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Purpose: Evaporative dry eye is associated with meibomian gland

dysfunction and abnormalities of the tear film lipids. Dry eye is known

to be affected positively by intake of linoleic and g-linolenic acids and

n-3 fatty acids. Oral sea buckthorn (Hippophaë rhamnoides) (SB) oil,

which contains linoleic and a-linolenic acids and antioxidants, has

shown beneficial effects on dry eye. The objective was to investigate

whether supplementation with SB oil affects the composition of the tear

film fatty acids in individuals reporting dry eye.

Methods: One hundred participantswere randomized to this parallel,

double-blind, placebo-controlled study, which 86 of them completed.

The participants daily consumed 2 g of SB or placebo oil for 3months.

Tear film samples were collected at the beginning, during, and at the

end of the intervention and 1 to 2 months later. Tear film fatty acids

were analyzed as methyl esters by gas chromatography.

Results: There were no group differences in the changes in fatty acid
proportions during the intervention (branched-chain fatty acids:

P = 0.49, saturated fatty acids: P = 0.59, monounsaturated fatty acids:

P = 0.53, and polyunsaturated fatty acids: P = 0.16).

Conclusions: The results indicate that the positive effects of SB oil

on dry eye are not mediated through direct effects on the tear film

fatty acids. Carotenoids and tocopherols in the oil or eicosanoids

produced from the fatty acids of the oil may have a positive effect on

inflammation and differentiation of the meibomian gland cells.
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The ocular surface is lubricated by the tear film, which also
provides it with nutrients. The film forms a smooth optical

surface, protecting the oculus against pathogens and removing
foreign material and microbes. The tear film consists of
a mucous layer closest to the corneal epithelium, an aqueous
layer above it, and an outermost tear film lipid layer facing
the air. The layers are soft and constantly changing because of
the movement of the eyelids, evaporation and drainage, and
secretions from the lacrimal and meibomian glands and
conjunctival goblet cells. Conjunctival goblet cells produce
tear film mucins that lubricate the ocular surface. The aqueous
part, which is rich in carbohydrates, salts, and hydrophilic
proteins, many of which are antibacterial, is secreted by the
lacrimal glands. Meibomian glands at the margins of the eyelids
secrete meibum, which is rich in lipids. Meibum lipids contribute
to the lipids of the tear film, which are essential for its normal
function.1,2 The lipid layer restricts water evaporation from the
aqueous part, enhances spreading of the tear film, contributes to
a smooth optical surface, and prevents tear overflow.1

Disturbances in the structure and functions of the tear
film may lead to dry eye, ‘‘a multifactorial disease of the tears
and ocular surface,’’3 which causes diverse symptoms and at
worse may significantly compromise the quality of life.4 The
2 main types of dry eye are aqueous-deficient dry eye caused
by disturbances in the aqueous tear flow and evaporative dry
eye associated with excess evaporation of the tear film. Both
dry eye types are associated with increased osmolarity
of the tear film and inflammation of the ocular surface.3

Concurrent with tear film hyperosmolarity, tear film instability
is a focal driving force contributing to the mechanisms of dry
eye. Tear film instability may be the initiating factor leading
to hyperosmolarity. This is the case when meibomian gland
dysfunction, the most common reason for evaporative dry
eye, causes abnormalities in the tear film lipid layer, and
consequently, excess evaporation of tear film water takes
place. Hyperosmolarity may also induce tear film instability by
activating inflammation, leading to epithelial damage that
interferes with normal production of the tear film.1,3

Combined g-linolenic (18:3n-6) and linoleic acid
(18:2n-6) supplementation has shown positive effects on
meibomian gland dysfunction and dry eye,5–9 and consump-
tion of n-3 fatty acids is associated with reduced risk of dry eye
in women.10 Suggested mechanisms underlying the beneficial
effects of n-3 fatty acids and the combination of g-linolenic
and linoleic acids include effects on inflammation, tear
secretion, and tear film lipids.
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We observed that oral sea buckthorn (Hippophaë
rhamnoides) (SB) oil attenuates the rise in tear film osmolarity
that takes place during the cold season and positively affects
dry eye symptoms.11 SB berry oil is rich in palmitoleic
(16:1n-7), palmitic (16:0), and oleic (18:1n-9) acids, whereas
the seed oil contains a high proportion of linoleic, a-linolenic
(18:3n-3), and oleic acids.12 SB oils also contain tocols and
phytosterols. Carotenoids are enriched in the berry oil and
contribute to the orange color of the berry.13 SB oil has been
reported to promote wound healing, inhibit platelet aggrega-
tion, and beneficially affect the skin.14–16 To investigate the
possible mechanism causing the positive effects of SB oil on
dry eye, the objective of this trial was to examine whether SB
oil supplementation affects the fatty acid composition of the
tear film in individuals with dry eye.

