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Abstract

Few studies have investigated the influence of increased amounts of dietary linoleic acid on the epidermal lipid biochemistry
and TEWL in healthy subject. The influence of dietary linoleic acid on canine stratum corneum (SC) lipids was studied
by feeding two groups of five dogs differential amounts of linoleic acid (LA) for three months. SC was harvested by tape
stripping and lipids were analyzed by thin-layer chromatography and mass spectrometry. The dogs that were fed the higher
concentration of LA showed high increases in the contents of both linoleic acid and free ceramides in the SC, whereas the
protein-bound ceramide content was unchanged. Acylacids that represent the esterified form of linoleic acid in omega hydroxy
very long chain fatty acids (w-OH VLCFA) accounted for most of the elevation of LA, whereas the concentration of the free
form was not significantly changed. Corroborating the absence of change in the protein-bound ceramides content of healthy
dogs SC, TEWL was nearly unaffected by the linoleic acid-enriched diet.
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Abbreviations

®-OH VLCFA Omega-hydroxy very long chain fatty
acids

TEWL Transepidermal water loss

LA Linoleic acid

PPARS« Peroxisome proliferator-activated recep-
tors alpha
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Introduction

Linoleic acid C18:2 is a polyunsaturated fatty acid which
is only synthesized by plants. For humans and other mam-
mals it is, therefore, an essential dietary requirement. A
deficient diet results in, amongst other things, the develop-
ment of a scaly skin condition with concomitant increase
in transepidermal water loss (TEWL) [6], a condition
known as Essential Fatty Acid Deficiency. In the epider-
mis, LA is incorporated into an esterified form on omega-
hydroxy very long chain fatty acids (n-OH VLCFA) with
30-34 carbon atoms. The pathway of biosynthesis in the
epidermis leading to the presence of linoleic acid-containg
acylacids is shown in Fig. 1. These fatty acids are mainly
found in the form of acylceramides [32] and acylacids [3],
both of which are critical components for maintaining the
integrity of the epidermal water permeability. The cou-
pling of LA to ®-OH VLCFA seems a critical point; topi-
cal application of free LA has no effect on TEWL, whereas
LA ester-bound to o-OH VLCFA results in reduced TEWL
in essential fatty acid-deficient rats [14] which have
previously been fed oleic acid instead of linoleic acid,
thereby inducing disruption of acylglucosylceramides
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Acid Table 1 Dietary analysis of baseline and supplemented diets
ceramidase
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sphingoid Beta sphingoid Acid
base Gle glucosidase base ceramidase Ash % (w/w) 6.2 6.5
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vce gle Protein % (w/w) 25.4 242
= TGase 1 B Lo
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Fig.1 Pathway of lipid biosynthesis in epidermis leading to acyl
acids containing linoleic acid. The synthetized lipids are: w-OH-
VLCFA-CoA (Omega-Hydroxy Very Long Chain Fatty Acids-CoA),
®-OH-Cer (Omega-Hydroxy-Ceramide), acylCer (acyl-Ceramide),
acylGlcCer (acyl glucosyl-ceramide), ®-OH-GlcCer-CE (Omega-
Hydroxy acyl glucosyl-ceramide —Cornified Envelope), «®-OH-
Cer-CE (Omega-Hydroxy ceramide-Cornified Envelope), «-OH-
VLCFA-CE (omega-hydroxy very long chain fatty acids-cornified
envelope). Substrate lipids are: Glc (Glucose), sphingoid base, lin-
oleic acid. The involved enzymes are: Cer synthase (ceramide syn-
thase), Cer O-acyl transferase (ceramide O-acyl transferase), GlcCer
synthase (Glucosyl synthase), TGase 1 (Transglutaminase 1), Beta
glucosidase, acid ceramidase

and acylceramides [18]. It has also been reported that LA
can modulate lipid metabolism by activating peroxisome-
proliferator-activated receptors alpha (PPARSa) [8].

