o

- : — - - i
20 40 80 80 100
' p-FO concentration (mg/l)

i pseudo—~01i] Mean Igcgem. n
Concentration
- Amg/1)
0 100-0. 4.8 6
10 82,8 945 | 6
- 20 695 4.2 6
30 45,2 3.6 6
40 33.0 1.2 6
30 ?.6 0.2 6
60 4.4 0.6 6
7C 4.9 | 1.0 6
80 4.6 1.0 é
20 3.7 D.6 &
100 4.0 1.4 é
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saturated FA s, This‘correlatsd with the respéctiue IDs0
valueg, which were highest for "jMD and p=~C0 (sbout
?5mg/1 and 85mg/1, respéctiuely),.ihttrmadiate for p~00,
p-580, p-LO and p-EPD (approximately 50mg/1, 47.5mg/T,
47,3mg/1 and 4%9mg/1, re?pectiugly),. and lowest for p~FO

{about 28mg/1),

Lymphocyte Uiébility approximated éS that of canfrols
.with dosage of up to 20mg/1 p~CO, Eut was reduced almost
Tinearly as the.concentrétian'dosed was hhogreaaivﬁly
increased to field 29.5% viable cells with 100mg/1 prO
(Figs 5.2.1.2.). Suppieméntatidﬂ with up to 40mg/1 p-MO

hbad no significant effect on lymphocyte Qiability,_ hyt
cytoto#icity' also increased progreaaimé1y Qith higher
concenf?ations dozed, although 41.%% viable lymphocytes

were found with 100me/1 p=MO (Fig. 5.2.1.3.2.

Lymphocyte wviability was not significantly altered with
0 to 30mg/1 p-00 dosage, but was progressively inhibited
to 23,6% with &80mg/1 p=00 and +o practically 100% with

100mg/1 p~00 (Fig. 5.2,1.4.).

Lymphocyte viability was reduced by approximately 20%

with dosage of 10 or Z0mg/1 »-SS0, but not significantly
with p-LO (Figs. 5.2.1.5. and 5.2.1.6.,_respe¢ti§e1y>.
However, the cytotoxicity these p-oils induced at higher
concentrations were sim: ar as lymphocyte viabi]i%y was
progressively reduced to about 70% with a concentration

of 40mg/1, 20% with 60mg/l, and Further to only 6% with
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E'a

S - L
1000a/1 posSO o peLu. -
Incﬁbation with-increaajnq amounts of p-EPQ resu}ted in
‘an overall Iinqér increment in 1ym;hobyte ki?]ing;ﬁ Qith_f
visble cell yields ranging from 86,0% with 10mg/1 p-EPO,
47.5% with SOmg/1 P“EPD; and ';(4% with 100mg/1 p-EPO
(Fige 5.2.1.7.3. - |

l.ymphocyte kiiiing increased linearly with ihcubation of
up to S0mg/l p—FQ, at which conzentration 9.6% wviable ey
lymphocytes were fFound, while Trypan blue upteke was

SRR
o

about 95% with 60 €6 100me/1 p-FO (Fig. 5.2.1.8.).

Humar lymphﬁcytes were subaequéﬁtly plated and dosed
appropriastely with 0, 20, 40 or 60mg b-niI/I culture
medium in.sufficient amounts For all quantitative and
qualitative #nalyses to be performed. Upon harueéting;
relative cell viabilities were compared aﬁd found to be
statistically simi?ér to those in Figa. 5.2.1.1~5.2.1.8,
Hénce, all further biochemical assays wwre performed on

these samples,
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5.2.2

Table 5.2.,2.1, showa the total protein soncentrations of
human lvmphocytes dosed with 20, 40 or 40mg/l p-oil in

relation to controls.

14.8ug protein/10% control cells seeded was messured.
Domed lymphocyte protein concentrations approximated to,
or.uere greater than,-_controls levels, and ranged from
Ffom 14,1 to 66.6u9/105 cells seeded, although amounts
were decreased with 20mg/1 p-L0 dosage (9.0u9/106 cells
seeded), Increments induced in']ymphocrte'brogein deré
_smallest with dosage of 20mg/] p-oil (9.0 to 25.3ug/106
cells aeeded), and gréatnat with 60mg/1 p-oil fis.i to
66,6u9/108 cells seeded), while p—C0 and o~MO were most,

and p-LJ least, effective in mediating these changes.
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5.2,3 Effects of pweuda-Oils on the Fatty Acid
. . SEQSEL’.! m of ti _.!!E' E.E l : ! ‘ ! '

The FA spectra of human )ymphdcytes dosed with 0, 20, 40
or 60mg/1 of each of the p-oils are shoun in Table

5.2,3.1,

Control Tvmphocytes exhibited a FA spectrum' in which
221406 was Found to be present it amounts of 41.3%,
compared to 14,2% 16310, %.8% 18:0, ¢.3% 18:1wP, 5.4%

18:14w3, 7.6% 201403, and smaller amounts of other FA's.

Dosed Tymphocytes generally contained less 18:0 and
16:1u? than controls, while 16:0 and 18:1u9 amouﬁts
approximated to controls or uére considerably increased.
183206 .?eueis were generally significantly increased in
dosed 1}mphocytea, but other wé and w3 PUFA percentages

were parallel to controls or decreased.

1630 percentages increased significantly with 20, 40 or
é0mg/1 p~C0 dosage (21.833.52183 and 59.3%,'raapgctiveiy
va 14,2% in controls), 18:1wY% increased approsimately 2.
fold over the same range (18.1%, 19.6% and 15.4%,
respectively va 9.3% in controls), while 18:0 levels
approximated to control amounts overall (9,8%), However,
all PUFA percentages uére raraliel to 'controfs or
- significantly decreased with p—-CO dosage, particularly
that of 22:4ué with 40 and 60mg/] (11.5% each va 41.3%

in controls).



A11 values are tabulated as relative percent total area.
Control values are reported as meanis.e.m., where 'n* is

the number of experiments. '[p-0i11" refers to the

pseudo-oil concentration used.
1:5
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Lymphocyte incubation with 20, 40 or 60mg/l.p-MD induced
extensive lncrements in the levels of 16:0 (23.8%, 29.5%
and 33.2%, respéctiveiy va 14.2% in controls) and 18:1@9.
(34,6%, 26.7% and 22.62,.r65pectiu919 va 9.3% in undosed.
| cellé), comﬁared.to snaller changes i5.18:0 (8.62 to
15.1% vs 9.8% in controls)., 1812 .wd 18:3w3 increased
over +the entire range dosed (5.52, 6.3% and 8.8%, and
5.7%, 2.6% and 1.0% we 2.5% and 0.2% in controls,
'respectiuely); bﬁt no significant incrementé were
detected for PDFA'a, including 20:4ws which Tevels were
decreased (1.0%, 0.5% and 0.6%, rus. tively vs 1.6% in

contrels).

Supplementation of the incubation medium with 20, 40 or
60mg/1 p-00 induced marked increments in cellular 18:1uw9
levels (54.4%, 71.6% and 73.4%, respectively vs §.3% in
controls). 16:0 levels were largely unaltered (14.6% to
18.3% ve 14.2% in contrels), but 18:0 and 16:1u9 were
significantly decreased in relation to contreols (9.8%
and 2.9%, respectively), 8mall increments were detected
for 18:2wé (6.4% to 7.1% vs 2.5% in controls) and 20:12wé
(1.4% to 1.9% vs 0% in contreois), but PIOFA percentageé
were parallel to contrals or significantly decrea. .sd
with p-00 dossge, particulariy that of 2210ué (41.3%,
i3.7%, 2.4% and 1,8% with 0, 20, 40 and 60mg/l! p-00,

reaspectively}.

16:0 levels were marginally increased with p~SS0 dosage
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{14.4% to 19.7% vs 14.2% in contro}s); but fhe éonuerse
was true For 1810 (6.2% to 8¢5% vs 9.82 in controfs). On
the other hand, more marked changes were induced in the
levels of 16:1uw9 (0.1% to 0.7% wvs 2.9% in controls)
and  1B:1u? {(17.7% to 36.1% vs 9.8% in'contrﬁls). A
concentration depen&ent increased in 181206 was detected
with 20, 40 or Bﬂmgfl_p*SSO incubation (18.6%, 28'52 and
34.9%, respectively vs 2.5% in controls), yet all POFA
levels Qere aecreased. No signifiqant increments in w3

PUFA levels were detected. .

'Signi%icant_increasas in 16¢0 and 1851w9? were induced
with p-LO dosage (20.0% to 23.9% vs 14.2% in controls,
and 30.3% to.ﬂ5.6% vs 9.3% in controls, respectively},
but the cdnverse was true Tor 18:0 (4.1% to 1,5% vy 9,8%
in controls) and 16:1u9 (£0.1% vs 2.9% in controls).
Ddsage with 20, 40 or 60mg/1 p~L0 induced concenfration
dependent increases in 18:2ué (5.9%, 10;52 gnd 11.7%,
respectively wus 2.5% in controls), and 18:3w3 (1.8%,
15.¢% and 23.7%, respectively vs 0.2% in controls), vet

PDFA levels approximated to controls or uwere decreased,

The levels of 16:0 and 1831w9 increased overall, 163149
&aszdecreased, and 18:0 not significantly altered, with
p—~EPO supplementation. A marked increase in 181266 was
.induced when cells were ineubated with 20, 40 or 60mg/1
p—EPC  (4.4%, 31.2% and 42.6%, respectively va 2.5% in
contt ois), and small amounts oF'1&z3w6 were detected

with 40 and 60mg/1 p~EPO (0.8% and 1.1%, respectively bs.-
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0% in controls). 2234wé was increased. oniy with 20mg/]
p~EPO (52.7% vs 41.3% in controisl), but no significant

inerements in octher PUFA“s were detected.

Lymphocyte incubation with 20, 40 or é0mg/1 p-FO caused
a fall in 18:0 (7.1%, 4.8% and 2.4%, respectively us
. 9.8% in controls), butﬂinCPements in 1630 (34.6%, 30.0%
and 24.9%, respectively vs 14.2% in cohtro]s); 16:1&9
(11.7%, 27.32 and 32.3%, respectively vs 2.9% in undosed
cells), and 1831w? (13.2%, 22.2% and 23.2%, reapectively
Vs 9.3% in controls). Small increments were detected for
181206 (3.5% toES.Bg vs 2.5% in controls) and 20:5u3
(0.5%, 2.1% and 3.3% with 20, 40 and é0mg/l p~FO,
respectively), but neither wé PDFA, neor 22:5w3 and

221603, percentages were increased.
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3.2.4 Effects of pseudo-0jls on Lipid Peroxide
© Formation., :

Table S5.2.4.1. shows the Tipaperoxidea quantitated in
Tympﬁocytes and their réspectiua spent culture media
following incubation with 0, 20, 40 or 80mg/1 pfoil for
48 hours., The values are aﬁ nmoles MDA/10% cells, but in
the case of the spent incuﬁation media; this represents
the nmoles -oF MDA in the volume of medium From which

1x10% cells were obtained,

Lipoperoxides was absent froﬁ control Tymphocytes, while
concentrations in dosed lymphocytes. ranged from 0 to
38.8nmoles MDA/10% cells, Cellular lipoperoxide levels
approximated +o controls with 20mg/1 p-oil doaagé (0 to
B.3nmoles MDA/L0S cells), but generally increased with
higher p-oil concentrations dosed. Incubafion with p~MO

did not _reault. in mignificant lipoperoxide Tormation
(0.1inmoles ﬁﬂﬁfiﬂﬁ cella), p~00, p—-SSC and p-EPOIinduced

small amounts (0.1 to 0.7, 0.2 o 1.2, and 0.1 to 1,3
nmoles MDA/10€ cells, respectively), while p-CO indueed
;ignificant levels with 40 and é0mg/1 (0.8 and 3.%nmoles
MDA/10% cells, respectively), The highest lipoperoxide
levels vwere measured with p~L0 or p-F0 dosage, although
the amounts induced were greater with 40 or é0mg/1 p-FO ~
than p-LO (7.0 and 38.8 ws 3.0 and 9.énmoles MDA/108

cells, respectively).

Spent medium Jipoperoxide levels were greatest with
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é60mg/1 p~EPC or p-FO dgéage (19.2 and 12.5nmoles MDA/10%
ce1ls; respectively), while smaller amoUnté were foqnd-
with.ZOmg/! p—EPD or p-5S0, ﬁﬁmgfl p-£80, or 60mg/i p-Cd
incubation i{S.S, 3.6, 3.2;énd 0.2nmoles MDA/10% cells,
réspedtiveiy). Lipopervxides were absent From all othe-
spent hedia. however, including that from uhibﬁ control

lymphocytes were derived,



=l

e TR CSHEAD TSRV SR S = i

it 589

3.2.5 - Discyssion,

Supplementation of resting human lymphocytgs'with p-oils
induced cytotoxicity in ewvery instance (Figs, 5.2.1.2-
5.2,1.8.2. Modu]étion of sigﬁificant]y more cytotoxicity
with dosage of p-00, p-SSO, p-L=, p-EPQ or p~FO than

with p~CO or p~MO was consistent with ?arée.ambuhfe of

. unsaturated FA“s in the Formér'b-oils (Table 2.3.3.2.).

This impliéd that unsaturated FA's were more effective

cytotoxic agents than saturated FA's. The greater

potential for induction of membrane rigidification with.

p-CO than p-MU'dasaée; however, could explain why b;CO.

containing only 5% unsaturated FA‘s, induced more cell

death than p-MO, containing about 20% unsaturated FA’s,

It Qﬁs nevertheless apparent that the modulation of cell
viabiiity related not only ta. the +total amount of
unsaturated FA s present in any p-oil, but also the
degree of FA unsaturation. Indeed, the.pruﬁence of EPA
in p-FO could account for the fact that this p-oil
induced the greatest degree of cytotoxicity with its
dosage, IdeSpite' containing intermediate amounts 5?

unsaturated FA‘s compared to other p-oils. The similar

IDso  ualues found with dosage of p~00, »-880, p~.0 or

p*EPOI were consistent withy the similar amounts of
unsaturated FA sy present in these p*oila (about $0%);
while the small differences obsérued in _}jmphgﬁyte
viability were relatabls to variations iﬁ Ctive B3

compositions between these p—oils, The abundance of DA
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in p~00, LA in p~8S0 and p~EPD, and ALA in p-LO probably
accduntedifor the cell viability changes these: p*oiia
- induced ﬁveﬁall. Thus, the more effective reduction
of lymphocyte viability reported with dosage of low
concentrations of p~EPO or p=8S0 than with p~00 or p-LO
suggested that LA was slightly more effective than OA
and AlA in mediating cytbtoxicity» THe converse was
true, however, Qith incubation of these p-oils at high
concentrations. The similar cell wviability changes
p~EPQ and p-850 induced with supplementation at low’
‘concentrations were not surprising in the light of their
similar FA compositions; however, modu1ati§n of slightly
less cytotoxicify with p-EPO than p—-5S0 supplementation
st high concentrations more than likely related to the
presence of about 9% GLA in p~FPO only, uhicﬁxﬁmay have
Vimited the cytotoxigity of LA. While the dé%a suggested
that specific p~oil FA's were largely responsible for
certain cell viability changes, it was s&lso possible
that synergistic and antagonistic interactions baﬁween
p-oil FA’s enhanced or diminished particular effects of
individual FA“s, and contribuﬁed to the overall changes

reported.

Ruck et al (1986) incubated resting (unstimulated) human
monocytes derived From' normal periFera? blood with
. single C18B FA’s under siﬁilar experimental conditions to
the present study. No growth enhahcemeﬁt was induced

with any FA over the range dosed (0-100mg”/1), and this
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correlated with the-Findings reported i$ Y- 3.2,1.2-
D:2.1.8, Steafic acid dosage did not influ@ﬂég_aﬂnocyte
viabiiity, whereas concentration dependant c?tatoxicity
was induced with unsaturated C18 FA supplemantation.'GLé
and LA induced cytotoxicity at much lower concentrations
than OA and ALA (IDso = 4.4, 5.0, 12.0 and 13.0me/1,
respectively), and a similar prttern of effects was
.apparent only Qifh supplementation of p~00 {rich in 08),
- p—i0 &rich in ALA), p-EPO or p—-S50 {rich in LA) at Ilow
concéntrations. Furthermore, higher p-oil ﬁoncehtrationa
were required to induce tﬁe same degree oF'gytotoxicity
in reiation to that shown by Ruck et al (1986) when
iadividual FA's were dosed. This probably related to the
different human cell types used and/or the mediation of
synergistié/antagonistic effects between p-0il FA's. The
studies of UWeyman et al (1977) indeed indicate that
“individual FA’s mediate different effects to FA
combin#tions. Addition of albumin-bound saturated or
unsaturated FA’s to human lymphocyte cultures inhibited
phytohaemaglut;ninﬂatimu?ated uptake of radioactive
thymidine or uridine into DNA or RNA. However, when a
saturated and an unsaturated FA were present together iﬁ
the medium, the inhibition was much leés pronognced. or
even abolished. Furthermore, when 2 or more different
FA’s of the same degree of unsaturation ueré dosed, the
inhibition was the same, or greater, than FQP. single

FA’s (Weyman et 31.1???). Their data therefore suphorted
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the lower degree of cytotoxicity induced with p~oils in
our study (Figs. 5.2.1.2-5,2,1.8,) compared with the
- more pronounced effects of individual FA's in the study

of Ruck ef al f1986)a

Weyman et al (1975, 1977) demonstrated that both
stimulated and unstimulated human lymphocytes were able
‘o take up exogenous albumin-bound saturated and

unsaturated FA’s ia__gi;ﬁg to varyihg. extents and
incorporate them into membfane PGL's. The present study
similarly showed euiaénce of p-oil FA incorpbration into
cul tured lympbocytes (Tablé 5.2.3.1;)¢ A mecha&ism by
which p-0il dosage affected Iymphocyte viability may.
‘therefore relate to. differential uptake of p~o0il FA’s,
and alterations in membrane fluidity. Supplementation of
p-oils abundant in unsaturated FA’s probably increased

membrane fluidisation, while membrane rigidiFication'was__
likely with dosage of saturated FA-rich p-ocils. Marked
alterations’ in membrane fluidity would impair normal
cell functions, .and thus account for the cell death:
induced particularly with high p-oil concéntrations in

the range dosed.

p—OiJ supplementation to the culture medium etimul ated
human lymphocyte protein synthesis in a cancentraﬁion
dependent manner Qith increasing amount of p-oil dcﬁed
(Table 5.2.2.1,), deaéite the ipverse correlation with
cell viability (Figs. 5.2,1.2-5.2,1.8.), FA’'s were tﬁus

potent agents for the enhancment of lymphocyte protein



593

synthesis, and the extent to which sucﬁ;ﬁaa stimulated
was relatable to p-oil FA composition (Tabie 2.3;3.25);
.Measurement of more.protein with dosage of p-CO or p-MO,
ccmparedr-ﬁd other p-oils, however, 5dggeated that
satukated FA‘’s were more powerful ageﬁts than
ungaturated FA“s in stimulating human lymphocyte protein
- synthesis, Theﬁe %iﬁdiﬁga implied that FA's of different
struﬁtuFes axhibit.varying abilities to modulate protein
_ 3ynthesia.f_Tﬁa med" &ion of synergistic/antagonistic
effects bitween FA“s, however, probably alse contributed
to the protein changes the p-cils induced. Stimulation
of lymphocyie protein synthesis with p—oil dosage could
.well réFIact increased enzyme éyntheais for metabelising
incoréoratéd-p—oil FA’s, It may also reflect increased
synthesis of membrane proteins to maintain the integrity
thereof damaged directly by dosed p-oil FA’s. Reports
that lipoperoxides damage membrane proteins (Chio et al
1969, Tappel 1975, 1980 'and Frankel 1984) would indeed

éupport their replacement to maintain normal cell

functions, Stimulation of protein synthesis wmay also_

reflect promotion of lymphoéyte activation, ‘a procesé
which has been shown to require FA’s (Cuthbert et al
1986). Increased immunoglobin production was unlikely,
however, since exogenous FA“s induce immunosuppressive
responses  in lymphocytgs in vitro (Weyman et al 19?5,
19772, |

The possibiiity that in¢reased protein synthesis related
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te enbanced expressio@éof desaturase cascade enzymes was
excluded as ,humanzlyﬁphocytes exhibited no sigﬁificant
capabifity for FA ideaﬁturation.or e]ongétion (Table
5.2¢3.1:3. No eoidéﬁce to indicate significant’ 1S:ﬂ
desaturation or elongation was found, and:despite marked
16:1u9 in;orﬁoration with p-FO dosage, 18:1w9 levels
were nof consistent with 16:1u® efongatioho The levels
éf 18:0 ueﬁé decreased and. 18:1w9 increased with p-oil
supplementation, yet .JQD'capabilitf seemed unlikely as
all p-oils contained sufficient 18:1w? (Table 2.3.8.2.)
to explain the data. Poor 460, 45, 440 and elongase
'caﬁability was also shown in P-oii.doséd cells. This
supported the work of Cunanne et al (19841 uh&_'shoued
little further metabolism of [1%07-18:2uwé to .Tonger
chain more unsaturated FA's in such cells, despite
prondunced and rapid uptake of this radioisotope into
lipid pools. They postulated that 18:2wé utilisation by
the desaturase cascade was only. a "minor route of its -
metabolism, while the present gtudy suggested that such
~was probably true for all FA’s., There is also evidence
that the eicosanoid pathway is of minor significance in
leukocytes and particularly lymphocytes (Dy et al 1980,
Kennedy et al 1980, Bankhurst et al 1981, Cunnane et al
1984, Ferreri et al 1986, Poubeile et al 1987 and VYi
et al 1988), but this appears unrelated to the poor
desaturation capability of this cell (Goldyne et al

1982, 1984, 1989).

Il
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dur data suggested . that desaturase and elongase enzyme
activity was suppressed rather than absent since the low
Iéve? of 18:12w6 and concommitant formation of: 22:4uwé
only uitﬁ dosage of 20mg/1 p-EPO .uas consistent with
A&D, ASD aﬁd elongase capabi1ity. Alternatively, 182236
was elohgated and converted to 20:3uwé via an active 480,
prior tﬁ Further'desaturationa It vas unlikely, Howaver,
that enzyme suppression related fo cytotoxicity induced
with p;oil dosage since no significant evidence for
desaturase or élongase capability was found ewven when
p-oils had little effect on lIymphocyte wiability.
Zevallos et al (1989) showed that alteration of the
physical state of lymphocyte  membranes suppressed
!deaaturase enzyme activity, thus it was possible that a
similar effect in microsomal membranes was regponsible
for suppression of desaturase and elongase activity with

p—~0il dosage, -

‘Lymphocyte lipoperoxide Formafion with p-o0il dosage
(Table 5.2.4.4.) indicated intact cellular enzymic
and/or non-enzymic mechanisms for the production of s=uch
compounds. The lack of lipoperoxide Formafion in control
lymphocytes (Table 5.2.4.1.), despite an unsaturated FA
complement of 75% (Table 5.2.3.1,), however, reflected
sufficient cellular vitamin E to prevent FFA oxidation.
Alternatively, the cells possess enzymes such as super-
oxide dismutase, catalase and peréxidase whigh remove

different species nf activated oxygen that promote lipo—



peroxidation, Saturation of thesé protective mechanisms
againaf oxidation probably occuﬁked with p-oi} dosage,
‘and ‘the 1ipoperoxidés ;eaBUPsd thus réf]ected the amount
~and FA composition of the p-oils dosed (Table 2;3.3.2.39
The finding that p~FO0 induced the greatest lipoperoxide
amounfs when dosed, both in the cells and spnt medium,
probably ré?ats& both to the i }i]ability of EPA and the
susceptibi?ify of +his moiety to oxidation. However,
F&f@ation‘ of signiFicantiy'more Iipaperoxidea uith P-FO
than p-L0 dosage, despite more ALA in p-L0O than EPA in
p-FO  (about 63% vs 18%, reépectively), was Gongistent
with Fewer.double bonds in ALA. The = similar cellular
Tipoperoxide amounts induced overall with p—-EPO or p—SSO
dosage reflected the similar FA compqsitiona of ‘these
p~oile, and probably related to oxidation of the large
amount of LA present in each (about 70%). Oxidation
of GLA in p—EPO only, however, could account Ffor the
greater ]ipopérnxide amounts found with supplementation
of 40 or &60mg/1 p—-EPD than p—580. However, such may also

relate to alterations in PBL cycling and FA release from
PGL’s, which would have influenced the availability of

FA‘s for oxidation. This mechanism could alse saccount
for the greater lipoperoxide amounts meaaured.with p?CO
- tﬁgn p—-MO or p~00 dosage,'.deapite tﬁe.preaencé of moré
unsaturated FA's in‘'the Tattef p—ﬁils. On  the other
. hand, a very slow rate of PGL turnover could explain tHe-
absgnce of lipoperoxides in controi 1ymphbcytes, despite

the presence of large amounts of cellular PUFA’s.
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Human_lymphocytes were shown to incorporate p—oil FA’s
(fab?e S5.2.3.14)y thus the lipoperoxides measured in the
spent medium (Table 5.2.4.1.) may well have originated
intraceliu?arly, and were transferred to the medium upon
cell lysis or if plasme membrane permeability of viable
cells Qas increased by the formation of celluylar lipid
poroxides., However, it seemed uniikely that ce]luiar‘
FFa's _Eeleased in fhis'process would.be susceptible <to
extracellular oxidation, even in fhe presence of
released cellular peroxidising enzymes, since:incubation

media contained albumin as p-~oil FA carrier.

Lipoperoxidns have been associated with protein and
membrane damage {eg. Chio et al 1969, Mead 1976, Tappel
1975, 1980 and Frankel 1984), <thus it was possible that
such compounds were involved in the ﬁodulation of
p-oi (-induced cytotoxicity. This could well explain the
invarse vorrelation found between lymphocyte viability
(Figs. 5.2.1.2~5.2.1.8.) and |ipoperoxide concentrations
(Table 5.2.4.,1.) as greater amounts of p-oil were dosed.
The finding that the induction both of cytotoxicity and
MDA formation were greatest with p~F0, and least with
p—MO, dosage, indeed supported lipoperoxide inwoluvement
in the modulation of cell Oiability. The fact that
60mg/1 p~880 and p-00 alsce induced markad cytotoxicity,
‘but only small MDA amounts, however, implied that lipid
peroxides ueré not solely inveived in this process. In

the light of the parameters investigated in the present
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study, it was proposed that the modu]atidn' of human
iymphocyte viability related to the involvement of 1ipo—

peroxides_as well aa alterations in membrane. fluidity.
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%.3 : . IHE EFFECTS OF  PSEUDQ-QILS ON_ CELLS
- DERIVED FROM _HUMAN_ SKELETAL MUSCLE.
5.3.1 Effects of pmeudo-Oils on Cell Viability,

Cultured cells were examined microscopically before,
during and afier each experiment, and at no time were
any changea seen in tha_morpholdgy.of control ce1}s,: or
those dosed with p—oils, except for cytoplasmic droplets
- observed with p~oil incqbation at high concentratibns in

saome instantceés,

The effects of albumin, with Fipal ﬁedium conégntrationa
ranging from 0 to 250mg/1, were iwuestigatedaand shown
to have no significant effect on cell wiability (Fia.
5.3.1.1.. Hence, the cell viability changes induced
with the dosed p-oils were a result of the exogenous

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

The control cell number, seeded at 10x10%/mi1, st the énd
of the 24 hour post=-trypsinisation recovery period, was
10.1x10%ml. This equated to 99% of the final control
cell number at the end of the 48 hour incubation.périod,
and tepresented the cytqstatib number. Only p-oil
concentrations limiting cell viability tu significantly

below 99% were thus considered cytotoxic.

The results of the incubation of cells with p~oils &re

depirted in Figs. 5.3.1.2-5.3.1.8., Low concentrations
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The results afe expressed as mean psrcent (%) cell
uiébilityistandard error of the mean (s.e.m.), where 'n"
is the number of experiments. The concentrations gi9en
are as mg afbumin or paseudo—-oil per ?itré of grdwth
medium. Fig. 5,3.1.1. shéus the mean percent cell
Uiabi1ity versus thg albumin'concentratiAn (mg/]), andt
| Figé; 5.3.1.2;5.3.1.8q depict the mean percent cell

viability versus the pseudo-oil concentration_{mg/l).
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of p—EPQ enhanced cell proliferation, but all _p-oils
were growth inhibitory, the extent of which varied with
the p-pil and concentfation dosed. p~M0 hoduiated the
Téaét, and »~F0 the most, cytotoxicity; while <the
pattern of growth inhiSition induced with p~00 and p-LO
were generalily alike, as were those of p-C0, p-SSO

and p-EPO.

Concentration dependant cytotbxicify was induced with
incrementa in the amount of p~CO dosed (Fig. 5.3.1¢2.);
The number of uiabile cells decreased to 75;?% Qith
30mg)] p-C0, and.further.to &68.1% with ?OmQ/] p;CU. Cell
_ viability was reduced to 50% of controls with 80mg/1

P=CO (IDs0), and the yield of viable cells was 37.5%
with 100mg/1 p-CO.

Supplementation with up %o Bng/T p~M0 had little efFect.
on cell viability, while higher concentrations induced
progresaibely.more cytotoxicity, to yield 75.8% viable
cells with 90mg/1 o~MO and 58.1% with 1COmg/1 p-MO (Fig.
5.3,1.3). |

10mg/1 p=00 had tittle effect on cell wviability, but
such was decreased to 85.9% with 20mg/1 p~00 and 73.2%
with 70mg/1 p~00 (Fig, 5.8.1.4,), Higher concentrations
induced marked cytotoxicity, reducing the number of
viable cells to 50% of controls with Sémgfl p~00 (IDSQ)’

- 20,1% with 90mg/1 p-00, and 11.,4% with 100mg/1 p-00.

Cell proliferationn was inhibited in a concentration
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dependant manner with increasing amounta of p-SSO-dcéed
(Fig. 5.3,1.5.). More than 90% of cells were viable with
‘dosage of up to 30mg/1 p-880, but.the yield was reduced
~ to 80,8% with 40m9f1 p~S80 and 75.2% with ?Dmg/] p—SSU.
Further concentration increases reduced cell uzh 131ty
to 50% of eontrols uwth 95mg/1 p~8S0 ({IDso0) compared to
40.6% with 100mg/1 p—sso. |

Little change in ce[ﬂ proliferation was shewn with
10mg/1 p-L0 dossage, bﬁt this uas_érogﬁessiuely reduced
to 79.8% with 30mg/1 p~LO (Fig. 5‘3‘1'6')f p~L.0 induced
- no further cytotoxicity up to a concentration of 60&9/1,
as cell viabilify r*pged from 79 3% to 83.3%. Higher
concentrations, houeuer, induced marked cytotoxicity,
reducing the vield of viable cells almost linearly +to
50% of controls with 73me/1 p-LO (IDso) and +o 10.5%
with 100mg/1 p-LO.

Dosage pith 10mg/1 p-EPQ had 1ittle effect, but 20mg/]
p-EPO enhanced cell viability to 107.2% (Fig, 5.3.1.7.}.
40mg/1 p~EPO  induced cytdstasis, while cell viability
ranged from 78.8% to 77.0% with S50 to 80mg/1 p-EPO.
Cytotoxicity was increamed, however, with 90mg/1 p-EPOQ,
and approximate1y 50% of cells were stained with Trypan

blue with 100mg/1 p—-EPO.

