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4,3 - THE EFFECTS OF PSEUDO-QILS ON  CELLS
DERIVED FROM CAT AORTIC ENDOTHELIUM.

4.3.1  Effects of pseude-0i _Cell Viabjlj

The cultured ceT]slwere éxamined microscopically bhefore,
during and after each experiment and at no timé were any
morphological changes observed between control or.dased
cells, exéept “for -cytoplasmic droplets observed with
p~cil supplementation at high cencentrations in some

instances,

The effects of albumin, with final medium concentrations
ranging from 0 to ZSOmg/T,.uere investigated, and found
to have no significant eFFecf, on cell viability (Fig.
4.3,1,1.), nor .uere any synergistic effects induced.
Thus, the effects induced with the p—oiié dosed were a
result of the exogenocus FA’s and not the albumin used as

FA carrier.

The number of control cells, seeded at 10x10%/ml, at the
end of the 22 hour post—trypsinisafion recovery period,
‘was 10.5x10%/ml1. This equrted to 80% of the fina!l
control cell number &t the end of ‘the 48 hour incubation
period, and represented the cytostatic number, Hence,
_on]y p~ail concentrations reducing cell viability to

significantly below 80% were considered cytotoxic.

Figs. 4.3.1.,2-4.3.1.8, show the effects of p-oil dosage
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The resﬁ?ts are expressed as meanlfﬂruaht'CE.T rell
viabilitytstandard error of the mean (s.e.m.). w.3e "n’
is the number of experiments. ‘' The concentrations given
are as mg albumip or pseudo~oil per litre of growth
medium. Fig. 4.3.1.1. shows the mean percent cell
viability wversus the albumin concentration (mg/l),.and
Fige. 4.3.1.2-4.3.1.8. depict the mean percent cell
viability wveraus the pseudo-oil concentration (mo/i),
Fig. 4.3.1,9, shows the mean percent cell viability
versus the albumin concentration {(mg/)l) Ffor cells dosed
with the amount of pseudo-oil which Timita cell

viability to 30% of the controls,
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on cat endotheliali_ﬁe]l viability. Orowth limiting -
effects were generaily induced, but some p-o0ils also
stimu]ated and/or ‘nnibited cell proliferation with
particular concentrations. The magnitude of eFFécts
induced, however, uere. &ependent' on tha p-oil and
| concentration doged. p~SS0 exhibited the greatest
potential to stimulate cell brolifér&tion, whereas p-C0,
p-00 and p-LO were most growth inhibitory. IDso yajues
could, howevér,. only be calculated for cell dosed yith

p~C0 or p-00 (99mg/1 each).

No major changes in call viability occurred overall with
10 to 60mg/]1 p~C0 dosage, while higher concentrations
induced cytotoxicity such that 4%.4% oF.ce]l were viable

with 100mg/1 (Fig. 4.38.1.2,)},

Cell growth largely approximated to controls with up to
40mg/1 p~MD ipcubation “%i, 4.3,1.8.), Growth limiting
effects were induced with higher émounts, in a genefal
concentration dependent manner, to yield a minimum of
79.8% wviable cells with 90mg/l1 p-MD. Cytostasis was
induced with this concentration as the relative éé]l
number approximated to the cytostatic number (80%)., p—-MO

was ineffective in inhibiting cell growth.

10, 20 and #0mg/] p-00 had little effect on cell
viability, but this was increased to 111.42, 10?.92 and
107.3% with 30, 40 and SO0mg/! p~00, respectively.

(Table 4.3.1.4,). Cell growth was limited with T70mg/1
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p—00, while concentration dependeht cytotoxicity was
induced with concentrations of 80mg/l1 or greater such

that 48.9% of cells were viable with 100mg/] p-DO‘_.

Cell proliferation was enbhanced with up to . P0mg/1 p-SS0
supplementation (Fig. 4.8,1.5.). An increment chISZ'to
15% was generally observed, aﬁthough concentrations of
40 and Sd;g/i p-580 anhancedlceii viability to 137.4%
and 121.7%, respect’vely. 100ma/1 p-S80 induced Tittle

effect cn.ceil arowth as viahitity was 98.2%.,

p—LO concentrations up to 60mg/1 .1arge1§ induyced cyto-
stasis as relative cell uiab%?ity sgpproximated to the
cytosfatic number (80%). Hiéher concentrations resulted
in Ttoxicity, but cell viability was 51.1% and 556.%9% even

with 20 and 100mg/} é*LO. respectively (Fig, 4.3.1.6.J.

p~EPO induced an overall concentration depéndenf grouta
limiting effect with c0ncentrétions up to S0mg/1,
although cell growth was not significantly different
from contfols with concentra#ions up to 20mg/1 (Fig.
4.3.1.7.). 60 to 80mg/1 p—-EPD induced cytostasis, while

- greater amounts were cyﬁotﬁxic and progressively reduced

cell viability te a minimum of 64.6% with 100mg/1 p~EPC.

Cell growth generally approximated to that of contrels
with up to 60mg/1 p~FO dosage, although 108.1% viability.
occurred with a concentration of 10mg(l (Fig. 4.3.1a94).
70 and 80mg/1 p-~FD 1imited prOIifération marginal 1y,

90mg/1 p-FO induced cytostasis, and c¢ytotoxigity reduced
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cell viability to 66.3% with 100mg/1 p~FO.

To exclude the possibility that any of the effects
induced with p-oil dosaga were influenced by the amount
of albumin used as FA carrier, cells were incubsted with
a fived amount of p-00 (corresponding with its IDso’
about 99mg/1), but varying albumin.cchcentrations. Six
concentrations were chosen around which +to vary the
albumin amount, viz. 2 points sbove, 3 points below, and
the IDso of p—00, and the appropriate amount of é?bumin
added to_ cultures to give the desired concentﬁafions.
The results are shown in Fig. 4.3.l.9f, which indicated
that the amount of p-00 dosed reduced cell viabi?ity to
approximately 350% of controls, ﬁnd that such uas;nat
influenced by the albumin concentration. present as FA
carrier. Hence, synergistic effects of albumin could be
e#&?uded, and i effects induced with the p=oils were

éoleTx due to the exogerious FA’s.

Cat aortic endothelial cells were subsequently plated
and dosed appropriately with 0, 20. 40 or 40mg p-oil/]l
bulture medium in sufficient amounts for all qualitative
and quantitative analyses +to be carried out. Upon
harvesting, cell viabilities were compared and found
not to be statistinally different from those in Fjgs.
4,3:1,1-4,3.1.8. All further biochemical assays were

thus performed on these samples,
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4.3.2 Effects of pseydo-0ils on Total Protein.

The +total cellular protein concentrations determined
with 0, 20 40 or &60mg/) p~oil dosage are.shown in Table

4.3,2.1. expressed as ug total protein/i10% cells seeded.

424,44g protein per 105 control cells seeded was Found,
Cezlis supplemented with '20mg/1 p~L.0 contained 396.1Mg-
protein per 106 cells seeded, but all other dosed cells
contained gréatér amounts of total protein than control
cells, with the highest concehtration meaaurad. being
£56.3ug per 108 ce]fa seeded, obtained with 40mg/1 p-S80
_supplementation' The total caTlQIar protéin content
decreased with increasing. concentrations of p*MU or
p-EPQ aupplemented (554,23 to 454.0 and 515.5 to 455,8 .
Mg/10% celie seeded, respectively), whereas the reverse
was demonstrated for cells incubated with p-1.0 or p-FO
{396.,1 to 497.7 and 501.5 to 533.4u9/105 cells seeded,
réspectively). Wi~h p~C0, p-00 or £-S80 dosage, however,
the protein increment was greatest uith a concentration
of 40mg/1 (568.7, 524.3 and 656.3Mg/106 cells seeded,
respectively) and Jeast with 20mg/1 (444,7, 491.3 and

S540.50g/10% cells seeded, respectively).
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4.3,3 Effects of pseudo-Oils on the Fatty Acid
| ectr call erive + Aorti
n heli

The FA spectra of ¢ells incubated with 0, 20, 40 or
60mas/1 of each of the p-oils is depigted in Table
4.3.3,1, Major FA'’s detected in control cells were 16:0
(19.9%), 18:0 (15.8%), 18:1w? (21.2%), 20:4wé {5.3%),
20:4u3 (5.4%) and 22:4ué (15,5%). Varying amounts of

these FA's were detected in dosed cells.

The leyvels of 1630 and 18:0 were parallel to controls or
decreased, whereas 156:1u9 and 18:lu? levels were more
.varied. Doged cells contained raised 1B:2né percentages,
and significant iﬁcrements in 20:3wé ;nd 20:4w6, but not
22:14w6 and 22:5w6, were neted with certain p-oils and
 concentraticns, Dosed cells exhibited considerablly less
- 18:4uw3 and 20:4w3 than controls, whereas 18:3w3, 20:5w3,
22:5w3 and 22:46u3 levels were psarallel to controis or

increased.

SuPpTgmentation with 20, 40 or &0mg/! p-C0 induced no
marked changes in 16:0 and 1831&9 perceﬁtages (21.7% to
24.3% and 20.5% to 25.4% vs 19.9% and 21.2% in controls,
respectively), whereas 18!0 levels were decreased (10.8%
to 12.8% vs 15.8% in controls), 16:149 amounts were
similar with 0 and 20mg/1 p~CO, but enhanced with 40 and
80mg/1 p=CO (2.1%, 1.82, 3,0% and 2.5%, respectively).

20:3wé and 28:4&6 levels were slightly increased (2.1%



All values are tabulated as relative percent total area.
Control values are reported as meants.e,m., where 'n‘ is
the nuymber of -expériments. "Lp=0ill" refers to the

pseude-oil concentration used.
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to 2.4% and 7.2% to 8.9% ué 1.8% and 5.3% in controls,
respectively),  but 22:4wé levels were parailelﬂ to
contrgia (15.3%) or decreased. The percenfages of 18:4w3
énd 20:4u3 uere. significantly decreased in relation to
contEoTs.(S.Oz aﬁd 5.4%, respectively?, although 20;5w3,
22:5u3 and 22:6w3 amounts increased to a maxiéiﬁ of
1.7%, 3.9% and 3.4% compared to 0.3%, 1.5% and 1.12 in

controls, respectively.

No significant changes in 14:0 and 18:1uw9 were Fpund in
cells dosed uith'pﬂﬂﬁ, but l18:0 and 16:1u% ]eve}a were
parallel to controls (15.8% and 2.1%, respectively), or
decreased. 18:2uwé inc&rporation iﬁcreased 2 to 3 fold
(6.0% to.9.32 vs 3.0% in controls), a small increase in
20:3&6 was faund f2.1zlto 2.6% vs 1,8% in controlé). and
2034w incfeased approximately 2 fold (10.0%, 10.2% aﬁd
9,2% with 20, 40 and 60mg/l, reepectively wvs 5.3% in
controls). However, 2214wé levels were not significantly
increased, and only wery small arounts of 22:5wé were
found (<0.5% wva 1.9% in controls). p-MO decreased 18:4u3
and 20:4u3 levels, but 20:35w3, 22:5w3 and 22:6u3 were
significantly increased (0.8% to 1.02, 2.3% to 3.0% and
2.3% to 3.0% wvs 0.3%, 1,5% and 1.1% “in controls,

respectivelyl.

1i8:1w? levels were increased with 20, 40 or 60mg/1 p~00
supplementation (33.3%, 42.8% and 45.2%, respectively vs

21.2% in controis), whereas 16:0, 18:0 and 15:169 were
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decreased relative to controls (19.9%, 15.8% and 2.1%,
respectively), 18:12uw6 percentages increased 2 to 4 fold
(3.0% in controls), and a significant increase in 20:2wé
was Tound, .espécially with 40 apnd 480mg/1 p~Q0 (1.7% and
1;82; respectively vs D% in contro]s).. Except for 6.86%
201406 FoUnd with.ZOmg/I p—M0 {5.3% in controls), other
wé PDFA percentages were decreased, .ﬁarticuiaHIQ with
.increasing amounts ofup;OO doaed. p*OO induced similar

changés.in the w3 PUFA’s as reported with p-C0 and p—-MO.

e-880 incubation: had little effect on cellular 18:1w?
levels, induced a decrease in 16:0, 16:1w9 and 18:0
(21.2%, 19.9%, 2.1% and 15.8% in controls, respectively)
.and resulted iv a concentration dependenf increase in
18:2u6 (15.9%, 25.12 and 35.7% .with 20, 40 and 60mg/1
p-580, respectively vus 3.0% in con%ro?s)t 20:2wé was
significantly incressed with 40 and 60mg/} p-SSO (1.3%
and 1.7%, respectively vs 0% in controls), but this was
not found for other wé PDFA‘s. The changes induced in

w3 PUFA"s were as reported above.

Séturated and monounsaturated FA levels approximated to
controls or wore decreased with p~l.0 incubation. 18:2wé
amounts increased 2 to 4 foid (3.0% in controls) and a
small .increase in 2034w6 was induced, but other wé PDFA
levels were not significantly increased. A concentration
dependent increase in 18:3&3 was detected with éO, 40 or
60mg/) p-L0 dosage (6&.9%, 14,4% and 22.1%, respectively

vs 0.4% in controls). 18:4uw3 and 20:4u3 levels, however,
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were at.least_Q fold lower than controls (3.0% and 5.4%,
respectively), but there was a 2 fold increase in 20{5@3
over the range dosed {0.6% to 0.?2 vs 0.32 in cantrols).
Increased levels .oF 22:¢303 aﬁd 221663 were aiso.found
(1.6% to.2652 and 1.6% to 1.9% wus _;-52 and i.iz.in
controls, raséectiuely)a but these iﬁﬁrements were not

greater thap shown with other p-oils.

16:0, ié:lw?,.iszo and 18:1&9 amounts were parallel to
controls (19.9%, 2.1%, 15.8% and 21,2%, respectively) or
~decreased in cells dosed with p-EPOf On the other hand,
18:2uw6 levels increased markedly (3.0%, 17.1%, 26.2% and
232.7% .uith 0, 20, 40 and 60mg/1 p-EPD, respectively),
while smaller incremehts were found for 20:2wé and
18:3w6 (0.6%, 1,0% and 1.2%, and 0.4%, 0.5% and 1.3%,
respectively vs 0% eéch in contrels). 20:3wé percenfages
increased 2 to 3 fold (3.7%, 4.5% and 4.2% with 20, dﬁ
and 60mg/1 p-EPO, respectively ve 1.8% in controis), but
concentration dependent decreases in 20:4wé and 22:5wé
were found (46.2%, 5.5% and 3,9%, and 14.2%, 10.9% and
8:5% vs 5.3% and 15.5% in controls, respectively), p~EPO
.decreaaéd 18:14u3 and 20:4uw3 levels, but induced small
incremepts in 20:5w3, 22:5w3 and 22:6&3. with certain

concentrations.

16:0, 18:0 and 18:1u% levels were parallel to controls
or decteased when cells were dosed with 20, 40 or &60mg/1

p-FO0 relative to controls (19.9%, 15.8% and 21.2%,
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respectively), but a concentration related increment in’
16:1&9 was found (6.22,'11.92 and 1?.92, raspectiuely Vs
2.1% in controls). 18:2wé incorporatidn was less marked
(5.6% to 8.0% ws 3.0% in controls), and POFA levels were
paraTlef 1o cﬁnfrols or decreased. Significant increases
in 20:5W3 and 22:503 were detected_ with 20, 40 and
60ma/1 p~FB (8.6%, 7.7% and 11.1%, and 5.1%, 5.7% and
4.1% vs 0.3% and 1.5% in controls, respectively), but
the increment in 22:16w3 was smaller (1.6%, 1.9% and

1.8%, respectively v 1.1% in controls).
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4.3.4 Effects of pseudo-Dils on lipid Peroxide
Formation, .

The Jlipoperoxides measured in control and dosed celis
and their their respective gpent culture media are_shoun

in Table 4.3.4.1. The concentrations are expressed as

nmoles MDA/106 cells, but in the case of the spent media

this represent the nmoles of MDA in the Qo]ume of medium

from which 1x106 cells were obtained.

Lipoperoxide amounts guherated by dﬁsed cells ranged
from a Tow of 0.9nmoles MDA/10% cells (obtained with
20mg/1 p—~580, 20mgs/1 p—EP0O or &0mg/1 p—CO dosasge) to a
High ~of 2.4nmoles MDA/10® cells (induced with 60mg/ 1
p—1.0), compared to 0.8nmoles MDA/108 control cells. p~C0
had 1ittle overall effect on Tipoharoxide formation ouér
the range dosed (0.9 to l.1lmnmoles MDA/10® cells), while
20, 40 and 60mg/! p-MO induced greater amcunts (2.0, 1,5
and 1,2nmoles MDA/106 cells, respectively), Dosage with
20, 40 or é60mg/1 p-LO or p~FO0 generated similar levels
of lipoperoxides (1.3, 1.7 and 2.4 ws 1,7, 1.6 and 2.1
nmoles MDA/10% celis, respectively), whereas smaller
amounts were induced with p—550 (0;9, 1.3 and 1.1nmoles
MDA/106 cél!s, respectively), p~EPD (0.9, 0,9 and 1.6
nmoles MDA/106 cells, respectively) and p—00 (1,1, 1.0

and 1.7nmoles MDA/10% cells, respectively).

Lipoperoxides wers absent in spent control mediw while

concentrations were greatest Tor medium dosed - with
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| 20, 40 or 60 p~%0 (0.3, 0.5 and'&-ano?gs MDA/10% ¢ells,
respectively) or p-LO (0.1, 0.4 and 1.inmoles MDA/10S
cells, respectively), Spent media from all other dosed
I_culturea, however, caﬁtained #éwer lipoperoxides (<0.4

nmoles MDA/1G6 cells), or‘noﬁe at all,
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4.3.5 m.amaigm

'Doaihg primary cqltures of cat endothelial cells with
p—oils modulated the viability of such cells, althouéh
the effects induced were not.consistent with the degree
of p-oil unsaturation (Figs. 4.3.,1.2~4.3,1.8.). Even
b—nilg of similaf FA compositions induced different
effects, suggesting that the particd?ar "p-oil FA
composition (Table 2.3.3.2.) was important in  the
modulation of the effects repofted. It was apparent that
the presence of GLA onTy in p-EPO induced growth
Timitiﬁg and inhibitory effects, uwhereas its absence in
p-5S0 modulated extensive cell proliferation which could
be largely related to an abundance of LA. GLA was thus
a potent agenfz preventing the pro]ifération' ¢f these
¢cells, unlike LA which promoted cell growth. ALA seemed
less effective than. GLA in this regard as the extent
of growth inhibition induced with p—Lb was not
significantly greater than with p-EPD  ipcubation,
despite more ALA in p-LO than GLA in p~EPO (about 63% vs
9%, respectively). Such differences_may relate to the
different deuble bond positions in esach trienoic FA and
the fact that GLA is a PDFA, unlike ALA which requires
prior delta-é~desaturation to become biologically active
in the cat (Frankel et al! 1978), On the athef hand,
counteraction betwegn inhibitory and pro?ifer#tive.
effects modulated between different FA's in p~FQ could

account for the overall absence of marked cell viability
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changes induced with sup§1ementation of this p-eil. This
may re?aﬁe to the more. even balance of saturated,
| monounsaturated and pa]yunéafurated FA'ﬁ in p~FQ. The
involvement of p-oil FA synergism/antagonism could also -
partly account . For the.;celi Qiability changes other
p—oils induced. This phenomemon could explain the
enhancemaht of cell pro]iferationl with 10w, ard
irhibition thereof with high, p-00 concentrations as a
result of interations bétween DA with other FA's, as
.well as the particularly extensive capﬁbility of 40mg/)
. p—~SS0 to_.sfimulaﬁe' cell growth. I+ was nevertheless
apparent.From comparison of the p-oil Fﬁ.spectra . {Table
2,3,3.2.) with the c¢ell wviability chanées_ the p-oils
induced (Figs, 4.3.1.2-4.3,1.8.) that different FA's, or
combinations thereof, had the capability to stimulate,
limit and/or inhibit cell proliferation t& a greater or

lesser extent.

.

The incorporation of p—oils and modification of the FAa
profiles of dosed cells in relation %o ggntrols (Table
4,3.3.1.) could Eave modufated membrane fluidity and be
an _impor-tan{: mechan iam .uherﬂeby the p-—ﬁﬂé induced cell
viability changes, The greater complement of saturated
FA’s in p-CO than in p~MO, for example, may have shifted
membrane fluidity to a .less stable state by causing
rigidification when dosed at high concentrations, thus
inducing c¢ell death., The presence .of PUFA’s and a

greater complement of monoencic FA's in p~MO, however,
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may have been able to maintain membrane Fluidity, .and
therefore cell viability, more effectively than »-C0O.
Despite the possible mechanisms by which cell viability
was mediated, none of the p-o%1s and concentrations
supplemenfed_inducad.marked cytotoxiéity (Figs., 4.3.1;2#
1.3.1.8.)., The ability of these cells to tolerate
relatively Jarge amounts of p-oil FA’s pcséib]y relates
to faect that the endéthe]ium in wivo is continuously
exposed to FA'’s in the circulation and may therefore be

relatively resistant to the effects thereof.

Supplementation of cultures uith p~oils resulted in
total cellular protein changes (Table 4.3.2.1,) which
generally reflected the cell viability.changes induced
(Figs. 4,3.1.2-4.3.1.8.). However, the Finding that cell
numbers alone were unable to quantitgfively explain the
increased protein amounté found when cell proliferation
was enhanced or.1imited implied FA involuement in the
stimulation of cellular protein biosynthesis., The extent
of protein stimulation varied with supplementation of
identical concentrations of different p-cila, even when
this vielded siﬁilar ce?T.numbera, suggesting that FA'e
of different chain Tengths and degrees of unsaturation
vary in their capability to modulate protein synthesis.
I+ was also likely <hat savnergistic/antagonistic
interactions between p-oil FA'a_played a role in this
process. Alterations in the absolute amount of protein

per cell could nevertheless reflect appropriste changes
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in the exprassion of lipid metabolising enzymes as a

resulf p—ocil FA incorporation.

Increased PDFA formation in dosed cat endothelial cells
llcompared to controls (Table 4.3.,3.1.) 5Qggested the
capability for desaturstion and elongation. However, the
Jow 18:3ué and 18:4w3 amounts formed, despite pronounced
thake of 18:2w86 with p~8SD or p-EP0 and 18:3uw3 with
p-L0O dossge,ﬂ'indicated impaired 46D capability in these
cells., It was suggested therefore that 20:3wé formation
could have related to limited 18B312ué elongation and
AB~desaturation, although direct elongation of 18;3w6
inCOrporated with p-EPD dosage éou1d also account For
the 20:3w6.increment found with this p-cil. Formation of
small amounts of 2014wé was newvertheless consistent with
limited 45D activity. 'This enzyme was also exﬁresaed
with w3 PUFA’s, although the inability to efficiently
desaturate 18:3w3 incorporated with LA doszge implied
utilisation of endogenous 1834w3 and 20:4w3 as ASD
substrates. This would indeed explain the significantly
decreased 181453 and 201403 levels found in dosed cells.
NSZPUFA profiles supported the potential For significant
20:5u3 elongation and MD expression, whereas the
inability to effipiently elongate 20:4wé could accourc
for the lack of 22:5ué formation via 44D, This supported
the greater activity of desaturase cascade enzymes with
w3 than wé PUFA’s térenner et al 1966, Mead et al 1976

and Kanau et al 1977) and the potential of w3 POFA‘s to
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suppress/inhibit further wé PDFA formation (eg. Garcia

et al 1965 and Sprecher 1981).

The above suggested a mechanism whereb; cat endothelial
cella could metabolise c¢irculating PDFA’g, but not
EFA’s. This was consistent with the in_vivo studies
of Rivers et al (1975a) and Frankel et %1 (1978) who
demohstratea thaf the cat lacks the ability for 46—
desaturation, but not e]ongatibn. of FA’s, Other in vivo
studies also showed that the cat exhibits ASD capability
(Sin_c'lair 1979 and Davidson et al 1989, 19903), although
the presence or absence of 440 was not confirmed.
None of the studies, hcuevef, investigéted the potential
for desaturation an& etongation in ¢at endothelium. As
the endothelium plays a central role in eicosanoid bio-
ayntﬁesis For vascular homeostasis (Moncada et al 19?5&,
1974b, 1984), its capability to desaturate and elongate
POFA’s +to generate eicosancid precursors may partially
explain the results we obtained. No consistent evidence
fo support desaturation or elongation of saturated and
monounsatﬁrated FA’s was found, However, and this could
reflect # lack/suppression of enzyme expression, or
competitive inhibition by cellular polyencic FA"s which
has been demonétrated in EFA/PDFA=-sufficient states
(eg. Brennmer et al 1965a, 1965b, 19866, 1969, Brenner
1977, Sprecher 1981 and Holman 1986a, 1986b).

The cell viability changes induced with p-o0il dosage
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" (Figs, ﬁ¢3.1;2~4.3ai.8.) had no significunt effect on
the desafurasa cascade enzyme capability of these cells
(Table 4.3.3.1,), aﬁd it was more  likely that the
relative amounts of celiular FA's, both of the same and
different Tamilies, modulated enzyme agﬁresaion by

competitive interactions which have been well documénted
(ag, Mohrhéuer. et al 1963a, 19463b, OCarcia et al 1965,
Brenner et al 1966, Brenner 1974, Sprecher 19815 de
Schriver et al 1982 and Nassar et al 1986). Evidefce
suggests that dietary FA's alter the lipid composition
of microsomal membranes and that such is involved in the .
.modulation of deééturase enéyﬁe actiuity (Nervi et al
1968, Kurata et al 1980, QGarda et al 1984, 1985 and
Garg et al 1988a, 1988b, 1988c), This probably occurred

when p-oil incqrporatipn modified the FA profiles of the
dosed cells in relation to controls (Table 4.3;3.1.). it
was theoretically possible that incubation of cells with
saturated FA-rich p-cils induced a relative EFA/PDFA
deficigncy which enhanced desaturation and elongation of
endogen&us _PDFA'B in an attempt to restore membrane
fluidity. This could well explain the greater 22:6w3
amounts formed with supplementation of p—(0 or p-MO than

with p—-oils abundant in unsaturated FA s,

MDA detection in cat endothelial cells both in the
- presence and absence of dosed p-oils (Table 4.3.4.1.)
supported the ability of these cells +to oxidise FA’s

enzymatically and/or via auto-oxidation when the
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_mechaniéms of protection against Free pradical attack
were satursted. Control cell lipid peroxides implied
oxidation of endogenous unsaturated FA’s released
during the continucus cycling of PGL’S, whereas enhanced
lipid peroxide megsufement iﬁ‘dbéed cells additionally
reflected oxidation of unsathated p-oil FA’ s, This
related to the 'p—oiiacoﬁcentratinn incubated, p-o0il FA

composition fTab]e 2+3.3.243y and FA availability gnd

ausceptibility to oxidation.

The finding that cellular lipoperoxide Formation with
p-C0 supplementation approximated to that of controls
reF]acte& the overall dearth of double bonds in the FA's
comprising thié p-oil, Quantifatioh. of amall cellular
lipoperoxide amounts also with dosage of p~8S0, 20 or
. dﬂmg/l-pfOO and 20 or 40mg/1 p—éPD. despite these p"oils
containing significant levels of unsaturated FA's which |
were incorporated. (Tab}e 4.8,3.1,), howaver, imp!iéd
thaf the substrates for psroxidation were largely lipid-
bound and stable, although §xidation of free LA and OA
probably ‘accounted Ffor the significant increment in
lipoperoxide formation found with 60mg/] p~EPD or p-00
dosage. The fact that cells incubated with 20 or 40mg/1

p=M0 exhibited the greatest AA levels (Table 4.3.3.,1.)
ard  induced similar or greater cellular 1ipoperoxide
amounts. than other p-oils at these concentrations could
have related to thé utilisation of free AA as a direct

endoperoxide substrate. The reason why lipopetroxide
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prodﬁction decreased with increasing concentrations of
p~MC suppTeﬁented was uncTéar, but lmay rg]éte to the
auaiiébi]ity of unséturated F&’s Ffor peroxidation. The
amount and susceptibility of ALA in p-LO and EPA in p~FO
could . largely account For the fact that these p-oils
induéed the highest lipoperoxide concentrations overall,

although *he smaller amount of EPA in p~FO ”compared o
ALA in p~L0 {about 18% and 43%, respectivély) supporteﬁ
the greater susceptibility of the former to peroxidation
due to its greater chain iength ‘and number of double

bqnds.

The abundance of saturated FAs in new growth medium
(Table 2;3.3.3.), the cépabi]ity. of these cells to
incorporate ' exagenous FA’s (Table 4.3,3.1.), and the
- lack of é—oiTﬂinduced cytotoxicity with concentrations
of 20, 40 or 60mg/1 {(Figs. 4.3.1,2-4,3.1.8.) supported
the likelyhood that the spent medium Tipoperoxides
(Table 4,3.4,1,) originated intracellularly and were
tranafered into the incubstion medium through the plasma
membrane, This correlated with studies which implicated
lipoperoxides in increaéing-membrane.permeability (Chio
et al 1969, Mead 1976, Tappel 1980, Gavino et al 1981ib,
Morisaki et al 1982a and Frankel 1984)., It was also
possible that these spent medium 1ipoperoxides reF]e&téd
released cellular FFA’s which were oxidised extra-

cellularly by released cellular peroxidising enzymes.,

No correlation between 1ipoperoxide fprm&tion and growth
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inhibition could be established due to the lack of
cytotoxicity induced with 20, 40 or &0mg/1 p-oil (Figs.
4.3.1,2-4.3,1.8,), although these compounds should not -
be overlocked as a mechanism involved in the modulation
of cell death at higher concentrations, Quantitatibe
changes in lipcperﬁxide produ;tion (Table 4.3.4.1.) did
not always reflect the alterations in cell viability
induced with p—oil dosage (Figs. 4.3.1,2-4.3.1.8.), aﬁd
mehbrane ?Tuidify changes were hroposed as playing ;“
larger rgle in the modulation of cat endothelial cell

proliferation.
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4.4 THE __EFFECTS PSEUDO-QILS ON  CELLS
DERIVED: FROM CAT SKELETAL MUSCLE.

4.4,1 . Effects of pseugn-0ils on Cell Viability,

- Control cells were examined microscopically before,
Ayring and after each expariment and ho morpholiogical
changes uere_sgeﬁ'at any time: Cells dosed with p-cils
were morpholgggpaily simi]ar to controTé, ajthough

cytoplasmic drop1éts were cbserved with p-pil lncoubation

at high concentrations in some instances.

Final medium albumiﬁl concentrations ranging from 0 to
230mg/? were found to induce no significant effect on
cell viability (Fig. 4,4.1.1.), nor were any synergistic
effects demonstrated. The effects induced with the dosed
p~oils were therefore _so]eTy due to the e*ogenous FA's

and not of the albumin used as FA carrier.

‘The number of control cells, seeded at 10x10%/m1, at the
end of the 24 hour rost—trypsinisation recovery period,
was 11.5x10%/p1, This equated to approximately 67% of
the final control zell number at the end of the 48 hour
incubation period and represented the ¢ytostatic number.,
Only p=oil concentrations reducing cell viability to

significantly below 67% were thus considered cytotoxic.

The resuits of the incubafion of cells with p-oils aie

shown in Figs. 4,4.1.2-4.4,1.8. Low concentrations of
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 The resu1ts_'are expressed as mean perdent (2)- cell
viébi?ityistandard ertor of the mean (sge.m.j, where ‘n”
is the number.of experiments. The concentrations given
are agz mg albumin or pzeudo-oil per titre of ogrowth
medium. Fig. 4.4.1.1. shows the mean percent cell

viability- versus the albumin congentration (mg/1), and

. Figs. 84.4,1.2-4,4.1.8. depict the mean percent cell

viability versus the pseudo-2il concentration (mg/l).
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p-EPD and p~L0 enhanced cell proliferatiﬁn, whereas all
p—oils were gru&th limiting, although this pcfentiai
varied greatly in magnitude, depending both on the p—oii
and_concéntration daosed, High concentrations of p—EPD,
e—00, p—CO and p~F0, however, were cytotoxic. p~EPQ
induced the most dramatic nuera?l_ changes in cell

growth, while-p-MO and p~550 were the least effective.

p—-C0 supplementation induced growth limitation with
concentrations up to S50mg/1 and cytostasis with 60mg/T_
(Fig. 4.4.1.2.}., Approximatély 65mg/1 p—CO reduced cell
viabifity by.ha?F (IDso), whereas higher cohcentratiuns
became progressiuejy more cytotoxic such that 88.3% of

cells took up Trypan blue with 100mg/? p~CO.