PARTICIPANTS AND METHODS

Study Design and Participants
This study was registered at www.clinicaltrials.gov (ID:

NCT00739713), approved by the Ethics Committee of the
Hospital District of Southwest Finland, and carried out at the
University of Turku and Turku University Hospital (Finland).
The participants were recruited by announcements on Internet
pages, local newspapers, and bulletin boards. Inclusion
criteria were experience of dry eye symptoms and age of 20
to 75 years. Exclusion criteria were severe illness, pregnancy
or breastfeeding, smoking, and regular use of strongly
anticholinergic drugs. The participants gave their informed
written consent and were randomized to the SB group (n = 52)
or placebo group (n = 48). Permuted block randomization was
used. The stratification factors in randomization were age, sex,
and contact lens wear.

Participants consumed 2 g of SB or placebo oil daily for
3 months. The oils were administered in the form of gelatine
capsules of identical appearance that were taken twice a day
with meals. The participants were asked not to use any other
oil supplements during the intervention and 1 month before it.
The participants visited an ophthalmologist 4 times during the
trial: at the beginning of the trial (baseline), after consuming
the capsules for 1 month, at the end of the intervention period
(3 months), and, as a post intervention check, approximately 1
to 2 months after consuming the last study capsules.

Samples for the fatty acid analyses of tear film were
collected at each study visit, using a Schirmer paper (5-minute
tear flow from both eyes). To avoid contaminating the tear
samples with lipids from other sources, the participants were
advised not to wear any cosmetics around the eyes before the
study visit. The ophthalmologist taking the sample wore nitrile
gloves, and the participants wore paper masks to prevent the
Schirmer papers from touching their face while the sample was
taken. The Schirmer papers loaded with the tear film
were immediately immersed in hexane and stored at 270�C
until analysis.

Additionally, at each study visit, clinical dry eye tests
(tear film osmolarity, tear film stability as tear film breakup
time, and tear secretion as the length of wetting the Schirmer
paper) and symptom questionnaire (modified ocular surface

disease index) were performed. The participants kept a daily
symptom logbook concerning the dry eye symptoms and the
intake of study capsules. These analyses and more details of
the study design and the participants were described
previously.11

Study Products
The SB oil had a standardized composition containing

both seed and berry oil.17,18 The oil was manufactured by
Aromtech, Ltd (Tornio, Finland) using supercritical carbon
dioxide extraction. The placebo contained palm and coconut
oil triacylglycerols of medium-chain fatty acids. Medium-
chain fatty acids are for the most part rapidly oxidized in the
liver.19 Although the regulatory effects on peroxisome
proliferation–activated receptor g (PPARg) have been reported
in vitro,20 doses higher than those used in this trial have been
used in most animal models and human trials showing the
biological effects of medium-chain fatty acids.19 Fatty acids of
SB and placebo oils were analyzed as methyl esters using a gas
chromatographic method.16,21 Tocopherols and carotenoids
were analyzed using a high-pressure liquid chromatography
(HPLC)-UV and HPLC-Visible methods, respectively.

Analyses of Tear Film Fatty Acids
Participants’ tear film fatty acids were analyzed using the

in situ boron trifluoride methylation and the gas chromato-
graphic method described by Joffre et al22 with some minor
modifications. The Schirmer papers from both eyes of each
participant were combined for the analysis. In brief, the
Schirmer papers and the storage hexane were carefully
transferred to the reaction tubes, and the hexane was
evaporated by a nitrogen flow. Toluene (0.1 mL) was added,
and after mixing, 1 mL of boron trifluoride in methanol (10%;
Fluka, Buchs, Switzerland) was added. The tubes were kept
at 90�C for 18 hours. After cooling, 1.6 mL of water and 2 mL
of hexane were added. The tubes were thoroughly mixed and
centrifuged to separate the phases. The hexane phase was
recovered and evaporated to dryness. Sixty microliters of
hexane were added before the samples were stored at 270�C.

