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'Nﬁmaroua studiea have assessed the aFfe&ts of single
fatty acids or varibus asﬁecta of Tipid metabolism,
pﬁfticular]y cancer. Established cell lines have largely
been used for this purpose, The ghoice of control ce]ls;
however, has often been inapprobriate. There is also a
surprising_ 1a§k of knowledge of the effects of fatty
acids i; the 'real worild", in which norméi cells ig;gigg
are presentéd with ﬁixtures a? digtary fatty acids.
Before transformed celia can be used éa models of
disease stated, it is. essential to TFully understand
Ffatty acid metaboeiism in normal kcontrdl) cells, Only
then dan experiméﬁta] findings bé:extrapolated fﬁ the
clinical situation with some certainty. This thesis has
thereforea, assassed.the effects of exogenous fatty acid
mixtures on the growth/viability of normal mammalian
tissues all cultured under standard conditions, .and
attempted to elucidate the mechanisms underlying such

offects,

Az different mammalian species exhibit different Tatty
acy| desaturase capsbilities, cel]s.From three species
uere. choseh, viz, rat, Maﬁ and cat, with desaturase
capabiiity decreaaing with apéciés, respectively. A wide
range of different cell typss from each species were

studied due +to the known differences in +their lipid



ABSTRACT.

Numerous studies have ésseésed the effects of single
fatty acids on variocus éspects of lipid metabé?iam,
particulariy cancer. Established cell lines have largely
beern used for this purpoaa,.Tha chnice of control cgf?s,
however, has often been inappropiriate. There is also a
surprising lack of ' owledge of the effepts of fFatty

acids in the "real world’, in which rormal cells in wivo

"~ are presented with mixtﬁtes of dietary fatty acids.
Before transformed cells Ican be used as models of
disease stafes,_ it is essential +to Ffully undérsfand
fatty acid metabolism in normal (control) cells. Only
then can experimental Fihdiﬁgs be'extrapblated fo the
clinical situation with some certainty. This thesis has
therefore,. assessed the.effecté of éxagenous fatty acid
mixtures on the growth/viability of normal mammalian
tissues all cultured under standard conditions, ‘and
attempted to elucidate the mechanisms underiying such

effects.

As different mammalian épeciea exhibit different Fatt&
acyl desaturase capabilities, cells from three spe;ies
were chosen, viz. rat, Man and cat, with desaturase
capability decreasing with spebiés, respectively., A wide
range of different cell typéé from each species were

atudied due to the known differences in their lipid
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profiles and metabolism. The cells studied in the rat
and cat included those derived from the ceFebr&lﬁéurtexf
white adipose tissue, skin, 1Qné, skeletal muscle and
aortic _endbfhelium, while the human cell types.
cbtainable included those derived From skiﬁ; skeletal
muscie and lung. Erythrocytes and lymphocytes were

atudied in all 3 species.

‘BEach of the cu1ture& norﬁal mamma?iaa tissues studied
were shown te exhibit diFferent proliferation rates,
Cultured cells were dosed with fatty acid mixtures
himicking the fatty acid composition of diefar? oils;
theée mixtureé were terméd 'pesudo—oilae, Qere_bound to
bouiné serum albumin as carrier, dﬁsad at cdncentrations
ranging Frém 0 to iOOmg/l, and culturses incubatedlfor 48
hours, Viable cell pumbers were assessed and related te¢
control cell numbers at the time of dosing. This was
térmed' the “cytostatic number”, and its implications

were discussed.

paeudo-0ils mcdu]ated__cel? viability, but the extent
théreof-uarigd considerably in magnitude with pseudo—oil
and concentration dosed.. Fﬁrthermore, differences in
cell viability were shown both between tissues from a
particular wspecies; as w.il as between identical
cultured tissuea derived From different species. In.
geniiral, pseudo~oill supplementation qf cu1turealinduced '

an overall concentration dependant growth — limiting
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and/or cytotoxic effect. Proliferation of gcertain cell
tyres were, however, stimu]ated.wfth some pseudo—cils,
particularly af tow to intermediate 'concantfatinns in
the range.dosed, Differences in cell viability were aléo
related to the degree of paeudo*qi? qnsaturatian: the
two  most Qaturated oila; meat und coconut, were in
geneﬁal, least effective in limiting and/or hrdﬁoting
cell viability; while the efFeﬁts induced with pseudo—
oils rich in polyenoic fatty acids were more marked. The
posaibility that the cell wviability changes inducad were
related to albumiﬁ as fatty acid cartier, or fetal calf
serum &8s a supplement in the incubation medium, ueﬁe
inuestigatqd, and the possibility discounted. The use of
pseudo~cils rather tharn single fatty acids, however,
warrants conaideration of fatty acid synergism and

antagonism. ‘

Te establish the possible mechanism(g) whereby the
dosed pseudo—oils influenced cell uiabiiity; various
ge]? paraneters werses éﬂbsequently examined. These
inclﬁdad total protein, +the incorporation, desaturation
and aionqation of both pseudo-o0il, and single C18, fatty
acids, as well as the production of lipoperoxides and

progtancids.

Total cellular protein concentrations wvaried both
between tissues and speciss, and reflected chahgas in

cell number in dosed cells, However, paeudo-oils were
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also shown to modulate sbsolute proteir s#nthesis' in
nucleated mammalian cells, primarily by enhancihg guch,
It was postqiatad'that_this related to the inpduction of

lipid metabolising enzymes.

Uafi&tiona in cellular faﬁty acid composition weré Found
both between the mammalian tissués and species studied.
Euidence to support the'capability of cultured mammalian
cells fo indorporate_exogenoua fatty acids was sh&un.
The extent of indarporation, .however, varied with cell
type, .species and fatty acid structure. Desaturase
cascade enzyme caéability was also assessad by
ccmparison. of dosed cell FA profiies witn that of
contr?ls. Once again, desaturation ‘and eiongatian
capability varied Qith different cell types within a
pahticular_apecies, independent of cell proliferation
rates,:but vas generally greatest in dividing rat, lower
in hﬁman,. and least in cat,  tissues: In all three
species, however, erythrocyteé and lymphocytes failed to
efficiently perform these reactions, Thia corra1étad
with the lower threshold for crtotoxicity in lymphocytes
and erythrogtyes than - in diQiding cells, al though
desaturation capability did not correlate directiy with
proliferation rates in growing celis, It was neverthe-
tess clearly shown that desaturase cascade enzyme
expression with pseudo-oil dosage was more limited than,

’

amd  retld net ba PUlly  predicted v, the  mas)]ta
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obtained utllising single FA's. This phenomenon was
tre:1ated to synergism and sntagonism between pseudo—oil

.FAISQ

Cultured mammalian tissues were found to vary in their

cepability to form both lipoperoxides and eicosanoids.

Pico~molar amounts of total eicosanoids were quantitated

compared +to nano-molar amounts of lipid peroxides.

Overall, lipid peroxide .production was not diréct1y
related to control cell proliferation rates or total
unsatugéted FA levels. However, total molar eicesanoid
concentratiéns in control celle and the eicosanoid:MDA
ratio _suggested a correlafion Qith the desaturation
capééilities of <the 'thfee speciesg, decreasinézin'thé
order rat > human ? qét. ' Each cell fype studied
exhibited .a unique prostanoid_.ﬁrofi?e, which was
modulated (enhanced, suppresseé or inhibited) to a
greater or lesser extent with pseudeo—oil incubation.
However, no correlation bestween cell uiability; the
degree of .psaudo"ail unsaturation, o any ofher
biochemical parameter studied, except  pseudo-oil
concentéaﬁion dosed, could be provsen to relate to the

changes in prostanoid levels ipduced uifh pseudo—oi ]

supplementatién. Thia implied that endogenously bio-

synthesised proatanoida,-wéfe not directiy responsible
for - effects induced., On the other hand, 1ipoperoxide

prroduction generally  increased with paeudo—oil

bl
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concentration dosed and was greater with pseudo-oils

o
e, .

rich in. po]?enqic than monoenoic or saturited HFA?s.

Furthérmare, lipoperoxide ‘i,wolusment in the.mod%Jéiioﬁ
mamma?ién  .0311 prdlifaration";as prop&sed. #*fhis.
however, -uas. skown hot to Be the soleg ﬁechanisma and
the involvement of membrane structural changes, eg.

F1uiﬁity, was additionally suggested and  discgg$§d.

‘The findings indicated that the -quulation of cél]ﬁ\

proliferation by_FA's was multifactorial.

The varistions found between rat, cat and human tissues

with regard to the paraﬁeterg investigated indicated
that extrapolation of 'experiment#l Fesu1fa betwean
mammalian tissuéa anc species, as well as the use of
cells from #iffekent tissues and particularly from
different species as controls for other cells, is
patential ly misTeading, and ahoufd be awvoided it
reliable interpretation of results is desired, Furthe/ -
more, we recommend Fatty acid analysis of all culture

-

media pricr to use, and appropriate supplementation with

polyenoiq, or at least essential, ¥fatty acids if

required.

Since p-oil FA composition reflected that of dietary

oils, the data from this thesis serves as an jp vitro

mode 1 and guide +to how normal genetically entire

mammalian ceils ipn vivo may respond when similar oils

form part of the dietery intake,
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1.1.1 General.

Lipids are = heterogeneous group of compounds consisting
of fats, oils, waxes and related compounds, They are
relatively insoluble in water, but ar;” soluble in
organic'SOIUenfs. They are impﬁrtant not only because of
their high eneroy vafue1 but alse becruse of the
easential fatty acids -theQ_cantain and the fat soluble
vitamins théy transport., Lipids act as structural
components of membranss, ax storage metsbolic fuels, am
irwulating materials, and as cell-surface components
conferring, For éxample, tisosue and species specificity
(Op den-Kaﬁp 1979, Spector et al 1%98la and Traill et al

1984,

Almost 95% of dietary lipids are triacylglycerocls
(TAG's), while the remaining 5% s composed primarily of
phosphoglycerides (PGL‘s) and sterole. TAG’s consist of
a glycerol backbone to which 3 fatty acids (FA's) of
variable Tength and degreé of unsaturation are attacher.
TAG's are the main etorage form of lipide primarily

stored in vive in adipocytes For subsequent uUse  as
fuela, or for membrane synthesis (Spector et sl 1981a
and Crauford 1983), PGL‘s are primarily found in
atructural lipids, eg. membranem (Spector et ai 1967,

1981a, 1985 and Crawford 1983). Like the TAG’s, they



contain a glycerol backbone, but with a phosphate/base
group substituted for FA three, Typically, PGL molecuies
contain a' satwi-ated or monounsaturated FA in the
1-position, and a morounsaturated or polyunaaturated FA
in the.2~position (Holman 1971)., PGL’s are not only the
main éomponents of cell membrane iipids, but also serve
as a source of eicosanﬁid phecursaré (Spector et al
1981a), Body PGL FA composition (the relative
hroportions of . sathatea. monounsaturates and
poiyunsaturatés) varies in response to limiting dietary
changes {eg. Yavin 1977, Yavin et al 1979 and MglBee
1981}, Holman (1971) pfoposéd that this is a homeoatati:
respoﬁée, terding to minimise the changes in
unsaturation of the PGL’s caused by fhe diet. Sterols,
of which cholestercl is by far the mcst common, have a
rigid struétura, and tend to stsbilise cell membranes by
counterécting the_ membrane fluidising effect of
pcl#unsatuﬁated  FA'5 {Arbogast et al 1976, Stubbé 1983
and Shinitzky 1984). The 1living organism/cell can
satisfy its need for these lipids by synthesising its
own de novp from other “raw materiais', .by obtaining
them intact from the diet, or by modifying dietary

lipids to suit requirements.

1.1.2 Lipids in Foods,

Bietary lipid is derived from both plants and animala.

Generally, fouwds of animal origin contain more lipid




than do those derived from plants (eg.-Giaﬁgrpgorio et
sl 19883}.. Some lipid is 'uiaibia'. o9, butter, while
other is not, . eq, iipid in plant or anihal membranes
While the amount of lipid present in a Fobd is

important, its quality i= of greater significance.,
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Seéum lipid levels in Man can range from 5.0 to 2.0g/1
(Documenta Geigy 1962 and Geigy 1984), while in other
mammalian species, between 3.0 and 20.U§/l ‘have been
reported (Spector et al 1981a). In 'serum, hydrophobic
Iiéids are transported in an aquecus environment as part
of lipoproteins. Lipﬁproteina contain TAG's, PGL’s,
.cho]esterol.and choleateryl esters, and cultured cells
utilise these lipide when they are supplemenfed {Spector

et al 1981a).

1.1.4 Eetiy Acida,
1.1.4.1 Mh

The IUPAC-IUB Commismion on Biochemical Nomenciature of
Lipids | (1977} designates fatty acids (FA's) as
consisting primarily of a hydr;;arbnn chain with a
terminal carbonyl group. Naturally occuring FA's usually
pontain an even number of carbon atoms (i2 to 24), are

straight. chained, and may be saturated or unsaturated

(from 0 to & methylene~interrupted double bonds).



Theré afe- 2 main series aF.ponunsaturated fatty acids
(PUFA s) prdducad by mammals from the plant~derived
esmential FA's (linoleic.acid and o-linolenic acid). All
other PUFA'B are made from these essentia! fatty acids
(EFA’s) by reaction sequences of. desaturation and
elongation (see section 1.3). Further, all naturally
occurring PUFA's of benefit to mammals contain double
bonds in the "cis-' configuration _(Crawﬁnrd ot al 1972

ard Mahfouz et al 1980a,; 1980bJ.

In general, the terrestrial food chain is rich ih cig
FA“s, viz. LA and ALA} the marine food cﬁéin. ho@ever.
provides sn sbundence of C20 and £22 FA’s, containing.up
to & double bonds, eg. EPA and DHA. The marine
environpment, fherefora,'T#Fovides more W3 series FA s,
compared to more wé series on the land (Willipas et al

1977a, 1986).

Of the total serum Yipid (5,0-9,0a/1), FA’a comprise
3.5-4.00/1 (12.0~14.0mmo1/1) (Beigy 1984). Normally the
plasma free Ffatty acid_(FFA) concentration bis about
Sﬂﬂumolll, or 130mg/1, in the range 180-1650amol/]
(Geigy 1984), Most FFA is carried bound to albumin, the
concentration oFf which is normally about 800umol/).
Albumin pomssesses 8 binding sites for FFA's, tﬁua
800umc1/1 albumin is equivalent to 6400umol/1 FFA. Thuﬁ,
plasma albumin is almoat never saturated with FFA’s.

Wnile the concentration of FFA s in the circulation is



low, this unesterified fraction is metabolically
important. Plasma FFA’s contain a mixture of 1§ng-chain
FA s, ébout 95% of which is 16 and 18 carbon saturated,
monauﬁsaturated and dienoi§ FA’s (Spector 1971 and

McDaniel ot al 1981).

1.1.4.2 Easential Fatky Acids,

In 1930, Burr et allestab1ished that particu]ar.PUFA's
are required in the diet of grawing rats, They describéd
the development of a number of symptoms which appeared
‘hen fat was excluded from the diet for several weeks,
and which disappeared when linoleic &cid was
supplemented. This FA, and alpha-linelenic aci&, have
become known as the essential Fatty acids (EFA’s) since
they either cannot be‘binsynthesised. or are synthesised
in inadequate amounts, by oﬁganisms requiring them,
and therefore, need to_be aupplied through the diet

(eg. Mead et al 1976).

Plants and some inuartebr&te animals possess  the
inﬁraca?lu]ar enzymes capable of inserting double bonda
betwéen the w-terminal and the w%~carbon atom (Fig.
1.,1.4.2.1.), Mammals cannot perform thiz desaturation
step, but require the reasction producta for normal
metabol ism {Holﬁaﬁ 1968, Crawford et al 1971, Crawford
1983}, Double bonds between the w8 and carbonyl carbons
can be introduced by both plants and animals, and theme

double bonds are thus} non-eaaential; As both plants and
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animals can make both saturated and MQnounaa:urated<
FA’s, these FA’s sre also non-essential. The inability
to introduce w3 double bonds implies inability to
convert wé to w3 PUFA’s, thus there are 2 .E#A's.
linoleic and' alpha=-linclenic acids (Holman 1968, 1971
and Crauford et al 1971, 1972), Mammals are, therefore,
either .direct1y, .or indirectly, dependantq on p?aht
sources for their dietary EFS requirements. #!though
animale cannot make EFA’s de novo, they can perform
limited meﬁahg1ic conversions on_the.EFA's which are
presented ts gﬁem (eg. Bfénnep~19?1, Rivers et al 1975a
‘and Horrobin 1983). The metabolism of these (18 FA's
ﬁpnaiats of a.aeries-uf alternating desaturation and
elongation reactionas (see smection 1.3), in which 2
hydrogen atoms are removed to create a new double bond,
followed by the addition of 2 carbon atoms to lengthen
the ¢hain to form C20 and £22 FA's with 4, 5, and 6

double bands (Mead 1968). This sequential process leads

to the formation of 2 distinct families/series of PUFA‘s .

which cannot be interconverted, the wé series and the w3
series (Fig. 1.1.2.2.2,) (Mead et al 1976 and Kanau et
al 1977). There is another family ;% PUFA‘s, the w9
series, derived from oleic acid, which is not an EFAj3
this series appears only to be aignificant during EFA

deficiency (Holmsn 1960).
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1.1.4.2.a _}Qigtary-Sourceg_oF Essential Fattg:&cida

Qnd_iheiﬁ Derivatives.,

The w3 series FA s are found mainly in marine fish oils
and terEestrial leaf Iiﬁids, while the wé aeries .are
fo&nd main]y.in terrestrial seed wils (eg, Garcia et al
1965, Willis et al 1976, McCance et al 1978, Gibson et
a} 19813, Gianéwegqrio et al 1988a and Horroﬁf;:199ﬂ).
These inuestigations showed that 1812u6 is abundént in
meat,; offal, seed oils and dairy products, with lower
amounts fourd in olive and iinseed.oils. 1813u6 'is rare,
but is nevertheless metabolically important. Human milk
contains 0.3-1.0% 18:3&6,-compared.to 8.0-9,0% 18:3uwé in
evening primrose seed oil and 18'?2 18:3wé both in bor—
age and blackcurrant oiia; Modur&té“20:3w6 amounts  are
found in organs and buman miltk, while red meat, egg volk
and certain seaweeds contain high 20:4ué levels. Seeds,
cgrains, green leafy plants, linseed and some fish oils
are 18:3w3-rich, while long chain w3 PUFA’s, especially

20:5u3 and 22:6%3, are abundant in marine cils.

It is often overlooked tﬁat when a terrestrial mamma 1
eats the tissues of ancther organism, the call membranes
of thaﬁé tigsues supply EFA’s and posthﬁéhdesaturation
Ffatty acids {PDFA'S).E Herbivores get a preponderance of
18:3u3 from the green leaf material in their diet, a lot
of 18:2u6 from seeds on a seasonal basis, but_none of

the "POFA products of +he EFA’s. The combination of



direct_incbrporatinn; chain e]ong#tion and desaturation
results in a profile of FA‘s in the liver PGL's which
includes both parent (plant) and long-chain FA
' aeriuatiues.' but which is weighted towards the parent .
acids, Carnivores get a preponderenﬁe of 18:2uw6, as well
as its PDFA derivatives, with minimal_amounts of wd
FA'a. When carnivare eats herbivore, it consumes lipids
that already contsin long~chain FA’m, and its liver FA
profile shifta in favour of the iong-chain PUFA’s. Thus,
there is a progression of the FA’s through the food

chain (Fig: 1.,1.4.2.3.) (Crawford et al 1971).

1.1.4.2.b The Importande of Essential Fatty Acide,

The current-theorieé of cellular function dépend heavily
on membrane funﬁtion? and thus indirectly énz.the Fé
compogition of thaée membranes. Williams et al (1974)
showed that the hhyaica1 state of membrane lipids are
éltered when the FA composition of the cell meﬁbrane was
changed. By modﬁ]ating membrane FGL atructﬁre,' EFA"s
- confer and dictate +the membrane prbperties of Tluidity
and flexibility, which are key determinants of membrane
permeability and oF the behaviour of membrane—bound
anzymes and recesptors {eg. Burns et al 1979 and Spector

et al 1985).

EFA“s almso serve as substrates for tie desaturase
snzymes, which produce longer-chain, more unsaturted

FA’s. These FA‘s are important, themselves, but three of
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them also are the precursors of the eicosanoids

{Crawford 1983),

5

Many'nauthOrities suggest ﬁhat EFﬁ.intake_should be a
minimum qf 1.0-1.5% of total ca!ories.{eg. Holman 19713,
although the FAQ/WHO (19??) auggested a minimum intake
of 3.0% in adults, and 5.0% in children, pregnant and

lactating women.

deled.24e - Abnormalities in Essential Fatty Acid
- : . ) ‘

ﬁbnormalities_ of EFA metabolism can .resqit from
deficient dietary intake, or an intracellular block of
the desaturase enzymea.primérilf_responsible' for the
conversion oF. fhe preéursor FA to its biologically
active product. In the Tatter case, even a substantially
increased dietary intake of EFA’s will not alleviate the

resultant metabolic abnormalities.

Experimentally = induced EFA : deficiency induces
characteristic symptoms  in maﬁmala, thch .usually
include some, or all, of the following (eé. Crawford et
al 1972, Riueﬁs et al 1974a, 1974b, Sinclair 1974  and

Davidson et al 1987a):
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a). Increased metabolic rate b) Impaired growth

¢} Dry scaly skin : d} Poor coat condition
e) Dull encrusted eyes £) Lassitqde :

g) 'Uire' hair h) Hair loss

i? Reproductive abnormalities 35 Open skin lesions
k) Irritébiiif# _ 1) Haemorhage.

m? Maldigestion/malabsorbtion In) Death

Chronic impairment of EFA intake, = or blockade of
derivative . formation, Teads to  general systemic

. deterioration, especially the central nervous gnd
cardiovascular systemé, ultimately causing death
(eg. Davidson et al 1987a). 'ﬂnwevek. all symptoms prior
to  death are reversible by the admipistration 65
EFA“s/PDFA’s, thus highlighting the critical importance
of theée substances for the maintenance of nérmaj

cellular function.

Three techniques have been commoniy used.to asgess EFA
status! measurement of cis-LA intake, measurement of
tissue and/of blood LA levels, and measurement of the
triene/tetraene (20:3w%/20:4wé) ratio. In most species,
a ratio of 0.4, or'?eaé, is considered normal (Holman
1960, 1971). The use of 20:8u9 as a marker of dietary
EFA deficiency, however, is only valid for species
exhibiting an intact desaturase cascade (Holman 1977 and

Sprechar 1977).
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1.1.4.2.d Essential Fatty Acid Deficiency in_the

ialo isea

Mény human diseszses invo?u& EFA.deFiciency or distortion
of EFA/PDFA equilibrium. In an in depth review, Holiman
(1986a) reported +thet EFA/PDFA egquilibriuie may be
distorted by manyﬁ'FéﬁtOrs. including the level of
dietary FA'Q. nbn*optimﬁI intake/uptake 'ﬁF essential
nutrients, hormonal effects, _and'drug tharapy. As many
of thess factors can be assessed, it is possible to re-

establish the equibibﬁium by therupeutic'manipu1ation.-

High Tevels of EFA ipntake have not been shown to induce
any harmful Qide effects (Anon 1973), ' and hmvé béen
shown ‘to reduce both plasms cholesterol and platelet
aggregation, and to have anti-thrombotic properties
(eg. Dverberg et al 1978, 196" and BDyerberg 1986).
Conside;able evidence exists | that suggests  EFA
involvement in a wide variety of other abnormalities and
diseases states (eg. Mead et al 1976, FAO/WHO 1977,
Crawford 1980, Hérrobin 1982, 1983, Sinclair 1982 and

Hor=obin et al 1983}, including the following:

Poor skin condition , (eg. Hanzen 1933)
Lardiovsscular disorders (eg. Sinclair 1956) '
Diabetes . (eg. Mercuri et al 1966}

Acrodermatitis enteropathica (eg. Cash et al 1969)
Abetal ipoproteinemia 3 (eg. Barnard et al 1970)

Cvstic fibrosis " tar. Riversa et al 1975k}
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Multiple sclerosis (eg, Field et al 1978)
Cancer | _ (eg. Carroll et al 1979)
Schizophrenia {eg., Obi et al 1979)
Artherosclerosis | (eg. Sinclair 1980a)
Hyperactivity (eg. Colquhoun et al 1981)
S jogren-Larsaon syndromé (eg., Holman et al 1982)

Were et al - (1975) observed that EFA deficiency is
characterised by a zmeries of changes in the FA »attern
of the PGL°s, The levels of EFA’s fall, but are
counterbalanced by an increase in monounsaturates, and
by the production of 20:3w? (Collins et al 1971 and
.Holman 1960; 1968, 1971). The ratio’s of 18:14%9/18:0 and
20:3u9/20:4uwé thus increasme. Peifer er al (1959) showed
that EFA deficient rats fed a coconut oil diet {rich
in lauric acid) exhibited poor growth, suggesting
impairment of EFA metabolism. Similarly, cholesterol
addition +to EFA deficient dietm induces early onset of
EFA deficiency eymptoms (Takasugi et al 1966), while
animal studies indicate that distary trans—octadecancic
acids esxaggerates the signs and symptoms of  EFA

deficiency (Privett et a)l 1977 and Hill et al 1979).

Tissue culture can be used to model EFA deficiency. in
mammalian timsuea at a cellular level. Bailey et al

(1973a) showed that cells loge most of their LA and AA
when grown in FA-free medium, and dependant on the cell

type, 20:3w? mccumulation may occur {Bailey et al 1973a
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and Hyman et al 1931a). UWhile stuwiies “have shown that
normal cell growth and function jin vivo reguires EFA's
(eg. Berschenson et a1 1967), some reports indicate that
some cell lines can grow normally in lipid-free muﬁiﬁm,
and with no EF4's detectable in cell Tipida (eg. Eveans
et al 1965), Takaoka et al! (1971) showed that in 10
cell lines cultured in lipid free medium EFA’e were not
detected, fhat.monounsaturatea FA levels increased, and
rne  imparement of growth or mitochondrisl function was
detgctab{eﬁ Bailey et al (1973a) suggested that EFA’s
were not essential for normal cell division, and that
EFA-deficient cultured celis show mnormal growth rate
énd morphological appearance. Similarly, respiration,
mitochondrial function and other physical and metabolic
characteristics were not significantly different from
controla,. However, thé cell membranea were less stable
than controls, and thus the long term stability of EFA

deficient cells in uvitro is debatable,

1.1.5 ipid and Fatty Acid ke

Only monoacylglycerols {MAG 8) can be absorbed
unmodified through the intestinal wall, while femaining
dietary lipid must First be digested to form FFA’s and
MAG s. This means that of the FA's abaorbed.From dietatry
intake, only one definitely remains in its original
position in the TAG molecule, while all the othera have

the potential for re—arrangement during abaorbtion
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(Clement 1980). Subsequent to absorbtion inte the brush
.border of thes Jjejunum, FA's are réaynthesiaed into
TAG =, and chYIomicroha formed by additioﬁ of
apaproteihé, choleaterol and PGL’'s., Theme chylomicrons
then enter the lymphatic syatem, &and subsequently the

general circulation..

in the capillaries of adip&se tissue or muadie,

tipoprotein lipese hydrolyses the TAG's of ;%he
chylomicrons, and the FFS'B are absorbed into the ceils,'
where TAG'a.are resynthesised using g1ycerol—3*phoaphate
derived from glycolysis., Subsequent mobilisation of
TAG's produces FFA’s again, which are transported in

rlasma bound to albumin (Spector 1973), which complex is
freely dissociables. The liver posseses aibumin receptors
which .bind the FFA~albumin complex prior to FFA uptake
by hepatocytes (Weisiger et al 1981); all other tissuas
take up FFA's readily without the need for specific

receptors {(Spector 1948, 1%71).

Spector et al (1981a) report that cuitured cella also
hydrolyse TAG s contained in Iipd#koteins by the enzyme
lipoprotein lipase. Cells take up both FFA’'s and TAG's,
and in vitro studies indicate that FA uptake into cells
oceurs in a two stage process inveluing two FA "poolis”
(Goodman 1958,_ Spector et al 1965a, Switzer et al 1965,
Bailey et al 1973b; Brenneman 2t al 1974, Howaﬁd et al
1974, 1974, Shohet.1976, Weyman et al 1977, de la Llera
1979, Dime et al 1980 and Morand et al 1982a, 1982b,
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1985), Initially, albumin~bound FFA is in equilibrium
with a membrane surface pool (Fii_oF freely exchangeable
FFA“s, In an energy requiring process, FA's from the F1
ool can then be transposed to a ‘deepwr’, non-
exchangable, inner membrane pool of FFA (F2], Studies
uith efythrocyt& ghoéts showed ‘*that the Uptake 6F
radiolabei]ed palmitic acid was aigniFiEant1y greater in_
thé presence df CoA and ATP, than with'ATP a1qne {Morund
et al 1985, Thé synthgﬁia of a;etyi Cof occurred inside
these ghosts._ muggeatiﬁg that acyl-CoA éynthetase INas
located in the inner layer of the plasma membrane. The
presence of tlong chain acy?! CoA gynthetase in plasma
membranes of a range of cell typea has since been shown
by Davidson (1986)., DOnce the Fﬁ is acrosg the Plasﬁa
membrane, an  intracellular FA binding protein
Facilitates its movement into the cytoplasm and its
subsequent metab&?ism {Uckner et al 1974, Mishkin et al

1977 and Brandes et al 1983).
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Intraceilular FA ‘evels in ﬁu?tured cells reflect a
combination of both exégenous FA incorpcratiﬂn. and de
nove synthesis (Bailey et al 1972 and Howard et al
1974),  Thus, lipid composition is regulated by
interaction between intracellular metabolism and trané-
membrane permeability. When extrace]lﬁ]ar' FA’e are
depleted, TAG's.. and posaibly PGL's.'aﬁt as sourtes of -
intracellular lipid} however, de nove synthesis often
occurs simultaneously (Bailey et al 1972 and Howard et

al 1974).

Although most cultured cells syntheaiaé- ?ipids_ FEom
amino acids and glucose in the incubation medium, cells
derive most of fheir requirements by uptake if a source
of lipid is available (Spect§r et.al 1981&). Numerous
otudies have shown that cultured cells derive most of
their lipids from the serum present in the growth medium
(Mackenzie et al! 1970, Bailey et al 1972, Howard et ai
1974 and Spector et al 198la). Under coﬁditions in which
adequate amounts of lipid are svailable +to cultured
cel]é from the incubation medium, endogenous (de povo)
FA synthesia is minimal .(eg. Bailey et al 1972). When
cells are cultured in a lipid-free, chemicall defined
medium, however, inéreaaad rates of FA synthesis are
seen (eg. Bailey et al 1972). Theme studies thus

indicate that cultured cells have the capability to
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seiectively regulate de novo FA biosynthesis.,

Gensrally, the FA compositions of a variety of ée]ls
grown in medium containing serum reflected the FA

compesition of the madiuﬁ (eé"GeEschensonIQt al 1967).
Rothblat {196%) reports that under standard culture

conditions, serum FA's contributed 80-95% of the FA
carbon incorporated into cellular glycerideé in W1-38

‘human Fibroblastsy F& shppiamentation thas al=o been

shown %o modify the FA compoaition of many different
cultured cell types, and both TAG’a and PGL*B msy become
enriched with thé Fﬁ’a suppleﬁented {Glaser ét al 1974,

Horwitz et al 1974, Spector et al 1979, 1980a, 1980k,

Hyman et al 1981b, Kaduce et al 1982, Needleman et al

1982, Bourre et af 1983).