Cell grouth approximated to that of controls with dosage
of up to 40mg/1 p-FO, while higher concentrations were

cytotoxic (Fig. 5:.3.1.8.). Ce11 viagbility was reducéd to
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50% of controls with 59me/1 p~FO (IDs0), and further to
3.3% uith'80m§/7 p-FO, while Trypan blue uptake was 100%

‘with 100me/1 p-FO. ' _ -

Celi werel ansequént?y plated and_dbsé& apprﬁpriately
with 0, 20, 40 or &0mg p—oil/1 cu]fure madium in
sufficient amounts for all quantitative and qualitative
analyses to be céfriéd out. ﬁe]l' uiébi!itieé uére
compared upnﬁ harvesting to those in Figs. 5&3'101-ﬁ.
503;1a80’ and .uere Ffound not to be statistica}ly
different. All further biochemical assays were thekefpre

. performed on these samples}
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D.3.2 Effecté'gf pseydo—-0ils on Total Protgiﬁ;

]
The total protein congentrations determined  in cells
dosed with 20, 40 or-éUmé/] p—ail for 4& hburs are shown
in Table 5.3.2.1. compared to controlé,.and expressed as

ng total protein/10® celis éeeded._'

Cells dosed_ with 60mg/1 p—F0 contained 42&.2ng:total
protein/108 ce]?s.seeded compared to 593.1ug pr‘oteih/lﬁE
controls cells seeded, ’Ail other dosed cells, 'quéuer,
contained significantly m&re-protein than controls, and
ranged from 69?}3 to 974.4u9/108 cells seeded (obtained
- Wwith 80mgsl p-Ld-and 20m9/] p-EPO dosage). A slightly
greater increment in cellular protein was indUced with
40 than 20mg/1 p-FO dosage (874.2 vs 854.1ua/108 celis
seeded, reséectiue1y). I contrast, ggiluiar protein
tevaels changed inversely with increments in the amount
of p-CO (828.3 to 773.8ug), p-MO (872.2 to 765.2ug),
p~00 (743,9 to 703.5xg)l, p—éSO (828.2 to 764.8ug), p-LO
(800.56 to-69?.3ug; or p~EPQ (974.4 to 7138.68ug) dosed,
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5.3.3 Effects of pseudo-0ils on” the Fatty Acid
Spectrum of Cells  Derived Frdm Human
gletal Muscle.

Table 5.3.3.1. shdus the FA spectra 6F cells incubated
with 20, 40 or 60mg/1 of each of the p~oils compared to

controls.

18:1w9 contributed 24.7% to the total FA spectrum ih
control cells, compared to 21.3% 1610, 12.8% 18:0,
_6.8% 161109, 5.5% 20:4us, 14.5% 2214ué and smaller

proportions (¢5%) of other FA’s.

In general, cells dosed with p-oils contained similar
amounts of 1610, 18:0 and 18119, but less 16:1w9, than
controis. More 18:2wé was generally found in dosed than
ccntroi cells, whereas wé PﬁFA and w3 PUFA proportions

either approximated to controls, or were decreased.

Cells incubated with 20, 40 or &0mg/1 p-CD. exhibited
conaistently higher 16:0 leva]a (24.1%, 26.1% and 30.5%,
respectively) than controls (21.3%), but only half as
much_'16=1m9 (3.2%, 3.6% and 3.5%, respectively usIS.BZ
in controls). 18:0, 18:1u9, 18:2yé and 18:3u3 levels
were largely unchanged, while wé and w3 PDFA peréentages

approximated to controls, or were decreased; 20:4u3 was
slightly increa;ed, however, with 40mg/1 p*CﬁIﬁdoaage

(2.2% us 1.6% in controls).

Cells incubated with 20, 40 or 40mg/1 p-ﬁD exhibited
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A1l values are tabulated as re]affﬁq percent total area.
Contral values are-ﬂéfh?%ed as meants.e.m.,, where "n" is
the number qf experiments. ‘Lp-0il1]" refers to the

poseudo—oil congentration used.

Cod
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léiﬂland iS:ﬂ perdentagea which mirror;d controls (21.3%
and 12.8%), decressed 16:169 (2.4%, 1.9% and 2.0%,
respectively vs 6.8% ip controls), and asightly increased
181109 (26,8%, 26.5% and 29.3%, reapectively vs 24.7% in
controlis) leveTs.. Significant increases were induced in
18:206 with 20, 40 and 60mg/1 p-MO (5.2%, 6.6% and 9.5%,
respectively vi 3.7% in controls) and 20:4w3 with 20mg/1
p-MO  (2.2% vs 1.6% in controls), unlike 20:dwé (7.3%,
6.i% and.é.oz, respectively wvs 3.3% in controis)y all
other PDFA levels levels approximated to controls, or

were decreased,

iS:iu? percentages inqréﬂsed almost 2 fold with 20, 40 .
or &0mg/1 p~00 supplementation (42.9%, 45.3% and 47.8%,
respectiue]y ue 24,7% iH conthols), but 16:0, 18:0 and
16:1u? levels decreased in relation to controls (21,3%,
12.8% and 6.8%, respectively). Concentration dependant
incresses were detected for 18:2wé and 20:2wé (6.5%,
 7.9% and 8.9%, and 0.6%, 1.1% and 1.,3% vs 3.7% and 0.2%
in controls, respectively), but all other PUFA amounts
were either parallel to cbntroia, or significantly

decreased.

p-S80 dosage had little overall effect on ce]jular 16:0,
18:0 and 18:1uw$ percentages, bui reduced the amount of
161109 (3.5% to 4.1% vs 6.8% in controls), A marked:
increase in 1812w6 was detected (17.0%, 23.3% and 26.0%

with 20, 40 and é0mg/1 p-5S0, respectively va 3.7% in
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controls), with a small increment induced in 203:2wé over
the same range (0.5%, 1.1% and 0.92,_Eespectiue?y v
G.2% in controls), yet all other wé &°d w3 PUFA

percentages mirrored controls, or wers decrsased.

16:0, 18:0 and 18:11w9 proportions were not significantly
changed in Pe?afion to controls  when 20, 40 or &0mg/1
p-L0 was dosed, but 16:1w? was decreased (3.9%, 4.9% and
2:.6%, respectively Qa &.8% iq controls). ﬁTIncreménts
18:2w6 and 18:3w3 were induced obar the same range dosed
(8.4%, 8.3% and 6.0%, &and 8.7%; 1li.1% and 7.1% vs 3.7%
and 0.5% in controis, respectiué]y),. yet PDFA amoUnfs

“were not significantly inereased,

p~EPD supplémentation had little overall effect on
cellular 16:0, 18:0 and 18:1uw0 levels; however, 16:1w9
was significantly decreased (2,6% to 3.5% wva 6.8% in
contrals). Mérked“ 18:2wé changes Qere induced (20.7%,
23.4% and 17.5% with 20, 40 and é0mg/1, respectively us
3.7% in controls). Further, 20:3uwé was & significantly
increased over the same range (2:.2%, 2,7% and 1.7%,
respaectively vs 0.9% in controls), but the levels QF
other wé, as well as all w3, PDFA’s detected were

decreased,

No significant changes were induced in cellular 1610 and
18:1w9% levels with addition of 20, 40 or 40mg/1 p~FO to
the incubation médium,'whiie 18:0 amounts were decreassd

(10.6%, 10.7% and 6.1%, respectively va 12.8% in undosed
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cells) and-16=1Q9'Eignificant1y increased {10:92, 13,4%
and 20.5%, respectively us 6.8%.in controls), Despife
increments in 18:2uw6 (5.1% to 8.7% va 3.7% in controlal,
no'.aignificant increases in wé PDFA's were iﬁduéed,
18:4u3 and 20:4uw3 amounts were slightly increased with
40my/) p~F0 dosage {(1.5% and 2.5% wve 0.8% and 1.6% in
coptrols, reépectivefy). 22:6uw3 levels, however; were
decregsed' with 20, 40 qr:éﬂmg/i p—FO gncubation (1.32,'
1.0% and 0.7%,; respecti@ely usiz.ﬂz in contro]s{'despite
iricrements 1A 20:503 (2.6%, 2;83 and 5.5%, respegtiuely
us 1.0% in contrals) and 22:5w3 (3.8%, 3.4% and 2.7%,

Fespectiueiy vs 2.1% in controls).,
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5.3.4 Effects of pseudo-0jls on Lipid Perpxide

Eoﬁmgtign.

The lipoperoxides gquantified in the cells and spent
maedia of cuTtures.dosed with 20, 40 or 6é0mg/l p—-oil are
shown in Table 5.3.4.1. in reiation to contrels. The
data is expressed as nmoles MDAXiOécells, but in the
case 6? the spent incubétion media, this represents the
nmoles of MDA.in the volume of medium-fruﬁ which 1x108
cells were obtained. Lipoperoxide levels varied with tHe
p-oil supplemented, but increased 'oueraTl a3 greater

p~0il amounts were dogzed,

O.anéles MDA/10% control céi]s were meaaﬁred, while
.amopnts in dosed cells were greater in every instance,
ranging from 0.3 to 2.5nmoles MDA/10% célls. Satﬁrated
FA=rich p-oils induced only small ?ipopardxide amounts,
although levels were alightly higher with dosage of p-CO
(0.4 to 0,5nmoles MDA/10® cells) +than p-MO (0.3nmoles
MDA/10% celis). However, slightly larger, but consistent
lipoperoxide levels were induced with 20, 40 or 60mg/1
p-00, p-550,; p~LD or p;EPU incubation (0,4 to 1.0nmoles
MDA/108 cells), uhife p~FO induced significantly greater
amounts only with a concentration of 60m§/1 (2.5nmoles

MDA/108 cealls),

Greater lipoperoxide amounts were measured in the spent
incubation media of control and dosed cultures than in

the cells themselves. Spent incubation medium derived
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from control cultures contained 0.5nhmoles MDA/10S ce]]a,;
while levelz were &onsiderab]y higher in desed cultureﬁ,z
ranging Frpm 1.6 to 11.0nmoles MDA/10E cells. Spentﬁ;
media.=deriued from cultures incubated with 20, 40 or -
60mg/1 p~MO or p-00 contained ‘similar lipid peroxide
amounts ¢1.8, 2.0 and 2.2, and 1.6, 1.7 and 2.1nmales;'
MDA/108® celis, respectively), while slightly higher
léqels were measured in the presence of p-CO fZ.B, 3.6;
and 4.inmo1es MDA/10% cells). Spent media lipopéroxidei
coancentrations, however; were generaliy lower with p~CO,;
p~MU or p~00 than p=5S0, p—LU. p-EPO or p~F0 1ncubat10n.;
Comparak|e spent medla 11poperox1de amounts were found’
with dosage” of p-S50 (1.7, 4.3 and 6.4nmoles MDA/10S
cel]s) or p—EPL (1 9, 4.6 and 6. 6nmd1es MDA/106 531153,
but ccncentratzonv were greatest in the presence oPc
p-F0 (4,1, 4.2 and 15;2nmoies MDAXiOE cells) and p~L0 .
(3.7, 6.5 and 11.0nmoles MDA/106 cells),
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5,3.5 Discyssion.

No reference has been found in the liferature relating
to the.effecfa of FA’s on the growth of human skeletal
muscfe. The preéent gtudy showed that human ske?efél
ﬁusc1e_ cellis were largely susceptibie to growth
iphibition when supplemenfed with p-oi1s in culture
(Figs. 5.3.1.1;5.3-1.8;3, and this appesred to relate
partly to tﬁe long population doubling times of these
cells (Table 2.3.1.1.). fhe cell viability changes
induced could nevertheless be relsted to the unique FA
compositions of the p-oils dosed (Table 2.3.3.2.). " The
sihi?ar degree of cytotoxicity induced with hjEPO or
p-880 supplementation was consistent with the aimiiar FA
combositiohs of these p-¢ils, and was probably re?gtab!e
ﬁo the large amount of LA present therein (about 70%).
The presence of 9% GLA in p~EPD only, however, mﬁy.
explain the growth enhancement this p—oil induced with
dosage at low concentrations. This PDFA may bave
stiﬁu!ated cei] prp?iferation directly, or limited the
éytotdxic capability of LA, dr other FA’s, in p—EP0. The
similar proportions of LA in p-EPO and p~8580, DA in p-0Q0
and ALA in p-LO, and.-the more bronounqed cytotoxicity
induced with p-L0O or p~00, than p-EPO or p-SS0, dosage
implied that ALA and DA exhibited greater cytotoxic
poteﬁtiél than LA, while the similar degree of cyto~
toxicity p~L0 and p-00 induced suggested that ALA Qas as

effective as 0A in mediating growth inhibition. 0On the
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21

other hand, the Finding that p~FD exhibited the greatest
capability to indute cytotoxicity with dosage at high
concentrations could relate to the.significant  amounts
of 201503 and 16:1w? (about 18% and 31%, respectively)
present in this p-oil only. The different cell uiﬁbility
chaﬁges which p-0il FA“s appeared to induce probably
refated to wariations in their structure, although it
was also Tikely that.the eff;cta induced by single FA s
were diminished or enhanced by antaﬁonistic - and
synergistic interations Petween p-oil FA’s., Evidence
that these cells incorporated exngenous FA's with p-oil
dosage (Table 5.3.3.1,) nevertheless suggested that the
mediation of cytotoxicity related to alterations in
membrane fluidity. Incubation with unsatirated FA-rich
p~oils cbuld have increased the membréne'unsaturation :
index .fa such an.extent that cell viabilfty could not
continue, whereas membrane rigidification probably
accounted Tor growth inhibition §~CO induced. On the
other hand, the amount and structure of unsaturated FA’s
present in p-MO {(about 11X OA, 8% LA and 2% AA) may
have conteracted any membrahe rigidifﬁcation the.
saturatcd FA’s incorporated from this p-oil induced, and

explair why p~MO was least growth inhibitory p-oil.

The large total protein amounts measured in cultured
human skeletal muscle cells reflected the high metabolic
activity of this tissue in vive, which accounts for

over 30X of total metabolism'(Lehninger 1982). Dosage of
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auch .ce11s with p~oiles resulted in cellular protein
changes (Table 4.3.2.1.} which Qenéra]ly reflected the
cel)l vigbility changes induced {Figs. 5.3.1.2~5.3.1.8.).
However, while p—bil_FA's were generally not effective
in enhancing cell proliferation, it was ciear that these
moietiss were wvery effective in stimulating protein
synthesis, even when p~cils induced ZOZ.ta 30% .grouth
inhibition. The Ffinding that the éxtent of protein
stimulation waried with dosage of difFeren£ p~olils at
identical concentrations, euen.uhen such vielded similar
cell numbers, suggested that the capability to enhance
cellular protein synthesis varied with FA, and was
probab1y relatable to FA structure; It was alao likely
that synefgiatic/antagoniatic interactinns betueen'p—oil
FA’s played a role in this process. Enhancement of
cellular protein synthesis may, nevertheless, refléct

increased enzyme production to metabolise exogenous FA's

incorporated with p-0il dosage.

Stimulation of protein synthesis did not appear to
refate to increased expression of desaturase cascade
enzymes since the overall capability of these cells to
desaturate or elongate FA‘s was wvery limited (Table
5.3.3.1.), 1Indeed, studies have shown that skeletal
muscle is less capable of synthesising FA”s than tissues
sUGh.as mammary gland, adrenal coriex, lTiver and adipose
(Lehninger 1982), 16:10 and 16:1u% taken up  with p-oil

dosage were not significantly desaturated or elongated,
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while 18:0 and 18:1u? Tevels parallel. to contrcls
aupportqd impaiked 49D capability. 18:3w3 and 18:2ué
incorporated with p-LO and p-SS0 dosage, respectively
were not further metabolised to PDFh’s, and such was,
consistent with impaired.déa capability., Thus 20:3ué
fqrmation with p~EPO supplementation probably related to
elaongation of incorporated 18:3uwé. Lack of further
20 :3u6 métabdfism. however, was consistent with impaired
ASD capability. On the.other hand, formation of small
22:4w6 émounts uithlzﬁmgfl p-MO, and significant 22315w3
amounts with p~F0Q, dosage .suPPOPted the capabiiity.For.
20 4ws and 20:553 elongation, respectikéi;:l_The Fact
that no significant increase in 22:5ué.or 22:6ﬁé levels
L were detected,‘houeueﬁ, implied impaired AdU.EaEQEETity.
It was clear from the above that elongation was more
frequert than daaaturétion,} and this confifmed the rate
limiting nature of the desaturases (Marcel et al 1948,

Brenner 1971, Bernert et al 1975 and Hassam et al 1975).

The formation of small amounts of 18:4w3 and 20:4w3 with
40mg/1 p-FO, 20:4uwéd with 20mg/] p—LD,. and 2235&6 with
40mg/l p~1.0, for exampie, asuggested the poténtia].for
]imited dgsaturase expression in these ée?ls. Thus
it was 'possiblé that +the impaired 46D, 450 and
44D cap&biiities reported above related to enzyme
| suppéassinn rather than their absence in these cells. It
was unlikely tHat such related to ‘growth inhibition

induced with p-0il dosage, however, since desaturase
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activity was impaired even when p—oils had littie effeét._
on céii uiabiiityo Studies have shown that dietary FA’s
modulate thellipid combosition of microsomal membranes
Ceg. Nervi et al 1968 and Garg et al 1988s, 1988b,
1988c¢), thus it has been suggested that the microsomal
_iipid composition is ianTved ih-the regulation of
5;3eéatuvaae eniymé ac%iéjty (Kurata et al 1980 and Garda
et al 1984, 1985). This phanomehon may therefore.engiin
the dveraTl_suppreasion of desaturase activity .reported
with p-oil é&sage. although such msylbe a8 charasteri;tic
of this particular cell type in _vitreo Qndek the cultuyre
conditions employved, Ewen if desatuﬁése capability 1is
podr. in vivo, skeletal muscle has a generous warscular

auhply, and may obtain PDFA's from other tissues.

MDA meaaurement in control cells (Table 5.3:4.1,) was
.not surprising as such containe& unsatqrated FA's thch
wetrs potentia]lcandidates to act as substrates for the
Fformation of cellular lipoperoxides (Table 5.3.3.1.3.
This could occur enzymaticalls and/ok via auto—oxidation
‘of unsaturated FA‘s released during .ﬁhe continuous
cyeling oF. cellular PGL's when +the mechanisms of

protection against oxidation were saturatsd. The FA

composition of new incubation medium was primarily

composed of satufated Fa‘s (Table 2.38.3.3.), thus “sm-r.
wag unlikely to have contributed aignifiégﬁtig' fo andy
medium lipoperoxides reported (Table S5.8.4.1:2. Ce%lplar

lipoperoxides, however, are ahle to increase membrane
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permeability (eg, Chio et al 1969, Tappe! 1975, 1980 and
Frankel 1984). Thus it was poasib?e” that the ogreater
lipoperoxide amcunté measured in sﬁent control medium
than in control cells themselves reflected the Formation
of cellular lipoperoxides, and their subsequent release
into the medium through the plasma membrane of viable
| céTls. Evidence to sﬁppowt p-oil FA incorporation into
the cells from the culture medium was sohown (Table
5.8.8.1,), ghus it.Las_unTikely that the greater lipid
»pe;nxide amﬁunta meastred in the spent medium than
i the. cells of dosed cultures (Table 5.3.4.,1.) were
primariiy the result of auto-oxidation of unincorporated
p~oil FA;s. particularly singe these moieties were
albumin-bound. It rather appeared that the 1ipcper6xides
measured in the opent medium of ‘osed cu1furea also
originated intracg?lularly, and_ were released into the
incubation medium az a result or increased plasma
membrane permeability or cell lysis. The considerably
greater Iipgperoxide amounts shown in the spent medium
of dosed cultures tham in the cell= themselves was
indeed consistent with the cytostasis and cytotbxicity

the p—'c:i'ls induced (Figs. 5:3.1,2-5:3,1.8,).,

The greater lipoperoxide concentrations measured .in
dosed than in control cultures, both in the spent
medium and cells themselvea (Table 5,3.4,1.,); reflecked
increased unsaturated FA availability for oxidation.

This corbalated' with  the increased 1ipid peroxide
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concentrations Ffound overall with fh& amount of p~oil
dﬁsed,' while the quantitative wariations in MDA levels
reported reFlected diffehenﬂeé in p-poil FA compésition
(Table 2.3.3.2,): This related not only to the.amount of
unsaturated FA's present in any P—oii, but also to their
- susceptibiiity to oxidation, dependent on the numbéb aﬁd
position of double bonds in a FA. The rate of PGL
turnover prpbab1y also played a role in cellular lipid
peroxide Formation as such influences the rate of
exogenous FA incorporation and FA release from membrane
lipids. This waould iave determined the size of the
cellular FFA pool, and thus the auailability-oF.FFA's
for intracellular oxidation., An incressed rate: of PGL
turnover with p~C0O dosaéé could wel! acc#unt for the
greater lipoperoxide amounts this p-oil induced compared
to p-MO and p-0U, whi&h contained a greater complement
of unaaturated.FA'é. Alternatively, more unsaturated
FFA’s may _haue been compeonents of complex membrdne
lipides and therefore less susceptible to peroxidation
with p-MO or p-00 than p=C3 incubation. The éreater
?ipoperoxidé amounts measured overall with p—580, p-L0O,
p~EPQ or p-FO than with p~CO, p~MQ or‘p“OO, dosage were
nevertheless consistent with significantly greater PUFA
émqunta.in the former p~oils. The similar 1ipoperoxide
amounts measured ‘with p-EPD or p-SS0 au?plementation,
both in the cells and spent media, were ﬁot surprising

ag these p~oils exhibited similar FA compositiona and
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induced similar degrees of cytotoxicity, Such probably
related primarily to o#idation of the Targe amount §F LA
present in koth p-oils (about 70%), -while formation of
the greatest lipoperoxide amounts owerall with p-L0 or
p—FO0 dosage couid well have re?at;d both to the greater
| svailability and. susceptibility of ALA and EPA to
oxidation, respectively, p-L0 contained. appraximétaly
_I63% ALA compared to 18% EPA in p-F0, but the greater
susceptiblity of +the latter to oxidation probably
explains the similar lipoperaxide amounts these p-oils

induced overall,

Lipoperoxide formation by cultures supplemented. with
p—oils generélly.corre1ated .directly with the amount of
p-oil dosed (Table 5.3.4.1.), and inversely with cell
wiability (Figs. 5.3.1.2~5,3,1.8.). Furthermore, p-FO
induced the greatest cellular lipoperoxide amounts and
cytotoxicity, whereas such was least with p~MO dosage.
These findings supported lipoperoxide involvement in the
modulation of cell viability. The 1ipoperoxide amounts
found, howsver, did not always correlate quantitatively
with the degree of cytotexicity the p-oils induced, and
this suggested that <these compoundsz wereJ only partly
involved in the modulation of human skeletal mu§a1e
growth., The. data presented rather suggested that both
lipoperoxides and membrane Fluidity changes were

involved in thig process.
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5.4 CTHE EFFECTS OF PSEUDO-OILS ON _CELLS

1y HUMAN .
5.4.1 Effects of pseudo-0ils on Cell Visbility.

Microscopic examination of control cells before, during
and after each experiment | showed ne mcrphofogical
changes, and dosed cells were morphoingitéify asimilar to
controls, except for cytoplasmic droplets obse: ved with
p~oil supplementation at high conce .trations in some

ingtances,

Investigation of the éFfecta of albumin with fipal
medium - concentrations ranging from 0 te 250mg/! showed
no significant effect on cell viability (Fig. 5.4.1.1,),
The effects induced with the p-oils were therefore a
result of the exovgenous FA'a and not thé albumin used

as FA carrier.

The nuimber of control cells, seeded at 10x10%/mi, at the
end of the 24 hour post-trypsinisation recovery period,
was 12.8x10%/n1, This equated to approximately 61% of
the final control cell number at the end of the 48 hour
incubation period and represented the cytdstatic number
Only p-oil concentrationa limiting cell viability <o

significantly below 61% were hence considered cytotoxic.

Figs. 5.4,1.2-5,4.1.8. depict the results obtained from
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The results pre expreased as mean pércent (%) cell
uiabilityiatanéard error of the mean (a.e.m.), where 'n’
ins the numbar.of experiments. The concentrations given
are as mg albumin or pseudo-ocil per litre of growth
medium, Fig. 5.4.,1.1. Bhoué the mean percent ceif
viability versus the albumin concentration (mg/1), and

Figs. 5.4.;.2~5.d.1.8. depict the mean percent .celf

viability versus the pseudo—oil concentration (mg/1).
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was enhanced with certain concentrations of p-00, p~SSO
and p~FG, .a11 p~oils were growth limiting, while only
p~MO and p—EPO induced no cytotoxicity. The maﬂnitude‘of
the cell viability changes, ihowever. ‘varied with p~oil

and concentration incubated.

Dosage with up to 80mg/1 p-CO induced growth limitation,
although cell viability was parallel to controls with 20
and 40mg/1 p~CD (Fig. 5.4.1.2;1. Higher concentrations
induced cytotoxicity, and approximately 87mg/1 p-CO
reduced the humber of viable cells to 50% of controls

(10s0), compared to 42.3% and 45.0% viability with 90

.and 100mg/1 p=~CO, respectively.

i0mg/1 p-MUO had no significant effect on cell viability,
hut 20 and 30mg/1 p~MO were increasingly limiting,
vielding 80.9% and 71.7% viable cells, respectively
(Fig., 5,4.1.3.). Growth limitation, houeuef, was not
increased with 40, 50 and 60mg/] p-MO as cell viability
ranged from 79,3% to 82,3%, while this decreased Trom
66.6% to 62.3% with 70 to 100mg/1 p-MG, and approximated
to the cytostafic number.(éik). No cyt@toxicity. was

induced, thus no IDzo ygs Found.

Dosage with up to 3I0mg/1 p~00 induced noc marked cell
viability changes, while 40 ard Sﬁmg/] p~00 enhanced
cell proliferation to 108.2% and 116.2%, respectively

(Fig., 5.4.1.4.), Higher concentrations, however, reduced
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P~00 to 69.2% with 80mg/1 p-00, while this was further
reduced by cytotoxicity to 57.3% and 48.2% with 90 and
100mg/1 p-00, respectively. An 1050 of 98mgs] p-00 was

calculated.

Cell pro]ifar&tion ués enhanced with ﬂosage of up to
60mg/1 p-580, and ranged from 105.3% teo 110.92 (Fig..
5.4.1.5.}+« Cell growth, however, Qas linearly reduced
to 67.3% with concentration increases te 80mg/) p~SSO,
and Trypan blue uptake was 50% with approximately 87mg/1

P~580 (IDs6), Cytotoxicity .reduced cell uiabilify to
42.5% and 41.7% with 920 and 100mg/1 p-550, respec%iye]y.

No significant cel]l wiability changeé were induced with
up ko 30mgs1 p—Lﬂ doéage. but higher concentrations were i
increasingly growth limiting to vield 74.6% and 77,5%
viable cells with 70 and 80ma/1 p-l.0, respectively (Fjg.
5.4.1.6.); Cytotoxicity reduced celT-yiabiTity to 502.0F
controls with approximately 92mg/1 p-LO (ID-;;Q)ll and to

21,7% with 100mg/1 p-L0O,

No marked cell viability changeé occurred with dossage of
up to &0mg/1 p-EPO, but further concentration increases
progressively limited cell growth to &61.0% with 90mg/]
p~EP0, which eguated to cytoataéis (Fié. 5.4.,1.7.)s Ne

D56 value was found, however, as cell viability was

57.5% with 100me/] »-EPC.

Cell prolifsration increased to 107.5% with 10mg/1 p~FO,
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cell wviability (Fig. 5,4.1,8,), Further concentration
" increases }imited.cell éro@th to 70.6% with 80mg/] p—FO,
while cytotoxicity yielded $0.0%, 23.3% and 4.3% visble
- cells with 84, 90 and.iﬁﬂmg/l p~F0, respectively. .This

was the most cytotoxic p—oil.

Subsequent td theée studies, cells were plated andadosed.
apprﬁpriatelQ with 0, 20, 40 or 60mg p-oil/1 culture
medium in su#Ficienﬁ'quéntities For all, the quantitative
_and qualitative analyseas to be carried out. Upon -
harvesting, cell viabilities relative to controls were
compared, and .found not to be statistically différéﬁt.
Ffrom those in Figs. 5.4,1.1-5.4.1.8, Hencé, all further

biechemical assavs were performned on these sampies,
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5,4,2

Table 5.4.2.,1. showa the total protein aoncentngti&ﬁs
for cells incubated with 0, 20, 40 or &0Omg/} Graily

.ekpressed as ug total protein/i0% celils seeded.

%63¥5M9 totéi protein/iﬂﬁ control cells seeded’ was
measured, while concentrations ih dosed cells were
31 higher, and. rangad from 195.7 to 258.4ng/108 ce]]a
aaeeded (with 60my/1 p~F0 and 60mg/)1 p—MO, respectzyeiy).
TQtal cellu?ar protein concentrations decreased with
1n§rementa in fhe amount of p-CO or p-S80 dosed (230.3
*@2 1 and 254.0 to 223.6ug, respectively),  but . the
conuevae was found w1th p—MO {204 8 to 258.4ug). Un the
other hand, greater protein amounts were 1nduced when
cells UE“e aupp!emented with 40 than 20 or 60mg/1 p~00
(249.7, 02.? and 248.1ug, respectively), p-LO (220.7,
211.2 and 204.3u9, respectively), p-EPD (235.0, 223.3
and-224.2ug;i_respectiué1y) or p-FO (248.7. 204.2 and

195.7ug. respéﬁtively}.
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5.4,3 - £ of pseude-0ile on Fatt
Spectrum of Cells Derived From Huyman Lung.

Table 5.4.3.1, shoys_the F& spectra of cells incubated
with 0, 20, 40 or é0mg/1 p-oil.

o "

Control c¢ells exhibited a FA spectra qcmprising 21.8%
181149, 17.6% 1610, 11.8% 1810, 6.0% 20:4ué, 19.8%

22406, and smaller amounts (£5%) of other FA’s, In
| comparison, dosed cell 1&6:0, 18:0, 16?1&9, wé ané;wS
PDFA Tevels were generall.s parallel to controls or
decreased, while the conuersé-:uas found fpr'1831w9;

18:2w6 and 18:3u8.

Increased 16:0 and 18:1w9 Tevels were found: uhen cells
were dosed wlth 20, 40 or 60mg/1 p-CO (21 T4 2& 6% and
27.8%, and 23.4%, 26.3% and 28.8% vs 17,6M.and 21.8% in
controls, respectively), but 18:0 and 16:1u9 levels were
not significantly altered compared to controls (11.8%
and 4.1%, respectively’. With the exception of small
increments in  20t4wé and 2035w with 20mg/1 p-CO (6.9%
and 2.4% vs in 6.0% ﬁnd 1.7Z'in controls, respectively),
PUFA percentages approximated to contrels, or were

gignificantly decreased.

Oomage with 20, 40 or 60ma/l p-MO had little overall
effect on 1630 and.18:0 levels;, whereas 18:1w9 wasz

slightly increased (23.3% to 27.6% wg 21.8% in controls)



Al values are tabu]ated'as relative pef&éﬁ% total area.
Control values are reported as meants.e.m., where 'q'-is
the number of .experimehts; ‘Cp-0111" refers tﬁ the -
pseudo-oil concenfration used,
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18:2u6 increased significantly (5.4%, 6.9% and 9.5%,
respectively vs 3.7% in contro?é), and 20:4wé slightly
(7.1%, 6.5% and 7.7%, respectively va 6.0% in controls),
but no increments in 22:4wé or 22:5wé levels were found.
With the exception of a small increase in 20:5w3 with
20mg/1 p~MD (2.8% vs 1.7% in controls), no significant

‘increases were roted for w3 series PUFA’s.

a ﬁarked increased in 1821@9 was induced when cells were
incubated with .20, 40 or 60mg/1 pfOO (37.6%, 44.7% and
50.7%, respéctive]y vs 21.8% in contro1s),. while 16:0,
_16:1&9 and especially 18:0 percentages were decreased, A
concentration dependant increment in 18:2wé was detected
err the range dosed (6.9% to 9.9% ve 3.7% in controls),
and 20:2wé increased alightly (0.4, 1.0 and 1.12_.uith
20, 40 and é0mg/1 p—-00, respectively vws 0% in controls),
A1l other wé and w3 PUFA amounts, however,l approximated

to controls, or were significantly decreased.

