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1. Introduction
1.1 Fatty acid functions
Impaired fatty acid metabolism has been implied in a number of diseased states such as
multiple sclerosis, sudden cardiac death, insulin resistance, atherosclerosis and
hypertension (Blaak, 2003; Oram & Bornfeldt, 2004; Pilz et al., 2007; Sarafidis & Bakris, 2007;
Hon et al., 2009a, 2009b). The fatty acid status may be assessed in plasma, platelets, red
blood cells, white blood cells and brain tissue (Zamaria, 2004, Hon et al., 2009a). However,
the plasma fatty acid profile may vary considerably, whereas red blood cell membrane fatty
acids are said to reflect dietary fat intake in relation to the biological half life of cells (Romon
et al., 1995; Zamaria, 2004). Furthermore, red blood cell membranes, in contrast to other
cells, lack the desaturase enzymes and must get their fatty acids preformed from plasma
(Allen et al., 2006). Fatty acids may be saturated, monounsaturated (the n-7 and n-9 fatty
acid series) or polyunsaturated (the n-3 and n-6 fatty acid series) and membrane fatty acids
may further be non-esterified or esterified into glycerophospholipids (Koay & Walmsley,
1999).
1.1.1 Cell membrane fluidity – Phospholipids
Cell membrane phospholipids differ in their head-groups and hydrocarbon chains (fatty
acids) (Hazel & Williams, 1990; Williams, 1998; Barenholz, 2002). Their polar head-groups
can be choline, ethanolamine, serine, inositol, inositol phosphates or glycerol (Koay &
Walmsley, 1999). Cell membrane phospholipids as well the type of fatty acids contained
within the different phospholipid fractions are responsible for a variety of cellular functions
(Manzoli, 1970; Caret et al. 1997; Williams, 1998). Cell membrane phospholipids determine
membrane structure and fluidity. Phosphatidylethanolamine phospholipids are orderedcrystalline-phase lipids and can pack closely in membranes, while phosphatidylcholine
phospholipids are liquid-crystalline-phase lipids, and do not pack close in the membrane
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(Harlos & Eibl, 1981; Williams, 1998; Hamai et al. 2006). A combination of orderedcrystalline-phase lipids and liquid-crystalline-phase lipids are needed in cell membranes to
regulate membrane fluidity.
1.1.2 Cell membrane fluidity – Fatty acids
Polyunsaturated fatty acids influence membrane fluidity, are involved with
neurotransmission and prostaglandin formation, and are involved in enzyme and receptor
expression (Horrobin & Manku, 1990; Horrobin, 1999; De Pablo & De Cienfuegos, 2000;
Nakamura & Nara, 2004; Zamaria, 2004). Similar to the role of cell membrane
phospholipids, a balance in the saturated and unsaturated fatty acids composition is needed
for optimal membrane fluidity (Allen et al. 2006). Saturated fatty acids contain single
carbon-carbon bonds, while mono- and polyunsaturated fatty acids contain double carboncarbon bonds which allow for greater flexibility of these chains (Horrobin, 1999; Allen et al.
2006). Membrane fluidity is an important function of cell membranes and organisms adjust
the fluidity of their cellular membranes in response to changes in their physiochemical
environment (Hazel & Williams, 1990; Williams, 1998; Barenholz, 2002; Allen et al. 2006). In
this regard, phagocytosis is an important mechanism in many cells for the elimination of
micro-organisms or foreign particles, and membrane fluidity plays an important role in this
process (De Pablo & De Cienfuegos, 2000). Although the underlying cause of multiple
sclerosis remains unknown, both an auto-immune and viral aetiology has been
hypothesized as contributing factors to the disease (Stinissen et al. 1997; Brown, 2001;
Hunter & Hafler, 2000).
1.1.3 Fatty acids in inflammation and infection
Polyunsaturated fatty acids are also precursors for eicosanoid production. Eiosanoids are
inflammatory mediators of inflammation and their functions depend on each precursor fatty
acid (Horrobin & Manku, 1990; De Pablo & De Cienfuegos, 2000; Zamaria, 2004). The effects
of monounsaturated fatty acids on eicosanoid metabolism are less clear than that of the
polyunsaturated fatty acids (Harwood & Yaqoob, 2002). However, studies suggest that diets
rich in monounsaturated fatty acids may decrease the expression of adhesion molecules on
peripheral blood mononuclear cell membranes, and may therefore have specific antiinflammatory effects (Yaqoob et al. 1998; Harwood & Yaqoob, 2002). Saturated fatty acids
have been shown to display anti-viral and -bacterial properties (Sands, 1977; Cordo et al.
1999; Narasimhan et al. 2006).
1.1.4 Fatty acid supplementation
It is important to be able to separate and quantify the individual fatty acids because they
differ in structure and function. Altered lipid metabolism in the cell membrane is believed to
contribute to central nervous system injury (Adibhatla & Hatcher, 2007) and influences the
function of immune cells (Calder, 2007). Fatty acids have been implicated in the
pathogenesis and treatment of multiple sclerosis (Zamaria, 2004; Harbige & Sharief, 2007).
However, although some studies reported an improvement in symptoms during fatty acid
supplementation (Bates et al. 1978; Nordvik et al. 2000; Weinstock-Guttman et al. 2005;
Harbige & Sharief, 2007) others found no improvement in the disease progression of
patients (Paty et al. 1978; Farinotti et al. 2007). Therefore, it is important to investigate fatty

www.intechopen.com

Gas Chromatography Results Interpretation: Absolute Amounts Versus Relative Percentages

141

acid metabolic abnormalities and possible treatment with fatty acid supplements in a
disease such as multiple sclerosis carefully and comprehensively.
1.2 Gas chromatography applications of fatty acids
The ability of gas chromatography to separate and quantify fatty acids makes it possible to
measure fatty acids in human cells. Generally, the results obtained from gas
chromatography analysis are expressed either as absolute amounts or relative percentages.
The preferred method for the quantification of fatty acids is in absolute amounts, using
calibration methods and internal standards. However, quantification in relative percentages
may in some cases supply additional information and this method should therefore not be
rejected without evaluating its potential. This paper discusses the discrepancies arising
when reporting results quantified in either absolute amounts or relative percentages when
investigating the fatty acid profile in a diseased state.
1.3 Fatty acids quantified in relative percentages and in absolute amounts
It is important to know whether fatty acids are present in optimum amounts in relation to
one another in a diseased state. For example, fatty acids from the n-6 and n-3 fatty acid
series fulfil different functions as precursors for pro- and anti-inflammatory mediators
respectively. Prostaglandin E2, which is derived from the metabolism of C20:4n-6 (see Table
1 for common names) is highly pro-inflammatory and prostaglandin E1 derived from the
metabolism of C20:3n-6 has intermediate properties (Horrobin & Manku, 1990; Simopoulos,
2002; Bagga et al., 2003; Haag, 2003). In contrast, prostaglandin E3 derived from the
metabolism of C20:5n-3 and docosanoids derived from the metabolism of C22:6n-3 have
anti-inflammatory properties (Bagga et al., 2003; Haag, 2003; Zamaria, 2004; Farooqui et al.,
2007; Chen et al., 2008). The n-3 fatty acids, C20:5n-3 and C22:6n-3 compete with the n-6
fatty acid, C20:4n-6 for enzymatic metabolism (Simopoulos, 2002; Bagga et al., 2003; Culp et
al., 1979; Calder, 2007) and in a disease such as multiple sclerosis which is inflammatory in
nature, it could be useful to know whether the n-6 and n-3 fatty acids are present in relative
percentages comparable to that from control subjects.
The long-chain n-6 and n-3 polyunsaturated fatty acids are also required in large amounts in
the brain, which requires four times the amount of C20:4n-6 than C22:6n-3 4 times the
amount of C20:4n-6 than C22:6n-3 on a daily basis (Harbige & Sharief, 2007; Rapoport et al.,
2007). Furthermore, the composition of membrane phospholipids and their fatty acids
determines the degree of membrane fluidity and the degree of fatty acid unsaturation plays
an important role in maintaining required physiological levels of fluidity (Mouritsen &
Jorgensen, 1998; Zamaria, 2004). In a diseased state it may be useful to know their relative
percentages as measured against that of total fatty acids present as compared to that of
control subjects. However, using relative percentages as a measure could bias results when
comparisons are made between subjects. Comparing similar percentages of different
absolute values could become misleading when these absolute values differ substantially
and it has been suggested that relative percentages do not represent a true reflection of the
different fatty acid compounds present in biological fluids/tissue. Absolute values are also
an indication of the movement of fatty acids between phospholipid classes within the cell
membrane and could therefore reflect their possible availability for metabolite synthesis,
particularly inflammatory signalling.
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1.4 Fatty acids in multiple sclerosis
Reports on fatty acid composition in blood and brain tissue from patients with multiple
sclerosis may vary substantially (Harbige & Sharief, 2007; Hon et al., 2009a, 2009b). Cultural
and ethnic differences as well as dietary variability have been implicated in these differences
(Harbige & Sharief, 2007). However, a further cause for these differences could possibly be
related to the quantification method used. Measurement of the fatty acid composition in
absolute amounts and relative percentages could both be informative, but could well differ
in the information given. The absolute amounts of fatty acids are identified in relation to the
phospholipids and membrane content whereas the relative percentage composition is a
measure of each fatty acid present in relation to the total fatty acids identified, that is
changes in one fatty acid will affect the percentage of all other fatty acids. Therefore, ideally,
fatty acid analysis and interpretation should be evaluated according to outcome required. In
this chapter we evaluate whether the two methods of measurement of fatty acids in control
subjects would show sufficient agreement and to evaluate possible deviations from these
relationships in patients with multiple sclerosis. Furthermore, to evaluate the two methods
of measurement when correlated/associated with inflammation as measured by C-reactive
protein as well as disease outcome as measured by the Kurtzke Expanded Disability Status
Scale (Kurtzke, 1983). C-reactive protein is a recognised marker of inflammation and has
been shown to correlate with infectious episodes and clinical relapses in patients with
multiple sclerosis (Giovannoni et al., 1996; Giovannoni et al., 2001; Sellner et al., 2008). Thinlayer chromatography and gas chromatography were used for the extraction and separation
of lipid classes and quantification of fatty acids in plasma, red blood cell and peripheral
blood mononuclear cell membranes from control subjects and patients with multiple
sclerosis (Folch et al., 1957; Gilfillan et al., 1983; Van Jaarsveld et al., 2000; Hon et al., 2009b;
Hon et al., 2011a).