Dosage Qith Qu o S0mg/) p—MO had ]itt{e eFFect on céli
proTiferatian (96.8% to 103.7% viability), and greater
concentrations induced some growth Timitation (Fig,
4.4.1,3,),

No IDso could be calculated, however, since

even with 100mg/1 p-MO, 84.2% of cells were viable.

Supplementation with wug to 60mg/l p*OQ also had littie
gffgct on cell viability (Fig. 4.4.1.4.). Concentrations
of T7O0mg/1 p-00 or grester, however, ihduced extensive
cytotoxicity and reduced the numbér'of viable cells in a

concentration dependent Fashion to 50% with 7Smg/l p-00

(IDso) and only 2.5% with 100me/1 p-00.

No significant changes in cell proliferation were found
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concentrations-limited cell growth slightly to a minimum
of 75.2% with 100mg/1 (Fig., 4.4.1.5.). p-8S0 did not

induce cytostasis or cytotoxicity with any concentration

dosed, thus ne IDso could be calculated.

Dosage with up to BOmg/1 p~L0O induced no marked changes
in cell proliferation, a]thdugh such was - enhanced to
109,9% with 40mg/1 p-LO (Fig. 4. :1.6.), Cell orowth was
limited to 79.1% with 90mg/1 é-LD and 63.0% with 100mg/1

p-LU, h_e'nce no IDsa could be determired.

Cell proliferation was enhancéd to 114,7% and 116.0%
with 10 and 20mg/ 1 p"EPD, respéctiuely, whereas 30 and
40mg/1 p-EPO both limited cell growth to 89.6%, compared

to 74.8% with é0mg/1 p~EP0 and 350% with approximateiy
_68mg/1 e~EPO (IDso) (Fig. 4.4.1,7.), Cytotoxicity was
induced with higher concenfrations, which reduced c¢ell
viability progreséive]y, te 4,6% with 90mg/) p—EP0 and
practically 100% of cells took up the Trypan blue with

10Cmg/1 p-EPO.

Dosage with up to 30mg/1 p=FO induced little effect on
cell viability, but this was progressively limited from
93.5% to 73.9% with 40 +to 70mg/1 p~EPD, respectively
(Fig., 4.4.1.8.,). 80mg/1 p~FO induced cytostasis as cell
viability (65.3%) épproximated to.the cytogtatic number
{about 67%), but higher concentrations were cytotoxic,

The number of viable cells yielded with 90mg/1 p—F0 was



was reduced markedly to 35.8% with 100mg/1 p-FO.

Subsequeﬁt to these Studies; cells 'deriﬁed Ffom cét
skeletal musclie were plated and dosed appropriately with
0, 20, 40 or &0mg p~oil/1 culture hedium in auffiqient _
auantities for all thé quantitative and qualitative.
analyses to be performed. Coll viabilities Qere éohpared
upon harvesting and Fcund_to.be statisticélly similar to
“those in Figs. 4.4.1.1-4,4.1,8. All further biochemical

assays were therefore performed on these samples.
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7 2,82 Effects of pseudo-0ils on Total Protein.

The results in Table 4.4.2.1, show the-'total protein
concentrations determined for dosed ce]ls. éompared‘to
contrETs. | |
Totaj protein concentrations in dosed cells ranged from
| 27&?2 +o 418.9n9/105 Qells_seeﬂed (obtainéd with 6Gmg/l
prU_and 20mg/1 p~EPO incubation, respectivel s cﬁmpared
to 300.1ug/10% control cells seeded. Celis supelemented .
with 60mg/1 p-C0 or p-FO contained a?ighfly less protein
than controls, but &l] other dosed cells exhibited more
‘protein than controls. Protein concentrations decreased
across the range dosed with p~CO, p-MO, P-EPO and prFO
(320.4 to 271,6, 383.1 to 348.5, 418.9 to 314.6 and
374.5 to 285.8u9/106 cells seeded, respectiveliy), but
increased alightly with p=8S0 supplementation (348.2 to
353.8u0/10% cells seeded). p-L0 induced mare protein
with a concentration of 40 than 20 or 40mg/1 (377.5,
368.1 and 353.2ug/106 cells seeded), while the converse
occurred with p~00 dosage (372.1, 383.6 and 383.3ug/105

cells seeded).
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4.4.3 Effects of peeud¢ . on the Fatty Acid
Spectrim _of Cgll§' Dgrivgd From Cat
Sk'e'l etal Mgéc'l& .

Table 4.4.2.1. shows the FA spectra of celis incubated
with 20, 40 or 60mg/l of eéch of the p-oils ip relation

to controls.

The gheatest:proportiqu o? any e=ingle FA in control
cells was 18:1u9 (21.1%). Significant amounts of 1610,
.18:0 and 221406 were also found (15.32, 14.5% and 17.1%,
respectively), Qhereas smaller percentages of 16:1@9_and

20:3&6 were detected (5.8% and 8.22; respectively).

The relative amounts ofl 16:0, 18:1w? and 18:0 were
géner$1ly lower in dosed cells than in'_contro]s. The
converse w#s true for 18:1w% and 18:2&6; vet PDFA levels
Auere generally lower in dosed cells. Similarly, w3 PUFA

levels were generaliy parallel to contr:ls or decreased.

Cellular 16:0 and 18:109 levels intcreased Qith 20, 40 or
é0mg/1 p-CO supplementation {20.3%, 24.6% and 25.7%, and
.23,92,_25.42'aﬁd 27.5% wvs 15.3% and 21.1% in controls,
rospectively), 1810 decreased over tite same range
(13.7%, 12.5% anr' 11.2%, respéctively vs 14.5% in
controls); and an increase in 1611w was_detected only
with 60mg/1 p-CO (8.5% vs 5.,8% in controls). PUFA levels
were parallel to centrols or décreased, although 22:603

was slightly increased (3.6%, 8.2% and 2.9% with 20, 40



Lemend_to Table 4.4.3.1,
All values are tabulited as relative percent total area.
Control values are reported as meants.e.m., where "n' is

the numbér of experiments. "[p-0113' refers to the

peeudo-oil concentration used.
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and ﬁDmng p-C0, respectively us 2.hz in controls).

Incubation with 20, 40 or 80mg/1 p-MO enhanced 16:0 and
18:1u% tevels (20.1%, 21.0% and 22.8%, and 24.5%, 24.6%
and 26.4% us-iS;BK and 21.1% in controls, respectively), .
' had little overall effect on 1810, but induced a marked
Ireduction in 16:1w% (1.8%, 1,9% and 3.8%, respectively
v .5.82 in conﬁkofsa. 18t2wé6 increased significantly
(7.6%, 8.0% and 10.7%, respectiua?& vg 3.3% in controls)
and little change occurred in 20:4ué (9.1%, 9.5% and
8.9%, respectively vs 8.2% in.contro!s), whereas other
wd POFA levels were parallel to controls or decreased.
Dosed cells generally contained lower w3 PUFA amounts
fhan conf;ﬁls; although 2216w3 was slightly increased

with 20mg/1 p~MO (3.0% relative toc 2.4% in controls),

18:1w9 was inoorborated in a concentration dependent )
manner when cells were dosed with 20, 40 or 6&0mg/1 p-00
(41.9%, 49.9% and S55.1%, respectively vs 21.1% in
controls), 16:0, 18:0 and 16:1u9 levels were lower than
controls (15.3%, 14.3% and E.SX,IPespectiuelyJ, al though
18:0 was slightly increased with 20mg/? p~00 (20.2%), A
concentration dependent increase in 18:20W6 was alsc
demonstrated over the range dosed (6.4%, 9.2% and 10.4%,
respectively wve 3,3% in controls),; and there was .a
significant increase in 20:206 (2.9%, 1.8% and 1.8%,
respecfive?y vs 0.2% in controls). However, the levels
of 20:3w8, 20:4w., 22:8u6 and 2215wé were lower than

controls (2.9%, 8.2%, 17.1% and 0.3%, respectively), as
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were those of w3 PUFA’s.

16:0 and 16:1w9 percentages were decreased wifh 20, 40
or €0mg/] p-880 incubation (7.4% to 13.5% and 0.4% to
2.0% vs 15.3% and 5.8% in controls, respectively), 1830
was increased only with 20ma/l p-550 (29.6% vs 14.5% in

controls); whilé_Titt]e change occurred in 18:1w% levels |
;21}12 in controls). 18:2wé6 amounts increased in a
concentrétion'dehendént Féshion (3.3%, 20,07, 32.7% and
37.4% with 0, 20, 40 and 60mg/1 p-8S0, respectively), a
significant amount of 18:3wé was found with 20mg/1 p-5S0
(1.9% vs 0% in controls), and 20206 levels increased
significantly over the raﬁge dosed (1.03, 1.6% and 1.4%,
respectively us 0.2% in controls). All other wé POFA
levels, however: were decreased with p~S50 dosage, and

this was also demonstrated with w3 PDFA‘s.

Cells supplemented with p~l.0 exhibited decressed amounts
of 1610 (12.7% to 13.6% us 15,3% in controls), 16:iw?
{1.&2 to 2.4% vs 5.8% in controls), 18:0 (8.4% to 13.3X%
vs 15.4% in controls), and 181109 (16.9% to 20.5% vs
21.1% in controls), 18:2ué levels increased 3 to 4 fold
{(10.4% to 12,1% vs 3.3% in controls) and 18:3w3 was
markedly enhanced (11.4%, 2&.5%-§nd 30.6% with 20, 40
and &0mg/1 p-LO, respeétiveTy ué 0.8% in controls); but

POFA leuels were not significantly raised,

p~EPD dosage decrsased pei]ular- 16:0, 16:1u% and 18:0

levels in relation to controis (153.3%, 5.8% and 14.5%,
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respectivély), although 18t:0 increased approximately 2
fold witH 20mg/ 1 p—EPO (31.3%). 18:1u9 percentages
approximated to-.controfs (21.1%) with 20mg/1 p=EPO
(23,9%), but were decreased with 40 and 40mg/! p-8S0
(14.7% and 14.9%, respectively. A concentratinn re?afed
inérement in 18:2wé was demonstrated (3.3%, 18.8%, 34.5%
and 41.1% with 0, 20, 40 and é0mg/1 p-EPO, respectively
vs 3.3% in controls), and 20:2wé increased significantly
.(1.12 to 1.4% v= 0.2% in controls), as did 1é=3m6 (5.7%,
1.2% and 2.3%, respectively vs Ok.in controls). Despite
more 20:395 detected with 40 and é0mg/! <« EPO than in
contro]g (5.9%, 5;1% and 2.9%, respeqtive]y);. 20:4wé |
percentages decreased significantly (2.4%, 4.5% and
3.0%, respectively vs 8.2% in controls) as did thess of
22:4pe (4,5%, 6.7% and 3.7%, respectivelyi Ve 1?.i%.in
controls). mS.PUF& levels approximated to, or were

below, their respective control levels.

Cells enriched with p-FO exhibifed 16:0 Jevels parallel
to, o lower than, controls (15.3%). Increments in 18:0
and 18:109 were detected with 20mg/1 p-FO0 (29.5% and
30.7%, respectively), while percentages were parallel to
or Iower.than contrels {(14,5% and 21.1%, respeﬁtiuely}
with 40 and 60ma/1 p~FO. 16:1w9 proportions, howsver,
increased significantly with 40 and 40mg/1 o—FO (17.8%
and 14.3%, respectively va 5.8% in controls). 2 to 4
fold more 18:2u6 was found (8.9% to 12.8% wus 3.2% in

controls), and 20:2ué was significantly increéased with
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60mg/1 p-FO (3.5% vs 0.2% in controls), but this d;&_-
; not indudé an eniiancement in wé PDFA levels, p~FO désagéf
resulted in 20:5w3 incorporation (2,4% with 20mg/1, 8.5%
with 40mg/1 and 7.2% with 60mg/1 wvs 1.2% in controls),
yet 221503 uas.increased only with 40mg/1 p-FO (6.0% us .
3.2% in controlis), and 22:6u3 ?eO;ls were decreasad with.

all concénﬁﬁﬁfions (0.7% - .9% wvws 2.4% in contkcls)._ 
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4.4.4 ' Effggxg of pseudo-Q0ils on Lipid Peroxide
Formation. '

Table 4.4.4.1, shows thé lipoperoxides measured both in
contfoi and dosed cells, as well as their respective
spent growth media. The results are shown as nmoles
MDA/an cells, but in the case of the spent incubation
medium, ‘this repfesents the nmoles of MDA in the volume:

of medium from which 1x106 cells were obtained.

Lipoper&xide production ranged from 0,35 to 1.8nmoles
_MDA/lUS dosed cells (U.énmoles Mﬂéllﬂs control cells),
aﬁd increased in an. overall concentration dependent
manher..R§1atiueiy Tittle lipid peroxidation was induced
when cells Qere supplemented with 20, 40 or &40mg/! p-CO,
p—MO or p~00 (0.5 to 1.lnmoles MDA/108 gells). This was
also found with p=-580 or p*E#O dosage (0.5, 0.7 and 1.0,
and 0.7, 0.8 and 1.1nmoles MDA/108 célls, respectively),
whereas greater amounts were induced with 40 and é0mg/1
e~ 0 (1,23 and 1.8nmoles MDA/iDa.cells, respeétive!y) and

p-FC (1.1 and 1.8nmoles MDA/10S8 cells, respectively).

Lipoperoxides were absent in spent control medium, while
concentrations were greastest for medium incubsted with
40 or 40mg/1 p-i.0 (0.5 and 1.0nmoles MDA/10& celllelqr
p-FO (1.1 and 1.2nmoles MDA/105 cells). Spent media from-
all dther dosed cultures, however, contained fewer 1ipo-

peroxides (<0.4dnmoles MDA/10% cells), or none at all.
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4.4.5 - Discyssion.

Supplémentation of cat skeletal muscle primary cultures
with p-oils modulated the wviability of those cells
in a p-oil-specific manner (Figs. 4.4.1.2-4.4.1.8,),
dependent on p-oil FA composition (Table 2.3.,3.2.) and
concentration dosed rather thah the degree of p-oil un-—.
saturation or p-oil EFA/PDFA levels. The cell viability
. changes p”UU; p—-380 and p~l.0 induced related primarily
to the high 0A; LA and ALA c¢ontents of fhese p~cils,
respectively, and if was apparent that ALA Qas hore
effective than LA in reducing cell viability only at
very high concentrations in the range dosed, although
OA. was more effective. The pronounced cell.viability
differences mediated with p-EPQ or p-S580 dosage, which
exhibited similar FA compositions, probab]y related to
the presence of small ahcunts of GLA (about 9%) in the
former only. This FA appeared +to be involved in the
stimulation of cell proliferation with 1low, growth
Timitation with intermediate, and cytotoxicity with
high, p~EPO concentrations in the range dosed, However,
the finding that cell viability was unchanged or merely
limifed' in the absence of GLA with p-SS0 inéubation
impTied that LA had no stimulatory of inhibitory eFFecf
~on the proliferation of these cells. Comparison of the
FA spectra of p-EPD and p-LO with the ceil viability
changes these p-oils mediated upon dosage also indicsated

that GLA (in p-EP0) exkibited greatar - capability to
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- madulate 'cell.proliferaticn_ than ALA (in p-L0J. Thesg
diFFerencgs could relate to the double bond positions in
these trienoic 18 FA’s. The fact that cell growth
was significantly enhanced only with p-EPC or p-LD
supplementation nevertheless suggested that the presence
of 3 double bonds in an 18 carbon FA exhibited greater
potential tozzﬁtimulate the proliferation of these cells
than FA's wiﬁﬁ other structures. Although the cell
viability changes the dosed ﬁﬂoi?s induced reflected the
presence of particular exogenous FA's, it was also
likely thet_ synergistic and antagonistic interacticns
between p-oiid FA's amplified or deminished certain
effects. This cﬁu]d explain, for example, the dramatic
cell viability changes p—-EPO induced, the absence of
- marked alterations in cell viability overall with p-MO
supplementation, as well as the capability of 0A in p-00
to alter cell viability only at high concentratinﬁs. The
cell viability changes observed could neuerthe1éas be
the resuit of alterations in membrane Fluidit} induéed
as a result of differential p-oil FA incorporation
(Table 4.4.3.1,). .Rigidification of the plasma membrane
couid account for the progressive reduction in cell
viabiltity found with dosage oF. increasing amounts of
p~LO, whereas the converse was suggested with p-FO, p-00

and p—EPDQ

p-0i1 dosage induced alterations in total celluiar

protein (Table 4.4.2.1.) -thch generally reflected the
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“cell viabil.ty changes found (Figs. 4.4.1.2-4.4.1.8,),
The measurement of increased cellular protein with
20mg/1 p~EPQ indubatipn correlated with the ogreatest

stimulstion of cell viability reported, and possibl?

represented increased cell number with constant, or

increased, protvein per cell. The Jlatter seemed more
likely as consisteht, but increased, protein fevels were
measured in cells dosed with r-00, despite the Ffact that
cell Qiabi?ity was paralirl to co*twnl~a, Cells incubated
with other p-oils which did nov alter cell viability
significantly in re]ation to centrels, eg..20mg/1 p—MO,
p-580, p~-L0 and p~F0, exhibited numerically difFérent
protein levels, but such were also increased in relation
to controls. Incressed cellular protein was even found
when p-cils induced growth limitation, eg. 40mg/1 p-CO,
p—EPC and p—FU..Dn the other hand, the decreased protein
found with 60mg#l p—CO or p—-F0 dosage implied decreased
cell. number with constent or decreased protein per cell.
It waz apparent from these findings that exogencus »*'s
have the capsbility to modulate protein synthesis in c¢at
skeletal muacle cells. Subh varied with different p*ci]é
and this may relate to differences in FA structure .-d
the mediation of synergistic aﬁd antagonistic a#Fects
between p—oil FA's. Absoiute changes in cellular proteln
could nevertheliss reflect alterations in the production
of enzymes required for the metabolism of incorporated

p-oil FA s,
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Tﬁe - literature does not describe the desaturation J
capability of cultured cat skeletal muscle cellss In =
T yivo studies in our Téboratory, however, showed that /
feeding cat; diets either sufficient in all POFA‘s, or
deficient in w3, wé, or all POFA’s, induced changes in
the FA spectra of their ske1etaT'mu§c]e (Davidson et al
1989, 1990a)., Such indlzated <hat 460 activity was
absent; while evidence‘fér 459 §Eﬁivif9.Qas F&und; As
the diets vere made more.PDFA deFicient,: the propcrtion
- of _18?2&6 increased and a ccncdmmitant decrease was J5-~\
generally found  for both QS and ;S post-450 Fﬁ'g,ﬁ The | Y
'présence or absence of AdD; hoﬁevér; cou}d'hotﬂﬁé prauen

{Davidson at a1 1989, 1990a). The present study ﬂhpued

that the overall desaturation and elongation capability
of cultured . cat skeletal muscle cells uwas alse poar,
despite significant incorporation of +the p-oil FA’s
supplemented (Table 4.4.3.,1.). This implied- that the

increased cellular protein levels reported with p-oil .

incubation (Table 4.84.2.1,) did -»t reflect enhanced

expression of desaturase cascade enzymes,

The finding thai 14:0 percentégea were sigrificantly | é
decfeased. and 18:ﬁ increased only Qith ZUﬁgfl_p—SSU,
p—~EPQ or p-F0 dosage suggested ﬁhe capahifit& for 16:0 -
elongation. However, 18:0 desaturation s:a 49D seemed s
Unlikgiy since 18:1u¥ levels were net significantly l
enhahéed,:except'uith 20mg/1 p~FQ incubation. This copld - N
|
i

have related to elongation of 16=1wf'incorpoﬁated :with
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20mg/1 FO desage, although such .activity was impaired
with higher p-FO concentrations, despite cellular uptake
of large amounts of this moiety from the medium, Little
sigrniificant 46D capability was shown with incubation of
18:2Q6—ricﬁ p—oilé:(p—SSU of p-EPQ)., 20¢2u6 Formstion
thus resufted primarily from a build up of 18:2ué, some
of which was elongated due to the lack, or suppression,
of 46D activity. On the other hana, the small 18:3ué
Tevels detected could have reflected extramicrosomal
retroconversion of endogencus 20:3ws, whi;h could
account for the decreaaed_leueTs of this moiety. 18:3ué
incorpoﬁated with p-EPO0 dosage was elongated to 20:3uwé,
but 45— or A-desaturation of w6 PDFA’s was not found in
cells enriched with any p-oil., Elongatian. of 20:5u3
oqcurred with &ﬁmg/l p—~FO supplementafion, but no
evidence of Add-desaturation to 22:6w3 was found, nor
was 18:3w3 incorporated with p-L0 dosage significant}x
desaturated or elongated to PDOFA’s. Evidence to support
desaturation and elongation of w3 POFA’s, however, was
found Qith p;CD incubation. This p—0il did not contain
PUFA’s (Table 2.3.3,2.), thus the elevaicd 2216u3 levels
detected must represent deaaturation/elonéation | of
cellular w3 PUFA's. The Tinding fhat 18:3w3 and 18t4w3
levels were similar to controls, whereas 20:4w3 amounts
were decreased, suggested desaturation and elongation of
endogenous 20:4&3 to 22316w3, This supported the absence

of 46D, but not of 43D, elongase and 44D, expression.




- 436

It was possible that supplemention of cells wfth p*CO
increased the reguirement for PDFA’s, and thisz ma;.have
enhanced 22:6w3 production in a rather poor attempt +o.
.re*estab]ish ‘a more even balance betwéen sataratcd.and'
unsaturated FA‘s in the membranes. Houeoer,. the level
of 1610 in the cells cqy]d'StiTl have bsen too high
to maintain normal membrane Fluidity, and the known |
inhibitory/suppressive effects of saturated FAfa on 460,
A5D and 44D actiuities_(gg. Brénner et al 1966) may also
have Jimited the extent to which the desaturases were
stimu]ated;' Such factors could explain the decreased
cell viability shown with p-CO incubation. In contrast,
cells dosed with p—oils abundant in unsaturated FA’'s may
already have achieved an optimum FA balance for
maintsining membrane Fluidity and other cel} ¥ﬁnctionaf
Suppression of further desaturation would thus be
consistent with maintenance of the existing FA balénce,
and such has been reported to occur via complex
mechanisms, including feedback inhibition (Brenner
1965a, 1945b, Holman et al 1968, Garcia et al 19465,
Brenner et al 1966, 1967, 1969 and Actis.Uato et al
1970), Such contrel mechanisms may explain the lack of
22:5wé and 22;6&3 formation with ﬁ-MU or p—F{Q dosage in

particular.

The poor desaturase/elongase capability reported overall
in these cellas (Table 4.4.3.1,) did not appear to

relate to the cell visbility changes inducew with p-oil
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supplementation (Figs, &¢4.1.2—d.4.1.8‘). as poor enzyme
setivity was Found even when cell viability was parallel
to, or greater than, controls. The overall FA balance in
the cells, as well as competitive interactions Batween
cellular FA's appeared to be more important Ffactors
explaining the desaturase caécade capabiiity we reported

for these cellsg.

The resu?ts.obtained From MDA measurément following the
48 hour incubation period showed that eue; in the
gbsence of any exocgenocusly added p“oij, controcl cells
praduced lipopero:ides (Table 4.4.4,1.}, This was nét
surprising, since the FA spectra (Table 4.4.8,1.) showed
FA’s that were potential cégdidates to act as substéaﬁes
for the formation of lipoperaxides. This could have
occurred eﬁzymatica11y and/or or via auto-oxidation of
endogenous unssturated Fﬁ's réTeased during PGL cyeling
once the anti-oxidant defenses were saturated. Enhanged
MDA Formation with p~oil dosage additionally reflected
oxidation of unsaturated p~cil FA’s. The quantitative
variations in MDA Tevels measured, however, related to
- differences in p~oil FA compasition (Table 2‘3,3'2.) and
concentration supplemented, as we1l as FA availability
and susceptibi]ity to oxidation, The overall lack of
double bonds in the FA’s cemprising p-C0 could indeed
explain why ce1lu1ar'1i§cperoxide formation approximated

to that of controls with incubation of this p-oil, On

the other hand, the finding that p-MO, p-00, p~58S0 or
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p~EPQ dosage induced small, or no increments in cellular
]ipoperoxideé. despite significant levels of unsaturated
FA’s in these p~oils which were incorporated {(Tables
2.3.3.2, and 4.3.3.1.), impiied that the substrates for
peroxidation were targely l?pid*bound gnd stabie. In
contrast, the greatest lipoperoxide amounts measured
~overall with p~L0 or p~FD dosage both in the cells and
spent medium  reflected the amount and susceptibffity of
ALA in p-LO ahd.EPA in p~F0 to oxidation. dependent not
onfy on the humﬁer-a' position of double bonds in such
FA”s, but also on the availability of these moieties in
the free form. However, the_ébundance of saturated FA s
in  new culture medium (Table 2.3.3.3.), the ability of
théae cells to incorporate p-oil FA's (Table 4.4.3.1.7,
the _lack'oF cytotoxicity induced with 20, 40 or &0mg/1
p-oil dosage (Figs. ﬂ.d.1.2ﬂd;4.1.8.), and the'abiiity
Of_1ipopeﬂoxide$ to'increasé membrane permeability (Chio
et al 1969, Mead 1976, Pryor 1976, Tappel 1975, Gavino
et al 198ic, Mdrisaki_ et al 1982b and Frankej 1984)
suggested that most spent media lipoperoxides originated

intracellulariy via passage through the plasma membrane.

Supplementation of cat skeletal muscle cells with 20, 40

or é0mg/1 p-oil stimulated and/or Tlimited, but never
inhibitéﬁ, cell viability (Figs, 4.4,1.2-4.4,1.8), thdé
no correlation between 1ipopgroxide formatiQnICTable
4.2.4.1.) .and cytotoxicity could be establishedt ‘these

compounds should, however, be considered as a possible
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mechanism involved in the modulation of cell death with
higher p-oil concentrations. On the other hand, the
inverse correlation fTound between MDA lévels and cell
viability with p-850, p~EPQ or p~F0 dosage suggested
1ipopéraxide involvement in.the modulation of growth
limitation. The Ffinding that the MDA levels found did
not é?ways-coﬁre?ate guantitatively with the degréé cF.
grouth.Timitation-thé p-cils inducéd, houﬁver; indicated
that lipoperoxideé were only partly responsible for

moduIatiné the wvisbility of these celis, éhd it was
propogsed that a]teﬁationa in mehbrane fluidity were

.additiona}iy involved,
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4.5 THE _EFFECTS OF PSEUDO-0JLS ON  CELLS
o DERIVED FROM CAT BRAIN, |

4.3.1 . Effects of pseudo-0ils on fell Visbility.

Microacopi; examination of control cells Lefore, during
and a¥ter each experiment showed no Ehanges in cell
morphology at any time, and p-oil dosed cells were
morpho]qgicaliy similér to controls, except For cyto-
p1ésmic droplats obaerued with p~oil supplementation at.

high concentrations in some instances.

.The effects of 0 to 230mg albumin/l cultu#e medium were
investipated on cell wiability and .shoun'to have no
significant effect (Fig, 4.5.1.1.), nor were synergistic
effects inducéd. Hence, the effeﬁts induced with the
dosed p—cila were a result of the exogenous FA s and not

the albumin uiilised as FA carrier.

The numher of control cells, seeded at 10x10%/ml, at the -
end of the 24 hour‘post-trypsinisation recovery period,
was 10.2x10%/p1, THis equated to about 88% of the final
control cell gumber at the eﬁd of the 48 hour incubation
period, and represented <the cytostatic number. Only
p—oil concentrations limiting cell wviability to

'signiFicant}y below 88% were thus considered cytotoxic.

The results of the incubation of cells with p-oils are

depicted in Fi§§. 4.5.1.2-4.3.1.8. Cell proliferation
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The r sults are expressed as mean percent (%) cell

viabilitytatandard error of tba mean {s.e.m:), where "n'

is the number of experiments. The concentrations given

~are as mg albumin or puweudo—oill per litre of growth

m2dium. Fig. 4.5.1,1, shows the mean ~percent cell

wiability wversus the albumin congca~tration (mg/1), and

Figs. 4.5.1.2¥d.5.1.8.' depict the mean peicent cell

Viability versus the pseudo-oil concentratioen (mg/13.
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was significantly enhanced with certain concentrations

" of p~00 and p—55C, but all p~oils were growth inhibitory

with the eytotoxic potential wvarying in magnitude
dependent on the nature of the p-0il apd conceptration
dosed, Overall, p-C0 was most, and p-SS0 was least,

effective in reducing the viability of these cells,

10 and 30mg/] p-CO had little effect on cell growth

(Fig, 4.5.1.2,), but cytostasie was induced with 20mg/}

'p4C0 gs relative ceil uiabifity'fs?.ﬂz} approximated to

the cytostatic number (about 88%). Higher p=C0 amounts

induced concentration dependent cytotoxicity, and cell

u1ab111ty was reduced to S50% with 55mg/l p-CO (Iﬁsa) and
"o 12.0% with 100mg/1 p-CO.

Cell proliferation was not significantly different Ffrom

contrals with up to 30mg/! p~MO deosage, cytostasis ag

induced with 40mg/1 p~MO, but greater amounts of p-MO
were increasingly cytotoxic in an almost linear manner
(Fig, 4.5.1.3.). Cell viability was 50% of controls with

about 88mg/1 p-MO (IDsg), and this was reduced to 256.5%
with 100mg/1 p-MO,

Supplementation of ¢21ls with p—DQ induced a 3igmoidal-
like response (Fig, 4.5.1.4.). 10, 20, 40 and S0mg/1
p~00 had little effect on cell viability, but such was
enhanced to 113.1% with 30mg/1 -00. Concentrafibné
greater than 50mg/! p-00 were increasingly cytotoxic,

_ | _ .
arnd awproximately 68mg/! p—Dn reduced cell viability to
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50% of controls (INso), QOnly 2.5% of cells were viable

with 80mg/1 p~00, and practically all cells ih&orporated

Tryban biue with 100mg/1 p-00 dosage.

10, 20 and &0mg/1 p—SS0 had little effect on cell érouth
~but  such was enhanced to 108.3%, 109.8% and 111.3% with
30;: 40 and SO0mg/1 p~SS0, respectively (Fig. 4.5.1.5.1.
7“0mg/1 p-SS0 .induced cytostasis, wheréas cytotoxicity
.reduced ¢ell uiabi1ity to 50% with 87mg/1 e-550 (IDgn)
and. only 13,5% of the cells survived after incubation

with 100mg/) p-850.

Supplementation with up to A0me/1 p-LO did not affect
cell arowth markedly (Fig., 4.5.1,6.), and cytostasis was.
induced with SO0mg/l p-L0 ss relative cell viability
(88.1%) and the cytostatic number (88%) were alike.
Higher p-L0D concentrations progressively inhibited celi
growth to 30% with é%mg/1 p-LO (IDsg), 11.9% with BUmg/i
p~L0 and 2,5% with both 90 and 100mg/1 p-LO.

10 and 30mg/1 p-EPO had lTittle effect on cell visbility,
but this was reduced to 89.0% with both 20 and 40mg/!
p—~EPQ0 such that cytostasmis was induced (Fig. 4.5.1.7.).
Concentrations of 5S0mg/1] p-EPO;I or greater, induced’
concentration dependent cytotoxicity, reducing cell

viability almost linearly to S0% of controls with "about

7Amg/1 (ID5o) and to 6.6% with 100ma/1.

Cell pro]ifer#tian was not significantly altered with

supp?ementaticn'oF up to 49mg/1 p~FO (Fig. 4.5.1.8.).
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Higher concentrations, however, were increasingly toxic,
and _linaarfy reduced cell viability to 3.5% with éﬁmé/l
p“FU-and almost cbmp]efely with 100mg/1 p~F0., The IDco
for p-FO, p-00 and p-LO were similar (approximately
67m/T, é8ma/1 snd 69ma/1, respectively), although the
effects p"FO_iﬁauéed resembled those modulated by p*LU

more closeTy'than those For p—UO.