16:0, 18:0 and 16:1u9 percentages were decreased with
p-8S0Q supplementation, while little changed occurred in
18:1u9 proportions in relation to controls (17.6%,
11.8%, 4.1% and 21.8%, reapéctively). On the other hand,

a concentration dépendant increased in 18:2ué .was
induced with 20, 40 or 60mg/) PSSO dosage (19.1%, 29.4%
‘and 3?.5%,'reap?ctive!y ve 3.7% in controls), yet uwé
PDFA.TeueTs were not significantly increased, as were w3

PUFA percentages.
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A decrease in 16:6, 16319, 18:0'and 18:1&? was induced
with p~L0 supplementation, especially with increments in
concentration dosed. PDFA levels were also decréased,
or not significantly a]tered.; despite increments. in
18#2&6 and 18:3w38 found with 20, 40 and &0mg/1 p-L.0
(7.4%, ?-32 and 10.8%, ahd 10.32; 19.3% and 27.2% vs

3.7% and 0.4% in controla, reapectiue?y)«

16:0, 18:0,- 1631w9 and 18:1w% percentages decreased
progressively with increﬁents in the amount of p-EP0
dosed, while the converns was shown for 1832w (21.7%

with 20mg/1, 29.8% with 40mg/1, and 38,9% with 60mg/1]
p~EPD (3.7% in controls). 18:3wé increased significantly
over the same range (1.0%, 1.4% and 2.2%, respectively
vs 0% in controls), while 20:3w8 increased 2 to 3 fold
(2.7%, 2.8% and 3.0%, respectively wvs 1.1%), although

decreased product amounts were found.

An incraasg in 16109 was induced with 20, 40 or &60mg/]

p—-F0 incubation (9.8%, 10.8% and 16.7%, respectiveiy wvs
4.1% in control=), but little change occurred overall in
14:0, 18:0 or 18:1uw9, ULespite an increment in 1832uwé
(5.8% to 8.7% vs 8.7% in controls), wé PDFA proportions
approximated 'controls,' or were decressed. Similarly,.
decreased 22t16w3 levels were detected with 20, 40 or
60mg{1 p~FQ dosage (3.3%, 2.2% and 2.3%, respectively va
3.7% in controls), even though increments were induced

in 201503 (5.1%, 6.2% and 10.7%, respectijvely vs 1.7% in
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- controls) and 22:5&3 (3.2%, 2.7% and 3.1%, regpectively

vs 1.6% in controls).
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S.4.4 Incoreporation of Radiol 8 Fatt
Acgids into Cells Derived from Human LQDQ,H@

Table 5.4.4.1. shows +the radicactivity recovered from
cultures incubated with 2uCi [!4CI-18:11w9, [19C]1-18:2wé
or [19C3-1853uw3.

‘For both [24C3-181149 and [14C1-18:3w3, the equivalent
of 4.3x10%cpm were dosed to the incubation medium, aﬁd
the total rpcaveﬁ} approximated to 91X in eaéh case, For
.51403“18=ém6, the equivalent oY J.Sxiﬂscpm. vere doéed
to the culture medium, and the total wecovery of this
rédioisotopé affer 48 houra incubation amounted to 98%.
The tétal'counts'recouered from the spent growth media
ranged from 1.3 to 2,6x10fcpm, with 0.7 to 1.1x10%cpm
recdvered from the pocled buffers after  washing the
cell, which accognted for Ffor non-specific'binding. Thé
amount of each of these radicisotopes incorporated into
the 'cejls themselves equated to 34% for [1%CI1-18:1u9,

29% for [1401-1812wé and 27% for C1%071-18:3u3,

Table S5.4.4.2, shows the percentage cor srsion of
incorporated [14CI~18:11w9, [19C1-18:2u6 and [*?CI1-18:3w3
to w9, wH or w3 series products, respectively after 48

hours incubation with human Tung fibroblasts.

26.6% of the total [14{]1~18:1u9 counts derived upan OGLC
analysis (2202cpm) remained unchanget, while 39 6% was

found for 20:1w%, and 24.0% for 22:1u%, bus onlf 2.8%



Table 5.8.4.1.

i H ' !
SPENT ! POOLED | TOTAL ! CELLS i ToTaL
MEDIA i WASHINGS | (M+Y) i H x106
{M) H (W) 1 i !
Total 18:1 counte dosed_to incubation medium = 4.2 x 106
_ i . i R
4278280 | 1140230 .| 2418510 | 1477332 | 3.9
(£2240) | (26435) | I (21653) | .
. - L :

Total 18:2 cownts dosed to incubation medium

= 4.8 x 108

fr e e i S e e b e ey R R MR R Wl e e i e fepm e ey s

3 r i ] .
2599077 | 7i0943 1 38310020 ! 1397004 4.7
(24886) |} (z4171) | P (£2118)

-1 i } H —
Total 18:3 counts dosed 1o incubation medium = 4. A

2005060 ! 745550 | 2750610 ¢ 1147896 | 3.9
{(28920) | (£7085) | : (x870) |
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for 24:1w?.

20.9% of the total E14C3—1832w6-derived'ccunts detected

following GLC analysis (3848cpm) remained as 18:12wé,

 while 28.5% was detected as 20:2wé, compared to 10.0%

1833w, 2033&6 and EUsﬂmé-a¢counted for 17.1% and 10.90%
of total counts, reapeétiue]y. “but only 3.9% 22:&&6 and

A.6% 22:5ub were detected.

3226cpm weré derived upon GLC analysis of cells dosed
with C*%C1-18:3u3, of which 18.3% remained. unchanged,
compared to 23.5% 18:4w3 and 23.5% 201363, Only 7.8%
20:403 was detected, but 20:543 levels were twice as
high (14.2%). 10.3% 22:35u3 was Foudd, "but oniy 3.82
22:6w8.,

- AéD iz the first and rate limiting enzyme  in the

desaturase cascade, thus total activity of this enzyme
ig reflected by the sum of all subsequent desaturase and

elongase products,
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5.4.5 ' Effects of pseudo-Oils on Lipid Peroxide

Formation.

Table 5.4.5.1. shows the ?ipopéroxides measured in human
Tung cultures incubated with 9, 20, 40.or 60mg/ 1 p-di]
for 48 Hour5¢ The results are expressed as nmoles
MDA/105 cells, but in the case of the spent incubation
media, this represents the nmotes of MDA in the wvolume

of medium Frém which 1x106 celils were derived.

1.1 %o 3.0nmoles MDA/10® dosed cells were quantitated,
cdmpaﬁed to l.1lnmole MDA)lUﬁ control cells. Dosage with
20, 40 or 40mg/1 p-MO resulted in the formation of
aslightly greater cellular lipoperoxide amounts than
p~CO (1.7, 1.6 and 2.1 wvs 1.5, 1.6 and 1.4nmoles MDA
per 10% cells, respectively). The lipoperoxide amounts
| generated by cells dosed with p~00 or é~SSO._ houwsver,
approximated to controls with all cencentrations. On the
other hand, cells supplemented with p—-L0, p—~EPD or p-FO
induced the largest lipoperoxide amounta overall. Levels
were comparable with 20, 40 or 80mg/)1 p-LO0 or p-EPO
dosage (1.3, 2.0 and 2,8 wvs 1.3, 2.4 and 3.0nmoles
MDA/ 10€ celfé), while +the amounts p—F0 induced were
larger with a concentration of 20mg/l, comparable with

40mg/1 and lower with &0mg/] (2.0, 2.0 and 2.2nmoles

MDA/108 cells, respectively).

The concentration of lipoperoxides measured in the spent

medium of dosed cultures ranged Ffrom 0.2 to 7.lnmoles
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v

MDA/108 celié, compared to b.SnmoIes MDA/10% cells in
control media. Unlike the cells; media dosed with 20, 40
or 60mg/1 p-CO contained greater lipoperoxide amocunts
(1.3,. .5 and 1.énmoles MDA/10€® ceils, respectively)
~ than that deriuéd from inﬁubation with p~MO or p~00
(1.0, 0.9 and 1.4, and 0.7, 0.9 and 1.0nmoles MDA/105
_.ceils, Eespectiuely).' Spent media ]ipopero#id& levels
. were similar with 20, 40 or 60mg/] p-SS0 or P-EPQ dosage
(0.5, 0.8 and 2.1 ws Q.Q, 0.7 and 2.,inmoles MD#/iDs.
cells, respectively), while amounts were lé;éer in the
preSencg of p~L0 (1.1, 2,9 and é.6nmoles Mﬂﬁ/iﬁe cells, |
'jraapectivély). The éreatest épent media lipoperoxide
levels were nevertheless shown uith..ZO, 40 of 60mas 1
p~F0 incubation (2.1, 3.1 and ?.1nmo1es MDA/10€ ceils,

regpectively).
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5,4.6 The Eicosancgid Profile of Cells Derived

from Huma .

Table 5.4.6,1, shows the eicdsanoids positively detected.
in control and p-oil dosed human-lung fibroblasts as - a
percentage of the tot .1 area detected. An indication of
the 1 .al eicosanoid amount quantitated, .however, is
given for controls in “( )", expressed as pmoles/106

cells,

-

Total eicosanoid.production.amounted to 332.46pmoles/106
control 'cells, of which 19.9% c¢ouid be-_positiuely
identified with the prostanoid ataﬁdards available.
Apbrcximatelf half thia proportion was composed of TXBz
(8.8%), while the remainder was made up of smaller
proportions PGlaz (2,5%), PGFy (5.8%), PBE2 (0.2%) and

PGEs (2.6%). However, no PGDz was detected in contirol or

dosed cells,

Totaf percentages Tor the prostanoids detected were
greater.in-doaed than control cells. The ingrements were
least with dosage of 40mg/1 p—oil (21.2% to 30.9%), but
significantly greatér both with 20mg/1 (36.0% to 40.9%)
or é0mg/1 p-0il (30.9% to 48.9%), These differences were
reflected by appropriate changes in the amount of
individual prostancids, UDosed cells generally produced
more PGla than controle (2.5%). The largest PGIz
percentages were detected with 40mg/1 p-oil (2.8% to

i0.9%), compared <to lesser amounts with 26 and 60mg/s1
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Values are:tahyiated as\relatiﬁe percent of the total
area detected, and as pmoles +total eicosanpids/106

control cells,
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pfoi1 (1.0% to 6.0%), Variable TXBz amount5 uere induced
with 40mg/1 p-oil (4.6% to 15.1% wvs 8.8%), but this
increased 2 to 3 fold ;ith 20 and 60mg/t p-o0il (1?.?%.tqﬁ
25‘42)' PGF _1&uels approximated to that of controls
(5.8%) with A0mg/1 p-oil (4.2% to 7.7%); considerably
greater ampunts, houevér, were formed with 20 and &40mg/1
pﬁbil'(?.?% to  16.4%), which were comparable. PGEz
production was more variaﬁle iy dosed ce1[s (0% to S5.1%
vs 0.2% in controls), _wgiie only small PGE: amounts

(£0.8% vs 2.6% in controls) were fcrmed with p-€0 of

'p~MO dosage.
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5'4-? . . is - ion

Suppiemention of cells derived from human fetal fung .
with #-oils modulated the wviability thereof (Figs.
5.4.1,1-5,2.1.8.), and the finding that cytotoxicity was
induced oniy with greater than 80mg/1 p-ci] could have
related +to the relatively lTow population doubling time
these .ceiis exhibited (Tab’e 2.3.1.1.). The different
.ceTl uiabiiify changes induced nevertheless reflected
the.uariétiéns in.p-oi? FA compositiﬁn (Table 2.3.3.2.).

OA, LA or ALA comprised apérqximateiy 70% of all FA's in
p=-00, p~S$0‘and p~L0, regpectively, thus it was likely
that tha:call viability changes induced uitﬁ dosage of
either p-oil! related primarily to these C18 FA“s. Such
moieties were all 460 substrates, but they varied in the
anber and position of theikr double bonds. This may
explain the stimulation of cell proliferation wifh p~00u
or p=-550, but not with p-L0; supplementation, aé well
as the greater capability to reduce cell viébi]ity with
incubation of p~L0, than with -~SSO or p-00. The FA
composition qf p—EPQ was aimilar to that ofléﬁSSO, thus
modulation only of growth limitation with p-EPOD dosage
suggested that such related to the presence of about 9%
GLA in p—EPO only. This moiety may have limited the
capability of LA to stimulate, or inhibit, celi
proliferatioﬁ with incubation of 1leow, or high, p-EPO

concentrations, respecti@e]y. Dosage with high p~L0 or
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cytotnxicity; 3 PUFAﬁa- were present in these p—oiis
only, thda if was possibie-that the amount and structure
bf ALA iﬁ p—L0 and EPA in p-FO gnhaﬁ:ed the capability
of these p-oils to inhibit cell proliferation. Howewer,
as the proportion of ALA iﬁ p~i.0 was éreater.than that
of EPA in p~F0, the induction of ;ignificantly more
. cytotoxicity with dosage of high concentrations  of the
latter mev relate partly to the greaster degree cf_ E?

unsaturation compared to ALA. . Synergistic and/or
antagenistic ihéératiohs between p-bii FA’s should alse
not be overlooked as mediators of thé growth respoﬁses
‘induced. This could explain uhy cell viability did not
always relate inversely +to the p-o0il concentration
dosed, while otHer workers showed that the growth oF.
human fetal lung cuttures correlated inversely with FFA
concentration (Boone et al 1972). The abf?ity of these
cells to incorporate lexogencug FA’s (Table 5.4.3.1.)
neverthelesse suggested the inQoIUement of membrane
fluidity changes in the modulation of. cell viability,

particulariy with hibh p-oil concentrations dosed.

The results obtained from the measurement of total
nrotein in control and dosed cells indicated significant
stimulation of protein synthesis with p—o0il dosage, even
when such induced significant growth ]imitation (Table
5.4.?.1.). The extent to which protein synthesis was

stimulated wvaried with supplementation of identical
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similar cell nﬁmbers. This suggested that the capability
to enhahce protein. synthesis varied with FA; and  was
probably relatable to FA structure and concentration in
any p-oil. The incorporation of exogenous FA's with
p~0il dosage increased the content. of cellular FAs,
thus it was poSsib1e.£hat_ increased protein synthesis
related to enhiiiced expression of fjipid'mataboiising
uenzymea..

N

It was'unlikelyethat an increased amount of protein per
'céll fe1ated to enhanced expression of desaturase or
el ongase enzyhes. sinﬁe the evidence oEtaiﬁed from .
%upplementing cultures with p-oils suggested that ‘these
fibroblasts exhibited limited cépability to desaturate
or éfcngaté FA“s (Table 5.4.3.1.).. Neither 16:0 nor
16:1uw9 incorporated with p~0il dosage were significantly
desaturated or einngafed, while .18:0 and 1831&9- 1euels
parallel to controls suggested impaired A9D capability.
It was apparent that 18:2ué incorporated uith. E-SSU
dosage uastht significantly converted to PDOFA's, thus
20:3ué Tormation with p~EPO suppiementation probably
related to elongation of incorporated 18=3N§ rather
than de]ta—é-daéaturation-and elongation of incorpoerated
18:2w6. In addition, Tack éF further 20:3wé desaturation _
was consistent with impaired 45D expressiﬁn« On the
othef hand, 1833&3 incorporation and +the formation of
small 20:5u3 amounts with supplementaticn of 20mg/1 p-LO

suggested the capability for 46D, elonpaze and 40D
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activity., Also, the formation of 22:5w3 with p-FO
dosage supported. elongation of incorporated 20:5u3,
However, no incrcase in 22:5w6 or 22:6u3 was detected
with dosage of any p-0il, and this indicated impaired
AAD capability. Maeda et al (1978) showed that human
emﬁfyonic lung fibroblasts (WI-38) dosed with 15mg/1
albumin-bound 18:3wé; 20:2wé6 or 20:¢5w3 for 24 hours
incorpofated-thesé moietiva, elongated 18:3wé and 20¢5w3
to 20¢3wé and 22:5u3, respectively, but did not exhibit
the cépability to deaaturaté 20:2u6, 20:3ué or 22:5u3.
This éupported the Findinés we reported abcée. p~C0 and
p—MO contained no .m3 PUFA's, - thus the éormation of
small amounts >f 20:15w3 with dosage of Eﬁmg/l p-CQ or
p—-MO may reflect an attempt to enhgnée desaturation
and/or e]ﬁngation of cellular u3 PﬂFA’s to maintain

membrane fluidity altered with incorporation of these

p~oils.

The formation of small PDFA amounts with supplementation
of certain p—oils suguested that desaturase and elongase
capability was suppressed rather than absent in these
cells. It was unlikeTy, however, that such related to
growth limitation induced with p-ci) dosage, since the
capability Tor PDFA formpation was impaired even when
p-oils had little effect on, or sgtimulatad, cell
viabi]ity. Suppression of desaturase cascade enzyme
exprression may rather relate to - alterations in

microsomal lipid composition induced with p-oil dosage,
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as the modulation of microsemal lipid composition has
been implicated in the reguliation of desaturase enzyme
act vity by others (Nervi et al 1968, Kurata et al 1980,
Garda et al 1984,.1§85 and Garg et al 1988a, 1988b,
1988c). | |

Desaturation with individual radiclabelled Ci8 FA“s was
assessed to eétab?ish whether the pattern of p-oii
desaturation ‘reported (Table S5.4.3+1.) was .modulﬁted
with FA mixtures, The detection of 243:1wé when cultures
were - dosed with £3401-18:109 was consistent with
elongase expression, although ' no evidence to suggest
[C14C1-18:1u% desaturation was Ffuurd (Table 5.4.4.2,7, Uf
the other hand, the pattern of r#diaactivity' deriued
from cultures supplemented with either [14C1-18:3u3 or
C18C]1-181206 wam consistent with 460 and subsequent
elongase capability (Table S5,4.4.2.). Significant
amounts of [1401-18:303 and [14CI-18:1206 were also
directly elongated to 20:3u3 and 20:2uwé, resﬁecﬁiualy.
thus the possibility that such moieties were convertaed
to 20:4u3 and 20:3wé, respectively via an active 48D can
not be dismissed, particularly since humans have been
shown to exhibit limited 46D capability (Dyerberg et al
1980 and Horrobin 1983), Nevertheless, conversion of
sbout 30% [14CI-18:13u3 and 20% [19CI-18:206 to
postQASD FA’s supported 45D expression. 20:5u5 énd
20:4wé elongation were shown, but the detection of less

than 0% 22:6u3 and 22i15wé6 each indicated that 44D was
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not significantly expressed.

The data reported in Table 5.4.4.2. was supperted by
tHe work of Dunbar et al (1975), who demonstrate& A&D,
‘gubsequent elongase and A50 capability uhen the cultuﬁe
medium of human embryonic lung Ffibroblasts (WI-38) was
supplemented with 2uCi 51403*18:2w6. These workers
showed that éppﬁoximate]y 45% of the incorporated
E*“CJ—18=2N6-(3d2) was conuerted.to PDFA's, and sauch
correlated numerically with the present study (Tables
5.4.4,1, and 5.4.4.2,7. Houever, we shouwed 10 fold more
t*“CJ-lB:Zw& elongation to 20:2wé ‘than these workers
(28.5% and 2.8%, respectipeiy), .énd tﬁis was consistent
with the mmaller proportinn of incorporated [12¢1-18:12u6
leFt unchanged in our study (25% and 5(%, respectively).
The conversion of L[34C1-18:2ué to 18:3wé and 20:4uéd was
also shown in WI-38 humén embryonic Tung celfs by Maeda
et al (1978). However, such capability was shown to be
very limited since 85% of incorporated L[34CI-18:2u6
(S0%) remained unaltered, and only 4% 20:4wé6 was
detected, compared to the formation of appfokimately 35%
20:4ué in Dunbar’s study and 20% post-45D FA's in our
study (Table 5.4.4.2.). Dunbar et al {1975) used a FA
incubation period of 4 days, while Maeda ot al (19781
used 1 day, and ‘this may explain the different exient
to thch 18:2ué was desaturated and elongated in these
twe studies, despite the use of the same cell line and

similar experimental conditions, WNumerical differences
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Betueen_ studies may also relate partly to subtle
‘differences in lipid metabolism between human embryor. ™
lung cultures, which Spector et al (19?9) showed even
under identical culture conditions. Unfortunately, the
formation of 22:5ué from 20:4ué waé nnt examined either
by Dunbar et a1l (1979} or Maeda et al (1978). The latter
- group showed the capability of these cells form 22:5w3
when . [130]-18:3u3 was dosed, and this supported our
data (Table 5.4,4,2.)+ Howewver, these workers showsd
that asuch capability was limited és only QDZ - of
incorporated [1403-18:3u3 was converted to longer chain
more unsaturated w3 FA's, compared to more than 80%
in our study. Neveritheless, both our data and that of
Maeda et al (1978) demonstrated that desaturation and
.eiongation of incorporated [19C3-18:3w3 was greater
than for [%%C1-18:2ué, and this confirmed the
established preference for w3, rather than wé, PUFA
substrates for such reactions (Brenner et al 1966, Mead

et al 1976 and Kanau et al 1977).

Spector et al {1979) reported that the Formation of
20:2u6, 20:3wé and 22:4wé when human embryonic lung
fibroblasts (IMR-90) were incubated with 15mg/1 18:2wé
was consistent with 46D, 450 and elongase, but no
significant 44D, capability, as shown in our study
(Tabie S.8.4.2.)« 0On the other hand, whep these workers

added 15mg/1 18:1u9 to the culture medium, this moiety
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probably Eeflected- 18:1&9 incorporation intoc neutral
lipidas, compared to 18:2ué incorporation ﬂrimarily into
PGL.’s. If the exogenhous FA's dosed in our study were .
primarily incorporated into neJtral lipids rather than
into membrane PGL’s, such would have limited the
capability of fheae moieties to undergo desaturaticon or
elongation. This may explain why the capability for .
desaturation and elongation was more limited with p-oil
(Table 5.4.3.1.), than with individual C18 FA’s (Table
5.4.4.2.),. supplementation, although such may also
relate to.modu]ation of enzyme expression by p=-oil Fh;s;'
Nevertheleasa, when relating jin vitro experimental déta
to the 'heaI world"', the capability‘For deaaturation and
elongation with p—cil, rather than indi@idual FA, dosage
may be a better indication of such capability jin wvivo,
since p-oil FA compoaition reflects thaf of dietarﬁ
- oils. Although the  ability to desaturate and elongate
FA‘a clearly is an important source of POFA’s for
eicosanoid production, impairment of PDFA formation may
not necessarily limit ‘the aSility of human lung. to
synthesise eigosanoids.ig vivo p;ovided PDFA precursbrs

are obtained from other tissu«s or from the diet.

The results obtained from the measurement of cellular
1ipoperoxides showed evidence of such compounds both in
the ‘ presence and absence of p-oil dosage {Table
S.d.Sfl.), and this reflected cellular enz;mic and/or

non—enzymic mechanisms for +their production. The



641

messurement of lipoperoxides in control cells was not
surprising as the cells themselves cont&ined.FA's which
were potential substrates for lipoperoxiaation {(Table
5.4.3.1.), It was alsoc possible that lipoperoxide
formation in .control cells reflected inefficient
celiular mechanisms to couteract and/or limit oxidstion
of cellular FA's, The gréater amount of lipid peroxides
measured with p~oil dosage thaﬁ in CQﬁtrois, both in
the spent medium and cells themselves, was consistent
with oxidatidn gf Qnsaturated p~oil FA‘s, We showed
-euidence. uhicH éupported the ability of these cells to
incorporate p-oil FA’s (Table 5.4.3.1.), +thus it was
unlikely that the lipoperoxides measured in the spent
medium of dosed cells were formed primarily as a
result of autdroxidation of unincorpofated p—oil FA's,
particularly since these moieties were bound to albumin,
The F& composition of the incubation medium was
primarily composed of saturated FA's {(Table 2.3.3.3.),
thus it was also Qn?ikely that such confributed
" mignificantly to the medium lipoperoxide levels reported
in contrel and dosed cells. The data therefore suggested
that the lipoperoxides measured in the spent meaium
originated intracellularly, although it was apparent |
that thesg moieties were not released as a result of
cell death, since cytotoxicity was absent ewven with
dosage of 60mg/1 p-vil (Figs. 5.4.1.1-5.4.1.8,). There

is evidence, however, that 1ipid peroxides increase
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membrane permeability (eg. Chio et al 1969 and Frankel
1984)., It was therefoée possible that the Iipopaﬁoxides
measured in spent medium reflected fhe formation of
- cellular Tipid beroxidea which altered membrane
_ péﬁmeability.and permitted the release of these moieties
. into thé medium. Cellular enzymes responsible for
'Tipoperoxidation and FFA‘s may also have been released
inte thé incubation medium in this process, thus the
possiblity tHat’enzymic and/or spontaneous FA oxidation
occurred extracellulariy, = and contributed to the lipid
peroxides measured in the spent medium, can not be

ignored,

The numerical differences in the concentrétion of
lipoperoxidgs reported with p~oil suéplementation {Table
3.8.5.1,) ;éfiected the different FA compositions of the
p—oils (Table 2.3.3.2,). This relates naf ohly.to the
amount of unsaturated FA’s present in any p-oil, but
also to the susceptibility of FFA‘s to oxidation, which
in turn relates to the number and position of double
bonds in a FFA., It was clear that qu]tuﬁes dosed with
with p-LO or p-FO induced the greatest amount of
lipoperoxides overall. The FA ,compositions of these
p~oils suggest that such may relate to their complement
of w3 PUF4’s. The ALA content of p~L0 was greater
than. the amount of EPA in p~FO (about 63% and 18%,
respectively), although the greater number of dogblé

bonds in EPA increased its susceptibility to oxidation
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compargd to ALA. This prababTy accounted for the .similar
lipoperoxide amounts_inducéd overall Qith .p—LO or p~F0
dosage., .The FA composition of p-8S0 indicated that the
lipoperoxides Formed with supplementation of.this p~oil
related largely to oxidation of LA« Greater amounts of
.ceTTuTar lipoparoxideéiiwere induced with p-EPO, ‘than
with p—880, dosage, and this may well reflect oxidation
of GLA present in p~EPO only, as bath p—oils otherwise
exhibited similar FA compositiahs. It may also relate to
the utiliaation.of NGLA, Formed only with pQEPﬁ dcsage :
(Table 5.4.3.1,), as an endcperoxiﬂe substrate. The
measurement of more lipid peroxides with p~CO or p—MO,
than with p-00, dosage was surprising considering the
significantly greaték unsaturaﬁed FA content of p~00,
However, +this may reflect a slower rate of PGL turnover
and therefore FA re]éase anm membrane.lipids into the

cellular pool with p-00, than with p~CO0 or p—-MO, dosage.

Growth inhibition was ndf induced with supplementation
of up to é60me/1 p-oil (Figs. 5.4.1.1-5.4,1.8.), fthus no
correlation between lipid peroxide Formation {Table
S:4.5,1.) and cytotoxicity ceuld be established.
Nevertheless, lipoperoxides should not be overlooked as
a possible mechanism involved in the modulation of
cytotoxicity with dosage of higher p-oil concentrations.
On the other hand, measurement of the smallest amount of
Tipcperoxiﬂes overall with p—00 or p-S80 dosage

correlated with +the .greatest stimulation of <cell
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viability, whereas the greater amounts of 1ipoperoxides
measured with supplemeﬁtation of other p—cils correlated

with growth limitation.' Lipoperoxides may therefore be
involved in the modulation of cell viabililty. However,
the fact that growth limitation was not most pronounced
with p-LO or p—FO-dosage; dasbite measurement of the
greatest ?Epoperoxide_ amounts with supplementation of
these p~cils, indicated that the modulation of cell
uiab&]ity aléo related +to other-meﬂhaﬁiams,  such as

alterétiona'in membrarie fluidity.

PG’s and related eiccsanoids are important mediators of
norﬁél fung function (Hyman et al 1978 and Newman et al

1984}, thus it is not surprising that this tissue has

been ghown to be the primary aite Ffor aicnsanoiJ"
production (Mathe et al 1977, Hyman et él 1978 and
Harper et al 1984). The total eicpsanoid-coﬁcentration

quantitated in control cells in the present study (Table
5.,4.,6.1.) supported the capability for human Iung

fibroblasts to bioaynthésiée significant amounts of
eicosanoids, even_though this only accounted for about
30% of all 1ipid peroxides (Table 5.4.5.1.), The lung is
indeed rich in enzymes that synthgsise PG"s and TX s, as
well as inactivating these compounds (Samuellson et al
19?5. 1978). MclLemore et al (1988) showed that normal
human Jung tissie biosynthesised small amounts of PG#z“
and PGEz, 1arger amounts of PGD2 and é—keto—PGF1iy, while

TXBE_ production was greatest. This confirmed and
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extended previous reports (Hyman et al 1978, Newman et_;-

al 1984 and Hubbard et al: 1986). Human lung cultures
have als=o been shown to express the.enzymes necessary
for proatanoid;. syﬁtheais and release, although
1eukotrienea ap;éar to be releaséd.only upon stimulation
(Chaénon et al 1985 and Robidoux e al 1988). The

abundance of TXBz jn the Tung has also been reported in

cﬁ1ture, and such haz been routinely monitored to
reflect TXAz gynthesis (Rebidoux et al 1988). Feinmark
et al (1982) reported that monolayer cultures of human
. diploid embryonic lung fibroblasts (WI-38) metabolised
exogenously supplied [149C3-20:4w6 to TXBz, and showed
that PGL. uaé the.aource of the radioactive pfecursor.
Their studies indicated that lung fibroblasts were =a
prime sourcé éf pulmonary thromboxane in vivg, although
significant PGE2 gynthesis also occurred. Other studies,
however, showed that cultured human lung cells produced
considerably smaller amounts of PGEz than TXBz (Robidoux
et al 1988). QOur study not only confirmed that cultured
human Tung fibroblasts synthesise large amounts of TXBp,
but also showed that theaé_ cells produced signFicant

amounte of PGFy, PGE1 and PGIE, but not PGEz2 and PGD2
(Table 5.4.6.1.). A

Supplementation of cultures with any p-oil modulated the
proportions of the individual eicosancids detected in
these cells, although overall prostanoid production was

enhanded (Table 5.,4.6.1.). Dosage with 60mg/1 p-MO
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induced the greatest enhan&ement | of prostanoid
synthesis, but such did not appear to relate primarily
to inhcorpcoration of exogenous. 20}4w6. the .2-series
eicosanoid precursor, since dosage with .ather p~M0
concentrations did not  induce a@predi&b]é increases
in eicosanbid production relative td ﬁel?s dosed with
p-ﬁila 'devoid_oflexoggnous 20:dué, Cells supplemented
with p~-EPO coﬁtainéd higher levéls_ToF the .1-serieé‘
eicosanoid ;Eecurso;, 20:3w6, than cé]]s dosed with
ahy. ‘other p-0il (Table 4,7.3:1.), yet ‘no clear
diFferences in eicosancid production were Ffound between .
cells dosed with identical p*nif concentf;iiohé. 18:3u3
and 2U=5w3; abundant in p-L0O and p“rﬁ,_réa:ectiuely, are
.pntent inphibitors QF.2~seriea prostanoid éroduction as
- they preferentia11y.occupy the active site on cycfo—
ovygenase (Lands et al 1971, 1973, 19??, Hamazaki et al
1982, Corey et al 1983, Fischer et al 1983, 1984 and
Naaéar et al 1987, Yet; dogsage with these p—oils also
yie?déd prostanoid profiles similar to that derived Froﬁ
_'cells supplemented with p-0ils dewoid of such moieties.
It was. apparent, therefore, that p-oil FA's per_se
induced little effect on the formation 6F the endogenous
prastanoids repdrted as such was unrelated to the degree
of p-ril unsaturation (Table 2.2.3.2.), the ability of
the p-oils to supply direct eicosancid precursors,
ot the .capability of the cells to form eicosanocid

precurscors with p~o0il supplementation (Tables 5.4.3.1.).
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The lack of sigﬁificaﬁt differences in the levels of the
eicosanoids reported with dosage of diffqreﬁf §~ci3s at
the same concentration suggested utilisation of
endogenous, rather than exogenous, PUFA precunéors For
eicosancid production. The enhanced prostancids lovels
reported  may thus relgte to. utilisation of membrane
20:3u6 and 20:4wé. The detection of these moieties in
control cellas (Table 4.8.3.1,) indeed supported their
.utilisation for eicosanoid formation. The levels of the
prostanoids detected - were nevertheless modulated
'dépendent on .p-oil concentration; The enhancement of
total eicosanoid production, particularly with dosage of
20 or 80mg/]l p-oil, was manifested primarily by enhanced
production of TXBa, pGF, and PGI2, However, p-oil
supplementation suppressed or inhibited PGE, synthesis,
ana this may reflect the éignificantly loﬁer amounts of
the l-series eicosanoid precursor (2033w6) detected in
these cells (Table 5.4.3.1.) than the 2-series precursor
(2014w6). While the data indicated tnat the cyclo-
oxygenase péthway was functional in these. fibroblasts,
the exact mechanism by which prostancid production was
modulated uith p-oil dosage was unclear. The possibility
exists that dosage with different p~0il concentrations
influenced eicosanocid precursor availability, or that
p—oil FA’s modulated wiious enzymic steps in . the
prostanoid biosynthetic pathway, depen&ent on p-oil

concentration.
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The eicosancid profiles renorted in this étudy (Table
S.4.6,1.) .did not correlate in aﬁy uéy with the changes
eported in cell wvisbility (Figs. 5.4,1.2-5.4.1.8,),
fata?'protein (Tég]e S:842.1.2, 1ipopéro;id§€production
(Table 5.8.5.1.), or desaturation capability (Tsble
5.4;3.1.).with p-oil dosage. The data therefore suggests.
that althougsh p-o0il suppiementation influenced the-
.ovérail prcduction of the eicosanoids studieds, or the
balance 'betuaé; individual prbstanoid fgrcups;? these.
_endogenously 'syntheaised zicosanoids were probably not -
direcﬁly. involved in tﬁe modu1ation of +the ef#acts

demonstrated with p—oil supplementation.
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5.5 THE _EFFECTS OF PSEUDO-OILS ON  CELLS
DERIVED FROM HUMAN SKIN.
3431 Effects of pgeudo-0ilg on Cell Viabjlity.

