
OR I G I N A L R E S E A R CH

Comparison of ethylenediaminetetraacetic acid and rapid
decalcificier solution for studying human temporal bones by
immunofluorescence

Sumana Ghosh PhD1 | Mark B. Lewis BS1 | Bradley J. Walters PhD1,2

1Department of Neurobiology and Anatomical

Sciences, University of Mississippi Medical

Center, Jackson, Mississippi

2Department Otolaryngology—Head and Neck

Surgery, University of Mississippi Medical

Center, Jackson, Mississippi

Correspondence

Bradley J. Walters, Department

Otolaryngology—Head and Neck Surgery,

University of Mississippi Medical Center, 2500

North State Street, R403, Jackson, MS 39216.

Email: bwalters2@umc.edu

Funding information

American Otological Society; Marine Corps

Warfighting Laboratory, Grant/Award

Number: N00014-18-1-2716; National

Institute on Deafness and Other

Communication Disorders, Grant/Award

Numbers: R01DC016365, R01DC016365-S1;

The Joe W. and Dorothy Dorsett Brown

Foundation

Abstract

Objectives: The pervasiveness of hearing loss and the development of new potential

therapeutic approaches have led to increased animal studies of the inner ear. How-

ever, translational relevance of such studies depends upon verification of protein

localization data in human samples. Cadavers used for anatomical education provide

a potential research resource, but are limiting due to difficulties in accessing sensory

tissues from the dense temporal bones. This study seeks to reduce the often

months-long process of decalcification and improve immunofluorescent staining of

human cadaveric temporal bones for research use.

Methods: Temporal bones were decalcified in either (a) hydrochloric acid-containing

RDO solution for 2 days followed by 0.5 M ethylenediaminetetraacetic acid (EDTA)

for 3 to 5 additional days, or (b) 0.5 M EDTA alone for 2 to 4 weeks. Image-iT FX sig-

nal enhancer (ISE) was used to improve immunofluorescent signal-to-noise ratios.

Results: The data indicate that both methods speed decalcification and allow for

immunolabeling of the extranuclear proteins neurofilament (heavy chain), myosin

VIIa, oncomodulin and prestin. However, RDO decalcification was more likely to alter

structural morphology of sensory tissues and hindered effective labeling of the

nuclear proteins SRY-box transcription factor 2 and GATA binding protein 3.

Conclusions: Although both approaches allow for rapid decalcification, EDTA appears

superior to RDO for preserving cytoarchitecture and immunogenicity.

Level of evidence: NA.
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1 | INTRODUCTION

Hearing loss is one of the most common sensory deficits, affecting

466 million people worldwide.1 Various animal models including birds,

fish, and mammals have been studied to understand the development,

function, and pathology of hearing loss. While these studies are cru-

cial and have contributed greatly to our understanding of the auditory

system, the data obtained from animal studies may not always faith-

fully translate to what occurs in humans. For example, mutations in

the human gene for gap junction protein beta 3 (GJB3), result in either
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high-frequency hearing loss2 or nonsyndromic hearing loss.3 How-

ever, no auditory deficits were observed in mice generated with

homozygous deletion of the Gjb3 gene.4 Similarly, mutation of the

gene that encodes nonsyndromic hearing impairment protein

5 (DFNA5) results in progressive hearing loss in humans whereas no

hearing deficit was found in mice bearing this mutation.5 Previous

studies have also shown that the patterns of immunofluorescent

staining of protein products of several known deafness causing genes

can differ between primates and rodents.6-9 Indeed, more broadly,

several recent reports suggest that a sizeable proportion of animal

research experiments, most performed in rodent models, fail to be

translated into effective human therapies,10-13 emphasizing the need

to validate data from animal research in human tissues, particularly, if

the aim is to devise pharmacological or gene therapies for human

inner ear dysfunction.