The fatty acid methyl esters were analyzed using a
Perkin-Elmer AutoSystem gas chromatograph (Norwalk, CT)
equipped with a flame ionization detector (FID) and DB-1
capillary column (30 m3 0.25 mm inner diameter3 0.25-mm
film thickness; Agilent Technologies, Inc, Folsom, CA). The
oven temperature program was as follows: from the initial
100�C, the temperature was raised by 4�C per minute to 188�C
and then by 2�C per minute to 250�C for 35 minutes. To end
the sample run, a fast increase of 40�C per minute to 330�C for
5 minute was programmed. The temperature of the injector
was 300�C and that of the detector was 280�C. Helium was
used as the carrier gas with a split ratio of 1:3, and the average
flow rate was 1.2 mL/min. To confirm the peak identities,
some samples were also analyzed by gas chromatography
mass spectrometry (Shimadzu GC-MS QP5000 instrument;
Shimadzu, Kyoto, Japan and DB-1 capillary column identical
to that used with FID).

The identification of 23 fatty acids was based on the
comparison of the retention times and the mass spectra of
sample analytes to those of commercial reference compounds
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[mixtures of fatty acid methyl esters: BR-4 (Larodan Fine
Chemicals, Ltd, Malmö, Sweden), 68 D (Nu-Chek Prep,
Elysian, MN), Supelco 37 Component FAME Mix and
bacterial acid methyl esters mix (Supelco, Bellefonte, PA) and
single methyl esters: methyl 13-methyl pentadecanoate and
methyl 7(Z)-hexadecenoate (Larodan Fine Chemicals, Ltd)].
According to mass spectra [comparisons to the Wiley mass
spectral database (Shimadzu, Kyoto, Japan)] and retention
times relative to the known peaks, 5 compounds were
tentatively identified as methyl esters of iso–branched-chain
fatty acid and anteiso–branched-chain fatty acid (i-22:0, ai-
23:0, i-24:0, ai-25:0, and i-26:0). Reference compounds were
not available for these fatty acids. The percentage of each
identified fatty acid was calculated by dividing the peak area of
each fatty acid methyl ester by the total area of identified fatty
acid methyl esters. No correction factors were used.

Precautions were taken to prevent contamination of the
tear samples during collection (see Study Design and
Participants) and analyses. All the glassware used in the
analyses were washed carefully and rinsed with hexane. Blank
analyses of the reagents and Schirmer paper with reagents were
carried out. The reagent chromatograms were clean, indicating
the absence of contaminating lipids in the reagents, glassware,
and other equipment used for the collection and analysis of the
samples. The Schirmer paper was found to contain fatty acids
that were also present in the tear samples. However, for most
compounds, the amounts were small compared with those in the
tear samples. The paper also contained an unidentified peak that
was not found in the tear samples. The area of this peak was used
to calculate a correction factor, allowing us to deduct the effect
of the Schirmer paper from the tear sample analyses. Because
the proportions of the clean Schirmer paper gas chromatographic
peaks were not entirely constant from paper to paper, this
produced some extra variation in the results. The same batch of
Schirmer papers (Haag-Streit UK, Ltd, Essex, United Kingdom)
was used throughout the study. During the course of the trial, the
analytical conditions were monitored by regularly analyzing
a standard fatty acid methyl ester mix (68D; Nu-Chek Prep).

Statistical Analysis
In the first part of this study, the sample size was

determined for observing the group differences in dry eye
symptoms of the participants.11 The sample size estimation
was based on the assumption that at the end of the observation
period, the mean modified ocular surface disease index scores
of the groups would differ by 4 points or more (assumed
SD = 6 points). With a sample size of 37 participants per
group, the study would have a power almost equal to 80% to
detect the difference between treatments (2-sided tests, 0.05
significance level). To tolerate a dropout rate of approximately
25%, a total of 100 participants were recruited.