The degree of flgidity of ceilQlar plasma membranes has
been shoun to be an important factor in many celluiar
processea,. including mitogenesis {(Ferber et al 1975),
differentiation (de Laat et al 1%977), proliferation
{(Cheng et al 1979) and transformation {Hilgers et al
1978), while interactions between esterified and non-
esterified FA4’s modulate membrans structure (Jeffcoat
1979 and Stubbs et al 1984), Spector et al (1983)
describe how altering the physical properties of the
membrane with supplementation of different FA‘s affects
carrier mediated transport, receptors, membrane bound

enzyme activity, phagocytosis, endocytosis, exocytosis,
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Since biolegical membranes perform a wide variety ‘of
functions, including <transport, signal . transduction,
endocytasisf' secration, and aleo act &8s permeability
barriers, the functional integrity of memsranés has been
reqognised as critical to cell survival (l.odish et al
1979, Op den Kamp 1979 and Storch et al 1%983). Complex
membrane  structures have ewolved +to perform  such
functions, and the importance of lipids in the
physicochemical propeffies of biological membranes has
been extensiué?y studied {eg. Shinitzky et al 1976, bﬂ

den Kamp 1979, Storch et al 1985),

1.2.1. Cellular Triscylalveercls.,

Excass.lipid/FA in the. culture medium inhibits de noveo
lipid synthesis (eg. Bailey et al 1972). 1In parallel,
others have shown an accumulation of lipid/FA in cells
under such conditions, uhich-appears-ias cytoplasmic
droplets of TAG and cholesterol estera (Mackenzie et al
1967, Rothblat 1969, Schneeberger et al 1971, Spector et
al 1979, 1981; and Miller et al 1980)} The studies of
McGee (1981), examining the neutral lipid FA composition
of neurcblastoma x glioma hybrids (NG 108-15), showed
that in the sbsence of added FA, ~little neutral lipid
could be detected in the cells, However, upon addition
.of unsaturated FA's, a large acocumulation of neutral

Tipids occurred.. and the FA composition of thia lipid
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than did the PGL’s. Bavino et al (1981a, 1981b) showed
that treatment of human skin Ffibroblasts with PUFA‘s
increased the numbers of cytoplasmic lipid droplets and
lysosomes, while TAG and cholesteral doubled when cells
were grown in medium containing 20%, compared to 10%,
FBS. Although FA‘s exchanged uith Fétty acy] groups of
the PGL fraction, the total FA content of the PGL'sw
remained unchanged. This supported the hypothesis that
microaﬁmal Fatty acyl intermé&iates can be shunted into
neqtra] lipid dropieta.uﬁen.cells are stinulated to

accumulate 7ipid.' :

The - acéUmulatiOh of TAG has been. suggested 'to occur
because the FA’s present in the culture medium are in
excess of that required for PGL synthesis (Rothblat
19¢.%y or may reflect overloading of the cells ability
to degrade lipids (Morand et al 1985)., The extent of FA
accumulation and TAG droplet formation appears to vary
with cell fype. When human foreskin fibroblasts or
guinea pig aorta smooth muscle cultures were incubated
with FUFA’s, Fibroblasts accumulated much lesa FA’s
than did smooth musclie cells (Gavino et al 1981b). This
accumulation reverts rapidly after the removal of the
supplemented FA from the culture medium.  Spector et al
(1980a)  showed thaﬁ 45% of 'TAG’s in human skiﬁ
fibroblasts were degraded within 4 hours after.ﬁransfar

of cells to a medium containing either 10% FBS, or lipid
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that within & hours after removal of aUpb1emented. FA‘s,
TAG levels Tfell by 40% in bovine sortic enﬁothelial
cells, Nevertheless, both TAG and. cho]eaferol
accumulation have been shown to cause cell damage

(Howard et al 19743,

1:2.2 ' Cellular Phosphoglvcerides,

PGL s, as major comﬁonenté of cell membranes, are raré]y
utilised as metabolic Ffuels, except in pathological
circumatances (Rothblat 1969). This, however, doea not
imply metabolic inertia. Spector et al (1967), using
Ehr?icﬁ's ascftaﬁ calls, showed rapid turn over of
membrane PBL FA“s, wmainly in the phosphatidyicholine
fraction. The work of Peterson et al (1969, 1970 not
only implied cycling of cellular PGL, but also showed an
exchange of cel?ﬁ]ar PGL between membrane structures of
adjacent cells. There are reports that excgenous FA
dosage can lead to extensive alterations in cell
PGL FA composition (eg, Spector et al 19?9, 19851,
with changes as lafge ags 40 Fecld reported in the
monounsaturatedipolyunsaturated FA ratio in membrane
PGL‘s when FA’s were added directly to serum-containing
culture media (McGee 1981). On the other hand, human
umbilical wein endothelial cells exhibited reductions in
PGL LA, from 27% to 12%, during the first 48 hours after

transfer to a medium containing 20% FBS (Spector et al
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regulate the PUFA content of their PGL s to betueenq i5%
ang 30%, and that an increas; in PGL FA polyunsaturation
ﬁa} be responsible for controlling cell growth. This
supports previous studies which also indicated &
possible role for PGL’s in the regulation of cell
diuision,. based. on the fact £hat membranes contain
nearly all of the PGL s that ocour in'ceils and that
membréna structures are intimately involved in DNA
replication in mammalian cgl]é. (Spectbr etlai' 1987,
Hanaoka et al 1971, Mizuno et al 1971, Cunningham 1972
and Manzoli et al 1974).
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1.3

Since the first déscription of _the oxid#tiue
deséturation of FA’s in animals (Eernhard et al 1959)
and in bacteria (Bloomfield et al 19460), seuer#? reviews
have been devoted to the sﬁbjecﬁ fég. Brenner 1971,
1974, 1982, James 1977, Jeffcﬁat 1979a and Jeffcoat et
- al 1?84). In masmmals, cis-FA’s can be converted to

' lcngef chain, more unsaturated derivatives by a mrocess
‘of sequential desaturation and chain elongation. The
subsequent FA products are important as themselves, as
well as being the precursors fdr many other eassential
biochemicals invoived in met#bo1iam¢ This cascade is
under .strict metabolic c¢ontrol, both directly and
indirectly; and serves as a mechaniwm for regulating the

lipid composition of cells.

1.3,1 The Location gnd Mechanism of Fatty Acid
Pesaturation and Elongation. '

Mﬁmmalian long chain FA“s are deaaturated aﬁd elongated
in membrane bound vesicles formed frem the endoplaamic
reticulur (micrusomes) (Avala et al 1973 and Brenner
1982). The - enzymes responsible, the fatty acyl
dezaturases and elongazes, are  tegral proteins of the
microsomes. They are tightly bound to. the inper
microsomal! membrane and require an  intact _membrane

atructure For. their activity (Bloomfield et al 1940,
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Nugteren 1960, 1962, 1965, Stoffel 1961, Oshino et al
1971, 1972, Avyala et al 1973, Brenner 1974, 1982 and
Fulco 1974),

Unsaturated FA's are synthesised aerobically from
saturated FA's by a 'micﬁosomal, 3 comﬁoﬁent enzyﬁg
complex, consisting of NADH-cytochrome bg p.eductase,
- ¢rtochrome bs gnd tﬁe terminal desaturase eﬁzyme, often
reforred to as the cyanide sensitive Tactor (Hollbuay
1963, Gellhorn et al 1964, Holman 1964, Oshino et al
1966, 1971, 1972, 1973, Bremner et al 1969, Holloway
1971, Shimokata et al 1972, Strittmatter et al 1574, Lee
et al 1977, Okayasu et &l 1976 and Brenner 1982), This
process requires both ATP and .M92+ (Nugteren 1962,

Brenner 1974 and Cook 19?8&).

Desaturation reguires prior activation of FA's to acyl-
CoA, via plasma membrane acyliCoA synthetase (Brenner
1971). This enzyme has been demcnstrated in several rat
and human tissue plasma membranes by Davidaon et al
(1986a, 1986b), is non-rate-limiting, and shous a
substrate..preference of w3 PUFA's > wé PUFA's > w®
monoenoics > saturated FA“s, This activity profile
mirrers that of the desaturase enzyvmes (Kanau et al
1977). Not only is acyl-CoA formation many times more
rapid than desaturation {eg. Pande et al 19468, Marcel et
al 1972 and Sprecher 1981), but the NADH-cytochrome bsg
electron transferring system "is common to all the

Aeantiiramea (Rrannar 19872)Y. Tn addstian. e aslactran
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Flux generated is many times greater than the
requirementa of the desaturasses (Sprecher 1981 and
Brenner 1982), thus the enzyme itself is the rate

fimiting factor (Brenner 1971 and Raju et al 1972).

The eﬁzymeu'which catalyse these desaturations appear to
have a Coenzyme A binding site, which recognises the
fatty acyl-CoA msubstrate. It seems likely that the
methylene chain of the FA fits into a reatrictjve cleft
of finite Jlength (Brett et al 1971 and Do et al 1973).
For ‘the full activity of thuse enzymes to be expressed,
cytoplasmic protein factors are required (Catala et al
1975, 1977, Jeffcoat et al 1976, 1977a, 1978 and Leikin
et al 1979, 1986, 1989)., Crude microsomal preparations
showed delta-9-, telta—5~ and de‘ta-S*deaatUrase
activity, which activities were Ilosmt with repeated
washing, but were theh restored by the addition of

cytoplasmic proteins.

Chain elongation of unaat;rated FA’e ocours at the
carboxy] terminal, while desaturation occurs betwaen the
carboxyl group and the first double bond from the
carboxy} group. Thus, the nUmbér of carbon atoms
between the methyl terminal and the double bond nearest

thia rem=ins constant (Davidson et al 1985a).

Since microsomal memnbranes  contain lipids, the

composition of which may be moduliated (eg. Nervi at al
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guggeated that the microsomal lipid compomition may be
involved in regulation of the desaturase enzynes
(Garda ot al 1984, 1985 and Kurata et al 1980). Membrane
PGL's may also servs as sources of enzyme substrates

(Pugh et al 1984).

1.3.2  The Biomynthetic Pathway of Unsatur
Eatty Aoid Synthesi

The desaturase cascéda primarily consista of three
desaturase enzymes, delta-é dessturasme (46D), delta~5-
desaturase (45D), and delta-d~desaturase (44D) (Fig.
1.3.2.1,). Thesé enzymes, and especially 46D, are the
rate limiting steps in the desaturase cascade.(Marcél et
al 1968, Brenner 1974, Haasam et al 1975 and de Gomez
Dumm et al 1978). The first enzyme is specific for (€18
FA’s, the wmecond for C20 FA’e and the third for C22
FA’a, and the enzymes exhibit greater activity with w3
than with w6, and least activity with w9 substrates
(Brenner et al 19466, Mead et al 1976 and Kanau et al
1977, It is alsoc apparent, since mammals cannot
interconvert w3, wé, and uW? FA‘s (eg. Crawford et al
1972), that the desaturaae/elongaaé pathuay will pr&duce
3 distinct families of related compounds (Crawford
et al 1971, Sprecher 1977 and Sinclair 1984), Different
products of the pathway do, houeuef, compete with each

other {(Hoiman et &)1 1963, Holman 1944 and Mohrhauer ot
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direction, and the FA favoured in this competition im
dependant on relative substraté levels. In general, w38
inhibit the metabolism of wé and w? FA's, and wé inhibit
that of w9 (eg. Bernert et al 19753, Consequenfly, the
metabolites of oleic acid are only found in +trivial
amournts under normal physiclogical conditions. The
ability not only to distinguish clearly between FA’s,
but at the same time to appreciate the relationships
between members of a homo!ogoua series, is therefore,

vitally important.

Within any unsaturated FA metabolic pathway, rates of
desaturation are Qenera]?y slower than those for chain
elongation (Bernert et al 1975, Brenner 19?1.' Sprecher
1977 and Naughton 1981), and there is qvidence that the
desaturation rate for membrane-bound substrate ma? be
greater than that for exogenously added FA‘s  (Aeberhard
et al 1981)., Thus, misleading conclusions may arise
about enzyme activity when isolated enzymes are assaved
(Aeberhard et 31.1981 and Hill et al 1982), Furthermoﬁb,
the elongation steps are generally easily reueréib]e;
thus retroconversion probably depends on wsubstrate
availability, while the desaturation steps are usually
no$ reversable jn wvivo (ﬂead et 31.1960. Stearns et al
1967, Ayala et al 1973 and Bavino et al 1%81b).

Although a number of different pathwavs for desaturation
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Gurr et al 1971), the préferrad route appears to be the
one describpd (Fig. 1.3;2.1.), with initial &esaturétion
Tollowed br“chain elongation (Marcel et al 1968, Bernert
et al 1975 and Sinclair 1984). Other pathwaya appear to
ve of minor importance in mamma?é (Brenner 1971, Ullman

et al 1972, Lands et al 1977 and Sprecher 1981).

1,32.3.1 Qe r Iy

440 is the first, and rabte~limiting, enzyme of .the
desaturase enzyme cascade {(Stoffel 1961, Hﬁ]louay 1988,
Marcel et al 1968, Oshino et al 1972, Brenner 1974,
Hassam et al 1975, de Gomez ﬁumm et al 1976, Mead et al
1976, Kapau et al 1977 and Sprecher 1981). This enzyme -
catalyses +the Fformation of 1813w and 18:4u3 (Fig.
1,3.2:1.), is essential for the full expression of EFA
biological activity (Frankel et al 1975), and requires

zine (Huang et al 1982).

Okayasu et al t1981). isolated and purified the énzyme
from rat liver microsomes and showed it to be a single
polypeptide chain of &£6000 Daltons, The 1liver enzyme
exhibita.ithe greateat activity, especially during
prenatal brain érbwth, when PUFA requirement is high,
and maternal  supply may be limiting (Bremnar 1971,

Sinclair 1974, 1975a, 1975b, Naughton 1981 and Novelot

. o R



The regulation of 46D has bqenﬂreuiauad extensively by
Jeffcoat (1979) and Brenmner (1982), and evidence to date
indicates that 46D exhibite a particular substrate
specificity pattern (Brenner et al 1969), As with the
other desaturates, 44D is more active with w3, than with
wé or w9, substrates (eg. Kanau et al 1977). This may
reflect a selective mechanism uhsreby.thu much lower
dietary levels of w3 FA's are pfeFerentia?]y -utiiised.
46D activity is extremely sensitive to s]ight changes in
the metabolic and physical environments (Cook 1979), and
has a circadian rhythm (Actis Dato et al 1972). In uiug.
and jin vitro étudiea indicate that 46D is inhibited
very easily by a wide range of di}Ferent factors. Thess
are summarised in Figure 1.3.3.1.1., and include
dietary, harmanal and pathn1a§ical Factora..while 48D is
the rate limiting step and is easily inhibited (eg,
Brenner 1982), few factors inhibit/suppress elongation.
In fact, while conditions such as diabetes and
malnutrition suppress 460 activity, eiongation "is either
conserved or enhanced (Bellhorn et a] 1?64, Peifer et &l
1965, Brenner et al 1968a, Ayala et al 1973 and uHo]man

et al 1981),
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Moderate food restriction (1)
EFA deficiency (1)

Fat~free diet (1)

Carbohydrate deficient diet (1)
Protein rich diet (2)

Activatorsa
+

¥

Hormongl

Low insulin levels (1)

ATP (1)

Temperature decrease (1)

»==3GLA

LA 46D

Iinhibitors
Suppreasosrs

Dietary

Fasting (1)

Protein deficiency (3)

High glucoge levels (4)
High carbohydrate levals (2)
High cholesterel leveils (5)
High saturated FA levels (&)
High trans-FA levels (7)

FA reaction products (1)

Hormonal
cBAMP mediated mechanlsms (11}

Glucagon (11)
Thyroxine (12)
Epinephrine {13)

(1) eg. Brenner (1982}

Pathological
Diabetes (8)
Transformaticn (9)
Atopi¢ eczema (10)

Qther

‘ Temperature increase (1)

Zinc deficiency (14)
Mg2+ deficiency (15)
Alcohol (18)

Aging (17)

{2) eg. de Gomez Dumm et al {(1970)
(3) eg. de Tomas at al (1980)
(4) eg. Brenner et al (1968a)

{3) eg. Garg et al (1986)

(4) eg. Brenner et al (1968)

{7) eg. Couvk (1981)

(8) eg. Gellhorn ot al (1984)

(9) ea. Dunbar et al (1973

(i0) eg., Manku et al (1982a)

(11} eg. de Gomez Dumm et al (1975a)

(12) eg. Hoch (1981)

(13) egp. de Gomez Dumm et al {(1988)
{14) eg. Huang et al (1982)
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1o3.302 ot | L] .

45D catalyses the conversion of 20:3wé and 20:4w3 to
20:4ué and 20:5w3, respectively (Fig. 1.3.2.,1.)., As with
463, 43D activity varies depending on animal species
(Marcel et al 1968, Danon et al 1975, Rivers et al
1975a, 1976, Stone et al 1979 and Chapkin et al 1984),
The enzyme is more active with w3, than with wé,
substraten {(eg. Kanau et al 1977), and thuas exhibits a
much higher affinity Ffor 20:303 than for 20:3w6. Thus,
20:4u3 is rapidfy converted to 20:5u3, while only =ome
20:3wé is converted to 20t4us. 20:3uwd and 2034wé are the
precursors - for the I~ and 2-meries  eicossnoids,
respectively, while 20:5u3 is the precursor for 3-series
eicomanoids (eg. Crarford 1983 and Lands 1988)., Thus,
the activity of 45D may regulate the balance between the
different series of eicosanoids., Indeed, 45D has been
suggested to act as a secondary regulatory point in the

desatuyrase cascade (Caaﬁqma et al 1972),

The regulation of A5D has beéen reviewed by Jeffcoat
(1979) and Brenner (1982). Many of the inhibitors of 46D
are also effective inhibitors of 45D, Large intakes of
cholesterel, oleic acid and ethanol inhibit 45D function
(Lowry et al 1966, Al1Ffin Slater.et al 1968 and Nervi et
al 1980), and therg is also evidence that excess vitamin

A suppresses this reaction (Huang et al 1983). As in the
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protein intake stimulates, 45D (Castuma et al 1972, de
| Gomez Dumm et al 1972, Mercuri et al 1979 and de Toﬁas"
et al 1980). ' Contrary to 46D, however, EFA deficiency
induces decreased 45D activity (Peluffo et al 1976 and
Brenner et al 1982). Rats maintained on a fat-free diet
exhibit 8 significant reduction of 45D activity compared
to animals on .a balanced diet (de Gomez Dumm et al
19833, In contrast, 1B:2wé supplementation of an EFA
deficient diet‘increaéea 450 activity to almost control
ieve?s, while 45D activity is not affected by dietary
carbohydrate {Jeffcoat et al 1977b and Castuma et al
1982), Jeffcoat et al (1977c) have, however, found fhat
 triolein ims a very good activator of 450, but a

depressor of 460.

Uﬁfike 460, 45D does not appéar to be suppreaaed by cell
transformation (Dunbar et al 1975). In diabetes, the
activity of 43D is only slightly reduced (Gellhorn et al
1964, Brenner et al 1968, Peluffo et al 1971 ana Castuma
et al 1972). Insulin increases 450, but most other
hormones decrease its activity, Like 46D, 450 activity
is reduced by glucocorticoids, epinephrine and_dibutyry]
CAMP (de Gomsz Dumm et al 1979, 1980), It has been
reported that 45D activity is lost in Man after puberty
(eg. Dyerberg et al 1980a and Horrobin 1982, 1983),

although Mest et al (1983) report.tha opposite.
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1.3.3.8 A-Desaturase.

The formation of 2215u6 from 20:dué via 44D (Fig.
1.3.2.1.) has been atudied-cdnéiderably tess than the
desaturation of 20:5u3 to 221643, ~and 44D bas .beeh
studied much leas than 46D and 45D. FA"s of 22 carbons
are; however, important as they contribute considerab}y
to the lipida of cell membraﬁes in general, and brain
cella in particular (ew. Svennerhclm 19468). Desaturation
an& chain .elongation. of 20:4wé .to 22:5wé6 has been
demonstrated in liver microsomes of rats fed a fat-free
diet (Hagve et al 1984). A saparéte study feeding
radiolabelled [14C1-2035u3 showed the formation of 13%
22:168w3 in rat hépatocyte microsomes, but no 44D activity
with C1401-2214w6 as substrate (Hagve et al 1986).
Testis 44D activity sppears to.be greater than in the
liver (Clejan et al 1982), but activity has been shown
to be absent in many cell iines, including the C1300
neuroblastoma (Yavin et al 1975). This may be surprising
since neufa? tissue is reported to contain Targe amounts
of PGL 22:6u3, but may reflect a requirement for diétafy
supply. Traces of 44D activity have, however, been
reported by others in human skin fibrob]asta (eg.
Peberhard et al 1978)., UWhkile the waried 44D ﬁctiuities

found in  these studies may .reflect experimental
differences, it is more likely that 44D activity varies

with cell type.
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) It appears that many factors influencing 46D alter 44D
activity in a similar manner, Qé. - zine deficiency {eg,
Clejan et al 1982). UWhile a diet rich in LA has been
' Fbunﬁ to cause dep]etich of 1ong chain w3 FA s (Lépran
et 51'1981}, & number of workers have also found that
EFA deFicienc} depletes celiular C22 FA"s (Dunham et.al
1578 and de Schriver et al 1982), uhile low levels of
CEZIFA'B have been .demonstrated in many pathological

states, including diabatesl(eg. Brenner et al 1948a),

1.3.3.4 o J9-Desaturase.

ﬁéD catal yses +he converaion of either de nove
sy¥nthesised or dietarily darived. 18:0 to 18:1uw? {Fig.
1.3.2.1.) (Bernert et al 1975, Brenner 1982, Sinclair
1984). The enzyme consists of a three-component protein '
and tHe rat liver enzyme has a molecular weight of 33000

Daltons (Strittmatter et al 1974).,

Control of A9D activity shows a different pattern from
| those of 46D or 45D (Brenner 1974, Jeffcoat 1979a and
Neryi et al 1980). For example, 49D is not inhibited by
ethanol, as are both 26D and 45D, and is only modulated
significantly by dietary composition. A high protein
diet decreases 49D activity {Peluffq et al 1984), while
a high cho]esterpl diet enhances its activity (Garg et _

al 1986). The activity of 490 is depressed by fasting



diets containing cis~linoleic acid (JeiFcoat et al 1977,

1978, 1979, Brenner 1982 and Sinclair 1984). Conversely,

A9D activity is increasaed dramatically by feeding diets

high in carbohydrate {de Gomez Dumm et al 19?0, Peluffe :

et al 1971, Oshino et al 1972, de Tomas et al 1973,
Brenner 1982 and Sinclair 1984), A Fatﬁfraé_'diet also
enhances 49D activity (Paulsrad et &l,1970, Brenner 1974
and Jeffeoat et al 1977), but addition of EFA'w fn a
fat—free diet inhibits the enzyms (Jeffcoat et al 1577,
1978 and de Gomez Dumm.et af 1932)._Saturatad FA effects
~on A90 activity are less clear, with both increased

.(Ihkpen et al 1969 and Mercuri et al 1974) and decreased

(Jeffcoat et al 1977a) activities reported, posaibly, -

reflecting differences id ekperiméntal design. While the
rate of delta-9-desaturation is markedly depregssed in

diabetics, this reflects iow levels of the desaturase

rather than impairment of activity (eg. Gellhorn et al.

1964, Brenner et al 1948u, Peluffo et al 1971, Castuma

et al 1§72 and Prasad et al 1979).

I
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i.3.4 Fatiy Acid Regulation o the Desaturage
] . _ . _

Brenner (1974) showed that 18:12u6 and 18:3u3 coﬁFete for
46D, with 18:3w3 being the_preferred & ;gtrate.l 18:3w3
inhibits the metabolism .gf wé FA‘s bf .competitively
inhibitiné 46D (Mohrhauer ét al 1963b._ Brenner et al
1966, 1977 and Garg ec al 1988a), uhi]a 18:2wé6 only
weakly inhibits coﬁqersion of 18133 (Holman ot al 1964
ard Actis Dato st al 1970). Thus, dietary 18:3¢3 may
decrease the amount of 2034ﬂ6iin tisaues lprimarily by
limiting J4é-desaturation of 1812ué (Holman et al 1963
and Mohrhauer et al 1963a). Budowski (1981) reported
that a diet rich in linseed oil depressed 20:4ué, and
raised 18:2wé, concentrations in liver PGL s of chicks
and in plasma 1ipids of bot., rats ~od chieké. In
parallel, _constant dietary -18=2wﬁf Tevefa, with
increasing 18:3u3, decreased the proportion of 20tdué in
rat liver and plasma FA's (Hwang et al 1980). However,
competitive inhibition between w3 and wé FAfa depends
largely on the dietary ratic’s of these FA's (Holman et
al 1964 and Coolkk et al 1987), Kramerr (1980Q) suggestéd
that dietary 18:3u3 only inhibits .Aé-deaaturation of
18:2ué if the 18:3u3 content of the diet is greater than
15%, Further impliceting the importance of dietary EFA
Jevels in the control of desaturation. Nevertheless,

both 18:2wé and 18:3uw3 inhibit 18:iw9 desaturation, thus
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and Holman 1986b). Hnuéuer,. when 1812uwé and/or 18:3w3
levels are lﬁw, fhe i?’l rtion is removed, and 1B:iw9 is
metébo!iaed to 20:3a¥ fBrenner-et &1 1965a, 1965brand
Sprecher 1981). Uﬁile it has been suggested that 20:3u9
could substitute for long chain ©3 and w6 FA’s in
maintenance of cell membrane flexibility during EFA
.'dﬁffcieﬁcy (eé. Hbrrobin 1983), it is known to . inhibit
| prostag?aﬁdin synthesis (Dkazaki et al 1974; 19?3), aaﬁ_

also may block A5D activity (Lowry et al 1966);

Chang et al (}9?3) used rat.liver microsomes £o show the
effect of. doubly and triple Sonds in FA inhibitiﬁn of .
stéaric acid desaturation. The position of one cis-
dcublg_ bond in an 18 carbon FA chain affected the
ability of that acid to inhibit stearic acid
desaturation. The isomers.found to be wmost inhibitory
- were those of cis—octadecencic acid} iﬁ those.eﬁsea in
which both c¢is- and trans~isomers were tested, the
trans-acids uere either eaqu-lly, or less, inhibitory
than the corresponiding cia—isomers (Chang et al 1973J.
Kinsella 2t al (1981) reported that the trans-isamefs of
18:1, other than elaidic acid, ¢can be desaturated by A%D
to vyield trans,cis dienes. Dietsry trans- . 8:11w9 also
inhibits converaion of 18:1u? to 20:3w? and oFJ@B:Zmé.to
20:4wé6 by acting as a compatitive inhibitor. ﬁF the

desaturase (Kinsella et al 1981).
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(16:1w? and/or 18:1w?) induced by.diets containing high

levels of 18:2ué and/or 1813uw3, ie consistent with PUFA
inhibition of 4%0 activity (Mahfouz et al 1984 and Pugh
et a1 19842, Ulilman et al (197ia) prepared microsomes
from male weanling Sprsgue*ﬂauley rats and investigated

the role wd FA‘e play in inhibiting the w9- desaturation

step, 18t2ué, 20:3wé and 20tdné  inkibited 49~

desaturation of 18:0, while 20:3wsé, 18:3w3 and 20:4uwé
inhibited AS—deaaturation of 20:2u%. When Garg et af_
(1988b) studied A%D activity in liver microsomes of rats
fed diets enriched with either saturated FA’s, 18:3uw3
(linseed 0il), or 20:5w3 and 2216038 (fish oil), both
linseed and fish oils inhibited A9D activity, with fish

oil being more effective.

Both 18:2wé and 20:3ws BUPPress 18:2w9 formation, but
2014uws5 does not (Brenner et al 1966, 1969 and Mohrhauer
et al 1967)., 20:4wé does, however, inhibit desaturation
of EFA‘s (eg. lrvine 1982), thus high dietary levels of
thiz FA may inhibit 46D. 20:4wé-r..h foods, such as red
meat, may well inhibit desaturases by negative feedback,
and this can generate an imbalance of both POFA‘s and
eicosanoids (Crawford et &l 1970). [n contrast, uwhile

18:3wé only weakly inhibits 18:3w3 desaturation, it

- effectively inhibits desaturation of both 18:2wé and

18:1w? (Brenner 1971, 1974 and Coock et al 1987). There

is also monounsaturated FA involvement in the control of
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demonstrated that dietary menoenoic FA's suppressed LA
desaturation, while Mshfouz et al (1980a, 981) showed
that liver migrosomal desaturation of both LA and DGLA

were inhibited by positional isomers of 18:1a%.

Long chain w3 Fﬁ's also inhibit/suppress desaturation;
both EPA and DHA act as analogues of AA to inhibit Aéﬂ.
by a feedback mechaniem, and DHA is a highly effective -
inhibitor of 'AéD. (eg. Barcia et al 1965, Brenner et al
1966, 1967, Brenner 1574 and de Schrijuer et al 1982).
Studies suggest that EPA is less effective than DHA in
inhibiting 46D (Brenner et al 1966, Alfin~Slater et al
1968 andlBernert et al 1975), but more effective .than
DHA in inhibiting conversion of OGLA to AA wia 45D
(Nassar et al 1986). Stil! other studies showed that
liver microsomea from rats fed EPA showed depressed 44D
activity (Kurata et al 1980), while DHA decreased 0A, LA
and ALA desaturation (Brenner et al 1966). tUhile EPA
effectively inhibits desaturation of 20:4w3 by feedback
mechanioms, DGLA desaturation iz also iniiblted (Garcia
et al 1965 and Alfin-Slater et al 1%2é8). Others showed
competitive inhibition of 46D . in liver microsomes of
rats fed linmeed or fish o0ils (CGarg et al 1988a),
apparently by competition with 18326 for AéD. Fish oil
was significantly more inkibitory than linseed cil. In a
subsequent atﬁdy, Garg et al (1988c) showed that 45D

desaturation of DGLA to AA was greater +than control
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‘Fish oil, Theme studies demonstrate that while both
linseed and fish oils limit 46D, only Fish oil 1limits
A5D; the Jower levels of AA when linseed oil was fed
thus refTect& reducéd 45D substrate formation dué to
suppressionyof A40,
While desaturase cas;ade FA‘s have the capability -to

inhibit/auppréss desaturase activity, there is alse
evidence to suggest that_FA'a enhanhce enzyme expreasioﬁ.

In a series of studies on rat heart, 1iver, .adipose
tissue, erythrocytes and brain, Mohrhauer et al (1963a,l
1963b, 1963c, i?63d, 19¢3e) showed that as the amount of
dietary 183206 or 2034wé increased, their wé PUFA
derivatives increased in tissue lipids, 'uhila w3 PUFA’s
decreased. Furthermore, Hoiman (19712 reﬁarted that
18:2us proﬁmtes desaturation of 20:3wé to 20:4wé. Or. the
other hand; Marshall et al (1982) shauad thét increasing
the dietary level of 18:2ué6 eventually led to a
decreaned level of 20:4wé, implying suppression of the
cascade. Thus, the exact roles of substrate and products
of the desaturases in the regulation of. the enzyme

activity is unclear.

While the desaturation steps are rate limiting and under
direct control Ly FA substrate/product levels, fhe
elongation steps may also be modulated by FA's.
Christiansen et al (1968) studied the effects of

unaaturated FA's on chain elongation of 18:3@6 in -
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enhanced the reéctiqn. while 18:3w3 and 22?6&3 were
inhibitory. Although 18:1u?, 20:3u3 or 20:5u3 were not
effective, two unusual PUFA‘s, 18:3w? and 17:3w6, uere
both inhibitory. The latter was the most effective,
| éuggestinc that the wl-wb structure was the iﬁportant
factor. In addition, Banerjee et al (1986) showed that
uhi]é | 20:5w3 is an effective inhibitor of  20:dué
‘atongation, both 2014wé and 20:5u3 had the capability to

modulate their own elongation.

