria to survive in
dehydrated and/or nutrient-poor media and to colonize either biological or abiotic surfaces [2,3].
Therefore, bacterial biofilms pose a serious threat to the environment and health, especially in the
historical “post-antibiotic era” in which we are living. This era is characterized by a tremendous
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reduction in the discovery of new antibiotic drugs in parallel with an inverse emergence of resistant
microorganisms [4]. Remarkably, biofilm communities contain a small subset of persister cells that
enter a dormant and tolerant state to all drugs. These persister cells are often the cause of recurrent
and recalcitrant biofilm-associated infections that are difficult to treat [5,6]. Staphylococcus aureus is
one of the major human pathogens able to form biofilms and to provoke severe infections, including
pulmonary, urinary, and skin infections [7]; furthermore, the emergence of clinical isolates resistant
to the available antibiotics has made S. aureus-associated infections a serious challenge to human
health [8,9]. A large US-based multicenter retrospective study conducted by Miller and coworkers
showed that between 2005 and 2010 the incidence of S. aureus-induced skin and soft tissue infections
was far higher than that of urinary tract infections or pneumonia (2.3 million cases vs 0.91 and 0.24
million cases, respectively) [10]. Moreover, from 2001 to 2009 the number of hospitalizations due to
S. aureus skin infections increased by 123% annually, from 160,811 to 358,212 [11]. Considering the
intrinsic resistance of biofilms to antibiotic therapy, the discovery of innovative approaches able to
address not only planktonic bacterial cells, but also specific features of the sessile life form, is highly
pressing [12]. In this context, gene-encoded antimicrobial peptides (AMPs) of the innate immunity
hold promise as novel anti-biofilm agents. This is because most of them have already been found (i)
to inhibit the adhesion phase of bacteria to a surface; (ii) to interfere with the matrix synthesis; (iii) to
be active on metabolically-inactive cells; (iv) to possess a multimodal mechanism of bacterial killing;
(v) to synergize with conventional and non-conventional antibiotics; and (vi) to display a healing
capacity or immunomodulatory activity [13]. In the last decades, several AMPs with interesting
biological properties have been isolated from frog-skin, one of the richest natural storehouses of
AMPs. These AMPs belong to different families encompassing bombinins, brevinins, esculentins, and
temporins [14]. Temporins were initially isolated from the European red frog Rana temporaria, and
nowadays they represent one of the largest groups of amphibian AMPs (more than 100 members)
[15,16] and are among the shortest AMPs (only 10-13 residues) present in nature to date. While some
isoforms (i.e., temporin A, (TA [FLPLIGRVLSGIL-NH:]); temporin B (TB [LLPIVGNLLKSLL-NH-2]);
temporin L (TL [FVQWFSKFLGRIL-NHz]) of this family have already been characterized for their
antimicrobial and cytotoxic properties [16-24], very little is known about the antimicrobial potential
of temporin G (TG [FFPVIGRILNGIL-NHz2]) [25], which was isolated from the same frog specimen,
especially against the bacterial biofilm phenotype. To the best of our knowledge, this is the first
manuscript describing TG activity against preformed S. aureus biofilm as well as against persister
cells. The mechanism of the anti-biofilm activity of TG was investigated by means of fluorescence
studies, while the cytotoxicity was evaluated against human keratinocytes. In addition, the ability of
TG to assist the ability of the conventional antibiotic tobramycin in inhibiting microbial growth was
assessed against drug-resistant S. aureus clinical isolates. Altogether, our results highlighted the
advantageous properties of TG, either alone or in combination with tobramycin, for therapeutic
treatment of skin-associated S. aureus infections.

