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Abstract

Objective. Commercial ear drops contain ingredients reported
to be inactive. We sought to evaluate such excipients for pos-
sible cytotoxicity on human and mouse tympanic membrane
(TM) fibroblasts.

Study Design. Prospective, in vitro.

Setting. Tertiary academic center.

Subjects and Methods. Mouse and human TM fibroblasts were
treated with 1:10 dilutions of benzalkonium chloride (BKC)
0.0025%, 0.006%, or 0.01%; benzyl alcohol 0.9%; polysorbate
80 (PSB) 2.5%; glycerin 2.4%; povidone 0.2%; or water
(control), twice within 24 hours or 4 times within 48
hours, for 2 hours each time. Cells were placed back in
growth media after the treatments. Cells were observed
with phase-contrast microscopy until the cytotoxicity assay
was performed.

Results. Mouse fibroblasts had lower survival in only the PSB-
treated cells compared to the control (P \ .0001) after 24
hours. After 48 hours, PSB killed nearly all mouse fibroblasts
(P \ .0001). BKC decreased fibroblast survival in a dose-
dependent manner (P \ .001). In human TM fibroblasts, all
excipients except povidone and benzyl alcohol after 24 hours
and povidone after 48 hours reduced cell survival compared
to control (P = .012 to P \ .0001). The cytotoxicity of BKC
in human TM fibroblasts was also dose dependent (\.0001).
PSB was less cytotoxic to human fibroblasts. Phase-contrast
images mirrored the cytotoxicity findings.

Conclusion. Polysorbate 80 and benzalkonium chloride, at
concentrations found in commercial ear drops, may be cyto-
toxic to human and mouse TM fibroblasts. ‘‘Inactive’’ ingre-
dients may need to be considered when evaluating clinical
outcomes with commercial ear drops.
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C
ommercial preparations of quinolone ear drops have

recently garnered attention because of their associa-

tion with the development of tympanic membrane

(TM) perforations when used after tympanostomy tube pla-

cement1 or for the treatment of acute otitis externa.2

Findings from these epidemiological studies were verified

in both cell culture3-5 and animal models.6 In contrast to the

epidemiological studies, the laboratory studies allowed for

full control of test materials. In our study on the combined

effects of quinolones and steroids, we observed that TM

fibroblast cytotoxicity of a commercial ciprofloxacin (cipro)

ear drop with fluocinolone added in our laboratory was con-

siderably less than that of the commercially prepared cipro

1 fluocinolone. As the active ingredients and concentrations

were identical, we postulated that the adverse effect was

due in part to an excipient in the commercial cipro 1 fluo-

cinolone product.5 The commercial preparation contains sig-

nificant levels of the surfactant, polysorbate 80, and trace

amounts of povidone, both of which have been reported to

be cytotoxic.7-10 Prior studies have suggested that the exci-

pients in both commercial ophthalmic preparations11,12 and

commercial otic preparations, such as propylene glycol, may

contribute to target organ damage.13-15 Thus, we hypothesized

that excipients may contribute to the TM fibroblast cytotoxi-

city of currently manufactured ear drops.

The present study aimed to evaluate the cytotoxic effects

of excipients at concentrations found in commercial quino-

lone ear drops on mouse and human TM fibroblasts.
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Methods

Cell Culture and Treatment

Two TM fibroblast cell lines were used. In the first experi-

ment, we used a mouse TM fibroblast cell line that we had

previously established and used in related ear drop toxicity

experiments (University of Florida Institutional Animal

Care and Use Committee #201408471).3 Use of the mouse

cell line allowed for reference against prior studies on anti-

biotic and steroid effects. In the second experiment, we used

newly established human TM fibroblast cells (University of

Florida Institutional Review Board approval 201802084). Use

of the human cell line allowed for insights into differences

across species. The procedure for establishing the human TM

fibroblast cell line is similar to the protocol we used in the

mouse,3 except that the TM fragments were aseptically col-

lected from a male, 8-year old patient undergoing tympano-

plasty. Briefly, TM fragments were immediately placed into

a microcentrifuge tube containing 1 mL 13 phosphate-

buffered saline (PBS; Corning, Manassas, Virginia) and were

immediately brought to our laboratory. The TM fragments

were briefly rinsed in 13 PBS to remove blood cells from

the tissue, then transferred into a microcentrifuge tube con-

taining 1 mL Dulbecco’s modified Eagle’s medium/Ham’s

F-12 50/50 mix with L-glutamine (DMEM/F12; Cellgro,

Manassas, Virginia) with 1% antibiotic-antimycotic solution

(penicillin/streptomycin/amphotericin B; Corning). Then the

cell extraction followed the same protocol we used in the

mouse TM cell line.3 Cell line authentication was conducted

by morphology check with microscopy, growth curve analy-

sis, and mycoplasma detection test.