The influence of trans-C18 FA’s on. in vivo and jn vitro
desaturation and elongation in rat brain was studied by
Cock (1981), Linoelaidate was highly !nhibitory of chain
elongation in_gixgg.. In_viua, both desaturation and
elorigation of linoleate were inhibitéd by both oleate
and linoelaidate, while elaidate and stearate were
stimulatory. Mahfouz et al (1980a, 1981) investigated
the effects of trans-C18:1 FA’s on 490, 460 and 45D
using rat liver microsomes; and showed that not only
were these FA's inhibitory; but the position of the
double bond in the trans-Ci8:1 FA appeared to be
important in determining the degree of inhibition.
Atthough chain elongation of some positional isomers of
trans-Ci8:1 were shown. other studies demonstrated
considerably slower rates of elongation than 49

desaturation (Kameda et al 1980).
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and w? FA“s are an important _t_‘*égu'l atory factor "Eor ;ha
modulation of desaturase cascade enzyme activity, and
that high  levels of a desuturase reaction product -may
" bloek dematuration of other FA'\e{:f. &F 'bbth\;”thé same and
different families by earlier enzymes in the cascade. At
the =ame +time, high levels of any FA substrate may
stimulate desafurqtion nf.ather FA‘s in the cascade. To
dat&, }almdst every Fﬂ:aubstratefproduct in this cascad& _
has been shown to be invo]ded:fn the control of overall
.desaturaticn!einngation. 4 blockade of any steps but
primarily 460, will Tead to Functional PDFA'dQFiciehcy;
even if EFA Jevela,. or the ' trienettetrsaene ﬁatio, are
- normal. Consequentiy, impairment of enzyme activity and
éﬁbaequent changes in POFA levels have been reported to.
jead +to altered membrane structure, interference with
membrans associated processes, EFA deficieﬁcy symptons,
impaired eic¢sanoid metaboliam and the perturbatian of
eicosancid wediated responses (Blank et al 1976,
Horrobin 1983, Cantrill et al 1984 anc Jones et al
1986), involving the cardiovascular and immune systems,

brain function and cell proliferation, among others.
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1.3.5 me

A éubstantial voiume of evidence implicates derang&ﬁent :
of the desaturase enzyme.cascade in diverss :clinical -
- conditions. Diabafes mellitus is one of the mest common
) conditions in which 460 activity is derange&. Mercuri et
al (1966) and de Alaniz et al (1969} demonstrated that
the convergion of 18:2wé6 to 18:3wé uwas blocked, that
20:4&5' and longer chain 22—carbon Fa‘s uére depieted,
and that'desafuration couid.be restored by low doses of
insulin injected into alloxan diabetic rats. UWhile
elongation appears to be conserved in diabetes (Ayala et
al 1972}, Poiéacn et al (1978) reported 70% inhibition’
of 46D in alloxan diabetic rats, and Faas et al (1980)
demonstrated that the conwversion of.18=2u6 to 18:3uwé was
only 50% of controle in streptoyotocin disbetic rats.
Elevated 18:2wé and.loue%ed 2014u6 levels were found by”
Jones et al (1983} in platelets from diabetic patients,
implicating a 480 blockade, suﬁsequentiy confirmed by
others (eg. Horrebin 1983 and El-Boustani et al 1986).
EF4 requirements are considerably enhanced im diabetes,
since excess 18:2wé is reguired to overcome the partial

44D blockade (Peifer et al 1965),

Defective desaturase, particutarly 46D, function has

also been implicated in pathological conditions such aat
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Cancer . eg. Yauin et al (1975)
Alcohol jem ] eg. Nervi et al (1980)
Liver cirrhosis ec. Blond et al (1981)
Scaly dermatoses | eg. Ziboh (198%1)
Pre—menstrual syndrome eg. Brush (1982) |
Crohn’s Discase f. eg. Holman et al (1982)
Cystic fibrosis  eg. Ho'' et al (1982)
Atopic eczems eg. Manku et al (1982b, 1984)
Hywercholesteralemia eg. Garg et al (1986, 1988s)

Atopic asthma egs Rocklin et al (1988)

In most of th& above, plasma TYirpleate leuéls are
raised, while 46D products are I+ . indicating enzyme
blockade. In an extensive report, Hokrobin (1982a)
indiaatéd that in =ome of these - conditions,  oral
treatment with GLA..produced significant impraoemeﬁts in
both the biochemical and clinical state, further

g

supporting the suggestion of 4460 impairment.
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1.3.6  Fatty Acjd Desaturation in Mammalia.

Some species of the Rodentis show marked asbility to
desaturate PUFA’s, and EFA’s in porticular (Brenner
1971, 1974 and Sinclair 1974). Desaturation capability,
however, variee congiderably between different rat
tigsuwes, Brenner (1971) ehowed that +the percentage
desaturation of LA to GLA ip isolated hicroaomes from
'.young_-rats.'was 20% in adrenals, 14% in liver, 6% in
testes and less than 2% eaéh in heart, kidnqy and brain.
No desaturation could be datected in Tung or epididym#l
fat (Brenner 1971), althoush Gellhorn et al (1964) found
that rat. adipose tissue was able to desaturate SA to 0A.
A5G is active'in the rat, but appears to be more active |
in the mouse (Anon 1979, Stone et al 1979 and Blond et
al 1981). Both species, however, exhibit gr-iter 45D
activity than other mammalia, eg. rabbit, guinea pig or
Man (Stone et al 1979). 45D catalyses a siou reaction
{eg, Bernert et al 1973), and rat tissues such as testes
(Ayala et al 1973 énd adrenals (Brenner et al 1967 and
Takayasu et al 1970) often accumulate DGLA, particularly
in the fed state, Danon et al (1975) showed that while
DGLA levels are geperally low in the rat, an incrsased
ratic of DGLA to AA, with only & small increase in AA,.
was found when DGLA was fed, Thus, it appears that 50
activity is not stimulsted by DGLA-rich diets, Little

sttention has being focussed on 44D, although the enzyme
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and Ayala et al (1973), who also showed retroconversion

of 22:4u6 to 20:4wé.

Rivers et al (1975a) published biochemical evidence
indicating that the cat lacked 46D; this confirmed the
obligate carnivore nature of the domestic cat. Numerous
subsequent atudies showed that GLA is essential for the
cat {MacDonald et al 1983&..1984)9 Dther-species aflthe
Felinae, such as the lion ana cheetah, have been shown
- to exhibit a similar enzyme deTiciency (Rivers et al
1976 and_Dav?onn et al 1986c, 1986d)« The lack of 46D
is:'thua probably a feature common to the Felinae as a
Family. At east one'wi1d species of the'Canidée (the
wolt) appears to Possess an active form of 4éD, uhilé
some breeds of domestic dog, howéuer, appear to have
impaired 46D activity (Horrobin et al 1990 ana .1 oyd
11990). The exact extent of the deficiency within the
Carnivora is thus, not certain. Frankel et al (1978)
showed that while chain elongation was unimpaired, the
cat also lacked A3D. Stone et al (1979) similarly
provided evidence to suggested the absence of 45D, but
this has been largely contradicted by other Lﬁ;gigg
studies, which showed signs of ASD and 44D activity in
the cat (Rivers et al 1978, Sinclair 1979, Kane et.al
1981, MacDonalid et al 1983a, 1984 Iand Davidson et al
1989, 19920}, Thus, it appeara that PDFA's can probably

be metabolised by the =at to feorm eicocinoids and their
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.The presence of long chain PDFA derivatives of LA and
ALA in vegans suggests tﬁat Man cah.metabolise parent
EFA‘s (Sanders et al 1978). Uhile human_liuer'haa been
shown capable of desaturating Ci8C]-LA and E14CJ—ALA}
the rate is slouf(de Gomez Dumm et al 1975b). Others
also report limited A6D activity in Man (Dyerberg et al
1980 and Horrobin 1983)., Humans also ewxhibit limited
450 activity, even in liver (Willis et al 1976, Anon
1979, Stone et al 1979, Blond et al 1981 and El-Boustani
et’'al 1986). This may refiéct limited 46D ackivity,
although numerous atudieé suggest that 45D itese!f is not
very active. Despite administering large dotes of DGLA
to humans, both Kernoff et ai (1977) and Willis (1981)
found on]? a small rise in AA levels, while “he ratio’s

of DGLA and PBE: 45 AA and its products increased

significantly. - Horrcobin (1983) reported that while
administration of GLA to humans significantly raised
DGLA, AA levels were only marginally raised., Even
administration of large amounts of ALA resulted in only
a s=mall change in EPA and DHA (ds Gomez Dumm et al
1975b, Blond et a1 1981, Meat et al 1983 and Neufinger
et al 1984), implying suppressed 440 Function. This
limited desaturation capability makes the extreme
‘Western" human very close to being an obligate
carnivore. In addition, since Eskimo’s appear to either
lack or have suppressed JA60D and 45D, ard .exhibit

elevated LA and DGLA,_ and degreased AA, Jevels (Gibson
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et al 1981ib and Sinclair 1981), it has been suggested
that the? may be obligate carnivores, the human

squivalent of the cat (Sinclair 1981).

The lack of 46D makes ihe cat an ideal experimental
model for assessing the relative importance of different
FDFA‘B.in-metabo!ism. Other animal models possesaing. an
active Form of this. enzyme are, unlike the cat,
difficult to make deficient in specific FA's since they
are capable of endogencus PDFA production from their
pfant derived precursors. The cat, howeuer,.can be made
PDFA—deficient by dietary modi#ieationg even when fed
fhe classic EFA’s, without this being redressed by in |
vive production. This species therefbre serves a8 a
mode! for the extreme 'Uestern' human, Furtlver, the cat
also shows a very close degrees of genetic homology with
Man batween all gene loci mapped to date, and exhibits a
very high incidence of hereditary diseases paraileling

aimilar conditions in humans (0’Brien 1986),

While different mammalian species exhibit different
desaturase capasbilities, no quantitatiue data is

available to date on the relative contribution of
individual organs to their own, oE total, body PDFA
requirements, or whether the tissue distribution of
desaturases varies in different species of the mammalia.,
The available evidence aﬁggests that the desaturases are
not distributed evenly between tissues (Gellhorn et al -

1964 and Brenner 1971), implying dependence of aome
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tiasuéa en others jip uivg fﬁf a supply of PDFAfau {eg.
Nervi et al 1965, Cook et al 1978a, Chapkin et al 1984,
1986a, 1986b and Ziboh et ai 1987); thus, the assessment
of desaturation potential in vive may not necessarily -
re?]ect the desaturation capabilify of the particular
tissue studied, but may reflect PDFA’s transported from
tissues exhibiting desaturation capability to' tissues

exhibiting limited or no desaturation potential.

1.3.7.  Eatty Acid Desaturatio  ii. Culsiured Cells.

. Menkes (1972) showed that rat brain cells cultured
in a lipid-free medium take up exogenous E14CJ—palmiti§,
[14C)~stearic and [19CI-Tignoceric acids, and sucﬁ could
be desaturated and/or elongated., Desaturation in brain
ib vivo ha=z nhot been conclusively proven, although the
490 desmaturstion capability of brain cells jin vitre
under specifiec culture conditions implies that this
enzyme may be inactive in ‘the brain in_vive, sand
activated, at least partly, when brain PUFA levels are

depleted.

Duﬁbar et al (1975) showed that normaj human lung
fibroblasts  (W]-38) readily desaturate and elonpate
PUFA‘as via 46D and 450, Thﬁré also is evidence that
human skin fibroblasts exhibit 440, 45D and even some
44D activity in culture (Dunbar et al 1975 and Aeberhard

et al 1978). Rosesnthal et al (1983a, 1%udi) showed that
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A9~, A6~ and AS—desaturation of E1403—steafate, giap]-
linoleate and L[ 4C]-y-eicosatriencate, respectively were
enhanced by prior growth of human skin fibroblasts in
TipidwFree medium. These workers slao showed that
addition of exogenous FA’s +to the cuiture medium
-modulated dessturase activity, .depending on the FA and
the ﬁarticuiar desaturase., 49D activity was enhanced
with elaidic acid, but was not .odulated upon dosing the
incubation medium with either myristic, pentadecénpic;
palmitic, - atearic, traﬁs*vaccenic {trans-18:1w?) or
1inoe1aidi&. acids, Addition of cis-vaccenic, oleic or
'-1inoleic acids, howewvaer, inhibitec 490 .ctivity in the
order 18:2ué > 18:1u9 > 1831&7. Bﬁ the other hand, both
elaidic andqlinne'aidic acids were effective inhibitors
of Aé~desaturation, while trans—vaccenic acid was only
half a. effective im inhibiting 46D. Qleic, cis-vaccenic
and y-linolenic acids only marginally inhibited L[t4C)~
linoleate desaturation. Elaidate was a ﬁotent inhibitor.
of 450, as were all é?-trans FA’s, while w? trans~FA’a
were much less iphibitory. This supported previous
evidence concerning the involvement of the position of
the double bond in the 'inhibition/suppreséinn - of

desaturation (Mahfouz et al 1981).

Contrary to the above, Spector et al (1980a) showed thak
when the culture medium of human skin Ffibroblasts Qaa
enriched with 18:2w6, 20:4wé decreased by 45%, while

203206 accumulated, implying suppression of ‘lesaturase
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activity. They suggested that humgn ekin fibroblasts
mossibly could not efficiently convert 181266 to 2014w,
atthough such may also reflect the ability of these
éeila to selectively control 20:4wé levels. Other
reports similarly indicate that both culturéd human skin
Fibrcb!asts and guinea pig asorta smooth muscle cells
were unabie to desaturate iBs?mé, although elonéétior
was .rafaiﬁed (Bavino et al 1981b and Morisaki et al
1982&). Human skin fibrobtamts have also been ahown.to
elongate nuﬁerﬁusg other FA’s, including 16:0, 18:0,
28?0, 22:0, 20:3u6, 2034ué and 20:5u3 (éavinc'at_e]
1981ia, Tasuji et al 1994 and Baﬁerjae et al 1986), |

Rosenthal et al (1983b, 1986) demonzirated that CI19C]-
18:2u6 was dematurated and chain elongated to 20:3ué,
20:4wé aﬁd' 22tdwé in  cultured Human umbiiiecal wein

endothelial cells, indicating 460, 45D, and elongase -

expreaaian. Desaturation and elongation of E14Cj—18:3m3,
'houevwr, wad more extensive than Tfor [140]-18:2uws.
This mupported the similar 'deéaturation pattern found
in human  skin fibroblasts (Aeberhard et al 1978 and
Rosenthal et al 1982). Endothelial cells esxhibited
greater fatty acy] Cof A6l activity uheﬁ growit in medium
containing 2.35%, instead of 10% or 20%, FBS, while
meciium supplehentatian with 20-100uM oleate inhibitéd
arachidonate synthesis by'Up-fo 67% (Rosenthal et al

1983b)., The concentration of serum and serum Yipids alsc

influenced desaturase activity in human skin fibroblasts
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(Rosenthal et al 1982, 1983a, 1983). However, the
mechanism by which serum inhibits cesH -yrase expression
auaité turther clarification, alth-ugh Rosenthal et al
(i983b) suggested that serum lipids provide aufficiéﬁt
arachidonate to inhibit endogenous synthesis, at least

partially.

The ewvidence for dusaturase capability in humar

.umbi1ical vein endothelial celis. was directly

contradicted. by Spector et al (1980b, 1991b, 198ie,

1983). They showed that these cells either exhibit very

wealt, or lack, significant 46D activity, and implied

that wascular endothelium requires preformed PDFA’s,

particularly arachidonate, from the serum for eicosanoid

- synthesis. The lack of detection of long chain more

unsaturated FA's did not appes to reiate to ineffective
FA uptake as their studies showed that dosed FA‘s werse
taken up by these cells and incorporated intoc the PGL’s
gselectively from a ﬁixture of FFA’s. Furthermore,;
structurally unrelated FA's did not appear to interfere
uitH FFA incorporation, .euen when present in large
amounts (Spector et al 1981b, 1981¢). Thus the preserce
or absence of desaturation capabiiity in this cell type
is unclear, and may indicate that the conditioha of

culture significantly influence the results obtained.

Maeda et al (1978) atudied the metabolic conwversiona of
18:2ué6 tq 20:406 and 18:3uw3 to 22:6w3 in six different

cultured mammalian cell lines. These included Chang
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liver ce?is {human adult liver cells), LM cells
(a strain of mouse fibroblast), WI-38 cells (human
embryonic lung Ffibroblasts); £.5178Y _ce1ls (mouse
leukemia celis), FM3A cells (mouse mammary tumor cefla)
and CHO ceils (Chinese hémster ovary cells). Only WI-38,
L35178Y and FM3A cells converted 18:2uwé to 20:4ué, while
all cells conuefted 18:3uw6 to 20:4wé. IThua, 460 was
absent iﬁ LM, Chang liver and CHO cells, unlike 45D,
L5178Y and WI-38 cells metabolised .18=3m3 to 22:5u3,
whereas LM, Chang liver, FM3A and CHO cells only
conuerted 18:3u3 to 20:443. Houeuér. 221503 was prgdUced
by &l1 cells lines upon addition of 20:15w3, but only
FMSAHceT]s formed 22:6@3. Thus, it appeared that 45D
activity «issapeared in LM, Chang liver, FM3A and CHO

cel]s; whilé 44D was Found onTy in FM3A cells,

Dunbar et al (1975) and Bailey (1977) showed that normaf
diploid human fibroblasts exhibited significant fatty
acyl A6D and ASD capability,; whereas A6D activity was
absent in several transformed mouse cell lines, Others
showed that transformed cell lines bave a greatly
reduced ability to convert LA to GLA compéred to normal
diploid cells (Collins et al 1965, Howard et al 1974,
Yavin et al 1975, Burns et al 1978, Maeda et al 1978,
Morton et al 1979, Daniel et al 1980, Montaudon et al
1981 and Horrobin 1983), Chiappe et al (19?4) reported
that in addition to 48D, 490 was slse depressed in two

rat hepatoma cell lines, compared to normal liver. Such
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transformed cells are, therefure incapable of hroduﬁing
eicosandid. Precursors from EFA°s, and Spector et al
(1981a) proposed that the loss or reduction of 46D
acfivity. may relste to malignant transformation. Dther
studies which;demonétrated A8D activity in transformed
cells (Yavin et al 1975, Burns et al 1978 and Maeda et
al 1978), _hcw;ver, suggested that the deletion of 4éD
may- not be a. requirement for, or a charécferistic of,

tranaforme .on, rather g side effect in some cases.

s

The evidence reviewed showsd that while many normal and
trangformed cell types in culture desaturate FA®s,
others have been desaturase-deficient. Furthermore,
culiure conditions and the presence of exogenous FA;s
are all Tactors which may modulate fatty.acyi desaturase

capability.
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1.4

Lipid peroxidation can be defined as +the oxidative
‘deterioration of unsaturaééd lipids, particulacr.y trose
containing mofe than 2 covalent carbon-carbon dowble
bonds (Halliwell et al 1985), PUFA's are ausceptib!e to
oxidation, Iénd their metabolism to.eicasanoids involves
the formation of free radicals, lipid Hydroperoxides,
and malondialdehyde (MDA) 88 a breakdown product (Mead
1976, Pryor 1976, Tappel 1980, Witting 1980, Carpenter
1981 and Lands et al 1981}, The enzymes.responsib1e for
lipid peroxidation are microsomal, and incorporated
-exagernous FFA"s, or those released from cell membranes
during PGL cycling, may serve as substrates for cellular
peroxidation <{eg. Mounie et al 1986). Studies 6n the
_ﬁechanism of lipid peroxidation suggest that MDA .and
other peroxidation products are formed in two sequential
ateps, involving the formation of perox- radicals or
lipid hydroperoxides in the first instance, followed by
formation and breakdown oF cyclic endoperoxides (Pryor

et al 1978, Duselin et al 1977 and Svingen et al 1979).

Enzymic lipid peroxidation is common in most cell types,
but auto-oxidation may also occur (Pryor ef al 1974,
Tappel 1980 and Frankel 1982), UWhen Begin et al {(1986a)
incubated culture medium without cells, but with GLA,
AA, EPA or DHA +Ffor a period of 7 days, significant MDA

was dotected compared to control medium, which increased
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in direct correiation with the number of double bonds in
the PUFA’s domed. Spontaneocus oxidation should therefore
always be considered és a possible mechanism whereby

lipid peroxides are generated.

When unsaturated FA's are components of complex lipids,
eg. membrane PGL’s, they become relatively unaccessible
to o#idation " compared ta;FFB's. Another factor_]eading
t§ a reduced sbility for cellular Iipoperoxidation
includes a slow rate of PGL turnover, which limits bﬁth
FFA incarpor;tion and release from membrane lipids into
the cellular poonl, Beta—tarotene, alpha=-tocopherol,
superoxide dismutase, glutathione peroxidase and
catalase Torm the anti;oxidant and enzymic lines of
protection againzt free radical attack. It has been;
sugeated that cellular peroxidases act to keep
hydroperoxidase levels low, as such may limit eicesancid
formation (Lands et al 1971 and Smith et al 1972). POL. =
allow glutathione pgroxidase to reduce and detoxify
hydroperoxides in memBranes, thereby protecting cell
membranes from . oxidative injury. Peroxide formation
readily occurs in the body if PUFA’s are fed in )arge
amounts without appropriate vitamin E supplementation.
It is not certain exactly how much vitamin E is required
to prevent oxidation, but animal studies suggest
2,4-3.2mg/100 calories of food per day, although this
should bé incréased to 3.7-6.4mg for high PU#A'diets
(Jager 1972).
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Lipid.oxidation products are toxic, and their reactions
with biological cell components can affect vital cell
functions (Mead 1976). Sacondaryﬂproducts, such as MDA,
are rowerful cross linking agents, and react with amino
groups'of enzymes, proteins and DNA (Chio et aT.1969.
Tappel 1980, Frankel 1984 and Draper et al 1986).
_Reactiona between peroxiaised lipids or free radicals
uifh protéins leads to changes in membrane protein cross
linking (Beppu et al 198?), po?ypeétide chain écisgioh
(Zirlin et al 1969), dsstruction of labile amino acids
{Roubal 1986a), protein polymerisation ﬁﬁd aenaturation
(Desai et al . 1963,"Andrews et al 1965, Roubal et al
19664, 1966b and Roubal 1971, inactivation of enzyme
activities {Uilis 1961, Chio et al 1969, OGarda et ail
1985 and de Groot et al 1985), disruption of biological
membranes and releazse of Qestructiue ce?iu?ér enzymes,
and the fnrmation of age pigments in damagéd membranes,
amongst others (Chio et al 1969, Mead 1976, Tappel 1580,
Gavino et al 1981¢, Morisaki et al 1982b and. Frankel
1984)..It.haa been éuggested that the hydroperoxide free
 radical ma} be responsible ?or tissue damage (Tappel
19?5). and reviews have appeared on the biological
effects of lipid oxides aﬁd their relevance to aging,
strokes, atherosclerosis, inflammation and cancer
{(Hopkins et al 1976 and Frankel 1984), although the
nature of many interactions jp vive are not, as yet,

fuliy understood.
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Rapidly dividing cells, with a2 high mitotic index, such
as regenerating rat liver, generate low amounts of
1ipopéroxides combared to ncn—reganeraﬁing tissues;
however, these concentratiohs increase when growth sious
down, or stops (Wolfmon et al 1954). Cheeseman et al
(1984) found lower lipid peroxide levels induced by
tumor, than by normal, cells.in vitro, even when dosed
with potent oxidants. Their findings were consistent
with a higher alpha—tocopheroi content in tumor cells.
- Other)y showed +that the mean lipid peroxide amounts
gererated by control human breast tumor (ZR-?5-1) or
nﬁrmél simian kidney (CV-1) cu]tures:ouer a 7 day pericd
- were sihi]ar, although 1ipoperoxides amounts generated
by tumor cultures dosed with PUFA’s (20mg/1 GLQ; AA, EPA
or DHA) approximated to, or were significantly greater
than, amounts induced by cdosed normal cu1tures {Begin et
al 198%a). Work in our Tlaboratory on a normal (HSFJ}_tuo
benign (3T6, 3T3), and a transformed {(3T6D), cs]l'linea
showed that peroxidation of (18 FA's related to the
number and position .of double bonds in the FR. chain
 (Giraoc et al 1988, 1989). No more lipid perox: les ueﬁa
induced by -cells dosed with either aaturated; cis— or
trans—-monoenoic FA‘s than.waS-pfoducéd by controls, but
the highest MDA levels were produced with 18:3uwé.
However, as the arowth rate of the cell lines increased,

so increased incorporation and peroxidation oF. dosed
polyencic FA's in the order HSE. 373, 3T6 and 3T&D cells .

(Girao et al 1988, 1989). Ue suggested that this may
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relate to impairment of desaturation capability in
transformed cells, resulting in a build-up of
peroxidation substances., Alternatively, HSF and 373
cells méy possess efficient mecharisms to remove excess

lipid peroxides, or possess énzymés such as peroxidase,
catalase  and/or superoxide dismutase which remove
diffeﬁanf species of activ&téd oxygen that promote lipid
peroxidation. It was alseo possible that 3T60'and.3T6
cells loat, due.to enzyme loss or anti-oxidant actiwvity,
the relevant mechanisms Ffor controlled I[ipoperoxide

formation. .

The -biological significance of lipid pe?oxidatioﬁ}
reactions jin vivo are étxii uﬁcfear. but a number of
breakdown products, including NDA, fatty aldehydes
and alkanas, appear to be involved in the aetiology
of ceTT.prolifaration {(eg. Mead 19?6 and Tappel 1980).
Miller et al (1980) and Gavino et sl (1951;) showed that
addition of PUFA‘s (20:3ub, 20:4uwé or 22:4wé)> +to normal
guinea pig aorta smooth muséie o bhuman skin cultures
induced signifiéant and increasing amounts of MDA with
time, The finding that ]ipoberoxide eoncentrationa could
be increased, and cell division inhibited with PUFA
dosage, led to the proposal that the extent of cell.
pro1iferatioh was controlled, in part, by lipid
peroxiﬂation. Bince 90% of the MDA, of its precursor,
remained within the cells, and only 10% was found in .

the media, such implied that dosed FA's Wers
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incorporated and cell growth inhibited primarily by
“intracellularly generated lipid peroxides (Gavino et al
1?81c). When Morizaki et al (19&2b) incubatéd primary
cultures of guinea pig' aortic smooth muscle wfth_
different w3, w6, or w9 FA’s, all FA’s which inhibited
cell proliferation generated lipid peroxides. However,
lipid peroxidation correlated with the degree of growth
inhibition induced only with w9 series FA’s. Other
| studies indicated that FA éreparations containing traces
of hydroperoxy Fﬁfs inhibiled cell proliferation to a
Gﬁaatar extent than did pure.FA'a {(Cornwell et al 19?9 
and Morizaki et al 1984). Nevertheless, challenging
guinea pig asortic amooth muscle cultures with 20:4w6, in
the presence of variocus snti-oxidants and inhibitors of
lipid peroxidation pathways, suggested that cell
prolifsrétion was ﬁartial?y controlied by geneﬁa]
peroxidation reactions peﬁoxides generated wvia cyclo-
oxygenase, lipoxygenase or cytochrome Paso relafed
reactions were not involved (Morisaki et al 1984},
This supported the proposal of Cornwell et al (1979)
and Gavino et al (198ic) that ogeneral peroxidation
reactions, rather than those involved in eicosancid
synthesis, may be involved in the control of normal cell
proliferatiuiee Inhibition of cancer cell proliferation
by PUFA“s has similarly been shown to involve Tipid
peroxides, and possibly eQen HPETES,.uhile PG’s Qnd LT s
have been ruled out as important in this mechanism

(Begin e% al 1985a, 1986a, 1988).
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1.5 E i cosanoi

Eicosanoids are 'Qnaaturated derivatives of C20 FA’s,
cumhrising prostaglandins (PG’s), . thromboxanes (TX's),
prostacyclins (PGI’a), leukotrienes (LT %) and various
hydroxy acids, formed.via micﬁosamal enzymes (Bergstrom
et al 1964, wvan Dorp et al 1964, Samuelsson et al 1975,
-Lands_et a11197?. Horrobin 1980a, Moore 1985 end Higgs
et al 1986). Being lipid solubte, eicosancids act both
as intra-cellular and extra-celluiar hormone-like Jlocal
maasenéers, whiqh regulate huﬁerous metabolie pathways
_anﬂ the gecond by second Ffunctioning of cells ahd
tiésues (eg. Ferreirﬁ et a1 1976 and Crawford 1980).
Eicosancid synthesis oczurd in most mammal ian - organs,
but. not necessarily in all ce?]é comprising that organ
(Christ et al 1972, Sun ef &l 1978 and Smith 198?). Any
eicosancid-forming cell usually producéa more than 1 of
these compounds, and this may be cha?acteriStic of that
particular cell type (Hammarstrom 1981). Eiccsanﬁids are
involved with a1l body systems, have myriad effects,
including thé contr01 of inflammation and thrombosis,
and are often species—-, sex- and'_tissue—dependant
(Abdei-Halim et al 1979 and Johnson et al 1983). Thus
far, no tissue or bodily process has been shown to be
completely independant of eicosanpid involvement at some

POintv
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1.5,1 . Essential __ Fatty Acid Precursers and

There a: 3 distinct eicosanoid series, sach derivea

firom a different C20 PUFA, containing double bonds in at
least the w6, w9 and wl2 positions. DGLA, AA and EPA
are the 1-,.-2— and 3-~series eicoéénoid pPrecursors,
respectiuafy. uaually prcuided. as  substrates Far
eicosanoid biosynthesis  after chemical/hormonal,
neurological, méchanicai_or pathological stimuli induce

phospholipase Az release from cellular lysosomesi this

cleaves the. PUFA's from membrane PGL's in a Ca2t
dependent process (Berastrom et él 1964, van Dorp et al
1964, Lands et al 1968, Rahman et al 1970, Needleman et
al 1979, uolfe et al 1979, Schwartzman et al 1981,
Irvine 1982, Crawford 1983, Fischer et al 1983, Spector
et al 1?83, Moore 1985, lLands 1986, Rosenthal et al 1986
~and Willis 1997).

Unesterified C20 PUFA metabolism to eicosanoi&a is
catalysed either by microsoma1  cyclooxygenase or
lipoxygenase (Fig. 1.5.1.), and produce either cyclic or
- non-cyclic eicosanoid families, respectively (Lands et
al 1971, 1977, Horrabin 1980a, Kueh! et al 1981, Johnson
et al 1983, Moore 1985, Higgs et al 1984, Lands 1988).
- Within each eicosanoid series, there are 4 classes, viz.
PG’s, PGl’s, TX's and LT s, a= well as many different

individual compounds of each class.
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1.5.2 Cxelog e Products (Prostancids).

Cycloaxygenase (hydrnpéroxidaae) requires lipoperoxides
as activators (Lands et al 1971, Smith et al 1972),
.tryptophan and heme a8 co~factors (Kﬁehl et al 1981),
and catalyses the oxygenation and cyclisation uf free
' DBLA, AA and EPA to PGB (a 1S-hydroperoxy endoperoxide),
followed by peroxidation and Eeduation by PGH-synthetase
to PGH (a 1S5~hydroxy endoperoxide) (Samuelsson et al
1975 and Lands et al 1977). The hydroxy group on carbon
15 allowa prostancids to be active. Both PGG and PGH
Fcyclic éndoperoxides) are unstable in agueous sofution,
and may underge chemical decomposition to products éucﬁ
as MDA and 12L~hydroxy*5,8,iﬂ—hémtadecatrienoic acid

(Moore 1985), PGH is also the precursor for all

prostanocids.

. During prostanbid (PG, PGI or TX) synthesis, two double
bonds are lost from the precursor FA, one double bond is
converted from cis— to trans—, and two oxygen molecules
are incorporated, with concommitant cyclisation of the
carbon chain. Hence, prostancide derived from PUFA
precursora with 3 double bonds (DGLA) have only 1 double
bond and form part of the l-zeries, while those derived
from AA (4 double bonds) or EPA (5 double bonda) give
rise to 2- and 3-series eicosanoids, raspectively..There
are at 7aa§t 30 prostancids and related substances,

differing in the number of double bonds and/or chemical
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structure ufltheir rings or.side chaina (Moore 1985);
Prnstanoids have bkeen implicated iﬁ nﬁmerpus
- physiclogical ahd’ patho#hyainlogic processes in éuery
mamma]ian organ aystam,. including regulation of cell
function, enzyme aciivity, intra&eTlu]ar-cajcium and
cyclic nucleotide levels (eg. Crawford 1980 and Horrobin

5 1980b) .-

1.3.2.1 - Progtaglandins.

‘Microsomal PGH-PGD isomeérase, PBH-PGE isomerase and PGH-
PGF & réductase convert PGH to PGD, PGE, PGI and.PGFq,
respectively (Fig. 1.5.1.). These are the classical and
most common PG’s. Prostaglandins A, B and C are
dehydration products of PBE, and have been reported no%
to occur naturally (Moore 1985), but this has not been
conclusively proven, As with all prostancids, PG s are
not stored, but are synthesised, released, act and are

then rapidly inactivated,

Most mammalian tissues synthesise PG's (eg. Christ et al
1972). and total daily PG production has been quoted to
be about Img/d inﬁ an adult (Horrobin 1983}.. PGD 2
formation has been shown in many tissues, including lung
(Christ-Hazelhof et al 1976), brain (Abdel-Halim et al
1977 and Moore 1985) and skin (Puzicka et al 1982), - and
has been claimed to be the main PG formed from rat luné,'

stomach, intestine ard skin DGLA (Nugteren et al 1973).

