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Abstract The risk of developing multiple sclerosis is associated with increased
dietary intake of saturated fatty acids. We determined the fatty acid composition within
the different phospholipid fractions of red blood and peripheral blood mononuclear
cell membranes of 31 patients diagnosed with multiple sclerosis and 30 healthy control
subjects using gas chromatography. Individual saturated fatty acids were correlated
with the severity of neurological outcome as measured by the Kurtzke Expanded
Disability Status Scale. Significant increases were found in multiple sclerosis
peripheral blood mononuclear cell membrane sphingomyelin C14:0 and phosphatidy-
linositol C22:0. In the peripheral blood mononuclear cell membranes, C22:0 and
C24:0 showed positive correlations, while C14:0, C16:0 and C20:0 showed inverse
correlations with the Functional System Scores. In conclusion, this study is in
accordance with previous studies that have shown an increase in shorter long-chain
SATS in MS patients. In addition, this study also showed that higher C14:0 and C16:0
reflected better disease outcome as demonstrated by the inverse correlation with the
EDSS and FSS. We have also characterized the specific SATS, that is, long-chain
SATS that may increase the risk of developing MS.
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Introduction

Saturated fatty acids (SATS) are non essential and harmful if ingested excessively
(Zamaria 2004) and the risk of developing multiple sclerosis (MS) is associated with
increased dietary intake of these fatty acids (FAs) (Van Meeteren et al. 2005).
However, in a prospective study done by Zhang et al. (2000), no evidence was found
that the amount and type of dietary fat affect the risk of developing MS (Zhang et al.
2000; Westlund and Kurland 1953; Butcher 1986; Antonovsky et al. 1965;
Cendrowski et al. 1969; Warren et al. 1982). Saturated fatty acids play a variety of
roles within cell membranes, such as membrane protein binding (myristoylation and
palmitoylation) (Okubo et al. 1991; Grand 1989), and have been shown to display
anti-viral and -bacterial properties (Narasimhan et al. 2006; Cordo et al. 1999; Sands
1977). In this regard, MS is a disease characterized by chronic inflammation of the
central nervous system (CNS) (Brück 2005), with a possible autoimmune (Stinissen
et al. 1997) and/or infectious component (Brown 2001; Hunter and Hafler 2000).

Studies on the red blood cell (RBC) and peripheral blood mononuclear cell (PBMCs)
membranes have shown that membrane FAs, especially that of the n-6 series are altered
in MS patients (Hon et al. 2009a, b; Harbige and Sharief 2007). We have also shown
previously that both SATS and polyunsaturated fatty acids (PUFAs) in membrane total
phospholipids are related to cell membrane changes in MS patients (data unpublished).
In the present study we investigated the RBC and PBMC membrane SATS
composition in the different phospholipid fractions in MS patients and control subjects
for possible differences between the two groups, and correlated that of the MS patients
against the disability status of the patients as measured by the Kurtzke Expanded
Disability Status Scale (EDSS) (Kurtzke 1983). In addition the C-reactive protein
(CRP) concentrations were used as a marker of inflammation.

Materials and methods

Ethical approval

Ethical approval for the study was obtained from the Health Sciences Research
Ethics Committee (HSREC) of the Cape Peninsula University of Technology
(CPUT). MS patients were contacted and recruited through the MS Society, Western
Cape Branch, South Africa.

Study population

The study population consisted of 31 Caucasian female patients, 2 male patients and
30 age- and gender-matched female control subjects. Male patients were excluded
from the study as the numbers were insufficient for meaningful statistical analysis
leaving 31 patients for the study of which 28 patients presented with relapsing
remitting MS (RRMS), 1 with primary progressive MS (PPMS) and 2 with
secondary progressive MS (SPMS). The patients recruited were diagnosed by a
neurologist based on clinical, laboratory and magnetic resonance imaging (MRI)
findings. The exclusion criteria used in this study included the use of FA
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supplements, interferon and cortisone or presence of a second disease for both MS
patients and control subjects. Six of the patients were active disease cases, 11 had a
relapse 5–12 months previously and 14 had not relapsed for more than a year. The
median (quartile range) for years since diagnoses was 7 (11) years and the median
(quartile range) for the EDSS was 5.5 (3.5).