2. Methodology
2.1 Ethics statement
Ethics approval for the study was obtained from the Health and Applied Sciences Research
Ethics Committee of the Cape Peninsula University of Technology. Patients with multiple
sclerosis were contacted and recruited through the Multiple Sclerosis Society, Western Cape
Branch, South Africa. The study population consisted of 31 female patients with multiple
sclerosis and 30 age- race- and gender-matched control subjects. Informed written consent
was obtained from all study participants. All results were treated confidentially.
2.2 Study population
The diagnoses of the recruited patients were verified by a neurologist based on clinical,
laboratory and magnetic resonance imaging findings. Six of the patients had active disease,
11 had a relapse 5-12 months prior to recruitment and 14 did not relapse for more than a
year. The number of years since the patients were diagnosed was 7 (11) years (median and
quartile range). Ten patients were using non-steroidal anti-inflammatory drugs and five
patients were using immunosuppressive medication. Exclusion criteria included the use of
interferon, steroids, and fatty acid supplements.
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2.3 Blood sampling and processing
Venous blood was collected after an overnight fast into anti-coagulant
ethylenediaminetetraacetic acid tubes (Beckman Coulter, Cape Town, South Africa). Blood
was separated into its different components using histopaque-1077 separation medium as
per manufacturer’s instructions (Sigma-Aldrich, Cape Town, South Africa). Blood was
layered onto histopague in a ratio of 15 mL blood per 12 mL histopague and centrifuged at
400 x g for 20 min at room temperature. The plasma layer was kept, spun twice at 1500 x g
for 5 min to remove platelet contaminants, and frozen in 1 mL aliquots. The peripheral
blood mononuclear cell interface was recovered, washed twice with 0.85 % saline solution,
resuspended in 1 mL of a 0.85 % saline solution and frozen. Three mL red blood cells were
washed twice with 0.85 % saline solution and frozen as packed cells without added saline.
The samples were frozen at -80°C immediately after separation of blood fractions. A 0.85 %
saline solution was used in this study instead of the prescribed balanced phosphate buffered
saline solution as additional tests such as membrane phosphate determination were to be
carried out at a later stage.
Solvent mixtures and thin-layer chromatography was used for the extraction and separation
of fatty acids respectively, with further conversion to fatty acid methyl esters for
quantification by gas chromatography as described by Folch et al. (1957), Gilfillan et al.
(1983), Van Jaarsveld et al. (2000), Hon et al. (2009b), Hon et al. (2011a). The following
sections summarises the methodology used for quantification of the fatty acids in human
tissue, plasma, red blood cell and peripheral blood mononuclear cell membranes.
2.4 Thin – Layer chromatography
The plasma, red blood cell and peripheral blood mononuclear cell membrane lipids were
extracted according to a modified method of Folch et al. (1957), Van Jaarsveld et al. (2000),
and described in Hon et al. (2009b), Hon et al. (2011a). All the extraction solvents were of
high-performance liquid chromatography-grade and contained 0.01 % butylated
hydroxytoluene (Sigma-Aldrich, Cape Town, South Africa) as an antioxidant. The red blood
cell samples were extracted and the dried lipid residue resuspended in 80 µl
chloroform/methanol (ratio 2:1 v/v) for thin-layer chromatography. Of this 20 µl was used
for esterified fatty acid analysis and 40 µl for non-esterified fatty acid separation on thinlayer chromatography. The peripheral blood mononuclear cell samples were resuspended in
70 µl chloroform/methanol; 20 µl was used for esterified fatty acid analysis and 30 µl for
non-esterified fatty acid analysis. Plasma samples were resuspended in 80 µl
chloroform/methanol of which 20 µl was used for esterified fatty acid analysis and 30 µl for
non-esterified fatty acid analysis.
Neutral lipids (non-esterified fatty acids, mono- di- and triacylglyceryl and cholesteryl fatty
acid esters) were separated from the total phospholipid fraction by thin-layer
chromatography on pre-coated silica gel plates (10 x 10 cm), using the solvent system
petroleum benzene (boiling point 40-60°C)/diethyl ether (peroxide free)/acetic acid (90:30:1;
v/v/v) (Sigma-Aldrich, Cape Town, South Africa) as previously described (Van Jaarsveld et
al., 2000). Individual phospholipid classes were separated by thin-layer chromatography on
pre-coated silica gel plates (10 x 10 cm) using chloroform/petroleum
benzene/methanol/acetic acid/boric acid (40:30:20:10:1.8; v/v/v/v/w) as solvent (Gilfillan
et al., 1983).

www.intechopen.com

144

Gas Chromatography – Biochemicals, Narcotics and Essential Oils

The lipid bands containing phosphatidylcholine (PC), phosphatidylethanolamine (PE),
phosphatidylserine (PS) and sphingomyelin (SM) were identified by comparison to a known
mixed phospholipid standard run in parallel to the samples and visualized with long wave
ultraviolet light after spraying the plates with chloroform/methanol (ratio 1:1; v/v)
containing 10 mg per 100 mL 2,5-bis-(5´-tert-butylbenzoxazolyl-[2´])thiophene (Sigma
Chemical Company, Cape Town, South Africa). These bands were scraped off the thin-layer
chromatography plates and used for further fatty acid analysis.
Fatty acids
Abbreviated chemical formulae
C18:3n-3
C18:4n-3
C20:4n-3
C20:5n-3
C22:5n-3
C22:6n-3
C18:2n-6
C18:3n-6
C20:2n-6
C20:3n-6
C20:4n-6
C22:4n-6
C22:5n-6
C16:1n-7
C18:1n-7
C18:1n-9
C20:1n-9
C14:0
C16:0
C18:0
C20:0
C22:0
C24:0

Common name
Alpha-linolenic acid
Stearidonic acid
Eicosatetraenoic
Eicosapentaenoic acid
Docosapentaenoic acid
Docosahexaenoic acid
Linoleic acid
Gamma-linolenic acid
Eicosadienoic acid
Dihomo-gamma-linolenic acid
Arachidonic acid
Adrenic acid
Docosapentaenoic acid
Palmitoleic acid
Vaccenic acid
Oleic acid
Gadoleic acid
Myristic acid
Palmitic acid
Stearic acid
Arachidic acid
Behenic acid
Lignoceric acid

