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4.3 . THE EFFECTS OF PSEUDO-OILS ON CELLS
DERIVED FROM CAT AORTIC ENDOTHELIUM.

Effects of pseudo-Oils on Cell Viability.

The cultured cells were examined microscopically before.
during and after each experiment and at no time were any
morphological changes observed between control or dosed
cells, except for cytoplasmic droplets observed with
p-oil supplementation at high concentrations in some
instances.

The effects of albumin, with final medium concentrations
ranging from 0 to 250~g/1, were investigated, and found
to have no significant effect, on cell viability (Fig.
4.3.1.1.), nor were any synergistic effects induced.
Thus, the effects induced with the p-oils dosed were a
result of the exogenous FA's and not the albumin used as
FA carrier.

The number of control ce11s1 seeded at 10xl04/ml, at the
end of the 24 hour post-trypsinisation recovery period,
was 10.5x104/ml. This equ~ted to 80% of the final
control cell number at the end of the 48 hour incubation
period, and represented the cytostatic number. Hence,
only p-oil 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



,

Legend to Figs. 4.3.1.1-4.3.1.9.

The results are expressed as mean ~er~&n~ (~. ~ell
viability±standard error of the mean (a.e.m.',

is the number of experiments •. The concerrtr-e-c.ione giver,
are as mg albumin or pseudo-oil per litre of growth
medium. Fig. 4.3.1.1. shows the mean percent cell
viability versus the albumin concentration (mg/l), and
Figs. 4.3.1.2-4.3.1.8. depict t~e mean percent cell
viability versus the pseudo-oil concentration (mg/l).
Fig. 4.3.1.9. shows the mean percent cell viability
versus the albumin concentration (mg/l) for cells dosed
with the amount of pseudo-oil which limits cell
viability to 50% of the controls.
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Fig_ 4.3.1.2.
The eerc~Q ..:t~~ viabi 1i ty of c~ 11s derived from cat

aortic endothelium incubated with~-CO.
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The percentage viability of cells derived from c~t
~octic endothelium incubated with p-MO.
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Fig. 4.3.1.4.
The percentage viabil itt of cells derived from cat

Bertie endothelium incubated with p-OO.
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Fig. 4.3.1.5.

The percentage viabi 1i tx_ of cell s derived fro", cat

~ortic endothelium incubated with e~·SSQ.
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Fig. 4.3.1.6.
The percentage viabi 1i ty of ce 115 deJ:,;'ived fl"om cat

aortic endothelium incubated with p-LO.
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Fig. 4.3.1.L.
The percentage viability of cells derived from cat
aortic endothelium incubated with e-EPO.
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Ihe ~centage viabilitx of ce~ls derived from cat
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Fig. 4.3.1.9.

The percentage viability of cells derived from cat
aortic endothelium incubated with albumin at the IOso of
e-OO• 140

20

120

100
>-
iii.c 80oS!
>
15 60o
~

40

o ,
o 50' 100 150 200 :1!50

Albumin concentration (mgtl)i

Albumin Mean ±s.e.m. n
Concentration

(mg/l)

0 100.0 2.1 6

175 48.0 7.4 6

200 48.7 4.7 6

225 48.9 3.5 6

250 49.1 4.4 6

300 52.2 3.3 6

350 48.6 2~9 6



400

on cat endothelial tell viability. Growth limiting
effects were generally induced, but some p-oils also
stimulated and/or •..nibited cell proliferation with
particular concentrations. The magnitude of effects
induced, however_ were dependent on th~ p-oil and
concentration dosed. p-SSO exhibited the greatest
potential to stimulate cell proliferation, whereas p-CO,
p-OO and p-LO were most growth inhibitory, 10so values
could, however, only be calculated for cell dosed with
p-CO or p-OO (99mg/l each).

No major changes in cell viability occurred overall with
10 to 60mg/l p-CO dosageg while higher concentrations
induced Cyt~toxicity such that 49.4% of cell were viable
with 100mg/l (Fig. 4.3.1.2.).

Cell growth largely ~pproximated to controls with up to
40mg/l p-MO inc.uba'tion ;~··i~4.3.1.3.). Growth limiting
effects were induced with higher amounts, in a general
concentration dependent manner, to yield a minimum of
79.8% viable cells
induced with this

with 90mg/l p-MO. Cytostasis was
concentration as the relative cell

number approximated to the cytostatic number (80%). p-MO
was ineffective in inhibiting cell growth.

10, 20 and 60mg/l p-OO had little effect on cell
viability, but this was increased to 111.4%, 107.9% and
107.3% with 30, 40 and 50mg/l p-OO, respectively.
(Table 4.3.1.4.). Cell grC)wthwas 1imited with 70mg/l
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p-OO, while concentration dependent cytotoxicity was

induced with concentrations of 80mg/l or greater such

that 48.9% of cells were viable with 100mg/] p-OO.

Cell proliferation was enhanced with up to 90mg/l,p-SSO

~upplementation (Fig. 4.3.1.5.), An increment of 5% to

15% was generally observed, a1though concentr'ations of

40 and 80mg/l p-SSO enhanced cell viability to 137.4%

and 121.7%, respect~vely. 100mg/l p-SSO induced little

effect on cell growth as viabitlty was 98.2%.

p-LO concentrations up to 60mg/l largely induced cyto-

stasis as relative cell viability approximated to the

cytostatic number (80%), Higher concentrations resulted

in toxicity, but cell viability was 51.1% and 56.9% even

with 90 and 100mg/l p-LO, respectively (Fig. 4.3.1.6.),

p-EPO induced an overall concentration dependent growt~

limiting effect with concentrations up to 50mg/l,

although cell growth was not significantly different

from controls with concentrations UP to 20mg/l (Fig.

4.3.1.7.). 60 to 80mg/l p-EPO induced cytostasis, while

greater amounts were cy7.otoxic and progressively reduced

CGll viability to a minimum of 64.6% with 100mg/] p-EPO.

Cell growth generally approximated to that of controls

with up to 60mg/l p-FO dosage, although 108.1% viability

occurred with a concentration of 10mg/l (Fig. 4.3.1~8,'.

70 and 80mg!l p-FO limited proliferation marginally,

90mg/l p-FO induced cytostasis, and cytotoxicity reduced



402

cell viability to 66.3% with 100mg/l p-FO.

To exclude the possibility that any of the effects
induced with p-oil dos~go were influenced by the amount
of albumin used as FA carrier. cells were incubated with
a fixed amount of p-OO (corresponding with its IOso,
about 99mg/l), but varying albumin conce~trations. Six
concentrations were chosen around which to vary the
albumin amount, viz. 2 points above, 3 points below, and

the 1050 of p-OO, and the appropriate amount of albumin
added to cultures to give the desired concentrations.
The results are shown in Fig. 4.3.1.9., which indicated
that the amount of p-OO dosed reduced cell viability to
approximately 50% of controls~ and that such was "not
influenced by the albumin concentration present ao FA
carrier. Hence, synergistic effects of albumin could be
excluded, and t:,_" effects induced with the p-oi ls were
solely due to the exogenous FA's.

Cat aortic endothelial cells
and dosed appropriately with

were subsequently plated
0, 20. 40 or 60mg p-oil/l

culture 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 statisti~al1y different from those in Figs.
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 pseudo-Oils on Total Protein.

The total cellular protein concentrations determined

with 0, 20 40 or 60mg/l p-oil dosage are shown in Table

4.3.2.1. expressed as pg total protein/l06 cells seeded.

424.4pg protein per 106 control cells seeded was found.

Cells supplemented with 20mg/l p-LO contained 396.1pg

protein per 106 cells seeded, but all other dosed cells
contained greater amounts of total protein than control
cells, with the highest concentration measured being

656.3pg per 106 cells seeded~ obtained with 40mg/l p-SSO

su~plementation. The total cellular protein content

decreased with increasing concentrations of p-MO or

p-EPO supplemented (554.3 to 454.0 and 515.5 to 455.8

pg/l0G celle seeded, re6pectively), whereas the reverse
was demonstrated for cells incubated with p-LO or p-FO
(396.1 to 497.7 and 501.5 to 533.4pg/l06 ceJls seeded,

respectively). Wi~h p-CO, p-OO or p-SSO dosage, however,

the protein increment was greatest with a concentr~tion

of 40mg/l (563.7, 524.3 and 656.3pg/l05 cells seeded,

respectively) and least with 20ms/1 (444.7, 491.3 and

540.5pg/l05 cells seeded, respectively).



The protein content of cells derived from cat aortic
endothelium. expressed as ll9. total protein/lOs cell~

pseudo- CELL~
Oil

(mg/l) 0 20 40 60

Control 424.4
CO 444.7 563.7 475.6
MO 554.3 508.5 454.0
00 491.3 524.3 506.3
SSO 540.5 656.3 6fj2~5

LO 396.1 491.3 497.7
EPa 515.5 463.1 455t,I
FO 501.5 524.3 533.4
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4.3.3 Effects of pseudo-Oils on the Fatt~ Acid
Spectrum of Ceils Derived From Cat Aortic
Endothelium.

The FA spectra of cells incubated with 0, 20, 40 or
60mg/l of each of the p-oils is depicted in Table
4.3.3.1. Major FA's detected in control cells were 16:0
(19.9%), 18:0 (15.8%), 18:1w9 (21.2%)~ 20:4w6 (5.3%),

20:4w3 (5.4%) and 22:4w6 (15.5%). Varying amounts of
these FA's were detected in dosed cells.

The levels of 16:0 and 18:0 were parallel to controls or
decreased, whereas 16:1w9 and 18:1w9 levels were more
varied. Dosed cells contained raised 18:2w6 percentages,

-and significant increments in 20:3w6 and 20:4w6, but not
22:4w6 and 22:5w6, were noted with certain p-oils and
concentrations. Dosed cells e~hibited Gonsiderabl1y less
18:4w3 and 20:4w3 than controls, whereas 18;3w3, 20:5w3,
22:5w3 and 22:6w3 levels were parallel to controls or
increased.

Supplementation with 20, 40 or 60mg/l p-CO induced no
marked changes in 16:0 and 18~lw9 percentageS (21.7% to
24.3% and 20.5% to 25.4% vs 19.9%'and 21·2% in controls,
respectively), wher'eas 18:0 levels were decreased (10.8%
to 12.8% vs 15.8% in controls). 16:1(")9 amounts were
similar with 0 and 20mg/l p-CO, but enhanced with 40 and
60mg/l p-CO (2.1%, 1.8%, 3.0% and 3.5%, respectively).
20:3w6 and 20:4w6 levels were slightly increased (2.1%



Leoend to Table 4.3.3.1.

All values are tablJlated as ~elative percent total area.
Control values are reported a9 meen±s.e.m., where "n" is
the number of experiments. '[p-OilJ' refers to the
pseudo-oil concentration used.
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to 2.4% and 7.2% to 8.9% us 1.8% and 5.3% in controls,
respectively), but 22:4w6 levels were parallel to
controls (15.5%) or decreased. The percentages of 18:4w3
and 20:4w3 were significantly decreased in relation to
controls (3.0% and 5.4%1 respectively), although 20:5w3,
22:5w3 and 22:6w3 amounts increased to a maxi~.~ of
1.7%, 3.9% and 3.4% compared to 0.3%, 1.5% and 1.1% in
controls, respectively.

No significant changes in 16:0 and 18:1w9 were found in
cells dosed with p-MO, but 18:0 and 16:1w9 levels were
parallel to controls (15.8% and 2.1%, respectively), or
decreased. 18:2w6 incorporation increased 2 to 3 fold
(6.0% to 9.3% vs 3.0% in controls>, a small increase in
20:3w6 was found (2.1% to 2.6% vs 1.8% in controls), and
20:4w6 increased approximately 2 fold (10.0%, 10.2% and
9.2% with 20, 40 and 60mg/l, respectively vs 5.3% in
controls). However, 22:4w6 levels were not significantly
increased, and onlY very small amounts of 22:5w6 Were
found «0.5% vs 1.9% in controls). p-MO decreased 18:4w3

and 20:4w3 levels, but 20:5w3, 22:5w3 and 22:6w3 were
significantly increased (0.8% to 1.0%, 2.3% to 3.0% and
2.3% to 3.0% vs 0.3%, 1.5% and 1.1% in controls,
respectively),

18:1w9 levels were incr~ased with 20, 40 or 60mg/l p-OO
supplementation (33.3%, 42.8% and 45.2%, respectively vs
21.2% in controls), whereas 16:0, 18:0 and 16~1w9 were
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decreased relative to controls (19.9%, 15.8% and 2.1%,
respectively). 18:2w6 percentages increased 2 to 4 fold
(3.0% in controls), and a significant increase 1n 20:2w6
was found, especially with 40 and 60mg/l p-OO (1.7% and
1.8%, respectively vs 0% in controls). Except for 6.6%
20:4w6 found with 20mg/l p-MO (5.3% in controls), other
w6 PDFA percentages were decreased, particulat~ly with
increasing amounts of p-OO dosed. p-OO induced similar
changes in the w3 PUFA's as reported with p-CO and p-MO.

p-SSO incubation had little effect on cellular 18:1w9
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 i, a concentration dependent increase in
18:2w6 (15.9%, 25.1% and 35.7% with 20, 40 and 60mg/l

p-SSO, respectively vs 3.0% in controls). 20:2w6 was
significantly incressed with 40 and 60mg/l p-SSO (1.3%
and 1.7%, respectively vs 0% in controls), but this was
not found for other w6 PDFA's. The c~anges induced in
w3 PUFA's were as reported above.

Saturated and monounsaturated FA levels approximated to
controls or wore decreased with p-LO incubation. 18:2w6
amounts increased 2 to 4 fold (3.0% in controls) and a
small increase in 20:4w6 was induced, but other w6 PDFA
levels were not significantly increased. A concentration
dependent increase in 18:3w3 was detected with 20, 40 or
60mg/] p-LO dosage (6.9%, 14.4% and 22.1%, respectively
va 0.4% in controls). 18:4w3 and 20:4w3 levels, however,
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were at least 3 fold lower than controls (3.0% and 5.4%,

respectively), but there was a 2 fold increase in 20:5w3

over the range dosed (0.6% to 0.7% vs 0.3% in ~on~~ols).

Increased levels of 22:5w3 and 22:6w3 were also found

(1.6% to 2.5% and 1.6% to 1.9% vs 1,5% and 1.1% in

controls, respectively), but these increments were not

greater than shown with other p-oils.

16:0, 16:1w9~ 18:0 and 18:1w9 amounts were parallel to

controls (19.9%, 2.1%, 15.8% and 21.2%, respectively) or

decreased in cells dosed with p-EPO. On the other hand,

18:2w6 levels increased markedly (3.0%, 17.1%, 26.2% and

32.7% with 0, 20, 40 and 60mg/l p~EPO, respectively),

while smaller increments were round for 20:2w6 and

18:3w6 (0.6%, 1.0% and 1.2%, and 0.4%, 0.5% and 1.3%,

respectively vs 0% each in controls). 20:3w6 percentages

increased 2 to 3 fold (3.7%, 4.5% and 4.2% with 20, 40

and 60mg/i p-EPO, respectively vs 1.8% in controls), but

concentration dependent decreases in 20:4w6 and 22:5w6

were found (6.2%, 5.5% and 3.9%, and 16.2%~ 10.9% and

8.5% vs 5.3% and 15.5% in controls, respectively). p-EPO

d&creased 18:4w3 and 20:4w3 levels, but induced small

increments in 20:5w3, 22:5w3 and 22:6w3 with cert~in
concentrations.

16:0, 18:0 and 18:1w9 levels were par~llel to controls

or decr~ased when celTs were dosed with 20. 40 or 60mg/l

p-FO relative to controls (19.9%, 15.8% and 21.2%,
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respectively). but a concentration related increment in'

16:1w9 was found (6.2%, 11.9% and 17.8%, respectively vs

2.1% in controls). 18:2~6 incorporation was less marked

(5.6% to 8.0% vs 3.0~ in controls), and PDFA levels were

parallel to controls or decreased. Signifieant increases

in 20:5w3 and 22:5w3 were detected with 20, 40 and

60mg/l p-FO (3.6%, 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 22:6w3 was smaller (1.6%, 1.9% and

1.8%, respectively vs 1.1% in controls).
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4.3.4 Effects of pseudo-Oils on Lipid Peroxide

Formation.

The lipoperoxides measured in control and dosed cells

and their their r~spective spent culture media are shown

1n Table 4.3.4.1. The concentrations are expressed as

nmoles MDA/l06 cells, but in the case of the spent media
this represent th~ nmoles of MDA in the volume of medium

from which lxl06 cells were obtained.

Lipoperoxide amounts 9,;.;neratedby dosed ce 11 s ranged

from a low of 0.9nmoles MDA/l06 cells (obtained with

20mg/l p-SSO~ 20mg/l p-EPO or 60mg/l p-CO dosage) to a

high of 2.4nmoles MDA/l06 cells (induced with 60mg/l

P-LO)1 compared to 0.8nmoles MDA/l06 control cells. p-CO

had little overall effect on lipoperoxide formation over

the range dosed (0.9 to 1.1nmoles MDA/l06 cells), while

20, 40 and 60mg/l p-MO induced greater amounts (2.0, 1.5

and 1.2nmoles MDA/l06 cells, respectively). Dosage with
20, 40 or 60mg/l p-LO or p-FO generated similar levels

of lipop~roxides (1.3, 1.7 and 2.4 vs 1.7, 1.6 and 2.1

nmoles MDA/l06 cells, respectively), whereas smaller

amounts 'were induced with p-SSO (0.9, 1.3 and 1.1nmoles

MDA/l06 cells, respectively), p-EPO (0.9, 0.9 and 1.6

nmoles MDA/l06 cells, respectively) and p-OO (1.1, 1.0

and 1.7nmoles MDA/l06 cells, respectively).

Lipoperoxides were absent in spent control medi~ while
concentrations were greatest for medium dosed with



Tab 1e 4.3.4. 1.
Lipoperoxide fo,..~ationby cat t ~'rtic endothel ia1 cultures
incubated with p-oilst expressed as nmoles MDA/l06 cells.

pseudo- CELLS
Oi)

(mg/l) 0 20 40 60

Centrol 0.8
CO 1.0 1.1 0.9
MD 2.0 1,5 1.2
00 .i..l 1.0 1.7

SSO 0.9 1.3 1.1
LO 1.3 1..7 2.4
EPO 0.9 0.9 1.6
FO 1.7 1.6 2.1

I
I

pseudo- SPENT INCUBATION MEDIUM
Oil

I
I

(mg/l) 0 20 40 I 60• I

Control
CO 0.1
MO 0.3
00 0.1 0.1
SSO 0.4
LO 0.1 0.4 1.1

EPO 0.1 0.2
FO 0.3 0.5 I 1.2
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20, 40 or 60 p-.c-O (0.3. 0.5 and .L2nmoles MDA/l06 ee lle ,
respect~vely) or p-LO (0.1, 0.4 and 1.1nmolee MOA/l06

celle. respectively). Spent media from all other dosed
cultures, hcuever , contained ~:ewer lipoper-cxldee (!O.4
nmoles MDA/l06 cells), or,none at all.
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4.3.5 Discussion.

Dosing primary cultur~s of cat ~~dothelial cells with
p-oils modulateJ the viability of such cells, although
the effects induced were not consistent with the degree
of p-oil unsaturation (Figs. 4.3.1.2-4.3.1.8.), Even
p-oils of similar FA compositions induced different
effects, suggesting that the particular p-oil FA
composition (Table 2.3.3.2.) was important in the
modulation of the effects reported. It was apparent th~t
the presence of GLA only in p-EPO induced growth
limiting and inhibitory effects, whereas its absence in
p-SSO modulated extensive cell proliferation which could
be largely related to an abundance of LA. GLA was thus
a potent agent preventing the proliferation of 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-LO was not
significantly g~eater than with p-EPO incubation,
despite more ALA in p-LO than GLA in p-EPO <about 63% vs
9%, respectively). Such differences may relate to the
different double bond positions in each trienoic FA and
the fact that GLA is a PDFA, unlik~ ALA which requires
prior delta-6-desaturation to become biologically active
in the cat (Frankel et a1 1978). On the other h~nd_
counteraction between
effects modulated between

inhibitory and proliferative
different FA's in p-FO could

account for the overall absence of marked cell viability
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changes induced with supplementation of this p-oil. This
may relate to the more even balance of saturated,
monounsaturated and polyunsaturated FA'~3 in p-FO. The
involvement of p-oil FA synergism/antagonism could also
partly account 'For the cell viability changes other
p-oils induced. This phenomemon could explain the
enhancement of cell proliferation l.llith low, and
inhibition thereof with high, p-OO concentrations as a
result of interations between OA with other FA's, as
well as the particularly extensive capability of 40mg/l
p-SSO to stimulate cell ~rowth. It ~as nevertheless
apparent from comparison of the p-oil FA spectra <Table
2.3.3.2.) with the cell viability changes 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 to a greater or
lesser extent.

The incorporation of p-oils and modification of the FA
profiles of dosed cells in relation to controls (Table
4.3.3.1.> could have modulated membrane fluidity and be
an important mechani~m whereby the p-oils induced cell
viability ch~,ges. 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
rigiqification when dosed at high concel1trations, thus
inducing cell death. The presence of PUF'A's land a
greater complement of monoenoic 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 p-CO.
Despite the possible mechanisms by which cell viability
was mediated, none of the p-oils and concentrations
supplemented .induced marked cytotoxicity (Figs. 4.3.1.2~
4.3.1.8.). The ability of these cells to tolerate
relatively large amounts of p-oil FA's possibly relates
to fact that t~e endothelium in vivo is continuously
exposed to FA's in the circulation and may therefore be

. .re1atIvely resistant to the effects thereof.

Supplementation of cultures with p-oils r'msulted 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 quantitatively explain the
increased protein amounts found when cell proliferation
was enhanced or limited implied FA involvement in the
stimul cationof cellular p,,"'oteinbiosynthesis. The extent
of protein stimulation'v~ried with supplementation of
identical concentrations Qf different p-oils, even when
this yielded similar cell numbers, suggesting that FA's
of different chain length~ and degrees of unsatGration
vary in their capability to modulate protein synthesis.
It was also likely ~hat synergistic/ant.gonistic
interactions between p-oil FA's played a role in this
process. Alterations in the absolute amount of protein
per cell could nevertheless reflect appropriate changes
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in the expression of lipid metabolising enzymes as a
result p-oil FA incorporation.

Increased PDFA formation in dosed cat endothelial cells
compared to controls (Table 4.3.3.1.) suggested the
capability for desaturation and elongation. However, the
low 18:3w6 and lS:4w3 amounts formed~ despite pronounced
uptaKe of 18:2w6 with p-SSO or p-EPO and 18:3w3 with
p-LO dosage, indicated impaired J60 capability in these
cells. It was suggested therefore that 20:3w6 formatIon
could have related to limited 18:2wb elongation and
A8-desaturation, although direct elongation of 18:3w6

incorpo~ated with p-EPO dosQge could also account for
the 20:3w6 increment found with this p-oil. Formation of
small amounts of 20:4w6 was nevertheless consistent with
limited .t50activity. This enzyme was also expressed
with w3 PUFA's_ although the inability to efficiently
desaturate'18:3w3 incorporated with LA dosage implied
utilisation of endogenous 18:4w3 and 20:4w3 as A5D
substrates. This would indeed explain the significantly
decreased 18:4w3 and 20:4w3 levels found in dosed cells~
w3 PUFA profiles supported th~ potential for significant
20:5w3 el~lgation and A40 expression, whereas the
inability to efficiently elongate 20:4w6 could accout.c
for the lack of 22:5w6 formation via A40. This supported
the greater activity of desaturase cascade enzymes with
w3 than w6 PUFA's (Brenner et a1 1966, Mead at a1 1976
and Kanau et a1 1977) and the potential of w3 POFA's to
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suppress/inhibit further w6 POFA formation (eg. Garcia
et al 1965 and Sprecher 1981).

The above suggested a mechanism whereby cat endothelial
cells
EFA"s.

could
This

metabolise circulating PDFA's~ but not
was consistent with the in vivo studies

Frankel et a1 (1978) whoof Rivers et a1 (1975a)
demonstrated that the

and
cat lacks the ability for 116-

desaturation~ but not elongation~ of FA's. Other in vivo
studies also showed that the cat exhibits 1150capability
(Sinclair 1979 and Davidson et a1 1989, 1990a), although
the presence or absence of 1140 was not confirmed.
None of the stud ies , ho'wever, investi9ated the potentia1
for desaturation and elongation in c~t endothelium. As
the endothelium plays a central role in eicosanoid bio-
synthesis for vascular homeostasis (Moncada et al 1976a,
1976b, 1984), its capability to desaturate and elongate
PDFA's to generate eicosanoid precursors may partially
explain the results we obtained. No consistent evidence
to support desaturation or elongation of saturated and
Monounsaturated FA's was found, ~owever, and this could
reflect a lack/suppression of enzyme expression, or
competitive inhibition by cellular polyenoic FA's which
has been demonstrated in EFA/PDFA-sufficient states
(eg. Brenner et a1 1965a, 1965b, 19866, 1969~ Brenner
1977, Sprecher 1981 and Holman 1986a, 1986b).

The cell viability changes induced with p-oil dosage
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(Figs. 4.3.1.2-4.3d .•8.) had no sign ific..unteffect on
the desaturase cascade enzyme capability of these cells
(Table 4.3.3.1.), and it was more likely that the
relative amounts of cellular FA's, both of the same and
different families, modulated enzyme expression by
competitive interactions which have been well documented
(eg. Mohrhauer et al 1963a, 1963b, Garcia
Brenner et al 1966, Brenner 1974, Sprecher
Schriver et a1 1982 and Nassar et a1 1986).

et al 1965,
1981. de
Evidence

suggests that dietary FA's altdr the lipid composition
of microsomal membranes and that such is involved in the
modulation of desaturase enzyme activity (Nervi et al
1968, Kurata et a1 1980, Garda et a1 1984, 1985 and
Garg et a1 1988a, 1988b, 1988c). This probably occurred
when p-oil incorporation 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-oils induced a relative EFA/PDFA
deficiency which enhanced desaturation and elongation of
endogenous PDFA's in an atrbempt;to restore membrane
fluidity. This could well explain the greater 22:6w3

amounts formed with supplementation of p-CO or p-MO than
wi~h 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-oxidatiQ" when the



mechanisms of protection against free radical attack
were saturated. Control cell lipid peroxides implied
oxidation of endogenous unsaturated FA~s released
during the continuous cycling of PGL's, whereas enhanced
lipid peroxide measurement in dosed cell~ additionally
reflected oxidation of unsaturated p-oil FA's. This
related to the p-oil concentration incubated. p-oil FA
composition (Table 2.3.3.2.)~ and FA availability and
susceptibility to oxidation.

The finding that cellular lipoperoxide formation with
p-CO supplementation approximated to that of controls
reflected the overall dearth of double bonds in the FA's
comprising this p-oil. Quantitation of small cellular
lipoperoxide amounts also with dosage of p-SSO, 20 or
40mg/l 0-00 and 20 or 40mg/l p-EPO, despite these p-oils
containing significant levels of unsaturated FA's which
were incorporated CTable 4.3.3.1.), however, implied
that the substrates for peroxidation were largely lipid-
bound and stable, although oxidation of free LA and OA
probably accounted for the significant increment in
lipoperoxide formation found with 60mg/l p-EPO,or p-OO
dosage. The fact that cells incubated with 20 or 40mg/l
p-MO exhibited the greatest AA levels <Table 4.3.3.1.)
a~d induced similar or greater cellular lipoperoxide
amounts than other p-oils at these concentrations could
have related to the utilisation of free AA as a direct
endoperoxide substrate. The reason why lipoperoxide
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production decreased with increasing concentrations of
p-MO supplemented was unclear, but may relate to the
availability of unsaturated FArs for peroxidation. Th~
amount and susceptibility of ALA in p-LO and EPA in p-FO
could largely account for the fact that these p-oils
induced the highest lipoperoxide concentrations overall,
although the smaller amount of EPA in p-FO compared to
ALA in p-LO <about 18% and 63%, respectively) supported
the greater susceptibility of the former to peroxidation
due to its greater chain length and number of double
bonds.

The abundance of
(Table 2.3.3.3.)~

saturated FArs
the capability

in new growth medium
of these cells

incorporate exogenous and
to

the
lack of p-oil-induced cytotoxicity with concentrations
of 20, 40 or 60mg/l (Figs. 4.3.1.2-4.3.1.8.) supported
the likelyhood that the spent medium lipoperoxides
(Table 4.3.4.1.) originated intracel1ularly and were
transfered into the incubation medium through the plasma
membrane. This correlated with studies which implicated
lipoperoxides in increasing membrane permeability (Chio
et a1 1969, Mead 1976, Tappel 1980, Gavino et a1 1981b,
Morisaki et a1 1982~ and Frankel 1984). It was also
possible that these spent medium lipoperoxides reflected
released cellular FFA's which were oxidised extra-
cellularly by released cellular peroxidising enzymes,

No correlation between lipoperoxide formation and growth
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inhibition could be established due to the lack of

cytotoxicity induced with 20, 40 or 60mg/l p-oil (Fi~s.

4.3.1.2-4.3.1.9.), although these compounds should not

be overlooked as a mechanism involved in the modulation

of cell death at higher concentrations. Quantitative

changes in lipoperoxide production (Table 4.3.4.1.) did

not always reflect the al~erations in cell viability

induced with p-oil dosage (Figs. 4.3.1.2-4.3.1.8.), and

membrane fluidity changes were proposed as playing a

larger role in the modulation of cat endothelial cell

proliferation.
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4.4 THE EFFECTS OF PSEUDO-OILS ON CELLS
DERIVED FROM CAT SKELETAL MUSCLE.

.;

4.4.1 Effects of pseu<1,b-Oi 1s on Ce 11 Viab i1ity.

Control cells were examined microscopically before.
-I'Jringand after each experiment and no .mor-pho 1ogica 1
changes were s~en at any time. Cells dosed with p-oils
were morpholOgically similar to controls, although
cytoplasmic droplets were observed with p-oil ~ncubation
at high concentrations in some instances.

Final medium 31bumin concentrations ranging from 0 to
250mg/l were found to induce no significant effect on
c&ll viability (Fig. 4.4.1.1.), nor were any synergistic
effects demonstrated. The effects induced with the dosed
p-oi 1s were ther·efore so 1ely due to the exogenous FA;s
and not of the albumin used as FA carrier.

The number of control ce'lls, seeded at 10x104/ml, at the
end of the 24 hour post-trypsinisation recovery period,
was 11.5xl04/ml. This equated to approximately 67% of
the final control ~ell number at the end of the 48 hour
incubation period and represented the Cytostatic number.
Only p-oil concentrations reducing aell viability to
significantly below 67% were thus considered Cytotoxic.

The results of the incubatn on of ce 11s with p-oi 1s ar-e

shown in Figs. 4.4.1.2-4.4.1.8. Low conc~ntrations of



Legend to Figs. 4.4.1.1-4.4.1.8.

The results are expres~ed as mean percent (%) cell

viability±standard error of the mean (ste.m.), where "n"

is the number of experiments. The concentrations given

are as mg albumin or pseudo-oil per litre of growth

medium. Fig. 4.4.1.1. shows the mean percent cell

viability versus the albumin concentration (mg/l), and

Figs, 4.4.1.2-4.4.1.8. depict the mean percent cell

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



".The percentage viability of cells derived from cat
skeletal muscle incubated with albumin,

1401
120

100
>.
:!::s 80.S!!
>
(j) 60o
~

40

20

O~-'---r--,---~-,
o 50 100 150 200 250

Albumin concentration (mgll)

Albumin Mean ±s.e.m. n
Concentration

(mg/l)

(I 100.0 3.5 12
25 97.4 3,,3 12
50 98.8 3.9 12
75 95.2 4+4 12

100 100.4 0") J 12.
125 97.5 3.0 12
150 97.6 3.9 12
175 101.1 3~5 12
200 99.3 5.5 12
225 96.3 4.4 12
250 100.4 :'3.9 12



Tbe eercentli!9~ viability of cella deriv~d from JS\t
~kel~t~l mu~~le incubated witb p-CQ.
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Fig. 4.4.1.3.
The percentage viability of cells derived from cat
skeletal musc1e incubated with p-MO.
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Fig~,.1!:.t4.1!6.
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Fig. 4.4.1.7.

The percEtntar.tevi ab i 1ity of ce 1151 der ived from caj;
skeletal myscle incubated with e-EPO~
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Fig- 4.4.1.8.
The percentage viability of cells derived from cat
skeletal muscle incubated with p-FO.
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p-EPO and p-LO enhanced cell proliferation, whereas all
p-oils were growth limiting~ although this potential
varied greatly in magnitude, depending both on the p-oil
and concentration dosed. High concentrations of
p-OO, p-CO and p-FO, however, were cytotoxic.
induced the most dramatic overall changes in

p-EPO,
p-EPO
cell

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

p-CO supplementation induced growth limitation with
concentrations up to 50mg/l and cytostasis with 60mg/l

(Fig. 4.4.1.2.). Approximately 65mg/l p-CO reduced cell
viability by half (1050), whereas higher concentrations
became progressively more Cytotoxic such that 88.3% of
cells took UP Trypan blue with 100mg/1 P-CO.

Dosage with u~ tu 50mg/l p-MO had little effect on cell
proliferation (96.8% to 103.7% viability), and greater
concentrations induced some growth limitation (Fig,

4.4.1.3.). No 1050 could be calculated, however,
even with 100mg/1 p-MO, 84.2% of cells were viable.

Slnce

Supplementation with up to 60mg/l p-OO also had little
effect on cell viability (Fig. 4.4.1.4.). Concentrations
of 70mg/l p-OO o~ greater, however, induced extensive
Cytotoxicity and reduced the number of viable cells in a
concentration dependent fashion to 50% with 75mg/l p-OO

(IOSO) and only 2.5% with 100mg/l P-OO.

