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Abstract

Purpose: The compositional, structural, and functional relationships of meibum may provide
insights into the loss of tear film stability. Although the conformation of meibum lipids has been
studied rigorously, that of tear lipids has not.

Methods: Tear lipids (TLnxscT) and meibum (MpscT) from patients who had hematopoietic stem
cell transplantation were pooled prospectively. The infrared spectra of meibum from donors with
(Mmep) and without (Mp) meibomian gland dysfunction were retrospectively analyzed to measure
the lipid composition and structure. The infrared CH stretching region was used to measure the
relative content of CH3 and CH, moieties in the meibum.

Results: The 3 major findings of the current study are as follows: 1) compared with My,
MyscT and Mpgp had 18% fewer CH3 moieties; 2) compared with MyscT, the phase transition
temperature, cooperativity, and order were approximately 20% greater for TLygcT; and 3)
compared with M, and Myigp, MpscT and TLyscT contained fewer double bonds.

Conclusions: Tear lipids are more ordered than meibum lipids, which could have functional
consequences. The human meibum peak height ratio of the CH3/CH, bands is not a factor

related to tear film stability with age or sex. The amount of CH3z moieties relative to CH,
moieties and saturation could contribute to a higher meibum lipid order associated with a younger
age, meibomian gland dysfunction, and dry eye from hematopoietic stem cell transplantation.
Therefore, the hydrocarbon order may be a marker of or contribute to an unstable tear film layer.
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Meibum produced by the meibomian glands is the major source of lipids on the surface

of tears. The thinl-2 tear film lipid (TFL) layer is responsible for the stability of tears.38
The compositional, structural, and functional relationships of meibum may provide insights
into the loss of tear film stability with age (references in Mudgil et al®) and dry eye.

The lipid order is related to the lipid structure and pertains to their conformation, how

the molecules are arranged in space. The lipid structural order may be thought of as lipid
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fluidity; however, fluidity may have an additional mobility component. When lipids are
ordered, as in butter, the hydrocarbon chains pack tightly together. This maximizes van der
Waals interactions between hydrocarbon chains (Fig. 1D), and the carbons align in the trans
rotamer conformation. When lipids are disordered, as in olive oil, there are more gauche
rotamers than frans rotamers. In addition, hydrocarbon chain packing becomes less tight,
thus minimizing van der Waals interactions between hydrocarbon chains.

In relation to the eye, infrared spectroscopy has been used to measure the lipid order

of human meibum,®-23 the rod outer segment,24 and lens membranes.2>-29 Saturation

plays a major-role in determining the lipid order in these tissues,16:18:21 but cholesterol,2°
cholesteryl esters,30 and hydrocarbon chain branching31-33 can also contribute to
hydrocarbon chain order. The human meibum order increases with age between 0 and 25
years,® meibomian gland dysfunction,12:22 and with donors who have had hematopoietic
stem cell transplantation.20:22:23 |nterestingly, tear film stability also increases in the same
order: meibum from donors without dry eye (M,,) between the ages 0 and 25 years,® meibum
from donors with meibomian gland dysfunction (Mpgp), and meibum from donors who
have had hematopoietic stem cell transplantation (MpscT). Correlation does not necessitate
cause, but the relationship between the hydrocarbon chain order and tear film stability is
intriguing, and, at best, the lipid order is a marker for age and dry eye, with a positive
correlation of 93%.11

Evidence suggests that more ordered lipids can contribute to formation of a discontinuous
patchy TFL layer, which in turn results in deteriorated spreading?! and decreased surface
elasticity. One may speculate that a more ordered lipid layer results in an attenuated
capability to restore the TFL layer structure between blinks. A detailed review on this topic
has been published.® Too much lipid order may also keep meibum from flowing out of the
meibomian glands.