Ce]?s were examined microscopically before, during and
after each experiment, and at no time were changgs seen
in the morphalogy of control cells, or of p-oil dosed
cells, although cytoplasmic dkoplets were observed with
p-oil suppliementation at high concentrations in some

instanges.,

Investigafion of the effects of 0 to 250mg albumin/l
culture medium showed no significant effect on Human
skin fibroblast viability (Fig. 35.5.1.1.). The effects
~induced with p-oi! dosage were therefore a result of the

exogenous FA'e 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 11.7x10%/n}, This equated to about 61% of the final
control cell number at the end of the 48 hour incubation
period, and represented the_ cytostatic number. Only
p~oil  concentrations limiting celd viability | to

significantly below 61i% were thus considered cytotoxic.

The results of incubation of cells with p-oils for 48
hours are depicted in Figs. 5.5.1.2-5.5.1.8. p-MO, p-00,

p-550 and " p-FO enhanced cell proliferaticn with low



The results .are expressed as mean percent (%) cell
viabilitytstandard error of the mean (s.e.m.), where 'n"
i® the number of experiments. The concentrationa given
are as mg _a]bumin or pseudo-oil per litre qF growth
medium.  Fig, 3:5:%.,1, wshows the mean percent cel’
viability versus the albumin ¢oncertration (mé/l), and
Figs. 5,5.1.245.5.1.8. depict the mean percent cell
ui&bi1ity versus the pseudo~oil concentration (mg/1).
Fig. §.5.1.9, shows fhe mean percent cell viability
versus the élbumin cohcentratioﬁ (mg/1) For cells dosed
with the amount of .pseudo~qi1 which timits cell

viability to 50% of the controlsa.
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conpentrations, while all p-oils, 'uithout exéeption,d
were growth limitingy such potential, .houeuer, varied
greatly between p=oils and cancentrations aupplemented.
Sstursted FA-rich p-oils were the least & . wctive in
mediating érouth inhibition; an IDso yas found for p-CO
(90ma/1), but not for_p—MD. In contrast, p—oils abundant
in unsaturated FAs were considefably more cytotoxic.
rDSO values for p=00 and p-LD equated tb approximately
85mg/1 each, whereas that for p-5S0 and p-F0 was lower,
at about 75mg/1. Cell dosed with p~EPOD exhibited an IDgo

of 63mg/1, thus p~EP0 was the most cytotoxic p-oi'.

Cell viability was limited to 89.1% with 10 and 20mg/1
p—-CO deosage, ﬂbuﬁ” approximated to controls with 30 and
- 40mg/1 p~CO (Fig. 5.5.1.2.}. Concentration increases +to
80nig/1 p—CO limited cell gfowth to a minimum of 74.0%,
while cytotoxicity reduced cell viébi]it? to 49.6% and

46.2% with 90 and 100mg/1 p-CO, respectiue?y.

Cell proliferation was enhanced with incubation of up to
40mg/1 p-MO, to a2 maximum éF 130,6% with 30mg/l (Fig;
5.5.1.3.). 50 and 60mg/1 p~MO had little effect on cell
viability, and growth limitation was inducea with higher
caoncentrations, but_ no oytotoxicity was induqed, éuen.

with 100mg/1 p-MO, as relative cell viability was 69.5%.

Cell proliferation was enbanced to 11%.5%, 113.?% and

124,7% with 10, 40 and S0mg/1 p~00, respectively, while
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(Fig. 5.5;1.4f3. Higher coricentrations limited cell
growth +to 68.5% with 70mg/1 p-OU; and cytoaﬁﬁais wass
induced with 80mg/1 p~00 as cell. viability (58.8%)
apprﬁxiﬁated to. the cytostatic number (612).'5Further
concentration increases induced cytotoxicity, jgna_'only
12.9% of cells were u§ab1e'uith,1somg/1 6~00. !

10 and 20mg/1 p-SSO shnanced cell profiferation to
126.2% and 118.8%, respectively, while csll uiability

ranged from 109.4% to 112.3% with 30 to SUmg/1 p-580

{Fig. 5:5.1.5.). Concentrations greater than é0mg/1 were

growth limiting and yielded-??.ak viable cells with
T0mg/] p~850, while exteﬁaive cytotoxicity re&uced cei1
viability to 26.5% with Bﬁméil: Thé prcportion oflﬁella
taking up Trypan blue increased progreééiv&?y as greafer
amownts of p-850 were dosed, such that only 3.4% viable

cells were counted with 100mg/1 p—-S50.

p-L0 dosage reduced cell viability in an alﬁosf linear
co:_entration dependant_manner (Fig., 5.5.1.6.)., S0 and
60mg/1 p-l.0 induced d}toétasis,_ while concentrations
of 70mg/1 eor greater induced cytotoxicitf such that cell

viability was reduced to 33.2% with 100mg/1 p-L0.

10 and 20mg/1 P-EPO had i+ e effect on cell growth,
but this was preghéssiveiy reduced with higher amounts
dcaed_such that cytostasis was induced with éﬂmgf!-p“EPé

(Fig. 5.5,1.7,). Further concertration incveasesiinduced



- 632

70mg/1 p~EPO, while Trypan blue uptake increased to

100% with 100mg/] p-EPO.

Lell prb?iferation was enhanced slightly with 10, 20 and
S0me/ 1 p~F0; but significantly to 131.1% and 122?62 with
30 and 40mg/! p~FD, respectively (Fig. 5.5.1.8.). Growth
limitation reduced cell viability to 86.4% with 60mg/1
- p=FO, 70mg/1 p~FO induced cytostasis, while cytotoxicity
pragressive]} increased cetl killing uith dogage of
highetr concenfratioha such that Trypan blue uptake was

98% with 100mg/! p—-FO.

To éxc1ude the possibility that any of the effects
observed with p-oil dosage wzre influenced by the amount
»f alwumin bound to the FA's, cells were incubated with
a fixed amount of p—-eil (63mg/) p~EPQ, IDso)} znd dosed
with wvarying amounts of albumin, Fiue- points were’
chosen around which to vary the albumin concentration,
keeping the p~oil concentration Fixed, vizse 2 pointa
abovs, 2 points below, and the IDso of p-EPO. The
appropriate amount of albumin was added tao these
cultures to give the desired conceétratiana. The results
shown in Fig. 5.5.1.9, indicated that the concentration
of p-EPO dosed reduced cell viability to approximately
50% of controls, and that such was not influenced by
different albumin concentrations. Thus, the effects

inducecd with the p~oils couid be attributed =olely +to
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could be excluded.

Fig. 5.5.1.10. depicts the growth of cells derived frcm
human skin in cultwre medium - enriched with 10% serum
from its oun smecies_.uas compared to commeﬁﬁiaily
availsble fetal calf gerum (FCS) in order to determine
whether FCS modulated cell growth in any way. Over a 72
hour perioag' human skin Fibroblasts grew from 10.0 to
14.8x10%  yhen cﬁltuve medium was enfiched with 10% FCEg,
Cel éréwth wag slower, however, with 10% human serur
{HS) over the samé time period, from 10 to 12.2x104,
Thua, the roﬁtine use of FCS did not limit ceil gréufh
ﬁompared to 10% HS, and promotion of groyth {imitatimﬁ

and inhibition could therefore be attributed solely to

the exogengus FA“s incorporated.

Hﬁman skin fibroblasts were subaaéuant!y plated and
dosed appropriately with 0, 20, 40 or &0mg Ip*oil/?
culture medium in sufficient amounfa-For_ali qualitative
and dgquantitative analysea to be performed. Cell
viabilities were compared upon harvesting and found to
be statistically similar to those in Figs. 5.5.1.1-

5.5.1.8,, thus all furfher biochemical assays were

performed on these samples,



The results are expressed as mean cell’ numberistandard
error of the mean (s,e.m:), where 'n' is the number of
experiments, The cell numbers given are x10%/mi growth.
.medium. Fig. 3.5.%4.10. shows méan cell numbers versus

the incubation periocd (kburs).
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5.35.2 fepts =0jls on T teir

The +teotal protein concentrations determined at each of
the 3 p-0il concentrations incubated with human skin
fibroblasts are shown in Table 5.5.2.1. in relation to

controls., Results are expressed as'ugftotal'protein/ioﬁ_

cells seeded,

308.2u9 brotéinfiﬂﬁ' control cells sesded was found,
while.concentratioﬁé in dosed cells ranged from 238,2 to
423.0u9/105% cells seeded. In every instance, cells dosed
with .20 or 40mg/1 p—0il contained moré total protein
than controls, while most cells dosed with 60ma/1 poil
contained protein concentration= parallel to, or 1oweﬁ :
than, controls. Total cellular protein concentrations
correlated inversely with the amount of p~L0 or p-EPO
supplemented (334.9, 311.0 and 307.0, and 34%9,9, 333.5
and 300.1Mg, respectively), while protein levels were
alike with dosage of 40 or &0mg/] p-$S0, but increased
20m9/1 p~880 (345.3, 348.5 and 372.2ug, respectively),
On the other hand, cellular protein arounts were greater
with incubation of 40 than 20 or 60mg/1 p-CO (352.5,
386.5 and 238.2ug, respectively), p-MO (423.0; 342.6 and
349.78g, respectively), p~00 (378.2, 3646.3 and 247.1lug,
respectively) or p~F0 (369.5, 355.6 and 280.%u9,

respectively),

The spent incubation media derived from theme cultures

were also assayed for total protein. The concentrations



f cells dorived from human

slking

al _protein/106 coljs

I.-a--a.-_..-._-__- —— R W e e A e e e e WA e e

pseudo~ : CELLS ::
0i1 | ' ' . :
(ma/1) E' y E 20 E 49 % 60 E
I R

Control E a08.2 E i E' E
co | 336.5 | 352.5 | 298.2 |
o ; 362.6 | 423.0 | 349.7 |
0 } 366.3 | 378.2 | 247.1 |
550 ! | 872,2 | 345.3 | 348.5 |
o ; 334.9 1 311.0 | 307.0 |
EPO ! 3499  333.5 % 300.1 E
O | 355.6 | 369.5 { 280.9 |
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for all aamp]eé_were summed, and a mean QF 40.6t0.38mg_
protain/10® cells seeded obtained (h=22). Statiatical
 comparison of individual samples, by analysis of
variance, however, showed nc aignificant-diffekences in
the spent media protein condentrationé between control

and dosed culturea (F=134.5, p=0.0015.
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5.5.3 Effects of pseudo-Cils on the Fatty ﬁcig

> Erym ell ived From Human Skin.

The FA spectra of ﬁa?ls incubated with 20, 40 or 60mg/1
.p—oil are shown in Tsble 5.5.3.1. in relation to

controls.,

The greatest FA proportion in contr¢1 cells was detected
for 18t1uwS (27.5%). Other FA’s contributing :5.0% to the
total spectrum in control cells were 16:0'(21.32), 18:0

(15.72), 1631w? (7.4%) and 22:4uwé (10.7%).

Ddsed cells contained Qari&ble amounts of 16:0 and
18:1w? compared to controls, while 18:0 proportions were
lowsr in dosed than control cells in svery ‘instance.
Decreased 14:1u9 levels uere Qénera?Ty found in dosed

cells, while the converse was true for 1B:2wé, However,

wé and w3 POFA levels were.more varisble.

16:0 levels increased when cells were dosed with 20, 40
or 60mg/1 p-CO (27.5%, 28,9% and 29.7%, respectively us
21.3% in controls), 18:1u9 Tevels were not significantly
alteraed (27.5% in qontro?s). while decreased proportions
of 18:0 (9.5% to 11.0% ve 15,5% in controls), 16:1w9
(2.9% to 5.4% va 7.4% in controls) and 18:2wé (2.6% to
2.9% vs 3.6% in controls) were found, 2014wé and 22:4ué
levels were slightly increased (4.5% to 5.7% and 12.3%
to 13.0% vs 4.0% and 10.?3 in controls, respectively),

but 22:5uwé was decreased, Increased 20:543 proportions
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were found with 60mg/i p-CN (1.7% ws 0.7% in controla},
while 221513 and 22:16u3 levels were slightly increased

with all concentrations (1.5% to 1,7% and 2.2% to 2.3%

vs 1.1% and 1.5% in contro's, respectivaly in controls.-

Dosage with p-MO had 1itt1é effect on cellular :1620 and
18:1w9 levels, while 18:0 and 16319 were deﬁreased.'ﬂn
| fhe other hand, Hincreased'iStZﬂé vas detected (4.6% to
9.2% vs 2.6% in controls) and 20:3wé percentages (1.2%
to 1.3%) were almost twice as great as controls (0.7%).

20:4u6 levels were.raiaed uithiali ccﬁcentrationa.(é.Sﬁ
with 20mg/1, and 5.8% each with 40 and 60mg/1 ve 4.0% in
controls), while 22:4u6 was significantly increased
with 20mg/1 r=MO (16.2% vs 10.7% in controla), but no
increment was shown for 22:5w6s 20:503 proportions
increuséd approximately 2 fold with &0mg/! p~MO dosage:
(1.3% vs 0.7% in controls), while small increments in
22:5w3 and 22:6u3 were found with a?! concentrations
dosed (1.3% to 1.7% and 1.7% to 2,0% ve 1.1% and 1.5% in

contrels, respectively),

Supplementation with 208, 40 or $Cmg/] p-00 resulted in a
marked elevation of cellular 18:1wP (46.0%, 47.8% and
50.8%, respectively vs 27.5% in controls), while 1610,
16:iw9 and esgpecially 18:0 percentages decrease& in
relation to controls. Small increments were induced in
1812u6 (5.7% to 7.7% ve 3.6% in controls) and 2012ué
(0.7% to 1.5% vs 0% in controls), uhife all other PUFA

levels approximated to, or were lower than, controls.
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.p-SSU_dosage héd little eFFacf on, oE. decreased the
propoftiohs of the saturated and ménouhsaturatad FA‘s
. deteﬁted, while 18:2ué increased irr a concentration
dependant Ffashion (16.7%, 24.8% and 21.1% with 20, 40
and 60mg)1, respaectively ws 3.8% in controls). Smull
but éigniFicant increﬁents in 20:2m6 {1.0% with 20mg/]
and 1.5% with 40 ghd 60mg/1 ws 0% in controls) and
20:3ué (1.1% to 2.0% wvs 0.7% in controls) were als. -
found, but all other PDFA Tevels were parallel +to

controls or decreased.

18:1u9, 16:1w? and 18:0 léve?s were decreésed relative
.fo cantrols (2?.52, 7.4% and 15.,7%, respectively) with_
p-LO incubatidn, and increased 16:0 was found only with
SDmg/I.p—LD (27.8% vs 21.3% in controls). Raiaed.18:2w6
levels were found with all concentrations (5.9% to 10.0%
vs 3.6% in controls), but 2235&6 was decreased, despite
small increments in 20?4&6 with 20 and 40mg/1 p~LO (4.9%
each ve 4.0% in controls), and 22:4ué uifh 20 and 60mg/1
p-L0 (14.4% and 13.7%, Eesbective?y us 10¢?Z iﬁ unddsed
celis). An increase in 18:3w3 was induced with 20, 40 or
é0mg/1 p-L.0 dosage (6.2%, 17.4% and 8.4%, resbectiuefy.
ve 0.5% in controls). No significant increments in
183443 or 20:4w3 were induced, but 20:5w3 and 2?:5&3
increased approximately 2 fold with 20mg/l p-LO (1.6%

and 2.0% vs 0.7% and 1.1% in controls, respactively).

p—EPO supplementation caused a reduction i cellular
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16:+0, 1810, 16:1u9 end 18:1iw9, but a'markaq'increaae in
18:2uwé (18.0% with 20mg/1, 25.7% with 40mg/1 and 34.9%
with 6&0mg/1 wvs 3.6% in controis). No aignific#nt
increment in 18:3wé was induced (0.4% to 0.6% vs 0% in
contrels), wunlike 20:2w6 and 20:3w£ (1.2% to 1.5% and
3.6% fo 3.7% vs 0% and 0.7% in controls, respeatiue]?).
However, all other POFA percentages were parallel to

controls, or decreased.

Supplementation with 20, 40 or 60mg/) p~FO iﬁduced a
marked increase -in  18:1w% (12.6%, 17.1% and. 12,6%,
respectively vs 7.4% in controls), 1610 was incressed
only with 60ma/) (85.6% s 21.8% in controls), uhile
1810 and 18:1w9 proportions were decreased. 18:2ué
tevels were slightly increased with all concentrations
(3.5% to 6.86% wvs B.6% in contralsﬁ, and 22:4duwé with
20ma/1 p-FO only (15.7%+ 3 40.7% in controls), but all
other wé PDFA amounts were parallel to controls or
decreased, 20:5u3 1euels ware significantly increased
with 20, 40 or é0mg/) p-FO dosage (1.8%, 3.9% and 2.3%,
respectively vs 0.7% in controls), Furtherﬁorép 22:5u3
was invreased with 20 and 40mg/]1 p-FD (2.9% and 2.6%,
respectivel; va 1.1% in controisl), although 22=6w3
percentages decreased (1.2, 0.8% and 0.5%, respéctiuely

va 1.5% in cont-ols),

The FA spectra of the spent prowth mediumn removed from
each of the above cultures .s shown in Table 5.5.3.2.

The medium in which ‘control celis had been grown
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contained 97.7% 1430, 1.6% 17:0 and less than 0.5% each
§F- 16:0, 18:1w% and 22:dwé. Sﬁent media obf&ined from
" eultures dosed with p-oils aimi1arly=contained at least
95,0% 14:0 and 0.8% to 1.9% 17:0, but only trace amounte
'oF.'the major FA :édmpunents present in the p-oils
remained in fha-medium following the 48 hour incubatioh

period.
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5.5.4 Ingorporation, of Radiglabelled F
| o Cells Derived from H i

The radicactivity recovered from cultures incubated with -

2uCi [14¢3-18:1u9, [14CI-1812w8 or L14CI-18:3w3 is shown
in Table 5.5.4.1.

For both E1403—18:1w9 and C14C1-18:3u3, the equivalent
of 4.3x10%cpm were dosed to the incubaﬁiqn medium, and
total recovery of radiciabel from these cultures was

approximately 86% and P1%, respectively. Similarly, the

equivalent of 4,8x10%cpm [14C3-18:2w6 were domed to the

incubation medium, and total recowvery df this radiolabel
from gultures was about 98%: The total counts recovered
from the spent incugation media ranged between 1.6 to
2,6x10%cpm, with only 0.4 to U.Bxiﬂecpm recovered: from
the pooled buffers after washing the .cells; this
accounted for non-specific binding. The tataijémount aF
each of these radioisotopes incorporated intec the cells
themselves, however, equated to 34% for [1401-18:1u9,

32% for L1401-18:2w6 and 19% for [14CI~18:3w3.

The percentage conversion of sach of the incorporated
radiolabelled C18 FA‘s above to w9, wé or w3 series
producis after 48 hours incubation with human skin
Ffibroblasts is shown in Takle 5.5.4.2. As 48D represents
the first and rate limiting eﬁzyma in the. desaturase
cascade, total activity thereof is reflected by the sum

of all subsequent desaturase and elongase products.

e P
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30.7% of the total [14C1-1811w9 counts derived upon GLC
analysis (2130cpm) remained unchanged, while 21.4% was
found for 20:1uS, 36.4% for 22t1u9, and only 11.5%

elongated to 24:1w%.

17.8% of the total L14C3-181 2ué—derived cﬁuaﬁs measured
upon GLC analysis (3026cpm) reﬁained as 1812uw6, whereas |
25.4% 201206 was detected, 10.6% of total counts were
found as 18t3ué and 19.1% as 20:3ué, compared to 10.9%
20:4wé and 11.4% 22:4wé., However, only 4.7% 2?35&6 was

detected.

11.4% of total C[1%C1-18:3u3-derived counts {(17ilcpm)
remained unchanged; and 18.2% was found for its
immédiate elongatinn product, 20:3w3. Significantly more
18:4w3 was détected than 18:3wé Fo1iowing.the.same 46D
step (19.9% and 10.6%, respectively), but the tonverse
was true.uith regard to 20:3w3 and 2ﬁ:2w6 Tevelg (18.2%
and 25.4%, respectively). 17.3% 20:443 uas détacted,
while 14.,1% and 8.5% of total counts were present 'as
- 20:5w3 and 2215w3, respectively. Desaturation to 22:6w3

accounted for 10.4% of total counts.
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5.9.3 Effects of pseudo-0ils on lipid Peroxide
' ' Formation. | | | :

The lipOperoxidea quantitated in cellé'dosed with p-oiis
‘and  their respective growth hedia are showh in Table
5.5.5.1, in relation to contfa1s. The data is ékpressed |
as nmolés MDA/:I.Us cells, but. in the case of the spent
media, this represents tﬁe'nmoles of MDA in the volume

of medium from which 1x10® cells were obtained.

1.inmoles MDA/10® control cells was measured, uwhile
amounts. ranged fTrom i.D to 2.3nmoles MDA/108 dosed
cells, dependant on the p-oil and concéntration used.
L ipoperoxide production by cells dosed with p~MO ﬁr p=-00
apbroximated to that of contrels, and p—580 only induced
greater amounts with a concentration of  40mg/I
(2.3nmoles MDA/106 cells), Cells supp]emeﬁted with 20,
40 or 60mg/l1 p—CO or p—FO, however, induced identical
lipoperoxide concentrations (1.3, 1.4 and 1.6nmoles
MDA/10% cells, respectively), which were comparable
to those induced with p-L.0 or p~EPC (1.4, 1,6 and 1.6,

and 1.0, 1.3 and 1.Snmoles MDA/10% cells, respectively).

Spent medium from control cells contained 0,2nmoles
MDA/108 cells, while amounts measured in spent media of
dosed cultures ranged from 0.1 to 4.3nmoles MDA/10S
cells. Spent media from cultures incubated withIP-CO,
p—MO or p-00 generaily contained slightly lower lipid

peroxide amounts (0.1 to O.8nmoles MDA/105 celis) than
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that derived from p-SS0 or p-EPD incubation (0.2 to 1.3
nmoles MDA/10% cells. On the other hand, the greatest
spent media ‘?ipid peroxide levelas were found with
incubation of 20, 40 or 60mg/1 p-FO (1.5, 2.4 and 3.4

nmoles Mbﬁ/lﬂa'ceils’ -réapective]y) or p-LO (1.3, 1.5 |

and 4.3nmoles MDA/10% pells, respectively),
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2:3.8 - The Eicosanroid Profile of Cells ive
from Human Skin. |

The eicosahoids positively detegted !n control and dosed
human. skin fibroblasts are presented in Table 35.5.6.1.
ﬁs a percentage of the total area found. A&n indication
of the total eicosancid amount quantified, hcwever, is
given Tu~ controls in "¢ )‘;_“expressed as pmoles/106

cells.

Total eicosanoid predustion by control cells ampunted to
232,5pmoles/108 ceils, of which 31.2% correlated with
the retention times of +the prostanoid standards used.
 This was composed of 12.4% TXB2, 9,4% PGFq, 4.7% éGIz,.
4.1% PGEz and 0.6% PGE1, Varying proporﬁiéﬁs of these
prostanocids uéﬁe alsc found in dosed Cellé,"but néither

control or dosed cells formed PGDaz,

Total prostancid perﬁentagea detected in dosed cells
varied significantly with p-o0il rconcentratien, as such
was increased in relation to controis (381,2%) with
supplementation of 20mg/1 p-oil (39.3% and 45.3%),
decreased with 40mg/1 p-oil (14.9% to 18.4%), but was
more variable with 6ﬁmg/1_p“oi1‘(19.5% to 37.9%). . Such
charoes related to alterations in the »or L .'of
individual prostanocids in these cells, PGIQIP,,_R§hsga5
were lower in dosed (1.5% to 4.1%) than .iﬁ..cﬁnivn?

{4.7%) cel s« On the other hand, TXBa levels .were

comparable to controis (12.4%) with 69mg/] p~oil (8.4%



Legend to Table 5.5.6.1.

Values are tabulated as relative percent of the t{;~ﬁ_
area detected, and as pmoies total eicosahoids/iﬂ'ﬁ ..

centrol cells.
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to 15.9%), but approximately 2 Fon“?ower wifhfﬁﬂggfl
p~oil (5;6% and 6,6%) and up to 2 fold :graat?4 -5;&5
20mg/1 p-oil (18.5% to 24.8%). PGF, pfoduct;;5]u;;,;?ue,
than controls (9.4%) with dosage of 40na/1 p-oil 14.0%
to 7.2%), enhanced with 20mg/1 p-oil (11.9% to 16.0%),
and more wvariable with 60mg/l p-oil (5.9% to 10.8#).
Dosed cells generally produced less PGEz thag controls
(d.i%), a1tHougE such was slightiy inc#eased uith §Dmg/1.
p—MO Iand 20mg/1 p~00 {(6.8% and 9.1%, respectibe1y).
Comparable PGE1 jevels were induced in control {0;62)'
and dosed cells with all p—oil concentrations, although

production increased 3 +to 4 fold with 40mg/1 p~SSC

$2.1%7.
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2.5.7 QJLEQHQEED.: .

The data presented showed that the p-cils dosed to human
skin cultures exhibited varying abilitieas to modulate
celtl viability (Figs. 5.5,1.1-5.5.1.8.,), dependent on

p=0il FA composition (Table 2,3.3.2.). The significantly

greater ability to inhibit cell viability with dosage of

p—Q0, p-SSU, p-1.0, p—EPU.or p-FO than with p~C0 or p-MO
.uas conaisté;t with large amounté of unsaturated Fﬁ's in
tﬁe former p-oils. This indicated.that unsaturated FA's
were more effectiva cytotoxic agents than saturated
FA s, The.FA spéctra of p-00, p-S50 and p~-L0 suggested
that the effects each p~oil induced with dosage related

targely to the sbundance of 04, LA or ALA present in

such, respectively. The ability to stimulate cell

proliferation with dosage of low concentrations of p~00
or p—8S0, but not with p~L0, as well as the greater
ability to reduce cell wviability with p~00 or p-S80,
than with p-L0, dosage at high cencentrations, appeared
to relate to the absence of a double bond at the w3
position in O0A ard LA, but ﬁot in ALA. The FA
composition of p~EPO was similar to that of p-880,
~although the presence of about 9% GLA in P“EPb only
probably accounted for the inability of this ﬁ“ﬁii
to stimulate cell wviability and the mediation of
significantly more growth limitation and cytotoxicity
than with p—-5S0 dosage. It was spparent thakefore, that

GLA . exhibited greater cytotoxic ability than LA.

A

\
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Comparison of the amount of GLA in p-EPG and ALA in p~L0
(approximately 9% and 63%, respectiugly) with thg groﬁth

profiles induced with dosage of each' of these p?oila
suggéated that GLA was algo a more »ffective cytotoxic
agent than ﬁLA. This could reflécﬁ the Presencé of a

double bond at the wiZ-pomition in GLA. The presence of
GLA in p~EPO and ALA in p~L0 may explain why dosage with
these proils induced onily growth Timitation  and .
cytatoxiéity. whereas doéage uiﬁh other p~oils devoid of
these moieties also e (ibited the ability to enhance
cell growth.  Although +the c¢hanges induced with p-oil

- dosage may relate to specific p-oil FA‘s, the medlatlwn
of syner91at1c wnd/or antagonistic effects betue&n p-oil
FA’s may have enhanced or suppressed the ab:?;ty o\\a FA
to 1nduce a particular effect. This may epraln,:ﬁfcr
examé]e, the greater sbility to stimulate cell gr;uth.
with dosage of 30mg/!} p—MO_or p~FO, or the.abi?ity to
effectively suppress growth limitation with dcsagé.of 30
or A0mg/1 p-~CO, than with other concentrations of these

p~oils.

This is the Fiﬁst report describing the modulation of
human skin fibroblast growth following dosage with
exogenous FA mixtures mimicking the FA compos;t1on of
dietary oils; prior to this study, only the effects of
individual Fa's have been reported, Huttner et al (1978)
showed that the growth responses induced foliohing

incubation of human foreskin fibroblasts with up to
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100uM 18:1wP, 20:3wé or 20:4ué Fdr 7 to 9 days were botﬁ
FA and concentration specific. 18:1&9.ar 20=4w6 enhahcgd
cell proliferation with concenérationg between O énd
60uM, to a.maximum of 150% and 120%, respectively in
the range 10-20uMi higher ;nncentratioﬁs were growth
inhibitOﬁy, but 20:3wé inhibited cell proliferation Qith
concentrations of i.éuM, or greater. On the other hand,
Gavino et ai-(i?Bia) .reporﬁed that the pro]iFe&ation of
primary neonatal fareskin cultures was inhibited with
dosage of 16uM 20:3wé or 22:4ué, and with A0uM 20#4&6,
‘or greater; none of these FA's, however, enhanced cell
prolifaﬁation. Human skin fibroblast growth was not
significantly influenced .uhen Spector et al (1979)
enriched the culture medium containing 10% fetal bovine
serum with up to 100uM 18:1w? or 1832wé for ?_days. This
was also found uithliézﬂ, 18:3u3 or ZﬁtdwéldOéage in the
range 10-20uM, although these moieties reducea cell
growth by up to 50% with amounts ﬁf S0uM, or greatér.
Rosenthal (1981) also observed no morphological evidence
of cytotoxicity when human skin fibroblasts were
cultured with 15-20uM 16:0 or. 1810 for 24 hours,
“although dosage with 70uMM 16:0 resulted in cytotoxicity.
On the othetr hand, cells supplemented with 140uM 18:1w?
contained numerous lipid droplets, but were otherwise
normal. It was suggested that the ability to induce more
cytotoxicity with saturated, than unsaturated, i"A dosage

related to solid depositions of saturated Fat Found with
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16;0. dosage; 'ratﬁer than to the d}screte osmiophilic
droplets found with 181149 dosage. ifhis, however, was
not consistent with a previous atudy in our lzboratory
which showed that the inhibition of human skin
fibroblast growth with Ci18 FA suppiementation increased
in the order 18:0, 18:1w9%, 18:2w6, 18:4w3, 18:3w3 and
18:3wé (Girao 1988). No FA concentration dosed (3-350uM)
enhanced cell proliferation, although Vignikin et al
(1989) 'répoﬁted_-thaf human infént _skin fibrablasts
exhibited a faster growth rate over a 7 day period in
the presence of'250#M 18:109, compared to controls, énd
thus implicﬁted 18:1&? invoTuement in the étimu?éticn_of
cell proliferation. The rate of cell growth, however,
was unaltered with supplementstion of 250uM 18:2ué or
20:4wd, despite ultrastructural modificationas (lipid
droplet formation), Their.data neyvertheless showed that
dosage with 250uM 18:1w9, 18:2ué or 20:4ué did not

pogse a cvtotoxic threat to these cells.