Ceils dérived from cat brain were subsequently piéted _
~and dosedf&ppropriate?&_ with 0, 20, 40 or &40mg p-oil/l

growth medium in sufficient amounts for ali quantitatiuayémr
and_quaTitative anaTysleto be carried out. Cell ﬁumbers
wére compared upon harvesting with controls and Faund.fo
- be statistically similar to those obfained in Figsf

4.5,1,1-5.5,1.8., +thus all further biochemical assays:

were performed on these samples,
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4,5.2 . Effects of pseude-Uils on Total Protsin,

Table 4.5.2.1, shows the total] cellular protein contents
.determined at each of the 3 p=oil concentrations dosed,

compared_to controls. R

The amount of total protein found in dosed cells ranged

from 106.4 to 220,7ug/108 cells seeded (obtained with

60mg/i p-CO and 40mg/1 p~SS0 dosage, respectively) in
rei§§i9n to  175.140/108 control cells seeded. Cellular
Prb&hag 1eualé were parallel to controls or increased
with Subﬁlemeﬁtation of 20 or 40mg/l p-oil, but the
converse was generally true with 60mg/1 p-oil, Protein
concentrations decreased across the range dosed with

p-C0 (205.7 to 106,4ug), p-MO (216.1 to 184.2ug), p-00
(219.5 to 142.7ua), p-EPO (198.1 to 139.8ug) and p-FO

{209.8 to 153.9ug), but p-8S0 and p-LO induced more-'"

protein with =a concentration of 40 than 20 or 60mas 1
(220.7, 186.1 and 216.%, and 216.,1, 205.3 and 18%9.8ug

per 10 cells seeded, respectively).
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Tsble 4.5.2.1. .
The protein content of cells derived from cat bcgin;
expregsed as g total protein/108 celis seeded.
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4,5.3 _ - Effects of pseydo—-0iis on the F Acid
Spectrum of 0311§ Derived Erom.gat Braiﬁ.

Table 4,5.3,1, shows the FA spectra for cells incubated

with 0, 20, 40 or 60mg/) p-oil.

The gfeatast proportion of any single FA ;$ confko]s was
18:1uw9 (33.7%), but significant levels of'1630 (20.4%),
18:0 {11.5%), 18:2ub6 (7.2%) and 22:4wé (10.0%) were also
found., Dosed cells contained. varying probortion5~ of

these FA's.,

16:0 and 1461109 percentages .uere' generally Jlower in
dosed cella than in _contrﬁls, while the converse was
found for 18:0. 18:1w9 and 18:2ué levels were more
variable, but maore 20§3w6 was generally found in doséd
cells, unlike 20:4&6,. 22:4w6 and 22:5w6, In most
instances, however, dosed cells contdined Towek amounts

of w3 PUFA s than controls,

Cellular 16:0 and 19:0 jlewvels were degreased with dosage
of 20 or 40mg/! p-CO, but increased with &0mg/1 p~CO
(2.8%, 2.2% and 32.3%, and 0%, 0.4% and 17.7% wvs 20.4%
and 11.5% in contreols, respectivei}). A significant
increment.zn 2240 was detected with &0mg/1 p~CO (1.2% vs
0.9% in contrc]s?? 161109 was considerasbly decreased
with al) concen£rations dosed (0.2% to 1.3% vs 4.8% in
controls), whereas 18:1w9 was greatly increased with 20

and 40mg/1 p~C0, but decreased with 80mg/] »-CO (77.5%,




Legend to Table 4.5.3.1.,
A1l values are tabulated as relative percent total area.
Lontrol values are reported as meanis.e.m., where 'n" is

the number of experiments. ‘[p-0i1]1" refers to the

pseudo-oil concentration used,
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95.6% and 28.3%, respectively vs 33.7% in controls).
" PUFA percentages, howéver. were generally parallel to,

or significantly lower than, controis.

p—M0 supplementaticn had_ no significant effect on 16:ﬁ
.1evcls, but resulted in decreased 16:1w% (0.1% to 0.8%
vs &.8% in contro]s) and incréased 18:0 fi5‘82 to 31.3%
vs 11,5% in controls), detection. On the other hand,
18:1w9 léuels were éreater_than.cﬁntrofé {33.7%) with

' 20mg/1 p;MU, but Qere decreased with 40 and 60mgf1'p?NO
(39.0%, 23.6% and 26.5%, respectively). 1812ué amounts
were parallel to controls (7.2%) or decreased (sﬁ,oz),
but 20?3&6 was significént]y incre#sed_(Z.éz, 2.9& and
4.2% with 20, 40 and é0mg/1 p=-MO, respeétive?y-us'l.lk
in controls). Rai&ed levels of 20:4u6 were also found
over the range dosed (5.52,-?.1% and 7.8%, respéctive]y
va 3.6% in controls), yet 22:4wé and 22:5uwé percentages
were baral]e]_to controls (10.0% and 0.3%, respectively)

o+ decreased. This was also found with w3 PUFA’s.

Incubation with 20, 40 or é0mg/1 p—-00 induced marked
increases in cellular 18:1w9 (52.8%, 60.0% and 61.0%,
respectively vs 33,7% in coﬁtrols), but 16:0, 16:1u? and
18:0 levels were decreased relative to controls (20.4%,
4.8% and 11.35%, respectively), 20:2ué was significantly
increased with 60mg/1 p-00 (1.4% vs 0% in controls) and
20:3wé percentages were raised 'at least 2 fold (2.5% to
3.5% vs 1.1% in controls), but no marged incféménts_ 1;.

2014w, 22:4ué or 22:5wé were found. w3 PUFA percentages
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- were parallel to controls ar decreased.

16:0 and 161109 levels were significéﬁt?y decreased with
p—~3S0  supplementation (£12.0% and £0.4% wvs 20.4% and
4.8% in controls, ﬂeshectiu#1w3. '18:0_Teue13 increased
over the Qange_doséd 0%, 17.3% and_20;7z,'re;pectiue1y
B Lty 11»5H.in coﬁtrclé), .but' the conﬁerse was Fouﬁd?for
18115 (55.2%, 24.9% and 20.6%, respectively vs 33,7% in

controlsl. 18§2w6 inéreésed in a concentrition dependent
| manner (16.2%, 22.2% and 32.52 with 294, 40 and é0mg/1
{'p-SSG, respectively vs 7.2% in controls) gnd.significant
increases in 18:3wé and 20:3&6: were Ffound uité 20, 43
and 60mg/1 p-SS0 (2.3%, 2.1% and 1.1%, and 4.7%, 9.0%
and 3.7% vs 0% and 1.1% in controls, respectively).
However, subsequent desaturase and clongase pfoduct
lTevels were parallel to controls or decfeased. In every
instaﬁce, the proportion éf w3 PUFA’s were décreased in

dosed, compared to control, cells.

Considerably less 16:0 and 16:1u9 weré detecte& in cells
supplemented with #ﬂLO than in controls (20.4% and 4.8%,
respectively), while 18:0 was increased {13,5% to 21.2%
vs 11.5% in contrals). 18:1w? iﬁcreased gignificantly
with 20mg/1 p-LO dossge, but was decreased with 40 and
60mg/1 p-LO (43.0%, 26.8% and 17.2%, respectively vs
33.7% in controis). 18:206 levels were significantly
raised with 20mg/1 p~L0 €(20.9% vs 7.2% in controls), and

18:3w3 increased in a concentration dependent manner
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with 20, 40 or é0mg/1 p-LO supplementation (10.3%, 17.8%
and 28.3%, resgpectively vs 0.7% in controls), yet PDFA

leovels were not significantly raised.

p—~EPO supplementation decreased cellutar 16:0 and 16;1&9
levels (7.0% to 15.0% and $0.8% vs 20.4% and 4.8% in
controls, respectively), and 24:0 amounts were slightly
incrreased with 60mg/1 (1.7% vs 0.1% in controls). p~EPO
increased 18:0 percentages in a concentration dependent
masner (11.5%, 12.7%, 20.7% and 34.4% with 0, 20, 40 and
60mg/ 7T, reépectiue]y), whereas the converse occurred for
18:11w® (33.7%, 39.1%, 22.2% ana 15.7%, respectively).
p~EPQ dosage raised cellular 18:2wé Iéuels (16,9%, 20.9%
and 26.82 with 20, 40 and 60mg/}, respectively vs 7.2%
in controls), and 18:3wé was significantly increased
with 40 and &0mg/1 p*EPOI(E.EX and 1.4%, reapectiueiy vs
0% in controls). 20:3ué levels were raised about 10 fold
with 20 and 40mg/)1 p-EPO (10.5% and 10.8%, respectively
va 1.1% in controls), and 2034wé was only increased with
20ma/1 p-EPO (5.3% vs 3.6% in contirals), but 22:4wé and
22:5u6 levels were decreased. All w3 PUFA levels were

decreased in dosed cells compared to controls.

p—FQ supplementation decreased cellular 16:0 and 1811uw?%
. percentages o.cerall, but induced inéreasea in 16:1u9
(4.8%, 4.3%, 10.8% and 17.4% with 0, 20, 40 and &0mg/1,
respectively) and 1830 (11,5%, 38.5%, 25.9% and 15.8%,
reayectiveiyi. 20:3w6 levels were nearly 2 fold greater

than controls (1.1%) with 40mg/1 p~F0 (1.9%), but other
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wé PUFA ieve?s were not significantly increa%ed. '2035&3
levels increased uith addition of 20, 40 and é0mg/1 p-F0
(1.2%, 4.5% and 6.?2, respectively vs O;l%-in controi;)%
ana this was also foundﬂfor 22:5w03 (3.1%, 4.2% and 1.9%,
respectively vs U.9X.in contrdls), vet 221403 levels
were decreased (1.5%, 1.2% and 0.7%, resbectiue?y va

2.2% in controls),
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4.5.4 | Effects of Egggdg;g ils on_Lipid Peroxide

Formation,

The lipoperoxides measured both in control and dosed
cells, and in:tﬁéir respective grdth media are shown in
Table 4.5,4.1. as nmoles MBA/105 gells, In the case of
the spent incubatiion média, however, this-repreéents.the
nmoles of MDA ir the volume of medium Ffom which 1x106
cells were 6bt$ined. THe MDA amounts measured varied '
with the 'p*diT dosed, but increased in an overall

concentration dependent manner.

Lipoperoxide production in dosed ceils ranged from 0.1

to B.inmoles MDA/10% calls compared to 0.lnmoles MDA/106
control cells. The p~oils abundant in saturated FA's
(p- O and p~MO) consistently induced small !ipoperoxide
amounts (0,1 to 0.2nmoles MDA/10€ celils), which were
parallel to controls, but slightly greater amouﬁts.were
generated by cells incubated with p*OO,.p“SSU or p-EPQ
(0.1 fc Q.6nmoles MDA/LID® zells), perticularly with a
concentration of é0mg/1. Small lipoperoxide amounts were
induced by cells dosed with 20 or 40mg/! p-L0, bﬁt
production was considerably greater with 60mg/1 p-LO
(0.2, 0.3 and 2.lnmoles MOA/10% colls, respectively).
p—FQ, hoyeuwr, induced the largest celTu]ar Tipoperoxida
levels at every concentration dosed (C.4, 0.4, 3,1nmo1es.

MDA/108 cells with 20, 40 and é0mg/}, respectively).

Spent incubation medium obtained from control cultures
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contained no MDA, But this was measured in spent medium
derived from dosed cultures. As with the cells, the
sma]}est Vipoperoxide amounts measured in spent media'
woc&urhea with p~-CO or p~MO incubation (0.1 to O.é6nmoles
ﬁDA/lOB cells), although simi]af concentrations were ‘
measursd in spent media with p~00 dosage. Larger amounts
of spent medium lipoperoxides were measuréd_uhen p~ocils
containing“signifidant levels of PUFH’s{” especially of
the w3 series,-wehe dosed.f Lipopéroxidew concentfafiana
were mimiler in ‘medium enriched with 20, 40 or 60mg/1
P-850 or P-EPD (0.2, 0.4 and 1.6 us 0.2, 0.4 and 1.4
nmoles MDA/105 cells, respectively), Considerably larger
lipoperoxide amounts were measured in spent medium
dosed with 20, 40 or 60mg/? p=-L0 (0.8, 0.8 and ?.2nﬁo?es
MDA/".08 cells, reépecéiueiy), although p-FOIinduced the
largest amounts (1.1, 3.2 ana 14.5nmo1es MDA/108 cells,
respectively). Clearly, the paftern .oF lipoperoxides
found in the. cells and spent medium of doaéd .culfures

were similar, despite numerical variations,
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4.5.5 ' Discussion,

No reference has been found in the literature in which
the effects of FA’s on the growth of cat brain cells has
been found. Tﬁis study showed that primary cuTtures
derived Trom cat brain were susceptible to  alterations
in cell viability as a result of p-oil supplementation.
‘The results reported (Figs. 4.5.1.2-4,5.1.8.) indicated
that exogendué FA's modulated thé proliferation of these
cells to a greater or lesser extent, dependent on p-oil
FA composition {Table 2.3.3.2.} and concentration dosed.
The large amounts of 0A, LA and ALA present in p-00,
p-580 and p-L0, heépective]y. could probab]?.account for
the cell uiabiTify.changes these m—niIé induced, It was
apparent that 0A and ALA exhibited greater cytotoxic
potential than LA, although the increased cell viability
induced with low to intermediate concentrations of p~00
and p~8S0 only also suggested the invslvement of OA and
LA in the stimulation of cell proliferation. On the
other hand, <the inability of p-EPQ to stimulate cell
pro]iferation; despite a similar FA composition to
p~850, could have related to the presence GBLA in p~EPO
only. The presence of this moiety could also explain the
more extensive growth inhibition p~EPQ induced compared
to .p~5880, This indicated that GLA exhibited no potential

to stimulate cell proliferation, but was more effective

than LA in mediating growth inhibition. Comparisqn of
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with the.amount. of GLA in p-EPO and ALA in p=~LO (about
9% and 63%, respectiveiy)'also impliéd that GLA was more
poient than ALA in mediating cftotoxicity. The different
effects 0A, Lﬁ, GLA and ALA appeared to iﬁﬂuce could
have related to variations in the number and position of
double bonds between these C18 FA“s, While the data
suggested that specific FA's within p-oils were large1y
résponsibie for certain cell wviability changes, it
was also possible that synergistic and antagonistic
interactions betuween p-0il FA‘s enhanced ohidiminished
particular effects of iﬁdiuidual'FA’a. Sueh méy explain,
for example, the stimulation of cell proliferation only
with certain concentrations of p=00 and p=-5S0, or the
similar cell wiability chaﬁgea p-L0 and p-FQ induced,
despite considerable differences in the FA profiles of

these p~oils.

Comparison of FA spectra between gontroi and dozed cells
(Table 4.5.3.1.) supported the ability of ¢at brain
~cells in culture +to incorporate exogenous FA's. A
possible mechanism' whereby +the p~oils quulated cell
viability could thus have related to differeﬁtial uptake
of exogenous FA’s from the graﬁth'medium and slterations
in membrane fluidity. Substancial evidence indeed exists
showing that dietéry FA supplementation induces changes
in membrane physical properties (eg. King et al 1971,

| Ginsberg et al 1981, Simon et al 1982 and Stubbs et al

FE=Y4F LY Ay T TR T T . R e .1 Y.
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incubation could thus have related to the abundance of
satufated FA's and. lack of PUFA’s in this p—oil. Such
would have decreased the membrane unsaturation ihdex tﬁ
' a greater extent than with dosage of other p-oils, thus
increasing membrane rigidification and the susceptiblity
to cell lysis. The low PUFA Tevels found in cells dosed
with p-CO (Tab?é 4.5.3.1.) wou}d indeed support this. On
the other hand, the greaﬁer unsaturated FA content of
p—MO méy have been able te maintain membrane F?uidity"
more effectively than with p-CO dosage, accounting for

the lTower higher IDsg cateulated with p~MQ than p=C0. 1t

uaé alsc possible that incorporation of large amounts of
unsaturated and po]yunsaturafed'Fé's from other p—o;la,
particu?arif at high doncentrationé dosed, increased
membrané f?uidity and ingstability to such_aﬁ extent thaf

cell viability could not concinue,

- Supplementation of cultures with p-oils induced changes
in the amount of cellular protein (Table 4.5.2,1.) which
generally paralleled changes medizted in cell viability:
(Figs, 4.5.1.2-4.5.1,8.). When p-oils stimulated cell
pro]iferation, a céncommitant increase in totﬁl'protein_
was Found, whicﬁ indicated increased cell numbers with
constant, or increaséd, protein per ceil.. The latter
ansibility seemed more likely, however, as increased

protein was also found when cell viability wag 1imited

with incubation of certain p-oila and concentrations.

Y o - D I T T . [— 2 . . . - . N -



protein levels, although the protein amounts found were
higher +than expected conéiﬁering the number of .viable
céils reported; this was also ccnsistént with inqreased
protein per cell. These findings implied the involvement
of p—oil FA's in the stimu]ation of .protein synthesis,
and the numerical wariations in such even when different
p4ci1s vielded similar cell numbers coﬁld relate to
differences in FA structure. An. absolute inérement in
cellular protein could nevertheless refilect enhanéed
expression of lipid metaboliising énzymea induced as a

result of p-oil FA incorporatior.

p~0il incorporation by cultured brain cells (Table
4.5.3.1.) significantly modified the FA profiles of the
dosed cells compared to controls, dépendent upon p-oil
FA composition, JIn._ wvivo studiéé have also reported
changes in the spectra of brain FA‘s when cats were fed
diets either sufficient in all PDFA’s, or deficient in
w3, wd, or all PDFA’s (Davidson et al 1989, 1990&);'
Generally, the changes in satursted and monounsaturated
FA’s were slight, but more striking differences uvere
apparent in the PUFA profiles between dietary groups.
The data nevertheless supported the absence of 462
activity, and presence of an active 450D,  but could not
prove whether 440 was present or not. However, it
confirmed the earlier in _viveo findings of other workers

(Sinclair 1979, Sinclair et al 1981) showing that 18:2wé
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cat brain, despite incorporation, thua indicéting a
lack or suppression of 46D expression. Thiz was
confirmed in the preéent study (Table 4,5,3.1) . since
‘w3 PUFA profiles indicated that cultured cat brain cells
exhibited no significant capability for Aé—desaturatioﬁ.
The small increment in ceﬂlulaﬁ 18:3ué with p—SSO dosage
could thus reflect retroconversion of 2053&!6 formed wvia
18:2w6 elongation and AS-desaturatioﬁ. This sequence
could account for the increased 20:3w6 levels Found .in
mosf p-0il dosed caiIg, al though tgé large increment in
20:3wé with p-EPO incubation could also have related td
elongation of incorporated 18:3ué, ' However, the finding
that 20:4u6 Tevels were wlightly increased onfy with
deg/T p—00 or p~EPOQ incubation implied wery limited or
suppressed ASD capsbility, which w3 POFA profiles
supported. In addition, no 20:3wé elongation occﬁrred;
but the potential to elongate 20:503 was demonétrated
with p~F0 dosage. Howevér, it was apparent thaﬁ A4D was

not expressed,

The FA spéctra of dosed cells were consimtent with the
fack or suppression of 16:0 desaturation and .16:1w9
elongation (Table 4.5.3.1.). The finding that the levels
of 16:0 were generally lower and 18:0 higher in dosed
than in control cells supported eloﬁgation of the
Former.. Ths presence or absence of 49D, however, could

not be.prouen as the FA profiles of cells dosed with

| p— » N -y, L - N o o
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while elevated 18:1w9 levels with p=CO incubation
suggested the opposite, The formation of 18:1w? by cells
fed p-CO, however, could have reflected enhancement of

490 expression in an attempt to maintain membrane

fluidity altered with-incorpofation of saturated FA's.

The Fihdings"we presented clearly indicated that the

overall 'capﬁbiTity for desaturase cascade enzyme

'expresﬁion'ﬁas.pcor in cat brain cells (Table 4.5.3.,1.).
The possibility that such enzyme exbression was
suppressed _by the growth limiting andfor cytotoxid.
 effects the p-oil FA”s induced (Figs. 4.5.1.2-4.5.1.8.)
seemed unlikely, as desaturase cascade'enzyme activity
was not improved even when p~oils had little effect on,
or stimulated, cell proliferation. It was more likely
that the overall FA balance in thé celis was more
important in modulating enzyme expression by competitive
interations which have been documented (eg. Garcia et al
1965, Brenner et al 19684, Brenner 1974, Ullman et al
1971a, de Schriver et al 1982 and Nassar 1986), although
the poor capability for desaturase cascade énzyme
expression may also be a characteriétic of these cells.
This would imply a requirement for preformed PDFA's in

the diet to maintain normal cell physiology.

MDA detection in cat brain cultures both in the presence
and absence of dosed p~oils (Table 4.5.4.1.) supported

the ability of these cells to.oxidise FFA's by enzymic
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and/or non—enzymic méchanféés. However, measurement of
only small lipoperoxide amounts in contr§1 cells,
despite detection ofl potential FA substrates for the
formation of these compounds in such (Table 4.5.3;1.),
implied efficient mechanisms of protection against_?ree
radica? formation, .eg- peroxidase, superoxide dismiitase
and/or wvitamin E, It was élao #Qsaib]e that most
cellular unsaturated FA's in contro?_ce]ls were present
as componenté of complex lipids, eg. membrane PGL’s,
which would thus not be readily_accessib?é to.ox%daxion.
Enhanced lipoperoxide Formation as a result of p-oil
dosage, however, reflected saturation of the cellular
anti-oxidant mechanisms dué to exogenousnﬁnsatqrated-FA
incorporation and/or increaéed cellular unsaturated FA
ravailability for oxidation. This supported the increased
concentrations ﬁF lipoperoxides found owverall with fhe

amount of p-oil supplemented (Table 4.5.4.1.).

The ability of these cells to incorporate exogenous FA's
(Table 4,5,3.1.,,, the presence of albumin as FAlcarrier
and abundance of saturated FA‘s in cultuﬁe_medium (Table
2.8.3.3.), supported the probability that most lipid
peroxides Found in the spent media of dosed cul tures
originated intracellularly, The cépabiiity o?.celiular'
.1ipbperoxidés to increase membrane permeabiiity and even
to disrupt biological membranes (Chic et al 1969, Mead
1976, Tappel 1975, 1980, Gavino et al 1981b, Morisaki et

al 1982b and Frankel 1984) implied their leakage through
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the plasma membrane of_intact cells when p~oil dosage
did not induce cell lysis at the concantfationa studied,
br as a direct result of p—oilfinduced cytotoxicity.
Celiular peroxidising enzymes and FFa’s could well have
been released into the culture medium in this process,
particularly since superoxide ra&ica]a héve been shown
to mediate an increase in the pérmeabi]ity of the cat
Béain to albumin (Wei et al 1988). Thus; the possiblity
that further FFA oxidation occurred extraceliularly, aﬁ;_{
contributed to the Tipoperoxides measured -in the._spenf'

medium, could not Sé over?ookedf Such may well account
for the greater lipoﬁernxide amournts found in the spent
medium_ of cultures enriched with p~C0, p-SS0, p—EPO.
p-L0, p-FO, 60mg/1 p~MO or 60mg/1 p-00 than in the cells
tﬁeméelues. In vive studies by Kontos et aT (1985 found
that thé metabolism of exogenous br endogenous A8 in cat
bfains rasiited in the appearance of superoxide anions
in the extracellular space. Their studies suggested that
these superoxides emerged from the interior of undamageu
cells via existing membrane channeis. Such a mechanism
could also explain the higher lguvelr  of medium than
cellular lipoperoxides measured in bur study when dosed

p-oils did not induce cytotoxicitv.

—

The quantitative variations in NBA levels'repokted with
p—oil supplementation at a particular concentration
reflected differences in p~o0il FA composition (Table

2.3.3.2.), This related npf oﬁly to fhe .amouﬁt of
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unsaturated FA's present: in any p-oi?, but alsc to their
susceptibility to oxidaticn;.depehdent on the number and
position of double bonds n a FFA., The louestﬁjipid
peroxide amounts induced with p-C0 or p—MO incubation
reflected the abundance of saturated FA's in thesé
p~oilg, andg probably re?afad to oxidation of their small
amounts of unsaturated F&’s and/or FFA“s released during
PGL. turnover. On the other hand, the small Iipopeﬁoxide
amounts messured with p-00 dosage, despite the abundan :e

of 0A in the cells (Table 4,3.3.1.) and the capability

of OA to undergo oxidation (Frankel 1784), implied that

such was largely lipid-bound, This coul. . also explain
the small cellular lipoperoxide concentrations measured
with p-8SC or p-EPD supplementation, although such could
partly relate to lipoperoxide release into the medium,
which was sipgnificantly increased. The fact that p-EFQ
and p=-880 induced similér MDA amounts neverti.eless
reflected their similar FA compositions; the lipid

peroxides formed probably related mainly to oxidation

of free LA, On the other hand, the availability and

gusceptibility of Free ALA and EPA could explain the

large lipoperoxide concentrations measured with p-L0 or

p-FO dosage, respectively. The greater susceptibility of

EPA to oxidation than ALA was consistent with the

greatest MDA levels measured with p-F0 dosage, despite

more ALA in p-LO than EPA in p-FO {approximately 43%

and 1B%, ruspectively)., Such cculd also reflect & faoter
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cellular pool from membrane lipids with p—FO incubation.
EPA incorporated with p~FO dosage could also have been
utilised directly as an endoperoxide substrate, whereas
AlLA could not, particularly since these cellg Hid not

expressg JéD.(TabTe 4.5,3.1.).

Lipoperoxides have been impiicated in affecting vital

cell functions by damaging proteins, membranes, and even
inhibiting cell division, amoungst others (Chioc et al
1969, Mead 1978, Miller at al 1980, Tappel 1260, Franke!

1984 and Beppu et al 1987), Furfher;:re. oxygen rad{cals,
havé been shown tc damage 6erebro~uascu1ar tissué in
cat brain {(Christman et 31 19Bﬁ). In the light of this,

and the finding that the MDA concentrations repprted-
both in the dosed cells and corresponding sPent_cﬁjture
medium (Table 4»5.d,1;) were géneraily inversseiy related
to the <¢ell visbility changes induced wifh p—uif dosage
AFigs. 4.5.1.2-4,5.1.8.), lipoperoxide invelvement in
the medulation of cell proliferation was pousible. The

fact that the lipoperoxide concentrations did not always
correlate quantitatively the with.céll numbers, howevek,
~indicated <that other mechanisma were alsc invelved in
the moduiation of cell viability, such as alterations in

membrane Fluidity,
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5.6 THE ;EJ=FE§I§ OF _PSEUDO-QILS g:g:ﬁ_ CELLS

DERIVED) FROM CAT LUNG.

4.6.1 . Effects of pseudo—0ils on Ceil Vi ilitys

Microscopic examination of cells before, during and
after each experimeﬁt showed_'no morphslogical changes
between control or p-oil dosed cells at any tfme,
although cytﬁpiasmic droplets were oﬁéerued with g-uil

incubation at high concentrations in some instances,

Investigation of the effects of  albumin with Ffinal

medium concentrations ranging frem 0 to 250mg/1 showed’

no signifirant effect on cell viability (Fige A.d.1.1.),

The effects induced with the doéed p-oils were therefore
a direct result of the ' exogenous FA‘s and not the

albumin used as FA carrier.

The control cell number, seeded at 10x10%/ml, at the end
of the 24 hour post-trypsinisation recovery period, was
12.3%10%/m1. Th;a equated to about 66% of the control
cell numbeE at the end of the 48 hour incubation period,
and represented the oytostatic number .. Only p-oil
‘concentrations reducing cell viability to significaﬁt}y

below 66% were thus corgidered cytotoxic.

The results of the incubation of cells with p~ocils are
shown in Figs. 4.6,1.2-4.6.1.8, p-MO, p-1.0, p~FO and

p—00 enhanced cell proliferation with Tow concentrations
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Legend %o Fiogs, 4,6.1.1-4.6.1.8.
1 ' i

The _regulta aré expressed as mean'pércent (%) cell
n.*:ia[‘:r:i.]i'i;;y'té‘l::aan-:laiu"'t':i'i&llrl'l"m--T of the mean (s.e-.m. Yy where "n'
is the- ﬁumber oF-e#ﬁeriments. The concentrations given
afe ag mg albuminﬁor.bseudo—dil per lithe of growth
medium, Fig., 4.6,4.1. shows the mean percent cell
'Uiébifity versus the albumin concentration (mgff),:and |
Figs. 4.6.1.2;4.5;1.8; depict the meéh percent ?;eII

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

'
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250 98.2 3.8 12
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Fig., 4.6.1.8. | |
The percentage viability of cells derived from cat lyng

ingubated with p-F0.
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in tne range dosed, él1 p*o113.caused growth 11m1tat1on,
whereas cy+otox1c1ty was on?s iuced w1th p-o:]s rich
in monoenoic and/or pciyen01c FR S - " The effects induced,
hoewewver, wvaried in magnitude dependent on the p-oil and

concentration dosed,

Cell viability was not adversely éffected when dosed
‘with p-éﬂ.or p~M0 (Figs. 4.6.,1.2. and 4.6.1;3.} as these
.p"ci15:uéfe at most only marginally growth limiting, and
.40mg/r.p—MO enhancedm;elT prclifgration'to 109.9%, The
minimum yield of viable cells found was 76.8% and 86.2%

with 90m§/1 p—CO0 and 100mg/1 p;MU, respectively, thus no

P80 could be determined.

p—00 induced the mgst dramatic cell viability changes,
manifested by a. sigmoidai—~type growth curve {Fig.
8.6.1.4,). Cell viability was enhanced to 121.3%, 115.6%
and 113.1% with 20, 20 and dDmg/].p—OQ, réspective]y,
- but higher concentrations were cytotoric. Half the cells
were killed with 53mg/l p—70, representing the lowest
1IDso found. 60mg/1 p-00 reduced cell viability to 20.2%,
and all cells practically took up Trypan blue with p-00

concentrations of 80mg/1 or greater.

Cell proliferati | was progressively limited with dosage
of up to 7O0mg/l p~580, at which concentf&tion cytostasis
was induced (Fig. 4,6.1,3:3¢ ingher amounts dosed
caused cytotoxicity, fieiding 21.3% viable cells with

100mg/1 p~550. Cell growth was }imited by approximately
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20% with 10 to 40mg/1 p-EPD and 30% with SO0mg/1 p-EPQ,
whereas ﬁﬁmg/l p~EPO induced c¢ytostasis {(Fig. 4.6;1.?.).
Higher concentrations were cytotoxie, and reduced cell
viability to 47.0% with 70mg/! p~EPO, while practicaTiy

100% Trypan blue uptake was observed with p~EP0  amounts
of 80mg/! or gkeater. p~EPQ was thus more effective in

reducing cell growth than p—8580, and tﬁis was supported

by the IDso yalues (48mg/1 and 83mg/1, respectively),

p—l.0 and p-F0 elicited similar effects on cell growth
(Figs. 4.6.1.6. and 4.6.1.8.). Cell proliferation was
enhanced to 112.3% and 107.9% with 20 and 30mg/1 p*LO,
respectively, compared to 113.7% with 30mg/1 p-FO.
Higher p-0il concentrations progressively limited call
growth = such thaf 76.8% viable cells were found wfth
80mg/1 p-L0O and 48.7% with 80mg/1 p-FO. Cytotoxicity was
induced with 90mg/1 p~L0 or p-FO, but 42.0% and 48.9% of
cells were still viable 100mg/1 p-LO ér p~FO incubation,
respectively, and similar IDSOIvalues were calculated

(omg/1 and 98mg/1, respectively).

Subsequent to these studies, cells derived from caf Tung
wete plated and dosed appropriately with 0, 20, 40 or &0
mg P—0il/] culture medium in sufficient quantities for
all aquantitative and qualitative analyses to be carried
out. Upon harvesting, cell visbilities werv compared and
found not to be statistically diFFerenf fram those

obtainsd in Figs. 4.6.,1,1-4,6,1.8., thus &1l further

B T N Il - - P
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The total cellular protein conmcentrations determined at
each of the 3 p~ail concentrations dosed are shown in

Tabkle 4.6.2.1. in relation to controis,

Cells dosed with 6&0mg/] p—00 exhibited significantly
less total protein than controls (16%.2 us 230. dug/108
cells seeded), Uith'this excepticon, total protein levels
'in p-oil dosed cells were parallel to caatrois or
signiFicantly increased, and the greatest increment was
induced with 20mg/1 p-00 incubation (337.2u9 protein/108
cells seeded). Cellular protein levels were greater in
cells enriched with 20 than with 60mg/] p-oil, and
concentrations decreased across the range.daaed with
=00 (337.2 to 169.2ug), pP-SSO (240.1 to 236.5ug) and
p-LO (317,83 te 261.3kg). On the other hand, more protein
was found in cells dosed with 40 than with 20 or 60mg/)
p-CO (263.4, 243.6 and 233.6ug, respectively), p=MO
{304.4, 2846.0 and 262.259, respectively), .p—EPG (255.5,
245.3 and 228.3ug, respectively) or p-F0 (283.8, 271.1

and 242,7ug, respectively).
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3.6.3 _ ¥ f ~Dils he Fatty Aci
- Spectrum of Cells Derived From Cat Lung,

FA spectra of cells incubated with 0, 20, 40 or 60mg/1

of each of the p—oils is shown in Table 4.6.3.1,

Contrel cells exhibited a FA spectrum in which 181149
comgnised 21.7% of aiT FA"s, compared +to 14,4% 16:0,
18,6% 18:0, 8.1% 20:4ué and 14.1% 22:4ué, whereas other

.FA'J‘were detected in smaller proportions.