In respect to fatty acids of the tear film, it was estimated
that with a sample size of 37 participants per group, the study
would have a power almost equal to 80% to detect a difference
of 2 percentage units (assumed SD = 3) with 2-sided test and
significance level of 0.05. Joffre et al22 observed a difference
of 2.1 percentage units in the proportions of linoleic acid
between healthy people and those having aqueous-deficient
dry eye (SDs: 1.3–3.1). Souchier et al23 reported a decrease in

fatty acid i-20:0 in the tear film lipids of patients with
meibomian gland dysfunction after minocycline treatment
from baseline to after treatment (from 2 percentage to 0.7
percentage, SDs: 1.3 and 0.2, respectively). They suggest that
i-20:0 may be a biological marker of meibomian gland
dysfunction. To detect a similar difference of 1.3 percentage
units (assumed SD: 1.3) between the fatty acid proportions in
the groups of our study, it was calculated that a sample size of
17 participants per group would be required (almost equal to
80% power, 2-sided test, significance level of 0.05). Based on
this, it was estimated that the sample size of 100 randomized
participants would be large enough for detecting the potential
effects of SB oil on tear film fatty acids.

The data analyses were carried out using all randomized
participants (all participants). In addition, analyses were
carried out using only those participants who consumed the
study capsules for at least 80% of the observation days
(compliant participants, the main effect model only). The
intake of capsules was reported daily by the participants in the
logbooks concerning their dry eye symptoms.11

The fatty acid proportions were used as dependent
variables in the statistical analyses carried out with the SAS
software version 9.2 (SAS Institute, Inc, Cary, NC). Variables
of change were analyzed with a general linear model with
a repeated measures term included (SAS MIXED procedure).
The baseline proportion of the fatty acid in question, age,
contact lens wear, sex, and baseline clinical dry eye test results
(tear film osmolarity, tear film breakup time, and Schirmer
test) were considered as the potential covariates in the model.
Only significant covariates (P , 0.05) and those with
significant interactions with other parameters in the model
(P , 0.05) were included in the final statistical model
(the main effect model). Additional analyses were carried out
in which the group–change interaction was also included in the
model to calculate the estimates of changes (the interaction
effect model). The results were adjusted for multiplicity using
the Bonferroni correction. Significance levels of 0.05 were
used throughout.

RESULTS

Participants
The majority of the participants were women [44 (85%)

in the SB group and 41 (85%) in the placebo group]. The
mean age of the participants was 45 6 18 years in the SB
group and 466 17 years in the placebo group. The number of
participants attending the baseline visit was 49 in the SB group
and 47 in the placebo group. The 3-month visit ending the
intervention was attended by 45 and 43 participants in the SB
and placebo groups, respectively. Forty-five of the SB group
participants and 41 of the placebo group participants
completed the whole trial, including the after check. This
total dropout of 14% was well within the limits of our pre-
estimated dropout rate. Forty-three participants of the SB
group and 38 participants of the placebo group were included
in compliant participants. Further participant details are
available elsewhere.11
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Study Products
The daily dose (2 g) of SB oil contained the following

fatty acids: 14:0 (2 6 0 mg), 16:1n-7 (346 6 48 mg), 16:0
(338 6 47 mg), 18:2n-6 (245 6 34 mg), 18:3n-3 (149 6 21
mg), 18:1n-9 (316 6 45 mg), 18:1n-7 (108 6 15 mg), 18:0
(31 6 4 mg), and 20:0 (6 6 1 mg). The a- and g-tocopherol
content in the daily dose of oil was 6.0 6 0.4 mg and 0.8 6
0.1 mg, respectively. The total carotenoid content (lutein 3%,
zeaxanthin 3%, b-cryptoxanthin 2%, cis-b-carotene 6%,
a-carotene 5%, b-carotene 27%, g-carotene 6%, cis-
g-carotene 6%, and unknown carotenoids 42%) was 1.8 6
0.4 mg per 2 g of oil. The placebo oil contained the following
fatty acids: 8:0 (884 6 11 mg in the daily dose), 10:0 (733 6
4 mg), 12:0 (16 0 mg), and 14:0 (26 0 mg). The placebo oil
contained neither carotenoids nor g-tocopherols and only
0.2 6 0.0 mg per 2 g of a-tocopherol.

Tear Film Fatty Acids
Monounsaturated and branched-chain saturated fatty

acids were the most abundant fatty acid groups, each
constituting about or just below 40% of all fatty acids at
baseline (Table 1). The proportions of the straight-chain
saturated and polyunsaturated fatty acids accounted for
about 15% and 7% of the baseline fatty acids, respectively.
The most abundant fatty acids were oleic, vaccenic, and
palmitic acids. Changes in the fatty acid proportions
during the intervention did not differ between the SB and
placebo groups in all the participants (Table 1) or in the
compliant participants (see Table, Supplemental Digital
Content 1, http://links.lww.com/ICO/A18). The additional
interaction model analyses also led to the conclusion that
there were no group differences between the treatments
(data not shown).