It was clear from comparison of the literature reports
discussed above that there is both aggreement.“and
dissagreement between workers regarding the effect Sf
exogenous FA supplementation on cultured human skin
fibroblast growth, Much of the discrepency reported,
however, may  reflect wvariations found in cuiture
condjtions between workers. The data reported both in
the 5Iiteratqra and the present study neverthe?ess'

clearly indicate that FA’s have the sbility to modulate
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human skin fibroblast proliferation and that the effects
induced.ére both FA and concentration specific. - It was
apparent from comparison of the.literature'kepcrtQ: with
‘the results obtained in Figs. 5.5.1,1-5.5.1.8. that the
effects induced witﬁ_p—oil dpsage reflected some of the
effgcts reported with auppleméntation of aingie ?A's.
althougﬁ the gfouth responge to p—-~il dosage méy be
quite different to that induced with supplementation of
individual #A's« This supported the.-mediation ot
syﬁeréistic and/oh_anfagonistic effects between p-oil
' FA’s, The modulation of cell uiabiiity.reported wi%h
individual FA dosage may thus not necessarily reflect
the si%wation in the ‘real worid’ as cells in_vive are
~exposed to mixtures, réther-than individual, FA“s., p-0il
FA composition rimicked that of dietary oils, tbus the
data reported in Figs. 5,5.1.1-5.5.1.8, may reflect the

effect of dietary o0il ingestion on cell growth in viveo.

Cultured human skin Fibrob1ﬁsts readily take .up _
exogenous FFA‘s from the surrounding medium and
incorporate them into gellular lipids, thus altering the
F# composition of the cells (Spector et al 1979, 198la,
Rbsenthal 1978, 1980, 1981, Gavino et al 1981b and
Banerjee et al 1985)., These workers report up té 402 FA
incorporation, and this.'cokre1ated with the. data in
Table 5.5.4.1.,, following [*8C1-18:11u9, C14CI-18:2ué or
L149C]-1B33w3 dosage. The FA profiles of human skin

fibroblasts and the corresponding spent medium (Tables
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5,5.3.1. and 5.5.3.2.) supported p—oil FA incorporation.

Thus.it.uas'possib1e that membrane fluidity wae altered,
and - that such was involved  in the -mediation of growth
limitation and cytotoxicity reported in Figs,.5.5.1.1—
5:5.1.8, Such a mechanism waé possibie sa@ince greater
exogennus FA incorporation has begﬁ shown intoc membrane
PGL's than into TAG's when [14C3-15:0, [1402-18:0,
C29C-181109, L[19CI-1812u6 or E‘“Ci*lﬁ:ﬂws were added
to human skiﬁ fibroblast cultures (Rosenthal et al 1978

and Rosenthal 1981). Hesever, wvhen Spector et al (1979) -

‘added 16:0, 18:1w%, 18:2ws, 20:3wé or 20:4ué to the B

culture médium of such céi]s, the greatest changes were
induced in the neutral lipids, desﬁite aignificaﬁt
changes in the PGl Traction. CeITﬁTar TAG accumu?atiﬁn
results in cytoplasmic Tipid droplet formation (eg.
Rosenthal et al 1981 and Spector et al 1981&5. and such
may also be invo?ued.in the modulation of eytotoxicity

through cell Tysis when exceas TAG accumulates.

Fujimoto et al (1977) and Pentland et a4l (1986)
quantitated cellular protein in human skin Fibroblast
cultures to monitor e¢ell growth, and measured similar
amounts of protein at the end of the incubation period
(2-3 days) to that reported for control cells in
our study (308ug protein/108 celis; Table 5.5.2.1.). A
previous study in our laboratory, utilising similar

culture conditions to those described in section 2.Z2.1,

showed about 8ug protein/10® ralls in +he plasma
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membrane fraction obtained frcm' control human skin
Fibroblast cultures (Girao 1988), It wes thus apparent
from comparison of the above studies that <{5% of total

.celtlular protein is plasma membrane related.

Total g-otein quantitation o p-oil suppliemented human

gkin fibroblasts showed changes (Table 5.5,2.1.) in such

which generally reF]ected’ the cell viabi}ity-changeé._

induced (Figs. 5.5.1.2-5.5.1.8.), Houever,' measurement
.'of increased celiular protein when p*oii.dosagé induced
little effect on, or limited, cell wviability implied
p-oil FA involvement in the stimu}ation of érateih

syhthesis, Quantitative wvariations in the amount of

cellular protein measured when dosage with identical.

concentrations of different p-oils yielded similar cell
numbera suggested that the ability to modulate protein

synthesis related to differences in FA structure and

probably also to FA synergism and antagonism. However,

it was unlikely that medium protein itself contributed
significantly to the cellular protein changes Found
since the protein émo@nts measured in the  spent madium
o? dosed cells were not statistically different from
qontrc1s (section 5:5.2). ‘Supplementation ef human skin
fibroblast cultures “with ihdividua! C18 FA’s has been
shown to have Tittle effect on the plasma membrane
protein content per viable cell, irrespective of changes

in cell viability (Girao 1988). Thue it was likely that

the changes reported in total protein per cell with -
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: p~cil dosage raF]ected” alterations ih_ intreceltular,
rathei~ than plasma membrane, proteiﬁ. Stimujation of
protein biosyntbesis with p-oil dosage may therefﬁhe
reflect enHanced expression of enzymes to metabolise

incorporated p-oil FA’s.

Cdmparison of FA profiles for p~cil dosed cells and
controls indicated that human skin_fibrab1asta' exhibit
thé capabilitf to desaturate aﬁd e!ongaté PUFA's; _
g]thoqgh enzyme expression varied with p-oil dos&d.
(Table 5.5.3.1.). 181303 incorporation and the Forhation'
of small amounts of 20503 and 22:5w3 with 20mg/1 p~LO
sdppleméntaticn suggested limited 460, 450 and e?ongéaa
capability. 22:5w3 formation with p-FO dosage also -
indicated. expression 6F the elongase enzyme reaponsible
for addition of 2 carbon atoms to the C20 'baﬁkbone of
incorﬁorated 20:5&3; However, 22:6&3 Ievéls lower than
controls with p*LO or p—FO supp]émentation indicated
suppfassed 44D actiuity. On the other hand; formation o%
small amounts of 20:5w3, 22543 and 22:6w3 with p—CO or
. p—MO dosage reflected desaturation and elongation of .
cellular w3 PUFA's as these p~oils were deficient in
such moiéties. This reflected an attempt to enhance
PDFA broducticn possibly to meintain membrane fluidity
altéred with supplementation of these saturated FA-rich
p-oils. Such may also explain the formation of 20:4wé
and 22:dwé:with p—L0 dosage, uhilé the inability to form

- 22$5w6 via 44D with p~CO or p~MO dosage may relate to
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the greater prefe?ence for w3 rather than wé substrates
fﬁr deSaturafion established by others (Mohrhauer et
al 1963a, Breﬁner.et al 1968 and Brenner 1974). | The
- formation of small 20:3&6 amounts when p—Mﬁ or p—SSQ
were dosed reflected limited delta-6-desaturation and
e10ngétiqn of incorpofated 18:2wé, and 2033wé formation
uith.p~EPO dosage was thus consistent with desaturation
. and/or elongation of incorporatéd 1852w6 and 18:3wsé. On
the other haﬁd, the small proportion of 20:3wé Formed
with p-00 supplementation suggested limited capability
far A8-desaturation of incorporated 20:2w5. Small EUt
significanﬁ amounts of 2032wé were formed via direct
elongation oF”18=2w6_ incorporated with p=-8S0 or p-EPD
dosage, thus it was possible that delta-8-dezaturation
of 2032&6_ alse contributed té the amount  20:3wé
.detected. It was apparanf, however, that~the‘inabiiity
to form 22:4wé or 22:5w6 with p-00, p-SS0 or p-EPO
dosage related to 20:4wé6 deficiency due to insufficient
ASD:expression. The formation of small amounts of 22:4ué
with p-FO0 or p~L0 incubation nevertheless . reflected
limited capability for desaturation (44D and ASD) snd
elongation of incorporated 18:2us, While it is well
known that 201503 and 183308 inhibit 181206 desaturation
(Mohrhauer et &) 1963b, Garcia et al 1965, Brenner et al
1966, 1967, Brenner 1974 and de Schriver et al 1982),
detection of relatively small 20:5u3 and 18:3w3 amounts
- with p~FO or p-L0 supplementation, respectively may hawve

permitted limited desaturation of incorporated 18:2w6.
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. O The pattern of radicarvivity derived from human skin

fibroblasts dosed with [14C1-18:206 or [1801-18:3u3
supported 460 and subsr ent elongase expression (Table
5.5.4.2.), 201306 and 20:4w3 formation may also relate

paﬁtly- to direct EFA elongation and subsequent delta-8-

.desaturation, paré@qularly.if 46D activity was limiting.
o
Lonversicn of about 30% [14£7-18:2w6 and C14C3-18:3w3

- each to post-A5D FA’s supported 450 expression, . but

significant 44D expression was found only with L[14C3-

- 18:3uw3 dosage.

Numerous studies support the capabi?iléy of cul tured
human skin fibroblasts to actively desaturate énd
eTongate. incorporated akogenous ‘FA's. Using =similar
cultuce. conditions to our study, Dunbar et al (1973)
déhonstrated 46D, subsequent elonhgase and Aﬁﬂ capability
when the culture medium of human skin Fibroblasts
containing 10% FCS was supplemented with 2uCi C14¢3-
18:2ué. The proportion of incorporated L[14CI-18:2u6
(34%) converted to post-460 and post-dsﬂ FA’s correlated
with the present study (Tables 5.5.4.1.73nd 9:9.4,2,),
but the greater brbportion of E1483-18:2w6 elongated to
20:2wé in our study (about 25% and SZ,IPeEpectiuelx) was
consistent with the smaller proportion of incorporated
Ci9C3-1812wé left unchanged compared to Dunbar’s group
(apponimate?y 18% and 55%, respectively). Aeberhard
et al (1978) not only confirmed AsD, ASD and e1ong#§e

expression in human skin fibroblasts, but also showed
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* traces of 44D, but not 490, activity, Rosenthal et al
-fﬁ1982)"_Found that human skin fibroblasts grown in
- mediun with 10% fetal bovine serum converted only iS—zoz

- of 1ncorporated E1“CJ -18:20é to PDFA 's. However, 460 and

450 act:u:tzes were enhanced by prior growth of the
ce1la without serum 1ipids, and only 207 of incorporated
E1483—18:2u6 remained unchanged at the end of the 24
hour incubation perlod (Rosenfhal et al 19833}.| There
are alse repcrts that FFA deF1c1en~y enhances desaturase
expresslon (eg. Brennﬂr 1982). The 1arge proportion of
1hcorporated_ L24C3-18:2uw6 and C19C1-1833u3 metabolised
in the present study (80-90%; Table 5.5.4.2.,) may thus
relate partly to enhanﬁement o*lﬁesaaturase expréssinn
dise to EFA deficiemcy in the incubation medium prior to
C14C]-1R:206 or [!4CI-18;3w3 dosage. Using similar
culture conditions to the present study,  Girao (1988)
repoﬁted evidence for 46D, ASD ahd 240D Fxpresaion in
gkin fibroblasts cultured with 18:3w3, a]though_actiuity
for the Tatter enzyme was not shown ;ith 18:2wé dosage,
This correiéted with the data in Table 5.5.4.2. when
C19C1-18:2ué6 or L[1%C1-18:3w3 was supplemented. The
inability to significantly desaturate or e]ongaﬁe 16:0,
3$8:0, 16:1w% or 18:149 incorporated with p-oil .dosage
(Table 5.5.3.1.) supported and extended the work of
Girao (1988) which indicated that these cells were
unable ~to desaturate or elongaste 18:0 or 18:1a9.

However, 24:1u9 detection when we dosed cultures with

[14C3~18:1w9 was consistent with elongase expression,
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although E14C3~19§1M9_déaaturation was not found (Table
5.3.4.24). [*4CI1-18:109, [19CI-18:2u6 or [19C1-18:3w3
dosage nevertheless confirmed the pattern of substrate
praference for desaturation (1B:1u? < 18;2w6 < 18:303)
eatablished by Rosenthal et al (1982) in cultured human

skin fibroblasts.

rThere are some reports which indicate that cultured
human skin Fibrob1asts are uﬁabie to efficiently convert
18:206 to 1813w, 201306 to 2014ué, or 22:4u6 to 221566,
via J4sD, 450, and 340, respectively, despite thé
napability.to incorporate and élnngate FA“a (Spector et
al 1979, 1%980a, 1981a: Gavino et al 1981c, Chapkin et
al 1984, 198éa, 1986b and Ziboh et al 1988). These
studies implied suppression of desaturase actiwvity
and suggested *hat the skin may be. reliant on
other tissues Ffor PLFA‘s. On the other hand, this
could alse reflect the ability of human skin
Ffibroblasts to selectively control PDFA formation. There
is indeed evidence tc¢ suggest that dietary FA'é alter
the lipid composition of microsomal membranes anq that
such is involved in the modulation of desaturase enzyme
activity (Nerwvi et s1 1968, Kurata et al 1980, Garda et
al 1984, 1985 and Garg et al 1988a, 1988b, 1988c).
Elongase expression appears to be ihfluenced to a lesaer
extent since cul'tured human skin fibroblasts é}ongate
saturated and unsaturated FA"s, even when exoéénous Fé

concentrations are increased (Dunbar et al 1975, Spector
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et al 1979, 1981a, OGavino et al 1%81a, 1981b;_ Tsuji et
al 1984 and baner jee ét al 1986). The greater capability
For e1ongation than desaturation in the :present study
supports the. fact +that vesaturase steps are rate
limiting (Bernert et al 1975, Hassam et al 1975 and
Brennér 1982), Banerjee et al (1986) showed that
elongase substrates may act as positive modulators of
their own slongation, and this may.also explain elongase
product Fformation in our study '(Tab1ea.5.5.3.1, and
5;5.4.2.). Thera is also.some evidence that cultured
‘human skin Fibroblastas exhibit the capability for
extramicreoacmal rétroconuersion of elongated PUFA’s
- (Bavino et al 198la), thus the possibility that such ma

have occurred in the present study can not be dismissed.

We showed that the overall capability for desaturation
and elongation was more limited with p-oil (Tab]é
5.5.3.1.), than with individual C18 FA (Table 5.5.4.2.),
dosage. This may relate to competitive interactions
between p-oil FA‘s for the enzymes, Enzyme expression
reported with individual FA dasage may neverthsless not
necessarily reflect the situation in the 'real world" as
cells ipn vive are exposed to FA mixtures rather than to
single FA"s.  As p—~oil FA composition mimicked that of
dietary oils, enzyme expression reported with p-oil
supplementation probably reflects the capability of

human skin to desaturate and elongate dietary oils in

vivo.
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The results obtained from the measurement of cellular
lipoperoxides sHoued evidence of such compounds beth in
the ' presence and absence of p-oil dosage (Table
- 5.5.5.1.), and this reflected cellular enzymic and/or

nén—enzymic mechanisins Ffor their production. Lipidn
paroxidé_measuremént in control cells was not surprising
as these cells contained FA's which were potéﬁtia?
substrates for oxidation (Table 5.5.3.1.), The greater
Iipaperoxide“ amounts measured with p-oil desage than
in controlsz, both in the upent medium and cells
themselves, was consistent with oxidation of unsaturated
p-oil FA’s. Hewever, the ability of these cells to
- incorporate p—~oil FA's (Table 5.5.3.1.) indicated that
it was inikely that the lipoperoxides measured in the
spent medium of dosed cells were Formed primari?y
due +to auto-oxidation of unincorporated p-oil FA’s,
particularly 'gincé these moieties were a]bumin~bound.
The FA composition of the incubation medium was
primarily composed of saturated FA’s (Table 2,3.3.3.),
thus it was élso unlikely that such contributed
significantly to the sopent medium lipoperaxide levels
reported for control and dosed cultures, Thé data
therefore suggested that the 1ipoperoxides measured in
the spent medium originated intracellularly, although it
was apparent that these products were not reieaaed as a
resuit of cel]l lysis since cytotoxicity was absent even
with €0ug/] p-oil incubation (Figs. 5.5.1.1-5,5.1.8.).

However, lipid peroxides can increase plasma membrane
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permeablity (Chio af.al 1969, Tappel 1??5, Mead 1976 and
Franke1.1984}._ thus spent medium |ipoperoxides probably
'refleﬁt intracelliular lipoperoxide leakage thraugh the
plasma membrane. Cé11u?ar FFA“s and enzymes reséonaib?e
for lipoperoxidation ﬁéy.also have been. released into
the ﬁedium, thus the. possiblity that gnzymic and/or
spontaneous FFA oxidation occurred extracellularly, and
¢nntrib&£ed to the lipid pefdxidea measured in the spent

medium, can not be ignored.

Gavino st al (1981c) found that 1ipid.per5xide Formétion
increased in the order 20:3uwé, 20:4wé and 22:4ué when
120uM of each moiety was incubated with hymanfneonatai
foreskin fibroblasts for 32 hours. Girao (1988) showed
that 1ipid peroxidation in humaﬁ skin fibroblast
cultures dosed with indiuidua1.018 FA's related both to
the number and position of double bonds in the FA chain.
-No more Iipaﬁeroxides were induced with saturated or
monoenoic FA doaﬁge than were produced by controls,
while lipoperoxide production increased in the order
18:4uw3, 18:2ws, 18:3u3 and 18:3wé when these PUFA’s
were dosed. Contiol cell lipoperoxide levele correlated
with the present study (Table 5.5.5,1.), reflecting
similarities in the culture conditions emplioved, while
the lower increment in  lipoperoxide Formation when
thesé cultures were dosed with p-oils <than individual
Ci8 FA’s is probably a better indication of in vivg

production when dietary oils are fed.
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Numerical differences in the lipcperoxide concentrafians
reported with p-oil dosage (Table 5.5.5.1.) reflected
the different p-cil FA cumpositions (Table 2.3.3.2.).
This relates to the amount of unsaturated FA“s in any
p-oil and_fheir sﬁsc&btibi?ity to oxidation, depandent
on the number and position of double bonds in a FFA., The
total PUFA concentration of p-EPD and p~S80 was similar
+o that of p-L0, and significantly greater than that of
p-FO, vet total lipoperoxide production was greatest
uith p~LO or p-F0 dosage. p~0il FA compesition suggested
that such related to fhe'greater susbebtibility_ of the
w3 PUFA’s in p-L0 and p—F0 to oxidatisn, compared to the
w6 PUFA’s in p~EPO and p-880., The ALA conteht-of p-L0
was greater  than the amount of EPA in p-FO (about 63%
~and 18%, respectively), although the greater.number of
double bonds in EPA increased  ita susceptibility to
oxidaficn compared to ALA, This probabkly explains the
similar 1lipid peroxide amounts induced overall with
p-LD or p-FO dosage. The lipoperoxides detected may also
relate to the rate of PGL turnover. Increased PGL
cyeling incresses the rate of FA release from membrane
lipids, and this may explain, For examp?é, the
significantly greatér amount of lipoperoxides ywnerated
by cells dosed with &0mg/1 p-S80 than with p-EPQ,
despite Lkoth p~oils exhibiting similar FA compoaitioné._
On the ofher hand, decreased PGL. eveling may explain why

fewer lipid perroxides were measured with supplementation
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of . p—Mﬁ or p-00, than with p-CO, despite the
éignificant]y greater unsaturated FA content of the
Formar. p-oils. It was also possible that lipo-
peroxidation related to the utilisation of free DGLA, AA
and/or EPAuformed with p-oil dosage (Table 9.5.3.1.) as

endoperoxide substrates.

The concentration dependent increase in Tipaperoxide
Fformetion shown when cultures were incubated with 20, 40
or 60mg/l p-LC. + p-EPOC correlated inversely with the.
changes rsported in .cell visbility (Figs. 5.5.1.4. and
5‘5;1.?..:reséectiue1y). This suggested lipid peroxide
invelvement in the modulation of cell proliferation,
particulariy since lipid oxidation.ﬁroducta haQe been
implicated in celiular protein and tissue damage (Tappel
1??5,.1980). As the eopidermis is exposed to o#ygen in
vivo, the skin may be partly resistant to fhe effects of
lipoperoxides, This may explain the aﬁimulation and
limitationg but not inhibition, of cell proliferation
shown with dosage of 20, 40 or 60mg/! p~oil, even when
significant amounts of cellular and/or medium 1ipid
peroxides were messured, However, 1ipoperoxides should
not be dismissed as a posaible mechanism invelved in the
modulation of growth inhibition with suppliementation of
higher p—bil concentrations. Growth limitation was nof
most. pronounced with p~L0 or p~F0 dosage. despite the
greatest amount of lipoperoxides measured overall with

these p—oila, The modulation of cell visbility with
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p—0il suppiementation thus probably aliso invelveas other

mechanisms, such as alterations in membrane fluidity.

" The finding that total eicosanoid production accounted

for apprbximateiy 20% of al) lipoperoxides messured in

control human skin fibroblasts (Tables 5.5.,5.1. and

3:3+6.1,) ‘suggested that the eicosancid requirement of

these cells was low, that the cells themselves exhibited
limited capability to synthesise eicosancids and/or that
production was limited by substrate availability (Table

5.5.3.1.) or enzyme expression. There is evidence that

f

PG synthesis relates inversely to cell density (Rice et

el 1984 and Pentland et al 1986), thus it was also

possible that owverall eicosanoid pfoduction was
suppressed in our study as the degree of cell confluence
increased over . the incubation pericd as a function of
the cell pepulation doubling time (Table 2.3.1.1.).
Proatancid quantitation nevertheless indicated the
capability of cuitured hgman skin fibroblasts to express
enzymes for TXBz, PGFy, PGIz, PGE2 and PGE1 synthesis
{Table 5.5.6.1.), and the amount of each moiety shown
reflected quantitative differences in enzyme expression

invoived in their biosynthesis,

The eicosancid profiles obtained from dosed cells (Table
3.35.6.1.) were consistent with the abi]ity of th; p—oi1s.
to mﬁdu?ate prdstanoid synfhesis. but sych was unrelated
to the degree of p~oil unaaturétibﬁ, the ability of the

p~oil to supply direct eicosanoid precursora (Table
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2.3.3.2.), or the cépabilitf of-the:celfs to form such
from the exogenous PUFA"s dosed (Table 5.5.3.1.), ) Even
enrichment of these cultures with p-FO or p-L0 yielded
prostanoid profilea gimilar to that derived from cells
dosed :uith .other p~cile at the same concentrati;n,
despite the pregence of 2-series prostancid iﬁhjbfféra
in p-F0 and p-L0O (20:5u3 and 181303, respectively; Lands
et al 1971, 1973, 1977, Hamazaki et al 1982, Corey et a
1983, Fischer ot a] 1983, 1984 and Nassar et al 1987).
It was therefore apéarent that p-oil FA’s per se induced
little effect on PGla, TXBz2, PGF,, PGE2, PGE! or PGD2
production. The absence of significant changes in the
production of these prostancids with dosage of differént
p~oils at the same concentration suggested utilisatipn
of endogenous membrane, rather than exogenous, PUFA s as
precursoers ftor elcosanoid production. Thié was indeed
poésib]e -as control cells contained 2033wé and 20:4ué,
the precursors for +the 1- and 2-series eicosancids,
respectively (Table 35.5.3.1.), The percentage of 20:3ué
was significantly lower than 20:4wé, and this may
ekplain the significantly lower proportion of PBE;
detected compared to 2-series prostanoids. Querall
eicosanoid production, or the balance. betuéen. the
individual prostancid groups studied, was nevertheless
modulated dependent on p-oil concentration dosed. The
mechanism responsible for the changes in promtanoid bio-—

synthesis reported was unclear, although the p-oil
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concentrations dosed may have infFluenced eicosancid
' precursor availability or modulated the expression of

enzymes involved in formation of these prostancids.

Studies have shown that intradermal PGEg. or. PGEz
injéction enhanced human epiderha]-pro]if&ration and ONA
syhthesis.(Eaglestein et él 1975 and Bentiey—Phillips et
g] i977), and similar changes have been.shdwn in cu]ture
after dosage with PGEi (Bem et al 19743, There.is also
conflicting euidenéé which shows .that addition. of
exogenous PGEl; PGE2, PBF1y or PGF2g to the culture
' medium: of human epidermal explants inhibits cell
proliferation (Hérpef 1976}, Others showed that PGDg,
PBF2y and 4-keto-PGFiq synthesised endogenousty follow-

ing [19C1-20:4wé incubation with human keratinocyte

cultures had no effect on cell proliferation, aithough
PGE2  ,as growth promoting in non"confiﬁent cultures
(Pentland et al 1984)., Dosed cell eicosanoid profiles
{Table 5,5.6.1.), houwever, did not correlate in any way
with changes in cell viability (Figs. 5.5.1.1-5.5.1.8.),.
total protein (Table 5.5.2.1.)s lipoperoxide production
{Table ?.5.5.1.), or desaturation éapabiiity (Table
5.5.3.1.3. The endogenously synthesised eicosanoids
studied were therefore probably not direct]y-inuoTvéd in
the modulation of the effects demonstrated with p-oil
dosage, and alterations in membrane st-bility and lipid
peroxides were proposed as more .Tike]y mechanisns

involved in the modulation_of cell proliferation.
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5.6 General Discussjon.

This chapter reported on the affect of _p-oil
supplementation on the wviability of culbtured normal
humar cells. The capability to incorpcr;te,' desaturate
and elongate FA's was asséssad, as were_the formation of
lipoperoxides and eicosancids and the roles these
compounds  played in the modulation of cell Qiability.
The Findings-presénted thus allowed for valid comparison

with regard to the parameters examined between human

cell tvpes.

Comparison of the cell viability chahggs- reported
betueenlthe human cell types studiéd.c]early showed that .
the effects induced with p*oil.?uppleﬁentatibﬁ were
tissue~specific. p—~0il dosage mediated cytostasia and
cytotoxicity to erythrocytes, lymphocytes and skeletal
muscle  (sections 5.1.1, 5.2.1 and 5.3-1, respectively),
whereas soime p—ai?; had the additional capability to
enhance human Jung and particularly skin Fibroblgat
proiiferatian- {gsections 5.4;1‘aﬁd 5.?.1, respactivé?y)
with low.and/ar intermediate p-o0il concentrations .in
‘the range dosed. This implied FA involvement in tﬁe
stimulation of cell proliferation, dependent on human
cell type, p-oil FA composition and concentration dosed.
Suspension cultures of erythrocytes and lymphocytes were

most susceptibie to p-oil-induced cytotoxicity, followed

by skeletal muscle, skin and lung, thus it was clear
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that the threshold for cytotoxicity varied ui%ﬁ :ce11
type. Such appeared ‘to %reiate. to cell population
doubling times (Table 2.3.1.1.),  since cells which did
not diQide; or dividéd slowly, viz. erythrocytes,
1}ﬁphocytes.and skeletal mpsc]e, were killed with iou,
whereaas the faster growing skin and lung: fibroblasts
were only killed with high, p-oil concentrations in the
range dosed. Cells which divided relatively fast
exhibited a iower cytostétic number and thus a broader
growth limiting range than aTowek grouing cellas. This

range determined the p-oil concentration{s) which

induced metre growth limitation or cytostasis from those

promoting cell proliferation or cytotoxicity, and such
should always be defined to ensure valid expression of

cell viability results.