Few studies have been conducted on the effect of die-
tary linoleic acid on skin lipid biochemistry in healthy
subjects. Most investigations have focused on oral intake
of linoleic acid in essential fatty acid deficiencies. One
report did show a beneficial effect of LA by reducing
senile dryness in healthy middle-aged American women
[5]. The present study, using healthy adult dogs, was
designed to investigate the influence of dietary linoleic
acid significantly above the normal recommended daily
requirement on the lipids of canine SC and skin barrier
function as measured by TEWL. The selection of the two
linoleic acid concentrations tested in this study (4 g/Mcal
and 10 g/Mcal) was based on the range observed in typical
pet foods on the market. Many grocery products contain
linoleic acid around the 4-5 g/Mcal range, whereas higher
quality feeds typical have linoleic acid spanning 7-10 g/
Mcal [1]. The 10 g/Mcal concentration, therefore, lies at
the top end of the premium type commercial diets.
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Ethical statement

Dogs on this study were housed in purpose-built, environ-
mentally enriched housing at the Waltham Centre for Pet
Nutrition (Waltham, U.K.). All housing, care and proce-
dures were in keeping with the requirements of the Animals
(Scientific Procedures) Act 1986 and the study approved by
Waltham’s Animal Welfare and Ethical Review Body.

Diets and sampling

All dogs were fed nutritionally balanced and complete diets
for the duration of the study according to individual meta-
bolic energy requirements (bMER 95 kcal x BW®73) [19].
The linoleic acid concentration of the two diets was adjusted
relative to the oleic acid component via changes to the con-
tribution of fats derived from coconut, soya or pork. The
analyses of the principle components of the two diets are
shown in Table 1. Increased LA in the supplemented diet
was largely compensated by a reduction in palmitate and
oleate. At the start of the study, ten Labrador Retrievers were
fed a diet containing 4 g/Mcal linoleic acid for twelve weeks
to establish baseline conditions. Subsequently, the dogs were
assigned to two groups of 5, matched for age and sex. One
group, Group 1, continued on the baseline diet and the other,
Group 2, changed to a similar diet adjusted to 10 g/Mcal
linoleic acid for a further 12 weeks. Immediately prior to
the diet switch, and then following 8 and 12 weeks, a series
of 10 tape strip samples of SC were sequentially taken from
the same abdominal area of epidermis. Strips were placed
into clean plastic tubes and immediately stored at — 80 °C
until processing.

Transepidermal water loss (TEWL)

TEWL measurements were taken at the end of the pre-feed
period, and subsequently following 4, 8 and 12 weeks of
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the differential feeding period. Five separate measurements
were taken at each time point for each dog. The dogs were
assessed in a quiet, draft-free room with consistent envi-
ronmental conditions. Measurements were taken using a
Cutometer MPAS580 fitted with a Tewameter Triple TM
330 T (3 Probes measure TEWL simultaneously) placed 1-2
inches to one side of the lumbar spine, first parting the hair
coat so as to ensure good contact of the probe with the skin.
The lumbar region of the animal provided a good surface for
orientation of the 3 probes. Prior to the start of the study,
the dogs were conditioned to remain stationary for 1 min at
a time to improve stability of readings.

Lipid extraction and analysis

Tapes were placed in a glass tube containing hexane—iso-
propanol 5:1 (v/v) to remove the adhesive without solubi-
lizing the cellular lipids. After sonication on ice for 5 mn,
the tapes were removed and the tubes were centrifuged at
1500xg to recover the corneocytes. The corneocyte pellets
were extracted at room temperature in chloroform—methanol
2:1 (v/v), centrifuged then extracted twice more with metha-
nol only [22]. The pooled supernatants were evaporated to
dryness under nitrogen and the lipid residues were taken up
with diethylether. The protein-bound lipids were extracted
from the cell pellets residues by mild saponification with
KOH 0.1 N in methanol-water 10:1 (v/v) for 2 h at 50 °C.
After neutralization, the protein residue was removed by
centrifugation and assayed by the Coomassie Blue method.
Free and protein-bound lipids extracted from the strips
were fractionated sequentially into several lipid classes on
LC-NH2 silica gel cartridges (Supelco, L'Isle d’Abeau,
France) as previously described [22]. Briefly, the fractions
containing neutral lipids, free fatty acids, and ceramides
(glucosylceramides and phospholipids were absent) were
eluted respectively with chloroform, chloroform—metha-
nol 23:1 (v/v) and diisopropylether-acetic acid 98:3 (v/v).
The fractions were analyzed by thin-layer chromatography,
along with known amounts of standards. The plates were
visualized with a spray reagent (3% copper acetate in 8%
phosphorous acid) by heating in an oven at 150 °C. For each
plate, the quantification was performed three times by scan-
ning densitometry with a CS-930 Chromatoscan (Shimadzu,
Kyoto, Japan) and the variations were always below 5%.