The slight trend toward a lower proportion of branched-
chain fatty acids and a higher proportion of monounsaturated
fatty acids toward the end of the trial seen in both the groups
was because of the effect of aging of the capillary column.
This was confirmed by rerunning the baseline and 3-month
samples from a set of participants successively in the same
conditions. A slight increase in the proportions of earlier
eluting fatty acid methyl esters at the expense of the later
compounds was found toward the end of the trial in the
standard fatty acid methyl ester mix as well. However, because
the samples from each visit were analyzed at the same time for
both groups, the effect of time did not affect the comparisons
of the treatment groups.

DISCUSSION
Meibomian gland dysfunction associated with abnormal-

ities of the meibum lipids is a key factor in the development of
evaporative dry eye and posterior blepharitis.3,24 Changes in the
lipid composition may affect the melting point of the meibum
and stability and viscosity of the lipid layer. The lipid
composition of meibum may also affect the lid microbes and
vice versa, as the microbial lipases are able to hydrolyze the
lipid ester bonds. Meibum from patients with meibomian
gland dysfunction may be turbid, granular, and have

a toothpaste-like and high-viscose consistency.24 According
to the type of meibomian gland dysfunction, both hypo- and
hypersecretion of meibum may take place.24

Meibum lipids from the patients with meibomian gland
dysfunction have a lower proportion of straight-chain saturated
fatty acid and a higher proportion of branched-chain saturated
fatty acid compared with those of healthy people.22 The
increased proportion of branched-chain fatty acids may be an
adaptive change because of the lack of tears, which lowers the
meibum melting point and improves lipid fluidity and tear film
lipid layer resistance to evaporation.22 Patients with blepharitis
with ocular damage similar to that of dry eye had a lower
proportion of phosphatidylethanolamine and sphingomyelin
among meibum polar lipids compared with those patients with
blepharitis without dry eye signs.25 The tear film lipid layer is
thinner in people experiencing dry eye symptoms compared
with those with no symptoms.26

In this trial, oral supplementation of SB oil to dry-eyed
participants for 3 months did not result in changes in the fatty
acid composition of the tear film. Still, the oil had positive
effects on dry eye symptoms and tear film osmolarity, as
reported earlier.11 From the baseline in autumn (mean
temperature in Turku: +8�C) to the end of the intervention
in winter (mean temperature in Turku: 24.5�C), there was
an increase in the tear film osmolarity in both the groups.
During the cold season, the air humidity is low indoors and
outdoors, which may increase tear evaporation27 and dry eye
symptoms.28 Compared with the placebo, the increase of tear
film osmolarity was significantly less in the SB group when all
the participants were included and when only the compliant
participants were included (P = 0.04 and P = 0.02,
respectively). The participants in the SB group reported lower
maximum intensities of redness (all participants: P = 0.04;
compliant participants: P = 0.05) and burning (compliant
participants: P = 0.04; all participants: P = 0.11).11

Only a few intervention trials have been carried out
concerning the effects of the treatments for dry eye
and meibomian gland dysfunction on meibum composition
and consistency. The oral combined intake of linoleic and
g-linolenic acids for 180 days reduced symptoms, meibomian
secretion turbidity, and meibomian gland obstruction. The
effects of oil intake were more distinct when combined with
eyelid hygiene.9 Intake of evening primrose oil rich in linoleic
and g-linolenic acids improved the tear meniscus height and
some symptoms but had no effect on the quality or quantity of
meibomian gland secretion or the tear film lipid layer, as
graded by quality scales.5 Minocycline, an antibiotic used for
the treatment of blepharitis in combination with lid hygiene,
and lid hygiene alone reduced the proportion of the branched-
chain fatty acid i-20:0 in the meibum lipids.23