Begin et al (1986b) showed that dosage of normal human
Fibroblasts (CCD-41SK) with 20mg/1 LA, GLA, or ALA
induced little effect on cell viabiTity, whereas 20mg/1
DGLA&, AA, EPA or DHA decreased the rate of cell division
but did not kill these cellss In comparison, we showed
that p~cils induced little or no cytopathic effects with
low conzentrations in the range dosed, although p-oils
rich in unsaturated FA’s were generally more growth

Timiting and/or cytotoxic than p-oils rich in saturated

FA’s, particularly at high concentrations. p~CO was more .

effective in reducing cell viability fhan p~MO, but no

consistent pattern was established with supplementation
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of p=-oils rich in unsaturated FA's, indicating that the
effects induced were dependent updn cell type., The
different cell viability changes shown with p—éil dosage
_betuaen the human cell types could well relafe to the
- different physiology  oF these tissues in.uigg. Thus,
extrapolation of cell viability results from one human

cell type to.énother_should be avoided. ' )

Evidence to - support p-oil FA uptake by human cells
was presented in this chapter. FA incorporation has also
been demonstrated by numerdus workers when single FA's .
were dosed to a wvariety of normal human cell types,
including erythrocytes, lymphocytes and fibroblasts (eg.
Bailey et al 1972, Weyman et al 1977, Rosenthal 1578,
1980, Spector et al 1979, 1980a and Stubbs et al 1984).
Human embryonic fibroblasts grown in medium containing
10% FCS not eonly incorporate aatufated and unsaturated
FA‘s, but also utilise these moieties for synthesis
of lipids (Bailey et al 1972 and Waite et al 1977).
Lipid biosynthesis was reporfed botkh in growing and
stationary phases of cell growth, although the process
wasg more rapid in the former,. Spector et al (197%)
modified the FA..compcsition ~of  cultured human
- fibroblasts by addition of single FA’s to the culture
medium,. and showed that the degree of modification
attained was dependent on <the FA incorporat. d and
whether such was further metabolised via the desafurase

cascade. We similarly showed that p-o0il incorporation
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modified the cverall FA composition of the cells, thus
alterations in pTasﬁa membrane Fiuiaity uere:;iikely.
SuCh. may have been one of several mecharii smeg
cdntributing to loss “of_ cell UiébilitYy barticu!arly

when large p-oil amounts were supplemented,

Total pirotein concentrations _variéd signi%icantly
between the  human cell types studiedi(Tables_5.2.2.1g,
5.1.2.1., 5.4.2,1., 5.5.2.1. and 5.3.2.1,). Amounts were
lowest in contrel lymphucytes (14.8ug). and increased in
the order erythrocyfes (26¢dng); lung (168.5ug), skin
{308.2ug) and skeletal muscle (593.1ug). The ability of
adherant celis to diuide in culture without prior
stimulation .could once again explain'their considerably
highek protein amounts fhan cot ol erythrocytes or
“1ymphocytes. Control cell protein levels, .howeuer,
showed no clesr correlation with the proliferation rates
of these cells (Table 2,3.1.1.), and prebably reflected
differences in size and physioleogy of each Cei]'type in
vivo. The significéntly greater amount of protein
reported for human skeletal muscle compared to the other
_ human cell types studied may also relate +to the high
metabolic activity of this tissug, which accounts . for
over 350% of total metabolism in_Giuo (Lehninger 1982),
Total protein guantitation served as a measure of cell
viability in dosed cells, although it was apparent that
p-oil FA‘e had the cspubility to stimulate protein

synthesis in nuclested cells. This was proposed to
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reflect enhariced expression of lipid metabolising
" enzymes ofr increased membrane protein biosynthesis.
Variations therein betwesen the dosed cells studied
nevertheless suppcrtéd specifticity. between human

- tissues.,

Current evidence suggests that the human has a limited -
~ capability %o desaturate PUFA’s (de Bomez Dumm et al
.1975b. Anon 1979, Stone et al 1979, Dyerberg et :1 1980,
Blond et al 1981, Horrobin 1983, Mest et al 1983 and
E?fEOustani et al 1986), although much of this has
besn  based on studies pertaining to desaturation in
human livef. Results obtained from cell culture studies,
howaver, are more conflicting: There is evidence that
human adult liver cells QXPPESB.Ast but lack AGD and
- 84D capability (Maeda et al 1978). Others showed that
human diploid lung (WI-38) and skin (Ric Mil and Lala)
fibrohlasts all exhibit 460, 450 and elongase capability
since these cells converted approximately 50% of dosed
[14C3-18:206 to a mixture of 201206, 20:3uwé and 201406
(Dunbar et al 1975). The ekpreasion of such enzymes were
subsequently confirmed (Aeberhard et al 1978 and Maeda
- et al 1978), while traces of 440 were also reported in
human  skin Fibroblaéta (Aeberhard et al 1978}, Other
investigatirs, however, éuggeat that desaturation
is considerably more limited, o; absent, in these
human' Fibroblasts (Spector et al 1979, 1980a). Primary

monolayer cultures of human endothelium  were also
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raportea not tc.raaaily form 20:4uwe when exébsed ta high
coﬁcéntrations of 1852ué (Spector et al 1981c3; while
others showed that human umbilical wvein endothelial
cells'.e;hibitad  mighificant 460, 45D and é1uagase
capability (Rosenthal et al 1983b), It was therefore
apparent that there may be a wide range of desaturase
enzyme actiuitiéa within human cell types, and this
eould well relate to wvariations ~in experimental

conditions betuween workera,

In uitcg.évidence.tn sypport the presenge or absenqe of
.dasaturaae cascade enzyme capability in a range of
normal human cells e#poaed to p-0il FA’s under identical
cu?tute conditions was presented in this chapter, Ue
showed that human lymphocytes and erythrocytes exhibited
no .signiFicant .poteﬁtial to desaturate or elongate
FA"s (Tables 5.2.3.1. and 5.1.3.1., respectively). In
gontragt, all adherent cells exhibited ; degree of
desaturation and/or elongation capability, but such wes
greatest with skin, fd]!owed by Tung and skeletal muscle
(Tables 5.5.3.1., 5.4.3.1. and 5.3.3.1., respectively).
Human 1iung and skeletal muscle cells exhibited poor
desaturation capabiiity, and FA metabolism was limited
primarily to PUFA elongation. Human skin fibroblasts,
in contrést, exhibited limited potential to metabolise
both. w3 and ws PUFA substrates wia 46D, A4S0 and
elongases, while 44D activity was limited to w3 POFA

substrates only. 460, 450 and elongase expresgéon were
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also indicatéd when human lung and skin fibroblasts were
incubatg& with £14C7-18:3u3 or E14C3—18=2m5.. while
limited 44D was expressed only when gkin hﬁmaﬁ fibiro-
biasts were dosed with E1483—1533w3 {Tables 5.4.4.2, and
5:5.,4.2,. ?The data also proposed conversion of EFA’s
to POFA’s wvia direct elongation and A8-desaturation,
| This route has been demonstrated in human testes (Albert
et\?d 1979). Others similarly detected 20:3u6 and 20:4ué
whe&\ microscmes isolated from human ovarian, colenic
or Arinary bladder were incubated with Ci‘cjwzggzwé
._(N&kazawa et al 1976), but there are no repofts fér or
agaiﬁst this possibility in other 5crmal human tissues.
Numerous workers have, however, indicated 1imited 46D
_capabilitf in the humnan (de Gomez Dumm et al 1975b,
Spector et al 1979, 1980a, 198lc, Dyerberg et al 1980,

Blond et &l 1981, Horrobin 1983 and Mest et al 1983),
and 48D expression may therefore_serue as an aifernative
pathway For PODFA formation. Desaturation with Li407-
18:13w3 or L18CI-18:12ué dosagé nevertheless confirmed the
greater capability »f human skis than lung fibroblaats.
te form PDFA’s shown with p-oil supplementation. This
was in contrast to the.uork of Dunbar et &) (1973), who
demonstrated that b?th human fetal lung (WI-38) and
skin (Lala and Ric Mil) Fibroblasts exhibit similar
capabilities to desaturate (!4C]1-18:2w6. However, as
thésé tissuEB differ in physiology in wive, it may be
reasonable to expecf some difference in deaaturation

capability, as we have demonstrated,
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H

The *Finding +*hat desaturase enzyme capability was

considerably .more 1imited with. p-oil +han single FA
dosage both in human tung and skin fibroblasts (Tables
5.4,3.1,, 5.4.4,2., 5.:5,3.1, and 35,5.4.2.) supported
coﬁpétitive interactions between p-oil FA’s for such
éﬁzymes. éimiTar reactions more than Tikely ocour in
gigg;hhenfhumana ingest dietary oils, although changes

in fatty écyl unaaturation, the cellular requirement for

“PUFA*Q; and the balance between cellular Fﬁ‘s of the

same'and.different seﬁiea,: modulate desaturase cascade
en;yme expresaion (Holman . et #1'1964, Brenner et &}
1966, 1967, Brenner 1574, 1982, Holloway et al 1977,
Pugh et 'al 1979, Sprecher 1981 and Holman 1986a, 1986b),

the maximum potential which is genetically determined,

The findings of this chapter clearly indicated .that
desaturase cascade enzyme capability varies between
human tissues, This probably relates to the different
physiclogy of tissues in vivo, and implied dependence of
some human tiasuea on others for a supply of PDFA’s. In
fhia regard, one should not extrapolate experimentai
findings to reflect the desaturase capability of the

species as a whole, or even other human tissues,

Cells have the capability to produce lipid peroxides
fram unsaturated FA‘s via enzvmic and/or non~-enzymic
mechanisms (Pryor et al 1976, Tappel 1980 and Franke]

1984), Erythrocytes lack microsomes, but are never-
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theleas capable of producing such compounds wia auto~
oxidation (Lehninger 1982) and thus serve as non-enzymic
controls for other human tiséues. Comparison of the
results obtained from MDA quantitation in control and
dosed cells indiéated that different human tissues vary
in their capability to produce lipoperoxides (Tables
5.1.4,14., 5.2.4.1,, 5.3.4.1.,, S5.4.5,1, and 5.5,5.1.),
_Lipcperdxidea were not formed by control erythrocytes
_;nd jymphocytes,' but were measured in  all adherent
cells, although such was least witH controis skelet&l
__muaclé (0.2nmoles MDA/lOE cells), and greatest with lung
and skin fibroblasts (1.inmole MDA/10% cells each). This
pattern of lipid peroxide formation correlated with the
inabitity of erythrocytea and lymphocytes to divide in
culture without prior stimulation, the wvery Timited
replicative abi1ity shown for skelegtal muscle, and the
‘significant ability for cell division reported with
cultured Tung and skin fibroblasts (Table 2,3.1.1.).
Thus, the ability to produce Tipid‘.peroxides from
endogenous unsaturated FA‘s appeared to relate partly
to the rate of cell division. which in turn could have
influenced the rate of PGL turnover and therefore FA
availability for callular oxidation., There is indeed
- evidence that dividing cells synthesise PGL anore rapidly
than in +the stationary phase (Waite et al 1977 and.
Spector et al 1979), and this may.expiain the variastion
in lipid peroxide concentrations reported between the

human cell types studied, despite the greater tota! PUFA
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proportions - deﬁected.' in pontro!' erythrocytes and
_lymphocytes (Tables 5.1.3.1. and 35.2.3.1.) than  in
adherent cells (Tables 5.3,3.1., 5.4,3.1. and $.5.3.1.).
It was also posaib]é that the mechanisms to prevent FFA
§xidatidn, or  to aé&uenge lipid radicals formed, were
more efficient in ervthrocytes and Iymphocytes ‘than in
the adherent cells, Variations in the rate of FFA
oxidation between human tisségs could also explain the

findings.

p—ﬁii supplementation affected lipoperoxida production
to a greater or lesser extent, but auantitative
differences were once again evident between the human
tissues studied. Lipid peruxide Hﬁoncentbafions jess
than Snmoles MDA/iUé cells were found in dosed human
skin . fibroblasts or théir-corresponding spent medium
(Table 5.5.5.1), uHi]e the range was slightly wider for
run@  (0-7.inmoles MDA/10% cells) and ake1e£a-1 muscle
(0-11.0nmoles MDA/10% cella) adh;rent.'culturea (Tables
5.3.5.1. and 5,4.5.1.), but significantly wider for
- lymphocyte (0-38,8nmoles MDA/10& cells)  and erythrocyte.
(0=-77,1lnmoles Mnﬁfiﬁa.cells) suspension cultures (Tables
5.2.4.1. and 5.1.4.1., respectively), These wvariations
in susceptibility to p-oil-induced oxidation between the
human.cuitures probably related to alterations in the
rate of cellular FFA incorporation and release induced
with p-oil dosage. It was also evident that the amount

and structure of unsaturated FA's present in a p-oil
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influenced lipoperoxide formaticn., Despite evidence that

incorporated FA“s can be released back into the c¢ulture

medium subsequent to uptake (Rosenthal et al 1978 and
Figard et al 1988), +the presence of albumin as_p-oi] Fa
carrier in. the present study’'s’ incubation medium
| suggested that most spent media lipoperoxides originated

. intracellularly and were released as a direct resuit of

cell Yysis or increased piaéma'membréne permeability

induced with p—oil dosage. The finding that 1ipoperoxide

formation often correlated inversely with delf viability

when the human cultures uwere 'enriched with p-oils

nevertheless led to the proposition that these compounds
are involved, to a @reater or lesser extent, in fhe
modulation of cell proliferation, This supported the
timitation of normal human Ffibroblast growth by intré—
cellularly generated |lipoperoxides when :othgrs dosed

single PUFA’s (Bavino et al 198le).,

Detection of 20:3wé, 20:4wé and 20:5uw3 in contro! lung
and skin fibroblasts, and the possibility for 22:4wé and
22:5u3 retroconversion (Tables 35.4.3.1. and 5.5.3.1.,
respectiue1y5 supported the ability of +these celis %o

synthesise eicosanoids (Tables 5.4.6.1. and 5,5.6.1.,

respectively), Total molar eicosanoid production,

however, was greater with control lung than skin fibro-
b'lasi:s (332.6 vs 232.5[:“10_1&3/105 cells, rezpectively),
despite the greater desaturation capability of skin

fibroblasts (Tables 5.4.3.1., 5.4.4,2, 5.5.3.1. and
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5.5.4.2.). Thesé. Fihdings correlated with the greater

availability of 1, 2~ and 3~series eicosanoid

precurasrs in lung +than skin TFibroblasts {Tablesa

5.4.3,1« and 5.5.3,1., respectively) as well as reports
that tha Tung is the primary site both 6F eicosancid
production and inactivation {(Samuellson et al 1975,
1978, Mathe et al 197?; Hyman et al 1978 and Harper et
al 1984), Furthermore, they ref1ectéd uariaﬁinns in the
':gicosanoid requireﬁehts and activities of  enzymes
involved in eicosanoid metabolism between .auch cells
rrather than'the ability to provide eicosanocid precursors
.uia desaturation. The diFferent amounts of TXBz, PGFy,
PGla, PGEz and PGE! these cells synthesised indeed
asupperted differences in the expression and activity of
enzymes involved in prostancid synthesis between -Human
tisasues and/or modulation by other eicosancids, There is

evidence that PEEy |y partly responsible for the control

of cAMP levels,; a potent inhibitor of AA release

(Feinstein et al 1977 and Minkess et al 1977). Low PGE;

preoduction induces low cAMP levels,  and AA mobilisation
is subsequently increased. The 2-series prostancids

produced by control Tung and akin fibroblasts therefore

probably relate to the Tow PGE1 jauels repoﬁted (Tables

5,4.6.1. and 5.5.6.1.). In the wake of this phenomenon,

it was also possible that a greater proportion of the

PGFg fraction detected was compesed of PGFzy rather

than PGF14, PGE: production significantly lower in skin
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- than in lung ?ibhoblasts may also explain the greater
formation of PGIz, TXBz, PGFe and PGE2 detected in thi
Fbrmgr. The finding that prostanoid production differéé-.
quanfitative?y.' bhetween lung and skin Ffibreblasts
nevertheless implied that eicosanoid synthesis probabTy

varies between other human tissues as well,

Evidence was presented uhich supported exogenous FA
inudluement in the stimulation of humanllung fibroblast
proatanoid éynthesis with all p-oi]_ﬁoncentrationa fed,
‘unlike skin fibroblasts (Tables 5.4.6.1. and 5.5.6.1.).
“This was in spife of the greater deaéturation capability
of human skin than Tung fibroblasts, which once again
suﬁported ‘the importance of the Tung in eicoaénoid bio-
,synthesis {eg, Hyman et al 19?3). The firding that the
modulation of human lung aﬁd skin.fibrobiast .prostanoid
synthesis was dependent on]z upon p~oil\concentration
supp?emented nevertheless implied sufficient endogenocus
PUFA‘s in the precurcor pool and/or the unavailability
of incorporated p-oil FA’s for prostanocid preduction, as
well #s p—oil concentration involuvement in proatanoid
pathway enzyme expression. The possibiiity that dossge
with different p-oils induced wvariations in  other
eicosanoid levels, however, could not be exclu&ed; The
fact +that human TJTung and skin fibroblast prostanoid
profiles showed no clear p-dil concentration dependent
correlation with cell wiability, desaturation capability

or lipoperoxide production implied that the endogenously
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5yn%hesiaéd prostanoids studied were probably not
directly involved in,' or haaponaiblé for, the effects
induced with p-0il supplementation. Hori et al (1989}
showed that both intracellularly produced  and
exogenously administered PCGEz, PGF2q and PGDz inhibit
~ human fibroblast growth to a grester or lesser extent.
Cﬁﬁaiderab]e evidence, however, indicates that uhile
. certain e;ogendus PG's mediste potent effects on cell
mu]tih1icatioh. endogenon PG’s have little effect on
the proliferation of human diploid cells in vitro
(Thomas et al 1974, Cornwell et ail 1979 and Bettager et
al 1981).. This suppgrted the findings we presented,
particulariy with regard to p-oil=-induced cytotoxicity,
"and eicosancids have rather been implicated in the
regulétion of cellular metabolism and aultiplication

(Bettger et al 1981).

0vera11} this chapter presented comparative data on a
range of cell parameters for different cultured human .
tissues. The control human cells studied exhibited
different growth rates, FA and .prostanoid profiles,
containéd different protein concentrations, and produced
different melar lipoperoxide aﬁd eicosanoid amounts.
When p-ciis were supplemented, wvariations in .cell
Qiabi1ity, total protein and lipoperoxide formation,
eicroancid and FA profiles, and desaturation capability,
were alsc demonstrated between different human cells.

variations in physiclogy and Fﬁ metabolism betweer: these
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“human ti33ues_ueré important in the modulation of the
eFFe¢ta shown, thus careful ;onsideration .should be
given to the ae]ection.of human tissues for experimental
p;rpdéés, and extrapolation of experimental Findinés
from one human tissue to another shoﬁld be avoided to

ensure valid interpretation of data.

)
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CHAPTER é: GENERAL DISCUSSION AND CONCLUSION,
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6.1 GENERAL DISCUSSION,
6.1.1 - The Infivence of p-0i1 Supplementation oo

Cell Viability and Total Protein.

Most workers dosing FA's to growing cells in culture

repol » the number of wviable cells at the end of  the

experimental incubation period relative to cbntrbis

either at the time of seeding or at the end of

the experiment,  Since most adherent cells are dosed
subsequent to 5” post—~trypsinisation recovery period,
this method of data representation is not ideal if
comparison to the 'real world' is intended. A more valid
comparison is to fhe control cell number at the time of
dosing We have termed this thé ‘Cytostatic Number®,
which 1is that concentration of agent which causes zera
nett proliferation compared to.controls at the time of
dosing. If the dosed cell number at the end of the
experimental pericd is greater than the eytostatic
number, but less than that for ur losed cells, then mere
growth limitation has occurred; if the viable cell count
‘is  less than the cytostatic number, then the -sompound

dosed is truly cytotoxic. 0On the other hand, if cell

numbers are greater than the cytostatic number and the

contral cell number at the end of the incubation period,
then cell proliferation has occurred. As a corollary tao
this, it is not necessary to kill ceils to be san

effective adjunct - mere prevention of nett cell
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proliferation, which 'equates to cytostasis, wmay be
sufficient., Failure to recognise the L ytostatic number
concept will result in workers not uvsing the correct
concentrations of agents, eg., FA's, to induce a desired
~Ffect, Indeed, this would influsnce the effectiveness
of a therapeutic agent jn vivo, The cytostatic number is.
of particular importance if it is required to Timit

cancer, but not normal, cell growth.

This thesis showed tnat p—oils influence the wviability
of cultured normal rat, cét and human tissues (chapters
3, 4 and 5). The effects induced and magnitude theféof.
however, wvaried with the p-0il and concentration dosed
between different tissues within any species, and it was
proposed ‘that such related to variatic s in the in_giggl
localisation and/or physiology of different tissues,
Endothelial cells in vivo, For example, asre continuously
exposed to FA’s circulating in the serum, whereas
tissues such as skin are not so directly exposed. This
was reflected in the growth profiles of these cells in
vwitrg as endotheiial cells, irrespective of species,
- were less susceptible to p-oil-induced growth inhibition
than 8skin fibroblasts., The Finding that suspen=zion
cultures of erythrocytes aﬁd iymphocytes were most
susceptible to p-oil«induced cytotoxicity correlated
with the suspension culture work of othera using saingle

monoencic and polyencic C18 FA's dosed to unstimulated
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mreloma cells (Girao 1988) under similar culture
conditions to those in this thesis (section 2,2.1), The
fact that less than half of the available surface of
adherent cells were exposed fo the domed moieties,
compared to 100% of the area in suspension cultures,
could account for. the greater susceptibility = of
suspension cultures to single FA’s (eg, Ruck et al 1986)
or p-oils (chapters 3, 4 and 3. The suaceptibility of
erythfocgtes and lymphocytes to low p—dil'conceﬁtratians
may neverthé]ess explain vhy circulating FFA 190513 are
maintained'gt relatively 1§w levels jin_vive (Fred?iékson
et al 1958 and GCeigy 1984). p-0i} supp]ementatipn to
identical rat, cat and human ‘tissues also' induced
significantly different cel} viability changes overall
between these species, particularly with certain p-cils,
Some of these are highlighted in the following

paragraphs to illustrate this concept.

Querall, rat erythrocytes were more sausceptible to
p~oil-induced hemoiysia <than cat or human erythrocytes
(sections 3.1.%, 4.2.1 and 5.1.1,.reapectiue1y). Low to
intermediate concentrations of p~C0, however, stabilised
er¥throcyte viability in the rat; had no effect in the
cat, but was hemolytic in the human, Cat. and human
erythracytes regponded similarly to equal concentrations
of p-880 and p-MO, p~EPO was more hemolytic to rat and

cat than human erythrocytes, but p-00 and p~FD induced
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converse was found with p-L0 dosage. Similarly, cat and
humah skin fibroblast growth were generally shodn'to be
less susceptible to inhibition by p~oila than that of
the rat (sections 4,7.1, 5.5.1 and 3.7.1, respectively).
Furthermore, low concentrations of p~MO, p-SSO and p?FO
were more effective in promoting cell growth in human
than in cat or rat skin fibroblasts. p-00 enhanced and
inhibitéd cell proliferation in all 3 species, but less
growth enhancement and slightly more cyfqtoxicity was
induced in the rat, p~0ils were generally also more able
to restrict rat than cat endothelial cell proliferation
(sections 3.3.1 and 4.3.1, respectively), p~350 was more
- effective in fhe:promotion of cat than rat endothelial
cell prﬁ?i?eration, while p-EPO and p~FO largely induced
similar growth.limifing and ecytostatic effects in both
species, On the other hand, rat endothelial cells were
more susceptible to p-00-induced cytotoxicity than cat
endothelial ceilé, but the tonverse occurred with p-L0O

dosage.

Considerably more growth inhibition was shown with p-oil
suppleméhtation to human than rat or cat akefetal muscTe

(sections.s;a.i, 3.4.1 and d.dgi. reaspectively), p-00
was mereiy growth limiting to-rat? cytptoxic enly at
high concentrations to cat, but growth inhibitory with
practically all ¢ohcentrationa ?to human, skeletal

muscle. p~SS0 promoted and limited cell proliferation in
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Py,

e¥totoxic in the humans Low p—EPﬁ c&ncentrationa were
more ;effectivez in stimUIatingﬂgﬁﬁﬂ than rat or human
akaletal muéc!e growth, while cat was least and hﬁman
-ﬁéat ausceptib]g to cytotoxricity with higher amounts
doéed.uThe growth limitation aﬁd inhibition p-L0 induced
was similar in rat and cat, but again markedly meie

pronounced in human skeletal muscle cells.

Cat brain growth was more susceptible to impairwent with
p~ail, dosage than rat brain (sections 4.3, 1 and 3.5.1,
respectively), although the converse was true with g~MO
domage. Furthermore, p~880 and.p—Dﬂ exhibited gre&ter
ability to promote cat than rat brain cell growth at low
concentrations, in contrast to p~EPO and p-FO, Cel]s
derived from rat adipose tissue were also significantly
more reaistant to growth inhibition than those from the
cat (sections 3.8.1 and 4.8,1, respectively), except
with dosage of high p-EPQ concéhtrations. Low p~oil
concentrations were more effective in stimulating rat
than ¢at adipose cell growth, although the converse was

shown with p~F0 dosage.

p—0il~-induced changes in Ilung. fibroblast wviability
varied between the 3 species (sectiona 3.6.1, 4.6.1 Qnd
S5.4.1). The growth linitation p~CO and ~MO induced was
greater in rat and human than cat lung. Cat and human
lung fibroblast proliferation was stimulated with low

and intermediate p—00 concentrations {n'the range dosed,
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respectively, while the susceptibility to eytotoxicity
at higher concentratioaa incréaaad in the order human,
rat and cat. p-SS0 promoted growth limitation in rat,
growth inhibition in cat, and both proliferation and
cytotoxicity iﬁ human, lung fibroblasts., On the other
hand, p~EPO had little effect on or enhanced rat lung
Fibroblast growth, but limited and inhibited that of the

human ;nd.;ﬁ§. respectively. Differences in lymphocyte
viabi]iﬁy';el%ting toe p~oil supplementation between the
three é;aciégdwere also found {(sections 3.2.1, 4.2.1 and
9.2.1). Lyvmphocyte killing incréased in the ordér kuman ,
cat and rat with p-C0 or p-MO0 dosage, while p-00
increased 1ymph6cyte viability only in the rat with low
concentrations and was more cytotoxic to cat and human
than rat lymphocytes with high concentrations. p-F0 was

more cyvitotoxic to cat and human than rat lymphocytes,

but the converss was found with p-EP0 dosage.

The findings presented indicated +that exogenous FA‘s
induce cell viability changes which vary betwsen normal
t%asuea from different mammalian species. Variations N
cell preoliferation are also documented For different.
trangformed cells incubated with identical FA's and
similar culture conditions, Girao et al '1986) and Begin
et al (1987), for example, obtained different resulis
when' mouse myeloma (SP-210) and human breast carcinoma

(ZR=-75~1) _ce!la, respectively, were incubated with
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asuggests that such effects are universal for different

tell typea.

Cel viability was often increased with low teo
intermediate concentrations of certain p-oils in the
. range dosed, while higher amounts were generally growth
‘nhibitory (chapters 3, & and 5). The cell wviability
changes induced with p-oil dosage supported-exogenbﬁs'FA
iﬁuolvement in the modulation of normal mammalian cel)
viability, which others have shown with single Fﬁ's._
Dubin et al (1985}, for example, Found.tﬁat an optimum
concentration of 0.25uM 1é:2ﬁ6 promoted cultured chick~
eﬁbryo mabrophage growth., On the other hand, Ruck et al
(1986) showed that resting human monocytes weré killed
with Jow unsaturated C18 FA concentrations (15-50aM)
and were unaffected by 18:0, while Qipe et al (1981)
repofted that 18:1@9 increased, and 18:3u3 decreased,
eytotoxitc astivity in human lymphocytes. Csordas et al'
(1984) showed that addition of 18:1u9, 18126 or 18:3u3
to isolated chicken or Bheep eryvthrocytes in gitggm
induced some hemolysis with concentrations of 0.1-10uM
and 100% lysis of the erythrocytes with greater amoﬁnts,
although 10-30uM 18:1u% stabilised erythrocyte membranes
and no lyéis was observed, FA’s have also been shown to
influence the proliferation of numerous adherent normal

cultured cells. Wicha et al (1979) Found +that rat

mammary epithelial cell growth uas' atimul ated when'
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inhibited with - saturated, FA's, whereas  higher
concentrations uere_alf inhikitory, althougﬁ the extent
thereof véried with "~ FA. Bourre et al {1983) achievedr
optimal fetal mouse brain cell growth uiﬁh S;SnM iS:?wé,
18:3u3, 20:4ué or 22:6u3, butnuinﬁibition thereof uith
higher FA concentrations, Huttner et al (1978) sinilarly
demonstrated that ]ﬁu .unsaturated FA concentrations
(1-80aM) atimulated, and higher amounts inhibited, human
skin Fibrbb1aat and éuinea pig aorta smooth muscle cel?
growth, whereas saturated FA’s had little effect or were
_ inhibifory. The proliferative response, Eoweyer. uasza'
_sbecific effect of the FA used, its concentration dosed
and the cell line involved, &s shown in the present
study (chapters 3, 4 and 5). 18:1w%, for exéMple; was
more effective in stimulating skin than muscle cetll
prolifefation._ but was also more cytotoxic to skin at
high concentfations (Huttner et al 1978). There is also
evidence that 20:3wé, 20:4wé and 22:4ué are more
effective in decreasing human skin fibroblast and guinea
pig a&fta smooth muscle cell proliferation than 18:1w9
or 18:2wé {Huttner et al 1977, 1978, Cornwall et al
1979, Miller et al 1980 and Gavino et al 198la, 1981b),
although the extent thereof varied with PDFA and cell
type. Sbector et al (1979) similarly showed that human
skin fibroblast proliferation was not influenced with 10
to 100pM 18:1uw9 or 18:2wé, but was reduééd by up te 50%

when 16:0, 1i8:3u3 or 201406 were added at_concentrationa
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were non;toxic. Morisaki et al (1982b) stimulated guinea
pig aorta smooth muscle cell pnoliferation' with all
1811w9 concentrations tested (30, 60 and P0uM), whereas
other w9 FA’s inhibited such in a concentration

dependant manner, increasing in the order 18:2uw%, 2012w?
and 20:3u9., Both 18:2wé and 18:3uw3 were 1ea§t cytotoxic
for their series and.induqed growth inhibitioen onl? uifh
concentrations greater than 70uM, but cytntukiéity was
increased when desaturation and elongation products
thereof were dosed such that the mosf potent inhibitors
of cell pro?i?eration:both in the wé and w3 series were
the eicosstriencic acid, However, 20:3u%? was even more
growth inhibitory than 72:i13uwé, followed by 20:3u3
{(Morisaki et al 1992b), More recently, Vignikin et al
(1989 démcnstrated that cultured rat brain glial, human
skin and human liver ﬁeil gﬁowth responded differently
to supplementation with various single FA’s, supporting
the work of this thesis with p-oil supplementation

(chapters 3, 4 and 3).

The findings of the literature reports and this thesis
indicated that both single FA’s and p-oils influence
mammalian cell viability, and suéported earlier evidence
implicating FA’s as medistors of in_vitro cell
proliferation (Boone et al 1972 and Huttner et al 1977).
FA‘s may thus be important in proliferation-1inked

phenomena in_gigg. The present study indicated, howsver,
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and species, probably due to inherent genetic
- differences. This emphasised the importance of selgcting_
the same tiasue and species Tor contrel and experimental
studies, and avoiding generaiisatioh/&xtrapolatioﬁ of

results Prom one cell type to ancther.

Uhi]e some likerature reports discussed above show
corre1étion between different workers, or refiected.the
effects of certain. p-oil FA'B.- reports uWere more
sonflicting in other inatahces. It is important to bear
in mind, however, that experimental conditions wvary
.uith design between laboratories; Furthermore, culture
vafiables including‘ the source and concentration of
serum, FA cdﬁcentration, -ihcubation pericod and cell
type have been shown to iﬁfiuence the .inhibiticn of
normal and tumer cell proliferation (Begin et al 1986b).
Similarly, the findings of this thesis supported the
involvement of Fadéars such as the p-oil FA composition
and cnnce;tratian dosed, as well as variations in rell
type, proliferation rate and density 'in thg mcdulation
of hammalian cell viability. Certain factors may be
characteristic of a particular cell type, the species
from which it was derived, .or whether the cells uwere
adherent or not, However, this would appear not only to
be true for normal celis, but aiso for cancer cells,
since a similar proposal wae put foreward by Begin et al

(1988).
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Evidence was presented which indicafed that the albumin
used as FA carrier did not influence cell visbiltity in
any significant way (chapters 3, 4 and 35), as was
giso shown previously by others (McGee 1981 and Bourre
et al 1983}, In addition, supplementation of the growth.
medium with 10% FCS had little effect on cell uiabi?ity
since the number of dead cells were minimal in control
cultures, .FCS-céncentrations leass than 10%, however,
have been shown to accelerate the rafe of FA-induced
cell killing (Begin et al 1986b), When rat, cat or human
skin fibroblasts were grown in medium suppliemented with
10% serum derived from their own species (section
2.2.3;3.), plating efficiency and cell growth were not
as good as when supplemented with 10% FCS (Figs.
3.7.1.10., 4.7.1.10. and 5.5.1.10., respectivelyl.
Others have shown simiiar effects when édult human serum
- replaced - fetal bowine saerum in cultures of human
endothelium or skin {(Cooper et al 1977 and Lagarde et al
1984). This could well relate to a higher concentration
of growth promoting factors in ?etal than adult serum as
the FA coﬁposition, total protein and lipid contents of
FCS were similar to that of adult Eat,_cat_and Hﬁman
sera (Tables 2.3.3.1, and 2.3.3.3,). These findings
nevertheless excluded the possibility that roufine
supplementation of culture medium with 10% FCS limited

~cell viability.
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with p-0il supplementation were transient, at least over
relatively short incubation periods, since previous uork
in our laboratory demonstrated similar changes in growth
whethetr cells were incubated with single FA's for 24, 48
or 72 hours (Girao et al 1987 and Birac 1988). The
effects induced were, however, related <to the . growth
rates of the cells (Girao 1988), Indeed, cultured celis
uhiéh.did not divide, viz. erythrocytes and lymphocytes,
or which were relatively siow in dividing, ég.-cel]s
derived from rat aortic endothelium, cat brain and
adipo&e tissué, .Qr human skeletal muscle (Tab1e
2.3.1.1,), required lower p~oil concentrations to induce
growth {imitation,-cytostasis or cytotoxicity (chapters
3, 4 and.S) than cells with shorter population doubling
times, eg. cells derived Ffrom rat, cat.aqd humah Tung
or skin. This supported the brosder growth lihiting
range found with faster than slower growing cells., The
present étudy showed that Papidly dividing normél celis
are generally less susceptible to- p-oil~induced cyte—
toxicity than slower grouwing norﬁa? cells, while cothers
showed the converse for transformed celis exposed
to single FA’s (Girao 1988). -These findings would,
therefore, support the use of FFA;S, end FFA.mixtures,
as a means of limiting the growth of cancer in viveo.
Clinically, this would permit selective limitation of

neoplaatic, but not non—tumorigenic, tissue.
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showed that. PUFA’s (LA, GLA, DGLA, AA, ALA and  [PA)
inhibited human breast, lung and g ~state .cancer cell
growth at concentrations (20mg/1) whivh decreased . the
rate of unrelated normal human or animal cell diviaién,
but did not kill them. SQbsequent.work using genetically
related normal and transformed cells showed that a
tumorigenic phgnotypé rendérs cells:xmoré‘sénsitiue %0
PUFA-induced growth inhibition (Begin et al 1989 and
Sircar et al 1990), Our laboratory similarly found that
normal rat brain primary'cultﬁres'were generally less
susceptible to C18 FA-induced growth inhibition <than
a transformed rat neurcblastoma x glioma cell lipe
(Davideon et al 1988a). It is thus reasonsble to suggest
that FA mixtures .couid_isduce a simi,»x* effect, or be
more QFFectiue than singje FA's in Timiting cancer cell

growth, This may have significant clinical implications.