Measurement of the disability status of patients

The functional disability status (disease severity) of each patient was measured by a
trained clinician using the Kurtzke EDSS (Kurtzke 1983). The EDSS quantifies disability
in eight Functional Systems (FS) and allows neurologists to assign a Functional System
Score (FSS) in each of them. The Functional Systems are Pyramidal, Cerebellar,
Brainstem, Sensory, Bowel and bladder, Visual, Cerebral and “other”. Higher values
indicate greater disability. Scales for the Total Kurtzke EDSS are from 0 to 10, in which
the 0 score indicates no disability at all and 10 indicates death due to MS.

Blood sample processing and analysis

Venous blood from participants was collected into anti-coagulant ethylenediaminete-
traacetic acid (EDTA) tubes (Beckman Coulter, South Africa) and immediately
separated using histopaque-1077 separation medium as per manufacturer’s instructions
(Sigma-Aldrich, South Africa). The RBCs and PBMCs were washed in a 0.85% saline
solution and stored at −80°C. The plasma was used for CRP determination, using a
Beckman nephelometer auto-analyser, reagents from Beckman, South Africa. The
PBMC membrane PC, PE, PS, PI and SM FAs and RBC membrane PC, PE, PS and
SM FAs of MS patients and control subjects were measured by gas chromatography as
previously described (Van Jaarsveld et al. 2000; Folch et al. 1957) and percentages of
fatty acids were measured against an internal standard, C17:0. PBMC FAs were
quantified against membrane proteins present in μg FA/mg protein, and RBC
membrane FAs as µg FA/ml packed RBC analyzed. A bicinchoninic acid protein
determination assay was used to determine the protein content in the PBMC
membranes (Kaushal and Barnes 1986).

Statistical analysis

A statistics programme, STATISTICA (STATISTICA 7, StatSoft Inc 1984–2004)
was used to perform all statistical analyses. Descriptive data are presented as median
(inter-quartile range). For asymmetrical data Mann Whitney U was used to compare
distributions between the cases and control subjects. Correlations were calculated
using Spearman’s Rank correlation coefficient. A P-value of less than 0.05 was taken
as statistically significant.

Results

Results are reported on phospholipid PC, PE, PS, PI and SM SATS in MS and
control RBC and PBMC membranes, the individual SATS in each phospholipid
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fraction (e.g. SM C16:0), as well as on the individual FA fractions totaled (e.g. total
C16:0). The clinical profile of patients and controls as well as differences in
membrane FAs between these groups are summarized in Table 1. In the PBMC
membranes, SM total SATS, SM C14:0, total C14:0 and PI C22:0 were significantly
higher in MS than in the control group, while no differences were observed in
PBMC PC, PE, PS, PI SATS, or in any of the RBC membrane SATS.

Correlation studies

Correlations between membrane SATS and the EDSS and FSS in MS are
summarized in Table 2. PBMC PI and SM total SATS correlated positively with
the FSS. PBMC membrane PC C14:0 correlated inversely with the EDSS and PC
C14:0, PC C16:0, PE C20:0, PI C20:0, total C14:0 and total C16:0 correlated
inversely with the FSS, while PI C22:0 and PC C24:0 correlated positively. RBC PC
total SATS correlated inversely with the Pyramidal FSS and positively with the
Visual FSS. RBC PC C16:0, PS C16:0, SM C16:0, total C16:0 correlated inversely
with the FSS, while RBC PE C16:0, PC C18:0, SM C18:0, PC C22:0 and total
C18:0 correlated positively with the FSS.

