ig4

detected with. 20mg/1 p-FO (2.0% vs 0.4% in controls),
but no increases in 20:4wé or 22:4ué were found. Dosed
lymphocy'tes incorporated 20:5w3 in p~FO fi.é%, 1.7% and
2.12, respgctively vs 1.0% in controla), but only trace

amoﬁnts (£0.5%) of 22:5w3.and 22318603 were detected.
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3.2.4 Effects of paeudo-Oils on  Lipid Peroxide

F in.

Reaults obtained from the measurement of lipid peroxides
both in rat 1ympho§ytes and their respective spent media
sre shown in Table 3.2,4.1, The values are reported as
nmoles MDA/106 &alla, but in the caae. of spent grcuth.
media, this reﬁresents the nmoles of MDA in the volume

of medium From which 1x106 cells were obtained.

Lipoparoxide concentrations for dosed lymphocytes ranged
from a low of 1.2nmoles MDA/10% cells (with 20ma/1 p-MO
or p~EP0Q) to a high of 102.6nmoles MDA/106 cells (with
60mg/1 p-L.0}, compared to O.4dnmoles MDA/10S controT.
lymphocytes. Lipid peroxide amounts inqraaaed in every
instance with increments ih. p-oil concentration dosed,
.and the greatest increase was detected with w3 PUFA
rich-p~pils (5.0, 26.1 and 102.énmoles MDA/10® cells
with p-LO, and 7,3, 12,7 and 65.2nmeles MDA/105 cells
with p-F0, respectively)., On the other hand, 1¥mphocytes
supplemented with 20, 40 or &0mg/l p~MO or p—EPD induced
the smallest concentration dependent increase in lipid
peroxides, .alfhaugh the amounts geherated were similar
(1.2, 3.0 and 8.3nmcles MDA/106 cél?s, and 1,2, 5.1 and
B.Qnmolea MDA/10® cella, respectively). Lipid peroxide
production with p-C0, »-88C or p-00 dosage was
intermediste kwtween the two extremes, ranging from 2.9

te 18.2mmoles MDA/106 celis.
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Cnly spent médiym derived from cultures incubated with
Q3 PUFA~rich p*&éis contained lipid peraxiqea. Medium
derived from céltureé incubated Qith p—F0 contained
fewer IipOperoxides. fhan the Ilymphocytes themselves,
with significant amounts ﬁeasured'in spent medium onty
with é0mg/1 p~F0 (10.4nmoles MDA/L10® gells), As with the
cells, the greatest amounfs of medium'lipopéroxides were
found with 40 or &0mg/} p-LO dosage (31.5 and 102.7
nmoles MDA/10€ cells, respectively), which .cnrreIated

with cellular levels,
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3.2.5 Discussion.

No reference has been found in the literature with
regard to the influence of exogenous FA's on normal rat
]ymphqcyte vigbility in culture. However, investigation
of fhe effects of exogenous F&’'s on mitcgen—induced DNA
synthesis and cell activétion in.the modulation QF mouse
T and B lymphocyte proliferation showed that saturated
FA’s alone were more poteﬁt inhibitors of  these
processes than unsaturated FA’s, and  that the
simu]téheoua addition of .equimoiar. amocunts of a.
saturated and an unsaturated FA abrog&ted the inhibitbry
effect of the former (Tsang et al 1977 and Buttke 1984).
The finding thét mitogen~activuced B cells were much
leas susceptigle to inhibition by FFA'as than T cells
(Buttke 1984) implied differential sensitivity of
1ymphocytes to tha effects of FFA's. This was clear from
comparison with our data. p—0il suppiementatiﬁn affected
rat lymphocyte viability (Fiéa. 3,2.1.,2-3.2:1,8.), but
it was unclear whether PUFA-rich p-oils exhibited
greater cytotoxic potential than monoenocic or saturated
FA~rich p-oils, si- ~e .%he effects induced were p~oil-
specific rather than dependent on the degree of p-oil
unsaturation., This implie& that the modulatien of Eat
lymphocyte viability related hoth to the nature (t}be)
and proportioP of “saturated, monoenoic_and/or_po]yenoic'
F&’s dosed (Table 2.3.3.2.). p~EPO uwas moat,lqind.p-SSD

least, cytotoxic, despite similar FA compositions,
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- implying invelvement of both major and minor p-oil FA

components, and possibly also p~oil FA synergism and/or

antagonism, in the effects indiced. Comparison of cell

viability with p—EPQ, p—SS0 or p-LO0 dosage with the
respective p-cil FA profifes indicated that GLA was =&
more effective cytotoxic agent than ALA, and both GL&'

and ALA exhibited great:t * cytotoxic potential than LA,

"This il}lustrated that both FA chain length and the

number and position of double bonds present were

involved in the modulation of rat lymphocyte viability.

Lymphocytes do not norma]ly'diuide'in.culture without
appropriate mitogenic stimulation, thus increased cell
viability only with supplementation of 10mg/l p-MO, or
20 or 40mg/1 p-00, indicated FA involvement in the-
stimulation of rat l&mphocyte proliferation &t Tow
concentrations. This, together with the Finding of Dubin
et al (1965) that an optimum concehtration of only

C.07mg/1 LA effectively promoted macrophage growth in

culture, suggests that p-oil concentrations below 10mg/]

may also - effectively stimulate rat 1ymphocyte

proliferation.

The data in Table 3.2.3.1. confirmed the ability of rat

Tymphocytes to incorporate exogenous FA's (Tsang et al

- 1977, Stubbs et al 1980 and Conroy et al 1988). A

mechanism by which p~cils affected 1ymphocyte viability

may therefore relate to differential uptszkeé of p-oil
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FA’s and alterations in membrane fluidity. Studies have
indeed shown that modification of rat diets either uith
olive oil or TFish eil altered Iymphocyte membrane
fluidity, with the fish oil diet more effective in
increasing the unsaturation index of the membrane than
o]iué oil (Conroy ét al 1986). p-0il dosed lymphocyte FA
compositions uere.modified compabed to controls, thus it
was likely that overall membrane Fiuidity was altered
and this involved in the viability changes reported in
Figs, 3.2.1.2-3.2.1.8. Supplementation with optimal
proportions of saturated and unsaturated §~oi1 FA s ét
low concentrations may haue. allowed the cells teo
maintain a degree of membrane Fluidify compatable with
viability, whereas addition of large amounts of Highly
saturated br unsaturatéd p-oils may have led to
pronounced changes in membrane Fluidity such 'that
l¥mphocyte viability could not continue. However, it
uas uniikeiy that eicosanoids were directly invelived in
the modulation of lymphocyte viability with p-~oil dosage
since this mechanism could not explain the effects of
p-oils rich in safurated or monoenoic FA's, which can
not be metabolised by this route. Even EFA-rich p-oils
could not act as sources of eicosancid precursors
since the data in Table 3.,2,3.1., indicated that rat
1ymphocytes exhibited no significant capébiiity for PUFA
desaturation (46D, 45D and 44D) or elongation. Others
have similarly shown that neither £14CJ-1832w6 nor

L3H3-20:4w86 were Further metabolised by these enzymic



190

‘pathways in rat leukocytes, despite considerable and
rapid uptake into lipid pools, and suégested that the
desaturase ﬁascade was a minor route for FA metabolism
in these celis (Brenner.ét al 19658, Mead et al 1974,

Kanau et al 1977 and Cunnane et al i984).

Detection of =mall, but significant, increases in 20:3ué
levels with p-00 or p-FO dosage, which contained amall
amounts of 20:2wé (Table 2;3.3.2.)9 implied possible 48D
capability. This may reflect an attempt by the cells to
maintain membrane PUFA leusls by activating 48D when 46D
- expression ié suppresséd!inhibited; However, it appeared
that this mechanism was unsble to sufficiently maintain
lymphocyte PUFA fepe]s since 480 substrate avai]ﬁbility
was limited by the inability +to elongate 181206

incorporated with p-oil supplementatior.

Zevallos et al (1989) showed that when rat lymphocytes
were incubated with either [!'4CJ1-18:0 or L[1%CI-18:2u8,
in the presence of either diheptadecanoylphosphatidyl-
choline or dicleyiphosphatidylcholine, the Ffluidity of
af? membranes, including those of +the wmicrosomes,
increasi i Such membrane fluidisation was associated
with depressed conversion of 18:0 to 18:1w®, and 18:2ué
to 18:3wé wvia 49D and 46D, respectively. The data in
Table 3,2.3.1. showed that p=-eil incorpeoration altered
rat lymphocyte FA pfofi!es. This may have a}tered the

physical state (Ffluidity) of microsomal membranes and
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- depr essed desaturase activity, Such may have contributed
to sabsence of significant desaturase/elongase actiwvity
reported, and in particular, may explair he lack of
PDFA formation from 18:2wé or 18:3u3 incorporated with
p-550, p~EPO or p-LO incubation (Table 3.2,8,1.), 18:1u®
levels were significantly ircreased with p~oil dosage,
but such probab&y reflects decreased PDOFA levels and the
fact that all p—éiis contained 18:1w9 in aMDunté ranging
from about 5% to Tu% (Tab?e.2.3'3.2.), rather than
18:1u9 formation from 16:0, 16:1w? and/or_iSﬁO. It was
un]ikaly, howevér, that fhe desaturase and e]ongaée
activity reported related to p-oil induced cytofoxicity.
since no significant evidence for such enzyme capabiiitf
was fdund even when p-ocils induced little or. no

toxicity,

Rode et al (1982) found between 4.5 and 6.0ug total
protein/10® control lymphocytes, and this was in close
agreement with the data reported in Tsbie 3.2.2.1. The
results presented also indicated that rat lymphocyte
protein synthesis was significantly stimulated lin a
cﬁncentration dependent manner with increased p-oil
concentration - dogse: (Table 3.2.2.,1.), despite the
inverse correlation with cull wiability (Figs. 3.2.1.2-
3.2.1.8.). p-0ils wers thus potent agesnts For enhancing
rat lymphocyte protein synthesis, and'the extent to
which such was stimulatec sas relatable to p~oil FA

compesition (Table 2.3.3.2.)., The finding that saturated
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FA-rich p"dils were genéJ. y most, and PUFA—Eich-p—niis
least, 'efféctivw in éhhaﬁcing protéin synthesis implied
that the ability to moduiate rat lymphccyte protein
production related partl} to p-oil unsaturation. This,
did not expliain why p—-MO, for example, induced more
protein than p-C0, although it was possible that such
differences 'related to the mediatien of synérgistic _or

antagonistic efifects between p-ail FA's.

Inbreas&d 1ymphocyte protein synthesis may reflect
promotidh‘ of lyﬁphdcyte-actiuatioﬁ, enhanced protein
synthesis in .different cell cﬁmponents, as was ghouwn
.by. Rode et al (;982} in  concanavalin A stimulated
lymph0cytea,. increased enzyme synthesis to metabﬁ?ise
incorporated p~oil FA‘s, and/or eﬁhanc&d biesynthesis of
proteina regquired to maintain the integrity of cell
membrénes damaged directly with p-oil dosage, or
indirectly by. lipoperoxide forawation (Table 3.2.4.1.).
Howewver, .it_ was uwnlikely that increased protein
synthesis related to enhanced desaturase or elongase
expression  in  light of the data reported in Table

3.2.8.1.

The data pr sented in Table 3,2.4:1. was consistent with
intact cellular enzymic and/or non-enzymic mechanisms
for the production of lipoperoxides. Large amounts of
PUFA’s were detected in control Iymphocytes (Table
3.2.3.1.), thus the smal]l amounts -of Iipoperoxides

measured may reflect cellular anti-oxidant and encvmic



mechanisms of protection against free radical attack. It
was also possible that cellular PUFA'g were present as
components of complex lipids, ag., membrane PGL’s, which
would thereforé not be so readily acceasisle to
oxidation. On the other hand, saturation of the cellular
anti-oxidarnt mechanisms and/or increased cellular FA
availability may have occurred with incorporation of
supp]emedted p~oils, and the Tipopefoxides measured thus
reflected the p=oil concentration dosed, p-oil FA
composition (Table 2.3.3.2.) and FA susceptibility to
oxidation. Measurement of the largest amounts of
cellular and medium 1ipoperoxides with. p-l.0 or p~FO
dosage correlated with the significant w3 PUFA levels in
these p~oils. The significantly greater amount of ALA in
p~L0 relative to EPA in p—FO (approximately 63% and 18%,
reshectiuely) was consistent with the greatest lipid
per#xide levels meaébrad, both in the cells and spent
medium, despite tune greater susceptibility of EPA to
oxidation. Rat iymphocytes were shown to incorporate
p-oil FA"s (Table 3.2,3.1.), <thus the medium lipid
peroxides measured w«with p-L0 or p~F0 dosage probab?y_'
reflect cellular Tipopeﬁoxidea released upon call lysis,
and/or relessed cellular FA’s oxidised extracellularly

by released cellulsr peroxidising enzymes.

-

Mosconi et al (1988) reported that superoxide proaduction
by white blood cells increased significantly when rat

diets were supplemented with Fish oil compared to olive
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oil,. and this correlated with the findings in Table
3.2.4,1. The significantly lowsr amounts of cellular
lipoperoxides measured with p-MO, p-00, p-SSO or p-EPO,
compared to p-L0 or p-F0, suggested that more substrates
for peroxidation were lipid bound and stable with
incubation of the former group, despite al1] these p-cils

 containing significant amounts of unsaturated FA's, This
IFinding was consistent with the absence of lipoperoxides
in the correséonding spent medium with p~M0O, »-00, p-850
or p~EPO dosagy, despite the mediation of cell lysis,
The cellular lipid peroxides Formed with p~580 or p-EPO
incubation possibly related to oxidatior of incorbﬁrated
LA or other cellular FA’s. Both p-oils exhibited similar
FA compositions, thus the greater lipoperuxide amounts
induced with p~S80 suggested enhanced PBL ayeling, which
would have increased the rate of FA incorpoiration,
release and pool cé FFA‘s available for peroxidation,
Alterations in PGL turnover could a&also have  been
consistent with the greater amounts of lipid peroxides

measured with dosage of p~-CO or p~00 than p-MO or p~EPO.

Current evidence suggests that lipid peroxides &FFéct
normal cell metabolism and cause memb:ane dﬁmage {Chio
et al 1969, Mead 1978, Tappel 1980, Gavino et.a1 1981is,
Morisaki et al 1982b and Frankel 1984), <thus it was
possible that such compounds were involved in  the
moduiation of cytotoxicity induced with p-oil dosage,

This may explain +the inverse relationship hetwsen
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1ipid peroxide levels (Table 3.2.4.1,) and lymphocyte
‘viability (Figs. 3.2.1.,2-3.2.1.8.) with increased p—oil
dosage. However, the Ffinding that the greatest lipid
peroxide levels did not corrélate with the greatest
cytotoxicity implied that these compounds were onliy
partly involved im the modulation of rat lympﬁocyte
viability. The data presented rather suggested that both
lipoperoxides and alterations in membréne fluidity were

involved in the effects induced.
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3.3 IHE EFFECTS OF PSEUDQ-OILS ON  CELLS

ERIVED FROM RAT AOR ENDOT M
3.3.1 . Effects of pseudo-Oils on Cell Viability.

Ne morphp]ogicaT changes were observed between conirol
cells before, duringsbr'after each experiment, and p-oil
dpsed. cells were morpholiogically similar to controls,
a)though cyteplasmic Erop]ets were observed with p-oil

incubation at high concentrations in some instances.

Investigation of +the effects of 0 to 250mg aluumin/]
growth medium showed no aignificayt c¢hanges in rat
aortic eﬁdothelial cell viability (Fig. 3.3.1.,1.), ror
were any synergistic effects avidént. The effects
induced with p-0il dosage were thus a result of the
mixture of exogenous FA’s and not the albumin used as FA

carrier,

The number of control celis, seeded at 10x10%/ml1, at the
end of the .24 hour post-trypsinisation recovery period
was 10.2x10%/ml, This equated to approximately 89% of
the final control cell number at the end of the 48 hour
incubation period and represented the cytostatic number.
Only p-0il concentrations limiting cell viability to

significantly below 89% were considered cytotoxie.

Figs. 3.2.4.2-3.3.1.,8. show the results obtained from

the incubation ef rat endothelial cells with p-oils.
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The resu{¥%_ are expressed as me#n percent (&%) cell
viabiiit?%ﬁfénderd error of the mean (s.e.m.), where ‘n’
is the namber qF'éxperiments. The concentrations given
ére as mg albumin or pseudo-gil per litre of growth
medium, 'FiQ--S-E,ipi. shows the mean percent cell
viability wversus the albumiﬁ concentration (mo/1), and
Figs., 3.3.1.2-3,3.1.8, depiet the mean percent cell
viability veraus the pseudo-oil concentration (mg/1).
Fig. 3.3,1.9, shows +the mean percent cell viability
versus the albumin concentﬁaticn (mg/1) For ce1ls.dcéed
mith  the amount of pseudo-oil which limita cel)

viahility to 50% of the controls.
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Certain concentrations of some p~oils stimulated cell
proliferation, and all p-oils limited cell viability to
varying extents, but ounly p?ﬁﬂ, p-00 and p-L0 induced

significant cytotoxici<y.

Dosage with 20m§/1 p—CO stimulated cell proliferation to
108.4%, whereas p~M0 did not cause any significant rise
in cell viability with any concentration supplemented

(Figs. 303.1.20 and-3.3.1.3., r'espective'ly). Both. p_OiIS

induced cytostasis in the range 50 to &0mg/] and coyto—-
. toxicity with greater concentrations, although p-£0 was

alightly more eFFectiQe than p~MO. Cell viability was

reduced to 3J1.2% and 68,7% with 100mg/1 p-C0 and p-MO,

respectively, thus IDso ygiues could not be calculated.

No significant.change in cell viability occurrgd with
dosage of up teo S0mg/1 p~00 or 6&0mg/1 p-L0, although
20mg/1 p-L0 stimulated cell preoliferation to a maximum
of 107.5% (Figs. 3.3.1.,4, and 3.3.1.6., respectively),
These p-o0ils induced the greatest cytotoxicity with
concentrations greater than &80mg/l, and reduced cell
uiability. almost liﬁearfy to 13.4% and 20.9% with
100ma/1 p-oil, respectively. IDso yalues for p-00 and
p-L0 were alike (abouf 86my/1 and‘s?mé/l. respectively),
and this saupported the similar effects these p-oils

induced.

p—SS0 dosage induced the greatest growth stimulatory and

least limiting effects (Fig. 3.3.1.5.). Ineubstion with
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10 or 20mg/1 p~880 had little effect on cell viability,
but such was stimulated in the range 2ﬁ to 60mg/1 p*SSO
to a maximum of 115.4% Qith 40mg/1, and limited to
approximate the cytostatic number (about 89%%) .uith

concentrations greater than 40mg/1 p~5850.

10mg/1 p~EPO had little effect on cell viability, but
concentrations of 20 to 60mg/| pFEPU weEe slightly
‘growth liﬁiting or cytostatic (Fig. 3.3.1.7.). Cell
viability was not éignifjcantTy altered with p~F0 doéagé
up  to 80mg/1, but was marginally stimulated to 105.4%
with dﬂméfi p—F0 (Fig. 3.3.1.8.). Both p-oils, %qweueﬁ,
induced 1little cytotoxicity as relative éel? viability
was only slightly Tower than the cytostatic pumber

with 100mg/1 p-oil (75.£6% and 83.4%, respectively).

Ceils were incubeted with p—00 to correspond: with. its
IDso  (about 86mg/1) and dosed with varying amounts of
albumin to exclude the possibility that the effects
induced with p-0il dosape were infiuenced by the amount
of albumin bound to the FA's. Five points were chosen
around which to vary the albumin concentration, keeping
the p-0il concentration fixed, wviz. two points above,
two points below, and the IDso of p-00. The appropriate
amount of albumin was added to these cultures to give
the desired concentrations, The results are shown in
Fig. 3.8.1:9., and indicated that the concentration.of
p—-00 supp)ehented reduced cell viability to sbout 50% of

controls, and that such was not significantly influenced
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by different albumin concentrations., _Exc?uaion of the

synérgistic involvement of albumin therefore implied

" that the effects induced with the p~cils were attributed

éolély to the exogenous FA’s.

Rat aortic endothelial cells were subsequently plated

and dosed appropriately with 0, 20, 40 or &0mg p—oil/l

culture medium in sufficient amounts for all qualitative
and quantitétiue analyses to be performed., Cell
viabilities were assessed upon harvesting, and found not

t. be statistically different from those in Figs.

"3.3,1.4-3.3.1.8. All Further. biochemical assays were

performed on these samples.
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3.3,2 . Effe of ~Qil - in,

The results obtained from the determinstion of total

protein in control and dosed cells are shown in Table

'3.3.2;1, as Mg total protein/108 celir :veded.

3_181.1ug protein was measured per 106 scontrol cells

‘seeded, while cells incubated with 60mg/1 p-CO exhibited

the lowest . protein levels (174.21g/105 celis seeded).
Ai? other deosied c¢elis contained more protein than
cqﬁtroTs, ‘and the highest amount measured was 234.7ug

pratein/108 cells seeded (with 40mg/1 e=5S0).

p-0i1 dosagé induced ccncentration.dependent changes in
cellular protein. Total proteiﬁ concentrations increasased
in direct correlation'with the amount of p*dﬁ dosed, but
were generally inuerae?y related to the p—-CO, p~MO, p-lQ
or p~EPQ concentration supplemsnted, With p~$S0 or p-FO

incubation, however, the highest protein concentrations

- measured were with a concentration of 40mg/1.



i b ;
| peeudo— | CELLS H
i 0il ! _ . ]
' ! o ! 't !
! (me/1) [t} ! 20 ac i &0 |
! . 1 ! ! - o
! : : | : :
t Contrel | 181,31 |} } H '
] 1 ] 1 ] ]
1 ] L} 1 * H 1
' co ! I 212.3 1 188.1 | 174.2 |
i v ' . ! '
' MO ' I 195.0 ! 195.5 | 188.5 |
\ ! ! { { !
t oo t 198.4 1 215.7 | 226.1 !
L] . ] ] 1
1 ¥ 1 ] . 1 L}
' Sso ' | 201.5 | 254.7 | 201.9 |
! ! ' } ' !
' Lo ] )} 227.9 | 195.0 | 187.5 |
! ' H ! i ' g
! EPO g } 201.9 | 195.4 | 194.2 |
1 1 ] ] . 1 ]
# ] ] L . 1 1
! FO ' } 184.6 ) 227.9 | 219.3 |
! \ A i } 1




201

3.3.3 Effects of pseudo-Oils op the Fatty Acid

rum of Cell rived F A i
Endot fuUm.

Table 3.3.3.1, shows the FA apectra of rat aortic
endothelial cells incubated with 0, 20, 40 or &0mg/1 of

each p-oil.

Control cells exnibited a FA spectrum in which no one FA
was present in amounts greater than 20.5% (for 16:0).
Other FA s cantributing :5,0% to the +total control
spectrum included 1830 (19.4%), 16?1&9 (6.12), 181149
(15.0%} and 22:4wé (13.5%). The remaining 25.5% was made
Jp of small amounts {£3.0%) of 18:2us, 18:3@6, 18:3uw3,
1814w3, 20:3wé, 20.4wé, 20:4w3, 20:3w3, 22:5wé, 22:5u3
and 22:603., The above FA’s uwere detected in wvarying

amounts in the dosed cells.

In general, 16:0 levels were variable, and 18:1u% levels
similar, between control and dosed cella, while 16:1u9
and 18:0 percentages were higher in control cells. Dosed
cells contained at least twice as much 18:2w6 than
controls, w6 PDFA levels were variable depending on the
p-oil and concentration supplemented, while small bu¥
significant incresses in 22:5w3 and 22:6uw3 were detected

in dosed cells.

16:0 levels were increased with dosage of 2Umg?1 p—CO

(27.5%), but parallel to'controls (20,5%) with 40mg/!]



Le '.abe' 2.1,

A1l values are tabulated as relative percent total area.
Control values are reported as meants.e.m., where ‘n’ is
the number of experiments, 'C[p-0i11" refers to the

pseudo—0il concentration used.
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p—-CO (19.9%), and decreased with 6é0mg/1 p~CO (16.7%),
161109 levels decrsased considerably with 40 and 60mg/1
(1.3% and 1.4%, respectively vs 6.1% in controis), while
notable increases in 18:0, 20:0 and 18:1w? occurred with
&Nma/st  (26.1%, 2.5% and 24.2% ve 19.4%, 0% and 15.0% in
controls, respectively)., Dosed cell: contained 4.7% fo
11.8% 18:2u6 and 0.6% to 2,2% 18:3w3 (2.8% and 0.2% in
controls, respeétive]y), and the greatest increasr in
2214w6, 22:5w6, 22:35w3 and 22:603 occurﬁed with 40mg/}
p-CO (19.7%, 2,3%, 3.3% and 5.3%x wvs 13.3%, 0.9%, 1.2%

and 1.7% in controls, respectiuély).

p-MO dosage induced an overall increase in 16:0 levels
(20.2% to 26.1% vs 20.5% in controls), a decriase in
161109 and 1810 (4.1% to 4.7% and 13.7% to 16.3% us 6.1%
and 19.4% in contrcis,.reapectiueri, but little change
in 18:109 (14.7% to 18.9% vs 15.0% in controls), 18:2ué
incbrporation increased significantly from 8.2% to 9.2%
and 10.8% with 20, ﬂO and 60mg/1 p-MO, respectively
(2.8% in controls). 203d4ué was only increased with

40mg/1 (6.0% vs 4.1% in centrols), although 18.9% and
16.3% 22:4w6 was found with 2O and 40mg/1, respectively'
(13.5% in contreols), Small but significant increases in
22:5u8 (2.0% to 2.5%) and 22:6&3 (2.9% to 3.4%) vwere

alsc found (1,2% and 1.7% in controls, respectively).

Supplementation with 20, 40 or 60mg/1 p~0Q resulted in
concentration dependent 18:1u® incorporation .{21.52,

29.5% and 35.1%, respectively wvs 15,0% in controls),
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followed by .a soncommitant decrease in both 18:1u?

(6.,0%, S5.6% and 3.8%, respectively vs 6.1% in controls)

and 18:0 (11,5 10.7% and 10.3%, respectively vs 19.4%

in contreols); but little overall change in 16:0 ]ege]s
(23.4%, '17.8% and 21.62,. respectively ws 20.9% iﬁ
éontrola). Neither 18:3wé, 20:3wé tor 20:4uwé levels were
increased, despite 18:2ué and 20:2wé incorporation,
élthough 18.0% 22:3wé6 and 1.3% 22:5wb were detected
with 20 and 40mg/1 p-00 (13.5% and_0«92 in controls,
respectively). Dosea cells also contained slightly
elevated propoktiona of 22:5m3 and 22:6&9; especially
with 40mg/1 (2.4% and 3.4% vs 1,2% and 1.7% in controls,

respectivaly).

p-~SS0Q supplementation had Ii;f1e effect on 18:1w%, but
decreased overall 160, 16:1w9 and 1810, levels (15.0%,
20.5%, 6.1% ard 19.4% in contreols, respectively’,
2,8%, 19.4%, 21.8% anc 19.0% 1831206 were Found with
dosage of 0, 20, 40 or é0mg/) p~SS0, with small amounts
of 20:2ué detected over the entire range dosed {0.5% to
1.,3% vs 0% in controls). 1813uwé was increased only with
dogage of 20mg/1 p~88C (1,7% vs 0.8% in controls), and
20:3w8 and 20:4uwé were decreased over the entire range

dosed, Houevqr, 20.4% and 15.0% 22:4u8é were found with

20 and 40mg/1, respectively, and 1.5% 22:5wé with 40mg/}

(13.5% and 0.9% in controls, respectively). Increases in
2235w3 and 22:6w3 were also detected, especially with

40mg/1 (2.3% and 3.3% vs 1.2% and 1.7% in controls,

b

ad
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respectively),

The results obtained 'F'or". ceT]é dosed ui-‘t‘h' 20, 40 or
60mg/1 p-L0 indicated concentration dependeﬁt 15133
incofporation (3.8%, 8.4% and 11.4%, respectively vs
0.2% in controls). 18:4u2 increased signifigant]y only

with 60mg/] (7.3% vs 3.9Zijn controls), although 22:5u3
and 22:16uw3 were enhanc@d slightly with 20mg/1, and
approximately two fold with d0mgf?, compared to controls
(1.2% and 1.7%, reapectivs]r). 16:¢ levels dropped from
2?.32 to 18.3% and 6.5%, éna 18:0 inc;eased from ”13.92
to 15.8% and 28.0% with :20, 40 and 60mg/1 p~LO 20.5%
and 19.4% in controls, resgectively). 6.9% 181169 was
found with 20mg/1, but this decreased to 1.0% and 0.7%
with 40 and 60mg/1, respectively (6.1% in controié), and
18:1u9 levels increased significantly only when &0mg/]
p-L0 was dosed (22,5% vs 15.0% in controls). 18:2ué
percentages ranged Tfrom 10,3% +to 15.é% (2.8% in
controls), with 1.2% 18:3wé detected with 20mg/)  (0.8%
in contro!%), and S5.1% 20:4wé with 40mg/1 <(controls
4.1%). There was, however, a cuncentration dependent
decrease in 22:4uwé6 from 13;52 in controls to 0.7% uith
60mg/1, although 1.,4% 22:5&6.uas detected with 40mgff

(0.9% in controla?}.

1638 amounts ranged From 16.3% to 27.7% with p-~EPC
incubatian (20.5% in controls), while ocverall 16:1w9,

18:0 and 18:1u%® levels were slightly decreased (&.1%,
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.19.42 and 15.0% in controls, respectiuely}. 1832u6
incorporation was marked (13.4%, 20.1% and 19.4% uith
+ 20, 80 and 60mg/1 p-~EP0, respectively wvs 2.8% in
coﬁtra1s), with uwp to 1.0% 20:2wé detected (0% in
controls), With the exception of 2.7% 221506 with
40mg/1 p~EPD  (0.9% in controls), wé POFA levels were
parallel to controls, or decreased, although up to 2.2% .
22:5uw3 and 2.9% 22:6uw3 weré-detectad (1.2% and 1.72-iﬁ

controls, respectively).

Inéubation with 20mg/1 p~F0 resulted in significant 1610
incorporation (29.&2),: while 18:0 percentages were
slightly decreased over the entire range dosed, in
relation to controls (20.5% and 1%9.4%, respectively).
15:1&9 levels were parallel to controls (15.0%), with
7.8% to 92.8% 163109 and T7.6% to 8.2% 18:206 detected
(6.1% and 2.8% in controls, respectively), With the
exception of 1.6% 22:5wé with 40mg/1 p-EPD (0.9% in
controls), wé series PDFA levels were parallel +to
controls, or decreased. 1,6%, 3.8% and 3.7% 20:5u3 were
detected with 20, 40 and 60mg/1 p~F0, respectively (3.3%
in controls), although 22:563 levels were significantly,
and 22t6w3 slightly, increased compared to controls

(1.2% and 1.7%, respective?y).I
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Table 8.3.4.1, shoué the Iipoperdxidés measured in the
cultured cells and their respectiQe growth mediz. The
values are shown as nmoles MDA/105 cells, byt in the
case of the spent incubation media, this re#ieqts the
nmoles of MDA in the volume of medium from uhicH 1x106

cells were obfained.

Lipid peroxide formation in dosed cells ranged from 0.7
to 2.7nmoles MDA/108 cells (with 20mg/1 p~FO and 60mg/1 |
p~L.C, réspectiveiy) compared to O.7nmoljes MDA/106
controls cells, Lipid peroxide Fformation increased in an
ovarall concentration dependent manner with ;incrﬁaaed
amount of p-oil dosed., Cells incubated with 20mg/1 pmoil
generally induced <1.0nmole MDA/106 cellis, while amounts
ranged from 1.1 to 2.3 and 1.1 to 2.7nmoles MDA/108
cells  with supplementation of 40 or 60mg/l p-oil,
respectively. No clear rn=lationship between lipid
peroxidation and .degree. of p-oil unsaturation was
evident, although cells incubated with 40 or 60mg/1 p-L0
generated the largest lipoperoxide amounts at these
concentrations (2.3 and 2.7nm§1&s MDA/10&  cells,
respectiveiy), Lipid peroxides were, however, absent

from all spent media.
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3.3,5 Discussion.

No reference has heen found in the literature in which
the effects of  FA's on the growth of rat aortic
endothelial cells has been found. This study showsd fha£
p~0il supplementation affected rat acrtic endothelial
cell viability (Figs. 3.8,1,2-8.3.1.8.). However, it was
unclear whether PUFA-rich p-oils generally exhibited
greater growth stimulatory or cytotoxic.poteqtia] than
monoencic or saturated FA-rich p-oils as the effects
induced ware not consistent with the degree of p-oil
unsaturation. This may relate to differences in p-oil FA
composition {Table 2.3.3.2.) and. to FA's in the p-oils.
acting synergistically or antagonistically with each.
~other to moduiate the effects induced, Such may explain
why p-oils of similar FA composiﬁion (p—EPC and p-S80)
induced different effects, The large amount of LA in
p~EPO and p~S50 (about 70%) probably accounted for the
effects these p-oila induced, although the greater
capability for gfowth limitation and inability teo
.stimuTate cell proliferation significantly with p-EPO |
dosage may have related to the presence of about 9% GLA
in p~EPO only. These findings implied LA involvement in
the stimulation of cell proliferation and that GLA was a
more potent growth inhibitory aéent than LA. The large
proportion of ALA in p-L0O and 0A in p-00 {approximately
63% and 71%, respectively) probahly accounted Jlargely

for the extensive toxicity 'thése p*oils induced with
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high conCentrationa dosed, uwunlike both p?EPO and p—-8S0,
These moieties therefore appeared considerably more
cytotoxic than LA, and suct could reflect differences in
the number and position of double bonds in these £18

FQIEQ

Rat aortic endqthélia] cells.incorporated the exogenous
FA‘s dosed (Taﬁie 3.8.3.1.), .thus the §-oils may have
induced | their effects b} alterations in  membrane
Fluidity as there is sﬁbstancia? evidence to suggest
that dietary supplementation with FAfaﬁinduces ~changes
both in membrang ‘physical properties and membrane-
assockated cell functions and (King ét al 1971, Ginsberg

et al 1981, Simon et al 1982 and Stubbs et al 1984).
Incubation with large amounts of p-00 or p-LO may have
ingreased the membraﬁe unsaturation index‘to such an
extent that cell wviability could not continue. In
cohtrast, the large complement of saturated FA's
(approximately 99%) and abszence of PUFA"s in p~CO could
have inhibited cell viability with high concentrations
by shifting membrane fluidity to a lesz stable atate by
increasing its rigidification. Such may explain the
greater  inhibition of cell wiability with high
concentrations of p-C0 than p-M0, p~580, p-EPO -+ p~-FO.
On the other hand, the finding that p-FO had little
overall effect on cell viability may relate to its more

even balance of saturated, moncencic and polyenoic FA'sn,
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The cellular protein concentrations reported with p-oil
dosage (Table 3.3.2.,1.) generally paraileled the changes
observed in cell viability (Figs. 3.3.1,2-3.8.1.8.). The
highest protein concentration was for cells dosed with
40mg/1 p~S550, which corresponded <to the greatest tell
viability iﬁcrease. This méy.have represented increased
cell number, but with comstant or increased protein per
cell. The latter possibility seemed .ore likely as
enhanced protein levels were measured even wher cell
prolifer an was parallel to controls, or limited, with
p-oi sﬁppiementaticn. The: finding that doséd cells
contained more protein than Tontrols when cell viability
was .not significantly impaired indicated that p-oil
FA’s siimulated protein syntheﬁis, posgibly when the
requirement for lipid metabolising enzymes increased. On
the other hand, decreésed protein only with 40mgsi p—-CO
dosage coﬁid_haue represented decreased cell numbers

either with constant or decressed protein per qe]T.