Girao (1988) demonstrated that when sinéle Ci8 FA's ware
dosed to cells in culture, the number and rot the
position of the double bonds in the FA chain generally
determined the extent of cytotoxicity. Thus, tgé:greater
the degreé of .unsaturation, the greatér the cytotoxic:
aefFfact generaliy inducéd. The ce?i viabilif} changes
obtained with.p~oi1 supplementation, however, could not
be fy]]y predicted by the results obtained utilising

single FA's, While thy modulation of cell viability with

p~oil incubation could be related to certain excgenous
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p-cil FA’s could well have ‘enhanced or diminished the
effects of single FA'a. This implied that the efficacy
of an individual FA depends 'on the presence or absence

of other FA's in a :mixture. We bave indeed shown

significant differences between nett ceil wviability

results from summingiindiuidual'Fﬁ effects and actually
using FA mi;tures mimicking dietary oils (Davidaon et
al 1988b, 1990b and_ Giangregorio et al 1988b, 19%90).
Figure 4.1.1. illustrates the cell viability changéa
observed when bhuman skin Tibroblasts were dosed with
each of the p-oils used in this thesis compared to that
whan-indiuidua1 Ci8 or C20 FA's were.incubated and such
effects SUmﬁed to equafe uitﬁ the C18 and £20 FA's
, detected in the P“Oiiﬁ (Table 2,3.3.2,}. The - Final
iconcentrations were identical whether p-oiis or single
.FA'Q were dosed;.In general, there wzz little difference
in cell viability with saturated FA’s whether effects
wegé-summed, or shether FA mixtures (p-CO) were used
(Fi9. 6.1.1.1,). However, when unsaturated FA"s were
dbSqd individually, or as mixtures reprerznting various
p#bi!s, dramatic differences were d%monﬁtrated {Figs.
- 6.1,1.2-6,1,1.7.), Single FA's were moF% gr&w%ﬁ;limifing
than p—oils with low to intsrmediate concentrations in.
the range dosed, while tﬁe'conuerse occufradﬁﬂith higher
concentrations. These findings reinfﬁrce ﬁﬁefpbaervatidn

that single FA’s, while useful from a basic biouhemical

fren ' - " . - - . — . - PO P . -



Legend to Fig., 6.1.1,
The mrapha in Fig. 6.1.1.1-6.1.1.?._ show mean percent
cell viability versus the concentration (mg/f) of C18

and C20 FA's, or p—oil, dosed,
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situation where FA mixtures are both preseﬁt in the body
and fed as dietary ci]s,. and where the pHennmenon of FA
synergism/antagonism ocgurs. This should therefore be
considered when workers using single FA's extrapolate

results to the ‘real world®.

‘The extéct. mechanism(s) whereby FA'e influence cell”
pro1iferétion iz unclear, but likely mechahiama " have
been propossd (see below), The potential for PUFA’s to
be_conuerted to 20:3w6, 20:4w6, 201503 and subsequently
| eicoéanoids incEeases the nhumber of possible mechanisms
whereby these moieties exert their effects., Howsver, it
also raises the question as to why those cells which are
‘unable to efficiently form eicosancid precursors via
desatu—~ation and elongation are -killed. Furtﬁarmoré,
such trgnsformations to eivesancids are not possible
with saturated or monounsaturated FA"s, suggesting that

the native FA may somehow be inhibitory.

Hoover et al (1977) found that 1oy PUFA concentrations
(10-40mg/1 ALA, AA and particularly LA} decreased the
cell-to-cell and ce]]~to-substrate- adhesive properties
of cultured baby hamster kidney (BHK) cells in a
concentration dependent manner, while long chain non-
polyensic FA’s (0A, PA and SA) were less effective _ﬁr
marginally enhanced adhesion. Similar effects were
observed when these authors investigated the effect of

FA“s on cell adhesion with chinese hamster ovary (CHO)
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cell lines. This auggeatéd that such effects may be a-

common feature of many cell lines.

Hoover et al (1977) also reported that as the LA
concentration dosed increased from 10 to 20mg/l and
particularly to 40mg/l, the growth rate of the cells
decreased compared to controls. Their findings suggested
thét this effect was not due to FA.to#icity, atthough
the morphological alterations Ffound imp]ied that
exogenous FA supplementation induced structural &hanges

in cells,

Considerable evidence supports the fazt that addition
of exogenous FA's to culture medium indﬁces differential
FA uptake and appreciable changes in the #ﬁ composition
of animal cells, which is associated with membréne
structural changes, eg., fluidity (Williams et al 1974,
Wisnieski et al 1974, Ferguson et al 1975, UWeyman et al
1977, King et al 1978, Burns et al 1979, Jeffcoat 1979,
Spector et al 1979, 1985, Simon et al 1982 and Stubbs
et al 1984)., The perturbation of membrane atrucfure,
function and fluidity by alteration of the FA profife of
membrané PGL" s may thus be another mechanism whereby
p~ails affected ceoll ,uiability, since uptrke of
exogenous FA“s by rat, cat and human cells was shdun in
this thesis (chapters 3, 1 and 5), Indeed, the degree of

membrane fluidity has been shown to be important Tor

gt B | T " - Pt R g [ R L I P il i smeder =1 4 OE
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Cheng et al 1979 and Spector et al 1985). 1t has been
reported that supplementation of mouse LM cells with
agtﬁrated FA’s resulted in an imbalance of membrane PGL
FA"s which inhibited growth, probably by decreasing
membrane Fluidity (Doi et al 1978), Incorporation of
dosed p~C0 could similarly have increased the proportion
of.s&tuﬁatea FA‘s in cells and induced mémbrana rigid=-
ification; thus increasing the susceptibility of those
cells to lysis. In contraét,. membrane ‘over—fluidity"
and a subsegquent lack of 5tabi1itf could .uell have
inhibited ¢el? uiabi]it& with . dosage of PUFA~-rich
p-oilsa, particu]arly‘ since an increased content of
membrane PDOFA’s has been associated with an incheaéed*
degree of membrane disorder (Salem et al 1980). There is
also evidence that changes in membrane 1impid composition
can affect a number of cellular functions including
carrier-mediatéd transport, endoeytosis,.exocytmsis ana
membrane-bound enzyme activity (eg. Horuitz et al 1974,
Engelhard et al 1976 and Spector et al 1985), The fact
that many fuﬁctionél responses are direct?? related to
: hambrane structural changes emphasized fhe importance

thereaf in the modulation of cell wviability.

The TFormation of cytoplasmic droplets in adherent cells
with p-o0il incubation at high conventrations in some
instances (chapters 3, 4 and 5) has also besn reported -

by .other workers in cultured cells dosed with aingle

—_— . & P
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1981, Rosenthal 1981. $pector et al 1981la .and Begin et
al 1986b). These droplets have been shqun'to accumulate
in the cytoplaam when cells are exposed to excess 1ipid
in the culture medium, and are composed primarily of
TAG a (Mackensie et al 1967, Schneeberger et al 1971,
Spector et al 1979, 198la, Miller et al 1980, Gauino et
af 1981b an& McGee 1981). Excessive TAG accumulation,
 however, can daﬁage cells and interfere with normai'
metabolism (Rosenth;? et al 1978), and could therefore
 have contributed to the reduction. of ceii viability with
p-oil dosage. The ability to induce more cytotoxicity
with saturated than unéaturatéd FA dosage, however, has
been kepokted' to relate to solid depasitions af
saturated fat rather than discrete bsmiophilié droplets

induced with unsaturated FA“s (Rosenthal 1981).

The mechanisms cdiscussed sbove provice a meanzs whereby
FA‘s affect cell proliferation. Each mechanism couid
individually explain the cell wviability changea induced
with p-oil dosage, although involvement of a combination

of mechanisms seems more realistic.

This thesia showed that cultured cells Qéry in thel.
'amount oP total protein thek'cﬁntain both within and
between species {chapters 3, 4 and 3}, Concentrations
uera_loueét in control lymphocytes (6.4~14.8ug/106 cells
seeded) and erythrocytes (12.3-26.449/10% cells seeded),

but the considerabiy higher protein amounts found in
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correlated overall with the réngelreported by Patterson
(1979) f~r some cultured cells. No clear trends were
obuioqa when comparing control cell protein levals with
their proliferation rates (Table 2.3.1.1.), thus the
diversity of results could well refisct differences in
cellular morpholouy and physin? _r. There is also
evidence that the rate of protein biosyntheais. varies’
wi*h cell type {Vignikiﬁ et al 198%). While the protein
concentrations and variations thérein may be an inherent
property of the cells themselves, such could also be a
result of the <culture condition: sployed, There Iis
indeed evidénce that culture condzt:ons,. length of the
inéubation period and passayge number influence cellular

protein levels {Patterson 1979 and Vignikin et al 1989).

Total protein quantitaticn.in dosed cells served as a
measure of viability and also supported the ability of
‘p-oil FA's to modulate absolute protein synthesis in
nucleated mémma]ian cells, primarily by stimulating such
(chapters 3, 4 and 5). This supported the work of
Jacaobson et al (1%88) who observed a stimulatory effect
of PUFA's on animal cell protein levels and growth rate.
Vignikin et at (1989} aimilarly demonstrated thet the
rate of protein syntiusis v rat brain and liver cells
was inF!uenqed by exogenous FA’s, Protein synthesis was
stimuiated in both cel! +types with 0A, LA or AA

incubation; however, the increase waz greater with O0A
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calls (Vignikin et al 1989). This supported the present
study’s findings which indicated that the modulation of
protein syntﬁesis within a tissue related to variations-
in FA structure. | We additionally proposed  that
‘eynergistic and antagonistic effects between FA‘’s can
mddulate protein synthesis when FA mixtures are dcsed.
The finding that spent medium protein levels of ékin_
cuitureé dosed with p-oils were statistically similar to
controls,  however, indicated that medium protein
probably did not contribute significantly to +the changes

demonstrated in gellular protein.

P
Differences in protein concentration in doséd cells
could represent differences in -ceil numbery; protein
svnthesis, degredation, exchange and retention, or
eniyme production to protecf against lipid reroxidation,
for example. Inereased protein synthesis in p-oil dosed
cells could well have reflected increased production of
lipid metabelising enzymes. There are reports that lipid
chaﬁges in mer sgnes can affect the actiwvity cf lipid—
dependent anzymes and that FA s activate membfane
enzymes 3uch as adenylate-cyclase (Carreau et al 1971,
Counis 1973 and.Ueyman et al 1977). Dur laboratory found
that supp]émentation of cultured cells with single Cié
FA’s under similar experimental conditions to those
employed in the present study (2.2.1) induced little
effect upon the plasma membrane protein content per

viable cell, irrespective of changes in cell viability
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(Girao 1988). Thus it was Tikely that the changes
reported in total protein per cell with p-oil daséée
prrimarily reF]ecﬁed alterations in intracellular rather
than plagma membbane protein. There is indeed evidence
that FA“s can activate cytoplasmic lipolytic aﬁd"
lipagenic enzyhes {(Loriette et al 19?1,_19?2 and Carreau
et al 1972) and regu?ate. FA biosynthesis in cultured
animal cells by influencing the activity of enzymes
inveluved in Tipid metabolism (Speﬁtor et al 198la and
Vignikin et a1n(1989).. Numeroua studies have indicated
that dietary FA’s can modulate cellular DNA synthesis
both in vi _s and in uifrﬁ to & greater or Jesser extent
dependent on  the tisaue and degree of FA unsaturation
(Launay et al 1968, 1969, 1981, Desnovers et al 1971,
GoureaQ—Counis et al 19?4, Holley et al 1974, Manzoli et
.al 1974 and Andreis et al 1981a, 19815). Thus it was
also possible that the lipid environment in p~oil domed
cells affected genetic.expression'and' therefore +otal

protein levels,
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6.1.2 E id Incorporation esatyrati

.Cbmparisbh of the control rat, cat and human cell types
studied in this thesis showed variationa.in cellular FA
composition beth between tissues and species (chapters
3, 4 and 5). This suppcr-ted and exfented the work of
others who demonstrated species differences in the FA
composition of certain. mammalian tisaues (Crawford et
al 1970, 1971, Horrobin et al 1984c and Arakawa et al
1986). These findinga probably reflect wvariations in
physiology and lipid metabolism between tissyes From
different species, and should therefore be taken into
consideration when selecting tissues for experimantal

puUrposes,

The FA spectra of the cﬁ1tured rat, cat and ﬁuman celis
dosed with single radiolabelled Ci8 FA’s or p-oils, as
‘well as the spent incubation media of skin cultures
supplemented with p-oils (chapters 2, 4 and 5) supported
exogenous FA incorporation, which has Eeen demonstrated
in a variety of cultured cells (eg. Spector et al 1979,
Christensen et al 1948, Lokesh et al 1988 and Weithmann
et al 1989), There is evidence, howevér. that FA uptake
varies between cell types h(eg. BGavino et a1.19810.
1981b), and this was indeed confirmed with the different

amounts of [29C3-18:1w9, [*3CI-18:2ws8 and [}2CI~18:3w3

i B . B B .
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in the present étudy. sunmarised in Table 6.1.2.1. Work
in our laboratory indicated that incorporation of
polyencic C18 FA’s was greater in transformed (3TéD)
fhan.behign:{BTég 373), éna least in normal (human skin)
fibroblasts (Girac et al 1988, 1989). Similarly, the
greater - [14CI1-18:1w9, [19C3-18:2ué and [14C1-18:3uw3
amounts incorporated in rat.than cat adipose cells in
the present study (Table 6.1.2,1.) correlated with the

faster rage-of rat than cat adipose cell proliferation.
(Table 2,8,1.1.), and & direct relationship between FA
incorporation and population dewhling time was also
Foﬁnd with skin fibroblasts between the 3 species. The
finding *that FA incorperation and cell proliferation
reates uére not always directly related uith rat, cat and
human lung fFibroblasts for example, however, could
well reflect selective reguTétion of FA incerporation.
FA uptake by ¢elils has been shown *o invoive a first
step transfer to an exchangeable plasma membrane surface
pool, Followed by entery into a aecond ‘deeper” non-
exchangable membrane pool prior to utilisation (eg.
Howard et al 1974, 1976, Yavin et al 1974, Shohet 1968,
1976, Weyman et al 1977 and Morand et al 1982a, 1985).
Howard et al (1974) reported that the rate of FA uptake
increased with increasing FA chain length and decreased
with increasing degree of FA unsaturation, while this
thesis showed that [1907-18:1w9 and L[14C7-18:2ué

incorporation were generally gimilar, but gregter than
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mgchanism againat alteration of the conservative and
highly unsaturated PUFA composition of brain lipidsg, the
proportions of which are essential o normal brain

function (eg. Svennerholm 1968, Crawford et al 1971 and

- Davidson et al 1988c, 1988d). 46D, 450D, little 44D,

and elongase, expression was shown .in cultured rat
skeletal muscle (Table 3;4.3.1.). In comparison, PDFA
production was primari1§ 1imited to'eIongose acfiuity
both in cat and human skeletal muscle (Tables 4.4.3.1.
and 5.3.3,1.), but the overall capability to form PDFA’s
was poorer in the cat thap human. Aortic endothelial
cells were shown to exhibit 46U, 45D, 44D and elongase
activity in the rat, compared to 480, 45D, 44D and
elongase capability in the ocat (Tables 3.3.3.1. and
4,3.3.1.)3 howaver, -such enzyme potential was once again

greater in the rat, The finding that endothelial cells

from both species could form PDFA’s may nevertheless

reflect their invelvement in eicosanoid, particuiarly
prostacyclin, production (Moncada et al 1976a, 1976b and

Vane et al 1987). Only elongation and retroconversion

-peeurred in cat lung fibroblasts with p—oil incubation

(Table 4.6.3.1.), while human lung Ffibroblasts exhibited
elongase and some A5D, but no 46D or 44D, capability
(Table 5.4.3.1.). On the other hand, 48D, 4SD, some 44D,

and elongase expression was shown in cultured rat lung

~with p-0il dozage (Table 3.4.3.1.), Rat skin fibroblasts

.incubatod with p=o0il similarly expresmsed 460, 45D, 44D
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limited in cultured human skin (Table 3.h.3.1.3, while
cat skin fibroblasts had elongase but nc significant
desaturase capability (Table-d.?.B.io}. Ce)la derived
from cat adipose tissue exhibited elongase, very limited
ASD and 44D, but no sionificant 46D, activity (Table
4.8.3.1.}. Cultured rat adipose celis, in contkaat, not
only expressed 460, 490, 44D and e'ongases (Tablg
3.8.3,1.}, but exhibited the greatést desaturase cascade.
Capability of all the cells studied. Incubation of
rat, cat or.Human 1ung, skin or édipuse cultures with
single C18 FA’s induced more desaturase cascade enzyme
expression than with p—oils, but PDFA formation was
still greater in rat than human, and least in cat, cells

{chapters 3, 4 and 5).

It was evident comparing desaturasse cascade enzyme
capability in the 3 species that such was greatest
~overall in growing rat, lower in human and least in cat,
tissues. This supported current evidence with regard to
thé activity/expresaion of 46D in these species ip_vivg
(eg: Brenner 1971, 1974, Rivers et al 19?5&? Frankel et
al 1978, Dyerberg et al 1980 and Horrobin 1983). The
finding that the cat and human;tissues studied exhibited
a closer degree of similarity than the rat tissues with
regard to desaturation capaﬁiiity, however, could relate
to the high dégree of genetic homology reported by

0’Brien et al (1986) between cat and Man. The data Jrom
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mammalian species exhibit different capabilities to
desaturate and elongate FA's and that these enzymes are
not distributed evenly betwsen tissues (eg. Gellhorn et
al 1964, Brenner 1971, Rivers et al 1973a, Maeda et al
1978, Sinclair 1979, Sinclair et al 1981,.Dyerberg et al
1980. and Chapkin et 31.1984, 1986a, 1987), Desaturase
cas;ade enzyme capability .(chapters 3, 4 and B)  uas
unrelated tdrthé proliferation rates of tBa cell types
studied (Table 2,3.1,1.), but was rather characteristic
of +those tissues and species from which the céi]s were
derived. Thesé Fiﬁdinéa implied dependence of certain

tissues on others jin yive for a supply of PDFA’s.

The greater capability reported for FA e]onga%ion than
desaturation (chapters 3, d and 3) confirmed that the
rates of elongation were faster than désafuration, and
that desaturases are rate limiting (Marcel et al 1948,
Brenner 1971, 1974, 1977, Bernert et al 1975, Hassam et
al 1975, Sprecher 1977 and Naughton 1981). Furthermore,
this thesis confirmed the established order of substrate
preference (W3 >.w6 > w?) for desaturation (Brenner et
al 1963,‘ Mohrhauer et al 1967, Christiansen et al 1968,
Uliman et al 1971a, Mead ot af 1976 and Kanau et sl
1977), and showed retroconversion capability in some
cuitured rat, cat and human tiasues studied, aupborting
the retroconversion demonstrated by others in rat liver,
bovine endothelial, guinea pig arot# smooth muscle, and

khuman skin, cells (Gavine et al 1981k, Hagve et al 1986
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and Mann et al 1984). The magnitude of retroconversion
rea;tions, however, were probably determined by the

ovetall FA balance in the cultured cells,

Mahy.workers have attempted to aséesé the desaturation
and elongation capability of normal tissues, primarily
in liver (eg. Brenner 1971, de.Gomez Dumn et al 19?5b}
1983, Rivers et al 1975a, Jetfcoat 1979 and Davidson et
.al 1987al, .but alapn in other tissues including skin
(eg. Dunbar et al .975, Aeberhard et sl 1978, Chapkin et
al 1986b, 1987 and Ziboh et al 1988), endothelium (egs.
~ Spector et al 1ééﬂb, 1981b; Weisiger et 'al 1981, Kaduc;'
et.al 19¢.. aﬁd Roaénthal et al 1983b), lung (sg. Brenner
1974 and Dunbar. et al 1975), brain (eg, Cook 1978a,
Sinclair 1972a, Nsughton 1981 and Neuringer et al 1984)
and smooth muscle (eg. Bavino et al 1981b). Comparison
of literature reporta with the findings of this thesis
in preuidus discussions shéwed clome correlations in
some instances, byt not in others. However, it must be
pointed out .that the origin of cell types and range of
experimental designs employed between workers was often
guite wide, There is indeed evidence that desaturase
cascade enzyme expreession varies not 6nly'between.fetai,
infant and adult tissues (Cook 1978a), but also between
microsomes and cellm. Microsomal prepaéations of rat,
guinéa pig ané human epidermis, for examﬁle;" lack the
capacity to desaturate [14C]-18:2ué and C[14C31-201306

(Chaskin et al 1984, 1983a, 1987 aﬁd Zikoh o+ nl 198875,
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thle sucﬁ was demonstﬁated.in intact skin cells in fhis
thesis (sections 3.7 and 5.5) and other studies (eg,
Girao 19883, These findings, however, could well relate
to the dependence of microsomal desaturgtion on eyt~
solic fractions present in intact cells (C&tafa et al
1975, 1977, Jeffcoat et al 1976, 1977a, 1978 and Leikin
et al 1979, 1984, 1989). Enzyme expression ias also
influenced and réguiated'by the amount of serum and‘Fﬁ's
in the culture medium (eg. Paulsrad et al 1970, Jacobs
et al 1973a, 1973b, Brenner 1974, Jeffcoat et al 1977a,
Specfor et al 1981a, Rosenthal et al 1983b and Bar et al
1984), dietary FA’s (eg. Paulsrad et al 1970, Castuma et
&l 1972, Holloway et al 1975 and Borgeson.et al 1989},
the FA composition and fluidity of microsomal membranes
(egs Nervi et al 1968,. Kaduce et al 1977, Weyman et a)
1977, Kurata et al 1980, Garda et al 1984, 1983, Stubbs
et al 1984, Spector et al 1985 and Garg et al 1988a,
1988b, 1988c), and competition between FA's of the same
and different series by complex mwechanisms such as
feedback inhibition, dependent on the rélafiue subeirate
levels (Mohrhauer et al 1963a, 1967, Holﬁan 1944, 1986a,
1986b, Garcia et al 1965, Christisnsen et al 1948,
Ullman et al 1971a, Brenner 1974, de Schriver et al

1982, Nassar et al 1986 and Cook et al 1987). Finally,
it should be remembered that enzyme aﬁfiuity/axpresaion
ié genetically determined for every timsue and species,

Thus, the diversity of results with regard to the



732

Titerature, and between the tissues and species in this

thesis, may relate to the factors discussed above.

A important feature of this thesis was that it azseased
desaturase cascade enzyme capability in a wvariety of
normal mammalian tissues, some of which have never been

examined before, all under standard culture conditicﬁb.

This permits wvalid comparison of resultsa batween

different tissues and species. Furthermore, the_p&esent
investigation clearly showed that desaturase cascade
enzyme expression with p-oil dosage could not be fully

peredicted by the results cbtained utilising single FA'a

due to synergism/antagonism between p~oil FA's (;hapters

3, 4 and 5). While single FA’s are useful to develop an

understanding of 4the effects of specific FA's on

desaturase cascade enzymes, such probably does not

reflect the situation in the “real world", where FA's
rarely, if ever, occur in isolation., On the other hand,
the concept of using p-oils could well sgerve as an
in vitro model to assess the desaturation capability of
tissues jn vitro when similar oils Fform part of the:
diet. The jn vitre culture system using p-oils aisc has
an advantage over the jn vivo system which does not
necessarily reflect the desaturation capability of the
tissué(s) studied ss PDFA’s can readily be transpérted
in'viug from tissues exhibiting desaturation capability

to those having Jimited or no such potential. The

present in vitro system, in contrast, ias a more absolute



means &T assessing tissue desaturase cascade enzyme

expr sssion/astivity.

The fact that..déﬂ ie largely absent both in the céf
(eg. Rivers et al 1?75&) and diabetics (eg. Brerner ét
al 1968 and Horrobin 19885 implied that the desaturation
énd e'ongation induced with p~oil dosage in the ‘cultured
cat tissuasruin the present st&cy:.may well serve as an
indicéiion of the response expected in human diabetiés
when agﬂila; dietary 6ils are ingested, Comparison §F.

human and cat data could therefore reflect the situstion

betueén normal humans and diabetics, respactiueTyQ
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6.1.3 ' Lipid Pe ide an icoss 0] - 3 on

in rmnal tured Mammal j Tissyeg.,

The comparative data obtained from MDA gquantitation
-indicated that the cultured -fat, cat and human cells
typesj studied wvaried in their capability to pradpce
lipid peroxides (chapters 3, 4 and 5). A?j_ celis Héue
the capability to produce these compounds via enzymic
and/or non?ehz;mic mechanisms. (Pﬁyor et aT.19?6, Tappel
1980 and Frankel 1.84). However, lipid peroxides uere
not induced by contrel rat, cat and human erythrocytes
and  human lymphocytes (Tables 3.1.4.1., 4.1.4.1.,
'3.1.4.1- and 5.2.4.1., respectively), -whi]e.coﬁtrol'rat
lﬁng, human lung and human skin Fibrob1a§ts generated
the highest concentrations (1.lnmocles MDA/10S gells)
(Tables 3.6.5.1., 5.4.5.1, and 5.5.5.1., respectively).,
Similtar lipoperoxide levels have been reported by other
workerg in cultured guinea piy aorté smooth:f@ﬁéc]e
{Gavino et al 198lc), simian *idpey (Begin et al 1986a)
and human skin (Girao 1988) incubated in medium alone
For a similar period to that used in the present stud: .
The lipoperoxide levels and variations theruin ~between
the control cell types we studied may bé an inherent
property of the cells themselves, but could also be a
result éf the culture conditions employed. The finding
of this thesis that lipoperoxidation varies both between
mammalian tissues and'SPEcies-nevertheleaS supported and

extended the work of Arakswa ot 2] (19828) uwhe rFeaported
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markéd species difFefehces {n Turg lipid. éeroxide
formation (mouse > hamster > rat > guinea pig > rabbit),
This implied thaf the rates of FA oxidation and
efficécy. of the mechanisms of protection against 'Free

radical formation wvaried between tissues from different

species,

-8tudies have shown that there is & high deéreel of
variation in the vitamin E content of dif?arent tissues
(Taylor et al 1976). This implied differences amoung
tissues with respect to pﬁotection against FA oxidation.
Kornbruat et al (1980) indeed reported that the rates of
in vitid lippperoxidation varied widely amoung different
species and tissues, and waz inversely .re1ated to
vitamin E levels, These workers found a 25-50 fold lower
rate of Iiboperoxidation in rat and rabbit lung and

heart microsomes and homogenates than in 1iver, testes,
ot b gl i m-ud. btk e kb e e T il T s b A b
vitamin E content oF the former. Higher rates of l1ipid
peroxidation in mousé relative to human; rat and rabbit,
lung microsomes similarly correlated with lower wvitamin
E contents in the former. The Finding that rat and human
lung microsomes contained similar amounts of vitamin E.
{Kornbrust et al 1988) could well explain. the identical
lipoperoxide levels measured in controfirat and human
lung Fibroblasts in this thesis (Tabié% 3.6.5.1 and

' 5.4.5.1., respectively). These correlations implied that

lipid peroxidation is partly determined hy the ratio of



735

marked species differences in lung .Tipid peroxide
Formation {mouse > hamster > raf > guinea pig » rabbif).
This implied that the rates of FA oxidation and
efficacy of_tHe mechénisms_of protection against free
radical Fdrmation varied between tissues from different

species.

' Studies have shown that there is a high degree - of
variation in the vitamin E content of different tissues
{Taylor et al 1976), This implied differences amoung
tissues with respect to protection against FA oxidation.
Kornbrust ef al (1980) indeed Eeported fﬁat the rates of
in vitro 1ip9penoxidation varied widely amoung different
species and tissues, and was inversely relatec  to
vitamin E Tevels, These worke s found a 25-30 fold lower
rate of lipoperoxidation in rat and rabbit iung and

heart microsomes and homogenates than in liver, testes,
In A witapcis Wil Bodornd & o0 [P Y R TR TR Tt S I T ST F T R ST T

vitamin £ content of the former. Higher rates of iipid
peroxidation in mouse relative to human, rat and rabbit,
lung microsomes similarly correlatéd with lower vitamin
E contents in the former. The Finding.that rat and human
lung microsomes contained similar amounts of vitamin E
(Kornbrust et al 1980) could well explain the identical
lipoperoxide levels measured in control rat and human
fung fibrobiasts in this thesis (Tables 3.6.5,1 and
3.&.5*1., respéctiue]y); These correlations implied that

lipid peroxidation is partly determined by the raffa ,of
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vitamin E +to peroxidisable FA's present in cells, =a

relationship found by Arakaws et al (19864) in 1ung.

Spent control_madfa ]l ipoperoxide concentrations were
not.only similar between the cultured rat, cat and human
tissues studied (d to 0.5rnmoles MDA/10% cells), but also
equal to, or lower than, celiular levels, éexcept with
human éke]éta] muscie cultures (chapter 3, 4 and 5).
Bavino et al (1981c) similarly detected greater MDA
~amounts in guinea pig aorta smooth muscle cells than in
the corresponding spent control medium, while the
converse was reported by Begin et al (19863). and OGirao
(1988) in normal and transformed cell lines. However,
the fact that Begin et al (1986a) and Gireo (1988) used
ethanol as FA carrier implied that medium FA's were
largely in free suspension and sgusceptible to auto-
oxidation, while the use of albumin in the present study
{section 2.2.2), and addition.to culture medium of anti-
oxidants by Gavino et al {1981ic), probabi} protected
medium FA;s from .significant auto-oxidation. = These
findings newvertheless indicated that discrepancies in
results between workers could well relate to vﬁriations
in experimental design, and should thus be considered in

the interpretation of such data.

To a greater or lesser extent, |ipoperoxide production
increased overall when rat, cat and human cultures were

incubated with p~oil for 48 hours, although quantitative
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differences were vnce again evident between tissues from
different species { hapters 3, &4 and 9). ‘A wider range
of 1ipid peroxideé, however, was ﬁeasured in dosed
erythrocytes, 1yf_ .cytes and their corresponding spent
:.media than for adherent cultures (0 to 102.7 wvs 0 to
ldenmoles MDA/105 gells, respectively). Moderate levels
of TBA reactive material (TBARM) bhave similarly been
reported in normal adhéﬁent guinea pig aorta smooth
ﬁuscle (Gavino et al 1981c), simian kidney (Begin et al
1986a and Horrobin 1990) and human skin (BGirao 1988)
cultures folleowing addition of PUFA’s, A possible
explanation for thé different .!ipid peroxide amounts
induced .with p-oil dosage between the cell types
studied, however, could relate to alterations in the
rate of PGL turnover, the concentration .of FFA’s and

hence size of the peroxidisable pool.

