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CHAPTER 5; THE HUMAN: RESULTS AND DISCUSSION.
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5.1 THE EFFECTS OF PSEUDO-OILS ON HUMAN

ERYTHROCYTES.

5.1.1 Effects of pseudo-Qils on Cell Viability.

Microscopic examination showed the human erythrocyte 

cultures to be free of any white blood cell or platelet 

contamination. Most cultured erythrocytes retained their 

biconcave disc shape, although a small proportion lost 

this characteristic after 2 days culture. In addition, 

10% to 20% of erythrocytes lost their distinct 'red' 

colour after 48 hours in culture and became difficult to 

visualise. Hence, only erythrocytes which retained their 

pigmentation were regarded as viable, normal and

representative of the situation in vivo.

The results obtained from the investigation of the 

effects of 0 to 250mg albumin/1 growth medium showed 

no significant effect on erythrocyte viability (Fig.

5.1.1.1.). The effects induced with the dosed p-oils 

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

the albumin used as FA carrier.

Erythrocytes do not divide nor require trypsinisation, 

thus no 24 hour post-trypsinisation recovery period was 

needed. Erythrocytes were dosed immediately subsequent 

to plating, hence the seeding concentration was the

cytostatic number.



Legend to Figs. 5.1.1.1-5.1.1.8.

The results are expressed as mean percent (%) cell 

viabi1ity±standard error of the mean (s.e.m.), where *n" 

is the number of experiments. The concentrations given 

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

medium. Fig. 5.1.1.1. shows the mean percent cell 

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

Figs. 5.1.1.2-5.1.1.8. depict the mean percent cell 

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



Fi g .  5 . 1  ♦ 1 . 1

The percentage viability of human erythrocytes incubated 

ui i th a 1 bum i n .

Albumin concentration (mg/l)

AT bumin 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 2.7 12

25 97.5 4.1 12

50 103.5 CO -si 12

75 104.4 5.2 12

100 101.6 3.1 12

125 103.3 5.4 12

150 102.2 5.0 12

175 100.7 4.6 12

200 100.4 3.9 12

225 96.1 2.9 12

250 99.8 4.4 12



Fig. 5.1.1.2.

The percentage viability of human erythrocytes incubated 

uiith p-CO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 2.9 6

10 99.9 3.2 6

20 98.2 4.0 6

30 88.8 3.8 6

40 89.6 3.0 6

50 78.4 2.5 6

60 74.1 2.1 6

70 37.5 1.7 6

80 44.7 1.7 6

90 42.7 1.0 6

100 38.4 1.5 6



Fig. 5.1.1.3.

The percentage viability of human erythrocytes incubated

with p-MO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 4.1 6

10 93.8 5.1 6

20 88.6 4.7 6

30 80.7 2.8 6

40 82.5 2.7 6

50 70.2 4.0 6

60 57.8 3.3 6

70 25.1 5.5 6

80 25.9 5.3 6

90 23.9 5.2 6

100 25.5 5.3 6



Fig, 5.1.1,4

The percentage viability of human erythrocytes incubated

uith p -QO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 5.6 6

10 90.8 4.5 6

20 87.6 3.4 6

30 85.0 1.5 6

40 78.9 5.1 6

50 55.2 4.8 6

60 37.4 3.7 6

70 24.2 1.9 6

80 20.8 3.4 6

90 14.6 1.6 6

100 9.6 1.7 6



F i g . 5«1 * 1»5

The percentage viability of human erythrocytes incubated

with p-SSO.

pseudo-Oi1 
Concentration 

(mg/1 )

Mean ±s.e .m . n

0 100.0 2.5 6

10 99.6 3.1 6

20 95.8 2.9 6

30 91.1 3.2 6

40 90.0 4.2 6

50 35.6 3.3 6

60 9.2 0.7 6

70 2.9 0.3 6

80 0.9 0.1 6

90 0.7 0.1 6

100 0.3 0.1 6



Fig. 5.1»1.6

The percentage viability of human erythrocytes incubated

uith p-LO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.2 6

10 99.1 3.8 6

20 93.7 3.2 6

30 00 • 1.4 6

40 79.7 2.9 6

50 48.5 3.7 6

60 17.6 1.9 6

70 7.4 0.6 6

80 4.0

ino

6

90 1. 0 0.3 6

100 0 . 1 0 . 1 6



Fio. 5.1.1.7

The percentage viability of human erythrocytes incubated

uith p -EPQ.

pseudo-Oi1 
Concentration 

(mg/])

Mean ±s.e .m . n

0 100.0 1.9 6

10 95.2 2.3 6

20 86.0 3.4 6

30 86.3 3.6 6

40 86.6 4.5 6

50 38.1 3.1 6

60 4.8 0.7 6

70 2.1 0.4 6

80 0.8 0.1 6

90 0.7 0.1 6

100 0.2 0.1 6



Fig. 5.1.1« 8.

The percentage viability of human erythrocytes incubated

with p -FO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 5.4 6

10

*30000 5.3 6

20 90.8 1.0 6

30 106.9 5.4 6

40 103.2 5.1 6

50 79.0 4.5 6

60 21.9 1.7 6

70 19.0 1.9 6

80 19.9 3.2 6

90 6.0 1.7 6

100 0.5 0.3 6
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The results obtained "From the incubation of erythrocytes 

with p-oils are shown in (F 1 9s . 5•1.1.2—5 *ltl*S*)« All 

p-oils induced hemolysis, although the effects were more 

pronounced overall with unsaturated than saturated 

FA-rich p-oils, especially at high concentrations in the

range dosed. ID5 0 values ranged from 45 to 55mg/l with 

p-00, p-SSO, p-LO, p-EPO or p-FO dosage, while those for 

p-CO and p-MO were higher (67 and 63mg/l, respectively).

Dosage with up to 20mg/l p-CO had little effect on human 

erythrocyte viability, but higher concentrations induced 

hemolysis such that viability was 74.1% with 60mg/l p-CO 

and 37.5% with 70mg/l p-CO (Fig. 5.1.1.2.). Similarly, 

p-MO dosage progressively reduced erythrocyte viability 

to 25.1% with a concentration of 70mg/l (Fig. 5.1.1.3.). 

However, both p-CO and p-MO induced no further hemolysis 

with concentrations greater than 70mg/l as erythrocyte 

viability ranged from 38.4% to 44.7% with p-CO, and 

23.9% to 25.9% with p-MO, dosage. These p-oils induced 

similar effects, although p-CO was less cytotoxic than 

p-MO with all concentrations tested. On the other hand, 

p—00 dosage progressively reduced the number of viable 

erythrocytes to 78.9% with 40mg/l, 24.2% with 70mg/l and 

9.6% with 100mg/l (Fig. 5.1.1.4.).

p-SSO, p-LO and p-EPO had little effect on erythrocyte 

viability with a concentration of 10mg/l, whereas slight 

hemolysis was induced with amounts of 20 to 40mg/l since
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80* "to 90* of erythrocytes were viabile. However, this 

was dramatically reduced with higher concentrations to 

yield 17.6*, 9.2* and 4.8* viable erythrocytes with 

60mg/l p-LO, p-SSO or p-EPO dosage, respectively, and 

Trypan blue uptake was practically 100* with addition of 

100mg/l p-oil. The ID5 0 values of p-SSO, p-LO and p-EPO 

(approximately 48mg/l, 50mg/l and 48mg/l, respectively) 

correlated with the similar effects these p-oils induced 

(Figs. 5.1.1.5-5.1.1.7.).

Dosage with up to 40mg/l p-FO had no marked effect on 

erythrocyte viability, but 50 and 60mg/l p-FO induced 

extensive hemolysis and reduced cell viability from 

79.0* to 21.9*, respectively (Fig. 5.1.1.8.). Hemolysis 

was increased with higher p-F0 amounts dosed so that 

practically all erythrocytes were hemolysed with 100mg/l 

P-FO.

Subsequent to these studies, human erythrocytes were 

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

p-oil/1 culture medium in sufficient quantities for all 

the quantitative and qualitative analyses to be carried 

out. Cell viabilities were compared upon harvesting and 

found not to be statistically different from those in 

Figs. 5.1.1.1-5.1.1.8. All further biochemical assays 

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

The total protein concentrations of human erythrocytes 

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

5.1.2.1. as jug total protein/106 cells seeded.

26.4 jug total protein/106 control erythrocytes seeded was 

measured, whereas amounts in dosed erythrocytes were 

similar to, or lower than, control levels and ranged 

from 2.9 to 28.4/jg/106 cells seeded (induced with 60mg/l 

p-EPO and 40mg/l p-FO dosage, respectively). Erythrocyte 

protein concentrations were parallel to, or slightly 

below, control levels with 20mg/l p-oil supplementation, 

but decreased overall with increasing amounts of p-oil 

dosed. The smallest change in erythrocyte protein was 

induced with 20, 40 or 60mg/l p-C0 dosage (27.2, 24.8 

and 20.9jug/106 cells seeded), while the reduction in 

erythrocyte protein was more extensive with dosage of 

unsaturated FA-rich p-oils at a concentration of 60mg/l 

(2.9 to 8.9ng/106 cells seeded).



Table  5 ♦ 1 ♦ 2 .1

The protein content of human erythrocytes. expressed 

jug total protein/105 cells seeded.

pseudo- 
Oi 1

(mg/1)

CELLS

0

»1
20 ! 1 1

40 60

Contro1 26.4

11
l
1
1

CO
1

27.2 :
1

24.8 20.9

MO
i

23.6 : 
1

23.4 16.6

00
1

20.6 : 
1

19.0 8.9

SSO
1

27.3 : 1 24.9 3.6

L0
1

23.9 :
1

21.7 5.6

EPO
1

21.8 !
1

21.4 2.9

F0
1

21.5 :
1
1

28.4 6.2

as
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5.1.3 Effects of pseudo-Oils on the Fatty Acid

Spectrum of Human Erythrocytes.

Table 5.1.3.1. shows the FA spectra of human 

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

Erythrocyte FA's contributing at least 5% to the profile 

in control cells included 16:0 (8.9%), 18:0 (5.2%),

18:lw9 (6.0%), 22:4w6 (55.0%), 18:4u3 (5.6%) and 20:4w3 

(10.5%). These FA's were detected in varying amounts in 

dosed erythrocytes.

16:0 and 18:lw9 levels were significantly greater in all 

dosed erythrocytes than in controls, and this generally 

applied for 18:0, while the converse was generally true 

for 16:lw9. 18:2w6 proportions were generally increased 

in dosed erythrocytes, but w6 PDFA levels were parallel 

to, or lower than controls. 22:4u6 percentages were 

particularly decreased with increments in the amount of 

p-oil dosed. w3 PUFA levels in dosed erythrocytes 

generally approximated to controls or were significantly 

decreased.

Erythrocytes dosed with 20, 40 or 60mg/l p-C0 showed a 

marked increased in 16:0 (42.0%, 45.2% and 55.6%,

respectively vs 8.9% in controls). 18:0 levels increased 

about 2 fold (9.3% to 10.0% vs 5.2% in controls), and 

18:lu9 increased 2 to 3 fold (15.8% to 17.3% vs 6.0% in 

controls), but 16:lu9 and all PUFA levels were parallel 

to controls, or significantly decreased.



Legend to Table 5.1.3.1.

All values are tabulated as relative percent total area. 

Control values are reported as mean±s.e.m., where *n‘ is 

the number of experiments. "Cp-OilU" refers to the 

pseudo-oil concentration used.



Tab1e 5 «1♦3«1.

The fatty acid spectrum of human erythrocytes♦

!FATTY ACID 
! SPECTRUM
! <*)11

CONTROLS 

(n =3 )

Cp-C03 
(m g / 1 )

20 ! 40 ! 60

Cp -MOT 
(mg / 1 )

20 ! 40 ! 60

Cp - 003  
(mg/ 1 )

20 ! 40 ! 60

Cp-ssoo
(m g / 1)

20 ! 40 ! 60

Cp -LOD 
(mg/ 1)

20 ! 40 ! 60

Cp - e p o :
(mg/ 1 )

20 ! 40 ! 60

Cp - f o : :
(mg / 1) !

20 ! 40 ! 60 !1

: s 
: a

1 6 : 0 8 .9 ±0 .00 4 2 .0 !4 5 . 2 5 5 . 6
I1

3 2 .5 !13 2 . 6 3 2 . 9 15 . 8 1 6 . 4 14 . 3 1 2 . 9
11

1 5 .4 !2 7 . 8 25 . 0 23 . 8 27 . 6 17. 3
11

2 3 .8 !3 6 . 4 40 . 0 3 1 . 4
11

3 1 .9 !

: t 
: u

1 8 : 0 5 .2 ±0 . 1 5 9 .3 !10 . 0 9 . 4 1 6 .5 !119 . 1 16 . 1 6 . 9 3 . 5 3 . 8 7 . 1
1

1 8 .1 !10 . 4 10 . 3 7 . 8 6 . 2 12.0 1 6 .2 !1 6 . 3 8 . 9 4 . 0
1

3 .2 !

: r 
: a

2 0 : 0 0 .5 ±0 .00 - | 0 . 2 - 11
- - - 0 . 2 - - 0 .3 ! - - - - - 0 .4 ! - 2 . 1 -

1
__ 1

; t
! E

2 2 : 0 0 .1±0 . 0 0 o .i : - 0 . 1 11 0 . 2 - - 0 . 1 - 0 . 2
1

- ! 0 . 1 - - - -
1

0 .2 ! — - -
I

_ 1

: s .
ii
ii

2 4 : 0 — — | 0 . 2 0 . 2 0 . 1  !1111

— 0 . 1 0 . 6 — — —
1
1111

- 0 . 2 0 . 7 -
1
111

1 . 5 - -
111
ri
i

»

! u 9 
! M

16: 1 1 .0±0 . 0 0 -  | 0 . 2 0 . 1
11

0 . 1  ! 1
- - 1 . 1 0 . 6 0 . 8 2 . 3

11
0 .5 ! 0 . 5 0 . 8 0 . 3 0 . 1 2 . 5

1
1 .3 ! 0 . 4 10 . 8 2 7 . 3

ii
2 8 .6 !

: o
! N

18: 1 6 .0 ±0 .05 1 6 .9 !15 . 8 1 7 . 3 2 1 .4 !
12 5 . 1 3 0 . 6 2 8 . 7 3 8 . 4 3 8 . 2 1 4 . 5

1
1 3 .7 !2 9 . 4 19 . 2 26 . 0 25 . 0 13 . 4

1
1 1 .6 !1 8 . 8 15.1 2 1 . 2

1
2 2 . 0  !

! 0 2 4 : 1 — _  • __ _ ll _ _ _
1 1 1

: s .1J
111l

111
t

111
111111I1 1 8 : 2 1 .5±0 . 0 0 2 .0 ! 1 . 6 1 . 2

11
6 .1 !1 6 . 2 9 . 6 2 . 6 1 . 5 1 . 4 3 . 1

11
1 .8 ! 6 . 6 3 . 4 9 . 6 11 . 6 1 . 7

11
3 .3 ! 4 . 5 3 . 8 5 . 0

1l
6 .4 !

11 1 8 : 3 - — —
1

- - — — —

1
_ _ 0 . 1 _

1
0 . 2 _ _

1

! to 6 % , 11 11 1 l
11
: p

2 0 : 2 — - J - — l11
— “ — 0 . 2 - -

I
- - - - - 0.1 0 . 6 0 .6 !

1 0 
; i

2 0 : 3 0 .1±0 . 0 0 - | 0 . 2 0 . 3 1
- 0 . 1 - - - -

1
- 0 . 2 0 . 1 -

1
- 0 . 7 -

1
0 . 1  !

! Y 
! S .

2 0 : 4 1 .0 ±0 . 0 5 0 .5 ! 0 . 4 0 . 4 0 .7 !1 0 . 6 1 . 1 - - - -
1

- 0 . 3 0 . 1 0 . 8
1

- - -
1
1

11
»

2 2 : 4 5 5 .0 ±4 . 65 2 6 .1 !18 . 3 1 3 . 2 1 8 .8 !
» 11 1 . 2 8 . 1 3 7 . 2 2 8 . 7 37 . 1 54 . 0

t
3 1 .0 !20 . 4  1 3 5 . 5 12 . 6 5 . 8 4 7 . 6

1
2 9 .0 !1 9 . 7 14 . 9 5 . 9

l
4 .5 !

111111

2 2 : 5 4 .4 ±0 .30 0 .4 ! 2 . 0 0 . 2 0 .3 !1111

0 . 6 0 . 1 0 . 8 2 . 4 0 . 7 0 . 8
I

4 .5 ! 0 . 7  1 111

0 . 4 0 . 8 0 . 1 2 . 3 2 .1 !111

0 . 6 0 . 6 1 . 3
1

0 .4 !1l
l

11111 1 8 : 3 0 .2±0 .00 0 .2 ! 0 . 2 0 . 2
1
t

1 .3 !1
0 . 4 0 . 2 - 0 . 1 - 0 . 3

11
1 1 . 8 15 . 3 22 . 0 0 . 5

1
0 .2 ! - 0 . 1 0 . 3

1l
0 .4 !

!u31 1 8 : 4 5 .6 ±0 .30 0 .5 ! 2 . 1 0 . 2 0 .4 !1 1 . 5 0 . 2 0 . 8 2 . 8 0 . 7 0 . 7
1

5 .6 ! 0 . 6  1 0 . 5 1 . 3 0 . 2 1 . 0 4 .4 ! 0 . 8 1.0 0 . 8 0 .2 !

: p 
! 0

2 0 : 4 1 0 .5 ±1. 80 2 .0 ! 3 . 6 1 . 5
1

1 .9 !1 2 . 3 0 . 6 5 . 5 5 . 0 3 . 1 4 . 1
1

9 .2 ! 3 . 5  1 3 . 3 1 . 9 0 . 5 1 . 0 7 .4 !
1

0 . 6 1 . 8 1 . 2
1

0 .5 !

: l
! Y

2 0 : 5 - -  | - -
__ 1

1
- - - 0 . 2 - -

1

1

- - - -

1
1 - 0 . 2 0 . 9

1

1 .2 !

: s .
i

2 2 : 5 - -  ! - 0 . 1
1

1
1

- 0 . 1 - - - -

t

- 0 . 1
•

- -

1
- - -

1
__ 1

i
i
i
i
i
i
i

2 2 : 6 0 .2±0 . 25 -  i - 0 . 1
1
1
111
1

0 . 1 0 . 1 — — —

1
111
1

— 0 . 1 0 . 1 - 0 .2 !1111

0 . 3 - 0 . 1
i

__ 1
111
1
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FA analysis of erythrocytes dosed with 20, 40 or 60mg/l 

p-MO showed increased levels of 16:0 (32.5%, 32.6% and 

32.9%, respectively vs 8.9% in controls), 18:0 (16.5%, 

19.1% and 16.1 %, respectively vs 5.2% in controls), and 

18:lw9 (21.4%, 25.1% and 30.6%, respectively vs 6.0% in 

controls), but practically no 16:lu9 was detected. With 

the exception of increased 18:2u6 (6.1% to 9.6% vs 1.5% 

in controls) and 18:3w3 with 20mg/l p-MO (1.3% vs 0.2% 

in controls), all PDFA amounts approximated to controls 

or were significantly decreased.

16:0 and 18:lw9 incorporations were increased with 20, 

40 or 60mg/l p-00 incubation (15.8%, 16.4% and 14.3%, 

and 28.7%, 38.4% and 38.2% vs 8.9% and 6.0% in controls, 

respectively), while 18:0 and 16:lw9 percentages were 

decreased overall compared to controls (5.2% and 1.0%, 

respectively). No significant increments in PUFA levels 

were detected, and these were largely considerably lower 

than in control cells over the entire range dosed.

p-SSO dosage induced increments in 16:0, 18:0 and 18:lu)9 

(12.9% to 27.8%, 7.1% to 18.1% and 13.7% to 29.4% vs 

8.9%, 5.2% and 6.0% in controls, respectively), but 

no marked changes in 16:lw9. Surprisingly, 18:2w6 levels 

were low (3.1%, 1.8% and 6.6% with 20, 40 and 60mg/l 

p-SSO, respectively vs 1.5% in controls), and no 18:3w6 

or 20:4u6 were found. 22:4u6 levels mirrored controls 

(55.0%) with supplementation of 20mg/l p-SSO (54.0%),
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but decreased significantly with 40 and 60mg/l p-SSO 

(31.0* and 20.4*, respectively). The levels of all other 

PUFA's were parallel to. or lower than, control levels.

Dosage of erythrocytes with p-LO resulted in increased 

levels of 16:0, 18:0 and 18:lw9 (23.8* to 27.6*, 6.2* to 

10.3*, and 19.2* to 26.0* vs 8.9*, 5.2* and 6.0* in 

controls, respectively). No significant increments in 

PDFA's were found, however, despite 18:2cj6 and 18:3u3 

uptake (3.4*, 9.6* and 11.6*, and 1.8*, 15.3* and 22.0* 

with 20, 40 and 60mg/l vs 1.5* and 0.2* in controls, 

respectively).

Erythrocyte 18:2w6 incorporation was low when dosed with

20, 40 or 60mg/l p-EPO (1.7*, 3.3*, 4.5*, respectively

vs 1.5* in controls). No significant increase in 18:3w6,

20:3w6 or 20:4w6 occurred, and there was a marked

reduction of 22:4u6 (47.6*, 29.0*, 19.7*, respectively

vs 55.0* in controls). w3 PUFA proportions were not

significantly greater than in controls, but the converse

was found for 16:0, 18:0 and 18:lu9 (17.3* to 36.4*,

12.0* to 16.3*, and 11.6* to 18.8* vs 8.9*, 5.2* and

6.0* in controls, respectively).
#

Erythrocyte dosage with 20, 40 or 60mg/l p-FO induced 

marked increments in 16:0 (40.0*, 31.4* and 31.9*,

respectively vs 8.9* in controls), 16:1cj9 (10.8*, 27.3* 

and 28.6*, respectively vs 1.0* in controls), and 18:lw9 

(15.1*, 21.2* and 22.0*, respectively vs 6.0* in undosed
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-cells), but not in 18:0 (5.2% in controls). Small 18:2w6 

and 20:5w3 amounts were found (3.8% to 6.4% and 0.2% to

1.2% us 1.5% and 0% in controls, respectively), but all 

other PUFA proportions were parallel to controls, or 

considerably decreased.
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5.1.4 Effects of Pseudo-Oils on Lipid Peroxide

Format i on♦

The 1ipoperoxides measured in human erythrocytes and 

their respective spent incubation media after 48 hours 

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

Table 5.1.4.1. The data is expressed as nmoles MDA/106 

cells, but in the case of the spent media, this 

represents the nmoles of MDA in the volume of medium 

from which 1x10s cells were obtained.

No 1ipoperoxides were found in control erythrocytes, or
#

in those dosed with p-CO or p-MO, while small amounts 

were induced with 40 and 60mg/l p-00 (0.2 and 0.7nmoles 

MDA/106 cells, respectively). However, 1ipoperoxidation 

increased when p-oils containing significant amounts of 

PUFA's were dosed. p-EPO and p-SS0 induced identical 

1ipoperoxide amounts with a concentration of 20mg/l, but 

levels were greater with 40 and 60mg/l p-EPO than p-SSO 

(0.1, 1.5 and 4.3 vs 0.1, 1.0 and 2.4nmoles MDA per 10s 

cells, respectively). Dosage with p-LO or p-FO, however, 

induced the largest overall amounts of lipid peroxides 

(0.7, 5.1 and 6.2, and 0, 3.6 and 8.6nmoles MDA per 10s 

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

No 1ipoperoxides were measured in spent control medium, 

or in that derived from cultures incubated with p-CO, 

p-MO or p-00. As with the erythrocytes themselves, spent 

medium 1ipoperoxides were measured with p-SSO, p-LO,



Table 5.1.4.1.

Lipoperoxide formation by human erythrocyte cultures 

incubated with p-oils. expressed as nmoles MDA/1QSre 1 Is.

pseudo- 
Oi 1

CELLS

< mg/1 ) 0 20 40 60

Control -

CO - - -

MO - - -

00 - 0.2 0.7

SSO 0.1 1.0 2.4

L0 - 3.6 8.6

EPO 0.1 1.5 * CO

F0 0.7 5.1 6.2

pseudo- SPENT INCUBATION MEDIUM
Oil

< mg/1 ) 0 20 40 60

Control -

CO - - -

MO - - -

00 - - -

SSO 0.1 - 3.2

L0 - 29.9 77.1

EPO - - 35.3

F0 - 6.4 6.8
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p-EPO or p-FO incubation. The largest amounts of media 

1 ipoperoxides were quantitated with 40 and 60mg/l p-LO 

(29.9 and 77.Inmo1es MDA/106 cells. respecti ve1y ), and 

60mg/l p-EPO (35.3nmoles MDA/106 cells), wh i1e markedly 

lower concentrations were found with 40 and 60mg/l p-FO 

(6.4 and 6.8nmo les MDA/10^1 cells respectively), and 

60mg/l p-SSO (3.2nmoles MDA/10S cells).
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5.1.5 Discussion♦

p—Oil supplementation of human erythrocytes induced

hemolysis and decreased the number of viable cells in

every instance, although the extent thereof varied

with p-oil (Figs. 5.1.1.2-5.1.1.8.). The more extensive

hemolysis induced with incubation of p-oils rich in

unsaturated, than saturated, FA's appeared to relate

partly to p-oil PUFA levels (Table 2.3.3.2.). Hemolysis

was least with p-CO (0% PUFA's), and greatest with

p-EPO, p-SSO or p-LO (.70% to 80% PUFA's), dosage, thus

an increase in the percentage of total p-oil PUFA's

was consistent with an overall increase in the extent of

hemolysis induced. Indeed, the presence of approximately

10% PUFA's in p-MO was consistent with the slightly

greater amount of hemolysis induced than with p-CO

dosage, although the large amount of saturated FA's both

in p-CO and p-MO possibly explains the similar pattern

of hemolysis these p-oils induced. The slightly greater

amount of hemolysis induced with incubation of p-EPO or

p-SSO (rich in LA) than with p-LO (rich in ALA) did not

necessarily imply that LA was more effective than ALA in

mediating hemolysis, since slightly greater amounts of

LA were present in p-EPO and p-SSO (about 70%) than ALA
«

in p—L0 (about 63%). On the other hand, the similar 

changes induced in erythrocyte viability with p-EPO or 

p-SSO dosage were not surprising as the FA compositions 

of both p—oils were similar. These changes probably
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related to the large amount of LA present, whereas 

the slightly greater extent of hemolysis induced with 

P-EPO than p-SSO incubation was consistent with smal 1 

amounts of GLA in p—EPO only (about 9/S). Structural 

differences between FA's were important in explaining 

the different cell viability changes the p-oils induced, 

but the possibility that synergistic and antagonistic 

interactions occurred between p-oil FA's and contributed 

to the changes observed could not be ignored.

The exact mechanism(s) responsible for the erythrocyte 

viability changes reported are not fully understood, but 

studies have demonstrated an increase in the degree of 

unsaturation of human erythrocyte PGL^s when moderate 

amounts of cod-liver oil were fed, which was indicative 

of increased plasma membrane fluidity (Popp-Snijers et 

al 1984). Subsequent studies by the same group examined 

erythrocyte membrane lipid composition, fluidity, and 

flexibility 8 weeks after the diets of human subjects 

had been supplemented with 3g of both EPA and DHA per 

day (Popp-Snijders et al 1986a). Suprisingly, no change 

in membrane fluidity or viscosity of erythrocyte 

suspensions were shown, despite an increased degree 

of unsaturation both in the phosphatidylcholine and 

phosphatidyl ethanol amine fractions. It was proposed that 

the changes induced were counteracted by alterations 

in PGL class distribution, thus resulting in overall 

maintenance of membrane fluidity. However, erythrocyte
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deformabi1ity increased when subjects were fed 75-100g 

fatty fish/day for 4 weeks (Popp-Snijders et al 1986b). 

This supported earlier studies which similarly reported 

that altering the FA composition of human erythrocyte 

membranes induced changes in their deformabi1ity and 

viscosity (Kobayashi et al 1981 and Terano et al 1983). 

Lie showed that incorporation of dosed p-oil FA's 

altered the overall FA profile of human erythrocytes 

compared to controls (Table 5.1.3.1.). However, the 

surprising increase in total erythrocyte saturated and 

monounsaturated FA levels, even with dosage of p-oils 

rich in PUFA's, suggested selective incorporation of 

exogenous FA's. It was nevertheless possible that the 

modifications in erythrocyte FA composition reported 

altered membrane physical properties, particularly with 

supplementation of high p-oil concentrations* and such 

could well explain the hemolysis induced (Figs. 5.1.1.2-

5.1.1.8.). In particular, the finding that saturated FA- 

rich p-oils were less effective in mediating hemolysis 

than p-oils abundant in unsaturated FA's could have 

related to the high polyenoic, and low saturated, FA 

content of control erythrocytes (Table 5.1.3.1.).

Erythrocyte membrane fluidity has been reported to be 

reduced in diabetics (Kameda et al 1983), who also show 

impaired desaturation capability (eg. Mercuri et al 

1968, Brenner et al 1968a, Horrobin 1983 and Huang et al 

1984a), thus the erythrocyte data from this study may
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be clinically relevant in the diabetic situation. The 

finding that high concentrations of all p-oils induced 

considerable hemolysis (Figs. 5.1.1.2-5.1.1.8.) implied 

that human diabetics may be predisposed to greater 

hemolysis than non-diabetics when similar oils form part 

of the diet, although the extent of hemolysis would 

probably vary with oil. For example, high concentrations 

of p-SSO, p-EPO and p-LO induced almost complete 

hemolysis, thus such oils may predispose human diabetics 

to greater hemolysis than those inducing less hemolysis, 

eg. p-CO or p-MO. It may, therefore, be clinically 

relevant to monitor FA levels and erythrocyte membrane 

fluidity of diabetic patients.

The alterations reported in erythrocyte total protein 

concentrations (Table 5.1.2.1.) correlated with the cell 

viability changes induced (Figs. 5.1.1.2-5.1.1.8.) with 

p-oil dosage. Most erythrocyte protein is attributable 

to its hemoglobin (Geigy 1984), thus p-oi1-induced 

hemolysis would be consistent with a reduction in 

erythrocyte protein, particularly with supplementation 

of high p-oil concentrations. Dosage with 60mg/l p-EPO 

induced 95* hemolysis (Table 5.1.1.7.), thus the amount 

of protein measured at this concentration (2.9jug/10e 

cells seeded) largely reflected erythrocyte membrane 

protein. Comparison of this amount of protein to that of 

controls confirmed that approximately 10* of total 

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

All erythrocyte lipids reside in the membrane 

(eg. Erickson et al 1958), where PGL turnover has been 

reported (Cooper 1970). Mature erythrocytes, however, 

are unable to synthesise FA's de novo (Pittman et al 

1966), and the inability of these cells to desaturate or 

elongate PUFA's (Table 5.1.3.1.) was consistent with 

their lack of intracel1ular organelles and microsomes 

(Lehninger 1982). Erythrocytes therefore also lack the 

enzymes required for 1ipoperoxidation. These cells, 

however, contain large quantities of oxygen-carrying 

hemoglobin (Lehninger 1982), and studies have reported 

that oxygen, hemoglobin and iron are powerful catalysts 

of oxidative reactions in human erythrocytes, which 

augment oxidation of unsaturated FFA's (Tappel 1963, 

Beppu et al 1987 and Fraga et al 1990). It was likely, 

therefore, that the lipid peroxides measured in the 

erythrocyte cultures (Table 5.1.4.1.) were formed via 

auto-oxidation when incorporated unsaturated p-oil FA's, 

or FA^s released from PGL's, were exposed to such 

compounds in intact cells.

The absence of lipid peroxides in control erythrocytes 

(Table 5.1.4.1.), despite the presence in these cells of 

oxygen-rich hemoglobin and a total PUFA complement of 

approximately 80% (Table 5.1.3.1.) suggested that these 

PUFA's were unavailable for oxidation, probably because 

these moieties were components of complex lipids, such
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as membrane PGL/s. There are also reports that a high 

hemoglobin concentration can protect the erythrocyte 

against oxidation because hemoglobin behaves as a lipid 

radical scavenger (Trotta et al 1981). Indeed, when 

erythrocytes were damaged as a result of exposure to 

increasing amounts of unsaturated FA-rich p-oils, loss 

of intra-ce11u 1ar hemoglobin correlated with increased 

cellular 1ipoperoxide levels. It was also possible that 

the absence of 1ipoperoxides in control erythrocytes 

reflected cellular anti-oxidant activity, eg. vitamin E, 

preventing oxidation of FFA's released during PGL 

cycling. On the other hand, insufficient cellular anti­

oxidant levels could explain the 1ipoperoxides formed 

with p-oil dosage. When the oxidant challenge was low, 

the physiological anti-oxidant defences were able to 

overcome the oxidative stress. When erythrocytes were 

exposed to greater p-oil concentrations, however, the 

anti-oxidant defences were probably overwhelmed, and 

lipid peroxidation became dependent on the exogenous FA 

substrate dosed. PGL oxidation could also be involved.

The lipid peroxides formed as a result of p-oil 

supplementation to erythrocyte cultures (Table 5.1.4.1.) 

related both to the amount and structure (number and 

position of double bonds) of unsaturated FA^s present in 

the p-oils (Table 2.3.3.2.). The presence of only small 

amounts of unsaturated FA's both in p-CO and p-MO was 

consistent with the lack of 1ipoperoxide formation with
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their dosage, while the detection of small quantities of 

cellular 1ipoperoxides with p-00 dosage probably related 

to the oxidation of free OA for which a mechanism has 

been reported (Frankel 1984). On the other hand, the 

1arger lipid peroxide concentrations induced with p-SSO, 

P~LO, p-EPO or p-FO supplementation were consistent with 

the susceptibility of the PUFA's in these p-oils to 

oxidation. The 1ipoperoxides induced with p-SSO or p-EPO 

dosage probably related to oxidation of the large amount 

of LA present therein (about 70^), although the presence 

GLA in p-EPO only could explain the significantly 

greater 1ipoperoxide amounts this p-oil induced. The 

availability of free ALA probably accounted for the 

formation of the greatest 1ipoperoxide amounts when p-LO 

was supplemented. However, if one considers the amount 

of GLA present in p-EPO compared to ALA in p-LO (about 

9% vs 63X, respectively) with the MDA concentrations 

these p-oils induced, then the data suggests that GLA is 

more susceptible to oxidation than ALA. This has also 

been reported by Morisaki et al (1982b). The reason for 

this phenomenon is unclear, but could relate to the fact 

that GLA is a PDFA. The greater 1ipoperoxide amounts 

p-EPO induced compared to p-FO, despite 18?S EPA in the 

latter, however, implied that this u)3 PDFA was largely 

lipid-bound. The 1arger amount of ALA in p-LO than EPA 

in p-FO was neveretheless consistent with the greater 

1ipoperoxide amounts p-LO induced, despite the greater 

susceptibility of EPA to oxidation.
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Erythrocytes were shown to incorporate the albumin-bound 

p-oil FA’s dosed (Table 5.1.3.1.), thus the lipid 

peroxides measured in the spent medium probably reflect 

released cellular lipid peroxides. Such may have been 

expelled into the medium upon cell lysis, implying 

that medium 1ipoperoxide levels were partly dependent 

on the degree of p-oi1-induced hemolysis (Figs. 5.1.1.2-

5.1.1.8.). The pronounced hemolysis induced with 60mg/l 

p-SSO, p-LO, p-EPO or p-FO dosage was thus consistent 

with greater 1ipoperoxide amounts in the spent medium 

than in the cells. The finding that superoxides readily 

cross the erythrocyte membrane in either direction 

(Lynch et al 1978a, 1978b) indicated that 1ipoperoxides 

generated intracel1ular1y as a result of p-oil dosage 

could have been released into the medium through the 

plasma membrane of intact cells. This may explain the 

spent medium 1ipoperoxides measured in the absence of 

significant hemolysis, eg. with 40mg/l p-FO incubation. 