2. Results

2.1. Activity Against S. aureus Biofilm

To assess the activity of TG against preformed biofilm of S. aureus, the peptide was tested at
different serial two-fold concentrations against the sessile form of the reference strain ATCC 25923
and drug-resistant clinical isolates namely S. aureus 1a, 1b, and 1c [26]. The results were compared to
those of other temporin isoforms, i.e., TA, TB, and TL (Figure 1).
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Figure 1. Anti-biofilm activity of TA, TB, TG, and TL against preformed biofilm of S. aureus ATCC
25923, S. aureus 1a, 1b, and 1c, after 2 h of treatment. Biofilm viability was determined as indicated in
Materials and Methods and expressed as percentage compared to that of untreated samples (100%).
Values are the mean of three independent experiments run in triplicate + the standard error of the
mean (S.E.M.). With the only exception of the values corresponding to the 3.12 uM against S. aureus
1c, all data are statistically significant (p < 0.05) with respect to untreated samples (100% biofilm
viability).

All peptides showed a potent activity at 50 and 100 uM leading to ~100% killing of biofilm cells
of the most sensitive S. aureus ATCC 25923, whereas almost total mortality of the bacterial population
was caused by 100 uM of each peptide against the three clinical isolates. While the well-known TL
and TA displayed the best anti-biofilm effects at all concentration ranges, TG manifested a
comparable anti-staphylococcal efficacy to that of TB, despite being slightly weaker towards S. aureus
1b and 1c. In particular, TG was capable of killing at least 50% of S. aureus ATCC 25923 biofilm at 6.25
uM, whereas a concentration of 12.5 uM was necessary to provoke the same percentage of biofilm
death against the three clinical isolates.

2.2. Permeabilization of Biofilm Cell Membranes

Taking into account the membrane-perturbing activity of other peptide isoforms belonging to
the temporin family against the planktonic form of Gram-positive bacterial strains [27], we
investigated the ability of TG to perturb the membrane of S. aureus biofilm cells using the membrane-
impermeable fluorescent Sytox Green dye. The fluorescence of this probe rapidly increases upon
binding to nucleic acids, once it has entered cells with a damaged membrane. TG was analyzed at
different concentrations (from 100 pM to 3.12 uM) against the biofilm form of S. aureus ATCC 25923
and the three clinical isolates. As reported in Figure 2, the rapid increase of fluorescence intensity
after peptide addition (time 0) indicated a fast peptide-induced perturbation of biofilm cell
membranes. For all the tested strains, a dose-dependent membrane-perturbing activity was obtained
with ~80-100% membrane damage at 100 uM, corresponding to a concentration of TG able to
completely eradicate biofilm cells (Figure 1).
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Figure 2. Membrane perturbation assay performed with the Sytox Green dye. The percentage of
membrane damage was calculated with respect to the maximum membrane permeabilization
obtained by the highest peptide concentration (100 uM) and the addition of 1 mM EDTA plus 0.5%
Triton X-100. Time 0 indicates the addition of the peptide. Data points are the mean of triplicate
measurements from a single experiment representative of three independent experiments. Controls
(Ctrl) are cells not treated with the peptides.

2.3. Activity Against Persister Biofilm Cells

With the aim to evaluate the effect of TG against persisters, preformed S. aureus biofilm was
treated for 24 h with a high concentration of rifampicin (i.e., 6.25 pg/mL, minimum inhibitory
concentration (MIC) of 1.9 ng/mL, Table S1), as described by de Breij and colleagues [5]. Biofilm cells
that survived the antibiotic action were treated with TG for 2 h, and the percentage of killing was
calculated. We excluded S. aureus 1c, as it was resistant to rifampicin (MIC > 250 ug/mL, Table S1),
the antibiotic used to obtain persister cells (see Materials and Methods). As shown in Figure 3, about
20% killing of persister biofilm cells was obtained at the lowest TG concentration (12.5 uM) against
S. aureus ATCC 25923, while more than 50% killing was induced against the two clinical isolates. In
comparison, at the higher TG concentrations (i.e., 25, 50, and 100 uM) the killing of persisters ranged
from 60% to 80% against all the selected strains.
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Figure 3. Antimicrobial activity of TG against persister biofilm cells of S. aureus ATCC 25923 and the
clinical isolates S. aureus la and 1b after 2 h of peptide treatment. Values are the mean of three
independent experiments run in triplicate + S.E.M. All values are statistically significant (p < 0.05)
compared to untreated samples (0% killing).