No oignificant changes in cell proliferation were found
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concentrations limited cell growth slightly to a minimum
of 75.2% with 100mg/l (Fig_ 4.4.1.5.). p-SSO did not
induce cytostasis or cytotoxicity with any concentration
dosed, thus no 1050 could be calculated.

Dosage with up to 80mg/l p-LO induced no marked changes
in cell proliferationf although such was enhanced to
109.9~ with 40mg/l p-LO (Fig. 4•• 1.6.). Cell growth was
limited to 79.1% with 90mg/l p-LO and 63.0% with 100mg/l
p-LO, hence no 1050 could be determined.

Cell proliferation was enhanced to 114.7% and 116.0%
with 10 and 20mg/l p-EPO, respectively, whereas 30 and
40mg/l p-EPO both limited cell growth to 89.6%, compared
to 74.8% with 60mg/l p-EPO and 50% with approximately

68mg/l p-EPO (1050) (Fig. 4.4.1.7.). Cytotoxicity was
induced with higher concentrations, which reduced cell
viability progressively to 4.6% with 90mg/l p-EPO and
practically 100% of cells took up the Trypan blue with
100mg/l p-EPO.

Dosage with up to 30mg/l p-FO induced little effect on
cell viability, but this was progressively limited from
93.5% to 73.9% with 40 to 70mg/l p-EPO, respectively
(Fig. 4.4.1.8.). 80mg/l p-FO induced cytostasis as cell
vL:tbi1ity (65.3%) approximated to the cytostatic number
<about 67%), but higher concentrations were cytotoxic.
The number of viable cells yielded with 90mg/l p-FO was
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was reduced markedly to 35.8% with 100mg/l p-FO.

Subsequent to these studies~ cells derived from cat
skeletal muscle were plated and dosed appropriately with
O~ 20, 40 or 60mg p-oil/l culture medium in sufficient
quantities for all the quantitative and qualitative
analyses to be performed. Coll viabilities were compared
upon harvesting and found to be statistically 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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4.4.2 Effects of pseudo-Oils on Total Protein~

The results in Table 4.4.2.1. show the total protein
concentrations determined for dosed cells compared to
controls.

Total protein concentrations in dosed cells ranged from
)'

271.6 to 418.9).1g/106cells seeded (obtained with 60mg/l
p-CO and 20mg/l p-EPO incubation_ respectivel;} compared
to 300.1).1g/106control cells seeded. Celis supplemented
with 60mg/l p-CO or p-FO contained slightly less protein
than controls, but all other dosed cells exhibited more

protein than controls. Protein concentrations decreased
across the range dosed with p-CO, p-MO. p-EPO and ~~FO
(330.4 to 271.6, 383.1 to 348.5, 418.9 to 314.6 and
376.5 to 285.8).1g/106 cells seeded, respectively), but
increased slightly with p-SSO supplementation (348.2 to
353.8).1g/106cells seeded). p·-LO induced more protein
with a concentration of 40 than 20 or 60mg/l (377.5,

368.1 and 363.2).1g/106cells seeded), while the converse
occurred with p-OO dosage (372.1, 383.6 and 383.3).1g/106

•
cells seeded).



Table 4.4.2.1.
The protein content of cells derived from cat skeletal
muscle. expressed as J,l9 total protein/iOG cells 2 ded.

pseudo- CELLS
os 1

(mg/l) a 20 40 60

Control 300.1
CO 330.4 319.9 271.6
MO 383.1 352.8 3,~8.5
00 383.6 372.1 383.3
SSO 348.2 350.6 353.8
LO 368.1 377 .s 362.4
EPO 418.9 351.1 81.4.6
Fa 376.5 348.6 285.B
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4.4.3 Effects of pseudo f3 on the Fatty Acid
Spectr,!-Jtn~of Sa11s Der ived From Cat
Skeletal Muscle.

Table 4.4.3.1. shows the FA spectra of cells incubated
with 20, 40 or 60mg/l of each of the p-oils in relation
to controls.

The gr'eatest proportip:,) of ",ny single FA i n contro 1

cells was 1S:1w9 (21.1%). Significant amounts of 16:0,
18:0 and 22:4w6 were also found (15.3%, 14.5% and 17.1%.
respectively), whereas smaller percentages of 16:1w9 and
20:Jw6 were detected (5.8% and 8.2%, respectively).

The relative amounts of 16:0, 16:1w9 and 18:0 were
generally lower in dosed cells than in controls. The
converse was true for 18:1w9 and 18:2w6, yet POFA levels
were generally lower in dosed cells. Similarly, w3 PUFA
levels were generally parallel to contr 1s or decreased.

Cel1u1ar 16:0 and 18:1w9 levels increased with 20, 40 or
60mg/l p-CO supplementation (20.3%, 24.6% and 25.7%, and
23.9%, 25.4% a~d 27.5% vs 15.3% an~ 21.1~ in controls,
r,,'spective 1y) , 18:0 decreased over tr)e same range
(13.7%, 12.5% a~ 11.2%, respectively vs 14.5% in
controls)9 and an increase in 16:1w9 was detected only
with 60mg/l p-CO (8.5% vs 5.8~; in c·.:,Ir'Ib·ols).PUFA levels
were parallel to controls or decreased, although 22:6w3
was slightly increased (3.6%, 3.2% and 2.9% with ~O, 40



L~~end to Table 4.4.~.1.

All values are tabuleted as relative percent total area.
Control values are reported as mean±s.e.mo. where -n· is

the number of experiments. ·[p-OilJ" refers to the
pseudo-oil concentration u~ed.

/
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and 60mg/l p-CO, respectively vs 2.4% in controls).

Incubation with 20, 40 or 60mg/l p-MO enhanced 16:0 and
18:1w9 levels (20.1%, 21.0% and 22.8%, and 24.5%, 24.6%
and 26.4% vs 15.3% and 21.1% in controls, respectively),
had little overall effect on 18;0, but induced a marked
redu~tion in 16:1w9 (1.6%, 1.9% and 3.6%, respectively
vs 5.8% in controls). 18r2w6 increased significantly
(7.6%, 8.0% and 10.7%, respectively vs 3.3% in controls)
and little change occurred in 20:4w6 (9.1%, 9.5% and
8.5%~ respectively vs 8.2% in ~ontrols). whereas other
w6 PDFA levels were pararl~l to controls or decreased.
Dosed cells generally contained lower w8 PUFA amounts
than controls; although 22:6w3 was slightly increased
with 20mg/l p-MO (3.0% relative to 2.4% in controls).

18:1w9 was incorporated in a concentration dependent
manner when cells were dosed with 20, 40 or 60mg/l p-OO
(41.9%, 49.9% and 55.1%, respectively vs 21.1% in
controls). 16:0, 18:0 and 16:1w9 levels were lower than
controls (15.3%, 14.5% and 5.8%, respectively), although
18:0 was slightly increased with 20mg/l p-OO (20.2%). A
concentration dependent increase in 18:2w6 was also
demonstrat~d over the range dosed (6.4%, 9.2% and 10.4%,
respectively vs 3.3% in controls), and there was a
significant increase in 20:2w6 (2.9%, 1.8% and 1.8%~
respectively va 0.2% in controls). However, the levels
o~ 20:3w6, 20J4k~, 22:4w6 and 22:5w6 were lower than
controls (2.9%, 8.2%, 17.1% and 0.5%, respectively), as
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were those of w3 PUFA~s.

16:0 and 16:1w9 percentages were decreased with 20, 40
or 60mg/l p-SSO incubation (7.4% to 13.5% and 0.4% to
2.0% vs 15.3% and 5.8% in controls, respectively), 18:0
was increased only with 20mgll p-SSO (29.6% vs 14.5% in
controls); while little change occu~red in 18:1w9 levels
(21.1% in controls). 18:2w6 amounts increased in a
concentration dependent fashion (3.3%, 20.0~, 32.7% and
37.4% with O~ 20, 40 and 60mg/l p-SSO, respectively), a
significant amount of 18:3w6 was found with 20mg/l p-SSO
(1.9% vs 0% in controls)p and 20:2w6 levels increased
significantly over the range dosed (1.0%, 1.6% and 1.4%,
respectively vs 0.2% in controls). All other w6 PDF~
levels, however~ were decreased with p-SSO dosage, and
this was also demonstrated with w3 PDFA's.

Cells supplement.d with p-LO exhibited decreased amounts
of 16:0 (12.7% to 13.6% vs 15.3% in controls), 16:1w9
(1.4% to 2.4% vs 5.8% in controls), 18:0 (8.4% to 13.3%
vs 15.4% in controls), and 18:1w9 (16.9% to 20.5% vs
21.1% in controls). 18:2w6 levels increased 3 to 4 fold
(10.4% to 12.1% vs 3.3% in controls) and 18:3w3 was
markedly enhanced (11.4%, 24.5% and 30.6% with 20, 40
and 60mg/l p-LO, respectively VS 0.8% in controls), but
PDFA le~~ls were not significantly raised.

p-EPO dosage decrea~ed cellular 16:0, 16:1w9 and 18:0
levels in relation to controls (15.3%, 5.8% and 14.5%,
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I~espectively), although 18:0 increased approximately 2
fold with 20mg/l ~-EPO (31.3%), 18:1w9 percentages
approximated to controls (21.1%) with 20mg/l p~EPO
(23.9%1, but were decreased with 40 and 60mg/l p-SSO
(14.7% and 14.9%, respectively. A concentration related
increment in 18:2w6 wa~ demonstrated (3.3%, 18.8~, 34.5%
and 41.1% with 0, 20, 40 and 60mg/l p-EPO, respectively
vs 3.3% in controls), and 20:2w6 increased significantly
(1.1% to 1.4% vs 0.2% in controls), as did 18:3w6 (5.7%,
1.2% and 2.3%, respectively vs 0% in controls). Despite
more 20:3w~ detected with 40 and 60mg/l 0··EPO than in
controls (5.9%, 5.1% and 2.9%, respectively), 20:4w6

percentages decreased significantly (2.4%, 4.5% and
3.C%, respectively vs 8.2% in controls) as did tho~e of
22:4w6 (4.5%, 6.7% and 3.7%, respectively. vs 17.1% in
controls). 003PUFA levels approximated to, or wmre
below, th~ir respective control levels.

Cells enriched with p-FO exhibited 16:0 levels parallel
to, or lower than, controls (15.3%). Increments in 18:0
and 18:1w9 were detected with 20mg/l p-FO (29.5% and
30.7%, respectively), while percentages were parallel to
or lower than controls (14.5% and 21.1%, respectively)
with 40 and 60mg/l p-FO. 16:1w9 proportions, however,
increased significantly with 40 and 60mg/l p-FO (17.8%
end 14.3%, resPftctively vs 5.8% in controls>. 2 to 4
fo1d more 18:2w6 was Pound (6.9% to 12.3% vs 3.3'::';in
controls); and 20:2w6 ~"assignificantly increased with
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60mg/l p-FO (3.5% vs 0.2% in controls), but this did
not induce an enhancement in w6 PDFA 1eve 1s. p-FO dosi5.'::;,~
r~sulted in 20:5w3 inccr-por-at ion (2.4% with 20mg/l, 8.5':

with 40mg/l and 7.2% with 60mgll vs 1.2% in controls),
yet 22:5w3 was. increased only with 40mg/l p-FO (6.0% vs
3.2% in controls), and 22.6w3 levels were decreased with
all Goncentrations (0.7% ,t .9% vs 2.4% in controls).
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4.4.4 Effects of pseudo-Oils on Lipid Peroxide
Formation.

Tab1e 4.4•4•1.
cbntrol and
spent growth
MDA/l06 cells,

shows the lipoperoxides measured both in
dosed cells, as well as their respective
media. The results are shown as nmoles
but in the case of the spent incubation

medium, this represents the nmole~ of MDA in the volume
of medium from which lxl06 cells were obtained.

Lipoperoxide production ranged from 0.5 to 1.8nmoles
MDA/l06 dosed cells (O.6nmoles MDA/l06 control cells),
and increased in an overall concentration dependent
manner. Relatively little lipid peroxidation was induced
when ce11s I.. rer-e supplemented with 20, 40 or 60mg/l p-CO,
p-MO or p-OO (0.5 to 1.1nmoles MDA/l06 cells). This was
also found with p-SSO or p-EPO dosage (O.S, 0.7 and 1.0,
and 0.7, 0.8 and 1.1nmo1es MDA/l06 cells, respectively),
whereas greater .mounts were induced with 40 and 60mg/l

P-30 (1.3 and 1.8nmoles MDA/l06 cells, respectively) and
p-FO (1.1 and 1.8nmoles MDA/l06 cells, respecti~ely).

Lipoperoxides were absent in spent control medium, while
concentrations were greatest for medium incubated with
40 or 60mg/l p-LO (0.5 and 1.0nmoles MDA/l06 cells) or
p-FO (1.1 and 1.2nmoles MDA/l06 cells), Spent media from
all other dosed cultures, however-,contained fewer 1ipo-
peroxides (iO.4nmoles MDA/l06 cells), or none at all.



Lipoperoxide formation by cat skeletal muscle cultures
incubated with p-oils. expressed as nmples MOA/l06 cells.

pseudo- CELLS
Oil

(mg/l) 0 20 40 60

Control 0.6

CO 0.6 0.6 0.7

MO 0.6 0.8 0.9

00 0.6 0.6 0.9

SSO 0.5 0.7 1.0

La 0.5 1.3 1.8

EPO 0.7 0.8 1.1

FO 0.5 1.1 1.8

pseudo- SPENT INCUBATION MEDIUM
Oil

(mg/l) 0 20 40 60

Control
CO 0.2 0.2 0.2

MO
"00 0.1

ssa 0.4

La 0.2 0.5 1.0

EPa 0.1
Fa 0.1 1.1 1.2
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4.4.5 Discussion.

Supplementation of cat skeletal muscle primary cultures
with p-oils modulated the viability 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 than the degree of p-oil un-
saturation or p-oil EFA/PDFA levels. The cell viability
changes p-OO, p-SSO and p-LO induced related primarily
to the high OA~ LA and ALA contents of these p-oils,
respectively, and it was apparent that ALA
effective than LA in reducing cell viability
very high concentrations in the range dosed,

was more
only at

a.lthough
OA was more effective. The pronounced cell viability
differences mediated with p-EPO or p-SSO dosage, which
exhibited similar FA compositions, probably related to
the presence of small amounts of GLA (about 97.) in the
former only. This FA appeared to be involved in the
stimulation of cel.l proliferation with low, growth
limitation with intermediate, and cytotoxicity with
high, p-EPO concentrations in the range dosed. However,
the finding that cell viability was unchanged or merely
limited in the absence of GLA with p-SSO incubation
implied that LA had no stimulatory or inhibitory effect
on the proliferation of these cells. Comparison of the
FA spectra of p-EPO and p-LO with the ceil viability
changes these p-oils mediated upon dosage also indicated
that GLA (in p-EPO) eX}-J.bited great~r capability to
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modulate cell proliferation than ALA (in p-LO). These
differences could r91ate to the double bond positions in
these trienoic C18 FA~s. The fact that cell srowth
was significantly enhanced only with p-EPO or p-LO
supplementation nevertheless suggested that the presence
of 3 double bonds in an 18 carbon FA exhibited greater
potential to ~timulate the proliferation of these cells
than FA's with other structures. Although the cell
viability changes the dosed p"oils induced reflected the
presence of particular exogenous FA;s, it was also
likely th~t synergistic and antagonistic interactions
between p-oil FA's amplified or deminished certain
effects. This could explain, for example, the dramatic
cell viability changes p-EPO induced. the absence of
marked alterations in cell viability overall with p-MO
supplem~ntation, as well as the capability of OA in p-OO
to alter cell viability only at high concentrations. The
cell viability changes observed could nevertheless be
the result of alterations in membrane fluidity induced
as a result of differential p-oil FA incorporation
(Table 4.4.3.1.). Rigidification of the plasma membrane
could account for the p~ogressive reduction In cell
viability found with dosage of increasing amounts of
p-CO, whereas the converse was suggested with p-FO, p-OO
and p-EPO.

p-Oil dosage induced alterations in total cellular
protein (Table 4.4.2.1.> which generally refl~cted 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/l p-EPO incubation correlated with the greatest
stimulation of cell viability reported. and possibly
r~presented increased cell number with constant, or
increased, protein per cell. The Jatter seemed more
likely as consistent~ but increased, protein ievels were
measured in cells dQsed with r-OO, despite the fact that
cell viability was parallftl to co~~~ol~. Cells incubated
with other p-oils which did MOL alter cell viability
significantly in relation to controls, ego 20mg/l p-MO,
p-SSO, p-LO and p-FO, exhibited numerically different
prote in 1eve 1s I' but such uer-e a 1so increased in re 1cStion
to controls. Increased cellular protein was even found
when p-cils induced growth limitation, ego 40mg/. p-CO,
p-EPO and p-FO. On the other hand, the decreased protein
found with 60mg/l p-CO or p-FO dosage implied decreased
cell.number with constant or decreased protein per cell.
It was apparent from these findings that exogenou~ , ,

s

have the capability to modulate protein synthesis in cat
skeletal muscle cells. Such varied with different p-oils
and this may relate to differences in FA structure ~,d
the mediation of synergistic and antagonistic effects
~etween p-oil FA's. Absolute changes in cellular protein
could neverthe~'lss reflect alterations in the production
of enzymes required for the metabolism of incorporated
p-oil FA's.
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The literature does not describe the desaturation

capability of cultured cat skeletal muscle cells. In

vivo studies in our labor-acor-y, however, showed that

feeding cats diets either sufficient in all PDFA's, or

deficiant in w3, w6, or all PDFA's, induced changes in

the FA spectra of their skeletal muscle (Davidson et a1

1989, 1990a). Such ind:~ated ~hat ..160 activity was

absent, while evider)ce for ..150 act ivitv was found. As

the diets were made more PDFA deficient, the proportion

of 18:2w6 increased and a concommitant decrease was

genera 11y found for both w: and .-S post-..15DFA's. The

presence or absence of ..140, however, couJd not be proven

(Davidson et al 1989, 1990a). The present study ~howed

that the overall desaturation and elongation capability

of cultured cat skeletal muscle cells was also poor,
despite significant incorporation of ~he p-oil FA's

supplemented (T~ble 4.4.3.1.). This implied that th~

increased cellular protein levels reported with p-oil

incubation (Table 4.4.2.1.) did ~?t reflect enhanced

expression of desa~urase cascade enzymes, .

The finding tha~ 16:0 percentages were sip~ificantly

decreased and 18:0 increased only with 20mg/l p-SSO,

p-EPO or p-FO dosage suggested the capability for 16:0

elongation. However, 18:.0desaturation J.:a ..190 seemed

unlikely since 18:1w9 levels were not significantly

enhanced, except with 20mg/l p-FO inc~bation. This could

have related to elongation of 16:1w"" incorporat~·d' with



~35

)

20mg/l FO dosage, although such activity was impaired
with higher p-FO concentrations, despite cellular uptake
of large amounts of this moiety from the medium. Little
significant J6D capability was shown with incubation of
18:2w6-rich p-oils (p-SSO or p-EPO). 20:2w6 formation
thus resulted p~imarily from a build up of 18:2w61 some
of which was elongated due to the lack, or suppression,
of J6D activity. On the other hand, the small 18:3w6

levels detected could have reflected extramicrosomal
retroconversion of endogenous 20:3w6, which could
account for the decreased levels of this moi~.ty. 18:3w6
incorporated with p-EPO dosage was elongated to 20:3w6,
but J5- or J4-desaturation of w6 PDFA's was not found in
cells enriched with any p-oil. Elongation of 20:5w3

occurred with 40mg/l p-FO supplementation, but no
evidence of A4-desaturation to 22:6w3 was found, nor
was 18:3w3 incorporated with ~-LO dosage significantly
desaturated or elongated to PDFA's. Evidence to support
desaturation and elongation of w3 PDFA's, however, was
found with p-CO incubation. This p-oil did not contain
PUFA's (Table 2.3.3.2.), thus the eleva~~d 22:6w3 levels
detected must represent desaturation/elongation of
cellular w3 PUFA's. The finding that 18:3w3 and 18:4w3
levels were similar to controls, whereas 20:4w3 amounts
were decreased, suggested desaturation and elongation of
endogenous 20:4w3 to 22:6w3. This supported the absence
of A6D, but not of A5D, elongase and ~4D, expression.
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It was possible that supplemention 0f cells w~th p-CO

increased the requirement for PDFA's, and ~hl$ m~\ ~ave

enhanced 22:6w3 production in a rather poor ~ttpml~t to

re-establish a more even balance between sat~lat~d and

unsaturated FA's in the membranes. However, the level

of 16:0 in the cells could still have been too high

to maintain normal membrane fluidity, and the known

inhibitJry!suppreseive effects of saturated fA's on A6D,

A5D and A4D activities (eg. Brenner ~t a1 1966) may also

have limited the extent to which the desaturases were

stimulated. 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

maint~ining membrane fluidity and other cell functions.

Suppression of further desaturation would thus be

consistent with maintenance of the existing FA ba1ance~
and such has been reported to occur via complex

feedback inhibition (Brenner

et a1 1964, Garcia et a1 1965,

1967, 1969 and Actis Dato et a1

mechanisms,

1965a, 1965b,

;ncluding

Holman

Brenner et al 1966,

1970). Such control mechanisms may explain the lack of

22:5w6 and 22:6w3 formation with p-MO or p-FO dosage in
particular.

The poor desaturase/e10ngase capability reported overall

in these cells (Table 4.4.3.1~) did not appear to

relate to the cell viability changes inducey with p-oil
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supplementation (Figs. 4.4.1.2-4.4.1.8.) as poor enzyme
activity was fouhd even when cell viability was parallel
to, ,or greater than, controls. The overall FA balance in
the cells, as well as competitive interactions betweeh
cellular FA~s appeared to be more important factors
explaining the desaturase cascade capability we reported
for these cells.

The results obtained from MDA measurement followihg the
48 hour incubation period showed that even in the
absence of any exogenously added p-oil. control cells
produced lipoperoxides (Table 4.4.4.1.). This was not
surprising~ since the FA spectra <Table 4.4.3.1.) showed
FA's that were potential candidates to sct as substrates
for the formation of lipoperoxides. This could have
occurred enzymatically and/or or ~'iaauto-oxidation of
endogenous unsaturated FA's released dUf'ingPGL cycling
once the ahti-oxidsnt defenses were saturated. Enhanced
MDA formation with p-oil dosage additionally reflected
oxidation of unsaturated p-oil FA;s. The quantitative
variations in MOA levels measured, however, related to
differences in p-oil FA composition (Table 2.3.3.2.) and
concentration supp1ementedt as well as FA availability
and susceptibility to oxidation. The overall lack of
double bonds in the FA;s comprising p-CO could indeed
explain why cellular lipoperoxide formation approximated
to that of controls with incubation of this ~-oil. On
the other hand, the finding that p-MO, p-OO, p-SSO or
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p-EPO dosage induced smalJ~ or no increments in cellular
lipoperoxides, despite significant levels of unsaturated
FA~s in these p-oi1s which were incorporated ~Tables
2.3.3.2. and 4.3.3.1.), implied that the substrates for
peroxidation were largely lipid-bound and stable. In
contrast, the greatest lipoperoxide amounts measured
overall with p-LO or p~FO dosage both in the ce~ls and
spent medium reflected the amount and susceptibility of
ALA in p-LO and EPA in p-FO to oxidation, dependent not
only on the number a position of double bonds in such
FA's, but also on the availability of these moieties in
the free form. However, the abundance of saturated FA's
in new culture medium (Table 2.3.3.3.), the ability of
these cells to incorporate p-oi1 FA~s (Table 4.4.3.1.),
the lack of cytotoxicity induced with 20, 40 or 60mg/l
p-oil dosage (Figs. 4.4.1.2-4.4.1.8.), and the ability
of lipoperoxidea to increase membrane permeability (Chio
et al 1969, Mead 1976, Pryor 1976, Tappel 1975, Gavino
et a1 1981c. Morisaki at a1 1982b and Frankel 1984)
suggested that most SPent media lipoperoxides originated
intracel1ularly via passage through the plasma membrane.

Supplementation of cat skeletal muscle cells with 20, 40
or 60019/1p-oi 1 stimul ated and/or 1imi'ced, but never
inhibited_ cell viability (Figs. 4.4.1.2-4.4.1.8), thus
no correlation between lipoperoxide formation (Table
4.4.4.1.) and cytotoxicity could be established~ these
compouncls should, however, ~e 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 found between MDA levels and cell
viability with p-SSO, p-EPO or p-FO dosage suggested
lipoperoxide involvement in the modulation of growth
limitation. The finding that the MDA levels found did
not always correlate quantitatively with the degree of
growtt, limitation the p-oils induced, however, indicated
that lipoperoxides were only partly responsible for
modulating the viability of these cells, and it was
proposed that alteration$ in membrane fluIdity were
additionally involved.
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4.5 THE EFFECTS OF PSEUDO-OILS ON CELLS
DERIVED FROM CAT BRAIN.

4·5.1 Effe~ts of pseudo-Oils on Cell Viability.

Microscopic examination of control cells ~efore,
and a~ter each experiment showed no changes in
morphology at any time, and p-oil dosed cells

during
cell
were

morphologically similar to controls, except for cyto-
plasmic droplets observed with p-oil supplementation at
high concentrations in some instances.

The effects of 0 to 250mg albumin/l culture medium ~ere
investigated on cell viability and shown'to have no
significant effect (Fig. 4.5.1.1.), nor were synergistic
effects induced. Hence, the effects induced with the
dosed p-oils were a result of the exogenous FA's and not
the albumin u~ili$ed as FA carrier.

The number of control cells, seeded at 10xl04/ml, at the
end of the 24 hour post-trypsinisation recovery period,
was 10.2x104/ml. This equated to about 88% of the final
control cell number at the end of the 48 hour incubation
period, and represented the Cytostatic number. Only
p-oil concentr-ations limiting cell viabi 1ity to
significant1y below 88~ were thus considered cytotoxic.

The results of the incubation of cells with p-oils are
depicted in Fig(';l.4.5.1.2-4.5.1.8. Cell proliferation



Legend to Figs. 4.5.1.1-4.5.1.8.

The r sults are expressed as mean percent (%) cell

viability±standard error of the mean (s.e.m')t where "n"

is the number of experiments. The concentrations given

are as mg albumin or pseudo-oil per litre of growth

m~dium. ~ig. 4.5.1.1. shows the mean percent cell

viability versus the albumin conq~~tration (mg/l), and

Figs. 4.5.1.2-4.5.1.8. depict the mean percent cell

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



Fig. 4.5.1.1.
The eercentage viability of cells deri~~d from cat
grain incubated with albumin.
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fig. 4.5.1.2.
The _eercentage viability or: cella derived from cat
brain incybated with p-CO.
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Fig. 4.5.1.3.
The p'ercer,t~geviability of cells derived from cat
brain incqb~ted with p-MO.
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Fig. 4.5.1.4.,
The eercentage viability of cells derived from cat
brain incubated with p-OO.
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Fig. 4.5.1.5.

The percentage viability of cells derived from cat

brain incubated with p-SSO~
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Fig. 4.5.1.6.

The percentage viabi;'dty of c;§11s derived from cat

prain incubated with p-lO.
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E.ig.4.5.1.7.
The percer"ltage vi~bi 1ity of cell s d!;l'rived from c~t

grain incubated with &-EPO~
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Fig. 4.5.1.8.

Ib~__eercentase viability of cells derived from cat
brain insubated with p-F~
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was significantly enhanced with certain concentrations
of p-OO and p-SSO, but a1] p-oils were growth inhibitory
with the Cytotoxic potential varying in magnitude
dependent on th~ nature of the p-oil and concentration
dosed. Overall, p-CO was m05t~ and p-SSO was least,
effective in reducing the viability of these cells.

10 and 30mg/l p-CO had little effect on cell growth
(Fig. 4.5.1.2.), but cytostasis was induced with 20mg/l

p-CO as relative cell viability (87.0%) approximated to
the cytostatic number (about 88%). Higher p-CO amounts
induced concentration dependent cytotoxicity, and cell
viability was reduced to 50% with 55mg/] p-CO (IOso) and
to 12.0% with 100mg/l p-CO.

Cell proliferation was not significantly different from
controls with up to 30mg/] p-MO dosage, cytostasis 'aB
induced with 40mg/l 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/l p-MO (IOso), and this was reduced to 26.5%
with 100mg/l p-MO.

Supple~entation of c)11s with p-OO induced a 3igmoidal-
like response (Fig. 4.5.1.4.). 10. 20, 40 and 50mg/l

p-OO had little effect on cell viability, but such was
enhanced to 113.1% with 30mg/l p-OO. Concentrations
gr~ater than 50mg/l p-OO were increasingly cytotoxic,

,
and a~proxim8tely 68mg/l p-00 reduced cell viability to
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SO% of controls (I8so). Only 2.S% of cells were viable
with 80mg/l p-OO, and practically all cells incor~orated
Trypan blue with 100mg/l p-OO dosage.

10, 20 and 60mg/l p-SSO had little effect on cell growth
but such wa5 enhanced to 108.3%. 109.8% and 111.3% with
30~ 40 and 50mg/l p-SSO, respectively (Fig. 4.S.1.5.).
70mg/l p-SSO induced cytostasis, whereas cytotoxicity
reduced cell viability to SO% with 87mg/l p-SSO (IOso)
and only 13.S% of the cells survived after incubation
with 100mg/l P-SSO.

Supplementation with UP to 40mg/l p-LO did not affect
cell growth markedly (Fig. 4.S.1.6.), and cytostasis was
induced with SOmg/l p-LO as relative cell viability
(88.1%) and the cytostatic number (88%) were alike.
Higher p-LO concentrations progressively inhibited cell
growth to 50% with 69mg/l p-LO (lOsO), 11.9% with 80mg/l

p-LO and 2.5% with both 90 and 100mg/l p-LO.,
I

I
10 and 30mg/l p-EPO had little effect on cell viability.
but this was reduced to 89.0% with both 20 and 40mg/l

p-EPO such that cytostasis was induced (Fig. 4.5.1.7.),
Concentrations of 50mg/l p-EPO, or greater, induced'
concentration dependent cytotoxicity. reducing cell
viability almost linearly to 50% of controls with about

74mg/l (lOso) and to 6.6% with 100mg/l.

Cell proliferation was not significantly altered with
supplementation of up to 40mg/1 p-FO (Fig. 4~5.1.8.),
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Higher concentrations, however. were increasingly toxic,
and linearly reduced cell viability to 3.5% with 90mg/l

p-FO and almost completely with 100mg/l p-FO. The IDso
for p-FO, p-OO and p-LO were similar (approximately
67mg/l, 68mg/l and 69mg/l, respectively), al-though the
erfects p-FO ihduced resembled those modulated by p-LO
more closely than those for p-OO.

Cells derived from cat brain were subsequently plated
and dosed appropr'iate1y with 0, 20, 40 or 60mg p-oi111
growth medium in sufficient amouhts for all quantitative
and qual itative analyses to be carried out . Cell numbers
wero compared upon harvesting with controls and found to
be statistically similar to those obtained in Figs.
4.5.1.1-5.5.1.8., thus all further biochemical assay$
were performed on these samples.



4.5.2 Effects of eseudo-Oils on Total Protein.
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I
Table 4.5.2.1. shows the total cel1~lar protein contents
determined at each of the 3 p-oil concentrations dosed,
compared to controls.

The amount of total protein found in dosed ce18s ranged
from 106.4 to 220.7pg/l06 cells seeded <obtained with
60mg/l p-CO and a.Omg!l p'-SSOdosage, respectively) in
relation to 175.1J,1g/106 control cells seeded. Cellular
pr6~ h levels were parallel to controls or increased
with supplementation of 20 or 40mg/l p-oil, but the
converse was generally true with 60mg/l p-oil. Protein
concentrations decreased across the range dosed with
p-CO (205.7 to 106.4J,1g),p-MO (216.1 to 164.2J,1g), p-OO
(219.5 to 142.7J,1g), p-EPO (198.1 to 139.8J,1g) and p-FO
(209.6 to 153.9J,1g),but p-SSO a~d p-LO induced more

(220.7, 186.1 and 216.9, and 216.1, 205.3 and 189.8J,1g
protein with a concentration of 40 than 20 or 60mg/l

per 106 cells seeded, respectively).



Tab 1e 4.5.2.1.
The protein content of cells derived from cat brain.
gQPressed as us total protein/lOS cells seeded.

pseudo- CELLS
or 1

(mg/l) 0 20 40 60

Control 175.1
CO 205.7 172.4 106.4
MO 216.1 201.8 164.2
00 219.5 215.3 142.7
SSO 186.1 220.7 216.9
LO 205.3 216.1 189.4
EPO 198.1 187.1 139.8
FO 209.6 182.9 153.9
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4.5.3 Effects of pseudo-Oils on the Fattx Aciq

Spectrum of Cells Derived From Cat Brain.

Table 4.~~3.1. shows the FA spectra for cells incubated

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

The greatest proportion of any single FA ~;I controls was

18:1w9 (33.7%), but significant levels of 16:0 (20.4%),

18:0 (11.5%), 18:2w6 (7.2%) and 22:4w6 (10.0%) were also

found. Dosed cells contained varying proportions of
these FA's.

16:0 and 16:1w9 percentages were generally lower in

dosed cells than in controls, while the converse was

found for 18:0. 18:1w9 and 18:2w6 levels were more

variable, but more 20:3w6 was generally found in dosed

cells, unlike 20:4w6, 22:4w6 and 22:5w6. In most

instances, however, dosed cells cont~ined lower amounts

of w3 PUFA's than controls.

Cellular 16:0 and 19:0 levels were decreased with dosage

of 20 or 40mg/l p-CO, but increased with 60mg/l p-CO

(9.8%, 2.2% and 32.3%, and 0%, 0.4% and 17.7% vs 20.4%

and 11.5% i~ controls, respectively). A significant

increment In 22tD was detected with 60mg/l p-CO (1.2% vs

0.5% in controls)A 16:1w9 was considerably decreased

with all concentrations dosed (0.2% to 1.3% vs 4.8% in

controls), whereas 18:1w9 was greatly increased with 20

and 40mg/l p-CO, but decreased with 60mg/l p-CO (77.5%,

__________________________ ~ __ ~~~.4 rmm



Legend to Table 4.5.3.1.