One potential avenue for human research of the inner ear is the

use of tissues obtained from medical cadavers which can be purposed

toward a variety of pathological studies including immunofluorescent

staining. While immunofluorescence is an affordable and facile tech-

nique widely used to determine spatiotemporal expression of proteins

of interest, its use is somewhat limited in cadaveric human inner ears

for multiple reasons. First, the methods of embalming, the composi-

tion of fixative solutions used, and the time between death and

embalming can vary substantially across individuals.14-16 Second, the

prolonged immersion of tissues in aldehydes for medical education or

celloidin impregnation for tissue structural preservation can adversely

affect the outcomes of immunofluorescence.17,18

Finally, and perhaps most importantly, human cochleae are located

inside the petrous portions of the temporal bones of the skull, which are

the densest bones in the body.19 Published methods for decalcifying

human temporal bones to access the sensory tissues can require as long

as 9 months.20 Inorganic acids, such as hydrochloric acid, are often used

to decalcify bone for histopathological studies; however, these can be

detrimental to soft tissue morphology and the integrity of nucleic acids

and other intracellular molecules making samples unsuitable for some

histological or nucleic acid hybridization studies.21

Here, we tested two different methods to shorten the time

required for decalcification and used Image-iTFX signal enhancer (ISE,

ThermoFisher cat# I36933) to improve immunofluorescent labeling. To

hasten temporal bone decalcification, we evaluated the commercially

available RDO rapid decalcifier solution (RDO, Apex Engineering Prod-

ucts Corp.) and compared this to varying concentrations of the calcium

chelator, ethylenediaminetetraacetic acid (EDTA).22-25 Subsequent to

decalcification, we tested the extent to which proteins in the organ of

Corti and spiral ganglion (SG) could be effectively immunostained. The

data indicate that RDO significantly reduces decalcification time to as

little as 3 to 4 days and that samples can be efficiently labeled with

antibodies that recognize cytoplasmic or membrane bound proteins.

However, neither DNA (chromatin) nor nuclear proteins could be con-

sistently visualized in RDO samples. EDTA was more reliable than RDO

in preserving tissue morphology and allowing for consistent

immunolabeling of nuclear and extranuclear proteins. However, decalci-

fication with EDTA was not as rapid as with RDO. Still, at relatively high

concentrations of (0.5 M) EDTA could achieve sufficient decalcification

in as little as 2 weeks. Finally, we found that preincubating sections

from cadaveric temporal bones with ISE significantly reduced back-

ground and enhanced immunofluorescent detection.

2 | MATERIALS AND METHODS

2.1 | Tissue fixation and collection

Human temporal bones were obtained from cadavers that were

generously donated to University of Mississippi Medical Center's

(UMMC) body donation program for medical education and

research. Arterial embalming was performed at local mortuaries

with 1.5% formalin containing 10% phenol and 15% glycerin. Only

cadavers that were embalmed within 6 hours from the time of

death were utilized. Upon receipt at UMMC cadavers were stored

at 4�C and then maintained at 20�C in anatomy tables for approxi-

mately 3 months where they were either immersed in, or covered

with sheets that had been immersed in, additional fixative solution

(0.005% phenol in 0.1% formalin). The average age of individuals

used in these studies at time of death was 68 ± 3 years

(mean ± SEM). Equal numbers of male and female temporal bones

were used for each study, and no major difference in age at time of

death was apparent (mean age of males = 69 ± 2, mean age of

females = 66 ± 3). Temporal bones were resected using autopsy

saws (Stryker Corp, model #810).

2.2 | Decalcification by EDTA or RDO

Human temporal bones were immersed in 0.5 M EDTA (pH 8.0) or

50% RDO solution (in water) immediately after collection and left on

an orbital shaker (100 rpm) at room temperature (RT). For EDTA sam-

ples, solution was replaced every 2 to 3 days and extraneous bone

was shaved off using a micro rotary tool or a surgical scalpel until the

otic capsule was visible. The temporal bone was incubated in EDTA

for one additional week until the capsule was transparent enough to

visualize the spiral of the cochlea. For RDO samples, the solution was

changed daily and extraneous bone shaved away daily with a scalpel.

Once the otic capsule could be clearly visualized, the samples were

then incubated in 0.5 M EDTA (pH 8.0) for 1 to 4 days to further

soften and clear the tissue for sectioning.

2.3 | Cryosectioning

Decalcified tissues were immersed in 30% sucrose in phosphate buff-

ered saline (PBS) for 1 week. A 1:1 mixture of optimum cutting tempera-

ture (OCT) compound and 30% sucrose was injected through the round

window and the tissues were embedded in OCT and frozen on dry ice.

