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Abstract
Purpose—To compare various meibum collection methods and extraction techniques.

Methods—Sixty subjects, all successful contact lens wearers, were seen on two visits. Meibum
was collected from the lower lid of the right eye with a glass microcapillary tube, and with a
Dacron swab, cytology microbrush or spatula from the left eye. Extraction with 2:1
chloroform:methanol was done either immediately or after data collection was complete.
Individual samples were divided into four equal aliquots for analysis of total lipids, cholesterol
and inorganic phosphates via assay based techniques. Effects of collection method, extraction, and
dry eye status were examined using repeated measures ANOVA and logistic regression.

Results—Total lipids showed significance of collection device (p<0.0001), but not for extraction
technique (p=0.13) or dry eye status (p=0.97). Dacron swab collection was associated with more
total lipid on average than each other collection device (p<0.0001). The cholesterol assay showed
significance of collection device (p<0.0001) and extraction technique (p=0.0002), but not dry eye
status (p=0.55). Spatula collection was associated with more cholesterol on average than each
other collection device (p<0.0001). For inorganic phosphates, immediate extraction (p<0.0001),
cytology microbrush collection (p<0.0001), and non-dry eye status (p=0.03) were associated with
the greater likelihood of detection.

Conclusions—Dacron swab collection was associated with the highest average amount of total
lipid detected, whereas spatula collection and immediate extraction was associated with the
highest average amount of cholesterol detected. Cytology microbrush collection with immediate
extraction on non-dry eye subjects was associated with the highest probability of detection of
inorganic phosphates.

Keywords
lipids; dry eye; meibomian gland; collection devices; evaluation methods

Controversy exists related to the collection of meibomian gland secretions. The literature
describes a variety of methods for meibomian gland secretion collection.1–10 A significant
concern when collecting samples from human subjects is to efficiently obtain adequate
sample quantity for subsequent analysis. It is possible to obtain large quantities through
rigorous methods of collection or multiple collection sessions, allowing for methods of
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analysis such as nuclear magnetic resonance (NMR) spectroscopy11 which require a
significant amount of sample. Our goal in this study was to optimize single sample
collection for analysis methods capable of using small volume samples.

Linton et al reported collection of a total of 200mg from 539 subjects with a solid glass rod
and meibomian cyst curette.1 Sullivan et al describes use of a chalazion curette for
collection.9–10 Nichols et al describes use of a 0.5µL glass microcapillary tube, successfully
used as a collection device to obtain adequate individual sample quantity for analysis by
mass spectrometry.2 Use of a spatula, frequently described as platinum, has been reported in
several studies.3–8 While the spatula has been widely used, it is often used after a lid
conformer and cotton swab in combination to express the meibomian gland secretions. This
is reportedly uncomfortable of even painful for some, with limited improvement in comfort
when accompanied by topical anesthetic.12

Lipid collection is a challenge and many collection devices should be considered. Devices
used in this study were selected as they are small, compatible with meibum collection, and
commonly used in biological sample collection, delivery of substances, or surgical
procedures in living human applications. The microcapillary tube has been used for tear
collection, meibum collection and for transfer of micro amounts of human fluids in
laboratory settings.2, 13–14 The Dacron swab has been utilized for obtaining cell and mucous
samples for bacterial culture as well as other laboratory uses such as polymerase chain
reaction (PCR) experiments.15 Common uses of the cytology microbrush include collection
of human cell samples and in dental applications.16–18 Stainless steel spatulas have been
used for ocular surgical procedures19–21 and for collection of human meibum.3–8

Contamination of meibum samples including tears, lid margin epithelial cells, conjunctival
cells, and the thin layer of epithelium overlying a portion of currently inactive meibomian
glands22 is of considerable concern. Butovich et al suggested meibomian gland cells are an
additional potential source of “pure” meibum contamination.12 Freshly expressed meibum
may differ from resident meibum, and even the most careful and precise collection of
meibum may result in the inclusion of micro quantities of tears and/or cells. The simple act
of digital expression may alter the normal state of the meibomian secretions, with
progressively less “normal” conditions when expressions are repeated and/or with the
addition of anesthetic.