Endothelial cells play a central role in eicosanoid, and
especially prostacyelin,; production, and therefore in
vascular homecstasis (Moncada et al 1976a). Thus, the
ability +to desaturste FA's to generate elcosanoid
precursors is of prime importance. The data in Table
3.3.3.1, indicated that cultured rat endothelium has the
capability to  desaturate and elongate PUFA’s., Ewvidence
for 460, 45D, SﬂD and elongase expression were found

with both w3 and wé series PUFA’s with p~oil dosage, The
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finding that 46D and 45D product levels uére generally
lower,.ana.that 440 substrates and produqts weire hiéhar;
in dosed tells than in controls implied that the initial
reéction' steps in the desaturase cascade occurred
rapidly. 44D product formation was more limited with
wé than w3 .PUFA substrates, and this confirmed the
preference for w3 desafurase substrates (eg. Brenner
1974 and Kanau et al 1977)., The formation of 22:3uw3 and
22:16u3 even with p-oils which did not contain w3 PUFA's
.implied that such p-oils enhanced desaturatidn and
elongation of cai]ufar w3 PUFA’s, and such may reflect a

mechanism +to restore membrane Fluidity altered with

exogenous FA inqorporation.

Hornstra et al (1981) showed the endothelium of the rat
to be very specific in the.uay in which it metabolises
long ¢hain pelyencic FA s, Théae workers found that rat
aorta endothelium PGL 20t4uwé levels were fou when fed
diets rich in 18:12w6, implying inability of these cells
to express the rate limiting enzyme, A6D0. Low 20:4us
levels were also found with dosage 6F p~oils rich in
18:2ué (p~EPD or p~8S0) in our study (Table 3.3.3.1.),
Howewver, increased 22:4ué defected with 20mg/1 p=S80,
and enhanced 22:506 levels with 40mg/! p-$S80 and p—EPOD
were indeed consistent with at.leaaﬁ some expression of
desaturase cascade enzymes. Hornstira et al (1981) did
not comment on the. levels of these meoieties, and

decreased 20:4wé may merely have reflected further
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" metabolism to 223dwé and/or 22:5wé. Hornstra et al
(1981) also found low 2034uwé6 levels when fish oil was

fed, but 20:5w3 and 22:6w3 increagsed up to 4.0% in fhe
~vessel walls. Their findings supported the data in Table
3.3.3+1. with p~FO dosage, ailthough the increments we
showed in 20:%5w3 and 22:6u3 .uefe not ag gr*e&'ﬁ*-j On the
acther hand, 22:5w3 levels increased by up to.é;Bz with
p—FD dosage, and 22:5wé6 increased almost 2 fold with
40mg/1 p-F03. The data from both studies were nonetheless

conaistent with elongase and 44D expression.

Decreased 1630 énd incréased_ 18:0 levels Qhen rat
aortic endothelial cells were incubated uithhéﬂmgfi p-CC
or p=L0 suggested that 16:0 was elongated, and the
congommitant increase in 18:1w%® indicated thé potantial
for 49D expression (Table 3.3.3.1.), 16:1u? elongation
could possibly be .éxcluded as contributing to the
enhancement of 18:1w%® since the incorporation of 1é:1u?%
with p~F0 supplementation did not produce a concommitant
increase in 18:1w9. Both 18:3uw3 and 1812wé competitively
inhibit desaturation of 18:1w%? (Brenner et al 1964,
19469, Brenner 1977, 1982 and Holmaﬁ 1984b). Relative EFA
percentages were enhanced with p-oil incubation (Table
3.3.3.1,), and such probably explains the Tack of 20:3uw9
formation despite significant 18:1w? incorporation with
p=00 suppliementation, significant 18:1w? formation with
60mg/1 e~LC0 or b—LO dosage, and the capability of these

~cells to express 46D and ASD.
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Supplementation with 20, 40 or 60mg /1 p-o0il = induced no
significant growth limitation or cytotcxicitg (Fiéé.
3.3.1,2-3.3.1.,8.),  thus it wses wunlikely that such
limited the e#tént of desaturase cascade enzyme
.activity repoffed (Table 3.3.3.1.). It was more likely
that the relative amounts of cg]]uIar FA's, both of
the same and different series, modul ated d%saturase
.expression by competitive interactions thch have been
well documented (eg. Garéia et al 1956, Bréhﬁév et al
1966, Brenner 1974, Uliman et al 1971, de Schr ~r et
al 1982 and Nessar 1966). uS PUFA’s were desaturated and
e1§ngated__to a greater extent than wé PUFA"s (Table
3;3.3.1.),_ thus it was possible that. thé w3 POFA s
formed suppressed, or inhibited, & PUFA metabolism, -
depending on the overall w3/wé PUFA balance in the cell.
On the other hand, incubation of cells with saturated
FA-rich p-oils (p-CO or p~M3) could have induced a
relatiyve EFA/POFA deficiency, and such may have enhancad
desaturase cascade enzyme expression in an attempt to

restore membrane PUFA levels.

The results presented in Table 3.3.4.1. indicated that .
rat aortic endothelial cells exhibit intact enzymic
and/or non-enzymic mechanisms for the production of
1ipoperuxidés. Control cell lipid peroxides _reflected
oxidation of endogenous unsaturated FA's, whereas
increased lipid peroxide pro&uction in dogsed cells

reflected oxidation of incorporated exogenous (p-oil)

L3
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unaaturéted " FA's. .The finding that lipid peroxide
generation_increaéed overall as greater amounts of p-oil
were supplemented was consistent with saturation of the
protective mechanisms against free radical production,
ey, olutathione peroxidase, and therefore inéreased
FA availability for oxidation. However; the similar
lipid peroxide amounts formed with-inqubation of p-I"
or p—~MO compared teo p~00, p~$80, p~-EP0 or p~F0, despite

: . . N . " L]
differences in p-cil FA composition and unsaturation

(Table 2.3,8.2.), suggested that the substrates o~

accessible to oxidation, possibly because they were
present as componeats of complex membrane lipids. The
absence of Tlipc.nper'oxides in the spent medium of all
doged cultures indesed supported p~oil FA ingorporation.
It was.aléo posgible that incubation with p-C0 or p-MO
increased. or that p~00, p=880, p—~EPO or p-FO decreased,
the rate of PGL ‘turnover and therefore the size of the
FFA pooi.- The above mechanisms could élso expléin the
greafest cegllular lipoperoxide amounts measured with 40
or 60mg/1 p-L.0 supplementation, which probably related
to the large amount of ALA in p-L0 (about 83%) ard  its

susceptibility to oxidation.

Measurement of re]étive?y low lipoperoxide levels in
dosed cells and their.abaence in all spent media (Table
3.3.4.,1.) correlated with the lack of significant

cytotoxicity induced with dosage of up to 60mg/1 p—oil
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(Figs. 3.3.1.2-3.3,1.8.), This suggested lipoperoxide

fhuo{yamgﬁt in the modulation of <cell proliferation,

a?tbcugh ne correlation with cytotoxicity could be
-estﬁb]ished. Lipoperroxide amounts greater-thﬁn those
reported with dosage of &0mg/} p-oil should, however,
not be overlooked as a possible mechanism involved in
.the modulation of cytotoxicity. Overall, it seems likely
that the modulation éf rat aortic epdothelia] ce}?
viability relates both to lipoperoxides and alterations

in membrane fluidity.
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3.4 THE EFFECTS OF PSEUD0-0ILS GN__ CELLS
DERIVED FROM RAT SKELETAL MUSCLE.

3.4.1 Effects of pseudo-0ils on Cell Viability,

Cells were examined microscopically before, during and
after wach experiment,_ and at no time were changes seen
in the morphology of control or p-oail dosed cells,
except For cytoplasmic droplets observed with p-oil

incubation at high concentrations in some instances.

Final medium 'élbumin concéntratioﬁs rarnging  fi~om
0 to 250mg/1 induced no significant effect on cell
viability (Fig..S.d.i.i.). The effects induced with the
p-0ils dosed were therefore a resu?t of the exagenous

FA‘s and not the albumin used as FA carrier.

The number of control cells, seeded at 10x104/ml, at the
end of the 28 hour post-trypsinisation recovery period
was 10.6x10%/nt, This equated to about 76% of the final
control cell number at the end of the 48 hour incubation
period, and répresented the eytostatic number. Only
p—oil concentrations limiting cell 'viabi?ity to

significantly below 75% were considered cytotoxic.

The results of the incubation of cells with p—biis are
depicted in Figs. 3.4.1.2-3,4.1.8, {Cell proliferation
was enhanced only with certain concentrations of p-S80,

p—EPC or p~L0O, all p=-ocils exhibited growti. limiting
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The results are expressed as mesn percent (X) cell
viabi]ifyistahdard error of the mean (sge.m.), where “n’
is the"-numbeh_ﬂ”“fxperiments. The concentrations given
are as' mg alﬁﬁbiaagr pseude-oil .;er litre of .grOwth
medidm. '#ig..S.d.I.i. shows the nean rpercsnt cel

viability versus the albumin concentration (mg/1), and

Figs., 3.4.1.2-3.4,1,8. depict the mean percent cell

vigbility versus the psesuds~cil congentration (mg/l).

Fig. 3.4.1}9. shows _the; mean percent cell viability

PR

versus the albumin concentration ({mg/1) Ffor cells dosed ..

with *ﬁe amount of pseudo-qi] which Timits cell

viakility to 50% of the controis.
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.potenf#hl dependent on the concentration dosed, while
significant cytotoxicity was induced only with p-CQ,

p~F0 or p~EPQ incubation.

10mg/1 p-CO had little effect on cell proliferation, but
qreater-amounta dosed induced an owverall concentration
dependent reduction in cell viability (Fig. 3.4,1,2.).
 Cytostasis was induced with &0ms/1 p~CO, while 50% of
cells remained viable with about 75mg/1 p~CO (IDso), and

© 30.4% with 100mg/1 p-CO.

Cell proliferation approximated to controls with dosage
of up to-80m9/1 p—MD or 60mgs/i1 p~00 ‘(Figa. 3,4.1,3, and
3.&.1;4., respectively). Greater amounts inéubated were
growth limiting, and 74.8% and 79,0% of cells remained
viable with 100mg/|! p~MO or p-00, respectively, .uhich
approximated to the cytostatic number (about 76%)., Cell
viability was stimulated to 116.9% with 10mg/l1 p—SSO,
ranged from 99.8% to 106.7% with concentrations between
10 and é60mg/1 p-SS0, and was limited with grester
amounts dosed to a minimum of 75.1% with $0mg/1 p-5SO0
(Fig. 3.4.1.5.). No cytotoxicitx Was induced_uith p—MO,
p-00 or p~880 dosage, thﬁa. 1080 yalues could not be

calculated,

Cell uiability ranged from 94.8% to 1046.,1% with dosage
of up to 60mg/] p-L0, but was reduced in a concentratian
dependent  manner to 79.7% with 90mg/1 p-LD (Fig.

3.4.1.6;). Despite cytotexicity with 100mg/1 p-L0, . no
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IDso value could be calculated as cell viability was

61.42(

* The cell viability ché&ées induced with p—EPb incubation
Followed a e.sigmoidal.réla'tibnship (Fig. 3.4.1.7.). Cel)
proliferation incgéased to_iﬂ?.?K.and 105.1% with 10 and
20mg#1 p—EPD,.reﬂge;tiuely, was progressively reduced.tc
eduate the cytostatic number (about 76%) with S0mg/l
p*EPb, and was markedliy inhibited with greater amounts
dosed, p-EPO was thefmcst cytotoxic pfoil dosed since a
concentration of about SSmg/] reduced cell viability to

50% of contrels (IDso), and practicaliy all cells took

up Trypan blue with concentratféhs of 70mg/1 or greater.

Cell viability was effectively limited te 84.0% with
10mg/} p-FO (Fig. 3.4.1.8.), and ranged from 74.2% to
T9.3% when amounts of 20 to 40mg/1 p—~FO were incubated
(cytostasis), Supplementation with higher concentrations
induced.cytotcxicity. Cell ui&biiity was reduced by half
with about 92mg/1 p~F0 (IDsc), and by three quarters

with 100mg/1 p~FO.

To exclude " the poésibiiity that any of the effects
observed with p-oil dosage were influenced by the amount
of albumin bound to the FA's, cei!s were incubated with
a fixed amount of p-oil {55mg/1 p-EPD,.IDso; énd dosed
with warying amounts of albumin. Five points were chosen
around which to vary the albumin conéentration, keeping

the p-oil concentration fixed, viz. two points above,
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two points below, and. the IDgo éf s-EPD. The apphopriaté

amount of albumin was added to these cultures fa give .

the desired concantrétinna. The results shown in  Fig.
3,4.1.9. indicated that *he concentration of p-EPD dosed
reduced cell viability to spproximately S50% of controls,

and that such was not influenced by different albumin

%

Y

concentrations. Exclusion of the synergistic involvement

of albumin indicated that the effects induced with the

p—oils could e attributed solely to the exogenous FA 2,

. Rat éke?etal muscle cells were subsequentiy plated an&H 

dosed asppropriately with 0, 20, 40 or 60mg p-oil/sl

culture medium in sufficient quantities for all the

quantitative and gqualitative analyses to be cairried out.
Upon haruestingg cell viabilitiea relative to controls
were compared and Found not to be statistjcaliy
different from those obtained in Fige. 3.4,1.1-3.4.1.8.,
thus all further biochemical assays were performed on

these samples.
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3.4.2. Effecis of pseudo-0ils_on Tural Protein, -

:The protein_conCentrations for cells supplemented with

0, 20, 40 or &0mg/1 p-o0il ére shown in Table 3.4.2.1.

as ng total protein/10% cells ueeded.

Cells dosed with 60mg/1 p-EP0 contained only 362.4pg

protein/i06 ce]}s seeded compared to 401.7ug prateinffbs

cuittro] ¢ells seeded. All other dosed cells, .ho;evgr,“'

LY

contained significantly more protein than controls, with |
amounts ranging from 451.4 to a maximum of 60?Qﬂn§.
protein/106€ célls see&ed (with é0mg/1 p~F0 and 20mg/1
p~EPO, respectively). The changes reported in cellular
protein were p-oil concentration depéndenta Total
protein levels increased in direct correlation with the
amount of p~L0 incubated, but were generally inveréely
rel-ted tb the p-MO, p-8S0, p~EPO or p=F0 concentration
asupplemented. With p-C0 or p—-00 desage, however, the
highest protein amounts measured were with a

concentration of 40mg/1.
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3.4,8 F- s of pgeudo~0il E Acid
Spectrum  of Cells Derived From Rat
Skeletal Muscle.

Table 3.4.3.1, shows the FA spectra of rat skeletal
nuscle cells incubated.uith 0, 20, 40 or &0mg/1 of each
of the p*qila. The greatest amount of any single FA in
control cells was 22.7% 2214uwé6, but significant levels
of 1610 (17,.8%), 18:0 (13,7%), 18:11w% (13.7%) and 20:dwé
(9.5%) were also found. Varying amounts of these FA's

were found in the dosed cells.

1610 and 16:1iws pércentagea in dosed cells generally
approximated to controls, or were decreased, while the
converse was true for 18:0, 18:1uw? and 18:2ws. wd POFA
levels were raised only with certain concentrations of
some p-oiis, although no increments in 22:15w6 were
found. Dosed cells generally contained 18:4u3 amounts
parallel to, or greater than, controls; but 20:4w3,
203508, 2235u3 and 22:6w3 were again increased only with

certain concentrations of some ep—ails,

15.1%, 16.8% and 24.0% 16:0 was found when cells were
dosed with 20, 40 nr-ﬁUﬁgiI p-C0, respectively (17.8% in
controls), although 18:1u9 uwas decréased (0.6% to 2.3%
vs 3.9% in controls). 18:0 and 18:1u9? levels, in
contrast, were significantly increased with 20mg/1.9~00
(32.8% and 22.4%, respectively vs 13.7% in each

control), but approximated to controls with 40 or
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A1l values are tabulated as relative percent total ares,
Contre! values are reported as meanis.e.m., where 'n" is
the number of experiments. ‘L[p-0il1]" refers to the

pueudn-oil concentration used.
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40mg/1 p=CO. No significant changes in 18:2uwé or 18:3w3
percentages were observed, but small increases in some
POFA’s were found with incubation of 40 or é0mg/1 p-CO.
The most significant increases were for 22:4uwé (26.,4%
with 40mg/1 vas 22,7% in controls) and 20:5w3 (1.7% and
3.0% with 40 and &0mgs/1, respectively wvs 0.4% in
controis), with semailer increments shown for 20:3ué,

20:4w6, 18:4w3, 22:5w3 and 22:663.

Bﬁth 1610 aﬁd 161109 percentages were decreased with
dosage of 20 or 4Cmg/)1 p-MO, but inc¢reased with &0mg/1
p—MO (13.3%, 15.6% and 25.4%, and 1.2%, 0.8% and 5.92 Vs
17.8% and 3.9% in controls, respectively}, 18:0 and
181109 levels ranged from lows of 12.0% and 13.0% with
20mg/1 p~MO, to highs of 16.2% and 13.3% with é0mg/1
p~M0, respectively (13.7% in each controll), while 4.9%
to 5.3% 18:2wé was found (3.8% in controls). Only 10.4%,
11.7% and 9,5% 20:4u6 were detected with 20, 40 and
60mg/1 p~MO, respectively (9.5% in contrels), although
the elongation product, 22:4ws, was significantly raised
with 20mg/1 (32.7% vs 22.7% in controls), However, no
increase in 22:5wé was found in dosed cells (2.8% in
controls)., w3 PUFA’s were absent in p-MO, yet 18:4w3
and 22:5w3 were increased in cells dosed with 40mg/1
p-MD (3.2% and 2.8% wvs 1,1% and 2.1% in céntrolag
‘respectively), while 20:4u3 was increased with 20mg/)

p—MO (4.9% vs 3.3% in controls).
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Concentration dependent 18:1u% incbrporation occurred
with 20, 40 or_éOmé/l p~00 incubation (23.1%, 27.5% and
28.3%, reSpectiLe1y vs 18.7% in controls). 16:0, 1é6:1u%
and 18:0 1eQafé were generally lower than controls
(17.8%, 3.9% and 13.7%, respectively), although 18:0 was
significantly increased with 60mg/1 p=-00 (24.1%).
Concentration dependent increases in 18:2wé and 20:2wé
were observed (5,5% to 18.2% and 0.4% to 2,0% wvs 3.8%
and dx in contrd]s, respectively), but wé POFA 1eué]s
were parallel to controls, or sighificantly decreased.
On the other hand, small increases in 18:3u3, 18:4u3,

221542 and 22:6w3 were found with p-00 incubation.

p—SS9 dosage decreased owverall 16:0 and 16:1u? levels,
siggificant1y inecreased 18:0 only with 60mg/1 (235.8% us
13.7% in controls), and raised 18:1u? levels with all
goncentrations dosed (15.5% to 30.4% vs 13.7% controls).
24.7% and 26.8% 1Bi12ué were detected with 20 and 60mg/!
p-580, respectiueiy, but only 2.0% with 40me/1 (3.8% in
controls)., 18:3wé was absent both in control and p-8S0
dosed cells, 2.5% 20:3wé was found with 20mg/1 p-SS0
(1.6% in controls), but no increases in 20:4ué, 22:4uwé
or 22:3ué were detected. Surprisingly, 18:4w3 amounts
were increased with p~5S0 incubation (1.6% to 7.3% vus
1.1% in controls), but this did not induce significant

increments in 20:4w3, 2215u38 or 22:56wd,

16:0 Jevels increased to 16.6%, 20.5% and 22.4% with
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20, 40 or 80mg/1 p-LO incubation, respectively (17.8% in
coantrols), while 18:0 decreased from 20.7% to 13,.6% and
10.6%, respecfiueiy (13.7% in confrols). 16:109 amounts
were decreased (D.7% to 2.8% wvs 3,9% in controls), while
18:1w9 percentages increased slightly (15.4% to 18.5% va
13.7% in contrels), 4.0% to 7.2% 18:2uw6 was found (3.8%
in controls), but wé PDFA levels were not significantly
increased, Cellular 18:3w3 amounts increased to 1.4%,
1.5% and 6.0% with addition of 20, 40 or 60mg/1 p-LO;
respectively (0.53% in controls). Furthermore, increased
levels _oF_ 18:4w3 were detected with 40 and 60mg)1 p-L0
.(2.42 and 2.5%, rmupectiuély vs 1.1% in controls), and
22:503 with 20mg/1 p—LG_(S.éz vs 2.1% in contrels), but

no increment in 22156w3 was found.

Supplgmentation with 20 or é0mg/1 p~EPD caused a marked
decrease in 1630 (3.6% and 4.1%, respectively wvs 17.8%
in controls), but a significant increase in 18:1w%
(31.7% and 30.0%, respectively vs 13.7% in controls).
p~EP0 had little effect on 18:0 levels, induced a
reduction in 16:1w9, and increased 18:2w6 leQela nearly
2 fold with 40mg/1 and 10 fold with 20 and é0ma/1 (6.9%,
82.1% and 32.7%, :.3pectively vs 3.8% in controls).
18:3wé was absent in control and.dosed cells, Eut 2.2%
20:3uwé was found with 20mg/1 p~EPO (1.8% in controls)
and 26.0% 22:4ué with 40mg/1 p-EPQ (22.7% in controls),
18:4w3 amounts were significantly incressed over the

range dosed (2.3% to 12.7% us 1,1% in conirols), yet the
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levels of its products were not s gnificantly raised,

16f0 and 16:1lw9 levels uére parallel to controls (17.8%
and 2.9%, respectively), or significantly decreased,
with p~F0 incubafion; whereas maﬁked increases in 1830
were found with é0mg/1 p-FO (29.9% ¢s 13.7% in controls)
and 181109 with 20 and 60mg/1 p~FO (26.1% and 23.8% vs
12.7% in controls). Sighifiﬁant increments in 18:2@6 and
20=3w6 uere._detected with p~F0 dosage, yet overall
20: 46, 22:4dus and_éZ:Swé percentages weres decreased,
22:6uw3 levels wers not increased; despite raised amounts
of 22:5u3 found with 20 and 40mg/1 p-FO (2.8% and 6,%%,
respectiuel} ué 2.1% in controls), and 18:4uw3 and 20:3w3
detected with all p-FO concentrations éuﬁpiementad {2.3%
to 12.5% and 0.7% to 2.3% ys 1.1% and 0.4% in controls,

respectively).
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3.4.4 Effects of pseudo~0ils on !lipid Peroxide

The results obtained from the quantitation of 1lipid
peroxides in rat skeletai muscle cultures are shown in
Table 3.4.4.1., expressed as nmoles MDA/10® cells, In
the case of spent incubation media, however, this
Eepreaenﬁs the nmoles of MDA in the volume of medium

from which 1x108 cells were derived.

Lipid peroxide concentrations in dosed cells ranged
. From 0.1 to 8.0nmoles MDA/106 cells (with 20mg/l p—-CO
and 60mg/1 p-EPO? respectively), 'compared te O.inmoles
MDA/108 control cé?]a. The lipoperoxide amounts measured
both in the cells and spent medium varied with the p-oil
supplemented, and generally increased in a concentration
dependent manner. Cultures dosed with p-C0O, p-MO or p-00
induced 0.1 to D.8nmoles MDA/10% cells, and a maximum of
0.6nmoles MDA/10% cells was measured in the spent medium
with p-MO (none in contro) medium). Surprisingly, cells
supplemented with 20, 40 or 60mg/! p-LO contained only
0.2nmoles MBDA/10% cells, although corresponding spent
media lipid peroxides were the largest amounts measured
(0.7, 2.1 and 3,9nmoles MDA/iDé cells, respectively).
Similarly, p~FO induced only 0.2 to 0.6nmoles MDA/108
cells, but 0.1, 0.5 and t.4nmoles MDA/105 cells in the
correspending spent media, respectively. Only 0.3 and

0.4nmoles MDA/10® cells were measured with incubation of

-
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20 or 40mg/1 p-S50, respectively, compared ta'?.?nmﬁles'
MDA/108 cells with 60ma/| p~SSO, wher'jeaa. p—EPO induced
the largest cellular lipid peroxide amormts measured at
any concentration (1.8, 1.9 and S.OnmoieaiMDAflﬂs.cells
with 20, 40 or éﬂmgfl}'rsspective}y). However, neither
p~SS0 nor p-EPO  induced any lipid peroxideé in  the

gorresponding épent media,
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3;&-5 ) Diggusglg

The.éffects of FA"s on the growth of rat skeletal muscle
have not beeﬁ found in the literature, and this is the
_Fifst report describihg the modulatidn of such ceTi
growth in cﬁlture- with suppliementation of exogenous FA
mixtures mimicking the compesition of dietar; oils. The
data reported in Fige. 3.4.1.2-3.4.1.8, showed that rat
skeletal mus¢ie cell viability was affected with p-oil
supp]ementation5 The effects induced, however, uwere
not conéistent with the degree of p—oil unsaturation,
and it was unclear whether the pofentiaT to modulate
cell pro]iferafion WEB greateﬁ- with p=cila rich in

polyunsaturated, monounsaturated or saturated FA's. The

| p—oil-specific effecta induced rather appeared to relate
to ‘the unique FA composition of each p-0il (Table
2:.3.3,2.3, altthgh the possibility also exists that
certain effects could have been enhanced or deminishga
by the mediation of synergistic or antagonistic effects
betwgen FA“s within any p—o0il., The FA spectra of p~00,
p-S50 and p-LD suggested that the effects indi<ced with
dosége of each p—oil related to the large amount of OA,
LA or ALA present, respeétively, énd that these C18 FA's
exhibited little, or no, growth inhibitory capability at
the concentrations desed. The FA composition of p-EPO
was similar to that of p-8S80, although the mediation of

significantly more grouth limitation and  cytotoxicity
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with p-EPQ dosage was consistent with the presence of
approximately 9% GLA in p—EPO only. It was spparent from
the.above, therefore, that GLA exhibited greater growth
limiting and cytotoxic ability than LA, ALA and 0A. This
may relate to the presence of a double bond at the
wi2-position in GLA, and the fact that this moiety is a
PDFA., Such may alaso explain the marked cytotoxicity
induced with high concentrationas of p~F0, which
contained 18% EPA. Indeed, the finding that pronounced
growth inhibiticn was induced with suppliementation of
p~EPO or p~FO, but not with p-M0, p~00, p~550 or p-L0O
which contained insignificant PDFA amounts, implicated
PDFA involvement in the mbdulétion of cytotoxicity. On
the other hand, the Finding that cell uiaﬁility .was
stimulated uité certain concentrations of p-850, p-EPOC
o p~L0 only, rich either in LA or ALA, implied EFA

involvement in the enhancement of cell proliferation.

Evidence to support exogenous FA incorporation was found
with p~oil supplementation (Table 3.4.3.1.), hence the
changes reported in cell «lability could relate fo
differential uptake of p-oil FA's, alterations in
membrane unsaturation and fluidity, It was posaible
that the abundance of saturated FA'B {about 95%3 in p-CO
inhibited c¢ell wviability at high concentrations by
increasing membrane rigidification: whereas addition of
large amounts of p~EPO or p-FO elevated the unsaturatien

index of the membrane sufficiently to induce cell death.
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Moedifications of the mehbrane PGL FA cdmpoéition may
desatabilise the membrane and induce changes in the
activity of membrane-bound enzymes (Stubbs et.al 1284
and Spector et al 1985). A possible mechanism whereby
these p-oils induced cell death may therefore relate fa
unccoupling of §a1cium ATPase. activity and altered
calecium transport. At this stage, however, the effects
of FA’s on sarcop1aémic reticulum calcium ATPase .are
unclear (Hidalgo et al 1982, East et al 1984, Almeida et
al 1986, Hidalge 1987, Infante 1987 and Sfubba et al
1990).- On the othér hand, maintenance of basal membrane
Fluidity may explain why p~M0O, p-00, p~SS0 and p-L0O were
rot significantly cytotoxic. During periodz demanding
extra energy, éke]ata? muscle TAG étores are mobilised,
releasing FFAs which this tissue can utilise as an
energy source (Léhninger 1982), SEe]etal muscle may
therefore be wsll equipped to tolerate high FFA
concentrations, and fhis could also partly explain the
findings that many p-oils had little effect on cell
viability, stimulated cell proliferations; or were merely

growth limiting.

The rhanges in cellular protein concentrations reporfed
with proil supplementation (Table 3.4.2.1.) reflacted
the changes induced in <cell viability (Figs. 3.4.1.2-
3.4.1.8,). Enhanced celluiar protein amounts with 20 and
40mg/! p-S50, 20mg/1 p-EPQ and 60mg/! p-LO0 correlated

with increased cell viabilities at these concentrations,
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but it was apparent that increments in cell number alone
could ndt justify the marked protein increases. This
implied FA involvement in the stimulation of rat
akeletal mussie protein synthesia; particuiarly s=ince
prbtein concentrations were sionificantly increased evén
when p-oils induced growth lTimitation and cytostasis.
The extent to which protein aynthesis was stimulated
varied with dosage of identical amounts of different
p-cils, weven when such vielded simitar c¢ell numbers.,
Thia suggested that the capabf}ity to _eﬁhance prote;n
synthesis varied with FA, and was probably re]atab?e
to FA structure and concentration in any p-oils The
enhancement of protein aynthesis with ﬁ-oil dosage may,
nevertheless, ref?ecf the extremely high metabolic
activity of skéletal muscle in vive (Lehninger 1982) and
a mechanism whereby the cells enhénced the production of
1ipid metabolising enzvmes in an attempt to metabolise
the exogenous FA’s ipcorporated with p-oil incubation.
On the other hand, <the reduction of cellular protein
soncentations only wfth 60mg/1 p—EPD correlated with the
mariksd cytotcxicitylﬁhis p-oil induced, and reflected
decreased cell numbera.either with congtant or decreasad

protein per cell.,

Comparison of control cell FA spaectra with those derived
from p~oil-dosed cells indicated the potential of cul=~
tured cells derived from rat skeletal muscle to express

desaturase and elongase enzymes (Table 3,4.3.1.). The



231

capability for 16:0 désaturatidn and elongation, and
18:0 desaturation to 18:31w9 wia 49D, were suggested.
However, it was apparent that delta-6é-desaturation of
18:1u9 was competitively inhibited by 18:2wé and/or
18:3uw3 aince..evidence for 46D and subsequent elongase
activities were found with both w3 and w6 series PUFA’s
as substrates. ?DFA product formation was clearly more
limited with w9 thin wé, and wé than w3, series FA’s,
and this cqnfirmed the established_éubstrate preference
(Brenner 1974, Mead et al 1974 and "Kaha“ et 31 1977)..
Increased 18:4m3 levels in c¢~lls supplemented with
p—oils deficient in 18:3w3 was consistent with delta-é-
desaturation of endogencus 18:383 and/or extramichcsoﬁal
retroconuersion of 20:4u3, The significant inerease in
2015643 amounts with p~C0 dosage implied ASD capability,
and the finding that 43D expression was more restricted
with suppjementatiqn of PUFA-rich p;oils supportaed the
formation of 18:4w3 by retroconversion of 20:4u3, Gavino
et al (1981ib) simi]af?y' showed limited conversion of
20:3wé to 20:4ué wvia 45D in rodent smooth muscle cell
cultures, which elongated 2014u6, but did not desaturate
22:4w6. The present study demonstrated elongation both
of 20:4ué and 20:5w3, but the formation of small amounts
of 2216w3 only with p-C0 or p—OD incubation reflected
limited/suppressed 44D activity. This ekplained the
accumulation of the 44D substrates, 22:4uwé and 22:5u3,

particularly with'd iage of p~-MD or p-F0, respectively.
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Desaturation is regulated by competitive interactions
between FA‘s of the same and different families {eg.
Garcia et al 1965, Brenner et al 1966, Ullman et al
1971, de Schriver et al 1982 and Nassar e% al 1986), and
thies partly determined the pattern of desaturaticn and
e!ongati&n reported in Table 3.4,3.1. with p-oi] dosage.,
Studies _Haue Q]so shown that dietary FA’s alter the
lipid composition of microsomal membranes and that such
is inuo!yed in the modulation of desaturawe enzyme
activity (Nervi et al 1968, Kurata et al 1980, Gards
et al 1984, 1985. and  Garg et al 1988a, 1988b, 1988&).
Detection of increased PDFA levels with p=CQO incubstior,
which contained about 95% saturated FA’s and no PUFA’s,
implied enhanced desaturase cascade énzyme expression
and subsequent desaturation and eTongatjon of endogenous
PUFA’s, This reflected an attemnt fo re-astab?iéh
membrane fluidity altered with uptake of exogenous
saturated FA“s. On the other hand, PDOFA formation with
dosage of PUFA-rich p-oils wams consistent with the
availability of desaturase cascade enzyme substrates.
However, once optimal PUFA tevels Qere establ ished
to maintain normal membrane fluidity and cellular
functions, it was likely that de#aturase cascade enzyme
expreaaion‘was auppressed oy negative feedback reactioné
which have been well documentes <(Garcia et al 1945,
Brenner ¢t al 1966, Brenner 1974, Uilwman et al 1971, de
Schriver et al 1782 and Nassar 19864). Such probably
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explains why 1onqgmhain polyenoic FA levé?a vare not
markedly raised with dosage of PUFA~rich p-oils, despite
incorporation of such moisties. The potential of ‘these
cells to desaturate and elongate FA’s nevertheless

reflects a mechanism to maintain its owrr FA levels.