Although the conformation of meibum lipids has been studied rigorously,9-23:30 that of
tear lipids has not.2® The major source of TFL is the meibomian glands’; however, other
sources may include lipocalin-bound or free phospholipids34-39 and eyelid sebum.15:40.41
The composition410:34-44 and physical properties0.19.43.44:45 of tear lipids are slightly
different than those of meibum lipids.

In the current study, we compared the structural order and phase transition parameters

of MyscT with tear lipids from patients who had hematopoietic stem cell transplantation
(TLnscT). Furthermore, we used the infrared CH stretching region to measure the relative
content of CH3 and CH, moieties of M, Mpgp, and MpscrT-

MATERIALS AND METHODS

Tear lipids and meibum from 44 patients who had undergone hematopoietic stem cell
transplantation were grouped into 5 pools, respectively. Meibum from 8 younger (average
age of 1.7 = 0.2 years) and 8 older (average age of 38 + 0.6 years) donors without dry
eye were each prospectively grouped into 2 pools. The infrared CH stretching region was
used to measure the relative content of CHz and CH, moieties in the meibum. Human
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meibum peak height ratios (PHRs) of the CH3/CH bands (2955 cm~1/2919 cm™1) and

lipid saturation were retrospectively calculated from the infrared spectra of meibum from 42
donors with meibomian gland dysfunction, 45 donors without dry eye, and 19 patients who
had undergone hematopoietic stem cell transplantation.%-23

Because the CH stretching bands become smaller and broader with disorder at temperatures
above the phase transition temperature (27-40°C), which changes the PHR, in the current
study, we measured the PHR of meibum at temperatures below the phase transition
temperature (~13°C) and comparable levels of order.

Written informed consent was obtained from all donors. Protocols and procedures were
reviewed by the University of Louisville Institutional Review Board and the Robley Rex
Veterans Affairs Institutional Review Board. All procedures were in accordance with the
Declaration of Helsinki. Protocols and procedures for the current retrospective study were
approved by the University of Louisville Institutional Review Board (# 11.0319, August
2016).

As a portion of this study was a retrospective study from published methods, collection
and processing of human meibum, infrared spectral acquisition parameters, and clinical
diagnoses can be found in citations.19-24 Subjects were recruited from the Kentucky Lions
Eye Center, the Robley Rex Veterans Affairs Medical Center, and the James Graham
Brown Cancer Center, all in Louisville, KY. Briefly, meibomian gland expression was
done by compressing the eyelid between cotton-tipped applicators, with strict attention to
avoid touching the eyelid margin during expression. All 4 eyelids were expressed, and
approximately 1 mg of meibum was collected per individual for direct spectroscopic study.
To collect MyscT, the meibomian glands were expressed by lightly compressing the eyelids,
with strict attention to avoid touching the eyelid margin during expression. All 4 eyelids
were expressed, and approximately 0.5 mg of meibum was collected per individual. The
secretion was collected with a platinum spatula and dissolved in 600 uL of chloroform.

Clinical Diagnosis

Clinical diagnosis was made on the same cohorts as published previously12:20 and copied
below. Subjects were recruited from the Kentucky Lions Eye Center and the Robley Rex
Veterans Affairs Medical Center in Louisville, KY. Normal status was assigned when the
subject’s meibomian gland orifices showed no evidence of keratinization or plugging with
turbid or thickened secretions, and no dilated blood vessels were observed on the eyelid
margin.

The diagnosis of meibomian gland dysfunction was made according to the criteria of Foulks
and Bron.#6 Plugging of the meibomian glands of at least 5 of 10 orifices in the central
portion of the upper eyelid was required for the diagnosis of meibomian gland dysfunction.
The secretion expressed by the meibomian gland had to be turbid, turbid with clumps, or
paste-like. Inflammation of the eyelid margin, as evidenced by both swelling of the eyelid
margin and 2+ vascular engorgement of the posterior eyelid margin, was necessary for
diagnosis. The presence of telangiectasia of the posterior eyelid margin confirmed chronic
disease, but it was not required for entry. Tear stability was determined by instillation of
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sodium fluorescein into the tear film. The tear breakup time was less than 5 seconds for all
subjects with meibomian gland dysfunction.