Evidence that erythrocyte FFA's exchange directly with 

extrace 11u 1ar FFA's (Tarlov et al 1967 and Anon 1968), 

and the potential for cellular FFA release into the 

culture medium upon hemolysis, could therefore not rule 

out the possibility that extrace 11u 1ar auto-oxidation 

contributed to the medium 1ipoperoxides detected.

There are numerous reports that 1ipid peroxides induce 

membrane damaging effects (Ohio et al 1969, Mead 1976,

Tappel 1980 and Frankel 1984). There is also evidence
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that oxygen radicals induce cross-linking of erythrocyte 

aminolipids and alter plasma membrane permeability, and 

hemolysis has been associated with lipid peroxide pro­

duction (Kann et al 1964, Mengel et al 1965, 1966, Oski 

et al 1967, Beppu et al 1987 and Girotti et al 1987). 

Recent studies have shown that increasing the degree of 

unsaturation of 1ipids in human erythrocyte membranes 

resulted in leakage from the cells of glucose, the prime 

energy source, the extent of which was relatable to the 

susceptibility of erythrocytes to peroxidation (Urano et 

al 1991). In the light of these findings and the inverse 

correlation found between 1ipoperoxide levels and cell 

viability induced with dosage of monoenoic or polyenoic 

FA-rich p-oils, it was likely that 1ipoperoxides played 

a role in the modulation of the hemolysis we reported. 

The fact that the 1ipoperoxide levels found did not 

always correlate quantitatively with the degree of 

cytotoxicity induced with p-oi 1 incubation, however, 

indicated that these compounds were only partly involved 

in the modulation of human erythrocyte viability. Indeed 

these compounds could not explain the reduction of cell 

viability with p-CO or p-MO dosage which induced no 

1ipoperoxides. Our data suggested that membrane physical 

changes were probably also involved in the modulation of 

erythrocyte viability.
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5.2 THE EFFECTS OF PSEUDO-OILS ON HUMAN

LYMPHOCYTES.

5.2.1 Effects of pseudo-Qils on Cell Viability.

Microscopic inspection showed human lymphocyte cultures 

to be free of erythrocyte or platelet contamination, 

and no morphological changes were evident between dosed 

or control lymphocytes either before, during or after 

each experiment.

Fig. 5.2.1.1. shows that human lymphocyte viability was 

not significantly altered with incubation of 0 to 250mg 

albumin/1 culture medium, nor were any synergistic 

effects induced. Hence, the cell viability changes 

induced with p-oil dosage were a result of the exogenous 

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

Lymphocytes do not normally divide in culture without 

appropriate mitogen stimulation nor do they require 

trypsinisation, thus no 24 hour post-trypsinisation 

recovery period was required. As lymphocytes were 

dosed immediately subsequent to plating, the seeding 

concentration was the cytostatic number.

Figs. 5.2.1.2-5.2.1.8. depict the effects of p-oil 

dosage on human lymphocyte viability. All p-oils induced 

concentration dependant cytotoxicity, but unsaturated 

FA-rich p-oils more effective that those abundant in



Legend to Figs. 5.2.1.1-5.2.1.8.

The results are expressed as mean percent (^) cell 

viabi1ity±standard error of the mean (s.e.m.), where "n" 

is the number of experiments. The concentrations given 

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

medium. Fig. 5.2.1.1. shows the mean percent cell 

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

Figs. 5.2.1.2-5.2.1.8. depict the mean percent cell 

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



Fig, 5.2.1.1

The percentage viability of human lymphocytes incubated

uith albumin.

Albumin concentration (mg/l)

A 1bumin 
Concentration 

(mg/1)

Mean — s • e . m . n

0 100.0 5.3 12

25 95.0 5.0 12

50 102.2 3.6 12

75 98.7 5.2 12

100 •

ino 4.0 12

125 101.1 2.9 12

150 95.6 4.7 12

175 102.9 4.8 12

200 100.9 5.3 12

225 104.2 2.4 12

250 100.3 3.5 12
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The percentage viability of human lymphocytes incubated

with p-CQ.

n

u -----1---- 1---- 1---- 1---
0 20 40  60  80

p-CO concentration (mg/l)

— i 
100

pseudo-0i1 
Concentration 

(mg/1 )

Mean ±s 4 © «in * n

0 100.0 1.9 6

10 96.7 1.6 6

20 95.2 1.8 6

30 90.5 2.2 6

40 83.6 3.2 6

50 73.3 1.7 6

60 72.7 1.7 6

70 62.5 1.1 6

80 53.3 1.3 6

90 *in 1.2 6

100 28.5 1.3 6



F i g . 5.2.1.3

The percentage viability of human lymphocytes incubated

uiith p-MO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.4 6

10 97.2 3.9 6

20 98.5 3.1 6

30 99.6 3.9 6

40 95.3 3.0 6

50 87.3 2.9 6

60 80.9 3.6 6

70 78.8 3.3 6

80 70.6 2.9 6

90 54.5 2.3 6

100 41.9 2.1 6



Fig. 5.2♦1.4.

The percentage viability of human lymphocytes incubated

uiith p-00.

pseudo-Oi1 
Concentration 

(mg/1)

Mean -S * 6 * ID ♦ n

0 100.0 3.0 6

10 94.5 2.7 6

20 101.4 3.9 6

30 98.1 3.5 6

40 75.5 2.7 6

50 47.8 2.6 6

60 23.6 1.8 6

70 12.7 1.7 6

80 4.8 0.7 6

90 1.6 0.5 6

100 0.3 0.2 6
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The percentage viability of human lymphocytes incubated

uiith p -SSO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 5.4 6

10 82.3 2.0 6

20 80.7 1.6 6

30 76.3 3.6 6

40 70.3 2.2 6

50 41.8 2.8 6

60 22.2 1.3 6

70 13.1 1.0 6

80 8.3 1.6 6

90 7.1 1.2 6

100 6.2 1.1 6



Fig. 5.2.1.6

The percentage viability of human lymphocytes incubated

with p -LO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 4.6 6

10 100.1 5.0 6

20 96.6 4.2 6

30 81.8 5.3 6

40 70.9 3.7 6

50 41.3 0.8 6

60 19.8 1.0 6

70 8.9 1.6 6

80 5.9 1.3 6

90 4.7 0.7 6

100 5.6 2.1 6



Fig. 5.2.1.7

The percentage viability of human lymphocytes incubated

u/ith p-EPO.

pseudo-Oi1 
Concentration 

(mg/1 )

Mean ±s.e .m . n

0 100.0 2.6 6

10 86.0 2.4 6

20 00 o ▻ 2.3 6

30 72.7 3.2 6

40 68.0 1.8 6

50 47.5 3.5 6

60 32.2 3.5 6

70 26.2 1.7 6

80 14.5 1.9 6

90 5.8 1.4 6

100 1.4 0.7 6



Fig. 5. 2«1 »8

The percentage viability of human lymphocytes incubated

uiith p-FO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 4.8 6

10 82.8 5.5 6

20 69.5 4.2 6

30 45.2 3.6 6

40 33.0 1.2 6

50 9.6 0.2 6

60 4.4 0.6 6

70 4.0 1.0 6

80 4.6 1.0 6

90 3.7 0.6 6

100 4.0 1.4 6
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saturated FA's. This correlated with the respective ID50 

values, which were highest for p-MO and p-CO (about 

95mg/l and 85mg/l, respectively), intermediate for p-00, 

p-SSO, p-LO and p-EPO (approximately 50mg/l, 47.5mg/l, 

47.5mg/l and 49mg/l, respectively), and lowest for p-FO 

(about 28mg/l),

Lymphocyte viability approximated to that of controls 

with dosage of up to 20mg/l p-CO, but was reduced almost 

linearly as the concentration dosed was progressive! y 

increased to yield 28.5% viable cells with 100mg/l p-CO 

(Fig. 5.2.1.2.). Supplementation with up to 40mg/l p-MO 

had no significant effect on lymphocyte viability, but 

cytotoxicity also increased progressively with higher 

concentrations dosed, although 41.9% viable lymphocytes 

were found with 100mg/l p-MO (Fig. 5.2.1.3.).

Lymphocyte viability was not significantly altered with 

0 to 30mg/l p-00 dosage, but was progressively inhibited 

to 23.6% with 60mg/l p-00 and to practically 100% with 

100mg/l p-00 (Fig. 5.2.1.4.).

Lymphocyte viability was reduced by approximately 20% 

with dosage of 10 or 20mg/l p-SSO, but not significantly 

with p-LO (Figs. 5.2.1.5. and 5.2.1.6., respectively). 

However, the cytotoxicity these p-oils induced at higher 

concentrations were similar as lymphocyte viability was 

progressively reduced to about 70% with a concentration 

of 40mg/l, 20% with 60mg/l, and further to only 6% with
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100mg/l p-SSO or p-LO.

Incubation with increasing amounts of p-EPO resulted in 

an overall linear increment in lymphocyte killing, with 

viable cell yields ranging from 86.0% with 10mg/l p-EPO, 

47.5% with 50mg/l p-EPO, and 1.4% with 100mg/l p-EPO 

(Fig. 5.2.1.7.).

Lymphocyte killing increased linearly with incubation of 

up to 50mg/l p-FO, at which concentration 9.6% viable 

lymphocytes were found, while Trypan blue uptake was 

about 95% with 60 to 100mg/l p-FO (Fig. 5.2.1.8.).

Human lymphocytes were subsequently plated and dosed 

appropriate 1y with 0, 20, 40 or 60mg p-oil/1 culture

medium in sufficient amounts for all quantitative and 

qualitative analyses to be performed. Upon harvesting, 

relative cell viabilities were compared and found to be 

statistically similar to those in Figs. 5.2.1.1-5.2.1.8. 

Hence, all further biochemical assays were performed on 

these samples.



582

5.2.2 Effects of Pseudo-Oils on Total Protein.

Table 5.2.2.1. shows the total protein concentrations of 

human lymphocytes dosed with 20, 40 or 60mg/l p-oil in 

relation to controls.

14.8,ug protein/10e control cells seeded was measured. 

Dosed lymphocyte protein concentrations approximated to, 

or were greater than, controls levels, and ranged from 

from 14.1 to 66.6,ug/106 cells seeded, although amounts 

were decreased with 20mg/l p-LO dosage (9.0jug/10& cells 

seeded). Increments induced in lymphocyte protein were 

smallest with dosage of 20mg/l p-oil (9.0 to 25.3jug/106 

cells seeded), and greatest with 60mg/l p-oil (18.1 to 

66.6^g/106 cells seeded), while p-CO and p-MO were most, 

and p-LO least, effective in mediating these changes.



Table 5.2.2.1

The protein content of human lymphocytes. expressed as 

jug total protein/106 cells seeded.

pseudo- 
Oi 1

(mg/1 )

CELLS

0

1»
20 :

i
i

40 60

Contro1
00

i
i

i
i

i

CO
i

i8.i :
i

44.7 66.6

MO
i

25.3 ! 
1

30.4 40.6

00
t

2 1 . 9  :
1

28.0 34.6

SSO
1

21.6 ! 
1

29.6 33.7

L0
l

9.o :
i

15.1 18.1

EPO
i

14.9 !
1

32.7 33.5

F0
1

i4.i :
ii

20.0 32.1
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5*2.3 Effects of Pseudo-Oils on the Fatty Acid

Spectrum of Human Lymphocytes.

The FA spectra of human lymphocytes dosed with 0, 20, 40 

or 60mg/l of each of the p-oils are shown in Table

5.2.3.1.

Control lymphocytes exhibited a FA spectrum in which 

22:4u6 was found to be present in amounts of 41.3%, 

compared to 14.2% 16:0, 9.8% 18:0, 9.3% 18:lu9, 5.4%

18:4cj3, 7.6% 20:4w3, and smaller amounts of other FA's.

Dosed lymphocytes generally contained less 18:0 and 

16:lw9 than controls, while 16:0 and 18:lu9 amounts 

approximated to controls or were considerably increased. 

18:2w6 levels were generally significantly increased in 

dosed lymphocytes, but other w6 and U)3 PUFA percentages 

were parallel to controls or decreased.

16:0 percentages increased significantly with 20, 40 or 

60mg/l p-CO dosage (21.8%, 52.8% and 59.3%, respectively 

vs 14.2% in controls), 18:lu9 increased approximately 2 

fold over the same range (18.1%, 19.6% and 15.4%,

respectively vs 9.3% in controls), while 18:0 levels 

approximated to control amounts overall (9.8%). However, 

all PUFA percentages were parallel to controls or 

significantly decreased with p-CO dosage, particularly 

that of 22:4w6 with 40 and 60mg/l (11.5% each vs 41.3%

in controls).



Legend to Table 5.2.3.1.

All values are tabulated as relative percent total area. 

Control values are reported as meanis.e.m., where "n" is 

the number of experiments. "Lp-OilJ" refers to the 

pseudo-oil concentration used.



Tab 1e 5 . 2 . 3 » 1 .

The fatty_acid spectrum of human lymphocytes.

FATTY ACID 
SPECTRUM 

(*)

CONTROLS 

(n=3)

CP-C03 
(mg/1)

20 ! 40 ! 60

Cp-M00 
(mg/1)

20 ! 40 ! 60

Cp-003 
(mg/1)

20 ! 40 ! 60

Cp -s s o :
(mg/1)

20 ! 40 ! 60

Cp-LOD 
(mg/1)

20 ! 40 ! 60

Cp-EPOIl 
(mg/1)

20 ! 40 ! 60

Cp -f o:
(mg/1)

20 ! 40 ! 60

S
A

16:0 14.2±0.75 21.8 52.8 59.3 23.8 29.5 33.2 18.3 15.3 14.6 14.4 18.3 19.7 20.0 22.1 23.9 13.7 24.8 21.2 34.6 30.0 24.9

T
U
R
A

18:0 9.8±0.25 6.2 9.5 9.2 8.6 14.7 15.1 3.4 1.1 0.7 6.5 8.5 6.2 6.1 5.1 4.5 9.8 11.5 7.4 7.1 4.8 2.4

20:0 0.4±0.00 - 0.1 - - - - - - - - - - - - - - - - - - -

T
E
S.

22:0 0.3±0.00 - - 0.1 - - 0.1 - - - - 0.1 - - - - 0.1 - - - - -

24:0 — - - — 0.1 - - 0.1 - - - — 0.4 - 1.5 0.5 0.3 - 0.5 - - -

w9
M

16:1 2.9±0.20 0.6 - - 0.1 - - 0.3 - - 0.7 0.1 0.1 - 0.1 - 2.5 1.0 0.1 11.7 27.3 32.3

0
N

18:1 9.3±0.10 18.1 19.6 15.4 34.6 26.7 22.6 54.4 71.6 73.4 17.7 36.1 34.4 45.6 34.8 30.3 9.4 19.4 17.2 13.2 22.2 23.2

0
S.

24:1

18:2 2.5±0.05 2.7 1.4 1.1 8.8 6.3 5.5 6.4 6.7 7.1 18.6 28.6 34.9 5.9 10.5 11.7 4.4 31.2 42.6 3.5 7.4 8.8

u6

D

18:3

20:2 ;

—

; 0.1

— —

1.4 1.9 1.9

—

0.5 0.3

0.1

0.1

0.8 1.1

0.4 0.9 0.8

0
1

20:3 0.1±0.00 0.3 0.3 0.5 0.1 - 0.1 - - 0.1 0.1 - - - - - - 0.1 - - - 0.1

Y
q

20:4 1.6±0.05 1.0 0.6 0.8 1.0 0.5 0.6 0.2 0.1 0.1 0.7 0.2 - - 0.1 - - 0.3 - - 0.1 0.1

22:4 41.3±2.05 42.9 11.5 11.5’15.4 14.0 19.8 13.7 2.4 1.8 36.9 5.0 3.5 18.2 7.7 4.7 52.7 6.4 8.9 25.6 3.0 3.0

22:5 4.3±0.05 0.5 0.8 — — 1.1 0.2 0.3 0.1 - 0.4 0.5 0.1 0.1 0.4 0.1 0.8 0.7 0.2 0.8 0.5
/

0.1

18:3 0.2±0.00 0.9 0.6 0.4 5.7 2.6 1.0 0.1 0.1 — - 0.1 0.1 1.6 15.6 23.7 - 1.3 0.1 0.3 0.4 0.5

u3 18:4 5. 4±0.30 0.4 1.2 0.1 0.2 2.1 0.2 0.3 0.3 - 0.4 1.3 0.2 - 0.8 0.2 0.8 - - 0.4 0.7 0.1

P
n

20:4 7.6±0.25 4.5 1.5 0.7 1.7 2.5 1.5 1.2 0.3 0.1 2.3 0.9 0.2 2.0 1.1 0.3 5.4 1.4 0.4 2.0 0.6 0.3
u
L
v

20:5 - - - 0.7 - - - - - 0.2 1.2 0.1 - - - - - 0.5 - 0.5 2.1 3.3

s . 22:5 0.2±0.00 - 0.1 0.2 - • - - , - 0.1 0.1 - - - - “ - - - - - - - -

22:6 0.2±0.00 - 0.1 0.2 — — — I — 0.1 - — 0.2 0.3 — 0.1 0.1 — 0.6 0.2 — 0.1 0.1
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Lymphocyte incubation with 20, 40 or 60mg/l p-MO induced 

extensive increments in the levels of 16:0 (23.8%, 29.5% 

and 33.2%, respectively vs 14.2% in controls) and 18:lu9 

(34.6%, 26.7% and 22.6%, respectively vs 9.3% in undosed 

cells), compared to smaller changes in 18:0 (8.6% to 

15.1% vs 9.8% in controls). 18:2u6 and 18:3w3 increased 

over the entire range dosed (5.5%, 6.3% and 8.8%, and 

5.7%, 2.6% and 1.0% vs 2.5% and 0.2% in controls, 

respectively), but no significant increments were 

detected for PDFA's, including 20:4w6 which levels were 

decreased (1.0%, 0.5% and 0.6%, respectively vs 1.6% in 

controIs).

Supplementation of the incubation medium with 20, 40 or 

60mg/l p-00 induced marked increments in cellular 18:lw9 

levels (54.4%, 71.6% and 73.4%, respectively vs 9.3% in 

controls). 16:0 levels were largely unaltered (14.6% to 

18.3% vs 14.2% in controls), but 18:0 and 16:lu9 were 

significantly decreased in relation to controls (9.8% 

and 2.9%, respectively). Small increments were detected 

for 18:2u>6 (6.4% to 7.1% vs 2.5% in controls) and 20:2w6 

(1.4% to 1.9% vs 0% in controls), but PDFA percentages 

were parallel to controls or significantly decreased 

with p-00 dosage, particularly that of 22:4u6 (41.3%, 

13.7%, 2.4% and 1.8% with 0, 20, 40 and 60mg/l p-00, 

respective 1y ).

16:0 levels were marginally increased with p—SSO dosage
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(14.4% to 19.7% os 14.2% in controls), but the converse 

was true for 18:0 (6.2% to 8.5% vs 9.8% in controls). On 

the other hand, more marked changes were induced in the 

levels of 16:lw9 (0.1% to 0.7% vs 2.9% in controls) 

and 18:lw9 (17.7% to 36.1% vs 9.8% in controls). A 

concentration dependent increased in 18:2w6 was detected 

with 20, 40 or 60mg/l p-SSO incubation (18.6%, 28.6% and 

34.9%, respectively vs 2.5% in controls), yet all PDFA 

levels were decreased. No significant increments in u3 

PUFA levels were detected.

Significant increases in 16:0 and 18:lu)9 were induced 

with p-LO dosage (20.0% to 23.9% vs 14.2% in controls, 

and 30.3% to 45.6% vs 9.3% in controls, respectively), 

but the converse was true for 18:0 (6.1% to 4.5% vs 9.8% 

in controls) and 16:lu)9 (£0.1% vs 2.9% in controls). 

Dosage with 20, 40 or 60mg/l p-LO induced concentration 

dependent increases in 18:2w6 (5.9%, 10.5% and 11.7%, 

respectively vs 2.5% in controls), and 18:3w3 (1.6%, 

15.6% and 23.7%, respectively vs 0.2% in controls), yet 

PDFA levels approximated to controls or were decreased.

The levels of 16:0 and 18:lw9 increased overall, 16:lu9 

was decreased, and 18:0 not significantly altered, with 

p-EPO supplementation. A marked increase in 18:2w6 was 

induced when cells were incubated with 20, 40 or 60mg/l 

p-EPO (4.4%, 31.2% and 42.6%, respectively vs 2.5% in 

controls), and small amounts of 18:3w6 were detected 

with 40 and 60mg/l p-EPO (0.8% and 1.1%, respectively vs
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0% in controls). 22:4u6 was increased only with 20mg/l 

p-EPO (52.7% os 41.3% in controls), but no significant 

increments in other PUFA^s were detected.

Lymphocyte incubation with 20, 40 or 60mg/l p-FO caused 

a fall in 18:0 (7.1%, 4.8% and 2.4%, respectively os 

9.8% in controls), but increments in 16:0 (34.6%, 30.0% 

and 24.9%, respectively os 14.2% in controls), 16:lu9 

(11.7%, 27.3% and 32.3%, respectively os 2.9% in undosed 

cells), and 18:lw9 (13.2%, 22.2% and 23.2%, respectively 

os 9.3% in controls). Small increments were detected for 

18:2u6 (3.5% to 8.8% os 2.5% in controls) and 20:5u3 

(0.5%, 2.1% and 3.3% with 20, 40 and 60mg/l p-FO, 

respectioe1y ), but neither u6 PDFA, nor 22:5u3 and 

22:6w3, percentages were increased.
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5.2.4 Effects of pseudo-Oils on Lipid Peroxide 

Format ion.

Table 5.2.4.1. shows the 1ipoperoxides quantitated in 

lymphocytes and their respective spent culture media 

following incubation with 0, 20, 40 or 60mg/l p-oil for 

48 hours. The values are as nmoles MDA/106 cells, but in 

the case of the spent incubation media, this represents 

the nmoles of MDA in the volume of medium from which 

1 xlO6 cel Is were obtained.

Lipoperoxides was absent from control lymphocytes, while 

concentrations in dosed lymphocytes ranged from 0 to 

38.8nmoles MDA/106 cells. Cellular lipoperoxide levels 

approximated to controls with 20mg/l p-oil dosage (0 to 

0.3nmoles MDA/106 cells), but generally increased with 

higher p-oil concentrations dosed. Incubation with p-MO 

did not result in significant lipoperoxide formation 

(0.Inmoles MDA/106 cells), p-00, p-SSO and p-EPO induced 

small amounts (0.1 to 0.7, 0.2 to 1.2, and 0.1 to 1.3 

nmoles MDA/106 cells, respectively), while p-CO induced 

significant levels with 40 and 60mg/l (0.8 and 3.9nmoles 

MDA/106 cel Is, respectively). The highest lipoperoxide 

levels were measured with p-LO or p-FO dosage, although 

the amounts induced were greater with 40 or 60mg/l p-FO 

than p-LO (7.0 and 38.8 vs 3.0 and 9.6nmoles MDA/106 

cells, respectively).

Spent medium lipoperoxide levels were greatest with



Table 5.2.4♦1

Lipoperoxide formation by human lymphocyte cultures 

incubated uiith p-oils. expressed as nmoles MDA/106 r-p>l U.
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60mg/l p-EPO or p-FO dosage (19.2 and 19.5nmoles MDA/10& 

cells, respectively), while smaller amounts were found 

with 20mg/l p-EPO or p-SSO, 40mg/l p-SSO, or 60mg/l p-CO 

incubation (3.3, 3.6, 3.2 and 0.2nmoles MDA/106 cells, 

respectively). Lipoperoxides were absent from all other 

spent media, however, including that from which control 

lymphocytes were derived.
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5.2.5 Discussion.

Supplementation of resting human lymphocytes with p-oils 

induced cytotoxicity in every instance (Figs. 5.2.1.2-

5.2.1.8.). Modulation of significantly more cytotoxicity 

with dosage of p-00, p-SSO, p-LO, p-EPO or p-FO than 

with p-CO or p-MO was consistent with large amounts of 

unsaturated FA's in the former p-oils (Table 2.3.3.2.). 

This implied 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-MO dosage, however, could explain why p-CO, 

containing only 5* unsaturated FA s, induced more cell 

death than p-MO, containing about 20* unsaturated FA's. 

It was nevertheless apparent that the modulation of cell 

viability related not only to the total amount of 

unsaturated FA's present in any p-oil, but also the 

degree of FA unsaturation. Indeed, the presence of EPA 

in p-FO could account for the fact that this p-oil 

induced the greatest degree of cytotoxicity with its 

dosage, despite containing intermediate amounts of 

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

ID5o values found with dosage of p-00, p-SSO, p-LO or 

p-EPO were consistent with the similar amounts of

unsaturated FA's present in these p-oils (about 90*), 

while the small differences observed in lymphocyte 

viability were relatable to variations in the FA

compositions hptueen tkoQ̂  ^ ; 1 — xi—  i i ~ — -
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in p-00, LA in p-SSO and p-EPO, and ALA in p-LO probably 

accounted for the cell viability changes these p-oils 

induced overall. Thus, the more effective reduction 

of lymphocyte viability reported with dosage of low 

concentrations of p-EPO or p-SSO than with p-00 or p-LO 

suggested that LA was slightly more effective than OA 

and ALA in mediating cytotoxicity. The converse was 

true, however, with incubation of these p-oils at high 

concentrations. The similar cell viability changes 

p-EPO and p-SSO induced with supplementation at low 

concentrations were not surprising in the 1ight of their 

similar FA compositions; however, modulation of slightly 

less cytotoxicity with p-EPO than p-SSO supplementation 

at high concentrations more than likely related to the 

presence of about 9*4 GLA in p-EPO only, which may have 

limited the cytotoxicity of LA. Uhile the da'ta suggested 

that specific p-oil FA's were largely responsible for 

certain cell viability changes, it was also possible 

that synergistic and antagonistic interactions between 

p-oil FA's enhanced or diminished particular effects of 

individual FA's, and contributed to the overall changes 

reported.

Ruck et al (1986) incubated resting (unstimulated) human 

monocytes derived from normal periferal blood with 

single C18 FA's under similar experimental conditions to 

the present study. No growth enhancement was induced 

with any FA over the range dosed (O-lOOmg/1), and this
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correlated with the findings reported in Figs. 5.2.1.2-

5.2.1.8. Stearic acid dosage did not influence monocyte 

viability, whereas concentration dependant cytotoxicity 

was induced with unsaturated C18 FA supplementation. GLA 

and LA induced cytotoxicity at much lower concentrations

than OA and ALA <ID5 0 = 4.4, 5.0, 12.0 and 13.0mg/l, 

respectively), and a similar pattern of effects was 

apparent only with supplementation of p-00 (rich in OA), 

p-LO (rich in ALA), p-EPO or p-SSO (rich in LA) at low 

concentrations. Furthermore, higher p-oil concentrations 

were required to induce the same degree of cytotoxicity 

in relation to that shown by Ruck et al (1986) when 

individual FA's were dosed. This probably related to the 

different human cell types used and/or the mediation of 

synergistic/antagonistic effects between p-oil FA's. The 

studies of Ueyman et al (1977) indeed indicate that 

individual FA's mediate different effects to FA 

combinations. Addition of albumin-bound saturated or 

unsaturated FA's to human lymphocyte cultures inhibited 

phytohaemaglutanin-stimulated uptake of radioactive 

thymidine or uridine into DNA or RNA. However, when a 

saturated and an unsaturated FA were present together in 

the medium, the inhibition was much less pronounced, or 

even abolished. Furthermore, when 2 or more different 

FA's of the same degree of unsaturation were dosed, the 

inhibition was the same, or greater, than for single 

FA's (Ueyman et al 1977). Their data therefore supported
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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 et al (1986).

Ueyman et al (1975, 1977) demonstrated that both 

stimulated and unstimulated human lymphocytes were able 

to take up exogenous albumin-bound saturated and 

unsaturated FA^s in vitro to varying extents and 

incorporate them into membrane PGL^s. The present study 

similarly showed evidence of p~oil FA incorporation into 

cultured lymphocytes (Table 5.2.3.1.). A mechanism by 

which p-oil dosage affected lymphocyte viability may 

therefore relate to differential uptake of p-oil 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-oils. Marked 

alterations’ in membrane fluidity would impair normal 

cell functions, and thus account for the cell death 

induced particularly with high p-oil concentrations in 

the range dosed.

p-Oil supplementation to the culture medium stimulated 

human lymphocyte protein synthesis in a concentration 

dependent manner with increasing amount of p-oil dosed 

(Table 5.2.2.1.), despite the inverse correlation with 

cell viability (Figs. 5.2.1.2-5.2.1.8.). FA's were thus 

potent agents for the enhancment of lymphocyte protein
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synthesis, and the extent to which such was stimulated 

was relatable to p-oil FA composition (Table 2.3.3.2.), 

Measurement of more protein with dosage of p-CO or p-MO, 

compared to other p-oils, however, suggested that 

saturated FA's were more powerful agents than 

unsaturated FA's in stimulating human lymphocyte protein 

synthesis. These findings implied that FA's of different 

structures exhibit varying abilities to modulate protein 

synthesis. The mediation of synergistic/antagonistic 

effects between FA's, however, probably also contributed 

to the protein changes the p-oils induced. Stimulation 

of lymphocyte protein synthesis with p-oil dosage could 

well reflect increased enzyme synthesis for metabolising 

incorporated 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 1ipoperoxides damage membrane proteins (Chio et al 

1969, Tappel 1975, 1980 and Frankel 1984) would indeed 

support their replacement to maintain normal cell 

functions. Stimulation of protein synthesis may also 

reflect promotion of lymphocyte activation, a process 

which has been shown to require FA's (Cuthbert et al 

1986). Inc reased immunoglobin production was unlikely,

however, since exogenous FA^s induce immunosuppressive 

responses in lymphocytes in vitro (Lleyman et al 1975, 

1977).

The possibility that increased protein synthesis related



594

to enhanced expression of desaturase cascade enzymes was 

excluded as human lymphocytes exhibited no significant 

capability for FA desaturation or elongation (Table

5.2.3.1.). No evidence to indicate significant 16:0 

desaturation or elongation was found, and despite marked 

16:lw9 incorporation with p-FO dosage, 18:lu9 levels 

were not consistent with 16:lu9 elongation. The levels 

of 18:0 were decreased and 18:lu9 increased with p-oil 

supplementation, yet A9D capability seemed unlikely as 

all p-oils contained sufficient 18:lu9 (Table 2.3.3.2.) 

to explain the data. Poor J6D, J5D, J4D and elongase 

capability was also shown in p-oil dosed cells. This 

supported the work of Cunanne et al (1984) who showed 

little further metabolism of 014C3-18:2u6 to longer 

chain more unsaturated FA's in such cells, despite 

pronounced and rapid uptake of this radioisotope into 

lipid pools. They postulated that 18:2u6 utilisation by 

the desaturase cascade was only a minor route of its 

metabolism, while the present study 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, Poubelle et al 1987 and Yi 

et al 1988), but this appears unrelated to the poor 

desaturation capability of this cell (Goldyne et al

1982, 1984, 1989).



595

Our data suggested that desaturase and elongase enzyme 

activity was suppressed rather than absent since the low 

level of 18:2w6 and concommitant formation of 22:4w6 

only with dosage of 20mg/l p-EPO was consistent with 

J6D, J5D and elongase capability. Alternatively, 18:2w6 

was elongated and converted to 20:3w6 via an active J8D, 

prior to further desaturation. It was unlikely, however, 

that enzyme suppression related to cytotoxicity induced 

with p-oil dosage since no significant evidence for 

desaturase or elongase capability was found even when 

p-oils had little effect on lymphocyte viability.

Zevallos et al (1989) showed that alteration of the 

physical state of lymphocyte membranes suppressed

desaturase enzyme activity, thus it was possible that a 

similar effect in microsomal membranes was responsible 

for suppression of desaturase and elongase activity with 

P~oi1 dosage.

Lymphocyte 1ipoperoxide formation with p-oil dosage 

(Table 5.2.4.1.) indicated intact cellular enzymic

and/or non-enzymic mechanisms for the production of such 

compounds. The lack of 1ipoperoxide formation 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.

A 1ternative1y , the cells possess enzymes such as super­

oxide dismutase, catalase and peroxidase which remove 

different species of activated oxygen that promote 1ipo-
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peroxidation. Saturation of these protective mechanisms 

against oxidation probably occurred with p-oil dosage, 

and the 1ipoperoxides measured thus reflected the amount 

and FA composition of the p-oils dosed (Table 2.3.3.2.). 

The finding that p-FO induced the greatest 1ipoperoxide 

amounts when dosed, both in the cells and spent medium, 

probably related both to the availability of EPA and the 

susceptibility of this moiety to oxidation. However, 

formation of significantly more 1ipoperoxides with p-FO 

than p-LO dosage, despite more ALA in p-LO than EPA in 

p-FO (about 63% vs 18%, respectively), was consistent 

with fewer double bonds in ALA. The similar cellular 

1ipoperoxide amounts induced overall with p-EPO or p-SSO 

dosage reflected the similar FA compositions of these 

p-oils, 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 for the 

greater 1ipoperoxide amounts found with supplementation 

of 40 or 60mg/l p-EPO than p-SSO. However, such may also 

relate to alterations in PGL cycling and FA release from 

PGL's, which would have influenced the availability of 

FA's for oxidation. This mechanism could also account 

for the greater 1ipoperoxide amounts measured with p~C0 

than p-MO or p-00 dosage, despite the presence of more 

unsaturated FA's in the latter p-oils. On the other 

hand, a very slow rate of PGL turnover could explain the 

absence of 1ipoperoxides in control lymphocytes, despite 

the presence of large amounts of cellular PUFA's.
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Human lymphocytes were shown to incorporate p-oil FA's 

(Table 5.2.3.1.), thus the 1ipoperoxides measured in the 

spent medium (Table 5.2.4.1.) may well have originated 

intracel1ularly, and were transferred to the medium upon 

cell lysis or if plasma membrane permeability of viable 

cells was increased by the formation of cellular lipid 

peroxides. However, it seemed unlikely that cellular 

FFA's released in this process would be susceptible to 

extrace 11u 1ar oxidation, even in the presence of 

released cellular peroxidising enzymes, since incubation 

media contained albumin as p-oil FA carrier.

Lipoperoxides 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 modulation of 

P~oi1 - induced cytotoxicity. This could well explain the 

inverse correlation found between lymphocyte viability 

(Figs. 5.2.1.2-5.2.1.8.) and 1ipoperoxide 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-FO, and least with 

p-MO, dosage, indeed supported 1ipoperoxide involvement 

in the modulation of cell viability. The fact that 

60mg/l p-SSO and p-00 also induced marked cytotoxicity, 

but only small MDA amounts, however, implied that lipid 

peroxides were not solely involved in this process. In 

the light of the parameters investigated in the present
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study, it was proposed that the modulation of human 

lymphocyte viability related to the involvement of 1ipo- 

peroxides as well as alterations in membrane fluidity.
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5.3 THE EFFECTS OF PSEUDO-OILS ON CELLS

DERIVED FROM HUMAN SKELETAL MUSCLE.

5.3.1 Effects of Pseudo-Oils on Cell Viability.

Cultured cells were examined microscopically before, 

during and after each experiment, and at no time were 

any changes seen in the morphology of control cells, or 

those dosed with p-oils, except for cytoplasmic droplets 

observed with p-oi1 incubation at high concentrations in 

some instances.

The effects of albumin, with final medium concentrations 

ranging from 0 to 250mg/l, were investigated and shown 

to have no significant effect on cell viability (Fig.