2.4. Effect of TG in Combination with Tobramycin in Inhibiting Bacterial Growth

TG was also tested in combination with the commercially available and clinically-used antibiotic
tobramycin in order to evaluate a possible potentiator effect in inhibiting the growth of S. aureus cells.
As reported in Figure 4, when used at Y2 MIC, TG was able to significantly enhance the efficacy of
sub-inhibitory concentrations of tobramycin. More precisely, against S. aureus 1a, tobramycin at its ¥4
MIC was able to inhibit the growth of this bacterium by only ~40%. However, when % MIC of
tobramycin was combined with ¥ MIC of TG, the bacterial growth was completely inhibited. The
same potentiator effect was observed against S. aureus 1b and S. aureus 1c. Indeed, when 2 MIC of
TG was used in combination with %2 and % MIC of tobramycin, the inhibitory effect of the antibiotic
was significantly augmented with a total or almost complete inhibition of bacterial growth,
respectively.
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Figure 4. Effect of TG when used alone or in combination with tobramyecin at its %2 and ¥ MIC on the
growth of the three clinical isolates S. aureus 1a, 1b, and 1c after 20 h of peptide treatment. Values are
the mean of three independent experiments run in triplicate + S.E.M. Statistical significance between
tobramycin and tobramycin plus TG (1/2 MIC) was reported as follows: * p < 0.05; ** p < 0.01; ** p <
0.001.

2.5. Effect on Viability of Keratinocytes

Considering that S. aureus has a principal role in the establishment of skin infections, and that
keratinocytes represent the major cell type of the epidermis [28,29], the cytotoxicity of TG was
evaluated by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-based assay
against the human-immortalized keratinocytes (HaCaT) after 24 h treatment with serial dilutions
(from 100 uM to 3.12 uM) of peptide. Interestingly, TG was found to be totally harmless up to 50 uM,
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while a slight reduction in the number of metabolically-active cells (~20%) was detected at the highest
concentration of 100 uM (Figure 5). Altogether, these data confirmed the safety profile of this peptide
on human cells such as keratinocytes.
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Figure 5. Percentage of HaCaT cell viability, as determined by the MTT assay, after exposure to
increasing concentrations of TG for 24 h. Data are expressed as the mean of three independent
experiments + S.E.M. The value corresponding to 100 pM is statistically significant (p <0.05) compared
to the other peptide concentrations.