The participants classified as “without dry eye” did not recall having dry eye symptoms.
Patients with graft-versus-host disease were diagnosed by medical oncologists. Patients
who had undergone hematopoietic stem cell transplantation underwent full ophthalmic eye
examination using slit-lamp biomicroscopy. The tear ebreakup time was measured using a
slit lamp after instillation of 1 fluorescein drop. The diagnosis of dry eye was based on the
clinical examination results, including fluorescein stain uptake of the cornea or conjunctiva,
an irregular tear film, a low tear meniscus, and symptoms. Symptoms that were considered
positive for dry eye included foreign body sensation, excessive tearing, excessive blinking,
burning of eyes, and blurry vision. The Schirmer test was performed on all patients by
placing a standard strip in the lower conjunctival sac without anesthesia for 5 minutes.
Meibomian gland orifices, eyelid changes at the mucocutaneous junction, and expression
of meibum by gentle pressure were all evaluated for the diagnosis of meibomian gland
dysfunction.

Collection and Extraction of Tear Lipids

Tear lipids were collected from Schirmer strips, but the amount collected was too low to
measure phase transition parameters. Therefore, tear lipids had to be pooled from 8 to 16
donors. For comparison, meibum samples from the same individuals in the cohort were also
pooled.

The leading tip (5 mm) of the Schirmer strip was bent at a 90-degree angle and subsequently
placed over the edge of the lower eyelid for 5 minutes. The lower portion (5 mm) of the strip
was cut off, and the upper and lower portions were each placed in a vial filled with argon

to prevent oxidation. Care was taken not to contaminate the lower end of the test strip with
finger lipids.

Lipids were extracted from the pools of Schirmer strips that were placed in the 2 glass

vials using 5 mL of methanol, which had been bubbled with argon for 5 minutes. The

strips and methanol were sonicated with a Sonifier 1 cell disrupter microprobe (Branson
Ultrasonics, Danbury, CT) 3 times for 15 seconds each, with a 2-minute cooling period

in between sonication. The methanol was decanted and centrifuged at 10,000 rpm for 15
minutes to remove methanol-insoluble impurities. The methanol was decanted again, and
care was taken to not disturb the pellet. The steps above were repeated with CHCI3 and then
again with benzene instead of methanol. The CHCI3 and benzene lipid extracts were added
to the methanol lipid extracts, and the solvents were evaporated under a stream of argon.
CDCl3 (1 mL) was added to each sample.

Curves were fit using SigmaPlot 10 software (Systat Software, Inc, Chicago, IL), and the
confidence levels were obtained from a critical value table of the Pearson product-moment
correlation coefficient. Significance between cohorts was tested using the Student ftest. P<
0.05 was considered statistically significant. Data are reported as mean * standard error.
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Measurement of Lipid Phase Transitions Using Fourier Transform Infrared Spectroscopy

Lipid phase transitions were measured as described previously.%-18 Approximately 500 pL
of sample in CDCl3 was applied to a AgCl infrared window. The solvent was evaporated
under a stream of argon gas, and the window was placed in a lyophilizer for 4 hours to
remove all traces of solvent. Infrared spectra were measured using a Fourier transform
infrared spectrometer (Nicolet 5000 Magna Series; Thermo Fisher Scientific, Inc, Waltham,
MA). Lipids on the AgCIl window were placed in a temperature-controlled infrared cell.
The cell was jacketed by an insulated water coil connected to a circulating water bath
(model R-134A; Neslab Instruments, Newton, NH). The sample temperature was measured
and controlled by a thermistor touching the sample cell window. The water bath unit

