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ABSTRACT

Fatty acid analysis of red blood cell (RBC) membrane PS, PI, LPC and SPH were examined in
species like rat, human, dog and rabbit by GC. Cso and C,s, were the prominent SFA (saturated fatty
acids) in species phospholipids studied. C,¢ was higher in LPC and SPH whereas C;s.o was higher in PS
and PI in all species and in dog LPC.

Although evenly spread in phospholipids, MUFA (monounsaturated fatty acid) in PS, PI and LPC seamed
to be higher than in SPH. Among MUFA Ci¢, and C;s;; were the prominent ones in the species, Cis
being considerably higher than Cq,;. PUFAs (polyunsaturated fatty acids) were relatively high in PS and
PI compared to LPC and SPH in each species. Arachidonate was one of the most abundant fatty acids in
human, rat and dog. Rabbit possessed very low levels of arachidonate in each phospholipid compared to
that of other species phospholipids. By contrast linoleic acid was high in rabbit RBC membrane
phospholipids. While Cis, , Cy4 and Cpy were the major PUFAs of human RBC membrane
phospholipids studied, Cis.» and Cyp4 were the major ones in the others. 22-Carbon fatty acids were
present in small amounts in most species. C,y.¢ Was present in rabbit, rat and human RBC membrane

phospholipids but very little was present in dog.

KEYWORDS: fatty acids, gas chromatography, analysis, RBC membrane, PS, PI,
LPC,SPH, rat, rabbit, human, dog.
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Abbreviations: SFA, Saturated fatty acid; MUFA, monounsaturated fatty acid;
PUFA, polyunsaturated fatty acid; LCPUFA, long chain polyunsaturated fatty acid;
LCMUFA, long chain monounsaturated fatty acid; RBC, Red blood cell; PS,
phosphatidylserine; PI, phosphatidylinositol; LPC, lysophosphatidylcholine; SPH,
sphingomyeline; BHT, butylated hydroxy toluene; SDS, sodium dodecyl sulphate;
RBC, red blood cell; HPLC, high performance liquid chromatography; GC, gas
chromatography

1. INTRODUCTION

There are numerous phospholipids in mammalian cells having different
polar head groups such as phosphatidylethanolamine (PE), phosphatidylcholine
(PC), phosphatidylinositol (PI), sphingomyeline (SPH) , lysophosphatidylcholine
(LPC) and phosphatidylserine (PS).The most important phospholipids are SPH, PC,
PE, and PS which make up 95 % of the total phospholipids [1].

In RBC membrane, phospholipids have a structural role containing a
variety of fatty acids varying in chain length and in the number of double bonds[2-
9]. They are commonly enriched with polunsaturated fatty acids (PUFA)s having a
critical role in regulation of cellular functions and fluidity of cell membranes [10-12]
and also function as precursors of oxygenated derivatives called eicosanoids [13,14].

PUFAs are obtained both from the diet and hepatic metabolism. It is also
known that PUFA mainly linoleic acid (C;g; n-6) have been recommended for
treatment [15,16] and prevention of some diseases [17,18] such as hearth disease[19]
and atherosclerosis[20-22] whilst saturated fatty acids increase atherosclerotic
tendency . It has also been observed that mainly docosahexaenoic acid (Cp.¢ n-3)
and eicosapentaenoic acid (C,g.5n-3) have triglyceride lowering effect [22-24].

Specific fatty acid alterations have been determined in the blood and tissues
of patients with cystic fibrosis[25]. The two major alterations include decreased
levels of linoleic acid and docosahexaenoic acid. Changes in arachidonic acid, other
monounsaturated and polyunsaturated fatty acids (PUFA) levels have also been
described in cystic fibrosis. Increased arachidonic acid release from membrane
phospholipids has also been observed. These changes may have an important role in
the progression of the disease.

The studies on fatty acids have been performed mostly on RBC membrane and
plasma total fatty acids [5, 6, 26-35] but the data concerning the fatty acid of some
spesific phospholipids is lacking. The RBC membrane fatty acids of different
phospholipids can be compared to find out whether particular phospholipids are
rich in particular fatty acids.

The fatty acids of different species could also be compared. Therefore the
aim of this study was to compare the relative amounts of fatty acids of PS, PI, LPC
and SPH in RBC membrane in different species like rabbits, dogs humans and rats.
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2. MATERIALS AND METHODS

2.1. EXPERIMENTAL

2.1.1. Preparation of tissues

Blood samples were collected from male rats (3 months old), male rabbits
(10 months old), male humans (30 year old) and male dogs (6 years old). All the
species were given the nutrients and energy for a balanced diet to ensure a healthy
and active life.