All experiments were conducted on TM fibroblasts that

were between passages 6 and 8. Each set of experiments,

which included all excipient treatments, were done with the

same cell passage. Cells were grown on tissue culture plates

at 37�C with 5% CO2 until they reached approximately 75%

confluence, at which point experimentation was performed

as previously described.3,4 Experiments 1 and 2 were con-

ducted independently, and each experiment was repeated

twice. The excipients that were tested in this study were

polysorbate 80 (PSB, also known as Tween-80) 25 mg/mL

or 2.5%, glycerin 24 mg/mL or 2.4%, povidone 2 mg/mL or

0.2%, benzyl alcohol 9 mg/mL or 0.9%, and benzalkonium

chloride (BKC) at 0.0025%, 0.006%, and 0.01%. All excipi-

ents were purchased from a commercial vendor (Sigma-

Aldrich, St Louis, Missouri). Commercial cipro 1 fluocino-

lone ear drops16 (Otovel; Arbor Pharmaceuticals, Atlanta,

Georgia) contain PSB 2.5%, glycerin 2.4%, and povidone

0.2%. Benzyl alcohol 0.9% is found in commercial cipro 1

hydrocortisone ear drops17 (Cipro HC; Alcon Laboratories,

Ft. Worth, Texas). The preservative BKC is found in com-

mercial ofloxacin (Akorn, Lake Forest, Illinois), ciprofloxa-

cin (Rising Pharmaceuticals, Allendale, New Jersey), and

cipro 1 dexamethasone (Alcon Laboratories) ear drops at

0.0025%, 0.006%, and 0.01%, respectively. Concentrated

stock solutions were prepared by dissolving the powder or

diluting the liquid excipients in sterile water. Investigators

were blinded with the treatment assignments, with treatment

solutions being identified by a letter and no reference to its

name.

Treatment solutions were prepared from the stock solu-

tions immediately prior to the cell treatments. All excipient

treatment solutions were diluted 10-fold with DMEM

(Corning) containing 10% fetal bovine serum (FBS; Corning)

without antibiotic-antimycotic solution to eliminate potential

confounding effects of the antibiotic-antimycotic solution.

The 10-fold dilution and incubation times were based from

our previous time-dependent, dose-response cytotoxicity

study.18 The wells of the culture plates were washed with PBS

(Corning) to remove previous media containing antibiotic-

antimycotic solution. The media containing the treatment solu-

tions were then added on each well. Sterile water was run as a

positive control since the excipients were dissolved in water.

We have previously shown that dilute hydrochloric acid (HCl;

5 mM, pH 2.3) and saline have no cytotoxic effect on TM

fibroblasts,3-5 and thus these treatments were not run in the

present study. The pH of the culture media after addition of

the treatment solutions was checked, and all were within the

neutral pH, around 7.2.

Following the removal of the media containing antibiotic-

antimycotic solution, media containing sterile water (control),

or 1:10 dilutions of PSB 2.5%, glycerin 2.4%, povidone

0.2%, benzyl alcohol 0.9%, and BKC 0.0025%, 0.006%, or

0.01% were added to respective wells using a multichannel

pipet. Cells were exposed to the treatment solutions twice a

day (once in the morning and once in the afternoon) for 2

hours each time and were placed back in normal growth

media. The cells were observed under a phase-contrast micro-

scope prior to the cytotoxicity assay. Microscopy images

were independently reviewed by 2 blinded observers (ie, the

observers do not know the treatment assignments, who

selected representative images for each treatment).

Cytotoxicity Assay

Cytotoxicity of each treatment was evaluated using CellTiter

96 AQueous One Solution Cell Proliferation Assay (Promega,

Madison, Wisconsin) following the manufacturer’s protocol.

Blanks were prepared using growth medium with treatments

but without fibroblasts and were run simultaneously to deter-

mine any background absorbance caused by the treatment

solutions. AQueous One Solution was added to each well and

absorbance was measured at 490 nm using a Synergy HT

microplate reader (BioTek Instruments, Winooski, Vermont)

with Gen5 software. Each treatment was run in 6 to 8 replica-

tions for each run, and the data were reported as an average of

2 independent runs of the cytotoxicity assay. The cell survival

data were normalized to the control (water) and expressed as a

percentage of the control, which represents 100% survival.