was programmed to measure the temperature at the thermistor and to adjust the bath
temperature so that the sample temperature could be set to the desired value. The rate of
heating or cooling (1°C/15 minutes) of the sample was also adjusted by the water bath unit.
Temperatures were maintained within £0.01°C. Exactly 100 interferograms were recorded
and averaged. Spectral resolution was set to 1.0 cm™L. Infrared data analysis was then
performed (GRAMS/386 software; Galactic Industries, Salem, NH). The frequency of the
symmetric CHj stretching band near 2850 cm™1 (¥sym) Was used to estimate the content of
trans and gauche rotamers in the hydrocarbon chains. ¥y was calculated by first baseline
leveling the OH-CH stretching region between 3500 and 2700 cm™2. The center of mass of
the CH symmetric stretching band was calculated by integrating the top 10% of the intensity
of the band. The baseline for integrating the top 10% of the intensity of the band was
parallel to the OH-CH region baseline. The change in ¥gym versus temperature was used

to characterize the lipid phase transitions, as described previously.> Because rotamers are
either in the frans or gauche conformation, phase transitions were fit to a 2-state sigmoidal
equation using SigmaPlot 10 software (Systat Software, Inc, Chicago IL) as follows:

I73}’“1 = (Vsym)minimum + ((Vsym)maximum - (fis}’m)minimum)/(1 + (temperature/Tc)thIOPe)

where ¥y is the frequency of the symmetric CH stretching band near 2850 cm~land Tcis
the phase transition temperature.

The lipid order at 33.4°C and 36°C, the temperatures at the ocular surface and of the
meibomian glands, respectively,*” was calculated by extrapolating the Vsym at 33.4°C and
36°C, from the fit of the phase transition and then converting ¥y, to the percentage of
trans rotamers, a measure of lipid conformational order. The data for the percentage of trans
rotamers were used to calculate the phase transition enthalpy and entropy from the slopes of
the Arrhenius plots.

RESULTS

The infrared CH stretching region bands of meibum from 134 donors were examined

in the largest infrared spectroscopic study of meibum.2® The donor demographics are
presented in Table 1. Of the patients with hematopoietic stem cell transplants, 28% had

no graft-versus-host disease, 50% had chronic graft-versus-host disease, and 22% had acute
graft-versus-host disease. However, because of the small sample size, there was no statistical
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difference (P> 0.4) between the phase transition parameters of meibum from patients with
or without graft-versus-host disease or between meibum from patients with graft-versus-host
disease classified as acute or chronic.2? There was a trend toward an increased order with the
severity of graft-versus-host disease.20

Infrared CH stretching region spectra of meibum samples were measured at average
temperatures of 11 + 5°C, 11 + 1°C, and 14 + 2°C for My, MyscT, and Mpygp, respectively.
Five bands were resolved in the infrared CH stretching region of M, and Mygp (Fig. 1A).
Four bands were resolved in the infrared CH stretching region of Mysct as the =CH band at
3010 cm™ (Fig. 1B.iii). The infrared bands for the wax oleyl oleate (Fig. 1C.ii) were similar
to those of M, (Fig. 1C.i), but they were broader than those for the wax stearyl palmitate
(Fig. 1C.iii) and cholesteryl behenate (Fig. 2C.iv). Approximately 7 infrared bands were
poorly resolved for cholesterol (Fig. 1C.v).

The PHRs for MyscT and Mygp were significantly lower than the PHR for M, (15%, P=
0.0017 and 0.0003, respectively, Table 1, Fig. 2). The PHRs for TLyscT and MpscT were
nearly identical (£> 0.05, Table 1).

There were no statistical differences in the meibum PHR in terms of sex or race. Similarly,
the PHR did not change with age: r = 0.03, #=0.85; r = 0.009, A=0.97;r=0.12, P=0.45
for My, Mpmcp, and Myscr, respectively.