Lipid extraction solvents employed in human specimens are varied and include chloroform,
methanol, hexane, toluene, and ether.23–26 Selection of the most appropriate solvent is
dependent upon several factors including type of sample and intended downstream analysis.
Chloroform, methanol, or a mixture of chloroform and methanol (concentration ratio of 2
parts chloroform to 1 part methanol) are commonly reported for extraction of human
meibum in both dry eye and non-dry eye subjects.2–8 Paradoxically, subsequent analyses as
reported by different investigators utilizing the same extraction solvent may lead to
conflicting results.4, 6–10

The purpose of this study was to compare four varied methods of collection of human
meibomian gland secretions using assay-based techniques. Ultimately this will facilitate
analysis of large numbers of subjects with multiple meibum collections in a timely and cost-
effective manner. In addition, effects of immediate extraction were compared with frozen
samples followed by later extraction, as well as comparisons of subjects without dry eye
symptoms and those with dry eye symptoms.
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METHODS
Subject Enrollment

This research was conducted in accordance with the Declaration of Helsinki with approval
of the Biomedical Institutional Review Board at The Ohio State University. Informed
consent was obtained from subjects after explanation of the nature and possible
consequences of the study. A total of 60 contact lens wearers were enrolled in the study (42
non-dry eye subjects and 18 dry eye subjects) and were seen on two visits separated by 14
days. Classification of dry eye status was determined by subject completion of the Contact
Lens Dry Eye Questionnaire (CLDEQ)27 at the first visit. Subjects were grouped into one of
three groups, Group A, Group B and Group C, based on collection technique assignments as
described below. Continuous rolling enrollment into one of the three groups was done as
subjects presented and qualified as dry eye or non dry eye. Once a category for dry eye
status was filled in a group, the subject was placed in the next group until all groups were
filled. The flowchart in Figure 1 illustrates the study design for this project.

Collection Techniques
Four meibum collection techniques were evaluated and compared (Figure 2). The
microcapillary tube (Drummond Microcap 0.5 µL, Drummond Scientific Company,
Broomall, PA, USA) was used to collect meibum from the right eye of each subject at both
visits. All microcapillary tubes were weighed (UMX2 Ultra-microbalance, Mettler Toledo,
Columbus, OH, USA) pre and post meibum collection. The three meibum techniques used
for the left eye at both visits were as follows: For Group A, Dacron swab (MicroPur™
Swab, PurFybr, Inc., Munster, IN, USA); for Group B, cytology microbrush (Microbrush®,
Microbrush® International, Grafton, WI, USA); and for Group C, three stainless steel
spatulas (Bangerter Iris Spatula, Geuder, Heidelberg, Germany).

All samples were obtained by gentle digital expression of the meibomian glands in the lower
lids of each eye. Our goal was to find a more patient friendly alternative to the hard press
method that would be tolerable for subjects with repeated collection of meibum. During
collection, the lid margin was rolled away from the globe to minimize contamination of the
sample with tears and conjunctival cells. Effort was made to collect newly expressed visible
meibum. It was desired to collect approximately 1mm of measured meibum in the
microcapillary tube, with a range achieved of approximately 0.25mm to 1.5mm. For the
Dacron swab and cytology microbrush, collections over the lid margin were made by
rotating the device to expose a new area on the device after each stroke across the lid
margin. The long sides of the angled portion and the rounded tip of the spatula were used to
collect meibum. This process was repeated with each of the three spatulas.

Contact Lenses and Care Solution
New contact lenses (O2 Optix (lotrafilcon B),CIBA VISION Corporation, Duluth, GA,
USA) were fit and dispensed with a supply of contact lens care solution (OPTI-FREE
RepleniSH, Alcon, Inc., Hünenberg, Switzerland) at visit one. Instruction on proper contact
lens care and cleaning was provided. There is currently no evidence to show that contact
lens type and cleaning method will or will not alter meibum quality or properties. Subjects
were instructed to wear only the contact lenses and to use only the care solution they were
given at the first visit during the study period. Contact lenses were collected from subjects
using metal tweezers on visit two, and stored at −80°C for future analysis.