All values are tabulated as relative percent total area.

Control values are reported as mean±s.e.m., where "n" is
the number of experiments. "[p-OilJ" refers to the

pseudo-oil concentration used.
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The fatty acid spectrum of cells deriv_ed from cat braint•
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95.6% and 28.3%, respectively vs 33.7% in controls).

PUFA percentages, however, were generally parallel to,

or significantly 10we~ than, controls.

p-MO supplementation had no significant effect on 16:0

lev~ls, but resulted in decreased 16:1w9 (0.1% to 0.6%

vs 4.8% in controls) and increased 18:0 (15.8% to 31.3%

vs 11.5% in controls), detection. On the other hand#

18:1w9 levels were greater than controls (33.7%) with

20mg/l p-MO, but were decreased with 40 and 60mg/l p-MO

(39.0%, 23.6% and 26.5%, respectively), 18:2w6 amounts

were parallel to controls (7.2%) or decreased (S710%),

but 20:3w6 was significantly increased (2.6%, 2.9t and

4.2% with 20, 40 and 60mg/l p-MO, respectively vs 1.1%

in controls). Rai~ed levels of 20:4w6 were also found

over the range dosed (5.5%, 7.1% and 7.8%, respectively

vs 3.6% in controls), yet 22:4w6 and 22:5w6 percentages

were parallel to controls (10.0% and 0.3%, respectively)

or decreased. This was also found with w3 PUFA~s.

Incubation with 20, 40 or 60mg/l p-OO induced marked

increases in cellular 18:1w9 (52.8%, 60.0% and 61.0%,

respectively vs 33.7% in controls), but 16:0, 16:1w9 and

18:0 levels were decreased relative to controls (20.4%,

4.8% and 11.5%, respectively), 20:2w6 was significantly

increased with 60mg/l p-OO (1.4% vs 0% in controls) and

20:3w6 percentages were raised at least 2 fold (2.5% to

3.5% vs 1.1% in controls), but no marked incr~ments in

20:4w6, 22~4w6 or 22:5w6 were found. 1"')3 PUFA perceni;ages
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were parallel to controls pr decreased.

16:0 and 16:1w9 levels were significantly decreased with

p-SSO supplementation (!12.0% and !O.4% vs 20.4% and

4.8% in contr-cl e , t"espectivA1.. .j , 18:0 levels increased

over the range dosed (0%, 17.3% and 20.7%, respectively

v~ 11.5% in controls), but the converse was found for

18:1w9 (55.2%, 24.9% and 20.6%, respectively vs 33.7% in

controls). 18:2w6 increased in a concentr:..tion dependent

manner (16.2%, 22.2% and 32.5% with 2,"J, 40 and 60mg/l

p-SSO, respectively vs 7.2% in controls) and significant

increases in 18:3w6 and 20:3w6 wer~ found with 20, 40

and 60mg/l p-SSO (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 desatura~e nnd 010ngaSe product

levels were parallel to controls or decreased. In every

instance, the proportion of w3 PUFA's were decreased in

dosed~ compared to control, cells.

Considerably less 16:0 and 16:1w9 were detected in cells

supplemented with p-LO than in controls (20.4% and 4.8%,

respectively), while 18:0 was increased (13.5% to 21.2%

vs 11.5% in contr~ls). 18:1w9 increased significantly

with 20mg/l p-LO dosage, but was decreased with 40 and

60mg/l p-LO (43.0%, 26.3% and 17.2%, respectively vs

33.7% in controis). 18:2w6 levels were significantly

raised with 20mg/l p-LO (20.9% \IS 7.2% in controls), and

18:3w3 increased in a cOf:centration dependent manner



448

with 20, 40 or 60mg/l p-LO supplementation (10.3%~ 17.8%
and 28.3%, respectively vs 0.7% in controls)_ yet PDFA
leve1s were not significantly raised.

p--EPO supplementatlon decreased cellular' 16:0 and 16:1w9

levels (7.0% to 15.0% and !0.8% vs 20.4% and 4.8% in
controlS, respe~tively), and 24:0 amounts were slightly
increased with 60mg/l (1.7% vs 0.1% in controls). p-EPO
increased 18:0 percentages in a concentration dependent
man;'Ier(11.5%, 12.7%, 20.7% and 34. f;% wi.1:h0, 20, 40 and
60mg/l, respectively), whereas the converse occurred for
18:1w9 (33.7%, 39.1%, 22.2% and 15.7%, respectively).
p-EPO dosage raised cellular 18:2w6 levels (16.9%. 20.9%
and 20.8% with 20,40 and 60mg/l, respectively vs 7.2%
in control~), and 18~3w6 was significantly increased
with 40 and 60mg/l p-EPO (2.2% and 1.4~~ respectively vs
0% in controls). 20:3w6 levels were raised about 10 fold
with 20 and 40mg/l p-EPO (10.5% and 10.6%, respectively
vs 1.1% in controls), and 20~4w6 was only increased with
20mg/l p-EPO (5.3% v5 3.6% in contl"ols), but 22:4w6 and
22:5w6 levels were decreased. All w3 PUFA levels were
decreased in dosed cells compared to controls.

p-FO supplementation decreased cellular 16:0 and 18:1w9

percentages o"~r~all, but induced increases in 16:1w9

(4.8%, 4.3%, 10.8% and 17.4% with b, 20, 40 and 60mg/l,

respectively) and 18:0 (11.5%, 38.5%, 25.9% and 15.8%,
res~ectivelY). 20:3w6 levels were nearly 2 fold greater
than controls (1.1%) with 40mg/l p-FO (1.9%), but other
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w6 PUFA levels were not significantly increased. 20:5w3

levels increased with addition of 20~ 40 and 60n~/l p-FO
(1.2%, 4.5~ and 6.7%, respectively vs 0.1% in control~),
and this was also found for 22:5w3 (3.1%, 4.2% and 1.9%,
respectively vs 0.9% in controls), yet 22:6w3 levels
were decreased (1.5%, 1.2% and O.?%~ r~spectively vs
2.2% in controls).
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4.5.4 ~ffects.of pseudo-Oils on Lipid Peroxide
E;;>rmation.

The lipoperoxides measured both in control and dosed
ce11s* and in their respective growth media are shown in
Table 4.5.4.1. os nmoles MDA/l06 cells. In the case of
the spent incubatri on media, however, this repreSE"rts the
nmoles of MDA in the volume of medium from which lxl06

cells were obt&ined. The MDA amounts measured varied
with the p-oil dosed, but increased in an overall
concentration dependent manner.

Lipoperoxide production in dosed cells ranged from 0.1
to 3.1nmo1es MDA/l06 cells compared to O.lnmoles MDA/l0G

control cells. The p-oils abundant in saturated FA's
Cp'~O and p-MO) consistently induced small !ipoperoxide
amounts (0.1 to O.2nmoles MDA/106 cells), which were
parallel to controls, but slightly greater amounts were
generated by cells incubated with p-OO, p-SSO or p-EPO
(0.1 to O.6nmoles MDA/l06 cells), pftyticularly with a
concentration of 60mg/l. Small lipoperoxide amounts were
induced by cells dosed with 20 or 40mg/l p-LO~ but
production was considerably greater with 60mg/l p-LO
(0.2, 0.3 and 2.1nmoles MDA/l06 cells, respectively),
p-FO, however, induced the large5t cellular lipoperoxide
levels at every concentration dosed (0.4, 0.4, 3.1nmoles

MDA/106 cells with 20,40 and 60mg/l, respectively).

Spent incubation medium obtained from control cultures



Tab 1e 4.5.4 •1.
Lipoperoxide_formation bX cat brain cultures incubated
with p-oils. expressed as nmoles MOA/l06 cells.

pseudo- CELLS
Oil

(mg/l) 0 20 40 60

Control 0.1
CO 0.1 0.2 0.2
MO 0.1 002 0.2
00 0.2 0.3 0.6
SSO 0.1 I 0.3 O.A
LO 0.2 0.3 2.1
EPa 0.1 0.1 0.5
Fa 0.4 0.4 3.1 I

I,
--!.

I
I

pseudo- SPENT INCUBA1ION ~DIUM
Oil

(mg/l) 0 20 40 60

Control
CO 0.2 0.3 0.5
MO 0.1 0.3 0.6
00 0.3 I 0.7I

. :
SSO 0.2 0.4 I 1.6I

LO 0.8 0.8 7.2
EPO 0.2 0.4 1.4
FO 1.1 3.2 14.5
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contained no MDA, but this was measured in spent medium
derived from dosed cultures. A~ with the cells, the
smallest lipoperoxide amounts measured in spent media
occurred with p-CO or p-MO incubation (0.1 to O.6nmoles
MDAll0s cells), although similar concentrations were
measured in spent media with p-OO dosage, Larger amounts
of spent medium lipoperoxides were measured when p-oils
containing significant levels of PUFA~s, especially of
the w3 series, were dosed. Lipoperoxide concen~rations
were similar in medium enriched with 20, 40 or 60mg/l
p-SSO or p-EPO (0.2, 0.4 and 1.6 vs 0 .2, 0.4 and 1.4
nmoles MOA/l0s cells, respectively). Considerably larger
lipoperoxide amounts were measured in spent medium
dosed with 20, 40 or 60mg/1 p-LO (0.8, 0.8 and 7.2nmoles
MDA/·.06 cells, respectively), although p-FO induced the
largest amounts (1.1, 3.2 and 14.5nmoles MDA/l0G cells,
respectively). Clearly, the pattern of li?operoxides
found in the cells and spent medium of dosed cultures
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. This study showed that primary cultures
derived from cat brain were susceptible to alterations
ln cell viability as a result of p-oil supplementation.
The results reported (Figs. 4.5.1.2-4.5.1.8.) indicated
that exogenous FA's modulated the 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 OA, LA and ALA present in p-OO,
p-SSO and p-LO, respectively could probably account for
the cell viability changes these p-oils induced. It was
apparent that OA and ALA exhibited greater cytotoxic
potential than LA, although the increased cell viability
induced with low to intermediate concentrations of p-OO
and p-SSO only also suggested the involvement of OA and
LA in the stimulation of cell proliferation, On the
other hand, the inability of p-EPO to stimulate cell
proliferation, despite a similar FA composition to
P-SSO. could have related to the presence GLA in p-EPO
only. The presence of this moiety could also explain the
more extensive growth inhibition p-EPO induced compared
to P-SSO. This indicated that GLA exhibited no potential
to stimulate cell proliferation, but was more effective
than LA in mediating growth i~hibition. Comparison of
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with the amount of GLA in p-EPO and ALA in p-LO <about
9% and 63%, respectively) also implied that GLA was more
po~ent than ALA in mediating Cytotoxicity. The different
effects OA, LA, GLA and ALA appeared to induce could
have related to variations in the number and position of
double bonds between these C1S FA's. While the data
suggested that specific FA's within p-oils were largely
resPonsible for certain cell viability changes, it
was also possible that syne~gi5tic and antagonistic
interactions between p-oil FA's enhanced or diminished
particular effects of individual FA's. Such may explain~
for examplet the stimulation of cell proliferation only
with certain concentrations of p-OO and p-SSO, or the
similar cell viability changes p-LO and p-FO induced,
despite considerable differences in the FA profiles of
these p-oils.

C6~parison of FA spectra between control and dosed cells
<Table 4.5.3.1.) supported the ability of cat brain
cells in culture to incorporate exogenous FA~s. A
possible mechanism whereby the p-oils modulated cell
viability could thus have related to differential uptake
of exogenous FA's from the growth medium and alterations
in membrane fluidity. Substancial evidence indeed exists
showing that dietary FA supplementation induces changes
in membrane physical properties (eg. King et a1 1971,
Ginsberg et al 1981, Simon et a1 1982 and Stubbs et a1
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incubation could thus have related to the abundance of
saturated FA's and lack of PUFA's in this p-oil. Such
would have decreased the membrane unsaturation index to
a greater extent than with dosage of oth~r p-oils, thus
increasing membrane rigidification and the susceptiblity
to cell lysis. The low PUFA levels found in cells dosed
~ith p-CO CTable 4.5.3.1.) would indeed support this. On
the other hand, the greater unsaturated FA content of
p-MO may have been able to maintain membrane fluidity
more effectively than with p-CO dosage, accounti.ng for

the lower higher roso calculated with p-MO than p-CO. It
was also possible that incorporation of large amounts of

•
unsaturated and polyunsaturated FA's from other p-oils,
particularly at high concentrations dosed, increased
membrane fluidity and instability to such an extent that
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 mediated in cell viability
(Figs. 4.5.1.2-4.5.1.8.). When p-oils stimulated cell
proliferation, a concommitant increase in total protein
was found, which indicated increased cell numbers with
constant, or increased, protein per cell. The latter
possibility seemed more likely, howeverf as increased
protein was also found when cell viability was limited
with incubation of certain p-oils and concentrations •

.: __ -1 ....... _-' _ .. ..1- ..... ..&-_ •• " _!....I._._
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protein levels, although the protein amo~nts found were

higher than expected considering the number of viable

cells reported; this was also consistent with increased

protein per cell. These findings implied the involvement

of p-oil FA's in the stimulation of protein synthesis,

and the numerical variations in such even when different

p-oils yielded similar cell numbers could relate to

differences in FA structure. An absolute increment in

cellular protein could nevertheless reflect enhanced

expression of lipid metabolising enzymes induced as a

result of p-oil FA incorporatior..

p-Oil incorporation by cultured brain cells <Table

4.5.3.1.) significantly modified the FA profiles of the

dosed cells compared to cbntrols, dependent upon p-oil

FA composition. in vivo studies 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, w6, or all PDFA's (Davidson et a1 1989, 1990a).
Generally, the changes in saturated and monounsaturated

FA's were slight, bu'c more striking differences were

apparent in the PUFA profiles between dietary groups.

The data nevertheless supported the absence of J6Q

activity, and presence of an active ~5D~ but could not

prove whether A4D was present or not. However, it

confirmed the earlier in vivo findings of other workers

(Sinclair 1979, Sinclair et a1 1981) showing that 18;2w6
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cat brain, despite incorporation, thus indic~ting a

lack or suppression of ~6D ~xpreSSlon. This was

confirmed in the present study (Table 4.5.3.1) since

w3 PUFA profiles indicated that cultured cat brain cells

exhibited no significant capability for ~6-desaturation.

The small increment in cetl lular-18:3w6 with p-SSO dosage

could thus reflect retroconversion of 20:3w6 formed Ijia

18:2w6 elongation and ~8-desaturati0n. This sequence

could account for the increased 20:3w6 levels found in

most p-oil dosed cells, although the large increment 1n

20:3w6 with p-EPO incubation could also ha~e related to

elongation of incorporated 18:3w6. However, the finding

that 20:4w6 levels were sl ightly incr'eased only with

20mg/l p-OO or p-EPO incubation implied very limited or

suppressed ~5D capability, which w3 PDFA profiles

supported. In addition, no 20:4w6 elongation occurred,

but the potential to elongate 20:5w3 was demonstrated

with p-FO dosage. However, it was apparent that A4D was

not expressed.

The FA spectra of dosed cells were consistent with the

lack or suppression of 16:0 desaturation and 16:1w9

elongation (Table 4.5.3.1.). The finding that the levels

of 16:0 w~re generally lower and

than in control cells supported

18:0 higher in dosed

elongation of the

former. Th~ presence or absence of A9D, however, could

not be proven as the FA profiles of cells dosed with
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while elevated 18~1w9 levels with p-CO incubation

suggested the opposite. The formation of 18:1w9 by cells

fed p-CO, however, could have reflected enhancement of

A9D expression in an attempt to maintain membrane

fluidity altered with incorporation of saturated FA's.

The findings we presented clearly indicated that the

overall capobility for desaturase cascade enzyme

expression was poor in cat brain cells (Table 4.5.3.1.),

The possibility that such enzyme expression was

suppressed by the growth limiting and/or Cytotoxic

effects the p-ofl 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 thj cells was more

important in modulating enzyme expression by competitive

interations which have been documented (eg. Garcia et a1

1965, Brenner et al 1966, Brenner 1974, Ullman at a1

1971a, de Schriver et a1 1982 and Nassar 1986)t ~Jthough

the poor capability for desaturase cascade enzyme

expression maY also be a characteristic 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 CTable 4.5.4.1.) supported

the abIlity of these cells to,oxidise FFA/s by enzymic
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and/or non-enzymic mechanisms. However~ measurement of

only small lipopero~ide amounts in control

despite detection of potential FA substrates

cells~

for the

formation of ~hese compounds In such CTable 4.5.3.1.),

implied efficient mechanisms of protection against free

radical formation, ego peroxidase, superoxide dismutase

and/or vitamin E. It was also possible that most

cellular unsaturated FA's in control cells were present

as components of complex lipids, ego membrane PGL's,

which would thus not be readily accessible to oxida~ion.

Enhanced lipoperoxide formation as a result of p-oil

dosage, however, reflected saturation of the cellular

anti-oxidant mechanisms due to exogenous unsaturated FA

incorpora~ion and/or increased cellular unsaturated FA

·availability for oxidation. This supported the increased

concentrations of lipoperoxides found overall with the

amount of p-oil ~upplemented (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 FA carrier

and abundance of saturated FA's in culture medium (Table

2.3.3.3.)~ supported the probability that most lipid

peroxides found in the spent media of dosed cultures

originated intracellularly. The capability of cellular

lipoperoxides to increase membrane permeability and even

to disrupt biological membranes (Chio et a1 1969~ Mead

1976, Tappel 1975, 1980, Gavino et al 1981b, Morisaki et

a1 1982b and Frankel 1984) implied their leakage through
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the plasma membrane of intact cells wh~n p-oil do~agy
did not induce cell 1ysis at the concerrtr-a'tiona ;;1;udied,
or as a direct result of p-oil-induced cytotoxicity.
Cellular peroxidising enzymes s.odFFA"s could well have
been released into the culture medium in this process,
particularly since superoxide radicals have been shown
to mediate an increase in the permeability of the cat
b~ain to albumin (Wei et al 1986). Thus~ the possiblity
that further FFA oxidation occurred extracellularly, and
contributed to the lipoperoxides measured ~n the spent
medium, could not be overlooked. Such may well account
for the greater lipoperoxide amounts found in the spent
medium of cultures enriched with p-CO~ p-SSOt p-EPO~
p-LO, p-FO, 60mg/l p-MO or 60mg/l p-OO than in the cells
themselves. Itlvivo studies by Kontos et al (1985) found
that the metabolism of exogenous or endogenous AA in cat
brains r~sulted in the appearance of superoxide anlons
in the extracellular space. Their studies suggested that
these superoxides emerged from the interior of undamageu
cells via existing membrar.e channels. Such a mechanism
could also explain the higher leve~- of medium than
cellular lipoperoxides measured in our study when dosed
p-oils did not induce cytotoxicity.

The quantitative variations in NDA levels reported with
p-oil supplementation at a particular concentration
reflected differences in p-oil FA composition (Table
2.3.3.2.). This related not only to the amount of
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unsaturated FA~s present in any p-oil, but alsc to their
susceptibility to oxidation. dependent on the n~~ber and
position of double bonds :n a FFA. The lowest lipid
peroxide amounts induced with p-CO or p-MO incubation
reflected the abundance of saturated FA's in these
p-oils, ana probably related to oxidation of their small
amounts of unsa~urated FA's and/or FFA's released during
PGl turnover. On the ot~er hand, the small lipoperoxide
amounts measured with p-OO dosage, despite the abundan;e
of OA in the cells CTable 4.5.3.1.) and the capability
of OA to undergo oxidation (Frankel 1984), imp1ied that
such was largely lipid-bound. This coul also explain
the ~~al1 cellular 1ipoperoxide concentrations measured
~ith p-SSC or p-EPO supplementation, although such could
partly relate to lipoperoxide release into the m~dium~
which was significantly increased. The fact that p-EPO
and p-SSO induced similar MDA amounts nevertLeless
reflected their similar FA compositions; the lipid
peroxides formed probably reJated mainly to oxidation
of free LA. On the other hand, the availability and
susceptibility of free ALA and EPA could explain the
large lipoperoxide concentrations measured with p-LO or
p-FO dosage, respectively. The greater susceptibility of
EPA -to oxidation than ALA was consistent with the
greatest MDA levels measured with p-FO dosage, despite
more ALA in p-LO than EPA in p-FO (approximately 63%
and 18%, ruspectively). Such co~ld also reflect a faoter
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cellular pool from membr-ane lipids with p-FO inouba'tion ,
EPA incorporated with p-FO dosage could also have been
uti1ised directly as an endoperoxide substrate, whereas
ALA could not, particularly since these cells did not
express A6D (Table 4.5.3.1.).

Lipoperoxides have been impllcated in affecting vital
cell functions by damaging proteinsl membranes, and even
inhibiting ce~l division, amoungst others <Chio et a1
1969, Mead 1976, Miller at a1 1980, Tappel 1980~ Frankel
1984 and Beppu et a1 1987), Fur cher-, ')re, oxygen radicals.
have been shown to damace cer-ebr-o+vaeoular tissue in
cat brain (Christman et al 1984). In the 1ight of this,
and the finding t.hat the MOA concentrations reported
both in the dosed cells and corresponding spent culture
medium (Table 4.5.4.1~) were generally inverssiy related
to the cell viability changes induced with p-oil dosage
.(Figs.4.5.1.2-4.5.1.8.), lipoperoxide involvement in
the modulation of cell proliferation was po~sible. The
fact that the lipoperoxide concentrations did not always
correlate quantitatively the with cell numbers, however,
~ndicated that other mechanisms were also involved in
the modulation of cell viability, such as alterations in
membrane fluidity.
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4.6 THE fj=-I7ECTS OF PSEUDO-O I LS Q'I-J-N_.l::.CE~L=.::=L:,.xS

DERIVEll FROM CAT LUNG.

4.6.1 Effu,cbs of pseudo-Oi 1s on Cel..LViabi1ity,!..

Microscopic examination of cells before, during a~d
after each exper-i ment showed no morpho:.1ogica 1 chan(~es
between control or p-oil dosed cells at any time,
although cytoplasmic droplets were observed with p-oil
incubation at high concentrations in 8001e instances.

Investigation of the effects of albumin with final
medium concentrations ranging from 0 to 250mg/l showed
no significant effect on cell viability (Fig. 4.6.1.1.).
The effe('::'csinduced with the dosed p-oll s were therefot~e
a direct result of the exogenous FA;s and not the
albumin used as FA carrier.

The control cell number, s~eded at 10x104/ml, at the end
of the 24 hour post-trypsinisation recoverY periodj was
12.3x104/ml. This equated to about 66% of the control
cell number at the end of the 48 hour incubation period,
and represented the cytostatic number. Only p-oil
concentratione reducing cell viability to significantly
below 66% were thus considered cytotoxic.

The rasults of the incubation of cells with p-oils are
shown in Figs. 4.6.1.2-4.6.1.8. p-MO, p-LO, p-FO and
p-OO enhanced cell proliferation with low concentrations



L.egend....~.Q...Fi9~.'4'9.1.1-4.6.1.8.

The re~ILJ1ts are expres!aed as mean percent (%) ce 11
viability±standard error of the mean (s.e.m.), where "n"
is the number of e~periments. The concentrations given
are as mg albumin or pseudo-oil per iitre of growth
medium. Fig, 4.6~1.1. shows the mean percent cell
v iab i 1it)' ver-eue th/~ albumin concen tr-ataon (mg/I), and
Figs~ 4.6.1.2-4.6.1.8. depict the mean percent ~el1
viability versus the pseudo-oil concentration (mg/l).
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The percentage viability of cells derived from cat lung
incuba~d with albumin.
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Fig. 4.§.j,.£t_

The eercentage viability of cells derived from cat lung
incubated with p-CO.
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Fig- 4.6.1.3.

The ~centage viability of cells derived from cat lung
incubated with p-MO.

140

120

O'----r--.--r--.....---..----.
o 20 40 60 80 100

p-MO concentration (mg/l)

pseudo-Oi 1 Mean ±s.e.m. n
Concentration

(mg/J)

0 100.0 2.2 6

10 99.0 3.6 6

20 102.9 2.8 6

30 103.9 2.7 6

40 109.9 1.S 6

50 97.4 3.7 6

60 93.6 3.2 6

70 97.4 3.3 6

eo 91.7 2.6 6

90 89.1 1.7 6

iOO 86.2 2.0 6



Fig. 4.6.1.4.
the pergentage viability of cells derived from cat lung
incubated with p-OO.
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!be percentage viabil tty of cells derived from cat lung

incubated with p-SSO.
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Fig. 4.6.1.6.
The percentage viability of cells deriv~d from cat lung

incubated with p-LO~
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Fig. 4.6.1.7.
The percentage viability of cells derived from cat lung
incubated with p-EPO.
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Fig. 4.6.1.8 •.

The percentage viability of cells derived from ca~ lung
incubated with p-FO.
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in the range dosed, all p-oils caused growth limitation,
whereas Cy~otoxicity was onl~

r

~uced with p-oils rich
in monoenoic end/or pcfyenoic FA~s. The effects induced,
however, varied in magnitude dependent on the p-oil and
concentration dosed.

Cell viability was not adversely affected when dosed
with p-CO or p-MO (Figs. 4.6.1.2. and 4.6.1.3.) as these
p-oi 1s were at most only mal~ginally growth 1irniting, and
40mg/l p-MO enhanced cell proliferation to 109.9%. The
minimum yield of viable cells found was 76.8% and 86.2%
with 90mg/] p-CO and 100mg/l p-MO, respectively, thus no

IDso could be determined.

p-oo induced the most dramatic ce11 viability changes,
manifested by a sigmoidal-type growth curve (Fig.
4.6.1.4.), Cell viability was enhanced to 121.3%, 115.6%
and 113.1% with 20, 30 and 40mg/l p-OO, respectively,
but higher concentrations were cytoto"ic. Half the cells
were killed with 53mg/l p-~O, representing the lowest

1050 found. 60mg/l p-OO reduced cell viability to 20.2%,
and all ~~lls practically took up Trypan blue with p-OO
concentrations of 80mg/l or greater.

Ce 11 pro15 ferat i ,was progress ive 1y 1imited with dosage
of up to 70mg/l p-SSO, at which concentration cytostasis
was induced (Fig. 4.6.1.5.), Higher amounts dosed
caused Cytotoxicity, yielding 21.3% viable cells with
100mg/l P-SSO. Cell growth was limited by approximately



464

20% with 10 to 40mg!1 p-EPO and 30% with 50mg/l p-EPOr

whereas 60mg/l p-EPO induced cytostasis (Fig. 4.6.1.7.).
Higher concentrations were cytotoxic, and reduced cell
viability to 47.0% with 70mg/l p-EPO, while practically
100% Trypan blue uptaKe was observed with p-EPO ~mounts
of 80mg/l or greater. p-EPO was thus more effective in
reducing cell growth than p-SSO, and this was supported

by the 1050 values (68mg/l and 83mg/l, respectively).

p-LO and p-FO 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/l p-LO,
respectively, compared to 113.7% with 30mg/l p-FO.
Yigher p-oil concentrations progressively limited c~ll
growth such that 76.8~~ viable cells were found wi·th
80mgli p-LO and 68.7% with 80mg/l p-FO. Cytotoxicity was
induced with 90mg/l p-LO or p-FO, but 42.0% and 48.9% of
cells welkesti 11 viable 100mg/l p-LO or p-FO incuba+i cn ,
res~ectively, and similar 1050 values were calculated
(95mg/l and 98mg/l, respectively)<

Subsequent to these studies~ cells derived fro~ cat lung
I~ere plated and dosed appropriately wi~h 0, 20, 40 or 60
mg p-oil/1 culture medium in suffici.ent quantities for
all quantit,tive and qualitative analyses to be carried
out. Upon harvesting, cell viabilitie~ wer~ compared and
found not to be statistically differe.,t from those
obtain~d in Figs. 4.6.1+1-4+6~1.8., thus all further
, .



4.6.2 Effects of pseudo-Oils on Total Protein.

The total cellular protein concentrations determined at
e~ch of the 3 p-oil concentrations dosed are shown in
Table 4.6.2.1. in relation to controls.

Cells dosed with 60mg/l p-OO exhibited signiflcantly
less total protein than controls (169.2 vs 230.4M9/10G

cells·seeded). With this exception, total protein levels
in p-oil dosed cells were parallel to co~trols or
significantly increased, and the greatest increment was
induced with 20mg/l p-OO incubation (337.2pg protein/lOs
ce 11 e seeded). Cellul~r protein levels ~ere greater in
cells enriched with 20 than with 60mg/1 p-oil, and
concentrations decreased across the range dosed with
p-OO (337.2 to 169.2pg), p-SSO (240.1 to 236.5~g) and
p-LO (317.3 to 261.3pg). On the other hand, more protein
was found in cells dosed with 40 than with 20 or 60mg/l
p-CO (263.4, ~43.6 and 233.6M9, respectively), p-MO
(304.4, 286.0 and 262.2A9, respectively), p-EPO (255.5,
245.3 and 228.3M9, respectively) or p-FO (283.8, 271.1
and 242.7pg, respectively).



Tab1e 4.6.2.L
The protein content of cells derived from cat lung,
expressed as Me total protein/10G cells seeded.

pseudo- CELLS
Oi1

(mg/l) 0 20 40 60

Control 230.4
CO 243.6 263.4 233.6
MD 286.0 304.4 262.2
00 337.2 315.8 169•.2
SSO 240.1 237.0 236.5
La 317.3 281.5 261.3
EPa 245.3 255.5 228.3
FO 271.1 283.8 242.7
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3.6.3 Effects of pseudo-Oils on the Fatty Acid
Spectrum of Cells Derived From Cat Lung.

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

of each of the p-oils is shown in Table 4.6.3.1.

Control cells exhibited a FA spectrum ih which 18:1w9
com~~ised 21.7% of all FA~s, compared to 14.4% 16:0,
18.6~ 18:0, 8.1% 20:4w6 and 14.1% 22:4w6, whereas other
FA'./ were detected in smaller proportions.

Dosed cells generally contained less 18:0 and 16:1w9
than controls, while 16:0 and 18:1w9 levels approximated
to controls, or were increased. 18:2w6 percentages were
generally greater in dosed than in control cells, while
the converse was true for 20:3w6, 20:4w6, 22:4w6 and
22:5w6. Furthermore, 20:3w6, 20:4w6 and 22:4M6 amounts
gen~rally occurred in progressively smaller proportions
with increments in p-oil concentration dosed. 18:3w3

levels were similar between control and dosed cells, ~ut
w3 PDFA levels were generally decreased in dosed cells.

Cells supplemented with 20, 40 or 60mg/l p-CO 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 us 2.5% in controls) and 18:1w9

(24.2%, 27.8% and 29.2%, respectively vs 21.7% in
contre s), but 18:0 was decreased (16.0%, 13.1% and
11.7%, respectively us 21.7% in controls). 22:6w3 wa~



Legend to Tab1e 0,4.6.3. 1.

All values are tabulated as relative percent total area.

Contro 1 va 1LIes ~re reported as mean±s. e •m, , where •n ' is

the number of experiments. l[p-OilJ" refers to the

pseudc.'-oi 1 concentration used.
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slightly increased with 20mg/l p-CO dosage (3.7% vs 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 60mg/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), whereas 16:1w9 and 18:0 were parallel to

controls (2.5% and 18.6%, respectively) or decreased. A

corlcentration d~pendent increase in 18:2w6 was detected

(8.1%, 10.6% and 13.6% with 20, 40 and 60m;/l p-MO,

respectively vs 2.9% 1n controls), and 20:4w6 was

slightly increased onT~ with 20mg/l p-MO (9.9% vs 8.1%

in controls), yet 22:4w6 and 22:5w6 levels were lower

than those of controls (14.1% and 1.0%, respectively).

Dosage of cells with 20, 40 or 60mg/l p-OO had little

eFfect on 16:0 levels (13.0% to 16.3% vs 14.4% in

controls), but decreased 18:0 and 16:1w9 percentages

(6.0% ~o 8.7% and 1.4% to 2.1% vs 18.6% and 2.5% in

contr01s. respectively). On the other hand, increased

amounts of 18:1w9 (46.1%, 53.2% and 56.0%, respectively

vs 21.7% in controls) and 18:2w6 (9.3%, 11.4% and 10.3%,
respectively vs 2.9% in controls) were detected, as well

as a significant increment in 20:2w6 (1.5% to 2.0% us 0%
in controls>. However, w6 PDFA proportions wer~ parallel

to controls or significantly decreased.

Enrichment of cells with p-SSO induced little change in
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16:0 and 18:1w9 levels~ but 18:0 and 16:1w9 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
18:2w6 was detected (28.1%, 39.1% and 40.6% with 20, 40
and 6Cmg/l p-SSO, respectively va 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,
w6 and w3 PDFA levels were parallel to controls or
significantly decreased.

16:0 ahd 16:1w9 percentages were decreased with 20, 40
or 60mg/l p-LO dosage (9.3% to 11.8% and 0.5% to 1.0% vs
14.4% and' i% in controls), whereas 18:0 and 18:1w9

levels were more variable (24.9%, 9.2% and 24.4%, and
21.8%, 15.8% and 25.3% vs 18.6% and 21.7% in controls,
respectively). p-LO induced an increment in 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/l. respectively vs
0.6% in controls)t and 18;4w3 increased approximately 2
fold with 60mg/1 p-LO (4.5% vs 2.1% in controls). No
significant increments in other w3, and all w6, PDFA's
were detected, however.

p-EPO incubation had little effect on 16:0, il,creased
18:0 only with 20mg/1 (26.7% vs 18.6% in controls), but
decreased 16:1w9, 18:1w9 and all w3 PUFA s levels. A
marked increase in 18:2w6 was induced (23.6%, 42.0% and
40.6% with 20, 40 and 60mg/l p-EPO, reSPActively vs 2.9%
in controls), 18:3w6 Was slgnificantly increased with 40
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and 60mg/l p-EPO (1.4% and 2.8%, respectively va 0% in _
controls), and such was also found for 20:2w6 and 20:3w6
with 20 and 40mg/l p-EPO (1.2% and 1.8%, and 1.8% and
6.3% vs 0% and 2.6% in controls, respectively). However,
lower amounts of 20:4w6, 22:4w6 and 22:Sw6 were detected
in dosed cells.