Discussion

In the present study we found PBMC SM total SATS, SM C14:0 and PI C22:0
higher in MS than in the controls. Previously, we have shown in the same group of
patients reduced PUFAs in RBC and PBMC membranes (Hon et al. 2009a, b).
Similar to our study, other investigators have also shown increased SATS in MS
patients, particularly shorter long-chain SATS (Holman et al. 1989; Boggs and
Moscarello 1980). Furthermore, increases in SATS and/or MUFAs have been
reported to replace plasma and/or RBC membrane PUFA deficiencies (Cherayil
1984; Cunnane et al. 1989; Holman et al. 1989; Navarro and Segura 1989).
Increased dietary SATS intake is associated with an increased risk of developing MS
(van Meeteren et al. 2005), however SATS play a vital role in metabolism. For
example, cellular membrane proteins need to be modified by (saturated) fatty acid
acylation to be functional (Okubo et al. 1991). C14:0 (myristic acid) and C16:0
(palmitic acid) are respectively used in fatty acylation; myristoylation and
palmitoylation (Okubo et al. 1991; Grand 1989). C14:0 is found only in small
amounts, while C16:0 is a common metabolite in eukaryotic cells, including the
human RBC membrane proteins (Okubo et al. 1991). In addition, C14:0 has also
been shown in vitro to have antibacterial activity (Narasimhan et al. 2006), to inhibit
virus replication (Cordo et al. 1999) and both C14:0 and C16:0 were found to
prevent bacteriophage plaque production (Sands 1977).

Multiple sclerosis is a chronic inflammatory disease of the central nervous system
(CNS) which leads to neuronal demyelination, and eventually to oligodendrocyte
and axon loss (Brück 2005). The mechanisms and effector molecules involved in
axonal degeneration are still unknown (Brück 2005), but an infectious aetiology is
suspected (Brown 2001; Cooper 1997). Therefore it is possible that the increase in
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shorter long-chain SATS observed in this study could be a mechanism against viral
replication as viral infections have been implicated in the development of MS
(Cooper 1997). In MS patients C14:0 and C16:0 insignificantly correlated inversely
with CRP, the measure of inflammation (data not shown). In addition, these two
SATS correlated negatively with EDSS and FSS. The relationship between
individual SATS and EDSS demonstrated that not all SATS have the same
association with disease outcome. Individual shorter long-chain SATS PC, SM and

Table 1 Differences between MS and controls in PBMC and RBC membrane SATS

Control subjects;N=30 MS patients;N=31 P-value

Age in years 50.0 (23.0) 51.0(23.0) 0.77

Years since diagnoses Not applicable 7(11)

EDSS Not applicable 5.50(3.50)