Table 1. Abbreviated chemical formulae and common names of major plasma and blood cell
membrane fatty acids. References: Nightingale et al., 1990; Horrobin, 1999; Pereira et al.,
2003.
2.5 Gas chromatography
The lipid fractions scraped off the thin-layer chromatography plates were transmethylated,
using 5 % sulphuric acid/methanol at 70°C for 2 hours (sphingomyelin fraction: 18 hours)
(Van Jaarsveld et al., 2000; Hon et al., 2009b; Hon et al., 2011a). After cooling, the resulting
fatty acid methyl esters were extracted with 1 mL of distilled water and 2 mL of n-hexane.
The top hexane layer was removed and evaporated to dryness in a waterbath at 37°C under
nitrogen gas, re-dissolved in carbon disulphide and analyzed by gas chromatography
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(Finnigan Focus Gas Chromatography, Thermo Electron Corporation, USA, equipped with
flame ionization detection), using a 30 meter BPX 70 capillary columns of 0.32 mm internal
diameter (SGE International Pty Ltd, Australia). Gas flow rates were as follows: nitrogen, 25
mL per min; air, 250 mL per min; and hydrogen (carrier gas), 25 mL per min and a split ratio
of 20:1. Temperature programming was linear at 5°C per min, with initial temperature of
140°C, final temperature 220°C, injector temperature 240°C, and detector temperature 250°C.
The fatty acid methyl esters were identified by comparison of the retention times to those of
a standard fatty acid methyl ester mixture (Nu-Chek-Prep Inc., Elysian, Minnesota). The
individual fatty acid methyl esters were quantified against an internal standard with known
concentration (C17:0, Sigma-Aldrich, South Africa). Plasma fatty acids were quantified in
absolute values in µg fatty acids per mL plasma analyzed. Red blood cell membrane fatty
acids were quantified in absolute values in µg fatty acid per mL packed red blood cells
analyzed. Peripheral blood mononuclear cell membrane protein was measured and fatty
acids were quantified against membrane protein present in µg fatty acids per mg protein
(see protein assay below). All individual fatty acids were also reported as relative
percentage of the total fatty acids identified.
2.6 Protein analysis
The bicinchoninic acid protein determination assay was used to determine the protein
content of peripheral blood mononuclear cell membranes (Kaushal & Barnes, 1986) for
quantification of membrane fatty acids. Peripheral blood mononuclear cell membrane lipids
were quantified against membrane protein present because of the high variation normally
found in white blood cell counts. Of the starting material prepared in saline, a 200 µl sample
aliquot was diluted with 2 % sodium dodecyl sulphate solution (Fluka, Sigma-Aldrich, Cape
Town, South Africa) to denaturate protein prior to protein determination and assayed for
protein content in triplicate. Bovine serum albumin (Sigma-Aldrich, Cape Town, South
Africa) was used to prepare a standard curve. Sample and standard optical density was read
on a spectrophotometer at a wavelength of 562 nm. Sample values were obtained from the
bovine serum albumin linear standard curve. Peripheral blood mononuclear cell membrane
fatty acids were quantified against membrane proteins and expressed in µg fatty acids per
mg protein.
2.7 Phospholipid determination
Red blood cell and peripheral blood mononuclear cell membrane phospholipids were
determined using a colorimetric assay with malachite green dye, as previously described
(Itaya & Ui, 1966; Smuts et al., 1994). Phospholipid classes, identified and recovered as
described above, were reduced to inorganic phosphates and quantified according to their
phosphorous (Pi) content.
The different factors used for conversion of phosphorous to phospholipids were: for
phosphatidylcholine: 25.4; phosphatidylethanolamine: 23.22; phosphatidylserine: 25.4; and
sphingomyelin: 24.21. Red blood cell membrane phospholipid quantification was expressed
in µg phospholipid per mL packed cells and peripheral blood mononuclear cell membrane
phospholipid in µg phospholipid per mg protein (see protein assay).
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2.8 C-reactive protein determination
Plasma C-reactive protein concentrations were determined in a routine Chemical Pathology
laboratory using a Beckman nephelometer auto-analyser using reagents from Beckman,
Cape Town, South Africa. A positive diagnostic value is considered as a C-reactive protein
value equal to or greater than 5 µg per mL plasma.
2.9 Statistical analysis
A statistics programme, STATISTICA 9 {StatSoft, Inc. (2009). STATISTICA} was used to
perform all statistical analyses. Correlation studies using Spearman’s Rank correlation
coefficient were used to evaluate the measure of agreement between the two methods
(absolute amounts and relative percentages) in the plasma, red blood cell and peripheral
blood mononuclear cell membranes from control subjects and patients with multiple
sclerosis (Table 2). Linear regression analyses were used to measure strength of association
between fatty acids quantified in absolute amounts and relative percentages, and C-reactive
protein as well as the Kurtzke Expanded Disability Status Scale (Tables 3 and 4). The results
were considered significant if P-values were less than 0.05.

3. Results
3.1 Method of measurement comparison
correlation studies between fatty acids quantified in absolute amounts and relative
percentages are summarized in Table 2, Figure 1 and Results: sections 3.1.1, 3.1.2 and 3.1.3:
Overall, the absolute amounts and relative percentage fatty acid composition results were
moderately and mostly positively associated with each other in both study groups, although
a number of fatty acids correlated not significantly in both groups (data not shown).
However, it should be noted that though these correlations were significant, they were not
strong as most of the R values were less than 0.5. Differences in the strength of association
between the two study groups are listed below.
3.1.1 Plasma fatty acids
SM C20:0 showed significant correlations in controls only, and non-esterified fatty acid
C18:2n-6 and PC C16:0 showed significance in patients only. Further, SM C18:0 showed
weaker correlations in plasma from patients than in controls. Non-esterified fatty acids
C20:4n-6, C16:0 and C18:0 showed no correlation in either of the two study groups.
3.1.2 Red blood cell membrane fatty acids
PS C22:4n-6, SM C16:0 and PS C18:0 showed significant correlations in controls only and PS
C20:4n-6, PS C22:6n-3, PC C18:1n-9 and non-esterified fatty acid C22:0 were significantly
associated in patients only. PE C18:0 showed a stronger association between absolute
amounts and relative percentage fatty acids in red blood cells from patients with multiple
sclerosis than in control subjects. Furthermore, PE C20:4n-6, PC C16:0, PE C16:0, PC C18:0,
PE C18:0 and non-esterified fatty acid C16:0 showed no correlation in either of the two study
groups.
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Total group
R
Plasma fatty acids
Polyunsaturated fatty acids
NEFA C18:2n-6
0.42
Saturated fatty acids
0.33
PC C16:0
SM C18:0
0.64
SM C20:0
0.49

Controls

Patients

P-value

R

P-value

R

P-value

0.0008

0.31

0.0961

0.48

0.0060

0.0095
< 0.0001
0.0001

0.35
0.80
0.65

0.0601
< 0.0001
0.0001

0.36
0.50
0.34

0.0469
0.0039
0.0644

0.35
0.17
0.74
0.31

0.0583
0.3699
< 0.0001
0.0951

0.28
0.50
0.18
0.57

0.1245
0.0043
0.3413
0.0008

0.31

0.0992

0.47

0.0072

0.27
0.33
0.34
0.30
-0.37
0.58

0.1528
0.0780
0.0622
0.1099
0.0461
0.0009

0.45
0.18
0.27
0.35
-0.26
0.36

0.0113
0.3363
0.1373
0.0518
0.1557
0.0509

0.81
0.69

< 0.0001
0.0001

0.39
0.78

0.0463
< 0.0001

0.08
0.31
0.34
0.69
0.74

0.6903
0.13153
0.0924
0.0001
< 0.0001

Red blood cell membrane fatty acids
Polyunsaturated fatty acids
0.36
0.0041
PE C20:4n-6
0.40
0.0012
PS C20:4n-6
PS C22:4n-6
0.53
< 0.0001
0.45
0.0002
PS C22:6n-3
Monounsaturated fatty acids
0.40
0.0012
PC C18:1n-9
Saturated fatty acids
NEFA C22:0
0.41
0.0012
0.23
PC C18:0
0.0737
0.32
0.0118
PE C16:0
PE C18:0
0.34
0.0075
PS C18:0
-0.34
0.0079
SM C16:0
0.41
0.0011

Peripheral blood mononuclear cell membrane fatty acids
Polyunsaturated fatty acids
0.65
< 0.0001
0.32
0.1156
PC C18:2n-6
PE C20:4n-6
0.56
< 0.0001
0.38
0.0599
Monounsaturated fatty acids
0.69
< 0.0001
0.89
< 0.0000
NEFA C18:1n-9
0.62
< 0.0001
0.42
0.0351
PC C18:1n-9
Saturated fatty acids
NEFA C18:0
-0.10
0.4700
-0.43
0.0337
0.39
0.0051
0.49
0.0121
PE C18:0
0.38
0.0064
0.40
0.0448
PS C18:0
SM C16:0
0.51
0.0001
0.24
0.2432
SM C18:0
0.51
0.0002
0.22
0.3168