Supplementation of c~lls with p-FO increased 16:0 levels
on 1y with 60mg/l (36.1% vs 14~.4%in contro 1s), decreased
18:0 levels, had little effect on 18:1w9 percentages,
but increased 16:1w9 amounts signif~d!antlY (10.8%, 17.5%
and 15.4% with 20, 40 and 60mg/l. respectively va 2.5%
in controls). No significant increment in w6 PDFA~s
were detected, despite approxim~tely 2 fold more 18:2w6

than in controls (2.9%). p-FO dosage induced an increase
in 20:5w3 (6.7%, 10.3% and 3.3% with 20,40 and 60mg/l,

respectively VS 1.3% in controls) and 22:5w3 (7.7% and
5.1% with 20 and 40mg/l, respectively vs 3.3% in
controls), but not in 22:6w3 (2.5%, 1.9% and 0.7% with
20,40 and 60mg/l, respectively vs 2.6% in controls).
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4.6.4 Incorporation of Radiolabelled C18 Fatty
Acids into Cells Derived from Cat Lung,

Table 4.6.4.1. shows the radioactivity recovered from
cultures incubated with 2~Ci [14CJ-18:1w91 [14CJ-18r2w6,
~r [14CJ-18:3w3.

The total counts recovered in the spent incubation media
ranged from 2.4 to 2.9xl06cpm. Only 0.3 to 0.4xl06cpm
were recovered from the pooled b~ffers after washing the
cells, and this accounted for non-specific binding, For
both C14CJ-1S~loo9 and C14CJ-18:3w3, the equivalent of
4.3xi06cpm were ~~sed to cultures, and total recovery of
each was approximately 84% and 86%, respectively. For
[14CJ-18:2w6 the equivalent of 4.8xl06cpm were dosed to
the incubation medium, and total recovery of this
radioisotope amounted to about 85%. However, the total
amount of each of these radioisotopes incorporated into
the cells approximated to 18% for C14CJ-18:1w9, 18% for
[14CJ-18:2oo6 and 15~ for [14CJ-18:3w3.

Table 4.6.4.2. shows the percentage of each incorporated
radiolabelled CiS FA converted to 009, 006or 003series
products after inc~Jbation with cat lung fibroblasts.

28.3% of the total [14CJ-1B:lw9 counts derived upon
GLC analysis (1034cpm) remained unchanged, while the
proportions of 20:1009, 22:1009 and 24:1009 det~cted were
33.6%, 29.9% and 8.2%, respectively.



Tab 1e 11.6•4 •1.
The radioactivitx (cpnt) recovered from cat luna cultures
incubated with radiolabelled C18 f~~ty acids, expressed a~
mean e±a,e.m.). n=3.

SPENT POOLED TOTAL CELLS .TOTAL
MEDIA WASHINGS (M+W) xlOG
eM) (W)

Total 18:1 counts dosed to inc'bation medium = 4.3 x 106
-_...

1 1
I I •

2350080 427440 2t775~: (<:)9494 , 3.6I

(±3340) (±6060) (;t1308)

Total 18:2 counts dosed to incubation medium = 4.8 '1~ 106

2866720 387300 3254020 862419 4.1
(±7200) (±(S300) (±1728)

Total 18:3 counts dosed to incubation medium = 4.3 x lOG

2817320 278700 3096020 644634 3.7 .1,
(±11320') (±4440) (±1428)



Table 4.6.4.2.
The counts detected for the radiolabel1ed fatty acids

dosed and their resulting metabolit~s formeg after

incubation wi~th cells derived from cat lung! expressed

~,eercentage or the tots 1 counts reco~ered upon GLC

analysis.

w9
MONOS.

t14CJ-
18:1w9

wS
POLYS.

[14CJ-
18:2w6

w3POLYS.
[14CJ-
18:3w3

18:1 28.3 18:2 23.4 18:3 2'(.1
20:1 33.6 18:3 8..1 18;4 10.0
22:1 29.9 20;2 36.1 20:3 24.6
24:1 8.2 20:3 14.3 20:4 19.6

20:4 5.7 20:5 7..4
22:4 6.9 22:5 8.1
22:5 5.5 22:6 3.3

~TOTAL TOTAL TOTAL
CPM 1034 ~ CPM 1998 CPM 1484,~,

;::~
(

l

I o
I

1

1
hie
~.

c'
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23.4% of the total [14CJ-18:1w6-derived counts measured
C1998cpm) remained unchanged, and 36.1% 20:2w6 was
detected. 8.1% and 14.3% of total counts recovered were
found as 20:2w6 and 20:3w6, respectively, compared to
5.7% 20;4w6, 6.9% 22:4w6 and 5.5% 22:5w6.

The total counts derived following GLC analysis of cells
incubated with [14CJ-18:3w3 were 1484cpm, of which 27.1%
was detected for 18:3w3, 10.0% for 18:4w3, 24.6% for
20:3w3 and 19.6% for 20:4w3. Smaller proportions of
poat-A5D FA's were found, amounting to 7.4% 20:5w3, 8.1%
22:5w3, and only 3.3% 22:6w3.

A6D 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.

-,j~'------------------------
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4.6.5 Effects of pseudo-Oi 1f: on._ ....L.....,_ip_,_~d_·.t>eroxide
Formation.

The lipoperoxides 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/106 cells, but in the case of the spent incubation
media, this represents the nmoles of MDA in the volume
of medium from which lxl06 cells were obtained. The
lipoperoxide amounts measured in dosed cultures varied
with p-oi1, but increased in an overall concentration
dependent manner.

Cat lung fibroblasts dosed with p-oils contained 0.3 to
6.9nmoles MDA/106 celis; compared to 0.3nmoles MDA/l06

control cells. p-CO and p-MO induced the smallest lipid
peroxide a~ounts over the range dosed (0.3 to 0.4nmo1es
MDA/l06 cells), and p-OO generated larger concentrations
only with 60mg/l (1.3nmoles MDA/i06 ce]ls), compared to
increments with 40 and 60mg/l p-FO (0.9 and 1.0nmoles
MDA/i06 cells). p-SSO and p-EPO induced similar lipid
peroxide levels with concentrations of 20 and 40mg/l

(0.4 to O.5nmoles MDA/l06 cells), but larger amounts
were formed with 60mg/l p-EPO than p-SSO (2.8 vs 1.7
nmoles MDA/l06 cel1sp respectively). However, cellular
lipid peroxide level. were greatest with 40 and 60mg/l
p-LO (1.2 and 6.9nmoles MDA/l06 cells, respectively).

No MDA was measured :inspent control medium or in that



Tab Ie 4.6.5. 1.
Lipoperoxide formation by _~t 1una cul tures incybated
with p-oilst expressed as nmolea MDA/10G cells.

,,
pseudo- CELLS ,

1

Oi 1 1
_I

(mg/l) 0 20 40 60

Control 0.3
(, ,,'CO 0.3 0-.4' 0.3

MD 0.4 0.4 0.4
00 0.3 0.3 1 1.3I

:
sso 0.5 0.4 1.7

LO 0.4 1.2 6.9
EPO 0.4 0.5 2.8
FO 0.5 0.9 1.0

pseudo- ~ENT INC.1lBATIONME.QIUM
Oil

I
i

(mg/l) 0 20 40 60 I
I
I

-'I
I

Control I
;

I
I

CO 0.2 0.1 0.2 I
I

MO
00 0.6
sso .0.1 0.2 1.6
La 0.3 0.8 1.8
EPO 0.1 0.3 1.7
FO 0.3 0.6 1.0

f
'I

~,~,_,x,;~
- _. - - ---.~--"---~--'---'-'---
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derived from cultures incubated with p-MO. Small lipid
~eroxide amounts were detected in the spent medium with
p-CO supplementation (0.1 to O.2nmoles MDA/106 cell$),
and p-OO only induced an increment with a concentration
of 60mg/l (0.6nmoles MDA/106 c~lls). Higher lipopp.roxide
levele were detected with addition of 20, 40 or 60mg/l
p~FO to the incubation medium (0.3, 0.6 and 1.0nmoles
MDA/106 cells, respectively). Spent media derived from
cultures incubated "ith 20. 40 or 60mg/l p-EPO or p-SSO
contained similar lipoperoxide levels (0.1, 0.3 and 1.7
vs 0.1_ 0.2 and 1.6nmoles MDA/106 cells. respectively),
a 1though amounts were greatest over-a1 T with p-LO d(r)sage
(0.3, 0.8 and 1.8nmoles MDA/l06 cells, respectively).
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4.6.6 The Eicosanoid Profile of Cells Derived

from Cat Lung.

The eicosanoids positively detected in control and doa~Q

cat lung fibroblasts are presented in Table 4.6.6.1. as

a percentage of the total area detected. However, an

indication of the total eicosanoid amQunts quantified
is given for controls in "( )., expressed as pmoles/10s

ce 11s.

Total eicosanoid formation amounted to only 32.9pmoles

per lOs control cells, of which 15.6% could be

positively identified with the prostanoid standards

available. Approximately half this proportion was

composed of TXB2 (7.3%), whereas PGF~ and PGI2 comprised
smaller amounts (5.4% and 2.9%, respectively). However,

no PGE1, PGE2 or PGDz were found.

Total percentages for the prostanoids detected in dosed

cells varied significantly with p-oil concentration, but

levels were greater than in control cells (15.6%). The

increment was least with dosage of 40mg/l p-oil (16.8%

to 25.2%), but significantly greater both with 20mg/l

p-oil (31.2% to 40.0%) or 60mg/l p-oil (33.1% to 40.5%).

These differences were reflected by appropriClte changes

in the amount of individual prostanoids. PGI2 levels

were decreased with 20mg/l p-CO or p-LO dosage (2.1% and

1.5%, respectively), but enhanced with all other 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

control cells.

':IW.~ ~



Tab1e 4.6.6.1.

The profile of the eicosanoids detected in extracts of

cells derived from cat lung.

t·,"6&iF7jlJ ~ _
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controls), TXB2 percentages were marginally greater than
controls (7.3%) with 40mg/l p-oil incubation (8.1% to

11.9%), but these amounts increased 2 to 3 fold with 20
or 60mg/l p-oil supplementation (17.2% to 21.0). PGF~

levels were parallel to controls (5.4%) with dosage of

40mg/l p-oil (4.1% to 7.3%), but production was enhanced

to a similar extent with 20 or 60mg/l p-oil incubation

(8.7% to 14.8%), Dosed cells contained small amounts of

both PGE2 (0% to 3.2% vs 5% in controls) and PGEl
(0% to 2.2% vs 0% in controls), but neither control nor

dosed cells formed significant amounts of PGD2,
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4.6.7 Discussion.

The results obtained from the incubation of cultured cat

lung fibroblasts 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 composition

(Table 2.3.3.2.) and concentration dosed. The finding

that all p-oils, except p-CO, could inhibit and/or

enhance c~11 proliferation implied that unsaturated

rather than saturated FA's were primarily respo~sible

for the cell viability changes the p-oils induced. The

significantly greater amount· of uns~turated FA's in p-MO

than in p·-CO (21.6% vs 5.3%, respectively) could well

'account for the increased cell growth p-MO induced. The

fact that both saturated FA-rich p-oils, p-CO and p-MO~

could not induce cytotoxicity at the concentrations

dosed, unlike those p-oil abundant in monoenoic and/or

polyenoic FA's, supported unsaturated FA involvement in

the modulation of growth inhibition in these cells.

Alternatively, saturated FA's ma.y be more protective

against growth inhibition than unsaturated FA's. The

finding that the exten+. of growth inhibition induced did

not always correlate with the unsaturated FA con·tent of

the p-oils, however, suggested that Cytotoxic potential

varied between unsaturated FA's. Th~ abundance of OAf LA

and ALA in p-OO, p-SSO and p-LO, respectively probably

accounted for the cell viability changes these p-oils
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.Lriduc ed , and it was apparent that OA exhibited greater
cytotoxic potential ~han LA, whereas ALA was less
effective. However, the increased cell viability induced
with low concentrations of p-OO and p-LO also suggested
OA and ALA involvement in the stimulation of cell
proliferation. LA did not exhibit this capability since
no lncrement in cell viability was observed with p-SSO
or p-EPO incubation. The greater capability of p-EPO to
limit and inhibit cell viability than p-SSO, despite
similar FA compositions, could nevertheless have related
to the presenca of GLA in p-EPO only. This indicated
that GLA was more effective than LA in mediating growth
inhibition. Comparison or the extent of growth reduction
p-EPO and p-LO induced with the amount of GLA in p-EPO
and ALA in p-LO (approximately 9% and 63%5 respectively)
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 lnduc. could have related to variations in
FA structure between different moieties, although it
was also likely that the effects induced by individual
FA's were enhanced or diminished by synergistic and
antagonistic interactions between p-oiJ FA's. Such could
explain. for example, any non-linear rela~i~nships
between cell viability and p-oil concentration dosed_
the greater
40mg/l p-MO,

stimulation of cell proliferation with
20mg/l p·-OO, 20mg/l p-LO and 30mg/l p-FO
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than with other concentrations, as well as the similar

cell viabil~ty changes p-LO and p-FO induced, despite

pronounced differences in p-oil FA spectra. The ability

of these cultured cat lung fibroblasts to incorporate

exogenous FA's (Table 4.6.3.1.) never:heless suggested

that the modulation of cell viability related to

differential uptake of exogenous FA's from the growt-h

medium and alterations in membrane fluidity.

p-Oil supplementation of cat lung fibroblast cultures

influenced the total protein content of those cells

(Table 4.6.2.1.), and this generally reflected the cell

viability changes induced (Figs. 4.6.1.2-4.6.1.8.). The

lowest and highest p~otein amounts measured with p-OO

dosage indeed corresponded with the greatest cytotoxic

and proliferative effects induced, respectively. Cell

numbers alone~ however, did not correlate quantitatively

with the increments in total protein found when cell

viability wa$ enhanced or limited with p-oil dosage, and

the 80% cytotoxicity which 60mg/l p-OO caused also could

not justify the 30% reduction in total protein found.

These findings indicated that while measurement of total

protein may reflect cell growth iM terms of actual cell

numbers, p-oil F,A'swere involved in the stimulation of

protein biosynthesis. The extent of protein stimulation

varied numerically with incubation of identical amounts

of different p-oils, even when similar cell numbers were

yielded~ and suggested that the capability to modulate
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protein synthesis lried with FA structure; it was also

possible, however" that FA synergism and antagonism

played a role in is process. Increments in the amount

of protein per celi could nevertheless reflect enhanced

expression of enzymes to metabolise inr,orporated p-oil

FA"s.

The lung has been implicated a primary eicosanoid

biosynthetic site <Mathe et a1 1977, Hyman et a1 1978
and Harper et a1 1984), thus any ability of this tissue

to desaturate and elongate PUFA's would be of major

importance in the provision of eicosanoid precursors.

Whether cat lung has desaturase cascade capability,

however, has not been described in the literature. The

results obtained from the supplementation of cat lung

fibrob 1asrcewith p-oi 1s ehoueci that such ce11s exhibi ted

very littJe potential to desaturate or elongate PUFA"s

(Table 4.6.3.1.). The rinding$ were consistent with

an overall lack or suppression of .d60, t15Dand .d4D

expression, although certain elongation steps seemed

possible. The presence of small 20:2w6 amounts in most

dosed cells reflected limited elongation of incorporated

18:2w6 which could not be further metabolised via .d6D.

20:3w6 formation only in cells supplemented with p-EPO

supported impaired .d6Dexpression, but was consistent

with elongation of incorporated 18:3w6; the lack of

further 20:3w6 metabolism, however, supported impairment

of A5D expression. Limited elongation of 20:5w3
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incorporated with p-FO dosage also occurred, but no

desaturation to 22:6w3 via A4D was found. On the other

hand, the small increment in 18:4w3 found only with

60mg/l p-LO dosage was conaistent with extramicrosomal

retroconversion of 20:4w3. The data could not exclude

the potential for .16:0 elongation (suggested with 20 or

60mg/l p-LO dosage) or 16,0 desaturation/18:1w9 retro-

conversion (sugge~ted with 20 or 40mg/l p-CO dosage).

but 18:0, 16:1w9 and 18:1w9 were neither desaturated nor

elongated. Nevertheless, it was unlikely that desaturase

cascade enzyme activity was impaired by the growth

limiting and/or cytotoxic ~rfects mediated with p-oil

dosage (Figs. 4.6.1.2-4.6.1.8.), as desaturation was not

improved even when p-oils had little effect on¥ or

stimulated~ cell proliferation. This phenomenon may

rather be a characteristic of this tissue type, implying

a requirement of preformed PDFA's from the diet or other

tissues from which to generate eicosanoids.

To assess whether the pattern of desaturation reported

above was modu 1ated by FA mixtures. p-o i'1 desatura t ion

(Table 4.6.3.1.) w~s compared with that of individual

FA's (Table 4.6.4.2.>. As with p-oil desaturation, cat

lung fibroblasts were unable to desaturate [14CJ-18:1w9.

The pathway for [14CJ-18$lw9 elongation was shown,

however, and such was possibly suppressed with p-oil, or

enhanced with [14CJ-18:1w9, supplementation. On the

other hand, evidence for [i4CJ-18:3w3 and [14CJ-18t2w6



481

desaturation and elongatio~ were found. Detection of

large proportions ~f 20:3w3 and 20r2w6, but o~ly small

p~rcentagcs of 18:4w3 and 18:3w6, suggested direct

elongation of [14CJ-18:3w3 and C14CJ-18:2w6 as a result

of imp~ired A6D expression. Thus it was possible that

20:4w3 and 20:3w6 were formed from 20:3w3 and 20~2w6,
respectively via an active A8D. This pathway seemed

likely as the cat has b~en shown to be A6D deficient

(~g. Rivers et al 1975a and Frankel et a1 1978). The

small proportions of 18:3w6 and 18:4w3 formed with

[14C]-18:3w3 or C14CJ-18:2w6 dosage could either reflect

stimulation/expression of A6D, or more likely retro-

conversion of 20:4w3 and 20:3w6, respectively. Formation

of 18.8% w3, and 18.1% w6, PDFf's supported A5D

expression in these cells, but detection of small

amounts of 22:6w3 and 22:5w6 indicated very limited

capability to exprese A4D.

The finding that desaturas~ enzyme expression Was more

limited with p-oil compared to individual FA dosage

(Tables 4.6.3.1. end 4.6.4.2.) supported the mediation

of competitive interactions between p-oil FA's for these

enzymes. However, as organisms consume mixtures rather

than individual FA's in the diet. the desaturase

capability $hown with p-oils proba~ly relates closer to

the situation in cat lung in vivo than that suggested
wi..t;hsingle ('A"s.
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MDA quantitation showed that cat lung fibroblasts
exhibited the capabili~y to produce lipoper~xides (Table
4.6.5.1.). This could occur either enzymatically or
by auto-oxidation of monoenoic and/or polyenoic FA~s
when the preventati ~e anti-oxidant mechanisms were
saturated. Enhanced MDA measurement when cultures were

supplemented with p-oils reflected increased unsaturated
FA availability for oxidation, and this correlated with
the increased lipoperoxide concentrations found overall
with the amount of p-oil supplemented (Table 4.6.5.1.).
The quantitative variations in MDA concentrations found
between dosed cultures~ however, reflected the different
p-oil FA compositions (Table 2.3.3.2.), T~e abundance
of saturated FAts in p-CO and p-MO could well explain
why lipoperoxide formation approximated to that of
controls with incubation of these p-oils. On the other
hand, the finding that sjgnificallt increments in lipid
peroxide levels were induced only with dosage of 40
and/or 60mg/l of p-oils rich in monoenoic and/or
polyenoic FAts correlated with the greater availability
and susceptibily of the unsaturated FA's in such p-oils
to oxidation. Lipoperoxide formation with 60mg/l p-OO
incubation confirmed the capability of OA to undergo
oxidation (Frankel 1984), whereas the abundance of LA in
p-SSO and p-EPO could largely account for the lipid
peroxides these p-oils induced. However, the small, or
lack of, increment in cellular MDA levels induced with
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20 or 40mg/] p-OO, p-SSO or p-EPO dosage, despite large
amounts of OA in p-OO and LA both in p-SSO and p~EPO
which wet~e ihcorporated (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 MOA
levels with p-SSO or p-EPO dosage nevertheless reflected
the similar FA compositions of these p-oils$ although
the larger cellular lipoperoxide amounts 60mg/l p-EPO
induced could have related to the presence uf GLA onlY
in p-EPO. ALA oxidation probably accounted largely for
the greatest lipid peroxide concentrations detected
overall with p-LO dosage, while the smaller amounts p-FO
induced reflected the more even t~alance of saturated,
monoenoic and polyencic FA's in this p-oil.

Cat l~ng fibroblasts incorporated exogenous FA's (Table
4.6.3.1~)t thus it seemed unlikely that spent medium
lipoperoxides (Table 4.6.5.1.) were primarily formed
extracellular'Y via auto-oxidation, particularly since
p-oil FA's were dosed bound to albumin. The lack of
cytotoxicity found with p-CO, p-MO, p-SSO, p-LO~ p-EPO
or p-FO dosage, and the greater amounts of cellular than
medium MDA measured, rather suggested that mediu~ lipid
peroxides resulted from cellular release. Such may have
occurred as a result of increased membrane permeability
induced by the formation of cellular lipid peroxides,
which others have reported (Chio et a1 1969, Tappe 1 1980
and Mead 1976). The similar medium lipoperoxide levels
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found with p-EPO or p-SSO ~osage could indeed ~elate to
the simi1ar extent to which cell viability was limited
(Figs.,4.6.1.7. and 4.6.1.5., respectively). On the
other hand~ the finding of greater MDA amounts in the
cells than spent medium with 60mg/l p-OO dosaget despite
marked cytotoxicity induced (Fig 4.6.1.4.)~ suggested
that most s'.Jbstratesfor ox idzrtion were rnernbr-ane+bound,

p-CO and p-MO had little effect on MDA formation (Table
4.6.5.1.) and induced little growth limitation (Figs.
r 6.1.2-4.6.1.3.), whereas MDA generation and cell
viability were inversely related with p-OO~ p-SSO, p-LO,
p-EPO or p-FO dosage (~igs. 4.6.1.4-4.6.1.8.). This
suggested that lipid peroxide involvement in the
modulation of cell growth was possible. The fact that
the greatest Gytotoxicity 60mg/l p-OO induced did not
correlate with the highest 1ipoperoxide amOIJnts found,
however, indicated that lipoperoxides were only partly
responsible for the modulation of' cell viability, and
alterations in membrane ~tability were postulated as
also being involved.

The finding that total eicosanoid production by control
cat lung fibroblasts only accounted for about 10% of all
lipid peroxides measured (T~bles 4.6.5.1. and 4.6.6.1.)
could have related to the poor capability of such cells
to supply eicosanoid precursors via desatwration. Thus
lung may be reliant on an external supp'ly of eLcossano id
precursors. The observation that the prostanoids studied
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comprised a fraction of the molar amount quantitated

indicated that these cells were largely involved in the

production of other eicosanoids, but nevertheless

supported functional cyclooxygenase activity in cat lung

fibroblasts. Mayeux et a1 (1989) similarly reported that

microsomal fractionG isolated from cat lung not only

contained cyclooxygenase activity, but also prostacycli~

syn+'hetase? thromboxane synthetase and GSH-dependent

PGE~ isomerase a~tivities. Under the experimental
conditions employed in the present study~ the enzymic

pathways for TXBz and PGF~ synthesis were Greatly
favoured over those involved in PGlz production. and it
wa& possible that PGHz-PGEz, PGH1-PGEl and PGH2-PGOz,
isomerases were suppressed/inhibited rather than absent

as limited PGEz, PGEl and PGOz formation occurred with
p-Qil dosage, respectively. Others showed the ability of

cat lung to form large quantities of PGEz• with
considerably smaller amounts of PGlz and 6-keto-PGEl

(Ferreira et al 1967 and Forstermann et al 1983). Cat

lung, however, has also been implicated in the marked

clearance of PGEz, but not of PGlz (Forstermann et a1
1983), and this could explain the absence of PGEz in

control and low levels of such in dosed cells, as well

as the significantly larger PG1z amounts both in control

and dose~ cells in the present study (Table 4.6.6.1.)~

Supplementation of cat lung fibroblasts with p-oils

stimulated total p"ostanoid production in every instance
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by enhancing TXB2t PGFo:, PGI2, PGE2~ PGEi and/or PGD2
synthesis (Table 4.6.6.1.). The extent of stimulation
was both p-oil and concentration dependent, but did not

,
relate to the degree of p-oil unsaturation (Table
2.3.3.2. ) or ab i 1ity of the P"'oi 1s to prov ide direct
eicosanoid precursors. Waring et a1 (1988) suggested

that TXA2, PGI2, and vasoconstrictor prostanoids (PGF2~,
PGD2 and PGE2) were formed in response to exogenous
20:4w6 adminj~~~ation in the cat lung. p-MO contained
20:4w6 (Table L.3.3.2.), the direct 2-series eicosanoid
precursor, while the i-series precursor, 20:3w6, was
formed from 18:3w6 with p-EPO dosage CTable 4.6.3.1.),
yet these p-oils induced no significant increase in
prostanoid production in relation to other p-oila devoid
of such moieties, dosed at identical concentrations.
Even p-LO and p-FO yielded prostanoid profiles similar
to those derived from ce~ls incubated with corresponding
amounts of other p-oils, despite the known inhibitory
actions of 18:3w3 and 20:5w3 on 20:4w6 metabolism via
cyclooxygenase~ and hence 2-series prostanoid production
(Lands et al 1971, 1973, Dyerberg et a1 1978, Culp et a1
1979, Hwang et a1 1980, Hamazaki et a1 1982, Marshall et
a1 1982 and Nassar et a1 1987). The lack of significant

differences in PGI2, TXB2, PGF~, PGE2, PGE1 and PGD2
levels found with dosage of different p-oils at the same
concentration implied that exogenous FA's per sa induced
little effect on the biosynthesis of the eicosanoids
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studiedt thus e~lhancement of prostanoid production
related to utilisation of membrane 20:3w6 and 20:4w6.
which were detected in cat lung fibrcblasts (Table
4.6.3.1.), However, the finding that total prostanoid
production was slightly stimulated with 40mg/l p-oil,
but increased about 2 fold with 20 and 60mg/l p-oil,
implied p-oil concentration involvement in prostanoid
synthesis. This could have influenced eicosanoid
precursor availability, or modulated the expression of
enzymes involved in the formation of the prostanoids
studied, particularly at the PGH level.

The present study could not establish any correlation
between the eicosanoid 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 ~hat the
biosynthesised prostanoids studied were
involved in the modulation of cell

endogenously
not directly

proliferation,
despite alterations in overall prostanoid production or
the balance between individual prostanoid groups. The
involvement of lipoperoxides and alterations in membrane
physical properties were proposed "as likely mechanisms.
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4.7 THE EFFECTS OF PSEUDO-OILS ON CELLS
DERIVED FROM CAT SKIN.

4.7.1 Effects of pseudo-Oils on Cell Viability.

Cells were examined microscopically before. durin~ and
after each experiment, and at no time were changes seen
in the morphology of control or p-oil dosed cells,
except for cytoplasmic droplets observed with p-oil
incubation at high concentrations in some instances.

Final medium albumin concentrations ranging from 0 to
250mg/l were shown to have no significant effect on cell
viability (Fig. 4.7.1.1.), nor were any synergistic
,effects induced. The cell viability changes induced with
the p-oils were therefore a result of the exogenous FA~s
a"lone, and not the albumin used as FA carrier.

The number of control cells, seed~d at 10xl04/ml, at the
end of the 24 hour-trypsinisation recovery period, was
11.7xl04/ml. This equated to approximately 63% of the
final control cell number at the end of the 48 hour
incubation period and rep~esented tbe cytostatic number.
Only p-oil concentrations limiting cell viability to
significantly below 63% were thus considered Cytotoxic.

The r~esults of the incubation of ce 11 s with p-oi 1s are
depicted in Figs, 4.7.1.2-4.7.1.8. Cell proliferation
was enhanced with p-MO, p-OO, p-EPO or p-FO dosage, all



Legend to Figs. 4.7.1.1-4.7.1.9.

The results are expressed as mean percent 00 cell

viability±standard error of the mean (s.e.m.), where ·h·

is the number of experiments. The concentrations given

are as

medium.

mg albumin or pseudo-oil per litre of

Fig. 4.7.1~1. shows the mean percent

growth

cell

viability versus the albumin concentratidn (mg/l), and

Figs. 4.7.1.2-4.7.1.8. depict the mean percent cell

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

Fig. 4.7.1.9. shows the mean percent cell viability

versus the albumin concentration (mg/l) for cells dosed_

with the amount of psel..Jdo-oilwhich limits cell

viability to 50% of the controls.



Fig. 4.7.1.1..

The percentage viability of cells derived from cat skin
incubated with albumin.

140

20

120

100
>.
:!::a 80.~
:0-

Q) 60o
<f!.

40

O'----y--r---,---.--__,
o 50 100 150 200 250

Albumin cone=ntratlon (mg/l)

Albumin Mean ±s.e.m. n
Concentration

(mg/l)

0 100.0 5.1 12
25 102.7 5.3 12
50 101.6 5.4 12
75 102.9 3.3 12

100 100.9 7.3 12
125 98.6 2.8 12
150 100.7 5.4 12
175 97.9 5.1 12
200 98.8 4.3 12
225 95.4 4.0 12
250 101.3 2.7 12



Fig. 4.7.1.2.
Th§t percentage viabi·jit) of cells derived from cat skin
incubated with p-CO.
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The percentage viability of ce~s~rived from cat skin
incubated with p-MO.
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Fig. 4.7.1.4.

The eercentage viability of cells derived from cat skin
incubated 1..11 th p-OQ-!.
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Fig. 4.7.1.5.
The percentsge viabilitx of cells derived from cat skir

incuba:ted wi tb p--SSO.
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The perc~n:tlllge vi abi 1i~l':..,Qf cell e dad v~d fr:om cat §!kin

incubRted w,~th e-!.O .•.
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The eeC£.~ntaae vi@bi 1ity of c:~11e derived from cat skin

incubated ~ith e-EPO.
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The percentage viabi 1i ty of cell s del"'ived from cat skhl

LQ!:ubated with p-FO.
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E i1a..L 4. 7 •1.9 •

The percentage viability of ce~ls derived from cat skin
incubated with albumin at th~ 10so of p-EPO.

140

20

120

100
>-
~ 80-til
's
:m 600

~ ....i:P-
40

o '--""""'---r--.....--.---.
o 50 100 150 200 250

Albumin concentration (mgll)

Albumin Mean ±s.e.m. n
Concentra.tion

(mg/l)

0 100.0 4.8 6
125 49.4 5.2 6
150 56.7 4.4 6
175 49.1 4.2 6

200 52.7 4.3 6

225 54.1 3~3 6



489

p-oils were cytotoxic at high concentrations in the
range dosed, although p-SSO only limited cell growth.
The cell viability changes induced varied in magnitude
dependent on the p-oil and concentration dosed, but p-OO
caused the greatest enhancement of cell proliferation,
whereas the overall pattern of growth inhibition was
greatest with p-EPO or p-FO dosage.

10mg/l p-CO had little effect on cell proliferation, but
higher amounts' resulted in an overall concentration
dependent reduction In cell viability such that cyto-
stasis was induced with 70mg/l p-CO (Fig. 4.7.1.2.).
10mg/l p-MO similarly had no significant effect on cell
growth, but this was enhanced with 30 and 40mg/l p-MO to
105.1% and 110.7%, respecti~ely (Fig. 4.7.1.3.). p-MO
increasingly limited the proliferative capability of the
cells as greater concentrations were dosed, and induced
Cytotoxicity with concentrations of 80mg/l, or greater.
Cell viability was 49.2% wit~ 100mg/l p-MO, compared to
24.3~ with 100mg/l p-CO, and the 10sa values sUPported
the greater capability of p-CO to reduce cell viability
than p-MO (about 75mg/l and 100mg/l, respectively).

Cell proliferation was not markedly influenced with
incubation of up to 40mg/l p-OO~ but was enhanced to
112.0%, 122.3% and 107.6% with 50, 60 and 70mg/l p-OO,
respectively (Fig. 4.7.1.4.). Cell viability was limited
to 79.4% with SOmg/l p-OO, but cytotoxicity reduced cell
viability to 50% of controls with 93mg/l p-OO (rOSO) and
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to 33.2% with 100mg/1 p-OO.

Dosage with increasing amounts of p-SSO limited cell
growth marginally in an overall concentration dependent
fashion to a minimum of 70.6% with 100mg/1 p-SSO (Fig.
4~7.l.5.). p-SSO was the only p-oil which did not induce
cytotoxicity in these cells, thus no lOse could be
calculated.

10mg/l p-LO had little eff~ct on cell proliferation
(Fig, 4.7.1.6.)_ but was progressively growth limiting
with 20 to 70mg/l p-LO, although cell growth Was
enhanced to 103.6% with 40mg/l p-LO. Cytotoxicity was
induced with concentrations greater than 70mg/l, which
linearly reduced cell viability to 50% with 80mg/l p-LO

(lOso) and 17.7% with 100mg/l p-LO.