Statistical Methods

Power analysis was performed using G*Power 3.1.7. Using

the primary outcome measure of cell survival in excipient-

treated cells relative to control cells, at least 6 replications
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were needed in each group, calculated from the probability

of detecting a 20% difference between controls and

antibiotic-treated cells, with a 10% standard deviation, 0.80

power, and a level of .05.

Data were analyzed with JMP Pro 13 statistical software

(SAS Institute, Cary, North Carolina). Cytotoxicity data

were compared between the treatments for each incubation

period (24 or 48 hours) for the mouse or human TM fibro-

blasts (experiments 1 and 2) using 1-way analysis of var-

iance (ANOVA), and mean values were compared using

Tukey’s honestly significant difference (HSD) or Dunnett’s

test. For Dunnett’s post hoc tests, cells treated with sterile

water (control) were used for comparison with the other

treatments. The cytotoxicity data between the different con-

centrations of BKC were also compared using ANOVA fol-

lowed by Tukey’s HSD for multiple group mean comparison.

Differences were considered significant for P � .05.

Results

The cell viability assay in mouse TM fibroblasts (experi-

ment 1) after 24 and 48 hours of incubation is shown in

Figure 1. Treatment of mouse TM fibroblasts with glycerin

2.5%, povidone 0.2%, benzyl alcohol 0.9%, and BKC

0.0025%, 0.006%, or 0.01%, twice within 24 hours, did not

cause a reduction in cell viability compared to the control

(92% to 107%, P = .08 to 1.0). In contrast, mouse TM fibro-

blasts treated with PSB were practically all dead after 24

hours, with only 8% cells remaining relative to control (P \
.0001). After 48 hours, PSB almost completely killed all the

mouse fibroblasts (mean cell survival = 1.5%, P \ .0001).

BKC 0.0025%, 0.006%, and 0.01% also decreased fibroblast

survival in a dose-dependent manner, with cell survival of

91%, 88%, and 82%, respectively (P = .0002, P \ .0001,

and P \ .0001). Cells treated with povidone and benzyl alco-

hol had similar cell survival to control (99.8% and 99.7%,

P = 1.0) while treatment with glycerin increased mouse TM

fibroblast survival to 115% (P \ .0001 vs control).

Results of the cytotoxicity assay for human TM fibro-

blasts in experiment 2 are shown in Figure 2. Viability of

human TM fibroblasts treated with benzyl alcohol 0.9% and

povidone was the same from those treated with water con-

trol 24 hours after treatment. Survival of TM fibroblasts

treated with glycerin, PSB, and BKC 0.0025%, 0.006%, or

0.01%, twice within 24 hours, decreased cell survival rela-

tive to control with 97%, 96%, 97.5%, 94.5%, and 87% sur-

vival, respectively (P \ .0001 to P = .04). Unlike in mouse,

PSB did not greatly decrease human TM fibroblast survival.

Similar to mouse TM fibroblasts, BKC reduced human TM

fibroblast survival in a dose-dependent manner (P \ .0001).

After 48 hours, survival of fibroblasts treated with povidone

was not different from water control (98.4%, P = .38). Cell

viability assays showed that human TM fibroblasts treated

with glycerin, benzyl alcohol, PSB, and BKC 0.0025%,

0.006%, or 0.01%, 4 times within 48 hours, had a lower sur-

vival compared to control at 93%, 94%, 83%, 87%, 77%,

and 72%, respectively (all P \ .0001). Again, the cytotoxi-

city of BKC was dose dependent (P \ .0001), and the sur-

vival of BKC-treated cells after 48 hours was also lower

than those at 24 hours (P \ .0001). This is also true for

cells treated with PSB (96% at 24 hours vs 83% at 48

hours).

In both experiments, observations from phase-contrast

microscopy mirrored the results of the cell viability assay

(Figures 3 and 4). Due to the limitations on the number of

figures that can be used, only representative images from

cells treated with control, PSB, and BKC 0.0025%, 0.006%,

or 0.01% for both mouse (Figure 3) and human (Figure 4)