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 10xl0a/ml, at the end 

of the 24 hour post-trypsinisation recovery period, was 

10.1xl0a/ml. This equated to 99% of the final control 

cel 1 number at the end of the 48 hour incubation period, 

and represented the cytostatic number. Only p-oil 

concentrations limiting cell viability to significantly 

below 99% were thus considered cytotoxic.

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

depicted in Figs. 5.3.1.2-5.3.1.8. Low concentrations



Legend to Figs. 5♦3.1♦1-5♦3.1♦8.

The results are expressed as mean percent (%) cell 

viabi1ity±standard error of the mean (s.e.m.), where "n* 

is the number of experiments. The concentrations given 

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

medium. Fig. 5.3.1.1. shows the mean percent cell 

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

Figs. 5.3.1.2~5.3.1.8. depict the mean percent cell 

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



Fig. 5.3.1♦1

The percentage viability of cells derived from human

gkeletal muscle incubated with albumin.

A1bumin 
Concentration 

(mg/1)

Mean — s « g • rn ♦ n

0 100.0 2.2 12

25 101.4 3.4 12

50 100.5 2.6 12

75 101.3 2.5 12

100 96.5 3.7 12

125 100.8 4.8 12

150 98.1 3.7 12

175 96.1 4.2 12

200 98.9 2.9 12

225 93.4 4.1 12

250 96.1 4.7 12



Fi g .  5 . 3 ♦1 ♦ 2

The percentage viability of cells derived from human

skeletal muscle incubated uith p ~CO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 5.4 6

10 86.1 4.5 6

20 90.6 4.6 6

30 75.7 3.9 6

40 78.3 5.8 6

50 75.7 3.9 6

60 74.0 4.6 6

70 68.1 3.0 6

80 56.3 2.3 6

90 45.1 2.5 6

100 37.5 3.6 6



Fig. 5 ♦ 3.1 ♦ 3

The percentage viability of cells derived from human

skeletal muscle incubated uiith p-MO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 4.4 6

10

00•CN 4.4 6

20 94.9 4.5 6

30 96.8 4.0 6

40 93.6 3.5 6

50 91.1 4.5 6

60 87.3 3.8 6

70 78.3 2.9 6

80 79.6 3.6 6

90 75.8 3.9 6

100 58.1 4.4 6



Fig. 5.3.1.4.

The percentage viability of cells derived from human

skeletal muscle incubated uith p-QO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.8 6

10 102.0 4.8 6

20 85.9 5.4 6

30 88.6 4.3 6

40 82.6 4.5 6

50 80.5 3.9 . 6

60 75.2 4.6 6

70 73.2 2.8 6

80 56.4 6.0 6

90 20.1 3.9 6

100 11.4 3.2 6 '



Fig,  5♦3.1.5.

The percentage viability of cells derived from human

skeletal muscle incubated with p ~SSQ.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.8 6

10 93.3 3.1 6

20 91.5 3.9 6

30 91.5 4.1 6

40 80.6 2.6 6

50 77.0 2.9 6

60 77.6 3.2 6

70 75.2 4.5 6

80 64.2 2.6 6

90 60.0 4.1 6

100 40.6 3.2 6
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The percentage viability of cells derived from human

skeletal muscle incubated with p-LO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 2.6 6

10 100.2 3.7 6

20 88.0 3.5 6

30 79.8 3.8 6

40 83.3 2.9 6

50 83.3 2.1 6

60 79.3 2.3 6

70 56.5 4.9 6

80 30.9 5.1 6

90 16.9 3.1 6

100 10.5 3.1 6



Fig. 5.3 ♦ 1.7

The percentage viability of cells derived from human

skeletal muscle incubated with p-EPO.

pseudo-Oi1 
Concentration 

< mg/1 )

Mean ±s.e .m . n

0 100.0 4.1 6

10 104.1 4.0 6

20 107.2 3.5 6

30 89.6 3.9 6

40 95.1 2.9 6

50 78.8 3.4 6

60 77.9 3.1 6

70 77.8 2.3 6

80 77.0 4.4 6

90 64.9 4.4 6

100

i'-00 2.9 6



Fig. 5.3.1.8

The percentage viability of1 cells derived from human

skeletal muscle incubated uith p-FO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 4.4 6

10 101.8 2.6 6

20 90.5 4.2 6

30 97.1 3.2 6

40 93.2 3.2 6

50 86.6 2.5 6

60 43.6 4.4 6

70 27.1 4.2 6

80 3.3 1.7 6

90 0.7 0.7 6

100 0.0 0.0 6
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of p-EPO enhanced cell proliferation, but all p-oils 

were growth inhibitory, the extent of which varied with 

the p-oil and concentration dosed. p-MO modulated the 

least, and p-FO the most, cytotoxicity, while the 

pattern of growth inhibition induced with p-00 and p-LO 

were generally alike, as were those of p-CO, p-SSO 

and p-EPO.

Concentration dependant cytotoxicity was induced with 

increments in the amount of p-CO dosed (Fig. 5.3.I.2.). 

The number of viabile cells decreased to 75.7% with 

30mg/l p-CO, and further to 68.1% with 70mg/l p-CO. Cell 

viability was reduced to 50% of controls with 85mg/l

p-CO (ID5 0 ), and the yield of viable cells was 37.5% 

with 100mg/l p-CO.

Supplementation with up to 30mg/l p-MO had little effect 

on cell viability, while higher concentrations induced 

progressively more cytotoxicity, to yield 75.8% viable 

cells with 90mg/l p-MO and 58.1% with 100mg/l p-MO (Fig. 

5.3.1.3).

10mg/l p-00 had little effect on cell viability, but 

such was decreased to 85.9% with 20mg/l p-00 and 73.2% 

with 70mg/l p-00 (Fig. 5.3.1.4.). Higher concentrations 

induced marked cytotoxicity, reducing the number of 

viable cells to 50% of controls with 82mg/l p-00 ( I D 5 0 )  

20.1% with 90mg/l p-00, and 11.4% with 100mg/l p-00.

Cell pro 1iferation was inhibited in a concentration
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dependant manner with increasing amounts of p-SSO dosed 

(Fig. 5.3.1.5.). More than 90% of cells were viable with 

dosage of up to 30mg/l p-SSO, but the yield was reduced 

to 80.6% with 40mg/l p-SSO and 75.2% with 70mg/l p-SSO. 

Further concentration increases reduced cell viability 

to 50% of controls with 95mg/l p-SSO (ID5 0 ) compared to 

40.6% with 100mg/l p-SSO.

Little change in cell pro 1iferation was shown with 

10mg/l p-LO dosage, but this was progressively reduced 

to 79.8% with 30mg/l p-LO (Fig. 5.3.1.6.). p-LO induced 

no further cytotoxicity up to a concentration of 60mg/l, 

as cell viability ranged from 79.3% to 83.3%. Higher 

concentrations, however, induced marked cytotoxicity, 

reducing the yield of viable cells almost linearly to 

50% of controls with 73mg/l p-L0 ( I D 5 0 )  and to 10.5% 

with 100mg/l p-LO.

Dosage with 10mg/l p-EP0 had little effect, but 20mg/l 

p-EP0 enhanced cell viability to 107.2% (Fig. 5.3.1.7.). 

40mg/l p-EPO induced cytostasis, while cell viability 

ranged from 78.8% to 77.0% with 50 to 80mg/l p-EP0. 

Cytotoxicity was increased, however, with 90mg/l p-EPO, 

and approximately 50% of cells were stained with Trypan 

blue with 100mg/l p-EPO.

Cell growth approximated to that of controls with dosage 

of up to 40mg/l p-F0, while higher concentrations were 

cytotoxic (Fig. 5.3.1.8.). Cell viability was reduced to
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50* of controls with 59mg/l p-FO (IDSO), and further to 

3.3* with 80mg/l p-FO, while Trypan blue uptake was 100* 

with 100mg/l p-FO.

Cell were subsequently plated and dosed appropriately 

with 0, 20, 40 or 60mg p-oil/1 culture medium in 

sufficient amounts for all quantitative and qualitative 

analyses to be carried out. Cell viabilities were 

compared upon harvesting to those in Figs. 5.3.1.1-

5.3.1.8., and were found not to be statistically 

different. All further biochemical assays were therefore

performed on these samples.
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5.3.2 Effects of pseudo-Qils on Total Protein.

The total protein concentrations determined in cells 

dosed with 20, 40 or 60mg/l p-oil for 48 hours are shown 

in Table 5.3.2.1. compared to controls, and expressed as 

jug total protein/106 cells seeded.

Cells dosed with 60mg/l p-FO contained 424.2jug total 

protein/106 cells seeded compared to 593.1jug protein/106 

controls cells seeded. All other dosed cells, however, 

contained significantly more protein than controls, and 

ranged from 697.3 to 974.4jug/106 cells seeded (obtained 

with 60mg/l p-LO and 20mg/l p-EPO dosage). A slightly 

greater increment in cellular protein was induced with 

40 than 20mg/l p-FO dosage (874.2 vs 854.1jug/106 cells 

seeded, respectively). In contrast, cellular protein 

levels changed inversely with increments in the amount 

of p-CO (828.3 to 773.8jug) , p-MO (872.2 to 765.2jug), 

P - 0 0  (743.9 to 703.5jug), P-SS0 (828.2 to 764.8jug), P-L0 

(800.6 to 697.3jug) or p-EPO (974.4 to 713.6jug) dosed.



Table 5 ♦ 3 ♦ 2.1

The protein content of cells derived from human skeletal 

muscle, expressed as jug total protein/10s cells seeded.

pseudo- 
Oi 1

CELLS

(mg/1) 0 20 40 60

Control 593.1

CO 828.3 796.7 773.8

MO 872.2 839.7 765.2

00 743.9 716.1 703.5

SSO 828.2 791.8 764.8

L0 800.6 751.5 697.3

EPO 974.4 859.0 713.6

F0 854.1 874.2 424.2
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5.3.3 Effects of pseudo-Oils on the Fatty Acid

Spectrum of Cells Derived From Human 

Skeletal Muscle.

Table 5.3.3.1. shows the FA spectra of cells incubated 

with 20, 40 or 60mg/l of each of the p-oils compared to 

contro1s .

18:lu9 contributed 24.7% to the total FA spectrum in 

control cells, compared to 21.3% 16:0, 12.8% 18:0,

6.8% 16:lu9, 5.5% 20:4u6, 14.5% 22:4w6 and smaller

proportions <i5%) of other FA's.

In general, cells dosed with p-oils contained similar 

amounts of 16:0, 18:0 and 18:lu9, but less 16:lu9, than 

controls. More 18:2u6 was generally found in dosed than 

control cells, whereas u6 PDFA and w3 PUFA proportions 

either approximated to controls, or were decreased.

Cells incubated with 20, 40 or 60mg/l p~C0 exhibited

consistently higher 16:0 levels (24.1%, 26.1% and 30.5%, 

respectively) than controls (21.3%), but only half as 

much 16:lw9 (3.2%, 3.6% and 3.5%, respectively vs 6.8%

in controls). 18:0, 18:lw9, 18:2u6 and 18:3w3 levels 

were largely unchanged, while (*)6 and <*)3 PDFA percentages 

approximated to controls, or were decreased; 20:4u3 was 

slightly increased, however, with 40mg/l p-CO dosage 

(2.2% vs 1.6% in controls).

1 => i n n  i h p f p H  Lj'i 'hh 'Pfl. A H  n r  Af lmn/1 — MO o v K i  K i  +•



Legend to Table 5.3.3.1.

All values are tabulated as relative percent total area. 

Control values are reported as mean±s.e.m., where ‘n* is 

the number of experiments. "Lp-OilD" refers to the 

pseudo-oil concentration used.



Tab!e 5.3 « 3.1.
The fatty acid spectrum of cells derived from human 

skeletal muscle.

!FATTY ACID 
! SPECTRUM
: ( y .)
11

CONTROLS 

(n = 3 )

Cp-COZI 
(mg/1)

20 ! 40 ! 60

Cp-MOZI 
(m g / 1 )

20 ! 40 1 60

Cp-003 
(m g / 1 )

20 ! 40 ! 60

Cp-SSOO 
< m g / 1 )

20 ! 40 ! 60

Cp - l o :
(mg/1)

20 ! 40 ! 60

Cp-EPOD 
(mg/1)

20 ! 40 ! 60

Cp -FOD ! 
(m g / 1 ) !

20 ! 40 ! 60 !
1l11

: s
! A

16:0 21.3 ± 0 .20 24.1 26.1 30.5 22.7 23.0 24.2 18.4 17.3 17.2 19.9 17.8 20.9 20.4 20.3 24.8 20.2 19.4 22.7 20.8 20.3

1
t

20.4!

! T 
! U

18:0 12.8 ± 0 .20 14.4 11.3 10.4 12.5 12.6 12.2 9.6 7.1 6.0 12.7 9.6 10.2 12.7 11.0 13.8 12.1 10.2 12.8 10.6 10.7
1

6.1 !

: R 
! A

20:0 0.1±0.00 - 0.1 - - - - - - - - - - - - 0.1 - - - - 0.3
1
1

: T 
i E

22:0 - - - 0.1 - - - - 0.2 - - - - - - 0.1 - - 0.2 - -
l
l

: s.
ii
ii

24:0 0.4±0.00 — 0.3 — — — — 0.2 0.3 — 0.4 0.1 0.2 - 0.3 0.3 - 0.2 - - -
l
l
11
1

ii
! u9 
! M

16:1 6.8 ± 0 .07 3.2 3.6 3.5 2.4 1.9 2.0 3.4 3.7 4.1 3.5 3.7 4.1 3.9 4.9 2.6 3.5 3.8 2.6 10.9 13.4

1

20.5!

: o
! N

18:1 24 . 7 ± 0 .21 25.6 25.2 28.9 26.8 26.5 29.3 42.9 45.3 47.8 26.1 24.2 23.9 25.8 22.5 23.8 23.4 19.7 21.7 25.3 23.1 23.1!

: o
! S.
11

24:1 — — — — — — — — - - - - - - - - - - - - -
1

11
1111

11
1

18:2 3.7 ± 0 .05 3.2 
‘ 1

3.2 3.6 5.2 6.6 9.5 6.5 7.9 8.9 17.0 23.3 26.0 8.4 8.3 6.0 20.7 23.4 17.5 1 5.1 6.6

11
8.7!

11
! u6

18:3 -
-

- - - - 0.1 - - - - - - - - - 0.2 0.3 0.2 1 -
1
1
1

l1
! P

20:2 0.2 ± 0 .00 0.1 - 0.1 0.1 0.1 0.2 0.6 1.1 1.3 0.5 1.1 0.9 0.2 0.2 0.1 0.7 0.7 0.3 1 0.2 0.7 0.5!

: o
| L

20:3 0.9±0.00 0.9 1.0 1.0 0.9 0.8 1.0 0.7 0.9 0.6 0.9 1.1 0.8 0.9 1.2 0.8 2.2 2.7 1.7 0.8 0.8
1

0.6!

! Y
! s .

20:4 5.5 ± 0 .13 6.0 5.3 4.8 7.3 6.1 6.0 3.9 3.2 2.4 4.7 3.6 3.0 6.2 5.3 3.4 5.0 4.1 3.4 4.4 3.6
1

2.5!

11
I

22:4 14.5±0.55 14.8 14.6 10.7 15.6 14.1 10.4 8.8 7.5 7.5 9.5 10.0 6.2 7.6 7.9 13.2 7.1 9.8 13.3 13.1 7.9 7.2!

11
11
11

22:5 1 . H 0 . 0 5 0.3 0.8 0.1 — 0.6 0.1 0.2 0.3 0.1 0.2 0.5 0.2 0.2 1.8 0.3 0.2 0.7 0.2 0.1 1.0
1

0 . 1 ! 
1 1 
1

1I
11
1

18:3 0.510.00 0.4 0.4 0.5 0.5 0.3 0.4 0.7 0.8 0.8 0.5 0.4 0.4 8.7 11.1 7.1 0.4 0.4 0.3 0.5 0.5

11
0.6!

! u3 
1

18:4 0.810.05 0.6 0.4 0.2 0.3 0.7 0.2 0.3 0.4 0.1 0.2 0.4 0.2 0.3 0.4 0.4 0.3 0.6 0.3 0.3 1.5
1

0.2!

! P 
! 0

20:4 1.610.05 1.6 2.2 0.7 0.7 2.2 0.1 - 0.7 0.3 - 0.7 0.2 0.2 0.9 0.9 0.1 0.9 0.3 0.9 2.5
1

0.8!

: L 
! v

20:5 1.010.00 0.8 1.2 1.0 0.9 1.1 1.0 0.8 0.8 0.9 1.0 0.6 0.8 1.0 0.9 0.3 0.6 0.6 0.6 2.6 2.8
1

5.5!

: s .
i

22:5 2.H0.00 2.2 2.1 2.0 2.3 1.8 1.8 1.6 1.4 1.1 1.6 1.4 1.3 1.9 1.6 1.3 1.9 1.4 1.1 3.3 3.4
1

2.7!

ii
ii
i«

22:6 2.010.00 2.0 2.2 2.0 1.9 1.6 1.7 1.4 1.2 1.0 1.4 1.3 0.9
'

1.6 1.3 0.9 1.5 1.1 0.8 1 1.3 1.0 0.7!
11
1i
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16:0 and 18:0 percentages which mirrored controls (21.3% 

and 12.8%), decreased 16:lu9 (2.4%, 1.9% and 2.0%, 

respectively vs 6.8% in controls), and sightly increased 

18:lu9 (26.8%, 26.5% and 29.3%, respectively vs 24.7% in 

controls) levels. Significant increases were induced in 

18:2w6 with 20, 40 and 60mg/l p-M0 (5.2%, 6.6% and 9.5%, 

respectively vs 3.7% in controls) and 20:4w3 with 20mg/l 

P~M0 (2.2% vs 1.6% in controls), unlike 20:4u6 (7.3%, 

6.1% and 6.0%, respectively vs 5.5% in controls); all 

other PDFA levels levels approximated to controls, or 

were decreased.

18:lu9 percentages increased almost 2 fold with 20, 40 

or 60mg/l p-00 supplementation (42.9%, 45.3% and 47.8%, 

respectively vs 24.7% in controls), but 16:0, 18:0 and 

16:lw9 levels decreased in relation to controls (21.3%, 

12.8% and 6.8%, respectively). Concentration dependant 

increases were detected for 18:2u6 and 20:2w6 (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 controls, or significantly 

decreased.

p-SSO dosage had little overall effect on cellular 16:0, 

18:0 and 18:1cj9 percentages, but reduced the amount of 

16:lu9 (3.5% to 4.1% vs 6.8% in controls). A marked 

increase in 18:2u6 was detected (17.0%, 23.3% and 26.0% 

with 20, 40 and 60mg/l p-SSO, respectively vs 3.7% in
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controls), with a small increment induced in 20:2u6 over 

the same range (0.5%, 1.1% and 0.9%, respectively vs 

0.2% in controls), yet all other U)6 and u3 PUFA 

percentages mirrored controls, or were decreased.

16:0, 18:0 and 18:lu9 proportions were not significantly 

changed in relation to controls when 20, 40 or 60mg/l 

p-LO was dosed, but 16:lu9 was decreased (3.9%, 4.9% and 

2.6%, respectively vs 6.8% in controls). Increments 

18:2w6 and 18:3u3 were induced over the same range dosed 

(8.4%, 8.3% and 6.0%, and 8.7%, 11.1% and 7.1% vs 3.7% 

and 0.5% in controls, respectively), yet PDFA amounts 

were not significantly increased.

p-EP0 supplementation had little overall effect on 

cellular 16:0, 18:0 and 18:lw0 levels; however, 16:lw9 

was significantly decreased (2.6% to 3.5% vs 6.8% in 

controls). Marked 18:2u6 changes were induced (20.7%, 

23.4% and 17.5% with 20, 40 and 60mg/l, respectively vs

3.7% in controls). Further, 20:3u6 was a significantly
\

increased over the same range (2.2%, 2.7% and 1.7%, 

respectively vs 0.9% in controls), but the levels of 

other w6, as well as all (*)3, PDFA's detected were 

decreased.

No significant changes were induced in cellular 16:0 and 

18:lu9 levels with addition of 20, 40 or 60mg/l p-FO to 

the incubation medium, while 18:0 amounts were decreased

(10.6%, 10.7% and 6.1%, respectively vs 12.8% in undosed
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cells) and 16:lu9 significantly increased (10.9%, 13.4% 

and 20.5%, respectively vs 6.8% in controls). Despite 

increments in 18:2u6 (5.1% to 8.7% vs 3.7% in controls), 

no significant increases in u6 PDFA's were induced. 

18:4u3 and 20:4w3 amounts were slightly increased with 

40mg/l p-FO dosage (1.5% and 2.5% vs 0.8% and 1.6% in 

controls, respectively). 22:6w3 levels, however, were 

decreased with 20, 40 or 60mg/l p-FO incubation (1.3%, 

1.0% and 0.7%, respectively vs 2.0% in controls, despite 

increments in 20:5w3 (2.6%, 2.8% and 5.5%, respectively 

vs 1.0% in controls) and 22:5w3 (3.3%, 3.4% and 2.7%, 

respectively vs 2.1% in controls).
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5.3.4 Effects of pseudo-Oils on Lipid Peroxide 

Formation.

The 1ipoperoxides quantified in the cells and spent 

media of cultures dosed with 20, 40 or 60mg/l p-oil are 

shown in Table 5.3.4.1. in relation to controls. The 

data is expressed as nmoles MDA/106cel1s , but in the 

case of the spent incubation media, this represents the 

nmoles of MDA in the volume of medium from which lxlO6 

cells were obtained. Lipoperoxide levels varied with the 

p-oil supplemented, but increased overall as greater 

p-oil amounts were dosed.

0.2nmoles MDA/106 control cells were measured, while 

amounts in dosed cells were greater in every instance, 

ranging from 0.3 to 2.5nmoles MDA/106 cells. Saturated 

FA-rich p-oils induced only small lipoperoxide amounts, 

although levels were slightly higher with dosage of p-CO 

(0.4 to 0.5nmoles MDA/106 cells) than p-MO (0.3nmoles 

MDA/106 cells). However, slightly larger, but consistent 

lipoperoxide levels were induced with 20, 40 or 60mg/l 

p-00, p-SS0, p~L0 or p-EP0 incubation (0.4 to l.Onmoles 

MDA/106 cells), while p-F0 induced significantly greater 

amounts only with a concentration of 60mg/l (2.5nmoles 

MDA/106 cells).

Greater lipoperoxide amounts were measured in the spent 

incubation media of control and dosed cultures than in 

the cells themselves. Spent incubation medium derived



T a b l e  5 . 3 . 4 . 1 .

Lipoperoxide formation by human skeletal muscle cultures 

incubated uith p-oils. expressed as nmoles MDA/10& rells.

pseudo- 
Oi 1

CELLS

(mg/1 ) 0 20 40 60

Contro1 0.2

CO 0.4 0.5 0.5

MO 0.3 0.3 0.3

00 0.4 0.9 1.0

SSO 0.4 0.7 1.0

L0 0.9 0.9 1.0

EPO 0.7 0.8 1.0

F0 0.6 0.8 2.5

pseudo- SPENT INCUBATION MEDIUM
Oi 1

(mg/1) 0 20 40 60

Contro1 0.5

CO 2.8 3.6 4.1

MO 1.8 2.0 2.2

00 1.6 1.7 2.1

SSO 1.7 4.3 6.4

L0 3.7 6.5 11.0

EPO 1.9 4.6 6.6

F0 4.1 4.2 10.2
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from control cultures contained 0.5nmoles MDA/106 cells* 

while levels were considerably higher in dosed cultures, 

ranging from 1.6' to ll.Onmoles MDA/106 cells. Spent 

media derived from cultures incubated with 20, 40 or 

60mg/l p-MO or p-00 contained similar lipid peroxide 

amounts (1.8, 2.0 and 2.2, and 1.6, 1.7 and 2.Inmoles 

MDA/106 cells, respectively), while slightly higher 

levels were measured in the presence of p-CO (2.8, 3.6 

and 4.Inmoles MDA/106 cells). Spent media 1ipoperoxide 

concentrations, however, were generally lower with p-CO, 

p-MO or p-00 than p-SSO, p-LO, p-EPO or p-FO incubation. 

Comparable spent media 1ipoperoxide amounts were found 

with dosage of p-SSO (1.7, 4.3 and 6.4nmoles MDA/106 

cells) or p-EPO (1.9, 4.6 and 6.6nmoles MDA/106 cells), 

but concentrations were greatest in the presence of 

p-FO (4.1, 4.2 and 10.2nmoles MDA/106 cells) and p-LO 

(3.7, 6.5 and ll.Onmoles MDA/106 cells).
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5.3.5 Discuss i on♦

No reference has been found in the 1iterature relating 

to the effects of FA's on the growth of human skeletal 

muscle. The present study showed that human skeletal 

muscle cells were largely susceptible to growth 

inhibition when supplemented with p-oils in culture 

(Figs. 5.3.1.1-5.3.1.8.)* and this appeared to relate 

partly to the long population doubling times of these 

cells (Table 2.3.1.1.). The cell viability changes 

induced could nevertheless be related to the unique FA 

compositions of the p-oils dosed (Table 2.3.3.2.). The

similar degree of cytotoxicity induced with p-EPO or 

p-SSO supplementation was consistent with the similar FA 

compositions of these p-oils, and was probably relatable 

to the large amount of LA present therein (about 70^). 

The presence of 9% GLA in p-EPO only, however, may 

explain the growth enhancement this p-oil induced with 

dosage at low concentrations. This PDFA may have 

stimulated cell proliteration directly, or limited the 

cytotoxic capability of LA, or other FA's, in p-EPO. The 

similar proportions of LA in p-EPO and p-SSO, 0A in p-00 

and ALA in p-LO, and the more pronounced cytotoxicity 

induced with p-LO or p-00, than p-EPO or p-SSO, dosage 

implied that ALA and OA exhibited greater cytotoxic 

potential than LA, while the similar degree of cyto­

toxicity p-LO and p-00 induced suggested that ALA was as

o f ' f  o r  f  i LĴ  aq DA i n morl i n+’ i n n i n k i  k i  nn Dn
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other hand, the finding that p-FO exhibited the greatest 

capability to induce cytotoxicity with dosage at high 

concentrations could relate to the significant amounts 

of 20J5u3 and 16:lu9 (about 18% and 31%, respectively) 

present in this p-oi1 only. The different cell viability 

changes which p—oil FA/s appeared to induce probably 

related to variations in their structure, although it 

was also likely that the effects induced by single FA's 

were diminished or enhanced by antagonistic and 

synergistic interations between p-oil FA's. Evidence 

that these cells incorporated exogenous 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 unsaturated FA-rich 

p-oiIs could have increased the membrane unsaturation 

index to such an extent that cell viability could not 

continue, whereas membrane rigidification probably 

accounted for growth inhibition p-CO induced. On the 

other hand, the amount and structure of unsaturated FA's 

present in p-MO (about 11% 0A, 8% LA and 2% AA) may 

have conteracted any membrane rigidification the

saturated FA's incorporated from this p-oil induced, and 

explain 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 vivo. which accounts for

over 50% of total metabolism (Lehninger 1982). Dosage of
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such cells with p-oils resulted in cellular protein 

changes (Table 4.3.2.1.) which generally reflected the 

cell viability changes induced (Figs. 5.3.1.2-5.3.1.8.). 

However, while p-oil FA's were generally not effective 

in enhancing cell pro 1iferation, it was clear that these 

moieties were very effective in stimulating protein 

synthesis, even when p-oils induced 20% to 30% growth 

inhibition. The finding that the extent of protein 

stimulation varied with dosage of different p-oils at 

identical concentrations, even when such yielded similar 

cell numbers, suggested that the capability to enhance 

cellular protein synthesis varied with FA, and was 

probably relatable to FA structure. It was also likely 

that synergistic/antagonistic interactions between p-oil 

FA's played a role in this process. Enhancement of 

cellular protein synthesis may, nevertheless, reflect 

increased enzyme production to metabolise exogenous FA's 

incorporated with p-oil dosage.

Stimulation of protein synthesis did not appear to 

relate to increased expression of desaturase cascade 

enzymes since the overall capability of these cells to 

desaturate or elongate FA's was very limited (Table

5.3.3.1.). Indeed, studies have shown that skeletal 

muscle is less capable of synthesising FA's than tissues 

such as mammary gland, adrenal cortex, liver and adipose 

(Lehninger 1982). 16j0 and 16j1w 9 taken up with p—oi 1 

dosage were not significantly desaturated or elongated,



613

while 18:0 and 18:lu9 levels parallel to controls 

supported impaired J9D capability. 18:3u3 and 18:2u6 

incorporated with p-LO and p-SSO dosage, respectively 

were not further metabolised to PDFA's, and such was 

consistent with impaired A 6 D capability. Thus 20:3u6 

formation with p-EPO supplementation probably related to 

elongation of incorporated 18:3w6. Lack of further 

20:3u6 metabolism, however, was consistent with impaired 

J5D capability. On the other hand, formation of small 

22:4u6 amounts with 20mg/l p-MO, and significant 22:5u3 

amounts with p-FO, dosage supported the capability for 

20:4u6 and 20: 5u)3 elongation, respectively. The fact 

that no significant increase in 22:5u6 or 22:6u3 levels 

were detected, however, implied impaired J4D capability. 

It was clear from the above that elongation was more 

frequent than desaturation, and this confirmed the rate 

limiting nature of the desaturases (Marcel et al 1968, 

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

The formation of small amounts of 18:4u3 and 20:4u3 with 

40mg/l p-FO, 20:4u6 with 20mg/l p-LO, and 22:5w6 with 

40mg/l p-LO, for example, suggested the potential for 

limited desaturase expression in these cells. Thus 

it was possible that the impaired J6D, J5D and 

A4D capabilities reported above related to enzyme 

suppression rather than their absence in these cells. It 

was unlikely that such related to growth inhibition 

induced with p-oil dosage, however, since desaturase
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activity was impaired even when p-oils had little effect 

on cell viability. Studies have shown that dietary FA/s 

modulate the lipid composition of microsomal membranes 

(eg. Nervi et al 1968 and Garg et al 1988a, 1988b, 

1988c), thus it has been suggested that the microsomal 

lipid composition is involved in the regulation of 

desaturase enzyme activity (Kurata et al 1980 and Garda 

et al 1984, 1985). This phenomenon may therefore explain 

the overall suppression of desaturase activity reported 

with p-oil dosage, although such may be a characteristic 

of this particular cell type in vitro under the culture 

conditions employed. Even if desaturase capability is 

poor in vivo. skeletal muscle has a generous vascular 

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

MDA measurement in control cells (Table 5.3.4.1.) was 

not surprising as such contained unsaturated FA's which 

were potentia 1 candidates to act as substrates for the 

formation of cellular 1ipoperoxides (Table 5.3.3.1.). 

This could occur enzymatically and/or via auto-oxidation 

of unsaturated FA's released during the continuous 

cycling of cellular PGL^s when the mechanisms of 

protection against oxidation were saturated. The FA 

composition of new incubation medium was primarily 

composed of saturated FA's (Table 2.3.3.3.), thus such 

was unlikely to have contributed significantly to any 

medium 1ipoperoxides reported (Table 5.3.4.1.). Cellular 

1ipoperoxides, however, are able to increase membrane
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permeability (eg, Chio et al 1969, Tappel 1975, 1980 and 

Frankel 1984). Thus it was possible that the greater 

lipoperoxide amounts measured in spent control medium 

than in control cells themselves reflected the formation 

of cellular 1ipoperoxides, and their subsequent release 

into the medium through the plasma membrane of viable 

cells. Evidence to support p-oil FA incorporation into 

the cells from the culture medium was shown (Table

5.3.3.1.), thus it was unlikely that the greater lipid 

peroxide amounts measured in the spent medium than 

in the cells of dosed cultures (Table 5.3.4.1.) were 

primarily the result of auto-oxidation of unincorporated 

p-oil FA's, particularly since these moieties were 

albumin-bound. It rather appeared that the 1ipoperoxides 

measured in the spent medium of dosed cultures also 

originated intrace 11u 1ar1y , and were released into the 

incubation medium as a result of increased plasma 

membrane permeability or cell lysis. The considerably 

greater 1ipoperoxide amounts shown in the spent medium 

of dosed cultures than in the cells themselves was 

indeed consistent with the cytostasis and cytotoxicity 

the p-oils 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 themselves (Table 5.3.4.1.), reflected 

increased unsaturated FA availability for oxidation. 

This correlated with the increased lipid peroxide
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concentrations found overall with the amount of p-oil 

dosed, while the quantitative variations in MDA levels 

reported reflected differences in p-oil FA composition 

(Table 2.3.3.2.). This related not only to the amount of 

unsaturated FA's present in any p-oil, but also to their 

susceptibility to oxidation, dependent on the number and 

position of double bonds in a FA. The rate of PGL 

turnover probably 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 would have determined the size of the 

cellular FFA pool, and thus the availability of FFA's 

for intracel1ular oxidation. An increased rate of PGL 

turnover with p-CO dosage could well account for the 

greater lipoperoxide amounts this p-oil induced compared 

to p-MO and p-00, which contained a greater complement 

of unsaturated FA's. Alternatively, more unsaturated 

FFA's may have been components of complex membrane 

lipids and therefore less susceptible to peroxidation 

with p-MO or p-00 than p-CO incubation. The greater 

lipoperoxide amounts measured overall with p-SSO, p-LO, 

p-EPO or p-FO than with p-CO, p-MO or p-00, dosage were 

nevertheless consistent with significantly greater PUFA 

amounts in the former p-oils. The similar lipoperoxide 

amounts measured with p-EPO or p-SSO supplementation, 

both in the cells and spent media, were not surprising 

as these p-oils exhibited similar FA compositions and



617

induced similar degrees of cytotoxicity. Such probably 

related primarily to oxidation of the large amount of LA 

present in both p—oils (about 70%), while formation of 

the greatest lipoperoxide amounts overall with p-LO or 

p-FO dosage could well have related both to the greater 

availability and susceptibility of ALA and EPA to 

oxidation, respectively. p-LO contained approximately 

63% ALA compared to 18% EPA in p—FO, but the greater 

susceptib1ity of the latter to oxidation probably 

explains the similar lipoperoxide amounts these p-oils 

induced overal1.

Lipoperoxide formation by cultures supplemented with 

p-oils generally correlated directly with the amount of 

p-oil dosed (Table 5.3.4.1.), and inversely with cell 

viability (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 lipoperoxide amounts 

found, however, did not always correlate quantitatively 

with the degree of cytotoxicity the p-oils induced, and 

this suggested that these compounds were only partly 

involved in the modulation of human skeletal muscle 

growth. The data presented rather suggested that both 

1ipoperoxides and membrane fluidity changes were 

involved in this process.
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5.4 THE EFFECTS OF PSEUDO-OILS ON CELLS

DERIVED FROM HUMAN LUNG.

5.4.1 Effects of pseudo-Oils on Cell Viability.

Microscopic examination of control cells before, during 

and after each experiment showed no morphological 

changes, and dosed cells were morphologically similar to 

controls, except for cytoplasmic droplets observed with 

p-oil supplementation at high concentrations in some 

instances.

Investigation of the effects of albumin with final 

medium concentrations ranging from 0 to 250mg/l showed 

no significant effect on cell viability (Fig. 5.4.1.1.). 

The effects induced with the p-oils were therefore a 

result of the exogenous FA's and not the albumin used 

as FA carrier.

The number of control cells, seeded at 10xl0a/ml, at the 

end of the 24 hour post-trypsinisation recovery period, 

was 12.8xlOa/ml. This equated to approximately 61% of 

the final control cel 1 number at the end of the 48 hour 

incubation period and represented the cytostatic number. 

Only p-oil concentrations limiting cell viability to 

significantly below 61^ were hence considered cytotoxic.