3. Discussion

S. aureus is a Gram-positive bacterium causing several human skin diseases due to its ambiguous
mechanisms providing protection from the host immune system [30]. Beside the production of the
EPS shield, these mechanisms include also the usage of microbial surface components that identify
adhesive matrix molecules, such as fibrinogen-binding proteins (CIfA and CIfB), and bind to the host
cell’s surface, starting colonization [31]. In addition, biofilm-associated S. aureus infections become
recalcitrant to conventional antibiotics, not only because of the presence of persister cells, but also
because of the multiple bacterial tolerance mechanisms, such as mutation in the oxidized guanine
system or in the genes involved in the prevention of oxidative damage produced by reactive oxygen
species [32]. This implies a prolonged antibiotic exposure, thus predisposing bacterial cells to
developing resistance [33-36]. Furthermore, a large number of antibiotics are inactivated by enzymes
present in the extracellular matrix, leading to failure of the antibiotic treatment [37,38]. Therefore, the
search for alternative compounds to counteract S. aureus infections is in highly demand [39,40].
Temporins are a family of frog-skin AMPs whose various isoforms have already shown activity
against Gram-positive bacteria [23,41,42]. For instance, TA has a MIC ranging from 4 to 16 ug/mL
towards human methicillin-resistant S. aureus (MRSA) clinical isolates [18]; TB and different synthetic
analogs inhibit the growth of various S. aureus strains alone or in combination with TA [22,43]. The
cytotoxic TL is noticeably more potent than other temporin peptides in killing S. aureus [44,45] and
can act in synergy with TA or TB against Gram-negative bacteria by inducing changes in the
biophysical properties of the peptides (e.g., prevention of their oligomeric state) when bound to the
lipopolysaccharide [46]. Regarding the sessile form, TA was recently tested against S. aureus
preformed biofilm in a study by Paduszynska et al. [36]. After 24 h of incubation, the minimum
peptide concentration able to eradicate biofilm was equal to 64 mg/L. In another recent study
conducted by Xie and coworkers, temporin—-GHa cloned from Hylarana guenther was found to disrupt
90% of S. aureus biofilm biomass after 24 h of treatment at 100 uM [41]. A 24 h-long treatment of S.
aureus biofilm with two different analogs of TB (at 30 uM) was investigated by Grassi and
collaborators with ~1 log (90%) decrease in the number of viable biofilm cells [47]. Here for the first
time we evaluated the capability of TG to eradicate S. aureus biofilm already after 2 h of treatment, in
contrast with the long-term exposure performed in the works cited above. Moreover, we
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demonstrated a concomitant peptide-induced membrane perturbation as a plausible mechanism of
biofilm disruption. The anti-biofilm potency correlates with the degree of membrane
permeabilization. According to the model proposed for membrane-active alpha-helical peptides [48],
this likely provokes the formation of local membrane breakages/pores with resulting cell death [49].
Unlike the majority of traditional antibiotics (e.g., fluoroquinolones, aminoglycosides, and f3-
lactams), this mechanism does not affect a particular metabolic process of the bacterial cell. As a
consequence, dormant cells, i.e., persisters, cannot resist the membranolytic action of temporins [50-
52]. Interestingly, an analogue of TB was formerly found to have a minimum bactericidal
concentration (MBC) of 3.5 uM against persister planktonic cells of S. aureus compared to 112 uM of
the currently-used lipopeptide daptomycin or the complete inactivity of colistin [53]. For these
reasons, compounds like TG, which are able not only to destroy biofilms but also to kill persisters,
are of great promise (Figure 3).

Another relevant feature of AMPs is their ability to synergize with traditional drugs in order to
reduce the concentrations necessary to obtain an antimicrobial activity as well as to reduce potential
off-target effects of the drugs. As reported by Shang and coworkers, the combination of peptides and
conventional antibiotics can be a valid option to improve the effectiveness of antimicrobial agents.
For instance, they demonstrated that penicillin, ampicillin, and erythromycin synergize with a series
of tryptophan-containing AMPs in inhibiting the growth of multi-drug resistant S. epidermidis strains
[54]. Similarly, Feng et al. described synergistic activity in inhibiting microbial growth between a
group of short cationic AMPs and classic antibiotics (imipenem, cefepime, levofloxacin
hydrochloride, and vancomycin) against Gram-negative (Escherichia coli, Klebsiella pneumoniae, and
Pseudomonas aeruginosa) and Gram-positive (S. epidermidis, Streptococcus pneumoniae, and S. aureus)
bacteria [55]. In another study performed by our group, a derivative of the frog-skin AMP esculentin-
1a, named Esc(1-21)-1c, was found to potentiate both killing and growth inhibitory activity of the
monobactam aztreonam against P. aeruginosa strains [56]. Here for the first time, TG was tested at its
sub-inhibitory concentration (Y2 MIC, Table S1) in combination with %2 and % MIC of tobramycin.
This was sufficient to break down the growth of the three resistant S. aureus clinical isolates (almost
0% microbial growth, Figure 4). Such an outcome is probably due to the capability of TG to increase
bacterial membrane permeability, providing facilitated access of the antibiotic to the bacterial inner
compartment where it can display its toxic effect [57,58]. Indeed tobramycin is an aminoglycoside,
which irreversibly binds to a site on the bacterial ribosome, inhibiting protein synthesis [59].