Detection of Targe proportions of unsaturated FA‘s in
control cells {Table 3.4.3.1.), butf only small amounts
of 1ipid peroxides (Table 8.4.4.1.) implied chemical and
encymic mechanisms of protection against Free radicaT
attack, eg., vitamin E and/or aﬁpercxide dismutase. It
was also possible that most cellular uﬁaaturated FA‘s in
‘control cells were present as components o# complex -
lipida, eg, membrane PGL’s, which wou'ld therefore not be.
s0 readily ascessible to oxidafiuq. Increased 1ipid
peroxide measurement in dosed cells, however, could have
reflected saturation  of the cellular anki-oxidant
mechénisms induced with exogenous unsaturafed F& uptake
and/or .increased cellular unsaturated FA availability,
The lipid éeroxides detected in dosed cells were
neuerthe]esa congsistent with intact cellular enzymic
and/ot non—-enzymic mechanismé for their generation, and
rgf]ected the p-oil concentration incubated,. p~ail FA
composition (Table 2.8.3.2.5. and FA éuailabiTity and

susaceptibility to oxidation.

The small increment in cellular lipoperoxides detected
with p-C0O or »~MO doéége {Table 8.4.4.1.) correlated

with the Targe concentration of saturated Fﬁ's these
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p%cils cdntained (Table 2.3;3.2.). Hpuevek, quantitation

“of small cellular lipoperoxide amounts also with p-ﬂﬁ}*

p-LO or p-FO incubation, despite these p-oils containing
asignificant 1euef$ of uﬁsaturated FA"s, implied that the
| substrates for peroxidation uefe Jipid bound and stable.
Furthermore, the finding that overall lipid peroxide
lavels were lowest in the - 'ls and greatest in the
spent medium with p-LO auppTementation.in the absence of
cytotoxicity (Fig., 3.4.1.6.) suggested that the cellular
'lipidlparoxides formad with incorporation of this proil
were transfered into the incubation medium through the
intact plasma membrane. Thi orrelated with studies
which have implicated lipiu peroxides in increasing
membrane permeability (Chio et al 1969, Mead 1976,
Tappel 1980, Gavine et al 198lc, Morisaki et al 1982b
and Frankel 1984), This may also explain why cellular
lipid peroxide levels were greater in the spent medium'
than in the gells with p-F0 suppiementation. It wvas
also pnasibie that these medium 1ipoperoxides reflected
released cellutar FFA's which were oxidiged extra-
cellularly by released cellular peroxidising enzymes.
Nevertheless, measurement of the largest medium lipid
peroxide amounts with p-L0 or p~F0 dosage cr “related
with the significant w3 PUFA levels in these p-oils, The
significantly grescor cbncenfhation of ALA in p-lL0 than
ERPA in :p*FO (approximateiy 63% a.d 183; respectively)

was consistent with the greatest medium ipoperoxide
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levels measured, despite the greater susceptibility of

EPA to oxidation.

The cellular 1i;id peroxides formed with p-5S0 or.p~EPU
supblementation {Tabié 3.4.4.1.) ﬁrobabiy related mainly -
t§ oxidation of incorporated free LA. Both p—oi?s
exhibited similar FA compositions (Table 2.3,3.2.), but
the presence oF. about .2% GLA in p-EPD only probably

ekp?ains the greater lipid pefﬁxides amounts induced
overall with this p-oil. Morisaki et al (1984) have
indeed shown that BGLA generates large quantities of

lipoperoxides in rodent smecoth muscle ce]l_cultures, and

that such coqu induce cftotcxicity. The greatest
cellular lipoperoxide levels QUantitéted with dosage of
é0mg/1 p"E#O correlated with the most extensive growth

inhibition induced at tHis p~oil concentration (Fig,

3.4.1.7.), and suggested 1ipid peroxide 1.volvement in

the mediation of cytotoxicity. This supported curfent
evidence which ~.icates that lipoperoxides affect
noremal cell metabolism and cause membrane damage (Chio
et al 1949, ‘ Mead 1976, Tappel 1980, Gavino et al .1981c,

Morisaki et al 1982b and Frankel 1984). Demonstration
of cell Iysis and the absence of lipoperoxides in the
spent medium with p~EPO supplementation implied'that'%E2
cytotexicity induced arose partly. as a résu]f of
oxidation of membrane FA“s. Lipoperoxides were also
absent in the spent medium with p-S$S0 indubation, and

similar amountz of celiular lipid peroxides were
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éuantitﬁted with 6Dmg/1 p-EP& ar pfSSO asupplementation,
yef celi yiability was not significantly .limited'}with
fhié amount of p-SS0 (Figs: 3.4.1.5. and 3.4.1.7.).
These . findings suggested that a critical lipid peroxide
concentration may have to be attained before lipid
peroxides become membrane damaging. and. détri@ental to
cell surviﬁal, dependant on the overall atate of
cellular equilibrium. On the other hand, it may indigate
that lipoperoxides are‘ less involved in FA mediated
eytotoxicity than postulated, and that changes in
membrane Tluidity are equally or more important. The
absence of significant amounts o*f" unsaturated FA”s in
p—-C0 wGQ|d indeed imply that the reduction of cell
viability this p~oil induced related to alteratiohs in
membrane Tluidity rather +than lipoperoxide production.
However,: the. %inding_that the low concentrations of
celiular lipoperoxides measured with s~MD, 5*00. p~L.0 or
p—F0 dosage (Table 3.4.4.1.5.correlated with fhe absence
of cytotoxicity (Figs. 3.4,1.3., 3.4.1.4., 3.4.1.6. and
3.4.1,7., respectively), indicated the posaiblity that
liﬁoperoxides were partly involved in the moduiation_of

cell viability.
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3.5 THE.__EFFECTS OF PSEUDO-O0ILS ON __CELLS
DERIVED FROM RAT BRAIN.

3,5.1 Effects of pseudo-Dils on Cell Viability.

Cells isolated fFrom rat cerebral cortex were largely
astroéytic, and .mi¢r05copic examination of control and
p-oil dosed cells  before, during and after  each
experiment showed no morphologica1'qhanges at any time,
except for cytoplasmic droplets observed with p-oil

incubation at high concentrations in some instances.

Final medium afbumin concentrations ranging from 0 to
250mg/1 had no significant effect on cell viability
(Fig, 3.5.1.1.), nor were &ny synergistic effects
evident. Thus, the cell viability changes induced with
the p-cils were a result of the exogenoué FA‘s, and not

the albumin used as FA carrier.

The numbe~ of control cells, seeded at 10x10%/m1, at the
end of the 24 hour post~trypsinisation recovery period
was 12.8x10%/m1, This equated to approximately 62% of
the final control cell number at the end of the 48 hour
incubation period and represented the cytostatic number.
Only p-oil cancentfations limiting cell viability to

significantly below 62% were thus considered cytotoxic,

Figs, 3.5.1.2~3.5.1.8. depict the data derived Following

incubation of rat brain celis with p-oils. Certain



The results are expressed. as mean percent (%) cell
viability*standard error of the mean {s.e.m.}; where "n°
is the number of experimeﬁtg. The concentrations given
are as mg albumin or pseudo-oil per litre of grouwth
medium, Fig. 3.5.1.1.2 shows the meén percent cell
viability wersus the albumin concentration (mg/1), and
Figs. 3.:3.1.2-3:,5.1.8. depict the mean percent peTT
viability wversus the pseudo-oil ﬁoncentration_(mg/?).
Fié. 3.5.1.9, shows the mean percent cell viabiiity
versus the albumin concentration (mg/1) fFor cells dossd

with the amount of pseudo-oil which limits cell

vigbhility te 50% of the controls.
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concentrations of p-C0, p~00, p-EPO and p-FO stimu?pted
cell proliferation slightly, whereas all p-oils Timited
and inhibited cell growth. The magnitude of the effects
induced, however, wvaried with the naturé of fhe p-oil

and contentration dosed.

Lel) pro]iferation uaé stimulated to a maximum of 105.8%
with 20mg/T p-CO and to 107.3% with 40mg/1 p—00 LFigs.
3.59.1.2, and 3.5.1,4., respectively). Incubation with
greater amounts of p~CO or p-00 limited cell wviabiiity
in a «concentration dependent mahner. while amounts
greater than 70mg/1 p-CO or p~00 induced cytotoxicity
and raduced the viable cell yield, almost linearly, to
15.8% and 0% with 100mg/1 p~C0 and p-00, respébtiveIY-.

The IDso for both p-oils was approximately_75mgfl, which

reflected the similar effects these p~gils induced.

Dozage with up'fo 70mg/ 1 p?MO reduced cell viﬁbi]ity in
an approximately 1inéar concentration dependént manner
(Fig. 3.5.1.3.). p-MO was the most effective p-o0il to
impair cell proliferation as cyfotoxicity uas.induced
with amounts greater than 30mg/] p-MO, and 50% of cells
were killed with only 45mg/! p-MO (IDsa). The cytotoxic
effect of p-MO blateaued with concentrations.of.?ﬂmg/T

to 100mg/1 as cell viability ranged from 12.5% to 18.0%.

Cell proliferation was not significantly influenced with
supplementsation of up to 6&O0ma/l p~8S0 or 30mg/1.p~LO

(Figs. 3.5.1.5. and 3.5.1.6,, respective]y); Higher
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concentrations limited cell grcﬁth almost linearly, but
eytotoxicity was induced only with amounts greater than
80ma/1 p-SS0 and 90ma/1 p~LO. Half the cells were visble
with about 94mg/1 P-SSO (IDs6), comparer +o 34.5% with
loﬂméfifp—SSD. More than half tﬁe'céi!s. Howeuer, were

¢till wviable with 100mg/1 p-L0O (54.3%>), thus no IDgg

cbuid be calculated; This was- the least cytotoxic p—oil.

Supplementation with oup to 30mg/1 p-EP0 had little
effect on cell viability and increased cel]_numbers.uere
found with 40mg/1 p~EPQ (109.2%), whereas proliferative
effects were induced only with 10mg/1 p-FO (109.1%)
(Figs. 3.5.1.7. and 3.5.1.8., respectively). These were
the .greateat'inchements in cell ;roiiferation found.
Concentrations greater than 50m§/1 P~EPQ and 20mg/1 p-FO
induced gr“owt_:h .l-imitaticn; but smounts greater than
70mg/1 p—-EPO and S50mg/1 p—FO Qere éytotoxic. Calculation
of IDso values shoued that p~EPO was less cytotoxic than
p—FO {approximately 8img/1 and 65mg/1, respectively),
and practically all cells took up the Typan blue with

100mg/1 p—-EPO and 90mg/1 p-FO.

To exclude the possibility that any of fhe effects
induced with p-oil daaags were influenced by the_ amount
of albumin bound to the FA’s, cells were incubated with
a Tixed amount of p-00 corresponding to its IDgg (about
79mg/1). Five points were selected around which to vary

the albumin concentration, viz. two points above, two
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aﬁount- of albumin added to théae cultures to give .the
desired concentrations. The results asre depicted in Fig.
3,5:1.9,. &and indicated that the amount of p~00 dosed
-radchd cell uiabi}ity.ta approxiﬁ#te?y.SU% of controls,
and thgt.such was not ihfiuenced by the concentration of
s!bUmie present as FA caﬁrier._ Heﬁce, Synergistié
effects of albumin could be exc]ude&, and the effects
induced with the p-oils could be attributed sclely to

the exogenous FA s.

-

Subsequent to these studies, cells derived from rat

braiﬁ; were p?atedland dosed appropristely with 0, 20,
49 or 60mg p~0il/1 culture medium in sufficient Iaméunts
to perhit all the éuantitatiue ard qualitative ana1xges
tc; be performed. Upon har‘veaj_;ing, cell uiabi]i‘l:lnas
relative to  contro15- were coméared and found to be
stétistica]]y similar.to those in Figs. 3.5.1;143.5.1.8.
All  Ffurther biochemical assays were thus performed on

these samples,
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3.5.2 Effects of pseudo-Qils on Total Protein.

Table 2.5.2.1, shows the .tetaT protein concentrations
of cells incubated with 0, 20, 40 or &0mg/1 p-oil,

expressed as Mg total protein/10® cells seeded.

455,519 protein/108 control cells seeded was detected,
uhereas dosed cells cbntained protein amounts ranéiﬁg
from 198.7 to S00.5ug/10% cells seeded (with 60mg/l
p—MO0 and 20mg/1 p—EPO, respectively). Cells supplemented
with ZOmQ/I p—oif (e#capt p—00? _exhibited-the highest
protein concentrations quantitated over the Eange dosed
(422.1 to 500.5ug/108 ce]]s.seedadx, which épproximated
to control amounts. Cellular proteih levels were rulated
inversely to the p-oil concantrafion dosed, - although
slightly moré-protein was Tound in ceils incubated with
40mg/1 than with 20mg/1 p-00 (478.2 vs 461.5u49/108 cells
seeded). Cells dosed with 40mg/1 p-00 or p=EPO exhibited
enhanced protein levels, whereas significantly reduced
protein concentrations were found in all cells incubated

with 60mg/1 p-cil, compared to controls,



Tsble 3.5.2.1.
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3.5.3 Effects of pseudo-Qils on the Fatty Acid
Spectrum of Cells Derived From Rat Brain. -

Table 3.5.2.1. lTists the'FA‘proFi1es of ce]fa incubated
with G0, 20, 40 or 60mg/l p;oiI.'The-gréatest'percentage
of any single FA detected in control celTa wasg 18:1w?®
(25.9%), FA’s comprising >5.0% of the total apectrum:
in control cells iﬁc]uded. 16:0 (20.5%), 18:0 (18.6%),
181 2ué (5.4%) and 221406 (6,6%) .

p~0il dosed cells cbntaineq-lssﬂ and 18:1w? percentages

parallel to, or greater than, those in control cells,

whereas 16:1u9 propbrtions were generally, _and i8:0
levels were alwavs, louef in dosed cells, 18:Lwé,
1883&6, 20 4ub, 1833@3* and 20t5w3 percentages were
generally enly comparable to, or higher than, control
amounts if the p-oils dosed contained these moieties;,
and the levels of most other polyencic FA's were

parallel! to, or lower than, control levels.

Incubation with 20, 20 or é0mg/} p~C0 increased 1630
levels to 27.9%, 29.0% and 41.8%, rospectively (Zﬁ.SZ in
controlsl), while 16:1w9 and 18:1u%? amounts ranged from
1.0 to 5.5% and 23.8% to 29.6%, reiative to 3.,8% and
25.9% in controls, reaspectively. 18:0 and 18:2&6 levels
were both decreased (12.9% to 13,2% and 2.8% to 4.6% wvs
18.6% and 5.4% in controls, rqspectivé]y), although up
to 4.7% 20:4ué and 8.6% 22:4ué were found (3.5% ard 6.4%

in controls, respectively),



Legend toc Table 2.5.3.

- All values are tabulated as relative percent total area.
Control walues ai¢ reported as meants,e.m., where 'n” is
the number of experiments. ‘Lp-0il]1" refers to the

pseudo~oil cencentration used.
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Cells dosed with 20, 40 or 60mg/1 p-MO contained 22.8%,
23.1% and 30,7% 1610, respectively (controls 20.5%), but
decreased amounts MbF 162109 (1.7% to 3.5% vs 3.8% in
controls), 18:0 was decreased with 20 and 40mg/1 p-MO
(11.%% and 12;12, respectively) an& parallel to controls
with 60mo/1 p=MO  (18.0%), while 18:1u9 levels were
greatest with 20 and 490mg/! p~MO (32.3% and 31.4%,
respectively), and comparable to controls with 60mg/1
p~MO (26.7%). 1812wé uptake increassed significantly over
fhe-range'doaed f?.B% to 13.0% ve 5.4% in controls), and
S5.5%, 5.6% and 2.8% 2034ué was detgcted with 20, 40 and
50mg/1 p-MO, respectively (3.5% in controls), yet other

PDFA levels were not significantly increased,

A marked increase in 18:11w? proportions was Ffound with
20, 40 or 60mg/1 p—00 supplementation (48,5%, 58.6% and
66.3%, Easpéctiueiy vs 25.9% in controls). 1610 levels
were slightly decreased, but 16:1uw% and 1830 amounts
were considerably réduced, compared to controls {20.5%,
3.8% and 18.6%, respectively). 6.0% to 9.2% 18:206 was
found (5.4% in control), with 2.5% 20:2wé detected with
A0mg/1 p~00 {1.9% in controls), but other PUFA levels

were not significantly raised.

1610 percentages were 23.1% and 25.8% with 20 and 40mg/1
p-8S0, respectively, but only 17.8% with 0mg/1 p-SSO
(20.3% in controls). 16:iu? levels were slightly raised

when incubated with 20mg/1 p-S80 (4.4%), decreased with
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60mg/) p~85S0 (1,1%), and paraltlel to controls (3,8%}__
with 40mg/1 PS80 (4.0%}. Decreased amounts of 1810 were
Found.<11,3% to 16.8% ws 18.8% in controls), but 18:1w%
leveles were increased (26.8% to 31.0% wvws 25.9% in
qunfroTs). Despite marked 18:2uwé incorporaticn (3.4%,

21,2%, 18,2% and 27.1% with 0, 20, 40 and &0mg/1 p—SS0,
' respectively), no significant increases in PUFA s were

det.cted, and all w3 PUFA levels were decreased.

16:0, 158:1u%, 18:0 and 18:1u9 percentages were parallel
#o.c¢ntrola_ or ‘decreased with p-L0O dosage, although
increased 1630 and 181169 were found with 40 and 60mg/1
p-L0, respectively (32.3% and 230.1% vs 20.3% and 25,9%
in controls, reapeetive]?). 18:2&6 Tevels increasad only
with 20 and 60mg/1 p-LO (10.0% and 11.1%, respectively
vs 5.4% in controls), and 20:4wé was s]ightly inereased
with 20mg/1 p-LO (4.6% vs 3,5% in controls)., Incubation
with p-LC raised cei]u]ar 18:3w3 percentages markedly
{(7.2% to 18.0% vs 0.9% in contrels), yet mS PDFA amounts

were not significant increased.

The levels of.the saturated and monoencic FA‘s reported
in Table 3.5.3.1, were parallel to'controls ot decreased
with p-EPO supplementation, although iﬁcreaaed 16:0 was
detected with 40mg/) p~EPO (26,9% vs 20.5% in controls),
A marked elevation in cellular 18:2ué occurred with all
P-EPO  concentrations dosed (28..% to 32.4% vs S.4% in
&ontrols), snd 0.5%, 0.7% and 2.2% 18:3uwé were detected:

with 20, 30 and &0mg/t p-EPO, respectively (no 18:3w6 in



245

controls). 2033wé levels increased approximately 2 fold
with 20mg/1 p—~EPO (3.9% vs 1.,8% in controls), " but all
other ws and w3 PUFA percentages were decreased relative

to controls.

Incubation with 20mg/1 p-FO induced no significant

change in 16 0 Tevelis (19,5% va 20.5% in controis), but

amounts- were dramat1ca11y raiased with 40 and &0mg/l p-FO

(41.4% and 33.5%, respectively). 163109 Tevels 1ncrease§
' Froméf,;ek in controls to 12.4%, 13.3% and 20.35% with
20, 40 or 60mg/] p—-FQ, r@apeCt:ver, while 18:0 amounts
were decreased with a{} concentrations dosed (6 fd
10.2% vs 18.6% in controls), and 18:1w9 percentages were
generally parallel to control levels (25.9%). 18:2u6
proportions ranged from d 3? to 9.1% (5.4% in controls),
.and no 919n;F1cant increases uere found for any other wé
PUFA‘s. Significantly increased 20i5u3 smounts were
detected with 20, 40 and é0mg/1 p—F0 (3.8%, 1.1% and
1 52, respectiuely ugs 0.4% in controls), but with the
exception of 4. ?f 22:503 detected with 20mg/! p~FO (3.0%
in ceontrols), no increases in other w3 PUFA s uware

obsgerved.
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3.5.4 Ffe £ —Dils on  Lipid Peroxide

Foirmation.

Table 3.5.4.1. _ehoﬁs the 1ipoperoxides measured in rat
.brain cells and their respective growth media following
incubation with 0, 20, 40 or 40mg/1 p—oil. The walues
are shown as nmoles.MDQIIUE cells, but in the case of
the spent media} this represents tBe nmoles of MDA  in

the volume of medium from which 1ﬁﬁ_ceila were obtained.

0.4nmoles MDA/108 control ceila was measured, while the
amounts detected for dosged cei]s_ranged froh a laow of
0.5nmoles MDA/108 cells (with 20mg/1 p-EPO) to a high of
2.7nmoles MDA/10% cells fuith 40mg/1 p~M0). The cellular
lipoperoxide amounts measured wvaried with the p-oil
dosed and generally increased in a p—0il cencentration
dependent manner, but sthed no correlation overall with
the degree of p—oil unsaturation. Cells dosed Qith p—-EPO
contained only 0,5 to 0.8nmoles MDA/10% cells, whereas
0.9, 1.6 and 1.0nmole MDA/108 cells were detected with
20, 40 and 60m§!1 p-580, and 0.7, 0.7 and 1.3nmoles MDA
per 108 cells quantitated with p-L0O, respectively. In
comparison, cells incubated with .20, 40 or &0mg/1 p-CO
or p~0Q contained 0.7, 1.1 and 1.8 or - 0;8, 1.1 and 2.0
nmoles MDA/1x106 cells, respectively, and p-MO induced
0.6, 0.9 and 2.7nmoles MDA/1x10% cells. However, p-F0
generated the largest cellular lipid peroxide amounts

overall across the range dosed (1.4, 1.4 and 2.4nmoles
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MDA//10& cells, respectively).

Lipoperoxides were absent bofh in apené cbntro] medium,
and in the spent media derived from cultures dosed with
ZUmg/l pﬂoii..Further, only p~L0, ;—EPO and p—FO induced
medium lipoperoxides when 40mg/1 p~oil was incubated
{1.0, 1.8 and 2.9nmoles MDA/1x10% cells, respectively).
On.'the other h;ﬁd, lipoperoxides were measured in all
spgnt._médiaJ derived from cu?tures._suppjemented with
60pa/1 poil (2.7 to 12.3nmoles MDA/10S cells). Ui .
thg_cel]s, however, the lowest concentrations of 1ipid
'beéoxides in the spent media occurred uith:p—CD ddsage.
uhereas: targer MDA cvoncentrations were guantitated with.
p-00 or p—-550, Followed by p~-MQ, p-LD, p~EP0 or p-FO

incubation; respectively.
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3.5.5 Discgggign.

This study shoﬁed. that supplementation  of primaEy
.cu1tures of_ normal rat brain with p-oils affected the
viability of these cells (Figs. 3.5.1.2-3,5.1.8.), and
that the p-oil-specific cell viability changes'indQCed
reflected the: unique FA profile each p-oil exhiﬁitﬂ_.
(Table 2.3.3.2,). The FA compositions of p-U0, p-350 and
p-L0 suggested that the effects induced witﬁ incubafiop_
of each p-oil were largely attributable to the high
conbgﬁtrations of 18:1y9 (71%), 18:2wé6 (V0%) or 18:3w3
{63%) present, respectively. Since thé.'capabi3ity to
kill cthuréd rat brain cells increased markedly in the
order p~L0, p-SS0 and p~00, it seemed possible that OA
" was the most, and ALA the least, cytotoxic of these
moieties, and thﬁt such relafed inversely to the number
of double bonds in these (18 FA's. This, however, was in
direct contrast with a previous study in our laboratory
which showed LOs0 values of about 35, 50 and 3Bmg/1 for
rat brain primary cultures incubated with 18:11w?, iS:Zwé
or 18:3u3, respectively (Girao 19853, 18:3w3 and 18:3ué
were equally cytotoxic, whereas comparison of the FA
profiles of p-EPO, p-L0O, p-S$S0 and p~00 uithhthe cell
viability changes these p-oils induced suggested that
18:3wé exhibited greater cyhotoxic . capability than
18:3uw3, 18:2&6 and 1831w, Girao (1988) found that 18:0
induced cytotoxicity in the _ranéa 60 to 100mg/] and

cytostasis overall in the range 0 to &0mgs/l, although
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amounts of 1, 25;'35 and dsmg/l 18:0 incréased growth by
6% to 12%. Low concentrations of p~C0, p~00, p-EPC and
p=FO enhanced cell proliferation similarly by between 5%
~and 10% (Figs. 3.3.1,2., 3:5.1.4,, 3.,5.1.7., 3.5,1.8,,
respectively), but this was_not found when indiwvidual
C18 unsaturated FA's (18119, 18:2ué, 18:3ué or 18:3w3)
'uére supplemented (Birao 1988)., Others found that
addition of 18:2&6,'18=3w3, 20:4ué or 2216w3 at aeediﬁg
time +to cultured Fetal mouse brain cells increaaed
C3HI-thymidine inccrporation into DNA, stimulated cell

prol iferation with optimal concentrations of 1.0mg/1 FA,

and were toxic with higher amounts (Bourre et al 19833, .

The finding that optimum cell gfouth was achieved with

p—0il concentrations of 20mg/! p—-C0O, &0mg/1 p-00, 4Umgll.ﬁ
p—EPD or 10&9/1 p—F0, and cytotoxicity was induced only
with significantly higher amounts of these compounds,
clearly demonstrated that p—oila. were less growth

inhibitory than individual FA’s.

. The quantitative and gqualitative differences described
above with supplementation of indiwvidual FA's or p*oi]a
were not surprising, but in fact supported the mediation
of synergistic or antagonistic effects between FA's
within a p~0il which may hawve enhanced or diminished the
effects caused by individual FA“s. This may indeed
explain the different effects which p-580 and p-EPO
induced. despite +the similar FA compositions these

p-0ils exhibited. Furthermore, this phenomenon more than
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likely occurs in vivo when organisms consume FA mixtures _
as dietary ocils, thus the modulation of cell viability
reported with p-oil dosage probably reflects closer to

the “real world® than studies using individual FA’s,

Uptake of FA%s by rat brain in vive has been reporfed
by Cook (1978a, 1978b, 1980). FA’s must be in their
activated state beforé béing incorporated, and this
requires plasma membrane acyl CcA synthetase, which has
be.en. demonstrated in rat br‘gin synaptosomal plasma
membranes in our laboratory {(Davidson 1986). Thus, the
potential exists within the brain to incorporaﬁe
exogenous FA‘s, and. there is no evidence that such is
lost when cells are maintgined in eulture, Numerous
studies have in fact shown Eat brain cells in culture to
be capable of exogencous FA incorporation. Yavin et al
(1974) demonstrated fﬁat the rate of 12?0, 1450, 16:O,
18:0, 18:169, 18:206 and 18:3w3 uptake into cultured
cells derived from rat cerebral tissue was greatest witﬁ
18:0 and decreased progressively with decfeasing chain
length, although no Qc]ear relationéhip was evident
between uptake énd degree of FA unsaturation, These
cells havé been reported to ibcdrporate.the above FA’s
inte TAG’s, PGL"s and glycerclipids, although éuch
moieties could also Eemaiﬁ in tHe frée form (Meﬁkes 1972
and Yavin et al 1974). On the other hand, addition of
18:2u6, ;B:BwS, 203406 or 22:6u3 at ngding time to

cultured Fetal mause brain cells resulted in <these
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FA’s being incorporate: predominantly into the PGL
fraction (Bourre et al 1983). The éite(s} of p-oil FA
upfaké were not investigated in the present study, but

the daté in. T-'%e 3,5,3.1, nevertheless supported the
capability of .&uftuﬁed rat braiﬁ celTs to incorporate
exogenous FA s to varying extents. an&a, it was likely
that membrane ?1uidity changes occurred. Brain membrane
1ipids have been reported *o be highly unsaturated and
conservative in nature (Ciawford et al 1971), and any
alteration in membrane stability induced with 'p~qil_;
incubation may consequently have caused ge!l-déaﬁh; Thg
cytotoxicity reported with p—CO aﬁd p=MO cauldﬁgeli have
related to a marked decrease in the unsaturétioﬁh'indeﬁ
of brain membrane lipids when these saturated FA-rich
p~cils were dosed. This_hachaﬁism alone, hcuevér, could
not Ffully explain why p-MO was hore orowth inhibitory
than p~C0, despite the nore saturated nature of the
latter, The inclusion in p-M0 of the PDFA  and
endoperoxide substrate, 20:4wé, may be an explanation.
Indeed, considerably more cytotoxicity was induced with
incubation of p~00, p-EPO or p~F0 which also contained
EFA desaturation and/or elongation products, than uiih
p=~SS0 or p-L.0 which were EFA-rich and PDFA~deficient. In
fadt,_ the finding that p-FO0 was significantly more
growth inhibitory than p-EPO correlated with the
presence of almost 20% PDFA’s in p-F0, compared to 10%

in p~EPC. these moieties may have altered membrane
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stability, either directly or. indirectly, *to such an

extent that cell viability could not continue.

The cellular protein concentrations reported with p-oil
dosgge {(Table 3.5.2.1.) generally paralleled the changes
observed in cell viability (Figs. 3.5.1‘2-3.5.1.8.); The
slight intrements in cellular protein levels found with
20mg/1 p~C0, 40mg/? p~00 or A0mg/1 p—EPO supp’ementation
primarily reflected increased cell numbers uwith constant
or slightly elevated protein per cell. Comparison of
celiular protein concentrationa with cell uiabi}ity

indicated that 20mg/1 p-L0 or p~EPO enhanced protein

' synthesia slightly, whereas such was suppressed with

20mg/1 p-F0, 40 or é60mg/1 p~85S0. On the other hand, the
finding that deosed cells contained less protein. than
controls when cell viability was impaired correiated
with decreased cell numbers with constant or decreased
protein per celly the latter may relate to the low

turnover of proteins known to exist in the brain

(Lehninger 1902). When Vignikin et al (1989) incubated

primary cultures of newborn rat glial cells with single
FA's at 20mg/1, they Found that oleic scid induced a
greater protein increment overr a two week period
than cells treated with linoleic, alpha-iinolenic or
especially arachidonic acid. This correlated with the
mean protein concentrations reported in Table 3.5.2.1.
for cells supplemented with 20 or 40mg/) p~00, p-580,

p-L.0 or p-MO, respectively, but the Finding that auch
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largely reflected changes in cell viability extended the

work of Vignikin et sl (1989).

The resulﬁa obtsined from the analysis of FA's in
control and p-oil dosed cells (Table 3.5.3.1.) were
consistent with an overall lack or suppression both of
desaturase and elongase expression in cultured r#t
brain. However, sliightly increased levels of some PDFA’s
with dosage of cevtain p—oils supported the potential
for limited desaturase cascade enzyme activity. 1813uw3
incorporated with p-LU suppliementation was not Further
metabolised, and eauch was consistent with impaired 46D
expression. 18:12uwé incorporated with p-880 incubation
was:also not converted to POFA’s, thus 20:13wé formation
uitH 20mg/1 p~EP0 incubation probably related only to
elongation of incorporated 18:3wé. The lack of Further
20:3wé metabolism with p-EPQ supplemantation, however,
was consistent with impaired ASD expression. Slightly
increased I20:4w6 and/or 20:5w3 levels when certain
concentrations of p-C0, p-MO or p~L0 were supplemented
reflected limited A4SD expression or extramicrozomal
retroconversion of cellular 22:14w6 and  22:3u3,
rasnec£ive1y. No evidence for elongation of 203406
incorporated with p—MO dosage was found, although 22:5w3
formation with 20mg/1 p-FO0 supplementation supported
elongation of incorporated 20:56w3. However; the lack of
significant increments in 22:5wé or 22:6w3 with p-oil

dosage indicated impaired 42D capability.
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Literature reports on iha capabilit& of rat bfain cells
to 'desaturate and elongate FA's_ are. contradictory.
Menkes (1972} showed the capability of such cells in
lipid~free culture medium +to desaturate and elongate
both [1403-16:0 and C!9C3-18:0 prior <to incorporatien
into'cej1u]ar lipids. The potential for 1430 and 18:0
desaturation were also indicated ih the present atudy,
but neither these moieties nor  their - immediate

_desatufation' products were further elongated (Table

- 3.5.3.1:). A possible explanation for the latter finding

came out of the work of Yavin et al {1974) who found
that incorporated FA's underwent elongation in cultured

rat brain cella and that such waz maximal for 12:0 and

_decreased with increased FA chain length. The same group

demonstrated . that these cells were alsc able to
synthesise 20:4wé from 18:2wé and convert 18:3uw8 and
20:5w3 to 22:86%3  (Yavin et al 1974, 1975). Similar
results were reported by Dhopeshwarkar et al (1971),
Sinclair et al (1972) and Anding et 81 (1986) in
neonatal and aduft rat brain in_vivo. Cook et al (1978a)
found <that developing rat brain had the capacity to
desaturate both 18:0 and EFA’s, but 46D activity clearly
appeaired a rate limiting stép in suckling rats, and its
actiQity was hardly above background in the adult.
Hassam et al (1975) showed'that when suckling rats were
orally fed radiolabelled 18:2wé or 1B:13w8, most 18:2ué

activity remained unchanged, while 18:3wé radioactivity
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had._beeh'ihcorporated into 20:3u6 and 20:4wé, in brain
Iipids.'sindlair.(19?5b) also reported that desaturation
of 181206 was very siow after hirth in rat brain. The
pregent étud} waed newborn rat pups, hence this may
partly_aGCOUnf for the relatively low ‘desaturase vascade.
enzyme.antivity reported overall (Table 3.5,3.1,}s It

was unlikely, however, that such activity was suppressed

primarily as a result of the growth Timitation or cyto—

toxicity induced with p-oil dosage, since the capability
for PDFA formation was 1imited/impai?ed even wheri p-oils
had Tittle effect on,: or stimulated, rell uiabiiity.
Desaturase cascade enzyme suppression may rather be a

tharacteristic of this cell type in_vitro under the

present culture conditiéis. Our results, nevertheless,
supported the finding of Novelot et al (1986) that the
liver is implicated'in desaturating and élongating FA's
in vive, and packaging such moieties Ffor transport to

the brain.

MDA measurement in rat brain cultures both in the
absence and presence of dosed p-0ils (Table 5.5.4.1.).
supported the ability of these cells to oxidise FFA'a,
as others have shown (Pitas et al 1987), This reflected

intact cellular enzymic andfor non—enzymic mechanisms

for lipoperoxide generation when the lines of protection

against FA oxidation were saturated, impaired or absent.
Control cell lipid peroxides implied oxidation of

endogenous unsaturated FA's releagsed dyring PG
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turnover, - uhereas the enhansed lipoperoxide amounts
measured in dosed cujtures were consistent with

oxidation of unsaturated p-oil FFA s.