Figs. 5.4.1.2-5.4.1.8. depict the results obtained from 

the incubation of cells with p-oils. Cell proliferation



Legend to F i g s .  5 . 4 . 1 . 1 - 5 » 4 . 1 . 8 .

The results are expressed as mean percent (%) cell 

viabi1ity±standard error of the mean (s.e.m.), where ‘n ‘ 

is the number of experiments. The concentrations given 

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

medium. Fig. 5.4.1.1. shows the mean percent cell 

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

Figs. 5.4.1.2-5.4.1.8. depict the mean percent cell 

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



Fig. 5.4 ♦ 1.1.

The percentage viability of cells derived from human

lung incubated with albumin.

A1bumin 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 5.3 12

25 95.4 3.4 12

50 101.8 2.9 12

75 99.3 3.0 12

100 102.8 4.3 12

125 102.8 4.7 12

150 103.0 1.1 12

175 102.2 2.7 12

200 101.8 3.7 12

225 100.7 4.5 12

250 103.6 4.9 12



Fig. 5.4«1« 2.

The percentage viability of cells derived from human

lung incubated with p -CQ.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ts.e.m. n

0 100.0 4.6 6

10 93.9 4.7 6

20 102.5 5.5 6

30 88.3 3.5 6

40 102.7 3.6 6

50 82.7 5.3 6

60 77.2 3.2 6

70 72.0 3.6 6

80 66.7 3.2 6

90 42.3 5.1 6

100 45.0 4.3 6



F i g . 5.4.1 ♦ 3

The percentage viability of cells derived from human

lung incubated uith p ~MO.

pseudo-Oi1 
Concentration 

(mg/1 )

Mean ±s.e .m . n

0 100.0 4.6 6

10 103.3 4.3 6

20 80.9 2.5 6

30 71.7 2.7 6

40 82.3 4.2 6

50 90.2 4.2 6

60 79.3 3.3 6

70 66.6 4.8 6

80 65.9 3.0 6

90 63.1 4.5 6

100 62.3 3.9 6



Fig.  5.4 »1»4

The percentage viability of cells derived from human

lung incubated uiith p-00.

paeudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.9 6

10 93.5 4.0 6

20 96.1 3.6 6

30 101.8 4.6 6

40 108.2 4.6 6

50 116.2 4.3 6

60 103.0 4.6 6

70 86.5 3.7 6

80 69.2 4.7 6

90 57.3 4.0 6

100 48.2 4.7 6



Fig. 5 ♦ 4 ♦ 1.5

The percentage viability of cells derived from human

lung incubated uiith p-SSD.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 4.5 6

10 109.0 2.6 6

20 107.9 2.7 6

30 110.9 4.5 6

40 107.4 5.7 6

50 108.4 5.3 6

60 105.3 5.2 6

70 87.4 5.0 6

80 67.3 1.7 6

90

in«CM 2.0 6

100 41.7 1.1 6



Fig. 5 ♦ 4 ♦ 1 ♦ 6

The percentage viability of cells derived from human

lung incubated uith p-|_0.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.5 6

10 97.0 4.9 6

20 95.7 5.0 6

30 98.0 4.0 6

40 90.9 3.4 6

50 92.9 4.8 6

60 83.4 2.3 6

70 74.6 3.2 6

80 77.5 4.1 6

90 57.0 4.4 6

100 21.7 2.3 6



Fi g . 5.4 «1♦7

The percentage viability of cells derived from human

lung incubated with p -EPQ»

pseudo-Oi1 
Concentration 

(mg/1 )

Mean ±s.e .m . n

0 100.0 4.1 6

10 99.7 3.1 6

20 90.1 4.4 6

30 91.3 3.5 6

40 93.9 4.4 6

50 92.2 1.7 6

60 92.3 5.7 6

70 ' 78.8 2.8 6

80 69.7 3.7 6

90 61.0 1.6 6

100 57.5 5.3 6



Fig. 5.& »1.8

The percentage viability of cells derived from human

lung incubated with p-FO.

pseudo-Oi1 
Concentration 

(mg/1 )

Mean ±s.e .m . n

0 100.0 4.5 6

10 107.5 5.4 6

20 96.8 5.3 6

30 96.3 5.4 6

40 100.5 4.4 6

50 100.3 3.6 6

60 76.4 1.9 6

70 82.4 5.0 6

80 70.6 4.2 6

90 23.3 4.2 6

100 4.3 1.6 6
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was enhanced with certain concentrations of p-00, p-SSO 

and p -FO, al1 p-oils were growth limiting, while only 

p-MO and p-EPO induced no cytotoxicity. The magnitude of 

the cell viability changes, however, varied with p-oil 

and concentration incubated.

Dosage with up to 80mg/l p-CO induced growth limitation, 

although cell viability was parallel to controls with 20 

and 40mg/l p-CO (Fig. 5.4.1.2.). Higher concentrations 

induced cytotoxicity, and approximately 87mg/l p-CO 

reduced the number of viable cells to 50% of controls

(IDb o ), compared to 42.3% and 45.0% viability with 90 

and 100mg/l p-CO, respectively.

10mg/l p-MO had no significant effect on cell viability, 

but 20 and 30mg/l p-MO were increasingly limiting, 

yielding 80.9% and 71.7% viable cells, respectively 

(Fig. 5.4.1.3.). Growth limitation, however, was not 

increased with 40, 50 and 60mg/l p-M0 as cell viability 

ranged from 79.3% to 82.3%, while this decreased from 

66.6% to 62.3% with 70 to 100mg/l p-M0, and approximated 

to the cytostatic number (61%). No cytotoxicity was 

induced, thus no ID50 was found.

Dosage with up to 30mg/l p-00 induced no marked cell 

viability changes, while 40 and 50mg/l p-00 enhanced 

cell proliferation to 108.2% and 116.2%, respectively 

(Fig. 5.4.I.4.). Higher concentrations, however, reduced 

cell viability progressively from 103.0% with 60mg/l
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p—00 to 69.2% with 80mg/l p-00, while this was further 

reduced by cytotoxicity to 57,3% and 48.2% with 90 and 

100mg/l p - 0 0 ,  respectively. An ID50 Qf 98mg/l p-00 was 

ca1cu1ated.

Cel 1 prol iferation was enhanced with dosage of up to 

60mg/l p-SSO, and ranged from 105.3% to 110.9% (Fig.

5.4.1.5. ). Cell growth, however, was linearly reduced 

to 67.3% with concentration increases to 80mg/l p-SS0, 

and Trypan blue uptake was 50% with approximately 87mg/l

p-SSO (IDso). Cytotoxicity reduced cell viability to 

42.5% and 41.7% with 90 and 100mg/l p-SSO, respectively.

No significant cell viability changes were induced with 

up to 30mg/l p-L0 dosage, but higher concentrations were 

increasingly growth limiting to yield 74.6% and 77.5% 

viable cells with 70 and 80mg/l p-L0, respectively (Fig,

5.4.1.6. ). Cytotoxicity reduced cell viability to 50% of 

controls with approximate! y  92mg/l p-L0 (IDso)^ ancj -|-0 

21.7% with 100mg/l p~L0.

No marked cell viability changes occurred with dosage of 

up to 60mg/l p-EP0, but further concentration increases 

progressive1y limited cell growth to 61.0% with 90mg/l 

p-EP0, which equated to cytostasis (Fig. 5.4.1.7.). No

ID50 value was found, however, as cell viability was 

57.5% with 100mg/l p~EP0.

Cell proliferation increased to 107.5% with 10mg/l p-F0, 

but concentrations of 20 to 50mg/l had little effect on
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cell viability (Fig. 5.4.1.8.). Further concentration 

increases limited cell growth to 70.6% with 80mg/l p-FO, 

while cytotoxicity yielded 50.0%, 23.3% and 4.3% viable 

cells with 84, 90 and 100mg/l p-FO, respectively. This 

was the most cytotoxic p-oil.

Subsequent to these studies, cells were plated and dosed 

appropriate 1y with 0, 20, 40 or 60mg p-oil/1 culture 

medium in sufficient quantities for all the quantitative 

and qualitative analyses to be carried out. Upon 

harvesting, cell viabilities relative to controls were 

compared, and found not to be statistically different 

from those in Figs. 5.4.1.1-5.4.1.8. Hence, all further 

biochemical assays were performed on these samples.
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5.4.2 Effects of pseudo-Qils on Total Protein.

Table 5.4.2.1. shows the total protein concentrations 

for cells incubated with 0, 20, 40 or 60mg/l p-oil, 

expressed as jug total protein/106 cells seeded.

168.5jug total protein/106 contro1 cells seeded was

measured , while concentrations in dosed cells were

higher, and ranged from 195.7 to 258. 4jug/106 cells

seeded (with 60mg/l p-FO and 60mg/l p-MO, respectively). 

Total cellular protein concentrations decreased with 

increments in the amount of p-CO or p-SSO dosed (230.3 

to 202.1 and 254.0 to 223.6,ug, respectively), but the 

converse was found with p-MO (204.8 to 258.4jug). On the 

other hand, greater protein amounts were induced when 

cells were supplemented with 40 than 20 or 60mg/l p-00 

(249.7, 202.7 and 248.1jug, respectively), p-LO (220.7,

211.2 and 204.3jug, respectively), p-EPO (235.0, 223.3 

and 224.2jug, respectivel y ) or p-FO (248.7, 204.2 and 

195.7jug, respectively).



Table  5« 4♦2 . 1

The protein content of cells derived from human lung, 

expressed as jug total protein/106 cells seeded.

pseudo-
Oil

CELLS

(mg/1) 0 20 40 60

Contro1 168.5

CO 230.3 224.3 202.1

MO 204.8 221.9 258.4

00 202.7 249.7 248.1

SSO 254.0 250.4 223.6

L0 211.2 220.7 204.3

EPO 223.3 235.0 224.2

F0 204.2 248.7 195.7
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5.4.3 Effects of pseudo-Qils on the Fatty Acid

Spectrum of Cells Derived From Human Lung.

Table 5.4.3.1. shows the FA spectra of cells incubated 

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

Control cells exhibited a FA spectra comprising 21.8% 

18:lw9, 17.6% 16:0, 11.8% 18:0, 6.0% 20:4u6, 19.8% 

22:4u6, and smaller amounts (*5%) of other FA's. In 

comparison, dosed cell 16:0, 18:0, 16:lu9, U)6 and u3

PDFA levels were generally parallel to controls or 

decreased, while the converse was found for 18:lw9, 

18:2w6 and 18:3w3.

Increased 16:0 and 18:lw9 levels were found when cells 

were dosed with 20, 40 or 60mg/l p-CO (21.7%, 24.6% and 

27.8%, and 25.4%, 26.3% and 28.8% vs 17.6% and 21.8% in 

controls, respectively), but 18:0 and 16:lu9 levels were 

not significantly altered compared to controls (11.8% 

and 4.1%, respectively). With the exception of small 

increments in 20:4w6 and 20:5u3 with 20mg/l p-CO (6.9% 

and 2.4% vs in 6.0% and 1.7% in controls, respectively), 

PUFA percentages approximated to controls, or were 

significantly decreased.

Dosage with 20, 40 or 60mg/l p—M0 had 1ittle overal 1

effect on 16:0 and 18:0 levels, whereas 18:lw9 was 

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

and 16:lu9 decreased (2.0% to 2.7% vs 4.1% in controls).



Legend to Table 5.4.3.1.

All values are tabulated as relative percent total area. 

Control values are reported as mean±s.e.m., where ‘n ‘ is 

the number of experiments. 'Cp-OilD' refers to the 

pseudo-oil concentration used.



Table  5 . 4 . 3 , 1 .

The fatty acid spectrum of cells derived from human lung.

!FATTY ACID 
! SPECTRUM
! m  1 1

CONTROLS 

( n= 3 )

CP- C03 
(mg/ 1 )

20 1 40 ! 60

Lp-MOO 
(mg/ 1 )

20 1 40 ! 60

Cp -OOO 
(mg/ 1 )

20 ! 40 ! 60

Cp -SSOO 
(mg/ 1 )

20 ! 40 ! 60

Cp - l o :
(mg/ 1 )

20 ! 40 ! 60

Cp-EPOO 
(mg/ 1 )

20 ! 40 ! 60

Cp -FOO ! 
(mg/ 1 ) !

20 ! 40 ! 60 !111
! S
: a

16: 0 1 7 .6 ± 0 .10 2 1 . 7 2 4 . 6 2 7 . 8 18 . 4 1 8 . 9 2 1 . 8 16 . 2 15 . 4 1 5 . 6 16 . 0 1 4 . 4 13. 1 1 6 . 5 14 . 9 13 . 1 15 . 9 14 . 7 13 . 1 1 7 . 8 15 . 2
11

17.51
: t
! U

18: 0 1 1 .8 ± 0 .20 1 1 . 4 14 . 0 10. 0 1 2 . 4 1 1 . 7 12 . 2 8 . 6 8 . 7 5 . 5 1 0 . 8 8 . 6 7 . 7 11 . 2 9 . 6 7 . 8 11.0 8 . 9 7 . 7 10 . 4 14 . 4
1

6.71
: r 
: a

20: 0 0 .1 ± 0 . 0 0 - 0 . 1 . - - 0 . 1 - - - - - - - - - - - - - - 0 . 2
1111

: t
1 E

22: 0 0 .1± 0 . 0 0 0 . 1 — 0 . 1 0 . 1 0 . 1 0 . 1 - 0 . 1 - 0 . 1 - 0 . 1 0 . 1 0 . 1 0 . 1 - - - 0 . 1 -
1

0 .1 !

! S .1111

24: 0
' '

“■ “ — — — 0 . 1 — 0 . 3 - - - - 0 . 3 0 . 2 - -
1ll1l111

!u9
: m

16: 1 4 .1 ±0 . 05 3 . 9 3 . 9 3 . 7 2 . 7 2 . 3 2 . 0 3 . 4 3 . 1 3 . 2 3 . 6 2 . 4 1 . 8 3 . 7 2 . 4 2 . 1 3 . 5 2 . 6 2 . 0 9 . 8 10 . 6
11

16.71
: o

! N
18:1 2 1 .8 ± 0 . 28 2 5 . 4 2 6 . 3 2 8 . 8 2 5 . 4 2 3 . 3 2 7 . 6 3 7 . 6 4 4 . 7 5 0 . 7 2 3 . 9 2 2 . 0 2 1 . 8 2 3 . 5 19 . 4 1 8 . 6 20 . 4 17.1 1 5 . 9 23 . 1 2 4 . 6

l
20.91

: o  

: s .
ii

24: 1 — — - — — — — — — — — — - - - - - - - - -
1»1iiii

i 18: 2 3 .7 ± 0 . 06 3 . 7 3 . 3 3 . 3 5 . 4 6 . 9 9 . 5 6 . 9 8 . 7 9 . 9 19 . 1 2 9 . 4 3 7 . 5 7 . 4 9 . 3 10 . 8 2 1 . 7 2 9 . 8 3 8 . 9 5 . 8 6 . 5
11

8.71
ii
! u6

18: 3 _ ^ p.l - 0 . 2 0 . 2 0 . 1 0 . 3 0 . 2 0 . 2 0 . 3 0 . 4 0 . 3 0 . 2 0 . 1 0 . 1 0 . 1 1.0 1 . 4 2 . 2 0 . 2 0 . 2
1

0.11111
: p

2 0 : 2 — — — — 0 . 1 — 0 . 2 0 . 4 1 . 0 1 . 1 0 . 3 0 . 5 0 . 8 - 0 . 1 0 . 1 0 . 4 0 . 2 0 . 5 0 . 2 0 . 5 0.51
! 0 
i L

2 0 : 3 1 .1±0 . 0 5 1 . 1 0 . 8 0 . 9 1 . 2 1 . 1 1 . 2 0 . 9 0 . 7 0 . 8 1 . 4 1 . 3 0 . 9 0 . 9 0 . 8 0 . 7 2 . 7 2 . 8 3 . 0 1.1 0 . 8
1

0.81
: y 
: s .

2 0 : 4 6 .0 ± 0 . 15 6 . 9 5 . 9 6 . 0 7 . 1 6 . 5 7 . 7 4 . 4 3 . 7 3 . 8 5 . 8 4 . 5 3 . 5 6 . 1 5 . 2 4 . 7 5 . 8 4 . 7 3 . 9 5 . 9 3 . 8
1

3. 91
ii
i

2 2 : 4 1 9 .8 ±0 .50 1 5 . 4 10 . 2 10 . 8 1 6 . 7
*

1 7 . 9 9 . 8 13 . 9 6 .6 4 . 6 10 . 6 8 . 8 7 . 4 1 1 . 3 8 . 3 8 . 5 10 . 6 8 . 7 7 . 5 12 . 4 6 . 7
1

6.31
ii
ii
ii

2 2 : 5 1 .7 ±0 . 15 0 . 1 1 . 0 0 . 1 0 . 2 0 . 8 0 . 2 — 0 . 4 0 . 1 0 . 2 0 . 4 0 . 2 0 . 2 1 . 7 0 . 1 0 . 2 1.1 0 . 1 0 . 1 1 . 2
1

0.11111ii
ii
i

18: 3 0 .4 ± 0 .00 0 . 5 0 . 4 0 . 5 1 . 0 0 . 6 0 . 5 0 . 4 0 . 5 0 . 5 0 . 4 0 . 3 0 . 3 10 . 3 1 9 . 3 2 7 . 2 0 . 3 0 . 4 0 . 2 0 . 5 0 . 4
11

0.71

! u3
i

18: 4 1 .9 + 0 . 1 0 0 . 4 1 . 3 0 . 3 0 . 5 1 . 6 0 . 3 0 . 3 0 . 7 0 . 2 0 . 3 0 . 9 0 . 2 0 . 3 1 . 5 0 . 4 0 . 3 0 . 8 0 . 2 0 . 4 1 . 8
l

0.41

: p 
! 0

2 0 : 4 3 .1±0 . 03 1 . 6 2 . 5 1.0 1 . 1 2 . 5 0 . 5 1 . 3 1 . 7 0 . 7 0 . 6 1 . 8 0 . 5 1 . 5 2 . 1 0 . 9 1.1 1 . 8 0 . 6 1 . 5 2 . 1
l

0.61

: l
! Y

2 0 : 5 1 .7 ± 0 .10 2 . 4 1 . 8 1 . 9 2 . 4 1 . 4 1 . 7 1 . 7 1 . 0 0 . 6 1 . 9 0 . 8 1.1 2 . 1 1 . 7 1 . 6 1.1 1.1 1 . 2 5 . 1 6 . 2
1

10.71
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18:2u6 increased significantly <5.4%, 6.9% and 9.5%, 

respectively vs 3.7% in controls), and 20:4w6 slightly 

(7.1%, 6.5% and 7.7%, respectively vs 6.0% in controls), 

but no increments in 22:4u6 or 22:5w6 levels were found. 

Ulith the exception of a small increase in 20:5u3 with 

20mg/l p-MO (2.4% vs 1.7% in controls), no significant 

increases were noted for u3 series PUFA's.

A marked increased in 18:lu9 was induced when cells were 

incubated with 20, 40 or 60mg/l p-00 (37.6%, 44.7% and 

50.7%, respectively vs 21.8% in controls), while 16:0, 

16:lu9 and especially 18:0 percentages were decreased. A 

concentration dependant increment in 18:2u6 was detected 

over the range dosed (6.9% to 9.9% vs 3.7% in controls), 

and 20:2w6 increased slightly (0.4, 1.0 and 1.1% with 

20, 40 and 60mg/l p-00, respectively vs 0% in controls). 

All other w6 and u3 PUFA amounts, however, approximated 

to controls, or were significantly decreased.

16:0, 18:0 and 16:lw9 percentages were decreased with 

p-SSO supplementation, while little changed occurred in 

18:lw9 proportions in relation to controls (17.6%, 

11.8%, 4.1% and 21.8%, respectively). On the other hand, 

a concentration dependant increased in 18:2u6 was 

induced with 20, 40 or 60mg/l p—SSO dosage (19.1%, 29.4% 

and 37.5%, respectively vs 3.7% in controls), yet w6 

PDFA levels were not significantly increased, as were U)3

PUFA percentages.
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A decrease in 16:0, 16:lu9, 18:0 and 18:lw9 was induced 

with p-LO supplementation, especially with increments in 

concentration dosed. PDFA levels were also decreased, 

or not significantly altered, despite increments in 

18:2w6 and 18:3u3 found with 20, 40 and 60mg/l p-LO 

(7.4%, 9.3% and 10.8%, and 10.3%, 19.3% and 27.2% vs 

3.7% and 0.4% in controls, respectively).

16:0, 18:0, 16:lu)9 and 18:1uj9 percentages decreased 

progressive1y with increments in the amount of p-EP0 

dosed, while the converse was shown for 18:2w6 (21.7% 

with 20mg/l, 29.8% with 40mg/l, and 38.9% with 60mg/l 

p-EPO (3.7% in controls). 18:3u6 increased significantly 

over the same range (1.0%, 1.4% and 2.2%, respectively 

vs 0% in controls), while 20:3w6 increased 2 to 3 fold 

(2.7%, 2.8% and 3.0%, respectively vs 1.1%), although 

decreased product amounts were found.

An increase in 16:lu9 was induced with 20, 40 or 60mg/l 

p-FO incubation (9.8%, 10.6% and 16.7%, respectively vs 

4.1% in controls), but little change occurred overall in 

16:0, 18:0 or 18:lw9. Despite an increment in 18:2w6 

(5.8% to 8.7% vs 3.7% in controls), U)6 PDFA proportions 

approximated controls, or were decreased. Similarly, 

decreased 22:6u3 levels were detected with 20, 40 or 

60mg/l p—FO dosage (3.3%, 2.2% and 2.3%, respectively vs 

3.7% in controls), even though increments were induced 

in 20:5w3 (5.1%, 6.2% and 10.7%, respectively vs 1.7% in



626

contro1s ) 

vs 1 .6% in

and 2255u3 (3.25s, 2.75s and 3.15c, respectively 

controIs).
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5.4.4 Incorporation of Radiolabel1ed C18 Fattv

Acids into Cells Derived from Human Lung.

Table 5.4.4.1. shows the radioactivity recovered from 

cultures incubated with 2juCi C1aCD-18:lu9, C14CD-18:2u6 

or :iaCH-18:3u3.

For both C14CD-18:lw9 and C14C3-18J3u3, the equivalent 

of 4.3xlOecpm were dosed to the incubation medium, and 

the total recovery approximated to 91% in each case. For 

C14CD-18:2w6, the equivalent of 4.8xl06cpm were dosed 

to the culture medium, and the total recovery of this 

radioisotope after 48 hours incubation amounted to 98%. 

The total counts recovered from the spent growth media 

ranged from 1.3 to 2.6xl06Cpm, with 0.7 to l.lxl06cpm 

recovered from the pooled buffers after washing the 

cell, which accounted for for non-specific binding. The 

amount of each of these radioisotopes incorporated into 

the cells themselves equated to 34% for C14CD-18:Iw9, 

29% for C14CD-18 J 2w6 and 27% for t14CH-18:3w3.

Table 5.4.4.2. shows the percentage conversion of 

incorporated Z14CH-18:1 w9, Z14CD-18: 2u)6 and T1 aCII-18: 3u3 

to u9, w6 or w3 series products, respectively after 48 

hours incubation with human lung fibroblasts.

26.6% of the total T14CT-18Jlw9 counts derived upon GLC 

analysis (2202cpm) remained unchanged, while 39.6% was 

found for 20:lw9, and 24.0% for 22:lw9, but only 9.8%



Table 5.4.4,1.

The radioactivity (com) recovered from human lung cultures 

incubated uiith radio!abel1ed C18 fatty acids* expressed as 

mean (±s.e.m.). n=3.

SPENT
MEDIA
(M)

POOLED
UASHINGS

(U)

TOTAL
(M+U)

CELLS TOTAL
xlO6

Total 18:1 counts dosed to incubation medium = 4.3 x 106

1278280
(±2240)

1140230
(±6435)

2418510 1477332
(±1653)

3.9

Total 18:2 counts dosed to incubation medium = 4.8 x 106

2599077
(±4886)

710943
(±4171)

3310020 1397004
(±2118)

4.7

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

2005060
(±8920)

745550
(±7085)

2750610 1147896
(±870)

3.9



Tab 1e 5♦4♦4.2

The counts detected for the radiolabel1ed fatty acids

dosed and their resulting metabolites formed after

i ncubat i on with cells derived from human lung, expressed

as a percentage of the total counts recovered upon GLC

analysi s .

u9
MONOS.

C14CJ- 
18:lu9

u6
POLYS.

c 1 4 c : i -

18:2w6
w3

POLYS.
CiaCD- 
18:3w3

18:1 26.6 18:2 25.9 18:3 18.3

20:1 39.6 18:3 10.0 18:4 23.5

22:1 24.0 20:2 28.5 20:3 22.3

24:1 9.8 20:3 17.1 20:4 7.8

20:4 10.0 20:5 14.2

22:4 3.9 22:5 10.3

22:5 4.6 22:6 3.6

TOTAL
CPM 2202

TOTAL
CPM 3848

TOTAL
CPM 3226
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for 24:lu9.

25.9% of the total C14C3-18:2w6-derived counts detected 

following GLC analysis (3848cpm) remained as 18:2to6, 

while 28.5% was detected as 20*2u6, compared to 10.0% 

18:3w6. 20:3u6 and 20j4u6 accounted for 17.1% and 10.0% 

of total counts, respectively, but only 3.9% 22:4u6 and 

4.6% 22:5w6 were detected.

3226cpm were derived upon GLC analysis of cells dosed 

with CiaC0-18:3u3, of which 18.3% remained unchanged, 

compared to 23.5% 18:4u3 and 23.5% 20:3w3. Only 7.8% 

20:4u3 was detected, but 20:5w3 levels were twice as 

high (14.2%). 10.3% 22:5u3 was found, but only 3.6% 

22:6u3.

A6D is the first and rate limiting enzyme in the 

desaturase cascade, thus total activity of this enzyme 

is reflected by the sum of all subsequent desaturase and

elongase products.



629

5.4.5 Effects of pseudo-Oils on Lipid Peroxide

Formation♦

Table 5.4.5.1. shows the 1ipoperoxides measured in human 

lung cultures incubated with 0, 20, 40 or 60mg/l p-oil 

for 48 hours. The results are expressed as nmoles 

MDA/106 cells, but in the case of the spent incubation 

media, this represents the nmoles of MDA in the volume 

of medium from which lxlO6 cel Is were derived.

1.1 to 3.0nmoles MDA/106 dosed cells were quantitated, 

compared to l.lnmole MDA/106 control cells. Dosage with 

20, 40 or 60mg/l p-M0 resulted in the formation of 

slightly greater cellular lipoperoxide amounts than 

p-CO (1.7, 1.6 and 2.1 vs 1.5, 1.6 and 1.4nmoles MDA 

per 106 cells, respectively). The lipoperoxide amounts 

generated by cells dosed with p-00 or p-SS0, however, 

approximated to controls with all concentrations. On the 

other hand, cells supplemented with p-L0, p-EP0 or p-FO 

induced the largest lipoperoxide amounts overall. Levels 

were comparable with 20, 40 or 60mg/l p-L0 or p-EP0 

dosage (1.3, 2.0 and 2.8 vs 1.3, 2.4 and 3.0nmoles

MDA/106 cells), while the amounts p-F0 induced were 

1arger with a concentration of 20mg/l, comparable with 

40mg/l and lower with 60mg/l (2.0, 2.0 and 2.2nmoles 

MDA/106 cells, respectively).

The concentration of 1ipoperoxides measured in the spent 

medium of dosed cultures ranged from 0.3 to 7.Inmoles
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MDA/106 cells, compared to 0.5nmoles MDA/106 cells in 

control media. Unlike the cells, media dosed with 20, 40 

or 60mg/l p-CO contained greater 1ipoperoxide amounts 

(1.3, 1.5 and 1.6nmoles MDA/106 cells, respectively) 

than that derived from incubation with p-MO or p-00 

(1.0, 0.9 and 1.4, and 0.7, 0.9 and l.Onmoles MDA/106 

cells, respectively). Spent media 1ipoperoxide levels 

were similar with 20, 40 or 60mg/l p-SSO or p-EP0 dosage 

(0.5, 0.8 and 2.1 vs 0.3, 0.7 and 2.Inmoles MDA/106 

cells, respectively), while amounts were 1arger in the 

presence of p-L0 (1.1, 2.9 and 6.6nmoles MDA/106 cells, 

respectively). The greatest spent media 1ipoperoxide 

levels were nevertheless shown with 20, 40 or 60mg/l 

P~F0 incubation (2.1, 3.1 and 7.Inmoles MDA/106 cells,

respect i ve1y ).
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5.4.6 The Eicosanoid Profile of Cells Derived

from Human Lung.

Table 5.4.6.1. shows the eicosanoids positively detected 

in control and p-oil dosed human lung fibroblasts as a 

percentage of the total area detected. An indication of 

the total eicosanoid amount quantitated, however, is 

given for controls in '( )*, expressed as pmoles/106

cel Is.

Total eicosanoid production amounted to 332.6pmoles/106 

control cells, of which 19.9% could be positively 

identified with the prostanoid standards available. 

Approximately half this proportion was composed of TXB2 

(8.8%), while the remainder was made up of smaller 

proportions PGI2 (2.5%), PGFa (5.8%), PGE2 (0.2%) and

PGEi (2.6%). However, no PGD2 was detected in control or 

dosed cel Is.

Total percentages for the prostanoids detected were 

greater in dosed than control cells. The increments were 

least with dosage of 40mg/l p-oil (21.2% to 30.9%), but 

significantly greater both with 20mg/l (36.0% to 40.9%) 

or 60mg/l p-oil (30.9% to 48.9%). These differences were 

reflected by appropriate changes in the amount of 

individual prostanoids. Dosed cells generally produced

more PGI2 -than controls (2.5%). The largest PGI2 

percentages were detected with 40mg/l p-oil (2.8% to 

10.9%), compared to lesser amounts with 20 and 60mg/l



Legend to Table 5.4.6.1.

Values are tabulated as relative percent of the total 

area detected, and as pmoles total eicosanoids/106 

contro1 cells.



Table 5.4 «6.1

The profile of the eicosanoids detected in extracts of

cells derived from human lung.

pseudo-
Oil

EICOSANOIDS <*>

(mg/1) TOTAL p g i 2 TXB2
(1?25

PGE2 PGEi PGD2

CONTROL 19.9 2.5 CD 00 5.8 0.2 2.6 —

(332.6)

20 40.9 5.5 23.3 12.1
CO 40 30.9 8.2 9.6 7.6 5.1 0.4 -

60 41.6 4.7 19.5 14.4 2.4 0.6 —

20 36.0 4.6 21.7 9.7 - - -

MO 40 28.2 4.6 11.9 7.7 3.2 0.8 -

60 48.9 6.0 24.1 16.4 2.4 — —

20 36.3 1.2 21.2 13.9 - - -

ooo

21.5 10.9 6.1 4.5 - - -

60 37.2 1.0 22.3 13.9 — — —

20 36.3 4.8 20.3 10.9 0.3 - -

SS0 40 21.2 6.4 10.1 4.5 0.2 - -

60 37.9 3.8 20.8 12.8 0.5 — —

20 38.1 1.2 21.4 15.1 0.4 - -

oO_l 25.6 2.8 15.1 7.7 - - -

60 30.9 2.9 18.0 10.0 — — —

20 40.5 2.9 25.4 12.1 0.1 - -

EP0 40 24.5 4.5 12.3 7.7 - — —

60 37.3 2.3 22.1 12.0 0.9 — —

20 36.5 3.5 20.2 12.4 0.4 - -

FO 40 21.5 10.6 4.6 4.2 2.1 - ~

60 38.4 5.1 17.7 13.3 2.3
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p-oil <1.0* to 6.0*). Variable TXB2 amounts were induced 

with 40mg/l p-oil (4.6* to 15.1* os 8.8*), but this 

increased 2 to 3 fold with 20 and 60mg/l p-oil (17.7* to

zu.u'.;. ruro: levels approximated to that of controls 

(5.8*) with 40mg/l p-oil (4.2* to 7.7*); considerably

greater amounts, however, were formed with 20 and 60mg/l 

p-oil (9.7* to 16.4*), which were comparable. PGE2 

production was more variable in dosed cells (0* to 5.1* 

vs 0.2* in controls), while only small PGEi amounts 

00.8* vs 2.6* in controls) were formed with p-C0 or 

p-M0 dosage.
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5.4.7 Discussion.

Supp1emention of cells derived from human fetal lung 

with p-oils modulated the viability thereof (Figs. 

5.4.1.1-5.4.1.8.), and the finding that cytotoxicity was 

induced only with greater than 80mg/l p-oil could have 

related to the relatively low population doubling time 

these cells exhibited (Table 2 .3 .1.1.). The different 

cell viability changes induced nevertheless reflected 

the variations in p-oil FA composition (Table 2 .3 .3 .2 .). 

OA, LA or ALA comprised approximately 70^ of all FA's in 

p-00, p-SSO and p-LO, respectively, thus it was likely 

that the cell viability changes induced with dosage of 

either p-oil related primarily to these C18 FA's. Such 

moieties were all A6D substrates, but they varied in the 

number and position of their double bonds. This may 

explain the stimulation of cell proliferation with p-00 

or p-SSO, but not with p-LO, supplementation, as well 

as the greater capability to reduce cell viability with 

incubation of p-LO, than with p-SSO or p-00. The FA 

composition of p-EPO was similar to that of p-SSO, thus 

modulation only of growth limitation with p-EPO 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, cell

proliferation with incubation of low, or high, p-EPO 

concentrations, respectively. Dosage with high p-LO or

p-FO concentrations mediated the greatest degree of
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cytotoxicity. u3 PUFA's were present in these p-oils 

only, thus it was possible that the amount and structure 

of ALA in p-LO and EPA in p-FO enhanced the capability 

of these p-oils to inhibit cell proliteration. However, 

as the proportion of ALA in p-LO was greater than that 

of EPA in p-FO, the induction of significantly more 

cytotoxicity with dosage of high concentrations of the 

latter may relate partly to the greater degree of EPA 

unsaturation compared to ALA. Synergistic and/or 

antagonistic interations between p-oil FA's should also 

not be overlooked as mediators of the growth responses 

induced. This could explain why cell viability did not 

always relate inversely to the p-oil concentration 

dosed, while other workers showed that the growth of 

human fetal lung cultures correlated inversely with FFA 

concentration (Boone et al 1972). The ability of these 

cells to incorporate exogenous FA's (Table 5.4.3.1.) 

nevertheless suggested the involvement of membrane 

fluidity changes in the modulation of cell viability, 

particularly with high p-oil concentrations dosed.

The results obtained from the measurement of total 

protein in control and dosed cells indicated significant 

stimulation of protein synthesis with p-oil dosage, even 

when such induced significant growth limitation (Table

5.4.2.1.). The extent to which protein synthesis was 

stimulated varied with supplementation of identical 

amounts of different p-oils, even when such yielded
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similar cell numbers. This suggested that the capability 

to enhance 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-oil dosage increased the content of cellular FA's, 

thus it was possible that increased protein synthesis 

related to enhanced expression of lipid metabolising 

enzymes.

It was unlikely that an increased amount of protein per 

cell related to enhanced expression of desaturase or 

elongase enzymes, since the evidence obtained from 

supplementing cultures with p-oils suggested that these 

fibroblasts exhibited limited capability to desaturate 

or elongate FA's (Table 5.4.3.1.). Neither 16:0 nor 

16:lw9 incorporated with p-oil dosage were significantly 

desaturated or elongated, while 18*0 and 18:lu9 levels 

parallel to controls suggested impaired A9D capability. 