Several workers Féported higher |ipoperoxide jeQe1a in
cells fhan spent medium Fblfuwing dosage of =single
PUFA’s to traﬁsformed and/or normal cell cultures
(eg. Bavino et al 198ic, Morisaki et a) 1984, Begin‘ef
al 1986a and Girac 1988). In our study, the distribution
of ce]lu?ér and medium lipoperoxides in dosed cultures
was more varied {(chapters 3, 4 and 3),; particularily when
growth Tlimitation or inhibition was pfominent with
&0mg/1 p-oil. This correlated with the findings of Begin
et al {1986a) when a human breast tumor cell line was

incubated for 7 days with single PUFA s solubilised in
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¢thanol. A possible explaiation for our findings might

relate to'fhe 5Fmposa]_ih previous discussions (chapters

3, 4 and ) thg% mos% spent medium lipid peroxides

originated iﬁé§ace1?ular1y. and thus: reflected the
amount oF-.jfpoperoxides releaged either “through the
plasma meﬁﬁﬁéne of uiab?ebge1ls or wvia cell lysis.
Despite euidenge that ce11u1a; FA’s can be re1easéd back
into the culture medium su&éequent to uptake (eq, Cyongl
et al 19?6, Rosenthal et a1:1978 and Figard et al 19881,
the presence of albumin as p-oil FA carrier in the
present study’s incubatian médiUm {section 2.2.1) indeed
suppohtéd the probability +that extracellular auto-
oxidation did.unot contrib e significantly to spent
mediuﬁ liboperoxi&el?eue]s iﬁ the'presence oF.cells when
short incubation periods are used, pariicularly since

the solubility of oxygen in water, aﬁd thus culture
medium; is relatively low at 37°C (Merck 1983). Auto-
oxidation, however, can contribute to médium. lipid

peroxide formation when dosed PUFA'S are solubilised in

- ethancl and are thus in free suspension, as: Begin et al

(19868a) have shown.

Lipoperoxide generation wvaried with the p-0il  and
concentration dosed within a particular cell type- or
spebiés, and between similar or different cell types in

different species (chapters 3, 4 and 5). As a éeneral
rule, lipoperoxide production increased with the amount

of p-oil dosed, and was greater with p-oils rich in
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polyenoic than monocencic or saturated FA“s. Others
similsi-iy demenstrated an overal il concentration
dependent increase in Ilipid peroxide production with
increasing amounts of FA dosed to normal cultured cells
(eg: Morisaki et al 1982b and Girao 1988). Although
lipoperoxide production is directly related to the
number of double bonds when single PUFA's solubilised in
non-toxic amounts of éthanol are dosed to culture medium
alone (ag. Begin et al 1986a .and Horrobin 1990}, this is
not necessarily true in all doséd celié. Little lipid
peroxidation was measured in guinea pig aorta smnoth
muscle cultures incubated with 18:1w9, more with 18:2ws
or 2012w9, while FA‘s containing 3 or more double bonds
induced greater amouﬁts (Gavino et al 1981c and Morisaki

et al 1982b), Other workers, however, report no obvious

relationship between TBARM levels and +he number of

double bonds in the PUFA's added to cultured cells (eg.
Horraobin 1990). It has been documented, Ffor example,
that the capability +o induce iipoperoxides was in
the order 18:3wé > 18:3w3 > 18:2ué6 > 18:4w3 > 1B:lw9 in
human skin fibroblasts (Girac 1988), 20:5u3 > 2236&3 >
18:3w6 > 20:4uwé6 in simian kidney celis, and 20:4ué >
18:3uwé > 20:5w3 > 22:46u3 :in human breast tumor cells
(Begin et al 1986a). p-0ils abundant in unsaturated FA's
similarly varied in ability to form TRARM between cell
types in thelpreaent study (chapters 3, 4 and 35), Theae

findings implied that the number and position of double
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dependent on tissue and species. This could well relate
to different effects .which dosed FA's/p~0ils had on
the rate of PGL turnover, FA incorporation, FA release
from PGL's and FFA availebility for oxidation in the
different culbtured mammaiian tiaaues, ‘each of which
exhibited uniaque FA compositions. The potential for
p-oil  FA sayhergism and =antagonism  probably also
influenced lipid peroxide generation.. and such could
éxp]ain- why lipoperoxide production  with p-oil
incubation could not be fully predicted by the results
obtained by other workers (eg, Baviro et al 198ic,
Morisaki et al 1982b aod Girao 1988) uwtilising singla
FA’s., Examiration of findings both in the present study
and literature discussed abooe nevertheéless sugrested an
increased requirement Ffor dietary anti-oxidants when

unsaturated FA 's/FA-rich oils are fed,

Some wookera found that rapidly dividing normal cells,
such as regenerating liver, generally contain lower
lipoperoxide levels compared to tissues with a slow
rate of division, eg..brain or non-regenerating liver
{eg. Wolfson et al 1956 and Cornwell ot al 1984). lower
lipid peroxide levels have similarly been reported
in  tumor than in normal cells in vitro, which was
consistent with higher alpha-tocopherol levels in tumer
cells (Chesseman et al 1984), although such could also
relate +to & lower PUFA content in malignant than in

normal cells. These Findings nevertheless indicated that

1
b
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a high rate .oF cell division generalily correlated
inuerse?y with the rate of 1ipoperoxidatidn. Cheeseman
et al (£986} demonstrated that the time of maximum DNA
synthééia coincided with the maximum alpha—tocopherol
content and minimum 1ipoperoxidation in dividing normal
liver; and suggested that lipoperaxidation is decreased
pﬁior to cell division. This implied that lipoperoxide
production may bé related to the degree of confluency of
cultured cells. Others showed that the mesn lihnperoxide
amounta generated by control human breast tumor “and
normal simian kidney' cultures ower a 7 day period
were similar, whereas 1ipoperoxide broduction by tumor
 cultures doséd'uifh PUFA’s (20mg/) GLA, AA, EPA or DHA)
approximéted to, or was significantly greater thar,
amounts induced by dosed normal cultures (Begin et al
1986a), Similar findings have been Eeported by Das ef al
(1986) with regard to normal and tumor cells, Work in
our laboratory on a normal (human skin), transformed
(3TéD) and two benign (373, 3Té) cell lines showed that
peroxidation of dosed C18 PUFA’s increased with degree
of cell transformation in the order HSF, STS, 3T6 and
3T6D cells (Birac et al 1988, 1989). We suggented that
this may reltate to impairment of desaturation capability
in transformed cells (ég. Dunbar et al 1975, Bailey
1977 and Horrobin 1983), resulting in a. build-up of
peroxidation substances. Alternatively, the normal cells

possessed efficient mechanisma to limit Tipoperoxidation
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while tranafnrmed cells could have lost the reiéuant
mechanisms for controlled 1ipoperaxidation due.ta enzyme
loss or anti-oxidant activity. Overgll, the present
study found no c]eaE correlation between cell
proliferation rates (Table 2.3.1.1.), or cellular
unsaturated FA contents, and lipopero#ide production
with regafd to the cultured tissues studied (chapters 3,

4 and 3)« This could well have related to wvariations
between tissues from different species in ﬁhe_(i) amount
of ceTluiar-vitamin E and activity eﬁzymes of such aé

peroxidase, superoxide dismuta&e and catalase  that
remove  different species of activated oxygen that
;’omote lipid peroxidation; (ii) physiclogy and rates of
PGL turnover; (iii) desaturation capability and thus
peroxidation substrate availability$ and/or (iv) size of
the peroxidisable FFA pool (Resch et al 1975). The
finding that no Ilipid pero#idea were generated by
control rat, cat and human erythirocytes (non-dividing)
(Tables 3.1.,4,1.,, 4.,1.4.1, and 5,1.4.1.), and the direct
correlation between control cell proliferation rates
(Table 2.3.1.1) and lipid peroxide production  in
most cultured human tissues (chapter 5) nevertheless
indicated that the rate of cell division maf partly

influence lipoperoxide generation.

Studies indicate that lipoperoxides are responsible to a
greater or lesser extent for +the inhibition of cell

proliferation by PUFA’s (eg. Cornwell et al 1979, Miller
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at al 1980, ﬁGayino et al i?Bib, Morisaki ‘et al 1982b,

1984, Horrobin et al 1984b and Begin et al 1985a, 1985b,

1986a, 1988). - This thesis similarly supported p—pi1~
induced ]iboperoxidatioL in the reduction of mammalian

cell wisbility (chapters 3, 4 and 5), and thus the
supgestion b& oﬁhér workers that controf1éd lipid
paroxidation may have a physid?cgica? role in the
ﬁgguiatioﬁ of cell division (eg. Cornwell et al 1984 and
'éeQQJ et al 1986&). To date, heéearch hés been qnabie to
unequivically clarify whether or not lipoperoxides are
diréctly deietegious to.celis, or merely an incidental

outcdme of induced damage (eog. Begin et al 1986b). The
pﬁssibility exits, however, that:p?oiliFA-induced growth
limitation and cytobtoxicity cau]d‘uell:be the resﬁlt of
cumulative celliular damage arising from genaratéd.lipid
peroxides, since +these compounds are particuTarif
destructive to cellular proteina; including DNA, enzymes
and membranes (eg. Wills 1961, Desai et al 19838, Andrews
et al 19453, FRoubal et al 1968a, 1986b, Chioc et al 1969,
Mead 1974, Trotta et al 1982, Franke! 1984, de Groot et
o1 1985 and Gutteridge et al 1990). Another pessibility
is the stimulation of superoxide radicals, Unfortunately
we could not determined this as the technology was un-
avéilabie. Thé_ present study neverthelers provided
evidence which indicated that 1ipoperoxides .are not
solely involved in the modulation of cell UiabiTity, and
proposed the involvement of other mechanisms, .éuch as

lkiterationa_ in membrane fluidity {(chapters 3, 4 and 5).
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Indeed, this coutd exélain the gfowth inh;bition'fﬁund
when p~C0O supp]ementation.to humars erythroaytes {gection
5.1, Ffor example, induced no lipoperoxides, “and the
finding by this and ;fher studies (Mqrisaki.et al 1982b)

that lipoperoxidation does not always correlate with the

degree of Qrouth-inhibition induced with dosage of FA's.

In the field of eicosanoid research; it has generally
been acgepted that "all nucleated cells can make PG's"
(Moncada et al 1984) and that "cyclooxygenase is lérge]y
wbiaw ws for nucleated cells' (Janniger ot al 1987).
while&e{cosanoida were.Fbrmed by all cultured tissues ve
atudied (chapters 3, 4 and 5), eicosanoid preduction has
been shown to be abment from human lymphocytes (Dy et al
1980, Bankhurst et al i981 and Goldyne 198?), thus the
above concept may be totally incorrect. . indeed, this
thesis showed that cultured ce115 deriuea from different
mammﬁiian tissues and speciéa produce different molar
amounts of +otal eicosanocids (chapters 3, 4 and 5),
which might well reflect the diFFerent physiology of
tissues in vivo, The picogram eiceosanoid concentrations
detected, summarised in Table 6,1.3.1., supported the
basal levels reported by Moore (1985) for <tissues in
vivo, Total molar eicosanoid concentratioha, however,
were always higher in the control rat and human than cat
cells studied, and generally correlated with the demat-
urase capabilities of these species, which decreased in

the order rat > human > cat (section 6.1.2),
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Molar eicosanoid production was gréﬁéést. in éontro]
human, and particularly rat, luhg compared to—skin and.
adipose cells, confirming the Tung és a major site of
eicosanoid synthesis ({(eg. Mathe et al 1977, Hyman et al
1978 and Harper et_a? 1984). The finding thatrlcontrol_
cat lung Fibroblasts pEoduced the lowest_: tetal
eicosanoid amounts detected may not necessarily .reF]ect
poor -eicdsah@id production, but possibly an increased
capability to remove and inactivate eicosanoidﬁg a
Ffunction which the lung is very capable of perfgrming
(eg. Piper et al 1970 and Smith 1987). Eigosanoid
production (Table 6.1.3.1.) and desaturation caﬁ@biiity
(section 6.1.2), however, uere found not to cqﬁFe!ate
quantitatively between mammalian cell types. B@tﬁ' rat
and human control skin fibrobjasts, For éexampie,
exhibited relatively less capability to preoduce
eicosancids than lung, déspite_greater capability for
desaturation in skin. Simi?ar?y;' the potential to form
eicosanoids was only marginally greater in rat than cat
adipose c¢ells, deapite the greater capability of rat
adipose cells to desaturate FA's., These Ffindings may
relate to variations bstween tismues from different
species in the rate of eicosanoid synthesis and
" degredation, distribution of eicecsanoid PDFA precursors
between +the TAG and ‘PGL poota, . and size of ﬁhe

eicosanoid PUFA precursor pool.

The greater molar |ipoperoxide than eicosanoid levels
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demonstrated in cu]turéd rat, .cat and hum;n ﬁiesues
(Table 6.1.3.1.) correlated with and exténded the
findings of _Mﬁriséki et al (1982b) in'guiﬁea pig aorta
smooth  muscle. Once again, we found that malaf
éicosaﬁoid_to lipoperoxide ratic’s varied with cell type
and species, ranging from 11.0% to 82.9%; A considerably
greater prdportion_ of totél lipoperoxides Ffound in
controtl funﬁ and skin Fibrnsiasts were compoéed of
eicosanoids in tHe rat'th#n human, while .ratios ueré
almost identical in cat and human skin and louést in cat
Tung Fibroblasta. Thus, the enzymic pathways for
eicosanoid produétiOn were greatest overail in rat, less
in human; and least in cat, lung and skin Fibrob]asfs.
This pattern correlated with the greater capability of
the rat to desaturate FA’s, and therefore Broduce more
eicosanoid precursors, than the human, and especially
the cat ({(section 6.1.2). Furthermore, the greater
correlation between +total eicosancid to lipid peroxide
ratios in contral cat and human than rat lung and skin
Fibroblasts (Table 6.1.3.1.) reflected the cldse degree
of genetic homology demonstrated between the c¢at and
human (0’Brien 1986). On the other hand, the finding

that about haif the total lipoperoxide amounts . detected
both in control rat and cat adipose cells were composed
of eicosanoids impliéd that the pathways for eicosancid
generation were .approximately equéiiy favoured in both

species, This may reflect the relative importance of
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eicosanoida in adipose cells in vivo. Eicosanoids might
well be associated with mobilisation .oF lipids int;%““
and/or out of this tissue by contrcI?ing the
permeability of blood cepillaries associated with
adipose cells, thus allowing lipids to enter .adipose
tissue for storage or the éirculation to supply other

tigsues with a metabolic energy source.

This thesis demonsfrated considerable tissue and species
specificity in the expression of enzymes involved in
eicosanoid synthesis as contr61 cells varied numerically
in the amounts of PGlz, TxBa, PGFas POE2 and PGE1 they
produced (chapters 3, 4 and S), Lnuf}concentratlbﬁs -of
tHeae prostanoids were detected inn contr91.c511s, but
_PGFa uas'tha preaominant prostanoid jin adipose tissue,

compared to TXBz in gkin, while a more vaniﬁb]e pattern

was found in lung beiween the three species. This never—
theless indicated that +the cyclooxygenase pathaaf'ﬁaﬁ
functional in the cultured mammalian tissues }atudied.
These Ffindings supported and e%tended the work of
Pace-Asciak et al (1977) who demonstrated differences
between rat lung, Tiver, spleen, stomach, kidney and

heart homogenates to form PGEz, pgFa,, PGD2, TXBz and

6-keto PGF1y, These rat tissues contained low PGEz2,

PGF24 and PGD2 levels, although PGE%Z was detected in

greater amounts than PGFay o PEDz  in al] tissues.,

6-keto PGFiy 'was formed specifically by stomezh, ,

although lung 1lso generated :ignificant amounts. Tﬂbg;
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waw most]y'directed to spleen, with lTesser aﬁcunta in
tung (Pace~Ascisk et al 1977}, while the converse was
found in guinea pig tung and spieen (Hamberg 1976). This
supported the abitity of different mammalian species and
tissues shquh: in the. present study +to selectively
s?nthasféélﬁiFFEPEnt eicosanoids and amounts thereof,
érqbab]y to mediate.apécific Functioné. -There is indeed
eéidence that the  eFFects eicosanoids indUcé can vary
boéh with tissue and species (Moora.1985 and Tayloh-rt
al 1986), For exampie, POEz ipduces contraction of
intestinal longitudinal muscle, but re;axation of lung
smocth muscle (Taylor et al 1986}, Similarly, PGFi, gng
PGF?& decrease blood pressure and increase heart rates
of rébbita and cats, while the converse occurs in the

rat and dog (Moore 1985).

The eicosanﬁid levels and variations therein between the
cell types we wtudied may be an inherent property of the
cells themselves, but could aisc be a result of she
culture conditions employed. Indsed, there are reports
that serum concentration and cell age influence
eicomanoid synthesis in culture {Dunn et a! 1978, Hong
et al 1976, 1979 and.Hammarstrom 19772, There is also
evidence that sicosancid production is inuersely related
to cef] density, being maxinal during the first day in
culture, .and decrwasing considerably after confluence
(Hammarstrom'197?, Hong et al 1979 and Negrel et al

1981b). The present study, houeugr; showed that cell
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proliferation rates (Table 2.3.1.,1.) and ai&osanoi#
.productiqn (Table 6.1.3;1.) vere not always direcéiy -
related, thus the diveraity of results could well
reFfect genetic variations between tiéaues . f;om

different species.

p—0il suppiementation medulated eicosanoid generation by
enhancing, suppressing or inhibiting the production of
invidivual prostanoids, dependant on cell type (chapters

3, 4 and 5). The mcdq]ation of prostanaid'biosynfhésis

by single FA‘s has alsc been demonstrated by other .

workers, 201306 enhanced the release of PGE:, and 20:4uwé

the formation of PGE2 gng TXA2, in cultured guinea pig

sorta smooth muscle, human lung and skin (Huttner et al
1977 and Bryant et al 19782, Others found that cultured

guinea pig aorta smooth muscle PGEl; PGEz and 6~keto-

PGF14 production was increased with 15-120uM 18:3ws,
20:3wé6 and 20:4wé, inhibited with 22:4wé and 22:4u3,

while 181209, 18:12ns, 18:3w3, 20:2w9, 20:3w3 and 20:5u3
had no effect (Morimaki et al 1982b). On the other hand,
w6 and w3 series PUFA"s inhibited PGE2 and PGE2q
synthesis in the order DHA+EPA > DHA S EPA > ALA > Lh >
DGLA > 6LA in normal humsn gingival fibroblasts, and
DGLA > EPA > DHA+EPA > DHA > ALA > LA in an oral human
squamous carcinoma cell line, a]thouéh normal cells ueré '
iess susceptible to the inhibitory effects (El1-Attar et
al 1990)., Others found that rats fed diets cﬂntainiﬁg

either safflower or coconut oils had similar prostanocid
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generatﬁhg caégbility {Codde et al 1985), and suggested
that tﬁere' was tightsmetébolic control of prostanoids
and thggf precursors. This could well explain why the
modu@étiom. of PGI; -TXBz, PGFg, PGEa, PGE1 and PGD2.
prbd&ctinn- by exngenoua FA’s in this thesis was
unrdﬁated' to the degree of p-ocil unSatuPatioq, the
abi!iﬁy ot p*bila..to. supply direct.eicosandid_-PUFﬁ
precursors (Table 2:3.3.24), o= ot mnp-,;1ify.of. the
cells to form such via .deaatur&tlcn and elpngation
{gection 6,2.1), Thw - ability to influence eicosanoid
precursor auaiiabi?ity and enzyme expression in the
prostancid bioéynfhetic pathway with different p-oil.
concentrations was suggested, however (chapters 3, 4 and
5). UWhy eicosanoid production was enhanced in certain
cultured tissues, for exawpie cat lung, despite poor
desaturation capability, and thus a lack of eicosancid
precursors, was unclear, although basal PUFA précursor
levels may have been sufficient to maiptain eicosanoid
production. This could indeed explain the ernbhancemant of
eicosanoid production in certain instances te a siﬁi]ar
extent with p-C0 comparad to p-oils containing PUFA’s
and eicosancicd precursors, although such may also relate
to EFA-deFiciency, which has been zhown to increase PG-

synthetase activity (Kaa 1976).

Literature reports indicate that exogenous PG’s can haue
pronounced effeci on the multiplication of & variety of

cultured cell types (eg. Bem et al 1974, Thomas et al
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1974, Eaglestein et 31.19?5’ Armato et al 1977, Bentley-
‘Phillips et al 1977 and Cornuell et al 1979), uwhile
':rsporta are more conflicting for endogenously generated
‘eicosanoids, The stimulation of ONA synthesis and

mitotic ac¢tivity in rat hepatocyte cultures Following

?0:4&6 incubation was related to PBA:i, PGE:1 and PGEz2
producticﬁ.(ﬂndreis et al 1981a), implying that PG’s may
ba involved in the control of cell growth, probably by

inducing mitogenic compoundé, such as cAMP or cGMP (eg..
Armato et al 1977)., This supported the proposal that
e¢icosanoid secretion may represent an autocrine mode of
ircwth regu]ation for some Fibroblasts (Taylor et al
1977 and Smith et al 1984). A larger school of octher
workers, in contrast, report that the inhibitioen of
norma].ahd cancer cell.proiiferation by incubation with -
single exogenous FA s doea. not relate to significant
endogencus  cyclooxygenase or lipoxygename product
involvement (eg. Cornwel] et ai 1979, . Morisaki et atl
1982b, 1984, Horrobin et al 1984b, Begin et al 1983a,
1985k, 1986c, 1988, Botha et al 1985, 1989, Metzger et
al 1986 and Strange et al 19868), Even the enhancement of
cell growth and DNA synthesis of an osteogenic cell line
in the presence of 10% FBS and F&“s (10-%M 20:4uwé or
18¢3w3) “as been suggested recently tc¢ be independent of
prostancid invoivement (Fujimori et al 1989), Othars
have gone as far as suggesting that endogenous PG
biosynthesis is & consequence of, rather than a pre-

requisite for, or important mode of control of, cell
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proliferation in culture (Thomas et-al 1974, Cornwell et
al 1979, 'Negrei et al 1981a, 1981b and Durant et al
1989). The present stu@y'proviéﬁd comprehensive .n vitro
evidence to = support the fact that endogencus |y
synthesised prostancids were neither directly involved
in the stimulation, limitation nor inhibition of
mamma‘ian cell viability induced ;fth”p“bi] dosaéé.under
identiéa? culture conditions (chapters 3, 4 an& 3.
Indeed, ‘this mechanism could not explain the modulation
of cell viability with incubation of saturated or
monounsaturated Fﬁ;rich p-oils. The F;cﬁ@ﬁhat p-oil FA
composition mimicked that of dietary ovils nevertheless
imglied with greater certainty than the studies
discussed above using single FA"s that this phenomenon

could well occur in vivo'
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6.2 SUMMARY AND CONCLUSTONS.

This thesis demonstrated that p-ocils modulate normal
mammalian cell viabiiity, and that the effects mediated
vary conpiderably. both between +tissues and species.
Furthermore, the modulation of cell viability, and
p—oil-induced cytotoxicity iﬁ particufar, was proposed
to involve both +the production of lipoperoxides and
the pertirbation of membrane structure, functicn and

tuidity by alteration of the FA profile §F mémbrana
PGL’s, but eiccaanoid.inualuement was exc?uded.t Direct
FFA toxicity could not be compietel& ruled out as a
mechanism involved ip growth reduction, although it was
likely +that other mechanisms played a greafer role,
Studies-have indeed shown that the changes in 1ipid
§ompo3ition induced in ceils when exogenous FA‘s are
“ingorporated can modify membrane structure, stability
and permeability, madiste changes in membrane-asacciated
"receptors and enzyme activity, decrease cell adhesion
and influence cell morpholegy and growth/viability
' (eg. Ginsburg et al 1973, Engelhard et al 1976, Hoover
et al 1977, Doi et al 1978, Spector et al 1979, 1985 and
Kidwell et al 1984), A correlation between TAG build up
and cell damage has also been reported (eg. Rosenthal et
al 1978). Thus, the accumulation of cytoplasmic lipid
droplets in some instancea in this thesis may indicate
an  ipability of certain mamms)ian cells to metabolise

particular p~oils or concentrations thereof, which may
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aubsequeht}y have Jled to impaired cell function and
death. Although we ‘showed no distinct correlation
between cell wiability or F& incorporation, the
desaturation_capabi]ity of a cell type could well .have

affected its abiTity to résﬁcnd to p-oil Fﬁ's? Indeed,
desaturase cascade enzymes,. and particularly 46D due to

its rate limiting nature and position in the cascade,
may be indirectly involved in the control of cell
proliferation by influencing the sépply of PUFA’s to

maintain membrane F]uidity:_and tc serve as substrates

for lipoperoxidétinnn Although the cell wvimbility

changes the p—oils induced could be attributable to any
i

one of the mechanisms discussed, a combination of the

above would seem most likely, implying a multifcatorial

mechaniam.

Any invaétigétian demonstrating an effect of FA's in a
biological system must conmider whether FA“s functioned
as anionic detergents, Significanf detergent action was
unlikely in +this study, houwever, for a number of
reasons. Firstly, the p—oil.concentrations used werel
relatively low. Secondly, in addition to the albumin
utilised as FA carrier, serum albumin itself has a
number of wtrong FA binding sites (Ashbrqok et al 1975
and Sbector et al 1973), and there is evidence thét 10%
FCS5 contains sufficient albumin to completely block any
detergent effect (Boone et al 19?2),_particularly at.law

p-oil concentrations dosed. Thirdly, despite the fact
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that 18:1uw9 lowers surface tension to & greater: extent
than 18:0 (Patil et al 1977 and Huttner et al 1978),
cell preliferation was stimu?#ted more Frequentiy aﬁd to
a greater exteﬁt with doeaée §F certain coﬁcentfatioﬁs
of p-00, rich in 18:1u9, than with p-CO, rich in
saturated FA s, Fourth?y,. the pattern of lipoperoxidea
detected _uould ﬁot have been obgerved if detergency

plaved a significant role,

Cell cultures have provided a good syatem for studying
lipid metabolism by offering more stéb?e and controlled
condifiona with less bialogical variation than in_gigg'
gtudies., Cultured cells derive most of their lipid from
the incubation medium in general, and the serum in
particular (eg. Geyer et al 1962, Mackenzie et al 1970,
Bailey et al 1972 and Spector et al 1981a), thus the
tipid content and FA composition of the incubation
medium is an important, yet often overiocked, consider-
ation in experimental studies. All tissue culture
catalogues available (;g. Flow 1983 and Gibco 1984)
extensively describé the protein, minargi; vitamin;
glucose, etc., contents of various types df"growfh media
and sera, but Fail to consider-the.!ipid, FA or even
EFA contents, despite their well eatablished importance

in vivo (Burr et al 1930),

Examingtion qf the literature clearly shows that the FA .

composition and PUFA distributjon batween different
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kinds of cﬁmmercialiy.availabie sera used to suppiement
culture media differ widely (eg. Spector et alli981a and
Delplanque et al 198?)._0Qr laboratory demonstrated that
the FA composition of  complete incubation medium,
cnntaining.iﬂk_FCS and 90% DMEM, was primarily composed
of saturated FA’s, with little PUFA’s, and no
significant EFA’s, detectable fTablé'2.3.3.3. and Girao
1988). Similar results wera.repbrted by Lagarde et al
(1984) for medium containing 20% FBS, while medium
aupp]emenfed with HS contained é'greater molar amount of
total FA’s and a greater proportion of PUFA’s. In the
present study, hﬁwéuer; énly traces of EFA‘s and PDFA s
were found in DMEM containing either 10% rat, cat or
human sera (Table .2.3.353.).- Taken together, such
findings suggest that an EFA- and/or PDFA-deficiency

state may exist in culture systems.

Both.the_quantity and quality of the incubation medium
FA’s can induce major differences in experimental
resulta. For example, EFA deficiency has been implicated
in enhancing endothelial cel} 46D activity/expression
(Spector et al 198lb and Roeénthal_et al 1983b2. Thus,
EFA/PDFA deficiency in the incubation medium may explain
the small amount of desaturation)elongatidh of cellular
{endogenous) PUFA‘s found when particular cell types
were dosed with p-oils containing primarily satufated
FA’s. Furthetrmore, incorporation of saturated FA's would

decrease the unsaturation index in the cell membranes,
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thus deaaturation/elongatian of cellutar PUFA s could
a?so.raflect an attempt bf'tﬁe cells to counteract this
effect to maintain membrane fluidity. Holloway ét.a1
(1977} indesd reported that EFA deficiency'may enhance

desaturase enzyme activity to serve this purpose,

The finding that p-oils containing unsaturated FA's
stimulated the growth of many_cel! types with low‘to
intermediate concentrations in the range dosed éugéeéted
that these moieties could well have orowth bromotihg
bropertias, and that this effect relates to a deficiehé?n
‘of EFA’s and/oF POFA’s in the growth medium.  Such may
also explain the enhanced cell growth reported in many
. other studies. dosing tow concentrations (0.1*120uM5 of
single PUFA’s to a range of normal (eg. Ham 1963, Dubin
et al 1965, Gerschenson et al 1947, Huttmer et al 1978,
Wicha et al 1979, Cornwell et al 1979 and Spector et al
1979) and even in some transformed (eg., Hillyard et al
1972, Wicha ef al 1979 and McGee 1981) cé11 lines. While
it has not conclusively been praven_that.18:2w6 or other
PUFA‘s are required for cell multiplication in cultire
(Bailey et al 1973a, Spector et al 198la and Bettger
et al 1982), +there is evidence that PUFA deficiency
1 eads tb alterations in morphological and biochemical
propertiea (Monsen et al 1962, Walker 1966, 1967, Rac et
al 1979 and Bourre et al 1983), These factors should
theréfore be considered in a situation bf an EFA/PDFA

deficiency in a cell, particularly if the tissue was
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derived from a species already exhibiting limited

desaturation capability.

.As current cohditipns of tiésue culture in “general use
may be sub—optimal, and +the fact that the lipid and FA
composition of different sera vary considerably, this
thesis strongly advocates ‘total lipid and FA_anaiys;s
of all culture media prior to use, and appropriate
supplementstion thereof with polyenocic, or at  least
essential, FA's if required. Furthermore, as'with:ail in
vitre -experimental systems, tissue culture conditions

ghould, as far as possible, parallel conditions in vive.

Tbe variations found between the cultured rat, cat
;ﬁd human cell +types with regard to the parameters
'irﬁestigated__in thiﬁ thesis indicated a unique pattern
of 1ipid metwbolism both between mammalian tissues and
species, which probably related Targely to variations in
the genetic composition and physiology of those tissues
in  wivo, Thus, ogeneralisation and extrapolation of
experimental results between mammalian tissues  and
species iz potentially highi? misleading and invalid,
_andi;shﬁhla be avoided if reliable interpretation of
| results is desired. This emphasised the importance of
selecting the eame tissue and species for control and
exper{menta] studies. Fuﬁthermora, with regards ¥a
inteﬁpretation of cell viability results, all effects

must be related to the cytostatic number.
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Many.uorkers-have used dosing of cultured tranéformed
cells with single exogéngua FA‘s as a means for limiti =
. cell grauth (eg. Begin ot al 1985a, 1985b, 1986b, 1986c,
Booyens et al 1984a, 1984b, 1984c, Davidson et al 1987b,
1987c, Girao et al 1986, 1987 and Giangregorio et al
1988k), while comparatiug]y less work has been perfbrmed
in this area on normal cellis, and no work has been
conducted using FA mixfures mimicking dietary cils
(p-oils), It is'néueﬁthaless essential to understand the
effects FA mixtures have on genetically entire normal
ceTfS'beFohe ong is able to understand the situation in
the ‘real world® and assess the aignificanée of FA

mixtures in the moduiation of cancer cell arowth.

The finding of this thesis clearly showed that the
results obtsined with p~o0il dosage could not be fully
predicted by those utilising single FA's. Clearly, the
~use of p-oils coﬁplicatea interpretation of datas to a
greater extent than studies using single FA's, This is
due to the greater complexity of the compound dosed,
and the possibility For saynergistic and antagonistic
interactions between FA‘s. While individual FA's ére
useful to elucidate particular effects, the use of
p-oils uou?d nevertheless be a better reflection of the
response exgected in the "real world® where FA mixtures

sre ingested as dietary oils.

 Since p-oil FA composition reflected that of dietary
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oila, aﬁa fhe p-oil concentrations dosed were simii:r to -
the plasma FFA levels normally detected in __ viue
(Fredrickson et al 1938), the data presented in this
.thesiaJserves as an in vitro madai.and guide to how
gengtical]y entire normal mammalian cells jn wivo may
;;spond when similar oils form part of the dietary

intake,
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