Assay of linoleic acid by LC-APCI/MS

The fatty acid fractions extracted from SC tape strips and
purified by chromatography on the LC-NH?2 cartridges were
taken up in chloroform and analyzed by liquid chromatog-
raphy-mass spectrometry (LC-MS) without derivatization.
To quantify the amount of linoleic acid, 2 ug of standard
pentadecanoic acid C15:0 (Sigma, L’Isle d’Abeau, France)

that represents less that one percent of free fatty acids in SC
[20] was added to each fraction. A 5 pl sample was injected
in a RSLC Dionex-U300 column coupled to a LTQ-Orbit-
rap Velos Pro mass spectrometer (Thermofisher Scientific,
Villebon-sur-Yvette, France) equipped with an atmospheric-
pressure chemical ionization (APCI) interface. The mass
spectra were recorded with high resolution (100,000) from
m/z 200 to m/z 800. The amount of linoleic acid in each fatty
acid sample was calculated from the intensity of the ion m/z
279, knowing that the intensity of the standard C15:0 ion m/z
241 corresponded to 2 ug of pentadecanoic acid exogenously
added to each sample.

Statistics

For TEWL data a mixed effects model was used where
TEWL was modelled against Week, Diet and the Week by
Diet interaction as fixed effects with a random effects struc-
ture of Probe nested in Repeat nested in Week nested in
Dog. Planned contrasts were applied comparing the ‘change
from week 0’ between diets and testing for between week
differences within each diet. Significance at P <0.05. For
lipid analysis, the quantitative results obtained by scanning
densitometry were compared using Student’s 7 test, P =0.05
being accepted as significant.

Results

As mentioned in the previous section, the two groups of
dogs followed a specific linoleic-enriched diet. Tape strip
lipid samples taken from the SC of each dog were assessed
for free linoleic acid at m/z 279 (Fig. 2), along with the ions
of the major fatty acids from C14 to C30 in the m/z 240-460
range.

In a broader range from m/z 240 to 800 (Fig. 3), as well
as the free fatty acids of SC clearly separated in the m/z
240-460 range, there was a second group of fatty acids in
the m/z 700-800 corresponding to acylacids that are esters
of -OH VLCFA [3]. An extended spectrum of acyl acids
is shown in Fig. 4. Using MS/MS (MS2), the acylacid ions
were cleaved into linoleic acid C18:2 and ®-OH VLCFA of
different lengths and degrees of unsaturation. Figure 5 shows
that, after MS2 in the negative ion mode, the compound at
m/z 729 released C18:2 (m/z 279) and ow-OH C30:0 (m/z
467). The results of MS2 experiments on the major ions
recorded in the range of m/z 700-800 shown in Fig. 4 are
listed in Table 2. As the lipids were solubilized in chloro-
form, adducts with C1~ were formed for each anion. The
MS2 ionization generally induced a loss of minus 18 for
each fragment, corresponding to one molecule of water. The
fragments released upon MS2 from the ions at m/z 757 and
793 (7574 CI7) were in nearly equal proportions (m/z 279