It was apparent that 18:2w6 incorporated with p-SSO 

dosage was not significantly converted to PDFA's, thus 

20:3w6 formation with p-EPO supplementation probably 

related to elongation of incorporated 18:3w6 rather 

than delta-6-desaturation and elongation of incorporated 

18:2w6. In addition, lack of further 20J3w6 desaturation 

was consistent with impaired A5D expression. On the 

other hand, 18:3u3 incorporation and the formation of 

small 20:5u3 amounts with supplementation of 20mg/l p-L0 

suggested the capability for A6D, elongase and A5D
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activity. Also, the formation of 22:5u3 with p-FO 

dosage supported elongation of incorporated 20:5u3. 

However, no increase in 22:5w6 or 22:6w3 was detected 

with dosage of any p-oil, and this indicated impaired 

AHD capability. Maeda et al (1978) showed that human 

embryonic lung fibroblasts (UI-38) dosed with 15mg/l 

albumin-bound 18:3u6, 20:2w6 or 20:5u3 for 24 hours 

incorporated these moieties, elongated 18:3w6 and 20:5u3 

to 20:3w6 and 22:5co3, respectively, but did not exhibit 

the capability to desaturate 20:2w6, 20:3w6 or 22:5u3. 

This supported the findings we reported above. p~C0 and 

p-MO contained no u3 PUFA's, thus the formation of 

small amounts of 20:5u3 with dosage of 20mg/l p-CO or 

p-MO may reflect an attempt to enhance desaturation 

and/or elongation of cellular w3 PUFA's to maintain 

membrane fluidity altered with incorporation of these 

p-o i1s .

The formation of small PDFA amounts with supplementation 

of certain p-oils suggested that desaturase and elongase 

capability was suppressed rather than absent in these 

cells. It was unlikely, however, that such related to 

growth limitation induced with p-oil dosage, since the 

capability for PDFA formation was impaired even when 

p-oils had little effect on, or stimulated, cell 

viability. Suppression of desaturase cascade enzyme 

expression may rather relate to alterations in 

microsomal lipid composition induced with p-oil dosage,
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as the modulation of microsomal lipid composition has 

been implicated in the regulation of desaturase enzyme 

activity by others (Nervi et al 1968, Kurata et al 1980, 

Garda et al 1984, 1985 and Garg et al 1988a, 1988b, 

1988c).

Desaturation with individual radio1abe11ed C18 FA's was 

assessed to establish whether the pattern of p-oil 

desaturation reported (Table 5.4.3.1.) was modulated 

with FA mixtures. The detection of 24:lw6 when cultures 

were dosed with C14CU_18:lw9 was consistent with 

elongase expression, although no evidence to suggest 

C14C3-18*lw9 desaturation was found (Table 5.4.4.2.). On 

the other hand, the pattern of radioactivity derived 

from cultures supplemented with either C14CD-18J3w3 or 

C14C3-18:2u6 was consistent with J6D and subsequent 

elongase capability (Table 5.4.4.2.). Significant 

amounts of C14C3-18:3u3 and DiaCH-18:2u6 were also 

directly elongated to 20:3u3 and 20:2w6, respectively, 

thus the possibility that such moieties were converted 

to 20:4w3 and 20:3w6, respectively via an active A8D can 

not be dismissed, particularly since humans have been 

shown to exhibit limited A6D capability (Dyerberg et al 

1980 and Horrobin 1983). Nevertheless, conversion of 

about 30% CiaC:-18:3w3 and 20* C14CD-18:2u6 to 

post-J5D FA's supported J5D expression. 20:5w3 and 

20:4u6 elongation were shown, but the detection of less

than 5* 22:6u3 and 22?5w6 each indicated that J4D was
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not significantly expressed.

The data reported in Table 5.4.4.2. was supported by 

the work of Dunbar et al (1975), who demonstrated A60, 

subsequent elongase and J5D capability when the culture 

medium of human embryonic lung fibroblasts (UI-38) was 

supplemented with 2juCi C14CD-18:2u6. These workers 

showed that approximately 45 % of the incorporated 

C14CD-18:2u6 (34%) was converted to PDFA's, and such 

correlated numerically with the present study (Tables

5.4.4.1. and 5.4.4.2.). However, we showed 10 fold more 

C14C3-18:2u6 elongation to 20:2u6 than these workers 

(28.5% and 2.8%, respectively), and this was consistent 

with the smaller proportion of incorporated C14CD-18:2w6 

left unchanged in our study (25% and 50%, respectively). 

The conversion of C14C3~18:2u6 to 18:3w6 and 20:4w6 was 

also shown in UI—38 human embryonic lung cells by Maeda 

et al (1978). However, such capability was shown to be 

very limited since 85% of incorporated C14CD-18i2w6 

(50%) remained unaltered, and only 4% 20:4u6 was

detected, compared to the formation of approximately 35% 

20:4u6 in Dunbar's study and 20% post-J5D FA's in our 

study (Table 5.4.4.2.). Dunbar et al (1975) used a FA 

incubation period of 4 days, while Maeda et al (1978) 

used 1 day, and this may explain the different extent 

to which 18:2w6 was desaturated and elongated in these 

two studies, despite the use of the same cell line and 

similar experimental conditions. Numerical differences
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between studies may also relate partly to subtle 

differences in lipid metabolism between human embryonic 

lung cultures, which Spector et al (1979) showed even 

under identical culture conditions. Unfortunately, the 

formation of 22:5w6 from 20:4w6 was not examined either 

by Dunbar et al (1975) or Maeda et al (1978). The latter 

group showed the capability of these cells form 22:5w3 

when C14C3-18:3w3 was dosed, and this supported our 

data (Table 5.4.4.2.). However, these workers showed 

that such capability was limited as only 30% of 

incorporated C1 aC3-18: 3cj3 was converted to longer chain 

more unsaturated u)3 FA's, compared to more than 80% 

in our study. Nevertheless, both our data and that of 

Maeda et al (1978) demonstrated that desaturation and 

elongation of incorporated C14C3_18:3u3 was greater 

than for C14C3-18J2u6, and this confirmed the 

established preference for u3, rather than u6, 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, 20:3w6 and 22:4u)6 when human embryonic lung 

fibroblasts (IMR-90) were incubated with 15mg/l 18:2w6 

was consistent with J6D, ^5D and elongase, but no 

significant J4D, capability, as shown in our study 

(Table 5.4.4.2.). On the other hand, when these workers 

added 15mg/l 18:lu9 to the culture medium, this moiety

was not further desaturated or elongated. However, such
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probably reflected 18«lu9 incorporation into neutral 

lipids, compared to 18:2u6 incorporation primarily into 

PGL^s. If the exogenous FA's dosed in our study were 

primarily incorporated into neutral lipids rather than 

into membrane PGL's, such would have limited the 

capability of these moieties to undergo desaturation 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 modulation of enzyme expression by p-oil FA's. 

Nevertheless, when relating in vitro experimental data 

to the ‘real world", the capability for desaturation and 

elongation with p-oil, rather than individual FA, dosage 

may be a better indication of such capability in vivo, 

since p-oil FA composition reflects that of dietary 

oils. Although the ability to desaturate and elongate 

FA's clearly is an important source of PDFA's for 

eicosanoid production, impairment of PDFA formation may 

not necessarily limit the ability of human lung to 

synthesise eicosanoids in vivo provided PDFA precursors 

are obtained from other tissues 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

5.4.5.1.), and this reflected cellular enzymic and/or 

non—enzymic mechanisms for their production. The
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measurement of 1ipoperoxides in control cells was not 

surprising as the cells themselves contained FA's which 

were potential substrates for 1ipoperoxidation (Table

5.4.3.1.). It was also possible that 1ipoperoxide 

formation in control cells reflected inefficient 

cellular mechanisms to couteract and/or limit oxidation 

of cellular FA's. The greater amount of lipid peroxides 

measured with p-oil dosage than in controls, both in 

the spent medium and cells themselves, was consistent 

with oxidation of unsaturated p-oil FA's. Ue showed 

evidence which supported the ability of these cells to 

incorporate p-oil FA's (Table 5.4.3.1.), thus it was 

unlikely that the 1ipoperoxides measured in the spent 

medium of dosed cells were formed primarily as a 

result of auto-oxidation of unincorporated p-oil FA's, 

particularly since these moieties were bound to albumin. 

The FA composition of the incubation medium was 

primarily composed of saturated FA's (Table 2.3.3.3.), 

thus it was also unlikely that such contributed 

significantly to the medium 1ipoperoxide levels reported 

in control and dosed cells. The data therefore suggested 

that the 1ipoperoxides measured in the spent medium 

originated intracel1ular1y , although it was apparent 

that these moieties were not released as a result of 

cell death, since cytotoxicity was absent even with 

dosage of 60mg/l p—oil (Figs. 5.4.1.1—5.4.1.8.). There 

is evidence, however, that lipid peroxides increase
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membrane permeability (eg. Chio et al 1969 and Frankel 

1984). It was therefore possible that the 1ipoperoxides 

measured in spent medium reflected the formation of 

cellular lipid peroxides which altered membrane 

permeability and permitted the release of these moieties 

into the medium. Cellular enzymes responsible for 

1ipoperoxidation and FFA's may also have been released 

into the incubation medium in this process, thus the 

possiblity that enzymic and/or spontaneous FA oxidation 

occurred extrace11u 1ar1y , and contributed to the lipid 

peroxides measured in the spent medium, can not be 

i gnored.

The numerical differences in the concentration of 

1ipoperoxides reported with p-oil supplementation (Table

5.4.5.1.) reflected the different FA compositions of the 

p-oils (Table 2 .3 .3 .2 .). This relates not only 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 cultures dosed with 

with p-LO or p-FO induced the greatest amount of 

1ipoperoxides overall. The FA compositions of these 

p-oils suggest that such may relate to their complement 

of u3 PUFA s. The ALA content of p—LO was greater 

than the amount of EPA in p-FO (about 63% and 18%, 

respective1y ), although the greater number of double 

bonds in EPA increased its susceptibility to oxidation
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compared to ALA. This probably accounted for the similar 

lipoperoxide amounts induced overall with p-LO or p-FO 

dosage. The FA composition of p-SSO indicated that the 

1ipoperoxides formed with supplementation of this p-oil 

related largely to oxidation of LA. Greater amounts of 

cellular 1ipoperoxides were induced with p-EPO, than 

with p-SSO, dosage, and this may well reflect oxidation 

of GLA present in p-EPO only, as both p-oils otherwise 

exhibited similar FA compositions. It may also relate to 

the utilisation of DGLA, formed only with p-EPO dosage 

(Table 5.4.3.I.), as an endoperoxide substrate. The 

measurement of more lipid peroxides with p-CO or p-MO, 

than with p-00, dosage was surprising considering the 

significantly greater unsaturated FA content of p-00. 

However, this may reflect a slower rate of PGL turnover 

and therefore FA release from membrane lipids into the 

cellular pool with p-00, than with p-CO or p-MO, dosage.

Growth inhibition was not induced with supplementation 

of up to 60mg/l p-oil (Figs. 5.4.1.1-5.4.1.8.), thus no 

correlation between lipid peroxide formation (Table

5.4.5.1.) and cytotoxicity could be established. 

Nevertheless, 1ipoperoxides 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 

1ipoperoxides overall with p-00 or p-SSO dosage 

correlated with the greatest stimulation of cell
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viability, whereas the greater amounts of 1ipoperoxides 

measured with supplementation of other p-oils correlated 

with growth limitation. Lipoperoxides may therefore be 

involved in the modulation of cell viabililty. However, 

the fact that growth 1 imitation was not most pronounced 

with p-LO or p-FO dosage, despite measurement of the 

greatest 1ipoperoxide amounts with supplementation of 

these p-oils, indicated that the modulation of cell 

viability also related to other mechanisms, such as 

alterations in membrane fluidity.

PG's and related eicosanoids are important mediators of 

normal lung function (Hyman et al 1978 and Newman et al 

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

been shown to be the primary site for eicosanoid 

production (Mathe et al 1977, Hyman et al 1978 and 

Harper et al 1984). The total eicosanoid concentration 

quantitated in control cells in the present study (Table

5.4.6.1.) supported the capability for human lung 

fibroblasts to biosynthesise significant amounts of 

eicosanoids, even though this only accounted for about 

30% of all lipid peroxides (Table 5.4.5.1.). The lung is 

indeed rich in enzymes that synthesise PG's and TX's, as 

well as inactivating these compounds (Samuel Ison et al 

1975, 1978). McLemore et al (1988) showed that normal 

human lung tissue biosynthesised small amounts of PGF2q( 

and PGE2> larger amounts of PGD2 and 6-keto-PGFioc, while 

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 also been shown to express the enzymes necessary 

for prostanoid synthesis and release, although 

leukotrienes appear to be released only upon stimulation 

(Chagnon et al 1985 and Robidoux et al 1988). The

abundance of TXB2 jn the ]ung has also been reported in 

culture, and such has been routinely monitored to

reflect TXA2 synthesis (Robidoux et al 1988). Feinmark 

et al (1982) reported that monolayer cultures of human 

diploid embryonic lung fibroblasts (UI-38) metabolised 

exogenously supplied C14CH-20:4w6 to TXB2 , anc| showed 

that PGL was the source of the radioactive precursor. 

Their studies indicated that lung fibroblasts were a 

prime source of pulmonary thromboxane in vivo. although

significant PGE2 synthesis also occurred. Other studies, 

however, showed that cultured human lung cells produced

considerably smaller amounts of PGE2 than TXB2 (Robidoux 

et al 1988). Our study not only confirmed that cultured 

human lung fibroblasts synthesise large amounts of TXB2 

but also showed that these cells produced significant

amounts of PGF&  ̂ PGEi and PGI2, but not PGE2 and PGD2 

(Table 5.4.6.1.).

Supplementation of cultures with any p-oil modulated the 

proportions of the individual eicosanoids detected in 

these cells, although overall prostanoid production was 

enhanced (Table 5.4.6.1.). Dosage with 60mg/l p-MO
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induced "the greatest enhancement of prostanoid 

synthesis, but such did not appear to relate primarily 

to incorporation of exogenous 20:4w6, the 2-series 

eicosanoid precursor, since dosage with other p-MO 

concentrations did not induce appreciable increases 

in eicosanoid production relative to cells dosed with 

p-oils devoid of exogenous 20:4u6. Cells supplemented 

with p-EPO contained higher levels of the 1-series 

eicosanoid precursor, 20J3w6, than cells dosed with 

any other p-oil (Table 4.7.3.1.), yet no clear 

differences in eicosanoid production were found between 

cells dosed with identical p-oil concentrations. 18:3u3 

and 20:5w3, abundant in p-LO and p-FO, respectively, are 

potent inhibitors of 2-series prostanoid production as 

they preferentia 11y occupy the active site on cyclo­

oxygenase (Lands et al 1971, 1973, 1977, Hamazaki et al 

1982. Corey et al 1983, Fischer et al 1983, 1984 and 

Nassar et al 1987). Yet, dosage with these p-oils also 

yielded prostanoid profiles similar to that derived from 

cells supplemented with p-oils devoid of such moieties. 

It was apparent, therefore, that p-oil FA's per se 

induced little effect on the formation of the endogenous 

prostanoids reported as such was unrelated to the degree 

of p—oil unsaturation (Table 2.3.3.2.), the ability of 

the p-oils to supply direct eicosanoid precursors, 

or the capability of the cells to form eicosanoid 

precursors with p-oil supplementation (Tables 5.4.3.1.).
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The lack of significant differences in the levels of the 

eicosanoids reported with dosage of different p-oils at 

the same concentration suggested utilisation of 

endogenous, rather than exogenous, PUFA precursors for 

eicosanoid production. The enhanced prostanoids levels 

reported may thus relate to utilisation of membrane 

20:3u6 and 20:4u6. The detection of these moieties in 

control cells (Table 4.8.3.1.) indeed supported their 

utilisation for eicosanoid formation. The levels of the 

prostanoids detected were nevertheless modulated 

dependent on p-oil concentration. The enhancement of 

total eicosanoid production, particularly with dosage of 

20 or 60mg/l p-oil, was manifested primarily by enhanced

production of TXB21 PGFot and PGI2. However, p-oil 

supplementation suppressed or inhibited PGEi synthesis, 

and this may reflect the significantly lower amounts of 

the 1-series eicosanoid precursor (20:3i*)6) detected in 

these cells (Table 5.4.3.1.) than the 2-series precursor 

(20:4u6). While the data indicated that the cyclo­

oxygenase pathway was functional in these fibroblasts, 

the exact mechanism by which prostanoid production was 

modulated with p-oil dosage was unclear. The possibility 

exists that dosage with different p-oil concentrations 

influenced eicosanoid precursor availability, or that 

p-oil FA's modulated various enzymic steps in the 

prostanoid biosynthetic pathway, dependent on p-oil

concentration.
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The eicosanoid profiles reported in this study (Table

5.4.6.1. ) did not correlate in any way with the changes 

reported in cell viability (Figs. 5.4.1.2-5.4.1.8. ) , 

total protein (Table 5.4.2.1.), 1ipoperoxide production 

(Table 5.4.5.1.), or desaturation capability (Table

5.4.3.1. ) with p-oil dosage. The data therefore suggests 

that although p-oil supplementation influenced the 

overall production of the eicosanoids studied, or the 

balance between individual prostanoid groups, these 

endogenously synthesised eicosanoids were probably not 

directly involved in the modulation of the effects 

demonstrated with p-oil supplementation.
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5.5 THE EFFECTS OF PSEUDO-OILS ON CELLS

DERIVED FROM HUMAN SKIN.

5.5.1 Effects of Pseudo-Qils on Cell Viability.

Cells were examined microscopically before, during and 

after each experiment, and at no time were changes seen 

in the morphology of control cells, or of p-oil dosed 

cells, although cytoplasmic droplets were observed with 

p-oil supplementation at high concentrations in some 

instances.

Investigation of the effects of 0 to 250mg albumin/1 

culture medium showed no significant effect on human 

skin fibroblast viability (Fig. 5.5.1.1.). The effects 

induced with p-oil dosage were therefore a result of the 

exogenous FA's and not the albumin used as FA carrier.

The number of control cells, seeded at 10xl0a/ml, at the 

end of the 24 hour post-trypsinisation recovery period, 

was 11.7xl04/ml. 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 cell viability to 

significantly below 61% 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-SSO and p-FO enhanced cell pro1iferation with low



Legend to Figs. 5.5.1.1-5♦5.1.9.

The results are expressed as mean percent (%) cell 

viabi1ity±standard error of the mean (s.e.m.), where "n" 

is the number of experiments. The concentrations given 

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

medium. Fig. 5.5.1.1. shows the mean percent cell 

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

Figs. 5.5.1.2-5.5.1.8. depict the mean percent cell 

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

Fig. 5.5.1.9. shows the mean percent cell viability 

versus the albumin concentration (mg/1) for cells dosed 

with the amount of pseudo-oil which limits cell 

viability to 50% of the controls.



Fig. 5♦5.1.1

The percentage viability of cells derived from human

skin incubated with albumin.

A1bumin 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.2 12

25 96.2 5.7 12

50 100.0 6.4 12

75 103.9 6.7 12

100 101.5 5.7 12

125 103.4 5.6 12

150 101.5 4.8 12

175 105.8 4.6 12

200 101.9 6.9 12

225 103.3 4.8 12

250 97.1 4.9 12



Fig, 5.5.1.2

The percentage viability of cell 3 derived from human

akin incubated with p -CO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 5.7 6

10 89.1 5.6 6

20 89.1 3.1 6

30 96.6 6.8 6

40 102.5 4.5 6

50 82.4 2.5 6

60 74.8 6.6 6

70 86.6 5.7 6

80 74.0 5.6 6

90 49.6 4.6 6

100 46.2 6.1 6



Fig. 5♦5♦1♦3

The percentage viability of cells derived from human

skin incubated with p-MO.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 8.5 6

10 111.0 5.6 6

20 105.5 6.4 6

30 130.6 3.6 6

40 117.1 8.5 6

50 98.6 4.6 6

60 95.3 2.3 6

70 78.8 6.6 6

80 00 * c. 4.8 6

90 92.7 3 . 6 6

100 6 9 . 5 1 . 5 6



Fig. 5.5.1.4

The percentage viability of cells derived from human

skin incubated uith p-00.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 6.4 6

10 113.5 7.0 6

20 93.9 4.1 6

30 100.2 2.6 6

40 113.7 7.8 6

50 124.7 ** • 00 6

60 84.7 4.4 6

70 68.5 5.9 6

80 58.8 3.5 6

90 35.9 3.8 6

100 12.9 2.4 6



Fici* 5 . 5  ♦ 1 . 5  ♦

The percentage liability of cells derived from human

skin incubated with p-SSQ.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.2 6

10 126.2 1.7 6

20 118.8 2.6 6

30 112.3 3.0 6

40 109.4 3.4 6

50 111.1 4.3 6

60 97.0 1.9 6

70 77.8 3.5 6

80 26.5 2.9 6

90 9.8 1.4 6

100 3.4 0.5 6



F~ i p • 5 . 5 . 1 . 6

The percentage viability of cells derived from human

skin incubated with p-LO.

pseudo-Oi1 
Concentration 

(mg/1 )

Mean ±s.e .m . n

0 100.0 2.5 6

10 89.5 3.9 6

20 88.7 4.0 6

30 85.2 3.7 6

40 84.7 4.3 6

50 75.6 5.3 6

60 65.0 5.3 6

70 56.8 5.0 6

80 55.0 5.5 6

90 43.2 2.9 6

100 33.2 4.5 6



Fig. 5*5* 1«7

The percentage viability of cell 3 derived from human

skin incubated with p-EPQ.

pseudo-Oi1 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.5 6

10 93.1 5.0 6

20 99.2 2.6 6

30 86.8 5.5 6

40 78.5 4.0 6

50 80.8 4.4 6

60 60.0 2.7 6

70 22.3 3.9 6

80 8.5 2.2 6

90 2.3 1.0 6

100 0 0 6



Fig, 5.5.1.8

The percentage viability of cells derived from human

gkin incubated with p-FQ.

pseudo-Oi1 
Concentration 

(mg/1 )

Mean ±s.e .m . n

0 100.0 3.1 6

10 106.1 5.3 6

20 105.7 6.2 6

30 131.1 5.1 6

40 122.6 5.1 6

50 108.5 5.3 6

60 86.4 5.1 6

70 61.0 5.5 6

80 29.5 2.9 6

90 10.2 2.0 6

100 2.0 1.3 6



F i g . 5.5.1♦9

The percentage viability of cells derived from human

skin incubated uiith albumin at the I Deo Q-p p_ g p g t

A 1 bumin 
Concentration 

(mg/1)

Mean ±s.e .m . n

0 100.0 3.3 6

75 53.0 0.8 6

125 53.4 1.8 6

150 52.5 2.3 6

175 55.2 1.2 6

225 54.7 1.9 6
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concentrations* while all p-oils, without exception, 

were growth limiting; such potential, however, varied 

greatly between p-oils and concentrations supplemented. 

Saturated FA-rich p-oils were the least effective in 

mediating growth inhibition; an ID5o was found for p-CO 

(90mg/l), but not for p-MO. In contrast, p-oils abundant 

in unsaturated FA's were considerably more cytotoxi,c.

ID50 values for p-00 and p-LO equated to approximately 

85mg/l each, whereas that for p-SSO and p-FO was lower, 

at about 75mg/l. Cell dosed with p-EPO exhibited an ID50 

of 63mg/l, thus p-EPO was the most cytotoxic p-oi1.

Cell viability was limited to 89.1% with 10 and 20mg/l 

p-CO dosage, but approximated to controls with 30 and 

40mg/l p-CO (Fig. 5.5.1.2.). Concentration increases to 

80mg/l p-CO limited cell growth to a minimum of 74.0%, 

while cytotoxicity reduced cell viability to 49.6% and 

46.2% with 90 and 100mg/l p-CO, respectively.

Cell pro 1iferation was enhanced with incubation of up to 

40mg/l p-M0, to a maximum of 130.6% with 30mg/l (Fig.

5.5.1.3.). 50 and 60mg/l p-MO had little effect on cell 

viability, and growth limitation was induced with higher 

concentrations, but no cytotoxicity was induced, even 

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

Cell proliteration was enhanced to 113.5%, 113.7% and 

124.7% with 10, 40 and 50mg/l p-00, respectively, while 

20 and 30mg/l p-00 had little effect on cell viability
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(Fig. 5.5.1.4.). Higher concentrations limited cell 

growth to 68.5% with 70mg/l p-00, and cytostasis was 

induced with 80mg/l p-00 as cell viability (58.8%) 

approximated to the cytostatic number (61%). Further 

concentration increases induced cytotoxicity, and only 

12.9% of cells were viable with 100mg/l p-00.

10 and 20mg/l p-SSO enhanced cell proliferation to 

126.2% and 118.8%, respectively, while cell viability 

ranged from 109.4% to 112.3% with 30 to 50mg/l p-SSO 

(Fig, 5.5.1.5.). Concentrations greater than 60mg/l were 

growth limiting and yielded 77.8% viable cells with 

70mg/l p-SSO, while extensive cytotoxicity reduced cell 

viability to 26.5% with 80mg/l. The proportion of cells 

taking up Trypan blue increased progressive1y as greater 

amounts of p-SSO were dosed, such that only 3.4% viable 

cells were counted with 100mg/l p-SSO.

p-LO dosage reduced cell viability in an almost linear 

concentration dependant manner (Fig. 5.5.1.6.). 50 and 

60mg/l p-LO induced cytostasis, while concentrations 

of 70mg/l or greater induced cytotoxicity such that cell 

viability was reduced to 33.2% with 100mg/l p-LO.

10 and 20mg/l p-EPO had little effect on cell growth, 

but this was progressively reduced with higher amounts 

dosed such that cytostasis was induced with 60mg/l p-EPO 

(Fig. 5.5.1.7.). Further concentration increases induced 

marked cytotoxicity, yielding 22.3% viable cells with
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70mg/l p-EPO, while Trypan blue uptake increased to 

100% with 100mg/l p-EPO.

Cell proliteration was enhanced slightly with 10, 20 and 

50mg/l p-FO, but significantly to 131.1% and 122.6% with 

30 and 40mg/l p-FO, respectively (Fig. 5.5.1.8.). Growth 

limitation reduced cell viability to 86.4% with 60mg/l 

p-FO, 70mg/l p-FO induced cytostasis, while cytotoxicity 

progressive1y increased cell killing with dosage of 

higher concentrations such that Trypan blue uptake was 

98% with 100mg/l p-F0.

To exclude the possibility that any of the effects 

observed with p-oil dosage were influenced by the amount 

of albumin bound to the FA's, cells were incubated with 

a fixed amount of p-oil (63mg/l p-EPO, ID5 0 ) and dosed 

with varying amounts of albumin. Five points were 

chosen around which to vary the albumin concentration, 

keeping the p-oil concentration fixed, viz. 2 points 

above, 2 points below, and the ID50 of p-EPO. The 

appropriate amount of albumin was added to these 

cultures to give the desired concentrations. 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 

induced with the p-oils could be attributed solely to 

the exogenous FA's, and synergistic effects of albumin
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could be excluded.

Fig. 5.5.1.10. depicts the growth of cells derived from 

human skin in culture medium enriched with 1 0 % serum 

from its own species was compared to commercially 

available fetal calf serum (FCS) in order to determine 

whether FCS modulated cell growth in any way. Over a 72 

hour period, human skin fibroblasts grew from 1 0 . 0  to 

14.8xl04 when culture medium was enriched with 10% FCS. 

Cell growth was slower, however, with 10% human serum 

(HS) over the same time period, from 1 0 to 1 2 .2 xl04 . 

Thus, the routine use of FCS did not limit cell growth 

compared to 10% HS, and promotion of growth limitation 

and inhibition could therefore be attributed solely to 

the exogenous FA^s incorporated.

Human skin fibroblasts were subsequently plated and 

dosed appropriately with 0, 20, 40 or 60mg p-oil/1 

culture medium in sufficient amounts for all qualitative 

and quantitative analyses 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 further biochemical assays were

performed on these samples.



Legend t o  F i g .  5 . 5 . 1 . 1 0 .

The results are expressed as mean cell number±standard 

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

experiments. The cell numbers giuen are xlO'Vml growth 

medium. Fig. 5.5.1.10. shows mean cell numbers versus 

the incubation period (hours).



F i g .  5 . 5 . 1 . 1 0

The growth of cells derived from human skin in DMEM 

containing 1 0 % foetal calf serum compared uiith 1 0 % adult 

human serum.

Incubation 
Time 
< hrs)

Mean
Cel 1 Number 
< x!0a/ml)

±s.e .m . n

Foetal calf 
serum J

24 1 0 . 0 0 . 2 9

48 1 2 . 6 0 . 2 9

* 72

00* 0.3 9

Adult human 
serum J

24 10.7 0 . 2 9

48 1 1 . 8 0.4 9

72 1 2 . 2 0.3 9
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5.5.2 Effects of pseudo-Qils on Total Protein.

The total protein concentrations determined at each of 

the 3 p~oil concentrations incubated with human skin 

fibroblasts are shown in Table 5.5.2.1. in relation to 

controls. Results are expressed as /jg total protein/106 

cells seeded.

308.2*ig protein/106 control cells seeded was found, 

while concentrations in dosed cells ranged from 238.2 to

423.0,ug/106 cells seeded. In every instance, cells dosed 

with 20 or 40mg/l p-oil contained more total protein 

than controls, while most cells dosed with 60mg/l p-oil 

contained protein concentrations parallel to, or lower 

than, controls. Total cellular protein concentrations 

correlated inversely with the amount of p-LO or p-EPO 

supplemented (334.9, 311.0 and 307.0, and 349.9, 333.5 

and 300.1jug, respectively), while protein levels were 

alike with dosage of 40 or 60mg/l p-SSO, but increased 

20mg/l p-SSO (345.3, 348.5 and 372.2jug, respectively). 

On the other hand, cellular protein amounts were greater 

with incubation of 40 than 20 or 60mg/l p-CO (352.5,

336.5 and 238.2,ug, respectively), p-MO (423.0, 342.6 and 

349.7jug, respectively), p-00 (378.2, 366.3 and 247.1jug, 

respectively) or p-FO (369.5, 355.6 and 280.9^9,

respectively ) .

The spent incubation media derived from these cultures 

were also assayed for total protein. The concentrations



Tab 1e 5 . 5  < 2«1.

The protein content of cells derived from human skin. 

expressed as jug total protein/1 0 6 cells seeded.

pseudo-
Oil

CELLS

(mg/ 1 ) 0 20 40 60

Contro1 308.2

CO 336.5 352.5 238.2

MO 342.6 423.0 349.7

00 366.3 378.2 247.1

SSO 372.2 345.3 348.5

L0 334.9 311.0 307.0

EPO 349.9 333.5 300.1

F0 355.6 369.5 280.9
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for all samples were summed, and a mean of 40.6±0.38mg 

protein/106 cells seeded obtained (n=22). Statistical 

comparison of individual samples, by analysis of 

variance, however, showed no significant differences in 

the spent media protein concentrations between control 

and dosed cultures (F=136.5, p=0.001).
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5.5.3 Effects of pseudo-Oils on the Fatty Acid

Spectrum of Cells Derived From Human Skin.

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

p-oi1 are shown in Table 5.5.3.1. in relation to

contro1s .

The greatest FA proportion in control cells was detected 

for 18:lw9 (27.5%). Other FA's contributing 25.0% to the 

total spectrum in control cells were 16:0 (21.3%), 18:0 

(15.7%), 16:lu9 (7.4%) and 22:4u6 (10.7%).

Dosed cells contained variable amounts of 16:0 and 

18:lu)9 compared to controls, while 18:0 proportions were 

lower in dosed than control cells in every instance.

Decreased 16:lw9 levels were generally found in dosed

cells, while the converse was true for 18:2w6. However, 

w6 and u3 PDFA levels were more variable.

16:0 levels increased when cells were dosed with 20, 40 

or 60mg/l p-CO (27.5%, 28.9% and 29.7%, respectively vs 

21.3% in controls), 18:lw9 levels were not significantly 

altered (27.5% in controls), while decreased proportions 

of 18:0 (9.5% to 11.0% vs 15.5% in controls), 16:lu9

(2.9% to 5.4% vs 7.4% in controls) and 18:2w6 (2.6% to 

2.9% vs 3.6% in controls) were found. 20:4w6 and 22:4w6 

levels were slightly increased (4.5% to 5.7% and 12.3% 

to 13.0% vs 4.0% and 10.7% in controls, respectively), 

but 22:5w6 was decreased. Increased 20:5u3 proportions



Legend to Tables 5.5.3.1. and 5.5.3.2.

All values are tabulated as relative percent total area. 

Control values are reported as mean±s.e.m., where "n" is 

the number of experiments. ‘Cp-0il3" refers to the 

pseudo-oil concentration used.



Table 5.5.3.1.

The fatty acid spectrum of cells derived from human skin.

FATTY ACID 
SPECTRUM

CONTROLS 

< n = 3 )

Cp -C03 
<mg/l) ' 

20 ! 40 ! 60

Cp -m o :
< mg/1)

20 ! 40 ! 60

Cp -o o :
(mg/1)

20 ! 40 ! 60

Cp-sso:
< mg/1)

20 ! 40 ! 60

Cp-LOIJ 
(mg/1)

20 ! 40 ! 60

Cp -e p o :
(mg/1)

20 ! 40 ! 60

Cp-FCG
(mg/1)

20 1 40 ! 60

s
A

16:0 21.3 ± 0 .10 27.5 28.9 29.7 24.6 25.1 25.1 17.4 15.8 18.6 20.1 18.0 16.5 20.1 17.8 27.2 19.4 17.6 17.1 20.3 18.8 35.6

T
u

18:0 15.7± 0.70 11.0 10.2 9.5 11.0 12.2 9.9 6.4 4.3 4.9 9.8 8.9 7.1 10.4 9.7 13.9 10.1 11.9 7.6 9.0 10.7 9.1

R
A

20:0 0.2 ± 0 .00 - 0.1 - - 0.1 - - 0.1 - - - - - - 0.1 - - - - - -

T
F

22:0 - 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.1 - 0.1 - - - - 0.1 - - - - - -

S. 24:0 — — — — 0.4 0.4 - - - - 0.1 - - - - 0.4 0.2 - 0.1 - -

u9
M

16:1 7.4+0.15 5.4 4.1 2.9 2.7 2.4 1.6 3.7 4.5 1.9 4.1 3.0 2.1 3.8 2.2 2.4 4.4 2.6 2.3 12.6 17.1 12.6

0
N

18:1 27.5 ± 0 .25 28.9 27.2 28.4 27.6 28.4 29.6 46.0 47.8 50.8 28.4 26.2 25.0 25.5 23.0 21.1 22.5 20.9 18.9 24.9 24.3 18.9

0
S.

24:1 — - - — — - — — - - - - - - - - - - - - -

18:2 3.6 ± 0 .13 2.6 2.6 2.9 4.6 6.4 9.2 5.7 7.7 6.5 16.7 24.8 31.1 7.0 10.0 5.9 18.0 25.7 34.9 4.5 6 .6 4.5

u6
18:3 - ■s - - - - 0.1 0.1 0.1 - 0.2 0.1 - - - - 0.4 0.4 0.6 - - -

P
20:2 — - - 0.1 - 0.3 0.3 0.7 1.5 1.3 1.0 1.5 1.5 0.2 0.4 0.1 1.2 1.3 1.5 0.2 0.5 0.2

0
[_

20:3 0.7±0.00 0.9 0.9 1.1 1.2 1.3 1.3 1.0 1.2 0.5 2.0 2.0 1 . 1 0.9 0 . 8 0.7 3.6 3.8 3.7 0.9 0.7 0.4

Y 
S .