Finally, TG was shown to be harmless against human keratinocytes at all concentrations tested
with a slight cytotoxicity (~20% reduction of metabolically-active cells) at the highest active
concentration (i.e., 100 uM), confirming the potential use of this peptide against resistant S. aureus
skin infections. Other temporin isoforms, i.e., TA and TB, have already been characterized for their
plausible development as anti-infective agents against S. aureus-induced skin infections; they were
found to kill S. aureus internalized into HaCaT keratinocytes and to stimulate migration of these cells
by the epidermal growth factor receptor-mediated signaling pathway [60]. TA was also effective in
experimentally infected surgical wounds in mice, leading to a significant bacterial growth inhibition
and acceleration of wound repair [61], besides exerting a chemoattractant effect for phagocytic
leukocytes in vivo [62].

Overall, on the basis of these studies, our current data have contributed to corroborate the
potential of TG for the development of novel peptide-based formulations and/or a combination drug
therapy in clinical settings, including treatment of S. aureus biofilm-related infections such as those
found in diabetic wounds.

4. Materials and Methods

4.1. Materials, Bacterial Strains, and Cell Line

TA, TB, TG, and TL were purchased from Biomatik (Wilmington, DE, USA). Unless specifically
indicated, all reagents and antibiotics used were purchased from Sigma-Aldrich (St. Luis, MO, USA).
Stock solutions were prepared by dissolving the peptides in water at a concentration of 2 mM. For
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the microbiological assays, the reference strain S. aureus ATCC 25923 and the clinical isolates S. aureus
1a, 1b, 1c from nosocomial infections were used [26]. The resistance profile of these strains is reported
in Table S2. For the cytotoxicity assay, the human-immortalized keratinocyte cell line, HaCaT
(AddexBio, San Diego, CA, USA), was employed. The cells were maintained in Dulbecco’s modified
Eagle’s medium supplemented with 4 mM glutamine (DMEMg), 10% heat-inactivated fetal bovine
serum (FBS), and 0.1 mg/mL of penicillin and streptomycin, in a humidified incubator with 5% CO2
at 37 °C.

4.2. Evaluation of the Antibiofilm Activity of Temporin Isoforms

Preformed biofilm of S. aureus was obtained as previously reported with some modifications
[63]. Microbial culture was grown at 37 °C to an optical density (OD) of 0.8 (A = 590 nm) and then
diluted to a cell density of 1 x 106 colony forming units (CFUs)/mL. Aliquots of 100 uL were dispensed
into the wells of a 96-multiwell plate, which was incubated for 20 h at 37 °C for biofilm formation.
After the incubation time, the medium containing planktonic cells was aspirated from the wells and
replaced by 150 uL of phosphate buffered saline (PBS) to remove any non-adherent cells. A PBS wash
was performed twice. After washing, each well was filled with PBS supplemented with different two-
fold serial dilutions of TA, TB, TL, and TG (from 100 to 3.12 uM), and the plate was then incubated
for 2 h at 37 °C. After peptide treatment, the wells were rinsed twice with PBS, as indicated above,
and 150 uL of MTT (0.5 mg/mL) was dispensed in each well in order to evaluate biofilm cell viability.
In fact, this colorimetric assay involves the conversion of the water-soluble yellow dye MTT to the
insoluble purple formazan crystals by mitochondrial dehydrogenases. A higher intensity of purple
color corresponds to a higher percentage of metabolically-active cells and consequently to higher cell
viability. The plate was incubated protected by light at 37 °C for 4 h, and the reaction was stopped by
adding sodium dodecyl sulfate (SDS) (at a final concentration of 5% v/v). The absorbance of each well
was recorded at 570 nm using a microplate reader (Infinite M200; Tecan, Salzburg, Austria), and the
percentage of biofilm viability was calculated with respect to the untreated samples.