@ Springer
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Fig. 2 Identification of linoleic acid in the free fatty acid fraction
purified from canine stratum corneum by APCI LC-MS. RSLC
Dionex-U3000 coupled to LTQ-Orbitrap Velos Pro, Thermofisher

and m/z 281, not shown), and were assigned respectively to
linoleic acid C18:2 and oleic acid C18:1. The proportion
of oleic acid was found to be about tenfold lower than that
of linoleic acid in acylacids, and there were no detectable
amounts of palmitic and stearic acids, both of which have
previously been reported in the acylacid fraction of human
epidermis by Bowser et al. [3], using gas chromatography
on methyl ester derivatives. Our data show that almost all
the acylacid ions released linoleic acid, along with ®-OH
VLCFA that were also present in small amounts in the free
fatty acid fractions of canine SC (Fig. 6).

The concentrations of C18:2 in the SC of dogs fed for
three months with the higher linoleic acid diet are given in
Table 3. The analysis of protein-bound fatty acids showed
that the linoleic acid concentration was negligible in this
fraction. Moreover, these lipids are released upon saponi-
fication and it is well known that alkaline conditions result
in the loss of information obtained by mass spectrometry
regarding the esterified intact compounds, making it impos-
sible to reconstruct their structures from the hydrolyzed frag-
ments [4]. We confirmed this fact by observing that treat-
ing samples of free fatty acids with alkaline conditions did
not increase the m/z 279 obtained by mass spectrometry,
despite the fact that all of the acylacids were hydrolyzed, as

@ Springer

Scientific with an APCI source. a Free fatty acids spectra. b Linoleic
acid spectra- standard use

illustrated by the disappearance of the corresponding peaks
(not shown). The concentration of linoleic acid in the SC of
the group 1 dogs (fed daily with 4 g/Mcal for 6 months) did
not change significantly between 3 and 6 months of feed-
ing, whereas that of group 2 dogs (fed daily with 4 g/Mcal
LA for 3 months, followed by 10 g/Mcal LA for the next 3
months) increased significantly between 3 and 6 months of
supplementation (p <0.05 by Student ¢ test). As shown in
Table 3, the augmentation of linoleic acid in the dogs of
group 2 did not modify the LA distribution between the free
and esterified forms; this remained the same with only about
10% of linoleic acid present as the free fatty acid. Figure 7
illustrates the increase in free and ester-bound linoleic acid
in one dog of group 2.

The lipids of canine SC are made of free cholesterol, fatty
acids and ceramides [23]. As well as increasing the overall
linoleic acid content of SC, feeding the dogs with the linoleic
acid-enriched diet also induced a significant increase (about
60%) in the free ceramide content (Table 4). Conversely,
the protein-bound ceramide content was not significantly
modified. There was also no change in the free cholesterol
content, as assessed by high-performance thin-layer chroma-
tography (TLC) (not shown). Scanning densitometry of the
ceramide TLC plates showed that the increase was evenly
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Fig. 3 Presence of linoleic acid in its free form and its acylacid forms in the free fatty acids (FFA) fraction shown by APCI LC-MS
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Fig.4 MS spectrum of acylacids (im/z 700-900). (Arrows corresponding to the data in Table 2.)
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Fig.5 a Chemical structure of the omega C30:0; b MS spectrum of acylacid moiety (m/z peak at 729) and its MS2 spectrum CID fragmentation
into linoleic acid and omega OH C30:0 in negative mode

Table 2 Results of the MS2

” ‘ M -H M+Cl Formula Fragments Structures
fragmentation of the acylacids
recorded from m/z 200 to m/z 701.643 737.620 C46H8504 439 ;421 ;279 0-C18:2-0OH C28:0
900 729.674 765.651 C48H8904 467 ;449 ; 279 0-C18:2-9OH C30:0
743.666 779.666 C49H9204Cl 481 ;463 ;279 0-C18:2-9OH C31:0
757.706 793.682 C50H9304 495/493 ; 475/477;  O—C18:2-0OH C32:0
2791281 and O-C18:1-0OH
C32:1
783.700 819.700 C52H9604Cl 521503 ;279 (0-C18:2)-0OH C34:0