20:4 4.0±0 . 1 0 5.7 4.7 4.5 6.3 5.8 5.8 3.8 3.5 1.5 4.3 3.1 2.9 4.9 4.9 2.9 4.8 3.2 3.0 3.7 2.5 1.5

22:4 10.7±0.60 12.3 13.0 1 2 .8'16.2 9.8 10.4 1 0 . 1 8.3 10.5 9.2 7.0 8 . 6 14.4 7.2 13.7 10.5 7.0 6 • 6 15.7 7.2 1 1 . 1

22:5 0 .8±0 . 0 0 — 0 . 6 0 . 2 0 . 1 0.7 0 . 1 - 0.4 0 . 2 0 . 1 0 . 6 0 . 2 - 0 . 6 0 . 1 0 . 2 0 . 6 0 . 1 0 . 2 0.9 0.4

18:3 0 .5±0 . 0 0 0.5 0.5 0.5 0.7 0.5 0.5 0.9 0.7 0.5 0 . 6 0.5 0.4 6.2 17.4 8.4 0.5 0.3 0.3 0.5 0.5 0.4

u3 18:4 2.4+0.00 0.4 1 . 2 0.4 0 . 2 1 . 2 0.3 0.3 0 . 6 0 . 2 0 . 2 0 . 8 0 . 2 0.4 1.1 0 . 2 0 . 2 1.1 0.1 0.3 1.6 0.3

P
n

20:4 1 .9±0.07 0.6 1 . 8 1.3 0.9 1.1 1 . 2 0.4 0.4 1.0 0.4 0 . 6 0 . 8 1.3 1.9 0.9 0.4 0 . 8 0.5 1.2 1.6 1.2

L
Y

20:5 0.7+0.00 0.3 0.7 1.7 0 . 2 0.7 1.3 0.9 0.5 0.5 0 . 2 0.4 0.3 1 . 6 0 . 6 0.7 0.7 0.4 0.4 1 . 8 3.9 2.3

s . 22:5 1 .1 ±0 . 1 0 1.7 1.5 1.6 1.7 1.5 1.3 1 . 2 1 . 1 0.5 1.3 1 . 0 1.1 2.0 4.3 0.9 1.3 0.9 1 . 1 2.9 2 . 6 1 . 0

2 2 : 6 1.5*0.05 2 . 3 2.2 2 . 2 1.9 2 . 0 1.7 1 . 4 1 . 5 0 . 6 1 . 5 1.3 1.3 1.4 1.3 1 . 0 1 . 5 1.3 1 . 3 1 . 2 0 , 8 0.5
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were found with 60mg/l p-CO (1.7% vs 0.7% in controls), 

while 2255u3 and 22:6u3 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 controls, respectively in controls.

Dosage with p-MO had little effect on cellular 16:0 and 

18:lu9 levels, while 18*0 and 16:lu9 were decreased. On 

the other hand, increased 18:2w6 was detected (4.6% to 

9.2% vs 3.6% in controls) and 20:3u6 percentages (1.2% 

to 1.3%) were almost twice as great as controls (0.7%). 

20:4w6 levels were raised with all concentrations (6.3% 

with 20mg/l, and 5.8% each with 40 and 60mg/l vs 4.0% in 

controls), while 22:4u6 was significantly increased 

with 20mg/l p-MO (16.2% vs 10.7% in controls), but no 

increment was shown for 22:5u6. 20:5w3 proportions 

increased approximately 2 fold with 60mg/l p-M0 dosage 

(1.3% vs 0.7% in controls), while small increments in 

22:5u3 and 22:6u3 were found with all concentrations 

dosed (1.3% to 1.7% and 1.7% to 2.0% vs 1.1% and 1.5% in 

controls, respectively).

Supplementation with 20, 40 or 60mg/l p-00 resulted in a 

marked elevation of cellular 18:lu9 (46.0%, 47.8% and 

50.8%, respectively vs 27.5% in controls), while 16:0, 

16:lw9 and especially 18:0 percentages decreased in 

relation to controls. Small increments were induced in 

18:2u6 (5.7% to 7.7% vs 3.6% in controls) and 20:2u6 

(0.7% to 1.5% us 0% in controls), while all other PUFA 

levels approximated to, or were lower than, controls.
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p-SSO dosage had little effect on, or decreased the 

proportions of the saturated and monounsaturated FA's 

detected, while 18:2u6 increased in a concentration 

dependant fashion (16,7%, 24.8% and 31.1% with 20, 40 

and 60mg/l, respectively vs 3.6% in controls). Small 

but significant increments in 2 0 :2w6 (1 .0% with 2 0mg/l 

and 1.5% with 40 and 60mg/l vs 0% in controls) and 

20:3u6 (1.1% to 2.0% vs 0.7% in controls) were also 

found, but all other PDFA levels were parallel to 

controls or decreased.

18:lu9, 16:lu9 and 18:0 levels were decreased relative 

to controls (27.5%, 7.4% and 15.7%, respectively) with 

p-LO incubation, and increased 16:0 was found only with 

60mg/l p-LO (27.8% vs 21.3% in controls). Raised 18:2w6 

levels were found with all concentrations (5.9% to 10.0% 

vs 3.6% in controls), but 22:5w6 was decreased, despite 

small increments in 20:4w6 with 20 and 40mg/l p-LO (4.9% 

each vs 4.0% in controls), and 22:4u6 with 20 and 60mg/l 

p-LO (14.4% and 13.7%, respectively vs 10.7% in undosed 

cells). An increase in 18:3io3 was induced with 20, 40 or 

60mg/l p-LO dosage (6.2%, 17.4% and 8.4%, respectively 

vs 0.5% in controls). No significant increments in 

18:4w3 or 2 0 :4cj3 were induced, but 20:5w3 and 22:5w3 

increased approximately 2 fold with 20mg/l p-L0 (1.6% 

and 2 .0% vs 0.7% and 1 .1 % in controls, respectively).

p-EPO supplementation caused a reduction in cellular
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16:0, 18:0, 16:lu9 and 18:lu9, but a marked increase in 

18:2w6 (18.0% with 20mg/l, 25.7% with 40mg/l and 34.9% 

with 60mg/l us 3.6% in controls). No significant 

increment in 18:3w6 was induced (0.4% to 0.6% us 0% in 

controls), unlike 20:2w6 and 20:3w6 (1.2% to 1.5% and 

3.6% to 3.7% us 0% and 0.7% in controls, respectiuel y ). 

Howeuer, all other PDFA percentages were parallel to 

controls, or decreased.

Supplementation with 20, 40 or 60mg/l p-FO induced a 

marked increase in 16:lw9 (12.6%, 17.1% and 12.6%, 

respectiuely us 7.4% in controls), 16:0 was increased 

only with 60mg/l (35.6% us 21.3% in controls), while 

18:0 and 18:lw9 proportions were decreased. 18:2w6 

leuels were slightly increased with all concentrations 

(4,5% to 6 .6% us 3.6% in controls), and 22:4u6 with 

20mg/l p-FO only (15.7% us 10.7% in controls), but all 

other w6 PDFA amounts were parallel to controls or 

decreased. 20:5u3 leuels were significantly increased 

with 20, 40 or 60mg/l p-FO dosage (1.8%, 3.9% and 2.3%, 

respectiuely us 0.7% in controls). Furthermore, 22:5u3 

was increased with 20 and 40mg/l p-F0 (2.9% and 2.6%, 

respectiuely us 1.1% in controls), although 22:6w3 

percentages decreased (1.2, 0.8% and 0.5%, respectiuely 

us 1.5% in controIs).

The FA spectra of the spent growth medium remoued from 

each of the aboue cultures is shown in Table 5.5.3.2. 

The medium in which control cells had been grown



Tabl e  5 . 5 . 3 . 2 .

The fatty acid spectrum of the spent culture medium of 

cells derived from human skin.

FATTY ACID 
SPECTRUM 

C 4 )

CONTROLS 

(n= 3 )

: Cp -coj
: (mg/ l)
: 20 ! 40 : 60 11

Cp - m o :
(mg/ l)

20 ! 40 ! 60

Cp- 000  
(mg/ l)

20 ! 40 ! 60

Cp-SSOD 
(mg/ l)

20 ! 40 ! 60

Cp-LOD
(mg/ l)

20 ! 40 ! 60

Cp-EPOO 
(mg/ l)

20 ! 40 ! 60

Cp-FOO 
(mg/ l)

20 ! 40 ! 60
11
! 12: 0  
I

-

1 1 I 1
: 0 .4 ! 1 1

0 . 8 1 . 0
11
l - -

!1
1

- - -

11
- - - —

11
— —

! 14: 0  
S !

9 7 .7 ±0 .46
1 I
196.7 ! 1 19 6 . 5 9 6 . 9 9 7 .7 !

J
9 7 . 5 9 7 . 3

1
9 6 .9 !19 6 . 6 9 5 . 2 9 7 . 3

1
9 6 .9 !9 5 . 6  1 9 7 . 2 9 6 . 5 9 5 . 5 9 6 . 8

1
9 6 .9 !9 6 . 6 9 6 .4 !95 . 9 96 . 0

A : 16: 0  
T !

0 .2 ± 0 .02 : 0 .5 ! 1 1 0 . 3 0 . 3 0 .4 !1 0 . 4 0 . 4 0 .4 !
1 0 . 5 0 . 5 0 . 3

>
0 .4 ! 0 . 5  1 0 . 3 0 . 3 0 . 4 0 . 4

1
0 .4 ! 0 . 4 0 .4 ! 0 . 5 0 . 4

U : 17:0  
R !

1 .6 ± 0 ,09 ! 1 .4 !1 1 1 . 4 1 . 0 0 .8 !1 1 . 1 0 . 9 1 .3 !
»

1 . 4 1 . 6 0 . 9
1

0 .9 ! 1 . 4 1 . 0 1 . 6 1 . 3 . 1 . 6
1

1 .4 ! 0 . 9 1 .9 ! 1 . 6 1 . 1

A ! 18: 0 - 1 _ 1 - -
1

0 .2 ! - 0 . 3
1

— — 0 . 3
1

0 .4 ! 0 . 4 0 . 3 _ _
1

- ! 0 . 2 _ j
T : t 1 l l 11 1 1 1
E ! 20: 0 - 1 _ 1 - — “ 1 - — — — — __ _ _ _ ! _
s . : 1 1 1 1 11 I 1 1

: 22: 0  1 - - - - - 1 - - - -  ! - - - - -  | - -

! 24: 01l
-

1 l

1 1 1 1
- -

1
11

- -
1
1
11

- - -
1

»1
- - - -

11
1

- | - -

m  : 1 1 1 1 11 1 1 1
0 ! 16:1  
N :

— ! 0 .1 ! 1 1 0 . 1 0 . 1 0 .1 !1 0 . 1 0 . 1 0 .1 ! 1 0 . 1 0 . 1 0 . 1 0 .1 ! 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 - ! 0 . 1 0 .2 ! 0 . 6 0 . 9
0.1 18:11l

0 .3 ±0 .00 ! 0 .5 !
T ' S  !

0 . 5 0 . 4 0 .4 !11
0 . 5 0 . 6

1
0 .8 !1l

0 . 9 1 . 9 0 . 5
1

0 .6 ! 0 . 9  1 0 . 5 0 . 6 0 . 8 0 . 5
1

0 .6 ! 0 . 6  1 0 .6 ! 0 . 7 0 . 7
l1
! 18: 2  1

-

1 1
! 0 .1 ! 1 1

- -

11
0 . 1  ! 1 0 . 1 0 . 1

1
0 .1 ! 1 0 . 1 0 . 3 0 . 2

1
0 .3 ! 0 . 7  1 0 . 1 0 . 1 0 . 4 0 . 2

1
0 .4 ! 0 . 7  1 0 .1 ! 0 . 2 0 . 3

! 18: 3 - 1 _ 1 — — 1 — — 1 — — _ _ __ _ __ _  1 _

u6 ! 1 1 1 1 11 1
i 11 11

i 2 0 : 2 - 1 i - - -  | - - -  | - - — — J — — _ _ _ l — | _ —

P : 1 1 1 1 11 11 11 11
0 ! 2 0 : 3 - 1 _ 1 - — ~  » - - -  | - - - — 1 — — — — — 11 -  ; — _

L : t 1 1 1 11 11 11 11
Y : 2 0 : 4 - ! 0 .1 ! 0 . 1 - 0 . 1 ! 0 . 1 0 . 1 0 . 1 ! 0 . 1 0 . 1 0 . 1 0 .1 ! 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 .1 ! 0 . 1 0 . 1 ! 0 . 1 0 . 1
s . : 1 1 1 1 11 11 11 11

! 2 2 : 4  1 0 .2 ±0 . 0 4 ! 0 .3 ! 1 1 0 . 3 0 . 2 0 .3 !1 0 . 2 0 . 2 0 .2 !1 0 . 2 0 . 2 0 . 2 0 .2 ! 0 . 2  1 0 . 2 0 . 2 0 . 3 0 . 3 0 .1 ! 0 . 2  1 0 .2 ! 0 . 3 0 . 2

! 2 2 : 5  1
I

- 1 11 1 1 1
- -

(1
- - 111

- - -
1l

- - - - 1»
- ; - -

II
! 18: 31 -

1 1 1 1
1 1

- -

11111
- -

I1
1

- - -

11
0 . 1 0 . 4 1 . 0 -

11
__ 1 _ 

1 - j - -

u3 ! 18: 4i
-

1 | 1 _ » - -
t

- -
I

” i - - -
1

- - - - 1
- | - -

l
P ! 2 0 : 4 —

1 | 1 _ | _ —
1

_ —

1
0 . 1 0 . 1 _

1
_ 0 . 1

l
0 .1 ! 0 . 1 - ; 0 . 1 .

o : 1 | 1 | 11 11 11 11
L ! 2 0 : 5 - 1 _ | — — - j — - -  j — — — — J — — _ _ - - i - - ; 0 . 1 0 . 2
Y : 1 | 1 1 11 11 11 11
S .: 2 2 : 5

I
- 1 _ 1 - - - -

1
- - - - - - - 1

—  J 0 . 1 -
i
! 2 2 : 61i

-
i 1

1 1 1 I

- -
1

1»
- -

1

1t
- - -

1

11
- - 0 . 1 - 11

- | 0 . 1 0 . 1
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contained 97.7% 14:0, 1.6% 17:0 and less than 0.5% each 

of 16:0, 18: lu)9 and 22:4w6. Spent media obtained from 

cultures dosed with p-oils similarly contained at least 

95.0% 14:0 and 0.8% to 1.9% 17:0, but only trace amounts 

of the major FA components present in the p-oils 

remained in the medium following the 48 hour incubation 

period.
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5.5.4 Incorporation of Radiolabel1ed Fatty

Acids into Cells Derived from Human Skin.

The radioactivity recovered from cultures incubated with 

2*iCi CiaCI]-18: lw9, C14CII-18: 2u6 or C14CT-18:3u)3 is shown 

in Table 5.5.4.1.

For both C14C3-18:lw9 and C14C3-18:3u3, the equivalent 

of 4.3xl06 cpm were dosed to the incubation medium, and 

total recovery of radiolabel from these cultures was 

approximately 8 6% and 91%, respectively. Similarly, the 

equivalent of 4.8xl06Cpm CiaC3-18:2u6 were dosed to the 

incubation medium, and total recovery of this radiolabel 

from cultures was about 98%. The total counts recovered 

from the spent incubation media ranged between 1 . 6  to 

2 .6 xl0 6 cpm, with only 0 . 6  to 0 .8 xl06cpm recovered from 

the pooled buffers after washing the cells; this 

accounted for non-specific binding. The total amount of 

each of these radioisotopes incorporated into the cells 

themselves, however, equated to 34% for L 14CD-18 J lto9 , 

32% for CiaC3-18:2u6 and 19% for C14C3-18:3u3.

The percentage conversion of each of the incorporated 

radiol abel 1 ed C18 FA's above to U)9, u6 or w3 series 

products after 48 hours incubation with human skin 

fibroblasts is shown in Table 5.5.4.2. As J6D represents 

the first and rate 1 imiting enzyme in the desaturase 

cascade, total activity thereof is reflected by the sum 

of all subsequent desaturase and elongase products.



T a b l e  5 . 5 . 4 . 1

The radioactivity (cpm) recovered from human skin cultures 

incubated uiith radiolabel1ed C18 fatty acids. expressed as 

mean (is.e.m.), n=3.

SPENT
MEDIA
(M)

POOLED
WASHINGS

(U)

TOTAL
(M+W)

. CELLS TOTAL
xl0&

Total 18:1 counts dosed to incubation medium = 4.3 x 10s

1583080
(±5520)

640380
(±1980)

2223460 1470507
(±2817)

3.7

Total 18:2 counts dosed to incubation medium = 4.8 x 10s

2410120
(±12780)

785340
(±7380)

3195460 1541535
(±2340)

4.7

Total 18:3 counts dosed to incubation medium = 4.3 x 10&

2561820
(±5340)

567000
(±3660)

3128820 799068
(±540)

3.9



Table 5.5.4.2.

The counts detected for the radiolabel1ed fatty ac i ds

dosed and their resulting metabolites formed after

incubation with cells derived from human skin, expressed

as a percentaae of the total counts recovered upon GLC

analysis.

w9
MONOS.

C 1 4 CT- 
18:lw9

u6
POLYS.

: i a c : -

18:2u6
u3

POLYS.
c i a c >

18:3w3

18:1 30.7 18:2 17.8 18:3 11.4

2 0 : 1 21.4 18:3 1 0 . 6 18:4 19.9

2 2 : 1 36.4 2 0 : 2 25.4 20:3 18.2

24:1 11.5 20:3 19.1 20:4 17.5

20:4 10.9 20:5 14.1

22:4 11.4 22:5 8.5

22:5 4.7 2 2 : 6 10.4

TOTAL
CPM 2130

TOTAL
CPM 3026

TOTAL
CPM 1711
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30.7% of the total C14CD-18:lw9 counts derived upon GLC 

analysis (2130cpm) remained unchanged, while 21.4% was 

found for 20:lu9, 36.4% for 22:lw9, and only 11.5% 

elongated to 24:lw9.

17.8% of the total C14C0-18:2u6-derived counts measured 

upon GLC analysis (3026cpm) remained as 18:2w6, whereas 

25.4% 2 0 :2w6 was detected. 1 0 .6% of total counts were 

found as 18:3w6 and 19.1% as 20:3gj6, compared to 10.9% 

20:4w6 and 11.4% 22:4w6. However, only 4.7% 22:5w6 was 

detected.

11.4% of total C14C3-18:3w3-derived counts (1711cpm) 

remained unchanged, and 18.2% was found for its 

immediate elongation product, 20:3w3. Significantly more 

18:4u3 was detected than 18j3u 6 following the same J6D 

step (19.9% and 10.6%, respectively), but the converse 

was true with regard to 20:3u3 and 20:2u6 levels (18.2% 

and 25.4 %, respectively). 17.5% 20:4w3 was detected, 

while 14.1% and 8.5% of total counts were present as 

20:5w3 and 22:5u3, respectively. Desaturation to 22:6w3

accounted for 10.4% of total counts.
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5.5.5 Effects of Pseudo-Qils on Lipid Peroxide

Format i on.

The 1 ipoperoxides quantitated in cells dosed with p-oils 

and their respective growth media are shown in Table

5.5.5.1. in relation to controls. The data is expressed 

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

media, this represents the nmoles of MDA in the volume 

of medium from which lxlO6 cells were obtained.

1.Inmoles MDA/106 control cells was measured, while 

amounts ranged from 1.0 to 2.3nmoles MDA/106 dosed 

cells, dependant on the p-oil and concentration used. 

Lipoperoxide production by cells dosed with p-MO or p-00 

approximated to that of controls, and p-SSO only induced 

greater amounts with a concentration of 60mg/l 

(2.3nmo1es MDA/106 cells). Cells supplemented with 2 0 , 

40 or 60mg/l p-CO or p-FO, however, induced identical 

lipoperoxide concentrations (1.3, 1.4 and 1.6nmoles

MDA/106 cells, respectively), which were comparable 

to those induced with p-LO or p-EPO (1.4, 1.6 and 1.6, 

and 1.0, 1.3 and 1.5nmoles MDA/106 cells, respectively).

Spent medium from control cells contained 0.2nmoles 

MDA/106 cells, while amounts measured in spent media of 

dosed cultures ranged from 0.1 to 4.3nmoles MDA/106 

cells. Spent media from cultures incubated with p-CO, 

P~M0 or p-00 generally contained slightly lower lipid 

peroxide amounts (0.1 to 0.8nmoles MDA/106 cells) than



Table  5 . 5  » 5 . 1 .

Lipoperoxide formation by human skin cultures incubated 

uiith p-oils. expressed as nmoles MDA/105 cells.

pseudo-
Oil

(mg/ 1 )

CELLS

0 20 40 60

Control 1 . 1

CO 1.3 1.4 1 . 6

MO 1.0 1.0 1.0

00 1 . 2 1.0 1.0

SSO 1 . 2 1.0 2.3

L0 1.4 1 . 6 1 . 6

EPO 1.0 1.3 1.5

F0 1.3 1.4 1 . 6

pseudo- SPENT INCUBATION MEDIUM
Oil

(mg/ 1 ) 0 20 40 60

Contro1 0 . 2

CO 0.3 0.3 0 . 8

MO 0.5 0 . 2 0.3

00 0.4 0.1 0 . 6

SSO 0.4 0 . 2 1.3

L0 1.3 1.5 4.3

EPO 0 . 2 0 . 6 1.0

F0 1.5 2.4 3.4
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that derived from p-SSO or p-EPO incubation 

nmoles MDA/106 cells. On the other hand, 

spent media lipid peroxide levels were 

incubation of 20, 40 or 60mg/l p-FO (1.5 

nmoles MDA/106 cells, respectively) or p 

and 4.3nmo1es MDA/106 cells, respectively).

(0.2 to 1.3 

the greatest 

found with 

2 .4 and 3.4 

LO (1.3, 1.5



665

5.5.6 The Eicosanoid Profile of Cells Derived

from Human Skin.

The eicosanoids positively detected in control and dosed 

human skin fibroblasts are presented in Table 5.5.6 .1 . 

as a percentage of the total area found. An indication 

of the total eicosanoid amount quantified* however, is 

given for controls in “( )", expressed as pmoles/1 0 6

c e l  I s .

Total eicosanoid production by control cells amounted to 

232.5pmoles/106 cells, of which 31.2% correlated with 

the retention times of the prostanoid standards used. 

This was composed of 12.4% TXB2 , 9 .4^ PGFot, 4.7% PGI2 ,

4.1% PGE2 and 0.6% PGEi , Varying proportions of these 

prostanoids were also found in dosed cells, but neither

control or dosed cells formed PGD2

Total prostanoid percentages detected in dosed cells 

varied significantly with p-oil concentration, as such 

was increased in relation to controls (31.2%) with 

supplementation of 20mg/l p-oil (39.3% and 45.3%), 

decreased with 40mg/l p-oil (14.9% to 18.4%), but was 

more variable with 60mg/l p-oil (19.5% to 37.9%). Such 

changes related to alterations in the production of 

individual prostanoids in these cells. PGI2 percentages 

were lower in dosed (1.5% to 4.1%) than in control 

(4.7%) cells. On the other hand, TXB2 levels were 

comparable to controls (12.4%) with 60mg/l p-oil (8.4%



Legend to Table 5.5.6.1.

Values are tabulated as relative percent of the total 

area detected, and as pmoles total eicosanoids/1 0 6 

contro1 cells.



Table 5.5,6.1

The profile of the eicosanoids detected in extracts of 

cells derived from human skin.

pseudo-
Oil

(mg/1)

EICOSANOIDS (*)

TOTAL p g i 2 TXB2
( 1 ^

PGE2 PGEi PGD2

CONTROL 31.2 4.7 12.4 9.4 4.1 0.6 _

(232.5)

20 39.3 2.9 20.2 13.1 2.4 0.7 -

CO 40 18.0 3.4 6.0 5.8 2.0 0.8 -

60 28.9 3.6 11.9 10.2 3.1 0 . 1 —

20 44.8 3.2 21.5 15.2 4.4 0.5 —

MO 40 17.4 2.3 6.0 7.2 1.6 0.3 -
60 37.9 4.1 15.9 10.8 6.8 0.3 —

20 42.0 3.8 18.5 14.1 5.1 0.5 -

00 40 15.0 2.9 5.6 4.5 1.5 0.5 -

60 23.4 2.8 10.3 8.8 1.1 0.4 —

20 41.4 3.7 21.7 11.9 3.1 1 . 0 -

SS0 40 18.0 3.3 6.4 4.9 1.3 2.1 -

60 19.5 3.0 9.0 5.9 1.2 0.4 —

20 45.3 2.5 24.8 16.0 1.4 0.6 -

LO 40 16.2 2.9 6.0 5.8 1.2 0.3 -

60 23.0 3.6 8.4 8.7 2.2 0 . 1 —

20 43.6 2.4 23.2 14.5 2.8 0.7 -

EPO 40 14.9 2.1 6.6 4.0 1.3 0.9 -

60 24.1 1.9 11.4 9.1 1.5 0.2 —

20 40.7 3.4 20.0 12.5 4.0 0.8 -

F0 40 18.4 3.9 6.5 5.8 1.2 1 . 0 -

60 28.0 1.5 14.8 10.3 1.3 0 . 1
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to 15.9%), but approximately 2 fold lower with 40mg/l 

p-oil (5.6% and 6.6%) and up to 2 fold greater with 

20mg/l P—oil (18.5% to 24.8%). PGF^ production was lower 

than controls (9.4%) with dosage of 40mg/l p-oil (4.0% 

to 7.2%), enhanced with 20mg/l p-oil (11.9% to 16.0%), 

and more variable with 60mg/l p-oil (5.9% to 10.8%). 

Dosed cells generally produced less PGE2 than controls 

(4.1%), although such was slightly increased with 60mg/l 

p-MO and 20mg/l p-00 (6.8% and 5.1%, respectively).

Comparable PGEi levels were induced in control (0.6%) 

and dosed cells with all p-oil concentrations, although 

production increased 3 to 4 fold with 40mg/l p-SSO

(2 .1%).
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5.5.7 Discussion.

The data presented showed that the p-oils dosed to human 

skin cultures exhibited varying abilities to modulate 

cell viability (Figs. 5.5.1.1-5.5.1.8._) , dependent on 

p-oil FA composition (Table 2.3.3.2.). The significantly 

greater ability to inhibit cell viability with dosage of 

p-00, p-SSO, p-LO, p-EPO or p-FO than with p-CO or p-MO 

was consistent with large amounts of unsaturated FA's in 

the former p-oils. This indicated that unsaturated FA's 

were more effective cytotoxic agents than saturated 

FA's. The FA spectra of p-00, p-SSO and p-LO suggested 

that the effects each p-oil induced with dosage related 

largely to the abundance of OA, LA or ALA present in 

such, respectively. The ability to stimulate cell 

proliteration with dosage of low concentrations of p-00 

or p-SSO, but not with p-LO, as well as the greater 

ability to reduce cell viability with p-00 or p-SSO, 

than with p-LO, dosage at high concentrations, appeared 

to relate to the absence of a double bond at the w3 

position in OA and LA, but not in ALA. The FA 

composition of p-EPO was similar to that of p-SSO, 

although the presence of about 9% GLA in p-EPO only 

probably accounted for the inability of this p-oil 

to stimulate cell viability and the mediation of 

significantly more growth limitation and cytotoxicity 

than with p-SSO dosage. It was apparent therefore, that 

GLA exhibited greater cytotoxic ability than LA.
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Comparison of the amount of GLA in p-EPO and ALA in p-LO 

(approximate!y 9% and 63%, respectively) with the growth 

profiles induced with dosage of each of these p-oils 

suggested that GLA was also a more effective cytotoxic 

agent than ALA. This could reflect the presence of a 

double bond at the ul2-position in GLA. The presence of 

GLA in p-EPO and ALA in p-LO may explain why dosage with 

these p-oils induced only growth limitation and 

cytotoxicity, whereas dosage with other p-oils devoid of 

these moieties also exhibited the ability to enhance 

cell growth. Although the changes induced with p-oi1 

dosage may relate to specific p-oil FA's, the mediation 

of synergistic and/or antagonistic effects between p-oil 

FA's may have enhanced or suppressed the ability of a FA 

to induce a particular effect. This may explain, for 

example, the greater ability to stimulate cell growth 

with dosage of 30mg/l p-MO or p-FO, or the ability to 

effectively suppress growth limitation with dosage of 30 

or 40mg/l p-CO, than with other concentrations of these 

p-oi1s .

This is the first report describing the modulation of 

human skin fibroblast growth following dosage with 

exogenous FA mixtures mimicking the FA composition 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 following 

incubation of human foreskin fibroblasts with up to
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IOOjuM 18: lw9, 20:3w6 or 20:4w6 for 7 to 9 days were both 

FA and concentration specific. 18:lu)9 or 20:4w6 enhanced 

cell pro 1iferation with concentrations between 0 and 

60juM, to a maximum of 150% and 120%, respectively in 

the range 10~20juM; higher concentrations were growth 

inhibitory, but 20J3u6 inhibited cell proliferation with 

concentrations of 1.6juM, or greater. On the other hand, 

Gavino et al (1981a) reported that the proliferation of 

primary neonatal foreskin cultures was inhibited with 

dosage of 16,uM 20: 3w6 or 22:4u6, and with 40,uM 20:4u6, 

or greater; none of these FA^s, however, enhanced cell 

proliferation. Human skin fibroblast growth was not 

significantly influenced when Spector et al (1979) 

enriched the culture medium containing 10% fetal bovine 

serum with up to lOO^M 18:lu9 or 18:2u6 for 7 days. This 

was also found with 16:0, 18:3u3 or 20:4u6 dosage in the 

range 10-20juM, although these moieties reduced cell 

growth by up to 50% with amounts of 50juM, or greater. 

Rosenthal (1981) also observed no morphological evidence 

of cytotoxicity when human skin fibroblasts were 

cultured with 15-20juM 16:0 or 18:0 for 24 hours, 

although dosage with 70mM 16:0 resulted in cytotoxicity. 

On the other hand, cells supplemented with 140juM 18:lw9 

contained numerous lipid droplets, but were otherwise 

normal. It was suggested that the ability to induce more 

cytotoxicity with saturated, than unsaturated, FA dosage 

related to solid depositions of saturated fat found with
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16:0 dosage, rather than to the discrete osmiophilic 

droplets found with 18:lu9 dosage. This, however, was 

not consistent with a previous study in our 1aboratory 

which showed that the inhibition of human skin 

fibroblast growth with C18 FA supplementation increased 

in the order 18:0, 18:lw9, 18:2w6, 18:4w3, 18:3u3 and 

18:3w6 (Girao 1988). No FA concentration dosed (3-350juM) 

enhanced cell pro 1iferation, although Vignikin et al 

(1989) reported that human infant skin fibroblasts 

exhibited a faster growth rate over a 7 day period in 

the presence of 250juM 18:lu9, compared to controls, and 

thus implicated 18:lu9 involvement in the stimulation of 

cell proliferation. The rate of cell growth, however, 

was unaltered with supplementation of 250,uM 18:2w6 or 

20:4w6, despite u 1trastructura1 modifications (lipid 

droplet formation). Their data nevertheless showed that 

dosage with 250,uM 18:lw9, 18:2w6 or 20:4w6 did not 

pose a cytotoxic threat to these cells.

It was clear from comparison of the 1iterature reports 

discussed above that there is both aggreement and 

dissagreement between workers regarding the effect of 

exogenous FA supplementation on cultured human skin 

fibroblast growth. Much of the discrepency reported, 

however, may reflect variations found in culture 

conditions between workers. The data reported both in 

the literature and the present study nevertheless 

clearly indicate that FA's have the ability to modulate
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human skin fibroblast proliferation and that the effects 

induced are both FA and concentration specific. It was 

apparent from comparison of the 1iterature reports with 

the results obtained in Figs. 5.5.1.1-5.5.1.8. that the 

effects induced with p-oil dosage reflected some of the 

effects reported with supplementation of single FA's, 

although the growth response to p-oil dosage may be 

quite different to that induced with supplementation of 

individual FA's. This supported the mediation of 

synergistic and/or antagonistic effects between p-oil 

FA's. The modulation of cell viability reported with 

individual FA dosage may thus not necessarily reflect 

the situation in the "real world" as cells in vivo are 

exposed to mixtures, rather than individual, FA's. p-Oil 

FA composition mimicked that of dietary oils, thus the 

data reported in Figs. 5.5.1.1-5.5.1.8. may reflect the 

effect of dietary oil ingestion on cell growth in vivo.

Cultured human skin fibroblasts readily take up 

exogenous FFA's from the surrounding medium and 

incorporate them into cellular lipids, thus altering the 

FA composition of the cells (Spector et al 1979, 1981a, 

Rosenthal 1978, 1980, 1981, Gavino et al 1981b and 

Banerjee et al 1985). These workers report up to 40^ FA 

incorporation, and this correlated with the data in 

Table 5.5.4.1., following CiaCT-18:lu9, C14CD-18:2u6 or 

C14C3-18:3u3 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 was possible that membrane fluidity was 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 was possible since greater 

exogenous FA incorporation has been shown into membrane 

PGL's than into TAG's when C14CH-16:0, C14CH-18:0, 

CiaC3-18: 1uj9, C14C:-18:2u6 or H14C3-18: 3w3 were added 

to human skin fibroblast cultures (Rosenthal et al 1978 

and Rosenthal 1981). However, when Spector et al (1979) 

added 16:0, 18:lw9, 18:2cj6, 20: 3w6 or 20:4w6 to the 

culture medium of such cells, the greatest changes were 

induced in the neutral lipids, despite significant 

changes in the PGL fraction. Cellular TAG accumulation 

results in cytoplasmic lipid droplet formation (eg. 

Rosenthal et al 1981 and Spector et al 1981a), and such 

may also be involved in the modulation of cytotoxicity 

through cell lysis when excess TAG accumulates.

Fujimoto et al (1977) and Pentland et al (1986) 

quantitated cellular protein in human skin fibroblast 

cultures to monitor cell 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 (308/jg protein/106 cells; Table 5.5.2.1.). A 

previous study in our laboratory, utilising similar 

culture conditions to those described in section 2.2.1, 

showed about 8jug protein/106 cells in the plasma
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membrane fraction obtained from control human skin 

fibroblast cultures (Girao 1988). It was thus apparent 

from comparison of the above studies that <5% of total 

cellular protein is plasma membrane related.

Total protein quantitation of p-oil supplemented human 

skin fibroblasts showed changes (Table 5.5.2.1.) in such 

which generally reflected the cell viability changes 

induced (Figs. 5 .5 .1.2-5.5 .1.8 .). However, measurement 

of increased cellular protein when p-oil dosage induced 

little effect on, or limited, cell viability implied 

p-oil FA involvement in the stimulation of protein 

synthesis. Quantitative variations in the amount of 

cellular protein measured when dosage with identical 

concentrations of different p-oils yielded similar cell 

numbers 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 amounts measured in the spent medium 

of dosed cells were not statistically different from 

controls (section 5.5.2). Supplementation of human skin 

fibroblast cultures with individual C18 FA's has been 

shown to have little effect on the plasma membrane 

protein content per viable cell, irrespective of changes 

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

the changes reported in total protein per cel 1 with
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p-oil dosage reflected alterations in intracel1ular, 

rather than plasma membrane, protein. Stimulation of 

protein biosynthesis with p-oil dosage may therefore 

reflect enhanced expression of enzymes to metabolise 

incorporated p-oil FA's.