Dosage with p-EPO or p-FO enhanced cE~llproliferation
sl ightly uith amounts less than 50mg/l, to a maximum of
108.2% with 30mg/l p-EPO, and 109.1% with 10 and 20mg/l
p-FO (Figs. 4.7.1.7. and 4.7.1.8., respectively). Cyto-,

stasis was induced with 70mg/1 p-EPO, and in the range
70 to 80mg/1 p-FO; whereas cytotoxicity progressively
reduced cell viability with higher concentrations to
yield 0.4% and 1.4% viable cells with lOOmg/l p-EPO and
p-FO, respectively. p-EPO and p-FO thus induced similar
cell viability changes, although p-EPO was slightly more
growth limiting and cytotoxic, which the IOse values
s~pported <about 74mg/l and 82mg/l, respectively).
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To exclude the possibility that any of the effects
observed with p-oil dosage were influenced by the amount
of albumin bound to the FA~s~ cells were incubated with
a fixed amount of p-oil (74mg/l p-EPO, IOso) and dosed
with varying amounts of albumin. Five points were chosen
around which to vary the albumin concentration, keeping
the p-oil concentration fixed, viz. 2 points above, 2
points below, and the IOso of p-EPO. The appropriate
amount of albumin was added to these cultures to give
the desired concentrations. The results shown in Fig.
4.7.1.9. indicated that the concentration of p-EPO dosed
reduced cell viability to approximately 50% of controls,
and that such was not influenced by different albumin
concentrations. Thus, the effects induced with the
p-oils could be attributed solely to the exogenous FA~s,
and synergistic effects of albumin could be excluded.

Fig. 4.7.1.10. depicts the growth of cells obtained from
cat skin in culture medium supplemented with 10% serum
derived from its own species compared to commercially
available fetal calf serum (FCS) in order to extablish
whether FCS modulated cell growth in any way. The
cells grew from 10.0 to 14.5xl04 over a 72 hour period
when culture medium was supplemented with 10% FCS.
Plating efficiency was low in the presence of 10% cat
serum (CS), however~ resulting in an initial decrease in
the number of viable cells at 24 hours to 6.6x104. Cell
growth increased marginally over the next 48 hours, but



Legend to Fig. 4.7.1.10~

The results are expressed as mean cell number±standard

erro~~of the mean (s.e.m.), where "n" is the number of

experiments. The cell numbers given are xl04/ml growth

medium. Fig, 4.7.1.10. shows mean cell numbers versus

the incubation period (hours).



Fig ..4.7.1.10.
The growth of cells derived from cat skin in DMEM
containing 10% foetal calf serum compared with 10% adult
cat serum.
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only 7.7x104 viable cells were fownd at the end of the

incubation period. The routine use of 10% FCS thus did

not limit cell growth compared to 10% CS, and promotion

or growth limitation and Cytotoxicity were attributed

solely to the exogenous FA's incorporated.

Subsequent to these studies, cat skin fibroblasts were

plated and dosed appropriately with 0, 20, 40 or 60mg

p-oil/l culture medium, in sufficient quantities for

all quantitative and qualitative analyses to be carried

out. Upon harvesting, cell viabilities were compared and

found not to be statistically different from those in

Figs~ 4.7.1.1-4.7.1.8. All further biochemical assays

were thus performed on these samples.
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4.7.2 Effects of pseudo-Oils on Total Protein.

Table 4.7.2.1. shows the total amounts of cellular

protein quantitated at e&~h of the p-oil concentrations

dosed compared to controls.

The lowest protein concentration found in dosed cells

(304.3pg/l06 cells seeded with 60mg/l p-FO) correlated

with that of controls (304.5M9/106 cells seeded). All

other dosed cells contained more protein than controlst

althou9h the amounts varied numerically with p-oil and

concentration dosed, but was highest with 60mg/l p-OO

incubation (467.7Mg/I06 cells seeded). More protein was

found in cells supplemented with 40 than 20 or 60mg/l

p-MO (345.0 to 420.1pg)t p-LO <846.4 to 392.1pg), p-EPO

(338.1 to 383.7pg) or p-FO (304.3 to 381.3pg). On the

other hand, protein amounts decreased overall with

increments in p-CO (347.1 to 318.9M9) or p-SSO (353.7 to

330.9M9) dosage, but the converse occurred with p-OO

incubation (326.1 to 467.7pg).

The spent incubation media derived from these cultures

were also analysed for total protein. The values for all

samples were summed, and a mean protein concentration of

40.0±0.23mg/l06 cells seeded obtained (n=22). However,

statistical comparison of individual samples by analysis

of variance showed no significant differences in the

spent media protein levels between control and dosed
cultures (F=136.5, p=O.OOl).
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Table 4.7.2.1~
I

'/The protein ¢ontent of ce 119 deri ved from cat I!;lkin...t
expressed a9 pg total protein/lOs cells seeded.

pseudo- CELLS
Oi 1

(rug/l) 0 20 40 60

Control 304.5
CO 347.1 347.2 318.9
MCJ 345.0 420.1 348.2
00 326.1 357.3 467.7
SSO 353.7 339.3 I 330.9
La 354.9 392.1 346.4
EPO 368.1 383.7 338.1
FO 372.7 381.3 304.3 I

I,
-.!.
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4.7.3 Effects of pseudo-Oils on the Fatty Acid
Spectrum of Cells Derived From Cat Skin.

The FA spectra for b~th control and cells incubated with
20~ 40 or 60mg/l p-oil are shown in Table 4.7.3.1.

The greatest proportion of any single FA in control
cells was 21.6% 18:1w9, compared to 15.6% 16:0, 14.5%
18:0, 8.2% 20:4~6 and 16.6% 22J4w6. Other FA's were
detected in smaller amounts.

18:0 and 16:1w9 proportions were generally lower in
josed than in cmntrol cells, while 16:0 and 18:1w9
percentages were mor~ varied. Dosed cells
contained higher~ 18:2w6 levels than controls,
converse was fourd for w6 PDFA~s. Similarly,
percentages were generally lower in dosed
control ce'ls.

generally
but the
w3 PUFA

than 1n

A concentration dependent increase in 16:0 incorporation
was shown when cells were incubated with 20, 40 or
60mg/l p-CO (21.2%, 25.2% and 28.8%f respectiveiy vs
15.6% in controls). 18:1w9 levels increased in a similar
manner (23.5%, 25.0% and 28.0%, respectivel.y 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 2.5% to 4.3%, respectively). A small increment
in 20z4w6 was found with 20mg/l p-CO incubation (9.1% vs
8.2% in controls), where&s 20:5w3 was significantly, and



Le~end to Tables 4.7.3.1. and 4.7.3.2.

All values are tabulated as reldtive percent total area.
Control va14es are reported as mean~s.e.m., where "n" is
the number of experiments. "Cp-OilJ" refers to the
pseudo-oil concentration used.
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22:6003 slightly, increased with p-CO supplementation
(1.2% to 3.8% and 3.1% to 3.4% vs 0.7% and 2.3% in
controls, respectively). Percentages for other PUFA's,
however, were parallel to controls or decreased.

Cells supplemented with 20,40 or 60mg/l p-MG exhibited
slightly increased 16:0 and 18:1009 levels (18.8%, 19.2%
and 21.5%, and 22.1%, 23.1% and 26.9%. vs 15.6% and
21.6% in controls, respectively), 24:0 was significantly
increased with 40mg/l p-MO (3.0% vs 0.1% in controls),
whereas 18:0 and 16:1009 levels were lower tha~ controls
(14.5% and 4.0%, respectively). 18:2006 was significantly
and 20:4w6 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,
respectively), but no significant incre~ente in other 006
PDFA's were found. 20:5003 increased approximately 2 fold
with 20mg/l p-MO incubation (1.8% v~ 0.7% in controls),
and 22:6003 was s 1 ight 1y increased ,,",crossthe range dosed
(2.5% to 2.7% vs 2.3% in controls), but other 003PUPA
levels approximated to controls or were decreased.

18:1009 levels increased 2 to 3 fold wh~n cells were
fed with 20, 40 or 60mg/ 1 1,;>-00 (43 + 6%, 50.7% and 56.0%,
respect ive1y vs 21.6% in corrtr-o 1s) , whereas 16:0, 18:0
and 16:1.009 were dec'~E:ased elative to controls (15.6%,
14.5% and 4.0%~ respec~ively). 18:2w6 increased over the
range dosed (7.7% to 11.0% vs 3.9% in controls), as did
20:2006 (3.1%, 1.8% and 2.0%, respectively vs 0.2% in
controls), but w6 and w3 PDFA levels were parallel to
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controls or decreased.

p-SSO supplementation had little effect on 18:1w9, but
decreased 16:0, 16:1w9 and 18:0, percentages compared to
controls (21.6%, 15.6%, 4.0% and 14.5%, respectively).
18:2w6 increased marked I},' and 20:2w6 significantly
(25.0%, 32.3% and 40.7%, and 1.4%, 1.4% and 1.0% with

..
20, 40 and 60mg/l p-SSO vs 3.9% and 0.2% in controls,
respectively), but no increments in any other w6 or w3
series PUFA~s were induced.

16:0, 16:1w9, 18:0 and 18:1w9 levels were parallel to,
or lower than, controls (15.6%, 4.0%, 14.5% and 21.6%,
respectively) with 20, 40 or 60mg/l p-LO incubation, but
18:2w6 and 18:3w3 were increased (8.9%, 11.9% and 11.2%,
14.8%, 29.4% and 29.2% vs 3.9% and 0.7% in controls,
respectively), However, the oniy significant increment
in PDFA levels was detected for 20:5w3 with 40mg/l p-LO
(1.4% vs 0.7~ in controls).

p-EPO incubation caused 16:0, 18;0, 16:1w9 and 18:1w9

levels to decrease~ although 18:0 was incriased with a
concentration of 20mg/l (22.6% vs 14.5% in control~).
p-EPO induced a concentr~tion dependent increase in
18:2w6 uptake (23.9% with 20mg/l, 38.9 with 40mg/), and
39.2% with 60mg/) vs 3.9% in controls), and the levels
of both 20:2w6 and 18:3w6 were raised (1.1% to 1.4% ~~d
0.4% to 3.5% vs 0.2% and 0% in controls, respectively),
An increment in 20:3w6 was also induced (4.6%, 5.4% and
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4.9% with 20, 40 or 60mg/l p-EPO, respectively vs 3.6%
in controls), but 20:4w6 levels decreased 2 to 4 fold
compared to controls (8.2%), and no increments in 22:4w6
or 22:5w6 were found. Furthermore, all w3 series POFA's
detected were lower in dosed cells than in controls.,

SupplementatioFl with 20, 40 or 60mg/1 p-FO induced an
increase in 16:1w9 (12~2%, 18.9% and 16.6%, respectively
vs 4.0% in controls), decreased 18:0 levels, but had
little effect on 18:1w9 and 16:0, although the latter
increased about 2 fold with 60mg/l p-FO (34.6% vs 15.6%
in controls). w6 series POFA's were not significantly
raised, despite more 18:2w6 in dosed than control cells
(4.9% to 7.5% vs 3.9%, respectively). Raised amounts of
20:5w3 were detected (4.7%, 10.0% and 2.6% with 20, 40
and 60mg/l p-FO, respectively vs 0.7% in controls), and
22:5w3 was increased with 20 and 40mg/l p-FO (5.3% and
4.6%. respectively vs 3~4% in I~ontrols). However, no
evidence to suggest increased 22:6w3 was found.

Th0 FA spectra of the spent growth medium removed f~om
each of the above cultures is shown in Table 4.7.3.2.
The medium in which control cells had been grown
contained 97.4% 14:0, 1.4% 17:0 and less than 0.5% each
of 16:0, 16:1w9, 18:0, 18:1w9 and 22t4w6. Spent media
obtained from cultures dosed with p-oils similarly
contained at least 96% 14:0 and 1.0% to 2.0% 17:0, but
only trace amount~ of the major FA components present in
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the p-oils remained ln the medium following the 48 hour
incubation period.
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4.7.4 Incorporation of Radiolabelled C18 Fatty

Acids into Cells Derived from Cat Skin.

The radioactivity recovered from cultures incubated with

2pCi [14CJ-18:1w9, [14C]-18:2w6 or [14CJ-18:3w3 is shown
in Table 4.7.4.1.

For both [14CJ-18:iw9 and [14CJ-18:3w3, the equivalent

of 4.3xlO°cpm were dosed to the cultures, and total
recovery RPproximated to 81% and 95%, respectively. For

[14CJ-18:2w6 the equivalent of 4.8xl0°cpm were dosed to

the growth medium, and the total recovery of this radio-

label after 48 hours incubation amounted 94%. The counts

recovered from the spent incubation medla ranged from
-

1.8 to 2.8xl0°cpm, whereas onlY,O.3 to O.5xlO°cpm were

recovered from the pooled buffers after washing the

cells, which accounted for non-specific binding. The

amount of each or these radioisotopes incorporated into

the cells themselves equated to 31% for both [14CJ-

18:1w9 and [14CJ-18:2w6, and 23% for [14C]-18:3w3.

The percentage conversion of incorporated [14CJ-18:1w9,

[14CJ-18:2w6 and [14CJ-18:3w3 to w9, w6 and w8 series

products, respectively after 48 hours incubation with

cat skin fibroblasts are shown in Table 4.7.4.2. As A6D

represents the first and rate ·limiting enzyme in the

desaturase cascade, total activity of this enzyrue is

reflected by the sum of all subsequent desaturase and
elongase products.



Table 4.7.4.1.
The radioactivity (cpm) recoverfJd from cat skin cultur~
incube.ted with radio 1abe 11 ad C18 fai .. acids. express~u~
mean (±s.a.m.), n=3.

SPENT POOLED TOTAL CELLS TOTAL
MEDIA WASHINGS (M+W) xl06
(M) (W)

Total 18:1 counts dosed to incubation medium = 4.3 x lOb

1745160
(:1:3400)

391;380
(:1:3660)

2136540 1343979
(:1:1962)

3.5

Total 18:2 counts dosed to incubation msdium = 4.8 x i06

2540660 491460 3032120 1463025 4.5
(:1:10260) (t8760) (±4281)

"
"_,....._ I .

Total 18:3 COUt1ts dosed to incubation medium = 4.3 x 106

2826600
(t15300)

296880
(±4800)

3123480 969108
(:1:573)



Table 4.7.4.2.
The coun j;e (J'etected fot;'the rad i01abe 11ed ';:atty ac ids

dosed and their resulting metabolites formed af~er

ir;cllbation with cells derived from ~.at skin. expt'es::sed

S§.....s...percentage'of the total counts recovered upon GLC
analysis.

0.-

I ,"< I
t, I

w9 I i.:i4CJ- w6 [14CJ- w3 C14CJ-I

MONOS. I 18:1w9 POLYS. 18:2w6 POLYS. 18:3w3I

18:1 ~9.9 18:2 31.0 18:3 32.0
20:1 37.3 18;3 7.7 18:4 6.4
22:1 20.5 20;2 23.2 20:3 22.5
24fl 12,4 20:3-, 15.9 20:4 21.4

20:4 8.5 20:5 7.3
22;4 8.4 22:5 6.2
22:5 5.2 22:6 a.3

TOTAL TOTAL TOTAL
CPM 2808 CPM 3524 CPM 1639
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29.9% of the total [14CJ-18:1oo9 counts derived upon GLC
analysis (2808cpm) remained unchanged. while the amounts
detected for the subsequent elongation products were
37.3% 20:1009, 20.5% 22:1009 and 12.4% 24&1009.

31.0.% of the total C14CJ-18:2w6-derived counts detected
following GLC (3524cpm) remained unaltered, whereas
23.2% was found as 20:2w6, but only 7.7% a~ 18:3w6.

15.9% 20:3w6 was detected, but 20.:4w6, 22:4006 and 22:5w6
only comprised 8.5%, 8.4% and 5.2% of the total counts,
respectively.

1639cpm were derived upon GLC analysis of cells dosed
with [14C]-18:3oo3, of which 32.0% remained ao 18:3003,
22.5% was found as 20:3w3, but only 6.4% as 18:4w3.

These amounts !)ere simi 1ar to those detected for the
corresponding products of [14CJ-18:2w6 metabolism. 21.4%
of the total C14CJ-18:3w3-cierived counts were present as
20:4003, whereas the percentages for 20:5003, 22:5w3 and
22:6w3 were 7.3%, ~.2% and 4 ~%, respectively. These
post-A5D FA proportions were slightly lower than those
detected for equiva1ent products in the w6 PUFA series.

I
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4.7.5 Effects of pseudo-Oils on. Lipid Peroxide
Formation.

Table 4.7.5.1. shows the 1ipoperoxides quantified bnth
in cultured cells and their respec~ive growth media in
the presence and absence of dosed p-oils. The values are
shown as nmo1es MOA/106 cells, but in the case of the
spent media~ this represents the nmoles of MDA in the
volume of medium from which lxl06 cells were obtained.

MDA levels varied between dosed cells with p-oi1,
ranging from 0.1 to 5.8nmoles MDA/l06 cells, compared to
0.4nmo1es MDA/l06 control cells. Lipoperoxide amounts
were parallel to, or lower than, controls when cells
were supplemented with 20mg/l p-oil, but increased in an
over-a11 concerrtr-a'tion dependent manner- as higher p-oi 1
amounts were dosed. Lipoperoxide production was low with
p-CO, p-MO or p-OO incubation (0.1 to 0.5nmoles MDA/l06

cells). p-EPO and p-SSO induced similar amounts of lipid
peroxides (0.3, 0.6 and 0.6 vs 0.4, 0.6 and O.9nmoles
MDA/l06 cells with 20, 40 and 60mg/l respectively), and
p-FO generated significantly greater amounts only with a
concentration of 60mg/1 (4.9nmoles MDA/l06 cells). p-LO,
however, induced the highest over-a 11 1eve 1s (0.3, 1.6
and 5.8nmoles MDA/i06 cells with 20, 40 and 60mg/l,

respectively).

The spent medium derived from cultures
60mg/l p-LO or p-FO contained ~mal1

incubated with
lipid peroxide



Table 4.7.5.1.
Lipoperoxide formation b~ cat skin cultures incubated
with p-oilst expressed as nmoles MDA/10s cells.

pseudo- CELLS
Oil

"I
I (mg/l) 0 20 40 60I

Control 0.4

CO 0.1 0.3 0.5
MD 0.3 0.1 O.S

00 0.3 0.4 0.5
sso 0.3 0.6 0.6
LO 0.3 1.6 5.8
EPO 0.4 0.6 0.9

FO 0.2 0.7 4.9

pseudo- SE.ENT INCUBATION MEDIU~
Of 1

(mg/l) 0 20 40 60

Control
CO
MO
00
ssa
LO 0.1
EPO
FO 0.3
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amounts (0.1 and O.3nmoles MDA/l06 cells, respectively),
but these compounds were absent from the spent media of
all other dosed cultures, as well as control medium.
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4.7.6 The Eicosanoid Profile of Cells Derived
fr'omCat Skin.

Table 4.7.6.1. shows the eicosanoids positively detected
in control and dosed cat skin fibroblasts. All data is
presented as a percentage of the total area quantitated,
but an indication of the actual amount found is given
for controls in "( ). as pmoles/l0s control cells.

Total eicosanoid synthesis by control cells amounted to
only 80.5pmo1es/l06 cells, of which 21.0% correlated
with the retention times of the pr~stanoid standards
used. This fraction was composed of 10.7% TXB2 , 6.9%
PGF~, 1.8% PGI2 and 1.6% PGEa. Varying proportions of
~hese prostanoids were found in dosed cells, but neither
control nor dosed cells formed signiffcant amounts of

PGE! or PGDa.

Total percentages for the prostanoids detected in dosed
cells varied significantly with p-oil concentration as
such approximated to controls (21.0%) with 40mg/1 p-oi1
(15.5% to 24.9%)t but were greatly increased both
with 20mg/l (34.2% to 50.1%) and 60mg/l (32.9% to 41.8%)
p-oil. These changes were reflected by appropriate
alterations in individual prostanoid levels. PGI2 bio-
synthesis was increased with incubatIon of 40mg/l p-oil
(3.0% to 9.5% vs 1.8% in controls), but mOre varied with
20mg/l (0.8% to 6.0%) and 60mg/1 (0.9% to 3.1%)

TXB2' levels approximated to controls (10.7%)

p-oil.

or were



Legend to Table 4.7.6.1.

Values are tabulated as relative percent of the total
area detected, and as pmoles total eicosanoids/l06

control cells.



Tab1e 4.7.6.1.

The profi le of th~ eicosanoids detec't';'ed in extracts 9.1.

cells de~ived from cat skin.
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decreased with dosage of 40mg/l p-oil (5.8% to 11.5~),

but increased approximately 2 fold with 20 or 60mg/l

p-oil (17.2% to 24.5%). Similarly, the changes in PGF~

production were smallest with incubation of 40mg/l p-oil

(2.9% to 10.3% vs 6.9% in controls), but were greater

with 20mg/l (13.1% to 21.3%) and 60mg/l (9.0% to 14.9%)

p-oi 1. PGE2 produ·:tion approximated to that of contro 1s
(1.6%) when cells were supplemented with 20mg/l p-oil

(1.5% to 1.8%), but was suppressed in the presence of

60mg/l p-oil (0.1% to 0.9%} and inhibited with 40mg/l

p"'-oi1 •
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4.7.7 Discussion.

p-Oil supplementation of cultured cat skin fibroblasts
induced effects ranging from stimulation to inhibition
of cell proliferation, ~nd the different cell viability
changes reported (Figs. 4.7.1.2-4.7.1.8.) reflected the
unique FA composition of each p-oil (Table 2.3.3.2.) a~d
the. concentration dosed. The pronounced differences in
cell viability induced with p-OO, p-SSO or p-LG dosage
probably related to the abundance of OA, LA and ALA in
these p-oils, respectively. It was apparent that OA
exhibited th ~otential to stimulate cell proliferation
when dosed at in~ermediate concentrations in the range
used, unlike LA and ALA, whereas the cytotoxic potential

I .of ALA was greater than OA, followed by LA when these
p-oils were dosed at high concentrations. The marked
variations in cell viability induced with p-EPO or p-SSO
dosage, despite similar FA compositions, could have
related to the presence of GLA in p-EPO only. This FA
appeared to stimulate cell growth with low, and inhibit
such with high, concentrations of p-EPO dosed, compared
only to growth limitation induced by LA with p-SSO
feeding. It was also apparent that GLA (in p-EPO) was
more effective in mediating Cytotoxicity than ALA
(in p-LO) at high concentrations, and such may relate to
the fact that GLA is a PDFA. Indeed, PDFA involvement
in the modulation of cytotoxicity seeme~ likely as
dosage with high concentrations of p-EPO or p-FO, which
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contained significant PDFA amounts, were most effective
as Cytotoxic agents, while their absence led to less
effective cell killing. However, the enhancement of cell
viability reported with supplementation of p-MO, p-OO,
p-EPO or p-FO, but not with p-CO, p-SSO or p-LO,
correl~ted with the presence of EFA desaturation and/or
elongation products in the former p-oils only, and also
suggested involvement of such FA's it) the stimulation of
cell growth with low and/or intermediate concentrations
of p-oils. Dosage with p-OO or p-MO, each containing
about 2% 20:2w6 or 20:4w6, resp~itively, enhanced cell
viabi 1ity to a greater extent '~handid p-EPO or p-FO,
containing 9% 18:3w6 and 18% 20:~w3~ respectively. Small

,
amounts of exogenous EFA desatu'stion and/or elongation
products thus seemed more eff6ctive in the stimulation
of cell proliferation.

The different cell viability changes which the p-oil
FA's appeared to induce could hav~ related to structural
variations between different moieties. It should be kept
ln mind, however, that synergistic or antagonistic
interactions between different p-oil FA's could also
have played a role in the modulation of cell viability.
This may explain why cell viability changes d:d not
a1ways corre 1a'ce linearly uith the amount of P-o~.1
supplemented.

The finding that only trace amounts of the major FA
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components present in the p-oils remained 1n the spent
medium following the 48 hour incubation period (Table
4.7.3.2.) indicated ~he c~pability of these cells to
incorporate exogenous FA's, even in the presence of high
14:0 levels de~ived from the culture medium itself
(Table 2.3.3.3.). The FA spectra of dosed cells (Table
4.7.3.1.) supported p-oil FA uptake from the culture
medium. A mechanism whereby p-oils affected cell growth
may therefore r~late to differential exogenous FA uptake
and alterations 1n membrane stability, dependent on
p-oil FA composl~ion and concentration dosed. Pronounced
distor~tions of melit;"'ranefluidity uould indeed support
the limitation and inhibition of cell proliferation
found when large quantities of saturated or unsaturated
FA-rich p-oils were fed (Figs. 4.7.1.2-4.7.1.8.).

p-Oil supplementation of cat skin fibroblasts induced
concentration changes in total cellular protein (Table
4.7.2.1.) which generally reflected the cell viability
changes induced (Figs. 4.7.1.2-4.7.1.8.). The largest
amount of total protein quantitated indeed corresponded
to the greatest stimulation of cell viability found with
60mg/l p-OO dosage. However, the finding that protein
increased about 50% compared to a 22% increment in cell
viability indicated that such protein changes did not
relate solely to increased cell numbers, particularly
since increased protein was found in cells dosed with
p-oils that caused growth limitation, eg. p-CO or p-SSO.



508

This indicated p-oil FA involvement in the stimulation

of protein synthesis, which may reflect enhanced enzyme

expression to metabolise the incorporated p-oil FA's.

The fact that the extent of protein stimulation varied

when su~plementation with identical concentrations of

differ~nt p-oils yie7ded similar cell numbers suggested

that the capability to modulate protein biosynthesis

related to differences in FA structure. Whether this
related to specific FA~s in any P-Olr. ~~.t~ synergistic

effects between p-oil FA's, was unknvwn, although a

combination of such eff&cts seemed most likely. However,

as the protein concentrations in spent media derived

from dosed cultures were not st~tistically different

from controls (section 4.7.2), medium protein itself

pr9bably did not contribute significantly to the changes

demonstrated in cellular protein (Table 4.7.2.1.).

The literature does not describe the desaturation

capability of cat ski" either in vivo or in vitro. The

results obtained from the incubation of cat skin

fibroblasts with p-oils showed tnat such cells exhibited

very little potential to desaturate or elongate FA's,

despite significant p-oil FA uptake (Tables 4.7.3.1. and

4.7.3.2.). No significant 18~4w3 or 18:3w6 formation

occurred, even with p-LO or p-SSO supplementation,

respectively, implying impaired A6D capability. This was

consistent with reports which have indicated an overall

lack or suppression of A6D capability in the cat (eg.
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Rivers et a1 1775a, Frankel et al 1978, Sinclair 1979~

Sinclair et a1 1981 and Davidson et al 1990a). Thus

20:3w6 formation only with p-EPO dosage more than likely

related to elongation of incorporated 18:3w6, while the

presence of small 20:2w6 amounts with p-SSO or p-EPO

dosage reflectej limited elongation of incorporated

18:2w6 which could not be furt" Jr desaturated. However,

no evidence for 20:3w6 des~turation via ~5D was shown.

Limited elongation of 20:5w3 incorporated with p~FO

incubation occurred, but this was not converted to

22:6w3 via ~4D. On the other hand, p-f'"dosage induced

sig~ificantly increased cellular 20:5w3 and 22:6w3

levels. This p-oi 1 I,)asPUFA'-deficient (Table 2.3.3.2.),

thus, it was possible that such enhanced desaturation

and/or elongation of cellular PDFA's in an attempt to

maintain membrane fluidity; this indeed correlated with

decreased cellular 18;4w3 and 20:4w3 leve1s.

The overall lack or suppression of desaturase cascade

enzyme capability in these cells (Table 4.7.3.1.) did

not relate to the mediation of growth limitation induced

with p-oil supplementat10n (Figs. 4.7.1.2-4.7.1.8.) as

enzyme capability was not improved even when p-ol1s

stimulated cell proliferation. Impairment of enzyme

sxpression may rather be a characteristic of

implying a requirement for preformed PDFA's

(,dtskin,

from the

diet or other cat tissues, parti.cularly for' '''icosanoid
production.
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p-Oil desaturation was compared with that of individual

C18 FA's (Table 4.7.4.2.) to assess whether FA mixtures

modulated the pattern of p-oil desaturation reported

(Table 4.7.3.1.). Cat skin fibroblasts were unable to

efficiently desaturate 18:1w9 when such was supplemented

with p-oils or individually, Elongation was induced with

C<4CJ-18:1w9 feeding, however, and such was possibly

suppressed with p-oil, 0r enhanced with [14CJ-18:1w9,

supplementation. On the other hand, the pattern of

radioactivity derived from the incubation of cells with

[14CJ-18:2w6 or [14CJ-18:3w3 was c0nsistent with both

desaturation and elongation of these moieties. However,

PDFA formation from [14CJ-18:2w6 and [14CJ-18:3w3 via

an active A6D was unlikely sInce expression of thie

enzyme is impaired in the cat (eg. Rivers et al 1975a

and Frankel et a1 1978). The data rather suggested that

tl4CJ-18!~w6 and [14CJ-18:3w3 were directly elongated to

20:2w6 and 20:3w3, followed by A8-desaturation to 20:3w6

and 20:4w3, respectively. The small 18:3w6 and 18:4w3

amounts detected may therefore reflect 20:3w6 and 20:4w3

retroconversion. The formation of about 20% post-A5D

PUFA's nevertheless supported the capability for A5D

expression, However, the apparent accumulation of 20:3w6

and 20:4w3 may have been an indication that the rate of

their formation was greater th&n the rate of their

conversion to post-A5D products and/or that A5D activity

was not fully expressed. This CQuld account for the
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small amounts of r-adioac'tnvitiy detected for 22:5w6 and
.:

22:6w3, a1though it ,Jasa1so apf'~rent that these ce11s
exhibited v€:ry 1imited A~JC cat..~b i ~ity t

The findings above indicated that desaturase cascade
enzyme expression was mor~ limited in the presence
of p-oi1s 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-oil FA"s for the
desaturase and elor.gase enzymes by complex mechanisms,
which are documented (Brenner et a1 1966, Mohrhauer et
al 1967, Ullman et al 1971a, de Schriver et a1 1982,
Holman 1986a, Nassar 1986 and Cook et a1 1987). Similar
effects probably occur in vivo when dietary oils are
fed, thus p-oil desaturation may be a better indicator
of such enzyme capability in cat skin in vivo than that
suggested with individual FA's, particularly since FA's
are presented to the organism as mixtures.

Cellular MDA detection both in the presence and absence
of dosed p-oils <Table 4.7.5.1.) indicated that cat skin
fibroblasts exhibit enzymic and/or non-enzymic pathways
for the oxidation of monoenoic and/or polyenoic FA's.
MDA detection in control cells was not surprising,
since these cells contained FA"s which were potential
candidates to act as substrates for the formation of
lipoperoxides <Table 4.7.3.1.). Measurement of small, or
no, increments in MDA concentration with p-CO or p-MO
dosage reflected the abundance of saturated FA~s in
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these p-oils (Table 2.3.3.2.). However, the formation of
relatively small cellular lipoperoxide amounts also with
p-OO, p-SSO or p-EPO dosage implied that the substrates
for lipoperoxidation were not so readily accessible
to oxidationt possibly because they were present as
components of complex membrane lipids, ego PGL's. This
could also explain the lower MDA levels measured in some
dosed cells than in controls (Table 4.7.5.1.), despite
the presence of unsaturated FA's in the p-oils. It was
also possible that incubation with p-OO, p-SSO or p-EPO
decreased the rate of PGL turnover and therefore the
size of the FFA pool. The converse, ,however, could
explain the highest cellular lipoperoxide concentrations
induced with 40 or 60mg/l p-LO or p-FO 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 cultures (Table 4.7.5.1.)
supported cellular uptake of supplemented p-oil 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/l p-oil dosage, and therefore retension of cellular
FA's, 1ipoperoxides and peroxidising enzymes.

Supplementation of cat skin f1broblasts with 20, 40
or 60mg/l 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 formation 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-oil concentrations. On the other hand, comparison of

MOA anlounts with the growth limitation induced with

20, 40 and/or 60mgil p-oil dosage indicated that lipid

peroxides were not solely involved in the modulation of

growth 1 itation. It was likely, therefore, that other

mechanisms, such alterations in membrane fluidity, were

also involved.

The finding that total eicosanoid formation accounted

for 20% of the lipoperoxides quantified in control

cat skin fibroblasts (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 a~

external supply of eicosanoid precursors, The fact that

the eicosanoids studied comprised a fraction of the

molar amount quantified indicated that th~se cells Were

largely' involved in the production of other eicosancids.

Prostanoid detection nevel~theless supported functional

cyclooxygenase expression in cat skin fibroblasts under

the experimental conditions employed. although it was

apparent that PGH1-PGE1 and PGH2-PG02 isomerases were
suppressed/inhibited since no significant PGE1 or PG02
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formation was shown, even with p-oil supplementation.

Alternatively, it was possible that these PG's were

degraded at a faster rate than other proetanoids by

cytoplasmic enzymes such as 15-hydroxy PG de}"'\.,'togHr,ase.

On the other h,nd, the finding that the rate of T'<D.2 and

.PGF~ biosynthesis were considerably greater than that

of PGE2.and PGI~ could have bean the result of increases
in the activity/expressio...,of.enzymes forming TXB2.and

PGF~ and/or relative decreases in PGH2-PGE2. isomerase
and prostacyclin synthetase.

The eicosanoid spectra obtained from dosed cells (Table

4.7.6.1.) were consistent with the ability of the p-oils

to modulate prostanoid production. This, however, did

not correlate in any way with the degree of p-oil

unsaturation or the ability of the p-oils to provide

direct eicosanoid precursors (Table 2.3.3.2.). Cells

enriched with p-EPO elongated incorporated ~8:3w6 to the

1-series eicosanoid precursor, 20:3w6 (Table 4.7.3.1.),

p-MO contained 20:4w6, the direct 2-series precursor,

whereas 2-series prostanoid inhibitors were present in

p-FO and p-LO (20:5w3 and 18:3w3, respectively), The

prostanoid changes these p-oils induc~d, however, were

not'significantly different, even when compared to those

mediated with identical concentrations of other p-Qiis.