Table 2. Method of measurement comparison: correlation studies between fatty acids
quantified in absolute amounts and relative percentages. Key: NEFAs: Non-esterified fatty
acids, PC: Phosphatidylcholine, SM: Sphingomyelin, PE: Phosphatidylethanolamine, PS:
Phosphatidylserine.
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3.1.3 Peripheral blood mononuclear cell membrane fatty acids
PE C18:0, PS C18:0 and non-esterified fatty acid C18:0 showed significant correlations in
controls only and PC C18:2n-6, PE C20:4n-6, SM C16:0 and SM C18:0 were significant in
patients only. PC C18:1n-9 showed stronger correlations between absolute amounts and
relative percentage fatty acids in peripheral blood mononuclear cells from patients with
multiple sclerosis, while non-esterified fatty acid C18:1n-9 showed stronger correlations in
controls.
3.2 Differences between plasma, red blood cell and peripheral blood mononuclear cell
membrane fatty acids from control subjects and patients with multiple sclerosis
Measures of central tendencies have been published previously. Polyunsaturated fatty acids
measured in plasma, red blood cell and peripheral blood mononuclear cell membranes from
control subjects and patients with multiple sclerosis showed similar results when measured
in absolute values or relative percentages. They include the following: PC C20:4n-6
quantified in absolute values (Hon et al., 2011a) and relative percentages (data not shown)
was decreased in plasma from patients. PC C20:4n-6 quantified in absolute values (Hon et
al., 2009a) and relative percentages (data not shown) was decreased in red blood cell
membranes from patients. PE C22:4n-6 and PS C22:4n-6 quantified in absolute values as
well as relative percentages were decreased in peripheral blood mononuclear cell
membranes from patients with multiple sclerosis (Hon et al., 2009b).
3.3 Association studies between C-reactive protein and PC fatty acids are
summarized in Table 3
3.3.1 Plasma fatty acids
C-reactive protein showed no association with any of the fatty acids quantified in absolute
amounts in the PC phospholipid fraction in plasma from controls, but a positive association
with PC C20:3n-6 in plasma from patients. It showed a weak association with PC C20:3n-6
quantified in relative percentages in plasma from controls and a strong association in
plasma from patients similar to that found with the fatty acid quantified in absolute
amounts. It further showed a positive association with PC C16:1n-7 quantified in relative
percentages in plasma from controls and an inverse association with PC C18:1n-9 in plasma
from patients.
3.3.2 Red blood cell membrane fatty acids
The C-reactive protein showed a positive association with PC C16:1n-7 (Hon et al., 2010)
quantified in absolute amounts in the red blood cells from controls and a positive
association with PC C20:3n-6 in red blood cells from patients. Similar to results for that of
plasma PC fatty acids, it showed a weak association with PC C20:3n-6 quantified in relative
percentages in red blood cells from controls and a strong association in red blood cells from
patients. Also, similar to results for that of plasma PC fatty acids, the C-reactive protein
showed a positive association with PC C16:1n-7 quantified in relative percentages in red
blood cells from controls and an inverse association with PC C18:1n-9 in red blood cells
from patients, but this inverse correlation was also found in red blood cells from controls
(Hon et al., 2010).
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Controls
Absolute
Percentages
amounts
b*
P-value
b*
P-value
Plasma fatty acids
Polyunsaturated fatty acids
PC C20:3n-6
0.30
0.1242
Monounsaturated fatty acids
PC C16:1n-7
0.32
0.1152
PC C18:1n-9
-0.01
0.9653
Saturated fatty acids
PC C18:0
-0.01
0.9570

149

Patients
Absolute
Percentages
amounts
b*
P-value
b*
P-value

0.33

0.0973

0.39

0.0378

0.49

0.0071

0.40
-0.12

0.0444
0.5585

0.15
-0.16

0.4485
0.4044

0.12
-0.46

0.5416
0.0126

-0.19

0.3390

0.33

0.0840

0.21

0.2694

0.0625
0.0601

0.34
-0.26

0.0679
0.1759

0.52
-0.24

0.0041
0.2113

0.0468
0.0817

No association*
No association*

0.14
-0.41

0.4788
0.0264

0.37
0.07
0.23
-0.36

0.0714
0.7534
0.2806
0.0944

0.12
0.46
-0.02

0.5970
0.0230
0.9398

-0.25
-0.24
-0.14
0.04

0.2426
0.2694
0.5003
0.8700

Red blood cell membrane fatty acids
Polyunsaturated fatty acids
PC C20:3n-6
0.20
0.3059
0.36
PC C22:4n-6
0.18
0.3826
0.37
Monounsaturated fatty acids
PC C16:1n-7
+ Association*
0.39
PC C18:1n-9
No association*
-0.34

Peripheral blood mononuclear cell membrane fatty acids
Polyunsaturated fatty acids
PC C20:3n-6
0.22
0.3255
0.24
0.2818
0.16
0.4482
PC C22:4n-6
0.27
0.2262
0.38
0.0773
-0.14
0.5093
PC C22:5n-6
0.45
0.0358
0.46
0.0326
0.07
0.7629
PC C20:5n-3
-0.05
0.8133
-0.06
0.7823
-0.36
0.0842
Monounsaturated fatty acids
PC C16:1n-7
+ Association*
0.54
0.0095 No association*
PC C18:1n-7
+ Association*
0.42
0.0537 No association*
PC C18:1n-9
-0.45
0.0353 No association*
No association*
Saturated fatty acids
PC C14:0
0.30
0.1772
0.29
0.1953
-0.34
0.0992
PC C18:0
-0.47
0.0204
0.04
0.8744
-0.03
0.8887
PC C20:0
-0.07
0.7563
-0.14
0.5429
-0.36
0.0866
PC C22:0
-0.39
0.0762
-0.40
0.0680
-0.16
0.4487

Table 3. Association studies between C-reactive protein and PC fatty acids in plasma, red
blood and peripheral blood mononuclear cell membranes. * Results: Hon et al. (2010)
3.3.3 Peripheral blood mononuclear cell membrane fatty acids
The C-reactive protein showed a weak association with PC C20:3n-6 quantified in relative
percentages in peripheral blood mononuclear cell membranes from patients. It showed
positive associations with PC C22:5n-6, PC C16:1n-7 (Hon et al., 2010) and PC C18:1n-7 (Hon
et al., 2010) quantified in both absolute amounts and relative percentages in peripheral
blood mononuclear cell membranes from controls, while only PC C18:1n-7 quantified in
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relative percentages showed a positive association in peripheral blood mononuclear cell
membranes from patients. It also showed an inverse association with PC C18:1n-9
quantified in relative percentages in peripheral blood mononuclear cell membranes from
controls, in contrast to results in plasma and red blood cells where this association was
found in patients.
3.4 Association studies between the Kurtzke Expanded Disability Status Scale and
fatty acids from patients with multiple sclerosis are summarized in Table 4
3.4.1 Plasma fatty acids
The Kurtzke Expanded Disability Status Scale showed near-significant inverse associations
with non-esterified fatty acid C20:4n-6 and SM C20:0 quantified in relative percentages, but
not with absolute amounts in plasma from patients. It also showed a significant inverse
correlation with non-esterified fatty acid C14:0 quantified in relative percentages, but a nearsignificant positive association with non-esterified fatty acid C14:0 quantified in absolute
amounts.
Patients with multiple sclerosis
Absolute amounts
Relative percentages
b*
P-value
b*
P-value
Plasma fatty acids
Polyunsaturated fatty acids
NEFA C20:4n-6
Saturated fatty acids
NEFA C14:0
NEFA C16:0
SM C20:0

R2

-0.04

0.8188

-0.34

0.0716

0.05

0.42
0.26
-0.01

0.0550
0.1532
0.9683

-0.48
-0.31
-0.34

0.0307
0.0869
0.0828

0.11
0.08
0.05

0.2154
0.2806
0.7511

0.72
0.61
-0.41

0.0397
0.0322
0.0320

0.12
0.12
0.14

0.0771
0.4928
0.7650

-0.31
0.41
0.34

0.077
0.0372
0.0835

0.13
0.09
0.04

Peripheral blood mononuclear cell membrane fatty acids
Polyunsaturated fatty acids
0.95
0.1296
-1.10
PE C20:5n-3
Monounsaturated fatty acids
2.14
0.0708
-1.99
PC C24:1n-9

0.0791

0.06

0.0927

0.07

Red blood cell membrane fatty acids
Polyunsaturated fatty acids
-0.42
PC C20:2n-6
PE C20:3n-6
-0.30
-0.06
PS C22:5n-3
Saturated fatty acids
PC C16:0
-0.31
PC C18:0
-0.13
PE C16:0
-0.06

Table 4. Association studies between the Kurtzke Expanded Disability Status Scale and
absolute amounts and relative percentage fatty acids in plasma, red blood cell and
peripheral blood mononuclear cell membranes from patients with multiple sclerosis
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3.4.2 Red blood cell membrane fatty acids
The Kurtzke Expanded Disability Status Scale showed significant positive associations with
PC C20:2n-6, PE C20:3n-6 and PC C18:0 as well as a near-significant positive association
with PE C16:0 quantified in relative percentages, but not with absolute amounts in red
blood cell membranes from patients. In contrast, it showed a significant inverse correlation
with PS C22:5n-3 quantified in relative percentages in red blood cell membranes from
patients.
3.4.3 Peripheral blood mononuclear cell membrane fatty acids
The Kurtzke Expanded Disability Status Scale showed no significant associations with the
fatty acids in peripheral blood mononuclear cell membranes from patients, but a nearsignificant inverse correlation with PE C20:5n-3 quantified in relative percentages.