Dosed cells generally confained less 18:0.and 16#1;9"
than controls, while 1610 and 18:1w9 levels approximated
to controls, or uere increased. 18:206 percentages were.
generally greatér in dosed than in contral ﬁells, while
thé converse was true for 20:3ué, 20:4wé, 22:4uwé and
22:5w6. Furthermore, 203806, 2014wé and 22:dwé. amounts
generally occurred in progressively smaller proportions
with increments in p-o0il concentration dosed. 18:3u3
levels were similar between contfol ahd dosed cells, hut

03 POFA Tevela were generally decreased in dosed cells.

Cells supplemented with 20, 40 or 40mg/1 p~C0 exhibited
increased levels of 16:0 (21.4%, 25.3% and 30.4%,
respectively vs 14.4% in controls), 16:1w9 (4,2%, 8.1%
and 3.1%, respectively va 2,5% in controls) and 18:%1w9
(24,2%, 27.8% and 29.2%, respectively wvs 21.7% in
conmtrt s), buF .18:0 wag decreased (146.0%, 13.1% and

11.7%, respectiveii ve 21.7% in cohtro]a). 22:6u3 wao
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egen Ta d.6.3, s

A1l values are tabulated as relative percent total. area,
Control values are reported as @éantg.a.m., where "'n* is
the number of experiments. "[p-0ill1" refers to the

paeude—-o0il concentration used.
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slightly increased with 20mg/1 p~C0O dosage (3.7% uvs 2.6%
in controls), but no significant increment 'in other

PUFA‘s were detected.

16:0.and 18:1w9 percentages increased slightly with 20,
40 or 60ma/l p-MO dosage (19.9%, 20.8% and 21.7%, and
23.5%, 25.1% and 27.7% vs 14.4% and 21,7% in controls,
respectively), _uhereaé 16:1w9 and 18:0 were parallel teo
cdntro}s (2.5% and 18,6%, respectively) br_decfeésed. Fut
concentration dependent increase in 18:2w6 was detected
(8.1%, 10.6% and 13.6% with 20, 40 and é0mg/1 p—MO,
respectively wvs 2.9% in contfols), and 20:4w6 was
slightly increased only with 20mg/1 p-M0 (9.9% vs 8.1% -
in controls), yet 22§4w6 and 22135ué IeQels ueré lower

than those of contro?s (14.1% and 1.02; respectively),

Dosage of cells Qith 20, 40 or 60mg/1 p-OU..had-fittie
effect on 1610 levels (13.0% to 16.3% wvs 14.4% in
controls), but decreased 18:0 and 16:1w9 percentages
(6.02 to 8.7% ana 1.4% to 2.1% wvs 18.6% and 2.5% in
controls, respectively). On.the other hand, increaaed
amounts of 18:1w9 - (46.1%, 53;23 and 56.0%, respecfive?y'
vs 21.7% in controls) and 18:2ué (9.8%, 11.4% and 10,3%,
respectively vs 2.9% in controls) were detected, as well ..
as a significant increment in 20:20w6 (1.5% to 2.0% vs 0%
in controls), Hogever, w6 PDFA proportions wers éara]lel

te controls or signiFicant]y decreasead,

Enrichment of cells with p-S80 induced little change in
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16:0 and 18:1u9 levels, but 1810 and 161109 were
decreased (9.1% to 12.7% and 1.0% to 1,3% vs 18.6% and
2.5% in controls, respectively)., A marked increment in
181206 was detected (28.1%, 39.1% and 40.6% - with 20, 40
and 50%9/1 p—S80, Eeapective1y ve 2.9% in controls), and
20:2w6 .increased slightly over the same range (1.7%,
1.8% and 0.9%, respectively vs 0% in controls). However,
wé ana.wa POFA levels were parailel to contrels or

significantly decreasead,

16:0 and 16:14% percentages were decreased with 20, 40
o 60mg/1 p-LO dosage (9.3% to 11.8% and 0.5% to 1.0% vs
14.4% and © 3% in controls), whereas 18:0 and 18:1uw%
levels were more uariable (24.9%, 9.2% and 24.42,. and
21.8%, 15,8% and 25.3% wvs 18.6% and 21.7% in controls,
regspectively)., p-LO0 induced an increment iIn 18£2w6
(11.0% to 15.2% vs 2.9% in controls), and 18:3w3 (13.6%,
32.8% and 11.0% with 20, 40 and 60mg/1, respectively ve
0.6% in controls), and 19:4@3'inéreaaed-appréximately 2
fold with 40mg/1 p-L0 {(4.5% wvs 2.1% in controls)., No
significant increments in other w3, and all wé...PDFA's

were detected, however,

p—EPQ incubation had little e?FeCt on 16:0, increased
18:0 onTy.Qith 20mg/1 (26,7% vs 18,6% in controls); but
decreased 16:1w?, 18:1w9 and all w3 PUFA s févela. A
marked increase in 18:2wé was induced (23.6%, 42.0% and
40.6% with 20, 40 and &0mg/! p~EPO, resprctively vs 2.9%

in centrols). 18:3wé was significantly increased with 40
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and 60mg/1 p-EPQ (1.4% and 2.8%, respesctively wvs 0% in

controls), and such was alsc found For 2012wé and 20:3us

with 20 and 40mg/1 p~EPQ (1.2% and 1.8%, and 1.8% and

6.3% vs 0% and.2.62 in controls, respectively). However,

lower amounts of 20:4ué, 22:&@6 and 22:5wé were detected

in dosed cells.

Supplementation of cql?a with p-F0 ih;reased 16:0 Tevels
only with 60mg/1 (36.1% uvs 14.4% in controls), decressed
1Q§0 ltevels, Ihad little effect on }B:1w9 percentages,
but increased 16114? amounts signif@é;ﬁtly (10.8%, 17.5%
and 15.4% with 20, 40 and 60mg/], respectivély = 2.52
in controls)., No significant increment in wé PDFé;s
_weré.detected, despite approximately 2 fold more 18:2uwsé
than in controis (2.9%), pfFD dosage induced an increase

in 201503 (&8,7%, 10,3% and 3.3% with 20, 40 and &0mg/1,

respectively vs 1.3% in controls) and 221503 (7.7% and

5.1% with 20 and 40mg/}, respectively wus 3.3% in
controls), but not in 22:6w3 (2,5%, 1,9% and 0.7% with

20, 40 and é0m9/l, respectively vs 2.6% in controls).



- 470

4.6,4 - Ingorporation of Radiplabelled €18 Fatty
Acids inte Cells Derived from Cat Lung.

Table 4.6.4.1, shows the radioactivity recovered from
‘cultures incubated with 2uCi [14CI-18:149, [19CI1-18:2ué,

an Ei“CJ*lS:SmQ«

:The total eounts Eecoﬁered in the spent incubation media
ranged from 2.4 to 2.9x105cpm.. Only 0.3 to 0.4x10%cpm
were recovered from thp_poo?ed bQFFeré after washing the
cells, and this accounted for non-specific binding. For
boﬁh 514CJ*18{;N9.and [14C03-18:3uw3, the equivaieﬁt of
4.3x10%:pm weréaéﬁsed to culttures, and total recovery of
each. was appréximately 84% gnd 86%, respebtively.. For
C28C]~18:2wé the equivalent of 4.8x10%cpm were doéed to
the incubation medium, and total recouef? of tHis
radioisotope amounted to about 85%, However, the total
amount of éach of these radioisotopes incorporated into
the cells approximated to 18% for [%C1-18:11w9, 18% for

[14C]-18:2u8 and 15% for [14C1-18:3u3.

Table 4.6.4.2. shows the percentage of each incorporated
radiolabelied C18 FA converted to w9, wé or w3 series

products after incubation with cat Tung Fibroblasts.,

28.3% of the total [1%C1-18:1w9 counts derived upon
GLC analysis (1034cpm) remained anhanged, while the
proportions of 20;1m9, 221149 and 24:1u% detected were

33.6%, 29.9% and 8.2%, respectively.
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23.4% of the total [1401-18:2wé-derived counts measured
{1998cpm) remained unchanged, and _36.12 20:2u8 was
detegted. 2.1% and 14.3% of total counts Pecovére# were
found as 20:2&6 and 20¢3w6, respectively, compared to '

5.7% 203406, 6.9% 22:14ué and 5.5% 22:5ué.

The total counts derived following GLC analysis of cells

incubated with [14C1-1813u3 were 1488cpm, of which 27.1%

- was detacted-zfor 18:3&3, 10.0% for iStde, 24.6% For

20:3w3 and 19.5% for 20:4w3. Smaller proportions of
post-450 FA's were found, amounting to 7.4% 203543, 8,1%

221543, and only 3.3% 22:6u3.

A5D represents the First enzyme in the desaturase enzyme
cascade, thus total activity of this'enzyme is reflected
by the sum of all subsequent desaturase and elongase

products.
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4,6.5 Effects of pseudo—-0ilr_on  Lipid Peroxide
Formation, - '

The lipeoperoxides quantified in dosed cells and their
respective growth media are presented in Table 4.6.5,1.
in relation to controls. Values are reported as nmoles
MDA/10% cells, but in the case of the spént incubation
media,. this represents the nmoles of MDA in the valume.
of medium From which 1x10% cells were obtained., The
lipoperoxiﬁe amounts measured in dosed cultures varied
‘with p-oil, but_ increased in an overall concentrﬁtion

dependent manner.

Cat lung fibroblasts doged with p—-oils contained 0.3 to
6.9nmoles MDA/10% celis, compared to 0.3nmoles MDA/106
control cells, p*CQ and p—~MO induce& the smallest lipid
peroxide amounts over the range dosed (0.3 to D.2nmoles
MDA/108 cells), and p~00 generéted larger concentrations
only with é0mg/7 (1.3nmoles MDA/iGE cells);, compared to
increments with 40 and é0mg/1 p~FO (Og? and 1.0nmoles
MDA/108 cells)., p-S8S0 and p-EPQ induced ‘similar lipid
peroxide levels with concentraticna of 20 and 40mg/T -
(0.4 +to - 0.Snmoles MDA/iDS cells), but larger amounts
were Tormed uith. &0mg/1 p-EP0 than p-8S0 (2.8 vs 1.7
nmoles MDA/108 cells, éespectiueiy). However, cellular
Tipid peroxide levels were greatest with 40 aﬁd 60mg/ 1

p-L0 (1.2 and é.%nmoles MDA/106 cells, reapectiuely)..

No MDA was measured in spent control medium or in that
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deriged from cultures incubated with p—ﬁD; Small lipid
peroxide amounts were detected in the_apent medium with
‘p-C0 .supplementation (0.1 to 0.2nmoles MDA/10® cells),
and p-00D only induced an increment uith.a concentration
of 60mg/1 (0.énmoles MDA/108 cells). Higher 1ipopsroxide
levels were detected with addition of 20, 40 or &0mg/1
pFO to the incubation medium (0.3, 0.6 and 1.0nmoles
MDA/ 108 ce?is, respectively). Spent media derived From
cultures incubated *'ith 20, 40 or 80mg/l p-EPO or p-SS0
contained simi?ar'iipopernkide levels (0.1, 0,3 and 1.7
vs 0.1, 0.2 and 1.6nmoles MDA/10® cells, respecfiue]yﬁ,
although amounts were greatest overall with p-LO dﬁﬁ&ge

(0.3, 0.8 and 1,8nmoles MDA/10S cells, respectively).
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4.6.6 [he Eicosanoid Profile of Cells Rerived

from Cat Lung,

The eicosanoids positively detected in control and dos.q
cat Tung fibroblasts are presented in Table d.é@é.l. as
a percentage of the +total area detected. However, an
indication of the total eicosanoid amounts auantified
is given Ffor controls in "{ )", expressed as pmoles/1086

cells,

Total eicasénoid'Formation amounted to.only 32.9pmoles
per 10% control cells, - of which 15;62 could bé
positively identified with the prostanocid standards
available. Approximately half this proportion was

compqEEd of TXBz (7.3%), _wher'eas PGFx and PGBIz comprised

smaller amounts (5.4% and 2.9%, respectively). Howsver,

no PBEy, PGE2 or PBDz were found.,

Total percentages for the prostancids deﬁected in dosed
cells varied significantly with p~oil concentration, but
levels were greater than in control cells {(15.86%). The
increment was least with dosage_oF 40mg/1 p—oil (16.8%
to 25.2%), but significantly greater both_ wifh 20mg/l
poil (31.2% to 40.0%) or 60mg/1 p-oil (33.1% to 40.3%).
These differences were reflected by appropriate changes
in the amount of individual prostancids. PGIz jeuels
were decreased with 20mg/1 p-C0C or p;LB dosage (2.1% and
1.5%, respectively), but enhanced with all éther p-oils

and concentrations supplemented (3.2% to 7.7% vs 2.9% in




Legend to Table 4.6,6.1,

Values are tabulated as relative percent of the total
area detected, and as pmoles total eicosanoids/106
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controls). TXBz percentages were marginally greater than

controjs (7.3%) with 40mg/1 p-cil incubation (8.1% to
11.9%), but these amounts increased 2 to 3 fold with 20
-cf &0mg/1 p—oil supplementation (17.2% to 21.0), PGFOc
levels were parallel to controls (5.42) with dosaye of
.4Umgfl p~eil {(4.1% to 7.3%), but production was enhanbéd
to a similar extent with 20 or 80mg/1 p-vil incubation
(8.7% to 14.8%). Dosed cells contained small amounts of
‘both PGE2 (0% to 3.2% vs 5% in controls) and PGE:
(0% to 2.2% vs 0% in controls), but neither control nor

dosed cells formed significant amounts of PGDa ,
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4.6,7 Discussion.

The results obtained from the incubatian of cultured cat
lung Ffibroblasts with p-oils indicated that exogenous
FA’s have the capabilit - to modulate the proliferation
of these cells to a greater or lesser extent (Figs.
4.6,1.2-4.6.1.3.), dependent on p—oil FA composifion
(Table 2.8.3.2.) and concentration dosed. The finding
that all p—éiTs, except p-C0, éould inhibit. and/or
enhance cell proliferation implied that pnéatubated
rather than saturated FA's were primarily responsible
far- the cell wviability changes thé p~cils induced. The
significantly greater amount’of unszturated FA's in p—-MO

than in p~CD (21.8% vs 5,3%, respectively) could well
‘account for the increased cell growth p-MO indﬁced. The

fabt that both saturated FA~rich p~oils, p~C0O and é—Mﬁ,"
could not induce cytotoxicity at the cﬁncentrations
dosed, unliké those p<oil abundant in monoencic and/or
polyenoic FA's, supported unsaturated FA involvement in
- the modulation of growth inhibition in these cells.
Alternatively, saturated FA's may be more protective
against growth inhibition than unsaturated FA‘s, The
finding that the extent of growth inhibition induced did
not always correlate with the unsaturated FA content of
the p-oils, however, suggested that cytotoxic potential
varied between unsaturated FA's. The abundance of 0A, LA
and ALA in p-00, p—880 and p~L0, respectively probably

accounted For the cell viability changes these p—cils
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dinduced, and it was apparent that OA exhibited greater
cytotoxic potential ﬁhan LA, whereas ALA was _less'
effe&tive; Howevetr, the increased cell viability induced
with low concentrations of p-00 and p-L0 also suggested
DA and ALA involvement in the stimulation of cell
proliferation. LA did not exhibit this capability since
ne  incrément in cell uiability was observed with p-5S0
or p~EPQ incubation. The greater capability of p-EPO to
limit and inhibit cell viability than p-850, despite
similar FA compositions, could nevertheless have related
to the presence of GLA in p~EPO only. This indicated
that OLA was more effeﬁtive than LA in mediating growth
inhibition. Comparison of the extént of growth reduction
p—-EP0 and p~L0O in&uced with the amount of GLA in p-EPO
and ALA in p~LO (aPProximately 9% and 83%; respecfiuely)
also indicated tHat GLA was more potent than ALA in

mediating growth limitation and inhibition.,

The different cell viability changes  which p—oil FA s
appeared to 1nduce could have related to variations in
FA structure between different moieties, although it
was also likely that the éfFects induced by individual
FA's were enhanced or diminished by syne?gisti&' and
antagonistic interactions between p—oil F&’s. Such couid
explain; for example, any non-linear relatidnships
between cell viability and p-o0il concentration dosed,
the  greater stimulation of cell proliferation with

40mg/1 p-MO, 20ma/t »-00, 20mg/] p~LO0 and 30mg/i p-FO
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than with other concentrationa. as weii.as the simitar
cell viability changes p-L0 and p~F0 induced, despite
pronounced differences in p-oil FA spectra. The ability
o# these cultured cat Yung Tibroblasts to iﬁcofporate
exogenous FA's (Table 4.6.3.1.) nevertheless suggested
that the modulation of cell wviability related to
differential uptake of -exoéenous FA’s from the grcgfh

medium and alterations in membrane fluidity.

p~0il SUPpTementation bF cat-?ung fibﬁnb]ast _cultures_
influenced the total protein content of those cells
(Tab’e 4.6.2.1.), and.this generally reflected the cell
viability c¢hanges induced (Figs. &.6;1.2"4.6.1.8.). The
Jowest and highest protein amounts measured with p=00
dosage indeed corresponded with the greatest cytotoxic
and proliferative effects induced, respactively. Cell
numbers alone, however, did not correlate quantitatively
with the increments in total protein found when ceil
viability was enhanced or limited with p-oil dosage, and
the 80% cytotoxicity which 60mg/!} p*ﬁD caused also could
not justify the 30% reduction in total protein found.
| These findings indicated that while measurement of total
protein may refiect cell arcwth in termé of actual cgell
numbers, p-pil FA's were involved in the stimulation of
proteinﬁbioaynthesis. The extent of protein stimulation
varied numerically with incubation of identical amounts
of different p—oils, even uhen.similar cell aumbers were

yielded, and suggested that the capsbility to modulate
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protein synthesis - aried with FA structures it was also
possible, however, that FA sgnergiém and antagonism
piayed a role in  £$_process. Increments in the amount

of protein per geli could nevertheless reflect enhance&
expression of enzymes to metabofise inrnorpeorated p—oii

Fﬁ's.

The 1tung has been imp1icéted a primary eicosancid
biosynthetic ‘site (Mathe et al 1977, Hyman et al 1978
and Harper et al 1984), .thus any ability dF_thié tissue
to desaturate and elongate PUFA s woqld be of major
importance in the provision of eicosanoid pre;uréorsa
Uhether cat 1Ung has  desaturase cascade capability,
however, has not been_described in.the Titerature. The
resul ts obtained from the supplementation of c¢cat lung
fibroblasts with p-vils showed that such cells exhibited
very little potenéial to desaturate or e?ongate.PUFﬁ's
{Table &.6.3,1;§. Thé ;inﬁinga' were consistent with
an overall lack or suppressien of 46D, 45D and 44D
expresaion, although certain elongation steps seemed
possible. The présence of small 20:2w8 amounts in most
dosed cells reflected limited elongation of incorporated

18:2u6 which could not be further metabolised wia 460,

20:3wé formation only in cells supplemented with p-EPD

supperted impaired 48D expression, but was consistent
with elongation of incorporated 18:3wé; the lack of
further 20:3wé metabolism, however, supported impairment

of ASD expression. Limited elongation of | 20:5u3
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incorporated with p-FO dosage also occurred, but no
desaturation to 22:6uw3 via 44D was found. On the other
hﬁnd, the small increment in 18:4uw3 found_ onily with
éﬁmg/] p~LQ dosage was consistent uith extramicrosomal
retroconversion of .20=du3;_ The data could not exclude
the potential Ffor 16:0 e?ohéation (suggested with 20 or
60mg/72?-L0 dosage) or 16}0 desafuration/iS:im? retro-
conueréion (suggested with 20 ot 40mg/1 p-C0 dosage),
but 1810, 16:1u%" and 18:1w9lﬁere neither desaturated nor
elongated. Nevertheless, it ;as unlikely that desaturase
cascade enzyme activity was impaired by the growth
Iimiting and/or cytotoxic &Ffects meaiated with p~oil
dosage (Figs. 4.6.1f2"4.6.1.8.), as desatufation uasnndt'
improved even when p-oils had Tittle effect on, or
gtimulated, cell proliferation. Thié pheriomenon  may
rather be a characteristic of this tissue type, impiying
a requirement of preformed PDFA’s from the diet or other

tissues from which to generate eicosancids.,

To assess whether the pattern of desaturation :repﬁrted
sbove was modulated by FA mixtUreé, p—oil desaturation
(Table 4.6.3.1.) was compared with that of indiOidﬁa?
FA’s (Table 4.6.4.2.3., As with p~oil desaturation, cat
lung fibroblasts were unable to deséturate.ti“CE~18:1w9.
The pathway for f1483-1831Q9 elongation was shown,
however, and such was possibly suppressed with p-o0il, or
enhanced with [%4C3-18:149, subp]ementation- On the

other hand, evidence for [14C]-18:3u3 and C190I-18:2ué
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desaturation and elongatior were found. Detection of
large proportions of 20:3w3 and 2032w, but only small
percentages of . 18:4w3. and 18:3u6, suggested direct
" elongation Q'F C1401-18:3uw3 and [19C1-1812ué as a result
of impuired 46D expression, Thus it was possible that
20:4u3 and 20:3ué were formed from 20:3u3 and 20:2ué,
respectively wvia an active 48D, This pathwéy seemed
Tikely as fhe cat has bzen shown to be 46D deficient
(eg._Rivers et al 19?5§ and Fhankel et al 1978). The
small proportions of 18:3wé and 18:4w3 formed with
[14C1-18:303 or [14C1-18:2ué dosage could either reflect
stimulation/expression of 460, or more likely retro~
conversiOn of 20:4w3 and 20:3u6, respectively. Férmation
of 18.8% w3, and 18.1% w6, PDFf‘s supported 450D
expreésion in these cells, but detection of small
amounts of 22:6w3 and 22:5wé indicated very limited

capability to expresw A4D.

The finding that desaturase enz&me expression was more
iimited with p-0il compared to indiuiduai Fa dosége
(Tables 4.6.3.1. and 4.6,4.2.) supported the mediation
of competitive intsractions between p-oil FA's for these
eﬁzymes. However; as organisms consume mixtures réther
than individual! FA‘s in the diet, the desaturase
capability shown with p-oiis probally relates.closer to
the situation in cat lung in ujivo than that suggested

with single #A’s,
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MDA quantiﬁation éhowed that c¢at lung Fibroblasts
exhibited the capability to produce lipoperoxides (Table
A.,6.9.1.), This cou!d. ocecur either  enzymatically or
by auto—oxidation of monoenocic and)or polyenoic FA's
when +the preventati. e anti-oxidant mechanisms  were
saturated. Enhanced MDA measurement when cultures were
supp 1 emented Qith p;oi1a reflected increased unsaturated
FA éuailabi]ity_For oxidation, and this correlated with ]
the increased lipoperoxide concentrations found overall
- with the amount of p-0il supplemented (Table 4.6.5.1.).
The guantitative variations in MDA concentrations found
between dosed cultures,; however, reflected the different
p~pil FA compositions (Table 2.3.3.2.,). The abundance
of saturated FA’s in p~CO and p-MO0 could well cxplain
why lipoperoxide Tormation approximated to that of
controls with incubation of thesg p-oils. On the other
hand, +the finding that significant increments in Tihid
ﬁeroxide levels were induced only with dosage of 40
and/or 60mg/1 of p-oils rich in monoencic  and/or
polysnoic FA’s correlated with the greater availability
a&d susceptibily of the unsaturated FA's in such_ p—oils
tﬁ oxidétiun. Lipoparoxide Formation with &0mg/1 p-00
ingubation confirmed the capébi]ity of A to undergo
oxidation (Frankel 1984), whereas the abundance of LA in
p~8S0 and p-EPO coulé largely account for the lipid
peroxides these p—oils'induced. - Howewver, the small, or

lack  of, increment in cellular MDA levels induced with
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20 or 40mg/1 p-00, p~SSO or p~EPQ dosage, despite large
amounts of O0A in p;UD and LA both in p-SSO'and p~EPO
which uere incorporated (Tables 2.3.3.2. and 4.6,3.1.),
implied that these substrates for oxidation were largely
lipid-bound and stable., Quantitation of similar MDA
Tevels Qith p~-SS0 or p-EPD dosage nevertheless rgfiected
the similar FA compositions of  these p-oils, although
the larger ceT?ular lipoperoxide aﬁoqnta &60mg/1 p=~EPO
inducgd coufd‘haue related to the presenée of GLA only
in p~EPQ. ALA oxidation probably accounted lafgely For
the greatest lipid pefoxide concentrations detected
overall uitH p-L0O dosage, while fhe smaller aﬁounta p~F0
induced. ref1acted_tﬁe more even “alance of sathrated.

monoenoic and polyencic FA‘s in this p-eil.

Cat Tung fibroblasts incorporated exogenous FA's (Table
4.6.,3.1.), thus it seemed unlikely that spsnt iredium

lipoperoxides (Table 4,.6.5.1.) were primarily Formed.
extracellular'y via auto-oxidation, particularly since
p—oil FA's were dosed baund.to albumin, The lack of
cytotoxicity found with p~CO, é—ﬁﬂ, p-SS0, p-L0, p~EPO
or p-F0 dosage, and the greater amounts of cellular than
médium MDA measured, rather sugggsted th&t mediu& lipid
peroxides resulied Ffom celiuiar releagse, Such may have
occurred ag a result oF.increased membrane permeability
induced by the formation of cellular lipid peroxides,
which others have reparféd (Chio et al 1949, Tappe! 1980

and Mead 19?6). The similar medium 1ipo§er¢xide levels
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found with p"EPD or p—-SS0 dosage could indeed relate +to
the similar extent to which cell viability was Timited
(Fige. 4.6.1.7. and 4.6.1.5., respectively). On the
other hand, the Finding aF_greatér MDA amouhté irn the
cells than spent medium uith 40mg/s 5400 doaagé, dewpite
marked cytotoxicity induced (Fig 4.46.1.4.), suggested

that most substrates for oxidation were membrane—=bound,

p*CU-énd p-MO had Iiﬁtle'effecﬁ on MDA formation (Table
4.6.3.1.) and induc;d littlé growth limitation (Figs.
f 6.1.2-4.6.,1.3,), whereaz MDA generation and cell
‘viability were invefseTy related with p~00, p~-8S0, p-LO,
p—EP0 or p—FO0 dosage (Figs. 4.,6.1.4-4.6,1.8.), This
suggested fhat lipid peroxide invdlvemeﬁt ih the
modulation of cell growth was possible, The fact that
the greatest cytotoxicity &0mg/! p-00 induced did not
correlate with the highest 1ipoperoxide amownts Found,
however, indicated that lipoperoxides were only partly
responsible for the modulaticon of  cell viability, and
alterations in membrane gtability were postulated as

also being involved.

Thg finding that total eicosanoid production by contfoi
cat Tung fibroblasts only accounted for about 10% of all
lipid peroxides measured (Tables £.6.5.1, and 4,6.6.1.7
could have related to the poor capability of such cells
to supply eicosancid precufsqrs via desatuwration. Thus
lung may be reliant on an externé] supplk of eicosanoid

precursors. The obseruvation that the prostancids studied
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compriced a fraction  of the molar amount quantitated
indicated that these cells were 1arge1y'inuol¢ed in the
production of other eicosancids, but nevertheless
supported functional éyciodxygenase activity in cat iung
Fibroblasts, Mayeux et al (1989) similarly reported that
microsoma]. fractions isclated from cat lung not only
contained cyc?ﬁoxygenase activity, bﬁt alao prostacyﬁlin
- synthetase, thromBoxane synthetase and GSH~dependent

PBE~  isomerase activities. Under the - experimental

conditions emploved in the present study, the enzymic

pathweys for TXBz gng PGF syntheéis were yreatly

was possible that PGHz-pgE2, PGH1-PGE:L and PGH2~PGDz,

isomerases were'supprésséd/inhibited rather than abéent
as limited PGEz, pGE1 and PGD2 formation occurred with
p-oil dosage, respectively. Others showed the ability of
cat. lung to form large quantities. of PGEz, ,ith
considerably smaller amounts of PGBIz gnd é-keto-PGE:
(Ferreira et a1 1967 and Forstermann et al 1983). Cat
Jung, however, has alse been implicated in the marked
clearance of PEEz, byt not of PBI2 (Forstermann et al
1983), and this could explain the absence of PGEz |,
control and Tow levels of such in dosed cells, as Qe]l
as the significantly larger PGlz jnounts both in control

and dosed cells in the present study (Table 4.6.6.1.)/

Bupplementation of cat lung fibroblasts with p-oils

stimulated total prostancid prodhdtian in every instance
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by enhancing TXBz, PGFy, PGIz, PBE2, PGE! and/or PGD2
synthesis (Table 4,6.6.1:2, The exteht of stimulation

was both p-oil and concentration dependent, but did not
relate to the degreé of p+oil unsaturation (Table
2,.3.3.2.) or ability of the p—oils to provide direct

eicosanoid precursors., Waring et al (1988) suggested

that TXAE, PGIz, and vasbconstrictor prostancids {PGF2y,

PGD2 and PGE2} were Tormed in response to exogenous

20:416 adminjﬂ“fation in the cat lung. p-MO econtained
203406 {Table 2;3.3.2.), fhe direct 2;serieé'eicoaanoid
precursoﬁ, while the l-series precursor, 20:3wé, was
formed from 18:3wé with p—-EPO dosage (Tahle 4.6.3.1.),
yvet these p-oils induced no mignificant increase in
progtancid ﬁroduction in relation to other p—oils devoid
of such moleties, dosed at identical concentrations.
Even p-L0 and p~F0 vyielded praostancid profiles similar
to those derived from cells iﬁcubated with coirresponding
amounts of other p—-oils, despite <the known inhibitory
actions of 18:3uw3 and 20¢{5uw3 on 20:4wé metabolism wvia
cyclooxygenase, and hence 2~seriéa prostancid productiﬁn
(l.Lands et al 1971, 1973, Dyerberg et al 1978, Culp et al
19?9, Huwang et al 1980, Hamazaki ot al 1982, Marshall et
al 1982 and Nassar et al 198?); The lack éF significant
differences in PGIg; TXB2, PGFy, PGE2, PGEX and PGDz
levels found with dosage of different p-oils at the same
concentration implied that exogenous FA’s per se induced

little effect on the . biosynthesis of the eicosanocids
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sfudied,- +thus enhancement of prostancid production
related to utilisation of membrane 2033w6 and 20:4wé,
which were “detected in cat lung Fibrcblasts (Table
A4.6.3.1.), Howevef, the finding that total prostancid

production was slightly étimu]ated with 40mg/1 p-oil,
but increased about 2 fold with 20 and 60mg/1 p-oil,
. implied p-0il concentration inwvelvement in prostanoid
synthesis, This could have influenced eiccsaﬁoid
precursar avai1ability, or modulated the expression of
enzymes involved in the formation of the prostanoids]

studied, particu1ar1y at the-PGH level,

The present study coyld not estéb1ish- any  co;relation
 between the sicosanoid profiles (Table 4.6,6.1.) and
cell viability changes (Figs. 4.6.1.2~4.6.1.8.) induced
with p~oil dosage. This implied th%t the endogenously
biosynthesised prostancids studied ‘were not directly
involved in the modulation of cell proliferation,
despite alterations in overall prostancid production or
the balance betweén individual prostanoid groups. The
inqoiuement of lipoperoxides and hlterafions in membrane

physical properties were proposed as likely mechanisms.
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4.7 ' IHE EFFECTS OF PSEUDO-OILS ON __ CELLS
'DERIVED FROM CAT SKIN. |
I,

-

4.7,1 | Effects of pseudo~0ils on Cell Viability,

Calls were examiﬁed microscopically before, dukiﬁ@f and
after each-éxberiment, and at no time were changesﬁseen.
in_the morphology of control or p~oil dosed cells,
except for cytop?asmid droplets observed with p-bi1

incubation at high concentrations ip some instances.

Final meaium a?bumin c#ncentrations ranging from G to
250mg/1 were shown to have no significant effect on cell
viability (Fig. 4.7.1.1.), nor were any sgynergistic
effects induced. The cell viability changes induced with
the p—oils were theréfcre a result of the exogenous FA s

alone, and not the albumin used as FA carrier.