Comparison of FA profiles for p-oil dosed cells and 

controls indicated that human skin fibroblasts exhibit 

the capability to desaturate and elongate PUFA's, 

although enzyme expression oaried with p-oil dosed 

(Table 5.5.3.1.). 18:3u3 incorporation and the formation 

of small amounts of 20:5u3 and 22:5w3 with 20mg/l p-LO 

supplementation suggested limited A6D, J5D and elongase 

capability. 22:5cj3 formation with p-FO dosage also 

indicated expression of the elongase enzyme responsible 

for addition of 2 carbon atoms to the C20 backbone of 

incorporated 20:5w3. However, 22:6w3 levels lower than 

controls with p-LO or p-FO supplementation indicated 

suppressed J4D activity. On the other hand, formation of 

small amounts of 20:5w3, 22:5w3 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 moieties. This reflected an attempt to enhance 

PDFA production possibly to maintain membrane fluidity 

altered with supplementation of these saturated FA-rich 

p-oils. Such may also explain the formation of 20:4u>6 

and 22;4u6 with p—CO dosage, while the inability to form 

22»5u6 via .44D with p—CO or p—MO dosage may relate to
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the greater preference for w3 rather than w6 substrates 

for desaturation established by others (Mohrhauer et 

al 1963a, Brenner et al 1966 and Brenner 1974). The 

formation of small 20:3w6 amounts when p-MO or p-SSO 

were dosed reflected limited delta-6-desaturation and 

elongation of incorporated 18:2w6, and 20:3w6 formation 

with p-EPO dosage was thus consistent with desaturation 

and/or elongation of incorporated 18:2u6 and 18:3u)6. On 

the other hand, the small proportion of 20:3w6 formed 

with p-00 supplementation suggested limited capability 

for J8-desaturation of incorporated 20:2u6. Small but 

significant amounts of 20:2w6 were formed via direct 

elongation of 18*2w6 incorporated with p-SSO or p-EPO 

dosage, thus it was possible that delta-8-desaturation 

of 20:2w6 also contributed to the amount 20:3w6 

detected. It was apparent, however, that the inability 

to form 22:4u6 or 22:5u6 with p-00, p-SSO or p-EPO 

dosage related to 20:4w6 deficiency due to insufficient 

J5D expression. The formation of small amounts of 22:4u6 

with p-FO or p-LO incubation nevertheless reflected 

limited capability for desaturation (A6D and J5D) and 

elongation of incorporated 18:2w6. While it is well 

known that 20:5u3 and 18:3w3 inhibit 18:2w6 desaturation 

(Mohrhauer et al 1963b, Garcia et al 1965, Brenner et al 

1966, 1967, Brenner 1974 and de Schriver et al 1982), 

detection of relatively small 20:5w3 and 18:3co3 amounts 

with p-FO or p-LO supplementation, respectively may have 

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

fibroblasts dosed with C14C3-18:2u6 or CiaCJ-18:3u3 

supported J6D and subsequent elongase expression (Table

5.5.4.2.). 20:3u6 and 20:4u3 formation may also relate 

partly to direct EFA elongation and subsequent delta-8- 

desaturation* particularly if J6D activity was limiting. 

Conversion of about 30% C14CD-18:2u6 and C14CU-18:3u3 

each to post-J5D FA's supported J5D expression, but 

significant J4D expression was found only with C14CD- 

18:3w3 dosage.

Numerous studies support the capabililty of cultured 

human skin fibroblasts to actively desaturate and 

elongate incorporated exogenous FA's. Using similar 

culture conditions to our study, Dunbar et al (1975) 

demonstrated J6D, subsequent elongase and J5D capability 

when the culture medium of human skin fibroblasts 

containing 10% FCS was supplemented with 2juCi CiaCD- 

18:2u6. The proportion of incorporated C14CD-18J2w6 

(34%) converted to post-J6D and post-J5D FA's correlated 

with the present study (Tables 5.5.4.1. and 5.5.4.2.), 

but the greater proportion of C14C3-18:2u6 elongated to 

20:2w6 in our study (about 25% and 3%, respectively) was 

consistent with the smaller proportion of incorporated 

C14CD-18:2u6 left unchanged compared to Dunbar's group 

(approximately 18% and 55%, respectively). Aeberhard 

et al (1978) not only confirmed J6D, J5D and elongase 

expression in human skin fibroblasts, but also showed
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traces of 44D, but not A9D, activity. Rosenthal et al 

(1982) found that human skin fibroblasts grown in 

medium with 10% fetal bovine serum converted only 15-20% 

of incorporated C14C3-18:2u6 to PDFA's. However, A6D and 

J5D activities were enhanced by prior growth of the 

cells without serum lipids, and only 20% of incorporated 

CiaC0-18:2u6 remained unchanged at the end of the 24 

hour incubation period (Rosenthal et al 1983a). There 

are also reports that EFA deficiency enhances desaturase 

expression (eg. Brenner 1982). The large proportion of 

incorporated C14C3-18:2u6 and C14C3~18:3w3 metabolised 

in the present study (80-90%; Table 5.5.4.2.) may thus 

relate partly to enhancement of desasturase expression 

due to EFA deficiency in the incubation medium prior to 

C14C0-18:2w6 or C14C3-18:3w3 dosage. Using similar 

culture conditions to the present study, Girao (1988) 

reported evidence for A6D, J5D and J4D expression in 

skin fibroblasts cultured with 18:3u3, although activity 

for the latter enzyme was not shown with 18:2w6 dosage. 

This correlated with the data in Table 5.5.4.2. when 

C14C3-18:2w6 or C14C3-18:3w3 was supplemented. The 

inability to significantly desaturate or elongate 16:0, 

18:0, 16:lu9 or 18:lu9 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 elongate 18:0 or 18:lt*)9. 

However, 24:lu9 detection when we dosed cultures with 

ClaC3-18: lio9 was consistent with elongase expression,
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although C1<:1C3-18:lw9 desaturation was not found (Table 

5 .5 .4.2.). C14CD-18: lw9, II 14C:-18: 2w6 or C14C:-18:3u3 

dosage nevertheless confirmed the pattern of substrate 

preference for desaturation (18:lu9 < 18:2w6 < 18:3w3) 

established by Rosenthal et al (1982) in cultured human 

skin fibroblasts.

There are some reports which indicate that cultured 

human skin fibroblasts are unable to efficiently convert 

18:2u6 to 18:3w6, 20:3w6 to 20:4u6, or 22:4w6 to 22:5u6, 

via J6D, J5D, and J4D, respectively, despite the 

capability to incorporate and elongate FA^s (Spector et 

al 1979, 1980a, 1981a, Gavino et al 1981c, Chapkin et 

al 1984, 1986a, 1986b and Ziboh et al 1988). These 

studies implied suppression of desaturase activity 

and suggested that the skin may be reliant on 

other tissues for PDFA's. On the other hand, this 

could also reflect the ability of human skin 

fibroblasts to selectively control PDFA formation. There 

is indeed evidence to suggest that dietary FA's alter 

the lipid composition of microsomal membranes and that 

such is involved in the modulation of desaturase enzyme 

activity (Nervi et al 1968, Kurata et al 1980, Garda et 

al 1984, 1985 and Garg et al 1988a, 1988b, 1988c). 

Elongase expression appears to be influenced to a lesser 

extent since cultured human skin fibroblasts elongate 

saturated and unsaturated FA's, even when exogenous FA 

concentrations are increased (Dunbar et al 1975, Spector
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, et al 1979, 1981a, Gavino et al 1981a, 1981b, Tsuji et 

al 1984 and Banerjee et al 1986). The greater capability 

for elongation than desaturation in the present study 

supports the fact that desaturase steps are rate 

limiting (Bernert et al 1975, Hassam et al 1975 and 

Brenner 1982). Banerjee et al (1986) showed that 

elongase substrates may act as positive modulators of 

their own elongation, and this may also explain elongase 

product formation in our study (Tables 5.5.3.1. and

5.5.4.2.). There is also some evidence that cultured 

human skin fibroblasts exhibit the capability for 

extramicrosomal retroconversion of elongated PUFA's 

(Gavino et al 1981a), thus the possibility that such may 

have occurred in the present study can not be dismissed.

Ue showed that the overall capability for desaturation 

and elongation was more limited with p-oil (Table

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 dosage may nevertheless not 

necessarily reflect the situation in the 'real world' as 

cells in vivo 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

v  1 v o .
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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

5.5.5.1.), and this reflected cellular enzymic and/or 

non-enzymic mechanisms for their production. Lipid 

peroxide measurement in control cells was not surprising 

as these cells contained FA's which were potential 

substrates for oxidation (Table 5.5.3.1.). The greater 

lipoperoxide amounts measured with p-oil dosage than 

in controls, both in the spent medium and cells 

themselves, was consistent with oxidation of unsaturated 

p-oil FA's. However, the ability of these cells to 

incorporate p-oil FA's (Table 5.5.3.1.) indicated that 

it was unlikely that the 1ipoperoxides measured in the 

spent medium of dosed cells were formed primarily 

due to auto-oxidation of unincorporated p-oil FA's, 

particularly since these moieties were albumin-bound. 

The FA composition of the incubation medium was 

primarily composed of saturated FA's (Table 2.3.3.3.), 

thus it was also unlikely that such contributed 

significantly to the spent medium lipoperoxide levels 

reported for control and dosed cultures. The data 

therefore suggested that the 1ipoperoxides measured in 

the spent medium originated intracel1ular1y , although it 

was apparent that these products were not released as a 

result of cell lysis since cytotoxicity was absent even 

with 60mg/l 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 et al 1969, Tappel 1975, Mead 1976 and 

Frankel 1984), thus spent medium 1ipoperoxides probably 

reflect intracel1ular lipoperoxide leakage through the 

plasma membrane. Cellular FFA's and enzymes responsible 

for 1ipoperoxidation may also have been released into 

the medium, thus the possiblity that enzymic and/or 

spontaneous FFA oxidation occurred extracel1ular1y , and 

contributed to the lipid peroxides measured in the spent 

medium, can not be ignored.

Gavino et al (1981c) found that lipid peroxide formation 

increased in the order 20:3u6, 20:4u6 and 22:4w6 when 

120,uM of each moiety was incubated with human neonatal 

foreskin fibroblasts for 52 hours. Girao (1988) showed 

that lipid peroxidation in human skin fibroblast 

cultures dosed with individual C18 FA's related both to 

the number and position of double bonds in the FA chain. 

No more 1ipoperoxides were induced with saturated or 

monoenoic FA dosage than were produced by controls, 

while lipoperoxide production increased in the order 

18:4u3, 18:2u6, 18:3w3 and 18:3u6 when these PUFA's 

were dosed. Control cell lipoperoxide levels correlated 

with the present study (Table 5.5.5.1.), reflecting 

similarities in the culture conditions employed, while 

the lower increment in lipoperoxide formation when 

these cultures were dosed with p-oils than individual 

C18 FA"s is probably a better indication of in vivo

production when dietary oils are fed.
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Numerical differences in the lipoperoxide concentrations 

reported with p-oil dosage (Table 5*5*5.1.) reflected 

the different p-oil FA compositions (Table 2.3.3.2.). 

This relates to the amount of unsaturated FA's in any 

p-oil and their susceptibility to oxidation, dependent 

on the number and position of double bonds in a FFA. The 

total PUFA concentration of p-EPO and p-SSO was similar 

to that of p-LO, and significantly greater than that of 

p-FO, yet total lipoperoxide production was greatest 

with p-LO or p-FO dosage. p-Oil FA composition suggested 

that such related to the greater susceptibility of the 

w3 PUFA's in p-LO and p-FO to oxidation, compared to the 

to6 PUFA's in p-EPO and p-SSO, The ALA content of p-LO 

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 its susceptibility to 

oxidation compared to ALA. This probably explains the 

similar lipid peroxide amounts induced overall with 

p-LO or p-FO dosage. The 1ipoperoxides detected may also 

relate to the rate of PGL turnover. Increased PGL 

cycling increases the rate of FA release from membrane 

lipids, and this may explain, for example, the 

significantly greater amount of 1ipoperoxides generated 

by cells dosed with 60mg/l p-SSO than with p-EPO, 

despite both p-oils exhibiting similar FA compositions. 

On the other hand, decreased PGL cycling may explain why 

fewer lipid peroxides were measured with supplementation
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of p—MO or p—00, than with p—CO, despite the 

significantly greater unsaturated FA content of the 

former p-oils. It was also possible that 1ipo- 

peroxidation related to the utilisation of free DGLA, AA 

and/or EPA formed with p-oil dosage (Table 5.5.3.1.) as 

endoperoxide substrates.

The concentration dependent increase in 1ipoperoxide 

formation shown when cultures were incubated with 20, 40 

or 60mg/l p-LO or p-EPO correlated inversely with the 

changes reported in cell viability (Figs. 5.5.1.6. and

5.5.1.7., respectively). This suggested lipid peroxide 

involvement in the modulation of cell proliferation, 

particularly since lipid oxidation products have been 

implicated in cellular protein and tissue damage (Tappel 

1975, 1980). As the epidermis is exposed to oxygen in 

vivo, the skin may be partly resistant to the effects of 

1ipoperoxides. This may explain the stimulation and 

limitation, but not inhibition, of cell proliferation 

shown with dosage of 20, 40 or 60mg/l p-oil, even when 

significant amounts of cellular and/or medium lipid 

peroxides were measured. However, 1ipoperoxides should 

not be dismissed as a possible mechanism involved in the 

modulation of growth inhibition with supplementation of 

higher p-oil concentrations. Growth limitation was not 

most pronounced with p-L0 or p-F0 dosage, despite the 

greatest amount of 1ipoperoxides measured overal1 with 

these p-oils. The modulation of cell viability with
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P—oi1 supplementation thus probably also involves other 

mechanisms, such as alterations in membrane fluidity.

The finding that total eicosanoid production accounted 

for approximately 20% of all 1ipoperoxides measured in 

control human skin fibroblasts (Tables 5.5.5.1. and

5.5.6.1. ) suggested that the eicosanoid requirement of 

these cells was low, that the cells themselves exhibited 

limited capability to synthesise eicosanoids and/or that 

production was limited by substrate availability (Table

5.5.3.1. ) or enzyme expression. There is evidence that 

PG synthesis relates inversely to cell density (Rice et 

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

possible that overall eicosanoid production was 

suppressed in our study as the degree of cell confluence 

increased over the incubation period as a function of 

the cell population doubling time (Table 2.3.1.1.). 

Prostanoid quantitation nevertheless indicated the 

capability of cultured human skin fibroblasts to express

enzymes for TXB2 , PGFoc, PGI2 , PGE2 and PGEi synthesis 

(Table 5.5.6.1.), and the amount of each moiety shown

reflected quantitative differences in enzyme expression 

involved in their biosynthesis.

The eicosanoid profiles obtained from dosed cells (Table

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

to modulate prostanoid synthesis, but such was unrelated 

to the degree of p-oil unsaturation, the ability of the 

p-oi1 to supply direct eicosanoid precursors (Table
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2.3.3.2.), or the capability of the cells to form such 

from the exogenous PUFA's dosed (Table 5.5.3.1.). Even 

enrichment of these cultures with p-FO or p-LO yielded 

prostanoid profiles similar to that derived from cells 

dosed with other p-oils at the same concentration, 

despite the presence of 2-series prostanoid inhibitors 

in p-FO and p-LO (20:5w3 and 18:3u3, respectively; Lands 

et al 1971, 1973, 1977, Hamazaki et al 1982, Corey et al
i

1983, Fischer et al 1983, 1984 and Nassar et al 1987). 

It was therefore apparent that p-oil FA's per se induced

little effect on PGI2) TXB2, PGFoc, PGE2, PGEi or PGD2 

production. The absence of significant changes in the 

production of these prostanoids with dosage of different 

p-oils at the same concentration suggested utilisation 

of endogenous membrane, rather than exogenous, PUFA's as 

precursors for eicosanoid production. This was indeed 

possible as control cells contained 20:3cj6 and 20:4u6, 

the precursors for the 1- and 2-series eicosanoids, 

respectively (Table 5.5.3.1.). The percentage of 20:3w6 

was significantly lower than 20:4u6, and this may 

explain the significantly lower proportion of PGEi 

detected compared to 2-series prostanoids. Overall 

eicosanoid production, or the balance between the 

individual prostanoid groups studied, was nevertheless 

modulated dependent on p-oil concentration dosed. The 

mechanism responsible for the changes in prostanoid bio­

synthesis reported was unclear, although the p-oil
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concentrations dosed may have influenced eicosanoid 

precursor availability or modulated the expression of 

enzymes involved in formation of these prostanoids.

Studies have shown that intradermal PGEi or PGE2 

injection enhanced human epidermal proliteration and DNA 

synthesis (Eaglestein et al 1975 and Bent1ey-Phi11ips et 

al 1977), and similar changes have been shown in culture 

after dosage with PGEi (Bem et al 1 9 7 4 ). There is also 

conflicting evidence which shows that addition of

exogenous PGEi f PGE2 , PGFioc or PGF2Q; to the culture 

medium of human epidermal explants inhibits cell 

pro1iferation (Harper 1976). Others showed that PGD2 t

and 6-keto-PGFio( synthesised endogenously follow­

ing C14CU-20:4u6 incubation with human keratinocyte 

cultures had no effect on cell proliteration, although

P^E-2 was growth promoting in non-confluent cultures 

(Pentland et al 1986). Dosed cell eicosanoid profiles

(Table 5.5.6.1.), however, 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.I.), 1ipoperoxide production

(Table 5.5.5.1.), or desaturation capability (Table

5.5.3.1.). The endogenously synthesised eicosanoids 

studied were therefore probably not directly involved in 

the modulation of the effects demonstrated with p-oil 

dosage, and alterations in membrane stability and lipid 

peroxides were proposed as more likely mechanisms

involved in the modulation of cell proliferation.
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5.6 General Discussion.

This chapter reported on the effect of p-oil

supplementation on the viability of cultured normal 

human cells. The capability to incorporate, desaturate 

and elongate FA^s was assessed, as were the formation of 

1ipoperoxides and eicosanoids and the roles these

compounds played in the modulation of cell viability. 

The findings presented thus allowed for valid comparison 

with regard to the parameters examined between human 

cel 1 types.

Comparison of the cell viability changes reported 

between the human cell types studied clearly showed that

the effects induced with p-oil supplementation were
\

tissue-specific. p-Oil dosage mediated cytostasis and 

cytotoxicity to erythrocytes, lymphocytes and skeletal 

muscle (sections 5.1.1, 5.2.1 and 5.3.1, respectively), 

whereas some p-oils had the additional capability to 

enhance human lung and particularly skin fibroblast 

proliferation (sections 5.4.1 and 5.5.1, respectively) 

with low and/or intermediate p-oil concentrations in 

the range dosed. This implied FA involvement in the 

stimulation of cell proliferation, dependent on human 

cell type, p-oil FA composition and concentration dosed. 

Suspension cultures of erythrocytes and lymphocytes were 

most susceptible to p-oi1-induced cytotoxicity, followed 

by skeletal muscle, skin and lung, thus it was clear
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that the threshold for cytotoxicity varied with cell 

type. Such appeared to relate to cell population 

doubling times (Table 2.3.1.1.), since cells which did 

not divide, or divided slowly, viz. erythrocytes, 

lymphocytes and skeletal muscle, were killed with low, 

whereas 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 lower cytostatic number and thus a broader 

growth limiting range than slower growing cells. This 

range determined the p-oil concentration(s ) which 

induced mere growth limitation or cytostasis from those 

promoting cell proliteration 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/l LA, GLA, or ALA 

induced little effect on cell viability, whereas 20mg/l 

DGLA, AA, EPA or DHA decreased the rate of cell division 

but did not kill these cells. In comparison, we showed 

that p-oils induced little or no cytopathic effects with 

low concentrations in the range dosed, although p-oils 

rich in unsaturated FA's were generally more growth 

limiting and/or cytotoxic than p—oils rich in saturated 

FA's, particularly at high concentrations. p-CO was more 

effective in reducing cell viability than 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 upon cell type. The 

different cell viability changes shown with p-oil dosage 

between the human cell types could well relate to the 

different physiology of these tissues in vivo. Thus, 

extrapolation of cell viability results from one human 

cell type to another 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 numerous workers when single FA's 

were dosed to a variety of normal human cell types, 

including erythrocytes, lymphocytes and fibroblasts (eg. 

Bailey et al 1972, Ueyman et al 1977, Rosenthal 1978, 

1980, Spector et al 1979, 1980a and Stubbs et al 1984). 

Human embryonic fibroblasts grown in medium containing 

10% FCS not only incorporate saturated and unsaturated 

FA's, but also utilise these moieties for synthesis 

of lipids (Bailey et al 1972 and Uaite et al 1977). 

Lipid biosynthesis was reported both in growing and 

stationary phases of cell growth, although the process 

was more rapid in the former. Spector et al (1979) 

modified the FA composition 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 incorporated and 

whether such was further metabolised via the desaturase

cascade. Ue similarly showed that p-oil incorporation
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modified the overall FA composition of the cells, thus 

alterations in plasma membrane fluidity were likely. 

Such may have been one of several mechanisms 

contributing to loss of cell viability, particularly 

when large p-oil amounts were supplemented.

Total protein concentrations varied significantly 

between the human cell types studied (Tables 5.2.2.1.,

5.1.2.1., 5.4.2.1., 5.5.2.1. and 5.3.2.1.). Amounts were 

lowest in control lymphocytes (14.8,ug), and increased in 

the order erythrocytes (26.4,ug), lung (168.5jug), skin 

(308.2,ug) and skeletal muscle (593.1jug). The ability of 

adherent cells to divide in culture without prior 

stimulation could once again explain their considerably 

higher protein amounts than control erythrocytes or 

lymphocytes. Control cell protein levels, however, 

showed no clear correlation with the proliferation rates 

of these cells (Table 2.3.1.1.), and probably reflected 

differences in size and physiology of each cell type in 

vivo. The significantly 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 tissue, which accounts for 

over 50% of total metabolism in vivo (Lehninger 1982). 

Total protein quantitation served as a measure of cel 1 

viability in dosed cells, although it was apparent that 

p-oil FA's had the capability to stimulate protein 

synthesis in nucleated cells. This was proposed to
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reflect enhanced expression of lipid metabolising 

enzymes or increased membrane protein biosynthesis. 

Variations therein between the dosed cells studied 

nevertheless supported specificity between human 

tissues.

Current evidence suggests that the human has a limited 

capability to desaturate PUFA's (de Gomez Dumm et al 

1975b, Anon 1979, Stone et al 1979, Dyerberg et al 1980, 

Blond et al 1981, Horrobin 1983, Mest et al 1983 and 

El-Boustani et al 1986), although much of this has 

been based on studies pertaining to desaturation in 

human liver. Results obtained from cell culture studies, 

however, are more conflicting. There is evidence that 

human adult liver cells express J5D, but lack ^6D and 

J4D capability (Maeda et al 1978). Others showed that 

human diploid lung (UI-38) and skin (Ric Mil and Lala) 

fibroblasts all exhibit J6D, ./J5D and elongase capability 

since these cells converted approximately 50% of dosed 

C14C3-18:2u)6 to a mixture of 20:2w6, 20:3w6 and 20: 4u6 

(Dunbar et al 1975). The expression of such enzymes were 

subsequently confirmed (Aeberhard et al 1978 and Maeda 

et al 1978), while traces of J4D were also reported in 

human skin fibroblasts (Aeberhard et al 1978). Other 

investigators, however, suggest that desaturation 

is considerably more limited, or absent, in these 

human fibroblasts (Spector et al 1979, 1980a). Primary 

monolayer cultures of human endothelium were also
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reported not to readily form 20:4w6 when exposed to high 

concentrations of 18:2u)6 (Spector et al 1981c), while 

others showed that human umbilical vein endothelial 

cells exhibited significant A6D, J5D and elongase 

capability (Rosenthal et al 1983b). It was therefore 

apparent that there may be a wide range of desaturase 

enzyme activities within human cell types, and this 

could well relate to variations in experimental 

conditions between workers.

In vitro evidence to support the presence or absence of 

desaturase cascade enzyme capability in a range of 

normal human cells exposed to p-oil FA's under identical 

culture conditions was presented in this chapter. Ue 

showed that human lymphocytes and erythrocytes exhibited 

no significant potential to desaturate or elongate 

FA's (Tables 5.2.3.1. and 5.1.3.1., respectively). In 

contrast, all adherent cells exhibited a degree of 

desaturation and/or elongation capability, but such was 

greatest with skin, followed by lung and skeletal muscle 

(Tables 5.5.3.1., 5.4.3.1. and 5.3.3.1., respectively). 

Human lung and skeletal muscle cells exhibited poor 

desaturation capability, and FA metabolism was limited 

primarily to PUFA elongation. Human skin fibroblasts, 

in contrast, exhibited limited potential to metabolise 

both w3 and w6 PUFA substrates via J6D, 45D and 

elongases, while J4D activity was limited to w3 PDFA 

substrates only. J6D, J5D and elongase expression were
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also indicated when human lung and skin fibroblasts were 

incubated with C14CH-18:3w3 or C14C3-18:2w6, while

limited AdD was expressed only when skin human fibro­

blasts were dosed with C14CI1-18: 3u3 (Tables 5.4.4.2. and

5.5.4.2.). The data also proposed conversion of EFA's 

to PDFA's via direct elongation and J8-desaturation. 

This route has been demonstrated in human testes (Albert 

et al 1979). Others similarly detected 20:3u6 and 20:4u6 

when microsomes isolated from human ovarian, colonic 

or urinary bladder were incubated with F1<:iCD-20:2w6 

(Nakazawa et al 1976), but there are no reports for or 

against this possibility in other normal human tissues. 

Numerous workers have, however, indicated limited A6D 

capability in the human (de Gomez Dumm et al 1975b, 

Spector et al 1979, 1980a, 1981c, Dyerberg et al 1980, 

Blond et al 1981, Horrobin 1983 and Mest et al 1983), 

and J8D expression may therefore serve as an alternative 

pathway for PDFA formation. Desaturation with C14C3- 

18:3w3 or C14CD-18:2u6 dosage nevertheless confirmed the 

greater capability of human skin than lung fibroblasts 

to form PDFA's shown with p~oil supplementation. This 

was in contrast to the work of Dunbar et al (1975), who 

demonstrated that both human fetal lung (UI-38) and 

skin (Lala and Ric Mil) fibroblasts exhibit similar 

capabilities to desaturate C14CD-18l2u6. However, as 

these tissues differ in physiology in vivo. it may be 

reasonable to expect some difference in desaturation

capability, as we have demonstrated.
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The finding that desaturase enzyme capability was 

considerably more limited with p-oil than single FA 

dosage both in human lung and skin fibroblasts (Tables

5.4.3.1., 5.4.4.2., 5.5.3.1. and 5.5.4.2.) supported 

competitive interactions between p-oil FA's for such 

enzymes. Similar reactions more than likely occur in 

vivo when humans ingest dietary oils, although changes 

in fatty acyl unsaturation, the cellular requirement for 

PDFA's, and the baJance between cellular FA's of the 

same and different series, modulate desaturase cascade 

enzyme expression (Holman et al 1964, Brenner et al 

1966, 1967, Brenner 1974, 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 

physiology of tissues in vivo, and implied dependence of 

some human tissues on others for a supply of PDFA's. In 

this regard, one should not extrapolate experimental 

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 

from unsaturated FA^s via enzymic and/or non-enzymic 

mechanisms (Pryor et al 1976, Tappel 1980 and Frankel

1984). Erythrocytes lack microsomes, but are nevei—
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theless capable of producing such compounds via auto­

oxidation (Lehninger 1982) and thus serve as non-enzymic 

controls for other human tissues. Comparison of the 

results obtained from MDA quantitation in control and 

dosed cells indicated that different human tissues vary 

in their capability to produce 1ipoperoxides (Tables

5.1.4.1., 5.2.4.1., 5.3.4.1., 5.4.5.1. and 5.5.5.1.). 

Lipoperoxides were not formed by control erythrocytes 

and lymphocytes, but were measured in all adherent 

cells, although such was least with control skeletal 

muscle (0.2nmoles MDA/106 cells), and greatest with lung 

and skin fibroblasts (1.Inmole MDA/106 cells each). This 

pattern of lipid peroxide formation correlated with the 

inability of erythrocytes and lymphocytes to divide in 

culture without prior stimulation, the very limited 

replicative ability shown for skeletal muscle, and the 

significant ability for cell division reported with 

cultured lung and skin fibroblasts (Table 2.3.1.1.). 

Thus, the ability to produce lipid 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 cellular oxidation. There is indeed 

evidence that dividing cells synthesise PGL more rapidly 

than in the stationary phase (Uaite et al 1977 and 

Spector et al 1979), and this may explain the variation 

in lipid peroxide concentrations reported between the 

human cell types studied, despite the greater total PUFA
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proportions detected in control erythrocytes and 

lymphocytes (Tables 5.1.3.1. and 5.2.3.1.) than in 

adherent cells (Tables 5.3.3.1., 5.4.3.1. and 5.5.3.1.). 

It was also possible that the mechanisms to prevent FFA 

oxidation, or to scavenge lipid radicals formed, were 

more efficient in erythrocytes and lymphocytes than in 

the adherent cells. Variations in the rate of FFA 

oxidation between human tissues could also explain the 

findings.

p-Oil supplementation affected 1ipoperoxide production 

to a greater or lesser extent, but quantitative 

differences were once again evident between the human 

tissues studied. Lipid peroxide concentrations less 

than 5nmoles MDA/105 cells were found in dosed human 

skin fibroblasts or their corresponding spent medium 

(Table 5.5.5.1), while the range was slightly wider for 

lung (0-7.Inmoles MDA/10& cells) and skeletal muscle 

(0-11.Onmo1es MDA/10e cells) adherent cultures (Tables

5.3.5.1. and 5.4.5.1.), but significantly wider for 

lymphocyte (0—38.8nmo1es MDA/10^ cells) and erythrocyte 

(0-77.lnmoles MDA/106 cells) suspension cultures (Tables

5.2.4.1. and 5.1.4.1., respectively). These variations 

in susceptibility to p-oi1-induced oxidation between the 

human cultures 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 1ipoperoxide formation. Despite evidence that 

incorporated FA's can be released back into the culture 

medium subsequent to uptake (Rosenthal et al 1978 and 

Figard et al 1986), the presence of albumin as p-oil FA 

carrier in the present study's ' incubation medium 

suggested that most spent media 1ipoperoxides originated 

intracel1ular1y and were released as a direct result of 

cell lysis or increased plasma membrane permeability 

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

formation often correlated inversely with cell viability 

when the human cultures were enriched with p-oils 

nevertheless led to the proposition that these compounds 

are involved, to a greater or lesser extent, in the 

modulation of cell pro 1iferation. This supported the 

limitation of normal human fibroblast growth by intra­

cel lularly generated 1ipoperoxides when others dosed 

single PUFA's (Gavino et al 1981c).

Detection of 20:3w6, 20:4w6 and 20:5w3 in control lung 

and skin fibroblasts, and the possibility for 22:4w6 and 

22J5u3 retroconversion (Tables 5.4.3.1. and 5.5.3.1., 

respectively) supported the ability of these cells to 

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

blasts (332.6 vs 232.5pmo1es/10s cells, respectively), 

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.). These findings correlated with the greater 

availability of 1-, 2- and 3-series eicosanoid

precursors in lung than skin fibroblasts (Tables

5.4.3.1. and 5.5.3.1.* respectively) as well as reports

that the lung is the primary site both of eicosanoid 

production and inactivation (Samuel Ison et al 1975, 

1978, Mathe et al 1977, Hyman et al 1978 and Harper et 

al 1984). Furthermore, they reflected variations in the 

eicosanoid requirements and activities of enzymes

involved in eicosanoid metabolism between such cells 

rather than the ability to provide eicosanoid precursors 

via desaturation. The different amounts of TXB2 f PGFa,

rui2, PGE2 and PGEi these cells synthesised indeed 

supported differences in the expression and activity of

enzymes involved in prostanoid synthesis between human

tissues and/or modulation by other eicosanoids. There is

evidence that PGEi is partly responsible for the control 

of cAMP levels, a potent inhibitor of AA release 

(Feinstein et al 1977"and Minkes et al 1977). Low PGEi 

production induces low cAMP levels, and AA mobilisation 

is subsequently increased. The 2-series prostanoids 

produced by control lung and skin fibroblasts therefore 

probably relate to the low PGEj 1eve1s reported (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

PGFa fraction detected was composed of PGF2o( rather 

than PGFi^ PGEi production significantly lower in skin
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than in lung fibroblasts may also explain the greater

formation of PGl2 f TXB2 , PGFot and PGE2 detected in the 

former. The finding that prostanoid production differed

quantitatively between lung and skin fibroblasts 

nevertheless implied that eicosanoid synthesis probably 

varies between other human tissues as wel1.

Evidence was presented which supported exogenous FA 

involvement in the stimulation of human lung fibroblast 

prostanoid synthesis with all p-oil concentrations fed, 

unlike skin fibroblasts (Tables 5.d.6.1. and 5.5.6.1.). 

This was in spite of the greater desaturation capability 

of human skin than lung fibroblasts, which once again 

supported the importance of the lung in eicosanoid bio­

synthesis (eg. Hyman et al 1978). The finding that the 

modulation of human lung and skin fibroblast prostanoid 

synthesis was dependent only upon p-oil concentration 

supplemented nevertheless implied sufficient endogenous 

PUFA's in the precursor pool and/or the unavailability 

of incorporated p-oil FA's for prostanoid production, as 

well as p-oil concentration involvement in prostanoid 

pathway enzyme expression. The possibility that dosage 

with different p-oils induced variations in other 

eicosanoid levels, however, could not be excluded. The 

fact that human lung and skin fibroblast prostanoid 

profiles showed no clear p-oil concentration dependent 

correlation with cell viability, desaturation capability

or 1ipoperoxide production implied that the endogenously
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synthesised prostanoids studied were probably not 

directly involved in, or responsible for, the effects 

induced with p-oil supplementation. Hori et al (1989) 

showed that both intracel1ularly produced and

exogenously administered PGE2f PGF2a and PGD2 inhibit 

human fibroblast growth to a greater or lesser extent. 

Considerable evidence, however, indicates that while 

certain exogenous PG^s mediate potent effects on cell 

multiplication, endogenous PG^s have little effect on 

the proliferation of human diploid cells in vitro 

(Thomas et al 1974, Cornwell et al 1979 and Bettger et 

al 1981). This supported the findings we presented, 

particularly with regard to p-oi1 -induced cytotoxicity, 

and eicosanoids have rather been implicated in the 

regulation of cellular metabolism and multiplication 

(Bettger et al 1981).

Overa11 , 

range of 

t i ssues. 

different 

conta i ned 

different 

When p-oi 

viabi1ity, 

eicosanoid 

were also 

Variations

this chapter presented comparative data on a 

cell parameters for different cultured human 

The control human cells studied exhibited 

growth rates, FA and prostanoid profiles, 

different protein concentrations, and produced 

molar lipoperoxide and eicosanoid amounts. 

Is were supplemented, variations in cell 

total protein and lipoperoxide formation, 

and FA profiles, and desaturation capability, 

demonstrated between different human cells, 

in physiology and FA metabolism between these
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human tissues were important in the modulation of the 

effects shown, thus careful consideration should be 

given to the selection of human tissues for experimental 

purposes, and extrapolation of experimental findings 

from one human tissue to another should be avoided to 

ensure valid interpretation of data.
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CHAPTER 6; GENERAL DISCUSSION AND CONCLUSION.
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6.1 GENERAL DISCUSSION.

6.1.1 The Influence of p-Qil Supplementation on

Cell Viability and Total Protein.

Most workers dosing FA's to growing cells in culture 

report the number of viable cells at the end of the 

experimental incubation period relative to controls 

either at the time of seeding or at the end of 

the experiment. Since most adherent cells are dosed 

subsequent to a 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 the control cel 1 number at the time of 

dosing. Ue have termed this the "Cytostatic Number", 

which is that concentration of agent which causes zero 

nett pro!iteration compared to controls at the time of 

dosing. If the dosed cell number at the end of the 

experimental period is greater than the cytostatic 

number, but less than that for undosed cells, then mere 

growth limitation has occurred; if the viable cell count 

is less than the cytostatic number, then the compound 

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

numbers are greater than the cytostatic number and the 

control cel 1 number at the end of the incubation period, 

then cell pro1iferation has occurred. As a corollary to 

this, it is not necessary to kill cells to be an

effectiue ad iunct — mere Drevention of nett cel 1



704

proliferation, which equates to cytostasis, may be 

sufficient. Failure to recognise the cytostatic number 

concept will result in workers not using the correct 

concentrations of agents, eg. FA's, to induce a desired 

effect. Indeed, this would influence the effectiveness 

of a therapeutic agent in vivo. The cytostatic number is 

of particular importance if it is required to limit 

cancer, but not normal, cell growth.