4. Discussion
The objective was to establish whether using absolute amounts in quantifying fatty acids in
biological tissue would provide sufficient information to investigate abnormalities in a
diseased state, in this case investigating the fatty acid profile in patients with multiple
sclerosis. Results showed that correlation strengths between fatty acids quantified in
absolute amounts and relative percentages varied in some instances in plasma, red blood
cell as well as peripheral blood mononuclear cell membranes between study groups (Table
2). Furthermore, even when a correlation was observed between absolute amounts and
relative percentages the R value was not always close to the value one as would have been
expected if these theoretically represent each other. Of note is that some of these correlations
were lost or gained in diseased subjects. For example, PC C18:1n-9 showed stronger
correlations in peripheral blood mononuclear cells from patients, than in control subjects. In
contrast, PS C22:4n-6 showed significance in red blood cell membranes from controls, but
not in patients with multiple sclerosis (Figure 1).

Fig. 1. Measurement comparison of PS C22:4n-6 quantified in absolute amounts and relative
percentages in red blood cell membranes. Controls, R = 0.74; P = < 0.0000. In patients with
multiple sclerosis the correlation was not significant, R = 0.18; P = 0.3413.
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Multiple sclerosis is an inflammatory disease of the central nervous system in which an
abnormal fatty acid profile has been reported, but with inconclusive findings (Cherayil,
1984; Navarro & Segura, 1989; Harbige & Sharief, 2007; Hon et al., 2009a, 2009b). The n-6
and n-3 polyunsaturated fatty acids, C18:2n-6, C20:4n-6 and C20:5n-3 have been reported to
be decreased in plasma and blood cell membranes from these patients (Baker et al., 1964;
Cherayil, 1984; Holman et al., 1989; Nightingale et al., 1990; Hon et al., 2009a, 2009b), but
other research groups have found no differences compared to control subjects (Cumings et
al., 1965; Fisher et al., 1987; Evans & Dodd, 1989; Koch et al., 2006). Disturbed metabolic
relationships between C18:2n-6 and C20:3n-6 (Harbige & Sharief, 2007), as well as between
C20:3n-6 and C20:4n-6 (Harbige & Sharief, 2007; Hon et al., 2009b) in the peripheral blood
mononuclear cell membranes from patients with multiple sclerosis have also been reported.
Homa et al. (1980) showed the relationship between C18:2n-6 and C20:4n-6 in red blood
cells from patients to be disturbed, while Hon et al. (2009a) reported disturbances between
PC C18:2n-6 and PC C20:3n-6, PC C18:2n-6 and PC C20:4n-6, PC C20:3n-6 and PC C20:4n-6
in red blood cells from patients. The lack of consensus on the role of fatty acids in the
pathogenesis of multiple sclerosis, may be due to the variable results observed in previous
studies which may be attributed to the different forms of assessments used (absolute
amounts and relative percentages).
4.1 Quantification of polyunsaturated fatty acid C20: 4n-6
The n-6 polyunsaturated fatty acid PC C20:4n-6 (data not shown) showed significant
correlations between absolute amounts and relative percentage composition in plasma from
both the control group and patients with multiple sclerosis, but showed a wide variation in
red blood cell membranes. PE C20:4n-6 showed a weak correlation in controls only, while
PS C20:4n-6 in contrast showed a strong correlation in red blood cells from patients. PE
C20:4n-6 showed a strong correlation in peripheral blood mononuclear cell membranes from
patients and a weak correlation in controls. In contrast to the differences in correlations
between absolute amounts and relative percentage composition of C20:4n-6 in red blood cell
and peripheral blood mononuclear cell membranes from patients with that of the control
group, the n-3 polyunsaturated fatty acids in general showed similar strong associations
between absolute amounts and relative percentage in plasma, red blood cell and peripheral
blood mononuclear cell membranes from controls and patients (Table 2). These results have
demonstrated that in control subjects there is a wide range of association strengths between
the n-6 fatty acids quantified in absolute amounts and relative percentages with these
associations being further disturbed in patients with multiple sclerosis. On the other hand,
the n-3 polyunsaturated fatty acids showed close associations between absolute amounts
and relative percentages and that this was maintained in patients with multiple sclerosis.
It is unclear why the n-6 polyunsaturated fatty acid C20:4n-6 should show such a wide
variation in association between absolute amounts and relative percentages (from very weak
to strong) in plasma, red blood cell and peripheral blood mononuclear cell membranes from
controls. Furthermore, it is unclear why C20:4n-6 should have stronger associations between
absolute amounts and relative percentages specifically in peripheral blood mononuclear
cell membranes from patients, unless the reversal of association strength in these immune
cells are part of the pathogenesis of multiple sclerosis. C20:4n-6 is released from cell
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membranes during inflammation as precursor for pro-inflammatory prostaglandin E2
production (Horrobin & Manku, 1990; Simopoulos, 2002; Bagga et al., 2003; Haag, 2003),
while its precursor fatty acid in the n-6 fatty acid series, C20:3n-6 is the precursor fatty acid
for the synthesis of prostaglandin E1, a less inflammatory mediator of inflammation, than
prostaglandin E2. In contrast, prostaglandin E3 derived from the metabolism of C20:5n-3
and docosanoids derived from the metabolism of C22:6n-3 has anti-inflammatory properties
(Bagga et al., 2003; Haag, 2003; Zamaria, 2004; Farooqui et al., 2007; Chen et al., 2008). In a
disease such as multiple sclerosis, which is inflammatory in nature, it is useful to know
whether the n-6 and n-3 polyunsaturated fatty acids show any metabolic abnormalities and
these results suggested abnormalities within the n-6 polyunsaturated fatty acid series rather
than in the n-3 polyunsaturated fatty acids.
Results from previous studies (Hon et al., 2009a, 2009b; Hon et al., 2011a) and this study
showed similar decreases in polyunsaturated fatty acid C20:4n-6 and its elongation product
C22:4n-6 when quantified in absolute amounts or relative percentages in plasma, red blood
cell and/or peripheral blood mononuclear cell membranes from patients with multiple
sclerosis as compared to controls. Therefore, investigating measures of central tendencies in
fatty acids from control subjects and patients with multiple sclerosis using both
quantifications methods does not explain the differences in reports of C20:4n-6 composition
in patients with multiple sclerosis as compared to control subjects. However, the variations
in association strengths between C20:4n-6 quantified in absolute amounts and relative
percentages in patients compared to control subjects (Table 2) showed that other factors
must contribute to the change in association. In this regard, the C-reactive protein has been
shown to correlate inversely with PE C20:4n-6 and PE C22:4n-6 quantified in absolute values
in red blood cell membranes from patients with multiple sclerosis (Hon et al., 2009a) and
also inversely with PC C20:4n-6, PS C20:4n-6, PS C22:4n-6 and PI C22:4n-6 quantified in
absolute values in peripheral blood mononuclear cell membranes from patients with
multiple sclerosis (Hon et al., 2009b). It is possible therefore to expect C-reactive protein
concentrations to show associations with blood fatty acids depending on the inflammatory
status of the patients.
4.2 Association between C-reactive protein and polyunsaturated fatty acids
In this study, results (Table 3) showed that the C-reactive protein showed very few
associations with fatty acids quantified in absolute amounts in plasma, red blood cell or
peripheral blood mononuclear cell membranes from either control subjects or patients with
multiple sclerosis. In contrast, it showed a number of associations with fatty acids quantified
in relative percentages in both controls and patients. Furthermore, these results indicated
that the association between the C-reactive protein and certain fatty acids quantified in
relative percentages are valid, because the same associations were found in plasma and red
blood cell membrane fatty acids. For example, the C-reactive protein showed positive
associations with PC C20:3n-6 quantified in absolute amounts as well as in relative
percentages in plasma from patients but an association in plasma from controls only with
this fatty acid quantified in relative percentages. The same association was found between
the C-reactive protein and PC C20:3n-6 quantified in relative percentages in red blood cells
from controls and patients but not in peripheral blood mononuclear cell membranes from
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patients or controls. These and previous results showed that association and correlation
studies between the C-reactive protein and fatty acids as well as using absolute amounts
and relative percentages of fatty acids in evaluating their role in inflammation in patients
with multiple sclerosis gave different outcomes, and that relative percentages gave
additional information. Specifically, these results showed that correlation studies
highlighted the inverse correlations between the C-reactive protein and C20:4n-6 as well as
C22:4n-6 quantified in absolute amounts in patients, while association studies showed a
positive association between C-reactive protein and C20:3n-6 and that this association was
found primarily with the relative percentages.
These results are important because C20:4n-6 and C20:3n-6 are precursors for
prostaglandins E2 and E1 respectively and of these E1 is the less inflammatory mediator,
and clearly, the C-reactive protein showed opposite correlations/associations with these
two fatty acids. It is not clear from the results of this study whether the positive association
between the C-reactive protein and C20:3n-6 was due to the membrane content of the fatty
acid or whether it was due to the amount made available for prostaglandin E2 production,
that is whether a higher membrane content suggested lower levels of the less inflammatory
prostaglandin. However, fatty acid metabolic abnormalities have been reported between
C20:3n-6 and C20:4n-6 in the peripheral blood mononuclear cell (Harbige & Sharief, 2007;
Hon et al., 2009b) and red blood cell (Hon et al., (2009a) membranes from patients.
4.3 Association between C-reactive protein and monounsaturated fatty acids
Furthermore, the C-reactive protein showed positive associations with PC C16:1n-7
quantified in relative percentages in plasma from controls and with PC C16:1n-7 quantified
in both absolute amounts (Hon et al., 2010) and relative percentages in both red blood cell
and peripheral blood mononuclear cell membranes from controls (Table 3). In contrast, it
showed no association with PC C16:1n-7 in any of these blood compartments from patients.
The associations between the C-reactive protein and monounsaturated fatty acid C16:1n-7 in
control subjects suggested a specific role for this fatty acid in the immune cells in the
inflammatory process. The absence of this association in patients suggested an irregularity
in the immune process in patients with multiple sclerosis. The C-reactive protein did show a
positive association with PC C18:1n-7 in peripheral blood mononuclear cell membranes
from patients but only with the percentage composition.
In contrast to the positive associations with the n-7 fatty acids, the C-reactive protein
showed an inverse association with PC C18:1n-9 quantified in relative percentages in
plasma and red blood cells from patients, but in peripheral blood mononuclear cell
membranes from controls only. These results again showed the importance of including
relative percentages when evaluating the relationship between inflammation and fatty acids
in patients with multiple sclerosis. Monounsaturated fatty acids may have antiinflammatory effects, although their role in inflammation is not as well defined as that of the
polyunsaturated fatty acids (Yaqoob et al., 1998; Harwood & Yaqoob, 2002). The results
from this and previous studies showed that the altered associations between the C-reactive
protein and the n-7 and n-9 monounsaturated fatty acids may have had an effect on their
anti-inflammatory functions and may therefore have contributed to the pathogenesis of the
disease.