The number of control cells, seeded at 10x10%/mi, at the
end of the 24 hour-trypsinisation recovery period, was
114.7x10%/m1. This equated to approximately 63% of the
final control cell numbe;. at the end of the 48 hour
incubation period and Eepresénted-the cytostatic number,

Only p~oil concentrations limiting cell viability to

significantly below 623% were thus considered cytotoxic.

The results of the incubation of cells with p-oils are
depicted in Figs. 4.7,1.2-4,7.1.8. Cell proiiferation

was enhanced with p~MO, p-00, p~EPQ or p-FO aosage; all




o

& f-l -

The results are expressed as mean percent (%) cell
_viabiiityistanﬁard error of the mean (s.e.m.), where "'n”
is the number of experiments. The concentrations. given
are as mg _a?bumin or pseqdo*oiI per_litre of growth
medium.  Fig. 4.7.1.1. shows the meah percent cell
viability wversua the albumin céncentratﬁéﬁ (mg/13}, and
Figa. 4¢?.1.2;4.?.1.é¢ depict the mean gﬁer08ht cell
viability versué thé pseudo-0il concentration (mg/13,
Fig. 4.?.1.9.' shows the mean percent cell viability
versus tHa.alemin concentration (mg/1) For cells dosed.-
with  the .amognt of pseudo-oil which limits cell

viability to 50% of the controls.
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p~oils were cytothic at high concentrationa in the
range dcsea. although p—-SS0 only limited cell growtﬁ.
The cell uiabilit& changes induced wvaried in magnitude
dependent on the p-oil and concentratioﬁ dosed, but p?OU
;aused the greatest enhancement of _cell proliferation,
_whereas the overéi] pattern of growth inhibition was

greatest with p~EPO or p-FO dosage.

iﬁmg/l p=-C0 had 1itt1e e?Fect on.celi proliferation: but
higher amounts. resulted in an overall concentration
dependént reduction in cell viability such tﬁat'cyto*
etasis was induced with 70mg/l p-CO (Fig. 4.7.1.2.),
10mg/1 p-MO0 similarly had no significant effect on cé}l
growth, but this was enhangerd with 30 and_dOmg/? p-MO to
105.1% and 110.7%, reapectiuely (Fig, 4.7:1.3.), p-MO
increasingly limited the proliferative capability of the
cella as greater concentrations were doéed, and induced
'cytotoxicity with conéentrations of 80mg/1, or greater.
Cell viability was 49.,2% with 100mg/1 p~MO, compared to
24.3% with 100mg/1 p-CO, and the IDso yajyes supported
the greater capability of p-CD to reduce cell viability

than p~MO (about 7omg/1 and 100mg/1, respectively),

Ceil proliferation was not markedly influenéed with
incubation.of up to 40mg/1 p-00, but was enhanced to
112.0%, 122.3% and 107.6% with 50, 60 and 70mg/1 p-00,
respectively (Fig, 4.7.1.4.), Cell viability was limited
o 79.4% with 80mg/1 »-00, but bytotoxicity reduced cell

viability to 50% of controls with 93mg/] p—OD (IDso) and
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to 33.2% with 100mg/1 p-00.

_Dosage with increasing amounts of.p—SSU limited <cell
growth margihé]ly in an overall concentration depénaent
fashion to a minimum of 70.6% with 100mg/1 p-5S0 (Fig.
4.7.1.5.3, p-880 was the onty p-oil which did not induce
eytotoxicity in these cells, thus no IDso (ould be

calculated.

10mg/] p-LO had little effect on cell proliferation
(Fig, A4,7.1,6.), but was progfessiveTy growth Timiting
with 20 +to 70mg/1 p-L0, although cell groufh was
enhanced to 103.6% with &Dhgll p~l.0, -Cytotoxicity was
induced with ccncentrations greater than 70mg/1,; which

linearly reduced cell viability to 50% with 80mg/1 p-LO

(1Ds0) and 17.7% with 100mg/1 p-L0.

Dosage with p-EPO or p~F0 enhanced cell proTiferation
slightly with amounts less than 30mg/l, to a maximum of
108.2% with 30mgs/1 p-EPO, and 109.1% with 10 and 20mg/1
p~FO (Figs, &4.7.1.7. and 9.7.1.af, respectively). Cyto-
stasis was induced with 70mg/1 p-EPD, and in the range
70 to 80mg/1 p~FO, -wheraaé cytotoxicity progressively
reduced cell visbility with higher concentrations to
vield 0.4% and 1.4% viable cells with 100mg/1 p—EPO and
p~FO, respectively. p-~EPDO and p-FO thus induced similar
cell viabiiity changes, although p—EPO was slightly more
growth limiting and cytotoxic, which the IDso values

gdapported (shbout Tdmg/1 and 82mg/l, respectively).
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To exclude +the possibility <that any of the effects
observed witﬁ p-oil dosége:were influenced by the amount
of albumin bound to the FA s, cells were incuﬁ&ted with
a fixed émopnt of p—oil f?dhgif p—EPQ, IDso) .and dosed
with varying amounts of albumin. Five bdints were chosen
around which to vafy the albumin_canqentration, keeping
the p-oil concentration fixed, wviz, 2 points above, 2
points below, and tﬁe IDso of p—-EPO, The appropriate
amount of albumin was added to these cultures to give
the desired concentrations. The results shown in Fig.
£.7.1.9. indicated that the concentration of p~EPU dosed
reduced cell viability to approiimate]y 50% of controls,
~and that such was not influenced by different_aibﬁmin
concentrations, Thus, the effects induced with the
p-cils could be attributed soiely to the exogenocus FA's,

and synergistic effects of albumin could be excluded.

Fig. 4.7.1.,10, depicts the-érowth of celis obtained from
cat skin in.cu]ture medium supplemented with 10% serum
derived from its own species compared to commefcially
available fFfetal calf serum (FES) in order to eitab1ish
whether FCS modulated cell growth in any way. The
cells grew from 10,0 to 14.5x10% over a 72 hour. period
when culture medium was supplemented with 10% FCS.
Plating efficiency was low in the presence Iof 10% cat
serum (C8), however, resulting in an initial decrease in
the number of viable cells at 24 hours to 6.6x10%, Cell

growth increased marginally over the next 48 hours, but
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The r‘ésu1tslar‘e expressed as mean cell numberistandard
erroriof the mean (s.e.m.j, where “n" is the pumber of
experiments. The cell pumbers given are x10%/p] growth .
medium. Fig, 4.7.1.10, shdws ‘mean cell ﬁumbars versus

the incubation period (hours).



Fig. 4.7.1,10, _
The growth of cellsg derived from cat gkin jin DMEM

E
g 15-.
R,
.E 10
£
2
T
O 5.
0 i 1 L
o 24 48 7e
fncubstion time {hrs)
Incubation - Mean ts.e.m. n
Time Cell Number
(hrs) (x104/m1)
Foetal calf
serum
24 10.8 0.3 9
48 13.6 6.4 9
72 14.5 0.3 9
Adult cat
serum?
24 6.6 - 0.3 9
48 Te® 0.3 b4

72 7.7 0.2 k4




492

only 7.7x10% viable cei?s'uére found at the end of the
inqubation period; The routine use of 10% FCS thus did

not limit cell growth compared'to 10% €S, and prohotipn
of growth limitation and cytotoxicity were attributed

solely to the exogenous FA's incorporated.

Subsequent to these studies, cat skin Fibroblasts were..
platéé and dosed appEOpriately- with D,IED, 43 or 6Uhg
p~oil/] cu]tuée medium, in sufficient  qQantities ?or
211 guantitative and gua?itative analvses +to be carried
out. Upon harvesting, ce]T.viabilities_were éomﬁgred_andns
found ﬁﬁt %o be statistically diffe&ént. from those in
Figs. d.?;i.i*d.?.i‘s. A1l further biochemical assays

were thus performed on these samples,
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4.7.2 Effects of pseudo-0ils on Total Protein.

Table 4.7.2.1. shows the total amounts of cellular
protein quantitated at each of the p-0il concentrations

dosed compared to controls.

The lowest protein concentration found in dosed wells
{304.3ug/108 cells seeded with 60mg/1 p-FO) correlated
witﬁ that of controls (304.5ug710% cells seeded). All
other dosed cells contained more protein. than controls,
althdugh the amounts varied numerically with p~oil and
concentration dosed, but was highest with 60mg/1 p-00 .
incubation (467.7ug/108 cells seeded)« More_protein_uas

found in cells supplemented with 40 than 20 or 60mg/1
p~MO (343.0 to.420.1ug), p-LO (346.4 to 392.1ng), p—EPO
(338.1 to 383.7ug) or p-F0 (304.3 to 381.3ug). On tﬁe
other ﬁand, protein amounts decreasea overall with
increments in p-CO (34?;1 to 318.%ug) or p—SS0 (353.7 to
330.%9ug) dosage, but the éonuerse occurred with p-00

incubation (326.1 to 467.7ug).

The spent incubation media derived from these cultures
were also analysed for total protein. The va]ﬁes for all
samples were summed, and a mean protein concentration of
40.0%0,23mg/10% cells seeded obtained (n=22)}. However,
statistical comparison of individual samples by apalysis
of variance showed no significant differences in the
spent media Profein levels between cortrol and dosed.

cultures (F=136.5, p=0.001).
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4.7.3 R Effects of pgeudo-0ils on the Fatiy Acid
Swactrym of Cells Derived Ecgm Cat Skin,

The FA spectra for both control and cells incubated with

20, 40 or 60mg/! p-oil are shown in Table 4.7.3.1%1.

The greatest prqportion of any single FA in control
cells was 21.6% 18¢1w9, compared to 15.6% 16:0, 14.5%
1810, 8.2% 20:4ué and 16.6% 22:4wé. Other FA's were

detected in smaller amounts.

18:0 and 16:1w9 proportions were generally Jower in
losed than in control cqlTs, ‘while 1630 and 18:1w?
percentages were more varied. Dosed cells generally
econtained higheir 18:2ué levels than controls, but the
converse was fourd for wé POFA“s. Similarly, w3 PUFA
percentages were generally lower in dosed <than in

control ce'ls,

A concentration dependent increase in 16:0 incorporation
was shown when cells were incubated with 20, 40 or
60mg/1 p-CO (21.2%, 25.2% and 28.8%, respectiveiy wvs
13.6% in controls). 18:1w® levels increased in a similar
manner {(23,5%, 25.0% and 28.0%, rgspectiuely_vs 21.6% in
controls), but 18:0 and 16:1w9 were parallel to controls
(14.5% and 4.0%, respectively) or decreased (11.0 to
16.3% and 2.59% to 4,3%, respectively). & small increment
in 20:4uwé was Ffound with 20mg/1 p-C0 incubation (9.1% vs

8.2% in controls), wheress 20:5w3 was significantly, and



Leqend to Tables 4,7.3.1. and 4.7.3.2.
A1l values are tabulated as relative percent total area.
Control valyes are reported as meanis.e.m., where "n’ is

the number of experiments, "L[p-Qill" refers to the

pgeudo—o0il concentration used.
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22:6u3 slightly, incressed with p~CO supplementation
(1.2% to 3.8% and 3.1% to 3.4% vs 0.7% and 2.3%  in
controls, respectively). Percentaées For other PUFﬁ's._

however, wete parallel to controls or decreased,

Cells supplemented uith 20,.40 or &0mg/T p—-MC exhibited
stightly increased 1610 and 18:1@9 levels (18.8%, 1?;22
and 21.3%, and: 22.1%, 23.1% and 56.92, vs 15.8%  and
21.6% in contfﬁié._reépectively}, 24:0 was éignifi&antTy
increased with 40mg/1 p~MO (3.0% vs 0.1% in.coﬁtrola),
whereas 18:0 and 16:1&? levels were lower thaH contro1s
(14,5% and 4.0%, respectively), 1822uwé was significant?y
aﬁd 20:4uwé slightly increased with p-MO dosage (6.4% to
11.7% and 9.2% to 9.6% vs 3.9% and 8;2% in controls,
respectivelyj, but no significant incPeménts-in osther wé
PDOF4"s were found. 20:5w3 increased ap?roximhte?y 2 fold
with 20mg/1 p~MO incubation (1.8% vae 0.7% iﬁ controlsl,
aﬁd 221603 was slightly iﬁcreased seross the range dosed
(2.3% to 2,7% vs 2.3% in controTs), but other w3 PUFA

levels appreximated to controls or were decreased,

181109 levels increased 2 to 3 fold uhen cells were
Fed uith 20, 40 or &0mg/) »-00 (43.6%, S50.7% and 56.0X,
reapeCtiue1y vs 21.8% in controlal, whéreas 16:0, iB:U'
and 16:1uw9 were decreased | elative to controls (135,6%,
14.5% and 4.0%, respeciively), 18:2w6 increased over the
range dosed (7.7% to 11.0% vs 3.9% in controls), as did
205206 (3.1%, 1.8% and 2.0%, respectively wvs 0.2% in
controls), but wé and w3 PDFA levels were parallel to

i
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controlis or decreassed.

Pp—-550 supplementation had little effect on 18:1w9, but

decreaged 16:0, 16:1u9 and 18105 percentages compared to
controls (21.6%, 15.6%, 4.0% and 14.5%, respectively).
18206 increased markedly and 20:2wé significantly
(25.0%, 32.3% and 40.7%,  and 1.4%, 1.,4% and 1.0% with
20, 40 and é0mg/1 p-SSO ws 3.9% and 0.2% in controls,
respective]yi; but no increments in any other mé.or w3

series PUFA’s were induced.

16:0, 16:1u9, 18:0 and 18:1u? levels were parallel to,

or ]err thanh, contrels (15.6%, 4.0%, 14.5% and 21.6%,
respectively) with 20, 40 or é0mg/1 p-LD incubstion, but
18:2uw6 and 18:3uw3 were increased (8.9%, 11.9% and 11.2%,

14.8%, 29,4% and 29.2% ve 3.9% and 0.7% in controls,

respectively).  However, the only significant increment

in PDFA levels was detected For 20:5w3 with 40mg/l1 p-L0

{1.4% vs 0.7% in controls}.

p~EPO incubation caused 16:0, 1830, 16:1w9 and 18:iu9
levels to decrease, aTthcugh.;lszo was incréased with a
concentration of 20mg/1  (22,8% vs 14.5% in controlal,
.p—EPO' induced a concentration dependent increase fin
18:2ué uptake (23.9% with 20mg/1, 38.9 with 40mg/1, ;nd
39.2% with 60mg/] vs 9.92 in controls), and the le;elé
of beth 20:206 and 18:3w8 were raised (1.1% to 1.4% and

0.4% to 3.9% wvg 0.2% and 0% in controls, respectively).

- An Increment in 20:8@6_&&3_3150 induced (4.6%, 5.4% and
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4,9% with 20, 40 or &0mg/1 p-EPO, hespsctipe]y vé 3.6%
in controls), but 20tdué levels decreased 2 to 4 fold
compared té.cnnfrols (8.2%), and no increments in 22:4uw6
or 22:5&6;wara found. Furthermore, all w3 series PDFA;s

detected were lower in dosed celis than in controls.,

Supplementation with 20, 40 or &0mg/! p-FO0 induced an
increase in 16:1u9 (12.2%, 18.5% and 16.6%, respectively
Qs 4.0% in céntrols), decreased 18:0 levels, but had
little effect on 18:1w% and 16:0, althouwgh the latter
increased about 2 fold with 60mg/1 p-FO (34.6% vs 15.6%
in controls)., wé series PDOFA‘s were not. significantTy
raised, despite more 18:2uwé in dosed than contral qell$-
(4,8% to 7.5% vs 3.9%, respectively). Raised amounts of
20:5u3 were detectéd <4,?z, 10.0% and 2.6% with 20, 40
~and 60mg/1 p-F0, respectively vs 0.7% in centrols), ahd
22:5u3 was increésed u}th 20 and 40mg/1 p-FO (5,3% and
4,6%, respectively wvs 3.4% in ﬁontrols). However, no

evidence to suggest increased 22:6w2 was found,

The FA gpectra of the spent growth medium removed from
each 'ﬁf the above cultures is shown in Table 4.7.3.2,
The medium .in which ' control cells bhad been grown
contained 97.4% 14:0, 1.4% 17:0 and Tess than 0.5% éach
of 16:0, 16:1w9, 18:0, 18:1w9 and 22t4wé. - Spent media
obtained from chtures dosed with p-oils similarly
contained at least 96% 14:0 and 1.0% to 2.0% 17:0, but

on?y trace amounty of the major FA components present in
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the p-0ils remained in the medium following the 48 hour

incubation period.
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4.7.4 Incorporation of _Radi d Ci8 F
Acids into Cells Derived from Cat Skin.

The radicactivity recovered from cultures incubated with
2uCi C19C1-18:1w%, [149C31-18:2w6 or [1201-18:3w3 is shown
in Table 4.7.4.1.

For  both [14CI-18:169 and [14CI-18:3u3, the equivalent
of 4,3x105cpm were dosed to.the cultures, and total
recovery approximated tb 8i% and 95%, respectively. For
E1403“i832w6 the equivaient of 4.8x10%cpm were dosed to
. the éFé;th medium, and the total recovery of this radio-~
label aftér 48 hours incubation amounted %4%. The counts
recovered From the spent incubation media rahged from
1.8 to é.Binacpm. uheréas only 0,3 to 0.3x105cpm were
recovered from the pooled buffers after washing the
ceTls,. which accounted for non—speciFic binding. The
amount of each of these radioisafopes incorporated inte
the cells themselves equated to 31% for both L[4C3~

18:1w9 and [14C1-18:2wé, and 23% for C14CI-18:3w3,

The percentage conversion of incorporated [14C1-18:1w9,
C19CI-18:2ué and [1%C1-18:3u3 to w9, wé and w3 series
products, respectively after 48 hours incubation with
cat skin fibroblasts are shown in Table 4.7.4.2., As 46D
represents the first and rate limiting enzyme in the
desaturase cascade, +total activity of this enzyme is
reflected by the sum of all subsequent desaturase and

elongase products.



Jable 4.7.4.1. _ _

ihg radicactivity (cpm) geggugngd from c¢at skin -cuiturgg
incubsted with ggdiglgbe}lgg ci8 Faijﬁiagigsi _expresged ag
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25:9% of the total [140]-18:1w% counts derived upon OLC
analysis (2808cpm) remained unchanged, whila the amounts
detected Tor the subsequent elongation products were

37.8% 20:1w?, 20.5% 22:1w? and 12.4% 24:1u9,

31.0% of the total [14CI1-18312ué~derived counts  detected
following OLC (3524cpm? remained unaltered, whereas
23,2% was Ffound as 20:2wé, but only 7.7% as 18:3us,
15.9% 201306 was detected, but 20:4uwé, 22:4ué and 22566
énly comprised 8.,5%, 8.4% and 3.2% of the total counts,

reaspectively.

163%cpm were derived upon GLC analysis of cells dosed
with .E14CJ~1813w3, of which 32.0% remained as 18:3uw3,
22.5% was found as 20:3w3, but only 6.4% as 18:4w3,
These amounts wnere similar to those detected for the
corresponding PPQdUcts.oF L19C3-18:2wé metabolism. 21.4%
of the total E14¢3“18:3w3~derived counts were present as
20:4u3, whereas the percentages for 20:%w8, 223563 and
22316w3 were T.3%, &.,2% and 4 3%, respectively. Thase
post-A5D FA proportions were slightly lower than those

detected for equivalent products in tne wé PUFA series.
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4.7.5 Effects of pseudo-0ils on Lipid Pevoxide

Formation.

Table 4.7.5.,1., shows +the lipoperoxides quantified both
in cultured cells and their respecvive growth media in
the presence and absence of desed p-oiis. The values are
shown as nmoléa_MDA/iO5 cells, but in the case of the
spent media, this represents the nmoles of MDA in the

volume of medium from which 1x10% cells were obtained.

MDA jevels varied between dosed cells with p-oil,
ranging from 0,1 to 5,8nmoles MDA/10% cells, compared to
O.4nmoles MDAZ10%8 control cells. Lipoperoxide amounts
were parallel to, or lcwer than, controls when cells
were supplsmented with 20mg/1 p-oil, but increased in an
overall concentration dependent manner as higher p-oil
amounts were dosed. Lipoperoxide production was low with
p~C0, p~MO or p-00 incubation (0.1 to 0.5nmoles MDA/108
cells). p~EPQ and p-S80 induced similar amounts of lipid
peroxides (0.3, 0.4 and 0.6 vs 0.4, 0.6 and 0.%9moles
MDA/10% cells with 20, 40 and é0mg/! respectively), and
p—F0 generated significantly greater amounts only with a
concentration of 60mg/l (4.%9nmoles MDA/10% celia), p-LO,
howewver, iﬁduced the highest ovérall levels (0.3, 1.6
~and 5.8nmoles MDA/10® cells with 20, 40 and 60mg/l,

regpectively).

The spent medium derived from cultures incubated with

é0mg/1 p~-L0 or p-F3 contained emall lipid peroxide
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amounts.(ﬂ.i and 0.3nmolea MDA/105 cells, respectiveiy);
but fhese compbunds-@ere absent from the spent media of

all other dosed cu1fures, as well as control medium.
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4.7.6 ' The Eicosanoid Profile Cel erjve

from Cat Skin.

Table 4:.7.6.1. shows the eicosanocids positively detected
in control and domed cat skin fibroblasts, All data is
presented as a percéntage of the total area guantitated,
but an indication of the actual amount found is given

for controls in "{ )" as pmoles/105 control cells.

Total eicosanoid synthesis by control cells amounted to
only 80.5pmoles/10% cells, of which 21.0% correlated

with the retention times of the prostanoid .standards.
used. This fraction was composed of 10.7% TXBQ, 6.9%
PEFy, 1.8% PGIz and 1.6% PGE2, Varying proportions of
these prostancids were found in dosed cells, but neither

contrel]l nor dosed cells formed significant amounts of

PBE4 or PGDz,

Total percentages for the prostancids detected in dosed
cells wvaried significantiy with p-oil concentration as
such approximated to controls (21.0%) with 40mg/1 p~oil
(15.5% to 24.9%), but uere greatly increased both
with 20mg/1 (34.2% to 506.1%) and 60mg/1 (32,9% %o 41.8%)
p=«oil. These changes were reflected by appropriate
alterations in individual prostanoid levels. PGlz pip-
synthesis was increased with incubation of 40mg/1 p~oil
(2.0% to 9.5% us 1.82.in controls), but more varied with

- 20mg/1 (0.8% to 6.0%) and 40mg/1 (0.92 to 3.1%) p=-oil,

T™XBz  teve!s approximated to controls (10,7%) or wers



Values are tabulated as relative percent of the +total
area detected, and as .pmoies total eicosanoids/106

zontrol cells,

\
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decreased with dosagé of 4Umg/1.p-oi1 (5,8% to 11.3%),
but“.ihcreaééd approximately 2 fold with 20 or 6Bm9fl
 p-oil (17,2% to 24,5%). Similarly, the changes in PGF,
.préducticn.uere sma]Test uitﬁ incubation of 40mg/1 p~oil
(2.9% to 10.32Ibs 6.9% in controls), but were greater
with 20mg/1 (13.1% to 21.3%) and 60mg/1 (9.0% to 14.9%) .
p—oil. PGEz production approximatéd to that of ﬁontrols
(1.6%) when cells were aupp?eménted with 20mg/1 p-oil
(1.5% to.losz);3 but  was sdppressed in the presence of
" 60mg/1 poil (0.1% to 0.9%} and inhibited with A40mg/1

p-oil.
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4.?.? Discussion.

p-0il supplementation of cultured cat skin fibroblasts
induced effects ranéing from stimulation to inhibition

of cell proliferation, and the different cell Qiabilit?
changes reported (Figs. 4.7.1.2-4.7,1.8,) reflected the
unique FA compozition of each p-oil (Téble‘2.3.3;2.) and
the concentration dosed. The pronounced differences in
cell viability induced with p-00, p-SS0 or p-LG dosage
probably related to the abundance of 0A, LA and ALA in
- these p—oils, respebtive?y& It was apparent thét oA
exhiBited th- potential to stimulate cell brplifération
when dosed at in%termediate concentrations. in the range
used,.unlike LA and ALA, whereas the cytotoxic poteﬁtia]
of ALA was greater than 0A, followed by LA when these
p-cils ‘were dosed at high concentrations. .The marked
variations in ce]f viability induced with p—EPC or p-850
dosage, despite similar FA compositions, could have
related to the presence of GLA in p—EPD only. This FA
appeared to stimulate cell growth with To@, and inhibit
such with high, canéentrations of p~EPO dosed, cﬁmpared
only to growth Timitation induced by Lﬁ with p-880
feeding. It was a}so apparent that GLA (in p-EPOQ) was
more effective in mediating cytotoxicity than ALA
(in p-L0) at high concentrations, and such may relate to
the fact that GLA is a POFA. Indeed, PDFA inwvolvement
in the modulation of cytotoxicity saseemed 1likely as

dozage with high concentrations of p~EPQ or p~F0, which
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contained signiféqant PDFA amounts, were most effective
as cytotoxic agents, while their absence led to 1esa _
effective cell ki]?ing. However, the enhancement of cell
viability reporte& with suppiémentation. of p-MO, p-00,
p-"E_P.O or p-FO, but not with p-CO, p-5S0 or .p—LU,
cbrre]ated Wwith the.presence of EFA desaturation sand/or
#longation products in the former p-oiis only, and also
suggested inuoTuement‘uf.suéh FA’s in the stimulation of
cell growth with Tow and/or intérmediate concentrations.
of p-oils, Dosage with p~00 or p-Mﬁ, each containing
about 2% 20:2uwé or 20:4wd, respeﬁtive?y, enhanced cell
viability to a' agreater extent ﬁhan did »—EPO or p—-FQ0,
containing 9% 18:3&6_and 183.20=$h3, reapective]y..SmaT1
amounts of exoganoua EFA desatuﬁation and/or elongation
products thus seemed more eFféEtive in the stimulation

of cell proliferation.

The different cell visbility changes which the p-oil
FA's appeared to induce could have related to étructural
variations between different moieties. It should be kept
in mind, however, that synergistic or antagonistic
interactions between different p-cil FA's could also
have played a role in the modulation of cell viability.
This may explain why cell viability changes duid not
always correlate lineérly Wwith the amount of p<-oil

supplemented,

The finding _fhat only trace amounts of the major FA
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components present in the p-oils remained in the spent
medium following the 48 hour incubation period (Table
4.7.3,2.) indicated the capability of these cells to

incorporate exogenous Fﬁ’s, even in the presence of high
14:0 levels derived from the culture medium itself
(Table 2.3.3.3,). The FA épectra of dosed cells ({(Table
4.7.3,1.) supportead p-oil FA uptake from the dultdﬁe
medium. A& mechanism whereby p—oils affected cell growth
may therefore.rqlate_to differentiai exogenous FA uptake.
and alterations in membrane stability, dependent on
p;oii FA coméos&tion and concentration dosed. Prondun&ed
distortions of memrane fluidity would indeed support
the limitation and inhibition of cell proiiferation
found when lérge quantities of saturated or unsaturated

FA-rich p~oils were fed (Figs. 4.7.1.2-4,7.1.8.).

p-0il supplementation of cat skin fibroblasts induce&
concentration changes in total cellular protein (Table
4.7.2.1.) which generally reflected the cell viability
- changes induced (Figs. 4¢?o1;2—4'?.1.8¢). The largest
amount of total protein quantitated indeed corresponded
to the greatest stimulation of cell wviability found with
60mg/1 p—00 dosage. However, the findiné that protein
increagsed about 50% compared to a 22% increment in cell
viability indicated that such protein changes did not
relate solely to increased cell numbers, pérticular1y _
since increased protein was found in cells dosed with

p-oils that caused grputh limitation, eg. p~L0 or p—5850.
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This indicated p=-oil FA . involvement in the stimulation

of protein_Synfhesis, which may reflect enhanced enzyme
expression to metabolise the incorporated p-oil FA's¢
The fact that the extent oF.protein stimulation wvaried
when supplementation with ~identical concentrations of
different p-oils yielded similar cell numbers suggested
that the capability. +o modulate protein biosynthesis
related to differences in FA structure, Whether this

ralated to specific FA's in any p-oi(, i* tr synergistic

effects between p-oil FA'é, WES UNKOGWA, alfhough a

“gombination of such effects seemed most likely. However,

as .the protein concentrations in spent media derived

from  dosed cultures were not stetistically different
from controls (section 4.7.2), medium prdtein ituelf
probably did not contribute significantiy to the &hanges

demongstrated in cellular protein {(Table 4.7.2,1.),

The literature does not describe the  desaturation
capability of cat sk_in either in vivo or in_vitro. The
results obtained from the incubation of cat skin
fibroblasts with p~oils showed that such cells exhibited
very little potential +to desaturate or elongate FA’s,
despite significant p-oil FA uptake (Tables 4.7.3.1. and
8.7.3,2.), No signiFicant 18:4@3 or 18:3wé Fformation
.occurred, - even with p-L0 or p-580 supplementation,
respectively, imelying impaired 460 capability. This Qas
consistent with reports which have indicated an overall

lack or suppreasion of 46D capability in the cat {eg.

e e P e ek
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Rivers et al 1575a, Frankel et al 1978, Sinclair 1979,
Sinclair et ai 1981 ana Davidson et al 19?0&). Thus
203 3ub Forﬁation only with p~EPQ dosage more than likely
reiated to elongation of incorporated 18:3u6, wﬁi]e the
presence of small 20:2wé amounts with p-850 or p~EPD
dosage reflected limited e}cngatiqn. of incorporated
18:2w6 which could not be furt : desaturated. However,
no evidence for 20:3ué desaturation viﬁ 4350 wés shown «
Limited eiongétion of 20:5w3 incorporated with p=~F0
inqubation cccurted, but this  was not qonuerted to
2216u3 via A4D.  On fhe other hand, p*f? dosage induced
sigrificantly increaéed cellular 20:35w8 and 22:6w3
levels, This p-oil was PUF&~-deficient (Table 2.3.3.2.),
thus, it was possible that suc% enhanced desaturation
and/ﬁr elongatiﬁn of cellular PDF& s in an attempt to
maintain membrane fluidity; this indeed corre?ated uitH

decreased cellular 18:4u3 and 20:4uw3 levels.

The overall lack or suppression of desatdrase cascade
enzyme capability in these cells (Table 4.7.3.1,) did
not relate to the mediation of growth limitation induced
with p-o0il supplementation (Figs, 4.?.1.2-&.?.;.8.)1 as
enzyme capability was not improved even wuwhen p-o0ils

stimulated cell proliferation, Impairment of enzyme
expression may rather be a characteristic of cat ékin,

implying a requirement for preformed PDFA’s from tHe
diet or other cat tissues, particularly Ffoir +icosancid

production.
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' p—Oi1 desaturation was comparea with thaf of individual
Ci8 FA‘s (Table 4.7.4.2.) +to assess whether FA mixtures
modulated the pattern of p-oil deéatuﬁation reported
.(Tabie'ﬁ.?.s.i.). Cat skin Fibroblasts were unable to
efFiciently desétuwaté 1831@9 when such was supplemented
with p~0ils or individually. Elongation was induced with
£*9C1~-18:1u9 feeding, houéver, and such was paaéibly
" suppressed _with.p;oii, wur enhanced with L[!9C1-18:1u9,
Eupplehentation. On the other haﬁd. the pattern of
radicactivity derived from the incubation of ce]lé with
£14C0-18:2ué or C14C1-18:3w3 was consistent with  both
desaturation and eiongation of these moieties. Hageuer,
PDFA formation From L[14CI-18:20é and E1403-18=3u3' via
an active 46D was unlikely siﬁbé expression of this
enzyme is im#aired in fhe cat {=g. Riveré et al 1975a
_and Franke] et al 1978). The dsta rathef suggested that
[14C7-18:2w6 and [14C1-18:3w3 were directly elongated to
201206 and 201303, followed by 48-desaturation to 2013ué
and 20:4u2, respectively. THe amall 18:3wé and 18:4u3
amounts detected may therefore reflect 20:3wé and 20:4u3
retroconversion, The.Formation of sabout 20% post—45D
PUFA’s nevertheless supported the capability for 45D
expression. However, the apparent éccumulation of 20:3&6
and 20:4w3 ﬁay have been an indication that the rate df
their  formation was greater than the rate of their
conversion to post—45D products and/or that 45D activity

was not Ffully expressed. This could account for the
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small amounts of radioactivity detected for”22:5w6 and
22:16u3, although it uas slso aoPBarent that'phese cells

exhibited very limited ML capubility.-

’

The . findings above indicated that desatursse cascade
enzyme expression was more limited in the presence
~of p-oils than individual FA’s (Tables 4.7.3.1. and
.4.7.4.2). This could have related +to the mediation of
competitive intrractions between p—6i1 Eﬁ'a for the
desaturase and elongase enzymes by comp?ox‘machanismsy
which are documented (Brenner et al 1966, Mohrhéuer et
al 1967, Ullman et al 197la, de Schriver et al 1982,
Holman 1986a, Nassar 1986 and Cook et al 1987)., Similar
effects probably occur in vivg when &iatary oijs are
fed, +thus p—-o0i) desaturation may be a better indicétor
of such enzyme capability in cat skin in vive than that
suggested with individusal Fﬁ's, particularly since FA's

are presented to the organism as mixtures.