These findings implied that exogenous FA's per se

induced 1ittle: effect on thE. production of the

eicosanoids studied, and suggested that any enhancement
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of prostanoid production related to utilisation of

endogenous membrane 20:3w6 and/or 20:4w6, which were

detected in cat skin fibroblasts (Table 4.7.3.1.). The

fact that supplementation with 40mg/l p-oil had little

effect on, or suppressed, pr~stanoid formation, whereas

20 and 60mg/l p-oil stimulated eicosanoid production

nearly 2 fold primarily by enhancing TXB2 and PGF~

synthesis (Table 4.7.6.1.), nevertheless implied

concentration involvement in the modulation

p-oil

of

prostanoid synthesis. This could have influenced the

rei ease of 1- and 2-series eicosanoid precursor FA's

from membrane lipids, or the expression of enzymos

involved in the formation of the prostanoids studied

from PGH. However, the fact that no corr'elation could be

found between the eicosanoid profiles (Table 4.7.6.1.)

and cell viability changes' (Figs. 4.7.1.2-4.7.1.8.)

induced with p-oil dosed was in vitro evidence against

the concept that the endogenously generated prostanoids

studied played a direct role in the modulation of cell

proliferation. It was more likely that such related to

alterations in membrane physical properties and possibly

the generation of FA oxidation products.
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4.8 THE EFFECTS OF PSEUDO-OILS ON
DERIVED FROM CAT AQIPOSS TISSUE.

CELLS

4.8.1 Effects of pseudo-Oils on Cell Viability,

Microscopic examination before~
experiment showed no :hanges

during and after each
in the morphology of
at any time, althoughcontrol or p-oil dosed cells

cytoplasmic droplets were observed with p-oil incubation
at high concentrations in some instances.

Investigation of the effects of albumin with final
medium concentrations ranging from 0 to 250mg/l showed
no significant effect on cpll 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-oil mixture and not the
albumin used as FA carrier.

The number of control cells, seeded at 10xl04/ml, at the
end of the 24 hour post-trypsinisation recovery period,
was 10.lxl04/ml. This equated to about 92% of the final
control cell number at the end of the 48 hour incubation
period, and represented the cytostatic number. Only
p-oil concentrations limiting cell viability to
significantly below 9,2%were thus considered Cytotoxic.

Figs. 4.8.1.2-4.8.1.8. depict the cell viability changes
induced with p-oil incubation. rell growth was enhanced
with ow concentrations of p-OO and p-FO, but was both



Legend to Figs. 4.~.1.j-4.8.1.9.

The results are expressed as mean percent (%) cell

visbility±stsndsrd error of the mapn (s.e.m.), where "n"

is the number of experiments. The concentrations given

are as mg albumin or pseudo-oil per litre of growth

medium. Fig. 4.8.1.1. shows the mean percent cell

viability versus the albumin concentration (mgtl), and

Figs. 4.8.1.2-4.8.1.8. depcit the mean percent cell

viability versus the pseudo-oil concentretion (mg/l).

Fig. 4.8.1.9. shows the mean percent ~ell viability

versus the albumin concentration (mgt1) for cells dosed

with the amount of pseudo-oil which limits cell

viabi lity to 50% of the controls.



Fig. 4.8.Ll.
The percentage viability of cells derived from cat

adipose tissue incubated with al~umin.
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Fig. 4.8.1.2.
The percent.age viab i 1 ity of ce 11 s der ived from cat
adipose tissue incubated with p-CO.
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Fig. 4.8.1.~
The percentage viability of cells derived from cat

adipose tissue incubated with p-MO.
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The percentage viability of cells derived from cat
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Fig_,,4.8.1.5.
The percentage viability of cells derived from cat

gdieose tissu!~ incubate~ with e-880.
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Fig. 4.8.1.6.
The percentage via~ility of cells derived from cat
adipose tissye incubated with p-lO.
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Jhe percentage viability of _~el1s derived from cat
adipose tissye incybated with p-EPO.
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The eerc~ntage viability of cells derived from__cat
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Fig. 4.8.1.9.
The percentage viabiJity of cells derived from cat
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limited and inhibited with all p-oils, although the
magnitude thereof varied greatly dependent on tne p-oil
ann concentration dosed. The overall pattern of growth
inhibition was least with p-LO or p-MO, and greatest
with p-CO, p-OO or p-FO, dosage.

Dosage with up to 30mg/l p-CO had little effect on eel)
growth (Fig. 4.8.1.2.), but cytostasis was induced with
40mg/l p-CO as cell viability (89.7%) approximated to
the cytostatic number. Concentrations greater than
40mg/l p-CO were cytotoxic, and prog~~$sively reduced
cell ~iability to 50% of controls with about 68mg/l p-CO

(rOSO), and to 22.8% with 100mg/l p-CO.

C~11 proliferation was not significantly different from
controls with 10 or 20mg/l p-MO dosage, cytostasis was
induced with 30mg/l p-MO, and cytotoxicity was prominent
with concentrations greater than 40mg/l (Fig. 4.8.1.3.).

No 10so value was found, however, as 58.4% of cells were
viable with 100mg/l p-MO.

Cell growth mirrored that of controls with up to 20mg/l
p-OO incubation (Fig. 4.8.1.4.), Cytotoxicity increased
progressively with higher concentrations, reducing cell
viability to 75.1% and 72.7% with 30 and 50mg/l p-OO,
respectively, although cell proliferation was enhanced
with 40mg/l p-OO to 111.3%. Concentrations greater than
70mg/l p-OO induced marked cell death as celi viability
was 50% with 81mg/l p-OO (rOSO), and only 2.5% wi~h
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100mg/l p-OO.

10mg/l p-SSO enhanced cell proliferation to 105.0%, but
20 to 60mg/l p-SSO induced cytostasls (Fi~. 4.8.1.5.),
Cytotoxicity reduced cell viability to 81.4% with 80mg/l
p··SSO, but more markedly to 41.8% with 100mg/l p~SSO.

.
10 a.nd20mg/1 p-EPO had little effect on ce l I growth,
while 30mg/l p-EPO induc ed cytostasis (Fig. 4.8.1.7.).
Higher concentrations were progressively Cytotoxic, and
resulted in 40.1% viable cells with 100mg/l p-EPO. The
cell viability changes p-SSO and p-EPO induced were thus
similar, and this was supported by the roso values
(at~roximately 98mg/l and 95mgil, respectively).

Dosage with up to 40mg/l p-LO generally had little
effect on cell growth, while cytostasis was induced with
30,50 or 60mg/1 p-LO (Fig. 4.8.1.6.>. Concentrations
greater than 60mg/l p-LO were only slightly cytotoxic,
and cell viability ranged from 80.8% to 83.1% with 70 to
90mg/l p-LO. No roso value could be calculated as 68.1%
viable cells were found with 100mg/l p-LO.

No marked cell viability changes were induced with 10 or
20mg/1 p-FO, while cell proliferation was enhanced to
110.9%, 117.2% and 107.2% with 30, 40 and 50mg/1 p-FO
(Fig, 4.8.1.8.). 60mg/l p-FO induced cytostasis, while
Cytotoxicity reduced cell viability to 81.8% with 70mg/l

p-FO and to 50% with 76mg/l p-FO (roSO). Cytotoxicity
was considerably greater with higher concentrations, and
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Trypan blue uptake was about 95% with 90 and 100mg/1

p-FO.

Cells were inc:Jbatedwith p-OO to correspond with its

roso (about 81mg/l) 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 points were chosen around which to vary the albumin

concentration, keeping the p-oi1 level fixed, viz. two

points above, two points below, and the lOso of p-OO.

The appropriate amount of albumin was added to these

cultures to give the desired concentrations. The results

are shown in Fig. 4.8.1.9., and indicated that the

p-OO concentration supplemented reduced cell viability

to approximately 50% of controls, and that such was not

significantly influenced by different concentrations of

albumin. Exclusion of the synergistic involvement of

albumin therefore implied that the effects induced with

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

Subsequent to these studies, cells derived from cat

adipose tissue were plated and dosed appropriat~~y with

0, 20, 40 or 60mg p-oil/l culture medium 1n sufficient

amounts for all quantitative 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 ~erformed on these samples.
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4.8.2 Effects of pseudo-Oils on Total Protein..
The total cellular protein content determined at each of

the 3 p-oil concentrations dosed are shown in Table

4.8.2.1. in relation to controls, expressed as ~g total
protein/lOG cells seed~~.

475.3~g protein/lOG control cells seeded was measured,

while concentrations were considerbly greater in cells

supplemented with 20,40 or 60mg/l p-oil, ranging from

533.0 to 774.2~g/10G cells seeded. The protein increment

was greater with supplementation of 20 than 40 or 60mg/l

p-CO (681.3, 668.0 and 664.9~g, respectively) or p-EPO

(638.9, 575.4 and 533.7~g, respectively), but did not

vary significantly with p-SSO dosage (668.5 to 673.6pg).
I

On the other hand, the protein increment was noticeably

greater with supplementation of 40 than 20 or 60mg/l

p-OO (695.3, 609.8 and 533.0~g, respectively) or p-FO

(774.2, 694.0 and 681.3~g, re.3pectlvely), while the

converse was found with p-MO (668.5, 708.9 and 694 0~g,
respecti ve1y)•



Table 4.8.2.1.

The protein content of cells derived from cat adipose

tissuet expressed as llg total protein/iDe cells seeded.

pseudo- CELLS
Oil

(mg/l) 0 20 40 60

Control 475.3
CO 681,'7' 668 .~) 664.9
MO 708.9 668.5 694.0
00 609.8 695.3 533.0
sso 672.2 673.6 668.5
La 740.2 767.0 763.3
EPa 638.9 575.4 533.7
FO 694.0 774.2 681.3
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4.8.3 fffects of pseudo-Oils on the Fatty Acid

fu?ectrum of Cells Derived From Cat

Adipose Tissue.

The FA sper.trafer cells incubated with 20, 40 or 60mg/l

p-oil are shown in Table 4.8.3.1. In relation to

controls.

Control cells exhibited a FA spectrum in which 18:1w9

comprised 21.6% of all FA's detected, compared to 18.1%

16:0, 12.7% 18:0, 9.0% 20:4w6, 15.5% 22:4w6 and smaller

percentages of other FA's.

In general, 16:0, 18:0, 16:1w9 and 18;lw9 percentages

approximated to that of controls, or were decreased, in

dosed cells. Similarly, w6 PDFA levels were generally

decreased in dosed cells, despite increments in 18:2w6.

w3 PUFA levels in dosed cells were generally parallel

to controls, or decreased, although small increments in

some higher w3 PDFA's were detected.

Supplementation with 20, 40 or 60mg/l p-CO resulted in

increased percentages of 16:0 (22.7~, 2=>.4~ and 25.6%,

respectively vs 18.1% in controls), 18:1N~ ~L3.8%, 25.4%

and 26.$% vs 21.6% in controls), and 16:1w9 (3.5%, 5.7%

and 10.1%, respectively vs 4.7~ in controls), while 18:0

proportions approximated to controls (12.7%). Slightly

increased levels of 20:5w3 (1.1% to 1.7% us 0.8% in

controls) and 22:6w3 (2.6% to 2.8% vs 1.9% in controls)



Legehd to Table 4.8.3.1.

All values are tabulated as relative percent total area.
Control values are reported as mean±s.e.m., where "n" is
the number of experiments. ·Cp-OilJ" refers to the
pseudo-oil concentration used.



Tab 1e 4. 8 .3~ 1.
The fatty acid speci:rum of cell s perived from cat

adipose tissue.
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were found, but all other PUFA proportions were parallel
to controls, or significantly decreased.

~he levels of 16:0 and 18:1w9 increased slightly with
p-MO d~sage (20.5% to 23.7% and 23.0% to 26.7% vs 18.1%
and 21.6% in controls, respectively), 18:0 mirrored
con~rols (12.7%), while 16:1w9 decreased about 2 fold
c~npared to controls (4.7%). No signif~cant increments
in w6 PDFA-s were detected, despite slightly increa~ed
18:2w6 levels (6.3% to 9.2% vs 4.3% in controls). 20:Sw3
increased approximately 2 fold with 20mg/l p-MO dosage
(1.9% vs 0.8% in controls), while 22:6w3 was slightly
increased with all concentration~ dosed (2.4% to 2.5% vs
1.9% in controls).

20, 40 or 60mg/l p-OO supplemenation increased cellular
18:1w9 levels (38.2%, 45.3% and 50.4%, respectively vs
21.6% in controls), but decreased 16:0, 18:0 and 16:1w9

percentages. p-OO dosage induced significant increments
in 18:2w6 (7.3% to 9.6% vs 4.3% in controls) and 20:2w6

(1.1% to 1.7% vs 0.1% in controls), but not in other w6
or w3 PDFA's, which levels either mirrored, or were
lower than, their respective controls.

Supplementation of cells with p-SSO caused 16:0, 18:0
and 16:1w9 levels to decrease, but had no effect on
18:1w9. A concentration dependent increased in 18:2w6,

was induced with 20, 40 and 60mg/l p-SSO (19.9%, 26.6%
and 35.2%, respectively vs 4.3% in controls), and 20:2w6
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levels increased over the same range (1.1%, 1.3% and
1.4%, respectively vs 0.1% in controls). 18:3w6 was only
slightly increased with 20mg/l p-SSO dos~qe (1.2% vs 0%
in controls), but other w6 and w3 PDFA's were found in
proportions similar to, or lower than, controls.

An overall decrease in 16:0, 16:1w9, 18~0 and 18;1w9 was
detected when p-LO ~as dosed, although 18:0 was slightly
increased with 20mg/l p-LO (17.1% vs 12.7% in controls).
w6 and w3 PDFA percentages were para11el to controls, or
significantly decreased, despite increases In 18:2w6

(7.9%, 10.0% and 11.4% with 20, 40 and 60mg/l p-LO
respectively vs 4.3% in controls) and 18:3w3 (10.5%,

20.9% and 29.8% with 20, 40 or 60mg/l p-LO, respectively
vs 0.7% in controls).

Feeding cells p-EPO had little effect on, or decreased,
16:0, 18:0, 16:1w9 and 18:1w9 proportions in relation to
controls. Dosage with 20, 40 or 60mg/l p-EPO resulted in
increased detection of 18:2w6 (20.0%~ 29.1% and 34.5%,
respectively vs 4.3% in ~ontrols), bui small increments
in 18:3w6 (0.3%, 1;0% and 1.3%, respectively) and 20:2w6
(0.7% to 1.1% vs 0.1% in controls). 20:3w6 percentages
nearly doubled over the same range (5.1%, 5.4% and 5.0%,
respectively vs 2.9% in controls), but higher w6 PDFA
amounts were significantly decreased in relation to
controls. Furthermore, u3 PUFA levels were parallel to
controls, or"decreased.

~ ~ , , ~_, .• ~'''kiii-'o.'i



524

Supplementation of cells with 20, 40 or 6Gmg/l p-FO had
no significant effect on 16:0 and 18:1w9 levels, but
caused a decrease in 18~0, and significant increases in
16;lw9 (9.7%, 13.8% and 20.4%, respectively vs 4.7% 1n
controls) and 22:0 with 20mg/l p-FO (2.3% vs 0.1% in
controls). No significant increments in w6 PDFA levels
were found, despite increased 18:2w6 detection (6.0% to
7.:i% vs 4.3% in controls). Dosage with 20, 40 or 60mg/l
p-FO raised the levels of cellular 2G:5w3 (4.9%, 7.3%
and 9.4%, respectively vs 0.8% in controls) and 22:5w3

(5.3%, 3.8% and 4.7%, respectively vs 2.8% in controls),
but not 22:6w3 (1.8%, 0.1% and 1.6%, respectively vs
1.9% in contro'!s).
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4.8.4 Incorporation of Radiolabelled C18 Fattx

Acids into Cells Derived from Cat Adipose

Tissue.

Table 4.8.4.1. shows the radioactivi~y recovered from
cultures incubated with 2MCi [14CJ-18:1w9. [14CJ-18:2w6

or [14CJ-18:3w3.

The total counts recovered in the spent incubation media

ranged from 2.7 to 3.2x106cpm, while only O.5x106cpm was
recovered from the pooled buffers after washing the

cells, which accounted for non-speciiic binding. For

both [14CJ-18:1w9 and [14CJ-18:3w3, the ~quivalent of

4.3x106cpm Were dosed to the incubation medium, and
total recovery of radiolabel from these cultures was

approximately 91%. For [14CJ-18t2w6, the equivalent nf

4.8x106cpm were dosed to the incubation medium, and the
tota 1 r-ecover-y of this radioisotope from the cultures

was similarly about 92%. However, the total amount of

each of these radioisotopes incorporated into the cells

equsted to 16% for C14C]-18:1w9, 14% for [14CJ-18:2w6

and 9% for [14CJ-18:3w3.

Table 4.8.4.2. shows the percentage conversion of each

of the incorporated radiolabel1ed C18 FA;s above to w9,

w6 or w3 series products after 48 hours incubation with

cells derived from cat adipose tissue.

32.1% of the total [14CJ-18:1w9 counts derived upon GLC

------------.----------------------
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incubated with radiolabel1ed Ci8 fatty ac~ds. expressed as

Tab 1e 4.8.4.1.
The radioactivity (cpm) recovered from cat adipose cultures

mean (ta.e.m.), n=3.

,SPENT POOLED TOTAL CELLS TOTAL
MEDIA WASHINGS (M+W) x106
(M) (W)

Total 18:1 courrce dosed to incubation medium = 4.3 x 106
,..-..__.,.

I
I

2730200 I 509275 3239475 665235 3.9I

(±16020) (±7735) (±1740)

Total 18:2 counts dosed to incubation medium :;: 4.8 x 106
I. I

3195993 524588 3720481 646281 4.4
(±8035) (±S039) (±894)

Total 18:3 counts dosed to incubation medilum = 4.3 x 106

3101520 450320 3551840 368823 3.9
(±5900) (±6435) (±1113)



,

Tab'le 4.8.4.2.
The counts detected for the radiolabelled fatty acids
dosed ang their resulti.o_g metabolites formed after
jncubation with cells derived from cat adipose tissue.
~xpressed as a percentage of the total counts recovered
upon GLC analysis.

w9 [14CJ- w6 [14CJ- w3 [14CJ-
MONOS. 18:1w9 POLYS. 18:2w6 POLYS. 18:3w3

18:1 32.1 I 18:2 27.5 18:3 19.5I,
I,

20:1 34.3 I 18:3 8.4 18:4 9.2I

I
I

22~1 30.8 I 20:2 19.1 20:3 30.0I

I
I

24i1 2.8 I 20:3 23.9 20:4 19.6I
I
I

20:4 10.2 20:5 I 8.0I

I
I

22:4 7.6 22:5 -I 9.2
22:5 3.3 22:6 4.7

TOTAL TOTAL TOTAL
CPM 1300 CPM 2823 CPM 905
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analysis (1300cpm) remained as 18:1w9, with similar
amounts shown for the subsequent elongation products,
20:1w9 (34.3%) and 22:1w9 (30.8%). However, only 2.8%
24:1w9 was detected.

27.5% of the total [14CJ-18r2w6-derived counts detected
(2823cpm) remained unchanged II whi 1e' 8.4% was detected
for 18:3w6, compared to 19.1% ~0:2w6 a"d 23.9% 20:3w6.

Approximately 20% of the total counts detected were
converted to post-A5G PUFA's, comprising 10.2% 20:4w6
and 7.6% 22:4w6, but only 3.3% 22:5w6.

The total counts derived fo 11 owi"'IgGLC ana 1ysis of ce 11 s
incubated with [14CJ-18:3w3 were 905cpm, of which 19.5%
remained ao 18:3w3. Only 9.2% 18:4w3 was detected,
compared to 30.0% 20:3w3 and 19.6% 20:4w3, while 8.0% of
the recovered radiolabel was shown as 20:5w3 and 9.2% as
22:5w3, but only 4.7% as 22:6w3.

As A6D represents the first and rate limiting enzyme in
the desaturase cascade, "totalact ivity of this enzyme is
reflected by the sum of all subsequent desaturase and
elongase products.
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4.8.5 Effects of pseudo-Oils on Lipid Peroxide
Formation.

The 1ipoperoxides rneasLl!redin dosed cat adipose cells
and their respective growth media are shown 1n Table
4.8.5.1. in relation to controls. The data is expressed
as nmoles MDA/l0s cells, but in the case of the spent
media, this represents the nmoles of MDA in the volume
of medium from which ix10s cells were obtainei.

0.4nmoles MDA/iOs control cells were quantitated, while
concentrations in dosed cells varied with the p-oil
supplemented, ranged from 0.5 to 4.5nmoles MDA/l06 cells
and increased in an overall concentration dependent
manner. Cells incubated with p-CO, p-MO or p-OO induced
similar lipoperoxide am6unts (0.5 to O.9nmoles MDA/l0s

cells)~ while larger concentrations were measured with
dosage of p-oils more a~undant in PUFA's. Comparable
lipoperoxide amounts were induced with 20, 40 or oOmg/l

p-EPO or p-SSO supplementation (0.9, 1.0 and 1.2 vs 0.9,
1.2 and 1.3nmoles MDA/lOs cells, respectively), while
p-FO generated significantly greater amounts only with a
concentration of 60mg/l (2.2nmoles MOA/l0s cells)~ p-LO,
however, induced the greatest amounts of cellular lipid
peroxides at the p-oil concentrations studied (1.1, 1.9
and 4.5nmoles MDA/l0s cells with 20, 40 and 60mg/l,

respectively),

Lipoperoxides were absent in spent control media, and in



Tab 1e 4.8.5. 1.

II

lipoeeroxide forrna·tionby cat adipose cultures incubateq
with p-oilst expressed as nmoles MDA/l06 cells.
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0.4 I
I

0.5 0.7 0.8
0.8 0.9 0.9
0.7 0.8 0.9
0.9 1.2 1.3

1.1 1.9 4.5
I
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I

I
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other hand, small lipoperoxide amounts were measured in

that derived from cultures incubated with p-CO. On the

spent medium with 60mg/l p-MO dosage (0.6nmoles MDA/l06

cells). Higher concentrations were found with 60mg/l

p-oo, p-SSO, p-EPO or p-FO incubation <2.2, 1.7, 2.1 and

1.9nmoles MOA/l06 cells, respectively), whereas spent

medium lipid peroxide levels were greatest with p-LO

dosage (0.8, 2.1 and 2.5nmoles MDA/l06 cells with 20, 40

and 60mg/l, r~spectively).



529

4.8.6 The Eicosanoid Profile of Cells Derived_

from Cat Adipose Tissue.

Table 4.8.6.1. shows the eicosanoids positively detected

in cells supplemented with 0,20,40 or 60mg/l p-oil.

All data is presented as a percentage of the total area

quantitated, but an indication of the actual ei~osanoid

concentration found is given for controls in .(). as

pmoles total eicosanoids/106 cells.

Total eicosanoid production by control cells amounted to

208.0pmoles/106 cells, of which 19.3% correl&~ed with
th. retention times of the prostanoid standards used.

This fraction was largely composed of PGF~ (14.4%), with

smaller amounts of PGI2 (1.2%), TXBa (3.6%) and PGEa·

(0.1%), but no PGEl or PGDa were found in control cells.

The percEntage of t::>talprostanoids detected in dosed

cells varied signific~ntly with p-oil concentration, as

such was decreased in relation to controls (19.3%) with

dosage of 40mg/l p-oil (11.7% to 1~.8%), comparable to

controls or slightl~ increased with 60mg/l p-oil (17.0%

to 25.4%), but significant increased with 20mg/) p-oil

(28.3% to 32.9%). guch changes related to alterations in

the production of individual prostanoids in these cells.
PGI2 production varied with supplementation of 20mg/1

.p-oi 1 (0.4% to 1.7%) f but increased slightly with 60mg/l
p-oi 1 (2.0% to 3.3%) f and considerably ~ith 40mg/l p-oi 1
(3.8% to 5.2%) in relation to controls (1.2%), Every



Legend to Table 4.8.6.1.

Values are tabulated as relative percent ~~ the total

area detected, and as pmoles total eicosanoids/l06

control cells.



Table 4.8.6.1.
The profile of the eicosanoids detected in extracts of
cells derived from cat adipose tissue.

pseudo- EICOSANO ID~ 00
Oil

(mg/l) :TOTAL PGlz TXB~ : PGF PGE2 PGE1 PG02: (1+2~

CONTROL 19.3 1.2 3.6 14.4 0.1
(208.0}

20 30.4 1.7 18.3 9.2 1.2 ..
CO 40 12.8 4.7 4.2 3.8 o " I..... ,

60 21.0 2.8 10.4 6.2 0.6 I 0.8 0.2,

20 29.3 0.9 17.9 9.9 0.6
MD 40 15.1 3.8 6.2 5.0 0.1

60 23.5 2 .8 11.3 6.7 1.2 1.3 0.2 ,

20 29.5 0.7 17.4 10.5 0.9
00 40 11.7 5.2 3.8 2.6 0.1

60 19.6 2.0 9.1 6.1 1.2 1.0 0.2
20 32.9 0.8 18.6 12.7 0.8

SSO 40 12.5 4.5 4.6 3.1 0.3
60 17.0 1.0 8.9 5.4 0.5 0.1 0.1
20 28.3 0.4 , 16.8 10.3 0.8 .,

I

LQ 40 16.8 4.4 7.6 4.7 0.1
60 19.4 2.6 8.9 5.6 0.9 1.3 0.1
20 29.5 0.5 16.2 12.1 o "c'• 'l

EPO 40 ll.e 3.9 3.7 4.0 0.2
60 10.7 3.2 10.3 5.8 1.2 0.1 o.!
20 29,.2 1.6 , 17.4 9.3 0.9

FO 40 14.7 t~.1 6.4 3.9 0.3
60 25.4 3.3 13.4 7.6 0.6 0.3 0.2
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p-oil concentration dosed enhanced TX82 biosynthesis,
~ut ~~is was greatest with ~ concentration of 20mg/l

(16.2% to 18.6% V~ 3.6% in controls) and least with

40mgll (3.7% to 7.6%).

decr~ased PGF~

In contrast. p-oil incubation

con~entrations
production

of 20mq/l

(14.4% in controls), with
being least (9.2% to 12.7%),

and 40mg/l most (2.6% to 5.0%), effective. Dosage with

40mg/l p-oil nad little effect ~~ cellular PGE~ levels

(0.1% in controls), but such was increased with 20 and

60mg/l p-oil (0.5% to 1.2%). PGE1 and PGDz were absent
in control cells, ~ut trace amounts were detected only

with 60mg/l 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 viability of cultured cells derived from cat adipose
tissue was affected when subjected to supplementation
with p-oils for 48 hours (Figs. 4.8.1.2-4.8.1.8.), and
it was apparent that the modulation of cell viability
related to p-oil FA composition and concentration dosed,
rather th8~ the overall degree of p-oil unsaturation
(Table 2.3.3.2.). Thus, the similar extent of growth
limitation and cytotoxicity i~duced with p-EPO or p-SSO
d?sage 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-SSO~ seemed to have had little additional
influence on cell proliferation, and the effects induced
seemed more 1ike1y to r-e 1ate to the abundance of LA in
these p-oils (approximately 70%). Comparison with the
cell viability changes ~-LO induced, however, incicated
that LA exhibited greater growth limiting and cytotoxic
potential than ALA, the w3 series EFA abundant in p-LO.
On the other hand, the marked Cytotoxicity p-UO induced
with high concentrations in the range dosed implied
grea'ter OA involvement in the modulation of cytotoxici'ty
than LA or ALA, although the increased cell viability
40mg/l p-OO induced also supported OA involvement in the
stimulation of cell proliferation. The different effects
these FA's appeared to induce robabl related to
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varIations in FA structure between such moieties, and
this indicated that FA's of different structures could
modulate cell proliferation in different ways. The cell
viability changes which p-FO induced, however, could not
be related to any individual FA as this p-oil contained
a more even balance of saturated, monounsaturated and
polyenoic FA's rather than a single FA which contributed
to the bulk of the spectrum. Although the, modulation of
ce 11 growth cou ld be re 1ated in some cases to pari:icular
p-oi 1 FA's, e,very FA in a p-oi i had the pocerrt.La 1 to

.induce an effect on cell viability to a greater or
lesser extent. The possibility exists, therefore, that
p-oil FA's operated either in concert with each other to
enhance, or antagonisticai1y to suppress, the effects
induced by individual FA's. This could explain the
greater stimulation of cell growth found with 40mg/l

p-OO or p-FO dOSI:lge than with o'ther concentrations of
these p-oils, as well as the dramatic reduction in cell
viability observed over small increments of certain
p-oils at high concentrations dosed.

Supplementation of the culture medium for 48 hours with
p-oils resulted in exogenous FA incorporation into the
cells, which generally increased with the amount of
p-oil dosed and altered the FA composition of these
cells compared to controls <Table 4.8.3.1.). Thus it was
pose ib1e that membr-ane flu idity was altered tc a grea tel"
or leser extent, and such was involved in the modUlation



533

of growth limitation and cytotoxicity, particularly when
large am00nts of p-oil were dosed. Whereas an increased
complement of membrane unsaturated FA's could explain
the marked cytotoxicity induced with p-OO or p-FO
supplementation, the modulation of growth inhibition
~ith p-CO dosage, in contrast~ may well relate to
rigidification of cell membranes.

p-Oil supplementation ~nh~nced the total protein content
of cat adipose cells <Table 4.8.2.1.). However, it was
apparent from comparis0n with t~e cell viability changes
induced (Figs. 4.8.1.2-4.8.1.8.) th~t lncraased cellular
protein did not reflect increments in :011 number alone,
particularly since the amount of protein/cell increased
significantly 'even when growth 1imitation and/or cyto-
toxicity were induc~d. These findings mupported p~oil FA
involvement in the stimulation of protein synthesis. As
the extent of protein stimulation varied quantitativelY
when dosage with identical amounts of different p-oils
yielded similar cell numbers, it was .uggested 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
represent increased production of

could
lipid

nevertheless
metabolising

enzymes such as lipases or enzymes related to protection
against lipid peroxidation, particularly in the light of
p-oil FA's incorporated (Table 4.8.3.1.) and involvement
of adipocytes in lipid metabolism (Lehninger 1982).
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It was unlikely that absolute increases in cellular
protein related to increased expression of desaturase
cascade enzymes as the FA spectra of dosed cat adipose
cells indicated that such exhibited relatively little
capability for FA desaturation or elongation (Table
4.8.3.1.). Saturated and monoenoic FA's were neither
desaturated nor elongated, although the potential for
16:0 and 18:0 desaturation (suggested with p-CO or p-MO
dosage) could not be excluded. The finding that cellular
18:3w6 and 18:4w3 levels were not significantly raised,
even with p-EPO, p-SSO or p-LO incubation, supported the
lack or suppression of ~6D activity in thes~ cells. Even
direct 18:2w6 elongation to 20;2w6 was limited, despite
substrate availability with p-SSO or p-EPO incubation in
particular. These findings indicated that the formation
of 20:3w6 only with p-EPC dosage more than likely
represented elongation of incorporated 18:3w6.' but the
inability to induce increased post-A5D FA levela imp'lied
that 20:3w6 was not desaturated. It was also apparent
that the small 20:4w6 amounts incorporated with p-MO
supplementation could not be elongated. This elongation
step, however, was shown when 20:5w3 was incorporated
with p-FO dosage, but no evidence was found to suggest
that this moiety was converted to 22:6w3 via J40. On the
other hand, the slightly increased 20:5w3 and 22:6w3
levels found in cells dosed with p-CO or p-MO suggested
limited A5D and A4D potential. These p-oils did not
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contain w3 PUFA's (Table 2.3.3.2.). thus the increases
in post-A5D FA's reported must represent desaturation
and elongation of cellular (membrane) w3 PUFA's; the
significantly decreased 18:4w3 lltld 20:4w3 levels found
suggested utilisation of these moieties as substrates.
It was theoretically possible that incorporation of
saturated FA's present in these p-oils, as well as
prol~nged EFA/PDFA deprivation. enhanced A5D, subsequent
elongase and A4D 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
studies from our laboratory showed that cats fed a diet
deficient in w3 and w6 PDFA's cc~tained no post-A5D FA
products in adipose tissue. However, PUFA levels in
these cells were maintained by incorporation of greater
amounts of 18:2w6 compared to cats fed diets sufficient
in w3, w6,

Such also
fluidity.

or all PDFA's (Davidson et al 1989, 1990a).
reflected an attempt to

The finding that w3 PDFA'$
maintain membrane

and elongated to a greater extent
were desaturated

than those of the
w6 series (Table 4.8.3.1.) nevertheless confirmed the
substrate preference established by others (Brenner et
a 1 1966, Brenner 1974, 1982, Mead et a 1 19'76 and Kanau
et al 1977),

The impairment of A6D, and potential for J5D, expression
we demonstrat(Jd above correlated with similar findings
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which others have reported in this species (eg. Rivers
et a1 1975a, Frankel et a1 1978, Sinclair 1979$ Sinclair
et a1 1981 and Davidson et al 1989, 1990a). The present
study also indicated the potential for 440 expression in
cat adipocytes, while in vi~ studies have been unable
to demonstrate either its presence or absence in this
tissue (Davidson et a1 1989, 1990a). Our data indicated
that the inability of cat adipose cells-to efficiently
express desaturase cascade enzymes (Table 4.8.3.1.> did
not relate to limitation or inhibition of cell viability
induced with p-oil supplementation, as such enzyme
capability did not improve even when p-oils enhanced
cell proliferation (Figs. 4.8.1.2-4.8.1.8.). Impaired
desaturase cascade enzyme expression may rather be a
characteristic of this tissue, implying a requirement of
preformed PDFA's from the diet or other cat tissues to
maintain normal physiology.