www.intechopen.com

Gas Chromatography Results Interpretation: Absolute Amounts Versus Relative Percentages

155

4.4 The relationship between polyunsaturated fatty acids and the Kurtzke Expanded
Disability Status Scale
Previous studies have shown an inverse correlation between the Kurtzke Expanded
Disability Status Scale and PC C20:4n-6 quantified in absolute values in red blood cell
membranes from patients (Hon et al., 2009a), but a positive correlation with PC C20:3n-6 in
peripheral blood mononuclear cell membranes from patients with multiple sclerosis (Hon et
al., 2009b). Results from this study showed no association between the Kurtzke Expanded
Disability Status Scale and C20:4n-6, but it did show positive associations with PC C20:2n-6
and PE C20:3n-6 quantified in relative percentages in red blood cell from patients (Table 4).
These findings are important because the C-reactive protein has been shown in previous
studies to show inverse correlations with C20:4n-6 quantified in absolute amounts in
patients, while a positive association was shown in this study with PC C20:3n-6 quantified
in relative percentages in peripheral blood mononuclear cell membranes from patients.
Furthermore, previous studies have shown that the C-reactive protein also showed a
positive correlation with the Kurtzke Expanded Disability Status Scale in patients with
multiple sclerosis (Hon et al., 2009b).
Although these results would need further investigation, their associations/correlations would
suggest that with an increase in the C-reactive protein, there is a decrease in blood cell
membrane C20:4n-6 and an increase in C20:3n-6, with an accompanying increase in the
Kurtzke Expanded Disability Status Scale in patients with multiple sclerosis. It is possible to
hypothesize that the decrease in membrane C20:4n-6 could have been due to the release of this
fatty acid for eicosanoid production because this fatty acid is the major fatty acid to be released
for eicosanoid production during the inflammatory processes, as measured by the C-reactive
protein (Calder, 2007). In addition, these results further suggested that an imbalance in C20:4n6 and C20:3n-6 release for prostaglandin E2 and E1 production respectively could be
associated with the inflammatory condition experienced by patients with multiple sclerosis
and that this effect could possibly be a constant condition, hence the significant
correlation/association with the Kurtzke Expanded Disability Status Scale respectively.
4.5 Membrane phospholipids
Membrane lipids consist of phospholipids, into which saturated and unsaturated fatty acids
are incorporated, as well as cholesterol. Choline containing phospholipids,
phosphatidylcholine and sphingomyelin are mainly on the outer leaflet of plasma
membranes, while phosphatidylethanolamine and phosphatidylserine are located on the
inner leaflet. The properties of the different phospholipid molecules depend on their
different head-groups as well as on the type of fatty acids they contain (Williams, 1998;
Horrobin, 1999) and their composition in cell membranes determines the degree of fluidity
of the membrane structures. Phospholipids from both red blood cell (Hon et al., 2009c) and
peripheral blood mononuclear cell (Hon et al., 2011b) membranes have been reported in
detail and specifically their function in determining cell membrane fluidity and their role in
disease outcome in patients with multiple sclerosis.

5. Conclusions
The validity of using fatty acid composition in relative percentages and/or absolute
amounts has been discussed with regards to measurements of these in the blood
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components of patients with multiple sclerosis, an inflammatory disease of the central
nervous system, in which various fatty acid imbalances have been described, but without
any firm conclusions as to cause or consequences. The results of this study showed that
using a combination of fatty acids quantified in both absolute amounts and relative
percentages could be relevant, especially in a disease state such as multiple sclerosis. This
was further confirmed by the association between C-reactive protein, a marker of
inflammation and the fatty acids. Therefore, it is recommended that fatty acids should be
analysed and interpreted using both absolute amounts and relative percentages.

6. References
Adibhatla, R.M. & Hatcher, J.F. (2007). Role of lipids in brain injury and diseases. Future
Lipidology, Vol.2, pp. 403-422
Allen, H.G.; Allen, J.C.; Boyd, L.C.; Alston-Mills, B.P. & Fenner, G.P. (2006). Determination
of membrane lipid differences in insulin resistant diabetes mellitus type 2 in whites
and blacks. Nutrition, Vol.22, pp. 1096-1102
Bagga, D.; Wang, L.; Farias-Eisner, R.; Glaspy, J.A. & Reddy, S.T. (2003). Differential effects
of prostaglandin derived from omega-6 and omega-3 polyunsaturated fatty acids
on COX-2 expression and IL-6 secretion. Proceedings of the National Academy of
Sciences USA, Vol.100, pp. 1751 - 1756
Baker, R.W.R.; Thompson R.H.S. & Zilkha K.J. (1964). Serum fatty acids in multiple sclerosis.
Journal of Neurology, Neurosurgery, and Psychiatry, Vol.27, pp. 408-414
Barenholz, Y. (2002). Cholesterol and other membrane active sterols: from membrane
evolution to “rafts”. Progress in Lipid Research, Vol.41, pp. 1-5
Barenholz, Y. & Thompson, T.E. (1999). Sphingomyelin: biophysical aspects. Chemistry and
Physics of Lipids, Vol.102, pp. 29-34
Bates, D.; Fawcett, P.R.W.; Shaw, D.A. & Weightman, D. (1978). Polyunsaturated fatty acids
in treatment of acute remitting multiple sclerosis. British Medical Journal, Vol.2, pp.
1390-1391
Blaak, E.E. (2003). Fatty acid metabolism in obesity and type 2 diabetes mellitus. Proceedings
of the Nutrition Society, Vol.62, pp. 753-60
Brown, K.A. (2001). Factors modifying the migration of lymphocytes across the blood-brain
barrier. International Immunopharmacology, Vol.1, pp. 2043-2062
Calder, P.C. (2007). Immunomodulation by omega-3 fatty acids. Prostaglandins, Leukotrienes
and Essential Fatty Acids, Vol.77, pp. 327-335
Caret, R.L.; Denniston, K.J. & Topping, J.J. (1997). Lipids and their functions in biochemical
systems, In: Principles and applications of inorganic, organic and biological chemistry,
C.H. Wheatley, (Ed.), 379-407, McGraw-Hill, Boston
Chen, C.T.; Green, J.T.; Orr, S.K. & Bazinet, R.P. (2008). Regulation of brain polyunsaturated
fatty acid uptake and turnover. Prostaglandins, Leukotrienes and Essential Fatty Acids,
Vol.79, pp. 85-91
Cherayil, G.D. (1984). Sialic acid and fatty acid concentrations in lymphocytes, red blood
cells and plasma from patients with multiple sclerosis. Journal of the Neurological
Sciences, Vol.63, pp. 1-10
Cordo, S.M.; Candurra, N.A. & Damonte, E.B. (1999). Myristic acid analogs are inhibitors of
Junin virus replication. Microbes and Infection, Vol.1, pp. 609-614

www.intechopen.com

Gas Chromatography Results Interpretation: Absolute Amounts Versus Relative Percentages