The corresponding fragmentations, formulas and the molecular weights (M — H and M +Cl) are presented
after APCI-LC-MS. The major acylacid fragments (showed in Fig. 3) are at m/z 467 [omega hydroxy
C30:0 (O-C18:2-wOH C30:0)], m/z 481 [omega hydroxy C31:0 (O-C18:2-wOH C31:0)], m/z 495 [omega
hydroxy C32:0 (O-C18:2-0OH C32:0)], and m/z 503 [omega hydroxy C34:0 (O-C18:2)-wOH C34:0]. The
major free acids fragments are m/z 279 for linoleic acid (C18:2) and m/z 281 for oleic acid (C18:1)

distributed among all ceramide species (not shown). There  detect an associated differential change in barrier prop-

was no significant change of ceramide content in the SC of  erties between the two groups and there was no sign of

group 1 dogs fed the low linoleic acid diet (not shown). beneficial effects on the skin of these normal dogs. No
Although the increases in linoleic acid and ceramide  difference in the variation of the epidermal water loss was

content were significant in the SC of dogs fed for 12 weeks

with the linoleic acid-enriched diet, we were not able to

@ Springer



Archives of Dermatological Research (2018) 310:579-589

585

- 46744608
C30Hsg 03

100

w S w D ~ o ©
o o o o (=) (=) (=)
prer b b b bvv v b b bv v v bvvaa d

N
o

43941473 45343033
CsHs503  Co9Hs7 03

—_
o

o

46945274

481.46165
C31He103

|

503.42263
C30Hego 03Cl

50541965 51743822

H C31Hp2 03 Cl
|

531.45384

C3oHgs O3 Cl

e Ll e e s e e s

440 450 460

| !
LR AR AR A

470

480

miz

490

T ————;

500 510

520

530

Fig.6 Presence of omega hydroxy very long chain fatty acids (0-OH VLCFA) (m/z 415-570) in the free fatty acid (FFA) fraction

Table 3 Linoleic acid in the free fatty acid (FFA) fractions of Stratum Corneum samples from the 2 groups of dogs

L | Ll
A Ll b ) A b

Feeding group Dog C18:2 in free lipids of 10 strips

num-

ber Prefed 12 weeks After 24 weeks
Total (ug/mg protein) % as free C18:2 % as acylacid Total (ug/mg protein) % as free C18:2 % as acylacid
1 325 114 88.6 314 12.1 87.9
Group 1 2 14.6 10.7 89.3 234 9.6 90.4
3 439 7.9 92.1 39.5 11.5 88.5
4 23.1 9.8 91.2 30.2 10.7 89.3
5 14.4 10.3 89.7 21.4 11.2 88.8
mean+ SD (n=5) 257+13.0 29.2+6.8
6 554 9.9 90.1 95.9 12.4 87.6
Group 2 7 118 8.6 91.4 100.4 10.5 89.5
8 540 11.5 88.5 59.5 10.1 89.9
9 19.1 10.9 89.1 273 8.7 91.3
10 49.6 10.4 89.6 79.4 11.1 88.9
mean+SD (n=5) 37.9+18.7 72.5+26.8%

Values for C18:2 as free and acylacid forms are obtained after lipid purification of 10 strips taken from the same dog after respectively 12 and 24

weeks feeding

*Significantly different from the prefed value of group 2 (p>0.05)

observed in both dogs groups (Fig. 8), and this suggests a
close relationship with the lack of change of the protein-

bound ceramide content of the SC.