The phase transition parameters from pooled samples were compared with the average
values obtained from the same individual samples (Table 2). Although some of the phase
transition parameters were significantly different, the differences were relatively small and
inconsistent, so we conclude that pooling did not affect the phase transition parameters
compared with the parameters measured individually.

Tear lipids were collected from Schirmer strips, but the amount collected was too low to
measure the phase transition parameters, so the tear lipids had to be pooled. For comparison,
meibum samples from the same individuals in the cohort were also pooled. The phase
transition parameters for 5 pools of tear lipids and 5 pools of meibum from donors who had
hematopoietic stem cell transplantation are listed in Table 3. Compared with MyscT, the
phase transition temperature, cooperativity, and order were significantly greater for TLyscT
(P<0.05, Fig. 3).

DISCUSSION

The compositional, structural, and functional relationships of meibum may provide insights
into the loss of tear film stability with age and dry eye. The 3 major findings of the

current study are as follows: 1) compared with the PHR for M,,, the PHRs for MyscT and
Mmcp Were significantly lower (15%; P= 0.0017 and 0.003, respectively); 2) compared
with MyscT, the phase transition temperature, cooperativity, and order were significantly
greater for TLyscT (23%—-48%, P < 0.05); and 3) compared with My, and Mygp, MuscT
and TLnscT contained fewer double bonds (all samples of Myset and TLnscT had no
detectable double bonds in the infrared spectra). A similar result was obtained for 1 sample
of My, and tear lipids from a donor without dry eye.1® The trend for the magnitude change
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in order and phase transition temperature for meibum remained the same for tear lipids: M,
< MyscT and tear lipids from donors without dry eye < TLnscT; but the order and phase
transition temperature of tear lipids were greater than those of meibum. The pooled sample
data from the current study confirm the published individual sample data,?? so pooling was
unlikely to alter the results. The functional consequences of a more ordered lipid layer are
discussed earlier.

In the current study, the PHRs of My, Mpmgp, and Mysct were measured using infrared
spectroscopy. The PHR is related to the tear lipid and meibum composition, as discussed in
the Introduction. The infrared CH stretching region spectra of meibum were measured well
below the phase transition temperature so that the hydrocarbon chain structural differences
did not contribute to the PHR values. The major finding of the current study is that the PHRs
for Mpysct and My gp were significantly less than that for M, (15%; 2= 0.0017 and 0.003,
respectively). This observation is in agreement with a qualitative infrared spectroscopy
study using principal component analysis.}! The PHR could be a marker for dry eye, and

the compositional differences implied by differences in the PHR could perhaps contribute

to it. The moieties responsible for the differences between the PHRs are speculative.
Branched hydrocarbon chains contain fewer CH, moieties and more CH3 moieties compared
with straight chain hydrocarbons. As M, cholesteryl esters contain more branched chains
compared with M,, wax esters,30 fewer cholesterol esters in Mpgp compared with M,30
could contribute to the difference in the PHRs observed in the current study. The cholesterol
ester content of MygcT has yet to be determined.

No age or sex differences were noted between the PHRs for My, Mmcp, and MpscT, in
agreement with a nuclear magnetic resonance spectroscopic study of human meibum.3!
Because of the small sample size, the lack of differences in the PHRs with race should be
viewed cautiously. Therefore, the PHR is not a factor related to tear film stability with age or
sex. The finding that the PHRs of tear lipids and meibum are nearly identical implies that the
higher order of tear lipids compared with meibum is not due to differences in hydrocarbon
chain branching.