Lipid Extraction Protocols
With the exception of Group C, all samples collected at visit one were stored frozen at
−80°C for later extraction. Frozen samples were thawed and extracted with 2:1
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chloroform:methanol solvent after subject visits were complete and analyzed as a group. All
samples collected at visit two were immediately extracted with 2:1 chloroform: methanol
solvent. Samples collected from the left eye with stainless steel spatulas (Group C) were
immediately extracted with 1:1 chloroform:methanol at visit one, and with 2:1
chloroform:methanol at visit two. All extractions were performed in amber glass vials
capped with a polytetrafluoroethylene (PTFE) liner.

The same protocol was used for immediate and later extraction from microcapillary tube,
Dacron swab, and cytology microbrush collection devices. First, 600µL 2:1
chloroform:methanol solvent was pipetted into an amber glass vial containing the collection
device and sample. After 15 minutes of extraction time, an additional 400µL of solvent was
pipetted into the vial. The extract was split into four aliquots of 150µL each and stored at
−80°C for later analysis.

All samples collected with stainless steel spatulas were immediately extracted. Three glass
vials were used, one for placing each of the three metal spatulas in immediately after sample
collection. Chloroform:methanol solvent in the amount of 2000µL was pipetted into glass
vial #1 containing spatula #1 for 5 minutes, and this process was repeated for the remaining
spatulas. The combined extract was split into four aliquots by pipetting 300µL into amber
glass vials and stored at −80°C for later analysis.

Laboratory Assays
Assays performed were for total lipid, cholesterol, and inorganic phosphate and are
described in further detail below28–32 Aliquot one was assigned to total lipid assay, aliquot
two to cholesterol assay and aliquot three to the inorganic phosphate assay. All aliquots were
thawed to room temperature and air-dried overnight just prior to the assays. The total lipid
assay title is somewhat misleading, as it does not assess the “total lipid” content, rather the
unsaturated lipid content. Cholesterol is not an unsaturated lipid, thus the need for a separate
assay. Analytical blanks were run with each assay, and values for blanks subtracted from
sample values. Standard curves were produced using common laboratory methods for each
of the three assays.

Total Lipid Assay
For the total lipid assay, lyophilized oleamide (Sigma-Aldrich, St Louis, MO) was used to
generate a standard curve. To standards and samples, 20µL 34N sulfuric acid was added,
with subsequent incubation at 100°C for 10 minutes. After cooling to room temperature in a
water bath, 80µL of assay reagent (1.2mg/ml vanillin in 68% phosphoric acid) was added to
each vial. Following incubation at room temperature for 45 minutes, absorbance was
measured at 530nm (Tecan i-control Infinite 200 plate reader, Tecan Group Ltd,
Switzerland).32

Total Cholesterol and Cholesterol Esters Assay
Cholesterol oleate (Sigma-Aldrich, St Louis, MO) standards were prepared from known
concentrations in 0.1M phosphate buffer pH 7.0 and a reaction mixture was prepared using
phosphate buffer (Na2HPO4, NaH2PO4, Sodium cholate, 4-Aminoantipyrine, Phenol, and
PEG 6000) peroxidase, cholesterol oxidase and cholesterol esterase. To each standard and
sample 50µL of 0.1M phosphate buffer was added. Next, 207.5µL of the reaction mixture
was added to each standard and sample vial. After incubating vials in a 37°C water bath for
60 minutes, absorbance was measured at 500nm.30–31, 33
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Inorganic Phosphate Assay
Inorganic phosphates may be precursors to phospholipids in the tear film.
Phosphatidylcholine (Sigma-Aldrich, St Louis, MO) standards were prepared in amber vials
for use in the inorganic phosphate assay. To each standard and sample, 10µL of 10N sulfuric
acid and 30µL of 70% perchloric acid were added. All vials were incubated at 140°C for 2.5
hours. After cooling the hydrolyzed standards and samples to room temperature, they were
resuspended in 50µL of HPLC water. To each vial, 75µL of assay reagent one (0.2%
malachite green in HPLC water, 4.2% ammonium molybdate in 4N HCl) and 10µL of assay
reagent two (1.5% Tween20, HPLC water) were added. After 20 minutes of room
temperature incubation, the absorbance was measured at 645nm.28–29