We found only one human intervention trial investigat-
ing the effects of oil intake on the fatty acid composition of the
meibum or tear film. Macsai29 reported that supplementation
with 6 g/d of flaxseed oil rich in n-3 fatty acids for 1 year
in patients with meibomian gland dysfunction resulted in
improvements in symptoms and some of the clinical
parameters measured. A decrease in the proportion of
saturated fatty acids in the meibum of the participants in the
flaxseed group was also reported. However, it was unclear
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from the article whether the change was statistically
significant. The meibum fatty acid composition or changes
in composition were not presented in the article. A case study
by Sullivan et al30 reported differences in the meibum polar
lipid profiles in patients with Sjögren syndrome according to
their n-3 fatty acid intake from their habitual diet. Sjögren
syndrome is an autoimmune disease that is associated with an
increased risk of dry eye.3

Rabbit and bovine meibomian glands are capable of de
novo fatty acid synthesis, using branched-chain amino acids as
primers for the branched-chain fatty acids that are typical of
meibum lipids.31,32 De novo synthesis of meibum lipids is
likely to be important in mice as well, and stearoyl-CoA
desaturase (SCD) may be relevant to the development of
dry eye.33 SCD catalyses D9-cis desaturation of acyl-CoA

substrates and is a rate-limiting enzyme in the synthesis of
monounsaturated fatty acids, mainly oleic and palmitoleic acids
from stearic and palmitic acids, respectively. Miyazaki et al33

found that the SCD-1–null mouse had reduced quantities of
triacylglycerols, cholesteryl and wax esters, and oleic acid and
increased quantities of free cholesterol in their eyelids. They
also had narrow eye fissures, atrophic meibomian glands, and
depleted meibum lipids. Feeding the SCD-1 mouse a diet rich
in oleic and/or palmitoleic acids did not remedy the lipid, eye
fissure, or meibomian gland abnormalities, suggesting that
dietary intake is not the major source of the monounsaturated
fatty acids that are incorporated into the eyelid lipids.
Modification of the fatty acid composition of rat exorbital
lacrimal gland phospholipids by dietary eicosapentaenoic
(20:5n-3), docosahexaenoic (22:6n-3), and g-linolenic acids

TABLE 1. Proportions of Identified Tear Film Fatty Acids at Baseline, During, and at the End of the 3-Month Intervention and at
Postcheck*

SB Group† PL Group† P for Group
Differenceof
Change‡BL 1 Mo 3 Mo Postcheck BL 1 Mo 3 Mo Postcheck

i-15:0 0.3 6 0.1 0.3 6 0.1 0.3 6 0.2 0.3 6 0.2 0.3 6 0.1 0.3 6 0.3 0.3 6 0.1 0.3 6 0.1 0.49

ai-15:0 0.4 6 0.2 0.4 6 0.3 0.5 6 0.2 0.5 6 0.3 0.4 6 0.2 0.4 6 0.2 0.5 6 0.4 0.5 6 0.2 0.31

i-16:0 2.3 6 0.6 2.4 6 0.5 2.4 6 0.5 2.4 6 0.5 2.3 6 0.6 2.3 6 0.7 2.4 6 0.6 2.3 6 0.7 0.58

i-17:0 0.4 6 0.2 0.5 6 0.2 0.4 6 0.2 0.5 6 0.2 0.4 6 0.2 0.4 6 0.2 0.5 6 0.2 0.4 6 0.2 0.66

ai-17:0 6.3 6 1.4 6.1 6 1.1 5.9 6 1.3 5.8 6 1.1 6.4 6 1.4 6.2 6 1.1 6.1 6 1.4 5.6 6 1.3 0.92

i-20:0 2.7 6 0.5 2.6 6 0.5 2.5 6 0.6 2.5 6 0.5 2.7 6 0.6 2.6 6 0.7 2.6 6 0.6 2.4 6 0.6 0.59

a-21:0 1.8 6 0.4 1.6 6 0.3 1.5 6 0.3 1.5 6 0.3 1.7 6 0.4 1.7 6 0.3 1.6 6 0.4 1.5 6 0.4 0.12

i-22:0§ 2.3 6 0.6 2.1 6 0.4 1.9 6 0.5 1.9 6 0.4 2.2 6 0.5 2.1 6 0.5 1.9 6 0.5 1.8 6 0.5 0.29

ai-23:0§ 2.0 6 0.4 1.9 6 0.3 1.8 6 0.3 1.8 6 0.3 1.9 6 0.4 2.0 6 0.4 1.9 6 0.4 1.8 6 0.3 0.08