Discussion

We have investigated the role of dietary LA in skin home-
ostasis by comparing lipid metabolism when feeding an
adequate versus a LA supplemented diet to healthy adult

@ Springer



586 Archives of Dermatological Research (2018) 310:579-589
NL: 7.00ES
A 700000
] FIMS -
] p APCI corona Full ms
600000
] [120.00-800.00]
s00000 CONTROL
. Free C18:2
400000 Esterified C18:2
] on acylacids
[ e o
300000 1 1
> Je 2832651 ® i 765.6545 1
= ] - 1 1
& 200000 395.3901 | 7296779 1
Q ] . 1
< ] . : 793.6859 |
= 000 ° . 367.3589 423.4217 I 1
nl . 564.3455 1 1
] . l 479.2252 637.5425 .L 1
o AU L ulley [ T T | el JAp Ay T
NL: 7.00ES
B 700
] 3953903 e T
600000 E TREATED : 765.6548 : p APCI corona Full ms
] 1 I [120.00-800.00
& Free C18:2 | Tmem 1! !
500000 I 1
= . 1
1 i Esterified C18:2 | I
R I on acylacids 1 :
n 2832651 * : r93.6860
300000 1 1
J 1 1
] 367.3590 1 I
200000 1 1
] 1 1
] 1 !
100000 514530 1701.6470 :
b 346.1782 r 637.5426 !
] ‘ l . 1 1
0 —L ] | Lbo bk bl L L L . L U L 1 |
L I I T I T T I I
250 300 350 400 450 500 550 600 650 700 750 800
m/z

Fig.7 MS spectrum of the fatty acid fraction of the Stratum Corneum of a dog from group 2. A: 3 months control; B: post 6 months treatment

Table 4 Increase of ceramides

Group 2 dogs prefed 12 weeks

Group 2 dogs fed 24 weeks

in stratum corneum of group
2 dogs fed 24 weeks with

Free ceramides (ug/mg pro-
LA-enriched diet Heimep

teins + SD)
Protein-bound ceramides (ug/
mg proteins + SD)

132.6 +£20.4, n=5

33+10.8,n=5

212.2+23.5, n=5%

38+9.9,n=5

Average values were obtained after scan densitometry of five ceramides HPTLC plates processed from the
strips of five dogs from group 2. The ceramide quantities were normalized against the protein content of

the strips

*Significantly different from the prefeed control (p <0.05)

Labradors. Feeding the dogs with the enriched diet for 12
weeks resulted in an increase in linoleic acid within the SC
but the supplemented regime did not change the proportion
of linoleic acid present in acylacids, which remained ten-
fold higher than that found as free acid. The latter observa-
tion raises a question regarding the mechanisms of biosyn-
thesis leading to the constant proportion of linoleic acid in
acylacids. Nutgeren et al. [21] followed the time-depend-
ent incorporation in acylglucosylceramides, acylceramides
and acylacids of radioactive linoleic acid topically applied
to the skin of fatty acid-deficient rats. Their data showed
that exogenous linoleic acid is first found in epidermal
acylglucosylceramides, then in acylceramides and finally

@ Springer

in acylacids. Our results show that orally fed and topically
applied linoleic acid are indeed similarly metabolized.
Such a time dependence suggests that acylation by linoleic
acid first occurs in the epidermis for molecular species of
glucosylceramides containing ®-OH VLCFA. Although
the pathway of biosynthesis of the latter molecular species
is still to be fully characterized in the epidermis, Tak-
agi et al. [28] showed that they can be formed by omega
hydroxylation of the glucosylceramides with VLCFA that
are present in a fraction of epidermal glucosylceramides
[10]. Acylglucosylceramides are processed via two differ-
ent pathways. They can be hydrolyzed to acylceramides by
a beta-glucocerebrosidase, an enzyme that is very active in
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the stratum corneum [27], before being cleaved into long-
chain bases and acylacids by an acid ceramidase in the
upper layers of epidermis, as suggested by Houben et al.
[12]. In the second pathway, they are coupled to the corni-
fied envelope through transesterification by a glutaminase,
thus releasing the linoleic acid, before a glucocerebrosi-
dase cleaves the glucose and a ceramidase releases the
sphingoid base [30]. This second pathway is likely to be
effective in healthy epidermis where there is a sufficient
content in acylglucosylceramides to ensure a proper for-
mation of the cornified envelope, and an additional supply
of LA should lead to the storage of linoleic acid in the
form of acylacids, which seems to be the prevailing storage
form in the present study.