Statistical Analyses
Repeated measures analysis of variance (ANOVA) was used to analyze the dependent
variables total lipid and cholesterol. Means, standard deviations, ranges, and medians of the
observed data are reported, as well as the p values of the effect of the three independent
variables (dry eye status, collection device, and extraction technique). In addition, 95%
confidence intervals (95% CI) are provided for parameter estimates. Each dependent
variable was fitted in a separate multivariate model with all independent variables. Data
from the assays of total lipid and cholesterol were skewed. The skew was moderated by
using the square root of values to make the ANOVA assumption of normality more tenable.
The dependent variable inorganic phosphate data were transformed to presence or absence
and modeled using repeated measures logistic regression. The transformation was required
due to a large number of samples (62.1%) with zero values for this assay. Statistics
describing proportions and probabilities are presented as odds ratio estimates with
corresponding p-values.

RESULTS
The subject sample (n=60) was predominantly female (78%) and without dry eye (70%),
with a mean age of 25.7 ± 5.7 years. A total of 240 meibum samples were collected, four
from each subject, and each sample was separated into four aliquots. Each assay was done
on a different aliquot so direct comparisons between assays are not possible. Table 1 shows
summary statistics of observed data for each outcome measure as a function of collection
device. Of the 240 samples, assay detected no total lipid in seven; six were collected by
microcapillary tube, one was collected by cytology microbrush. Assay detected no
cholesterol in sixteen samples; all were collected by microcapillary tube. Sample loss during
the extraction, aliquot and assay process may have reduced the quantity of lipid present to
undetectable quantities by these methods.

Three predictors were evaluated for outcome measures of total lipid, cholesterol, and
inorganic phosphate assays: dry eye, collection device and extraction technique. Analysis of
total lipid showed statistical significance only for the collection device (p<0.0001), but not
for extraction technique (p=0.13) or dry eye status (p=0.97). Figure 3 illustrates relative
quantities associated for each statistically significant collection device comparison. The
Dacron swab was associated with the largest collection of total lipids when compared with
the other devices; the on average yield for Dacron swab was 4.52 µg (95% CI 3.99–5.05)
more than glass microcapillary tube, 3.39 µg (95% CI 2.70–4.07) more than cytology
microbrush, and 3.02 µg (95% CI 2.30–3.74) more than spatula, with each difference
demonstrating statistical significance (p<0.0001). The cytology microbrush was associated
with 1.14 µg (95% CI 0.61–1.67) more total lipid when compared to the glass
microcapillary tube and the spatula was associated with 1.50 µg (95% CI 0.93–2.07) more
total lipid when compared to cytology microbrush (both p<0.0001). There was no difference
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in total lipid collection when comparing the spatula to cytology microbrush (0.37 µg, 95%
CI −0.35–1.08, p=0.32).

For total cholesterol and cholesterol esters, there were differences based on collection device
(p<0.0001) and extraction technique (p=0.0002), but not for dry eye status (p=0.55).
Relative quantities are illustrated in Figure 4. There was a difference between cytology
microbrush compared to glass microcapillary tube (0.35 µg, 95% CI 0.19–0.51, p<0.0001),
the Dacron swab compared to glass microcapillary tube (0.37 µg, 95% CI 0.21–0.53,
p<0.0001), spatula compared to Dacron swab (0.65 µg, 95% CI 0.44–0.85, p<0.0001), and
spatula compared to cytology microbrush (0.67 µg, 95% CI 0.46–0.87, p<0.0001). For
spatula compared to glass microcapillary tube, there was greater than 1µg difference (1.02
µg, 95% CI 0.85–1.19, p<0.0001). Dacron swab compared to cytology microbrush was not
significantly different (0.020 µg, 95% CI −0.18–0.22 p=0.84). Immediate extraction yielded
only a small advantage in cholesterol (0.15 µg, 95% CI 0.03–0.27) over frozen with later
extraction, yet was statistically significant (p=0.02).