The abundance of saturated FA’élin new incubation medium
(Table 2.3.3,3.) and the ability of these cells to
ihcdrporate exogenous Fﬁ's_ (Table 3.5.3,1.) supported
the likelyhood that most peroxides found in the spent
hedié of dosed cultures originated intracellularly,
Such were released as a result of cell death with é0mg/]
p—MO dr p—F0 dosage, uHereaa the ability of cel]g]ér
lipoperoxides to altér membrane permeability (Mead 1976,
Tappel 1980 and Frankel 1984) implied their leakage
through the plasha membrane of intact cells with
incubation of p~oils which did not induce cytotoxicity
at the concentrations studied. Celiular FFA's and
peroxidising enzymes could also have been released into

the culture medium in the above processes, thus the

possiblity that enzymic and/or spontaneous FFA oxidation

occurred extracellularly, and contributed to the Iipid
petoxides measured in the sopent medium, can not be
iénored. Such may explain the greater lipoperoxide
amounts shown in the spent medium of cultures dosed
with 40mg/1 p-LO, p~EPO, p-FO, or é0mg/1 p—oil, than in

the cells themselves.

The Ffinding +that lipoperoxide generation increased
overall with the smount of p-o0il supplemented (Table

3.5.8.1.) reflected increased FFA availability for
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oxidation. However, the numerical differences in the
lipoperoxide amounts reported with p—oil supp]ehéntatioh
at a particular QOncentration reflected the diFFereﬁt
p~oil FA compositions (Table 2.3.8.2.). This related not
only to the amount of unsaturated FA's present iﬁ any
p-cil, but also to their suéceptibility to oxidation,
depéndent on the number and position of double bonds in

a FA, The susceptibility of 20t5w3 to oxidation may

- indeed explain why cultures dosed with p-FO exhibited

the largest lipid peroxide émounta measured overall. The
éreater ceiTu]af lipoperﬁxide'concentrationé found with
dosage of p-C0. +than with p-L0 or p~EPO, For example,.
was surprising considering ‘the significantly greater
unsaturated FA content of the 1at£er ip:oiis. This
suggested that the .substrates for lipoperoxidation in
the. p~L.0 and p~EP0 were not so readily acgesaible to
oxidation, ~ possibly because they were present as
components. of complex membrane lipids. It may alse
reflect a s]owér rate of PGL turnoveé and therefore FA
release inte the cellular pool.From membrane lipids with
p-L0 and p~EPQ. Alterqatiuely, Tow cellular lipoperoxide
levels may reflsct 1their release into the culture
medium. This supported the higher lipid peroxide amounts
found in the spentlmedium with p—-EP0, compared to in the

cells with p-880, dosage; these lipoperoxides ﬁrobably

related mainly +to oxidation of free 1832wé. p~EPO and

P~8S0 both exhibited similar FA compositions, thus the

greater total lipoperoxide amounts induced with the
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Fdrmer may reFlecf the presénce of about .92 18:3wé in
p~EPO only. This PDFA merely requires chain elongation
to be usable as a substrate for enzymatic peroxidation,
whereas 18:2ué reguires deséturation first.._The lipid
peroxides formed with p-M0O or p~F0 supplementation could
similar]y have related partly to the utiliéation of
exogenous 20:4wé and 20t5u3, respectively as direct

endoperoxide substrates.

The observation that the cell viability changes rerorted
in Figs., 3.5.1.2-3,5.1,8. with p-oil incubation were
generally inversely related to the MDA amoun'ts produced
(Table 3.5.4.1.,) suggested lipoperoxide involuwement. in
the modulation of cell proliferation. Support for this
was the fact that 60mg/l p-MO0 induced the greatest
increase in cellular Iip0perdxide amounts and the most
pronounced cytotoxicity., However, the finding that the
greatest lipoperoxidé levels in the spent incubation
media did not correlate with the greatest c¢ytotoxicity
indicated that the modulation of c¢ell viability alse
related to other mechanisms, sucH as alterations in
membrane fluidity. Indeed, +the lack of significant
ability to desaturate or elongate FA's owverall implied

that these cells were largely unablie to redress membrane
lipid FA composition and fluidity altered with exocgenous
FA incorporation, and that such was invelved in the
modulation of growth limitation and iphibition reported

in Figs. 3&5;102_305.:’--8}
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3.6 THE _EFFECT PSELDO~ 0 L

VED FROM NG .
3.6.1 . Effects of pseudo-0ile on Cell Viability.

Microscopic examination of control cells before, during
and after each experiment showed no  morphoelogical
changes at any time, and p-oil supplemented cells were

morphologically' similar to controls, although cyto—

plasmic droplets were observed with p~oil incubation at

high concentrations in some instances.

The results depicted in Fig. 3.6.1.1., showed that final
medium albumin concentrations ranging from 0O to 250mg/1

F»d no significant effect on rat lung cell viability,

The effects - induced with the supplemented p—oils were

therefore a result of the exogenous FA's and not the

albumin used as FA carrier,

The number of control cells, seeded at 10x10%/m1, at the
end of the 24 hour post—trypsinisation recovery period.
was 13.1x10%/m1., This equated to about 60% of the final
control cell aumber at the end of the 48 hour incubation
period, and represented the cytestatic number. Only
p-oil amounts reducing .cel? viability to significantly

below 60% were therefore considered growth inhibitory.

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

shown in Figs:. 3 6.1.2-3.6.1.8. QOverall, cell viability
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- with the amount of pseudo-oil: which limits cell

viability to 50% of the controls.
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was stimulated only with low amounta of p—EPD and p-FO,
all p-oils besides p-EPD limited cell proliferation to a
greater or lesser extent, and coytotoxicity was induced

only with high concentrations of p~C0, p=-FO and p-00.

p-C0 concentrations up to 40mg/) had little effect on
cell viability, uwhereaz 50 to 70mgs/1 p—CO limited cell
proliferation, and greater amounts were cytotoxic {(Fig.

3.6.1.2.). Half the cells were viable with 85mg/1 p-CO

(IDso) and 43.3% with 100mg/1 p-CO. On the other hand,

p-MO0 inducad concentration dependent growth limitation
with amounts up to 40mg/l, and cytostasis with 70 to
100mg/1 p-MO (Fig. 3.6.1.3.), therefore no IDso could be

caleulated.

Concentrations up to 40mo/1 p~0D0 induced no significant
change in cell wviability, but 50 to 80mg/l p-00 limited
cell proliferation to a minimum of 68.5% with 70mg/)
p~00 (Fig. 3.6,1.4.), 50% of cells were killed with
about 8émg/1 p-00 (IDso), but higher amounts induced the
greatest cytotoxicity observed and practically all cells

took up Trypan blue with 100mg/1 p-00.

Dogage with up to 3Dmg/1 p-SS0 had Tittle effect on cell
proliferation, but greater amounts progressively limited
the viable <«ell yield in an overall concentration
dependent manner to 72.9% and 74.5% with 90 and 100ma/}
p~880, respectively (Fig. 3.6.1.5.). Cell pruliferation.

with 10mg/1 p~L0 mirrored controls, but ranged from
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83.5% to 89.,4% with 20 to é0mg/l p-L0 (Fig. 3.4.1.8.).
Higher p-L0O concentrations induced cytostasié and .uere
theréfore slightly more growth limiting than p?SSO.

although 80.8% viability occurred with 80mg/1 p-LO.

30 to é0mg/l p—EPD stimulated cell proliferation to a
maximum of 110.4% with 40mg/1, but other concenrtrations
had little effect on cell viability, and no growth

limitation was observed (Fig, 3.6.1.7.),

10 and 20mg/1 p~F0 enhanced cell proliferation to 111.0%
and 109.6%, respectively, 30 to S0mg/1 p-FO0O had littie
effect on cell uiability; ahd .higher dmounts limited
cell growth to & minimum of 69.8% with 90mg/1 p-FO (Fig.

3.6,1.8.)., Half the cells were viasble with 935mg/! p~FO

{IDs0}, but only 26.2% with 100mg/! p-FO.

Rat lung cells were incubated with an amount of p-00
corresponding to its IDso (approximately 86mg/1), and
dosed with varying albumin concentirations to exciude the
possibility that any effsctis induced with p-eil dosage
were influenced by the amcunt of a bumin bound %o the
FA“s. Five points were chosen around which-tb vary the
albumin concentration, keeping the p-oil concentration
fixed, wviz. two ocoints abowve, two points below, énd the
IDso of p-D0. The results are depicted in Fig. 3.6.1.9.,

and indicated that the p-00 concentration incubatad.
reduced cell viability to approximate]y 30% of contrels,

~and that such was not significantly influenced by
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different _albumin concentrations, gkclusion of the
synergistic involuement of albumin thus impTied that the
effects reported in Figs. 3.6,1,2-3.6.1:8. were solely

attributed to the exogenous FA's.,

Cellas were aubsequentl? plated and dosed appropriately
with 0, 20, 40 or &40mg p~0il/1 culture medium in amounts

sufficient To _permit all quantitative and qualitative

analyses to be carried out, Cell viabilities relative to

dontrols were compared upon harvesting and found to be
- gtatistically similar to those in Figs. 3.6.1.1~3.651.8.
Hence, all further biochemical assays were performed on

these samp]eé.

W
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3.6.2 - Effects of pseudo~0ils on Total Proteif.

The results derived from the quantitation of total
protein in control and p-oil dosed cells are shown in

Tab'le 306o201.

176,5)ug protein/10% gontrol cells seeded was. measured,
while concentrations in dosed cells ranged from 158.5 to
a maximum O"F. 247.5pg protein/10% cells seeded {obtained
with 60mg/1 p-MO and 20mg/1 p-00, respectively}. Cells
contained protein amounts equal to, or greater than,
controls when -20@9/1 p~oil (except p—-EP0) or 40ma/]
p0il were dosed (176.9 to 247.9u9710% cells seeded),
while concentrations were increased with 60mg/1 p~EPC ¢
p-00 (209.5 and 199,140/108 cells seeded, respectively),
parallel to controls with 60mg/ 1 p=S80 (176.8Bug/108
cells seeded) and slightly decreased with é0mg/1 p-CO,
p-MO, p;LO or p~F0 (¢158.5 to 1865.8u9/10% cells seeded),
The changes induced in total cellular protein were p-oil
concentration dependent as protein Tevels.increased in
direct corréTatinn Qith the amount of p~EPO dosed, but
were inversely relafed te the p~-CO, p~-MO or p-LO
concentration supplemented, With p-580 or p-FD dosage,
however, the highest protein levels. measured were with a
concentration of 40mg/1, but the reverse was true with

p~00 suppliementation.,



e protein cc nt of cells derjved from rat lung,

: peeudo— i QELLQI :
bl . : . 5
E (ma/1) E 0 é 20 E 40 E 60 E
. : : : TR
;'Control g 176,5 % _.E _ E E
E co % | % 189.0 E 184.4 E 163.2 E
E MO i E 187.1 § 182.0 %_158.5 %
E 00 | | 247.9 % 186.7 | 199.1 !
E ss0 i' 5 204.0 E 213,9 5:1?6‘8 é
g LO E § 186.7 i 176.9 E 160.0 i
E EPO | f 167.9 E 203.5 E 209.5 E
i FO E { 182.0 E 187.7 E 165.6 §
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3.6.3 . Effects of pgeudo-0ils on the Fatty Acid

Spectrum of Cells Derived From Rat ng.

The FA spectra of cells incqbated-with 20, 40 or 60mg/1
p-oil are shown in Table 3.6.3.1. in relation to undosed
cél1s. The greatest proportion of any FA in controls was
16:0 (23,4%), but FA's contribﬁting at least S.U%.to the
total spectrum in controls included 18:0 (18.&2), 18:1w?
(15.93#, 20:406 (11,8%) and 22:4w6 (9.0%), Significant
proportiﬁné of these moieties were also detected in

dosed cells.

In geﬁeral, dosed cells contained 1630 and iB:iw?
proportions parallel to controls, but decréaaed i8¢0 and
more varied 16:1u? percentages. 18:2w6, 20:2ws, 18:3uw4é,
22:4u6, 18:3u3 and 20:4w3 levels wuwere generally equal
" to, or greater thén, contrals, and 181403 amounts were
consistently increased with 40mg/1 p—o0il., The refatiue
percentagea of 20:56w3 and 22:5u3 were more variible, but
22:506 and 22:6u3 levels were generally lower in dosed

celis.

16:0 percentages were paraliel to controls (23.4%) with
p-CO incubation, 16:iw%? was slightly increased with 20
and 40mg/1 p~CO and decreased with &é0mg/! p=CO (4.1%,
4.2% and 2,4%, respectively ws 3.5% in controls), while
18:0 levels re marginally reduced (15.82,'15.22 and
iS.SX,'respectiuely va 18.4% in controlis). p-CO Had no

marked effect on 182169 and 18:%uéd leuala. kit 205 dnd



Legend to Table 3.6.3.1.

A1l values are tabulated as relative percént total ares.
Control values are reported as meanis.e.m., where "n" is
the number of experiments, "LCp~0ill° refers to the

peeudo-cil concentration used.
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percentages were at least 2.0% tower than controls
(11.8%), whereas 22:4u6 levels were 3.0% to 6.0% greater
than controls (9.0%)., However, no significant increase
in 22:5u6 uwas found. 18:4ud, 20:503, 22:5w3 and 2216u3
amounts ipcreased only with 40mg/1 p~C0 (1.9%, 2.7%,
3.7% and S.1% vs 0.5%, 1.2%, 3.1% and 4.3% ip contrals,
respectively), but 20:4w3 was increésed slightly with

all concentrations (1,0% to 1.7% va 0.7% in controla).

20.3% to 27.1% 16310 was detected with p~MO dosage (23,4%
in controls), whereas 16:iw? levels were significantly
increased with 20mg/1 p-MO, but decreased with 40 and
&0mg/1 p=MO €11.2%, 2.9% and 0%, respectively vs 3,5% in
controls). p~MO induced a slight decrease in 18:0 (13.0%
to 16.5% wvs 18.4% in controlal, but an increase in
18?1&9 (17.8% to 21.6% vs 15.9% in controls) .and 18:2us
(7.3% to 9.3% ve 4.0% in controls), percentages., 20:4ué
levels were lower than controls (11.8%), and s greater
proportion of its elongation product, 22:4wd, was Found
(up to 13.6% ws 9.0% in controls), but 22:13wé levels
were parallel to controls {1.3%) or decressed:. The only _
w3 PUFA’s that were significantly increased were 18:4u3
(2.2% with 40mg/) p~MO va 0.5% in controls) and 20:14u3
(1.4% and 1.3% with 20 and &0mg/1 p-MO, respectively wvs

0.7% in controls).

18:109 levels increased significantly with domage of 20,

40 or 80mg/t p-00 (24.8%, 31.2% dnd 35.6%, respectively
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va 15.9% in contrels), whereas 16:0, 18:0 and 163109
- proportions were parallel to controls (23.4%, 18.&2 and
3.5%, respectively), or decreased. Raised percentages of
1832uw6 (7.4% to 8,7% wvs 4.0% in controls) and 20:2uwé
(0.3% to 1,1% us 0% in controls) were found, but 20t4wé
levels were lower than controls (11.8%). However, 22:dwé
was significantly raised with 20mg/1 p-00 (13.4% ws 9.02
in controls), yet 22:506 levels were significantly lower
than controls (1.,3%)., 18:3uw3 increased at least 2 fold
with p-00 dosage (1.0% to 1.3% vs 0.9% in contrelsy, and
40mg/1 p~00 raised 18:14u3 percentagéa (1.3% v= 0,5% in
controly), but other w3 FA levels were only marginally

raised; or decreased.

146:0 and 146:1w9 percéntages decreased inverseiy with the
amount of p~§S0 dosed (23.4% to 12.5% and 4.6% to 1.1%
vs 23.4% and 3.5% in'controls, respectively), but i8:0,
20:0 and 18:1w% propoertions incfeaaed aignificanty with
60mg/1 p~880 (23.2%, 3.2% and 22.7% wva 18.4%, 0.1% and
15.9% in controls, respectively), p~880 supplementation
raised cellular 18:12wé amounts (i4..% to 20.3% vs 4,0%
in controls), and induced small increments in 1833ué,
22:4wé and 20:2w8 with concentrations of 20, 40 and
80mg/1, reSpecfiuely (1.8%, 12,0% and 1.2% wvs 0%, 2.0%
and 0% in controlis; respectively), Up to 4,0% 18:3u3 and
1,2% 18:4w3 were detected ((.3% each in controls), but
otker w3 PUFA levels wers paralle]l to controls, or

decreased.
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Cells dosed with p-LO exhibited 16:0 and 18:1u% levels
similar to  controls (23.4% and 15.9%; respectively),
marginally decreased 18:0 (14.1% to 15.9% wvs 18.4% in
controls), and uariéd 16:1w% amounts (1.4% to 6.6% wvs
8.5% in controls). A concentration dependent increase in
18:2ué ihcorpnratinn {7.3% to 9.i2 vs 4,0% in controls),
and up to 1.0% 18:3wé (none in controls), were detected,
and 2234wé was increased with 20 and 40mg/1 p~L0 (12.9%
and 12.8%, respactively vs 9.0% in. controls), 18:3w3
iﬁcorporation increased from 0.5% in controls ta 2.2%,
4.9% and 6,2% when- 20, 40 or é0mg/1 p~L0 were added to
'cuitures, respectiQely. Increased 18:4w8 and 20:5u3 were
detected with 40mg/1 p-LO (1.9% esch vs 0.5% and 1.2% in
cdntrola.'reapectively) and 20:4w3 with 20 and_éﬂmg/l
p-L0 €(1.4% vs 0.7% in controls), yet 22:543 and 22:6w3

levels were parallel to controls, or reduced,

p-EPD dosage had no pronounced effect on cellular 16:0
and 18:109 levels, but decreased 18:0 marginally (13.2%
to 16.6% vs 18.4% in controla), and had a more variabie
.eFFect on 1631u% (1.4% to 6.,6% wvs 3.5% in controls),
18:2wé increased from 4.0% in controls to 18.8%, 19,3%
and 15,3% with 20, 40 and &0mg/1 p-EPD, respectively,
and 1.1% 18:3ué was detected with &0mg/1 p~EPQ, but none
in controls, with 20 or 40mg/1 p—EPD, 20:3wé increased
significantly with dosage of 40mg/) p-EPD (5.2% vs 2.0%
in controls), but no such changes were shown for other

wé PUFA‘s. With the exception of slight increments in
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18:4u3, 22:5w3 and 22:6u3 detected.uith.40m9/1 p~EPO, w3

FA levels were either parallel to contro?s or decressed.

16:0 and 181149 levéis were nof*marked]y altered with
p~F3 incubation, whereas 18:0 was decreased overall, and
16:1w9 significantly increased (5.9% to 8.33_§a 3.5% in
controla). S.QZ to.%.5% f18=2m6 'uéa detected (4.0% in
cnntro]é);. and up t6 10.52 22:14w6 (9.0% in céntroia),
but 22:5w88 levels were decreased. A maximum of 1.4%
18:4u3 was detected with 40mg/1 p-FO and 1.9% 20:4u3
é0mg/1 p-FO (0.5% and 0.7% in.cnntP91B, respectively),
whereas’ 2ﬁ:5w3 was significantly ircreased both with 40
aﬁd'éﬁmg/l p-FO (4.5% and 5.3%, respectively vs 1.2% in
controls), 22t5u3 increased by at least two fold with 40
and 60mg/1 p-FO (7.8% and 7.5%, respectively vs 3.1% in
cbntro1s). yet 22:16w8 was decreased (1.9% to 3.0% wus

4.3%;in'controlé).
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3.4.4 Incorporation of Radiolabelled €18 Fatty

Acids igtg Cells Derived from Rat Lung.

. The radicactivity recovered from cultures incubated with
2uCi of each of the radiolabelled Ci8 FA's is shown in
Table 3:6.4.1.

The tobal counts recovered in the spent incubation media
ranged from 2,4 to 3.0x108cpm, with only 0.5 to 0.8x108
cpm recovered from the pooled buffers after washing the

celis} this accounted for non-specific binding. For

both [4(I-18:1w9 and C}4C1-18:13u3, the equivalent of

4.3%108%cpm were dosed to the incubation mediUmf Total
recovery of radiolabel from. cultures dosed with these
FA’s was approximately B84% and 91%, respectively, For
C14CcI1-18:2u6 the equivalent of 4,8x10%cpm were dosed. to
the incubation medium, and total recovery of this radio-
isotope From the cultures was about 96%. The total
amount of each of these radicisotopes incorporated into
the cells was approximate1y_ 13% fer L14CI-181109, 15%

for [14C1-18:2wé, and 7% for L[14CI-18:13u3.

The percentage conversion of each of the incorporated
radiolabelled C18 FA‘s abuve o w9, wé or w3 series.
products after 48 hours incubation with rat lung
Ffibroblasts ‘s shown in Table 3.6.4.2. As 44D represents
the First enzyme in the desaturasé cascade, tdtai
activity of this enzyme is reflected by the sum of all

subsequenrt desaturase and ejongase products.



| ! 1 . : | ] i
' SPENT i POOLED ! TOTAL H CELLS H TOTAL H
i  MEDIA | WASHINGS | (M+i) H : H x106 {
! (M) i (W) i ! 1 :
' : - '
! Total 1831 sounts dosed to incubation medium = 4.3 x 106 |
| 2350600 ! 664370 | 3014970 ! 548552 |  3.é !
v (2264203 1 (3146300 1 £21989) | H
i Total 18312 counts dosed to incubation medium = 4.8 x 108
¥ . ]
: : ' : ! 1 !
i1 3043280 | 784740 | 3828000 | 734574 | 4,6 {
I (£18428) | (x7191) | i (x1178) ¢ )
] . 1 ] [} 1 ]
; ¥ ] -. ] . ] ;
! Total 18:3 counta dosed to incubation medium = 4.3 x 10%
H . 3 .. : }
H ' ' ) H o ' ; : H
! 3044380 ! 521690 | 35466050 | 304473 | 3.9 H
| (£36020) 1 ($5265) ! P17 L :
A o | : ! 1 :



resse

Ci4¢]
18:3u

e mm v wa] - - e g v e e] ey v

m = O = K W1 0

-
6 6 o &N & lE

w3
POLYS.
8
182

]
i
t
L]
[
]
]
1
]
'
]
'
]
I
I
[}
'E
]

b oo
i = O M~ M O - m | M
A4 - - - - - -
’ M N = W O = O Evi )
. N e = " o o
L
2

Ll T i R e el

T e M A A M dam mes W R . S G S e

N N ® g =N
W & O o o N W
o ™NNNN NN

- i M T Ve mm e O B S Tl e A

A N O O : M~

TR SN S
- m i

5
:

erm A e e AR S Teds R A e dme e s ] wme ma apa].

as _a percentage of the total coun
s
_ ! -
w9 ) [18C3- | w6 ! L[AC3-
18:1a9 E POLYS. : 18:2us
4.8
1
3 24,2
i 25,5
H 14,7
7.2
6.3
i TOTAL |
E CPM f 18635

MONQOS.
18:1
20:1
22:1
2431

TOTAL
CPM

incubation gi th cells gerf;' ved from rat 1

e P e Ml e e e e e e e M M i R A ey e




270 -

I
12.7% of the total L13C71-18:1w¥Y counts deriued'upon GLA
analyvsis {(1107¢cpm? remained as 18:1u9, wheress 34.5%,

37.9% and 15,0% were elongated to 20:1iw9, 22:1w9 and

242109, respectively.

Oniy 4.8% of the total [1401-18:2ué~derived counts

measured (1845cpm) remained unchanged, whereas 17.2% was

shown to be 18:3w6. 24.2% and 25,5% of the total counts,

- were found as 2052wé and 20:3u6, reSpectivaTy, compared

to 14.7% 20:408. Fﬁrthermowe, 7.2% and 6.5% 22:4ué and

- 2215uwé were detected, respectively.

Only 3.8% of total counts (804cem) remained as 18:3u3,
and 14.7% waa.Found as the immediate elonpation product,

20:3uw3, 22.8% 19:4w3 was detected, compared to '18.7%

20:4u3 and 19.0% 20:5w3, 11.1i% of total [1%23-18:3uw3~

darived counts were shown to be 22:15u3 and 10.3% 22:6u3,
and these percenta¢-: were larger than thozse found for

corresronding products in the wé series.
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3.4.5 ' ££ ' seudo—0Cils ipid Peroxi
Fermation.

Table 3.6.5.1. shoﬁs the lipoperoxides quantitated in
dosed rat lung fibroblasts and tﬁeir respective - spent
incubation media, compared to contrals. The resul ts are
expressed as nmoles MDA/10€ céi!a, but in the cases of
the spent media this represents the nmoles of MBA in the

volume of medium from which 1x106 cells were obtained.

Spenf medium derived from cqltures supplemented with
60mg/1 p~SS" 60mg/1 p~FO, 40me/1 p-LO, or p~60mg/1 p-LO
contained 0.3, 0,6, 0.1 and 3.7nmoles MDA/10S cells,
respectively, but MDA was absent from all other spent
media. However, control and all dosed cells formed MDA,
l.inmoles MDA/10% control cells was measurea, whereas
concentrations in dosed ﬁe]ls ranged from & low of 1.0
nmole MDA/10% cells (with 20mg/1 p~SS0 and p-EPO) to a
‘maximum of 10.8nmoles MDA/10% cells (with é0mg/1 p~EPO).
Celiular lipoperoxide amounts wvaried with the p-oil
supplemented, but increased in an overall concentration
dependent manner. p-00 and p~SSO hroduced the smallest
cellular lipoperoxide amounts overall, ranging from
1.0 to 1.3nmoles MDA/10® cells, whereas p~CO and p-MO
generated 1.4 to 2.inmoles MDA/105 cells. Ce1]s_'dosed
with 20mg/1 p-LO, p-EPC or p~FO contained no more MDA |
than controls, but p=L0 and p—FO generatéd more MDA

than p~EPD with a concéntration of 40mg/1 (1.9, 2.1 and
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1.2nmoles MDA/108® cells, respectively). p-EPD, howevers
induced the greatest cellular lipoperoxide amounts with
a concentration of é0mg/1, followed by p-L.0 and p~FO

{10.8, 7.2 and 2.5 nmoles MDA/10® cells, respectively),
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3.6.6 The Eicosancid Profjle of Cells Deriu

from Rat Lung.

Table 3.6.6.1. shows the eicosanoids positively detected
in control and dosed rat lung fibroblasta. All data is
presented as a percentage of the total ares quantitated,_
bﬁt aﬁ indication of the actual amount found is given
for controls in "¢ )" as pmeles +total eicosancids/10%

celis.

Total eicosanoid brodﬁction by control! cells amounted to
?27o6pmo195/105 cells, of which 22.0% .qorreiated with
the retention times of the prostanoid standards used.
Thié fraction was shown to be coﬁposed of 11i.9% PGEz’
“1.6% PGlz2, 3,0% TXB2, 4.2% PGFs and 1.3% PGE2. Varying
proportions of these prostancids were found in dosed

cells, but neither control no- dosed cells formed PGDz,

The percentage of total prostanoids detected in dos. 3
cells ranged from 15l8% (with 40mg/1 p~MO) to a maximum
of 28.5% (with both £0mg/! p~MQ and p-LO), compared to

22.0% in controls, but no consistent correlation was
evident between total eicosanoid'percentages and‘p-oil
concentration. p-0i1 supplementation, however, altered
the production pf individual prostancids in these cells,
PGI2 jevels were lower in dosed cells than in controls
(0.3% to 1.02 ve 1.6%, respectively), and no particular
_é~oil concantration consistently induced greater PGIs

percentages than any other concentratidon. Ce'lular TXB:z



Legend to Table 3.6.8.1.
Uaiuea arg tabylated ns relative percent of the total

area detected, and as pmoles total eicosancids/105

- contro] cells.
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percentages were comparable ‘to contr-is (23.0%) with

80ma/1 p-0il (3.2% to 5.1%}, but were f.cress:d botween

'3 and 6 fold with 20 and 60mg/} p*éi] ¢11.3% to 17.4%).

PGFa productiqn was also enhancgd with dosage of 20mg/1
(7.9% to 9.1%) or 60mg/1 (5.7% te 9.7%) p-oii, but more

variable with 40mg/1 p~o0il (1.7% to 6.6%). compéred. to
controls (4.2%). Incubatioh-uith_zﬂ or é0mg/t p-oil had
no profound &'F'Fect on PGE2 .’euie'ls {O.B.’-‘.’Ito 2.1% ve 1,.3%
inconfro?a}, but such was inﬁibited‘with 40mg/f p~oil.

PGE, percentages, in contrast, were comparable in cells

dosed with 0 or 40mg/1 p-oil (11.9% vs 7.4% to 16.2%),

and markedly decreased both with 60m§/l {0.3% to 2.2%)

and 20mg/1 (0.1% and 0.9%) proil.
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3.48.7 Ris ion.

It was apparent from lack of literature that very little
is known regarding the effects of exogenous FA's on
normal rat lung fibroblast growth. The present study
indicated that p~oil supplementation affected the
visbility of such cells (Figs, 8.6,1.2-3.6,1.8.), and
‘that this was dependent both on the p-oil concentration
dosed and p-oil FA composition (Table 2.8.3.2.). The
mediation of cytotoxicity only with p-00, p-FO or p~CO
dosage at concentrations greater than 80mg/1 may relate
partly to the relatively low populatioﬁ doubling time
these cells exhibited (Téb?e 2.3.1.1.). Furthermore, the
ebility of cultured rat lung fibroblasts to withstand
large amounts of FUFA-rich p~oile without being killed
may relate to the finding that this tissue has been
implicated as the primary site Ffor eicosancid synthesis
(Mathe et al 1977, Hyman et &) 1978 and Harper et al

1234), the precursors of which are PUFA’s,

0A, LA or ALA comprised sbout 71X%, 70% and 63% of all
FA‘s in p-03, p~850 and p-LO, respectively, fhus it was
likely that the cell viability changes induced with
incubation of either p-oil related largely to these C18
FA’s, Such moieties were all 48D substrates, but the
variation in the number and position of their double
bonds could explain the mediation of cytotoxicity with

high p—-00 concentrations, but not with p=SS0 or p=L0.
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The similar extent of groutﬁ limitation indﬁdéd overall
with pFSSQ or p-L0 dosage, however, implied that ALA and

Lﬁ.modu1afed_simiiar effects in these cells, which may
relate .to the fTact that both moieties are EFA’s and
exhibit & double bond at fhe wé position, wunlike OA.
Dﬁ the other hand, the simiiar FA compositions of p-5880
and p-EP0 suggested that the inability to limit cell
viability - with dosage of up to 100mg/} p—EPQ related to
the presence of 9% GLA only in this p—oi]. Such' may be
important for timal rat lung fibroblast proliferation,
or  may suppress the growth limiting capability of other
FA constituents in p—-EPQ, particularly LA, The Finding
fhat'the greatest enhancement of cell wviability oecurred
Wwith incubation of p—oils containing significant POFA
amounts (%% GLA in p-EPO0 and 18% EPA in p—-F0) indeed
implied inuoiuement of these moieties in the modulation
of rat lung fibroblast prolifération. Synergistic and
antagonisfic interations between FA’s in any p-oil
‘sheuld, however, not be overlooked as medistors of the
growth responses induced, This may explain . why cell
viability did not always relate inQerseT} to the p-oil
concentration dosed and why p—oi?s. of similar FA

composition induced different effects.

The data in Table 3.6.3.1. supported the ability of rat
lung fibroblasts to incorporate exogenous FA's, which
.modified dosed cell FA compositions to a greater or

lesser extsnt compared to controls., There is substancial
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evidence to indicate that dietary FA supplementation
induces changes in membrane physicg? propeﬁtiea {eg.
King ot al 1971, Ginsberg et al 1981, Simon et al 1982,
Stubbs et al 1984 and Spector et al 1985). A posaible
mechanism whereby p~oils were invelved in the reduction
of cell viability reported may therefore relate +to
differential uptake of exsogenous FA“s and alterations
in membrane fluidity, dependent on p—oil FA composition.
Furthermore, incubation with low p—oil concentrations
could have =allowed the <cells to maintain a similar
degree of membrane Fluidity to controls, uhereas'iarger
p~oil amhuhts could have led to more proncunced changes
in the membrane unsaturation index suéh that cell

viability was limited or inhibited.

The +Ffinding that the c¢ellular protein concentrations
reported with p~oil supplementation (Table 3.6.2.1.) did
not always cﬁrrelate with the cell viability c¢hanges
induced (Figs. 3.6.1.2~3.6,1,8.) implied FA involvement
in the modulation of protein synthesis. Increased
protein levels when cell viability was parallel +to
controis or limited indeed- indicated that pretein
synthesis was sotimulated, * whereas the finding that
decreased cell numbers alone could noé Justify the
lowest amount of protein measured with 60mg/1 p~MO
implied suppression of protein synthesis. Since <the
moduiation of protein synthesis varied in magnitude with

dosage of identical amounts of different'p-oiYQ,‘ even
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when such vielded similar cell numbers, it was suggested
that the capability +to6 enhance or suppress protein
synthesis wvaried uith FA, and was relatable to FA
strucfure and concentration in any p-oil. Absolute
changes in cellular protein with p-oil dossge may
nevertheless relate to a1terafions in the production of
structural. membrane proteins and/or enzymes,involﬁad in

FA metabolism,

THe fung _haa been imp]icatéd as the primary aite %ar
eicosanoid synthesis (Hathe.et al 19??} Hyﬁan et al 1978
and Harper et al 1984), thus its sbility to desaturate
and elongate FA's to provide eicosancid precursors is of
major importancé. Comparison of control ce11 FA spactra
with those aerived from p-o0i] dosed cells. indicated the.
capébility of cu?tured rat lung fibroblasts to express
desaturase and elongase enzymes (Table 3.6.3.1.). The
raised 1611u9 levels found in doged cells implied 16:0
desaturation, and the possibility for 16:1w% elongation
also existed, In addition, +the significantly decreased |
16:0 and increased 18:0, 20:0 and 18:1uw9 levels detected
with 60mg/1 p-580 dosage supported the capability for
elongase and 49D expression, Comparison of w3 PUFA
desaturase cagcade substrates and products indicated
460, subsequent elongase and 43S0 expression. 18:3u6 and
20:3uwé formation .with 20mg/1 p-SS0 and A40mg/1 p-EPO,
respectively supported 460 and elongase capability.