TM fibroblasts for 48 hours are shown. In mouse fibro-

blasts, imaging revealed no discernible difference between

the water control, glycerin, povidone, and benzyl alcohol,

all showing normal, healthy fibroblasts (images not shown).
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Figure 1. Survival of mouse tympanic membrane fibroblasts 24 and 48 hours after treatment with excipients found in commercial quino-
lone ear drops, reported as viability relative to control fibroblasts treated with sterile water. Error bars represent standard error. BKC,
benzalkonium chloride; PSB, polysorbate. *P \.001 vs control.
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The BKC 0.0025% and 0.006% treatments exhibited some

degree of cell retraction and clumping and were less conflu-

ent than the control, while the BKC 0.01%–treated cells had

far more dead cells compared to control fibroblasts (Figure
3). Phase-contrast microscopy also demonstrated that after

just 10 minutes of exposure to the treatments, mouse TM

fibroblasts treated with PSB already showed widespread

aggregation, indicative of dying fibroblasts. After 2 hours,

widespread cell aggregation and cell death were observed in

PSB-treated mouse fibroblasts, and after 48 hours, practi-

cally all cells were dead with only sporadic cells left in 1 or

2 wells (Figure 3). As for the human TM fibroblasts,

povidone-treated cells were as confluent as the control

while treatments with glycerin and benzyl alcohol were

only slightly less confluent than control fibroblasts (images

not shown). In contrast, fibroblasts treated with BKC

0.0025%, 0.006%, or 0.01% demonstrated a dose-dependent

reduction in cell confluence, with BKC 0.01% being the

least confluent (Figure 4). Cells treated with PSB also

showed some degree of cell aggregation and cell death, with

about 80% confluency compared to control. Human TM

fibroblasts treated with BKC 0.01% had more dead cells

compared to PSB.

Discussion

The US Food and Drug Administration defines inactive

ingredients or excipients as ‘‘any component of a drug prod-

uct other than the active ingredient.’’19 These include pre-

servatives, dyes, binding materials, and flavoring agents.

However, ingredients categorized as inactive may not be

truly inactive. Ingredients categorized as excipients may

lead to both intentional and unintentional reactions. For

example, allergic reactions have been reported to a range of

excipients, including those tested in the present study.20,21

Excipients have also been reported to have toxic effects on

their target tissues. The classic example of this in commer-

cial otic antibiotic preparations is propylene glycol. This

was historically found in neomycin 1 polymyxin 1 hydrocor-

tisone otic preparations and caused a myriad of adverse effects

on the TM and in the middle ear, ranging from sloughing of

the epithelium to induction of cholesteatoma.13-15

The objective of our current study was to determine if

the ‘‘excipients’’ found in commercial quinolone ear drops

may be similarly toxic to the TM. Our findings suggest that

many ‘‘excipients,’’ at concentrations found in commercial

quinolone ear drops, may be toxic to TM fibroblasts. The

cytotoxicity of these ‘‘excipients’’ may have contributed to

the toxicity that has previously been attributed to quinolones

and steroids in commercial ear drops.1-6

By using the same mouse cell line that we had used in

the prior experiments, we can derive some insights into the

potential magnitude of the ‘‘excipient’s’’ contribution to

TM fibroblast cytotoxicity. Most of the ‘‘excipients’’

demonstrated mild cytotoxicity relative to that observed

with cipro and cipro 1 dexamethasone. BKC is found in

commercial ofloxacin, ciprofloxacin, and cipro 1 dexa-

methasone ear drops, at concentrations of 0.0025%, 0.006%,

and 0.01%, respectively. BKC reduced mouse and human

TM fibroblast survival in a dose-dependent manner. This

mirrors the relative cytotoxicity of commercial ofloxacin,

cipro, and cipro 1 dexamethasone ear drops, which may

contribute to their relative TM fibroblast cytotoxicity.

However, the impact is an order of magnitude less than

cipro and cipro 1 dexamethasone.4 At concentrations found

in eye drops, BKC has been shown to cause cell death, dis-

rupt the corneal epithelium barrier, and induce tear film

instability, apoptosis, and loss of goblet cells, among

others.22-25 Although the relative differences were small,

BKC cytotoxicity after 48 hours was greater in human than

mouse TM fibroblasts.

In contrast, the mouse TM fibroblast cytotoxicity of PSB

2.5% was on par with commercial cipro-containing ear

drops. As PSB is a component of the commercial cipro 1

fluocinolone preparation, this likely explains the much
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Figure 2. Survival of human tympanic membrane fibroblasts 24 and 48 hours after treatment with excipients found in commercial quino-
lone ear drops, reported as viability relative to control fibroblasts treated with sterile water. Error bars represent standard error. BKC,
benzalkonium chloride; PSB, polysorbate. *P \.001 vs control.

Dirain et al 207



Figure 3. Phase-contrast microscope images of mouse tympanic membrane fibroblasts treated with sterile water or polysorbate 80 (PSB)
25 mg/mL, benzalkonium chloride (BKC) 0.0025%, 0.006%, or 0.01%, for 48 hours. Empty space represents areas where cells were eradi-
cated, black or shiny spots represent dead fibroblasts, and clumped or retracted cells represent dead or dying fibroblasts.