CRP 3.40 (3.80) 3.80(4.30) 0.28

PBMC membranes

SM C14:0 0.03 (0.05) 0.06(0.05) 0.01

SM C16:0 3.12 (1.06) 3.52(0.82) 0.06

PI C20:0 0.05 (0.02) 0.05(0.02) 0.10

PI C22:0 0.05 (0.04) 0.06(0.05) 0.04

Total C14:0 0.12 (0.04) 0.18(0.07) 0.01

Total C16:0 16.85 (2.30) 17.53(2.86) 0.34

Total C18:0 18.88 (1.53) 18.52(2.69) 0.69

Total C20:0 1.49 (0.30) 1.62(0.54) 0.11

Total C22:0 3.44 (1.18) 3.55(0.83) 0.36

Total C24:0 1.82 (0.37) 1.71(0.56) 0.95

Total PC SATS 21.46(3.76) 21.97(2.99) 0.98

Total PE SATS 7.91 (0.80) 7.88(0.85) 0.65

Total PS SATS 5.07 (0.68) 5.22(1.05) 0.53

Total PI SATS 4.17 (0.71) 4.42(0.57) 0.33

Total SM SATS 10.54 (1.74) 11.38(1.93) 0.03

RBC membranes

Total C14:0 2.22 (1.10) 1.99(1.03) 0.84

Total C16:0 185.59 (43.33) 183.84(34.49) 0.48

Total C18:0 120.77 (41.40) 115.76(41.45) 0.59

Total C20:0 4.57 (1.34) 4.17(1.57) 0.43

Total C22:0 19.37 (3.54) 17.73(4.10) 0.17

Total C24:0 54.71 (15.42) 49.47(15.81) 0.25

Total PC SATS 144.37 (36.71) 140.80(29.29) 0.87

Total PE SATS 60.48 (10.73) 59.82(21.48) 0.88

Total PS SATS 48.02(22.01) 42.97(21.46) 0.19

Total SM SATS 125.76(27.83) 118.40(28.88) 0.33

PBMC FAs quantified in μg FA/mg protein

RBC FAs quantified in µg FA/ml packed RBC
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PS C14:0, C16:0, total C14:0 and total C16:0 showed inverse correlations with the
EDSS and FSS. In contrast, longer chain PBMC SATS PI C22:0, PC C24:0, RBC
PC C18:0, SM C18:0 and PC C22:0 showed positive correlations with the FSS.
These correlations with the EDSS and/or FSS were not limited to any specific
phospholipid type, but rather appeared to be a characteristic of the specific SATS
themselves. Currently available evidence suggested that an increase in SATS is
associated with an increased risk of developing MS, while increased PUFAs are
thought to improve disease outcome (Van Meeteren et al. 2005). However, case-
control studies have failed to demonstrate an association between intake of animal
fat or saturated fat and the risk of MS (Zhang et al. 2000; Westlund and Kurland
1953; Butcher 1986; Antonovsky et al. 1965; Cendrowski et al. 1969; Warren et al.
1982). Furthermore, there is paucity of understanding of the role of specific SATS
and different types of SATS have been shown to have different health effects
(German and Dillard 2004).

Table 2 Correlation between MS SATS and the EDSS and FSS

R P-value

PBMC membranes

PC C14:0 EDSS −0.41 0.04

PC C14:0 Cerebral −0.55 0.01

PC C16:0 Cerebral −0.44 0.03

PE C20:0 Visual −0.47 0.02

PI C20:0 Sensory −0.41 0.04

PI C22:0 Bowel and bladder 0.41 0.04

PC C24:0 Pyramidal 0.42 0.03

Total C14:0 EDSS −0.52 0.01

Total C14:0 Pyramidal −0.43 0.03

Total C16:0 Cerebral −0.45 0.02

Total PI SATS Bowel/bladder 0.47 0.02

Total SM SATS Brainstem 0.46 0.02

Total SM SATS Visual 0.49 0.01

RBC membranes

PC C16:0 Pyramidal −0.52 0.01

PS C16:0 Pyramidal −0.52 0.01

SM C16:0 Sensory −0.38 0.04

PE C16:0 Cerebellar 0.36 0.04

PC C18:0 Visual 0.41 0.02

SM C18:0 Visual 0.37 0.04

PC C22:0 Visual 0.37 0.04

Total C16:0 Pyramidal −0.36 0.04

Total C16:0 Sensory −0.36 0.04

Total C18:0 Visual 0.43 0.01

Total PC SATS Pyramidal −0.47 0.01

Total PC SATS Visual 0.36 0.04
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The limitation of this study was that only female patients were used and dietary
fatty acid intake was not considered. However, neither the cases nor the controls
were on any fatty acid supplements, and the patients were not on interferon or
corticosteroid treatment. In conclusion, this study is in accordance with previous
studies that have shown an increase in shorter long-chain SATS in MS patients. In
addition, this study also showed that higher C14:0 and C16:0 were associated with
better disease outcome as demonstrated by the inverse correlation with the EDSS
and FSS. We have also characterised the specific SATS, that is, long-chain C20:0,
C22:0 and C24:0 that may increase the risk of developing MS. However, more
research is needed before any conclusions as to dietary intake can be made, as MS is
a complex disease. In this regard, irregularities in MS plasma and membrane n-6
fatty acids have also been reported by a number of investigators, showing major
metabolic changes in the fatty acid profile in MS membranes in general.
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