Further, raised 22146 levels in dosed cells sqggésted
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rapid 20:3wé desaturation and 20:4w$ elongation, and
this could reflect a requirement for higher PDFA's to
maintain membrane fluidity. 22§4m6 accumulation may also
reFJéct a lack of significant 22:5wé formation uia A4D,
. 81ightly increased 22:6u3 levels with supplementation of
A0mg/ p-CU suggested the capability to express 440,
a though 221603 levels lower fhan controls with p-FO
dﬁsaéa implied suppression o©1 44D expression, despite
substrate availability., It has been suggested that
22:5w3 is. tne storage Tform of ZORSwBI-in rat lung
(Swanson et al 1987). This could explaiﬁ the preference
to form 22:4wé and 22:5uwd rather than 22:5ué aﬁd 22316u3,
especlally since the former moleties can undergo extra?.
microéomaT retroconversion .and further desaturation,
thus giving the cells greater flexibility .to utilise
thase'PUFA's éfficiently to farm the products required,
particularly for 2- and 3-series eicosanoid synthesis.
Uverall, the potential to express desaturase cascade
enzymes implied that rat lung fibroblasts could contrel
membrane fluidity, and this may explain why cytotoxicity
was induced only with p~C0, p-00 and p—FO concentrations

gresater than 80mg/1.

Desaturation with individual radioclabelled C18 FA's was
assessed to establish whether the pattern of p-oil
desaturation reﬁorted in Table 3.6.3.1. was modulated
with FA mixtures. 24:1uw9 detection when cultufes wete

dozed with C[3%C]-18:1u9 was consistent with e1anéase
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expression, although no evidence to éuggeat [t403-18110%
desaturation was found (Table 3.6.4.2.). This probably
reflects the inhibition of 18:1u9 desaturation by EFA’s,
which has been well documented (Brenner et al 1966,
1969, Brenner 1977 and Holman 1986b). On the other hand,
the pattern of radiocactivity derived from cultures
incubated with either t1483-18=3m3 or t14CJ—18:2w6 was
consistent uith significant 460 and subsequent elongase
activity (Table 3.6,4.2.), and the significant amounts
of C34CI-18:3uw3 and E140]-1832w6 directly elongated to
20:3u3 and 20:2&6; respgctive]y could have served as EFA
 storage .producta for retroconversion. Cohversioﬁ' of
about 40% £39C31-18:3w3 and 28% [14CJ-18:2u8 to post-45D
PUFA"s supported A4S0 expression. 20:35w3 and 20 14ué
slongation was shown 4 but 440 activity was ~more
1imited. The. Finding that desaturase capability was
greatest with EFA substrates and progressively decreased
as more unsaturated PDFA's were <Fformed nevertheless
comfirmed the rate limiting nature of 46D in the cascade
(Castuma et al 1972, Brenner 1974 and de Gomez Dumm et
al 1976). Furthermore, the greater proportion of L[14(Q7]-

18:3u3 converted to PDFA’s thap [18CI-1812u6 suppﬁr;ed
the established preference for w3, rather than wé,
series PUFA substrates for desaturation (Brenner et al
1966, Mead et al 1976 and Kanau et al 1977), This was
consistent with the direct alongation of more L[14C]-
18:2u6 to 2032ué than L[14C1-18:3w3 to 20:3&3 (Table
B.6.4.2.),



281

Comparison of the daté in Tables 3.6.3.1. and 3.46.4.2.
clearly indicated that the capability ?or desaturation
and elongation were more limited uith'p—oi? than with
individual C18 FA incubation. Competitive'-interactions
between p-oil FA s cquld well have suppressed desaturase
cascade - enzyme expression, particularly since the
competitive nature of FA's for such enzymes have_ been:
well documented both in vivo and in vitro (Brenner et al
1986, Mohrhauer et al 1963a, Ullman. et a1 1971, de
Schriver et al 1982, Holman 1986a, 1986b, Nassar et al
1986 and Cook et al 1987). Cells in_vivo are exposed to
FA mixtures rather than to individual FA’s, ' hence the
desaturase cascade enzyme capability teported with
individua! FA dosage may not necessarily reflect the
situation in the "res! world’. On the other hand, p-oil
FA composition mimicked +that of dietary oils, thus
enzyme expression reported with p-oil dosage probably
reflects the capability of rat lung fTibroblasts to

desaturate and elongate dietary ovils in _wivo.

Thé cellular 1ipoperoxides measured both in the preseance
and absence of p-cil supplementation (Table 3.6.5.1.)
supported enzymic .and/or non—-anzymic mechanisms For:
their production in rat Tung fiboblasts. Control cells
contained unsaturated FA's that were potential oxidation
substrates (Table 3.6.3.1.), hence the lipid peroxides
measured in such were not " surprising. Control cell

tipid peroxideé could reflect the lack of  sufficient
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a]pha“toccpher§1 to limit FA-oxidati;n, or inéFFicient )
- mechanisma to remove different species of activated
oxygen that promote Tipoperoxidation; such as catalase,
peroxidase and superoxide dismutase (Lands et al 1971,
Smith ot al 1972, Tappel 1972, 1980 and Pryor 1976), The
greater lipid peroxide amounts reported in certain
dosed cultures than in controls implied oxidation of
unsaturated p-oil FA‘s, and the numerical differences
in lipoperoxide ﬁonantrations reported between dosed
cultures refiected %he different p-oil FA compositions
(Table 2.3,3.2,). This related not only to the amount
of unsaturated FA's present in any é*cil, but also to
their susceptibility oxidatibn, which in turn;related to

the number and position of double bonds in a FA,

It was apparent that the small cellular lipoperoxide
 amounts Formed with 60mg/1.p—880 incubation related
largely to oxidation of free LA, but the greatesf
~cellular lipoperoxide amounts induced with 60mg/1 p-EPO
incubation probably also reflected oxidation of GLA
incorporated only With p-EPO dosage, as both p*o;?s
otherwise exhibited similar FA compositions. It Foi1ouéd
from comparison of the amount of C18 trienocic FA’s
present in p-EPO and p-LO (about 9% GLA and 63% ALA,
reapective]y) with the 1ipid peroxidems these. p-oils
induced that GLA was more sutceptible to oxidation than
ALA. This could relate +to the easier production of

endoperoxides from GLA than ALA because the former



283

merely requires. chain elongation to be usable as an
endoperoxide aubstrate,. while ALA requires elongation
and two desatUPatioﬁs first. On the other hand, the
fact that incubation Ffor 48 hours with 60mg/1 p-EP0 or
p-L0 ihduced markedly more lipoperoxides than p-FO0,
despite the presence of 18% EPA in the latter, may
relate to FA availasbility for oxidation. The finding
.tha£.1ipopekoxide amounts a;proximated tc contirols with
supplementation of certain unsaturated FAfrich p-oils
{Z20mg/1 p-L0O, 20mg/] p-F0; 20 and 40mg/]1 p~EPO, and all
concentrations of p~00 and p-S$50) indeed, implied that
the incorpoﬁated exogendus FA’s were largely components
-of complex membrane lipids, and therefore not so readily
acceasible to oxidation., In fact, the abi1ity 6? rat
Tuﬁg to peroxidise lipide in witro has'been shown to
correlate with the presence of PUFA's in the TAG
fraction (Kehrer et al 1978). It was alsc possibie that
dosage with different p-oils altered the rate of PGL
turnover and thus the release of FA’s from membrane
lipids  into the cellular pool. Such may explain the
siigﬁtIy greater cellular Iipbperoxide amounts t.aed
with supplementation of p-CO or p~MO than with certain

mere unsaturated FA-rich p~oils.

The significantly greater amounts of cellulsr than spent
medium licid peroxides {(Table 3.6.5.1,) supported the
ability of these cells to incorporate exogenous FA s

{Table 3:.6.3.1,). Hence it was Uﬁ‘[ikell}" that the ]ipid

t
i
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peroxides measured in the spent medium of dosed cultures
were Tarmed pgrimarily as a resq?t of auto—oxidation
of unincorporated p—oil FA’s, particularly since these
moieties were albumin~bound, The absence of cytotoxicity
with dosage of &0mg/1 p-~o0il (Figs. 3.6.1.2-3.4.1.8.) and
the known ability of lipoperoxides o increase membrane
pefmeability (Chio et al 1969 and Frankel 1984) rather
suggested that the spent medium lipoperoxides originated
.intracellularly via passage through tHa plasma membrane,
Cellular FFA's and lipoperoxidation erzymes could alsa
have been released in this process, thus the possiblity
that spontanecus and/or enzymic FFA oxidation occurred
extracellularly can not be ignored as contributing to

the spent medium lipid peroxicwes reported.

Growth inhibition was not induced with supp?émentation
of 20, 40 or é0me/1 p-oil (Figs, 3.6,1.2-3.6.1.8.), thus
no correlation between 1lipid peroxide formation (Table
3.6.5.1.) and cytotexicity could be established, Lipid
peroxides sﬁould. however, not be overlooked as a
possible mechanism involved in the modulation of
cytotoxicity with dosage of higher p-0il concentrations.
It was nevertheless apparent that if lipid peroxides
were directly invoived in the inhibition of rat lung
fibroblast pro]iferatioh, the concentrations required
would have to be considerably greater than  those.
Eeported. On ‘the other hand, the inversé_re]atiunship

generally found between rat lung cell viability rhd MDA
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.concentrations'-uith 94011 incubatieon suggeste& lipid
peroxide invalvement an the modu]atior of  grawth
limitation. However, the fact that the greatest cellular
1ipopgroxide concgntrations inducéd with 60mg/1 »~EPD
correlated with the absence of growth limitation implied
that tHe mddu?a#ion of cell viability also related to
other mechanisms, suwrh as alteratic 8 in membrane
fluidity, As the lung is continuously exposed to high
oxygen levels ig_gigg.. fhis'tissue may be particularly
reaiatant both to the_ ?Skmaticn.and effects of liﬁid

.peroxides. The extent DF:]ipopercxidation in rat lﬁng
microsomes has indeed been shown to be considerably
lower ,than in liver micsosomes, and this was relatable
to its markediy gﬁeater vitamin E content and a?Finity
for the vitamin {(Krishnamurthy et al 1963, BGallo-Torres

et al 1971, Kelleher et al 1972, Kornbrust et al 1980

and Sevanian et al 1982).

Total eicosancid production accounted for 66% of all
cellular lipoperoxides measured in control cells (Tables
3.6.5.1, and 3.6.6.1.7, and this supported studies which
have shown +the lung t§ be an important sité . for
eicosanoid production (Mathe et al 1977, Hyman et al
1978 and Harper et al 1984). In +the presence of
exogenous AA, Pace-Asciak et al (19??). found that the

primary eicosanocids formed by rat lung homogenates were

6-keto PGFyy, followed by TXB2, whereas such exhibited

relatively little capacity to produce PGEz' PGF2g and
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PGDz2, Others reported some PGE2, PBFig and PGF2y, but ho

PGDE, formation in thia tissue (Moore 1985). Under the

conditions used in the present study,  control rat Tung

fibroblasts similarly produced no PBDa2 znd small amounts

of PBEz, pGIz, TXB2 and PGFs, although marked PGE?
formation was additionally shown {(Table 3.6.6.1.). The

preforential synthesis of PGE, may be the result of

increased PCH;_pGE1 jsomerase expregsion or relative

dacreases in the biosynthesis of other prostancids.

However, the Findihg that dosage with 20 or &0mg/1 p—~oil

markedly enhanced TXBz gnd PGFx, and suppressed PGE1,

production implied modulation of eicosanoid synthesis,

_probably at the level of the synthetaze enzymes. Changes

in the proportions PBIz and PGEz were also found with

p-oil dosage, although +total eicozancid production was

not markedl.r altered comparsed to controls (Table

3.6.,6.1,), Others showed that eicosandid synthesis
(6-keto PBFiy, TXB2 and PGE2) was not altsred in
this tissue when olive oii enriched diets were Ffed
cémpared to controls (fed & lard enricher' diet), despite
displacement of AA with OA in membrane lipids (Lokesh et
al 1988). Menhaden oil also displaced AA with w3 PUFA'B,
although eicosanoid synthesis was decreased (lokesh et
al 1983), This implied that different FA components of
these o0ila mediated eicosanoid productioﬁ in a specific
manner. It was apparént, however, that the modulation of
eicosancid production in owr study did not relate

primarily to incorporation of exogehous FA s per se,



- 287

since no clear differences in +total or individual
eicosanocid production was found between cells dosed with
identical amounts of different p~oils, either containing
or dewoid of eicosanoid precursors. The producticn of
the prostancids reported was also not related to the
degree of p-oil unsaturation (Table 2.3.3.2.) or the
ability of these cells to form eicosancid precursors

with p=-oil supplementation (Table 3.6.3.1.,2,

fhe inability to induce marked differences in the levela
of the eicomanoids reported with dosage of the same
concentration of different p—oils suggested utilisation
of endogenous rather than exvgencus PUFA precursors for
 eicosanoid production, .The enhanced prostancid levels
reported in Table 3.6.6.1. could indeea relate to the
presence of 20:3w6 and partisularly 20:3wé in undosed
ce?ls.(Table 3:6.3.1.7, which are usable'by thiz tissue
¥far prostancid synthesis {(Lokezh et a} 198353, The
eicosanoids detected neverthelesa implied that the
cyclooxygenase pathway was functional in these cells,
although the exact mechanism by which prostanoid
production was modulated with p-oil dosage uaé unclear.
The possibility exists that incubation with different
p-oil concentrations influenced eicosanoid precuraor.
avai]ébility, or modulated various enZymic steps in the
prostancid biosynthetic pathwasy either by activsating,
suppressing or inhibiting their activity under the

cul ture conditions used.
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Eicosanoid profiles (Table 3.6.6.1.7 did not cdrrelaté_
in any way with the changes reported in cel) viability
(Figs,. 3.6.1.2*3.6.1.8;), total cellular protein (Table
3.6.2.1,), desaturation capabi]itf (Table 3;6.3.1.). or
lipid peroxide production (Tﬁble 3.6.5.1,) with p-0il
dosage, This imp1ied that although p-oil suppiementation
influenced the ouera?l.hroductibn of the eiceosaneoids .
detec;;d, or the balance between individual proétanoid
groups, these endogenously.syntheéised eicosancids were
Probab?} not directly involved in the modulation of the
effects demonstrated with p-oil dosage}' Indeed, = this
mechanism - could not explain she effects of p-ocils rich
in saturated or monﬁanoic. FA’s, which c¢an not be
metabalised by this route., Mombrane fluidity changes and

lipoperoxides were proposed as alternative mechanisms,
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3.7 HE EFFECTS PSEUDO-0Q ON __C

E IN
3.7.4 fects of pseudo-Oila on Cell Visbility.

Microscopic examination of rat skin Ffibroblasts before,
during and after each experiment showed no morphological
cﬁanges in confroi or dosed cells, although cytoplasmic
droplets were observed with p-0il supplementation at

high concentrations in some instances,

Fina] medium albumin goncentrations ranging from 0 to
250mg/1 had npo significant effect on the visbility of
tﬁese cells (?ig. 3.7.1:1.). The effects observed with
p-oil dosage were therefore 2 result of the exogenous

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

The number of control cells, seeded at 10x10%/mi, at the
end of the 24 hour post—itrypsinisation recovery period

was 10-8x104/ml. This equated to approximately 72% of
the final control cell numbgr at the end of the 48 hour
incubation period and reprssented the cytostatic number.
Only p-0il concentrations reducing cell viability to
significantly below the cytostatic number were hence

considered cytotoxic.

Figs, 3.?.1.2*3.?.1.8. show the data obtained Ffroin the
incubation of cells with p*oils, Cell proliferation was

significantly enhanced only with low concentrations of
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The results are expressed am mean percent (%) cell

viabilitytstandard_error of the-mean (a.e.ms}, where "n’
is the nunber of experiments. The concentrations given
are as mg albumin 5? pseudo-oil per litre of growth
medium. Fig. 3.?.1.1: shows the mean percent cell
viébiléty versus the albumin concentration {(mg/1), and
Figs, 3.?.1.2—3.?.1.8.- depict the mean percent cell
“wiability versus the pseudo—oil concentration (mg/1).
Fig. 3.?31;9. shows the mgan percent cell viability

versus the albumin concentration (mgf?) for cells dosed

uith the amount of pseudo~oil which limits cell -

b uﬁabi?ity to 50% of the controls,
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p~00 or p-FO, whereas all p-oils limited, and with the
exception of p-MD all p-cils inhibited cell viability
toc a greater or lesser extent, depéndent on the p-oil

and concentration supplemented.

Dozage with increasing amounts of p-C0 "reduced cell
viability in an overall concentration dependent manner
(Fig. 3.7,1.2.). Cytostasis w8 induced with 50mg/1

p-C0, whereas half the cells were viable ith 7éma’l .

p-C0 (IDs0) and 30.9% with 100ma/1 p~CO.

Enrichment of the culture medium with up to 30mg/1 p-MO
had little effect upon cell viability, but such was
progressively reduced to T77.8% with é0mg/s/1 p—-MO (Fig.
3.7.1,8.}Y, Cell vigbility plateaued and r#nged From
48.8% to 70.5% with dosage of 70 to 100mg/1 p~MO. This
appréximated to the cytostatic numbef, thua'{no IDgo

could be calculated.

Cell viability was similar to controls with dosage of up
to 60mg/1l p~00 or p-8S0 (Figs, 3.7.1.4. and 3.7.1.5.,
respectively), although proliferation was stimulated to
110.6% with 10ma/1 P-00 and 112.4% with 40mg/1 p-00.
Growth limitation occurred with 70mg/l pfOO or p~-550,
but greater amounts were increasingly cytotoxic. Both
p-00 and p-850 exhibited comparable IDso ynlyes (about
82 and 85mg/1, respoctively), but no viable cella uers
found when cultures were enriched with 100mg/1 p-00,

compared to 14,9% with 100mg/1 p~8S50,
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Dosage with up to 20mg/1 p-LO0 or 40mg/1 p-EPQ had
little significant effect on cell viébility, but growth
wass limited to a point of cytostasis with 50mg/1 p-L0 or
p~tPO0 (Figs. 3.7.1.6. and 3.7.1.7,, respectively)., These
were the most effective p-oils to inhibit rat skin
fibrobTast proiiferation, and this correlated with the
Towest IDsp yalues calculated (about 55mg/1 For p-LO and
57m¢/1 p-EPO)« More than 90% of the cells took up Trypan
blue with 70mgsl! p-L0 or p-EPO, and this increased *to

practically 100% with concentrations of 90 or 10mg/1.

Cell proliferation was enhanced to a maximum of 114.8%
witﬁ 10mg/1 p—FD,- and was progressively limited with
concentrations of 20 to S50mg/1 p-FO such that cytostasis
occurred with 60mg/1 p-FO0 and cytotoxicity with higher
amounta (Fig., 3.7.1.8:), Half the cells were viable with
approximately 73mg/1 p-F0 (IDs0) compared to 35,53 with
80mg/s1 p-FO, but 100% cell death was observed with
20mg/1 and 100mg/) p-FO.

To eliminate the poassibility that any of the effects
induced with p-oil dosage were influenced by the amount
of albumin bound to the FA's, these célls were incubated
with a Fixed amount of p~F0 correspending with its IDso
(approximately 73mg/1) and dosed with wvarying amounts of
albumin. Five concentrations were chosen around which to

vary the amount of albumin, wiz. two points above, two

points below and the IDso of p-FD., The results shown in




o i MR

292

Fig, 3.7.1.9. indicated that the amount of p-FD dosed
reduced cell wviability to appro#imate?y 50% of controls,
and that such was not affected by the amount of albumin
used as FA carrier., Synergistic effects oF.a}bumin could

hence be ex:]udea, and any effecfs'induced by the p-oils

could be attributed solely to the exogenous FA’s.

Fig: 3.7.1.10. depicts the growth of cells obtained from
rat gkip 'in culture medium supplemented with 10% serum
derived from its own species compared to commercially
available fetal calf serum (FCS) in order to establish
whether FCS modulated cell érowth in any way. These
cells grew from 10.0 to 13.1x10% ouer a 72 hour period
when culture medium was supplemented with 10% FCS.
Plating efficiency was low in the presence of 10% rat
serum (RS), hohauer. resulting in an initial decrease in
the number of wiable cells at 24 hours to 7.0x1i0%4, The
cells grew in a8 linear manner over the rext 48 hours,
although only 8.2x10% yiable cells were found at the end
of the incubatimn period, Thus, the routine use of 10%
FCS did not 1imit cell growth compared to 10% RS, and
promotion of growth -1imitation and cytotoxicity were

attributed solely to the exogenocus FA’s incorporated,

»

Rat skin fibroblasts were subsequently plated and dosed
appropriately with 0, 20, 40 or &0mg p-0il/1 culture
medium in sufficient amounts for all quantitstive and
qua]ifatiue analyses to be carried out. Upon harvesting,

cell numbers ware compared and found to be statistically




Legend to Fig. 3.7.1.30,

The results are expregsed as mean cell nﬁmberistandard.
error of the mean (s.e.m.), ”uhe?e 'n* is the number of
experiments. The cell numbérs given are x10%/ml1 growth
medium. Fig. 3.7.1.10. shows mean cell numbers versus

“he incubation period (hours).
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aimilar to those obtained in Figs. 3.7.1.31~-3.7.1.8. All

biochemical assays were thus performed on these samples,
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3.7.2 ffect s ~0ilg on Total Protein,

Table 3.7.2.1. shous,k total protein content of rat skin
fibroblasts at each of the 3 p~oil concentrations dosed
 compared with controls, expressed as Ng total protein

per 108 cells seeded.

Control Fibroblasts exhibited 374.7ug total protein/108
cells seeded, whereas p—oil dosed fibroblasts contained
269.4 to 579.6ug protein/108 cells seeded (obtained with
0mg/ ] p-L0 and 40mg/l p~00, respectively). Protein
levels were higher than écntruls in every instance with
incubation of Qﬁmgfl p—oil (392.2 to 473.6ug protein/10€
cells seeded), This was also true with dosage of 40mg/1
p-oil (436.1 to 579.6ug protein per 108 cells seeded)?,
although cells exhibited Jess protein +than controls
with addition of 40mg/1 p-CO (327.4ugprotein/108 cells
seeded). Enhanced protein levels were found with &0mg/1
p~00 supplementation (443.4ug protein/106 cells seeded),
but amounts were decreased with incubation of other
p~0ils at this concentration (26%.4 to 364,8ug protein
per 106 cells seeded). Cellular protein levels decreased
inversely with the amount of p-C0, p~S80, p~LO or p~FO
supplemented, whereas the greatest and lowest amounts
measured with p~-M0, p-00 or p—EPD dosage occurred with a

concentration of 40 and 40mg/l, respectively,

-

The spent incubation media derived from these cultures

were also analysed for total protein. The values for all
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samples were summed, and a mean protein concentration of
46.820.35mg/10% cells seeded obtained (n=22)."H§weuer,
statistical comparison of individual sampies By analysis
of variance showed no aignificant differences in the.
spent media protein leuelé between control and dosed

cultures (F=138.5, p=0.001).
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3.7.3 fects of pseude=0il he F Aci

Spectrum ellg Derived F ins

Table 2.7.3.1. lists the FA spectra of cells incubated

with 0, 20, 40 or 60mg/l1 p-oil.

Control cé]ls exhibif;dLQ FA gpectrum in which 18:0.
comprised 19.1% of all FA's .det;cted. 146:0, 18:iw9,
201806 and 221406 contributed 18.3%, 16.5%, 13.3% and
9‘9Z.to the total spectrum, respectively, while other

FA’s contributed less than 5% each to the total.

Dosed cells generally contained variable proportions of
16:0, less 18:0 and 16:1@9. and more 18:1w% and 18:2uw6,
than control cells, 20:4wé and 22:5uw6 percentages were
decreased in dosed cells, although 22:4wé was markadfy
increased witH supplementation of 20mg/! p-oil., Dosed
cells ogenerally  contained less 18:4w2 and 20:4w3 than
controls, while the relative amounts of 18:3w3, 20:5u3,

22:5u3 and 22:6w3 were more variable.

Dosage with 20mg/1 »~CO had little effecf on 16:0 levels
(17.3% us 18.3% in coﬁtrois, respectively), but this was
increased with 40 and 60me/1 p-CO (25.9% and 27.7%,
respectively), Similar changes occurred in 18:1iu% ievels
(16.5%, 15.1%, 19.3% and 23,3% with 0, 20, 40 and é0mg/1
p—C0, respectively), while 1810 and 16:1w? proportions
were decreased compared to controls (19.1% and 4.2%,

respectively). p-C0 had 1ittle effect on 18:2w6 levels
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All values are tabulated as relative percent total area.
Control valuss are reported as meanfs.e.m., where 'n’ is

the number of experiménts. ‘Tp-0i131" refers +to the

pseudo-oil concentration used.
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(2.7% to 3.2% 09.3.2% in controls), but decreased.ZDzﬁwé
aﬁounta from 11.1% té 10.1% and 6.5% with 20, 40 and
éﬂmg/}, respectively (13.3% in centrols). Significantly
increased 22:4uw6 was found with 20mgs/l p~C0 (26.6% vs
?.9% in controls), but this did not raise 22:5w6 levels,
Un the other hand, increased 20:5w3 and 22:6w3 reflected

- decreased I1B:d4ul, 20:4u3 and 22:4uw3 proportions.

Decreassd 18:0 and 1611w? levels were found when cells
were incubated with p~MO, but 1610 and 18:1w9 incre .ed
significantly with 60ma/] p-MO (24,3% and 28.5% us 16.3%
and 146.5% in controls, respectively). 18:2u6 increased
from 6.2% to 7.8% and B.2% with 20, 4N and é0mg/1 p~MO,
reagpectively (3.2% in contro]#), and 20:4ué6 decreased
from 13.2% to 11.8% and ?;5%,_ respectively (13.3% in
contreis), whereas the elungation preoduct, 22:4wé, was
markedly increased with 20ma/l p~-MO (21.,1% us 9.9% in
sontrois). w3 PDFA levels were parallel to controls or
tecreased, although 22:6w3 was significantly increased

with 20mg/1 p~MO (3.2% vs 1.2% in controls).

The percentages of 18:11w9 detected in cells domed with
0, 20, 40 or &0mg/1 p~00 increased from 16.5% to 30.9%,
41,8% and S5.1%, respectively, whereas 16:0, 14:1w% and
18:0 levels were decreased. Significant increments in
18:2u6 (3.8% to B.0% wa 3.2% in controls) and 20:2ué
(1.0% to 1.6% va D.1% in controls) were detected, but
20:3w6 and 20:4wé were decreased. However, 22:4wé

increased about two fold with 20mg/) p-00 (20.3% va 9.9%
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in controlis). With the exception of a two fold increase
in 22:6w3 with 20mg/| p-00 (2,4%), w3 PDFA levels were

reduced with p~00 dosage.

16:0, 16:1w?, 18:0 and 18:1u9 percentages were either
parallel to controls or decreased ih cells dosed with
p~850, although 18:1w9 was increased with &0mg/1 p-SSO
(22.5% vs 16.5% in controls). The provision of p=~S80
resulted in concentration dependent 18:2wé incorporation
from 3.2% in controls to 15.3%, 23.9% and 36,3% with
concentrationa of 20, 40 or &0mg/l, respectively. 20:2ué
levels were raised.(o.éz to 1.8% vs 0.1% in controls),
and 22:4@6 increased approximately two fold with 20mg/1
p~-880 (20.4% vs 9.9% in controls), but otker wé PDFA
levals were paraliel to controls or decreased. With the
exception of a slight increase in 22:16w3 with 20ma/1
p-880 (1,9% vs 1.2% in contrels), w3 PDFA levels ' were

alsc decreased. N

p+L0 generally had little effect on cellular 16:0 and
18:1w9 levels, but Toweréd the amournt of 1631109 and

18:0. 1B:2wé increased from 3.2% in controls to 8.0%,
9.2% and 11.2% with 20, 40 and 40mg/] p-L0, respectively
and 26.0% 22:8w8 was detected with 20mg/1 p-L0O (9.9% in
controls), Other wé PDFA levels, however, approximated
to controls or were decreased. The percentage of 18:3w3
incressed from 4.0% to 9.1% and 19.5% when 20, 40 or

60mg/) p~L0 was incubated with_the cells, respectively



299

(0.3% in controls). 18:4u3 was enhanced with 40mg/1 p~L0O
(2.1% ves 1.6% in controls), 20:5&3 with 20mg/1 p-LU
(2.0% ve 0.7% in controls) and 22:16w3 with 20mg/l1 p-LO
(2.3% va 1.2% in controls), while other concentrations

of p~L0 had Tittle effect on, or lowered w3 POFA levels,

_16:0, ié&lm?, 18:0 and 18:1u% levels were parallel to
controls or decrsased in cells incubated with p-EPQ, but
18:2wé increased markedly (15.2%, 23.1% and 28.9% with
20, 40 or 60mg/), respectively wvs 3.2% in controls).
1813u6 was absent from controls, but up to 3.1% was
four }  in dosed cells. Significant increments in 20:2w6
(0.8% to 1.2% ve 0.1% in controls) and 20:3wé (2.4% to
3.8% va 1.6% in controls) were found, but 2046 levels
de&reased from 13.3% to V.4%, 4.8% and 2.5% with 0, 20,
40.and &0mg/l p~EPD, respectively. 2214wé percentages
were significantly raised both with 20 and 40mg/1 p~EPN
(20.0% and 17.2%, respectively vs 9.9% in controlis), but
this did not induce an increase in 22:35wé., Incubation
of cells with 20mg/1 p~EPD caused a slight increase in
22:6w3 (1.7% vs 1.2% in contrels), but other w3 PDFA

levels were parallel to controls or decreased,

Cells supplemented with p~F0O exhibited 16:0 and 18:0
percentages elither approximating to controls (18,3% and
19.13, respectively) or decreased; raised 16:11u%? levels
(5.4% with 20mg/}, 11.1% with 40mg/l and 11.03 with
é60mg/1, respectively va 4,2% in controls), and increased

18:1u? with 40 and é0mg/1 p-FO (18.7% and 22,6% vs 18.5%
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in Eontrola)...18:2m6 ingreased signifiéantly from 5.3%
with 20mg/1 p~FO to a maximum of 15.8% with 60mg/! p~FO
(3.2% in controls), and 22:4wé increased more than two:
fold Qith 20mg/1 p~F0 (23.6% vs 9,9% in ccntraTs),Z;but
no increment.in 2215w6 was detected. 20:503 percentgéea
increased with p-FO0 dosage (2.3% with 20mg/1 and 4.1%
each with 40 and éﬁmg/?..vs 0.7% in controls), and its
elongation product, 2213u3, increased approximataly two
Foid with 20 and 49mg/1 (6.1% and &.8%, respectiué1y vs

3.1% in controls). Yet, 2216u3 was only slightly raised

with 20mg/1 p~FO (1.6% vs'1,2% ir controls),

The FA spectra of the spent growth medium rem@bed from
each of the above 'cuftures is shown in Table 3.7.3.2,
Thé medium in which ?ﬁpntral cells had been grown
contained 96.6% 14:0, 2,0% 17:0 and less than 0.5% each
of 1610, 161169, 18:0, 18:1u% and Z2:2we. Spent media
obtained *rom cultures dosed with p-eils similarly
contained at least 96% 14:0 and 0.4% to 2,7% 17:0, but
only trace amounta of the major Fﬂ;ﬁomponents present in
the p~oils remained in the ﬁedium Fbi]owing the 48-bcu¢

incubation period.
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3.7.4 cor"r"n. { 4  £18 Fa!

in 11 o) fie at Skin

Table 3.7.4.1, shows the radicactivity recovered from
cultures incubsted with 2uCi [140)1-18:1w9, [214C1-18:2wé

or [14C1-18t3uw3,

Total counts recovered From the spent incubation media

ranged from 2.0 to 2.8x10€cow. Oniy 0,3 to 0.5x10%cpm

were recovered from the pooled huffwrs after washing the

cells, and this accounted for non—specific.binding. For

both C[19C71-1831u% and C43CI-18:3ud the equivalent of
4.3x10%cpm were dosed to cultures, and total recovery of
gach was apbroximateiy 77% and sﬂz, respactively, For
£1403-18:12ué the egquivalent of 4.8x10%cpm were dosed to
the  incubation medium, and the total recovery of this
radigisotope amounted to about BSX.I However, the total
amount of each of theae radioisotopes incorporated into
the cells approximated to 22% for [12CI1-18:1w$, 23% for

C14C3-18:2u6 and 10% for C[1%CI-18:3w3.

Table 3.7.4.2, shows the percentage of each incorporated
radiclabelled C18 FA converted to w%, wé or W3 series

products after incubation with rat skin fibroblasts,

15.5% of the total [2190C31-181iw% counts derived upon
Gl.C analysis (115icpm} remained wunchanged, while ‘the
proportions of 20:1u9, 22:1w? and 24:1w9 detected were
35.3%, 39.1% and 10,2%, respectively.

-
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On the other hand, only 6.7% of the totﬁl C140]~181 206~
derived counts measured (268Ycpm) Eemained unchanged.
16.?2.and 16,1% of +total counts recovered were found
as 20:2wé and 1813ué, respectiyel}, compared to 18,3%

201586, 23.2% 20:4wé, 10.9% 22:dwé and 8.2% 2215u6.

The total counts derived following GLC analysis of cells
incubated with L14L]-18:3w3 were 1011lcpm, of which only
7.0% was detected for 18:3u3, The percentage for 18:4u3
(17.1%) was comparable with that oF-18}3w6.(16.1%), as
were ‘those For the immediéte elongatioh products of
181303 and 18:2u6 (16,8% 201363 and 16.7% 2012u6), 12.2%
20:4uw3 was detected, while.the levels. of the subsequent
products of desaturation and elongation (22,2% 20:5u3
and 10.6% 22:5u3) wefe almost identical to those found
For.corresponding prbducts.in the wé sefies. However, a
larger proportion of total [1401-18:3u3-derived counts
were shown as 22:6u3 (13,1%) than for the corresnondiné

44D product in the wé series (8,2% For 22:5uwd).

46D 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.eiongqse

products.
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3.7.5 - Effects of égegdg-gilg on Llipid Peroxigg

The lipoperoxides quantified in deosed cells and their
PESPéctiue growth madia are piesented in Table 3.7,.5.1.
in relation to céntro]s. Values are reported as nmoles
MDA/10€ c¢ells, but in the case of the spent incubation
media +this represents the nmoles of MDA in the volume

of medium From which 1x108 cells were derived.