Cei1u}ar MDA detection both in the presence and absence
of dosed p—oils (Table 4.7.5.1.) indicﬁted that cat skin
fibroblasts exhibit enzyﬁic and/or non-enzymic pathways
for +the oxidation of monoencic and/or polyencic FA s,
MDA detection in contro1.cells' was not surprising,
‘@ince these cells contained FA‘s which were potential
candidates to act as substrates for the formation of
lipoperoxides (Table 4.7.3,1.). Measzurement of small, or
noy  increments in MDA concentration with p~CD or p-MO

dosage reflected the abundance of saturated FA's in
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these p-oils {Table 2.3.3.2.). HoueQer}lthe formation of
relatively small cellular Hpoberoxide amounts also with
p-00, p-850 or p-EPO0 dosage implied that the substrates
for 1i§oper‘oxidatidn were n.ot éo readily accessible
to oxidation, possibly because they were present as
components of complex membrane lipids, eg. PGL s. This
could also explain the 10Qer MDA levels measured in some
dosed cells than in controls (Table 4.7,3.1,), despite
the preéence of unsatuﬁated F#”s in the_p-oils. It was
also possible that incubation with p-00, p-SS0 or p-EPC
decreased the rate of PGL turnover and therefore the
.sizé of the FFA poal. .The cbnverse, ‘however,; could
explain fhe highest cellular lipoperoxide conﬁéntrations
induced with 40 or 60mgsl p-L0 or p-F0 supplementation,
which probably related to the amount of ALA and EPA in
these p-oils, respectively (Table 2.3.3.2.), as well as

their susceptibility to oxidation.

The absence of significant lipoperoxide amounts in the
spent media derived from dosed cu]t;res (TabTé.d.7.5.1.)

supported cellular uptake of supplemented p-o0il FA’s
(Tables 4.7.3.1. and 4.7,3.2.), This was also consistent
with the lack of cytotoxicity found with 20, 40 or
60mg/1 p-oil dosage, and therefore retension of cellular

FA‘s, lipoperoxides and peroxidising enzvmes.

Supplementation of cat skin Flbroblasts with 20, 40

or 60mg/1 p-oil stimulated and/or limited, but never
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inhibited, cell viability (Figs. 4.7.1.2-4:7,1.8.), thus
no correlation between lipid peroxide ¥ormation and-
cytotoxicity could be established; These. compounds
should, however, be considered as a possible mechanism
involved in the modulation of cell death with higher
p-0il concentrations, On the other hand, comparison of
MDA amounts with the growth limifatiOn .induced with
20, 40 and/or 60mo/1 p-oil dosage indicated that 1ipid
peroxides weré not saolely involved in the modulation of
growth 1 itation. It waé_like1y, therefore, that other
mechanisms, such alterations in membranme fluidity, were

also invelued.

fhe Finding that +total eicosanoid formation accounted.
qu 20% qF the 1ipoperoxidéa quant{fied in centrol
cat skin Ffibroblasts (Tables 4.7.5.1, and 4.7.6.1.)
reflected the poor capability of such cells to _form
eicosanoid precursors via desaturation (Table 4.7.3.1).
It seemed likely therefore +that skin was reliant on an\
'ekternal supply of eicomanocid precurscrs. The fact that
the eicosancids studied comprised a fractian of the
molar amount quantified indicated that thése cells were
largely involved in the production of other eicosancids,
Prostanoid detection neveirtheless supported function31
cyclooxygenase expression in cat skin fibroblasts under
the experimental conditions employed, although it  WS

spparent that PGHi_pgE; gng PGH2~PGD2 isomerases were

suppressed/inhibited since no significant PGEy o pEQ2
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Formation Qas'shOwh,..euen with p-o0il supplementation.
Alternatively, it was possible that theée PG'a were
degraded at & faster rate than other prostancids by
cffoplasmic enzymes such as 15-hydroxy PG debv.rogrnase,

On the other hand, the Finding that the rate of TS and

PGFy biosynthesis were considersbly greater than that
of PGEz and PBIZ could have been the result of increases

in the activity/expression of. enzymes forming TXBz 4nd

PGFy and/or relative decreases in PGH2-PGE2 isomerase

and prostacyclin synthetase.

The eicosanoid spectra obtained from dosed cells (Tab]e
- 2.7.6.1,) were consistent Qith the ability of the p-ocils
to modulate prostancid production. This, ho@ever, did
not correlate in any..way with the degree of p-oil
unsaturation or. the ability of the p—oils to provide
direct eicosanoid pregursors (Table 2.3.3.2.). Cells
enriched uith p—EPG elonggted incorporated 18:3wé to the
l-series eicosanoia precﬁraor, 20:3uwé6 (Table 4.?.3.1}),
p=—-MO cohtained 20:4ws, the direct 2~seriea precursor;
whereas 2Z-series proétanoid inhibitors_wefe present in
p*FD and p-L0 (20:5u3 and 18:3u3, respectively). The

prostanoid changes these p-oils induced, however, were

not‘significantly different, even when compared to those

mediated with identical concentrations of other P—Qifs. N

These findings implied that exngenous FA‘s per  se
induced little effect on the production of . the

eicosancids studied, and suggested that any enhancement
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of progstancid production related *o utilisation of
endogenous mémbrane 20:3ué and/or 20:4wé, which were
detected .in cat gkin FibroBlasts {Table 4,7.3.1.), The
fact tﬁat supplementation with 40mg/1 .p-o:.i.T had little
efFfect oﬁ, .or.suﬁpressed. pr:stanoid.Formation, uhéreas
20 and é0mg/) p-o0il 'stimulated eicesanoid production
nearly 2 fold primarily by enhancing TXB2 and PGFu
syntheéis fTabie 2,7.6.1.), nevertheless implied proil
concentration- involvement in - the modulation of
prostanocid synthesis.. This could have influenced the
release of 1- and 2-series eicosanoid precursor FA’s
from membrane Tipidé, or the expression of enzymes
involved: in the fcrmation of the prostanoids studied
Frnm.PGH. However, the fact that no correlation could be
found. between the eicosancid profiles (Table 4.7.6.1.)
and celT viability changes ' (Figs. 4.7.1.2-4.7.1.8.)
induced with p-0il dosed was in _viktro evidence against
the concept that the endogenously generated prostanocids
studied piayed a direct ro?é in the modulatien of cell
proliferation. _It was more likely that such related to
alterations in membrane.physical properties and possibly

the gensration of FA oxidation products.
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4.8 "~ JHE__EFFECTS__QF _ PSELDO-QILS ON '_QEHS
DERIVED FROM CAT ANIPOSE. TISSUE

4,8.1 | - Effects of pgggdo—ﬂiTé on Cell Viability.

- Microscopic examination before, during and aftgr each
experiment showed ne- changes in the morphology of
control or p-oil dosed cells at any time,’ a]thdugh
cytobTasmic dkopiets'uere cbeerved with p—~oil incubation

at high concentrations in some instances.

Iﬁuestigétidn of the effects of albumin with fipnal
medium concentrations ranging from 0 to ZSDmg/l showed
no Significahﬁ effect on cell viability (Fig. 4.8.1.1.).
-The effects induced with the dosed p-oils were therefore
a result of the FA’s in the p~ocil mixture and not the

albumin used as FA& carrier.

Thé number of_coﬁtro1 cella, seeded at 10x10%/m1, at the
end of the 24 hour post—-trypsinisation recovery period,
was 10.1x10%/m1, This equated to about 92% of the final
control_ce?] number at the end bf the ﬁB-hour incubation
period, and represented the cyfostatic number, Only
p—~oil concentrations timiting cell viability to

significantly below 92% were thus considered cytotoxic.

Figs. 4.8.1,2-4.8.1.8, depict the cell viability changes
induced with p-oil incubation. C(ell growth was enhanced

uith”iow concentrations of p-00 and p-F0O, but was both

.



The results are expressed as mean percent (%) cell
viabilitytstandard error of the mean (s.e.m.), where "n
is the number of experiments. The concentrations given
are as mg _a?bumin.or paseudo—-0il per lifhe of growth
medium, Fig. 4.8.1.1. shows the mean percent cell
viability versus fhélaibumin concentration {(mg/1J, andi
Figs. ﬂ.8.1;2?4.8.1.8. depcit the mean percent cell
viability wversus the pseudo-oil concentration (mg/1).
Fig: 4.8.1.9. shows the mean .percent cell qiabilit?
versus the albumin concentration (mg/1) for cells dosed
with the amount of- péeudo—gil which limits ©cell

wiability to 50% of the controlis.
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iimited and inhibited with all p—oils; although the
magnitude'thereof varied greatly dependent on the p-oil
and bonaentration dosed, The overall pattern of growth
inhibifion was least with p~L0 or p~MO, énd éréatest

with p~C0, p=00 or p~FO0, dosage.

Dosage with up to 30mg/1 p-CO had little effect on cell

growth (Fig., 4.8.1.2.), but cytostasis was induced with
4d0mg/1 p~C0 as cell wviability (89,7%) approximated to

the cytostatic number. Concentrations greater *than

40mg/1. p~CO were cytotoxic, and 'progfassiuely reduced

cell viability to 50% of controls with about 48mg/l1 p~CO

(IDso), and te 22.8% with 100mg/) p-CO.

Céll proliferation was not signifiﬁantly different from
controls with 10 or 20mg/! p—-MO domage, cytostasis was
_ indﬁced with 30mg/1 p~M0O, and cytotoxicity was prominent
with concentrations greater than 40mg/1 (Fig, 4.8.1.3,).

No IDso ualue was found, however, as 58.4% of cells were

viable with 100mg/! p-MO,

Cell growth mirrored that of controls with up to 20mg/l

p-00 incubation (Fig. 4.8,1.4,), Cytotoxicity increased

progressively with higher concentrations, reducing cell

viabiiity to 795.1% and 72.7% with 30 and 50mg/1 p~00,

respectively, although cell proliferation was enhanced

with 40mg/1 p-00 to 111.3%, Concentrations greater than

?0mg/1 p~00 induced marked cell death as celi viability

was  50% with 81me/1 p~00 (IDso), and only 2.5% with
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100mg/1 p-00.

10mg/1 p=~SS0 enhanced cell proliferation to 103.0%, but
20 to &0mg/1 p~880 induced cytostasis (Fig‘-d.a;l.S.).
Cytotoxicity reduced cell viability to 81,4% with 80mg/l
PS80, but more_markedly to 41.8% uith.100m9f1 p~SS0.
10 and 20mg/! p~EPO had litﬁ]e effect on cefT growth,
while 30mg/) p-EP0 induced cytostasis (Fig., 4.8.1.7.),
Higher concentratinns’@ere progressively cytotoxic, and
resulted in 40.1% viable cells with 100mg/1 p-EFO. The
celé viability changes »~580 and p-EPO induced were thus
similar, and this was supported by the IDso yalues

(ahproximéteTy 98mg/ 1 and 95mg/l, respective]y)..

Dosage with up 'tq' dﬂmg/l.p-LO generally had little
effect on cell growth, while cytostasis was induced with
30, 50 or &40mg/? p~LO0 (Fig. 4.8.1.6.). Concentrations
greater than &60mg/1 p-LO Qere only slightly eytotoxic,
and cell viability ranged from 80.8% to 83.1% with 70 to

90mg/1 p-LO, No IDso ualue cpuld be calculated as 68.1%

viable cells were found with 100mg/] p-LO.

No marked cell viability changes were induced with 10 or
20mg/t p~-FO0, while cell proliferation was enhanced to
110.9%, 117.2% and 107.2% uith 30, 40 end S0me/1 P-FO
(Fig., 4.8.1.8.). &0mg/ 1 p"FD'indUCed cytostasis, while
cytotoxicity reduced cell viability to 81.8% with 7Omg/]
P-FO and to 50% with 76mg/1 p—FD (IDso). Cytotoxicity

was considerably greater with higher concentrations, and
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Trypan blue uptake was about 95% with 90 and 100mg/1

p~FJ.

Cells were incubated Qith'pfOO to ccrrespoﬁd with .its
IDsa (about 81mg/1) and dosed with varying amounts of
albumin to exclude the possibility that any cell
viability changes induced with p-oil incubation were .
influenced by the amount of_albumin bound to the FA’s.
Five ﬁqints were chosen arcund which to vary the aibumin
concentration, keeping the p-oil level fixed,  wviz, two
points above, .two pointé below, gnd. the IDgo of p-00.
The appropriate amount of albumin was added to these
cul tures to giue the desired concentrations. The results
are shown iﬁ Fig¢ 4,8,1.9., and indicated that the
p—00 condentratinn supplemented reduced cell uiabi}ity
to spproximately S0% of controls, and that such was not
signiticantly influenced by different concentrations of
albumin., Exclusion of the synergistic involvément of
albumin therefore implied that the effects induced uifh

the p-oils were attributed solely to the exogenous FA's.

Subséquent to these stﬁdies, cellg dgriued from cat
adipose tissue were plated and dosed appréériaﬁe?y with
0, 20, 40 or é0mg p-oii/i culture medium in sufficient
“amounts for all quantitatiUe and qualitative analyses to
be carried out. Upon harvesting, cell viabilities were
compared and .Found not to be statistically different
from those in Figs, 4.8.1.1*4.8.1.8.,. hence all further

biochemical assays were performed on these samples.
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4.8.2 . Effects of pseuda-Oils on Total Protein. .

The total cellular profein content determined at esach of
the 3 p-oil concentrations dosed are shown in Table
4.8.2,1, in relation to controls, expressed as Mg total

protein/10® cells seéﬁﬁﬁ.

475,3p9 protein/i05 control cells seeded was measured,
while concentrations were considerbly greater in cells

.suppTemented with 20, 40 or é0mg/l! p—o0il, ranging from

~ 533.0 to 774,2u9/10% cells seeded. The protein increment

. was greater with supplgmentation of 20 than 40 or 40mg/1
p-CO (681,3, 668.0 and 664.9ug, respectively) or p-EPO
(638,9, 375.4 and 533.7u9, respectively), but did not °
vary significantly with p~S80 dosage (668;5 to 673.6ug).
On the other hand, <the protein incrément was noticeably
greater with supplsmentatiﬁn of 40 than 2Q or 60mgf1.
p-00 (695.3, 609.8 and 533,0ug, respectively) or p-FO
(774.2, 6%4.0 and 681.3ug, respectively), while the
converse was found with p-MO (668.5, 708.9 and £94 .Cug,

respectively).
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4.8.3 Effects of eudo-0ils on the Fatty Acji

Spectrum of Cells Berived From Cat
i poge Ti s

The FA spectra Fcr calls incubated with 20, 40 or 60mg/s1
p-oil are shown in Tabte 4.8.3.1. in relation to

cantrols,

Control cells exhibited a FA spectrum in which 18:1u%
compﬁised 21.6% of all FA's detected, compared:to 18.1%
16:0, 12,7% 18:0, 9.0% 20:4wé, 15.5% 22:4us and amaller

percentages of other FA s,

In general, 16:0, 18310, 16:1u% and 18:1w9 percentages
approximated to that of controls, or were decreased, in
dosed qe]is. Similarly, wé POFa levels were generally
decreased in dosed cells, despite increments in 18312uwé.
w3 PUFA levels in dosed cells were generally parallel
to controls, or decreased, although smali increments in

some higher w3 PDFA s were detected.

Supplementation with 20, 40 or é0mg/1 p-C0 resulted in
incregsed percentages of 16:0 (22,7%, 23.4% and 235,6%,
respectively vs 18.1% in controls), 18:i1ut (23,8%, 25.4%
and 26.9% vs 21,6% in controls), and 16:1w® (3,5%, 5.7%
and 10.1%, respectively ws 4.7% in controls), wbi!e 18:0
proportions approximated to controls (12.7%>.  Slightly
increased levels of 20:503 (1.1% to 1.7% wvs 0.8% in

‘controls) and 22:6uw3 (2.6% to 2.8% vs 1.9% in controls?



Legend to Table 4.8.3.1.

All values are tabulated as relative percent total area.
Control values are reported as meants.e.m., where "n’ is
the number of experimenta, “[Cp-0ilJ* refers to the

peeudo-oil concentration used.
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were found, but all other PUFA proportions were parallel

. t¢ controls, or significantly decreased,

The levels of 16:0 and 18:1u% increased slightly with
P-MO dosage (20,5% to 23.7% and 28.0% to 26.7% vs 18.1%
and .21.62 in éontrola, respectively), 18:0 mirrored
contrels (12.7%), while 18:1u9 decreased about 2 fold
compared to controls (4.7%). No significant increments
in wé POFA’s were detected, despite slightly increared
18:2u6 1eue13 (6.32 to 9.2% vs 4.3% in controls), 20:5&3
increased approximately 2 fold with 20mg/1 p-MO dosage
(1.9% vs 0.8% in controls), while 22:6u3 was slightly
increased with all concentrations dosed (2.4% to 2.5% vs

1:9% in controla).

20, 40 or &40mg/l1 p~00 supplemenation increased cellular
18:1w9 levels (38.2%, 45.3% and 50.4%, respectively wvs
21.6% in contro?si, but decreased 14:0, i8:0 and 16:1u?
percentages., p-00 dosage induced significant increments
in 18:2w8 (7.3% to $.6% us 4,3% in controls) and 20:2wé
S {1.,1% to 1.7% vs 0.1% in controls), but rmat in other wé
or w3 PDFA's, which levels either mirrored, or were

Tower than, their respective controls.

Supp?ementafiun of cells with p—-S50 caused 16:0, 18:0
and 16:11w? levelis to decrease, but had no effect on
18:1w%. A concentration dependent increased in 18:2uwé
was induced with 204 40 and éDmg/1 p-SS0 (19.9%, 26.6%

and 35.2%, respectively va 4,3% in controls), and 2012ué
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T

TeQe]s increased owver the same range (1.1%, 1.32 and
1.4%, reapectiveiy vs 0.1% in controls), 18i13w6 was only
slightly incraaéed.uith 20mys] p-580 dosome (1.2% vs 0%
in controls), but other wé and w3 POFA’s were found in

proportions similar to, or lower than, controls.

An overall decrease in 146:0, 1&:1u%, i8:0 and 18:11:9 was
detected when p-L0 was dosed, although 18:0 was slightly
increased with 20mg/1 o-L0 (1?.12.us 12.7% in controls).
wé and w3 PDFA #ercentages were parallel te controls, or
‘significantly decreased, despite increases in 18:2w6
(7.9%, 10.0% and 11.4% with 20, 40 and 60mg/} p-LO
respectively wvs 4.3% in controls) and 18:3w3 (10.5%,
20.9% and 29.8% with 20, 20 or 60mg/1 p-L0O, respectively

vs 0,.7% in controls),

Feeding cells p—EPD had littie effect on, or decreased,
16:0, 18:0, 16?1&9 and 18:1w? proportions in relation to
centrols, Dosage with 20, 40 or 40mg/l p-EPD resulted in
increased detection of 18:2w8 (20.0%, 29.1% and 34.5%,
respectively vs 4.3% in upntro]s),. but small increments
in 18:3wé (0.3%, 1.0% and 1.3%, respective1}) and 20:2wé
(0.7% to 1.1% us 0.1% in controls), 20:3wé percentages
neariy doubled over the same range (3.1%, 5.4% and 5.0%,
‘ respectively vs 2.9% in controls), but higher & PDFA
amounts were significantly decreased in relation to
controls, Furthermore, 3 PUFA levels were parsile! to

controls, or decreased.
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Suﬁpieméntation of celIs.uith 20, 40 ﬁrréﬁmgfl p-F0 had
no significant effect cn.16:0 and 18:1uw? 'leue]s, but
caused a decresse in 18:0, and significant increases in
16:1uw? (9.7%, 13.8% ghd.ZO.d%, respectively wvs 4,7% in
controls) and 22:0 with 20mg/1 p-FO (2,8% ws 0.1% in
controfs). Nu.aignificant increments in wé PDFA levels
'uere found, déspite'increased 18:2wé detection (6.0% to
7.5% vs 4.3%'in controlsm), Dosage with 20, 40 or é0mg/1
p~FN raised the lewvels of celiular 2GtSw3 (4.9%, 7.1%
and.9.4%, respectively vs 0,8% in contro]é& and  2213w3
(5.32. 3.8% and 4,7%, résﬁebtive]y vs 2.8% in coﬁtrols);
‘but not 22:6w3 (1.82,-0.12 and 1.8%, respectively wvs

1.9% in contbpjﬁ).
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4.8.4 Incorporation of Radiolabelled G18 Fatty
'ﬁcigs'inzg”Cellg Derived From Cat Adipose

Tissuye,

Table 4.8,4.1, shows the radiocactivity recovered from

cultures jncubated with 2uCi C1903~18:11w9, L[1301-18:2uwé

or C14C3-18:3u3,

The total counts'repooered in the spent_incubation media
ranged from 2.7 to 3.2%108cpm, while only 0.5x10%cpm was
recovered from the pooled hgffers after .wéshing the
cells, which accounted for non-speciiic binding. For
both [19C31-18:1109 and [14C1-18:3u3, the equivalent of
4.3x10%cpm were dosed to the incubation medium, and
total recovery of radiolabel from these cultures was
approximately 91%, For [14C31-18:2wé, the equivalent of
4.8x10%cpm were dosed to the incubation medium, and the
total recovery of this radicisotope from the cultures
was similarly about 92%. However, the total! amount of
each of these radioisotopes incorporated into the cells
cquated to 16% for [14CI1-1811w9, 14% for [1ACI-18:2ué
and 9% for [14CI~18:3w3.

Table 4.8.4.2. shows the percentage conversion of each
of the incorporated radiolabelled (18 FA’s above to w9,
wéd or w3 series broducta after 48 hours incubation with

cells derived from cat adipose tissue.

32.1% of the total [*4C1-18:1u9 counts derived upon GLC
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analysis (1300cpm) remained  as 18119, with ‘similar’
amounts shown For_the subsequent elongation products,
203149 (34.3%) and 22:19 (30.8%). However, only 2.8%

281109 was detectsd.

27.5% of the total E14CJ—18$2w6*deriuéd caﬁnts detécted
(2823cpm) remained unchanéed, while 8.4% was detected
for iB:BmS, _ﬁoﬁpared.to 19,1% 2032u6 ard 23.9% 20:3ué.
App#oxiﬁate]y.ZU% of the totaT’.counts detected were
cnnuertéd_ﬁtn past~A5 PUFA‘E, comprising 10.2% 20:4ué

and 7.6% 22:4ué, but only 3.3% 22196,

The total counts derived Fo]}ﬁuing GLC analysis of cells
- incubated with E14CB“1833w3{weré 905cpm, of which 1?.52
remained .as 18:3uw3. Only 9.2% 18:4wW3 was detected,
compared to 30.0% 2033w3:énd 19.6% 20:14u3, while 8.0% of

the recovered radiolabel wéé shown as 20:3u3 and 9.2% as

22153, but only 4.7% as 221663,

As AéD represents the first and rate limiting enzyme in
the desaturase cascade, total activity of this enzyme im
reflected by the sum of all subseguent desaturase and

elongase products., k
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4.8.5 Effects of pseudo-Oils on Lipid Peroxic
Formation. |

The lipoperoxides me#sqred in dogsed c¢at adipose cells
and their respective growth.media are shown in Table
4,8.5.4. in relation to controls. The data is expressed
as nmoles MDA/105 cells, but in the case of the spent
media, this Eepresents the nmoieé of MDA in the wvolume

of medium from which 1x106 cells were obtained.

O.4nmoles MDA/10%® contral cells were quanﬁitated, while
concentrations in dosed cells varied with the p-oil
supplemented, ranced from 0.5 %o 4.5nmoles MDAs10& 53115
and iﬁcreased in an erra?T- concentration dependent
manner, Cells iﬁcubated with p~C0O, p~MO or p—00 induced

similar lipoperoxide amcunts (0,5 to 0,%nmoles MDA/106

cells), while larger concentrations were measured with:

dosage of p-oils more abundant in PUFA’ s, Comparable
|ipoperoxide amounts were induced with 20, 40 or 60mg /1
p~EPQ or p-SS0 supplementation (0.9, 1.0 and 1.2 vs 0.9,
1.2 and 1.3nmales MDA/10® gells, - reapectiuely); while
p—-F0 generated aignificgntly gfeater amounts only with a
concentration of 60mg/1 (2.Znmoles MDA/108 celis), p-LO,
however, induced the greatest amﬁunts of celfu?ar lipid

peroxides at the p—oil concentrations studied (1.1, 1.9

and 4,5nmoles MDA/10® celiszs with 20, 40 and &0mg/1,

reaspectively).

Lipoperoxidas'uere absent in spent control media, and in
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L}

that derived from ¢ultures incubated with p~C0. On the

other hand, small lipoperoxide amounts were measured in -

-

spent medium with 6Dﬁg/T p~MD dosage (0.6nmoles MDA/10S

cellis). Higher concentrastions were  found with 60mg/1

p*OU,.p—SSD, p~EPD or p-FO incubation (2.2, 1.?, 2.1 and

- 1.%9nmoles MDA/10S cells, . respectively), whereas spent

medium lipid peroxide. Tevels were gréatést with .p-LO
dosage (0.8, 2.1 and 2.5nmoles MDA/10% cells with 20, 40

and 60mg/l, régpectively).

e e,
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4.8.6 he Eicosanoid Profi f Cells Deriv
from Cat Adipose Tigssue.

Table 4.8.6.i. shows the eiﬁosanoids positively detected
in cells supplemented with 0, 20, 40 or 40mg/1 p-~oil.
All data is presented as a percentage of the +total area
guantitated, but an indication of the actual ei osanoid
concentrationlfound is given for qontrofs in ‘()" as

pmoles total eicosanoids/10% ceils.

Total eicosanoid production by control cells amounted to

208.0pmoles/108 cells, of which 19.3% correlsted with

the retention times of the prostanoid standards used.

This fraction was largely composed of PGF, (14,4%), with

smaller amounts of PGla (1,2%), TXB=2 (3.62). and PGE2-

(0.1%), but no PGE1 o PGD2 were found in control cells.

-

The percentage of +total prostancids detected in dosed

cells varied signiFicantly with p-ocil concentration, as
such was decreased in relation to controls (19.3%) with
dosage of 40mg/l p—oil (11.7% to 15.8%), comparable to
controls or slightly increased with 60mg/] p—oif (17.0%
to 23.4%), but significant increased with 20ma/1 p~oil
(28.3% to 32.9%). Buch changes related to élterations in
the production of individual prostanoids in theée cgi]s.
PGI2 production wvaried with supplementation af.-zomg/]
 p—oil (0.4% to 1.7%), but increased slightly with é0mg/1
p-0il (2.0% to 3.8%), and considersbly with 40mg/1 p—oil

(3.8% to 5.2%) in relation %o contreis (1,2%), Every




fA

ng'end to lﬁh!g dn&oécig.

Values -are tabulated as relative percent ¢7 the total
area detected, and as pmoles total eicosanoids/106

control cells.
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p-oil concentration dosed enhanced TXBa biosynthesis,
sut  this was greatest with « concentration of 20mg/!
(16.2% to 18.6% wvs B.6% in controls) and least with

A0my/1 (3.7% tp 7.6%). In contrast, p~oi) incubation
decﬁeased PGFy production {(14.8% in controls),  with
conéentrationa ef 20mg/1 being least (92,2% to 12.7%),
and 40mg/1 most (2.6% to 5.02). effective, Dosage with
40mg/! p-oil nad little effect on cellular PGE: 19931;‘
(0.1% in controls), but such was increased with 20 and
60mg/1 p-oil (0.5% to 1.2%)s PGEy and PED2Z were absent
in contral cells, hut trace amounts were detected wnly

with &0mg/] p-oil supplemenation.
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4.8.7 Discussion.

The effect of FA's on cat adipocyte growth has not
been described in the literature. We demonstrated that
the viabi?itf of cultﬁred cells derived from cat adipo#e
timsue wma affected when subjeéted to supplementation
with p-oils for 48 hours (Figs. &.8.1.2—4.8.1.8.), and
it. was apparent that the modulation of cé?! uiabilitﬁ
related to p—§i1 FA composition and doncentraﬁion dosed,
rather then fhé overall degree of 'p—oil.unsatufation
(Table 2.3.,3.2.). Thus, the similar extent of growth
limitation and éytotoxicity_inducedluith p—EPQ or p~SS0
dosage was not surprising as the FA compositions of both
p-oils were similar. The presence of 9% GLA in p-EPO,
but not in p-S50, seemed to have had little additional
influence on cell proliferation, and the effects induced.
secmed more likely to relate to +the abundsnce of LA in
these p-oils (approximate]y 70%), Comparison with the
cell viability chan@ea »-L0 induced, however, incicated
that LA exhibited greater growth limiting and cytotoxic
potential than ALA, the w3 series EFA abundant in ﬁ—LO.
On the other hand, the marked cytotoxicity p-U0 induced
with high concentrations in the range dosed implied
greater OA involuement in the modulation of cytotoxicity
than LA or ALA, although the increased cell viability
40mg/1 p~00 induced also supported DA involuement in the
stimulation of cel].proliferatian. The different effects

these FA’s appeared *o induce probably related +to
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variations in FA structure between such moieties, _#nd

this indicated that FA's of différent structures could

modulate cel! proliferation in different ways. The call

viability changes which p—FO0 induced, however, could not
be related to any individual FA as this p-eil contained
'a more even balance of saturated, monounsaturated and
polyencic FA's rather than a single FA which cqntwibhted
to the bulk of the spectrum, Although the modulation of
cell growth could_be related in some cases to particuiar

p-oi] FA’s, every FA in a p-oil had_'the potenﬂia] to

‘induce an effect on cell viability to a greater or.
leasér-extent.. The possibility exists, therefore,. that
p—oii FA'Q operated either in cwhcert with each'other tq"
enhanbe, or antagonistically to suppress, the effects
induced by individual FA‘s, This could explain the
grester sfimulatinﬁ of cell growth found  with 40mg/]
p~00 or p—F0 dosage +than with other éoncentrations. of
these p~oils, as well as the dramatic reduction in cell
viability observed owver small increments of certain

p-oile at high concentrations dosed.

SuppIemenfation of tHe culture medium for 48 hours with
p-oils resulted in exogenous FA incorporation “into the
cells, which generally increased with the amount 6F.'
p~oil desed and altered ;he FA composition of these
cells compared to controls (Table 4.8,3,1.). Thus it was
posaible that membrane Fluidity was altered tc a greater

or leser extent, and such was involved in the moduiaticn
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of growth limitation and dytotoxicity, particularly when
Jarge amounts of p-oil were dbﬁed. Whereas an increased
complément of membrane unsaturated FA‘s gcould explain
the mafked cytotoxicity induced with p-00 or p-FO
.supp1emantation, the modulation of growth inhibition
witﬁ p—CO dosage, in contrast; may well relate +to

rigidification of cell membranss.

p~01i1 supplementation unhanged the totai'protein-pontent
'o% caf.adipose caells (Table 4.8.2.1.). However, it was
apparent from cnmbarison with the cell viability changes
induced (Figs. 4.8.1.2-4.8.1.8,) thst increased celliular
protein did not reflect increments in zcl11l number alone,
particular?ﬁ since the amount of protein/cell increased
wignificantly ‘aven when agrowth imitation and/or ocyto—.
tﬁxicity were induced. These findings supported p-oil FA
imnvolvement in the stimulation of protein synthesis:. As
the extent of protein stimulation varied quantit&tively
when dosage with identics! amounfa of di#Ferenﬁ p-oils
vielded similar cell numbers, it was suggested that FA’s
vary in their capability to modulate protein synthesis,
and that this related to variations in FA structure. The
enhancement of protein synthesis could nevertheless
represent iﬁcreased production of lipid metabolising
eﬁzymea such as Tipases or anzymes irelated to protection
against lipid peroxidation, particularly in the light of
p—0i] Fﬁ's incorporated (Table 4.8.3.1,) and involvement

of adipocytes in lipid metabolism (Lehninger 1982).