Moare.(1985) reported PGEz PGFia and PGF2x in  lungs
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PBE2 and PGF2o in kidney, PGD2, PGE2 and PGF2¢  in

Platelets, and PGEZ and PGF2y in adipocytes. Thus it

is ¢lear that characteristic PG’s are produced in
particular tigsues, and that different tissues vary in
the types of PG's they produce, There is also evidence
that PG production varies with species. PGDZ,'PGEz .énd
PBF2y have been detected in rat and cat brain, with PGD=2
preﬁomiﬁaqt in rat ~and PGEz jn cat (Abdel-Halim et al
i???, 19??).'0n the other hand, PGFz4 énd PGE2 are major
cycjcoxygenase products in guinea pig brain (Nicosia et

al 1975 and Wolfe et al 1976).

1.5.2.2 Progtacvyclins.

These bicvclic products of the cyclooxygena:rz reaction
exhibit 2 five membered rings (Moncada et al 1976a,
1984}, and are Foﬁmed when 'phostacyclin synthetase
catalyses the converaion of PGH to PGI (Fig, 1.5.1.).
Most tissues produce PGBI, and cenerally only PGla and
PBIs occur (Sun et al 1978), PBIz2, the main product of
PG éndoperoxide metabolism in vascular endothelium, is a
potent vasodilator and inhibitor of plateiet aggregation
(Moncada et al 1976a, 1976b, 1984 and Kuehf et al 1981).
However, PGlz i unstable in aqueous solution, and has a
half life of about 3 minutes (Herold et al 1986), but
less than 1 minute in the vascular system (Moncada et al
1976a, 1976b, 1984), and either undergoes non—s.izymic

hydro??ais to yield a stable inactive metabolite} é-oxo—
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(k5t°“)PGF1a, or may be converted to a stable product,

6voxo-(kato~)PGE1, by'9-hydroxy PG dehydrogenase.

1:5&203 b b

These cyclooxygenase products contain a & membered oxane
ring (Hamberg et al 1975 and Moore 1985), formed when TX
synthetase converts PGH to TXA (Fig. 1.5.1.), TXA2 hag a
half l1ife of only 30.seconds, and is{rapid1y transformed
by spontaneous: ndn—enzymic hydrolysias into TXBz, a
atable. but inactive metabelite {Hamberg et al 19735 and

Herold et al 1986), TX's are primarily invelved in

thrombocyte sggregation and vasoconstriction (Hamberg et

al 1975 and Kuehl et al 1981), but have been repprted in
a number of cother tissues, including Teukocytes, lung,
sp]aen,.brain and kidney (Nicosia ét al 19?5. Wolfe et
al 19is, Abdel-Halim et al 1977, 1979 and Moore 1985).
Sun et al (1978) report that most tissues syntheaise.TX.
but othera indicate that the TX metabolic pathway has
limited distfibution, .being fournd mainly in platelets

(Hamberg et al 1975) and lung {(Svensson et al 1975).

1.5.8 Lipoxvaenase Producte (Leukotrienes),

LT’s are non-cyclic biologically actiwve molecules,
containing a conjugated tiriene, and are derived Trom
precursor PUFA s (DGLQ. AA and EPA) containing a penta—

1,4~cis-diena system by microsomal 5 -)ipoxygenase (Fig.
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1.5.1.3; this catalyses the hydroperoxidation of PUFA’s
to hydroperoxy derivatives, wviz. hydroperoxy eicosa~ .
tetréennic acid (HPETE) (Mugteren 1975, Borgeat et al
1976 and Taylor et al 1983), These hydroperoxides may be -
metabolimed to a series of 1958 toxic metabolites, uiz;
hydroxy ®sicosatetraenoic acid (HETE), or converted into
biologically active LT s (Borgeat et al 1979, Goetzl
198G, Saruelsson 1?81. 1984 and Taylor et al 1983). As
no ring structure is introduced, no doubTe bonds are
lost, thus LT s contain the same number of double bonds
as their precursor PUFA's, 2-series LT's thua__have 4
doubie.bonds, and are named Qppropriately (eg. LTAgy,
LT's are of interest in relation to the slow reacting
substance of anaphylaxis (SRS-A), which‘is.cansidered an
important intermediate in acute hypersensitiuit}

reactions (Samueisson.1981).

1.5.4 The Control of Eicosanoid Biosvnthesis,

Eicosanoid biosynthesis can be influenced by various
factors, including  physiological, hutritional and
pathological (Hwang et al 1975, 1979, 1980, Brenner 1982
and Jeffcoat et al 19847,

Lipid hydroperoxides are modulatora of the conversion of
FA’s to eicosanoids; low concentrations ({iuM) 'aeém
egssential for prostanoid formgtion, whereas greater
amounts inhibit astivity of enzymes including. cyclo—

oxygenase and PGl{~synthetase (Lands et al 1971, Cook et
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-af—i??é, Moncada et al i9?6b, Hemler et =al 19?8,_19?9,
_SiegeT et al 1979 and Kulmacz et al 1983). Inactiwvating
enzymes also play a role in the control of eicosanoid
.PPOdUCtiOﬁa Most PG s are physiqlogicg1ly ihactivated by
the same enzyme, 15-hydroxy—prostaglandin dehydrogenase;
this aeytoplasmic enzyme genéral1y found in most tissues
irreversibly converts the Hydroxyl group on carbon

number 15 to a keto group (eg. Moncada et al 1976a).

Numerous ~ugs have been.repoktéd to influence enzymatic
steps in wre eicosanoid hatﬁway (Mane 1971, Kuehl et al
1981, Horrobin 1983, Tayvler et al 1983, 1986 and Smith
1989}‘ Phospholipase Az g inhibiﬁed. by cortisol,
glucocorticoids, corticosterone, dexamethasone aﬁd the
anti-malarial drugs; Mepacrine, all of which either
inhibit FFA re{ease from membrane PGL s or bind directly
ta  the enzyme. Lipbxygenése activity is inhibited by
retinoids for example, while cyclooxygenase is inhibited
by aspirin, paracetamol, most other non-steroidai
anti-inflammatory agénts, and redﬁcing aéenté as uél],
usually by blocking enzyme oxygen uptake (Vane 1971,
Smith et al 1972, .Samue1saon et al 1975, Huttner et al
1977, Lands et al 19?2 and Kuehl et al 1981), Imidazoie
inhibits 'TX-synthetaée, while 15-hydroxy—-prostaglandin
dehydrogenase is inhibited by  carbenoxolone and
indomethacin (Smith ét al 1972). Animal studies indicate
that the inhibitory effects reported are exacerbated in

EFA deficiency (Hansen 1981).
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Eicosanoid biosynthesis is largely dépéndent on the
size of the PUFA precursor pools, and it is generally
believed tﬁat the relative availability of the precursor
FFA“s determines,; to a grester or lesaef éxtent,. which
esicosanoids are synthesised and ¢he rate of product
formation. (Hong et al 1979, Irvine 1982 and Laposata
1988).'.There- is also evidence that the size of the
precursar pocl cén be moﬁu]ated by dietary manipulation
(Galli 1985,_ Goodrniight et al 1982, Herold et al 19861,
Rl A, for example, enhances l—series eicosancid formation
(Willis 1981), while EFA deficiency depresses prostanoid
gynthesis due to unavaifsbility of precursor FA‘s
(Weston et al 1978) and/or inhibition of cyclooxygenase
.by 20:3u9® (Ziboh et al 1974 and Dunham et al 1978). On
the other hand, PG-synthetase activity is increased in

EFA deficiency (Kaa 1976},

Animal studies indicate that. eicosanoid synthesi= is
inhibited when dietary LA intake is increased to about
1% (Lepran et al 1981). Others report that dietary LA
subp?ementéticn inhibits PGlz rglease From cultured

human endothelial cells (Spector et al 1980b) and

decr*eaéesn human platelet TBX» (Needleman et al 1982),

while enhancing PGI2 and TXBz2 production in the cardio-

vascular . system {(Agradi et al 1981). These studies
suggest that eicosanoid production is modulated in
different ways in the presence of dietary LA, and varies

with cell type.



&9

The'Uestérn diet does not provide an adequate balance qF

PUFA precursors for the 1-, 2- anﬁ 3~geries eicosanoids.
but rather a preponderance of AA, the 2-~series precursor
found in large amounts in. réd meat (McCaﬁce et al 1978
énd Giangregorio et a1.1988a}. Doyle et al {1982) report

that the average AA intske approximates to Z{ﬁmg/day,

- whereas the reguirement for eicosancid synthesis is only

about img/d. Thus, dietary AA can more than supply all

eicosancid production. High AA levels, howaver, exert

nagative feedback control on A6D and Timit both 1= and

3-series eicosanoid precursor production, predisposing.

to eicoséﬁoid imbalance. As body AA stores are high
combéfed to DGLA, .partia? EFA deficiency leads to DQLA
and PGE4 deficiency before a deficit of AA and Z2-series
eicosancids  develops. PGE, partly regulates cﬂMP
formation, &nd this normally regulates 2-series
eicosanoid formation by inhibiting AA mobilisation from
PGL’s (¥Feinstein et al 1977, Minkes et al 1977 and
Horrobin 1980b). If PGE4 and thus cAMP levels fall, then
AA is mobilised and converted to 2-series eicosanoids
(Horrobin 1980b). EFA administration Jlowers 2-series
eicosanoid producfion by restoring PGE: gnd cAMP control
of AA (MHor+obin 198@b), while manipulation of the
DGLA/AA balance also selectively regulates eicosanoid

biosynthesis (Horrobin et al 1984a):

18:3w3 can suppresz conversion of 18:2uwd ta 20:13wé and

20:4w6, and thus impair 2-series eicosanoid production
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(Huang et al 1975, 1980 and Marshall et al 1982).
Furthermore, eicosancid synthesis from wé series PUFA’s
appears to be reduced by competitive inhibition of
cyclooxygenase by 18:3w3 (Adam et al 1988). However,
18:3wé, 20:3wé, 18:1a%9, 20:3w9, trans-isomers of
eicosancid precursors, and to a lesser extent 18:2u6,
may alse irreversibly occupy the active site of cyclo-
o%?Qeﬁase and inhibit prostancid synthesis (Pace-Asciak
et al 1968, Nugteren 1970, Lands et'aT 19?3,.1977, Ziboh
1973, Mathias et &1 19?9, Wicha et al 1979, Lands 1982;

Morita et al 1$83),

l.ong chain w3 series PUFA’s are potent inhibitors of
2—-series eicosancid synthesis by competing with 88 both
at tﬁe desaturase level and for binding sites on cyclo-
Axygenase (Lénds et al 1973, 1977, 1981, HamaZaki et a}
1982, Lands 1982, 1986, Corey et al 1983, Fiacher et al
1984 and Croft et al 1986), as well as by. stimu]ating
2-series LT formation (Hwang et al 1980, Lands 1982 and
Leg et al 1985). EPA in particular, iz a .poor cyclo-
oxygenase, but a relatively good lfpoxygenase,'substrate
under normal conditions (Club et al 1979, Needleman et
al 1979, Lands et al 1981, Murphy et al 1981, Spector
et al 1983, Lokesh et al 1984 and Lee et al 1%85).
Evidence suggests that EPA, therefore, acts as a
physioltogical coptrol  of eicosancoid biosynthesis
(Marshall et al 1982, Lands 1986 and Nassar et al 1986).

The effects oF_EPA on cyclooxygenase praducf Fformation,



7

however, are still ﬁnclear; és'EPA reduces the synthesis
of cyclooxygenase _produata in tissues such as human
endotheiial cells (Spector et al 1982), has rno effect
on the .conueraion of AA to PGIz i, umbilical blood
veasels (Dyerberg_.et al 1990). +nd  increases PGIz
production in rat aorfa (Hamazéki et al 1982). Such
findinga‘are a fﬁrther indicafion thaf diFFeEént tissues

respond differently to particular eicosancids.

'1.5.5 - Ei oids and i}is cess

Eicosaﬁoid- 1euels are largely dependant on the dietary
supply and metabolism of EFA’s, +thus ahy EFA/PDFA'
imbalance could alter the eicosancid profile. Many of
the c1inica? conditions previously ascribed either +to
EFA and/or deaafurase. imbalance may therefore also
relate to afterations in eicosancid producti&h‘ Impaired
46D expression in diabetes, for example, saffects the
negative regulation of 2-geries PG production by PGE1‘
thug diabetes ig associated with reduced PGE1' and
increased 2-series PGB, formation (Chase et al 1979 and

Lagarde et al 1981,

Cancer is a pathological condition in which eicosanoid
producfion may be altered (eg. Panje 1981 and Bennett
1984, 1986}, Raised blood prostano:d levela have been

shown in the éeve1opmant of prostatic carcinoma, with an

encrement in 6-keto~PGFiy jguels with progression of the
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disease (Khan et al 1982)., Many malignant celis do not
express 460, and thus-produce-1ittle PBEs, put extensive
amounts of 2—series PG's (Collins et al 1945, Dunbar et
al 1975, Maeda et a)l 1978, Horrobin 1980a, 1988 and
McLemore et al 19883, This phenomenon could explain the
enhanced proliferation found in malignancy -since.'PGE1
has an anti-proliferative effect (Hofrobin 1980a and .
Huttner et al 1977). Normal regulaticn of intracellular
Ca2+t ]euéla and hauements by PGEy .aré afso a]terea in

malignancy (Morrobin 1980al.

Medical opinion recognises an .imbalance of 1- and 2-
series eicosanocids as contributary to numerous other
clinical conditions including schrizophrenia, asthma,
c¢yatic fibrosis, dieofders of inflammation and immunity
(Horrobin et al 1978, Hyman et al 1978, Horrcbin 1979a,
'1980b, Chase et al 1980 and Hubbard 1983), However,
manipulating dietary EFA/PDFA supplies has  shown
significant improvements in restoring the eicosanoid

imbalance without using drugs (Horrobin 1983).

1.5.6 ico ids in Culture

Many cultured cells produce eicosanoids (eg. Pong et al
1977, Marcus et al 1978, Ali et al 1980, Spector et él
1980b, 1981c, 1983, Morisaki et al 1984, wvan Rollins
et al 1984, Campbell et 51'1985; Milks et al 1985 and
Durant et al 1988), especially when stimulsted by agents

such as serum, epidermal growtk factor, thrombin,




3.

bradykinin or mechanical manipulation (Dunn et al 1976,
Hong'et al 19746, Hammarstrom 1977, Hirata et al 1985 and
Wickremasinghe 1988), These agents appear to act. by
increasing precursor PUFA release from cellular lipids
via cAMP (Alexander et al 1976)., Serum may additionally _
stimulate. eicosanoid production by providing free AA
(Dunn et al 1976, Hong et al 1976 and Hammerstrom 1977).
Not only are there differences in eicosanqid production
between nqrmai cellé, but also betweern normal and
transformed cells, Many nofma] cells produce Tow amdunté
of eicosanoids in the absence of stimulatery agents,
while ceértain wvirus—transformed cells have a much
higher basal rate of eicosanoid synthesis, despite poor
desaturation capability (Dunbar et al 1975, Ritzi af al
1976 and Hammarstrom 1977). 1In the case of SVA0 or
pelyoma virus—transformed baby hamster kidney and 373
mouse embryo fibroblasts, PGBEz g.g PGF2¢ concentrations
were higher than in non-transformed parent cells (Ritzi
et al 1976 and Hammarstrom 1977). In addition, elevated
PEE1, PGF1y, PGA, PGB and 13,14-dihydro-15-keto=PGF1ig
lovels were found in polyoma and SV&D—tranéformed 373
cells (Ritzi et al 1975, 1976), _Houeuer, PGEzlor PGF 24
levela were not elevated in a different é!one of virus-
transformed 3T3 cells (Hammarstrom 1977), implying that
eicosanoid production may vary not only with cell type,
but also with different clones derived from the same

parent cell.
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There is evidence <that PGEi and PGEz2 stimulate
Prepubertai guinea pig &Ertic, smooth muscle ¢oll
prﬁliferation at low or physio]ogical concenirations,
and = inhibit proliferation at high or pharmacological
concentrétiona.(Li‘ﬁue}l et a1.19?9). Other PG's such as
PGF1q and PGF 24 havémno effect on cell proliferation at

low concentrations, but stimuylate proliferation at high
concentratiuag {Cornwell at al 19792 and Bettger et al
1981), Some studies implicate that PG's exert a balanced

effect on fibroblast growth in vitro, with a stimulatory

action of PBFay (de Asua =t al 1975) and a negative

action of PGEz (Ko et al 1977 and Korn et al 1980). On -
the .other hand, Durant et al (1989) were unable  to

demonstrate this effect, since both exogenous PGEz 4.
PGFay increased the rate o cell division in mouse
embryo fibroblasts, as well as the maximum density
reached at confluence. However, these PG°s had no effect
on rat hepatocyte viability, despite moduléting DONR
synfhesis (Skouteris et al 1988). These afudies showed
that exogenous PG’s may induce potent e?Fécts on the
multiplication of a variety of cell types,. and some
uorkers' have proposed that eicosanoid secrefion may
represent an autocrine mode of growth regulation for
some Fibroblasta (Taylior et al 1977 and Smith et al
1984), Houecer, Thomas et al (1974) and Cornwell et al
(1979) suggested that endogenocus PG biocsynthesis was

not required ¥y multiplication of human diploid cells
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in_gi;;g:- Later studies, using §uinea pig aorta smaoth
muscie, confirmed that inhibition of cell proliferation
 uith exogénoua FA dosage did not correlate with enhanced
o inhibited PG synthesis (Morisaki et al 1982b). Recent
atudiens alee suyggested that endogencus PG secretion does
not constitute an important modé of control of npormal

cell proliferation (Durant et al 1989).

Botha et al (1985} suggested that elevated TXAza and/or
PGEY jevels may be involved in the growth inhibitory
effects induced with GLA supplementation in halignant
cells, byt subsequent studies indicated that PUFA-
induced aestruction of tumor cells alsc doms not involve
eicosanoids, and have rather implicated involvement of
other oxidation producta (Begin et al 1985b, 1986a, 1988

"and Botha et al 1989),

Some studies have .mplicated lipoxygenase metabolites
as mediators of normal cell proliferation (Huttner et al
1977, Cornuell et al 1979 and Maver et al 1984),  Smith
et al (1984) reported that 12-HETE was more potent at
inhibiting cultured rabbit aortic smooth muscle celi
proliferation chan & range of PG’s or TXBa, hich either
did not exhibit growth inhibitory potential, or wers
only weakly active., Others found 15—HPETE, but not PGEa,
PGD2 or LTBa, +to be toxic to rﬁt hepatocyte cuttures,

and increasing its concentration from 0;1 to S0uM
decressed cell viakility From 70% to 30% after only 90

minuJtes incubation'{ﬁakagami et al 1989).
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Uthérs believe that nﬁither cyciooxyg&nase ror
lipoxygenase products, nor the peroxides genarated From
these pathways, or cytochrome P4éo related reactions,
are involued in the inhibition of cultured cel} growth
-mediated by excgenous FA's, but rather that peroxisomal
parnxidétion ~of unsaturatéd FA's may be inuolved
(Hcrrobi6'19803,_ Morisaki et al 1984 andfFuJiwgra et al
1986). 8till others have Qhoposed that FA mef&bo}ism,
anﬁi—éxidant status and eicosancid productien all

contribute +to the regulation of cell proliferation

{Bettger et 31 19815,

The work reuiewed illustrates that different cultured
cell types exhibit a particular pattern of eicosancid
production, and that each cell type responds differently
to exogenous and/lor endogenous eicosanoida. Although
some studies proposed tﬁat the regulation of cell
proliferation may involve eicosanoids, the mechanism,

if true, is complicated and as yet unclear,
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1.6

1.6.1 . Normal Cells in Culture,

There are numerscus reports that exogenous FA's modulate
the proliferation of g variety of cultured normal ce]ls.
Dubin et al (1965) found that the growth of cultured
chicken embryo macrophages could be stimulated with
albumin-bound LA, and that the greatest proliferative
effects were induced with a 'cnnceﬁtration of 0.07me/1.
They suggéated that the beneficial effects of LA stemmed
 from the provision of essential elements deficient in
the éarum, such as FA s, and that inhibitory éubstances
present in the serum could be removed by binding with

the albumin present.

Later studies found that 16uM 20:3wé  inhibited the
proliferation of human foreskin fibroblasts cultured in
medium with iﬂz.Fefal bovine merum (Huttner et al 1978),
Supplementation with up to EOMM 1831&9 dr 20:4u6,
however; progressively enhanced cell proliferation to
about 150% and 120%, respectively, but higher amounts
markedly inhibited cell vigbility in  a concentration
dependent manner to <30% with.loﬂuﬁ FA (Huttner et al
1978). Using human skin fibroblasts grown in medium with
10% dialysed fetal c¢alf =erum, Spector et al (197%)

Ffound that 18:1w? or 18:2ué did not affect cell growth
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when supplemented in the renge 10 to 100uM, while cell
viabilityuuas inhibited by about 25% with 18:3w3 and 50%
with 16:0 or 20:4ué dosage. Cthera reported that human
neonatal foreskin Fibrobfast growth was only inhibited
with 240uM 20:4ué, while 20:3ué and 22:4wé were equally
cytotoxic in the range 1.6-160uM dosed (Gavino et al
1981&3;' The samr study showed that 2ﬁ:3w6, 20:4wé and
221466 were toxic and almost equa?iy 'effeﬁtive in
inhibiting pre~pubertal guines pig aorﬁa anoth muscle
proliferation. .Hou¢u3r, 'tﬂe effects iﬁduced varied
quantitatively between skin and muscle, imb?ying that FA E

modulation of cell growth varies with cell twpe.

The susceptibility of guinea pig aorta smooth musc]ef
ce#ll proliferation to 20:3wé, 20:4ué and 22:4ué foxicityé
was _previously- demonstrated by Huttner et al (1977).

This group subsequently showed that while these triene
and tetraene PUFA"s inhibited cell growth, monoene

{18:1w%) and diene (18:2uwé} FA's stimulated cell growth

in the range 20-120uM (Huttner et al 1978 and Cornwell

et al 1979), However, saturated FA’s (14:0, 1610, 18:0)
progressively limited cell proliferation with increased

chain  length, ..and the concentrations required to“
significantly inhibit growth were 220uM for 14:0, 95uM

for 16:0 end 18uM for 18:0.

Morigaki ot al (1982b) confirmed increased cell growth
when guinea pig aorta smooth muscle cells were incubated

with 30, 60 or 90uM 18:1w9, but other w? FA’s inhibited
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cell proliferatién in é concentration dependant mannafﬁ
increasing in the order 18:12uw% < 20:2w® < 20:3u9. Both
18:206 and 18:3uw3 were least growth inhiki.s=y for théir
particular series and only induced inhibition at high
concentrations, but the :inhibition increased  when
desaturation or elongation products of these FA's were
dcaed.. The mozt potent inhibitors of cell pro]fferation
in the w9, wé and w3 series were eicosatriencic acids,
although. 20:3w9 was more potent than 20:3wé, which in
turn was more inhibitory than 20:3w3. This implied the
invplvement of FA carbon chain length, number and
positian of double bpnds.in the wmodulstion of cell
viability. PG synthesis wae inhibited by 22tdwé and
2286&3. but erhanced by 18:3uws, 20:3uws and 20:4ws,
indicating FA modulation of PG production. Inhibition of
cell proliferation, however, did not correlate with
enhanced or diminished PG synthesis, and peroxides were
implicated as possibly being responsible since all FA's
which killed gellas generated iiboperoxides {Moriaaki et

al 1982b).

Fetal mouse brain cell growth was modulated when Bourre
et al (1983) dosad 18:2w6, 18:3u3, 20:4uwé or 22:6w3 at
the time of ssedings A FA concentration of 1mg/1
was optimal For cell proliferation, while greater
concentrations were toxib. However, the extent of growth
enhancement wvaried with Fﬁ; and increéaed in the order

22:6u3 < 181206 < 1813uw3 < 20:4wé = 20:4wé + 22:6w3. Our
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Taboratory found that C18 Fa& aupplemenfaticﬁ fo cultured
rat brain cells had little effect on proliferation at
Tow concentrations.(img/l). but amounts wp to 100mg/1
inhibited growth in a concentration dependent manner in
the order 1810, 18:4w3, 181109, 183208, 18:3&3. and.
18:3uwé (Davidsen et al 1988a and Girao 1988).

"Blood cells 'appear particularly suacepfible td the

effects of exogenous FA“s, Ruck et al {1986) found that
18:0 hqd no effect on resting human monocyte viabilitg
in'cu1ture, whereas 18:3uwé and 18:2&6_indﬁced .toxicity
at much lower concentrations .than- 1881m9 or 18:3u3
(IDs0=4.4, 5, 12 and 13mg/1, respectively). Earlier work
by Buttke (1984) indigated that Tow concentrations

(20~60uM) of saturated FA's suppressed mitogen—induced

DNA synthesis in mouses lymphocytes, while both satursated

and unsaturated FA’s were inhibitory at high
concentrations (100-120uM), However, T and B cella
responded differently, with mitogen—activated B cells
being jess inhibited by FFA ' s. Weyman et al (1975, 1977)
found that unsaturated {(18:1u%, 18:2u6 and 20:4w6) and
saturated (1610, 17:0 and 18:0) FA’s inhibited PHA-
stimulated uptake of [1%Cl-uridine in human lymphocytes

in the order 1811 < 18:0 < 20:4 < 18:2 < 18310 < 17:0,

_while. uridine uptake was not affected by any FA in

unstimulated cells. When saturated and unsaturated FA s
were present together in the medium, the inhibition was

much less pronounced; or even abolished, th]e when 2 or
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more saturated, or unsaturated, FA’s were added, the

inhibition was the same, or greater, than for single
FA“s: This implied that synergistic or competitive
effects may be induced by the presence of other FA’s.
Furthermore, the finding of kifagawa et al (1984) that
18:1u%, 18:2wé6 or 18:3uw3 cause platelet agoregation ét
concentrétiona Just below that inducing ezl lysis
{>100uM) suggeﬁtal that certain FA's could modulate .

particular cetl functions at specific concentrations.

The studies reviewed illustrate that exogenous FA’s
modulate normal cell growth and Ffunction ig_giggg,
although the extent varies with the FA dosed, its
: Canentratioh, the particular cell type and conditions
of culture, Certain studies alsc suggest that factors
other than a pure individual FA effect may be involved

in the control of cell growth or Functian.'

1.602 ir Qr i + .

Horrobin (1980a) reported that malignant cells exhibit a
commonn group of metabelic abnormalities which include
the control of calcium mouements,.fbrmation, destruction
and action of cAMP, cholesterol synthesis, control of
glycolysis, EFA desaturation and eicosanoid.synthesia.
His group later proposed that the inabiiity.to make GLA,

and therefore PGE; (5 pnaturally occuring endogenous

reverse transtforming agent), may contribute to the



82

eticlogy of cell transformation (Horrobin et al 1984b).

Early studies using 3 mouse ascites cell lines showed in
vitrg anti-tumour activity with FAs of chain length
ranging from Cé to C20 (Tolnai et al 1962). Considerable
varigtions were found in the relative effectiveness oF.
the FA’s against the cell lines, but LA and ALA
consistently exhibited the greatest anti-tumsr activity.
The data suggested that FA chain length, number and
pogsition of double bonds were important  factors
determining ig,uiicg anti-tumor activity, while the lack
of organic peroxide detection .implied that the effects

reflecfed the action of the FA s themselves.

McGee (1981) repotted that PA and SA were .toxic to
‘3urbb1astoma x glioma hybrid (NG108-13) cellis, whereas
addition ofF OA, LA, ALA or AA stimulated growth. There
is evidence that these unsaturated FA“s also stimulate
the proliferation of HelLa and rodent cancer cell Tines
(Gerschenson et al 1967 and Spector et al 198la). Others
however, report marked inhibition of tumer cell growth
in culture with PUFA dosage. Booyens et al (1984a) found
that OA enhanced, while LA, GLA, ALA, AA, EPA and DHA
auppressed, the rate of human osteogenic sarcoma growth.
Supplementation with wp toe 20mg GLA/m} cultqré medium
also suppressed benign kidney tumor, mouse melanoma,
human  hepatoma, .human besﬁphagéal and laryngeal
carcinoma cell proliferation (Dippenaar et al 1982a,

1982b, Leary et al 1982, Booyens et a) 1982b, 1984c and
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Cantrill et al 1988). Studies examining the'influence
-of C18 FA's {1-100mg/1} on theugrouth of human hepatoma,
NGlOS“iS heuroblastoma, SP210 mouse myeloma, mouse 3Té-
derived (3TéD), 3T6 and 3T3 benion, cells showed that
w9, wé and w3 series unsaturated FA's were orowth
inhibitory,  with the greatést tﬁxicity induced with BGLA

or ALA dosage (Birao et al 1986, 1987a and Girao 19882,

Neither SA nor OA killed cultured breast carcinoma
cells, but LA, GLA, ALA, AA, EPA and DHA each induced
concentration dependent cytotoxicity, although FA’'s
contdining 3, 4 or 5 double bonds were most effective
(Begin et al 1985a, 1987). When Botha et al (1989
studied the effect of 50mg/l GLA or DGLA on a human
breast cell line (NUB 1), only en inhibited cel!
growth, although both FA'é, eapecié?]y DGLA, enhanced
PGE and PGF production. Thig implied that the effects
of GLA were unrelated to eicosanoid formétion, which was
consistent with findings that indomethacin enhanced the

growth inhibitory effectas of GLA (Botha et al 1983),.

The ability of certain exogenous PUFA’s to enhance tumor
cell grputh in culture with particular FA concentrations
may relate te evidence suggesting that dietary Fat is
important in the promotion, but not initiation, of
tumorogenesis, and that unsaturated fat is a more potent
promotor than saturated fat (Hopkins et al 1974, Carroll

1984, Karmali 1986 and Hili 1987). Despite differences
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" in the  semsitivity of tumor cells to exogenous FA's,
studies suggest that GLA, DGLA, AA and EPA afe generally
the most cyfﬁtoxic FA"s to transformed celis (Dippensar
et al 1982a, 1982b, Booyens et al 198da, 1984b, Cantrill
et al 1986 and Begin et al 1985a, 1985b, 1986b, 1986c).
The work presented suggested that the effect of a FA on
transformed cells in wvitro related to the number,
posifion and geometric configuration of dduble bonds in
that FA. The susceptibiTity of a transfocmed cell line
ta growth inhibition by exogenoua_FA'a also appears to
ralate to the p;rticuiar cell line and degree qf
transformation of that cell lipe (Fujiwara ef al 1986,

Giraoc 1988 and Begin et al 1989).

1.6.3 Normal va Transformed Cells in Culture,

Numerous studies have shown that normal and transformed
cells take up exogenous FA’s from the surrounding
mediumi once incorporated, the FA's can either be found
in the TAG or PGl fractions, or in the free form, but
the effects they induce wvary {eg. Mackenzie et 31 1964,
Yavin et al 1974, Weyman et al 1977, Rosenthal et al
1978, Spector et al 1979, 1980a, 1980b and Rosenthal
19811, |

Wichka et al (1979) found that both normal and neoplastic
rat nammary epithelial cell proliferation was stimulated
when the culture medium was supplemented with 0.1-10mg/}

unsaturated FFA’s (DA, LA, BALA or AA), but inhibited by



all concentvatiﬁns of saturzted FFA’s (PA or SA). LA and
ALA were most stimulatory to normal celtls, enhancing
proliferation By more than 100% at conceatrations of 1.0
and 0.1&9/1, respectively, whereas tﬁmbr cell growth was

anhanced'moat effectively with 0.5mg/1 CA.