Sequential sections (12-30 μm) were collected on positively charged

slides and stored at −80�C.
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F IGURE 1 Flowchart for the two methods investigated here to decalcify and immunostain cadaveric temporal bones. Option 1 (green) which
utilizes RDO solution for decalcification is more rapid, but denatures chromatin and may render labeling of nuclear, DNA-binding proteins
unreliable. Option 2 (orange) utilizes EDTA-only for decalcification and takes somewhat longer, but preserves chromatin allowing for the use of
nuclear dyes and reliable labeling of nuclear proteins. Glycine treatment prior to immunostaining did not exhibit any obvious benefit in either
approach. EDTA, ethylenediaminetetraacetic acid

TABLE 1 List of antibodies used in the current study

Antibody Host and type Dilutions Vendor Catalog no. RRID

MYO7A Rabbit, polyclonal 1:100 Proteus Bioscience 25-6790 AB_10015251

MYO7A Mouse, monoclonal IgG2a 1:100 Santa Cruz sc-74 516 AB_2148626

Prestin Goat, polyclonal 1:250 Santa Cruz sc-22 692 AB_2302038

OCM Goat, polyclonal 1:250 Santa Cruz sc-7446 AB_2267583

NF-H Chicken, polyclonal 1:1000 Millipore AB5539 AB_11212161

GATA3 Mouse, monoclonal IgG1 1:200 BD Bioscience 558 686 AB_2108590

SOX2 Goat, polyclonal 1:250 Santa Cruz sc-17 320 AB_2286684

Abbreviations: GATA3, GATA binding protein 3; MYO7A, myosin VIIa; NF-H, neurofilament heavy chain; OCM, oncomodulin; SOX2, SRY-box transcription

factor 2.
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2.4 | Immunostaining

For each antibody used, and for each treatment condition (RDO or

EDTA) immunolabeling was carried out on sections from at least four

independent samples with an equal number coming from women as

from men. The sections were washed with ultrapure water to

remove OCT compound and then incubated with ISE for 30 minutes

at RT. Slides were washed in PBS then incubated for 1 hour at RT in

blocking buffer containing 1% triton-X, 1% bovine serum albumin

(BSA) and 10% normal serum followed by overnight incubation at

4�C in primary antibodies (Table 1). The samples were then incu-

bated with secondary antibodies for 3 hours at RT, washed with PBS

then immersed in Hoechst 33342 (1:1000) for 1 hour at RT. Tissues

were washed and coverslipped using fluoro-gel with 1,4-diazabicyclo

[2,2,2]octane (DABCO,Electron Microscopy Sciences) diluted 1:1

with 50% glycerol (in PBS).

For GATA binding protein 3 (GATA3) staining, the tissues were

treated with antigen unmasking solution (H-3300, Vector Laborato-

ries) for 40 minutes at 98�C in a humidified chamber and washed with

PBS prior to incubation with ISE.

2.5 | Imaging and image processing

Images were acquired using either a Nikon C2+ confocal micro-

scope or a Zeiss LSM 880 confocal microscope and were imported

into Image J Fiji (https://imagej.net/Fiji). For myosin VIIa (MYO7A)

and SRY-box transcription factor 2 (SOX2) immunolabeling

which appeared to contain numerous non-specific puncta through-

out and on top of the sections, despeckling was conducted in

Image J using the process: contrast > process > noise > remove

outlier.

3 | RESULTS

3.1 | Both RDO and 0.5 M EDTA rapidly decalcify
human temporal bones

Consistent with previous reports,20 our initial efforts to decalcify human

temporal bones with 0.1 to 0.2 M EDTA resulted in several months

elapsing before sufficient softening could permit cryosectioning. By

increasing the concentration of EDTA to 0.5 M and by paring off extra-

neous bone every 2 days, temporal bone decalcification time was

reduced to as little as 7 to 10 days with total time in EDTA for any given

sample ranging from 1 to 4 weeks. As an alternative to EDTA, temporal

bones were immersed in RDO which reduced decalcification time even

further to as little as 2 days and generally never more than 3 to 4 days.