4.3. Evaluation of the Activity of TG Against Persister Biofilm Cells

In order to obtain persister biofilm cells, we followed the protocol described by de Breji and
coworkers [5], with some modifications. Biofilm was formed, as described above, and after its
formation it was treated with a high concentration of rifampicin (i.e., 6.25 ug/mL) for 24 h in Luria
Bertani (LB) broth. After two washes with PBS, the persister biofilm was treated with serial dilutions
(from 100 to 12.5 uM) of TG for 2 h, and the viable biofilm cells were evaluated by the MTT assay, as
previously reported.

4.4. Evaluation of Membrane Permeabilization by the Sytox Green Assay

The membrane perturbing activity of TG on biofilm cells was conducted against the biofilm form
of S. aureus ATCC 25923 and the three clinical isolates 1a, 1b, and 1c. Biofilm was formed as reported
in Section 4.2 in 96-well microplates. Next, 150 pL of PBS supplemented with 1 pM Sytox Green was
added to each well for 5 min in the dark. Subsequently, the peptide was added at the corresponding
concentration, and changes in fluorescence intensity (A exc =485 nm, A ems = 535 nm) caused by the
binding of the dye to intracellular DNA were monitored for 30 min in the microplate reader (Infinite
M200, Tecan, Salzburg, Austria) at 37 °C. The percentage of membrane perturbation was calculated
with respect to the maximum perturbation obtained after treating bacteria with the highest peptide
concentration (100 uM) and the addition of 1 mM EDTA pus 0.5% Triton X-100 (final concentration)
to dissolve the EPS and make the bacterial membranes fully permeable [64]. TG was tested at
concentrations ranging from 100 to 3.12 uM, and controls were cells not treated with the peptides.
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4.5. Evaluation of the Potentiator Effect of TG by the Checkerboard Titration Assay

The checkerboard titration assay was conducted as previously reported [56] with some
modifications. Combinations of TG and tobramycin in a serial two-fold dilution were added to the
wells of a 96-well plate containing 1 x 105 CFU/well of S. aureus 1a, 1b, or 1c suspended in MH. The
plates were incubated for 20 h at 37 °C under mild agitation. After 20 h, absorbance (A =590 nm) was
measured using the microplate reader. The percentage of microbial growth was calculated with
respect to the untreated samples, and MIC was defined as the concentration of compound able to
reduce at least 90% of the bacterial growth. MIC values are reported in Table S1.

4.6. Evaluation of Peptide Cytotoxicity

To assess the cytotoxicity of TG, the amount of metabolically-active HaCaT cells was quantified
by the MTT assay. Specifically, HaCaT cells were suspended in DMEMg and 2% FBS without
antibiotic and plated in triplicate wells of a 96-well plate (4 x 10* cells/well). After overnight
incubation at 37 °C and 5% CO2, the medium was removed, and DMEMg containing TG at the
indicated concentrations was added to each well. Cells not treated with the peptide were used as
controls. After 24 h of incubation at 37 °C and 5% CO, the medium was replaced by Hank’s buffer
containing 0.5 mg/mL of MTT. The plate was incubated for 4 h; thereafter, formazan crystals were
dissolved by adding acid-isopropanol and quantified by measuring the absorbance of each well at
570 nm using the same microplate reader. The number of metabolically-active cells was expressed as
percentage compared to that of untreated control cells (100%).

4.7. Statistical Analysis

Unless otherwise specified, all experiments were performed three times, and the obtained values
were reported as the mean + S.E.M. When reported, statistical significance was determined by
Student’s t-test using PRISM software (GraphPad, San Diego, CA). P values of <0.05 were assumed
to be statistically significant and are indicated in the legend to figures.

Supplementary Materials: Supplementary materials can be found at www.mdpi.com/1422-0067/21/24/9410/s1.
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Abbreviations
AMPs Antimicrobial peptides
CFU Colony forming unit

DMEM Dulbecco’s modified Eagle’s medium
DMEMg  Dulbecco’s modified Eagle’s medium supplemented with 2 mM glutamine

EPS Extracellular polymeric substances

FBS Fetal bovine serum

MBC Minimum bactericidal concentration

MIC Mimimum inhibitory concentration

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

PBS Phosphate-buffered saline
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