Other workers found th&ﬁ supplementation of culture
 medium with 20mg/1 LA, GL&, DGLA, AA, ALA, EPA or DHA
inhibited the prolifer&tion of cancer cells derived from
human lung, prostate or breaat, but did not kill normal
human Fibrob]asta, .maney or cgnine_ kidney cell=,
although the rate of normal cell division wés iowered
dependent on cell type {Begin et al! 1985a, 1985b and
1986b), EPA asnd AA inhibited normal cell growth with
concentrations greater than 20mg/1, although no marked
cytotoxicity‘ was induced_uith other PUFA s, even with
concentrations 3 fold dreater than required to kill

cancer cells (20mg/1). Co-cultures of human cancer celis
and normal human fibroblasts resulted in overgrowth of
normal fibroblasts by the carcinoma celis {(Begin et al

1985a, 1985b, 1986b and 1986c). Howeuer, when these co-
cultures were supp}emehted with 20mg/) GL&, AA or EPA,

malignant cell growth was selectively inhibitéd, and
normal.FibroblaBts outgrew the malignant cells, even
when tumor ¢ells had being growing for up to 72 houwrs
longer +than normal cells. Sﬁbaequent studies using
genetically related émbryonia or transformed rat brain

- cells dosed with GLA or EPA (0-60mg/1} confirmed that
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tumor cells were considerably more sensitive to PUFA

toxicity (Begin et al 19893,

A series of étudies in our 1ab§ratory showed that C18
. FA’s, dosed up to 100&9/1, were genarally least growth
limiting with normal TFibroblasts (HSF), more so with
benign lines (3T3 and 3T6), and most effective in
limiting transformed (3TéD} cell grouwth (Dauidécn et al
1988b). At the same time, the growth inhibitory effects
ihcreased with increasing degree of FA unsaturation. C20
Fﬁ'a, however, were most growth limiting with nprmal
fibroblasts, less so with 3TsD, and least effective Qith
373 apd 3Té (Giangregorio et al 1988b). Once again, the
inhibitory effects increased with increasing degree of
unsaturation of the FA’s, although w3 PUFA’s were more
eFFeétiue than wé PUFA‘s, even wher. of equal degree of
unsaturation, implying that the w3 configuration may be
invoived in determining the extent of cytotoxicity. The
3 eicosanvid precursors were not markedly more effective
than other FA's, suggesting that there was no direct

eicosanoid involivement (Giangregorio et 2l 1988b).

Overall, the evidence to date suggests that normal and
transformed cellis vary in sensitivity to exogenous FA's.,
It it also c¢lear that_the extent to which FA's modulate
cell proliferation relates to Factors such as FA
gtructure, the concentration dosed, culture conditions

_and the particular c¢ell type.,
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1;? 'Summggz of Introduction and Dbjectives.

EFA°s are the precursors for a variety of com?ounds,
each performing essential Functiuna.'Houever, the nature
of +the compounds produced and efficiency .af the
metabolic sequencea involved in lipid metabelism appesr
to be species and tissue dependent, while physiological,
rn.sritional and pathological conditiohs can' inf?uenﬂe
the relative concenfrations of these compbunds. Sinu
cell culfure systems providg a less Qariable, mor2
deFinad, ‘more homogeneous and eésily ﬁanipulated systém
For experimentation than in vivo moaela, tissue_cultucé
systems have beeh used extensively to model wvarious

aspects of lipid metabolism.

In recent years, numerous studies. have Tocused on
the functional interactions between Tipids and cells
(eg. Rosenthal 1978, 1981 and Spector et al 198la). Some
effects have been dependant on whether the FA’s  were
saturated or unsaturated {(eg. Gill et al 1980); other
effects were brought about "y both saturated and
unsaturated FA’s and with no apparent  correlation
between the effect and the chain length or degree of
unsaturation' (eg. Weyman et al 1977}, There isia large
body of evidence wnich indicates that normal, -benign and
transformed cells respond to exogernous ﬁolyenoic FA"a
{eg, Horrobin 1983, Boovens et al 1984a, Begin_et al
1985a, Girap et al 1986, Davidson et al 1987b and
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Giangregorio et al 1988b). ‘lowever, +two schools of
thought have arisen concerning i.e affect of exogencus
FA’a.on cellular proliferation, wiz. those which found
that particular FA’s stimulated the proliferation of
cultured celles (eg. Berschenson et al 1967, Wicha et al
1979, McGéé 1981 and Spector et al 198la), and those
which found that FA“s selectively inhibited cell growth
- (eg. Booyens et a: 1984b, Begin et al 1986b, Davidsun et

al 1988b and Giangregohio_et al 1988b).

To date, no satisfactory mechanism or asite of aqtion
for such FA'Q hag been conclusively demonstrated.
Contrary +to the original postulation that the effects .
were produced.-via cell membrana. or membrane-retated
proceases, Dﬁ investigation of = large number of plasms
membrane parameters, only changes in lipid peroxides
correlated with FA conéentratiyna.(ﬁirao 1688), Lipid
peraxidel quanvitation showed a direct correlation
between the degree of FA unsaturation and cencentration
of lipoperoxide formed (Girao et al 1988)., The effects
produced, ‘therefore, do not appear to be directly
associated with the plaama membrans; the iﬁitia1 aite.of
action of thess FA's ias probably intracellulary mediated
and probably involves +the desaturase/elongase pathway.
Conziderable evidence supggesta that unsatur#tad FA's are
more effective in limiting cell proliferation than
saturated FA's (eg., Cornwell et al 1979, Morisaki et al

1982b, Ruck et al 1986, Begin et al 1987 and Girao
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FA‘’s may be an important factor in this proceas,

Fatty.acyl desaturase enzyﬁes are located in microsomes,
as are the enzymes inuvolved in Tipid peroxide and
eicosanoid formation., Azsuming desaturase, eicosancid
and/or lipoperoxide involvement, then c¢ells from a
species known to exhibit high desaturase activity,
eg. Rattus norvegicus (Brenner 1971, 1974), would be
expected to react differently to those from a species
jacking such acl vity, eg, Felis domesticus (Rivers et
al 1975a, 1976, Frankel et al 1978, Sinclair 197%9). Homo
sapiens, however, is considered to be in an intefmediate
position (Horrobin 1983), but with the enzyme activity
deteriorating- and susceptible to inhibiticn related te
age and Tlifestyle patterns:. The inherent ability of
tissues to respond to FA s may thus, vary dependent on

the spacies concerned.

Many workers have assessed the effects of individial
exogenous FA’s as & means of limiting neoplastic cell
growth (eg. Teolinai et al 1942, Dippenaar et al 1982a,
Leary et al 1982, Booyens et al 1984a, Cantrill et al
1986, Girao et al 1986, Begin et al 1987 and Botha et al
1989). Considerably less data, however, is auailab]é ory
the effectz of FA‘s on normal cell growth (eg. Huttner
et al 1978, Cornwell et al 1979 and Ruck et al 1986), It
is thus difficult to relate many of the neoplastic cell

studies t. the “real world® if similar studies have not
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been performed with normal cells, particularly since the
ability to respond to FA’s msy be impaired by
tranéformation. Further, examination of the literature
.i?lustrates that many. studies hauve, unfortunately,
compared the effects induced by individual FA's in a
transformed cell line with that of a “control cell line’
which was either benign in origin, or normal but
unrelated to the transformed one studied; a hore valid
comparison would be to use the normal cell type From
which the transformed one was derived since evidence
suggests that celils eQen of the same source and degree
of transformation respond differently to  excgenous
FAe. This is clearly evident from previous studies in
our laboratory which compared the effects of exogenous
Cl8 FA supplementation on the proliferation of 3T3 and
.3T6 cells, both benign and originally derived from the
same source (Swias mouse embryn) (Davidson et al 19B?CJ;
Although the cells were morphologically similar, the
effects induced by +the added FA’s werm. not alike,
implying differences in FA metsbolism. Studies have.
shoun that the FA composition of different tissues, both
within and between mammalian species, wvary considerably
(eg. de Gier et al 1981, Crawford et al 1970, 1971 and
Horrobin et al 1984c). Evidence additionally suggests
that cells derived from different mammalian spacies and
their tissues, as well as cells of different degrees of

transformation, possess varying degrees of desaturation
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capability {Brenner 1971, Dunb&r et al 19795, Rivers et
af 1975a, Horvrobin 1983), and thus would be expscted to

respond. differently to6 exogenous FA’s,

Most studies to dﬁte have ignored this fact. Booyens et
al (i1984b), for exampie, used benign hovine kidney cells
(MDBK) as 8 control for ostecgenic sarcoma (MGéS) and
ecaophageal carcinoma cell Iineé in studying the effects
of GLA. toxicity on cultured cells, while a human
hepatom& ce11‘1ine was compared with a benign monkey
kidney c#ll line (LLCMK), used as control, in s similar
study (Booyens et al 1984c). Other studiem have only
investigated 1ipid metabolism in a single cancer cell
line without a suitable normal control. For éxamp1e,
the importance of the stearoyl-CoA desati-ase system in
octadecanoate metabolism uaé studied in a hepatoma cell
line (7288C) by Zoeller et al (1985), while Gaspar et al
(19?5). used the same cell line to s=tudy uptake and
metabolism of eicosa-8,11,14~triencic acidi no effort
was made to compare with normal hepatoéyte cultures,
Fujiwara et al (1988) cohpared the anti—tﬁmor effects of
GLA on 4 neurob}aatoma cell lines, without an attempt to
relate their data to normal brain cells, while Ikai st
al (1987) only studied inhibition of cell proliferation
by PG's in transformed mouse apiaerma1 cella (PAM 212)
without examining whether Qimi?ar effects occurred in

normal epidermal cells.

Indeed, these mtudies make a sionificant contribution to
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understanding particular aspecta of 1lipid metabolism,
but it is unfortunate that they have generally ignored
the importancé of relating data to the original normal

cell type and thus, to the "real world®. Such Titerature
.findings support Howard et al (1974}, whe reported that
there have been very few direct comparisons of lipid
metabolism between variocus related cell lines. Oﬁly
recently, Begiﬁ et al (1989) commented in one of their
articles that for valid comparisons to be made between
normal and tumorigenic cell Iihea, the correspeonding
rormal cell type should be used. Yet, many studies
continue to fall short in this respect; the significance

of such data is, therefore, uncertain in relation to the

situation jin vivo.

Irn the “real world', however, individual FA‘s are not
consumed per se, but rather as a combination of FA'am,
derived from a variefy of food spurces, usually in the
form of plant and/or animal derived 1ipid contained in
the product consumed, eg. oila. Thus, ceTls in_vive
are rarely exposed to individusl FA’'s in'iaolation,' but
rather to combinationa, with different chain lengths
and degrees of unsaturation. While knowledge of the
behaviour of individual FA‘es is essential to quantitate
individua® effects, the effects of combinations are just
as important. Few workers have used more thqﬁ éne FA at
a time, and the effects of more complex combinations

have been ignored jin vitroi animal studies, however,
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indicate that different dietary oils influence cell
metas;?ism to a .greater or lesser extent (eg. Barzanti
et al 1986). ' Studies to date using sultured cells have
not éxamin&d the effects of FA mixtures which mimick the
FA composition of dietary cils. It is thus difficult to
relate many of the studies to in vivg where normal cells

of all tissues are continuously exposed to FA's derived

from a variety of food sources.

The aima-cf thia study were; therefore, to investigate
the effect of exogenously added FA mixtures which
mimick the FA composition of natural oils ktermed‘
poeudo~oils) on the viability of & range of normal cell
types derived from mammalian species differing in
desmsaturation capability. Furthermore, since evidence
suggests that exogenous FA supplementstion does not
modulate plasma membrane associated parameters (Girao
1988), and the indications are that the microsonal
desaturase/elongase, cyclooxygenase/]lipoxygenase and/or
tipid peroxidation pathQayé may be involued, it was
hvpothesised that the intracellular prdcesses_ of
polyencic FA metabolism may be the route whereby groufh
limitation effects are induced; thus, it was also

decided tc assesms these aspects oF_lipid metaboli=am,

The direct assay of the desaturase enzymes, in uvitrt, by
means of incubation of seubcellular fractions with

radiclasbelled substrates (eg. Actis Date et sl 1972) is
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the  most absolute means of assessing such enzyme
activity, and can_be applied to subee?lular_fractions
from any cell type. Numerous studies have been conducted
on isolated microsomes jn vitre, and the direct assay
procedure is well documented, at least for .Jén {eg.
Brenner ot al 1966, Brenner 1971, Castuma et al 1572,
Paluffo et al 1976, de Gomez Dumm et al 1975b, 1976,
1980, 1983, i986). ' This assay, however, merely reflects
tatal enzyme activity, not the actiQity actually
expressed in the cell. An indirect assessment of
desaturase activity is more roalistic and {3 more
relevant to normal an& disease conditions since it more
b]osely parailels the intact organism. This  wiew
is shared by Mahfouz et al (1981) who described
difficultises in interpreting microsomal studies, and
suggested cell culture systems to overcome this as such

show significant parallels to the in vive situation. The

following year, Hill et al (1982 édvocated measurement
of relative substrate and product levels in cells
as more accurate and reliable indicatioﬁs of true
desaturase activity, rathéf than in vitre microsomal

assays.

Three species of mammalia, viz. Rattus norvegicus (rat),
Felis cattus (cat) and Homo sapiens (Man), were selected
for this study. The selection of speciss was based on
their known differing desaturation capabilitize. The rat

is reported to exhibit high activity ({(eg., Brenner 1971,
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1974), Man has limited activity (eg. Dyerberg et al
1980 and Horrobin 1983), while the cat is réporfed to
be 46D deficient (eg. Rivers et al 1575a, Franksl et al
1978 and Sinclair 1979). A wide range of tissues  from
‘each species were selected because of the krrown

differences both in tipid profile and metabolism betwesn
tissues. Erythrocytes, Tymphocytés, aortic endothelium,
skeletal muscle, brain, lung, skin and thte adipose
tissues were studied in culture. By using awvailable
cells from all 3 species, it was intended to generate
comparatiué data on the role of the desaturase enzymes,
and the products derived from such reactions, in the
modulation of cell proliferation both within and between
species. Such dat. would direct more light on the
inuoluemént oF.these enzymes in the growtﬁ promcting or

limiting effects of FA s,

Each cell type was to be incubated with a wide range of
concentrations of each pseudo-oil, Proliferative, growth
limiting, cytostatic and/or cytotoxic effects were to be

assessed. Subsequent quantitative measurements of total

protein,; FA's, lipid peroxides and eicosancids were to _'

be performed to establish the possible mechaniam(s} by
which the paeude-oils influenced cell viability. Protein
was to be used am an indication of cell vigbility and as
to the influence of pseudo—nila on total protein
synthesis; F& analyses would permit assessment of

exogenous FA incorporation into cellular lipids and
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desaturase cascade enzyne capabilityf Lipid peroxide
quantitation would assess the praduﬁtion of tﬁose
moieties, as well as the cells ability to produce such,
Finally, eicosancids were to be duantitated to assess
converaion of FA'a to eicoaanoids. giving an indication

of cyclooxygenase/] ipoxygenase enzyme function.

Interpretati n of the data would be.performed in the
light of the khown processes of lipid metaboTism,_ in an

attempt to d@termine' the possible site(s) and
mechanism(s) of the ﬁction of the pseudo-oil .Fﬁfs. By
.emplﬁying a multi-parameter approach. it.was'expected“to
obtain a greater insight into these mechanisms!
Furthermore, by using FA mixtures, it Qas expected tb

get closer to the situation in vivo.



CHAPTER 2: MATERIALS AND METHODS.
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2.1 - MATERIALS,
S 2.1.1 Animal and Human Ethics Agggcggcg.

The pkptocoi and all procedures carried out in this
study were approved by the Uniuersity of the
Uituatersrahd Animal. and Human Ethics Controliing
Committees. Clearance uertiFicates obtained to use raf'
and cat tissues were aasighad protocel numbers 87/21 and

82/7, and that for human blood collection wes 21/2/89,

2.1.2 . rce nimals.

Animals were obtained from the Central Animal Service of
the University of the Witwatersrand Medical School,
: Johannésburg. South Africa. They included inbred strains
of Wistar specified pathogen—-free (SPFF) albino male
rate, eithsr 2 day old, 2 week old, or adult., Cats were

approximately 2 day old kittens, or adults.

The animals were housed in cages av constant temperature
~and humidity, and were exposed to continucus 12 hour

light/dark cycles with free access to food and water.

2.1.3 Source of Human Tissues.

Blood specimens were chtained with informed consent from
human volunteers at the Univeraity of the Witwatdrsrand

Mediecal School! and adjoining Johannesburg Hospital.
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2.1.4 Source of Cells for Tiésue Culture.

With the exception of thbse acknowledged, all cells usad
in this thesis were isolate. nd cultﬁréd by the suthor,
In most cases, ﬁbung animaTs. were used as soches of
tissue to initiate primary cullures since gells survive
the isolatior procedure and adapt to in _vitro culture
conditions to a gréater extent wheh.obtained from yaung,
than old, &nimals. It was generally _pdssib]e ta hsé 2
day_old rat pups or kittens to provideiéufficient tissge
from which large numbers of wviable cells cou1d be
isolated., However, 2 week old rat pups had %o be used as
a auurce. of white adipose cells since younger animals
had inéufficient Fat.to vield the cell numbers required.
Similarly; adulf rats (>300g) or caté" were uti1ised to
abtain maximum numbers oF_iaortic endothelial wvells,

erythrocytes and lymphooytes.

ATl cells were cultured under standard conditions with
the same batch of serum, and without the addition of
hormones or gﬁcwth factors.. Liver cells were excluded
from the study since they require various growth factors
for optimal proliferation, and Financial conétraints
prevented the inclusion of such Féctors in the growth

media.

Following is a description of the cells used and their

origint
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Cat adipose cells®
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Raf:g;ythrocytes

Rat 1ymphoc)

Rat aortic endothelial celis®
Raf skeletal muscle celle®
_Rat brain cortical astrocytes
Rat lung cells”

Rat skin cells®
Rat adiposé ceiis*

Cat erythrbcytes

Cat lyhﬁﬁocytea

Cat aortic en?othelial cells™
Cat skeletal muscle cells®
Cat brain cortical astrocytes
Cat lung 09113*

Cat skin cells®

Human erythrocytes

Human 1ymphocytes

Human (Ffetal) skeletal muscle celis*
Human (fetal) lung cells®

Human (fetal) skin cells®

3T3 benign Swiss mouéé ambryo fibroblasts
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Isolated
from adult
rats.,

ATl

isolated

firom 2-day
old rat

PURS .

IéoTated
from 2Z2-week
old pups.

Isolated
from adult
cats.

All

. isolated
. fraom 2-day
Cglid

kittens.

Isolated
from adultc
volunteers.,

Purchased
From
Highveid
Biologicals
(Pty) Ltd.,
South
Africa.

¥ argely take a Tibroblastic morphology in .culture.

Wrile 'euery attempt was made to obtain further _human

tissue types, ethical and Togistical constraints limited

the range of tissue types available.
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Normal celils derived from primary cultures survive only
for a finite number of paséages, afterwhich they die.
A1l experimental procedures employing normal dividing
cells were therefore executed using cells subconfluent
in the log growth phéae et the lowmst - passage number
possible, but never exceading S0 pépv?ation doublings.
Practically, this was about 10-12 passages, usually

obtained from aplit ratioa of 1:2.

Az cell culture is a dynamic system in which cells are
infinitely capable of change; prior to their use in
experimentation, dividing cells were cultured for a few
passages in which &ny changes in growth rate and
morphology were mqnitoredQ Samples of Ioaarﬁthmicalfy
growing cells were subsequently frozen so that, iF
necessary, any chéngea in characteristica could be

related to passage number and the cells re—examined.

2.1.5 Tissue Culture  Media,  Reagents  and
Cultyre Vessel |

Al qteriIe tisaue culture plasticware, viz, 10m! and
S0ml centrifuge tubes, 28, 75 and 175cm2 ventod culture
Fflasks, 24-multi well culture plates and 1.8m1 cryotubes

were cbtained From Sterilin-Ltd.. Feltham, England.

Hank’s balanced =malt solution (with 0.350/1 NaHCOs,

Ca?t/Mg2t free) was purchased from Flow Laberatories

Ltd, » Scot! and.
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Fetal calf serum, EDTA (0.1%+0,1% gﬁﬁcnse in Dulbecco
buffer, Caz+/Mg?+ free) and trypesin (0.25% in Duibecco
modification, Ca®+ Mg2t free) were obtained from the

National Institute for Virology, South Africa.

Cellagenase fO.B-O.dU/mg lvophilimed from Clostridium
histolyticum) was obtained from Boehringer Mannheim

Biochemica, Manrheim, West Germany.

‘Nylon mesh (250 and 150um) wae obtained from Mybolt,
:Switzer1and,' vhile 0.45 and 0.22um filters were bought

Fr<m Miilipore Corpmratian, Massachusetts, U.S.A,

Streptomycih aul Fate (730U/mg), penicillin~-G (sodium ‘
salt 1662U/mg).  bowvine serum albumin (BSA) fraction V
{essentially fatty acid free), and trypan blue were
bought from Sigma Chemical Company, St. Louis, Misscuri,
U,S.A., thTe gentamycin sulphate (Garamyciﬁ 10mg/m1)

was obtained from Scherag, Isande, South Africa.

Sterile veneject evacuated biood callecting tubes
(uncoated or with 0.3ml 3.8% ﬂa—citratg solution as
anti-coagulant), needles and syringes were cbtained from

the Johannesburg General Hospital.

Ficoll-Paque was purchased firom Pharmacia Laboratory

Separation Division, Uppsala, Sweden.

Oimethylsulphoxide (OMSO) was obtained from Merck,

Darmstadt, Wewt Germany.
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2.1.6 her _Resegrch_Pr Chemicals an
Reagents.

100% ezhanol, 14% boron triflucride in methano?, 2,6-di~
tert-butyl-p~cremol (BHT), 1,1,8,3-tetramethoxypropane,
malondialdehyde (MDA}, thiobarbituric acid = (TBA),
trichloroacetic acid énd Folir and Ciocalteau’s phenol
reagent were purchased From Merck, Darmstadt, West

Germany.

Whatman (No. 1) filter paper circles (18.5cm) were

purchased from Whatman Ltd., England,

The scintillation roktail used was Aquagel I, obtained

from Chemlab (Pty) Ltd., Johannesburg, South Africa.

Gowses {(air, helium, hydrogen, propane and medical

carbon dioxide}! were obtained from Afrox, South Afi~ica.

The é foot x 3mm ID GLC column, on 100/120 chromabszort,
was purchased from Anatech Instruments {Pty) Ltd., Scuth

Africa.

Sephadex LH-20 (particlie size 25-100um} was obtained
from Pharmacia Laboratory Separation Division, Uppsala,

Sweden .

HELC grade methanol and acetonitrile, 0.22 and 0.45um

filters, and the Cis HPLC column (100mm x Smm ID) were

obtained from Waters Millipore Corporation, U.S.A.
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Eicosanoids standards, wviz. PGIz, TXBz, PGFig, PGFZQ,

PGEz, PGEL and PGD2 were purchased from Sigma Chemical

~ Company, St. Louis, Mismouri, U.S.A., Fatty acids, as

295% pure free acidsy were also obtained from this

source, The fatty acids {(all in the cis-configuration)

are listed baltouwt

. 1030
12:0
1810
16:0 .
16:1u%
17:0
18:0
18:1a%
18:2ué
18:3wé

- 1833
18:4w3
201:2u6

20t4w6

2015u3
22:6u3

decanoic (daéric) acid
dodecancic {lauric) acid
tetradecanoic (myristic) acid
hexadecancic (palmitic) acid

9-hexadecenoic¢ (palmitoleic) acid

‘heptadecanoic (margaric) acid

octadecanocic (stearin) acid

9-octadecencic (oleic) acid
9s12-octadecadienoic (linoleic) acid
6,9,12—octadecatrienoic (r-linolenic) acid
9,12,15-octadecatriencic {x—iinolenic) acid
6:,9,12,15~0octadecatetrasnoic {morotic) mecid
11,14-eicosadiencic acid
5.8,11,14—eicasatetraenoic (arachidonic) acid
5,8,11,14,17-eicosapentsenoic acid

4,7,10,13,14,19-decosahexaesnoic acid

The following cis~radiolabelled fatty acids (295% pure?

were obtained from Amersham International Ltd., England!

P-L1-14C£7-181109, 53.8mCi/mmol.,
9,12-L1-14C3-18: 208, 53,6mCi/mmol .

9a12s15"fi“*403—18=3m3,_53.9mCi/mmc].
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Methylated fatty acid standard mixtures for G6LC, viz.
GLC—3A, GLC—-08A and GLC-68A, were cbtained from Nu Chek

Prep, Inc., Minnesota, U.S;A.

Uniless otherwise stated, =all other chemicals used were
osurchased from Merck, _South Africa, or the University

Central Stores; and were of analytical grade.

A1l weighing of chemicals was carried out on s Sartorius

d~digit electroniec digital balance.

2.1.7 ; Acid 1 i R ion _to
Ehg §tUdZ¢

There are 3 commoh?y used «ystems of nomenclature for
FA‘s (Davidson ot al 1985s)¢

a) “"trivial” nomenaiatu;e, which names the FA on
the basia of scine factor othwr than structure. For
example, adrenic and nervonic acids, s=o calied as they
were first isolated from adrenal 'glanda and nerve
tissue, respsctively, |

b) "systematic” nomenclature, which names the FA
according to the number of ﬁarbon atoms and degree 6F
unsaturation. However, this creates complications in
recognising members of homologous series as the double
bonds are numbered from the carboxyl terminal end of the
chain; thus when & FA is chain elongated and further
desaturated the double bchds appear to change position

when in fact they do not.
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‘.

¢) "u's or "n-' nomenclature, which numbers the
double bonds from the carbon atom at the methy] ("w”)
terminal. As FA’s are always elongated at the carboxyl

end of the chain, this gystem circumvents  any

desaturation/elongation problems and thus allows membera

i

of a homologous Beries to be easily recognised. By
convention, Fa _nomenclature therefore relates the
pogition _bf a double bond within a FA to its distance

from the methyl, or. w, terminal carbkon atom.

In this thesis, the 3 systema will be used inter-
changeably. The list in 2.1.6 includes the names of each
FA used, and this may be used as a refsrence to cross-—

correlate between the three systems of nomenslature.

‘Unless otherwise astated; alt FA's mentioned in the text

are in the cis~gonfiguration.
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2.2 METHODS.
2:2.1 Tigsue re.

The standard tissue culture techniques employed in'this-\

study were thoze in general use in this and other
laboratories around the '+ d, and were based on the

general  methods  desecribed by Flow (1983), Freﬁhney

(1983, 1986) and Gibco (1984). .
2.2.1.1 Sterility Procedures. |
Gliassware, Tiltration univce wd all instruhenfs were

thoroughly washed in deionised water prior to

sterilisation by autoglaving at 15 pounds/square inch

Ffor 135 minutes, followed by a 10 minuie drying c&cle.'

Liquide were sterilised by filtration through 0.22um

Millipore membrane filtration unita,

The tiasuve cultire Fascility was routinely expomed to an
ultra-violet germicidal lamp at Ieast 30 minutes 'phior
to ume, and-cohtinuously uhen'nbt in use, to maintain a

sterile enviroment.,

2.2.1.2 Preparstion of Tissue Cultyre Megium,.

All culture media was prepared in our own 1sboratory

from high orade chemicals according to reported

specificztions (Flow 1983 and Gibco 1984}, The standard
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medium routinely employed for culturing all cells was
Dulbecco’s Modification of Eagle’s Medium (DMEM) (with
glutamine, but without NaHCO3), powdered medium Qas
appropriately reconstituted with deionised, doubie
distilled water, bU'F'Fer'ed.l to a pH of 7.4 with sodium
bicarbonate, and theﬁﬂimmediate1y sterilised by membrane
_Fi]tratian under positive air pressure, +to prevent loss
of carbon dioxide:. The media was incubated for 72 hours
&t 37°C to ensuré sterility, gnd'suﬁsequent]y stored at
.2°C to 8°C For a maximum period of one month. Medium was
free of antibiotica,'"and only a supplementation of 2mM

g}&tamina and 10% (v/v) heat inactivated fetal caIF.
aerum-(FCS) . was routinely added for Fortification, It
appears ;hat the presence of serum fascilitates the
adherence of cells to tissue culture vessels, especia1fy
from newly established primary culturea.(aonney et al
19?4 and McGowan et al 1981). Following addition of 10%
FCS to DHEM, thf( completed ‘“growth/incubation medium’
was again filtered #hrough a sterile 0.22um Millipore
hand filter pFior tozuse. Total protein in growth medium .
(90% DMEM+10% FCS) 'waé agsayed using the méthod of

Lowry et al (1931).
2.2.1.3 o1 lection Deactivati f R Cat
&n i ; .

Whole blood was collected aseptically From suitable

adult rat, cat and human donors in sterile’ bleod
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collecting tubeé and allocwed to coagguiate, The plazma
clot was removed and the serum subsequently centrifuged
at 200xg For 30 minutes in a clinical benchtop
centfifuge. Supernatant serum was carefully collected
without disturbing the cell debris pellet, was
inactivated by heating to 56°C for 30 minutes and
subsequently cooled to room temperature. This was
centrifuged at 200xg for 10 minutes to remove any
particufate material, ahd the supernatant seruﬁ.Filtéred
Firat through a 0.45um, +then & 0.22um sterile  hand

Filter{ and subsequently stored at ~20°C until used,

2020104 . i i ' : i _ ior .

This was prepared fresh eQery time by dissclving 0.05%
collagenase in Hank’s balanced salt sclution (HBSS). An
antibiotic ‘cocktail® consisting either of 100U/mi
penicillin and 100ua/ml streptomycin, or alternatively
2Uﬁug/m] gentamyein suliphate, was added. Gentamycin was
the antibiotic of choice as Schafer et al (1972) showed
that it exhibits broad spectrum bactericidal activity,
is heat and pH stable; and does not.induce any notable

influence on cell metabolism.

Prior to use, the dissociating solution was gassed with
93% Oa/5% CO2 for at least 30 minutes, the pH was
adjusted to 7.4, the solution subsequentiy sterilised by
filtration twice through a 0.22um Filtter, and then

warmed to 37°C,
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2¢20105 I [!i l;ig'l_;_ion Q'F Pl"‘im_ g- [ "2 QQ“ CQTEQ[:GQ- |

The general tissue isoclation procedure empioyed a
combination of mechanical and enzymatic tissue dis—
aggregation téchniques as deécribed by Sly et al (1979,
| Flow (1983) and Freshney (1983, 1986). The general
procedure described helbw.waa used for the isclation of
cells derived from aortic endothelium, skeletal musclg,
brair, .1ung,' skin and white adipose tissue. Slight
modifications of the procedure, if necesséry, .uere uéed
for certaia tisaue types to-ensure' maximal viable cell

?ield (see 2.2.1.5,a—g for modifications).

All - cell isolations were conducted _betueeﬁ 10am and
12 noon, as suggested by Actis Dato et al (1972}, to
minimise differences creasted by diurnal wvariations.
During the entire tissue isolation procedure,; a bunsen
flame was kept burning close to the work area, and

strict sterile procedures were maintained throughout.

" Rats were transferred to the aseptic tissue culture
environment and placed in a sterile plastic container
Tined on its base uifh adsorbent paper. This container,
together with all the inatruments required in the
isolation procedure, were breuioualy exposed to an
ultra-violet germicidal lamp fﬁr at least 30 minutes %o

destroy any surface pathogens,

Rat pupe were killed by decapitation without anesthesia



111

using a pair of sharp steri]e.diaaecting.scissors, while
older rats were stunned and killed by cervical
dislocation. Animals were placed onto a clean absorbant
cotton pad lavered over a simple cork board (cocled to
4°C prior to useﬁ, and secured, The appropriate animal

surface was thouroughly swabbed with 70% ethanol,

"Prior to uée.-disecting instruments were briefly emersed
in 70% ethaho], flamed over a bunsen (to-euaporate all
ethanol aﬁd fix any loose particulate matter), and
coovied in ice. A wvecond szet of sterile operating
instruments. was always available as backup in fhe_event
of accidental contamination of the first. The reqﬁired
organ/tissue was removed su;gically by making a midline
incision at the appropriate site, using a separate set
of sﬁari?e dissecting instruments For making incisiuvns
through the skin, muscle ltaver, into the bod} cavity and

to free and 1ift the organ/tissue out of the animal.