The main factor contributing to variability of immersion times in these

decalcifying agents was the size of the temporal bone and the amount of

extraneous bone initially resected. For some larger samples, RDO immer-

sion longer than 3 to 4 days was attempted; however, RDO, which is

F IGURE 2 Immunolabeling of cytoplasmic and membrane bound proteins in sections from ethylenediaminetetraacetic acid-treated (EDTA),
A-C,G-I,M, and RDO-treated, D-F,J-L,N, temporal bones. A-I, Both inner and outer hair cells (IHCs and OHCs) were labeled by the antibody
against the cytosolic protein myosin VIIA (MYO7A, green) while the membranes of OHCs were labeled with antiprestin antibody (Magenta). G-L,
Sensory hair cells (OHCs and IHCs) were labeled by the anti-MYO7A antibody (green) and OHCs were labeled with an antibody against
cytoplasmic protein oncomodulin (OCM, magenta). M,N, The cytoplasm of spiral ganglion neuron cell bodies were labeled with an antibody
against neurofilament heavy chain (NF-H, green). In all the images above, the scale bar represents 20 μm. In images A-L, white arrowheads
indicate OHCs and IHCs
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opaque, stains tissues black making important structures difficult to iden-

tify. Furthermore, overexposure to RDO was observed to make inner ear

soft tissues lose much of their characteristic architecture or disintegrate

altogether. Therefore, limited RDO treatment of temporal bones to

3 days or less, removing extraneous bone and testing for softness daily.

Then decalcification of RDO samples was finished in 0.5 M EDTA for an

additional 2 or more days. By using either RDO with EDTA or 0.5 M

EDTA alone, human temporal bone samples were decalcified to where

they could be successfully cryosectioned as thin as 12 μm. However,

12-μm sections from RDO-treated samples generally did not maintain

integrity or adhere to charged slides during immunostaining so sections

were generally cut to a thickness of 20 μm.

3.2 | Both EDTA and RDO allow for consistent
immunostaining and visualization of cytoplasmic or
membrane-bound proteins

To test the utility of RDO and EDTA as decalcifying agents for

immunofluorescence, we immunolabeled human cochlear sections

using antibodies against proteins that are known to be enriched in

the cytoplasm, cell membrane, and nuclei of cells in the organ of

Corti and SG. These include cell membrane-bound prestin, cytosolic

MYO7A, oncomodulin (OCM), and neurofilament heavy chain

(NF-H), and nuclear GATA3 and SOX2. All of the selected target pro-

teins are highly conserved in terms of cochlear expression across

F IGURE 3 Immunolabeling of nuclear protein GATA3 in sections from EDTA-treated, A-D, and RDO-treated, E-H, temporal bones. A,E, Both
outer and inner sensory hair cells (OHCs and IHCs) were labeled by an antibody against myosin VIIa (MYO7A, green). B,F, The nuclei of Hensen's
and Claudius cells were prominently labeled with anti-GATA3 (magenta) in EDTA, B, but not RDO, F, sections. C,G, Nuclei of the cells in the organ
of Corti were distinctly labeled with Hoechst3342 (gray) in EDTA, C, but not RDO, G sections. D,H, Merged images of MYO7A, GATA3, and
Hoechst for EDTA, D, and RDO, H. Scale bar 20 μm. In all the images white arrowheads indicate OHCs and IHCs. EDTA,
ethylenediaminetetraacetic acid; GATA3, GATA binding protein 3
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numerous mammalian species.26-32 MYO7A is distributed in the

cytoplasm and stereocilia of all inner ear hair cells33 whereas prestin

is selectively expressed in the membrane of cochlear outer hair cells

(OHCs). OCM is expressed in the cytoplasm of OHCs,28 and NF-H is

expressed in neuronal soma and neurites.32,34 As shown in Figure 2,

regardless of whether EDTA or RDO was used, OHC membranes

were labeled by the antibody against prestin (Figure 2B,E), and the

cytoplasm of OHCs was stained by the antibody against OCM

(Figure 2H,K). Both OHCs and inner hair cells (IHCs) were labeled by

the MYO7A (Figure 2A,D,G,J ) antibody and NF-H immunoreactivity

was readily detected in SG neuronal cell bodies and projections

(Figure2M,N ). There were no obvious differences in labeling pat-

terns between EDTA and RDO decalcified samples for these cyto-

solic or membrane-bound proteins.