i-24:0§ 5.9 6 1.2 5.4 6 1.0 4.9 6 1.0 5.0 6 0.9 5.4 6 1.1 5.3 6 1.4 4.9 6 1.0 4.8 6 1.0 0.38

ai-25:0§ 6.8 6 1.7 5.8 6 1.1 5.3 6 1.0 5.2 6 0.9 6.4 6 1.7 5.9 6 1.3 5.2 6 1.0 5.0 6 1.0 0.95

i-26:0§ 6.6 6 1.6 6.5 6 1.3 6.0 6 1.2 6.0 6 1.1 6.2 6 1.3 6.4 6 1.8 5.7 6 1.3 5.5 6 1.3 0.68

sum of BCFA 37.8 6 6.4 35.6 6 5.3 33.4 6 5.7 33.4 6 5.2 36.5 6 6.4 35.7 6 6.8 33.6 6 6.0 31.9 6 6.5 0.49

15:0 0.2 6 0.2 0.2 6 0.2 0.3 6 0.2 0.3 6 0.2 0.2 6 0.2 0.23 6 0.3 0.3 6 0.4 0.3 6 0.2 0.82

16:0 6.5 6 2.5 7.0 6 2.8 7.7 6 3.2 7.3 6 2.8 6.7 6 2.6 7.5 6 3.3 7.4 6 3.5 7.2 6 2.8 0.99

17:0 0.2 6 0.1 0.2 6 0.1 0.2 6 0.1 0.2 6 0.1 0.2 6 0.1 0.2 6 0.1 0.2 6 0.1 0.3 6 0.3 0.75

18:0 5.3 6 2.0 5.2 6 1.8 5.0 6 2.1 4.8 6 1.8 5.1 6 2.0 5.5 6 2.2 5.0 6 2.3 4.7 6 2.0 0.44

20:0 0.4 6 0.2 0.3 6 0.1 0.3 6 0.1 0.4 6 0.1 0.4 6 0.2 0.4 6 0.2 0.3 6 0.1 0.4 6 0.1 0.14

21:0 1.0 6 0.5 0.9 6 0.4 1.0 6 0.4 1.0 6 0.4 0.9 6 0.4 1.0 6 0.5 1.0 6 0.4 1.0 6 0.5 0.41

22:0 0.6 6 0.3 0.6 6 0.2 0.5 6 0.2 0.5 6 0.2 0.6 6 0.3 0.6 6 0.3 0.5 6 0.2 0.5 6 0.2 0.62

24:0 1.0 6 0.3 0.9 6 0.3 0.9 6 0.3 0.9 6 0.2 1.0 6 0.3 1.0 6 0.3 0.9 6 0.4 0.9 6 0.4 0.08

sum of SAFA 15.2 6 5.2 15.4 6 5.1 16.0 6 5.8 15.4 6 5.3 15.2 6 5.4 16.3 6 6.3 15.7 6 6.6 15.3 6 6.0 0.59

16:1 4.8 6 1.6 5.0 6 1.2 5.3 6 1.0 5.6 6 1.6 4.8 6 1.5 5.1 6 1.6 5.5 6 2.1 5.4 6 1.2 0.46

18:1n-9 26.7 6 6.8 28.8 6 5.6 29.8 6 5.1 30.0 6 5.1 28.0 6 4.6 27.4 6 7.3 29.6 6 4.1 31.6 6 5.0 0.22

18:1n-7 6.8 6 1.2 6.9 6 1.1 7.0 6 0.9 7.1 6 1.0 6.7 6 1.0 6.7 6 1.1 6.9 6 1.2 7.0 6 1.1 0.27

24:1n-9 1.7 6 0.4 1.6 6 0.4 1.6 6 0.2 1.6 6 0.2 1.6 6 0.4 1.5 6 0.3 1.5 6 0.3 1.5 6 0.2 0.46

sum of MUFA 39.9 6 7.6 42.3 6 6.1 43.7 6 5.7 44.2 6 5.4 41.2 6 4.9 40.7 6 8.2 43.5 6 4.5 45.5 6 5.2 0.53

18:3n-6 0.4 6 0.1 0.4 6 0.2 0.4 6 0.2 0.4 6 0.1 0.4 6 0.2 0.4 6 0.1 0.3 6 0.1 0.3 6 0.1 0.72