The isclated organ/tissue was placed inte a 25m]l glass
beaker and rinsed with preheated (37°C) sterile saline
containing 100d/m1 penieillin and 100ug/ml streptomycin
(to decontaminate the orgen/tissue in the event of any
contamination either in situ in the animal, or as a
result of the dissection and isolation procedurel), The
organ/tissue was stirred at half speed with the aid of a
magnetic stirring bar in an Agrimatic Stirring apparatus
at B37°C for 5 minutes, to remove as much blood as

possibis,



112

Follﬁwing deﬁanting of the saline, the organ/tissue was
chopped into 145mm cubes with a sterile scalpel. Any
biood uwas Qaaheé off b} several ¢hanges of cold smaline.
Dissociation §F_the :tisaue pisces was initiated by
incubation with 20ml preheated dissociating solution
{section 2.2.1.4} in =2 25m! glass Ehrlenmever F]ask
with gentle magnetic stirring (100:201pm) at 37°C, as
recommended by Herring et al (;983). The temperature was

carefully monitored during the «n*',,e - ocedure.

Liberationn of . celis .uas manifested by an increased
turbidity of the dissociating sclution. Digestion_of the

tissue Ués allowed to continue for about 10~13 minutes,
after which time the flask was briefly placed on ice +to
allow the larger undissociated tissue fragments to
settle. The supernatant was gently deéanted into a
sterile S0m] plastic centrifuge tube, an equal volume of
DMEM+10% FC8 was added to terminate enzyme action, and

this placed on ice.

The abowe procedure was repeated about 5 times with
fresh disscciating solution. Generally, 90 minutes sfter
initiation of the tissue dissocistion procedure, most of

the tissue was digested.

The dissociated cells obtrined after each 10-15 minute
incubation were immediately filtered through a sterile
230km nylon gauze mesh, followed v, passage through a

1504m mesh into sterile SOm] plastic centrifuge tubes.
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After gen:le inversion, the suspension was centrifuged
at 100-200xg for 5 minutes in a clinical benchtop
centrifuge with swing-out buckets, as recommended by
Williams et al (1977b). This IJTow-speed centrifugation
removed moét-contaminating blood, while pelTettihg the

larger izolated cells.

The supérhatant was decanted, packed cells waere
resuspended in -uarmfbMEM+10% FCS, uashea again at 100-
200xg for 5 minutes, followed by a third centrifugation
at 200xg For.lﬂ minufes to d&mpieteiy pellet the cells,
The final pellét was resuspended ih 10m? DMEM+10% FCS
containing 200ug/ml gentamycin (Williams et al 1977b),
and plated into 25um? sterile tissue culturs flasks with
vented caps. Cells were incubated in a humidified
atmosphere of 93% air/3% COz g+ 37°C in a water-jacketed

incubator (Labotec, South Africal). Time from surgery to

plating of isoclated cells was approximately 2 hours,

After allowing 3-4 hours For cell attachment to the
citlture vessel, cells were examined microscopically for
for wiability, adhesion and any miErobiaE cnntamination.
Subseguently, the contents of the flask ware gently
swirled and decanted, +thus fascilitating the removal of
any cellular debris, non-adherent, 1§ose1; adherent or
dead cells. Viable cells were subsequentiy fed with warm

antibiotic—free 90% DMEM+10% FCS, and checked every day.

Growth medium was replaced with ¥resy medium on +he
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secchd day, and aubsequentiy every 48f?2 hours {(to
remave any loose1y attached/dead colls, cellular débris
and potentially toxic mefabo?ic-#roducts) unti! a near

ccnf?uent monalayer wae established.

Thé aone tecknique maximises the viagble cell yield, and
thus shorténs the period to which cells are exposed +to
dimaggregating enzymes. Mechanical procédures were kept
to a minimum as enzymaticaily iso]ated'éalis retain more
characteristic features of the tiasﬁe in _vivo,  in
contrast +to mechanically prepared cells (Jezyk et al

1969 and Ontko 1972).

Cella were allowed to divide.aeuerai times, resulting in -
the formation of islands of cells which eventually
formed a wanolayer. The cell populations obtained frrom
a particular primary culiure were heterogeneous and
thus reprecentative of the whole organ/tissue in the

*real world'.

Further growth and maintenance of cells were carried out
employing the mrinciples described by Sly et al {197%),
Flow (1?83) and Freshney (1983, 1986). The different
cell types were cultured chronologically separate to
avoid fhe possibiiify of ‘cross- contaminaticn.
Proliferating cells ware regularly mon i tored for

doubling time between passages.

ey tieninpe
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2.2.1.5.a Modifications for the lsolation of Cat
Tissues for Primary Cu'tue,

Cate were transferred from their coges to tre autopsy
facility of the Animal Unit at_about.9am, and killed
with .an_intrauenous overdose (1.Bm1/kg IV) of Euthanase
sotution (sodium peniobarbital). Thé asppropriate surface
was immediately swabbed with 70% ethanol and an incision
_made using strict sterile orocedures, as before. The
removed organ/tissue was placed in pre-cooled saline
solution cantaihing 100U/m1  penigiilin and 100ug/mi
streptomycin, and rapidly transported on iée to the
tissue culture facility, uwhere cells were jsolated as

described previously in 2,2.1.5,

2.2.1.5,b " Modifications for the Isglation of Cells
from Aortic Endothelium.

These modifications included those described by Wechezak

et al (1973), Bsr et al (1984) and Hoshi et al (1986).

The aorta chm adult animals was removed, rinsed with
saline to.remove blood, and cut into BHiUmm pieces. The
vessels were everted so that the endothelium was exposed
toe the dissociating solution. After each incubation
period, the dissociating solution was pipetted
repeatedly over the endothelial surface to dislodge the
cells, which were collected and ;aahed with 'grbuth

medium as bofore.
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2.2.1.5.c Modifications for the Isclation of Cells:

rOm al cle,

The modifications of Bullare et al (1976) and Koningberg

(19?95 were employed,

Skeletal muscle from the thigh was used. Following
collagenase digestion, incubation of remaining diced
muscle fragments with 0.1% EDTA10.20% trypsin (1:1 /vl

for 30 minutes increased cell yields.

2.2.1.5.d  Modifications for the Isolation of Cells
frpm Brain. ' |

The modificetions employed were those described by
Foduslo et al (1975}, VWalker et al (1984) and Bjerkvig
et al (1986).

_Uhole brain was freed from its meninges and removed Trom
the animal. The cerebellum was discarded and cells were
isolated from the cortex only, Increased cell yields
were obtzined when brain Fragménts were incubated with
dissociating solution saturated with oxygen for up to 60
minutes, Tollowed by incubstion with U;i% EDTA:0.25%
trypsin (1:1 u/v) For a further 30 minutes. UWhen
necessary, remaining tissue fragments were mechanical}?
disaggregated through a 250um and then a 150um mesh.
The disﬁociating solutions and initial growth media were

all supplemented with additional glucose (Final
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- concentration 1g%), This  method yielded mainly glial

cell progenators, which could be identified as largely

astrocytes with some o]igodendrocytes.'

 2.2,1.5.e Modifications for the Isolation of Cells

from_ Lupg.

The modifications of Tompa et al (1979) and Kumar et al

(1987) were employved.

Un]y: the distal 2/3 of.lungs were used to eliminate the
bronchii, etc. .ungs were washed three times iﬁ grouwth
medium to Fflush out as much bloodlfroh'the organ as
poasible. After collagenase incubation for 60 minutes,
remaini ‘g cells were dissociated from the diced organ
with 0.1% EDTA:0.25% trypsin (131 v/v) for 30 minutes to

increase the cell vield.

2.2.1.9.F Modifjcations for the Isolation of Ceils
from Skin.

The modifications of Fujimoto et al (1977), Sly et al

(1979) and Yen~Chow et al (1984) were employed.

Skin biopsies were obtained from the anterior abdominal
wall and from the forearms. Any hair was shaved off the
skin at the appropriate site prior to sample removal.

Cell isolation was carried out as described in 2,2.1.5,
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2.2.1.5.g odifications th lation of 1
Cells :from Adipose Tisgue.

These modifications were based on the  techniques
uti1ised- by Rodbeil (1964), Adébonojo (1975) and Fain
(1973).

Adipose tissue was removed from non—obese young animals
from the aupra“testicuiar, forearm and acapufaf regions,
which contain uhite.adipose tissue only. All procedures
were identiﬁal to those outlined previausly, but the
disabciating solution and initial culture medium

contained 3.0% albumin,

Centrifugation pelleted blond, endothelial and some
stromal-vascular cells, while the supernatant contained
whole adipocytes, lipid droplets from damaged adipocytes

and some stromal-vascular cells. There is evidence that

the stromal-vascular fraction contains fibroblasts which

exhibit potential to become sdipocyte precursors, and
scauire morphological and biochemical characteristics
similar.to mature adipocytes (Von et a) 1976), Further,
when mature adipocytes lost their intracellular lipid,
they aquired eharécterisfica of .atromal-vascular cells

(Yan et al 1974},
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2.2.1.6 " Determination of Cell Viability.

Cell -viabi?ity was determined uging the trypan blue
exclusion method, as described by Paul (1975). A
éuspenaion of 1 part cells (1041) to 1 part 0,1% trfpan
blue in 0.9% saline was made. After 2 minutes at room
t emperature, ce?l:ﬁounta were performed by counting thé
number of viablé cells (which exclude the dye) in an

improved Neubauer Hemocytometer {(1mm x. imm x G.imm).

2.2.1.7 Iryesinisation of Cel]l Monolavers,

.Uhen nearly confluent monolavers of Jlogarithmically
growing cells were cbtained, subcultures/trypsinisations -
were perFormed (Sly e{ al 1979, Flow 1983 and Freshney
1983, 1986).

Existing medium was decanted from the tissue cultﬁre
vessel, Sufficient sterile 0.1% EDTA at 37°C was added
to just cover the cells, and the culture vessel returned
to the incubator for 5 minutes; thereafter, an equal
volume of sterile O0.2%5% trypsin solutiﬁn at 387°C was
sdded and the cells once again returned to Ithe
incubator. Trypsinisafion was allowed to continue for a
period not exceeding 15 minutes, during which time the

cells were regularly monitored for detachment.

Aa moon as the cella became detached, an equal uvolume of

warm DMEM+10% FCS was added to the eculture vessel +to
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inhibit fhe action of the trypsin. The cell suspension
was decanted into a 30m! sterile plastic centrifugé tube
and centrifuged ét 200xg Fbr 10 minutes., Subsequently,
the supernétant was decanted, cells wers resuspended in
warm growth medium.and re—~centirifuged. After decanting
the supernatant, the cell pellet was resuspended in a
smell wvolume of growth medium and cell viability
determined as described in 2.2.L.6, Cells were eiﬁher
diluted with warm growth medium to 1x105/ml, plated into
sterile tissue cultwure flasks, incubated and alloued'to.

grow until a new monoclaver was ectablished, or frozen,

2.2.1.8 Cell Freezing fo ong, Term St

The general principles described by Sly et al (1979),
Flow (1983) and Freshney (1983, 1984} were qaed. Cells
at the lowest possible passage nUmber from each primary

cul ture were Frozen Ffor long term storage.,

Following +the initial <trypsinisation and subseqUent
washing of cultures (2.2.1.7), the final cell pellet was
reconstituted with a amall volume of growth medium and a

cell count was performed. Cells were frozen in sterile

1.8ml cryotubes at a concentration between 2 anql5x105
viable cells/1m]l growth medium, in an equal volume DF a
7es DMEM:10% FCS:20% dimethylsulphoxide (DMS0O) sﬁ]ution
(vfv/v), to give a Ffinal DMSO concentration of 10%,
Cr#ﬁtubes ware placed in a polystyrene container and put

inte a ~70°C deep freeze overnight to allow for a



121

cooling rate of approximately 1°C/mintte. Subsequently,

célls were gtored in the vapour phase of a liquid

nitrogen container (cryobank).

2.2.1.9 Resyscitation of Frogen Cells.

Cryotubes were removed from the cryobank.and thawed as
quickly as possible in a .3?°C paterbath as described by
Sly af al (1979). The contents f@F the cryotube were
added to sufficient gﬁouth medium at 37°C +to  dilute
the _DMSU_.at least tenfold. The cell suspension was

centrifugrd at 200xg for 10 minutes, the supernatant

Jdecanted, and the cella re-washed in warm growth medium.

The resulting cell pellet was re-suspended in sufficient
warn gfouth medium _to perform. a cell count (2,2.1.6),
dituted to 1x105/m), plated into sterile tissue culture
flasks and incubated. Cells were fed 24 hours later and
subsequently every 2-3 days as necessary. When cultures
reached near confluence, they were subéu?tured or frozen

as described in 2,2:1.7 and 2.2.1.8, respectively.
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2,2.1.10 Isolatiosn of Periphers] Ervithrocytes and
Lymphocytes.

2.2.1.10.a Qg!lgg;igh of Blood from Rats.

Adult rats were killed with an intraperitoneal owerdose
(1.0ml/kg) of Euthanase solution (sodium pentobarbital)
rather than cervical dislocation so that blood vessels
in the neck remained intact, +thus maximising the volume
of blood collected (normaily 3-10mi). The thorax was
immediately opened once the appropriate  reflexes
dissappeared, and the animal bled from the inferior vena

cava into a sterile citrated syringe and needle.

2.2.1.10.b Collection of Blood from Cats.

LCats were ansethetised with Saffan intramuscularly. As
soon as the required reflexes were diminished/lost,
blood was drawn Ffrom the jugular vein into a sterile
citrated needle and syringe. Cats were injected with an
- antagonist, monitored for the return of reFTex&s and
subsequently returned to their cage. Cat donors used for

this purpose were bled no more than once a week, with
the blood collection wvolume nof exceeding S5.0ml per

coT]ection per animnal.

2.2.1.10.c tion of Blood from Humens.

Venous b]od& from normal human volunteera was collected
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intc sterile citrated blood collecting tubes at the
adjoining Johannesburg Béneral'HOBpital according to

standard ciinical! procedures.

2¢2.1y10od Blgo epar

Whote blood was immediately centrifuged at 1000rpm
§200xg} in a Beckman TJ-6 clinical benchtop centrifuge
for 15 minutes at room témperature. P}até?at rich plasma
was subsequently carefully removed ana'disc;rded, while
the buffy coat and erythrocytes were carefully separatad

using sterile pipettes, and placed into separste tubes.

2.2.1.10.e rvthrocyte P ration.

Erythrocytes were washed 3 times with growth medium at
37°C by centrifugation =at 100xg for 10 minutes. Cells
were subsequently diluted with warm growth medium to
1x105/m1, plated into 24-multiwell plates, incubated,

and dbaed an hour later {(see 2,2.37.

2,2.1.10.f “Lymphocyte lsolation.,

Mononuclear §e11 isolation was based upeon the original
principle put forward by Boyum (1968). The buffy ceoat
was suspended in growth mediumicitrate (9311 w/v). This
suspension was carefully 1éyered onto Ficﬁll-Paque in a
ratio of 413 (v/v}), and éentrifuged at 400xg Ffor 30-40

minutes at 18~20°C in a c¢linical benchtop centrifuge
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with swing-out buckets.

The upper phase was removed leaving the monohuc]eab
tayer at the Ficoll1-Paque intérface undisturbed,  The
mononuc ] ear layer was.collected and transferred to a new
tube. It is essential to remove ac much interface as
possible but a minimum of Ficdli-Paque and supefnatant
to reduce unnécessary granulocyte, platelet and pl-sma
protein contaminaticn in the mononuclear fraction. C=11s
were washed three times with at least 3 volumes of ua?m.
growth medium, at not more thar 200xg for 10 minutes (to

minimise platelet contamination) at room temperature.

The cells were resuspended in warm growth medium, plated
into 25cm® culture flasks, and incubated in a humidified
atmosphere of 95% air/5% COz gt 37°C. Approximately 3
hours léter, unattached cells (lymphocytes) were pooled,
and washed with warm growth medium at 200xg for 10
minutes. Cells were resuspended in warm garowth medium,
diluted to 1x105/ml, plated into 24-well multidishes,

incubated,_and dosed 40 minutes later (see 2.2.3).

2.2.1.11 ight Microscopy of Cells.

A1l cultures were examined daily with a Nikon Diaphot
pPhase contrast microscope (with. camera attachment).
Parameters monitored included any sign of contamination,

pH of medium, cell morphology, preliferation and degres

of confluency.
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2,2,2 E verimental ‘pseudo-0il” Preparatjon. -

The fattf acid :campositions of é wide range of natural
oifs, and of poiential oil sources, have been reported
by McCance et al (1978) and Giangregorio et al (1988a).
Seven natural oils were chosen Fok this study as rich
suppliea_eitheklof 09, wé or w3 series.unsaturatéd,_ oE

satur‘ated, FA'B;

Individual FFA’s (from the list in 2.1.6) were initially
made up as stock solutions (100mg/ml1) in 100% ethanol,
‘and maintained at ~20°C uﬁder an atmosphere of nitrogen.
These individual FFA stock solutions were mixed in
appropriate proportions to mim;ck the FA gpectra of
differant natural oils,  wviz. coconut oil (CO), meat oil
{(MO), olive oil (0D), sunflower seed oil {§S0), linseed
oil (LB), evening mrimrose seed oil (EP0} and fish oil
(FOY. These #A mixtures were termed pseudo-oils”
(p—biis); and.tﬁeif coﬁpnsitibn paraltleled that of oils
commonly ingested by humans. The p-oils were abbreviated
to p-CO, é—MO, p—00, p-SS0, p-LO, p~EPO and p-FO, Qith
each haﬁing different degrees of unsaturation,
corresponding to the naturé] oil. The FA apectra of each
p—oil was checked by GLC (aee 2.2.?.2) to ensure it

mimicked the FA spectra of ﬁhé natural oils.

Working solutiens of these p~oils were made wup fresh
prior to use. From the stock p—oil'mixtures in 100%

ethanol; 404! was-aliquoted into a @lass vial and the
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.ethanol evapﬁrafed dndew a stream of nifrogen gas in a
37°C waterbath. To mirror the in vivo .uitUation a8
_closely as possible, p-oil FA's were complexed with
" bovine merum albumin to TFfacilitate their delivery to
the cells {(McGee et a1.1982). This was achieved by
adding 200p1 of a steri?é 5.0% essentially FA free BSA
(fracfion V) solution in diztiiled wate.r to act as FA
caréier, and this ?ncubated for 35 minutes at room
temperature. To this, 1;9m1 growth medium at 37°C was
added to bring the mixturd¢ to a total volume of 2.0ml.
The p-cil mixture was gently heated prior to use as
recommended by Weyman &t al (1977) so that. the FA s
remaiﬁed in so;ution during dosing, .especially ih the

case of p-oils rich in saturated FA's.

2.2.3 Experimental ° do—0i1° Oosing.

Adherent cells in the log phase of growth were
trypsinised as described in 2.2.1.7, and a cell count
was performed (2.2.1,6), Each celil type was seeded at
i.0x105 viablé ceiis/ml in 24-well tissue culture plates
in a total volume of 1.0m] growth medium,. Adherent cells
were incubated 'with growth medium for a period of 24
hours prior to dosing with p-oils fo allow for :cel?
recovefy Froﬁ trypsinisation. Cells in suspénsion, viz,
erythrocytes and lymphocxtes,. did not require this

recovery period, since trypsinisation was not n¢zessary.
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Appropriate uofumes of the a?bumin-bound p~oil solutions
were added directliy to the cﬁlture medium to achieve the
.iﬁdicated p~oil concentration required. Cultures were
dosed at 10mg/! intervals with each_ p-0il working
solution,_ to yield +inal p-ocil cancentrations. ranging
from 0 to 100mg/l. The maximum albumin concentration
utilised as FA carrier was 0.025% (250ma/1). After
dosing, the_ plates were gently swirled to euen1y.
disperse the p-oil throughout the wells, and cultures
uere-ﬁncqbated for 48 hours at 37°C in an atmosphere of

0% humidity, 5% carbon dioxidet%®5% air.

Following the incubation period, the existing medium was
removed, celis were trypsinised if adherent (2.2.1.7),
and cell viability deterﬁined (2.7,1.8). The percent
cell wiability at each p-oil concentration was
calculated by assuming the mean number of viable control
cells to correspond to 100%. The IDso ,as calculated Ffor
each p-oi) with every cell type studied, and was taken

as the p-oil concentration required +to reduce c¢ell

viability to 50% of controls.

To ascertain the approximate concentration of p~oil
required to prevent nétt cell proiif&ration. the number
of wviable control cells at the end of the 24 hours
allowed Ffor recovery from trypsinisation wae compared to
the number of viable control cells at the end of the 48

hour incubatisn periocd with p-oils. This was expressed
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as a percentage, and represented the “cytostatic
number " . Only p—oil concentrations reducing cell
viability asignificantly below the &ytostatie rnumber

wouid be cytotoxic.

The effects of albumin were investigated on | cell
viability to eliminate albumin involuvement in the
effects induced with p~oil dosage, and thus to Justify
uhder the choéen culture conditions the use of albumin

as FA carrier with ecach of the cell types used.

Pells were set up as previously described.in 2.2.3, and
dosed with varying concentrations of albumin without
p—oil to yield final concentrations ranging from
0 to 250mg albumin/i groch medium, After 48 hours
incubation, celi counts wore performed.(2.2.1.6). and

this compared to controls.

2,2.3,2 - Varyi h 1bymj - ion with a
=i ' o~0il Congentration.

The effect éF altering the albumin cohcentration at a _
fixed p~oil concentration uwas Iinuestigated on cell
viability to eliminate the possibility that any of the
effects induced with p-oil dosage were modulated by

different albumin concentraticons,

Cells =melected from each species were seeded as
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describ;d in 2.2.3, .and dosed at the concentration
corresponding to the IDso for that p~0il which induced &
significant effect on cell uiability. At least 5 points
were chosen arocund wHich to  vary the albumin
concentration, keeping the p-oil concentration fixed,
viz+ 2 peints below, 2 points above, and the IDso of the
chosen!p-pii The appropriate amount of albumin was
added to the cultures to correspond to that level wused
at the points'chosen, and cultures were ihcubate& for 48
hours at 37°C in an atmosphere of 5% carbon dioxidet95%

air. Cell viability was subsequently determined, and

this compared to controls.

2:2.3.,3 Efﬁgc; of Serum Type on Cell Growth.

To engure that the roufine use of 10% FCS in cufture
medium did not adversely influence cell uiabilify, cells
derived from rat, cat and human skin were plated at
1x10% cells/ml in DMEM+10% rat serum_(RS); DMEM+10% cat

serum (CS) and DMEM+10% human serum (HS), reapectiue]}.-.
The growth of these cells in DMEM containing serum from
their own species was monitored b§ determination of cell
visbility after 24, 48 and 72 hours incubation, and
compared with that of the séme cells  grown in

DMEM+10% FCS ower a 72 Her period,

Total protein (2,2.5), lipids ¢(2.2.6) sand FA‘s (2.2.7)
were qduntiFied.in the mbove growth media +to determine

their possible contribution to the resultsa obtained.
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2.2.4 k in £ tures for antitative

and Qualitative Analvses,

2,2,4,1 ction of Cells Types.

Cells from each épecies previausly. studied wviz.
erythrocytes, lymphocytes, aortic endothelium, skeletal
muscle, brain, Iungs; skin and adipose tissus, wers
cultured to provide sufficient material for further

analytical procedures.

For each available adherent cell type, frozen cell
stocka at low passage numbers were resuscitated as
sreviously described in 2.2.1.,9, and each grown in bulk:

Erythrocytes'and 1ymphocytes were freshly iso]atqd.

Concentratjons.

For each of the cell types in 2.2.4.1, between 5-10x108
cells/175cm? tissue culture flask wefe seeded, Each cell
type was subsequently incubated with the appropriate
amount of p~oil, as described before, correspending to
four different concentrations, viz. Dy 20, 40 or &0mg/1,
which were found to best reflect the relationship
between cell viability and p—oiT.concentration acrous

the spectrum of cells étudied previously.
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2.2.4,3 .- Harvesting of Bul res.

Following the 48 hour p~o0il incubation period, the
growth medium was removed from each flask, and this
centrifuged at 1000xg for 10 minutea in a Beckman TJ-6
centhifuge. .Supernatants (spent incubation medium) from
the same concentration of each dosed p-0il were pooled
together and stored at ~20°C until required for further
exparimentatién.. Prior to use, each aliquot of spent

medium was centrifuged at 5000xg for 10 minutes.

Adherent céIls wers tfypsinised and the resulting .ce11
peilet obtained after centrifugation was‘ combined with
any obtained from cﬁhtrifuggtion of the spent incubation
medium., For each cell type, cell viability was assessed |
as described betfore, and compared <to that previously
§btained. The cell suspension  was éubsequently
centrifuged at 1000xg For 10 minutes, The supernatant
was «discarded and the cells washed three <times by
resuspension in 20,0m] physiclogical saline (0,.,83%) and
centrifugation at 1000xg for 10 minutes each?

supernatants were discarded following each wash,

Following the final centrifugation, the cell pellet was
resuspended and swollen in 2.0m1 of a solution at pH 7.4
containing 1mM NeHCOa, 2uM CaClz and SmM MgClz, and
frozen to -20°C +to lyse the vells. Lysed cells were
subsequently stored at ~20°C until required for further

analvsi=,
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Pribr to further experimentation, the frozen cells were
thawed and hqmogenised with 25 strokes of a Dounce

" homogeniser.

2:.2:3 T 1 Protein_ ermination.

. 100u1 aliquots of lfsed cells obtained in -2-2.&.3 were
assayed Fof total prqtein by the.methcd of ,Lcwfy et 51
{1951). _Absnfbanceﬁ werae read at 600nm - in  lcm quaftz.
cells in/ \LKB Biochrom Ultrospec 4050. Total protein
WES calcdiééed with refereice to bovine serﬁm albumin
(fraction V), in the range drioong, assayed in'parallel
with the samplés. The re:u}t; were compared with thasé

of controls.



133

-

2,2.6 Quantitative Lipid Analyais,

2.2.6.1 Total Lipid .»

Total lipids were extracted from aliquots of p~oils,
DMEM+10% FCS, DMEM+10% RS, DMEM+10% CS, DMEM+10% HS and
spent inquﬁétion media. Once small aliguots of the
lysed cells at éach of the p=-cil concentrationé from
2.2.4 were taken for total protein 62.2.5) and" lipid
- peroxide (2.2.9) assays, the remaining cé]l suspensions

were slsc extracted Ffor lipids.

Total lipids weré'ExtraCted from Sampfes uith 20 volumes
chicroformimethancl (231 w/v) containing 0.01% (w/v)
2,6~di~tert-butyl-p~crescl (BHT) aé anfioxidant, and the
lipids left to extract overnight at 4°C, as per fhé '

method of Folch et al (1957).

Lipid extracts were Filtered intﬁ glass separating
funnels using Whatman (No.l) filter paper circles, and
washed by adding 20% (u/v) physiologica]_(O,SSXJ saline.,
The solutions were  thoroughly mixed in stoppered
separating funnels, and the phases allowed to separate
overnight at 4°C, The lower chloroform (1ipid) phase was
subsequently removed and ‘taken +o dryness under vacuunm
at 379C in an all glass Heidolph rotary evaporator at
 190rpm.  Resulting concentrated lipid extracts wers
redissolved in. a small yolume of .chioroform. and

tranasferred into clean 20ml serew—-cap giass vials. Al}
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extiracts were diluted to 20.0ml with chloroform, stored
as stock solutions at =20°C, and used for all further
qualitative and quantitative lipid analy=es.

2020602 Qg l;g;:mi[!g;ion Q'F Tgtgl L igid IQPE Ug;’g_bj;g, ;

Total lipid dry weights were determined in triplicate as
per the method of Kates (1972)., Clean 7.5ml glass vials
were kept owvernight in a Salvis oven at 100°C to
euéporate any moisture present. Empty vials were removed
from the oven, allowed to cool to room femperature, and
weighed in a d-decimal digit analytical ejec%ronic
balance to 0.Smg. Empty vials were returned to.thé oven
for 1 hour and subaeqﬁently'reueighed. This procedure
was repeated until vial weight was constant to within

ii .Umg.

1.0m1 aliquots of stock lipid extract from 2.2.6.1 were
pipetted into thq empty glass vials and taken to dryness
in a 37°C waterbath under a slouw stream of nifrogen pas.
The vials were returned to the oven for 1 hour at 100°C
to easure the chloroform was taken to complete dryness}
then ueighed and dried repeatedly as before’ until the

- weight was constant to within *1.0mg.

Total lipid dry weight was calculated by subtracting the
weight of the empty vial from that with 1lipid, and
multipliying the resultant Qeight by the total volume of

atock'IiPid extract in 2;2.6.1.
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2:2.7 Qualitative Lipid Analysis.
2.2.7.1 Eatty Acid Methviation.

DBuring methylation, FA’s are removed from the glycefcl
backbone, and derivatised to methyl esters., This process
waa described by Moscatg]li-(l??Z} and is essential as
it increases FA wolatility and thus enables these

moieties to be separated chromatographicaliy.

10.0m1 of stock lipid extract from 2.2.6.1 were pipetted
inte clean glass Qiafs and thé chlordform taken to
dryness in & 379C waterbath under nitrogen gas. To each
vial was added O.Zm] patroleum ether (bp 40-609C),
followed by 1.Cml 14% boron trifluoride in methanol.,
Vials were brieflﬁ gassed with nitrogen to remove any
air, iﬁmediately sealed and placed in a 100°C quen for
- 30 minutes to facilitate FA transmethylation. The vials
were subsedquently cooled to room temperature, their
contents washed with 1.0ml aaturatea NaCl! solution,
followed by extraction.of the fatty acid méthyl esters
(FAME g) + with 5.0m] petraleum ether. The vials were
sealed, shaken and the phasea allowed to separate For
at least 15 minutes at rooﬁ t;mperature. The upper’
petroleum ether phase uﬁs removed using a pasteur
" pipette (ﬁaking sure not to take up any interface),
placed intc a8 new 7.3m] glass vial, sealed under

nitrogen gas and stored at -20°C uptil anal?sed by GLC.
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2e2.7.2 Bas-Liquid thomg;ggragbic Ang!z$i§“¢qﬁ
- the Fatty Acid Methyl Esters. r

In gas-liquid chromatography.{GLC}. volatile compqunds'
are passed in a stream of inert gas (mobile phase)
through a column in which a 1iquid-(statipnary phase) is
immobiliaed on a solid support. Separation is based on
the partition of compounds between the gas and ligquid
phases. The compounds emerge from the co?umn'as distinct

peaks that can be gquantitated.

All GLC analyses were performed as one group to
eliminate betwesen-batch wariations. Prior to GLC
anafysis, tHe FAME s from 2.2.7.1 were concenfrated by
reducing their volume to dryness at 37°C under nitrogen
gas. The FAME’'s were rédissolved in 500#7 petroleun
ether added .down the sides of each wvial, this again
taken to dryness, and subseguently redissolved with

100u]1 petroleum ether.

FAME's were analysed by means of a Varian 3400 gas
chromatograph equipped with a flame ionisation detector
(FID) and a SP-2330 column {2m x 3mm internal diameter,
with Chromosorb 100/120 WHP-SP as. support) wusing helium
as carrier gas, 1ul of the concentrated FAME sample was
injected manually onto the GLLC column. The column
temperature was set iéotherma?]y at 200°C with both thé
injector and detecter set at 2209, kun time waz set at

31'minutesj__Peaks were quantitated using & Varian 4270
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integrator, and. the relative percentage total area of
each FAME recorded. Identification of the FAME's was
made by comparison with the retention times of known
saturated and unsaturated methylated FA standards., GLC
analyses were often repeated at random to check the

repeatability of the system.

2,2.8 ~ Studies with Radiclabelled Fatty Acids.

2.2.8.1 Cellular Incorporation of F14C3-18:2uwé

with Timé,

Prior to radiolabélled FA studies with normal cells (see
2.2.8.2); a pilot invemtigation was conducted to sssess
the incorporation of dosed rﬁdiolabe?led FA into cells
aver a 48 hour incubation period, This would ascertain
whether sufficient radiolabelled FA was detectable in
dosed cells for Furfhér analysis uwith the 48 hoﬁr

incubation period routinely employed.