Medium derived from cultures incubated with 60mg/1 p-L0
or p~F0 for 48 hourg contained 1,0 and 0.%9nmcles MDA/10&
cells, réspectiuely, but MDA was absent from all other
spent média. On the other hand, MDA was measured both in
control and all dosed cells. The MDA amounts quantitated
in dosed rat skin fibroblasts ranged Frdm 0.1 to 2,6
nmoles MDA/108® cells (with 20mg/] p-MO or 60mg/) p-FD
incubation, respectively), compared to 0.2nmoles MDA/10S
cﬁntro? cells. Little.Tipoperoxide Fformation occurred
when cells were dosed with 20, 40 or 60mg/1 p-CO, p-MO,
p—00 or even p~S$80 since only 0,1 to O.4nmoles MDA/106
cells were measured. Cells supplemented with 20mg/}
p—L0, p-EPO or p—-FO induced similar lipoperoxide amounts
.(0.4 to 0.5nmoles MDA/10% cells),. but p-EPQ formed more
Iipopero;ides than p-LO or p—FD at quantities of 40mg/1.
(1,3, 0.4 and 0.5nmoles MDA/108 cells, respectively).
However, p—-F0 induced the greatest quantity of cg]]uiar

lipoperoxides with a concentration of 60mg/), Tollowed
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by p~EPO and p-LO (2.6, 2.1 and O.7nmoles MDA/10E cells, -

respectively).,
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3.7.% _ E;ggsanozd Profile of Celis ber;vgg
| from Rat Skin,

The eicosanoids positively detscted in control und dosed -

rat skin fibrdb?asts are presented in Table 3.7.6.1. as
a percentage of the total area found. Houéver,_ an
indication of the +total eicosancid amounts quantitated
is given for controls in "¢ )°, e#pressed as pmoles/106

cells,

Totatl eicosanoid formation amounted to 165.7pmolen/106
control cellesy; of which 15.,4% could be positively
identified with the prostanoid standards auai]ab?e.
Approximately half of this was TXBz (7,3%) and one third
PGFy (5.2%), compared to 1.3% PGIz, 1.0% PGE2 and 0.6%

PGE, Varyina proportions of these prostancids were

alsc found in dosed cells, whereas PGD2 35 not produced

by control, or dosed, ;at skin fibroblasts.

Total percgntages Ffor the prostancids detected in dosed
cells wvaried significantly with b*oiT concentration as
such approximated to controls (13.4%) with 40mg/l p-o0il
{9.5% to 15.1%), but wére significantly increased both

v ch 20mg/t (22.9% to 29.4%) and 60mg/l (24.1% to 33.7%)

p-oil. These differences were reflected by appropriate )

changes in the amount of individual prostancids. PGIa
Tevels generally approximated to controls (1.3%) with

supplementation of 40mg/1 p—o0il, but none was detected

uith 20 or «tma/l p—oil, Cellular TXBa percentages were



- Legend _to Table 3.7.6,1.

Values are tsbulated as relative percent of the total
area detected, and as pmoles  total eicosancidsa/108

conrtirol cells.
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eomparable t§ contrels (7,3%) with 40mg/1 p-oil dosage
(4.5% to 8.8%), but these increased 2 to 3 fold
.with incubation of 20 ar.éﬁmg/l p—oil (13.0% to 20.6%).
Control - PGF .proportions {3.2%) were also parallel to
those found in calls supplemented with 40mg/1 p-oil
(3.1% to 8.8%), but levels ingreased slightly with
20mg/1 p-oil (7.8% to ?.9%) and 2 to 3 fold with 60mg/1
p~oil (10;Dz_ta.15.222. Incubation with 20mg/1 p—oil
enhanced PGEz production only slightly (1.2% to 1.9%
vs 1,0% in controls), but decreased PGEz levels ugre.
detected with 40. and &0mg/1 poil (0.1% to 0.6%). p-0il
suppfementahionp howzver, had' tittle effect on PGEs
production &8s trace amounts (30.62) of this compound

were found beth in control and dosed cells.
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3.7.7 Jiscussi

Supplementation of cultured rat skin fibroblasts with
p-oils affected the viabijity'of such gellz. The finding
that the p-oils used exhibitéd varying abilities +o
medulate cell proliferation refleéfed the different FA
compositions of these compounds (Table 2.3.3.2;). The
greatéf.potenﬁiaT to inhibit cell viability with high
concentrations of p~-00, p~850, p-L0, p~EPO and p~FO than
. with p~C0 and p~-MO {Figs. 3.7.1.2-3.7.1:8:7 implied that
_ monoenoic and polyenoic FA‘s were more effective growth
inhibitory agents +than saturated FA’s. The g¢greater
cytotoxic potential of p-EPO compared to p-580 could
relate +to the presence of aphroximately 9% GLA in the
former only as both p~oils contaimed similar proportions
of other FA’s. It seemed possible therefore, that
induétioh of the gresatest degree of cytotoxicity with
p—EPC or p~LU supplementation related to the GLA and ALA
concentrations in these p-oilsm, respectively, especially .
since both p-oils contained sgimilar complements of
saturated and monounsaturated FA‘s. However, in the
light of the similar effects these p-oils induced, and
the fact that the proportion of BGLA in p~EPD was much
lower than ALA in p-LO (9% vs &3%), it.uas apparent that
GLA exhibited greater growth inhibitory potential than
ALA. This probebly reIates.tc Jhe different double bond
positions in these C18 trienocic FA s, It should be borne

in  mind, however, that ayhergiatic or antagenistic
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interactions betwesn different p~oil FA's "could also
have plaved a role in the modulation of cell viability.
Thia pHenohenon may explain the enhanced cell growth
induced only when certain concentrationas of p—-00 or p~-FO
were dosed, and why cell viability changes did not
alwayg -correlate linearly with the amount of p-oil

supplemented.

The +inding that on1y_trace amounts of the major FA
cumponents present in the p-oils remained in the spent
medium following the 49 hour incubation period (Table
3;?.3.2.) indicated the capability of these cells t5
incorporate exogenous FA's, even in the presence of high
14:0 levels derived from 90% DMEM+10% FCS itseif (Table
2.3.3.3.), Suypport for p-oil FA uptake from the culture
medium was also shown in Table 8.7.3,1. Modificatiéna of
the membrane POL FA compnsition have Been reported to
* induce changes.in membrane ﬁhyéica] properties (Stubbs
et al 1984 and Spector et ai 1985). A mechanism whereby
p~0ils affected cell viability may therefore relate to
differsﬁtial exogenous FA uptake and alterations in
membrane stability, dependent on p=-oil FA composition
and concentration doged. Pronounced shifts in membrane
fluidity would indeed support  the Ilimiustion and
inhibition of cell pro]iferation shown when large
quantities of saturated or unsaturated FA-rich p-oils

were fed (FiQS- 39?0102‘3.?01083)0
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p—0il supplaméntation induced ccncéntration dhanges in
total cellular protein (Table 3.7.2.1.) which did not
always paral?el the changes found in cell viability
(Figs. 3.7.1.2-3,7,1.8.). In fact, cell numbers could
not juatffyf'the marked protein increase found with
40mg/1 p~-00 desage, nor tﬁelincressed cellular protein
measured when p~oil dosage induced little effect on, or
limited, celi viability. This, hawever, indicated p~oil
FA invelvement in the stimulation of protein synthesis,
which ﬁay reflect enhanced  protein turnover or enzyme
.expression to metabolise the incorporated p-~oil FA's,
Numerical diFFerences. in the protein _concentrationa
meaéured when supplementation with identical amounts of
differént p—oils vielded similar cell numbers suggested
that the abi1ity to modulate protein synthésis related
to differences in FA structure and prbbably also to FA
synergism and antagonism. On the ather hand,.the protein
aﬁuunta quéntified in the spent medium of dosed cells
were not statistically different from controls (seétion
3.7+2), thus it was unlikely that medium protein itself
contributed significantly to the celliular protein

changes demenstrated (Table 3.?.2.1,1.

Cultured rat skin fibroblasts had little capability fo
desaturate or elongate 1610 when_incubated with poila,
although decreased 1810 and enhanced 18:1w9 levels in
dosed cella suggested the potential for 49D expresaion

(Table 3.7:3:1.). The fact that ail p-eils contained
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18:105 (Table 2.3.3.2.), however, could have contributed
to the enhancement of cellular 18:14y9 levels, although
16:1w? elongation could possibly be excluded in this
Eegérd_ since 16:1w? incorporated with p-F0 dosage did
not produce a2 concommitant increase in 18:14%. The lack
of 18:1w% desaturation or elongation ; j  neuerthe]aas
~relate to competitiﬁe:inhibiticn by PurA’s (Brenner ét

al 1966, 1969, Brenaer 1977 and Holman 1986a, 1986b).

LY

Cultured rat skin ?ibroblaats_exhibited the pdfehtial to
desaturate and chain elongate PUFA s in t+he presence of
P#oil.suppleméntaticn (Table 3,7.3.1.). éignificant
18:3uwé production frbm 18:2&5 was apparent with p-oil
dosage, &lthough e]éuated 2013uwé levels with incubation
of p~EPO, providing 18:3uwé, suggested that delta—-6-
desaturation of 18:2wé was slow, probubly due to the
rate Timiéing pature of this enzyme (eg. Stoffel 1961,
Holloway 1963, Marcel et al 1968, Brenner 1971, 1974,
1977, 1982 and de Gomez Bumm et &l 19?631 Detection of
small amounts of 20:2wé supported the capability for
lTimited 18:2wé e]ongatiﬁn, while decreased 20:3ws/20:14wé
and increments in 22:&&6. levels, partiéular?y with
20mg/1 p-oil dosage, suggested AS-desaturation of 20:3wé
and rapid subsequent elongatien. HMowever, the inability
to form 221506 via MD was consistent with 22:4wé
accumulationf_The Finding that the immediate products of
desaturation ueré lo?ér than thoae following elongation

supported documentation implicating the desaturases as
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the rate limifing.stepé in the dematurase enzyme caacade
{eg. Stoffel 1961, 'Hcllouay 1963, Marcel et al 1968 and
Brenner 1971, 1977, 1982), A similar pattern of slow 46—
and A5-desaturation was found with w3 PUFA substrates.
Despite 22:503 formation by elongation of 2035u3
incohporated Qith p—~FO doéaée, orly a small imcrease in
223603 pfoduétion occurred via 4D with 20mg/1 p-FO,
suggesting suppressed expression of fhis enzymé,-
possibly  because membrarne unsaturation index was
increased. Detection of low levels of long chain more
unsaturated PBFA’B' when PUFA-rich p~0oils were doaed
could indeed relate to the known inh;bitory effect of
such moieties on desaturase enzymes, particlarly when
product lewvels are sufficient For maintaining cell
functions and membrane fluidity (eg. Barcia et al 196h,
Brenner et al 1946, 1967, Brenner 1971 and Sprecher
1981). On the other hand, %e greatest increase in
relative 22:146w” percentages found when éaturated or
monoanoic FA-rich p-oils wera.dosed impiied an increased
need For highly unsaturated PDFA's to re-establish
membrane fluidity altered with exogenous_Fﬁ uptake, for
examplie., However, increased detectiorn of higher PDFA
')eueis with p-CO, p-MD or p-00 doéage suggested enhanced
desaturation and/or elongation 6F endogénous PUFA's as
these_p~oils containad relatively iittle, or no, PUFA s,
The degree of FA unsaturation attained in the cells with

p~oil dosage was therefore a factor invslved in control
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of desaturase cascade enzyme expression, particulariy
since modifications of the membrane PGL FA composition
have been shown +to induce changes in the activity of
membrane bound enzymes (eg. Brenner et al 1%965a, 1965b,
1946, 1967,‘1969,- Stubbs et al 1984 - and Specter et aT.
1985). - This ceould explain why the .capabiTity for
desaturation and elongation were generally greatest with
addition of low p-0il concentrations, despite increased
cellular uptéke of major p-oil FA components with the

amount dosed (Table 3,7.3.1.).

To assess whether .he pattern of p-0il] desaturation
degcribed above was modulated by the presence of FA
mixturea,. p~0il desaturation was compared with that of
individual radiolabelled C18 FA's. Only the pathway for
elongation was shown with L[14C1-18:1u9 dosage, whereas
the pattern of radiocactivity derived from cells enriched
with either [19C1-18:3w3 or C19CI~18:2u6 was consistent
with beth desaturétion and elongation of these moieties
(Tsble 3.7.4.2.). Conversion of approximately 76% of
incorporated [1°C31-18:3w3 or [!4CI-1812u6 to PDFA’s
supported 46D expresaion, and the formation of 20:3uw3
and 20:2u6 by eiongation could have serue& as storage
substrates for retroconversion oF-Further desaturation,
Conversion of about 47% of incorperated [1%03-18:3uw3 and
42% T19C3-18:2086 to post-45D FA’s was evidence for 45D
activity, but 44D expreasion was more limited. Cnapkin

et al (1984) demonstrated a lack of conversion of 18:12wé
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to 18:3uw6 and 20:3wé to 20:4ué in isolated microsomes of
rat epidermis, even when different amounts of 18:12wé or
20:3wb wers fed as'déD-or 43D substrates, respectively.
They. suggested that 20:4wé in rat skin was synthesised
elaewhere, presumably the liver, and transported to the
gkin., Others reported that 460 and A5D activities were
suppreséed in the skin of EFA-deficient rats only, and
that significant 46D and ASD expression océurred in the
sﬁin when the'diet_of normal rats was supplemented with
18:2u6 (Lowe et al 1978). The wvariations in desaturase
activity described sbove may relate to different
experimental:designs,_but could also reflect the ability

of this tissue to selecfiuely regulate FPDFA prodﬁcticn.

Fd

The finding that desaturase cascade enzyme expression
was more limited with p-cil compared to individual FA
supplementation (Tables 3;?.3.1. and 3,7.,4.2.) suppofted
 the mediation of competitiQe interactions between p-o0il
FA‘s for these enzymes. However, &8s organisms consume
mixtures rather than individual FA's in the diet, the
dasatﬁrase capability shown with p-oils probébly_relates
closer to the situatiQn in vive than that shouwn with

single FA s,

MDA  quantitation showed that rat skin fibroblasts
exhibited the capability to produce lipopsroxides (Table
3.7.5.1.), This could occur either enzymatically or by
auto—oxidation of free monoencic and/or polyencic FA“s.

Measurement of relatively low MDA concentrations in
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control and most dosed fibroblasts, howevar, ~indicated
.efficient intracellular mechanisms of protection égginat
free radical formstion. Indeed, it is recognised that
aerobic organs are protected from oxygen toxicity by an

array of deFence.systems, ineluding preventative anti-
_oxidanta such as vitamin E, and anti-oxidant enzymes
such as peroxidase, superoxide dismutase and catalase
whicﬁ remove different species of activated oxygen fhat
promote lipoperoxidation (Landa.et al 1971, Smith et al

1972, Tappel 1972, 1980 and Pryor 1976). A]ternatiue]y,

.FA oxidation could have been éupnressed by i1imited
substrate auai]abilify. If FA’s were present withiﬁ'the
membranes as componenta pf complex 1ipids they would not
have been so readily acceésible to oxidation, althouéh
the rate of PGL turnover could have influenced the
release of FA‘s from membrane lipids into the cellular
pool. These Factors probuably accounted for the greater
cellular Tipoperoxidg_amounts p-EPD induéwd compared to
p-880, despite the asimilar FA compositions of these

p-oils, although such could also relate to the presence
of 18:3u3 in p-EPD only (Table 2.3.3.2.) and the greater
cap&bi1ity to form 20:3wé with p~EPQ incubation (Table
3.7.3.14), This could also explain the greater amounts

of total lipoperoxides generated with p~EPO than p-LO
supplementation (despite 63% 18:3w3 in p-LO and only 9%

18:3w6 in p=EPQ), which probably related to the easier

production of endoperoxides from 18:3wé and 20:3wé than
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from 1853&3. Tﬁe suppression/inhibition of microsomal PG
hiosynthesis or oxygenaae activity by w3 seriss PUFA’s
(Morisski et al 1982b) could probably be excluded in
this regard since dosage with 60mgl] r=FQ inducgd the
greatest cellular lipid peroxide smounts measured, uhiéh
was probably largely attriﬁutable.to the susceptibility

of 20:5w3 te oxidation.

Lipoperoxides have been implicated in ﬁhe disrapti*;l oF
biological membraneé (Mead et al 1976, Tappei et al 1980
and Frankel.198£), thus the'small MDA'amdunts found in
the sﬁent médiuﬁ.oF cultures dosed with &0mg/1 p~FO or
p~L0O may have arisen from the release of zellular lipid
peroxides through the membrane of intact cells or as a
resulc of cell lysis, - This could also have resulted in
the escape of cef]u1ar FFA’s and enzymes respSnsib]e for
- peroxidation into tHe'medium, thus extracellular aute-
axidation should not bé overlooked a4 al contributor fo
these medium Iipopgroxide levels., On the other hand, the
absence of MDA from all other spent media supported.

cellular uptake of dosed p-oil FA's.

" Low cellular lipoperoxide levels generally correlated
with high ca}] vields, whereas the significant increases
in cellular and/or medium lipoperoxidzs levels found
only with p-L0, p~EPC or p-FO dcagge (Table 3.7.5.1.)
correlated inversely with cell viability (Fige. 3.7.1.86-
3.7.1.8.). It was apparent, however, thst lipoperoxides

were oply'partiy responsible for the modulation of cel
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viability since the greatest cytotoxicity inducéd with
é0mg/1 p-LO pr.p-EPG did not correlate with the highest
cellular lipoperoxide amounts found. $Skin ip vivo is
continuously exposed to oxygen in air, thus this tissue
may be particu]ariy.resistant beth to the generation and
effecte of lipoperoxides., and the “nangeé-induced in
cell viability with p~cil dogage»prqbably involved other

mechanisms, such as alterations in membrane stability.

The finding that total eicosanoid Formation by édntro]
rat skin fibroblasts -compriéed 833 of a1inlipoperoxides'
quantified £T3b1es 3.7.5.1. and 3.7.6.1.) was noﬁ
surprising considering « dogerous 20:4ué6 levels and the
capability EoF these cells to form 1-, 2- and 3-series
eicosanocid precursors .via desaturation and elongation
(Tables 3.7.3.1. and 3.7.4.2.). The observation that the
prostanoids studied comprised a fraction of the molar
amount quantitated indicated that these cells were
largely invioved in the production of other eicosancids,
but .neuertheless supported functional cyclooxyyenase
activity in rat skin fibroblasta., Under the experimental

conditionz employed, +the enzymic pathways for TXB:z and -

PGF o synthesis were greatly favoured over those inuvolved

in PBI2, PGEz and PGE: production, and it was possible

that PGHz-pgp2 isomerase was inhibited rather than

absent as PGD: formation has been reported in rat ¢..in
in vivo (Ujihara et al 1988). '
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Lowe et al (1978) showed that 18:2wé supplementation of
the diet of normal mice resulted in at least a two fold
increase. in cutaneous PGE and PGF levels compared to
controls, but haa'little effect in EFA-deficiency. p—0il
supplementation .also influenced the ability of rat skin
fibroblasts to produce the prostancids studied (Table
3.7.6.1.), but this was not related to the degree'qf
p~oil unsaturation, the ability of the p-oils to provide
direct eicosanoid precursors (Table 2.3.3.2.), or the
-cépébility of the cells to form eicosanoid precursofa
via fhe desaturase cascade (Table 3.7.3.1.). Indeed, the
detection of increased levels of the l—seriea eicosanoid
Precursor, 20:3&6, only when cells were dosed with p-EPQ
induced no marked effect upon eicosanoid production
compared to other p-oils at identical concentrations.
Even p-L0 and p~F0 yielaed progtanoid profiles similar
to those derived from cells incubated with corresponding
amounts of other p-oils, despite the known inhibitory
actions of 18:3w3 and 20:50W3 on 20:4wé metabolism
via cyclooxygenase and therefore 2Z-series prostancid
pfoduction {(Lands et al 1271, 1973, Dyerberg_ et al
1978, Culp et al 1979, Hwang et al 1980, Hamazaki et al
1982, Marshall et al 1982 andl Nassar et al 1987).
The lack of significant differences in PGIz, TXB2, PGFq,
PGE2 and PGEL levels fFfound with dosage of different
p-~oile at the smame concentration implied that exogenocus

FA's per se induced little effect on the biosynthesis of
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the eicosanoids studiea, thus enharcenent «f prostancid
production related to utilisation of ramhrene 20:t3ué and
20§4u6, which were detected in rat skin ﬁ*brob]asts
(Table 3.7.3.1.). However, the finding thet 40mg/1 p-oil
‘had little effect on or suppressed prostanocid formatien,
whereas 20 and é0mg/1 p-oil significantly stimulated
eicnsanoid production primarily by enhancing TXBz 4nd
PCFy synthesis, implied p-oil concentration involvement
in prostannid synthesis. This could have influenced
eiqosanpid precursor availability, or modulated the

expresaion of enzymes involued in the Fformation of the

prostanoids 5tudied,_particular1y at the PGH leyel.

Numerous ‘studies have implicated PG involuement in: the
modulation of cell division in skin when such campounds'
were provided exogencusly (Zibﬁh et al 1972, Bem et aj
1974, Lupulescu 1976, Lowe et a)l 1977 and McCullough
et al 1978). PGE comgwnds in particular,. have been
associated with increased epidermal proliferation in
vivo {Lowe et al 19?7), aﬁd similar results .have been
obtained in culture (Bem st al 1974). Others, however,
found that the rate of epidermal proliferation increased
5 fold over cohtro]a in EFA-deficient rats with impaired
PGE2 gynthesis, and that topical.PBEz application daily
for one weelk restored the slower, normal rate of growth
(Ziboh et al 1972 and McCullough et al - 1978). *The
present study, in contrast, could not establish any

correlation between  the eicosancid profiles (Table
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8,7.6,1.) and cell wviability changes (Figs. 3.7.1.2-
3.7,1.8,) induced with p-oil supplementation, and this
implied thaf the endogenously synthesised prostanoids
studied were not directly inuélued in the 'moduiatioﬁ
of cell proliferation, despite alterations in overall
prostanoid productien or the Ea?ance between individual
prbstanoid groups. The involvement of lipoperoxides and
alterations in mémbrane physical properties were

proposed as likely mechanisms.
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3.8 FFECTS . OF PSEUDC-0ILS ON CE
IVED FROM RAT ADIPOSE TISSUE.

3.8.1

No morphological changes were found between control
cells before, during and after each experiment, and
dosed c¢ells were morphologically similar fo contrbls,
except Tor cyto~lasmic droplets observed with p-oil

incubation at high concentrations in some instances.

The data depicted in Fig. 3,8.1.1, showed thaf Final
medium a'humin concentrations ranging from 0 to 250mg/)
induced no significant changes in ca]?-viability.. This
excluded the possibility that albumin as FA carrier had
any effect on cell viability, hence the efFecta induced

with the p-cils uwere a result of the exogenous FA's.

11.4x10% control cella/ml culture medium were found at
the end of the 24 hour post—trypsinisation recovery
period, This equated to 70% of the Final controel cell
number at the end of the 48 hour p~ocil incubation period
and represented the cytostatic number, Growth inhibition
was therefore induced only with p;oil concentrﬁtions

which reduced cell viability to significantly below 70%.

The cell viabhility changes induced following incubation
with 0 to 100mg/1 p-oil For 48 hours are shown in Figs.

3.8.1.2-3.8.1.8, All p-oils enhanced cell proliferation
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The results . are expressed as mean percent (X) cell
- wiabilityigtandard error of the mean (s.e.m.), where “n”
is the - number of experiments. The concentrations given
are as mg afbumin or paeudo*oii per litre of growth
medium. Fig. 8.8.1.1. shows thr desn percent ce]1
viability  versus'.£he albumin c§sceﬁtratian {mg/1), and
Figs. 3,8.1,2-3.8.1.8. depict the mean percent cell
viability wversus -the pseudo-0il concentration (mg/1),
Fig. 3.8.1.9. shﬁus. the mean percent ce{i.Qiabiiity
versus the albumin concentration (mg/1) for ce?1s'dosed

with the amount -~ of pseudo~oil which limiks cell

viability to 50% of the controls,
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slightly with low concentrations and limited growth to
a greater or lesser extent ‘with higher amounts dosed,
although pP-EPG, p-L0O and p-00 were cytotoxic at high

concentrations,

p—CO enhanced cell viability to 108.8% with 10mg/), had
little effect with 20 to 40me/1, and limited growth to
84.8% with S0mg/1 (Fig. 3.8.1.2,). Cell viability ranged
From 61.5% to 74.4% with 60 to 100mg/1 p-CO, relative to
the cytostatic number of 70%, thus cytotoxicity was not
marked and no IDso was found, Cell proliferation was
also stimulated with 10mg/1 p-MO to 108.4%, and growth
limitation in¢reased progressively with higher amounts
dosed to a.minimum of ?6.?% with 100mgf1 p-MO (Fig.

3.8.1434), thus no ID50 gould be calculated either.

Cell proliferation increaued tc 110,1% and 114.1% with
10 and 30mg/1 p~0Q, respectively, but approximated to
controls with 20 and 40mgs/1 p~00 (Fig, 3.8.1.4.), Higher
concentrations progressively limited cell growth to
85.1% with é0mg/1 and 75.9% with 90mg/1 p-00, whereas
30% of cells were vishle with ?3mg/1 p~00 (IDs0), put
only 21,9% with 100ma/1 p-00, | |

Incubation with 10 to Omg/1 p*SSd had little effect on
cell proliferation, although such was increased to
107.0% and 105.4% with 30 and 40mg/1 p-580, reupectively
(Fig. 3.8.1,5,), This was the least effective p-oil %o

impair cell growth as 87.0* viability occurred even with
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100mg/1 p—5850.

p~L0 stimulated cel) proliferation b? 20%. Qith 20 and
I0mg/ gnd had 1itt1e effect with 40 to &0mg/l, but
Jimited growth to 8%.1% with 70mg/1 (Fig, 3.8.1.6.5.
p-L0 inducad cytotoxicity with coﬁcantrations of 80mg/1,

or hcre, and'h$TF the célls were viable with 92mg/1 p-LO

(IDEO), compatred to 42% with 100mg/1 p-LO.

Cell wviability uasliﬂa.ik with 10mg/1 p-EPD, but in line
with contrals following 20 to 40mg/1 p-EPO dosage (Fig.
3.8.1.7.), Cell proliferation was limited to 80.9% with
50mg/1 p~EPQ0 and parailel to the cytoétatic number with
£0mg/1 ﬁ—EPO, but "Migher amounts induced concantration
dependent eaytotoxicity su#h that half the rcells were
killed with 73mg/! p—EPO flﬁso) and practically all with
90 and 100mg/1 p~EPO. This was the most effective p-oil

to impair the proliferation of these cells.

(ell viability remained uithin 10% of contrels with
dosage of up to 50mg/! p-FO, and was merely limited with
higher concentrations to a minimum oF 72,6% with %0mg/1
p-FO (Fig. 3.8.1.8.), p-FO thus induced similar effects

to e~MO {(Fig, 3.3.1.3.) and P_SSD (Figo 3‘891050)0

Cells were incubated qﬁth & Ffixed amount of p-EP0 to
correspond with its IDso (70mg/1) and supplementrd with
varying amounts of albumin to eliminate the possibility
that any effects induced with p-oil dosuge were related

to the amount of albumin used as FA carrier. The albumin
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6oncentration was varied at 2.poihts above and below the -
IDBO of p-EPOC, and the results obtained Follbuing:the 48
hour incubation period =are depicted in Fig., 3.8.1.9.
.This indicated that the concentration of p~EPC dosed
reduced cell viability to abwsut 50% of controls. and
that such was ot significantly influenced by different

albumin concentrations. Exclusion of the aynergistic
inuo1uemenf of albumin fherefore implied that  the
effects induced with the p-oils were attributed. solely

to the exogenous FA's.

Subseéuent_ to these:sfudies, cells deriQed Froﬁ rat
adipose tissue were plated and dosed appropriétély uitH
0, 20, 40 or 60mg p-0il/1 culture medium in sufficient
amounts +to permitt all quantitative and quélitatiue
aralyses to be carried out, Upon harvesting: cell yiefda
were compared and found to be statisticsally simf1ar to
thoée in Figs., 3,8.1.1-3.8,1.8. Al1l further biochemical

assays were thus performed on these samples.
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8.8.2

The total prote’n concentrations detekmiﬁéd For- qe?la
supplemented with 0, 20, 40 or 60mg/1 p—ci? are shown in

Table 3.8.2.1. as g total protein/i0s celis seseded.
1j -

134o7né toﬁa} protein per 106 contro} eells seeded uag.
quantitated, whereas concentrations in dosed cells were
increased and ranged froﬁ 142.8 fo 205.5ug protein/10€
celle seeded (FTound with é60mg/1 p-EPD énd 20mg/1 p-L0,
Eespectively}f Cellular protéih concentrations decreased
over ihé Eange.doéed in the presence of p-CO, p-SS0 or
p-L0, but increased with the amount of p-MD ad&ed. On
 the other Hand;h more cellular protein was measured with
A0mg/1 than with 20 or 40me/1 p~EPD and p~FO, but the

converse was found with p-00,
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3.8.3 Effects of pseudo-Oilg on the Fatty Acid
| ctrum _ of Cel Derived. From Rat
issue,

The FA spectra for cells incubated with 20, 40 or é0mg/1
p—oil are shown in Table 3.8.3.1. in relation to undosed
cells.  The greatest proportion oF'ahy single FA in the
COntEoIs was 18:11w9 (23,4%), but similar percentages
were found for 16:0 (22.3%) and 1830 (21.8%). Other FA's
__contributing 55,0% +to the total spectrum in. control.
cells included 18:2ué (9.0%) and 22:4uws (5.8%). Varying

amounts of these moleties uwere present in dosed cells.

In general, dosed cells contained less 18:0 and 18:1w9,
variable proportions of 16:0 and 16:1u9, ahd more 18:206
and 18:3u6, compared to controls. w6 POFA Jevels were
‘generally parallel to controls or increased in dosed
cells, although 22:5ué was decreased. 18:3u3 and 20:4u3
levels were decrsased, but 20:5w3, 22:5w3 and 22:6ud

amounts were generally increased in dosed cells.,

1610 levels increased from 22.3% and 21.4% to 28.1% and
'81.6% uwhen cells were supplemented with 0, 20, 40 and
60mg/1 p-CO, respectively. On the-otheE hand, 16:1u% u&s
significantly Eaised only with 40mg/1 p~CO (4,0% vs 1.5%
in controls), while 18:0 and 18:1u9 levels were parallel
to controls or decreased. Dosed cells contained less
18:2wé than controls (9.0%), but 20:4wé was increased at

least 2 fold (3.6% to 5.8% vs 1.6% in cgrtrols). 22:4ué



aen bl .8.3.1.

All values are ﬁabu?ated as relative percent total area.
Control values are reported as meants.e.m., where n" is
the number of  experiments. "L[p=0ill" refers to the

pseudo—oil concentration used.
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percentages were raised with 20 and 40mg/t p~CO ¢10.5%
énd T.7%, respectively vs 5;82 in controlsl), yet 22:5ué
levels were parallel to controls (2.0%) or decreased.
p—C0 induced a marked reduction in 18:4u3 (0% to 0.6% vs
2.9% in controls), but 20:5w3, 22:3w3 and 22:6&3 levels
. increased 2 fold or more in relation to contrals (0.4%,

1.1% and 1.3%, respectively).

p-MO dosage had little effect on 16:0 and 18:149 levels,
but reduced 18:0 and 146:1iw9 amounts, atthough the latter
was slightly raised with 60mg/1 p-MO (2.2% ws 1.5%  in
controlz), Up to 14.3% 18:2ué and 2.7% 20:3wé were found
(9.0% and 1.0% in controls, respectively), 2034ué levels
ranged from 4.6% to 5.6% (1.6% in controls), aﬁd 22:4uwé
was increased almost 2 Fsld with Z0mg/1 (10.8% us 5.8%
in controls), yet 22:3uw6 émounts were decreased. p-MO
induced a marked reduction in 18:4w3 and 20:4w3, but up
to 1.5% 20:5u3, 3.6% 221543 and 4.1% 22:6u3 were Found

(0,4%, 1.1% and 1.3% in controls, respectively).

A concentration * dependent increase in cellular 18:1u9
occurred with dosage of O, 20, 40 or &0mg/1 p~00 (23.4%
to 31.6%, 42.2% and 48483, respectively), but 16:0 and
18:0 levels were decreased and- increased 18:109 was
found only with &0mg/1 p-00 (2.3% us 1.5% in controis),
p—00 had little effect on 18:2ué levels, but 20:2ud was
ihqreased with 40mg/1 (3.7% vs 1.4% in controls). 20:4ué

and 22:4wé increased asbout 2 fold with 20mg’/1 p-00 (3.5%
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and 11.4% wvs 1.6% and 5.8% ir sontrols, respectively’,
but no increase in 22:5wé uﬁs found. iS;dm3 and 20:4uw3
amounts wers decreéaed with all concentrations, but
20:5&3, 22:5w3 and 22:6@3 were significantly increased
only uitH 20mg/1 b;OD (1.4%, 2.9% and 3.2% vs 0.4%, 1.12

and 1,3% in controls, respectively).

p—550 supplementation decreased.ce11u1ar 16:0, 18:0 and
18:1&? amounts, and 16:1w? was significantly increased
only with &0mg/1 p~8S0 (2.7% ws 1.5% in controls).
18:2ué percentages increased from 9.0% to 24.7%, 26.7%
and 31.6% with 0, 20, 40 and é0mg/1 p—SS0, respectively,
and up to 1.8% 18:3wé was fFound (none in contrels),
20:3ué 'Ieug'ls were parallel to controls (1.0%), but
20:4w6 smounts were increased (1.9% to 2.7% wuvs 1.6% in
controlal)., 2214w levels were indreasea only with 20mg/!
p—SS0 (8.0% vs 5.8% in controls), and decreased 22:5ué
was Found, p-580 decreased cellular 18:4w3 and 20:4u3
amounts, but 22:5w3 and 22:6u3 were increased about two
fold with 20mg/! p—-8S0 (2,5% each vs 1.1% and 1.3% in

controls, respectively).