The plasma was separated from RBCs immediately by sentrifugation at
1000 g for 10 min after collecting the blood into a heparinized plastic beaker.

RBC membranes were prepared by modifying the method of Burton et al,
[35] and Steck and Kant. [36]. The packed RBCs were washed three times with 3
volumes of 0.89 % NaCl, pH 7.4 solution and haemolyzed by mixing with chilled 5
mM pH 8.0 phosphate buffer. 5 mM Ascorbic acid was added as an antioxidant. The
supernatant was removed after centrifugation of the mixture at 22,000 g for 20 min.
The pellet was then washed by resuspending in 2.5 mM phosphate buffer, pH 8.0
and centrifuged as before. The pellet became colourless after washing second time
with 1.25 mM phosphate buffer, pH 8.0, showing that no haemoglobin remained.

RBC membrane was then extracted immediately.

2.1.2. Lipid extraction and analysis

RBC membranes were extracted twice by the method of Verdon and
Blumberg's by modifying the concentrations of SDS, BHT, solvents and avoiding
the day light.

RBC membrane was mixed with an equal volume of 0.02 % aqueous SDS
in a large volumetric tube. 0.002 % BHT in ethanol (two volumes) containing
pentamethyl-6-chromanol (o-tocopherol with no side chain,internal standart,
synthesized [25]) was added and mixed. All the procedure was performed on ice.
0.00025 % BHT in 50 % diethylether / hexane (5 volumes) was added, mixed and
centrifuged for 3 min at 10,000 x g. The upper layer was removed for washing with
glass-distilled water and drying by passage through a filter containing NaySO4.

Then it was evaporated to dryness on a rotary evaporator. It was transferred to a vial
after dissolving in ether/hexane and evaporated to dryness with nitrogen. Finally it
was dissolved in 50 % ether/hexane. The extract was analysed by HPLC for
extraction recovery determination. It was 95-100 %. Another portion of the extract
was transmethylated for the analysis of phospholipid fatty acids.
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2.1.3. Transmethylation of fatty acids

The transmethylation of lipids was carried out by the method of Christie.
Lipid sample (1-2 mg) mixed with 2.5% H,SO4 in anhydrous methanol (v/v) (2

volume) was incubated for 2 hours at 70°C. 5 vol of 5% NaCl saturated with
NaHCO3 was added, then the mixture was extracted with 3 volume of petroleum

ether for three times. After evaporating to dryness it was dissolved in a small volume
of HPLC grade hexane.

2.1.4. Purification of fatty acids

The methylated sample extracts and the standards (meythyl esters of fatty
acid standards) were applied to Silicagel 60 GF,54 TLC plates (0.5 mm thick). The

developing solvent was petroleum ether : diethyl ether : acetic acid (90 : 10 : 1 by
volume) [26]. Various kinds of methylated fatty acid esters were separated from
more polar compounds and cholesterol that remain at or near the origin. It was also
separated from hydrocarbons and any BHT added as an antioxidant, which migrated
ahead. Only the standard fatty acids were made visuable using
dodecamolybdophosphoric acid in ethanol spray and by heating which developes a
blue colour. Petroleum ether / hexane (50 %) containing 0.01 % BHT was used as an
eluent for the elution of the methyl esters of fatty acids from the silicagel. The
elution solvent was then evaporated by using a rotary evaporator and dissolved in a
small volume of HPLC grade hexane and kept in the deep before the analysis.

2.1.5. Fatty acid analysis by GC

Methyl esters of fatty acid analysis were analysed by using a Hewlett
Packard 5890 A gas chromatography with an x-meter Carbowax 20 m capillary
column. Carrier gas Helium was used (50 mL/min). The oven temperature rising

from 50°C to 230° C at 12°C/min was programmed. The detector temperature was

230° C. Retention times and peak areas were measured with a reporting integrator
Hewlett Packard model, SP 4270. Fatty acids were identified by comparing their
retention time with those of standard methyl fatty acid esters. Extraction recovery of
fatty acids was determined by adding a known amount of PC with two Cj 5 saturated

fatty acids attached to the mixture to be transmethylated.



GAS CHROMATOGRAPHIC ANALYSIS OF PS, PI, SPH AND LPC FATTY ACIDS 5

2.1.6. Species diet

Friskies Go-Dog pellets, (Friskies Pet Care, U. K.) (diets of dogs) contained
fats and oils, meat and animal derivatives, cereals, derivatives of vegetable origin,,
vegetable protein extracts and minerals as ingredients (vitamin E 60 mg/kg, vitamin
A 5400 iu/kg, vitamin D 450 iu/kg, copper 11 mg/kg, oil 9 %, protein 24 %, ash 9
%, fibre 5 %).