In the current study, in addition to having a lower PHR, MyscT contained fewer double
bonds compared with M, and My,gp. Fewer double bonds could also contribute to more
CH, moieties and a smaller PHR for Mysct compared with M,,. Fewer double bonds could
also contribute to the very high order16.18 of MygcT.23 Patients who have had hematopoietic
stem cell transplantation have a higher incidence of dry eye, which is often very severe.*8

van der Waals interactions between CH, moieties are responsible for lipid ordering. CH3
moieties sterically inhibit CH,—CHj> interchain interactions and cause lipids to be more
disordered, as observed with anteiso-branching.32 More CH, moieties (fewer CH3 moieties)
observed with Mygp and Mysct compared with My, could contribute to the higher order
of Mpap and Mysct compared with M,,.20-23 As double bonds also contribute to lipid
disorder,16:18 fewer double bonds in Mysct compared with My, and Mwmcp, as observed in

the current study, could also contribute to a more ordered Mysct compared with M, and

Miep. 2023
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As stated earlier, a more ordered TFL layer could contribute to the formation of a
discontinuous patchy TFL layer, which in turn results in deteriorated spreading?! and
decreased surface elasticity.8 In addition to lipid order, amphiphilic lipids found in tears
such as phospholipids and (C-acyl)-w-hydroxy fatty acids, which have surfactant properties,
may contribute significantly toward the structure and function of the tear film lipid layer at
the tear interface region.8-2% In addition, the amount and quality of the protein content in the
meibum may play a crucial role in its surface film structure and properties.® Langmuir film
studies involving proteins show that they can penetrate deeply into the tear film lipid layer,
which can modify its performance (reviewed in citation8).

In conclusion, tear lipids are more ordered than meibum lipids, which could have functional
consequences. The PHR is not a factor related to tear film stability with age or sex. The PHR
and saturation can contribute to a higher meibum lipid order associated with a younger age,
meibomian gland dysfunction, and dry eye from hematopoietic stem cell transplantation.
Therefore, the hydrocarbon order may be a marker of or contribute to an unstable tear film
layer.
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FIGURE 1.

A, Curve fit of the average infrared CH stretching region spectra of meibum from

donors without dry eye. B, Average infrared CH stretching region spectra of (i) meibum

from donors without dry eye; (ii) meibum from donors with dry eye due to meibomian
gland dysfunction; and (iii) meibum from donors who have had hematopoietic stem
cell transplantation and are susceptible to severe dry eye. C, Infrared CH stretching
region spectra of (i) meibum from donors without dry eye; (ii) oleyl oleate; (iii) stearyl

palmitate; (iv) cholesteryl behenate; and (v) cholesterol. D, Schematic of wax structure and

conformation.
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Normal HSCT MGD  SP CB

The PHR, on the yaxis, is a relative measure of CHs to CH, moieties in the hydrocarbon
chains of meibum. The ratio changes with hydrocarbon saturation, branching, and chain
length. My, meibum from donors without dry eye; My,gp, meibum from donors with dry
eye due to meibomian gland dysfunction; MpyscT, meibum from donors who have had
hematopoietic stem cell transplantation and are susceptible to severe dry eye; SP, stearyl
palmitate; CB, cholesteryl behenate.
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FIGURE 3.

The absolute percentage difference (meibum — tears) for lipid phase transition parameters.
The difference was positive for the minimum wavenumber, A enthalpy, and A entropy. Data

are presented as mean + 95% confidence limit. * indicates a significant difference, £< 0.05.
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donors

TABLE 1.
Cohort Demographics and Data
Number Average Age (y) PHR (2955 cm=1/2919 cm™1) P
Cohort without dry eye
Total 45 22302 0.46 +0.01
Female 14 20905 0.43 £0.02
Male 31 23.3+04 0.47 £0.02 0.2, vs. females
White 35 22103 0.46 +0.03
Asian 5 23+1 0.47 £ 0.05 0.8, vs. whites
Black 4 30+£3 0.49 £0.04 0.7, vs. whites
Hispanic 1 29 0.49
Cohort with meibomian gland
dysfunction
Total 42 65+2 0.39+0.01 0.0003, vs. without
dry eye
Female 13 58.9+0.9 0.38 £0.03
Male 29 63.8+0.2 0.39+£0.02 0.8, vs. females
White 34 67.2+0.2 0.39 £0.02
Black 4 56 +2 0.40 £ 0.06 0.7, vs. whites
Hispanic 1 50 0.34
Cohort that had hematopoietic stem cell
transplantation
Total 19 23+2 0.39+0.01 0.0017, vs. without
dry eye
Female 8 20905 0.43+0.05
Male 11 23.3+04 0.35+0.02 0.09, vs. females
White 15 435+0.6 0.39+0.03
Asian 1 13 0.33
Black 3 42+4 0.36 £0.09 0.7, vs. whites
Tear lipids from the cohort that had
hematopoietic stem cell transplantation
Total 5 pools from 44 23+2 0.0387 + 0.004 <0.001, vs. without