A rapidly growing éTB benign cel!l line was chosen.For
the pilot study since its growth rate was significgnt?y
faster <than every normal cell type used, thus its
metabolism was presumed to be  higher. Detestion of

sufficient radiolabel in 373 cells 48 houwa post—
incubation with radiolabelled FA would indicate that
this incubation time could alaso be satisfactorily used

with normal cells.
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3T3 cells were seeded at 1.0x10% cellis/ml growth medium
in 75cm® flasks and incubated for 24 hours at 37°C in an
athSpHere‘of o% carbon dioxide:93% air. The cuitures
weire subsequently dosed with 2uCi [2903-18:2w4 bound to

sufficient aibumin to act as carrier, and ipcubated,

Cultures were harvested at &, 24 and 48 hours after.
dosing, At the.end of each incusation periocd, the spent
medium was cérefuf!y removed and stdred.at -20°C., The
cells were trypsinisvd as described in 2.2.1.7, and the
resuiting peT!et. washed 3 times with physiological
saline. Supernatants from each washing were pooled
together and stored at -20°C. The final cell pellet was
resuspended in a small volume of phosphate bﬁffered
saline (PBS, pH ?fd) and stored at ~20°C, Frozen cell
éuspensibns Qere subssguentily thawed and briefly .

homogenised prior to further analysis.

16Gul aliquots of homﬁgenised cells, spent incubation
media and pooled Qaahings from each harvest period were
placed into separa&e 20m) glass scintillation vials uith
10.0m1 Aquagel I scintiilation cocktail and capped.
Subsequently, tﬁe rédina#tivity of each fraction was
measured in an LKB RackBeta Qcinti1lation counter.
Standsrds, blanks and'cdhtrols were run in paraliel to
give a measure of efficiency and for comparison to dosed

cultures,
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2.2.8,2 Studies with _Radiolabellec €18 Fatty -
Acids and Nowmal Cells,

The cell types aelected For dosage with radiciabelled
CiS'FA'g' were f§3b$rent fibroblasts derived from iung,
skin and'adipose'tiééue from each speciés, cu?tubed.From
resﬁacitated Froéen éfbcks €2.2,1.9). Thegn cells were
aubsequéntly trypsinised, seeded, at 1.0x105 cells/ml
growth medium in 73cm?. flasks and incubated for 24 hours
at 37°C in an atmdéphere oFIEK carbon dioxide!93% air.
The cultures were subsequently dosed either with 2uCi
[14CI-1811u9, L[49CI1-18:2u6, or [!9CI-18:3u3 together
with unlabelled 18:1u9, 18#2&6 or 18:3u3, respectively,
. all bound to sufficient a!buﬁin t; act as carrier. The
final FA concentration was 20mg/1. Cultures wsre .tﬁen
incugéted forr a further 48 h.qrs, éfterwhich the speht
medium was carefully removed, centrifuged at 1006xg for
10 minuteé in a Beckman TJ-6 centrifuge, and stored at
—-20°C, The cells were trypsinised, ar';d the resulting
pellet combined, as before, with any obtained from
centriFugatibn of the spent insubation medium, Cells
were washed 3 times with phyaiéiogica? saline, and the
superhatants from. each washing pooled together and
stored at ~20°C, The Firal cell pellet was rosuspended
and swollen in 2.0m! of a solution at pH 7.4 containing
imM NaHCOz, 2mM caClz and 5mM MoClz, and frozen to —20°C
to lyse the cells., Lysed cells were stored at -20°C

until Further.ava]ysed.
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Aliquots (100u1) of homogenised cell suapénaion. spent
media and pooled washings .from' each normal cell type
dosed with each radiolabelied FA were placed into
separate 20ml gigsa. scintillation vials Qith 10.0m?
Aguage]l I smcintillation cocktail, and the radioactivity

of each Fraétinn measured as deécribed‘in 2.2:8.1,

The remaining cell suspengions were extracted.far total
]ipid (2.2,6.1) and methylated (2.2.7.1), with aliquots
‘of sample tsken at each atéb of the mathodology for
analysis of radiocactivity to account for any loss of
total radioagtivity .which may have occured. The
resulting FAME’s were subsequently concentrated to 50ul
in petroleum ether, and analysed by injecting 211 of
this solution into a SP-2330 GLC column, connected to a
GRC Radicactive Flow Detector (Flo—-One\Beta) having a
split ratio of 1l and & detector cell size of 5.0ml.

Radicactivity was detected utilising the 3%( channe!l

over & run period of 35 minutea, Quantitation . of the
peaks was made using an Acer 500* personal cbmputer and
Epson {X=800 printer, and peaks identified by comparison

with retention times of known FA standards,

Control and dosed cell samp?es .uere analysed, with
randem samples re—analyzed to abtain a messure of
.reproducibility between run=, Standards and blanks uare.
run in parallel under identical conditions +to obtain a

measure of afficiency of the instrument.
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2,2,9 Lipid Peroxide Quantitation.

The thiobarbituric acid (TBA) reaction, described By
Gavino et al (1981c¢c), is= a commonly emploved met:.nd For
the detection of percxidafion of unssturated lipids, It
iz dependant pnf the development of a red pigment
resulting from the reaction of TBA with oxidised lipids

and producté- such as malondialdehyde (MDA), Cells and
their corresponding spent growth media at each of the
p—oil concentrations supplemented in 2.2.4 were assayed
seperately for MDA-equivalent material by adding 2.0mi
of 20% trichloroacetic acid (w/v) +o 2.0ml spent medium
or to‘ 20041 homogenised cel] suspension 'from 2,2.4.3)
in 1.8m] PBS (pH 7.4). To this was added 4.0ml of 0.67%
TBA (w/v), Tollowed by‘incubation of this_mixture For 20
minutqé at 9?°C and subsequent centfifugation at 12000x§
For 1h minutes at 4°C in a Beckman J2-21 centrifuge., The
abaofbance of the supernatant was measured in a LKB
Biocchrom Ultrospec 2050 at 532nm using lcm quartz cells,
with new incubation medium and PBS (pH 7.4) used as
reference For spent growth media and cell samples,
respectively, Abasorbances were translasted te nmoles MDA
from a standard graph produced using 1,1,3,3-tetra-
methoxypropane assayed in parallel with the samples, and
results expressed as nmﬁlas MDA/1.0x105 cglls Tor both
the @spent incubation medium from which these cells were

obtained and the cell samples themcelves. The efficiency

P da TOA ameay dome o ]am  rfadeommm o]
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2.2.10 - Eicosapcid Quantitation.

The procedure used fpr the quantitation of eicosanoids
was based on +the method described by Rydzik et al

(1984),

2.2.10.1 Eicosanoid Extraction,

10.0m! aliquots of the cell lipid stock extracts from
2.2.6.1 were placed into clean glass viala and dried at
37°C under a stream of nitrogen gas. Jamples. were
reconstituted with 0.5m) chloroformtethyl acetate (85:15
w/v) and applied ehto a 1.0g chloroform pre-equilibrated
ILH20 column. The column was washed sequentially with
three 1.0m1 wolumes of chloroformiethy! acetate (85:15
w/v), followed bf 10,0m! chloroform (to elute FA's).
Eicosanoids were eluted by washing the column with
10.0m1 HPLC grade methancl and collected in new glass
viala, Samples were gassed with nitrogen and stored at

~20°C unti) HPLC analysis.

2.2:.10.2 icos id Analvasis.

A1l HPLLC analyssa were performed as one grdup. to

eliminate between-batch variations. Prior to analysis,
eicosanoid samples from 2.2,10.1 were concentrated by
reducing their volume to dryness at 37°C under a stream
of nitrogen gas and subseauently redisscolved in 1.0mi

HPLL grade methanol added down the sides of the wvial.
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Each sample was Fiitered through a 0.45um filter inﬁo a
new 7.5ml gfﬁss vial, this again taken to dryness, and
the eicosanocids finally redissolved in 100u1 HPLC grade
methanol, Eicosanoids Qere separafed by injecting 30n1
aliquots of this solution inte a 100mm x Smm ID Cig
column, and aepar&tién continued for 40 minutes. Thé
HPLLC running buffer (mobile phase) was 2aM NHap2poa
buffer (pH to 4.2 with 0,0174M H3P0a ) : acetonitrile
(6%9:31 u/vj. New HPLC running buffer was mgda 2ach day,
Filtéred through a. 0,22um Mi1lipcre.fi1tef and degagued
for approximately 10 minutes beforse uge. THPLC running
buffer was delivered Trom a reservoir, at a flow rate of
1.0mt/minute, wia a LKB 2150 HPLC pump to the injpctor

equipped with a 2041 sample loop.

Absorbance  detection of ‘eicosancids at 192nm  was
accomplished using a Walters Millipore Lambda-Max 481 LC
Spectrophotometer with wvarizble ;avelength adjustment
capability. Senmitivity on the detector was adjusted to
2,0 asbsorbance units full scale (a.u.f.s.?. Abscrbance
changes were guantitated wsing a Hewlett Packard 33904
integrator. Eicosanoid identification and quantitation
was accomplished by comparison with the retention times
and peak areas of standard eicosanoids (PGIz, TxB2,

PGFiq, PGFz2y, PGE:, PGE2 and PGD2) run under identical

conditions in known concentrations.
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2.2,11 Sratistical Apalvges.

Results were analysed by  standard statistical

techniques, and included calculation of mgsué; atandard
deviations fS.D.}, astandard error of tHeﬁﬁean (s.é.m.),
percentages and analysis of variance. These.calcu?ations
Qere performed on an Apple 1lle microcomputer utilising

custom written software.
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2,3 -1a jon atifications _ and

Efficiencies of Methodologies Emploved.

2.3.1 1 _ v]%) i Syl _.l"‘ .

The cells isolated from t%é_ﬁisaues/organs in 2.2.1,5
required less than 12 hours to attach to the culture
vesse]l after initial plating and incubation, Plating
efficiency of primary isclated cells was genera}!y  }50%
aFteE 3 hours initial incubation, and the 'proportian
.incréaaed up until‘about +the twelfth. bhour, as was a?ﬁo
found by Tompa et al (1979). Thereafter, any unattached
_éeils would not adhere to the culture vessel, even with

further incubation. Light;microscopy showed that most
fibroblast-like cells .adhered to the culture vesse]
within the Tfirst 6 hours after plating, followed by

attachment of more epithelial-like celis.

Erythrocytes and 1ymphecytes isoclated from each species
were maintained in culture over a 48 hour period; while
all ecells derived from primary cultures proliferated
in__vitro under the conditions described in 2.2.1,
Table 2.3.1.1. lists the mean population doubling times
calculated for each adherent cellhtype cultured, seeded
at 1.0x10% cells/ml growth medium in 2em® multiwel)
plates and incubated for 72 hours at 37°C in an
atmosphere of 5% carbon dioxide:95% air. Cells derived

from rat lung exhibjted the fastest (66%3hra), and human
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muscie the slowest (141ii12hrs), érauth rate. The data
in _Tab1§.243-1.1. compared fauburably with literature .
reports for similar cell types (eg. Tompa et al 1979.
.Uicha et al 1979, Dugaif et al 1986 and Vignikin et al
1989), and indicated that population doubling times
varied with different cell types within a species and

between similar cell types From different species.

The rate of cell proliféhation in vitroe was dependant,
to a certain extent, on cell size for a particular cell
type. Given the same aurféce area and cell number
seeded, larger cellia grew slower fhaﬁ cells of a smaller
size, egs buman muscle and rat lung, Pespeétively,
because their growth became contact-inhibited far more
quickl? than smaller cells. Hence, cell size and the
sus-face area available For growth (ie. cell density) are
important factors contributing to. the rate of cell

proliferation.
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2.3,2 The Total Protein Content of Complete

The results obtainéd from the quantitatiqn of fotal
protein in DMEM+10% F(S, DMEM+10% RS, DMEM+10% CS and
DMEM+10% HS are showr in Table 2.3.2.1.

Medium 'tota] protein Iconcentrétions rangeéu. frpm
7.2%0.9g/1 Ffor DMEM+10% FCS to 7.7%0.29/) for DMEM+10X%
.CS. Arnalysis of variance showed ne statisticaliy
significant - difference between the protein
:oﬁcentrations of the 4 types of complete incubation
media (F¥4.66?, p=0.13, Thus any differences in cell
proliferation when rat, cat and humen skin Fibﬁoblasts
were grown in 2.2.3.8 in DMEM éﬁpplemented with 10%
RS, CS or HS, respectiveiy, compared te FCS, would not

be relatable to medium protein concentrationa.



i

Complete
Incubation
Medium

Protein content (g/1)
(meanta,.e.m.)
(n=3)

i e e e = - A m e A —

DMEM + 10% FCS
DMEM + 10% RS

DMEM + 10% CS

DMEM + 10% HS

e e m omw wm v we mm e e m- = -——

7.2%0,9
7.540.7
7.720.2
7.620,3
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2.303 .ﬁc' »

With the GLC column and running conditions smployed in
2+2:7.2, 20:iw9 co—chromatographed with 12:3w3., Peaks
qoinciding Wwith the retention time for both FA's were,

however, reported as 18:3u3 since 20:1w® gccurs rarely.

2.3.3.1 The Fatty Acid Spectra gf Natural 0jils
o and of Potgntiéi 0il Sources.

The FA compositions of commercially available olive oil
(00), sunflower seed oil (S$0), linseed oil (LO),
evening primrose seed oil (EPQ), fish @il (FO), and
lipids (oils) extracted from coconut (CO) and meat
(MG, were determiped a= described in 2.2.6. The FA
apectra QF these 7 plant or animal derived oils are
listed in Tab]é 2.3.2,1., expressed as a percentage of

the total area recorded,

Each oil exhibited é unique FA composition, and supplied
.large amounts either of w3, wé or wP series unsaturated,
or saturated, FA’s8. Noteworthy amounts of 10:0 and 12:0
were found oniy in €D (5.6% and 53.1%, respectively),
with significant levels of 14:0 in MO, CO and FO (61.2%,
27.3% ana 12.9%, respectively}. 16:0 proportions were
fairly consistent between oils, and ranged from S5.7% to
11.1%. A small amount of 17:0 was detected only in CO
and MO (1.4% and 6.9%, respectively), and all oils

contained €3.0% 18:0. 18:109 levels ranged From 5.3% in



= T 20 ]
The fatty acig spectrum of 7 natural ocils are shown. All
values &re tabulated az relative percent total area.

Values are reported as meants.e.m., where °'n° is the

number of experiments.
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CO to 70.4% in 00, while the highest 18:2w6.TeveIs
occurred in EPD (72.5%) and SS0 (70.5%), and the Iowest.
in CO (0.1%)., Only EPO, LO and MO ‘provided significant
" amounts of 18:3ué, 18:3w3 or 2014ué, respectively (9.1%,
62.3% and 2,0%, respectively), while significant 1631w
and 20t5w3 proportinmns occured only in FO (30.5% and
17.7%, respectively), FO was significantly low in
221663, wheréas hig;ér Tevels have been reported abroad
(eg. McCance et al 1978). This ref‘écted the lower
dontent of 22163 in local compared to foreign FO's,

which the literature confirms {(McCance et 3 1978 and

Giaﬁgrggorin et al 1988a).

2:3.3.2 Eﬁudn*ﬂil EQ;EZ ﬂgid QD!!!EGBi tiﬁ“o

The daia in Table 2.3:3.4, was . ed to prepare p-oil
gtock solutions from individual FEA‘s in ethanol. FA"s
were only included in a p—oil if such contributed >0,5%
to the total spectrum. p-0il FA composition wasz checked
by GLC, and the reaults listed in Table 2.3.3.2. p-0il
FA ¢composition mimicked that of the natural oils, and

was within #215.D. of the date in Table 2.3.3.1.



Legend to Table 2.3.3,2.

Paeudo—-oil fatty acid spectra are tabulated as Ee?atiue

percent total area detected,
LY
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2.8.3.3 The Fatty Acid Spectrum _und Total Lipid
Dry Weight of Complete Incubation Media,

The results obtained Ffrom the analysis of FA's and
quantitation of total lipids in DMEM+10% FCS, DMEM: 10%
RS, DMEM+10% HS and DMEM+10% CS are shown in Takle
2.3.3.3., and were carried out to determine their

poasible contribution to the data ebtained with cells.

Large proportions of 1410 were present in all incubation
media, ranging from 97.9% to 98.7% OFf <the remaining
FA’s detected, 17:0 contributed 1.4%, 0.9%, 0.8% and
0.6% in DMEM containing 10% FCS, RS, CS c¢r HS,
respectively, while 1610, 1810, 18:1w9, 18:2ué, 20:4uwé
and 22:40wé contributed ;0.52 each, Hence, +he FA
compositions of the 4 types of complete incubation media
‘were similar, irrespective of the source of serum

concerned.

Total medium lipid concentrations ranged From 0.56g/)
for DMEM+10% FCS to 0.769/1 for both OMEM+10% RS and
DMEM+10% CS. Variance analysis showed no statistically

wignificant difference between the lipid contents of the
4 types of complete incubation media (F=i21, p=0.001).
Thus any differences in ‘ceil proliferation when rat,
cat and human skin fibroblasts were cultured in DMEM
supplemented with 10% RS, €S or HS, respectively,

compared to FC5 (2,.2.3.3), would not be relatable to



T b] .30 »

Fatty acid .ualuas are tabulated as r*e_]atiue parcent
total area. Medium lipid amounts are expressed as grams
total lipid per litre of culture medium. A1l values are
reported as meanis.e.m., where ‘n* is the number of

experiments,
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2.30& . 2 i 1 t Aci ] S i 4

In all work conducted using radiolabeiled FA"s, the
total counts detected (as cpm) For . ccntro}- ganples

approximated to that of the background.

2:3.4.1 ) ation £ 14 — wéd with ime.,

!

Benign 373 cells were incubated with 2uCi [14C]-18:2u6
for &, 24 and 4B hours +to determine whether sufficient
radiolabel would be present in the ceélis for Fdrther
analysia. The radiaactiuity reﬁouered from the cells and
CQErespmnding spent incubation media are shown in Table
2.3.4.1. Cuver the time peEiod used, there was a
consistent increase in detection'of radiclabel in the
cells, with 5.4% of total counts detected incorporated
at Shrs, 23.3% at 24dhrs and 49,6% at 48khrs, representing
an urtake of approximately 1% per hour. In contrast,
the amount of radivactivity detected in the spent
incubation medium decreased consistently with increased
incubation time. At 6 hoursa, 80.3% of total counts dosed
were recoveéred, and this dropped to .59.?% and 37.3%

at 24 and 48 hours, respectively, Significantly more
radioactiuity was detected in 'the spent incubation
medium than in the cells at § and 24 hours, whereas the
amount of radiolabel detected in the cells and spent

incubation medium at 48 hours wete approximately equal



Table 2.3.4.1.

T ioactivi : reco m 373 cells he

3988655

.gxg:ggsed ag mean (g, . =
H _ } !
! FRACTION ! INCUBATION TIME H
FQCUUNTED ! : H H _ i
N . ! Shir ! 24hy H 48hr |
} H i ' {
i CELLS ! 214335 | 850914 | 1719951 |
} . i (21212) | (x819) ! (£5574) |
1 ] : ] 1 £
I ] 1 ] [§
VINCUBATION ¢ 3774320 1+ 2805060 1§ 1750940 |
i MEDIUM I (26400) ! (£1632Q) | (£15780) |
! ] HEE . } i
i TOTAL ! | 38655974 | 3470891 |
H H . H L
!

| Total 18:2 counts dor.d to medium = 4.7 » 10
[}




152

recovered also decreased with incubation fime, al though
a fair pEoportion (about U.Sxiﬂecpm) of this loss was
accounted for in the washing solutions, poséibly due to
non~specific binding, The data presented nevertheless
indicates that incubation of cultures with 2uCi
radiclabelled FA for 48 hours will vield sufficient

radiclabel in the de?ls for reliable detection and

quantitation.
2.3.4.2
2:.3.4.2.a Efficijency of the Lipid Extraction and

Fatty Acid Methvlation Procedures.

The procedure for Jipid extraction from cell samp?es
dosed with radiclabelled FA's in 2,2.8.2 was monitored
to determine whether the technique, at ény step, was

raépansib]e for a loés of radicactivity. Upon washing
the - lipid extracts in chloroformimethanel with saline,
insignificant amounts of radicactivity (0,03%) were
detected in the upper phase _compared to the Tower lipid
phase, Monitoring methylation steps similarly showed no

significant lose of radicactivity.

20304020b ici ) in i]

The efficiency of the scintillation counter in detecting

[149CI-1abel was determined. Repeated analysis using
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97%. The manufééturérs state tﬁat Ci4C]) counter
- efficiency is at least 90%, Since every step in
biolggical sample preparation a?wayé involues wup to
atout 5% Jloss or error, the recovery obtained was

acceptable.

2.3,4.2.¢c Efficiency of Radiomatic Flow Counter,

The manufacturers specifications state a 10% counting

efficiency, which was confirmed in sity.
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2.3.5 The Thiobarbituric Acid (TBA) Assav.
2.3.5.1. ngitivi and Specificity.

The TBA reaction measures the amount of MDA Forméd as a
breakdown product of FA peroxidation and eicosanoid
biosynthesis {(Flower et al 1973, Mead 1976, Pryor 19?6;
Tappel 1980 and Witting 1%980). Studies have shown thsat
MDA is the éldehyde_ that 18 most reactive with TBA
{eg., Esterbauer et al 1982). Although MDA detection has
heen widely used both in vive (Tappel 1975) and in_gi;gg
(Gray 1978) for the detection of lipid peroxidation, the
reaction is, unFurtﬁnate]y, not specific for MDA, and
several compounds otheﬁ than MDA (eg: metal ions) 'give
positive results (Tappel 1980 and Nair et al 1984). The
quantitatiue.evaluatiﬁn of MDA is further complicated by
its rapid binding to proteiﬁs (Draper et al 1986}, Thus,
despite the sensitivity of the assay, the results shoﬁld
merely be interpreted as a crude indication of the
overall level of lipid peraxidation, Measurament of TBA-
reactive material (TB#RM) . nevertheless continues to be
the most widely used assay in studies involuving lipid
peroxidation (Gavino et al 198lc,. Liepkains et al 1982,

Morisaki et al 1982b, Begin et al 1984a and Girac 1988).
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2.3.3.2 Determination of the Effjciency of the
: . .

A random medium sample from those assayed in 2.2.9,
containing a known amount of MDA, wa= aeiected._.The
sample contained _83nﬁoles MDA, or 3.32nmoles MDA/2mi
assayed. To 2.0m! of this sample was added. a volume of
1.1,S,SQtetramethoxypropane aoiution (at 5000nmoles/2ml;
correaponding'to the eqﬁivalent MDA concéntratibn of the
sampTe.(ie. 3.32nmolesf2m1). Samples were assaved by the
method deécribed quoEa in parallel with standards and
contrels. Th; é?Ficiency of the TBA assay was determiﬁed

as Tollows:

Theoretical CMDAJ = known LMDAJ in sa ‘e + LMDA] added

3.32nmoles/2ml + B.320moles/2ml

6.64nmoles.

Recovered CMDA] {mean % s.e.mey n=6) from standard curve

6.634 * 0,368nmoles MDA/2ml.

Efficiency = assa ! t
krnown amount

6.634
6.640

H

99,9%

Thus, the assay showed a 99% efficiency in this

1aboratory.
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.203r6 ' Eigéganoig Analyses.

With the HPLC column and running cenditions emb]oyed in

2.2,10.2, PGFy, co—chromatogbayhedruith PGF 24, Péaks

coinciding with the retention time for both PB’s were,
therefore, reported either as PGF;, + PG?EQ, or meraly

as PGF,,
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3.1 EFFECTS  OF  PSEUDO~OILS  ON RAT
| ERYTHROCYTES ., -
3,1.1 Effects of pgeuydo-Qiis on Cell Viabjlity.

Microscopic examination showed the rat erythrocyte
cultures <to be frﬁ} of platelet or white blood celt
contamination. Althougsh most erythrocytes retained their
biconcave disc shape, some lost this characteristic
after 48 hours in culture. About 50% of rat erythrocytes
also lost their distinct "red" colour after 2 days in
culture, and +thus bucame difficult to visualise. Only
those eryfhrocytéa wﬁich retained their pigmentation
were hence regarded és viable, normal and representative

of the situation jin viwvo.

The effect of aIbumin} with final medium concentrations
ranging from 0 te 250mp/1, were investigated on rat
erythrocyte viability, The Eeaulta showed no significant
changes in cell viability with dosage of up to 250mg
albumin/l oculture medium, nor were any synergistic
effecty observed (Fig. 3.1.1,1.):. The effects induced
with exogenous p~oil dosage were therefore a result of
the FA's in the p-o0il mixture an& not the albumin used

az FA carrier,

Since erythrorytes do not divide and did not require

trvpsinigation, no 24 hour post-trypsinisation recovery



Legend to Fjos. 3,1.1.3-3.1.4.8,

The  resu1ts are expressed as mesan percénf (%)) cell
Qiabilityisfahdard error of the mean (s.e.m.), where 'n’
is the numher'of experiments, The concentrations given
are as mg albumin or pseudo-oil per litre of growth
medium. Fig. 3.1.1.1. shows the mean percent cell

viability wversus the albumin congentration {mg/1}, and

Figso 301.1¢2.-3-101o80- depict the me&an pér‘bént cell

viability versus the pseudo-oil concentration {(mg/1).

S
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The percentage viability of rat srythrocvtes incubated

200-
1804
1604
1404
=
= 120
a
';100'
3 B804
O
® 604
40+
201
0 b 1 T T L A
4] 20 40 80 8D 100
p-LO concentration {mg/1)
pseudo-0i1 Mean is.e.m. n
Concentration '
{mg/1)
1] 100.0 3.6 6
10 6.2 0.4 &
20 9.8 c.?7 6
30 19,3 1.7 6
40 h 22.8 23 6
50 - 22,3 2,9 é
&0 : 1.5 1.2 é
70 - 13,9 _ 2.2 6
80 7.6 2.0 8
20 | i.8 0.7 6
&

100 ' 0.0 0.0




o
L

% Cell viability

W N
°c § %

- -k
A =~
L= S =]
1 .1

o o
T2

T T
o 20 40

T -
80

80 100

p~EPQ concentratinn {mg/i)

pasudo-0i} Mean ts.e,m. "
Concentration

(mg/1)

o 100.0 a.4 6

10 84,7 3.5 6

20 29.2 1.5 é

30 27.5. 1.0 6

40 12,4 2.0 é

50 4.3 0.3 6

60 3.0 0.3 é

70 3.5 0.4 6

80 3.6 0.3 6

90 2.3 0.2 6

160 2.3 0.3 6




_ 3
20 40 60 80 100
p~FO concentration (mg/t)

paeudo-0i ] Mean ta.e.m. r
Concentration '
{mg/1) .

0 100.0 6.1 6

10 .?0.3 5.6 6

20 34.3 4.6 6

30 38.2 4.4 6

40 40.0 4.1 6

§0 10.6 1.6 -3

60 2.7 0.4 ¢

70 1.3 0,3 3 -]

80 0.5 0.2 6

90 0.3 0.1 6
100 0.0 0.0 6




159

immediately subsequent to plating, Thus the seeding

corngentration was the cytostatic number.

All p~oils exhibited cytotoxic potential when incubated
with rat erythrocytes (Figs. 3.1.1.2-3.1.1.8.). Howewer,
p-oils containing significant amounts of PUFA’s, viz.
p~F0, p—EPQ, p—-LO anﬂ pfSSO, induced greater oyto—
taxicity than p-oils rich in monouns.turated (p—OO); or

saturated (p-MO and p-CO), FA's,

e-CO0 iﬁcreaaing1y induced cell stabilisation .in the
range 20 to 40mg/1 (Fig. 3.1.1.2.). With 40mo/1 p-CO,
erythroéyte morphology .was maintéined. all celis
retained their biconcave dise shape and characteristic
'Pﬁd' colour, thus cel) viability was about 100% of that
initially plated. Concentrations between 40 and 70mg/1
p—CO progressively lowered tha number of morphologically
normal cells to control levels, while greater amounts
ind@ced considerable coytotoxocity, and relative cell
viability was 7.7% with 100mg/1 p-CO. The IDmo fopr p~C0
was about 7Sme/1, the highest value calculated for any

p—oil dosed to rat erythtocytes.

Supplementation with p~MO or p-OOi-induced intermediate
effects compared to other p-oils. Re?ativé cell
viability para?laléa controls with low concgﬁtrations.
followed by a dramatic reduction in wviability with
concentrations between 20 and 7?0mg/1 (Figs. 3.1.1.3. and

3.1.1.4,, respectively). About 38mg/1 p-MO an: 53mo/l
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p—DO ki.]]ed 50?.' O;F c_:e?lls (IDSQ),' while 100mg/1 p—031 -
reduced viability to 7.6% and 0%, respectively. |

-

P—dils containing significant amounts of PUFﬂ'sfﬁinduced:
the gfeétesk-cﬁncentration dependent cytotoxic effects
(Figs, 2:1.1,5-3.1.1.8.), p-880, p-EPC and p-FO induced
similar effects, having IDso yalues i; the range 14 to
16mg/ 1, Concentratiﬁn debégaeht cytotoxicity with p-LO
dosage was.mdst dramatic, evident by the very low IDgg
fapproximataly 5mg/1)._ ;;SSO, p-L0, p~FPC and p-FO
concentrafions grea%er than '20m§!1 c&uaed further
'radgctiona in viabiiity, but with a more gradual sffect,
Cell viability wi.n 100mg/! p-oi! was 8,5% and 2.32'fqr'
p—SS0 and éQEPG, respeétiue]y,. while no wviabie cells

were seen with this concentration of p-LU'ﬁP_p~F0;

Subsequent to these studies, rat erythr;cytes were
plated and dosed appﬁopriately. with 0, 20; 40 or €0mg
p-0il/1 culture medium in sufficient quaﬁtitiea for all
quantitative and.quaTitative analyses to be performned.
Upon harvesting, cell numbers relatiuefﬁo Ebﬁ%r@1a wers
compared with those in Figs. 3.1.1.1-3.1.1.8., and.uére
found not to be statistically different. A}l further

biochemical assays were performed on these samﬁ?as.
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3.1.2 Effects of peeudo-0ils on Total Protein.

Total erythrocycte protein was determined.for each of the
p-oil cancentﬁationé dosed and compared with controls.
Results are shown in Table 3.1.2.1, as 'Mg total

. protein/i06 cells seeded.

Control eryﬁﬁrocyﬁes'cbntainea 13.0ug Proteih/lﬁa cells
seeded. Except for cells desed with 40mg/1 p-CO, all
dosed ef?tﬁrocytea- exhibited less total protein than
controle  Cells dosed with 20mg/1 p=00, p-MO or p-CO
- extibited similar protein levels to controls. compared
to -Qery -}ow concentrations with 20mg/1 p-850, p-~LO,
p~EP0 or ' p-F0 dousage (<5.0p5/10% cells seeded), In
genaral; erythrocyte protein.concentrations decbeased
with increasing.pwoi1 concentration dosed, so that cells
supplemented with 60mg/] p—oil exhibited the\ Towest
protein Tevels, The only significant increase in
erythrocyte protein occurred with dosage of 40mo’/1 p~CO
(23,8u9710% cells sesded): this was the highest protein
level measured, while the lowest was for erythrocytes

dosed with 60mg/1 p~EPO (0,5ug/10® cells seeded) .
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3.1.3

Table 3.1.3.1, shows the FA spectra of rat erythrocytes
dosed with 0, 20, 40 or 60mg/l. of ecach of the p-oils.
FA‘s contributing 25.0% to the FA $pectrum in control
erythrocytes were 1610 (16.7%), 1810 (8.6%), 16:1u®
(5.9%), 18:1lu% (15.3%), 22:4wé (35.3%) and 20:4u3
(6.0%). Varying amounts of these FA’s were Ffound in

dosed erythrccytes.

16:0 and 18:1w% proportions_in dosed'erythrocytes were
generally parallel to, or greater than, control levels,
while the opposite was true for 161109, 1810 percentages
were more variable, but generally greiter in dozed cells
than controls. Variable amounté ofilB:Zmé were also
present in dosed cultures, but]fhe levels of all other
wé and w3 PUFA's detected were generally parallel to, or

below, control levels.