F IGURE 4 Immunolabeling of nuclear protein SRY-box transcription factor 2 (SOX2) in sections from ethylenediaminetetraacetic acid (EDTA),
A-D, and RDO, E-H, treated temporal bones. A,E, Sensory hair cells (outer and inner sensory hair cells [OHCs and IHCs]) were labeled by an
antibody against myosin VIIa (MYO7A, green). B,F, Supporting cell (SC) nuclei were immunolabeled with anti-SOX2 antibody (magenta). SCs
including Dieters' cells (DC), outer pillar cells (OPCs), inner pillar cells (IPCs), and inner border cells (IBCs) were prominently labeled in the EDTA
sections, B, but not in the RDO sections, F. C,G, Staining of chromatin with Hoechst 3342 (gray) showed clear nuclear labeling in the EDTA
samples, C, and no nuclear labeling was observed in RDO samples, G. D,H, The merged images for EDTA and RDO sections, respectively. Scale
bar 20 μm. In all the images white arrowheads indicate OHCs and IHCs
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3.3 | RDO hindered the labeling of nuclear
components

Both EDTA and RDO decalcified samples were stained using antibodies

raised against the nuclear proteins GATA3 and SOX2 and the nuclear

dye Hoechst 33342. In adult mice, GATA3 is readily detectable in the

nuclei of inner phalangeal and inner border cells as well as Hensen's and

Claudius cells.35,36 SOX2 has been shown in multiple mammalian species

to be expressed in the nuclei of all of the cochlear supporting cells (SCs)

at both young and adult ages.6,37-40 The nuclei of EDTA-decalcified sam-

ples were clearly labeled by the antibodies against GATA3 (Figure 3B)

and SOX2 (Figure 4B). However, GATA3 was undetectable in RDO sam-

ples, and SOX2 could not be detected consistently (Figure 3F and 4F) .

SOX2 immunolabeling in RDO samples was sporadic, generally absent

from some SCs even when laser power and detector gain on the confo-

cal microscope were increased dramatically. Similarly, Hoechst 3342

chromatin staining was visible only in EDTA-treated sections, not in

RDO samples (Figures 3C, 3G, 4C and 4G). These data suggest that

EDTA-mediated decalcification may be a better choice for the labeling of

nuclear proteins and nucleic acids. However, as only two nuclear pro-

teins were assessed, more study is needed to determine if

immunolabeling of other nuclear proteins may differ between RDO- and

EDTA-treated samples or if the sodium citrate unmasking that is

required for this particular GATA3 antibody is a factor that, when

coupled with RDO treatment, causes a failure of immunodetection.

3.4 | ISE solution improved immunofluorescent
signal-to-noise ratios

One of the major challenges for investigating cadaveric human samples

is the presence of high levels of background. Increased time between

death and fixation can lead to lack of preservation of protein tertiary

structure or reduced quantities of epitope which can hinder antigen-

antibody reactions.41 In addition, where anatomy education is the pri-

mary mission of cadaveric body donation programs, cadavers generally

spend a significant amount of time (usually months) in anatomy class-

rooms, before being redirected for research use, further contributing to

protein degradation. One countermeasure against this is prolonged

exposure to or the use of high concentrations of fixative solutions, or

celloidin impregnation. However, such overfixation notably increases

background fluorescence and reduces antibody efficiency. In the cur-

rent study, cadavers were embalmed with 10% phenol and 1.5% forma-

lin, then further exposed to 0.1% formalin in the anatomy tables, which

largely preserved the tissue architecture during the 2 to 3 months of

medical education. However, the long duration and prolonged exposure

to fixative between initial embalming and tissue retrieval and staining

led to cadaveric sections routinely exhibiting extensive background

fluorescence. To address this, cryosections were preincubated for

30 minutes in either 0.3 M glycine (in 1× PBS) or in ISE solution. While

the glycine treatment did not appear to have any noticeable effect (Fig-

ure 5A), the ISE solution did reduce nonspecific background fluores-

cence and significantly improved the signal-to-noise ratio (Figure 5B).