dry eye

Average + standard error of the mean. Data for meibum, except where indicated.

Cornea. Author manuscript; available in PMC 2021 September 21.



Page 15

Jussalp Apueoyiubls )

JuBWILIBAXa T = U 10118 [eusWLIadX3F
x

‘sa|dwes [enpIAipul snsiaA pajood Jo uostiedwod ay) 10y Si 4 “uonelue|dsues [180 Wals aislodolewsy pey eyl Loyod aul st 1 DSH

“UBSW 8Y) JO J01I8 pJepue)s F Ueaw se pajuasald si 8By ‘[eAIsIul 30UBPIIUOD 04GE F afelany

Cornea. Author manuscript; available in PMC 2021 September 21.

S0°0< G0'0< 50'0< 50'0< d

6T GFGY 90FEY 90 F ¥'SE 20 F 07582 T0F€6782 LOSH [enpiatpul
swoysoodg  SFSY z%9 pEve S0 T'V58e £0FT6Y8e L9SH poloog
,500> 50'0< 50°0< 500> d

Ge 7 ¥GE 80F 6L 80F€0€E 20 F L'€S8C T'0¥FL'6v82 [euLIoU 13p|0 ‘[enpiAipu|

siouop g woy [0od T 90 F 8€ T#0T ¥'0F 962 10 F 07582 10 ¥0°058¢ . [ewou “18pjo ‘pajood
500> 50°0< G0'0< 500> s

e _ _ = e J19bunoA

8 COFLT €F¥8 SF¥ /¢ 6'0 + 9'€58¢ L0'0F TL'6V8¢C ‘[eWIO0U ‘[enpIAIpU|
siouopguwoiyjood T Z0F LT E0FEY Y0F6€C 60'0 ¥ £6'€58¢C 60'0 ¥ 6£'6v8C ,13BunoA “[eutou *pajood
u (1A) 8by  (annelay) Ananesadood (0.) (7-wo) (7-W9) J3QUINUBABAA WNWIULIA ajdwes

ainjeaadwa) uonisued] aseyd 130WINUBABAA WUNWIXEIA|

Borchman et al.

AJ[enpIAIpu| pareinoje) J0 Pajood SeM 1.yl WiNGIB|Al UeWNY 10 Sialaieled Uonisuel] aseyd

¢31avil

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Borchman et al.

TABLE 3.

Page 16

Phase Transition Parameters of Lipids From Pooled Meibum and Tears From the Same 44 Donors Who Had
Hematopoietic Stem Cell Transplantation

Phase Transition Parameter

Pooled Meibum  Pooled Tears

Minimum wavenumber (cm™) 2849.1+0.1 2849.0+0.1

Maximum wavenumber (cm™t

Phase transition temperature (
Cooperativity (relative)

Order at 33.4°C (% trans)
Order at 36°C (% trans)

A Enthalpy (kcal/mol)

A Entropy (kcal/mol/degree)

No. of pools

) 2854.1+0.2 2854.4+0.3
°C) 34+2 40+4
6+1 7x1
52+5 647
46+ 4 57+8
131+ 17 122+ 12
04+0.1 0.39 +0.04
5 5

Data are presented as mean + standard error of the mean.
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