Rabbits diet were a high fibre diet (Beekay, Bantin and Kingman Ltd, U.K.)
contained fats and oils, grass meal, wheatfeed, barley meal, ground oats, linseed
meal, fish meal, minerals, vitamins and trace elements (nitrogen free extract 50 %,
dry matter 88 %, crude protein 18 %, crude oil 4 %, crude fibre 9 %, ash 7 %,).
Saturated fatty acids were were also present as 0.75 %, unsaturated fatty acids as
1.84 % and linoleic acid as 1.24 %. Vitamin A 36000 iw/kg, vitamin D3 2000 iwkg,

vitamin E 130 mg/kg were added.

Rats had a high quality and a low protein diet (Rat and Mouse No. 1
Modified, SDS Ltd., Witham, Essex) organised to keep rats in good health over a
long time of period. Diet of rats were the pellets made up of crude crude fibre 4.3 %,
protein 14.6 %, crude oil 2.6 %, ash 5.8 % and nitrogen free extract 62.7 %,
palmitoleic acid (C16:1) 0.07 %, oleic acid (C18:1) 0.74 %, linoleic acid (C18:2)
0.56 %, linolenic acid (C18:3) 0.05 %, arachidonic acid (C2(:4), 0.13 %, palmitic
acid (C16:0), 0.31 % and stearic acid (C18:0) 0.04 %. Retinol 1922 pg/kg (1 pg

retinol : 3.3 iu vitamin A activity), o-tocopherol 68.3 mg/kg, cholecalciferol 15.1
png/kg (1 pg cholecalciferol : 40 iu vitamin D3 activity) were added as vitamins.

Humans had a healthy diet.

3. RESULTS AND DISCUSSION

SFA

Each species had the same major fatty acids in the phospholipids of RBC
membrane (Tables 1- 4). Cp was higher in LPC and SPH in each species. Cig.
was higher in PS and PI in all species and in dog LPC as well (tables 2 and 5).
Among SFA Cyg and C;s, were the prominent ones. Cyoo was found to be high in
rat and rabbit LPC and SPH and rabbit PI. Among LCMUFA C,,,, was not present
in dog RBC membrane phospholipids (Table 2 ).
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MUFA

In the RBC membrane MUFA were fairly evenly spread but MUFA in PS,
PI and LPC seamed to be higher than in SPH (Table 5). Among MUFA Ci¢,; and
Cig1 were the prominent ones in the species (Tables 1- 4). Ci5.; was found to be
considerably higher than Ci4; in all species of RBC membrane phospholipids
studied.

PUFA

PS and PI had relatively high concentrations of PUFAs compared to LPC
and SPH in each species (Tables 1- 5). These results show that PS and PI are
important for the membrane fluidity. In terms of arachidonate it was clear that rabbit
posessed very low levels in each phospholipid compared to that of other species
phospholipids (Table 1). It was one of the most abundant fatty acids in human, rat
and dog (tables 2- 4). Conversely linoleic acid was high in rabbit RBC membrane
phospholipids (82 %) (Table 1) compared to other species. This probably points to
the lower activities of elongase and A’. desaturase in the rabbit to generate
arachidonic acid from linoleic acid. Cyg, , Coo4 and Cyy¢ were the major PUFAs of
human RBC membrane phospholipids studied (Table 3). Cig., and Cyp4 were the
main ones in the other species. They are probably the major fatty acids contributing
to the physicochemical structure or fluidity of the membrane. High levels of Cis,
and Cyp4 in rat RBC membrane phospholipids (Table 4) make rat a convenient
candidate for the metabolic study of linoliec and arachidonic acid.

22-Carbon fatty acids were present in small amounts in most species. Some
phospholipids of rat RBC membrane had a higer C,,.4 content (table 4) compared to
other species. Rats may have a higher capacity for converting Cyy4 to Cp.4 by the
elongase enzyme than the others. Cy.c was present in rabbit, rat and human RBC
membrane phospholipids but very little was present in dog (table 2), showing that
the enzymes capable of synthesizing Cy,.¢ (elongase and - desatures) were lower
in dog than other species. C,,.4 was also found to be A in very small amounts. This
could be the reflection of the diet. 22 Carbon fatty acids are found in oil of fish and
of some vegetables. Cyy is high in fish oil. Dogs and rats had very little % of 22 C
fatty acids in their RBC phospholipids (Tables 2 and 4) because of not consuming
food containing appreciable amounts of that fatty acids.
Other workers presented the data that RBC fatty acid composition reflects
the type of fat in the diet[37]. Feeding fish oil induces changes in the fatty acid
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pattern of rabbit RBC membrane and serum phospholipids. An increase is observed
in amounts of Cyg.5, Cy.5 and Cyy¢ with fish oil[3].These results are in accordance
with monkeys [38] , humans [39]and rats [26].