The inorganic phosphate analysis demonstrated statistical significance for collection device
(p<0.0001), extraction technique (p<0.0001), and for dry eye status (p=0.02). The
proportion of samples with presence of inorganic phosphates by collection device in
descending order was as follows: cytology microbrush (50%), spatula (40%), microcapillary
tube (38%), and Dacron swab (23%). Odds ratio estimates showed improved detection of
inorganic phosphates with glass microcapillary tube over spatula (p<0.0001), and Dacron
swab (p=0.0021). The cytology microbrush was associated with more collection of inorganic
phosphates over glass microcapillary tube (p=0.044), Dacron swab (p=0.0001), and spatula
(p<0.0001). The odds of detection of inorganic phosphates with the cytology microbrush
were 11 times higher (95% CI 4.65–27.84) than with the spatula while Dacron swab
comparison to spatula collection did not significantly improve the odds of detection (1.69,
95% CI 0.64–4.46, p=0.29). Immediate extraction yielded a 26 times higher (95% CI 10.01–
66.26) likelihood of inorganic phosphate detection (p<0.0001) over delayed extraction
(Figure 5). Non-dry eye subjects (normals) revealed a higher probability of observing
inorganic phosphates than dry eye subjects (p=0.03).Table 2 provides, by dry eye status, the
distribution of the proportion of collected samples from a subject that contained inorganic
phosphates, where 64% of non-dry eye subjects had inorganic phosphates in at least half of
their samples. In comparison, only 28% of the dry eye subjects had inorganic phosphates in
at least half of their samples.

The probability of detecting inorganic phosphates was highest for subjects without dry eye
using cytology microbrush collection with immediate extraction (probability 0.88, 95% CI
0.77–0.94). Detection of inorganic phosphates was least likely with dry eye subjects using
Dacron swab collection and later extraction (probability 0.02, 95% CI 0.00–0.06).

DISCUSSION
Sample collection with the spatula was associated with the largest mean quantity of
cholesterol detected, while the cytology microbrush was associated with the largest mean
quantity of inorganic phosphate detected, and collection with the Dacron swab was
associated with the largest mean quantity of total lipid detected. This evidence may lead one
to conclude the best way to choose a collection device is by first determining which type of
lipid is to be studied, and then to choose the appropriate device for the greatest yield. While
this argument may be valid, there are other important considerations regarding the devices
including downstream analysis and solvent use as well as patient comfort and tolerability.
All subjects completed the study, suggesting good tolerability of all methods of meibum
collection used in this study.
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The expression of meibum is challenging and quite varied among individual subjects.
Clinical judgment is required to determine the specific combination of techniques required
to obtain sufficient sample quantity. Anatomic variables, such as size and position of
meibomian glands, lid laxity, palpebral fissure width, and blink rate all have an impact on
technique. Comparison of “hard expression” and “soft expression” techniques for individual
subjects would provide valuable information. We did not conduct this comparative analysis
for subjects in this study and only used “soft expression.” It will be of interest to see the
results of such evaluation in the future.

The glass microcapillary tube has the distinct advantage of the ability to visualize the
meibum sample during the collection process. The sample can be directly evaluated for
obvious contamination with tears and the quantity collected can be measured in terms of
length of sample in the tube by a slit lamp reticule as well as weighed. Removal of the
sample from the tube is somewhat challenging. Another issue is solidification of the meibum
sample during the collection process. It is highly probable the solidification process is a
limiting factor on collection quantities, particularly for more viscous and difficult to express
meibum. Results from this study (Table 1) showed the glass microcapillary tube to yield the
lowest mean quantities for both total lipid and cholesterol outcome measures, although the
sample collected with a microcapillary is likely composed of fresh rather than resident
meibum. Single capillary collected meibum samples are adequate in size for lipid analysis
using mass spectrometry with direct infusion.2

The cytology microbrush was developed for use in dental applications, and is formulated
from purposefully non-absorbent materials. To our knowledge there are no previously
published reports of the use of a cytology microbrush for the collection of meibomian gland
secretions. A study of collection of endocervical cell samples using a cytology brush yielded
more cells than a Dacron swab, yet there is evidence the variation may be technique
dependent rather than device dependent.34 Design of the cytology microbrush used in the
present study includes a cluster of very fine, distinct and rigid bristles. The bristles are a
potential source of irritation of the subjects’ lid margin, possibly causing reflex tearing and a
subsequent increase in the likelihood of collecting tears with meibum. In addition, the stiff
nature of the bristles appears capable of effectively increasing collection of cellular material
from the lid margin.