4 | DISCUSSION

The encapsulation of the human cochlea within the dense temporal

bone makes it difficult to access and affects tissue fixation, retrieval,

and processing of cadaveric samples. Combined with educational use,

these technical challenges lead to extensive delays. These delays pre-

sent a barrier to research not only in terms of time as its own cost,

but also because they can lead to molecular and structural degrada-

tion, and hinder the use of many techniques including immunofluores-

cent detection. Here, we show that by forgoing the use of celloidin,

and by paring down extraneous bone at various intervals, either RDO

or 0.5 M EDTA can be used to decalcify human temporal bones on

the order of a few weeks rather than several months.20 The findings

also suggest that decalcification with 0.5 M EDTA is likely better than

RDO for preserving tissue morphology and for more reliable immu-

nodetection, particularly of nuclear proteins. Though RDO may pre-

sent a suitable alternative for immunolabeling of extranuclear

proteins, and may even be preferable if time is a critical factor such as

in the case of labile proteins. Alternative approaches, such as micro-

wave radiation decalcification of human temporal bones in EDTA,

have been proposed to reduce the time needed for decalcifica-

tion.42,43 However, microwaves suitable for biological sample prepara-

tion can be costly and microwave decalcification carries the potential

risk of unmasking antigen epitopes and altering tissue morphology.42

The current approach using 0.5 M EDTA at room temperature is low

cost, should be achievable in most labs, and leads to less manipulation

to the samples (Figure 5).

Of the proteins immunostained here, MYO7A, prestin, and neu-

rofilament have been previously shown in human cochleae by

immunolabeling.20,44,45 However this, to the authors' knowledge, is

the first report of SOX2, GATA3, and OCM immunostaining in adult

human inner ear tissue. The distribution patterns of OCM, GATA3,

and SOX2 were consistent with published data in animal models,

suggesting that these proteins may function similarly in humans as

they do in rodents and other laboratory models. However, there are

numerous other proteins which have been shown to be critical to

auditory function in animal models that have yet to be validated in

humans. As noted, previous studies comparing marmosets to rodents

indicated differences in expression patterns of many proteins known

to be important in hearing function.6-9 Thus there may be some key

differences between primate ears and rodent ears. This underscores

the importance of studying protein distribution in human samples to

increase translational confidence of animal data. Indeed, recent stud-

ies highlight the utility of immunostaining cadaveric temporal bones

to validate inner ear expression patterns of proteins suggested by

results from single-cell RNA-seq experiments in mice.46 Furthermore,

in addition to being useful for such validation studies, the reduced

processing time and preserved immunogenicity in the approaches out-

lined here lends them to antibody screening endeavors. While there

are already existing repositories of human temporal bones that have

associated medical records, such as those in the NIDCD National

Temporal Bone, Hearing and Balance Pathology Resource Registry,

the temporal bone samples in these resources are still somewhat rare

GHOSH ET AL. 925



and are often already celloidin embedded or otherwise preserved for

long periods of time. With the approaches outlined here, antibodies

can first be screened for those with the greatest likelihood of working

in older or more heavily fixed human inner ear samples. In the future

we plan to employ the techniques outlined here for exactly these

types of purposes: to validate murine single-cell transcriptomic data,

to screen commercial antibodies for efficacy in human inner ear tis-

sues, and to investigate the expression of inner ear proteins in human

cadavers, particularly those proteins suggested by animal data as

being involved in hearing loss or other inner ear pathologies. Critically,

the potential also exists to add samples and data to currently available

resources such as the NIDCD National Temporal Bone, Hearing and

Balance Pathology Resource Registry such that the number of human

temporal bone samples available for research can be more readily

increased to levels that allow for adequately powered statistical

approaches. With an expanded pool of samples that covers a broader

range of medical histories and other relevant characteristics such as

age or career type, correlational studies can be undertaken to gener-

ate hypotheses about the effects of such variables on auditory

function.

Despite the success of the current study, there are potential caveats.

All the antibodies used for this study are well characterized and the pro-

teins they are raised against are abundantly expressed in cochlear tissues.

Also, the cadavers used in this study were embalmed within 6 hours

from the time-of-death. Thus, it is not well understood whether deminer-

alization with 0.5 M EDTA or RDO will yield similar results with proteins

of low abundance, nor what effect increasing the time between death

and embalming might have. Furthermore, in the case of RDO, it has been

shown to interfere with the integrity of chromatin,21 and the data pres-

ented here confirm this while also suggesting that RDO may not be ideal

for immunostaining of nuclear proteins.

5 | CONCLUSIONS

The data clearly indicate that both EDTA and RDO can be used to

rapidly decalcify human temporal bones for immunofluorescence

studies, though EDTA may be better than RDO for staining

nuclear proteins. Furthermore, incubation with ISE significantly

improved the immunofluorescent signal-to-noise ratio in cadav-

eric samples.
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