There were similarity between the data of human RBC phospholipids and
the data reported by Hsio et al [40]. Their values for C;g4 in PS, Cis, Cis. and
Cy4 in PI and Cig, in SPH were higher. The percentage fatty acids of rat RBC
membrane PI were in agreement with those of Williams and Maunder [41] with the
exception of Cg that was found to be a little bit higher than our values, they also
found Cy.s and Cyy6 fatty acids in PI. Rat values agreed with those reported by
Ghosal et al [27] with the exceptions of C¢,1, Cis,; being a little bit higher in SPH
than their values, they found higher percentage of Cis compared to our data. Ci4,
Ci6:1 and Cyg4 in PS were also found to be higher in our study compared to those of
Ghosal et al. Rabbit RBC membrane SPH fatty acid levels were in agreement with
those of van Den Boom et al[42]. They dedected C,4; fatty acid in RBC
membrane SPH. Comparison on this fatty acid can not be made due to the fact that
Cy4.1 was not present unfortunately in the standard fatty acid mixture used in this
study.

4. CONCLUSION

Each species had the same major fatty acids in the phospholipids of RBC
membrane Among MUFA Cy4,; and Cjg;; were the prominent ones in the species
studied. PS and PI had relatively high concentrations of PUFAs compared to LPC
and SPH in each species showing that PS and PI are important for the membrane
fluidity. In terms of arachidonate rabbit posessed very low levels in each
phospholipid compared to that of human, rat and dog phospholipids. By contrast
linoleic acid was high in rabbit RBC membrane phospholipids.

This probably points to the lower activities of elongase and A’- desaturase
in the rabbit. Cig., , Cyo.4 and Cyy4 were the major PUFAs of human RBC membrane
phospholipids studied. Cig, and C,4 were the main ones in the other species
probably the major fatty acids contributing to the physicochemical structure or
fluidity of the membrane. 22-Carbon fatty acids were present in small amounts in
most species.

Cy. was present in rabbit, rat and human RBC membrane phospholipids
but very little was present in dog, showing that the enzymes capable of synthesizing
Cay. (elongase and A*- desaturase) were lower in dog than other species. It could
also be related to the diet.
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OZET

Insan, tavsan, kdpek ve sican gibi farkl tiirlerin RBC membraninda PS, PI,
LPC ve SPH fosfolipidlerinin gaz kromatografik yag asiti analizleri yapilmistir.
Calisilan fosfoliliplerde doymus yag asitleri icinde en fazla Ciso ve Cigo goze
carpmaktadir. Biitiin tiirlerde C;5,9 LPC ve SPH de, Cg, ise PS and PI de yiiksek
diizeyde ve kopekde LPC de yiiksek diizeyde bulunmustur. Tiirlerde oldukga esit
dagilimis olmasina karsin MUFA PS, PI ve LPC de SPH e gore daha fazladir.
Tiirlerde MUFA iginde de Cjs , Cj6.; den daha fazla olmak kaydiyla Cis; veCig,
en goze carpanlaridir. Biitiin tiirlerde PUFA, PS ve PI de LPC ve SPH e kiyasla daha
fazladir. PUFA iginde arachidonat insan, kopek ve siganda en ¢ok bulunan PUFA
dir. Tavsan RBC membrani fosfolipidlerinde ise arakidonat diger tiirlere gore ¢ok
diisiik diizeydedir. Tersine linoleik asit tavsan fosfolipidlerinde fazla bulunmustur.
Cigz , Cy4 ve Cype  insan RBC membrani fosfolipidlerinde esas PUFA iken
calisilan diger tiirlerde Cig, ve Cyyg dir. 22- Karbon yag asitleri ¢ogu tiirde az
miktarlarda bulunmustur. Cpy. tavsan, sican ve insan RBC membram
fosfolipidlerinde bulunmusken; kdpekte oldukg¢a az miktarda bulunmustur.
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Tablel. Fatty acid content of the phospholipids of rabbit red blood cell
membrane