157

Culp, B.R.; Titus, B.G. & Lands, W.E. (1979). Inhibition of prostaglandins by
eicosapentaenoic acid. Prostaglandins and Medicine, Vol.3, pp. 269-278
Cumings, J.N.; Shortman, R.C. & Skrbic, T. (1965). Lipid studies in the blood and brain in
multiple sclerosis and motor neurone disease. Journal of Clinical Pathology, Vol.18,
pp. 641-644
De Pablo, M.A. & De Cienfuegos, G.Á. (2000). Modulatory effects of dietary lipids on
immune system functions. Immunology and Cell Biology, Vol.78, pp. 31-39
Evans, P. & Dodd, G. (1989). Erythrocyte fatty acids in multiple sclerosis. Acta Neurologica
Scandinavica, Vol.80, pp. 501-503
Farinotti, M.; Simi, S.; Di Pietrantonj, C.; McDowell, N.; Brait, L.; Lupo, D. & Filippini, G.
(2007). Dietary interventions for multiple sclerosis. Cochrane Database Syst Rev, (1)
CD004192
Farooqui, A.A.; Horrocks, L.A. & Farooqui, T. (2007). Modulation of inflammation in brain:
a matter of fat. Journal_of_Neurochemistry, Vol.101, pp. 577-599
Fisher, M.; Johnson, M.H.; Natale, A.M.; & Levine, P.H. (1987). Linoleic acid levels in white
blood cells, platelets, and serum of multiple sclerosis patients. Acta Neurologica
Scandinavica, Vol.76, pp. 241-245
Folch, J.; Lees, M. & Sloane-Stanley, G.H. (1957). A simple method for the isolation and
purification of total lipids from animal tissues. Journal of Biological Chemistry,
Vol.226, pp. 497-509
Gilfillan, A.M.; Chu, A.J.; Smart, D.A. & Rooney, S.A. (1983). Single plate separation of lung
phospholipids including disaturated phosphatidylcholine. Journal of Lipid Research,
Vol.24, pp. 1651-1656
Giovannoni, G.; Miller, D.H.; Losseff, N.A.; Sailer, M.; Lewellyn-Smith, N.; Thompson, A.J.
& Thompson, E.J. (2001). Serum inflammatory markers and clinical/MRI markers
of disease progression in multiple sclerosis. Journal of Neurology, Vol.248, pp. 487495
Giovannoni, G.; Thorpe, J.W.; Kidd, D.; Kendall, B.E.; Moseley, I.F.; Thompson, A.J.; Keir, G.;
Miller, D.H.; Feldmann, M. & Thompson, E.J. (1996). Soluble E-selectin in multiple
sclerosis: raised concentrations in patients with primary progressive disease.
Journal of Neurology, Neurosurgery, and Psychiatry, Vol.60, pp. 20-26
Haag, M. (2003). Essential fatty acids and the brain. Canadian Journal of Psychiatry, Vol.48, pp.
195-203
Hamai, C.; Yang, T.; Kataoka, S.; Cremer, P.S. & Musser, S.M. (2006). Effect of average
phospholipid curvature on supported bilayer formation on glass by vesicle fusion.
Biophysical Journal, Vol.90, pp.1241-1248
Harbige, L.S. & Sharief, M.K. (2007). Polyunsaturated fatty acids in the pathogenesis and
treatment of multiple sclerosis. British Journal of Nutrition, Vol.98, pp. S46-S53
Harlos, K. & Aibl, H. (1981). Hexagonal phases in phospholipids with saturated chains:
Phosphatidylethanolamines and phosphatidic acids. Biochemistry, Vol.20, pp. 28882892
Harwood, J.L. & Yaqoob, P. (2002). Nutritional and health aspects of olive oil. The European
Journal of Lipid Science and Technology, Vol.104, pp. 685-697
Hazel, J.R. & Williams, E.E. (1990). The role of alterations in membrane lipid composition in
enabling physiological adaptation of organisms to their physical environment.
Progress in Lipid Research, Vol.29, pp. 167-227

www.intechopen.com

158

Gas Chromatography – Biochemicals, Narcotics and Essential Oils

Holman, R.T.; Johnson, S.B. & Kokmen, E. (1989).Deficiencies of polyunsaturated fatty acids
and replacement by nonessential fatty acids in plasma lipids in multiple sclerosis.
Proceedings of the National Academy of Sciences USA, Vol.86, pp. 4720-4724
Homa, S.T.; Belin, J.; Smith, A.D.; Monro, J.A. & Zilkha, (1980). K.J. Levels of linoleate and
arachidonate in red blood cells of healthy individuals and patients with multiple
sclerosis. Journal of Neurology, Neurosurgery and Psychiatry, Vol.43, pp. 106-110
Hon, G.M.; Hassan, M.S.; Van Rensburg, S.J.; Abel, S.; Marais, D.W.; Van Jaarsveld, P.;
Smuts, C.M.; Henning, F.; Erasmus, R.T. & Matsha, T. (2009a). Erythrocyte
membrane fatty acids in patients with multiple sclerosis. Multiple Sclerosis, Vol.15,
pp. 759-762
Hon, G.M.; Hassan, M.S.; Van Rensburg, S.J.; Abel, S.; Marais, D.W.; Van Jaarsveld, P.;
Smuts, C.; Henning, F.; Erasmus, R. & Matsha, T. (2009b). Immune cell membrane
fatty acids and inflammatory marker, C-reactive protein, in patients with multiple
sclerosis. British Journal of Nutrition, Vol.102, pp. 1334-1340
Hon, G.M.; Hassan, M.S.; Van Rensburg, S.J.; Abel, S.; Van Jaarsveld, P.; Erasmus, R.T. &
Matsha, T. (2009c). Red blood cell membrane fluidity in the etiology of multiple
sclerosis. Journal of Membrane Biology, Vol.232, pp. 25-34
Hon, G.M.; Hassan, M.S.; Van Rensburg, S.J.; Abel, S.; Erasmus, R.T. & Matsha, T. (2010).
Monounsaturated fatty acids in blood cell membranes from patients with multiple
sclerosis. Inflammation, 2010 Dec 1. PMID: 21120595 [Epub ahead of print]
Hon, G.M.; Hassan, M.S.; Janse van Rensburg, S.; Abel , S.; Erasmus, R.T. & Matsha, T.
(2011a). Plasma Non-esterified Fatty Acids in Patients with Multiple Sclerosis.
Neurology Asia, In Press.
Hon, G.M.; Hassan, M.S.; Van Rensburg, S.J.; Abel, S.; Erasmus, R.T. & Matsha, T. (2011b).
Peripheral Blood Mononuclear Cell Membrane Fluidity and Disease Outcome in
Patients with Multiple Sclerosis. Indian Journal of Hematology and Blood Transfusion,
(DOI) 10.1007/s12288-011-0087-x.
Horrobin, D.F. & Manku, M.S. (1990). Clinical biochemistry of essential fatty acids, In:
Omega-6 essential fatty acids. Pathophysiology and roles in clinical medicine, D.F.
Horrobin, (Ed.), 21-49, Alan R. Liss Inc, New York
Horrobin, D.F. (1999). The phospholipid concept of psychiatric disorders and its relationship
to the neurodevelopmental concept of schizophrenia, In: Phospholipid spectrum
disorder in psychiatry, M. Peet, I. Glen & D.F. Horrobin, (Eds.), 3-16, Marius Press,
Lancashire, UK
Hunter, S.F. & Hafler, D.A. (2000). Ubiquitous pathogens. Links between infection and
autoimmunity in MS? Neurology, Vol.55, pp. 164-165
Itaya, K. & Ui, M. (1966). A new micromethod for the colorimetric determination of
inorganic phosphate. Clinica Chimica Acta, Vol.14, pp. 361-366
Kaushal, V. & Barnes, L.D. (1986). Effect of zwitterionic buffers on measurement of small
masses of protein with bicinchoninic acid. Analytical Biochemistry, Vol.157, pp. 291294
Koay, E.S.C. & Walmsley, N. (1999). Plasma lipids and lipoproteins, In: A primer of Chemical
Pathology, E.S.C. Koay & N. Walmsley, (Eds.), 191-211, World Scientific, Singapore
Koch, M.; Ramsaransing, G.S.M.; Fokkema, M.R.; Heersema, D.J. & De Keyser, J. (2006).
Erythrocyte membrane fatty acids in benign and progressive forms of multiple
sclerosis. Journal of the Neurological Sciences, Vol.244, pp. 123-126

www.intechopen.com

Gas Chromatography Results Interpretation: Absolute Amounts Versus Relative Percentages