Although similarly designed as the cytology microbrush to be non-absorbent, the Dacron
swab as a collection device presents another set of issues to consider. Dacron is a trade name
for polyethylene terephthalate (C10H8O4) known industrially as PET, and commonly
referred to as polyester. During the processing of the synthetic fiber, copolymers and
stabilizers may be used. Antimony trioxide (Sb2O3) is a catalyst frequently used during PET
manufacturing (90%). Although we did not evaluate directly for antimony in this study, if
present, random effects during extraction and on the results of laboratory assays conducted
may have occurred due to interaction with laboratory solvents, possibly inducing unreliable
results and contamination of samples. Analytical blanks were run with the assays to
minimize the impact of device contamination on results.

Stainless steel spatulas possess the distinct disadvantage of required immediate extraction,
as freezing or storing spatulas would be cumbersome. Thus, samples in this study were
immediately extracted upon collection. Each surface of three spatulas was used only once
for each subject; consequently, three spatulas were used for one lid to increase the quantity
of lipid collected. This method was effective for sample collection, but less convenient
compared with the other three methods. Sample contamination with stainless steel spatula
collection is not expected as organic solvents do not react with stainless steel, and removal
of lipid from stainless steel is effective with organic solvents.
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Contamination of samples remains to be considered. Alteration of the natural physiological
status of the subject’s ocular surface and eyelid would occur if the lid margin is cleaned with
a cotton swab prior to collection with a spatula or other device, including reflex tearing. To
consider the composition of pure lipid from the meibomian gland in an absolute sense is
quite different than considering the actual composition of meibum collected from the lid
margin in living subjects, which has interacted with the ocular surface. It is likely the
structure and function of meibum as part of the lipid layer of the tear film is somewhat
different than freshly expressed meibum. In addition, with such small quantities collected,
the choice of collection method can influence the analysis outcome. Although it has been
suggested meibomian gland cellular products from the secretion process may be a source of
contamination12, they are an integral part of meibum as collected from human subjects, and
may contribute to the function of the lipid in the tear film.

Controversy exists over the presence of inorganic phosphates (for example, phospholipids)
in human meibomian gland secretions. Although the holocrine secretion from the
meibomian glands supports the presence of cellular membranes containing polar lipids in
meibum, scientific evidence has been presented in support of both perspectives. Shine and
McCulley reported finding three types of inorganic phosphates (phospholipids) in both
normal and chronic blepharitis human subjects.4, 6 The relative composition of polar lipids
(phospholipids were found to be approximately 70% of polar lipids in normals) was
compared between normals and those with chronic blepharitis revealing significant
identifiable differences between groups. Sullivan et al also reported on identification of
polar lipids in human meibum, with notable differences between those with complete
androgen insensitivity and normal controls, as well as identifiable variation with age.9–10

Other reports indicative of phospholipids in meibum come from Greiner’s work with
rabbits11, 35 and the possible implication through a contribution to the tear film of
meibomian gland disease patients by Yamada.29 Butovich and coworkers propose that
contamination of the human meibum sample with tears and/or cells is necessary for
detection of inorganic phosphates.12 This position is supported by results from studies
completed by Butovich and others reported in two papers on mass spectrometry analysis of
human meibum.7–8 Utilizing capillary collected tears and lipid samples collected by spatula,
Butovich et al. showed that lipid composition differs for meibomian gland secretions and
aqueous tears. Methods of detection and analysis are a possible cause of these differences.
Sample preparation protocols and solvent choices are one potential source of detection
variability. Mass spectrometric analysis involves many variables; one of significance may be
the choice of prior chromatographic separation versus direct injection of the sample.