18:2n-6 6.0 6 1.9 5.9 6 1.7 5.9 6 1.7 6.0 6 2.0 6.2 6 1.9 6.4 6 2.3 6.3 6 1.9 6.4 6 2.2 0.17

20:3n-6 0.6 6 0.2 0.5 6 0.2 0.5 6 0.2 0.6 6 0.2 0.6 6 0.2 0.6 6 0.3 0.6 6 0.3 0.6 6 0.2 0.08

sum of PUFA 7.1 6 2.1 6.8 6 1.8 6.8 6 1.9 6.9 6 2.2 7.2 6 2.1 7.4 6 2.5 7.2 6 2.2 7.4 6 2.3 0.16

*Values are mean percentages 6 SD, all participants are included.
†SB group: n = 43–48 and PL group n = 38–41.
‡Group difference of change during intervention; postintervention check not included in the model.
§Tentative identification (see Participants and Methods for details).
PL, placebo, BL, baseline, BCFA, branched-chain fatty acids, SAFA, saturated fatty acids, MUFA, monounsaturated fatty acids, PUFA, polyunsaturated fatty acids.
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has been reported.34 The dietary modification was associated
with effects on inflammation and dry eye.

Because the inclusion criterion in this trial was the
experience of dry eye symptoms without further clinical tests,
different dry eye types were represented. The meibum fatty
acid composition of individuals with aqueous-deficient dry
eye is similar to that of healthy people.22 Most of the earlier
trials reporting fatty acid compositions have analyzed meibum,
whereas our sample contained lipids from the tear film,
including the aqueous tears. Butovich et al35 compared the
lipid classes in tear film and meibum samples and found that
samples collected using a technique similar to ours contained
the lipid classes of the meibum, as well as lipids with a lower
molecular weight and higher polarity, probably originating
from the aqueous tears, conjunctiva, or cornea.

Even though positive effects on tear film osmolarity and
dry eye symptoms were detected,11 the lack of changes in tear
film fatty acid composition indicates that mechanisms other
than a direct effect of the oil on tear film fatty acids were
active. Effects on inflammation and production of tears are
likely.6,8 Agonistic effects of SB oil fatty acids on PPARg may
be possible.36 PPARg is a transcription factor that is important
in the regulation of lipid metabolism. It is activated by
polyunsaturated fatty acids, including linoleic acid, leading to
increased lipid production by sebaceous cells, and is needed
for their differentiation in vitro.37

The risk of dry eye is associated with older age.3 Nien
et al36 found that the localization of PPARg changed from
cytoplasmic to nuclear in the meibomian gland acinar cells of
older mice. This change was associated with fewer lipid droplets
and a decrease in lipid-producing acinar tissue. In older mice,
the meibocyte cell cycling and the meibomian gland size were
reduced, whereas lymphocytic infiltration, suggesting increased
inflammation, was increased. Accordingly, Nien et al36 sug-
gested that PPAR ligands, including n-3 and n-6 fatty acids,
might positively influence dry eye by stimulating the
differentiation of meibocytes and reducing inflammation and
lymphatic infiltration to the meibomian glands. Also, the
carotenoids and a- and g-tocopherols in the SB oil are likely to
have antiinflammatory effects, as suggested by in vitro
studies.38,39 The amount of carotenoids in meibum is reduced
in patients with meibomian gland dysfunction. Deprivation of
meibum carotenoids is also associated with older age.40

In conclusion, consuming SB oil for 3 months did not
affect the fatty acid composition of tear film in dry-eyed
individuals. Therefore, it is likely that the beneficial effects on
dry eye symptoms and tear film osmolarity, observed in this trial
and reported earlier, were mediated through mechanisms other
than the direct incorporation of SB fatty acids into tear film
lipids. There may be an effect on the differentiation of
meibomian gland cells or the thickness of the tear film lipid
layer. Other potential mechanisms include the antiinflammatory
effects of fatty acids, carotenoids, and tocopherols of the SB oil.
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pulp oils on atopic dermatitis. J Nutr Biochem. 1999;10:622–630.

17. Kallio H, Yang BR, Peippo P, et al. Triacylglycerols, glycerophospho-
lipids, tocopherols, and tocotrienols in berries and seeds of two subspecies
(ssp sinensis and mongolica) of sea buckthorn (Hippophaë rhamnoides).
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