Phospholipids
Fatty PS PI LPC SPH
acids
'cl'ﬁ:ll BETH05 116 £0.5 WNTE0E 45410
'cl'ﬁ:l 03T+l 123 £01 ek LedEn2
Crsp 1704 TH0S W3+10 162£10
Crsa 85317 1007 S13+10 170+ 146
Cua 32£10 4510 £43£11 740210
Crsa 073404 053401 ND 163 £03
Cagn 12701 LOT£04 T30S 515202
Caa 117203 11004 ND ND.
Cu 110202 L7004 19018 ND.
Capa L0301 09001 <0l <01
Cagy THEAE04  ET0E04 110£02 D46 £01
'[:'..".ﬂ::'l M. 01a+0l <0l ND
('..".EZI} 317140 Li3d£03 <0l 82004
('.12:1 <01 ND ND 246202
'cll:i 08 £02 <l <01 <01
'C.".EZIS <01 LETE01 <01 395108
Cua XD D €01 Z01

Valnes are parcentages of total.
N.ID.: Wot datected. Each value represents the mean = 5 EM. of three individaals.
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Table 2. Fatty acid content of the phospholipids of dog red blood cell membrane

Fatty acids
Ciso
Cisa
Ciso
Cisa
Ciso
Cisa
Cae
Cun
Ca
Cua
Cay
Cyus
Cuo
Cay
Cae

Cu

PS

4004
(L)
181203
e+19
LTTE05
N.D.
lLan+0l
<01
<01
TH0E18
G35

N.D.

ND

N.D.

Phospholipids
PI LPC
103202  130%13
TITEOD 4B0%10
WEE11l  MEELD
18208 101%05
WE£20  1L7£17
ERLETE I N ES T
B83£02 826201
190£03 47219
L4201 497£15
L5203 N.D.
021206  160£13
N.D. N.D.
N.D. N.D.
011201 N.D.
D30+01 N.D.
N.D. N.D.

SPH

§18+11
L4303
16.0£02

12010

N.D
<01
dalxol

N.D

N.D.
N.D.
N.D

N.D.

Values ave percentages of total.
ND.: ™ot datected Each valua reprasents the mean T 5 E M. of three mdividuals
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Table 3. Fatty acid content of the phospholipids of human red blood cell
membrane

Phospholipids

Fatty acids PS PI LPC SPH
Cis A1THLI SATELT 419E18 35420
Cis1 183+11 030 £)1  135%53 510212
Crg 1Bex10 256+11 184%10 119%LT
Ciga 16809 WHELE 103%11 64018
Cy LMELS  BTIELE  BNTELT 4¥TLT
Cia NI Rl N.D. 047202
Cag w0l ERERRN T 4T0EL 3 216105
Capa M.D. <01 201 21l
Cana XD ND N.D. XD
Cona 140405 17 +13 N7 %N
Capy MEELE 123216 33011 <0l
Caps XD NI <01 113£03
Carg <01 <01 <01 T0TE14
Can XD <l <01 <ol
Cary N.D. XD N.D. ND.
Cag 1A £04 L40+082 NI ND.

WValues are percentages of total.
MWD Mot denected. Each value represent: the mean L 5 ELE of three individuals.
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Table 4. Fatty acid content of the phospholipids of rat red blood cell membrane

Phospholipids
Fatty acids PS PI LPC SPH
Fs FI LFC SFH

Cig 138407 163 207 24912 3T£LS
Cisa 38304 245208 003l 783*25
Cag MET03  265+04  175+15 164403
Cig 11+12 637211 B6THLS 433%07
Chaz 33304 GME09 TASELI 6.80+09
Cig N.D. 18T £05 12708 117£01
Capy 07302 101+09  171+20 18.4+24
Capa N.D. <l N.D. N2,

Capz XD <01 X.D. 0l
Cap XD <01 <l 0l
Capy WEEL9 231+29 218+0d 20507
Cps 46402 201 201 XD
Cn ND L63+04  480%14 38307
Cna ¥D. ND. 20l g0
Cny N.D. 165+10 107213 ND.

Walues are percentages of total.
N.D.: Kot datected. Each vzlus reprasents the mean = SE.M. of three mdividuals.
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Table 5. Percentage of Monounsaturated Fatty Acids in RBC Membrane

ES Pl LPC  5PH

Falt 11 16 16 12
Dog 23 21 20 15
Human 19 27 M4 12
Eat 26 10 -8 16

Percentage of PUFA in RBC Membrane

PS Pl LPC  SPH
Babit 43 44 14 3
Dog 19 17 20
Humsan 36 33 g 3
Bat 3 i3 15 10

Percentage of Arachidonate in RBC Membrane

Fabhit B & 2 1
Dog 30 20 4 4
Human 23 22 3 =1
Eat 27 23 2 2
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