16:0 Tevels ranged from 14.3% to 26.1% with p~L0 dosage

(22.3% in contrcls);. 22:0 increased significant]§ with |
40mg/1 p~L0 (1.8% vs 0.2% in controlis), 16:1uw9 increased
at least two fold (1.5% in controls), whereas 18:149 and
18:0 percentages were decreased, p-L.0 had little pffect
on 181206 Tevels, 20:4wé and 22:4ud were increased'tE.?é

to 3.7% and 6;6% to 8.4% wvs 1.6% and 5.8% in controls,



328

reépectiveiy), although 22:5hi was decreased. iQtSwS
peﬁcentages increased from 0.2% to 5.1%, 10.7% and 15.7%
with 0, 20, 40 or &0mg/1 p—-L0 dosage. respectively, yet
decreased 18:4u3 and - ’ 1&&33 were found, Increments were,
houeuef, detected Fd; 29=5w3 with 20mg)1 p-L0 {1.8% vs
0.4% in controls), 22t5u3 with 20 and 40mg/1 p-LO (2.3%
and 4.3%, Eespectively vs 1.1% in dontrols) and 22:16u3

with 20mg/1 p-LO (2.4% vs 1.3% in controls)l,

16:0, 16:1w9, 18:0 and 1811w% percentages approximated
to controls or were decrsased with p—EPO incubation, but
18:2ué proportions were greatly increased (31.1%, 20.7%
and 33.?% with 20, 40 and &0mg/1; respectidely va 9.0%
in controls). Cells contained 0%, 4.6%, 0.9% and 1.6%
18:3w¢ witk 0, 20, 4Q_an5 &C0mg/” »EPO, respectiuely;
and 4.1% 20:3w6 was detacted with 20mg/1 p-EPO (1.0% in
controls). ?Uzdué levels, however, wers not increased,
and the percentage of 22:4wé6 was raised only with &0mg/1
p—EPD (6.5% vs 5.8% in controls). On the other hand, w3

POFA levels were parallel to controls or decreased,

p-FO incubation increased cellular 16:1u% Tevels to 4.6%
with 20mg/1, 11.7% with 40mg/! and 13.9% with 40mg/}
(1,5% in controls), reduced 18:0‘percentages from 21.8%
in controls to 13.8%, 11.2% ;nd 8.1%, respectively, but
had no marked effect on 16:0, 18:11w? and 18:2u6. Raised
amounts of 20:4ué were found with 20, 40 and 60mg/1 p~-FO

(3.5%, 2.7% and 2.3%, respectively us 1.6% in controls),



and 22:4ué with 20mg/] p-FO (8.5% vs 5.8% in controls),
but 22:5wé percentages were decreased. {osage with 20,
40 or 6Dmg/1.p-F0 greatly increased the 1eveis.oF 2015u3
(4.3%, S5.8% ahd 9.,5%, respectively vs 0.4% in controlse),
and 221503 (7.7%, 9.1% and 4.9%, respéctiueiy v 1.1% in
controls), but the increment in 22:6w3 was smaller

(3.0%, 2.8% and 2,1%, respectively vs 1.3% in controls).
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3.8.4 corporation of Radiglabell C18 Fatt
Acids into Cells Derived from Rat Adipose

The radicactivity recovered from cultures incubated with
2uCi [19C01-18:1uw9, L[1¢CI-1812wé or [14CI1-18:3w3 is shown
in Table 3.8.4.1,

For both [14CI1-18:1w% and [29C1-18:3w3 the equivalent
of 4.3x10%:pm were dosed to the cultures, and total
recovery approxXimated to 77% and 91%, respectively. For
[1903-181206 the equivalent of 4.8x108cpm were dosed to
“the growth medium, and the total recovery of this radio-
isotope after 48 hours incubation amounted to 85%, The
ccunfs recovered from the spent incubation media ranged
from 1.8 to 2,8x105cpm, whereas only 0.4 to 0.5x10%cpm
were recovered From the pocled buffers after waeshing the
cells, which accounted for non-specific bindifg: The
amount of each of these radioisotopes incorporated into
the c¢ells themselves equated to 22% for [11(CJ-18:1u9,

29% for [1403-18:20é and 14% for L[14C1-18:3u3.

The percentage conversion of incorporated [3i4C1-18:1uw?,
C18CI-18:2w6 and [4C1-18:3w3 to - wP, wé and w3 series
products, respectively after 48 hours.incubaﬁion with
cells derived from rat adipose tissue are shown in Table

3.8.4.2,

2%.9% of the total [19C]-18:1w9 counts derived upon GBLC



SPENT "POOLED

' ] | | H !
H _ ' | TOTAL } CELLS ! TOTAL i
! MEDIA ! WASHINGS ! (M+W) ! H x106 !
. M) (W) ! ! ! : 4
) i
i Total 18:1 aounté dosed to incubation medium = 4.3 x 106 |
] . ) =
H ] i i ' i !
i 1838100 528000 | 2386100 | 938754 | 3.3 '
f.tiiﬂdﬂﬂ) I (7440 | 4 (£?771) | !
H H : 1 H . } o
) _ . i
| Total 18:2 counts dosed to incubation medium = 4,8 x 106 ¢
t [ ]
; i T i ! ;
| 2235400 | 508380 1 2743780 | 1348009 ! 4.1 |
P(x24720) } {24026 | (25787 | !
L ! ! { ! }
! o !
! Total 18:3 counts dosed to incubation medium = 4,3 x 106
i ™ 7 T : i
i 2841400 | 419400 | 3260800 | 612707 | 3.9 '
I (211940) | (£3380) ! i (22496) | !
e . ! ] ! _ !




ol o S e mm mm mm e me —m g . = —m —— m— - - b - ———
L

after

3 .
_% _(uvdd
-n ~0 ~0y ] i
0 4] d i

[ T o |
QL <
i

d
21,1

se
e
C
1

e e oma gemlmm m Em Ef EmE EEpe S i wmE e i e S wrm] = - -]

1
n

m = N N N

- - [ ) -

|
. I E
O o O N N (-0
mc

Co

w3
OLYS.,

a:
18:4

NN NN N

rat

expressed_as a psrcentage of the tot
Ci4c]
1811w
2.9
28.1
123

—— e e dmm] i e Ay e A e e e e Eam M e e e ] e ey -

ab

N M

M~ 0
L T

q
2
18.3
20.3
2
1
27435

H
1
¥
1
1
]
]
1]
1
]
1
]
!
L]

- meey e ke e el i e me e A )

N M =& = i0

. |
S5 3 & 8 RE

8
'1833

1
1
¥
]
]
!
¥
1.
1
]
]
?
]
b
]
i

1
]

- whin . ppam e e e Sewr] wem v ——

< ™~ -

0
10 B ]

_with cells derived from

L L T e e e T ST PP P S D —

and their v

= v

Ll - -

- Zx
Q0 =) ™ <t -0
o mc

NN N

on
M

domsed

g frm mm om mm e e i am ok o o e o e o e e o]




331

analysis (1237cpm) were unchanged. Similar percentages
were detected for 20:1w9 (28.1%) and 22:1w9 (30.4%), but

only 11.7% was found as 24:1w9,

Only 2.8% of the total [19C1-18:2wé-derived counts
detected following BGLC (2745c§m) remained unaltered,
whereas 18.3% was found as 18t3wé6 and 1?.62 as 2012u5.
20:3uwé and 2034wé accounted for 16.3% and 20.3% of the
total, respectively, comparéd to 12.8% 22:4u6 and 11.9%

221506,

1485cpm were derived upon GLC analysis of cells dosed
with C}4C]-18:3u3, of which only 6.7% remained as 18}ém3 h
and 11.4% found for its. immediate eloﬁgation product,
20:3w3. The percentage Tor 18:4u3 (26.9%) was almost 1dz
higher than that of the corrésponding wé meries product.
1&:3wé (18.3%), while 11.4% 20:46w3 was found. 21,1% of
ths  total counts were shown to be 20:5w3 compared to
8.2% 22:5w3, and the level of the subseguent product of
delta-4-desaturation was similar te that found for the
corresponding product in the wé series (14.23 221603 us
11.9% 22:506),

460 is the Pirst and rate limiting enzyme in the
desaturase cascéda, thus total aétiuity of this enzyme
is reflected by the sum of all subsequent desaturase and

elongase products.
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3.8.5

Formaticn.

Table 3.8.5.1, shows the MDA coﬁcentrations measﬁred in
cells dosed with O, 20, 40 or é0mg/) p-ocil, as well as
their respective growth_media, The data iz expressed as
nmoleé MDA/106 cells, but in the case bF.the spent media
this represents the nmoles of MDA in the wvolume of

medium from which 1x10%® cells were obtained.

0.5nmoles MDA/10® control cells were quantified, while
concentrations 1in dosed cells ranged From 0;6 to 4.2
nmoles MDA/lUS_aeTTs. MDA generation varied with p-oil,
hut generali} increased with the concentration of p-oil
supplemented. Cells incubated with 20, 40 or &80mg/1 p~00
induced the lowest MDA amounts overall (0.6, 0.6 and 0.9
nmoles MDA/10% cells, respectively), concentrations were
similar with p-CO, p-MO or p~FO supplementation (0.8 to
1.3nmoles MDA/10® cells), while PUFA-rich p-oils induced
the largest MDA amounts. Cellular leve1$ increaéed fr-om
0.6 to 0.8 and 4.2nmoles MDA/106 cells iﬁ the presence
of 20, 40 or 60ma/1 p-i.0 compared to 1,1, 1.1, 2.1lnmoles
MDA/10® cells with p-SSO and 1.6, 1.6, 2.2nmoles MDA/106
cells with p-EPO, respectiueiy.. Medium derived From
cultures incubated withISOmg/l p-EPU contained 2.1inmoles

MDA/10% cells, but none was found in other spent media.



incub.

S8 re

_ra

. . e . Er‘t I‘.

e

nm

ressed

—oi)

A/108 oald

—— e R -

0

———— . -

pseude—
0il
'(mgliJ

et IRl i T P e T L Ve —

3591225
1102421

e e e A M Mgy e e E i s mar W e

326181&2
- o O = O W o«

st Twm mhE R R L N e e E e AR A e e )

9061668
0101010

-
i M wier G e P g A S S e e e .

o
(=

Ss0
EPOD

Qo L o
¥ -} L.

Control

—— v —  —

e o i s R R M M S e MR o arEm R ms )

LI i I e Tl ] L S —— ]

by — e ——

PENT

0

- A - —

pseudo—
0il
(mg/1)

A A e ———

s S e S e e e W A W s bt e s,

e i S e e gy M S et wrmm B SR ALAR S PRt e

—— T pas e o g R ey A e e e S A e )

— e e A e S ey SR e AR . e A e i

o 2
o o}

550
EPD

o o Q
b - | [T

Control

Lt I L It Jy Sy S ——



3.8.6 The Eicosanoid Protile of Ce! rive

Tabie'3.8.6.1._shows the eicosanoids detected positively
in control and desed cells, Al déta is presented as a
percentage of the total area found, but an indication of
the total eicosancid amuﬁnts quantified i= giuen for
controls in "{ )", expressed as pmoles total eicosanoids

per 108 cells,

Total eicosanoid production by control cells amounted to
215.9§m0755/105 cells, of which 35.9% correlated with
the retention times of the prostancid standards used.
This was composed of 16.6% PGFy, 9.2% TXB2, 7.7% PGE=
and 3.4% PGlz2, and no PBD2 was shown in control ce?]é.
'Vafying proportions of these prostancids were found in

dosed cells, but neither contraol nor dosed cells formed

PGE,

The percentage of total prostanvids detected in dosed
cells varied significantly with p~oil concentration, as

such was decreased with supplementation of 60mg/1 p-oil
(20.9% to 26.7%) and particularly 40mg/i p~cil (11.8% to
192.7%), but was more variable with 20mg/1 p-oil (22,.8%
to 41.4%). Such changes related to alterations in the
production of individual prostancids in these cells.
PGI2 Jevels were increased with dosage of 40mg/1 p-oil
(3.8% to 5.8% va 3.4% in controls), generally deckeased

with 60mg/1 ep=~oil (1.9% to 3.4%), and more variable with




d . 9 L] L} L]

Values are tabulated as relative psrcent of the total
area detected, and as pmoles total eicosanoids/106

control! cells.
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20mg/1 p=0il (2.5% to 4.8%), TXBz anounts were increased
in relation to controls (8.2%) with 20mg/! (11.0% to

23.0%) and €0mg/1 (9.1% and 14.6%) p~oil, but decreased

with 40mg/1 p-oil (3.1% to 7.1%). p-0il1 supplementation

suppressed the production of PGFg, barticu?arly with a

doncentf&t%on of dﬂmg/i {(2.0% to 4;62), although amounts

were gﬁm;arab1e to controls (16.6%) in the preseice of

20mg/1k§:DD {18.5%). Dosed cells also formed less PGEz.
than controls (0% to 6.0% vs 7.7%), aﬁd small amounts of

F_’GDz uer‘*é' detected only with i_ncubation of 40mg/1 p-gil
€0.8% to 1.Qz*vs 0% in contFoTa). | o
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3.8.7 iscyssion.

p-0i1 supplementation affeéted the viabi]ity of cultured
rat adipose cells (Figs., 3.8.1.2-3.8.1.8.). The effects
induced, however, were not consistent with the degree of
p-oil unsaturation, hence it could not be established
whether F’UFA—rich_p—oi'ls exhibited greater potential to
modulate ce” proliferation than p"ﬁi'i abundant in
monounsaturated of saturated FA“s. The p*oil—épécific
effects induced <could ra?her be explained in terms of
.pﬁoil FA composition (Table 2.3.3.2.) and concentration
doséd, although the possibility .also existed that
effects were anhanéed or deminished by p-oil FA’s
operating either in concert with each other, or
antagonistically, The data supported FA involvement in.
the enhancement of cell proliferation with incﬁbaticn ﬁf
1ow p~oil concentratfons. Howewver, the finding that cell
‘proliferation was stimulated over a wider concentration
range with incubation of p-00, p-S80 or.p-LO than with
other p-oils implied greater involuement of 18:1&9,
18:206 and 18:363, respectively in ‘thié process  than
other FA“s. This may relate to the chaiﬁ length of thase
moieties and the fact that 18:1wP, 18:2wé and 18:3u3 are
46D  substrates, whereas the different number aﬁd
position of double bonds in these Ci8 FA s may explain
why 18g3w3 was & more af#ective growth promoting agent
than 18:2wé and 18:11uy®. This indicated that FA structure

was an important determinant of gell viability, p550
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and p-EPO exhibited similar FA compositions with a rich
supply of 18:12uwd (about 70%), thus fhe cytotoxicity
induced with p~EP0, but not p-S80, dosage probably
related to the presence of 9% 18:3ué in p-EPC only. This

implied, therefore, that 18:3wé was a more potent growth -

inhibitory agent than 1812wé. The c¢ell death p-L.0 and =

p—=00 induced at high concentrafions also indicated that
18:3w3 and 18:1m§ exhibited greater cytotoxic potential;
than 18:2wé, but it was apparest that these C18 FA's
were less effective than 18:3wé. On the other hand, if
seemed thét 18:3w3 was more effective than 18:3uwé in
gtimulating cell praliferation. Such effects could have
reiated to the presence of a double bond at the

wl2«-position in 18:3wé,

No reference has been found in the literature in which
the etfects oF FR's on rat adipose cell growth has been
investigated, although the influence of exogenous F&'s
has been studied with rat mammary qélls in culture
(Wicha et al 1979)., Mammary tissue ‘s largely modifisd
adipose tissue and is thus another cell type specialised
' for hén&ling large amounts of FA's. Like adipose tissue,
mammai-y tissue is abtive]y involved. in FA biosynthesis
and is affected by dietary lipids (Lehninger 1¥82Y. In
the presence of de*?ipidiaed FC8, insulin, prcogesterone,
estrogen and prolactin, Wicha et al (1979) showed that
normal mammary epithelial cell praliferation in culture

was inhibited with &ll concentrations of palmitic and
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stearic acids tested (0.1-10mg/1), whersas unsaturated
FFA‘s induced both stimulatory and inhibitory effects.
. LinoIeic and alpha-linolenic acids wére_ﬁost stimulatory
and resulted in a. doubling of the growth rate .with
concentrations of 1.0 and 0.img/1, respectively, whereas
hoth oleic and arachidonic acids were vastly .Iass'
stimulatory. Linolei¢ acid could not induce cytotoxicity
with any concentration dosed (0.1-10mg/1), but this was
induged uith greateﬁ thar 0,3mg/1 arachidonic acid and
Smg/1 oleic and m*Tinolénic acids (Wicha et QI 1979).
Compafison with our data clearly indicated ‘that the
effects individual FA's induced were more dramatic than
with p~oil dnsage, and this supported the mediation of
antagonistic effects between FA’s, which probably occurs
in vive when FA mixtures are consumed as dietary oils.
On the other hand, it was possible tha. the iﬁdiuidua]

FA effegts Wicha et al (1979) reported on c¢ell growth
wer:= mediated by the EFA~deficient culture conditions
used, or modifications of membrane—bound hormone
receptors as a result of hormonal supplementation. Wicha
et al {1979) sclubilised the FA's used in ethanol such
that the fFinal! ethanol cdncentration in the culture
medium was 1.0%, Our studies, however, have shown this
concentratibn to be toxic both to normal and transformed
ceiTa {Davidson et al 1987a, 1987h, 1988a, 1988b,
Giangregoric et al 1988b and Girac 1988), thus their
data should be interpreted with caution. This could also

explain  discrepancies with our data (Figs., 3.8.,1.2-
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3.8.1,8.), whereas similar trends betwsen the two
studies ﬁay reflect simifarities in thése lipid stoi*ing
tissues. Both studies nevertheless established that FA's
played a role in_ce17.grouth.' and it was possible that
the response of thé cells to the FA s refiected_ their

physiological requirements in vivo,

We oresented svidence which supported the ability of rat
adipose cells. to incorporate the exogenous FA's dosed
{Table 3.8,3.1.). It wazs mechanistically poassible,
therefore, that the p-oil effects on cell growth were
the result of changes in cei” membrane fluidity and/or
modifications of membrane—bound enzymes, as evidence
suggests that dietary supplementation with FA s indueés
changes in membrane physical properties and membrane-
asgociated cell Functions (King et al 1971, Ginsberg et
al 1981,'Simoﬁ et al 1932, Spector et al 1985 and Stubbs
et al 1984)., On the other hand, the finding that growth
inhibition occurred oniy with p=~00, p-L0 or p-EPO dosage
at high congcentrations could reflect the ability of
these cells to tolerate relatively large changes in FA
concentration ass adipose tissue is primarily involved in

TAG storage and release (Lehninger 1982).

p~0i1 dosage caused changes iﬁ the content of total
cellular protein (Table 3.8.2,1.), but thiz did not
always parallel the cell wviability «hanges 1nduced
(Figs., 3.8.1.2-3.8.1.8.). The greatest increase in total

protein correlated with the greatest stimulation of cell
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viability with 20mg/1 p~L0 dosage. Houeoer, as protein
increased approximately 50% and cell viability increased
about 20%, compared to comtrols, increased protein did
not appear to refate to incressed célilnumbers alone., In
fact, increased cellular protein was found even when
p~0il dosage indpced growth limitation. It was apparent,
thereforé, that 'while total protein guantitation could
reflect cell growth changes in terms of actual cell
numbers, p-oil FA’s were invelved in the stimulatian of
wrotein synthesis, The finding that the extent of
protein stimulation wvaried with dosage of identical
concentrations of different p~oils, even when'lsuch
yﬁelded aimilar cell numbers, suggested that FA's of
diFFarent chain 1engthé and degrees of unsaturation vary
in their capability to modulate protein synthesis.
Uhether this related to specific FA“s in any p=-ocil, or
te synergistic effects induced between p-cil FA s, was
unclear, although a combination of such effects seemed
most [ikeTy. The enhancement of protein biosynthesis
with p-oil swpplementation may, nevertheless, reflect
the extremely active metabolism of adipose tissue in
vive (Lehninger 1982). The inuvolwement of this tissue in
proeesses such as FA synthesis, TAG storage and release,
as well as its sbility to rapidly respond to metabolic
changes/stimuli (Allman et al 1965, Fain et al 1966 and
Lehninger 1982) suggested thaf the increased production

of cellular proteins related to the enhanced expressidn
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of lipid metebolising enzvmes, such as lipases and those

involved in FA synthesis and oxidation.

Comparison qflcontrnl ¢cel]l FA spectra with fﬁose derived
from 'pioil.suppiemented cells indicated the ability of
csultured Pét adipose cells to desaturate and elongate
PUFA’s (Table 3.8.3.1.). Thia correlated with the active
involuemant of adipose tissue in FA biosynthesis iﬂ_gigg
(Allman et a1.1965,'Fain'et al 1964 and Lehninger 1982).
Formation of small 18:3wé amounts and no increment in
18:4u% in dosed cells, even when sionificent EFA leve's
were present as substrate, supported the rate limiting
nature of 48D (Stoffel 1961, Holloway 1963, Marcel et ul

1968 and Brenner 1971, 1977, 1982). Slight]; increased
20 :2uwé .leQeis indicated the capability Ffor limited
18:2us elgngation, whereas increments in 20t:3uwé and
20 : dwé imhlied rapid 18:3wé elongation and subsequent
AS~desaturation. On the other hand, the decreased
18:41w3/20:403 and increased 20:35w3 levels found even

with incubation of p-cils deficient in w3 PUFA’s implied
elongation and 45-desaturation of endogenous 18:463.

22:5w3 and 22:6w3 formation uith.p—FD dosage_ supported
elongation of incorporated 20:543 and subsequent 44~
desaturation,; while production éf these moieties also
with incubation of p-oils deficient in w3 PDFA’s implied
elongation and desaturatibn of éndogenous w3 POFA’a.

However, despite 22:4uwé Formation via elongation, this

moiety was not Further desatursted, hence explaining the
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accumulation thereof. Such implied greater A4D activity
with 22:503 than 22:4wé, and this supported the greater
activity of desaturase cascade enzymes with w3 than.wé :
PUFA’s.(Brenner 1966, Mead et al 1976 and Kapau et al
1977) and the potential of w3 POFA’s to suppress/inhibit
wé PDFA desaturation (eg. Barcia et 31 1965 and Sprecher

19815,

The Eaiaed_16:1w9 levels found in p-oil dosed cells
(Table 3.8.8.1.) implied 16:0 desaturation, but it was
apparent that 16:1u? elongation was inhibited/suppressed
singe no increment in 18:1&9'was Found, despite 16:1u?
uptaks with p-#O incubation, 18:0 dessturation to 18:1w9
via 490 was not demonstrated with p-oil supplementation
(Table 8.8.3.1,), although Gellhorn et al (1964) found
that rat adipose tissue was able to desat;réte.iaxﬂ.
Lack of A9D expression in our study, however, could have
related to PUFA inhibition of the enzyme, which has been
well documented in the rat (Uliman et al 1971, Mahfouz
et al 1984, Pugh et al 1984 and Garg et al 1988b), This
could also exp1ain the Tack of 18:1u% desaturation and
elongatioh found, eden when Targe amoﬁnta of 18:1uw% were

incorporated with p-00 dosage {Table 3.8.3.1.).

(Yimbary-induced alterations in microsomal FA cr nposition
and competitive interactions between celluiar FA’s of
the same and different families modulate desaturase

cascade enzyme expression (Garcia et al 1985, Brenner ef -

al 1966, Nervi et al 1968, Ullman et al 1971, Kurata et

r
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al 1980, de Schriver et al 1982, Garda et al 1984, 1985,
Nassar et al 1986 and (arg et al 1988a, 19885, 1988c).
Such factors thersfore contributed to the pattern of
desafuration and elongation repoﬁted in Table 3.8.3.1.
with p-0il dosage. Ip_vitro studies using miqrosomea
isoTated from rat liver, known to exhibit. desaturase
activity, indicated that saturated FA’s inhibited PUFA
desaturation (Brenner et al 1966). This, however, did,
not appear to be the case in cultured adipose cells, as
detection of increasmed PDFA levels in cells dosed with
saturated FA-rich p-oils (p~MO and p~C0 in particular)
implied that a relative EFA/PDFA deficiency enhanced
desaturase cascade enzyme expression, probably in an
attempt to restore membrane fluidity., PDFA formation
with dosage of p~oils abundant in PUFA’s was consistent
Wwith the availtability of desaturase cascade enzyme
substrates, although such mﬁieties could suppress enzyme
expression - by negative feedback reactions once optimal
PUFA levels were established to maintain normal membrane
fluidity and cellular functions. This could explain the
slightly greater Eellular 221663 amounts found with
supplementation of - p—cD or p~M0 than with other p-oils.
The amount of FA synthesised in aaipocytes has, however,
been ;ahown to decline with age in the rat (Henderson et
al 1979 and Gandemer et al 1985), suggesting that POFA
auaiiability and lipid deposition in adipose tissue of

older rats is more dependent on exogenous lipid ‘than on
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de _novo biosynthesis (Etherton et a1.1980 and Jamdar et
al 1986). The ability of these cells to desaturate and
elongate FA's nevertheless reflected a mechanism to
control ‘their FA compomition, and this could partly
account Ffor the lack of growth iphibkition found with
most p-oils and concentrations dosed (Figs. 3.8,1.2-

1 3.:8.1.8.),

The capability of these cells to desaturate and elongate
individdal CIQ FA‘s was assessed to establish whether
the pattern of p~oil desaturation found (Table 3.8.3.1,)
uaa.modulated in any way by the presence of FA mixtures.
The pattérq of radioactivity derived from cells enriched
- with [1%C]-18:1w9 was consistent only with elongation: of
this moigty, but the finding that these cells converted
80% of incorporated [14C3-1812ué and L14CI-18:3u3 to
PDFA’s indicated 46D expression (Table 3.8.4.2.). 46D
activity wos also shown in rat mammary tissue microsomes
by Cunnane et al (1981), although Brenner (1971) found
that microsomes isolated from epididymal fat of young
rats exhibited no potentigl to convert 18:2w6 to 18:3uwé.
This discr 2pancy may relate to the fact that 46D is
extremely sensitive and easily inhibited by al?ght
changes in the metabolic and physical environments (Cook
1979 and Brenner 19823); and could have been damaged upon
microsomal isolation or. inhibited by tBe experimental
incubatien conditions used, Enzyme activity expressed

in whole c¢ells is nevertheless more realistic and
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relevant than microsomal assays since the former more
closely parallels the situation in the intact crgaﬁism.;
[14C]1-1832uwé and E14CH*1883w3.eTongation to 20:2wé and
20:3w3, respectively (Table 3.8.4.2.) supported the
capability for extramicrosomal retroconversion (Stearns
ét al 1947) and/or A8-desaturation. The presence or
absence of 48D has not been reported in édipocytes, but
such has_beén found in rat testes (Albert et a1.19??)f
The capabiTify for ABb expreagion in the present study
could therefore not be ruled out as a second pathuay for
20:3ué and 20:4u3 synthesis. The formation of about 45%
post~450 FA’s frowm incorporated L[14CI-18:2ué and L[14CI-
18:3u3 supported 45D expression; whereas the detection
of 22:5w3 and 22:6w3 was con=iatent with 44D activity

(Table. 30804.2! ) )

ft was gvident from comparison of the data in Tables
3.8.3,1, and 3'8.4f2. “that desaturase cascade enzyme
expression was more limited with p*oii than with [1%C3-
18:1w?, [14C]-18:2wé or L[14C]1-18:3w3 incubation. This
implied suppressed enzyme expression as a result of
competitive interations between p-ocil FA s, particu]arly
in the 1light of the competitive nature of FA‘s for
such enzymes  (Brenner et al 1966; 1967, Mohrhauer et al
1963a, Ullman et al 1971, de Schriver et al 1982, Halman
1988a, 19865, Nassar et al 1986 .and Cook et al 1987).
Daaafurase cascade enzyme expression reported with p~oil

supplementation may neverthsless be a8 better indication
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of such capability in rat adipose tissue in vive than
that reflected with individual FA‘s as cells are exposed

to mixtures rather than single FA's in the "real world".

The presence of MDA in cultured rat adipose cells (Table
' 3.,8.3.1.) supported the caﬁability for eniymatic and/or
aponténeoua FFA oxidation when the protective mechanisms
against free radical f~ ”matioﬁ ware saturated., Control
cells contained unsaturated FA's which could have served
as potential oxidation substrates (Table 3.8.8.1.), and
the greater MOA amounts found in dosed cells reflected
oxidation induced by unsaturated p-oil FFA's, Adipocytes
are largely conéerned with TAG storage {l.ehninger 1982),
and it is well known that the FA composition and level
of dietary Ffat influence the FA compesition of rat
adipose tissue TAG’s (Stein et al 1962, Knittle et al
1965, Awad 1981, Becker et al 1986 and Lhuillery et al
1988), Thus, the cellular lipoperoxides'FormsdImay well
r. ect oxidation of highly unsaturated FFA"s in the

TAGJSQ

The numerical variations in MDA concentrations between
dosed cells (Table 3.8.5.1.) reflected the different FA
compositions of the p*oifs {Table 2.3.3:.2,), This was a
functior of the amount of unsaturated FA’s present in
‘any p-oil and also their susceptibility oxidation, which
related to the npumber and position of double bonds in a
FA. It was alsc possible that supplementation with

different p—oils altered the rate of PGBL turnover in the
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cells, which would have influenced FA availability for
ﬁxidation by aFFecting. FA uptake and release. Iﬁdeed,
FA’s would not be so readily accessible to oxidation if
they were components!of the plasma membranes. This could
explain the lTowest cellular lipoperoxide amounts formed
with p-00 dosage, despite significant DA indcrporation
(Table 3,8.3.1.) and a recognised mechanism for oleate
‘alto~oxidation (Frankel 1984), The fact that .pHCO-and
p-MO contained predominantly saturated FA's and induced
Targer celiular lipoperoxide amounts than p-00, howevear,
sugpested the avai1abili£y oF endogenous.poTyenoic FA'‘s
- For oxidation. Lipid peroxide formation with p-F0 dosage
reflected the more even balance of saturated, monoencic
and polyenoic FA's present in this p-oil, whereas the
preferénce of peolyenaic FA.aubstratea for oxidatipn was
reflected with p-5S0, p-LQ or p~EPD dosage, particularly
with a'concentéation of 60mg/1. Formation of more MDA
with addition of 20 or 40mg/1 p—EPO than p-SS0 probably
related to the availability of GLA present in p~EPO
only, whereas the largest cellular 1lipoperoxide amounts
Formed with &60mg/] p~L0 reflected the abundance of ALA

in this p=-eil.

The cytos#asis induced with dosage of 60%9/1 p-EPO and
the krown ability of lipoperoxides to increase membrane
permeabllity (Chio ef al 1969, Tappel i9?5, Mead 1974
and Frankel 1984) suggested that the spent medium lipid

peroxides originated intracellularly via passage through
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the plasma membrane and/or. as a result of extrecellular
oxidation of released cellular FFA’s. On the other hand,
the absence of MDA in all other spent growth media
(Table 3.8.5.1.) supported p-oil FA incorporation and
correlated with the lack of cytotoxicity 20, 40 or
&0mg/1 p-o0il induced (Figs. 3.8.1.,2-3.8.1.8.). As a
result of the latter finding, it was unclear whether
lipoperoxides were directly invelved in the modulation
of cytotoxicity, although this was a possible mechanism
with dosage of higher p~oil concentrations. The inverse
correlation generally found between cell uiabi]itf and
MDA concentrations with p-C0, p-MO, p-00, p~EPO or p-FQ
dosage was suggestive of lipoperoxide involvement in the
haduiation of growth limitation. Howsver, as 60mg/1 p-LO
induced the greatest cellular lipoperoxide amounts, but
ne growth limitation, it was proposed that the control
of cell viability also related to other mechanisms, such

as membrane fluidity changes.

The finding that total molar eicosancid formation
accounted for 43% of the lipid peroxides quantitated in
control cells (Tables 3.8.5.1. and 3.8.6.1¢) refiected
the eicosancid requirement of these cells énd rate of
biosynthesis under the.experimentaT conditions empioved.
It was possible, however, that endogenous eicosanoid
production was suppressed/limited as a result of the
small 20:3ws, 20:4wé and 20=Sw3 proportions Found in

control cells (Table 3.8,3.1.) &as i-, 2- and 3-series
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eicosancid precursors, respectively. Negrel et al (i981a
1981b) found that the rate of PGEz g g—keto-PGFiq
biocsynthesis in mouse epidermal adipocyte. was inversely
relafed to cell density, and decreased _considenabl¥ 
after confluence. Hammarstrom (19??) also deécribed thié
phenomenon, qhich cnﬁld well explain the total molar
eicosanocid amount Ffound and'the.relative proportions to
whinh .the progstancids studied contributéd to the total

molarity (Tab?e 3.8.6.1.).

Prostanoid detection supported'cy61ooxygenase expression

in these cells, but it was apparent that PGHi.pGE: and

PGH2-pGD2 isomerases were inhibited/suppressed since no

significant PGEy 4n4 PED2 Fformation was showun in control

or dosed cells (Table 3.8.46,1.), despite -eceptors for
such compounda reported in rat adipocytes (Moore 1985},
Alternatively, it was possible that these .PG's were
degraded at a faster rate than other eicbsanoida 'by
cytoplasmic enzymes such as 15-hydroxy PG dehydrogenase.
On the other hand, the Ffinding that the rate of PGF,
production was twice as great as that of TXBz znd PGEz,
but considerably greater than PGIz, Sygthesis in control
celis may have been the result of increased eniyme
expresaion for Pspilana/or PFG2 formation, or relative
decreases in the biosynthesis of other prostancids.

Lirpingki et al (1978) similarly found that the in_witro

production of PGF&& was . pproximately two fold greater

“than PGE2 in rat adipocytes. This suppor-ted the findings



of Lambert et al (1976:,. 21though sarlier studies found

very low PGF24 Jevels in such cells (Dalton et al 1974),

Jthers reported that isolated Tat cells do not produce
detectable amounts of TXBz (Fredhold et al 1576), uniike’
the present study (Table 3.8.6.1.). Possible reasons for
such discrepandies were diet fed, incubation cornditions

ared method of assay.