Comparison of p-oil desaturation (Table 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 aesaturation
reported above was modulated by the presence of FA
mixtures. The pattern of radioactivity derived from
cells supplemented with [14CJ-18:3w3 or [14CJ-1B:2w6
was consistent with desaturation and elongation of
these moieties (Table 4.8.4.2.). However, conversion of
incorporated [14CJ-1B:3w3 and [14CJ-18:2w6 to PDFA's
via A6D was unlikely as the cat lacks significant ~6D
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capability (eg. Rivers et a1 1975a, Frankel et a1 1978,
Sinclair 1979, Sinclair et a1 1981 and Davidson et a1
1989, 1990a). Instead, the data suggested that [14CJ-
18:3(")3and [14CJ-18:2(")6 were directly elongated to
20:3(")3and 20:2(")6, and such converted to 20:4(")3 and
20:3(")6,respectively via an active .180. As elongase
reactions are reversable, it was possible that 20:4w3

and 20:3(")6 retroconversion accounted for the small
amounts of 18~4w3 and 18:3(")6detected, respectively,
although such could also theoretically relate to A6D

express:don with EFA incorporation and/or prolonged PDFA

der~ ivation. Neverth("iless, conversion of approximately
20% [14CJ-18:3w3 and [14CJ-18:2w6 each to post-A5D FA's
was evidence for J5D activity. However, the apparent
accumulation of 20:4(")3and 20:3(,.)6may reflect that the
rate of their formation was greater than the rate of
their conversion to post-A5D products and/or that A50

activity was not fully expressed. Indeed, this would
support 20:4w3 and 20:3w6 retroconversion. Although
20:5w3 and 20:4w6 were elongated, the formation of less
than 5% 22:6w3 and 22:5w6 indicated that A4D was not
significantly expressed. The lack of desaturation found
with [14CJ-18:1w9 supplementation supported impaired A60
capability, whereas 22:1w9 formation was consistent with
expression of elongases.

The above findings indicated that capabili~y for
desaturation and elongation not only varied numerically
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with dosage of individual C18 FA/s or p-oils (Tables
4.8.3.1. and 4.8.4.2.), but such was also more limited
with p-oils. Competitive interactions between FA's for
desaturase cascade enzymes are well known (eg. Brenner
et a1 1966, 1967, 1969 and Brenne~ 1974, 1982), and
similar reactio~s rna)have occurred between p-oil FA's
which could explain the data. However, as p-oil FA
composition mirrored that of similar dietary oils, the
desaturase capability shown with p-oils probably related
closer to the situation in cat adipocytes in vivo than
that suggested with single FA's.

MDA measurement in control and p-oil dosed cat adipose
cells (Table 4.8.5.1.) supported the capability of those
cells to generate lipoperoxides by auto-oxidation or
enzymatically. This could have occurred when the
availability of unsaturated FA's outweighed the amount
of vitamin E which serves as anti-oxidant. Both the
p-oils and cells themselves contained FA's which were
potential candidates to act as substrates for cellular
lipoperoxide formation (Tables 2.3.3.2. and 4.8.3.1.).
However, thle presen ce of aIbum in as FA carr ier and
abundance of saturated FA/s illl"iEH.1 culture medium (Table
2.3.3.3.), as w~11 as the ability of these cells to
incorporate p-oil FA's <Table 4.8.3.1.), supported the
likelyhood that most lipoperoxides found in the spent

:
media of dosed cultures originated intracellularly+
Reports that cellular lipoperoxides disrupt biological
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membranes and increase their permeability (Chio et a1
1969, Mead 1976, Tappel 1975, 1980, Gavino et a1 1981c,
Morisaki et a1 1982b and Frankel 1984) supported the
transfer of these compounds into the incubation medium
through the plasma membranA, ego with p-LO, 60mg/l p-SSO
or 60mg/l p-FO supplementation, or as a direct result of
p-oil-induced cytotoxicity, ego with 60mg/1 p-MO, p-OO
or p-EPO dosage. Cellular peroxidising enzymes and FFA's
could also have been released into the culture medium
in this process, thus the possiblity that further FA
oxidation occurred extracellularly, and contributed to
the spent med ium 1ipop,eroxides measured, cou1d not be
ignored. Such may well account for the greater MDA
amounts found in the spent medium of cultures enriched
with 60mg/l p-OO, p-SSO or p-EPO, or 40mg/l p-LO than in
the cells themselves.

The quantitative variations in MDA levels found between
cultures incubated with identical p-oil concentrations
reflected the different p-oil FA compositions CTable
2.3.3.2.). This related not only to the amount of
unsaturated FA's present in any p-oil, but a7so to their
availability and susceptibility to oxidation. The small
lipoperoxide amounts induced with p-CO or p-MO dosage
reflected the abundance of saturated FA's in these
p-oils, and probably related to oxidation of their small
amounts of unsaturated FA's and/or cellular FA's
released during PGL turnover. The finding that p-bo 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 undergo oxidation (Frankel 1984),
implied that such was largely iipid-bound and thus not
readily accessible to oxidation, although lipoperoxide
release into the medium with 60mg/l p-OO supplementation
could explain the low cellular levels. The greater
lipoperoxide amount~ induced overall with dosage of
p-SSO, p-EPO, p-FO or p-LO than with p-CO, p-MO or p-OO,
was consistent with the pres~nce of larger amounts
polyenoic FA's in the former. The similar lipoperoxide
amounts p-EPO and p-SSO induced, which probably related
to oxidation of free LA, reflected their similar FA
compositions and ~ffect on cell viability. The similar
EFA levels present in p-EPO, p-SSO and p-LO (about
73% LA, 70% LA and 63% ALA, respectively) and greater
lipoperoxide amounts induced with dosage of p-LO than
p-EPO or p-SSO, however, indicated that ALA was more
susceptible to oxidation than LA, probably relatable to
the greater number of double bonds in ALA. The presence
of 5 double bonds in EPA compared to 3 in ALA implied
greater susceptiblity of the former to oxidation.
However, the considerably lower amount of EPA in p-FO
(about 18%) than ALA in p-LO was consistent with lower
lipoperoxide levels induced with p-FO dosage. Such could
a1so reflect a faster' rate or PGL cycling and therefore
FFA release into the cellular pool from membrane lipids
with p-LO incubation.



541

Total lipoperoxide formation by cultures supplemented
with p-oils was directly related to the amount of p-oil
dosed (Table 4.8.5.1.), a, generally inversely related
to changes in ~ell viability (Fi~s. 4.8.1.2-4.8.1.8.).
Thus. it was possible that lipoperoxides were involved
in the· modl,~-dtion of cell pro1iferation. The finding
that the greatest cytotoxicity 60mg/1 p-OO induceo did
correlate with the highest lipoperoxide amount found
<with 60mg/l p-LO dosage), however, indicated that other
mechanisms were also involved in the modulation of cell
growth. It was possible that the lipoperoxide levels
reported in dosed cultur9s induced cell damage/death
only once membrane fluidity had been significantly
altered. Thus; the ~odulation of cell proliferation with
p-oil supplementation may relate both to alterations in
membrane stability 8nd li~operoxidatiGn.

Control cat adipose cells produced a significant amount
of total eicosanoids, which accounted for approximately
50% of all lipoperoxides quantitated (Tables 4.8.5.1.
and 4.8.6.1.). This was rather surprising in the light
of the poor capability for p-oil desaturation rePorted
(Table 4.8.3.1.), but could well reflect a requirement
for ~ico~4noids in cat adipocytes, which may, for
example, relate to the control of lipid metabolism or
mobilisation of storred FA's (Mayes 1981). Control cells
indeed con~ ined PUFA's which were potential candidates
to ac~ as substrates for the formation of eicosanoids



542

(Table ~ ~1.), but the finding that the prostanoids

studied comprised only a fraction (19.3~) of the molar

amount quantitated indicated that these cells were

pr+imar-]lv involved in the making of other eicosanoiJs.

Prostanoid detection nevertheless supported cyc:lo-

oxygenase expression, and it was apparent that the

enzymic pathways for PGF~ biosynthesis were greatly
favoured over those involved in TXB~, PGlz or PGEz

production. Furthermore, the small PGE1 and PGDz amounts
produced by dosed cells~ but not in controls, suggested

that PGHI-PGEI and PGHz-PGDz isomerases were suppressed
or inhibited rather than absent.

Supplementation of cat adipose cultures with p-oils for

48 hours influenced the rate of prostanoid production in

these cells (Tabie 4.8.6.1.), but such was independent

upon the degree of p-oi 'j unsaturation or abi 1ity of the

p-oils to provide eicosanoid precursor PUFA~s <Table

2.3.3 •.2. ) • Iiiideed , incorporation of 20:4w6, the direct

2-series eicosanoid precursor~ with p-MO incubation, and

formation of t;he1-series precursor~ 20;3w6, from'18:3w6

incorpordted with p-~pn dosage (Table 4.8.3.1.), had no

significant effect un prostanoid production compared to

other p-oi 1s supplemented at the same concent~'at!'one ,

This phenomneon was also found with p-LO or p-FO dosage,

which contained significant amounts of 18:3w3 and 20:5w3

that normally inhibit 2-series prostanoid production

by preferentially occupying the active site on cyclo-
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oxypenase (Lands et a1 1973, 1977, Hamazaki et a1 1982_
Corey et al 1983, Fischer et al 1983. 1984 and Nassar et
a1 1987), The inability to induce significant changes

in TXB2, PGF~, PGI2, PGE2, PGE1 or PGDz levels with
do~age of different p-oiis at the same concentration
implie~ that exogenous FA's eer se had little effect on
prostanoid production, and detection of 20:4w6 and
smaller 20:3w6 levels in control cells (Table 4.8~3.1.}
rather supported endogenous PUFA utilisation for
prostanoid formation. On the other hand. the finding
that total prostanoid production was suppressed with
40mg/l p-oil, unaltered overall with 60mg/l p-oil. and
stimulated with 20mg/l p-oil, supplementation primarily

due to changes in PGF~, TXB2 and/or PGI~ levels, implied
p-oil concentration involvement in the modulation of.
prostanoid biosynthesis. This could have influenced
eicosanoid precursor availability or the expression of
enzymes involved in prostanoid formation from PGH. The
prostanoid changer induced with p-oil 9upplementation of
cells were nevertheless found not to correlate with the
changes reported in cell viability (Figs. 4.8.1.2-
4.8.1.8.), total protein (Table 4~B.2.1.), lipop~roxides
(Table 4.8.5.1.), or desatu~ation capability (Table
4.8.3.1.), This implied that while p-oil supplementation
influenced eicosanoid production, or the balance ~etween
individual prostanoid grQUps, the endogellowsly generated
prostanoids studied were probably not directly involved
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in the modulation of effects demonstrated. Indeed, this
mechanism could not explain the growth limitation and
cytotoxicity induced with p-oils rich in saturated or
monounsaturated FA's, which could not be metabolised to
eicosanoids. Alterations in membrane physical properties
and the generation lipoperoxides were proposed as more
likely mechanisms involved in the modulation of cell
proliferation.
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General Discussion.

The effect of p-oil supplementation on the viability
0f different types of cultured normal cat cells was
presented in ,th is chapter. The capab i 1ity of each ce11
type to incorporate~ desaturate and elongate FA/s~ the

~
formation of lipid peroxides and eicosanoids and the
possible roles these compounds played in the modulation
of cell viability, were also examined.

The cat is a model for many human diseases (O'Brien
1986), yet the literature indicates that relatively
little work has been conduc·t;ed in this species,
particularly with regard to lipid metabolism. The lack
of commercially available cat cell lines (Flow 1984 and
Gibeo 1984) possibly explains why tissue culture has not
been used as a tool to study aspects of lipid metabc:'lism
ih the cat in vitro. To the best of our knOWledge, this
study was the first to use a range of normal cat cells
in tissue culture to investigate the above param&ters.
This therefore permitted valid comparisons to be made
between different cat eel I types under standard
experimental conditions.

p-Oils had the capability to modulate cat cell viability
when dosed for 48 hour~, but the eff~cts induced and
magnitude thereof varied to a greater or lesser
extent bet;l..leendiffer'ent cat cell types. All p-oi 1s
were cytotoxic to cat erythrccytes and lymphocytes,
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except p-co which induced no effect on the
erythocytes. In general, suspension
erythrocytes and lymphocytes were killed

cultures of
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,
respect ive I y) , and endothe I iurn t ske 1 eta 1 mwsc 1 eo, lung
and s~,in cells only with high <sections 4.3.1, 4.4.1,
4.6.1 and 4.7.1, respectively), p-oil concentrations in
the range dosed. Adherent cells were thus more resistent
to cytotoxicity than suspension cultures. and such may
relate to the fact that the adherent cells used divided
in culture without prior sti~ulation. It was also
clear that the threshold for cytotoxicity varied with
different adherent cells. This was found to be relatable
to cell population doubling times (Table 2.3.1.1.) as
relatively slow dividing cells. ego brain and adipose,
required lower p-oil concentrations
limition and/or cytotoxicity than

to
ce11s

induce growth
with shorter

population doub ling times, ego lung and skin. The ~owe,"
cytostatic number established with faster, than with
slower, replicating eel1st was consistent with the
broader growth limiting range the former induced. This
range is nevertheless important and should always be
defined as it distinguishes the p-oil concentration(s)
which'induce mere growth limitation or cytostasis from
those promoting cell proliferation or cytotoxicity. In
this regard, the data presented therefore has practical
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applications for those wishing to modulate cell growth
with p-oils. single FA~s or other agents to achieve a
specific affect, and also allows for valid comparisons
to be made between cells of different growth rates.

Previous work from our laboratory showed that both w6
and w3 PDFA's were required for normal cat growth.
Feeding with diets deficient in either w3 or w6 PDFA's
limited the rate of growth signific£~tly, while the
poorest growth rate was observed when fed a diet
deficient both in w3 and w6 PDFA's (Davidson et a1 1989.
1990a). No consistent correlation between cell viability
and p-oil PDFA levels were found in the present study.
Dosage with low to intermediate concentrations of [,,;-oi1s
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 containing p-oils
enhanced cell proliferation significantly in numerous
instances, whereas such wac never mediated with p-CO
feeding. These findings therefore suggested a PUFA
requirement for normal proliferation of cat cells and
tissues.

The data presented supported the involvement of dietary
FA's in the modulation of· cat cell growth, a~d the
different cell viability ~hanges found between the cat
cell types studied to dosage with identical p-oils may
well relate to the different physiology of these tissues
in vivo. Careful consider~tion should therefore be
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given to the selection of cat tissues fo~ experim~ntal
purposes, and extrapolation of cell viability results
f~om 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 incorpo~ation of exogenous FA~s by cat
cells in vitro. The resulting FA modifications induced
in the Qells led to the proposal that differential
uptake of eXog4~nous FA"s caused alterations in membrane
physi~al properties such as fluidi~v, and this ws~
a mechanism whereby p-oils reduced cell viability,
particularly with high concent.rations in the range
dosed.

Total protein concentrations varied considerably between
the different cat cell types ~tudied (sections 4.1.~.
4.2.2, 4.3~2, 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 ao~tic endothelium_ intermediate in skin
and skeletal muscle, and lowest in lung ano brain
(475.3,424.4,304.5,300.1, 230.4 and 175.1pg/l06 cells
seeded, respectively). The finding that control adherent
cells exhibited markedly more protein than suspension
cultures of eryth~ocytes or lymphocytes (12.3 and 6.4pg
per 106 Cells seeded, respecti~~ly) could have related
to the abi1ity of the former to rep]icate in :culturt't
withQut prior stimulation. Control cell protein levels,
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however, showed' no clear correlation with the
proliferation rate of these cells (Table 2.3.1.1.1f and
probably reflected variations in morphology, physiology
and rate of protein turnover (Lehninger 1982) with cell
type in vivo. Tota1 prot~in measurement in dosed cells
reflected the relative changes induced in cell numb~r to
a gl"'eateror 1eSSt.;'1.'-<tent, but such a]so provided
evidence implicating exogenous FA involvement in the
s·timu1ation of
This varied in
FA composition
suggested that

protein synthesis in nucleated cells.
magnitude with cat cell type, p-oi1

and concentration supplemented. It was
absol~ ncreases in cellular protein

induced with p-oil dosage related to increased synthesis
of membrane proteins, particularly if the integrity of
such was threatened by growth limiting and/or Cytotoxic
p-oil concentrations. Inareased expression of lipid
metabolising enzymes were also proposed, although it was
apparent that such probably did not represent increased
desaturase and e10ngase enzyme production.

The FA spectra derived from the incubation of cat cells
with p-oils provided a means of assessing the capability
of those cells to desaturate and elongate FA;s. Studies
investigating the capability of the ~~stic cat to
desaturate ft~":Ji '<lve t;;.:~imarily been 1imited t·_) 1iver and
monitoring serum FA profi 1es subseque'ntto dietary oi1
or FA supplementation (Rivers et a1 1975a. 1976~ Frankel
et al 1978, Sinclair 1979h MacDonald et a1 1983a and
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Davidson et al 1990a). The present study, in contrast,
examined the in vitro desaturase capability of a variety
of cat tissues not previously examined by other workers.
Neither cat erythrocytes nor lymphocytes exhibited any
significant capability for FA desaturation or elongation
(Tables 4.1.3.1. and 4.2.3.1., respectively). Similarly,
no significant desaturase enzyme expression occurred
overall with p-oil dosage to cat skeletal muscle, lung,
akin or adipose cells, and PUFA metabolism was primarily
limited to elongation of 18:2w6, 18~3w6 and 20:5w3

(Tables 4.4.3.1., 4.6.3.1., 4.7.3.1. and 4.8.3.1.,
exhibited elongatlon,respecitvely). Cat brain cells

retroconversion, A8- and A5-desaturation, but not .d6-
or .d4-desaturation, potential (Table 4.5.3.1.), whereas
A8D, A5D, A4D and elongase, but not A6D, activity was
suggested in cat endothelial cells (Table 4.3.3.1.). The
above findings clearly demonstrated that desaturase
cascade enzyme capabi Iity varies between different cat
tissues. It also supported current evidence indicating
that the domestic cat is A6D-deficient (ev. Rivers et al
1975a, 1976, Frankel et al 1978 and MacDonald at a1
1983a). The results obtained by Sinclair (1979) after
supplementing cat diets with 18:2w6 similarly showed
that cat tissues do not exhibit significant A6D
capability, even in liver. When cats were fed diei..s
either sufficient in all PDFA's, or deficient in w6J w3
or all PDFA's, Davidson at a1 (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); this also

confirmed the lack or suppression of ~6D activity in

the cat. In contrast, A5D expression was demonstrated by

both Sinclair (1979) and Davidson et a1 (1989. 1990a),

although the presence or absence of J40 could not be

pro~an. There is evidence, however, that this species

probably has the capability to express both ~5D and ~40

(Kane et al 1981 and MacDonald et al 19838), although

enzyme activity appears to vary with

conditions.

experimental

The ~attern of radioactivity shown~with' [14CJ-18:2w6 or

[14CJ-18:3w3 dosage to cat lung, skin or adipose cells
(Tables 4.6.4.2., 4.7.4.2. and 4.8.4.2., respectively)

was consistent with impaired A6D capability, but

supported the expression of elongases, ~8D a~d A5D for

which adipose c~lls exhibited slightly greater potential

than skin or lung fibroblasts. When Sinclair et al

(1981) fed cats EFA-deficient diets, they detected

20:3w9 in various tissues and also proposed that such

was formed by an active A8D and ~5D. MacDonald et a1

(1983&) similarly demonstrated the capability of cat

liver to elongate 18:2w6 to 20:2w6 and desaturate such

to 20:3w6 via A8D when ssa was fed in the absence of

18:2w6 desaturation. Cat testes were also shown to use

the ~8D, rather than the ~6D, r....ute to convert 18:2w6 to

22:5w6 (MacDonald et a1 1984). This could well be a
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mechanism whereby the cat is able to form PDFA~s even
when EFA desaturation is impaired, and thus ~rovide
20:3w6, 20:4w6 and 20:5w3 as substrates for eicosanoid
production.

The more limited desaturation capability we found with
p-oil than single FA dosage in all cat cell types
studied indicated differences in the metabolism of
single and mixtures of FA~s, which probably related to
the mediation of competitive interactions between p-oil
FA's for such enzymes. Similar reactions probably occur
In vivo when cats ingest dietary oils, although FA's
of the same and different series/positions in the
clesaturase cascade, as well as the cellular demand for
PDFA's, will modulate desaturase/e10ngase expression,
the maximum potential which is genetically determined.
The fact that the cat cell types studied exhibited
different capabilities to desaturate and elongate PDFA's
implied in vivo dependence of some cat tissues on others
as a source of higher PDFA'sp particularly under

,
conditions of limiting dietary supply. Nevertheless, the
variations in desaturation capability found between the
cat cell types studied~ whether dosed with single FA's
or p-oils, may well relete to the di(Terent physiology
of these tissues in vivo •. Extrapolations 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
generate lipoperoxides. The&e compounds were absent from
r.ontrolerythrocytes (section 4.1.4)~ but were formed by
all nucleated contr61 cat cells, although relative
amounts were low in brain (O.lnmoles MDA/l06 cells),
intermediate in lymphocytes, lung, skin anJ adipose (0.3
to 60.4nmoles MDA/l0 cells). and greatest in skeletal
muscle and endothelium (0.6 to 0.8nmoles MDA/l06 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 liver
slhes (Richard ;~ a1 1989). These findings supported
variations in the rates of FA oxidation, the content of
vitamin E as cellular anti-oxidant and/or the efficiency
of enzymes such as catalase, peroxidase and superoxide
dismutase in the removal of different species of
activated oxygen that promote lipoperoxidation between
different cat tissues. The fact that control cell lipid
peroxide concentrations showed no clear correlation with
the total unsaturated FA contents or population Joubli~g
times (Table 2.3.1.1.) of these.cells, however. could
well have related to the different physiology and rates
of PGL turnover with cell type <Lehninger 1982).

Incubation of cat cultures with p-oils for 48 hours
induced the formation of lipoperoxides from exogenous
unsaturated FA"s, although the magnitude thereof onCe
again varied quantitatively between the different cell
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types studied even when identical p-oils were dosed.
Lipopero~ide concentrations greater than 5nmoles MDA/106

c~lls were rarely found in dosed adherent cells or the

corresponding spent medium (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.), w~ile the

range was considerably wider (0 to 73nmoles MDA/106

cells) for dosed erythrocyte or lymphocyte cultures

(Tables 4.1.4.1. and 4.2.4.1.). The overall increment in

cellular lipopero.ide formation found when cat cultures

were enriched .lith ir«; 'eas )g amounts of p-oi1 supported

exogenous FA incorporation from the growth medium. The

variations found in lipoperoxide concentrations· between

the dosed cat cell types studied, hcuever-, could have

related to alterations in the rate of cel1ula~ FA

uptake and release induced with p-oil supplementation.

p-Oil-induced lipop~roxidation was also shown to relat.e

to the amount ~f unsaturated FA's present in the p-oils

(Table 2.3.3.2.) and their susceptibility to oxidation1

dependent on FA structure and avai 1...)~1 : ty of these

moieties in the free form. These factors could indeed

explain the greater lipoperoxide amounts induced in all

cells with dosage of p-FO or p-LO than other p-oils. The
evidence we presented in this chapter indicated that the
p-oils induced the spent medium lipoperoxides found

occasion~lly in dose~ cultures, but that these compounds

larg~ly originated intracellularly and were released a$

a result of p-oi·l-induced cytotoxicity or increased

plasma membrane permeability. Both intracellular and
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ext~ac.llular lipoperoxides could ne~ertheles$ have
induced cel1ula~ damage, and the involvement of these
compounds in the modulation of cell viability was
proposed.

Eicosanoid quantitation supported the ability of cat
lUng, sk1:1and adipv::lece lls to generate such compounds
(Tables 4.6.6'\j 4.7.6.1 and 4.8.6.1, respectively).
This correlated with the detection of 20:4w6, 20:3w6 and
20:5w3 in control cells as eicosanoid precursors (Tables
4.6.3.1., 4.7.3.1. and 4..8.31' It respectively). It was
also possible that
provided 2- and

22:4w6 and 22:5w3 retroconvers.ion
3-series eicosanoid ~ubstrates,

respectively, particularly since PDFA for-mation was
limited by impaired A6D expression. We showed that total
molar eicosanoid production varied considerably between
different cat CQlls, being gre~test for control adipose,
while skin and lung formed considerably smaller amounts
(208.0, 80.5 and 32.9pmole~·106 cells, respectively).
The'finding that these cells produced similar amounts of
1ipid peroxides (0.3 to 0.4nmoles r-1DA/106cells) thus
implied greater potential tc synthesise 6'lcosanoids in
cat adipose. than in skin or lung under the experimental
conditions used. This probably relat~d to thf:different
physiology, eicos~noid requirements, and activities ~f
enzymes involved in eicosanoid formation/inactivation
between such cells. The lower mo totreicosanoid amourrce
generated by lung than skin or adieoee co lLe could a.190
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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
re 1R,tive amounts of PGI2. , TXB2 , PGF0:and PGE~ they
formed (Tables 4.6.6.1.~ 4.7.6.1. and 4.8.6.1.), and it
was appprent that enzymic pathways for the synthesis of

1XB2 in lung and skin fibroblasts, and PGFo: in adipose
cells, were preferred to that of other prostanoids. This
implied differences in the expression and activity of
enzymes involved in prostanoid synthesis between cat
tissues and/or modulation by other eicosanoids. PGE1,
for example, is partly responsible for the control of
cAMP levels, a potent inhibitor of phospholipase and
thus AA release (Feinstein et al 1977, Minkes et a1 1977
and Horrobin 1980b). Low PGE1, as a res~J1tof impaired
LA deseturation for example, will cause low cAMP levels,
and thus increased AA mobilisation. As control lung,
skin and adipose cells did not produce PGE1, such may
explain the production of 2-series prostanoids (Tables
4.6.6.1.1 4.7.6.1. and 4.8.6.1.). In the light of this
phenomenon, it was possible that n greater proportion of

the PGFo:fraction detected in tt~se cells was composed
of PGF20:rather than PGF10:.

C~t 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 incubated suggertec a pr~ference for
certain p-oil <,_,ncentrations to tiel~ct'±velymodulate
enzyme act ivi tiy involved in th.:!s)'11thea!$of these
compounds. The finding that the modulation of prostanoid
production did not cor-r-e lace with p-oil FA composition,
however, suggested sufficient endosenous PUFA's in the
precursor pool, or an unavailabili~y of incorporated
p-oil FA's, for prostanoid ~roduction. The prostanoid
profiles of dosed cat lung, skin and adipose cells also
showed no p-oil concentration dependent corre16tion with
cell viability, desaturation capability or lipoperoxide
production, thus we proposed that the endogenously
produced prostanoids studied were not directly involved
in, or responsible for, the effects induced with p-oil
supplementation; these compounds may rather be involved
in the overall regulation of cellular metabolism.

To sum up, compa~ative data on a range of cell
parameters for different cultured cat tissues were
presented in this chapter. We showed that control cells
from different cat tissues varied with respect to their'
rates of cell proliferation, FA and eicosanoid profiles,
total protein concentrations, and molar' lipoperoxide and
eicosanoid production. In addition, variations in cell
viability, total protein and lipoperoxide formation, FA
and eicosanoid profiles,' and desaturation capability
were demons·trated between different cat cells dosed with
p-oils, although the impairment of A6D expression was
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common to all cat cells studied. The data implied that
variations in FA metabolism between different cat
tissues were important in the modulation of the effects
reported. Care should therefore be taken when selecting
cat tissues for experimental purposes, and extrapolation
of findings from one cat cell type to another should be
avoided to ensure valid interpretation of data.
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5.1 THE EFFECTS OF PSEUDO-OILS ON
ERYTHROCYTES.

HUMAN

Effects of pseudo-Oils on Cell Viability.

Microscopic examination showed the human erythrocyte
cultures to be free of any white blood cell or platelet
contamination. Most cultured erythrocytes retained their
bicor~ave disc shape, although a small proportion lost
this characteristic after 2 days culture. In addition.
10% to 20% of erythrocytes lost their distinct -red"
colour after 48 hours in culture and became difficult to
visualise. Hence, only erythrocytes which retained their
pigmentation were regarded as viable, normal and
representative of the situation in vivo~

The results obtained from,the investig\ation of the
effects of 0 to 250mg albumjn/l growth medium showed
no siGnificant effect on erythrocyte viability (Fig.
5.1.1.1.). The effects induced with the dosed p-oils
were therefore a result of the exogenous FA's, and not
the albumin used as FA carrier.

Erythrocytes do not divide nor require tryps~nisation.
thus no 24 hour post-trypsinisation r:e~;overyperiod was
needed. Erythrocytes were dosed immediately subsequent
to plating, hence the seeding concentration was the
cytostatic number.



Legend to Figs, 5.1.1.1-5.1.1.8.

The results are expressed as mean percent (%) cell

viability±standard error of the mean (s.e.m.), where "n-

is the n4mber of experiments., The concentr~tions given

are as mg albumin or pseudq-- il per litre of growth

medium. Fig. 5.1.1.1. shows the mean percent cell

viability v~rsus the albumin concentration (mg/l)t and

Figs, 5.1.1.2-5.1.1.8. depict the mesh percent cell

viabi'lity versus the pseudo-oil concentration !mg/l).



Fig. 5.1.1.1.
1he percentage viability of human erythrocytes incubated
with albumin.
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Fig. 5.1.1.2.

The percentage viability of human erythrocytes incubated
with p-CO.
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The pet"centage viabi 1ity of human erythrocyte;s incubated

with e-MO.
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The percentage viability of human erythrocytes incubated
with p-OO.
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Fig. 5.1.i.5.t,
The percentas. .1abi 1i ty of human eryt,!;lrocytes incubated

with p"'SSO.
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The percentage viabi 1ity of human er"ythrQcyte= incubated

with 2-LO.
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The percentage yiabi 1:i:t:t: of human erythrocyte;. ..incubated

~itb p-EPQ.
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The perc§ntage viabilit~ of hyman erythrocyte= incubatgd
with p-FO.
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The results obtained from the incubation of erythrocytes
with p-oils are shown in (Figs. 5.1.1.2-5.1.1.8.). All
p-oils induced hemolysis, although the effects were more
pronounced overall with unsaturated than saturated
FA-rich p-oils, especially at high concentrations in the

range dosed. IDso values ranged from 45 .to 55mg/l with
P-OO. p-SSO, p-LO, p-EPO or p-FO dosag€, while those for
p-CO and p-MO were higher (67 and 63mg/', respectively).

Dosage with up to ZOmg/l p-CO had little effect on human
erythrocyte viability, but higher concentrations induced
~ rnolysis such that viability was 74.1% with 60mg/l p-CO
and 37.5% with 70mg/l p-cr (Fig. 5.1.1.2.), Similarly,
p-MO dosage prOGressively reduced erythrocyte viability
to 25.1% with a concentration of 70mg/l (Fig. 5.1.1.3.),
However, both p-CO and p-MO induced no further hemolysis
with concentrations greater than 70mg/] as erythrocyte
viability ranged from 38.4% to 44.7% with p-CQ, and
23.9% to 25.9% with p-MO, dosage. These p-oils induced
similar effects, although p-CO was less cytotoxic than
p-MO with all concentradons tested. On the other hand,
p-OO dosage progressively reduced the number of viable
rrythrocytes to 78.9% with 40mg/l_ 24.2% with 70mg/l and
9.6% with lOOmg/l (Fig. 5.1.1.4.),

p-SSO, p-LO and p-EPO had little effect on erythrocyte
viability with a concentration of 10mg/l, where~s slight
hemolysis was induced with amounts of'20 to 40mg/l since
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80% to 90% of erythrocytes were viabile. However, this
was dramatically reduced with higher con~~ntrations to
yield
60m9/1

17.6%. 9.2% and 4.8% viable erythrocytes with
p-LO, p-SSO or p-EPO dosage, respectively, and

Trypan blue uptake was practically 100% with additi0~ of

100~g/1 p-oil. The lDso values of p-SSO, p-LO and p-EPO
(approximately 48mg/l, 50mg/l and 48mg/l, respectively)
correlated with the similar effec~s these p-oils induced
(Figs. 5.1.1.5-5.1.1.7.).

Dosage with up to 40mg/l p-FO had no marked effect on
erythrocyte viability, but 50 and 60mg/l p-FO induced
extensive hemolysis and reduced cell viability from
79.0% to 21.9%, respectively (Fig. 5.1.1.8.). Hemolysis
was increased with higher p-FO amounts dosvd so that
practically 'illerythrocyt~s were hemolysed with 100mg/l

p-FO.

Subsequent to these studies, human erythrocytes were
plated and dosed appropriately with 0, 20, 40 or 60mg
p-oil/l culture medium in sufficient quantities for all
the quantitative and qualitative analyses to be carried
out. Cell viabilities 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 ~ssays
were thus performed on these samples.
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5.L2 Effects of pseudo-Oi 1s on Tota 1 Protein.t.

'(he tota 1 protein concentrations of human erythrocytes
dosed with 0, 20. 40 or 60mg/l p-oil are shown in Table
5.1.2.1. as ~g total protein/l0~ cells seeded.

26.4~g total protein/lOs control erythrocytes seeded was
measured, whereas amounts in dosed erythrocytes were
similar to, or lower than. control levels and ranged
f ....om 2.9 to 28.4~g/106 ce 11 s seeded !>tinduced with 60mg/l
~-EPO and 40mg/l ~-FO dosage, respectively)~ Erythrocyte
protein concentrations were parallel to, or slightly
below, control levels with 20mg/l p-oil supplementation,.
but decreased overall with in~reasing amounts of p-oil
dosed. The smallest change in erythrocyte protein was

.: '/

induced with 20, 40 or 60mg/l p-CO dosage (27.2, 24.8
and 20.9~g/106 cells seeded), while the reduction in
erythrocyte protein was more extensive with dosage of
unsaturated FA-rich p-oils at a concentration of 60mg/l

(2.9 to B.9pg/l06 cells seeded).



Table 5.1.2.1.
The protein content of human,erYthrocy~~s. expressed as

Mg tQtsl protein/lOs cells seeded~

I }}
I

pseudo- CELLS
Oil

(m~/l) 0 20 40 60

Control 26.4
CO 27.2 24.8 20.9
MO 23.6 23.4 16.6
00 20.6 19.0 8.9
SSO 27.3 24.9 3.6
LO 23.9 21.7 5.6
EPO 21.8 21.4 2.9
FO 21.5 28.4 6.2

I
--L
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5.1.3 Effects of pseudo-Oils on the Fatty Acid
Spectrum of Human Erythroc~tes.