Figure 4. Phase-contrast microscope images of human tympanic membrane fibroblasts treated sterile water or polysorbate 80 (PSB) 25
mg/mL, benzalkonium chloride (BKC) 0.0025%, 0.006%, or 0.01%, for 48 hours. Empty space represents areas where cells were eradicated,
black or shiny spots represent dead fibroblasts, and clumped or retracted cells represent dead or dying fibroblasts.
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higher mouse TM fibroblast cytotoxicity we observed with

commercial cipro 1 fluocinolone than we saw with the same

formulation made in our laboratory (ie, without PSB).5 PSB

showed much less cytotoxicity with human TM fibroblasts.

We have subsequently assessed commercial cipro 1 fluocino-

lone for cytotoxicity in the human TM fibroblast cell line and

confirmed the more modest influence of PSB (C.O.D., unpub-

lished observations). Due to the high cost and greater difficulty

procuring commercial cipro 1 fluocinolone ear drops, we

have yet to confirm our findings in an animal study.

Given the cytotoxicity demonstrated in our studies, use

of the term excipient would seem to be inappropriate for

ingredients such as BKC and PSB. Both of these com-

pounds are known to be biologically active. BKC is a qua-

ternary ammonium, which can destabilize lipids, including

cell membranes.26 While this may be helpful in maintaining

the sterility of a medicinal preparation, it clearly can carry

potential for toxicity. Although its chemistry is different

from BKC, PSB is also effectively a detergent, destabilizing

cell membranes,27 which can contribute to cytotoxicity.

The other excipients that we tested appear to be appropri-

ately labeled, with little or no demonstrated cytotoxicity.

Glycerin, also known as glycerol, is a polyol that is biologi-

cally relatively inert. It is classified by the US FDA as gen-

erally recognized as safe and is used in the pharmaceutical

industry as a sweetener in syrups, lozenges, and as an exci-

pient in eyewash solutions and in ear drop products.19

Povidone is a relatively inert, synthetic water-soluble poly-

mer made from the monomer N-vinylpyrrolidone that is

used as a wetting agent in topical solutions. Beyond rare

allergic reactions, povidone is also generally regarded as

safe. Finally, benzyl alcohol is commonly used as a preser-

vative.28 Given its greater chemical volatility (eg, compared

to glycerol), we anticipated more cytotoxicity, but this was

not the case.

The importance of ‘‘inactive’’ ingredients has recently

garnered broad attention in both medicine and food. Reker

and colleagues20 highlighted the increasing numbers of clin-

ical reports of adverse reactions triggered by inactive ingre-

dients in oral medications. The authors note that ‘‘inactive’’

ingredients, which correspond to about two-thirds of the

administered material in oral medications, may be more

active than previously expected. Similarly, titanium dioxide,

a prevalent additive in processed food, previously consid-

ered inert, has been shown to impair gut homeostasis, which

may lead to the development of various diseases.29

Conducting the cytotoxicity experiments on both mouse

and human TM fibroblasts can be viewed as strength of the

present study. It is well known that there are similarities

and differences between species, including mice and

humans, with drug metabolism. This study exemplifies such

differences between 2 species, most notably with polysor-

bate 80. The difference in the cytotoxicity of PSB in the

mouse and human TM fibroblasts could be due to differ-

ences in the expression, isoform composition, and catalytic

activities of drug-metabolizing enzymes.30 Using both cell

lines, however, clearly demonstrated the cytotoxicity of the

excipients PSB and BKC in TM fibroblasts, albeit to vary-

ing degrees.

The present study has limitations that are inherent to all

in vitro assays. This includes the inability to study the

response of other cell types that are key components of the

TM, such as epithelial cells, endothelial cells, and leu-

kocytes.31 Second, tissues may respond differently in a

dynamic, interconnected in vivo environment. Nonetheless,

our findings that excipients found in commercial ear drops

may contribute to the toxicity of these ear drops add to our

growing knowledge on how the quinolone ear drops may

negatively affect the TM. Furthermore, these observations

corroborated our previous results from animal and human

studies.

Conclusions

Polysorbate 80, at concentrations found in ciprofloxacin 1

fluocinolone ear drops, is cytotoxic to both human and

mouse TM fibroblasts. Benzalkonium chloride is also toxic

to TM fibroblasts in a dose-dependent manner. TM fibro-

blast cytotoxicity of ‘‘excipients’’ appears to differ between

mice and humans.
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