The eicosanoid profiles obtained Ffom dosed cells (Table
3;8.6.1.) were consistent with the ability of the poils
to modulate prostanoid éynthesis. This, however, did not
correlate in any way with degree of p—-oil unsaturation,
the ability of the p-0ils to provide direct aicnsanoid
pr‘eci..ir'sor‘s (Table 2.3.3.2.), or the capability of the
cells to form sicosanoid precurscors wvia +the desaturase
cascade (Table 3.8,3.1i.). Lipinski et al (1978) showed
that changing the amount of dietary po?yunsaturafed fat
altered PG production in rat.adipocytes Stimulated with
norepinephrine in vitro. As the soyabean oil to beef
tal Touw (P/S) ratio increased in the diet, 85 increased
PBF2y and PGE2 formation. However, basal PGEz nroduction
was not altered in unstimulated adipocytes, even with
inorement in the P/S ratio, and. PGFzq iﬁcreased only
slightly., This implied hormonal involvement in the
modulation of prostanoid bioaynthesis, and the”absence

of hormonal supplementation in the present study could
explain the findings we described. The modulation of

prostanoid producti -y could only be related to the p-oil
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concentration dowed (Tabla.S.S.é.i.). This could have
influenced intracellular calcium ion availability, which
has been implicated as an essential factcf regulating
phoshol ipaase activity (Moore 1985), and thus the relesse
ﬁf FA’s from membrane lipide for eicosanoid production.
This phendmenon could explain why prostancid synthesis
was decreased overall with p-~oil deosage. It was also
poasible.that‘ different p-oil concentrations influenced
the expreaajon of enzymes involved in the formation of
the prostanoids studied from PGH to a greater or lesser
extent and accounted Ffor the alterations found. Howeoer,
the fact that no correlation could be found between the
eicosanoid profiles (Table 3.8.6.,1.) and cell Qisbi?ity
changes (Figs., 3.8.1.2-3.8.1.8,) induced with p-oil
dosage was in vitro evidence against the concept that
the endogenously synthesised prostancids studied played
a direct role - in the modulation of cell pro]ifér&tion.
It was more likely such related to alterations in
membrane physical properties and the generation of lipid

peroxides.
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3o9 G ral i 1on.

This chapter presented comprehensive data with regard to
the effect of pwoil supplementation on the.viabiiity of
cultured normal rat ce!l types, the capsbility of such
cells to incorporate, dessturate ;nd elongate FA' s, the
formation of lipoperoxides and eicosancids and possible
roles thess compounds plaved in the modulation of cell
viability. Furthermore, the data obfained from the
parameters investigated permitted valid comparisons to
be made between different rat cell types under standard

experimentsal conditions.

p—-0il supplementation influenced rat c¢ell viability, but
the effects induced and magnitude thereof wvaried with
rat cell type., The finding that cell viabilit} was
ihﬁreased when particular p-oils and concentrations were
dosed to nucleated rat cell types correlated with the
work of Launay et al (1%68, 19869, 1981), who showed that
LA enrichment of rat dists increased celi numbers and
the DNA content in liver and adipose tissue. The present
study demonstrated that both saturatec and unsaturated
FA-rich p~oils exhibited the capability to promote cell
viability, but such was usually induced with low and/or
intermediate concentrations in the range dosed. This
nevertheless implied FA involvement in the modulation of
proliferation, dependent on rat cell type, p-oil FA

composition and concentration deused. Such factors al=o
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determnined the éapability of the p—oile to reduce ceill
uiabi?ity.)ﬁil p~0ils were cytotoxic to bleod cells, but
the fact that erxtﬁrccytea were more susceptible to the
inhibitory effects of unsaturated FA-rich p-oils than
lymphocytes (sections 3.1.1 and’3.2.15 may reflect the
hore Timited metabolic capability of erythrocytes due *o
a lack of organejlea. p~0ils were nevertheless far more
effective in killing suspension cultures of blood cells
than adherent cells, which §ould have related to the
ability of the later to divide in culture without prior
stimulation. Adherent cells exhibited different rates of
eroliferation (Table 2.3.1.1.), thus the growth limiting
range established with p-~oil incubation was broader with
fagter than with slower growing cells. This range Bhaufa
always be defined with dividiné cells to ensure wvalid
expression of the data as it clearly distinguishes
between p-0il concentrations which induce mere growth
Timitation or cytostasis From those promoting cell
proliferation or cytotoxicity. In this regard, rat
endothelium, skeletal muscle, 1lung and adipose cell
viabilities were generally limited with »-0il1 dosage and
cytotoxicity induced only with high conaentrations of
certain p—oils (gections 3.3.1, 3.4.1, 3:6+1 and 3.8.1,
respectively), whereas brain and skin cells were more
ausceptible to growth inhibition (mections 3.5.1 and
3.7.1, respectively), Hence, it was clear that the
threshold for cytotoxicity wvaried with rat cell type,

although no clear correlation could be establisned
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bétﬁeen the rate of cell proliferation (Table 2.3.1.1.)
and extent of growth inhibition induced. The different
delT viability ehanges shown with p—0il dosage between
theze rat cell types may well relate +to the diFFerent
physiolegy and Functions of such tissues in_ vivo.
Extrapolation of cell viability resuits from one rat
call type to another should thus be avoided to ensure

valid interpretion of data.

tvidence was presented in this chapter which supported
the ability of rat cells to incdrporate exogenous FA‘s

to a greater or lesser extent, This modified the overall
FA composition of thé celis;,suggesting that a mechanism
whereby cell viability Qas reduced, particularly with
aupplementation of high p~oil concehtratiﬁns, related to
differential uptake of exogenous FA‘s and alterations in

membrane Fluidity,

Considerable variations were demonstrated with regard to
the total protéin concentrations of the different rec
cell types studied {(sections 32.1.2, 3.2.2, 3.3.2, 3.4.2,
3.5.2, 3.6.2, 3.7.2 and 3.8.2), Amounts were lowest in
contrel lymphocytes and erythrocytes, intermediate in
adipose, lung and endothelium, .and areatest in skin,
muscle &nd brain (6.5, 13.0, 134.7, 1?6.5, i81.1, 3v4.7,
401.7 and 455.54g/106 cellz seeded, respectively)., The
fact that control adhersnt cells contained considerably
more tota: protein tha control erythrocytes or

lymphocytes may once again have related +to the ability
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of the former fd replicate under the cu]the conditions
emplofed withoeut prior stimulation. Control cell protein
Ieuela,. howewer, showed no clear corralation uifh the
proliferation rate of these cells (Table 2.3.1.1.), and -
probably reflected the ‘mOPPhoTogicaT and physioiogicgl
differqnﬁeé of each cell type jin vivo, as well as
variations in the rate of total protein tuﬁnouer with
sell type (Lehninger 1982). The protein content of p-oil
supplemented cells reflected the cel1_uiabi1ity. changes
induced, although it was apparent that exogenous FA's
had +the capability to modulate protein eynthesis in
nucleated cells} the magnitude thereof varied with rat
cell type, p~ocil FA composition and concentration dosed.
The .enhancement or suppression of absolute cellular
protein levels was suggested to relate to a]terétions in
membrane protein synthesis and/or enzyme expression

involved particulariy in FA metabolism.

This chapter provided in vitro evidente 'to support
the preszence or absence of desaturase cascade enzyme
capability in a rahge-of normal rat cell typea exposed
to exogenous FA s, The lack of desaturass cascade enzyme
activity was confirmed in erythrocytes (Table 3.1.3,1.)
(Lehninger 1982), and these cells could thus be regardesd
as non—~snzymatic controla within the species. Similarly,
lymphoceytes exh‘bitqd no significant AdD, 45D, 44D or
elongase activity, but thes potential to express 48D was

suggested (Table 3.2.3.1,). Rat brain cells had 1imited
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PUFA elongase, but no significant desaturase, capability
(Table 3.5.3.1.,), whereas sksletal.mUSCTe cells showed
some A8D and ASD capability with PUFA Bubatrafes snd 44D
actiwvity uaalimplicated with w3 PUFA’s (Table 8.4‘3.1.}.
On the other hand, 46D, 45D, 44D and elongase activities
were Found in rat endothelial cells (Table 3.3.3.1.).
Rat Jung and skin fibreblasts showed 48D, 45D and
elongase activities both with w3 and wé PUFA substrates,
whereas J40 activity was found only with w3 PUFA’s and
this was slightly greater in skin cells (Tables 3.6.3.1.
and 3.7.3.1.)« 480 and 450 were particularly active with"
both w3 and wé PUFA sasubstrates in rat adipose cells,
although 44D activity was expressed only with w3 PUFA’s
(Table 3.8.3:1.). These cells, however, exhibited the
agreatest ;apability Por desaturation and elongation in
retation to the rat cell types étudied.' HGD, 450, 44D
and elongase expraasion. were also indicated when rat
lung, skin and adipose c¢ells were incubated with
L14C]~1812u6 or [19C31~18:3u3 (Tables 3.6.4.2., 3.?.4;2.
and 3.,8.,4.2.). Such supported the slightly greater
capability to form PDFA’s with rat adipose, followed by
skin and lung cells, as shown with.ﬁ—oil dosage (Tables
3.6.3.1.,, 3.7.3.1, and 3.8.3.1-3,. which was consistent
with the greater incorporation of [19C1-18:2ué and
[140]-18:3w3 into adipose than skin or lung cells

(Tables 3.8,4.1., 2.7.4.1. and 3.8.4.1.),

The above findings clearly Jemonstrated that desaturase
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enzyme capabi?ity_varies'betueen different rat tissqea;
.a stud; in young rats has indeed shown that thé
percentagé-désaturation of LA to GLA wia 26D was 20%
adrenals, 14% in liver, &% in testes and 2% each in
heart, kidney and brain (Brenner 1??1). No desaturation
was detected in JTung or epididymal Fat {(Brenner 1971),
but this may have related to the £+ - <chat desaturation
Qas assessed iﬁ;:isolated microsomes, which may not-
necessarily .ré*1ect the situation in a genetically
entire cell, iﬁlgiug studies have indeed shown PODFA
formation from LA in rat adipose tissue, heait, brain
and liver (Mohrhauer et al 1963a, ° ‘b, 1963c, 1963d,
1963e). Little comparative data is available regarding.
the tissue distribution of other 3esaturases in the rat
and the relative activities thereof. 45D, 44D and 49D
activities have neverthelese been reported in several
rat tigssues, including adrenals. testes, liver, adipose,
heart and brain (Mohrhauer et al 1963a, 1943b, 1963¢,
1963d, 1963e, Gellhorn et al 1964, Brenner et al 19567,
Bridges et al 1970, Takayazu et al 1970, Ayala et al
1973, Danhon_et al 1975, Anon 1979, Stona et al 1979,
Blond et al 1981 and Garg et al 1988b, 1988c¢c). On the
other hand, 48D activity has been found in rat testes
(Albert et al 19772, but not in liver or brain (I} 1man
et al 1971b, Sprecher ot ai 1575 and Dhopeshwarksr et al
1976). Thers is evidence, however, that desaturase

aetivity varies with tissue development as Cook (1978a)
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detected Timited 44D activity in fetal rat brain, which
subsequently fell to wery low leveis 4 weeks after birth
and was hardly detectable in the adult. In contrast,
liver levels were very low after birth, but rose sharply
after weaning (Cook 1978a). It was apparent, therefore;
that desaturasg activity relates both +to the type and
developmental state (age) of '; tissue. Such factors
~ warrant some consideration in the interpretation of the
capability of different tissue types toc desaturate FA's
and in the compariéon of the desafurase capabilities we

reported with that of other workers.

The Fin&ing that 6esaturase_enzyme capabi?ity was more
limited with p~oil than individual FA dosage in all rat
cell types otudied supported competitiua interations
between p-oil FA's for such enzymés. Numerous studies
have indeed indicatéd that.desatuéatinn can be modulated
by FA’s in dietary ocils (eg. Brenner 19?1; de Gomez Dumm
et al 1983, Kirstein et 1 1983, Barzanti et al 1985,
Mosconi et .1 1988, OGarg et al 1989, Daﬁg.et al 198%9).
A9D, 486D and 45D expfessicn: were enhanced in rat liver
uitH corn oil, and suppressed with coconut vil, feeding
(Pugh et al 1984), whereas others showed that hepatic
A9D, AéD aﬁd ASD activities uéha not significantly
altered by supplementing Fat-free rat diets with 10%
hydrogenated coconut ﬁil.' but bere_depressed uith; 10%.
safflower oil (de Schriver et al 1983). \When rats were

fed diets enriched with either hydrogenated beef tallow,
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linseed or fish oils, 4913, 46D and 45D activities were
inhibited by the latter th-oiis in liver microsomes,
_although the inhibition was greater with fish il (Garg
et &l 1988a, 1988b, 1988c3. Dther investigations showed
that hapatic A0 activity was greatest when ratr diets
were supplemented with linseed rathér than safflower oi)
(Lee et al 1988), consistent witH the fact that ALA is
desaturated more efficiently than LA (Jeffcoat et él
1984, Linseéd.oil éuppIemanation of rat diets has also
been shown to suppress/inhibit wé PUFA desafuration
(Brazantg'et al 1986), .wheheas'_fish oil administration
~decreased both 46D and A5D expression (Kirstain et al
1983). These .studies indicated that the desaturase
capabilities of the .rat ce?i types we studied related
to the overall balance of FA's both of the s=ame and
- different series, as well as the cellular demand and/or
requirement Ffor longer c¢hain more unsaturated FA a.
Complex mechanisms control FA desaturation (eg, Holman
1964, Brenner et al 1968, 196?,_1969. Sprecher 1981 and
de Schriver et al 1982), but maximum enzyme poteﬁtiai
is genetically determined for every tissue type within a

species,

The variations we reported in desaturation capability

between the rat cell types studied may wel) relate to
the different physiclogy of <these tissues in_giﬁg-
However, the fact that desaturase capability was not

distributed evenly between the rat tissues implied in
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vivo dependence of some tiasﬁes on others for a supply
._of PDFA“s, The fact that desatﬁrase capability wvaried
with rat cell type studied nevertheless indicated that
' extrapolations in this regard fo .other rét cell types

should be avoided.

Comparative data obtained from the measurement of lipid
-peroxides.iné&cated that the capabiiity.ta prodilce these
compounds varied with rat cell type. Lipoperoxides were
absent from control erythrocytes (section 3.1.4), but
were formed by all nucleated cortrol cells, a?thqugh
re]a?ive canﬁentrations were low in skeletal muscle
and skin (0.1 to 0.2nmoles MDA/iOﬁ-cells); intermediate
in lymphocytes, brain, adipose and aortic endothelium
(0.4 to 0.7nmoles MDA/10® cells), and greatest in lung
(l.lnmoles MDA/105 cells) (sections 3.4.4, 3,7.5, 3.2.4,
3.5.4, 3.8.5, 3,3.4 and 3.6.5, respectively). This
imptied that the efficiency of the mechanisms of
protection against free radical formation and rates o?
FFA oxidation wvaried betwesen rat tissues. The finding
that contral cell lipid peroxide levels showed no
clear correiafion with the proliferation rates (Table
2,3,1.1,) or tofal .unsaturéted FA contents of these
cells, however, probably refleéted the physiclogical
differences of each cell type in vive, as well as

variations in the rate of PGL turnover with cell type.

Supplementation of cultures Qith p~vils induced the

formation of lipoperoxides From exogenous FA“a, &lthough
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the concentrations varied numerically between rat cell
types., Lipoperaoxide concentrations greater than i0nmoles
MDA/106 cells were rarely demonstrated in dosed adherent
cells or their spent incubation media (Tables 3.3.4.1.,
38.4.8.1i., 3.5.4.1., 3.6.5.1., 3.7.5.1. and 3.8.5.1.),
whereas a significantly wider rangé was found (0 to 103
nmoles MDA/108® cells) for afythrﬁcyte and Tymphocyte

suspension cultures supplemented with p-oil (Tables

3.1.4.1., and 3.2.4.1.%, Cellulsr lipoperoxide Formation_

increased in an overall concentration dependent Fashion
when rat cultures were enriched with increasing amounts
of p-oil, 'and this supported exogenous FA incorporation
from the growth medium. Mouri et al (1984) similarly
showed that TBARM levelis increased in serum and liver
when rats were fed increasing amounts of a marine oil
- diet containing a total of 13% w3 PUFA’s. Kobatake et al
(1983) demonstrated. that setum and 1iveﬁ lipoperoxide
levels were more elevated in rats fed 5% marine oil
(containing 75% w3 FUFA“s) compared to 3% oleate or
linoleate supplementation, consistent with the greater
susceptibility of w3 PUFA’s to oxidation. Others showed
that lipid peroxidation decreased by 9$0% in rat ?iuér
microsomes when a 16% coconut oil diet was fed for 3
days, whereas normal lipid peroxidation was subsequentiy
restored within 10 days of feeding a 16% safflower oil
diet (Lokesh et al 1981), They suggested that diets rich

in saturated fat reduced microsomal lipid peroxidation

e T
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by decreasing the availability of PUFA’s in substrate
PGL s, The Tindings iue presented in tHis chapter
indicated that p-oil-induced lipoperoxidation related to
the amount.of unsaturated.FA's present in any p—oil
(Table 2.3‘3.2}) and their suséeptibi]ity to oxidation.
This was dependent not only on the number and position
of double bonds in a FA, but also the availability of
these moieties, The possibility also existed that
synergistic or antagonistic intd -ations between p-oil
FA' s iﬁFluencedllipoperoxide Formaiirn to a preater or

lesser extent.

The absence of lipoperoxides in spent control media from
all rat cultures reflected the abundance of saturated
FA"s present in new incubatibn medium (Table 2,3.3.3.),
nd  the retention of intracellula~ lipoperoxides. This
iﬁp1ied that the p-oils induced ﬁhe spent medium Tipid
paroxides found occasionally in..dosad cultures. The

ability of the rsat cell wypes studied to ingorpor;te
exogenous FA“s and the presence of albumin as p-cil Fh
caprier in the culture ﬁedium supported the likelyhood
that most spent medium lipid peroxidés‘originﬁted intra-
cellularly, and were released as 2 direct result of cell
lysis or wvis Iﬁakgge through the .piaama membrane,
Bot} intraceliula? and extracellular Iipopékoxides could
nevertheless have induced celliular damage, and the
involuement of thsse_compounds in the mpdulatian of cell

viability was proposed.
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The desaturation capability of rat lung, skin and
adipoée ¢ells asupported the production of DGLA, AA and
EPA am precufsors Fbr 1—-, 2~ and 3-series eicosancids,

which correlated with the ability of these cells to form
eicosanoids (Tables 3.6,6.1., 3.7.6.1. and 3.8.6.1.).

Tetal molar eicosanoid_productioh ‘varied considerably
betweoen these different rat cell types, however, beihg.
greatest Ffor control lung fibroblasts, whereas adipose
and skin cgelis formed considerably smalier. amounts
(727.6, 215.9 and 165.7pmules total eicosar .ids per 106
cells, respectively). This corﬁelated with reports
implicating the Tuﬁé as a primary site of eiqﬁsanoid
Liosynthgsis (Mathe et al 1977, Hyman et al 1978 and
Harper et al 1984)., These variations in eicosanocid
pﬁoduction may relate partly to the different elcosanoid
requirements of such cells, rather <than the abitity to

soTefy provide eicosancid precursors Qia desaturation,
Low eicosancid production may also reflect greater FA
incorporation into +the TAG rather than the PGL  peol.
This could explain the lower molar eicossroid leuvels
generated by adipose than lung cells, despite the
greater capability for dematurstion with the former.
The finding that the total eicosancid:ilipoperoxide malar

ratio’s for control skin (Tables 3.7.5.1. and 3.7.6.1.),

Tung (Tables 3.4.5.1. and 3.6,6.1.) and adipose (Tables

3.8.5.1. and 3.8.4.1.) cells ammounted to 83%, Lo% and

43%, respectively, nevertheless implied a greater
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preference +to synthesise eicosancids in skin than in
lung or adipose cells under the experimental conditions
employed. This probably related to the  different

phy=icology and reguirements of these tissues in viuvo,

The finding that _contro] rat ]ung, skin and adipose
cells differed in the relative amounts of PGIa, TxB2,
PGFy, PGE2 and PBE! they produced signified that
fhe expreasion and activity of enzymes involved in
eicosancid synthesig varied between rat tissues and that
such was tiéaué-speqifi:. This supported tﬁe work of
Pace-Asciak et al (1977), who showed considerable tissue
specificity in PGEz, pGFay, PGDz, TXB2 and é-keto PGFig
production in rat lung, liver, spleen, stomach, kidney
and heart homogenates in the presence of AA, These
'tissues contaihed jouw PGEE, PGF2¢ and PBD2 levels,
although PGE2 yas detected in greater amounts than PGF2y
or P60z in al] tissues., 6-keto PGFiy was specifically
formed by stomach,.although Tung also formed significant
smounts, whereas TXBz ,as mostly directed to spleen,
with lesser amounts in Tung, We showed that PGE; 55 the
major prostanoid detected in control rat lung cells and
this correlated with the considerably lower Teve?sl of
other prostanoids reported (Table 3.4,6.1.). This could

relate to the fact that PGEy; ;g partly responsible for
the control of cAMP levels, a potent inhibitor of AA

releagse (Feinstein et al 1977 and Minkes et al 1977).

High PBEs yould have resulted in high cAMP levels, and
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thus decreased 8A mobilisation. In  contrzst, control
skin and adipose cells produced iitile, "o PGEi’ and
such could expiain the synthesis of 2-ssries hrostanoids
{(Tables 3.7.6.1, and 3.8.8.1.), In the Tight of this
phenomenon, it was possible that a greater proportion of

the POF; fraction detected was composed >F PGF2y  rather
than PGFy,,

p—0il supplementation modulated the production of the
prostanoids studied by influencing the balance betwéen
individual proatanoids_ to a greaterIOT lesger extent
{Tables 3.6.6.1., 3.7.6.1, and 3.8«6o1.,_reapecﬁively).
a'l though totaj proastanocid productian. was '}érge?y
unaltered in lung fibroblasts, decreased in- adipoée
cells and more varied in skin fibroblasts, These
changes, however, cbqu not be related to variations in
p—oil FA composition. Lee et al (1988) similarly found
no significant difference in TXBa znd PGIz production
between rats fed safflower or palm oils, despite the
1=rge difference in P/S ratio. The reason for these
findings were unclear, but could have related to
sufficient endogenous PUFA’s in the precurser pool to
produce an adequate level of .prostancids, or the
relative unaQai]ability of incorporated exogencus FA’'s
for the production of these prostancids. The possibility
that dosage with different p-oils induced variations in
other eicosancid levels, however, could not be excluded.

The finding that the modulation of prostancid production
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related to the p-oil amount dosed suggested a preference
For cértain p~cil concentrations to selectively modulate
enzyme activity involved in the synthesis of these
_compounds.. However, the fact that rat tung, skin and
adipose cell prostancid profiles showsd no p-oil
concentration dependent correlation uith cell viability,'
.desaturatian capability or lipid péroxide. production
_ihplied that  the endogenously synthesised prostanoids
studied were not directly involved in, or responsible
for, the effects induced with p-cil supplementation.
Durant et a! (1989) showsd that exogenous prostanoids
(PGFZQ’ é-keto PGFtyg and PGE2) could alter endogenous PG
aynthesis/release and increase fibroblast proliferation,
whereas endogenous PG’'s alone were not involved in the
control of . cell pro]ifefation. This supported the
findings we presented, particularly with regard to p~oil
induced cytotoxicity. We extended the work of Durant et
al (1989} by propesing lipoperoxides and alterations in
membrane physical pfoperties as alternative mechanisms
involved in the modulation of celil proliferation.
The role of eicosanoids in the regulation of cell

functions, however, remains undisputed.

In_summary, this chapter provided comparative data on a
range of cell parametérs for _different cuttured rat
tissues, Control cells from diFFerent tissues exhibited
different growth rates, FA and proatanaid profiles,

contained different concentrations of total proteiﬁ} and
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produced different molar amounts of ipoperoxides and
eicosanoids. Uariations in cell viability, total pkotein
and lipcperoxida formation, FA and eicosanqid profiles,
and desaturation capability Qere also demonstrated
between different rat cél] types whén b—oils were
supplemented. Theae Findinga_implied variations in FA
metabofism.betueen different rat tiséues, and that these
differences were important in the .modq?ation of the
effects reported. The data indicated that different.waf
tissues in'ojug probably also rempond differently when
fed identical dietary oils due”to inherent variations in
cell phyaiqiogy. Careful consideration should thus be
given to the .selection of rat tissues for experimental
purpozes, and extrapolation of experimental findings
between rat cell types should be aveided to ensure valid

interpretation of results.
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CHAPTER 4:  THE CAT: RESULTS AND DISCUSSION,
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4.1 . THE EFFECTS _ OF _ PSEUDO-OILS - ON_ CAT
ERYTHROCYTES. |
4.1.1 Effects of pseudo-0ils on Cell Viabiljty.

Cat erythrocyte cuifures were . Jund to be free of any
white blood cell or platelet contamination upon micro—
scopic examiration. Moét cu?tured erythrocytes retained
their biconcave disclahape, - although some 1bst this
feature after dé hours in culture. Further, 20% to 30%
of ervthroc}tes lost their distinct “red’ colour after 2
days in culture and hence become difficult to uisualiée;
Only erythracytes whiﬁh retained their ﬁigmentation were
therefore regarded as viable, normal and represenfatiua

of the situation jin_wvivo.

Final medium albumin concentrations ranging from 0 to
250mg/1 were investigated on erythrocyte viability, and
the results indicated that albumin had no significan£
effect, nor were any synergistic effects observed (Fig.
4.1.1.1.). The effects induced with p~oil dosage were
thus a result of the exogenvus FA’s and not the albumin

used as FA carrier,

Erythrocytes do not divide nor require trypsinisation,
thus no 24 hour post—trypsinisation recovery period was
needed. Erythrocytes were dosed immediately subsequent
to plating, thus the seeding concentration was the

cytostatic number.




Legend to Fias. 4.1.1.1-4.1.1.8,

The resuTté r%#é expressed ;s meah.perceﬁt (%) ce}i
Qiabi?itytstandard err&ﬁ of tHe mean (s.e.m.)y where “n'
is the ndmber of experiments. The concentrations given
are as mg albumin nr pseudo-cil per litre of growth
medium{ .Fig. 4.1.1.1, shcwa the mean percent cell
.uiability versus the albumin concentration (mg/i}, and
Figs. 4.,1.,1,2-4.1.1,8. depict the mean percent cell

viability versus the pseudo-oil concentration (mg/1).
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The pergentage viability of cat erythrocytes incybated
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with o-0C.
2
g
o
-
]
o
=
G T T T T 1
v 0 20 40 €0 80 100
'p—-00 concentrati=n {mg/
pseudo=-0il Mean £s.e.m. n
Concentration
(ma/1)
0 100.0 2.8 6
10 104.5 4.0 6
20 99.5 1.5 6
30 101.4 3.8 é
a0 107.0 4.3 [
50 103.4 2.8 6
60 97.5 2.4 6
70 72.9 2.2 6
80 35.8 2.4 &
o0 12.7 1.5 é
100 6.0 1.0 ° é




ot T
4] & 40

T
60 80 100

p—-SS0 concentration {mg/)

pseudo-0i) Mean ES.eme. n
Concentration
{mg/1)
0 100.0 S:6 . &
10 84,7 5.3 s
20 90.6 4,5 6
30 95.3 a.7 6
40 79.9 1.9 6
50 61.0 1.5 &
60 23.4 2.6 6
70 4.1 1.1 6
80 2.7 0.7 : 6
o0 2.1 0.3 6
1.7 0.5 6

100




p-LO concentration (mg/1)

0o 20 40 80 80 100.

pseudo-0il Mean Ta,@.m. n

Concentration
(mg/1?

0 100.,0 3.8 é

10 110.3 4.1 &

20 98.4 5.0 é

30 99 .8 5.6 é

40 25,9 2,7 6

50 18.3 3.8 K

80 28.5 1.2 . é

70 25,5 s

80 10.3 4,9 6

90 1.6 0.4 6

6

100

1.1

0.2




. % Cell viab
@ O
S g

| . _
6 20 40 80 80 100

p-EPO conventration {mg/l)

pseudo-0il Mean 2gBe@eMm. n

Concentration
(mg/1).

0 100,0 3.7 é

10 43.4 3.9 6

20 22.6 1,4 )

30 18,9 1.1 6

40 12.4 1.0 é

90 4.6 1.2 6

60 0.9 0.1 6

70 0.9 0.1 -

80 1.4 6.2 6

90 2.2 0.3 :.6

0.5 &

100

3.2




T T T i 1 .
20 40 60 80 1400
p-FCGooncentration {mg/1)

pseudo-0i1 Meai: ta,e.n, n
Concentration '
{mg/1)
0 100,0 3.4 &
10 88,4 4.1 ]
20 93.3 4.5 é
30 89.7 3.1 é
40 89.5 1.6 6
50 85,7 2.1 6
60 80.3 2.0 é
70 55,9 4,3 6
80 28.6 4,7 é
o0 .4 1.1 6
0.1 6

100

0.2




.\\[\

369

All p-oils, axcept'p-CO,. exhibited cytotoxic potential
when amounts up to 100mg/1 were added to erythrocytes,
although the magnitudé thereof varied with the p-~cil and
coneentration dosed (Figs. 4,1.1.2-4.1.1,8.). EFA-rich
p~eils (p-£80, p-LO and p-EPO), however, induced the

greatest hemolysis.,

Incubation with up to 100mg/1 p—-CO0 induced no hemojysia
(Fig., 4.1.1.2.), and both er}throcyte morphology and
wvigbility paralleled controls. 10, 40 and 50mg/) p-CO,
however, sppeared sltightly more effective in stabilising
erythrocyte viability in culture relative to _coﬁtrols.
On the other hand, p-MO induced concentration dependent
hemolysis such that approximately half the erytﬁrocytes
were wviable with 40 +to 60mg/1, and this was Turther

meduced to 30% with 90 and 100mg/1 (Fig. 4.1.1.3.).

p~00 maintsined grythrocyte uiabi]ity parallel te, or

“marginally better than, controls up to & concentration

of 60mg/1, whereas extensive concentration dependent

‘hemolyais was induced with greater amounts such that

S50% of cells were killed with approximately 7émg/1 p-MO

(IDs0) and 94% with 100mg/1 (Fig. 4.1.1.4.).

Erythrocyte viability dacreased progressively from 925.3%
with 30mg/! p-8S0 to 28.4% with 60mo/1 p-850, while
70 to 100mg/1 p~$8S0 induced greater than 95% hemolysis
(Fig. 4.1.1.3.. Erythrocytes were protected from lysis

with 10 and 20mg/1 p-i.0, but marked hemolysis also
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. eceured with greater concentrations, such that uigbi?it?
was 59.8% with 30mg/1 p-L0 and 18.3% to 28.5% with 40 to
70mgsl p-L0 (Fig. 4.1.1.6.), Practically all the cells
| were killed with 90 and 100mg/1 p*LD. Gn the other hand,:-
erythrocyte viability was reducgd to 43.4% with only
10my/1 p-EPQ, and further to 22.6% with 20mg/] p-EPQ,
while at least 95% hemolysis occurred with 50 to 100mg/!
p-EPD (Fig. 4.1.1.7.). p-EPO was the most toxic p-oil,

fr1lowed by p-LO and p~850, and this correlated with the

IDs0 values (about 8, 33 and 53ma/1, respectively).

Concentrations ub to 40mg/1 p~FQ induced approximately
10% hemolysis, which increased to 20% with &0mg/1 p~FO
(Fig. 4.1.1.7.), Hemolysis increased progreaaiueiy with
hiéher concentrations dosed, and practically all cells
took up Trypan blue with 100mg/1 p~FD, It was evident
that the overall effects p-FO induced were parallel
to those of p-00 (Fig. 4.1.1.4.), although p~F0 was
. slightly more cytotoxic. Thig correlated with the IDsp

values (about 73mg/1 For p-FO and 7émg’/1 For p-00).

Cat erythrocytes were subsequently plated and dosed.
appropriately with 0, 20, 40 or 60mg p-0il/1 culture
medium in sufficient quantities For all the quantitative
and qualitative analyses to be carried out. Cell
viabilitiez relative *o controlé were compared upon
harvesting and .Found to be statistically similar to
trose in Figsf 4.1,1.1-4.1,1.8. AN further biﬁﬁhemical

asaays were therefore performed on these smamples.
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4.1.2 ~  Effects of pseudo-Qils qan Total Protein.

Total protein was quantif?ed for cat erythrocytes dosod
with 0, 20, 40 or 60mg/1 p-oil, and the results shown in

Table 2.,1.2.1. as ng totgi pratein!ioﬁ_ce]]s geaeded,

Contrel erythrocytes contained 12,3ug total protein/106&
cells seeded, whereas amounts in dosed erythrocytes were
similar to, or 1ower than,. control levels and ranged
| from 1.6 to 12,3pg/10% cells seedéd (induced with 60mg/1
p~EPO and 20m9/1 p—LD'ddsage, respectively), Erythrocyte
protein concentrations approximated to controls with 20,
48 or é0mg/1 p~CO or p~00 supplementation, but decreased
overall with increasing amounts of other p-oils dosed.
Cat erythrocytes incubated with 20, 40 or éﬂmg/l p-EPO, .
however, exhibited the lTowest protein 1euels quantifated

(4.2, 2.5 and 1.6p0/10% cells seeded, respectively),
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4.1.3 Effects of pseudos—0ils on the Fatty Acid
Spegtrum of Cat Eczﬁhrggz;gg. '

Table 4.1.3.1. shows the FA spectra of cat erythrocytes
dosed with 0, 20, 40 or 40mg/1 of each of the p-ocils,
FA’s contributing }3.92 to the- #A spectrum in control
erythrocytes were 16:0 (11.2%), 18:0 (%.0%), 18:1w?
(7,1%), 22:4u6 (49.4%), 22:3wé (35.1%) and 20:4uw3 (?.SZ).
Overall, dﬁséd erythrocytes contained greater 16:0,
18:1w® and 18:2w6 amounts than controls, 18:0 and 16:1u9
phoportions were more Uaried, whereras wé PDOFA and w3

PUFA percentages were parallel to controls or decreased.

Erythrocytes dosedlwith ﬁ—CO showed a marked increment
in 14:0 levels (34.8% with 20mg/1, 46.0% with 40mg/) and
55.9% 60mg/! p—C0, respectively uvs 11.2% in cantfals),
but 18:0 amounts were generally parallel to controls
(9.0%). 24:0 and 16:1w% were increased significantly
with 20mg/1 and 40mg/1 p~CO0, respectively (1.8% and 7.9%
vs 0% and 2.0% in controls, respectively), while 18:1uw9
levels increased approximately 2 fold with 20mg/l1 p~£0,
and 3 fold with 40 and 40mg/1 p-CO relative to controls
(7.1%). On the other hand, p~CO incubation decreased

erythrocyte PUFA levels.

Dosage with 20, 40.or é0mg/1 p—MO induced increments in
1610 (18.5%, 31.8% and 35.5%, respectively ws 11.2% in
controls), 18:0 (25,4%, 17.2% and 19.7%, respectively vs

9.0% in controls) and 18:1w9 (20,3%, 27.9% and 28.3%,