If one holds to the opinion inorganic phosphates indicate sample contamination, the results
from this study suggest collection of meibum samples should be accomplished by spatulas
and not via cytology microbrush. Given the fact that the present results show an increased
probability of detecting inorganic phosphates in subjects without dry eye, decreased levels
may be present in those with dry eye disease, suggesting a possible bioindicator of disease.
Literature suggests low phospholipid levels may exist in the presence of inflammatory
disease due to increased levels of phospholipases.36–38 The increased detection of inorganic
phosphates cannot be attributed to the collection of larger overall sample quantities in the
normal subjects, as the results indicated no difference in mean quantity of total lipids
detected based on dry eye status.

Immediate extraction yields significant improvement for detection of both cholesterol and
inorganic phosphates over frozen samples with later extraction. Utilizing this method
requires careful planning prior to sample collection as one must be prepared to process
samples immediately after collection, which is a time intensive process. Nonetheless, the
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controversy surrounding inorganic phosphates in human meibum may only be resolved if
immediate extraction is employed in future research in this field.

CONCLUSIONS
The spatula method of collection has the most balanced benefits of those in the present study
if yield is important in the analysis approach. The highest mean quantity of cholesterol
detection was associated with spatula collection, as well as the lowest mean quantity of
inorganic phosphates. Although inorganic phosphate was detected in 40% of samples
collected with this technique, the lowest mean quantity of inorganic phosphate was
associated with spatula collection of all four techniques in the current study. Spatula
collection was second only to the Dacron swab in terms of association with mean quantity of
total lipid detected, without the substantial prospective sources of device contamination. Of
additional benefit will be results from planned analysis of samples by mass spectrometry to
determine with higher specificity the composition of the samples as well as the collection
devices.

Extensive review of the literature fails to reveal studies comparing the same human meibum
collection and extraction methods. Statistical significance for subjects’ dry eye status was
established only for detection of inorganic phosphates in this study with the unanticipated
result of higher rates of detection for non-dry eye subjects. Immediate extraction of lipid
from samples appears to be of general benefit and should be carefully considered for studies
in this field. While it is difficult to ascertain the practical implications of statistical
significance in this study, given the small sample quantities available, it is important to
maximize detection using the most successful methods. Of considerable importance,
variable results may occur with different laboratory assay-based or other protocols, and care
should be taken to match the collection device with appropriate analyses. Additional
research in various laboratory methods of meibum analysis is indicated to further clarify the
significance of meibum composition and its application for clinical conditions. It is outside
the scope of this manuscript to discuss the contact lens findings from those collected in this
study.
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Figure 1.
Study design flowchart. Separation of the sixty subjects into three groups of twenty based on
type of meibum collection is illustrated in this diagram. Sample collection was done with
glass microcapillary tube from the right eye, and either Dacron swab (Group A), cytology
microbrush (Group B), or spatulas (Group C) from the left eye. Differences in extraction
technique are also shown, with visit one using frozen as collected samples with later
extraction (with the exception of Group C, left eye), and visit two samples being extracted
immediately.
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Figure 2.
The collection devices used in the study.
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Figure 3.
Relative Effectiveness of Detection by Total Lipid Assay (µg).32 Total lipid assay was only
significant for collection device. Displayed are comparative effectiveness values by
collection device only for statistically significant devices.
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Figure 4.
Relative Effectiveness of Detection by Cholesterol Assay (µg).30–31, 33 Cholesterol assay
was significant for collection device and extraction technique. Displayed are comparative
effectiveness values by collection device and extraction technique only for statistically
significant values.
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Figure 5.
Relative Odds Ratios for Detection by Inorganic Phosphate Assay.28–29 Inorganic phosphate
assay was significant for collection device, extraction technique, and dry eye status.
Displayed are comparative odds ratio values by collection device, extraction technique, and
dry eye status only for statistically significant values.
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Table 2

Proportion of 4 samples from a subject containing inorganic phosphate. By dry eye status, the table shows the
number and percent of subjects with a given proportion. It can be seen there is a trend for more of the subject’s
samples to contain inorganic phosphates if the subject does not have dry eye.\

Dry Eye Status

Proportion Non Dry-Eye Dry Eye

N % N %

0.00 (0/4) 4 10 4 22

0.25 (1/4) 11 26 9 50

0.50 (2/4) 22 52 4 22

0.75 (3/4) 4 10 1 6

1.00 (4/4) 1 2 0 0

Total 42 100 18 100
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