Glucosylceramides are found in epidermis, but not in
healthy SC that contains only ceramides as sphingolipids
as shown by our previous studies [23] and others [9-11]. A
simultaneous increase of acylglucosylceramides and acyl-
ceramides induced by the LA-enriched diet would be an
interesting hypothesis. However, that possibility can only
be assessed by analyzing samples of the total epidermis,
which was excluded owing to the design of the current study.

The preferential storage of linoleic acid as an ester to
®-OH VLCFA in the stratum corneum implies that such
fatty acids are available. Since the amount of free o-OH
VLCFA present in the free fatty acid fraction (Fig. 5) is very
low, this suggests that the biosynthesis of these fatty acids
is stimulated by the increase in the concentration of linoleic
acid upon feeding with a linoleic acid-enriched diet. What
is clear is that the increased amount of linoleic acid is also
stored as an ester. This might be rationalized by the fact
that the skin lipoxygenases, such as 12R-LOX, responsible
for producing the oxygenated derivatives of linoleic acid

TEWL sample group and time point

required to ensure a proper water barrier, are active only
when linoleic acid is in an esterified form [26].

The observed increase of total SC ceramides after the
supplementary feeding of linoleic acid for three months is
consistent with the reported finding of increased ceramides
in the skeletal muscles of humans fed three months with
linoleic acid at 4 g per day [29]. Linoleic acid is a potent
ligand of the PPARS« [8] that are known to be progres-
sively upregulated during keratinocyte differentiation [24].
Selective activation of PPARSa was found to induce a sig-
nificant increase of all ceramides, including acylceramides
[25], without any effect on the free cholesterol and free fatty
acids contents. This is consistent with our present findings.
It is interesting that in the same study f-glucocerebrosidase
was shown to be strongly upregulated along with serine pal-
mitoyltransferase, the enzyme that catalyses the first step in
the biosynthesis of the long-chain bases of ceramides. It is
noteworthy that the protein-bound ceramide content that is
necessary for the formation of an efficient cornified envelope
was not modified by the linoleic acid-enriched diet, and it
could be expected that, since this study dealt with healthy
dogs, the cutaneous barrier function was optimal and there
should not have been any change in the TEWL of the dogs
used in this study. The lack of detectable differences in water
loss between the groups is presumably the result of an ade-
quate balanced diet, despite differential LA intake, being fed
to these dogs. An alternative methodology is to apply a per-
turbation to the skin, for example, chemical lipid disruption,
and subsequently measure rate of recovery [17]. The method
could be useful for understanding the underlying reservoir of
lipids that can restore skin homeostasis, and may therefore,
have been more elucidatory in this instance. It seems clear
that in canine or human skin pathologies, the homeostasis of

@ Springer
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SC is a critical determinant of disease severity and duration
[16, 30]. The present study could provide useful insights
to improve our understanding of epidermal linoleic acid
metabolism and ultimately how we optimize essential fatty
acid intake for health and disease. In humans, the current
consumption of linoleic acid in the U.S. is 16 g per day by
average men and 12.6 g per day by women [2]. These intake
levels recorded for humans is reported as between 5 and 6%
of metabolisable energy, and this would compare to between
4 and 7 percent for the range of diets commonly fed to dogs
[15]. As there are no published similar studies on the linoleic
acid content of human SC, the extrapolation of the present
results to humans is difficult. However, the fact that a high
linoleic acid content in the diet increases the ceramides in
canine SC could be potentially interesting in the treatment of
atopic dermatitis in humans which is known to be associated
with a decreased SC ceramide content [7, 13].

In conclusion, it is likely that in canine or human skin
disease, the homeostasis of SC is an important factor to
be taken into consideration. The present study brings new
insights to the role of linoleic acid intake in lipid metabo-
lism in the skin. Increasing dietary intake of linoleic acid
increased LA content of the SC accounted for principally by
its conversion into the acylacid form. Whereas the protein-
bound ceramides remained stable, there was also evidence
for an increase in the overall ceramide content of the SC
that did not induce a measurable change in barrier function.
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