159

Kurtzke, J.F. (1983). Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). Neurology, Vol.33, pp. 1444-1452
Manzoli, F.A.; Stefoni, S.; Manzoli-Guidotti, L. & Barbieri, M. (1970). The fatty acids of
myelin phospholipids. Federation of European Biochemical Societies, Vol.10, pp. 317320
Mouritsen, O.G. & Jørgensen, K. (1998). A new look at lipid-membrane structure in relation
to drug research. Pharmaceutical Research, Vol.15, pp. 1507-1519
Nakamura, M.T. & Nara, T.Y. (2004). Structure, function, and dietary regulation of 6, 5,
and 9 desaturases. The Annual Review of Nutrition, Vol.24, pp.345-376
Narasimhan, B.; Mourya, V. & Dhake, A. (2006). Design, synthesis, antibacterial, and QSAR
studies of myristic acid derivatives. Bioorganic & Medicinal Chemistry Letters, Vol.16,
pp. 3023-3029
Navarro, X. & Segura, R. (1989). Red blood cell fatty acids in multiple sclerosis. Acta
Neurologica Scandinavica, Vol.79, pp. 32-37
Nightingale, S.; Woo, E.; Smith, A.D.; French, J.M.; Gale, M.M.; Sinclair, H.M.; Bates, D. &
Shaw, D.A. (1990). Red blood cell and adipose tissue fatty acids in mild inactive
multiple sclerosis. Acta Neurologica Scandinavica, Vol.82, pp. 43-50
Nordvik, I.; Myhr, K.M.; Nyland, H. & Bjerve, K.S. (2000). Effect of dietary advice and n-3
supplementation in newly diagnosed MS patients. Acta Neurologica Scandinavica,
Vol.102, pp. 143-149
Oram, J.F. & Bornfeldt, K.E. (2004). Direct effects of long-chain non-esterified fatty acids on
vascular cells and their relevance to macrovascular complications of diabetes.
Frontiers in bioscience, Vol.9, pp. 1240-1253
Paty, D.W.; Cousin, H.K.; Read, S. & Adlakha, K. (1978). Linoleic acid in multiple sclerosis:
Failure to show any therapeutic benefit. Acta Neurologica Scandinavica, Vol.58, pp.
53-58
Pereira, S.L.; Leonard, A.E. & Mukerji, P. (2003). Recent advances in the study of fatty acid
desaturases from animals and lower eukaryotes. Prostaglandins, Leukotrienes and
Essential Fatty Acids, Vol.68, pp. 97-106
Pilz, S.; Scharnagl, H.; Tiran, B.; Wellnitz, B.; Seelhorst, U.; Boehm B.O. & März, W. (2007).
Elevated plasma free fatty acids predict sudden cardiac death: a 6.85-year followup of 3315 patients after coronary angiography. European Heart Journal, Vol.28, pp.
2763-2769
Rapoport, S.I.; Rao, J.S. & Igarashi, M. (2007). Brain metabolism of nutritionally essential
polyunsaturated fatty acids depends on both the diet and the liver. Prostaglandins,
Leukotrienes and Essential Fatty Acids, Vol.77, pp. 251-261
Romon, M.; Nuttens, M.C.; Theret, N.; Delbart, C.; Lecerf, J.M.; Fruchart, J.C. & Salomez, J.L.
(1995). Comparison between fat intake assessed by a 3-day food record and
phospholipid fatty acid composition of red blood cells. Metabolism - Clinical and
Experimental, Vol.44, pp. 1139-1145
Sands, J.A. (1977). Inactivation and inhibition of replication of the enveloped bacteriophage
6 by fatty acids. Antimicrobial Agents and Chemotherapy, Vol.12, pp. 523-528
Sarafidis, P.A. & Bakris, G.L. (2007). Non-esterified fatty acids and blood pressure elevation:
a mechanism for hypertension in subjects with obesity/insulin resistance? Journal of
Human Hypertension, Vol.21, pp. 12-19

www.intechopen.com

160

Gas Chromatography – Biochemicals, Narcotics and Essential Oils

Sellner, J.; Greeve, I. & Mattle, H.P. (2008). Atorvastatin decreases high-sensitivity C-reactive
protein in multiple sclerosis. Multiple Sclerosis, Vol.14, pp. 981-984
Simopoulos, A.P. (2002). Omega-3 fatty acids in inflammation and autoimmune diseases.
Journal of American College of Nutrition, Vol.2, pp. 495-505
Smuts, C.M.; Weich, H.F.H.; Weight, M.J.; Faber, M.; Kruger, M.; Lombard, C.J. & Benade,
A.J.S. (1994). Free cholesterol concentrations in the high-density lipoprotein
subfraction-3 as a risk indicator in patients with angiographically documented
coronary artery disease. Coronary Artery Disease, Vol.5, pp. 331-338
Stinissen, P.; Raus, J. & Zhang J. (1997). Autoimmune pathogenesis of multiple sclerosis: role
of autoreactive T lymphocytes and new immunotherapeutic strategies. Critical
Reviews in Immunology, Vo.17, pp. 33-75
Van Jaarsveld, P.J.; Smuts, C.M.; Tichelaar, H.Y.; Kruger, M. & Benadé, A.J.S. (2000). Effect of
palm oil on plasma lipoprotein concentrations and plasma low-density lipoprotein
composition in non-human primates. International Journal of Food Sciences &
Nutrition, Vol.51, pp. S21-S30
Weinstock-Guttman, B.; Baier, M.; Park, Y.; Feichter, J.; Lee-Kwen, P.; Gallagher, E.;
Venkatraman, J.; Meksawan, K.; Deinehert, S.; Pendergast, D.; Awad, A.B.;
Ramanathan, M.; Munschauer, F. & Rudick, R. (2005). Low fat dietary intervention
with -3 fatty acid supplementation in multiple sclerosis patients. Prostaglandins,
Leukotrienes and Essential Fatty Acids, Vol.73, pp. 397-404
Williams, E.E. (1998). Membrane lipids: What membrane physical properties are conserved
during physiochemically-induced membrane restructuring? American Zoologist,
Vol.38, pp. 280-290
Yaqoob, P.; Knapper, J.M.E.; Webb, D.H.; Williams, E.; Newsholme, A. & Calder, P.C. (1998).
The effects of olive oil consumption on immune functions in middle-aged men.
American Journal of Clinical Nutrition. Vol.67, pp. 129-135
Zamaria, N. (2004). Alteration of polyunsaturated fatty acid status and metabolism in health
and disease. Reproduction Nutrition Development, Vol.44, pp. 273-282

www.intechopen.com

Gas Chromatography - Biochemicals, Narcotics and Essential Oils
Edited by Dr. Bekir Salih

ISBN 978-953-51-0295-3
Hard cover, 236 pages
Publisher InTech

Published online 09, March, 2012

Published in print edition March, 2012
Gas Chromatography involves the study of various vaporizable molecules in chemistry and the other related
research fields. This analytical method has a number of features and advantages that make it an extremely
valuable tool for the identification, quantification and structural elucidation of organic molecules. This book
provides detailed gas chromatography information to applications of biochemicals, narcotics and essential oils.
The details of the applications were briefly handled by the authors to increase their comprehensibility and
feasibility. This guide should be certainly valuable to the novice, as well as to the experienced gas
chromatography user who may not have the enough experience about the specific applications covered in this
book. We believe this book will prove useful in most laboratories where modern gas chromatography is
practiced.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:
G.M. Hon, S. Abel, C.M. Smuts, P. van Jaarsveld, M.S. Hassan, S.J. van Rensburg, R.T. Erasmus and T.
Matsha (2012). Gas Chromatography Results Interpretation: Absolute Amounts Versus Relative Percentages,
Gas Chromatography - Biochemicals, Narcotics and Essential Oils, Dr. Bekir Salih (Ed.), ISBN: 978-953-510295-3, InTech, Available from: http://www.intechopen.com/books/gas-chromatography-biochemicalsnarcotics-and-essential-oils/gas-chromatography-results-interpretation-absolute-amounts-and-relativepercentages

InTech Europe

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