1}
1
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It was unlikely that absolute increases .in cé]lq!ar
protein Eelated to increased expression of desaturase
cascade enzymez as the FA spectra of doséd cat adipose
cells indicated that such exhibited relatively little
‘capability fof FA desaturation or elongation (Table
4.8.3.1.). Saturated and monoencic FA’s were neither
desaturated nor elongated, althoﬁgh the potential for
16:0 and 18:0 desaturation (suggested with p—CO or p-MO
dosage) could not be ex#!uded. The finding that cellular
18=3w6 and 18:4u3 levels were not significantly raised,
even with p-EPO, b—SSO or p-L.0 incubation, supported the
lack or suppression of 460 activity in these cells. Even
direct 18:2uw6 elongation to 20:2wé was Timited, despite
substrate availability with p-SS0 or p-EPO incubation in
particular. These findings indicated that the formation
of 20:3wé only with p=-EPC dosage moﬁe than likely
represented elongation of incorporated 18:3ué, but the
inability to induce inCEeééed post~43D FA levels implied
that 20:3ué was not desaturated. It was alsc apparent
that the small 20:4wé amounts incorbOﬁated_ with p-MD
supplementation could not be elongated, Thié.e]ongation
step, howaver, was shown when 20:5w3 was incorporated |
with p~FQ dosage, but no evidence was found to suggest :
that this moiety was converted to 2216u3 via 440. On the
other hand, the slightly increased 20:15u3 and 22:6@3
'leuela_ found in cells dosed with p-C0 or p-MO smuggeated

Timited 450 and 44D potential, These p-cils did not
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contain w8 PUFA“s (Table 2.3.3.2.), thus the increases
in post-4350 FA's reported must represent deéaturation
and elongation of ecellular (membrane) w3 PUFA’s: the
significantly decreased 18:4uw3 and 20:4u3 levels Found
suggested utilisation of these moietigs as substrates.
It was theoretically possible that incorporation of
 saturated FA‘s present in these p—oils, as well as
prolonged EFA/PDFA deprivation, enhanced 45D, subsequent
elongase andldﬂD expression in an attempt to maintain
membrane fluidity. In contrast, PUFA incorporation from
more unsaturated p~oils may have suppressed expression
of such enzymes to preserve membrane fluidity. Previous
- gtudies from our laboratory showed that cats fed a diet
deficient in w3 and wé PDFA’s contained no post—450 FA
products in adipose tissue. Howewver, PUFA levels in
these cells were maintained by incorporation of greater
amounts of 18:2wé compared to cats fed diets sufficient
in w3, w6, or all PDOFA’s (Davidson et al 1989, 1990a).
Such &lso reflected an atitempt to maintain membrane
Fluidity. The finding that w3 PDFA's were gesaturated
and elongated +o a greater extent than those of the
wé series (Table 4.8.3.1,) neverthelesa confirmed the
asubstrate preference established by athérs fBrenner et
al 1966, Brenner 1974, 1982, Mead et al 1976 and -Kanau
et al 1977).

' The impsirment of 46D, and potential for 450D, expresaion

we demonstratod above correlated with similar findings



336

which others have reported in this species (eg. Rivers
et al 1975a, Frankel et al 1978, Sinclair 1979, Sinclair
et al 1981 and Davidson et al 1989, 1990&), The present
study also indicated the potential Fdr 44D expression in
cat adipocytes, while in_gigg studies have been unable
to demonstrate either its presence or sbsence in this
tissue (Davidson et al 1989, 1990a)., Our dats indicated
tﬁat the inability of cat adipose cells to eFFicientiy
express desatﬁrase cascade enzymés (Table 4.8.3.1.) did
not relate to limitation or inhibitiﬁn of cell viability
induced with p-cil  supplementation, ae such enzyme
capability did not improve even when p-oils enbhanced
cell proliferstion (Figs. 4.8.1,2-4,8.1.8.). Impaired
desaturase cascade enzyme expressioen may rather be a
_characteriatic of tﬁis tissue, implying a requirement of
preformed POFA“s from the diet or other cat tissues to

maintain normal physiolegy.

Comparison of p-oil desaturation (Tabié 4,8,3,1,) with
that of individual! FA’s (Table 4.8.4.2.) was ansessed to
establish whether the pattern of p-oil desaturation
reported above was modulated by the presence of FA
mixtures. The pattern of radioactivity derived From
cells supplemented with [28CJ-~18:3u3 or E‘“CJ—iB:ZwS
was COnSiatént with desaturation and elongation of
these meieties (Table 4.8.4.2.). .Houever. conversion of
incorporated [4CI-18:3w3 and E‘“CJ—ié:Zmé to PDFA’s

via 460 was wunlikely as the cat lacks significant 48D
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capability (eg. Rivers et al 1575a, Franke] et al 1978,
Sinclair 1979, Sinclair st al 198f and Davidson et.a?
1989, 1990a}, Instead, the data suggested that E14C3-
18:3w3 and L[14C3-18:2ué were directly elongated to
20:3u3 and 20:2w8, .and such converted to 20:4w3 and.
2013uw6, respectiuely via an active 48D. As alongase

reactions are reversable, it was pomsible that 20:4&3 |
and 20:3ué refhocbnparéibn accoﬁnted for the small
amounts of 1834&3 and 18:3wé detected, respectively,
although such cauid also theoretically relate to 440
expression with EFA ;ncorporation and/sor prolongad PDFA
‘der» -ivation. Neverthéﬂesa, cénversion of approximately
20% [19C31-18:303 and [1901-181266 each to post-45D FA's
was evidence for 45D activity, However, the apparent
accumulation of 20:4w3 and 20:3ué may reflect that the
rate of their formation was greater than ‘the rate of
their conversion to post-43D products and/or that 450
activity was not fully expressed. Indeed, this would
support 20:4w2 and 20:3uwé retroconversion. Although
20:5u3 and 20:4&6.uere elongated, the formation of less
than 52. 22:6u43 and 22:5wé indicated that 440 was not
significantly expresszed. The lack of desaturation found
with [39C]-18:1w9 supplementation supported impaired_déﬂ
capability, whereas 22:169 formation was consistent with

expression of elongases,

The sbove findings indicated fhat capability for

desaturation and elongation not only varied numerically
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with dosape of individual CiS-Fﬂ's or p-oils (Tables :
4,8.3.1. and'd.Bfﬂ.Z.). but such was also more 1imited
with p-oils. Competitive interacfions between FA's for
desaturase cascade enzymes are well known (eg, Brenner
et al 1966, 1967, 1969 and Brenner 1574, 1982),  and
similar rea?tions ma; haue occurred between pfoil F&'s
which could explain; the data. However, as p-oil FA
compesition mirrored that of similar dietary oils, the
desaturase capability shown with p—oiié probably related
cToser to the situation in cat_adipncytes_ in giQn than

that sugéested with single FA 3,

MDA ﬁeasuﬁement.,in control and p-0il dosed cat adipose
cells (Table 438.5.1.) supported the capsbility of those
. ce11s to generate.lipopekdxideé by auto-oxidatioﬁ or
enzyﬁatica11y. This could have occurred when the
availability of unsaturated FA's outweiéhed the amount
of wvitamin E which serves as anti-oxidant. Both the
p—oiTs and cella themselves contained FA's . which were
potential candidates +to act as substrates for celliular
lipoperoxide formation (Tables 2.3.3.2, and 4.8.3.1.),
However, the presence of albumin as FA carrier and
abundance of saturated FA‘s in new culture medium (Table
2.3,3.3.), as wsll as the ability of these cells to
incorporate  p-oil FA's (Table 4.8,3.1.), suppor?ed the
likelyhood that moet lipoperoxides found in_the spent
media of dosed cultures originsted intracelliulariy.

Reports +that cellular lipoperoxides disrupt biological
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membranes :a;d increase their permeability (Chid et al
1969, Mead 1976, Tappel 19?3, 1980; Bavino et al 198ic,
Morisaki et al 1982b and Frankel 1984) supported the
transfer of these compounda into the incubation medium
through the plasina membrane; eg. with p-L0, 60mg/1 p~5S0
or 60mg/1 p-FO supplementation, or as a direct result of
p~oil~induced ewvtotoxicity, eg., with &0mg/l p—MD, p~DU
or.p—EPO dosége. Ce!luIar.peroxidising enzymes and FFA'é
cﬁqu'aTso have been released into the eulture medium
in this process, thus the possiblity that Furfher FA
oxidation ogccurred extracelluTarly, and contributed to.
the spent medium Tipo#eroxides measured, could not be
ignored, Such may well sccount for the greater MDA
amourits found in the spent medium of cuTtuﬁes anriched
with 60mgs1 p-00, p-8S0 or p-EPQ, or 40mg/1 p-L0 than in

the cells themselves.

The quantitative variations in MDA leué]s found between
6u1turés incubated with identical p-o0il! concentrations
reflected +the dJdifferent p-0il! FA compositions (Table
2*3;3.2.). This related not only +to the amount of
unsaturated FA's present in any p-oil, but also to their
availability and susceptibility to oxidation. The small
lipoperoxide amounts induced with p-C0 or p—M0D dosage
reflected the abundance of saturated FA's in these
p~oils} and probably related to oxidation of their small
amounts  of unssturated FA’s and/or‘ cellular FA's

released during PGL turnover. The finding that p-00 also
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induced small cellular lipoperoxide amounts when dosed,
despite significant OA uptake (Table 4,8.3:1.), and the
capability of OA to undergé oxidation (Frankel 1984),
imp?ied that such was largely lipid-bound and thus not
readily accessible to oxidation, a]tﬁcugh lipoperoxide
release info'the medium'with 60mg/1 p~00 suppiementatioﬁ
~could explain the low cellular leveias. The greater
Iipoperoxide. amounts induced overall with quage of
p—SS0, p-EPD, p~FO or p-LO than with p-C0, p-MO or p-00,
wag consistent with the presence of larger amouﬁta
polyenoic FA“s in the former. The similar Tipoperoxide
amountzs p-EPD0 and p-S80 induced, which probably.related
to oxidation of ¥Free LA, reflected their similar FA
cOmposifions and «ffect on cell viability., The similar
EFA Tevéls present in p-EPO, p=-580 and p-LO (about
73% LA, 70% LA and 63% &LA, respectively) and _gréatef
Tipoperokide amounts induced uith dosage of p=LO than
p~EPQ or p-880, however, indicated that AlA was moke
susceptible to oxidation than LA, probably relatable to
the greater number of doublie bonds in ALA. The presence
of 35 double bonds in EPA compared to 3 in ﬁLA impiied
greater susceptiblity of the Fformer +o oxidation.
However, the considerably lower amount of EPA in p-FO
(about 18%} than ALA in p~L0 was consistent with }ower
lipoperoxide levels induced with p-F0 dosage. Such could
also reflect a faste: rate of PGL eyeling and therefore
FFA releésg into the cellular pool from membrane lipids

with p-L0 incubation.
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Total lipoperoxide formation by cultures supp]emanted
with p-oils was directly related to the amount of p*bil

dosed (Tabie.d.8.5.1.), a generally inversely related
to changes in cell viability (Fiys, 4.8.1,2-4.8,1.8,),

Thus,; it was possible that Iipaperoxidea ware involvgd
in the modlation of cell éroiiferation. The finding:
that the greatest cytotoxicity GUmgfl B-00 induced- did .
correlate with .the highest liéoperoXide amount found
(with 80mg/1 p~L0O dbsagejg however, indicated that. other
mechahiéﬁs_were alsé-inuo]ued in the modulation of ceil
growth. It was possible that the lipoperexide levels
reported in dosed cultures induced cell damage/death
only once mémbrane Ffluidity had been esignificantly
altered. Thus, the modulation of cell proliferation with
p—oi] supp1smentation.may reiste both to alterations in

membrane stability and lipoperoxidaticn,

Control cat adibose cells produced a significant amount
of total eicosancids, which accounted for approximately
50% of all lipoperoxides guantitated (Tables 4.8.3.1.
and 4.8.8.1.), Th%s wag rather surprising in the tight
of the poor capability for p-oil desatqration reported
{Table 4.8.3.1.),' but could well reflect a requirement
for eicosmanoids in cat--adipdcytes, which may, for
example, relate to ;he contrel of lipid metabolism or
mobilisﬁtion of storred FA's {Mayes 1981), Control celils
indeed con>-ined PUFA’s which were putﬁntial candidates

to acht as substrates for the TFormation of eicosanoids
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(Table &  11.), but the finding that the prostanoids
studied ﬁomprisad only a fraction (19.3%) of the mclar
amount quantitated indicated that théée cells were
primarily involved in the making of other eicosanoidsw
Prostancid detection nevertheless suppcrted. eyelo—
oxygenase expression, and it was apparent that tﬁe

enzymic pathways For POF; pjiosynthesis were greatly

favoured over those involved in TXBz, pPGIz or PGE2

production. Furthermore, the small PGE: snd PBD2 amounts

produced by dosed cef1s, ‘but not in controls, suggested

that PGHi-pGE1 and PGH2~PGDz isomerases were suppressed

" or inhibited rather than absent.

Supplementation of caﬁ'adipoﬂe.GUIthes with p-oils For
48 hours influenced the rate of prostancid production in
these cefls (Tabie 4.8.6.1.), but such was independent
upon the degree of p—oil unsaturation or ability of the
p-oils to provide eicosanoid precursor PUFA’s (TaB]e
2.3.3.2.). Indeed, incorporation of 20t4ué, the direct
2-series eicosanoid precursor, with p~MQ incubation, and
formation of the l-series precursor, 20:3wsé, from® 18:3u6
incnrporatéd withk p~EP0O dosage (Tablé 4,8.3.1.), had no
significant effect un prostancid production compared to
other p-oils supplemented at the same concentrations.
This phencomneon was also found with p-L.0 or p~F0 dq;age.
which contained significant amounts of 18:3w3 and 20:5w3
that normaily inhibit 2-series prostaﬁoid production

by preferentially occupying the active site on cyclo-
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oxypenase (Lands et al 1973, 1977, Hamazaki et al 1982,
Corey et al 1983, Fischer et al 1983, 1984 and Nassar et
al 1987). fhe inabilify to induce significant changea.
in TXBz, peF,, PGI2, PGE2, PGE: or PGD2 levels with
dosmage of different p-oils at +the same concentration
implied that exogenous.FA's per se had little effect on
prbétaﬂoid production, and. detection of 20:4uwd and
smaller 20t3wé leveis in control cellas (Table 4.8.3.1.)}
rather aupported endogencus PUFA utiliaatioﬁ for
prostancid _Formatioﬁ¢ On the other hand, the finding
that total prostancid production was suppressed with
40ma/1 p-o0il, unaltered overall with 60mg/1 p-oil, and
stimulated with 20mg/1 p-oil, supplementation primarily
due to changes in PBFy, TXB2 and/or PGI12 levels, implied
p-oil concentration involvement iq the modulation of
progtancid biosynthesis. This could have influenced
eicosanoid precursor availability or the expression of
enzymes involved in prostanoid formafion from PGH. The
prostancid changes induced with p—~0il supplementation of
cellaz were nevertheless found not to correlate uith_tﬁe
changee reported in cell wviability (Figs, &4.8.1.2-
4.8,1.8.), total protein (Table 4.8.2.1.,), lipopsroxides
(Table 4.8.5.1.), or desaturation cspability (Table
4.8.3.1.). This implied that while p~oil mupplementation
influenced eicosanoid productioh, or the balance “etween
individual prostancid groups, the endogenously generated

prostancids studied were probably not directly invelved



in the modulation of effécts1demdnqtrated. Indeed, this
mechanism could not explain the growth limitation and
cytotoxicity induced with p-ecils niﬁh in saturated or
monounsaturated FA"s, which could.not be metabolised to
eicomsanoids, Alterations in memﬁrane physical pfuperties
and the generation 1ipoperoxides were proposed as more
likely me;haniams involved in the modulation of gell

proliferation,
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. en 1 Discyssion.

The effeet of p-oil supplementation on the wviability
wf different types of cultured normal cat cells was
- presented iﬁ this chapter. The _capabi]ity of esach cell
type to incorporatea degsturate and elongate FA’s, the
formation of Tipidlperoxidea and eicosancids and the
poosible rales these compounds playved in fhe mﬁdu]ation

of cell viability, were almo examined.

The cat is a model for many human disedses (0°Brien
19843, yet +the literature Qndicatas that relatively
little work has been conducted in +this opecies,

particularly with regard to lipid metabolism, The lack
of Eommefcia]ly available cat cell lines (Flow 1984 .and
Gibeo 1984) poseibly explains why tisade culture hﬁs not
been used as a tool to study aspects of lipid metabelism
in the cat in vitro. To the besf of our know1edge,-fhia
atudy was the First to use a range of normal cat cells
in tissue culture to investigate the sbove parameters.,
This therefore permitted valid comparisons to be made
| bet@een different cat cell types under standard

experimental conditions.

p-0ils Ead the capability to modulaté cat cell viability
when dosed for 48 hours, but the effecta induced and
magnitude  thereof wvaried +to a greater or lesser
extent between different cat cell types, :All p—oils

were cybotoxic to cat erythrecytes and 1ymphocytes,
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except - p~CO which induced no effect an the
erythocytes. In genera], ‘suspension cultures of

ervthrocytes and lymphocytes were kil]ed_ with very low

(sections 4.1.1 and 4.2.1, respectively), adipose and

brain cells with intermediate (sections 4.8.1 and 4.5.1,
respectiue]y), and endothelium, skeletsl muéciq, Tung

and shin cells dn?y_ with high (sections 4.3.1, 4.4.1,

4.6.1 and 4,7.1, respectively), p-oil econcentrations in

the range dosed. Adherent_ceila were thus more resistent

to cytotoxicity tham suspension cultures, and such may.

relate ‘to the fact that the adherent cells used divided
in ecdlture without prior atimu?ation. It was also
clear that the threshold for cytotoxicity wvaried with

different adherent ceile‘ This was Found to be relatable

to cell population ddubiing times {Table 2.8.1.1.) as

relatively slow dividing cells, eg. Erain ané adipose,
required lower p-oil concentrations teo induce growth
limition and/or qytotoxicity than cells with shorter
population doubling times, eg. Tung and skin. The lowe-
cytostatic number esfabTished with Faster, <than with

slower, replicating cells, was consistent with the

broader growth limiting range the former induced, This

range is nevertheless important and shéuId always be
defined as it distinguishes the p-oil concentration(s)
which ‘induce mere growth lTimitation or cytostasis from
those promoting cell proliferaticn.or cybotoxicity. In

this regard, the data presented therefore has practical
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applications for those wishing to modulate cell growth
‘with p-oil=, single FA“s or other agents to achieve a
specific effect, and also allows for valid comparisons

to be made between cells of different growth rates.

Previous work from our laboratory showed that both wé
and wSHPDFA’é were required for normal cat. growth.
Feeding with diets deficient in either w3 or NSIPDFA'B
limited the -fate of growth significintly, while. the
poorest growth rate was observed when fed a diet
deficient both in w3 and wé POFA’s (Davidson et al 1989,
1990a). No consisfent'correlat;cn between del{ Giabi{ity
and p-oil POFA levels were found in the present study.
Dossge with low to intermediate concentratioﬁa-af ~=oils
containing EFA‘s and/or PDFA’s, however, induced less
growth limitation than p~CO, which was deficient in all
PUFA“s. Furthermore, EFA and/or PDFA contaiﬁing p-oils
enhanced cell proliferation aigniFiéantTy in pumerous
instances, whereaz such waa never mediated with p-CO0
feeding. These Findings therefore auggeétéﬁ a PUFA

requirement for normal proliferation of cat cells and

tisaues,

The data presentéd - supported the invelvement of dietary
FA‘s in thg modu?atipn of. cat cell growth, and the
different cell viability Jhanges found between the cat
cell types studied to dosage with identical p-oils may
well relate to the diffﬁrent physiology of these tissues

in vivo, Careful consideration should therefore be
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given to the selection of cat tismsues for experimental
purposes, and extrapolation of cell viability results
frrom one cat cell type to another should therefore be

avoided to ensure valid interpretation of data.

The present chapter provided substancial evidence to
support{ the incorporation of -exogeﬁous FA“s by cat
cells in vitro. _The resutting FA modifications  induced

in_the ﬁel]a. 1ed. to the proposal that diFFerential
uptake df exogenous FA’a caused alterationg in membrane
physical properties such .aa Fluidiny, and. this was=s
a -mechanism whereby p-oils reduced cell viability,
particularly with bhigh concentrations in ‘the Fange

.doaed.

Total protein concentrations varied considerably between
the different cat cell types gtudied (sections 4.1.%2,
4.2.2, £.3.2, 4.4.2, 4.5.2, 4.6.2, 4.7.2 and 4.8.2).
Protein amounts in control adherent cells were greatest
in adipose and aortic endothelium, intermediate in skin
and skeletal muscle, and lowest in lung ans brain
(475.3, 424.4, 304.5, 300.1, 230.4 and 175.1u9/105 cells
seedqd. reapecfiuely). The Finding that control adherent
cells exhibited markedly more protein than suspension
cultures of erythrocytes or l#mphocytes (12:3 and 6.4u9
per 108 cgila seeded, respectiuely)- could have related
to the ability of the Former to replicate in ébulturél
without prior atimulation. Control cell protein levels,

"
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Haweuer. showed no clear correlation with thé.
proliferation rate of these cells (Table 2.3;1.1-?;; znd
probab?y.reflected variations in mereholeogy, physid?ogy
and rate oF.érqtein.turnover (Lehninggr 1982) with cell
type in vivo., Total prot-in measurement in dosed cells .
reflected the relative thanges induced in cell number to
a greater or leasw ~«tent, but such also provided
evidence implicating exogenous FA ipvoivement in the
stimulation éf protein synthesis in .ncheated cells,
Tﬁis varied Iin magnitude with cat cell type, p-oil
FA pomposition and congentration suppiemented. It was
suggested that absoly. ncreases in ceiiu]ar-protain
induced with p~oil dosage related to increased aynthesis
of membrane broteina; particularly if the integrity of
such was threatened by growth limiting and/or cytotoxic
p~ail concentrations. Increased expression of lipid’
metabolising enzymes were also proposed, although it was
apparent that such probably did not represent increased

desaturase and elongase enzyme production.

The FA spectra derived from the incubation of cat celis
with p—oils provided a means of aéaessing the capabiiity
of those cells to deéatufate and elongate FA's, Studies
inveafigating the capability of the . auBtic cat to
desaturate Fg*&'hawe'primarily been limited t» liver and
monitoring serum FA profiles subséquent to dietary oil
or FA supplementation {(Rivers et z] 1975&, 19?6,'Franke1

et al 1578, Sinclair 1979, MacDonald et al 1983a and
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Davidson et al 1990a). The present study, in contrast,
e#amined the in vitro déaaturase capabi]ity of a variety
of cat tissues not ﬁreuious]y exéminad by other workers.
_Neither cat erythrocytes nor lymphocytes exhibited any

significant capability for FA desatdration.or elongation
(Tables 4.1.3.1. and 4,2.3.1., respectively). Similarly,
no significant desaturase enzyme expression occurred
| overali with p~oil dosage to cat sakeletal muscle, lung,
skin or_adipoée cells, aﬁd PUFA meﬁ#bo]iaﬁ was primarily
limited to elongation of 18:2u6, 1B:3wé and 20:5u3
(Tebles  4.4.3.1., 8.6.3.1., 4.7.3.1. and 4.8.8.1.,
respecitvely). ‘Cat brain cells exhibited e]onﬁatlbn.
retrogconversion, 48— snd A5~desaturation, but not 46-
or Ad-desaturation, potential (Table 4.5,3.1.}), whereas
430, ASD, A4D and elongase, but not 46D, activity was
suggested in cat endofﬁelial cells (Table 4.3,3.1.). Tﬁe
above findings <clearlty demonstrated that désaturaae
cascade énzyme capability varies between different cat
tissues., It also supported current euidence'indicating
that the domestic cat is AéD-deficient {(ey. Rivers et sl
1973a, 1976, Frankel et al 1978 and MacDonald et al
1983a). The results obtained by Sinclair (1979) after
supplementing cat diets with 18:2wé similarly  showed
that cat tissues do not exhibit significant 46D
capability, even in liver. UWhen cats were fed dieis
either sufficient in all PDFA’s, or deficient in wé, w3
o~ all PDFA’s, Davidson et al (1989, 1990a) failed to

detect in different’ tissues 20:3w9, the unusual FA
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considered indicative of PUFA deficiency in other
mammals (Holman 1977 and Sprecher 1977); tﬁia also
confirmed the lack or suppression of 46D activity in

‘the cat. In contrast, 450 expreasion was demonstrated by
both 8inclair (1979) and Davidson et al (1989, 1990a),

although the praaence.ar absence of .Adﬂ could not be
'hrovan. There is evidence, however, that this species
probably has the capability to express both 45D and 44D
(Kane et al 1981 and MacDonald et a! 1983a), although
enzyme. actiuit} appears fo “vary uith experimental

conditions.

The pattern:oF radicactivity shown' with’ C14CJ—18:2w6 or
[14C]-18:3u3 dosaée to cat lung, skin or adipoze cells
(Tables 4,6.4.2,, 8.7.4,2. and 4.8.4.2., respectively)
was consistent with impaired 46D gapability, but
supported the expreasion of elongases, 48D ard 450 For
wﬁich adipose cells exhibited slightiy greater potential
than skin or 1lung fibroblasts., When Sinclair et al
(1981) fed cats EFA~deficient diets, they detected
20:3w? in various.tissues and also proposed that such
was formed by an active 48D and 45D. MacDonald et al
(1983a) similarly demonstrated the capability_of cat
liver to elongate 18:12w6 to 20:Zué and desaturate such
to 20:3wé via 48D when SSO was fed in the absence of
18:2ué desaturation. Cat testes were also shown to use
the 480, rather than the 44D, ruute to convert 18:2&6 to

221506 (MacDonald et al 1984), This could well be a
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mechanism whereby the cat is able to Form PDFA’s even
when EFA desaturstion is impaired, and thus provide
20:3w8, 20:4wé and 201563 as substrates for eicosanoid

production.

The more limited désaturation capability we found with
p-0il than single FA dosage in all cat cell types
studied indicated differences in the metabolism of
single and mi%turea of FA“s, which probably related tb
the mediation of competitive interactions between p=oil
FA"s for such énzymas. Simitar reactions probably occcur
in vivo when cats ingest dietary oils, although FA's
of the same and different series/positions in the
desaturase cascade, as Qe?? as_the cellular demand for
_PDFA'S, will modulate desaturase/elongase expression,
the maximum potential which is genetically determined.
The Fact that the cat cell types studied exhibited
different capabilities to desaturate and elongéte POFA’ s
implied ip vivo dependence of some cat tissues on others
as a source of higherr PDFA s, particularly under
conditions of limiting dietary supply. Neverthsless, th;'
variations in desaturation capability found between the
cat cell types studied, uﬁether dosed with single FA's
or p-oils, may well relste to the diFFeﬁeﬁt physiology
of these tissues in wivo, - Extrapolaﬁions in this regard

_to other cat cell types should therefore be avoided.

Comparison of the MDA amounts quantitated between the
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cat cell types studied'indicated-varying capabilities to
génerate'iipoperoxides. These compounds were absent from
control erythrocytes (section 4.1.4), but were.Formed by
all nucleated contrdl cat cells, a]fhbugh relative
amounts were low in brain (0.lnpmoles MDA/iUE.ceTTS),
intermeaiate in 1ymphoecytes, lung, skin and adipose (0.3
to 0.4nmoles MDA/10% cellis), and greatest i_n skeletal
musciesﬁnd'endathe1ium (0.6 to U.Snﬁoles MDA)iOE cells)
(sections 4.5.4, 4.2.4, 4,6.5, 4.7.5, 4,8.5, 4.4.4 and
4.3.4, respectively). Others found that FA oxidation
occurred  more. rapidly in cat adipose than Tiuér
§1iﬁa§ {Richard ;+ al 198%)., These findings supported
varia%ions in the rates of FA oxidation, the contenf of
vitamin E as cellular ﬁnti-oxidapt and/or the efficiency
of enzymes such as catalase, peroxidase and superoxidé
dismutase in the removal of different species of
activated oxygen that promote 1ipdperoxidatian between
different cat tissues. The Fact that control cell lipid
peroxide concentrations showed no clear carrélation with
the total unsaturated FA contents or population Jdoubling
times (Table 2.3.1.1,) of these cells, however, could
well haue.rﬁTatéd to the different physiclogy and rates

of PGL turnover with cell type (Lehninger 1982),

Incubation of cat cultures with p-oils Toir 48 hours
induced the formation of lipoperoxides from exogenous
unsaturated FA's, although the magnitude thereof once

again wvaried quantitatively between the different cell
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typesféfudiéﬂ aven when {denticaT p-oils were dosed.
Lipoper&%ide concentfations greater than 5nmo]es:MDA/105
cells were rarefy found in dosed adherent celis or the
corresponding sapent mediuﬁ (Tables 4.3.4.1., 4.4.4.1.,
4.5.4.1, 4.6.5.1, 4.7.5.1. and 4;8.5.1.), while the
range was considerably wider (G to T73nmoles MDA/10%
cells) For dosed erythrocyte or lymphocyte cultures
(Tebles 4.1.4.1. and 4.2.4.1.), The overall increment in
celluiér lipopefo,%de formation found when cat cultures
were'enwiched’dith.ihcﬁeas.19 amounts of p~oi].suppoﬁted
exogehous FA incorporation Trom the growth medium. Thé
‘yariations Ffound in lipoperoxide concentrations: between
the dosed cat cell types studied, however, coqu have
related to anerations in the rate of 'ceiTuTér FA
uptake and release induced with .p—éil supp l ementation.
p—0il-induced 1ipopsroxidation was also shown to relate
to the amount ~f unsaturated FA's.preaent in the p-oilsa
(Table 2.3.3.2.) and their susceptibility to oxidation,
dependent on FA structure and availc»i’ity of these
moieties in the free form, These factors could indeed
explain the greater lipoperoxide amounts induced in all
cells with dosage of p~F0 or p-L0 than other p-oils. The
evidence we-presented in thig chapter indicated that the
p—olls induced .the spent medium 1ipoperoxides fFound
occaéionﬁiiy in dosed cultures, but that these compounds
largely originated intracellularly and Qere-releasea ast
a result of p-oil-induced cytotoxicity or increased.f

plasma membrane permeability. Both intracellular and

'1 .
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extﬁhcgl1ular lipoperoxides- could nevertheless - have
induced ceflular damage, and the involivement of these
compourds in the modulation of cell viability was

proposed.

' .Eicoaanoid quantitation supported +the ability of cat
.Tung;?ékiﬁ and adipuse cells to generate such compounds
(Tables 4.6.6.%y 4.7.6.1 and 4.8.6.1, respectively).
This cof?alatéd with the detection of 20:4wé, 20:3uwé and.
20:5u3 in control cells as eicosanoid precursors (Tables
4.6,3,1., 4,7.3.1, and 4.8.3...,, respectively). It was
“also pﬁssible that 22:4wé and 22153 refrﬁconuersian
uprouided 2- and 3-series eicosanoid wubstrates,
reépedtiue]y. particularly since' PDFA formation., was
limited by impaired 46D expression. We showed that total
molar eicosanoid production varied considerahly between
difFferent cat 09115, being greatest for control adipose,
.uhiIe skin and Tung formed considerably smaller amounts
(208.0, 80.5 and 32.9pmolet ‘106 cells, respectively).
The ' finding that_these c2lls produced similar amounts of
lipid peroxides (0.3 o 0.4nmoles MDA/10® calis) thus
~implied greater potential tc¢ synthesise e¢icosanoids in
cat adipose, than in skin or lung under the experimental
conditions used. This probably related to the different
phyéiology, eicosanoid réquiFEments, and activities uf
enzymes involved in eicosanoid formation/inactivation
between such celis. The lower mc:ar eiccsénoid amounfs

generated by Jung than skin or édipoae calls cbufé alao



have related to a greater incorporation of FA’s into the

TAG rather than the PGL pool.