Table 5.1.3.1. shows the FA spectra of human
erythrocytes dosed with 0, 20, 40 or 60mg/l p-oil.
Erythrocyte FA's contributing at least 5% to the profile
in control cells included 16:0 (8.9%), 18:0 (5.2%),
18:1w9 (6.0%), 22:4w6 (55.0%), 18:4w3 (5.6%) and 20:4w3
(10.5%). These FA's were detected in varying amounts in
dosed erythrocytes,

16:0 and 18;lw9 levels were significantly greater in all
dosed erythrocytes than in controls, and this generally
applied for 18:0, while the converse was generally true
fOI~ 16:1w9. 18:2w6 proportions were generally increased
in dosed erythrocytes, but w6 PDFA levels were parallel
to, or lower than controls. 22:4w6 percentages were
particularly decreased with increments in the amount of
p-oil dosed. w3 PUFA levels 1n dosed erythrocytes
generally approximated to controls or were significantly
decreased.

Erythrocytes dosed with 20, 40 or 60mg/l p-CO showed a
marked increased in 16:0 (42.0%, 45.2% and 55.6%,
respectively vs 8.9% in controls). 18:0 levels increased
about 2 fold (9.3% to 10.0% vs 5.2% in controls), and
18:1w9 increased 2 to 3 fold (15.8% to 17.3% vs 6.0% in
controls), but 16:1w9 and all PUFA levels were parallel
to controls, or significantly decreased.



Legend :toTable 5.1.3.1.

All values are tabulated as relative percent total area.
Control values are reported as mean±s.e.m., where "n" is
the number of e!~vriments. "[p-OilJ" refers to the
pseudo-oil concentr~tion used.



Table 5"1•3~1.~

The Tatty acid spectrum or. human gL~throcytes.

lFATTY AACCflIO)lI--(C:COlNN~TRruO)lL]S;-::-~C~p;-~cijOJJ---:---CC;p~-M~O~Jr---:-~(~p;-~QQOJr---:--~c~p=-~s~SO~Jr-~--~~-~--~------·~--------~------SPECTRUM ..1 (mg/1 ) (mg/l ) <"mg/l ) Lp-LOJ Cp-EPOJ Cp-FOJ
(~._) 60 20 40 20 40 (mg/l) (mg/l) (mg/l) (mg/l)

(n=3) , 20 40 60 I 60 20 40: 60 I 20 I 40 I 60 20: 40 : 60 20 I 40 : 60 :
I I I I I,

I

S :'16~0
A
T 18:0
U
R 20:0
A
T 22:0
E :
S.: 24:0

9.9±0.00

5.2±0.15
0.5:1:0.00

0.1±0.00

I I " I I I" t I I
I I 'I I I I I I : : I t I I I I I I

42.0:4$.2~55.6:32.5132\6:32.9~15.8:16.4:14.3:12.9; S.4127.8125.0123.8i27.6i17.3:23.8'36.aI4c.0131.4131.9:
I I' 'I I I J I I I I I I I I I t

9.3:10.0: 9.4:16.S'H19.1!16tll 6.,91 3.5: 3,,8: 7.11 ..3.1110.4l:1.03: 7.8: 6.2;12.0116.2i16.3i 8.9: 4.0; 3.21
, " ': • I- i 0.2; - i - : 0.2; - I 0.31 -; - I Of4! 2.1:

0.11 -: 0.11 0.2: 0.11 0.21 0.11 0 2:
I I , • I
I I I I

I0.11 0.6: - I 0 2' 0 7'• I • I

I
i

1.5::
I
I ~: : I :

w9 16:1
M
o 18:1
N
o i 24:1
s. :

i'
t
I

:1.• 0;(:0.00

6.0±Ot05

: : I : I :
: 1.1: 0.61 0.81 2.3: 0.51 0.51

I I I I I I I I I
I I I! I I I I I : : : : I : : : :
116.9115.8:17.3121.4125.1:30.6[28.7:38.4 38.2114.5113.7:29.4119.2126.0125.0:13.4111.6118.8115.1:21.2:22~01

I I I
I I I
I
I

I ,
I r

0.21 0.11
I
I

o.r:
I
Io.s:

I I I I I I
I I , I I I

O.S: O.lt 2.5: ~.3: 0.4110.8127.3128.6:

- :
I
I

I I
t I

I
I

Iw6

18:2
18:3
20:2

1.5±0.00
I,

6.4:

: !:to<: 1 I : I :
0.4l 2.0: O.2t 0.3: 0.6: 0.1: O.S: 2.4: 0.71 0.8: 4.51

I I
I J

I I I I :~ __ ~ ~ ~ __ ~I I I ,

-:- I , I I I : 1
I I I I I

o .2: 0.2: 0.2: 1. 3: 0 .41 0 .2 : I O.1: I 0.31 1.8115.3:22.0:
I I " I , I , I I
I I I " I I I

0451 2.11 0.2: 0~4: 1.51 0.2: 0.81 2981 0.71 0.71 5.6: 0.•6: 0.5: 1.3: 0.2
I I I I I I II: I I I : I I I I I I :5

2.0: 3.6: 1.5: 1.9: 2.3: 0.6: 5.5: 5.0: 3.1: 4.11 9.2: 3.5: 3.3: 1.9: O.
I
I

- 1
I I
I I

-: -: 0.1: -:
I" I I
I I I

- : c.r: 0.1:

p
o 20:3
L
Y 20:4

O.l±O.OO
1.010.05

55.0±4.65
.:!: I
..,. I

22:4
22:5 4.4±0.30

18:3 O.2±0.OO
5.6±0.30

10.5±1.80

I
I

Iw3 18:4
-I,

P 20;4
o
L 20:5
Y :
S.: 22:5

22:6

,
f

2.0: 1.6: 1.2:
:: I I : 1

6.2: 9.61 2.6: 1.5! 1.4: 3.1: 1.8: 6.6: 3.4: 9.6 11.61 1.7:
, I
I I

4.5: 3.81 5.0:
,,

3.31
, - I
f"\. I

." II --.

I
I

- :
I
I

"

I

I
I

0.11
I
I

loll

I
I

0.21
I,

- l . -: -:
I I I
I I I

0.1: 0.6: 0.6:

._ :
I
I

0.21
0.11

I
I
I
I

I
I

0.21

I
I

0.11
I
I

0.7:

I,
I
I

0.3: :
I I I
, I I

0.51 0.4: 0.4: 0.71 0.6:

I,
I
I

0.21I,
I
I
f
I

I : I: I
:26.1:18.3113.2118.8111.2:

I I
I I

0.3: n.r: o.a~ -:: -:
I I I I I I
I I I I I I

5.8147.6129.0119.7 14.91 5.91 4.5:

,
I

I I I I
I I I I I

28.7137.1:54.0131.0120.4135.5112.6:
I I I
I I ,

0.7: 0.4: 0.8: 1.3: 0.41
8.1:37.2

I I
I I

0.1: 2.3: 2.1 0.610.6
t I I"-t... ..'__n I I

I I
I ,

0.3 1 0~3: 0.4:
,: .:: ::

1.0~ 4.41 0.8: 1.0: 0.81 0.21
: : I : : :

1.01 7.4: 0.61 1.81 1.2: 0.5'
I
I

- I
I
I

0.11

I
I

- I

I ,
I I

0.2: 0.91
I
I

0.21 - I.... :
I
I

O~l: I I
I I
I I
I I

0.2: 0.3:
- :

I
I

0.11I
I

0.11
I I
I I

0.11 0.1:
I
I

- I
. I
I



Tab1e :S.1.3.1. II
1/
II

]be fatty acid spectrum of. human erythroc~t~e.

IFATTY ACID
: SPECTRUM .J 1

r

: (%) (n=3): 20
I I I I~~--------j_~~----------_j'~~--~--~~----~'----~----~--~~~--~----~--~~--~--~~-----7--__-. ~--~I~--~----~----~----~----_.----~

:: ::: I 1 I J
'42.0'45.2'55.6 3:.5:32.6:32.9115.8,16.4:14.3:12.9: ·,5.4:27.8:25.023.8'27.6:17.3123.8136.4 40.0131.4:31.9:

I I I 1 I I I I I I I I I I
I I I I I I , 'I I I I , ,

9.3:10.0: 9.4 16.5 19.1116.1: 6.9: 3.5: 3.8: 7.1: J.1110.4110.3 7.8: 6~2112.0:16.2l16.3 8.9: 4.0: 3.21
s :.16:0
A
T 18:0
U
R 20:0
A
T 22:0
E :
s.: 24:0

I
I

Iw9 16:1
M'
o 18:1
N
o 24:1
S. I

18:2
I
I

I
I

Iw6
18:3
20:2

po 20:3
L
Y 20:4
S. :

22:4
22:5

CONTROLS

8.9±0.00
5.2±0.15
0.5±0.00
O.l±O.OO

[p-COJ
(mg/i)

40
[p-QOJ
(mg/l)

40 60
LP-SSOJ
(mg/l)
40 60

[p-MOJ
(mg/l)

40 f 60

[p-LOJ
(mg/l)

20 : 40
t:p-FOJ
(mg/l)

40
[p-EPOJ
(mg/l)
40 6060 202060 20 60 2020

I
I

- : 0.2:
I,

- : 0.31
I
I

0.21 0.2:

I
'1- : 0.4:

I
I

2.1:0.21 - II

0.1: -: 0.1
I
I

0.2: 0.2: 0.1
0.2: 0.1:

I
I

0.1: 0.6:
I
I

1.51

0.1:
I •
I j

0.2: 0.7:

1.0±0.OO

I I
I I

I I I I I I I I ., I , ,
I e I.! I, I' ttl

6.0±O.05

1.5±0.00

O.ltO.OO

1.0±O.05
55.0±4.65
4.4±0.30

I I I I I I I I I I I I I I
I I I I I I I I, I I' , J

: 0.2: 0.11 0.11 1.1: 0.6: 0.81 2.31 0.5: 0.5: 0.81 0.3 0.1: 2.5: ~.3 0.4'10.8:27.328.GI
I I • I f I I ~ f , S I I I
" I 1 1 , I ,. I I I 1 I'

116.9:15.8:17.3121.4125.1'30.6128.7138.4138.2114.5:13.7:29.4:19.2!26.0,25.0113.4 11.6 18.8115.1:21.2 22.0:

1.21 6.1:

-: I
I I J I I I
i I' , 1 I I

I 1 : ' : I I I I : :7---~--------~------~--~--~----~'~--~·----~----~--~~:----·~I~--~:~---7I----_I~I----~I~--~----~----~:~--~:----~I-----~----~----~:----~I----~I~--~I
I ii' 1 I 1 I' I I I 1

6.2: 9.6: 2.61 1.51 1.4: 3.1: 1.81 6.6. 3.4: 9.6111.6: 1.7 3.3, 4.51 3.81 5.0: 6.41
I
I

0,1:
I
I

0.2: -: -: -:
I I
I 1

0.1: 0.6: 0.6:0.2 - I

0.5
0.2: 0.3,

I

0.41 0,.4

I
I

: 0.21 0.11
I , I
I , t

0.7: 0.6: 1.1: : 0.3: 0.1: 0.8l
: I : I : : ,. : :

8.1137.2/28.7137.1154.0131.0'20.4135.5:12.6:
- :

I,
5.91 4.5:

0.1: 0.7: 0.1:
I I
I 1

: -:
!. I
I I I 1

5.8:47.6129.0119.7114.91
I I
I ,

126.1 i8.3113.2 18.8:11.21
: f:' I

0.4 2.0: 0.2I 0.3: 0.6: 0.1
I I
I ,

0081 2.4: 0.7: 0.8 4.5,
I,
I

I ", J I
I I I 1 I I

0.7: 0.4: 0.8: 0.1: 2.31 2.11 0.6: 0.6: 1.3: 0.41
I
I

I
1

18:3 0.3
I
I

Iw3 18~4
P 20:4
o
L : 20:5
Y :
S.: 22:5

22:6

0.2±0.00
5.6±0.30

10.5±1.80

0.2±O.25

I
I·

0.21 0.2' 0.,2:1.3: 0.4
I
I

0.5: 2.1 0.2: 0.41 1.5
I
I

1.5: 1.91 2.3

1
I

I
I

I
I

0.8:

I
I

0.11
I I
1 I

1.8:15.3122.0: 0.51 0.2
I
1

0.1:
I
I

0.3: 0.40.2 I
I

I,
0.8: 1.0: 0.8: 0.20.•6

I 1 I
I I I

0.51 1.3: 0.21 1.0: 4.4
I

0.21 2.8: 0.7 0.7 5.6
1 I I
I I I

0.61 5.5: 5.01 3.1
I I 1
I I 1

3.3: 1.9: 0.5: 1.02.0' 3.6 7.4 0.6: 1.8: 1.2: 0.54.1 9.2: 3.5
- :

I
I

0.11
I
I

0.1:

~.:
I
I

0.1:
I I
1 I

0.1: 0.1:

I
I

iJ~21 ,. ~ :
I
I

0.11 I

I
I

0.2:

0.21 0.9 1.2
I,
I,
I
I,
I. ,
I

.. I
I

0.11 0.1 o 1 0.1



Ii
II

565

FA analysis of er,ythrocytes dosed with 20, 4f.or 60mg/l

p-MO showed increas&d levels of 16:0 (32.5%. 32.6% and
y vs 8.9!~ in controls>, 18:0 (16.5%,

19.1% and 16.1.%, resp~·ctively vs ~.2% ir~controls) J and
18:1w9 (21.4%~ 25.1% and 30.6%, respectively v~ 6.0% in
controls), but practically no 16:1w9 was detected. With
the exception of ~.ncreased 18:2w6 (6.1% to 9.6:% vs 1.5%
in controls> and 18~3w3 with 20~g/1 p-MO (1.3% vs 0.2%
in controls), all PDFA amounts approximated to controls
or were significantly decrea&ed.

16:0 and 18:1w9 incorporations were increased with 20,
40 or 60mg/l p-OO incl.ibatic,"\(15.8%, 16.4% and ~4.3%,
and 28.7%, 38.4% and 38.2% vs 8.9% and 6.0% in controls,
respectively)s while 18:0 and 16:1w9 percentages were
decreased overall compared to controls (5.2% and 1.0%,
respectively). No significant increments in PUFA levels
were detected, and these were largely considerably lower
than in control cells over the entire range dosec!.

p-sso ~osage induced increments in 16:0f 18:0 and 18:1w9
(12.9% to 27.8%, 7.1% to 18.1% and 13.7% to 29.4% vs
8.9%, 5.2% and 6.0% in controls, re6pe~tively), but
no marked changes in 16:1w9. Surprisingly, 18:2w6 levels
were low (3.1%~ 1.8% and 6.6% with 20, 40 and 60mg/l
p-SSO, res[.:iectivc.dyvs 1'.5% in contt~ols)~ and no 18:3w6

or 20;41.1)6were found. 22:4w6 1e.yel$ mirr·ored controls
(55.0%) with supplementation of 20mg/l p-SSO (54.0%),
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but decreased significantly with 40 and 60mg/l p-SSO
(31.0% and 20.4%, respective1y). The 1eve1s of a11 other

I

PUFA's were parallel to, or lower than~ ~ontrol levels.

Dosage of .rythrocytes with p-LO resulted in increased
levels of 16:0, 18:0 and 18:1w9 (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, respectively). No significant increru0nts in
PDFA's were found, however, despite 18:2w6 and 18:3w3
uptake (3.4%, 9.6% and 11.6%, and 1.8%, 15.3% and 22.0%
with 20, 40 and 60mg/l vs 1.5% and 0.2% in controls,
respectively).

Erythrocyte 18:2w6 incorporation was low when dosed with
20, 40 or 60mg/l p-EPO (1.7%, 3.3%, 4.5%, respectively
vs 1.5% in controls). No significant increase in 18:3w6,
20:3w6 or 20:4w6 occurred, and there was a marked
reduction of 22:4w6 (47.6%, 29.0%, 19.7%, respectively
v~ 55.0% in controls). w3 PUFA proportions were not
significantly greater than in controls, but the converse
was found for 16:0, 18:0 and 18:1w9 (17.3% to 36.4%,
12.0% to 16.3%, and 11.6% to 18.8% vs 8.9%, 5.2% and
6.0% in contr01s, respectively),

"
Erythrocyte ~osage with 20, 40 or 60mg/l p-FO induced
marked increments in 16:0 (40.0%, 31.4% and 31.9%,
respectively vs 8.9% in controls)~ 16:1w9 (10.8%, 27.3%
and 28.6%, respectively vs 1.0% in controls), and 18:1w9

(15.1%, 21.2% and 22~0%, respectively vs 6.0% in undosed
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cells). but not in 18:0 (5.2% in controls). Small 18:2w6
and 20:5w3 amounts were found (3.8% to 6.4% and 0.2% to
1.2% vs 1.5% and at in controls, respectively), blt all
other PUFA proF)ortions were par-al]e1 to controls, or
considerably decreased.
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5.1.4 ~ffects of pseudo-Oils on "~ieid Peroxide
Format iQ..Q..!.

The 1ipOP'ercxidesmeasured in human er;ythrocytes and
their respective spent incubation media after 48 hours
incubation with 0, 20, 40 or 60mg/l p-oil are shown in
Table 5.1.4.1, The data is expressed as nmoles MOA/iOG
cel1~, but in the case of the spent media, this
represents the nmoles of MOA in the volume of m~dium
frem whi~h lx106 cells were obtained.

No Iil?operoKides were found in control ery·throcytes, or
Iin those dosed with p-CO or p-MO, while small amounts

were induced with 40 and 60mg/l p-OO (0.2 and O.7nmo1es
MOA/iOG cells, respectively). However. lipoperoxidation
increased when p-oils containing significant amounts of
PUFA's were' dosed. p-EPO and p-SSO induced identical
~ipoperoxid. amounts with a concentra~ion of 20mg/l, but
levels were greater with 40 and 60mg/l p-EPO than p-SSO

.(0.11 1.5 and 4.3 vs 0.1, 1.0 and 2.4nmoles MOA per lOG
cel1sf respectively). Dosage with p-LO or p-FO, however~
induce~ the largest overall amounts of lipid peroxides
(0.7, 5.1 and 6.2, and Ot 3.6 and 8.6nMol~s MDA per lOG
cells with 20,40 and 60mg/l, respectively).

No lipoperoxi~es were measured in spent control medium~
or in that derived from cultures incubated with p-CO,
p~MO or P-OO. As with the erythrocytes themselves, spent
medium lipoperoxides were measured with p-8S0, p-LO.,



lab 1e 5. 1.4 •i,.!.

Lipoperoxide formation by human erythrocyte cultures
incubated with p-oilsa exeressed as nmole§ !-twA/iOG c.§_11s.



569

p-EPO or p-FO incubation. The largest amounts of media
lipoperoxides were quantitated with 40 and 60mg/l p-LO

•(29.9 and 77.1nmoles MDA/l0s cells, ~espective1y), and
62;t'~/1 p-EPO C35t3nmoles MDA/l0s cells), while markedly
lower concerrer-aeIona were found with 40 and 60mg/i p-FO
(6.4 and 6~8nmoles MDA/l0s cells respectively), and
60mg/l p-SSO (3.2nmoles MOA/10s cells).
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5.1.5 Discussion.

p-Oi] supplementation of human erythrocytes induced
hemolysis and decreased the number of viable cells .1n
every instance, although the extent thereof varied
with p-oil (Figs. 5.1.1.2-5.1.1.8.). The more extensive
hemolysis induced with incubation of p-oils rich ih
unsaturated, than saturated, FA~s appeared to relate
partly to p-oil PUFA levels (Table 2.3.3.2.). Hemolysis
was least with p-CO (O% PUFA's). and greatest with
p-EPO, p-SSO or p-LO (70% to 90% PUFA~s), dosag&, thus
an increase in the percentage of total p-oil PUFA's

,
was consistent with an overall increas~ in the extent of
hemolysis induced. Indeed, the presence of approximately
1G% PUFA;s in p-MO was consistent with the slightly
greater amount of hemolysis induced than with p-CO
dosage, although the large amount of saturated FA~s both
in p-CO and p-MO possibly explains the similar patt~rn
of hemolysis these p-oils induced. The slightly greater
amount of hemolysis induced with incubation of p-·EPO or
p-SSO (rich in LA) than with p-LO (rich in ALA) did not
necessarily imply that LA was more effective than ALA in
mediating hemolysis, since slightly greater amounts of
LA were present in p-EPO and p-SSO (about 70%) than ALA

•in p-LO <about 63%). On the other hand, the similar
changes induced in erythrocyte viability with" p-EPO or
p-SSO dosage were not surprising as the FA compositions
of both p-oils were similar. These changes probably



571

related to the large amount of LA present, whereas
the slightly greater extent of hemolysi~ induced with
p-EPO than p-SSO 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-oils induced,
but the possibility that synergistic and antagonistic
interactions occurred between p-oil FA's and contributed
to the changes observed could not be ignored~\

The exact mechanism(s) responsible for the erythrocyte
viability changes reported are not fully understood, but
studies have demonstrated an increase in the degree of
unsaturation of human erythrocyte PGL's when moderate
amounts of cod-liver oil were fed, which was indicative
of increased plasma membrane fluidity (Popp-SniJers et
a1 1984). Subsequent studies by the same group examined
erythrocyte membrane lipid composition, fluidit)f, and
flexibility 8 weeks after the diets of human subjects
had been ~upp1emented with 3g of both EPA and DHA per
day (Popp-SniJders et a1 1986a). Suprisingly, no change
in membrane fluidity or viscosity of erythrocyte
suspensions were shown, despite an increased degree
of unsaturation both in the phosphatidylcholine and
phosphatidylethanolamine fractions. It was proposed that
the changes induced were counteracted by alterations
in PGL class distribution, thus resulting in overlal1
maintenar.ce of membrane fluidity. However, erytht"ocyte
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deformability increased when subjects were fed 75-100g
fatty fish/day for 4 weeks (Popp-Snijders et al 1986b).
This supported earlier studies which similarly reported
that altering the FA composition of human erythrocyte
membranes induced changes in their deformabilityand
viscosity (Kobayashi e't81 1981 and Terano \Sot al 1983),
We showed that incorporatio~ of dosed p-oil FA's

altered the overall FA profile of human erythrocytes
compared to controls (Table 5.1.3.1.). However, the
surprising increase in total erythrocyte saturated and
monounsaturated FA levels, even with dosage of p-oils
rich in PVFA's, suggested selective incorporation of
exogenQus FA's. It was nevertheless poasible that the
modifications in erythrocyte FA composition reported
altered membrane physical properties, particularly with
supplementation of high p-oil concentrations, and such
could well explain the hemolysis induced (Figs. 5.1.1.2-
5.1.1.8.l. In particular, the finding that saturated FA-
rich p-oils were less effective in mediating hemolysis
than p-oils abundant in unsaturated FA's could have
related to the high polyenoic, and loW saturated, FA
content of control erythrocytes (Table 5.1.3.1.).

Erythrocyte membrane fluidity has been reported to be
reduced in diabetics (Kameda et a1 1983), who also show
impaired desaturation capability (eg. Mercuri et a1
1968, Brenner at a1 1968a, Horrobin 1983 and Huang et a1
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 diabetics may be predisposed to greater
hemolysis than non-diabetics when similar oils form part
of the diet, although the extent of hemolysis would
probably vary with oil. For example, high concentrations
of p-SSO, p-EPO and p-LO induced almost complete
hemolysist thus such oils ma}'predispose human diabetics
to greater hemolysis than those inducing less hemolysist
ego p-CO or p-MO. It may , therefore, be clinically
relevant to monitor FA levels and erythrocyte membrane
fluidity of diabetic patients.

The alterations reported ln erythrocyte total protein
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 hemoglobin (Geigy 1984), thus p-oil-indured
hemolysis would be consistent with ~ reduction in
erythrocyte protein, particularly with supplementation
of high p-oil concentrations. Dosage with 60mg/l p-EPO
induced 95% hemolysis (Table 5.1.1.7.)p thus the amount
of protein measured at this concentration (2.9pg/l06

cells seeded) largely reflected erythrocyte membrane
protein. Comparison of this amount of protein to that of
controls confirmed that approximately 10% of total
erythrocyte protein is membrane related, the remainder
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being hemoglobin (Geigy 1984).

All erythrocyte lipids
(eg, Erickson et al 1958),

reside in the membrane
where PGL turnover has been

reported (Cooper 1970). Mature erythrocytes, however;
are unable to synthesise FA's de novo (Pittman et a1
1966), and the inability of these cells to desaturate or
elongate PUFA's (Table 5.1.3.1.) was consistent with
their lack of
(Lehninger 1982).

intracellular organelles and microsomes
Erythrocytes therefore also lack the

enzymes required for lipoperoxidation. These cells,
however, contain large quantities of oxygen-carrying
hemoglobin (Lehninger 1982), and studies have reported
that oxygen, hemoglobin and iron are powerful catalysts
of oxidative reactions in human erythrocytes, which
augment oxidation of unsaturated FFA's (Tappel 1963,
Beppu et a1 1987 and Fraga et a1 1990). It was likely,
therefore, that the lipid peroxides measured ln the
erythrocyte cultures CTable 5.1.4.1.) were formed via
auto-oxidation when incorporated unsaturated p-oil FA's,
or FA's released from PGL's, were exposed to such
compounds in intact cells.

The absence of lipid peroxides in control erythrocytes
(Table 5.1.4.1.), despite the presence in these cells of
0xjq~n-rich hemoglobin and a total PUFA complement of
approximately 80% (Table 5.1.3.1.) suggested that these
PUFA's were unavailable for oxidation, probably because
these moieties were components of complex lipids, such
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as membrane PGL's. There are also reports that a high

hemoglobin concentration can protect the erythrocyte

against oxidatiofl because hemoglobin behaves as a lipid

radical scavenger (Trotta et al 1981), Indeedt when

erythrocytes were damaged as a result of exposure to

i~creasing amounts of unsaturated FA-rich p-oils, loss

of intra-cellular hemoglobin correlated with increased

cellular lipoperoxide levels. It Was also possible that

the absence of lipoperoxides in control erythrocytes

reflected cellular anti-oxidant activity, ego vitamin E,

preventing oxidation of FFA's released during PGL

cycling. On the other hand, insufficient cellular anti-

oxidant levels could explain the lipoperoxide!:~ormed

with p-oil dosage. When the oxidant challenge was low,

the physiological anti-oxidant defences were able to

overcome the oxidative stress. When erythrocytes were

exposed to greater p-oil concentrations, however, the

anti-oxidant defences were probably overwhelmed, and

lipid peroxidation became dependent on the exogenous FA

substrate dosed. PGL oxidation could also be involved.

The lipid peroxides formed as a result of p-oil

supplementation 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-oi Is (Table 2.3.3.2.). The presence of only small

~mounts of unsaturated FA's both in p-CO and p-MO was

consistent with the lack of lipoperoxide formation with
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their dosage, while the detection of small quantitie~ of
cellular lipoperoxides 'with p-OO dosage probably related
to the ox idaeion of free GA for which a mechanism has
been reported (Frankel 1984). On the other hand, the
1aY"ger 1 ipid peroxide concerrtr-atrione induced with p-SSO,
p-LO_ p-EPO or p-FO supplementation were consistent with
the susceptibility of the PUFA's in these p-oile to
oxidation. The lipoperoxides induced with p-SSO or p-EPO
dosage probably related to oxidation of the large amount
of LA present therein (about 70%), although the presence
GLA in p-EPO only could explain the aignificantly
greater lipoperoxide amounts this p-oil ind\:;.\~ed.The
availability of free ALA probably accounted for the

,, .
formation of the greatest lipoperoxide LrTlOuntswhen p-LO
was supplemented. However, if one considers the amount
of GL~ present in p-EPO compared to ALA in p-LO <about
9% va 63%, respecrively) with the MDA concentrations
these p-oils induced, then the data suggests that GLA is
more susceptible to oxidation than ALA. This has also
been reported by Morisaki at a] (1982b). The reason for
this phenomenon is unc leer , but could Y'elate to the f3c't
that GLA is a PDFA. The greater lipoperoxide amounts
p-EPO Induced compared to p-FO, despite 18% EPA in the
latter, however, implied that this w3 PDFA was largely
lipid-bound. The larger amount of ALA in p-LO than EPA
in p-FO was neveretheless consistent with the greater
lipoperoxide amounts p-LO induced, despite the greater
l~'tJsceptibi1ity of EPA to oxidation.
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Erythrocytes were shown to incorporate the albumin-bound
p-oil FA's dosed (Table 5.1.3.1.), thus the lipid
peroxides measured in the spent medium probably reflect
released cellular lipid peroxides. Such may have been
expelled into the medium ueon cell lye is , implying
thai medit.;mlipoperoxide levels were partly depender:t.
on the degree of p-oi I-induced hemolysis (Figs. 5.1.1.2-·

5.1.1.8.). The pronounced hemolysis induced with 60mgl1
p-sso, p~LO, p-EPO or p-FO dosage was thus consistent
with greater lipoperoxide amounts in the spent medium
than in the cells. The finding that superoxides readily
cr"'ose the erythrocyte membrane in either dir4~ction
(Lynch et al 1978a, 1978b) indicated that lipcperoxides
ge"er~:&d intrace11ularly as a result of p~oiJ dosage
could have been released into the medium through the
plasma membrane of intact cells. This may explain i=he

spent medium lipoperoxides measured !n the absence of
significant hemolysis, ego with 40~g/1 p-FO incubation.
Evidence that erythrocyte FFA's exchange directly with
extracellula~ FFA's (Tarlov et al 1967 and Anon 1968),
and the potential for cellular FFA release into the
culture medium upon hemolysis, could ther.fore not rule

•
out the p~ssibility that extracellular auto-oxidation
contributed to the medium lipoperoxides detected.

There are numerous reports that lipid peroxides induce
membrane damaging effects (Chio et al 1969, Mead 1976,
Tappe 1 1980 and Frankel 1984). There is also evidence
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that oxygen radicals induce cross-li"king of erythrocyte
aminolipids and alter plasma membrane permeability, and
hemolysis has been associated wit~ lipid peroxide pro-
duction (Kann et a1 1964~ Mengel et a1 1965, 1966. Oski
et a1 1967, Beppu et a1 1987 and Girotti et a1 1987).
Rece~t studies have shown t~~t increasing the degree of
unsaturation of lipids in human erythrocyte membrane~
resulted in leakage from the cells of gluccse. the prime
energy source, the .~.tent of which was relatable to the
susceptibility of erythrocytes to peroxidation (Urano et
a1 1991). In the light of these ffndings and the inverse
correlation found between lipoperoxide levels and cell
viability induced with dosage of monoenolc or polyenoic
FA-rich p-oils, it was likely that lip( leroxides played
a role in the modulation of the hemolysis we reported.
The fact that the lipoperoxide levels found did not
always correlate quantitatively ~dth the degree of
Cytotoxicity induced with p-oil incubation. however,
indicat~d that these comp~unds were only partly involved
in the modulation of :,uman erythrocyte viability. Indeed
these compound~ could not explain the reducti~n of r.el1
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 modulatio~ of
erythrocyte viability.
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THE EFFECTS OF PSEUDO-QllS ON HUMAN
lYMPHOCYTES.

Effects of pseudo-Oile on Cell Viability.

Microscopic inspection showed human lymphocyte cultures
to be free of erythrocyte or platelet contamination,
and no morphological changes were evident between dosed
or control 1ymphocytee either bef'cr-e, during or after
each experiment.

Fig. 5.2.1.1. shows that human lymphocyte viability was
not significantly altered with incubation of Q to 250mg
albumin/l cUlture medium, nor wer~ any synergistic
effects induced. Hence, the cell v iab i Litiy changes
induced with p-oil dosage were a result of the exogenouS
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 hour post-try~sinisation
recovery period was required. As lymphocytes were
dosed immediately subsequent to plating, the seedin~
concentration wa$ the cytostatic number.

Figs. 5.2.1.2-5.2.1.8. depict the effects of p-oil
dosage on human lymphocyte viability. All p-oils induced
concentration dependant Cytotoxicity, but unsaturated
FA-rich p-oils mo



The relsul ts are expres~3ed as mean r.>ercent on cell

. h '..viabilityistandard e~ror of the me~n (e.e.m.), were n

is the number of experiments. The cOI"lcentrations given

are as mg albumin or pseudo-oil per litre of growth

medi um- Ii Fig. 5.2.1.1. shows 'ehe m~~an percent cell
i

uiabi 1 i1~y versus the albumin concentr'ation (mg/l) t and
I.I!

Figs. 5!:2.1.2-5.2.1.8. depict .the mean percent cell
i;

viabi 1q:y versus the pseudo-oi 1 concentration (mg/l).
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Fig. 5.2.1.2.

Th§ percentag! viability of human lxmpbocttes incubateg
with p-CD4.
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Fig. 5.2.1.3.
Tbe eergentage viability of human lymphoc¥te~ incubat~
with p-MO.
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0 100.0 3.4 6
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50 87.3 2.9 6

60 80 .9- 3.6 6
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The percentage viabi 1ity of human 1yrtll2hocytes incybated

!a!ithe-OQ.
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fig. 5.2.1.5.
The percentage viabilUY of human lymphocytes incubated
with p-SSO.
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Fig. 5.2.L6.

The percentage viability of human l.xmphocYi;:es incubated
with p-LO.

200

180

160

140

20 40 60 80 100

p-lO concentration (mgtl)

~
~ 120
.c
.~100·-,-_>
Q; 80
o
~ 60

40

20

pseudo-Oj 1 Mean ±e.e.m. n
Concentration

(mg/l)

0 100.0 4.6 6
10 100.1 5.0 6
20 96.6 4.2 6
30 81.8 5.3' 6

40 70.9 3.7 6

50 41.3 0.8 6

60 19.8 1.0 6

70 8.9 1.6 6

80 5..9 1.3 6
90 4.7 0 ..7 6

100 5~6 2.1 6



Fig. 5.2.1.7.
The percentage \/iabi1 ity of human 1ymebQcttee incubated
with a-EPO.
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