Erythfocytes dogsed with p—CO showed an increase in the
major FA compenents of that p-oil .being incorporated
with  concentration. The amount of 16:0 detécted
increagsed from 36.8% when erythrocytes were.doaed with
20mg/1 p-CO, to 52.8% and 52.2% with 40 and 60mg/1 p-CO,
respectively (16,7% in controls). Changes in 18:0 and
18:1w9 levels were small compared to controls (8.8% and.
15.8%, respectively), and PUFA levels decrsased with

p—~C0 dosage.
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A1l walues are tabulated as relative percent total area.
Conttol values are reported as meanis.z.m., where 'n" is
. the number of experiments. "Lp=0i1d" refers to the

' pseudo-oil concentration used.
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34.9%, 33.8% ana 29.1% .1630 was detected when
erythrocyes were dosed with 20, AD.or &0mgs1  p~MO,
respectively, compared to 16.?%. in controls, i8:0
pefcentagés aleb increased (10.52;.12.1% and 13.32,
respectively vs 8.6% in controis), but 18:1w% and PUFA

levels were parallel te controls, or decreased.

The major component of p-00 was 18:1w9. With all p=00
boncentratfoné_dosed. 18:1uw? levels were at least double
control levels (15.3%), and percentages  increased
slightly with incfeaaing concentration dosed (33.7%,
85,2% and 38.8%; respectivelyl. ﬁ marginai. decreasé,
fol]owed by an increase in 16:0 was found in the same
range (15.2%, 15.4% and 20.3%, respectively), compared
to controis (16.7%)., 18:0 levels ranged from 3.4% to
&£.9% (8,6% in controls), while befueen 0.5% and 2.6%
'24:0 was Founa (none in controls). 16:11w9 was decreased
with 20 and 40mg/1 (1.1% each), but parallel to controls
(5.9%) with 60mg/1 (5.7%)., However, all PUFA Teueis
di-opped aé the p=-00 concentrations dosed increased,
especialiy that of 22:4wé (35.1%, 28B.8% and 23.6%,

reaspectively vs 33.3% in controls).

16:0 incorporation increased onm 192.3% to 1?,3% and
25.0% when erythrocytes were dosed with 20, 40 or &0mg/)
pP—580, respectively (16.7% in controls). 18:0 levels
also_ increased with 20 and 40mg/) P~SS0 (9.4% to 12.2%,

respectively), but levels paralleled controls (8.6%)
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with 60mg/1 (8.7%). 2410 was absent in controls, while
0.8% to 1.5% was detected in dosed cells. 18:1u? levels.
dropped  slightly. from 22,5% to 20.0% and  20.4%,
respectively with_increasing-p-SSO concentrations dosed,
and onty 15.8% was detected in contrals. On the other
hand, ié:iw? levels decreassed to below control levels
(5.9%) with 20, 40 and 60mg/1 p-SSO (0.9%, 2.0% and
4.9%, respectively)., 18:2ué incorpeoration amounted to
10.5% with 20mg/] p*SSO, but droppe& slightly to 35.9%
and 6.2% with 40 and 60mg/1 p-SS0, respectively,
although these percentages were higher than in controls

(3.9%), Other PUF8& levels, Houever; were not increased,

16:0 levels increased significantly with 20 or é0mg/}
p-L0 incubation (21.7% and 31.6%, respectively), but
paralleled  control levels (16.7%) with 40mg/1 (16.9%).
18:0 percentages were greater than control leuelé (8.6%}
with all concentrations deosed, but decreased as greater
amounts of p-L0 were dosed (14,1%, 10.0% énd 9.2%,
respectively), 24:0 was abseﬁt in controls, but up to
2.2% was detected in dosed cultures, With 20 or 40mg/}
p—L0 supplementation, 0:62 and 1.1% 18:3u3 was detec.ed,
respectively, while 18:13u3 levels increased te 2.8% with
é0mg/1, compared to 0.3% for controls. Relstive 18:2ué
levels increased with p-L0 concentration dosed (2.0%,
2.7% and 3;03, respectively), but were nevertheless
below control levels (3.9%). Both 22:4ué and 20:4uw3

percentages appiroximated to controls (35.2% and 6.0%,
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respectively) with 20 and 40mg/1 p-LO, but were
decreased with 60mg/1 (26.8% and 2.2%, respectively),

22:5wé levels were 4,3% with 40mg/l, but <0.5% with 20

" or &0mgsl! p-LO, compared to 3.9% in ¢ ntrols.

A marked increase in 18:2u8 in;oraoratinn was observed
when ervthrocytes were dosed with 20, 40 or 60mg/] p*EPD
(9.4%, 18.8% and 27.7%, respectively, 3.9% in contrals).

18:3w6 wamy sgbsent in coritrel erythrocytes, but small

.amounts were incorporated when p~EP0 dosage increased

(0%, 0.4% and 1.2%, respectiuély). There was a marked
fall in 22:4ué levels with incressed concentration dosed
(39.5%, 6.9% and 5.4%, respectively, 35.3% in controls),
with ihcreasea i630,.1830 and is:iw9 levels, compéred te

controls (18.7%, 8.6% and 15.3%, respectively).

The amount of 16:0 incorporated into erythrocytes with
20 and 40mg/1 ©-FO was 33.3% and 26.0%, respectively,
but only 18.7% with é0mg/l, paraileling control amounts
(16;?2). 18:0 levels were reduced from 8.6% in contrels

to 4.9%, 2.6% and 1.3% with 20, 40 and 60m¢s/1 p-FO,
respectively. There uaé, however, a marked increase in
16:1u9 incorporation (18.8%, 32.2%, 32.0%, respectively
vs 3.9% in controls), and 18:1w9 levels increased
similarly (18.9%, 21.8% and 21.9%, respectively us 15.8%
in controls). The increase in 1832w was more linear
(5.1%, 8.2% and 10.5%, respectively, 3.§Z in controls).
22:4uwé proportions were reduced by at least 2 fold

(15.5%) wjth 20mg/1 p~F0, compared to controls (35.8%),
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while coﬁsiderab}y tower amounts were found with 40 and
éﬂmgfl (2.9% and 4.92; respective?y).ﬁ 0.3% 20:5&3 ‘was
| de:eétéd'in control cells, but 0.7%, 3:3% and 7.0% when
20, 40 or 60mg/1 p-FO were dosed, respectively. 22:5uw3
and  22:6u3 were absent Frﬁm controla, and only trace

amounts weré.detected irn dosed de]ls'{<0.52).
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3-104 E'F'FQC'!:E Q'F =] gegdo—gi}s on L;.Eig Pgr‘gxi dg
| rmation.

[.ipoperoxide prcducfion was measured in rat erythrocyteé
dosed with p~oils and their respective spent media, and
this compared to controls. Results are shown in Table.
3.1.4.1, as nmeles NBA/iGE cells, but in the case of the
- spent media, this represents the nmoles of MDA i, the

volume of medium From which 1x108 cells were obtained.

No lipoperoxides were detected in control erythrocytes.
- Those p-oils thch predominant]y contained FA’s of one
double bond or less, wiz. p—C0Q, p-MO and p~00, did not
exhibit a significant change in 1ipid peroxide Formation
relative to controls. With incubation of 60mg/i.p—00,
however, 1.4 nmoles MDA/lGE cells was detected. p-Qils
containing significant amounts of PUFA’e induced greater
amounts of celiular lipid peroxides, which .increaaed
markedly with the p-0il concentration dosed, and was
greatest for erythrocytes incubated Qith &0mag/1 p—-FO or

P~EPO (41.2 and 33,8nmoles MDBA/108 cellis, respectiveliy).

Lipoperoxides were sbsent from spent medium in which
control erythrocytes had been maintained, and in spent
medium dosed with 20, 40 or 60mg/l p-C0, p~MO or p-00.
However, spent media from cells dosed with 40 or &0mg/1
PUFA-rich p-oils generally contained lipoperoxides, and
the highest amounts measured were with 60mg/1 p~EPD and

p~SS0 (41.4 and 43,5nmoles MDA/106 cells, respectively).
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3.1.5 Discyuasion,

Suppiementation of rat erythrocyfes with p—oils induced
Hemo]yais in every inétancé (Figs, 3.1.1.1~-3.1.1.,8,).,
Houeuer? the extent of c¢ytotoricity induced was
réiatable to p~oil PUFA cvomposition (Table 2.3f3.2.}, as
hemolysis was greatest uith p“cils ~ich in PUFA’s
(p~880, p-LO._p-EPO and”p*FOQ, and less extensive with
p~00 and p*MO'uhich contained smaller amounts of PUFA’s,
Furthermore; the stabilization of erythrocyte membranes
with dosage éf low and-ihtermediate p—CO concentrations
correlated with the iack of PUFA's in thié p—oil., .when
large amounts.of p-CO wgre dosed, the incorporation of
saturated FA’s into erythrocyte membranes may have
caused rigidification, and this possibly explains ‘the
hemolysis induced. The similar effects induced overall
with p-SS0 or p;EPO dosage probably relates to the lérge
amount of 18:2wé (about 70%) in these p—oils, while the
small amount of 18:3uwé (about 9%) in p~EPC only may
account for the slightly greater cytotoxicity of p-£P0.
As the concentration of 18:3w3 in p-L0 was similar to
that of 1832&6_in p~SS0 and p~EP0, the significantly
lower amount of .y—LU than p~550 or p~EF0 required to

reduce celi viabililty to 50% of controls suggests that
18:3w3 is more cytotoxic than 18:2wé, and that such
‘relates to differences in the number and position of
double bonds in these C18 FA’s. p—FU.indUced similar

effects to p-EP0 and p~880, despite a different FA
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composition, suggesting that synergism and/or antagonism
between p-0il FA's probably also played a role in the

modulation of ervthrocyhe viahility.

Supplementation of cultures with p~oils induced changes
in erythrocyte total protein concentrations (Table
3¢.42:14) which 1argely. mirrored the changes reported
in cell viability (Figs. 3.1.1.1-3.1.1.8.). Hemoglobin
comprises .at'least 23% of total erythrdcyte prrotein
(Geigy 1984), +thus cell I;Sis' and subsequent loss of
heﬁoglobin would be consistent with the marked reruction
in erythrocyte protein reported with hemolytic p-oil

concentrations,

The effects induced with p-o 1 supp]emenation wvere
consistent with reports indicating that FA;a modify
er}throcyte morphelogy, their ability to change shape.
and to resisf hemolysis (Kav et al 1979, Csordas et al
1984, Cartwright et al 1985 and German et al 1983),
Csordas et al (1984) investigated the effect of Ci8
‘ynsaturated FA's on erythrocyte osmotic resistance,
and showed <+hat 18:1w9, 18:12wé6 and 18:3w3 induced
hemolysis with goncentrations from 0.03 to 80mg/t. With
3-8mgs/l FA, however, 18:1u% protécted erytﬁrocytea from
rupture, 18:2wé was much less effective, but 18:3u3 was
hardly protective at all., These Findings correlated with
those from our atud}. Firatly, p-oils rich in 1831w9

{p—-00), 18!2&6 {p~8S0 and p-EPC), nor 18:3uw3 (p-LO}
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induced extensive hemolysis owverall. Secondly, with
10mg/1 p-0il, p-00 induced no hemolysia, p-$S0 and p-EPO

induced appreximately 40% hnemoiysis, while p~L0 induced

.about 95% hemolysis. We additionally showed that iD_and'

20mg/1 p~M0 were protective against hemeolysis, although

20 to 60mg/1 p-CO was most effective, Protection against

hemolysis thua seems to re]até direct1y'to the degree of

p-cil saturation, while cytotoxicity relates +to ‘the

pregence of PUFA” s,

Numerous workers have investigated the manipulation of

erythrocyte FA.proFfles. Monsen et al {1962) showed that

varing the nature of distary fat caused changes in the |

18:1u% and 181206 content of rat erythrocyte PGL s,
Rats fed safflower oil had twice as much 18:2ué in
erythrocyte PGL's than did animals fed coconut oil,

whereas the PGL s of the latter group had twice as much

18:1w®, 20:4wé levels were unchanged, however, although

others reported an accumulation of 20:14wé relative to

18:2u6 in a ratio of at least F:1 in erythrocytes of

rats fed a source of 18:2wé (Mohrhauer et al 1963e)., On
the other hand, Watson (1963} found that Feeding rats an
EFA~deficient diet resulted in erythrocytes deficient
both in 18:20é and 20:4ws, uifh increaged membrane
peraeabiiity, although cell mnrphdlogy wWag una]terea.
Latter work, however, proved that PUFA~deficiency in

rats caused a concommitant decrease in erythrocyte PUFA

gontent, and that EFA~deficiency had pronounced effects
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on erythrocyte morphology (Rao et al 1979). Ebrstrom et
al (1981) showed thét erythrocyte.membranes exhibited
increased osmotic sensitivity when rats were fed a low
EFA content diet. These dietary changes, however, did
.not alter membrane Fluidity, whereas cod liver oil or
oils rich in 20:5w3 and 2216w3 increased boath the
degree of unsaturation of ervthrocyte PGL's and cell
deformability (Popp-Snijers et al 1984,. 198&a, 1986b,

Carturight et al 1985 and German et al 1985).

We found about 4% tota)l EFA"s in control erythrocytes
(Table 3.1f3.1;), compared to approximately 12% reported
by Horroﬁin et al (1984¢) in rat erythrocyte PGL’s. In
the light of the werk reviewed above, the morphologicnl
changes.reported in 3.1,1 for some erythrocytes afcer
the 48 hour incubation period may therefore relate .to
EFA-deficiency and reaﬁ?ting changes in  membrane
permeability. Rat erythrocytes incorrarated dosed p-oil
FA“s (Takle 3.1.3.1.):; probably into the PGL Fraction.
The overall erythrocyte FA profile was significantiy
altered compared to controls by boﬁﬁ the amount and
nature of FA's supplied (Table 3.1.3.1.), thus it seems
likely thut membrane fluidity, permeability éndfor
osmotic sensitivity were a]teréd, and contributed to

the effects induced in:Figa. 3.1.1.2-3,1,1.8,

The data in Table 3.1.3.1. confirmed the lack of
desaturase and elongase activity in rat ervthrocytes

(Lehninger 1982). These cells in vive are therefore
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dependent on diebtary intake and/er on other timsues
capable of desaturation as a source of PUFA's to

maintain membrane fluidity,

The absence of lipoperoxides in control erythrocytes
(Table 3,1.4,1.), despite the detection of approximately
75% unsaturated FA's in control éeils (Table 3,1.3,1.)
and the capabilit? for non-enzymic lipid peroxidation in
eryfhrqcytes (Lebninger 1982), suggested that cellular
FA‘s were not susceptible to peroxidatinn..Such may Haue
DQCUrFed if erythrocyte unsaturated FA's were components
of complex lirids such as membrane PGL’s, if the rate of
PGL turnover and therefore also the rate of FA uptake
and releasse were slow, and/or if +the erythrocytés
contained éufficient vitamin E to prevent oxidation of
FFA"s, Ewvidence of increased lipid peroxidation has
indeed been repotrted in erythrocytes membranes derived
from wvitamin E-deficient rats (Barker et al 1975). On
the other hand, the lack of lipoperoxides in spent
contre! meaium reflected the large amountz of saturated

FA’s in growth medium (Table 2.3.3.3.).

The absence of significant lipoperoxides in efythrocytes
and the correspondiﬁé spent medium of cultures doged
with p~C0 or p~ﬁ0 was consistent with the presence of
only'_amaTT amounts of unsaturated FA's in these p-oils
(Table 2.3.3.2.). On the cther hand, detection of small

amounts of celliular lipoperoxides with p~00 or p-l0
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dosage, despite the Jarge émounfs of 18f1w9 ard 18:3u3
present,; reaspectively; suggested that fhécrporated p~oil
"F&'s wePE'possibTy compdnEnta of complex membrane lipids
such as PBL°s, and thus not so readi1y'acéessib1e to
.o#idation. The tack of significant lipoperoxides in the
| correapanding ép9nt culture medium, despite significant
hemolysis, supports this. The large émounts éf cellular
iipcperoxidea reported with p-8S0, p*EPO or p~F0 dosage
were consistent with the susceptibi]ity and avaiiabi]ity
.oF free PUFA’s to oxidaiion, and this has Been shown to
increase with deficiencies nin erythrocyte witamin E
=3(Lubin et al 1982). ‘The 'ipoperoxides Tormed with p-550
dosage probably reflect oxidation of the large amount
of 15:2w6 present in this p-oil fapproximate]y 70%3.
p-880 and p-EP0 exhibited similar FA coﬁpositiona and
induced similar changes in oell viability, thus the
significantly greater Tipid peroxide'amounts generated
overall with p-EPD suprlementation probably relates to
the presence of about 9% 18:13wé in p~EPO only. Rat
erythrocytes were shown to ipcorporate exogenoqs_FA's
(Table 3.1.3.1.), thus +the lipid peroxides in the
correspending spent medium of cultures dosed with PUFA~
rich p-oils probably related to the release of ce?lu?ar

tipoperoxides as a direct result of hemolysiu,

PUFA-rich p-oils induced large amountz of 1ipoperaxides
and were responsible for the most extensive destruction .

of erythrocytes, while both lipoperoxide production ada
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hemolysis were less pronounced with more saturated
p—oils (Figs. 3.1.1.1-3.1.1.8. and Table 3;i.ﬂ;;s)4'
Reports that lipopsroxides have been implfcatedh in
hemoglobin and membrane damage, and that 1ipoperoxide-
induced membrane protein cross—-1inking aFFécté rat -
erythrocyte deFormabilit? {Chio et al 1969, Mead 1974,
" Tappel 1980, Trotta et a) 1982, MacDonald et al 1983b,
Frankel 1984 and Sakai et al 1990} support .iipid
peroxide involvement in the modulation of p*ci?%induced.

hemo!y{ B
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3.2 E__EFFECTS PSEUD0-
YMP . |

3.2.1 Effects of pseudo-Ojls on Cel] Viability.
Rat lymphocyte cultures were ¥Free of erythrocyte or
platelet cbntamination. Microscopic examination of
centrol lymphocytes béfore, during and after each

experiment showed no worphelogical changes at.any time,
and p~oil dosed lymphocytes were morphologically similar

to controls,

The effect of albumin on rat lymphocyte uiabilify was
inbestigéted “with Finé] medium concentrations .ranging
from O to 250mg/1. The results indicated that albumin
alone had no significant effect on cell viability with
any concentration (Fig. 3.2.1.1.). Hence, the effects
observed with p-oil supplgmentatibn_uere_induced by the

exogenous FA’s and not the albumin used as FA carrier.,

Lymphocytes do not narmall} divide in culture without
appropriate mitogen stimulation, and did not reauire
trypsinisation, thus no 24 hour poét—trypsiniaation
recovery period uwas needed, Lymphocytes were dosed
immediately subsequent to plating, thus the seeding

concentration was the cytostatic number.

The results obtained from the incubation of lymphocytes

with p-oils are shown in Figs. 3.,2.1,2-3,2,1.8. All



The résults are expresaedl as meah percent (%) cell
uiabi]ityiatandard_errcr oFf the mean (s.e.m.), where 'n’
is the huﬁbér of experiments. The caﬁcentrations giuen
are as mg albumin or pseudo—oil per litrefipf growth
medium, Fig. 3.2.1.1.; shows the mean peLéenf cell
viability wversus thegaibumin ccnéentratioh (ma’/1), and.
Figs, 3.2.1.,2-3,2.1.8. depict the mean percent cell
viability wersus the pséudo-oii concentration (ma/1).
Fig. 3.2.1.9. shows  the mean percent cell viability
versus the albumin concentration (mo/1) +or celis dosed

with the amount of paeudo—oi] which T1imits cell

viability to 50% of the controls.
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p~oils induced concentration dependent cytotoxicity, but
it was wunclear whether PUFA-rich p-ocils exhibited
greater cytotoxic potential than mqndﬂnsaturatad. Qr

saturated, FA-rich p-oils.

Only p-CO concentrations greater than 30mg/1 caused
marked concentration dependent inhibition of lymphocyte
viability (Fig. 3,2.1,2,). On the other hand, 10ma/|

p—-MO0 increased cell wvisbility to 124.0%, 'Followéd by

rapid concentration dependent cytotoxicity in the range

20 to 60"19/] (Fig. 3.2#1!30). IDSOI values for ce]]s
dosed with p~00 or p~M0 were approximately 45 and
38mg/1, respectively, with 10.86% and‘d.9% viability

found with 100mg/1 p~CO or p~MO, respectively.

p~U0 supplementation induced the most dramatic changez
in lymphocyte viability (Fig. 3.2}1.4.). Qelative cel]
viability was greater fhan, or emual to, controls with
concentrations up to 50mg/!, and stimulated to a maximuﬁ
of 148.8% with 20mg/1 p-00, and to 116.2% with 40m9/?
p~00, Cytostasis was induced with 50mg/1 p~00, and
concentratibh dependent cytotoxicity with greater
amounts dosed. Approximately 5%mg/l p~00 reduced cell
viability to 350% of cdntrois {IDso0), and no viable

lymphocytes were present with 90 o+ 100mg/3 p—-00.

A gradual’ inhibitory response was induced with .p—SSG
dosage up to 60ms/l, with lymphocyte viability reduced

to 67.8% (Fig. 3.2.1.5.)¢ CLytotoxicity became more
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pronounced with greater concentrations dosed, and only
11.4% and 1.6% of lymphocytes were viable with 90 and
100mg/1 p-880, respectively. p~5S0 dosed lymphocytes
neuerthe?ess. exhibited the highest Ingﬁ-(about &7mg/1).
On the cther hand, 10mg/1 p-L0 induced cytostasis, and
concentrations from 20 to 40mg/1 were considerably more
gytotoxic than was p-SSO in .the same range (Fié.
3.2.1.6.). The IDs0 yas approximately 3éma/1 p-LO, and
cell uiabi]ity was reduced to 34.5% with 40mg/1 p-LO.
Thereafter, a platesau effect was noted, with viability
only .marginally influenced with further concentration
increases (30.5% to 36.8% viability over the range 40 to
90ma/1). About 25% of Tyﬁhhoaytes were viable with
100mg/1 p-LD, and this was at least double that found

with any other p-oil dosed at this concentration.

l.ow concentrations of phEPO were very cytotoxic; and
only 18mg)1 b*EPU was required to reduce the viable cell
count to 50% of controls (Fig. 3.2.1.7.), This was the
towest IDso obtained with rat lymphocytes. The toxicity
induced with p-F0 was Tess pronounced than with p-EPD
dosage, and lymphocyte viability was reduced to 350% with
approximately &40ma/] p-FO (Fig. 3:2.1.8). The cytotoxic
potential of both p~EPD and p—FD. increased slowly with
concentrations greater than S50mg/l, and viasbility was

about 10% with 100mg/1 p-oil.

To exclude the possibility that any of the effects

induced with p-0il dosage were influenced by tr® amount
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of albumin bound to the FA’s, lymphocytes were incUbated 
with p-8S0 to correspond with its IDso (gbout &7me/1).
Five paints ueré chosen arbund which to vary the albumin
concentration keeping the p*SSO Hchncentr‘ation Fixed,
viz, two points above,.twa points bélou, and the IDsp ¢
p-5S0, fha appripriate amount of albumin. was-a&ded.td.
these cultures to give the desired _concentrations. The
resuits are shown in Fig. 3.2.1.9;, &nd. indicated that
the amount of p-SS0 dosed reduced lymphocyte viability
to approximﬁtely 50% of controls, and that such was not
influenced by the amount -6f ~albumin present as FA
carrier. Henca; synergistic effects bf_albumin cauldjbe
excfuded, and the effects ihducea-uith Jhe p-oils were

solely due to the exogenous FA's.

Subsequent to these studies, rat lymphocytes were plated
and dosed appropriately with 0, 20, 40 or &0mg p-oil/]

culture medium in sufficient aﬁounts for all qualitative
and quantitative analyses to be carried out. Upon

harveating, cell viabilities relative to controls were.
compared to those in Figs. 3.2,1.1-3,2.1.8., and were
found not to be statistically different. A1l Further

biochemical assays were performed on these samples.
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3.2.2 Effects of pseydo-Qils on Total Protein.

Total lymphocyte protein was determined for each of the
p-oil concentrations dosed, and the data shown in Table

2.2,.2.1. as g total protein/106 celis seeded?

Contrel rat lymphcdytea contained &.5ug Protein/iﬂs
'cells.seeded, while levels in dosed 1ymphocytes ranged
from 5,2 to 97.3ug protein/10® cells seeded, A1l dosed
cells, except those supplemented with 20mg/1 p-EPO or
p—880, exﬁibitgd total érotein_conceﬁtrations greater

than controls.

Protein céncentrations ingreased progreséively with the
amount of p-oil dosed, The saturated p~oils, p=-C0 and
especially p—MD,_ induced the greatest overall increases
in protein, partiqu?ar?y.with a concentration of &0mg/1.
Dosage with any PUFA-rich p~oil generally induced the
smallest owverall increment in protein, while that with
p-00 supplementation was intermediary between the two
extremes., With dosage of &0mg/1 p-oil, the overall
capability to enhance lymphocyte protein was in the

order p~MO > p-CO > p~00 > p-SSO > p-EPC > p-FC > p~LO.



j,’

ed

nt of rat ly
de

108 coll:

in

T
T

MmN NN ® N
0 W M O — O M
M O N N el v o

88?5482

4 5%608?&

O M AR e A M M e W S e W e e i e

393?828

.qﬁ .14* _: qu_uuu 3
. ] wd -

CELLS

e e mad e M R . T e TR e W A e W i M iy )

|
0

—— e e o e e s e e A me A e M e e mar e e

SS0
EPO

o o 0 Q o
Q E O -+ 1T

0i1l
{mg/1?
Control

pseudo-

—— e My mgs i e M A m mee W W i M e v mm e e e e




180

3.2.3 Effects of pseydo-Qils on the Fatty Acid
Spectrum of Rat Lymohocytes.

The FA spectra of rat lymphocytes dosed with 0, 20. 40
or 60mg/1 of each p-oil are shoun in Table 3.2.3.1,

Control Iymbhocytes exhibited a FA spectrumlin which one

| FA, 22:18w6, was present at 52.8%. FA's which contributed

>5.0% +to the spectrum included 1610 (11,7%), 18:0

(7.2%), 181169 (5.5%), 22:5wé (5.5%) and 26:4uw3 (86.0%),

Dosed cells contained varying amounts of these FA's,

The FA spectra showed that the major p-oil FA components

doser! were incorpﬁrated. In generaf, 146:0, 18:1w%® and
18:208 levels were greater in dosed lymphocytes than in
controls, more 16:1u% wés found in control 1ymphocxtes,
while 18:0 levels were more wvariable. 18:2uwé
desaturation and elongation products were geneﬁa]ly
decreased in dosed cells, a= were the long chain more

unzsaturated products of 18:3uw3.

16:0 proportions increased from 11.7% in controla, to
24.3%, 45.1% and 48.6% with supplementation of 20, 40
or &0mg/1 p-LC0, respectiuely._ 18:109 Towvels increéaed

similarly (15.2%, 15.3% and 16.4%, respectively vs 5.5%

in controls), but the increment in 18:0 was only

slight (8.3% to 8.7% us 7.2% in controls); In contras*,
22:4u6, 22:5&6, 1818uw3 and 20:4u3 percentages decreased
significantly compared to controls (52.8%, 5.5%, 3.8%

and 6.0%, respectively),




Legend to_Tsble 3.2.3.1.

All values are tabulated as relative percent total area.
Constrol values are reported as meants.e.m., where 'n* is
the number of experimentsz. ‘L[p-0il]" refers to the

paeudo~0il concentration used.
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Uhen lymphocytes were dosed with 0, 20, 40 or 60mg?1
MG, 16:0 incorporation incressed from 11.75% to 21.3%,
32.8% and 33.9%, and 18:0 increagsed from 7.2% to 7.82,
18,1% and 10.1%, respectively. A considerable increase
in 12:1w? was also Foung {(from 3.5% to 23.0%, 26.6% and
28.7%, respectively); but 16119 increased only with
60mg/l (3.0% va 1.5% in controls}). 18:2ué incorporation
increased fronm é.iz in controls to betwren 4.8% and
4.7% over the range dosed, but 20:4wé and particulériy

22146 levels were decreased compared to controls (1,1%

and 52.8%, respectively).

37.9% 18:10% was Found'uith.doaage of 20mg/1 p-00, and
this amount almost doubled to 71.6% and 73.4% with 40
and 40mg/1 p~D0, respectively, compared to o~ly 5.3% in
controis. 16:0 levels increased only marginally over the
range dosed {14.86%, 16.7% and 15.6%, respectively us
11.7% in controls), 18t0 proportions were reduced from
3.0% to 1.83% (7.2% in controls), while 2.9% 2ﬁ:0 and
2,7% 16t1w? were detected with 20mg/1 p~00 (0.1% and
1.5% in controls, respectively), 18:12w8 percentages with
20me/1 p-00 were similar to controls (2.2% and 2.1%,
respectively), but levels increased about two fald with
40 and 80mg/1, 20:2wé levels ranged From 1.2% to 1.7% in
dosed cells, but this FA was absent from controls, while
2.7% 20:3wé was detected with 20mg/l p-00 (0.4% in
controls). Less than half +the contral level (52.8%) of

22:4ué was Found with supplementation of 20mg/1 p-00
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(23.2%), s&nd this decreased further to 2.9% and 2.4%

with 40 and 60mg/1 p—00, respectively.

16:0 levels were parallel! to controls with 20mg/1 p-SS0O,
bBut increased with dosage of 40 or 60mg/1 p-SS0 (11.7%,
10.7%, 28.4% and 16.7%, respectively). 18:0 percentages
were not significantly different with 20 or 40mg/1 (9.3%
and 9.0%, respectively), while only 6.,0% was shown with
&0mg/ 1 (T.2% in controls)., 183109 levels increased gbout
2 fold uitH ?Dmg/? p~8S0 compared to controls (10.35% and
5.5%, reépecti@e?y). and this ‘ncreased to at least six
fold with 40 aﬁd é0mg/) (34.,0% snd 33.1%, respectively).
18:2ué incorporation into lymphocytes dosed with 20, 40
or &0mg/i p~SS0 increased from ?-?2 to 20;0% and 3?.0%,
respectively (2.1% in controls), but other wé, and all
w3, PUFA levels were parallel to, or aignificantly IoweE

than, controls.

16:0 and 18:1w% percentages ranged from 18.4% to 25.6%
and 23.1% to 34.0%, respectively with p-LO dosage (11,7%
and 3.9% in contrals, respectively), while 18:0 levels
were parallel to controls (1.5%) or decreased. 181206
incorporation increased from 3.2% to 7.86% and 11.5% with
20, 40 end é0mg/1 p-i.0, respectively (2.1% in-cdntrolaJ.
but other wé PUFA levels were decreased, The amount of
18:3u3 incorporated into lymphocytes dosed with 20rmg/1
p~L0O was 1.0%, but increased significantly to 8.2% with

with 40mg/1 and 20.9% with é60mg/t (0.3% in controls).
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18:4u3 percentages ranged Ffrom 0.3% to 1.2% (3.8% in
controls), and 7.5% 20:4u3 was detected with 20mg/1 p-LO
(6.0% in controls), but no significant incresses in

other w3 PUFA s were found.

16:0 proportions cha;ged from 11.7% to 9.4%, 26.0% and
21.2% with Q, 20, 40 or 60mg/1 p-EPO dosage, compared to
7e2%, 12.9%, 10.1% and 7.3% 18:0, respectively. 1.6%
- 2430 was found with 40mg/1 p~EPO (0% ?n controis), while
18:10% levels ranged from 12.2% to 21.42 (5,5% in
controls).' 1812uwé incorporation increased significantly
to 14.2%, 31.3% and 42.4% with 20, 40 or &0mg/1 p-EPO,
respeétive?y {2.1% in control=z), No 18:3wé was found in
control Iympﬁocytes, buf 0.9% and 1.6% were detected
with 40 and 80mg/1. respectiveiy., However, other ws PUFA
levels were significantly decreased, and no significant

increase in w3 PUFA’s were found.

When lymphocytes were dosed with 20, 40 or 60mg/! e-FO,
the amount of 16:0 incorporated ranged between 2 to 3
fold +that of controls (11.7%), 18:0 levsels decreased
Ffrom 6,0% to 2,4%, respwctively (7.2% in contrels), and
2.7% 20:0 was detected with 20mgs/1 (0.1% in controls),
1621u9 incorporation was concentration dependent (1.5%,
13.6%, 25.9% and 33.6% with 0, 20, 40 and 60mg/1 p~FO,
respectively); as wams 18:1u9 uptake (5.5%, 12.7%, 23.3%
and.23.?2, respectively). 181206 was increased only with
40 and 60mg/1 p~FO (7.2% and 8.1%, respectively us 2,1%

in controls), a significant amount of 20:3ué was