Control cat lung, skin and adipose cells differed in the

retative amounts of PBla, TXB2, PGFy and PGE2 they
'FD!"'ITIBd (Tab-]es 406.'6.1-; 40?*6016 and. '40806110)’ and it

was apperent that enzymic pathways for the synthesis_of
TXBE in lung and skin fibroblaaﬁs, and PGFg in adipose
cells, were preferred to that of other-prostanoids. This
implied‘ differences in the expression and activity of
enzymes involved in prostancid synthesis between cat

tissues and/for moduiafion by other eicosanoids. PGEg’
for example, is partly responsible for the control of
cAMP levels, a potent inhibitor of phospholipase and
thus AA release (Feinstein et al 1977, Mipkes et al 1977
and Horrobin 1980b}. Low PBEy, .5 5 result of impaired
LA desaturation for example, ui]] cause low cAMP levels,
and thus increased AA mobilisation. As control iunb,
skin and adipbae cells did not produce PGEli such may
explain the production of 2-series prbstanoids {Tables
4.6.6.1,, 4.7.6.1. and 4.8.6,1.J. In the light of this
phenomenon; it was possible that a greater proportion of

the PSFu fraction detected in these cells was composed

of PBFzy pather than PGFiq,

Cet lung, skin and adipose prostanoid synthesis was
modulated with p-oil dosage (Tables 4.6.6.1., 4.7.6.1.

and 4.8,6.,1., respectively}, and its relationship with
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the p-oil amount irncubated suggertec. a.:pbkference for
certain. p-oil <oncentrations to'.uslectiualv modulate
enzyme activity involved in the syathesis of these
compounds, The finding that the modulation o?_prostanoid
pro&uction did not correlate with p—-cil FA com#osition,
however, suggested sufficient endogenous PUFA‘s in the
precursor pool, or an unavailabili<y of incorporated
p-oil FA“s, For prostanoid production. The prostancid
profiiés of désed cat Tung, skin and adipose cells also
showed no p—o0il concentration dependent correlation with
cvell viabi]ity, desaturation capability or lipoperoxide_
production, thus we proposed that the endogencusly
produced prostanoids studied were not directly involved
in, .or responsibie for, .the effects induced with p~oil
supplementation; these compounds may rather be inveived

in the overall regulation of cellular metabolism.

To sum up, compar-ative data on a range of cell
parameters for different cultured cat tissues were
presented in this chapter. UWe ahmwed.that control cells
from different cat tissues varied with respect to their
rates of cell pro?iferation, FA and eicosanoid profiles,

total protein concentrations, and molar lipoperoxide and
eicosanoid production. - In addition, wariations in cél?
viability, +total protein and lipoperoxide formation, FA
and eicosanoid profiles,  and desaturation capability
were demonstrated between different cat cells dosed with

p-oils, although the impairment of 46D expression was
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common to all cat cells studied. The data implied thét
variations in FA metabolism between different cat
tissues were important in the mcdulation of the effects
reported. Care shouid therefore be taken when selecting
cat.tiasuaa for experiméntal purposeg; and extrapolation
of findings From one cat cell type to another should be

avoided to ensure valid interpretation of data,



THE INFLUENGE OF FATTY ACIDS IN VITRO ON MAMMAY, T AN
CELLS FROM SPECIES DIFFERING IN THEIR FATTY ACYL
DESATURASE CAPABILITIES.

VOLUME 3

ALFREDO GIANGREGORIO



- 559



260

S.4 TIHE EFFECTS OF PSEUDG-OILS ON _ HUMAN

R T X
S.1.1 ffects of pseudo—0il ' jability.

Microscopic examination showed fhe human erythrocyte
ceultures to_be free oF.ahy white bloed cell or.P?atelet
contamination. Most cultured erythrocytes retained their
bicorzave disc shape, although a small proportion lost
~thia characteristic after 2 days culture. In addition,
10% to 20% of erythrocytes lost their distinct ‘red’
colour after 48 hours ih culture and beﬁame difficult to
visualise. Hence, only erythrocytes which retained their

pigmentation were regarded as viable, . normal and

representative of the situation jp wvivo,

The results obtained from the inveatiéﬁtion of the
effects of 0 to 250mg albumin/l growth medium showed
ne significant effect on erythrocyte viability (Fig.
5.3.1.14). The effects induced with the dosed.p-oils_
were therefore a resuit of the exogenocus FA’s, and not

the albumin used as FA carrier.

Erythrocytes do not divide nor tedquire trypainiaation,'
thus ne 24 hour post-trypsinisation recovery period was

needed, Erythrocytes were dosed immediately subsequent
to plating, hence the seeding concentration was the

cytostatic number,
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The results are expressed as mean'percént (%) .cgli
viabilityistandard. error of the mean is.e.m.), where "'n’
is the 'ngmbef of experiments. 1THe_¢oncentﬁqtions given
araxaé mg a?ﬁumin or pseuds il per 3itrél'of growth
medium. Fig, 5.1.1.1. ’shoua fhe' mean percent cell
Cyiabiltity wersus tha.a]bumin ﬁoncentrétion (mg/1); and

Fige, 5.1.1.2-5.1,1.8, depict the mean percent cell

uiabfﬂity versus the pseudo~oil concentration ‘mg/1}.
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The results obtained from the incubation of erythrocytes
with'p—oils are.ahoyn in éFigs. 5.1,1.2-5.1.1.,8,), All
p-oile induced hemolysis, although the effects were more
pronounced oberafl uith. unsaturéted than saturated
FA=~rich p~oils; especialTy.at High concentrations in the
range dosed. IDso values ranged from 45 to Sﬁmg/]: with
p—00, p~880, p-LO, p~EPO or p~F0 domage, while those for

p~CO and p~MO were higher (87 and 63mg/), respectively).

Dosage with up tﬁ 20mg/ 1 E-CD had little effect on human
erythrocyte viabiiity,“buf higher concantfatioha induced
he molysis such that viability was 74,1% uith 60mg/1 p-£0
and 37,3% with ?Dmg/?.p—CU (Fige S.1.1.2.), Similarly,
p-MD dosage pragresaivelf reduczed erythrocyte viability
to 25.1% with a céncentration of 7Omg/1 (Fig. S5.1.1.3.).
However, both p-C0 and pFMOIinduced no furtheﬁ”hémolyais
with concentfations greater than 70mg/! as erythrocyte
viabiliéy ranged from 38.4% te 44.7% with p~C0, and
28,9% to 25.9% with p~M0O, dosage. These p-oila induced
| gimilar effects, alfhough p~C0 was less cytotcxic than
P~MO with all concentraiions tested. On the other hand,
p~00 dozage .progreasively reduced the number of viable
erythrocytes to 78.9% with 40mg/1, 24.2% with 70mg/1 and
9v6% with 100me/1 (Fige 5.4.1.48.), a

p~S80, p~L0 and p~EPU Had 1little effect on erythkocyte
viability with a concentration of 10mg/1, whereas slight

hemolysis was induced with amounts of 20 to 40mg/1 since
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B0% to F0% 5? erythrocytes uere viabile. However, this
was dramatically reduced with higher concuntrations to
yield 17.8%, 9.2% and 4.8% viable efythrccytes with
6Dmg/i p-L0O, p—SSO or p~EPD dosagg, .respectively, and

Trypan blue uptake was practically 100% with additien aF? 
100me/1 p-oil. The IDso yalues of p~$S0, p-LO and p-EPD.
(approximately A48mg/1, S50mg/1 and 48mg/l, respectively)

correlated with the aimi?éf.eFFects these p~oils induced

(Fig. 5.1,1.5-5.1.1.7.3.

Dosage with up to A0mg/1 p~FO0 had no marked effect on
erythrocyte viability, but 350 and 60mg/) p~F0 induced
extensive hemo!ysis and reduced cell viability from
79.0% to 21.9%, respectively (Fig. 5.1.1.8.). Hemolysis
was increased with higher p-F0 amounts dosed so that
practically «11 erythrocytes were hemolysed with 100mg/|

P"‘FO:

Subsequent +to these studies, human erythrocytes were
plated and doses appropriately with 0, 20, 40 or &0mg
- p-0il/1 culture medium in sufficient quantities for ail
the guantitative and qualitative analyses to be carried
out, Cell viabilitieas were compared upon harvesting and
found not to be statistically different from those in
Figs. 5.1.1.1-5.1.1,8, All further  biochemical assays

were thus performed on these samples.
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The total protein concentrations of human erythrocytes
'doaed with™ G, 20, 49 or 60mg/1 p—~oil are shoun in Table

5.1.2.1. as jg total protelﬁf105 cells seeded,

26.4pg total protein/l06 controi erythfocyées'aéeded w&é
measured, whereas amounts in dosed erythrocytes were
 similar to, or lowsr than, -controf}leuela and ranged
" .
from 2.9 to 28.4ug/10% cells aeedédQ%?ﬁduged with é0mg/1
#“EPQ and 40mg/1 pﬁFOIdaadge, respectively): Erythrocyte
protein_;concentratinns- were parallel to, or slightly
below, contrcl lTevels with 20mq/i p~0il supplementation,
but decreased ooera]f Wwith indreasing amounts of p—oil
dosed. The smallestﬁghange in erythrocyte protein was
induced with 20, 40Hor 60mg/1 p~CO dosage (27.2, 24,8
and _20'9M9/105 cells seeded), while the reduction in
erythroﬁyte protein was more extensive with dosage of

unsaturated FA-rich p-cila at a concentration of &0mg/1

(2.9 to B.%ug/10® cplis seeded).
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Table 5.1.3.1, shows the FA sapectra of human
‘erythrocytes dosed with 0, 20, 40 or &0mg/t p-oil.
Erythrocyte FA's contributing at least 5% to the proFi?é
in contrel cells included 16:0 (8.9%), 18:0 (5,2%),
18:1u® (6.0%), 22:4uw8 (55.0%), 1834&3.(5.625 and 20:4&3
(10,5%). These FA‘s were detected in varying amounts in

dosed erythrocytes.

16:0 and 1831u% levels were significantly greater in:a1]

dosed erythrosytes than in controls, and this generally
applied for 18:0; while the cbnvaﬁse,uas general ly true
forr 1611w9. 18:2w6 proportions were generally increased
in dosed erythrocytes, but w6 PDFA levels were paraliel
to, or lower than controls. 22:34ué peréentages were
particularly decreased with increments in the amqﬂnt af
p~oil dosed, w3. PUFA levels in dosed erythrocytes
generally approximated to controla or were =ignificantly

decreased.

Erythrocytes dosed with 20, 40 or é60mg/1 p-CO showed a
marked increased in 1610 (42.0%, 45.2% and 55.6%,
respectively vs 8.9% in cﬁntrols); 18:0 levels increased
about 2 fold (9.3% to 10.0% wvs 5.2% in controls), and
18:1u? increased 2 to 3 fold (15.8% to 17.3% vs 640% in
controls), but 16:1w® and all PUFA levels were parallel

to controla, or significantly decreased.



end Ta ) 3.1, - . 5

All values are tabulated as relative percent total area.
Control values are reported as meants.e.m., where "n’ is
the number of exipriments. '[p-0i1l" refers to the

pseudo-oil concentration used,
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FA analysia of enythrocyfes dosed with 20, 4G or 60mg/1]

~M0 showed increased levels oF 16:0 (32.5%, 32.6% and
32.9%, ;respecti  _3 Vs é:?k_in confgola), 18:0 (16.5%,
19.1% anq 16.1%, reééastiue]y vs 3.2% in controiéJy' and
18:1w% (21.4%, 25.£3 and 30.&2, respectively vg $.0% in
cantrols), but practically no 16:1u$ was Hetected. With
the exception of increased 18;?@67(6.12 to 9.8% vs 1.5%
in controls)  and 18:3uw3 witg 20wg/1 p~MOD (1.3% pé 0.2%
in controls), all PBFﬁ_amounts approximated to controls

or were significantly decreased.

_ 16:0.and 18:1w%® incorporations were increased with 20,
40 or 60mg/1 p-00 incubatic~ (15.8%, 16.4% and 14.3%,
and 28.7%, 38.4% and 38.2% vs 8.9% and 6.0% in controls,
respectively); while 18:0 and 16:1u% percentages were
decreased overall coﬁpared to controls (5.2% and 1.0%,
respectively). No significant increments in PUFA levels
were detected, snd these were largely cbnsiderably lower

than in control cells over the entire range dosed.

p—550 dosage induced increments in 16:0, 1810 and 18:1u9
(1209./0 to 2?08’:’ | 7.1% to 18012 .and 130?4.‘ o 29-42 v
8.9%: 5.2% and 6.0% in controls, reapenfiue]y), but

no marked changesz in 16:1u9. Surprisingly, 18:2&6 Tevels

were low (3.1%, 1.8% and 6.6% with 20, 40 and &0mg/1

p-SSO. resﬁéctivu?y vs 1.5% in controls), and no 18:i3uwé
or 2034w6 were Found. 22:4wé levels mirrored qontrb]s

(55.6%) with supplementation of 20mg/1 p-S50 (54.0%),
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but decreased aignificant?y with 40 and 60mg/] p-5S0
(31.0% and 20.4%, respectiveliy), The levels of all other

PUFA’s were parallel! to, or lower than, control levela,

Dosage of erythrocyteas with p-L0 resulted in increasad
Tevels of 16:0..1830 and 181109 (23.8% to 27.6%, 6.2% to
10.3%, and 19.2% to 26.0% vs 8.9%, 5.2% and €.0% in
controls, respectiveiy). No aighificant incremnwnts in
PDFA‘e were found, howauer; despite 18:2u6 and 18:3u3
uptake (3.4%, 9.6% and 11.6%, and 1.8%, 15.3% and 22.0%
with 20, 40 and 60mg/1 wvs 1,5% and 0.2% in controls,

© respectively).

Erythrocyte 18:2w6 incorperation was low when dosed with
20, A0 or 60mg/1 p-EPD (1.7%, 3.8%, 4.5%, respectively
vs 1.5% in controls). No significant increase in 18:3w6,
_20:3w6 or 20:4wé occﬁrred,- and fhere was a marked
reduction of 22:4wé (4V,6%, 29.0%, 19.7%, respectively
ves 353.0% in controla), «3 PUFA proportiona uWwere not
significantly greater than in controls, but the converse
wazs found for 16:0, 18:0 and 18:1w?® (17.3% to 36.4%,
12.0% to 16.3%, and 11.6% to 18.8% wvs 8.9%, 5.2% and

6.,0% in controls, respectively),

Erythrocyte tosage _uifh 20, 40 or &0mg/1 p-FO induced
marked increments in 16:0 (40.0%, 31.4% and 31.9%,
respectively va 8.9% in controls), 16319 (10.8%, 27.3%
and 28,6%, respectiue1§ ve 1.02 in controls), and 18:1lw?

(15.1%, 21.2% and 22.0%, respsctively vs 4.0% in undosed
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cells), but not in 18:0 (35.2% in'gontrois)} Small 18;2w6'
and 20:503 amounts were Found (3.8% to 6.42_and 0.2% t&
1.2% vs 1.5% and 0% in controls, res;actiuely}, bit ali
other PUFA proportions were parallel to controls; or

considerabl& decreased,

-
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s5.4.4 Ef ~Dila on . Lisid Peroxide
| - Formation.

The lipoperoxides measured in human erythrocytes and
their respective spent incubation media after 48 hours
incubation with 0, 20, 40 or 60mg/1 p-oil are shown in
" Table 5{1.4.1«“ The data is expﬁesséd as nmocies MDA/10S
cellu, Qut in the case of the spent nedia, this
repregsents fhe nmoles of MDA in the volume of medium

from which 1x108 cells were obtained.

No Tipoperoxides were found in céntro1 erythrocytes, or
in those dosed with p-CG_or_p-MO, while -ama]i amounts
were induced with 40 and 60mg/1 p=00 (0.2 and O.7nmoles
MDA/10% cells, respectively). However, lipoperoxidation
increased when p~ocils contsining siénificant ameunta of
PUFA’s were dosed. p-EPO and p—$S0 induced identical
lipoperoxide amounts with a concentration of zﬂmgfi;-but
Ieuéla were greater with 40 and GQmQIT p~EPC than p-SS0
(0.4, 1.5 and 4.3 wvs 0.1, 1.0 and 2.4nmoles MDA per 106
cells, respectively), Dosage with p—-L3 or p*FO{'houéuer,
induced the largest overall amounts of lipid pefoxidea
(0.7, 5.1 and 6.2, and 0, 3.6 and B.énmolen MDA per 106

cells with 20, 40 and &0mg/], ﬁespectiuely).

No_?ipoperoxiﬂea were measured in spent control medium,
or in that derived from cultures incubasted with p-CQ,
p=MO or p-00. As with the erythrocyies themselves, spent

medium iipbperoxides vere measursd with p~8S80, p-LO,
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oy

p~EPC or p~FO0  incubation., The.TaEgeat améunté of ﬁedia
lipoperaxides were quantitated with 40 and 60mg/1 p-LO
(29,9 and ??.1nmoies_MDﬁfiﬂe cells, ﬂespe;tiueTy).=-ahd |
éggﬁ?l p—EPO (33.3nmoles MDA/106 ce]1si, while'mérkedly.
{ower-concentrationé were found uith..dﬂ_and é60mg/1 p-FO
(6.{' and 6é.8nmoles ﬂBﬁflﬁs. cells reapectivaly). and
60m/1 p=SSO (3.2nmoles MDA/10E cells),
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5.1.5 - Qiscussion.

p=0i1 sasupplementation of human erythrocytes inducéd
hemo]ysié and decreased the number of viable ce]ls. iﬁ
every instance, although fhe extent therecf varied
with p-oil (Figs. 5.1.1.2-5.1.1.8.). The more extensive
hemolyais induced with incubgtion of p~oils rich in
unsaturated, than saturated, Fé’s appeared to relate
partly to p—éil PUFA levels (Table 2.3.3.2.). Heﬁolyaia
was Jeast with p~CO (0% PUF&’s}), and greatest with
P-EPO, p-8SC. or p—LO (70% to 80% PUFA“s), dosage, .thus
én increasei iﬁ the .psrcentaQe of téta1 p~oil PUFA’s
was cﬁnsistent with ah averaff'increasé in the e;tent of
hemolysis induced._lndeed, the presence of approximately
1G% PUFA;a in p~MO0 was consistent with the slightly
gbeateE amount of hemolysis ‘induced than with p~CO
dosage, although the']afge;amount of saturated FA"s both
in p—C0O and p~M0 possibly explains the similtar pattern
oF_hemonais these p-oils induced. The s]ight?y.greater
amount of hemoiysis induced with incubation of p~EPO or
p—8S0 (riech in LA) than with p~L0 (rich in ALA) did not
necessarily imply that LA was more effective than ALA in
mediating hemolysis, since alightly greater amounfs of
LA were present in p~EP0 and p-850 (about ?025 than ALA
in p-LO0 (about 63%), On the other hand, the similar
‘changes induced in erythrocyte viability with p-EPQ or
p-580 dosage were not surprising as the FA coﬁpositiona

of both p-oils were similar., Thess changes probably
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.reIated to the large amount of LA present, wheresas
the slightly greéter extent of hemolysis induced with
p-EPU than p-8S0 incubation was consistent with small
amounts of GLA in p-EPO only (about 9%). Structural
differences between FA’s were important in explaining
the different cell viability changes the p-ocils induced,
but the possibility that soynergistic and antagonistic
interactions octurred between p-dil FAo's aﬁd”contributed

to the changes observed could not be ignored%

The exact mechanism{s) responsible for the erythrocyte
viabi]ity changes Eeported are not fully understoad, but
studies have demonstrated an increase in the degree of
unsaturation of humar erythrocyte PGL°s when moderate
amounts of cod-liver oil were fed, which was indicative
of increased plasma membrane fluidity (Popp=-Snijers et
al 1984). Subaequeﬁt studies by the same group examined
‘erythrocyte membrane 1lipid composition, fluidity, and
flexibility B weeks after the diets of human subjects
had been supplemented with 3g of both EPA and DHA per
day (Popp-Snijders et al 1986a). Suprisingly, no change
in  membrane fluidity or viscomity oF. erythrocyte
suapensions were shown, despite an increased Hegree
of unsaturation . both in the phoaphatidyichoiine and.
phosphatidy]ethanolaminelFractions. It was propemed that
the changes induced were counteracted by alterstions
in PBL clams distribution, thus resulting in fovara?l

maintenance of membrane fluidity. Howsever, erythrocyte
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_deforhability incressed uhen.aubjecta uefe fed ?5—1009.
fatty fish/day for 4 weeks (Popp-5niiders et al 1986b),
This supported earlier studies which similarly reported
fhat altering the FA combositibﬁ of human erythrocyte
‘membranes .induced'changes in their deformability and
vigcosity (Kobayashi et al 1981 and Terano et al 1983).
We showed that_-.inccrporatioq; of dosed p-oil FA's
_altered the -overa?i FA proFiTe of human erythrocytes
‘compared to controls (Table 5.1.3.1.). Howeue#. the

'surprising'increase in total erythrocyte saturated and
monounsaturated FA ]evgls, even with dosage af. p-oi]é-
rich in PUFA'S; suggested. selective incorpbratinn of
exoggnoua-FA’s. It was nevertheless possible that the
mbdificationﬁ 'in  erythrocyte FA composition reported
altered membréne hhysica? properties, particulariy with
supplementation of high é-oi? concantratiuﬁs, and such
could well explain the hemolysis induced (Figs. 5.1.1.2-
5.1.1.8,), In particuler, the finding that saturated FA-
rich p-oils were Jess effectiue in mediating hemolysis
than p-cils abundant in unsaturated FA’s éould have
related to the high polyencic, and Jow saturated, FA

content of control erythrocytes (Table S5.1.3.1.),

Erythrocyte membrane fluidity has been reported.to-be
reduced in diabetics (Kameda et al 1983), who also shouw
impaired desaturation capability (eg. Mercuri et:al
1968, Brenner et al 1968a, Horrobin 1983 and Huang et al

1984a), thus the erythrocyte data from this study may
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be clinically relevant in the diabetic situation. The
finding that high concentrations of all p-oils induced
considerable hemolysis (Figs. 5,1.,1.2~5,1.1.8.) implied
that human diabeticé may be predisposed to gfeater
hemolysis than non?diabetics when similar oils form pért
of the diet, although the extent of hemolysis 'uo;ld
probabty vary with oil. For example, high concentraticns
of p=8S0, p-EPD and. p-Lﬁ induéed afmdst complete
hemolysis, thus such oils may predispose humsan diabetics
to greater hemoliysis than those inducing lesas hemolysis,
eé. p-C0 or p-MO., It may, thereforé, be clinically
relevant to monitor FA levels and erythrocyte membrane

Fluidity of diabetic patients.

The alterations reported in erythrocyte total érotein_
concentrations (Table 5.1.2.1;) correlated with the cell
viability changes induced (Figs. 5.1.1.2-5.1.1.8.) with
p-oil dosage. Most erythrocyte protein is attributable
to its hemoglobiﬁ {Geigy 1984), fthus p-vil-induced
‘hemolysis would be consistent with & reduction in
erythroeyte protein; partic&]arly with suppiementation
of high p-oil concentrationa. Dosage with &80mg/1 p-EFQ
induced 95% hemolysis (Table 5.1.1.7.):; thus the amount
of protein measured at <this concentration (2.9ug/106
cells seéded) largely reflected erythrcc#te membrane
protein. Comparison of this amount of protein to that of
controls confirmed that approximately 10% of fotal

erythrocyte protein is membrane related, the remainder
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being hemoglobin {(Geigy 1984).

All erythrocyte lipids reside in the membrane
(eg. Erickson et gl 1958), whe?e PGL turnover has'baeﬁ
reported {Cooper 19703, Mature eryfhrocytea, .hauever;
are unabTe  to synthesise FA's de_novo (Pittman et al
-1968), and_the inability oF.these cells to desaturate or
elongate PUFA’s (Table 5.1,3.1.) was -consistent with
their lack 6F intracellular organelles and microscmes
(Lehninger 1982). Erythrozx?es_ therefore also lack the
enzymes required. for -Iipopéﬁoéidationo These cells,
however, éontain large quantities of oxygen-carrying
hemoglobin (Lehninger 1982), and studies have reported
that oxygen, hemoglobin and iron are powerfﬁl caté?ysté
of oxidative reéctiohs in  human erythrocytes, which
augment oxidation of unsaturated FFA s (Tappel 1963,
Beppu et al 1987 and Fraga et al 1990), It was 1ike1y,
therefore, that +theé lipid peroxides measured in the
erythrocyte cultures (Table 5.1.4,1.,) were formed via
auto~oxidation when incorporated unsaturated p-oil FA'#.
or FAfs released From PGL s, ueré exposed to such

compounds in intact cells.

The absence of lipid peroxides in éontroi eryvthrocytes
(Tgb?e'S.i.d.1;>, despite the piresence in these cells of '
exygoen-rich hemoglobin and a total PUFA complement of
approximately 80% (Tab]e 5,1,8.1.) suggested that theéa
PUFA’s were unavailable for oxidation, probably because

these moieties were components of complex lipids, such
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ag membrane PGL;s. There are also reports that a high
hemeglobin conceritration ¢an protect the erythrocyte
_ggainst oxidatian ibébauae hemoglobin behaves as a lipid
radical scavenger (Trotta et al 1981), Indeed, when
erythrocytes were damaged as a result of epraure 3to
ircreasing amounts of unsaturated FA;rich p~oi1s; loss
b? intra—cellular hemoglobin correiatéd with increased
cel]ular-lipoperoxidé levels, It was also possible that
the absence _oF..}ipoperoxides in “dontrdl erythrocxtes
reflected cellular anti-oxidant-activity, eg. uitamiﬁgE,
preventing oxidation of FFA‘s released during POGL
‘cyc1ing. On the other hand, insufficient cellular anti-
oxidant levels could exp1ain"the lipoperoxide:. formed
with p~oil dosage. UWhen the oxidant challenge was low,
the physiological anti-oxidant defences were able to
overcome the oxidative stress. When erythrocytes were
expésed to. greater p-oil conqentr&tions, however, the
anti-oxidant defences .uere probably owerwvhelmed, and
lipid peroxidation became dependent on the exogenocus FA

substhate dosed. PGL oxidation could also be involived,

The lipid peroxides Fformed as a result of p-oil
supplémentation to erythrocyte cultures (Table 5.1,4.1.)
related both to the. amount .and .structure (number and
position of double bonds) of unsaturated FA's present in
the p-oils (Table 2.3.3.2,), The presence of only small
amounts of unsaturated FA's both in p-CO and p~MO was

consistent with the lack of ] ipoperoxide Formation with
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their dosage, uhgle th§=detéctian of small quantities’ of
‘cellular 3ibopéroxides'with p—00 dosage probably related
to the oxidation of free CA Tor which a mechaniasm has
been feported (Frankel 1984). On the other Hand. hthe
larger lipid pero#ide concentrations induced with p~5S0,
p—L0O, p—EPb o p¥F0 suppiementation were consistent uitﬁ
the gsusceptibility af}the PUFA‘e in these p-oils to
oxidation. The lipoperoxides iﬁduced with p~550 or p—EPO
dosage probasly reléted to oxidation of tﬁe farge émoﬁnﬁ
of LA present therein (about_?ﬁz), although the presence
GLA in. p~EP0 only could explain .théﬁwaignificantj;
ﬂgpeater_lipoberdxide amaunts this p—oil ingqfed. The
availability of free ALA pfobably acﬁountgd.-;ﬁr .the
formation of the greatest 1ipoperoxide &mouﬁég a%en p~L0O

was supplemented. Howeuer, if one considers the amount

oF.GLﬁapresent in p~EP0 compared to ALA in p-L0 (about

% ué 332, regspectively) with the MDA concentrations
these p-~oils induced, then the data suggests that GLA is
moire susceptible to oxidation than ALA. This has a]s?
been reported by Moris&ki et al (1982b). The reason for
this phenomenon is unclear,lﬁut could relate t; the fact
that GLA is a PDFA. The greater lipoperoxide amounts
p—EPQ induced compared to p-F0Q, 'deépite 18% EPA in the
latter, however, implied that this w3 PDFA was largely
lipid—bound. The larger gmbunt of ALA in p~-LO than EPA
in p~F was neveretheless consistent with the greater

lipoperoxide amounts p-L0 induced, despite the greatér

wugceptibility of EPA to oxidation.
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Ervthrocytes were shown to incorporate the.a]bumin*bound
p~oil FA’s dosed (Table 5.1.3.1.), thué the lipid
peroxides measured in the spent medium probably reflect
released cellular lipid peroxides. Such may have been
expelled into the medium wupon cell lysis, imp?yinb

that  medium llpoperaxxde levels were partly dependerr -
on the degree of p~011*1nducad hemolysis (Figs. 5.1. 1 2“..
5.1.1.8.). The pronounced hemtlysis induced with 60mg/1.

p-S80, p-10, p*EPO or p-F0 dosage was ‘thus consistent

with greatef lipoperoxide amounts in the spent hedium
than in the celis. The Finding that supéroxides readily
~eross the erythrocyte membrane in either ‘direction
{Lynch et al 1%78a, 1978b) indicated that lipcperoxides
genery ad intracéilularly as a result of pmoif dosaga
could have bo2en released into the medium through the
plasma membrane of intact cells. This méy expiéinfkhé
spent medium lipoperoxides measursd >n the absence of
. signifidant hemolysis; eg. with damg/! p-F0 incubation,
Evidence <that erythrocyte FFA's exchangé directly with
extracel lular #FA'E (TarloQ et aj 1967 and Anon 1968),
and the potential for cellular FFA release into the
culture medium upon hemolysis, could fharefore not ruls
out .the passibility that extracellular aute-oxidation

contributed to the medium 1ipopéroxides detected.

There are numerous reports that lipid peroxides induce

membrane damaging effects (Chio et al 1969, Mead 1974,

Tappel 1980 and Frankel 1984), There is also evidence .-
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that oxygen radicals induce crose-linking of eryfhrocyﬁe
aminolipide and =lter plasma membrane péfmeability, and
temolysis haas been aasociated with lipid peroxide pro=-
duction (Kann et al 1964, Mengel et al 1945, 1964, OUski
et al 1967, Béppu et a! 1987 and Girotti et al 1987).
Recent studies'haue ahown that increazing the degree of
unsaturation of lipi&s in.human erythrocyte membranes
resulted in leakage from the cella of.éluccae, the prime
.energy source, the ertent of which was relatable to the
susceptibility of erythrocytes to paroxidation (Urano et
al 1991). In the light of thess andinba ﬁnd the inverse
gorrelation found between lipoéeroxide.1euels and .ceil
uiébility induced with dosage of moncenoic or polyenoic
- FA~rich p~oils, it wéa likely that lipc reroxides played
& role in the modulation of the hemclysis we reporfed.
The fact that the .lipoperoxide levels found did not
always correlate quantitativély :uith the degree of
cytotoxicity induced with p~oil incubation, however,
indicated that these compounds were only partly involved
in the modulation of hwman erythrocyte viability. Indeed
these compounds could not explain the reduction of cell
viability with p~CO or p~MO dosage which induced no
lipoperoxides, Our data suggested that membrane physical
changes were probably also involved in the modulatinm of

erythrocyte viability,
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5.2 HE__EFFECT -0 ON__HUMA

LYMPHOCYTES.
5.2.1 . Effects of pseudo-Qils on_Cell Viability.

Microscopic inspection showed human lymphocyte cultures
to be free of érythrncyte or platelet contamination,
and no morého?ogical changes were evident betuéén dosed

. or control iy%phocytes. either before, during or éfter

each experiment.

Fig. 5.2,1.1. shows that human lymphocyte viabi}ity:uaé .
not significantly altered with incubation of € to 250mg
altbumin/l culture medium,. nor wWere any aynergistic
gffects induced. Hence, _the cell - viability changes
induced with p-oil dosage were a resuit of the exogencus

FA's alone, and not the albumin used as FA carrier.

Lymphocytes do not normally divide in culture without
appropriate mitogen stimulation nor do they require
trypsinisation, thus no 24 houE post-trypsinisation
recovery period was required, As 1lymphocytes were
dosed immediately .subsequent to plating, the seeding

concentration was the cytostatic number.

Figs: 5,2,1.2-5.2,1.8, depict the effecta of p~oil
dosage on human lymphocyte wviability, All p-oils induced
concentration dependant cytotoxicity, but unsaturated

FA~rich p~0ils more effective Fhat Fhems ahiindsnt  in
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The results are expressed as mean percent (%) cell

'viabiliﬁyiatandard.erfor'oF the mean (@.e.m.), where 'n
is the ﬁnumber-af experiments. The concentrations given

are as hmg albumin o~ pseudo-oil per litre of growth
“medium.¥ Fig.'5.2.1.1. ahows the mean pergent cell
%y versus the albumin concentration (mg/1), and
|

j2.1.2~5.2.1.8' depict the mean percent cell

viabili

Figs. 5

. ]I‘ 4 ]
visbilify versus the pseudo-oil concentration (mg/1).
i

i
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