This thesis showed that p-oils influence the viability 

of cultured normal rat, cat and human tissues (chapters 

3, 4 and 5). The effects induced and magnitude thereof, 

however, varied with the p-oil and concentration dosed 

between different tissues within any species, and it was 

proposed that such related to variations in the in vivo 

localisation and/or physiology of different tissues. 

Endothelial cells in vivo, for example, are 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 

vitro as endothelial cells, irrespective of species, 

were less susceptible to p-oi1-induced growth inhibition 

than skin fibroblasts. The finding that suspension 

cultures of erythrocytes and lymphocytes were most 

susceptible to p-oi1-induced cytotoxicity correlated 

with the suspension culture work of others using single 

monoenoic and polyenoic C18 FA*s dosed to unstimulated

human monocytes (Ruck et al 1986) and SP-210 mouse
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myeloma 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 to the dosed 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 5). The susceptibility of 

erythrocytes and lymphocytes to low p-oil concentrations 

may nevertheless explain why circulating FFA levels are 

maintained at relatively low levels in vivo (Fredrickson 

et al 1958 and Geigy 1984). p-0il supplementation to 

identical rat, cat and human tissues also induced 

significantly different cell viability changes overall 

between these species, particularly with certain p-oils. 

Some of these are highlighted in the following 

paragraphs to illustrate this concept.

Overal1, rat erythrocytes were more susceptible to 

p-oi1 -induced hemolysis than cat or human erythrocytes 

(sections 3.1.1, 4.1.1 and 5.1.1, respectively). Low to 

intermediate concentrations of p-CO, however, stabilised 

erythrocyte viability in the rat, had no effect in the 

cat, but was hemolytic in the human. Cat and human 

erythrocytes responded similarly to equal concentrations 

of p-SSO and p-MO, p-EPO was more hemolytic to rat and 

cat than human erythrocytes, but p-00 and p-FO induced 

more hemolysis in human than cat erythrocytes, while the
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converse was found with p-LO dosage. Similarly, cat and 

human skin fibroblast growth were generally shown to be 

less susceptible to inhibition by p-oils 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 cel 1 growth in human 

than in cat or rat skin fibroblasts. p-00 enhanced and 

inhibited cell proliteration in all 3 species, but less 

growth enhancement and slightly more cytotoxicity was 

induced in the rat. p-Oils were generally also more able 

to restrict rat than cat endothelial cell proliferation 

(sections 3.3.1 and 4.3.1, respectively). p-SSO was more 

effective in the promotion of cat than rat endothelial 

cell proliteration, while p-EPO and p-FO largely induced 

similar growth limiting and cytostatic effects in both 

species. On the other hand, rat endothelial cells were 

more susceptible to p-OO-induced cytotoxicity than cat 

endothelial cells, but the converse occurred with p-LO 

dosage.

Considerably more growth inhibition was shown with p-oil 

supplementation to human than rat or cat skeletal muscle 

(sections 5.3.1, 3.4.1 and 4.4.1, respectively). p-00 

was merely growth limiting to rat, cytotoxic only at 

high concentrations to cat, but growth inhibitory with 

practically all concentrations to human, skeletal 

muscle, p-SSO promoted and limited cell proliferation in 

the rat, but was only growth limiting in the cat and
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cytotoxic in the human. Low p-EPO concentrations were 

more effective in stimulating cat than rat or human 

skeletal muscle growth, while cat was least and human 

most susceptible to cytotoxicity with higher amounts 

dosed. The growth limitation and inhibition p-LO induced 

was similar in rat and cat, but again markedly more 

pronounced in human skeletal muscle cells.

Cat brain growth was more susceptible to impairment with 

p-oil dosage than rat brain (sections 4.5.1 and 3.5.1, 

respectively), although the converse was true with p-MO 

dosage. Furthermore, p-SSO and p-00 exhibited greater 

ability to promote cat than rat brain cell growth at low 

concentrations, in contrast to p-EPO and p-FO. Cells 

derived from rat adipose tissue were also significantly 

more resistant to growth inhibition than those from the 

cat (sections 3.8.1 and 4.8.1, respectively), except 

with dosage of high p-EPO concentrations. Low p-oil 

concentrations were more effective in stimulating rat 

than cat adipose cell growth, although the converse was 

shown with p-FO dosage.

p-Oi1-induced changes in lung fibroblast viability 

varied between the 3 species (sections 3.6.1, 4.6.1 and 

5.4.1). The growth limitation p-CO and p-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 in the range dosed,
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respectively, while the susceptibility to cytotoxicity 

at higher concentrations increased in the order human, 

rat and cat. p-SSO promoted growth limitation in rat, 

growth inhibition in cat, and both proliferation and 

cytotoxicity in 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 and cat, respectively. Differences in lymphocyte 

viability relating to p-oil supplementation between the 

three species were also found (sections 3.2.1, 4.2.1 and 

5.2.1). Lymphocyte killing increased in the order human, 

cat and rat with p-CO or p-MO dosage, while p-00 

increased lymphocyte viability only in the rat with low 

concentrations and was more cytotoxic to cat and human 

than rat lymphocytes with high concentrations. p-FO was 

more cytotoxic to cat and human than rat lymphocytes, 

but the converse was found with p-EPO dosage.

The findings presented indicated that exogenous FA's 

induce cell viability changes which vary between normal 

tissues from different mammalian species. Variations in 

cell proliferation are also documented for different 

transformed cells incubated with identical FA's and 

similar culture conditions. Girao et al (1986) and Begin 

et al (1987), for example, obtained different results 

when mouse myeloma (SP-210) and human breast carcinoma 

(ZR-75-1) cells, respectively, were incubated with

similar concentrations of identical C18 FA's. This
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suggests that such effects are universal for different 

cel 1 types.

Cell viability was often increased with low to 

intermediate concentrations of certain p-oils in the 

range dosed, while higher amounts were generally growth 

inhibitory (chapters 3, 4 and 5). The cell viability 

changes induced with p-oil dosage supported exogenous FA 

involvement in the modulation of normal mammalian cell 

viability, which others have shown with single FA's. 

Dubin et al (1965), for example, found that an optimum 

concentration of 0.25juM 18:2u6 promoted cultured chick- 

embryo macrophage growth. On the other hand. Ruck et al 

(1986) showed that resting human monocytes were killed 

with low unsaturated C18 FA concentrations (15~50jjM) 

and were unaffected by 18:0, while Rice et al (1981) 

reported that 18:lw9 increased, and 18:3w3 decreased, 

cytotoxic activity in human lymphocytes. Csordas et al 

(1984) showed that addition of 18:lw9, 18:2w6 or 18:3w3 

to isolated chicken or sheep erythrocytes in vitro 

induced some hemolysis with concentrations of 0.1-10juM 

and 100^ lysis of the erythrocytes with greater amounts, 

although 10-30JUM 18:lu9 stabilised erythrocyte membranes 

and no lysis was observed. FA^s have also been shown to

inf1uence the prol iferation of numerous adherent normal

cultured cel Is. Uicha et al (1979) found that rat

mammary epithelia 1 cel 1 growth was stimulated when

supplemen ted with 0.3-30juM monoenoic or polyenoic, but
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inhibited with saturated* FA's, whereas higher 

concentrations were all inhibitory, although the extent 

thereof varied with FA. Bourre et al (1983) achieved* 

optimal fetal mouse brain cell growth with 3.5,uM 18:2uj6, 

18:3w3, 20:4w6 or 22:6w3, but inhibition thereof with 

higher FA concentrations. Huttner et al (1978) similarly 

demonstrated that low unsaturated FA concentrations 

(1-80juM) stimulated, and higher amounts inhibited, human 

skin fibroblast and guinea pig aorta smooth muscle cell 

growth, whereas saturated FA's had little effect or were 

inhibitory. The proliterative response, however, was a 

specific effect of the FA used, its concentration dosed 

and the cell line involved, as shown in the present 

study (chapters 3, 4 and 5). 18:lw9, for example, was 

more effective in stimulating skin than muscle cell 

pro 1iferation, but was also more cytotoxic to skin at 

high concentrations (Huttner et al 1978). There is also 

evidence that 20:3u6, 20:4w6 and 22:4u)6 are more

effective in decreasing human skin fibroblast and guinea 

pig aorta smooth muscle cell proliteration than 18:lu9 

or 18:2w6 (Huttner et al 1977, 1978, Cornwell et al 

1979, Miller et al 1980 and Gavino et al 1981a, 1981b), 

although the extent thereof varied with PDFA and cell 

type. Spector et al (1979) similarly showed that human 

skin fibroblast proliteration was not influenced with 10 

to IOOjuM 18: lu9 or 18:2w6, but was reduced by up to 50\ 

when 16:0, 18:3u3 or 20:4w6 were added at concentrations 

of 50 to IOOjuM: FA concentrations n-F 10—70uM. houeuer.
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were non-toxic. Morisaki et al (1982b) stimulated guinea 

pig aorta smooth muscle cell proliteration with all 

18: lu9 concentrations tested (30, 60 and 90,uM), whereas 

other u9 FA's inhibited such in a concentration 

dependant manner, increasing in the order 18:2w9, 20:2w9 

and 20:3u)9. Both 18:2u6 and 18:3u3 were least cytotoxic 

for their series and induced growth inhibition only with 

concentrations greater than 90juM, but cytotoxicity was 

increased when desaturation and elongation products 

thereof were dosed such that the most potent inhibitors 

of cel 1 prol iferation both in the u>6 and w3 series were 

the eicosatrienoic acid. However, 20:3u9 was even more 

growth inhibitory than 20.3w6, followed by 20 J 3u)3 

(Morisaki et al 1982b). More recently, Vignikin et al 

(1989) demonstrated that cultured rat brain glial, human 

skin and human 1iver cell growth responded differently 

to supplementation with various single FA's, supporting 

the work of this thesis with p-oi1 supplementation 

(chapters 3, 4 and 5).

The findings of the 1iterature reports and this thesis 

indicated that both single FA's and p-oiIs influence 

mammalian cell viability, and supported earlier evidence 

implicating FA's as mediators 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 vivo. The present study indicated, however,

that C3I l(-h (affects u«rv amma 1 i «n +■ i
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and species, probably due to inherent genetic 

differences. This emphasised the importance of selecting 

the same tissue and species for control and experimental 

studies, and avoiding generalisation/extrapolation of 

results from one cell type to another.

Uhile some 1iterature reports discussed above show 

correlation between different workers, or reflected the 

effects of certain p-oil FA's, reports were more 

conflicting in other instances. It is important to bear 

in mind, however, that experimental conditions vary 

with design between 1aboratories. Furthermore, culture 

variables including the source and concentration of 

serum, FA concentration, incubation period and cell 

type have been shown to influence the inhibition of 

normal and tumor cell proliferation (Begin et al 1986b). 

Similarly, the findings of this thesis supported the 

involvement of factors such as the p-oil FA composition 

and concentration dosed, as well as variations in cell 

type, proliferation rate and density in the modulation 

of mammalian cell viability. Certain factors may be 

characteristic of a particular cell type, the species 

from which it was derived, or whether the cells were 

adherent or not. However, this would appear not only to 

be true for normal cells, but also for cancer cells, 

since a similar proposal was put foreward by Begin et al

(1988).
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Evidence was presented which indicated that the albumin 

used as FA carrier did not influence cell viability in 

any significant way (chapters 3, 4 and 5), as was

also 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 viability 

since the number of dead cells were minimal in control 

cultures. FCS concentrations less than 10%, however, 

have been shown to accelerate the rate of FA-induced 

cell killing (Begin et al 1986b). Uhen rat, cat or human 

skin fibroblasts were grown in medium supplemented 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., respectively).

Others have shown similar effects when adult human serum 

replaced fetal bovine serum 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 fetal than adult serum as 

the FA composition, total protein and lipid contents of 

FCS were similar to that of adult rat, cat and human 

sera (Tables 2.3.3.1. and 2.3.3.3.). These findings 

nevertheless excluded the possibility that routine 

supplementation of culture medium with 10% FCS limited 

cel 1 viabi1ity.

T ±  uflR 1 in 1 i k e l  V t h p  1 u i  f lhi  1 i -fv r h a n n p q  i rv
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with p-oil supplementation were transient, at least oyer 

relatively short incubation periods, since previous work 

in our 1aboratory demonstrated similar changes in growth 

whether cells were incubated with single FA's for 24, 48 

or 72 hours (Girao et al 1987 and Girao 1988). The 

effects induced were, however, related to the growth 

rates of the cells (Girao 1988). Indeed, cultured cells 

which did not divide, viz. erythrocytes and lymphocytes, 

or which were relatively slow in dividing, eg. cells 

derived from rat aortic endothelium, cat brain and 

adipose tissue, or human skeletal muscle (Table

2 .3.1.1.), required lower p-oil concentrations to induce 

growth limitation, cytostasis or cytotoxicity (chapters 

3, 4 and 5) than cells with shorter population doubling 

times, eg. cells derived from rat, cat and human lung 

or skin. This supported the broader growth limiting 

range found with faster than slower growing cells. The 

present study showed that rapidly dividing normal cells 

are generally less susceptible to p-oi1-induced cyto­

toxicity than slower growing normal cells, while others 

showed the converse for transformed cells exposed 

to single FA's (Girao 1988). These findings would, 

therefore, support the use of FFA's, and FFA mixtures, 

as a means of limiting the growth of cancer in vivo. 

Clinically, this would permit selective limitation of 

neoplastic, but not non-tumorigenic, tissue.

A series of studies by Begin et al (1985a, 1986a, 1986b)
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showed that PUFA's (LA, GLA, DGLA, AA, ALA and EPA) 

inhibited human breast, lung and prostate cancer cell 

growth at concentrations (20mg/l) which decreased the 

rate of unrelated normal human or animal cell division, 

but did not kill them. Subsequent work using genetically 

related normal and transformed cells showed that a 

tumorigenic phenotype renders cells more sensitive to 

PUFA-induced growth inhibition (Begin et al 1989 and 

Sircar et al 1990). Our 1aboratory similarly found that 

normal rat brain primary cultures were generally less 

susceptible to C18 FA-induced growth inhibition than 

a transformed rat neuroblastoma x glioma cell line 

(Davidson et al 1988a). It is thus reasonable to suggest 

that FA mixtures could induce a similar effect, or be 

more effective than single FA's in limiting cancer cell 

growth. This may have significant clinical implications.

Girao (1988) demonstrated that when single C18 FA's were 

dosed to cel Is in culture, the number and not the 

position of the double bonds in the FA chain generally 

determined the extent of cytotoxicity. Thus, the greater 

the degree of unsaturation, the greater the cytotoxic 

effect generally induced. The cell viability changes 

obtained with p-oil supplementation, however, could not 

be fully predicted by the results obtained utilising 

single FA's. While the modulation of cell viability with 

p-oil incubation could be related to certain exogenous

C  A  y r» r  i o t  i » ^ p \ o  L-V o  -4- l i o  o m
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p-oil FA's could well have enhanced or diminished the 

effects of single FA's. This implied that the efficacy 

of an individual FA depends on the presence or absence 

of other FA's in a mixture. Ule have indeed shown 

significant differences between nett cell viability 

results from summing individual FA effects and actually 

using FA mixtures mimicking dietary oils (Davidson et 

al 1988b, 1990b and Giangregorio et al 1988b, 1990). 

Figure 6.1.1. illustrates the cell viability changes 

observed when human skin fibroblasts were dosed with 

each of the p—oils used in this thesis compared to that 

when individual C18 or C20 FA's were incubated and such 

effects summed to equate with the C18 and C20 FA's 

detected in the p—oils (Table 2.3.3.2.). The final 

concentrations were identical whether p-oils or single 

FA's were dosed. In general, there was little difference 

in cell viability with saturated FA's whether effects 

were summed, or whether FA mixtures (p-CO) were used 

(Fig. 6.1.1.1.). However, when unsatuVated FA's were 

dosed individually, or as mixtures representing various 

p-oils, dramatic differences were demonstrated (Figs. 

6 .1.1.2-6.1.1.7.). Single FA's were more growth limiting 

than p-oils with low to intermediate concentrations in 

the range dosed, while the converse occurred with higher 

concentrations. These findings reinforce the observation 

that single FA's, while useful from a basic biochemical 

point of view, do not adequately reflect the biological



Legend to Fig. 6.1.1.

The graphs in Fig. 6.1.1.1-6.1.1.7. show mean percent 

cell viability versus the concentration (mg/1) of C18 

and C20 FA's» or p-oil, dosed.



Fig, 6«1>1«

The effect of p-oils versus the summed effect of single C18 and 

C20 FA'g on human skin fibroblast liability.
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situation where FA mixtures are both present in the body 

and fed as dietary oils, and where the phenomenon of FA 

synergism/antagonism occurs. This should therefore be 

considered when workers using single FA's extrapolate 

results to the Veal world'.

The extact mechanism(s) whereby FA's influence cell 

proliferation is unclear, but likely mechanisms have 

been proposed (see below). The potential for PUFA's to 

be converted to 20:3w6, 20:4w6, 20:5w3 and subsequently 

eicosanoids increases the number of possible mechanisms 

whereby these moieties exert their effects. However, it 

also raises the question as to why those cells which are 

unable to efficiently form eicosanoid precursors via 

desaturation and elongation are -killed. Furthermore, 

such transformations to eicosanoids are not possible 

with saturated or monounsaturated FA's, suggesting that 

the native FA may somehow be inhibitory.

Hoover et al (1977) found that low PUFA concentrations 

(10~40mg/l ALA, AA and particularly LA) decreased the 

cell-to-cell and cel 1-to-substrate adhesive properties 

of cultured baby hamster kidney (BHK) cells in a 

concentration dependent manner, while long chain non- 

polyenoic FA's (OA, PA and SA) were less effective or 

marginally enhanced adhesion. Similar effects were 

observed when these authors investigated the effect of 

FA's on cell adhesion with Chinese hamster ovary (CHO) 

and polyoma-transformed baby hamster kidney (Py-BHK)
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cell lines. This suggested 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 

that this effect was not due to FA toxicity, although 

the morphological alterations found implied that 

exogenous FA supplementation induced structural changes 

in cells.

Considerable evidence supports the fact that addition 

of exogenous FA's to culture medium induces differential 

FA uptake and appreciable changes in the FA composition 

of animal cells, which is associated with membrane 

structural changes, eg. fluidity (Williams et al 1974, 

Wisnieski et al 1974, Ferguson et al 1975, Ueyman 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 structure, 

function and fluidity by alteration of the FA profile of 

membrane PGL's may thus be another mechanism whereby 

p-oils affected cell viability, since uptake of 

exogenous FA's by rat, cat and human cells was shown in 

this thesis (chapters 3, 4 and 5). Indeed, the degree of 

membrane fluidity has been shown to be important for

cell pro 1iferation and mitogenesis (Ferber et al 1975,
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Cheng et al 1979 and Spector et al 1985). It has been 

reported that supplementation of mouse LM cells with 

saturated 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~CO could similarly have increased the proportion 

of saturated FA's in cells and induced membrane rigid- 

ification, thus increasing the susceptibility of those 

cells to lysis. In contrast, membrane "over— fluidity" 

and a subsequent lack of stability could well have 

inhibited cell viability with dosage of PUFA-rich 

p-oils, particularly since an increased content of 

membrane PDFA's has been associated with an increased 

degree of membrane disorder (Salem et al 1980). There is 

also evidence that changes in membrane lipid composition 

can affect a number of cellular functions including 

carriei— mediated transport, endocytosis, exocytosis and 

membrane-bound enzyme activity (eg. Horwitz et al 1974, 

Engelhard et al 1976 and Spector et al 1985). The fact 

that many functional responses are directly related to 

membrane structural changes emphasised the importance 

thereof in the modulation of cell viability.

The formation of cytoplasmic droplets in adherent cells 

with p-oi1 incubation at high concentrations in some 

instances (chapters 3, 4 and 5) has also been reported 

by other workers in cultured cells dosed with single 

FA's (Schneeberger et al 1971, Stubbs et al 1980, McGee
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1981, Rosenthal 1981, Spector et al 1981a and Begin et 

al 1986b). These droplets have been shown to accumulate 

in the cytoplasm when cells are exposed to excess lipid 

in the culture medium, and are composed primarily of 

TAG's (Mackensie et al 1967, Schneeberger et al 1971, 

Spector et al 1979, 1981a, Miller et al 1980, Gavino et 

al 1981b and McGee 1981). Excessive TAG accumulation, 

however, can damage cells and interfere with normal 

metabolism (Rosenthal et al 1978), and could therefore 

have contributed to the reduction of cell viability with 

p-oil dosage. The ability to induce more cytotoxicity 

with saturated than unsaturated FA dosage, however, has 

been reported to relate to solid depositions of 

saturated fat rather than discrete osmiophilic droplets 

induced with unsaturated FA's (Rosenthal 1981).

The mechanisms discussed above provide a means whereby 

FA's affect cell proliferation. Each mechanism could 

individually explain the cell viability changes induced 

with p-oil dosage, although involvement of a combination 

of mechanisms seems more realistic.

This thesis showed that cultured cells vary in the 

amount of total protein they contain both within and 

between species (chapters 3, 4 and 5). Concentrations 

were lowest in control lymphocytes (6.4-14.8jug/106 cells 

seeded) and erythrocytes (12.3-26.4jug/106 cells seeded), 

but the considerably higher protein amounts found in 

control adherent cells (134.7-593.lua/106 r«llq
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correlated overall with the range reported by Patterson 

(1979) for some cultured cells. No clear trends were 

obvious when comparing control cell protein levels with 

their proliteration rates (Table 2.3.1.1.), thus the 

diversity of results could well reflect differences in 

cellular morphology and physiology. There is also 

evidence that the rate of protein biosynthesis varies 

with cell type (Vignikin et al 1989). While the protein 

concentrations and variations therein may be an inherent 

property of the cells themselves, such could also be a 

result of the culture conditions employed. There is 

indeed evidence that culture conditions, length of the 

incubation period and passage number influence cellular 

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

Total protein quantitation 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 mammalian cells, primarily by stimulating such 

(chapters 3, 4 and 5). This supported the work of 

Jacobson et al (1988) who observed a stimulatory effect 

of PUFA's on animal cell protein levels and growth rate. 

Vignikin et al (1989) similarly demonstrated that the 

rate of protein synthesis in rat brain and liver cells

was influenced by exogenous FA's. Prote in synthesis was

stimulated i n both cel 1 types with OA, LA or AA

incubation; however, the increase was greater with OA

dmca „  u.___,; „  l „  l ; ,
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cells (Vignikin et al 1989). This supported the present 

study's findings which indicated that the modulation of 

protein synthesis within a tissue related to variations 

in FA structure. We additionally proposed that 

synergistic and antagonistic effects between FA's can 

modulate protein synthesis when FA mixtures are dosed. 

The finding that spent medium protein levels of skin 

cultures dosed with p-oils were statistically similar to 

controls, however, indicated that medium protein 

probably did not contribute significantly to the changes 

demonstrated in cellular protein.

Differences in protein concentration in dosed cells 

could represent differences in cell number, protein 

synthesis, degredation, exchange and retention, or 

enzyme production to protect against lipid peroxidation, 

for example. Increased protein synthesis in p-oil dosed 

cells could well have reflected increased production of 

lipid metabolising enzymes. There are reports that lipid 

changes in membranes can affect the activity of 1ipid- 

dependent enzymes and that FA's activate membrane 

enzymes such as adenylate-cyclase (Carreau et al 1971, 

Counis 1973 and Weyman et al 1977). Our 1aboratory found 

that supplementation of cultured cells with single C18 

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 likely that the changes 

reported in total protein per cell with p-oil dosage 

primarily reflected alterations in intracel1ular rather 

than plasma membrane protein. There is indeed evidence 

that FA's can activate cytoplasmic lipolytic and 

lipogenic enzymes (Loriette et al 1971, 1972 and Carreau 

et al 1972) and regulate FA biosynthesis in cultured 

animal cells by influencing the activity of enzymes 

involved in lipid metabolism (Spector et al 1981a and 

Vignikin et al (1989). Numerous studies have indicated 

that dietary FA's can modulate cellular DNA synthesis 

both in vivo and in vitro to a greater or lesser extent 

dependent on the tissue and degree of FA unsaturation 

(Launay et al 1968, 1969, 1981, Desnoyers et al 1971, 

Goureau-Counis et al 1974, Holley et al 1974, Manzoli et 

al 1974 and Andreis et al 1981a, 1981b). Thus it was 

also possible that the lipid environment in p-oil dosed 

cells affected genetic expression and therefore total 

protein 1evels.
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6.1.2 Fatty Acid Incorporation. Desaturation

and Elongation in Mammalian Cellg.

Comparison of the control rat, cat and human cel 1 types 

studied in this thesis showed variations in cellular FA 

composition both between tissues and species (chapters 

3, 4 and 5). This supported and extented the work of 

others who demonstrated species differences in the FA 

composition of certain mammalian tissues (Crawford et 

al 1970, 1971, Horrobin et al 1984c and Arakawa et al 

1986). These findings probably reflect variations in 

physiology and lipid metabolism between tissues from 

different species, and should therefore be taken into 

consideration when selecting tissues for experimental 

purposes.

The FA spectra of the cultured rat, cat and human cells 

dosed with single radiolabel1ed C18 FA's or p-oils, as 

well as the spent incubation media of skin cultures 

supplemented with p-oils (chapters 3, 4 and 5) supported 

exogenous FA incorporation, which has been demonstrated 

in a variety of cultured cells (eg. Spector et al 1979, 

Christensen et al 1968, Lokesh et al 1988 and Ueithmann 

et al 1989). There is evidence, however, that FA uptake 

varies between cell types (eg. Gavino et al 1981a, 

1981b), and this was indeed confirmed with the different 

amounts of C14CU-18:lu9, C14C3-18:2u6 and C14CD-18:3w3 

incorporated by the cultured rat, cat and human tissues



725

in the present study, summarised in Table 6.1.2.1. Uork 

in our 1aboratory indicated that incorporation of 

polyenoic C18 FA's was greater in transformed (3T6D) 

than benign (3T6, 3T3), and least in normal (human skin) 

fibroblasts (Girao et al 1988, 1989). Similarly, the 

greater C 14CD-18: lw9, C 14CII-18: 2u6 and C 14CI)-18: 3w3 

amounts incorporated in rat than cat adipose cells in 

the present study (Table 6.1.2.1.) correlated with the 

faster rate of rat than cat adipose cell proliferation 

(Table 2.3.1.1.), and a direct relationship between FA 

incorporation and population doubling time was also 

found with skin fibroblasts between the 3 species. The 

finding that FA incorporation and cell proliferation 

rates were not always directly related with rat, cat and 

human lung fibroblasts for example, however, could 

well reflect selective regulation of FA incorporation. 

FA uptake by cells has been shown to involve a first 

step transfer to an exchangeable plasma membrane surface 

pool, followed by entry into a second “deeper" non- 

exchangable membrane pool prior to utilisation (eg. 

Howard et al 1974, 1976, Yavin et al 1974, Shohet 1968, 

1976, Ueyman 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 C14C3-18:lu9 and ClaCD~18:2u6 

incorporation were generally similar, but greater than
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Table 6.1 ♦ 2.1.

The incorporation of C18 FA's. expressed as the 

radioactivity ( c p i t i ) recovered from cells dosed uiith 2uCi 

CiaC3~18 : lu9. C i*CZl-18: 2u6 or C i«C3-18: 3u)3 . and as a 

[percentage of the total amount dosedJ.

CELL
TYPE

18: Iu9 18:2w6 18:3u3

LUNG:
Rat 548552

C13*:
734574
C15%3

304473
Z741

Human 1477332
C34*Z)

1397004
Z29Z1

1147896
Z2743

Cat 769494
Lisy.i

862419
Z1841

644634
Z1541

SKIN:
Rat 959907

12241
1121016 
C23 41

407862 
CIO 41

Human 1470507
L3441

1541535
C32*H

799068
L1943

Cat 1343979
C31*D

1463025
L3V41

969108
C23^D

ADIPOSE:
Rat 938754

L2241
1368009
Z2943

613707
C14*D

Cat 665235
L1641

646281
L14^:

368823
L741
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theless indicated that the rate of FA uptake varies with 

FA structure both between mammalian species and tissues.

Exogenous FA uptake has been shown to modify the FA 

composition of many cultured cells, including HeLa cells 

(eg. Gerschenson et al 1967), LM cells (eg. Ferguson et 

al 1975), L-fibroblasts (eg. Mulligan et al 1977), 

IMR-90 human lung fibroblasts (eg. Spector et al 1979), 

human skin fibroblasts (eg. Spector et al 1979, 1980a), 

and those cells investigated in this thesis (chapters 3, 

4 and 5). Practically, this can be used as an in vitro 

means of assessing the desaturase cascade enzyme

capability of genetically entire cells.

The finding that mature rat, cat and human erythrocytes 

failed to exhibit any significant capability to

desaturate or elongate FA's (Tables 3.1.3.1., 4.1.3.1. 

and 5.1.3.1.) was consistent with the lack of microsomes 

in these cells (Lehninger 1982). Erythrocytes can thus 

be regarded as non-enzymic controls, and all effects 

reflected the influence of the FA's per se. Rat, cat 

and human lymphocytes also showed no significant FA 

desaturation or elongation capability (Tables 3.2.3.1.,

4.2.3.1. and 5.2.3.1.). Cultured rat brain exhibited 

some elongase yet no significant desaturase capability, 

while limited J5~desaturation, elongation and retro- 

conversion was shown in cat brain (Tables 3.5.3.1. and

4.5.3.1. ). This may nevertheless serve as a protective
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mechanism against alteration of the conservative and 

highly unsaturated PUFA composition of brain lipids, the 

proportions of which are essential for normal brain 

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

Davidson et al 1988c, 1988d). A6D, A5D, little J4D, 

and elongase, expression was shown in cultured rat 

skeletal muscle (Table 3.4.3.1.). In comparison, PDFA 

production was primarily limited to elongase activity 

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 than human. Aortic endothelial 

cells were shown to exhibit J6D, J5D, 44D and elongase

activity in the rat, compared to J8D, A5D, AAD and

elongase capability in the cat (Tables 3.3.3.1. and

4.3.3.I.); however, 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 involvement in eicosanoid, particularly 

prostacyclin, production (Moncada et al 1976a, 1976b and 

Vane et al 1987). Only elongation and retroconversion 

occurred in cat lung fibroblasts with p-oil incubation 

(Table 4.6.3.1.), while human lung fibroblasts exhibited 

elongase and some J5D, but no J6D or J4D, capability 

(Table 5.4.3.I.). On the other hand, A6D, J5D, some J4D, 

and elongase expression was shown in cultured rat lung 

with p-oil dosage (Table 3.6.3.1.). Rat skin fibroblasts 

incubated with p-oil similarly expressed A6D, J5D, J4D

and elanaases (Table 3.7.3.1.). such artiuitv uas more
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limited in cultured human skin (Table 5.5.3.1.), while 

cat skin fibroblasts had elongase but no significant 

desaturase capability (Table 4.7.3.1.). Cells derived 

from cat adipose tissue exhibited elongase, very limited 

45D and J4D, but no significant A6D, activity (Table

4.8.3.1. ). Cultured rat adipose cells, in contrast, not 

only expressed A6D, J5D, J4D and elongases (Table

3.8.3.1. ), but exhibited the greatest desaturase cascade 

capability of all the cells studied. Incubation of 

rat, cat or human lung, skin or adipose 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 desaturase 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 

the activity/expression of J6D in these species in vivo 

(eg. Brenner 1971, 1974, Rivers et al 1975a, 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 capability, however, could relate 

to the high degree of genetic homology reported by 

O'Brien et al (1986) between cat and Man. The data from

this thesis nevertheless conf irmprl that Hi fferent
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mammalian species exhibit different capabilities to 

desaturate and elongate FA's and that these enzymes are 

not distributed evenly between tissues (eg. Gellhorn et 

al 1964, Brenner 1971, Rivers et al 1975a, Maeda et al 

1978, Sinclair 1979, Sinclair et al 1981, Dyerberg et al 

1980 and Chapkin et al 1984, 1986a, 1987). Desaturase 

cascade enzyme capability (chapters 3, 4 and 5) was 

unrelated to the proliteration rates of the cell types 

studied (Table 2.3.1.1.), but was rather characteristic 

of those tissues and species from which the cells were 

derived. These findings implied dependence of certain 

tissues on others in vivo for a supply of PDFA's.

The greater capability reported for FA elongation than 

desaturation (chapters 3, 4 and 5) confirmed that the 

rates of elongation were faster than desaturation, and 

that desaturases are rate limiting (Marcel et al 1968, 

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 (u3 > u6 > u9) for desaturation (Brenner et 

al 1966, Mohrhauer et al 1967, Christiansen et al 1968, 

Ullman et al 1971a, Mead et al 1976 and Kanau et al 

1977), and showed retroconversion capability in some 

cultured rat, cat and human tissues studied, supporting 

the retroconversion demonstrated by others in rat liver, 

bovine endothelial, guinea pig arota smooth muscle, and 

human skin, cells (Gavino et al 1981b, Hagve et al 1986
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and Mann et al 1986). The magnitude of retroconversion 

reactions, however, were probably determined by the 

overal1 FA balance in the cultured cells.

Many workers have attempted to assess the desaturation 

and elongation capability of normal tissues, primarily 

in liver (eg. Brenner 1971, de Gomez Dumm et al 1975b, 

1983, Rivers et al 1975a, Jeffcoat 1979 and Davidson et 

al 1987a), but also in other tissues including skin 

(eg. Dunbar et al 1975, Aeberhard et al 1978, Chapkin et 

al 1986b, 1987 and Ziboh et al 1988), endothelium (eg. 

Spector et al 1980b, 1981b, Ueisiger et al 1981, Kaduce 

et al 1982 and Rosenthal et al 1983b), lung (eg. Brenner 

1974 and Dunbar et al 1975), brain (eg. Cook 1978a, 

Sinclair 1972a, Naughton 1981 and Neuringer et al 1984) 

and smooth muscle (eg. Gavino et al 1981b). Comparison 

of 1iterature reports with the findings of this thesis 

in previous discussions showed close correlations in 

some instances, but not in others. However, it must be 

pointed out that the origin of cel 1 types and range of 

experimental designs employed between workers was often 

quite wide. There is indeed evidence that desaturase 

cascade enzyme expression varies not only between fetal, 

infant and adult tissues (Cook 1978a), but also between 

microsomes and cells. Microsomal preparations of rat, 

guinea pig and human epidermis, for example, lack the 

capacity to desaturate C14C3-18:2u6 and ClaC3-20:3u6
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while such was demonstrated in intact skin cells in this 

thesis (sections 3.7 and 5.5) and other studies (eg. 

Girao 1988). These findings, however, could well relate 

to the dependence of microsomal desaturation on cyto­

solic fractions present in intact cells (Catala et al 

1975, 1977, Jeffcoat et al 1976, 1977a, 1978 and Leikin 

et al 1979, 1986, 1989). Enzyme expression is also 

influenced and regulated by the amount of serum and FA's 

in the culture medium (eg. Paulsrad et al 1970, Jacobs 

et al 1973a, 1973b, Brenner 1974, Jeffcoat et al 1977a, 

Spector et al 1981a, Rosenthal et al 1983b and Bar et al 

1984), dietary FA's (eg. Paulsrad et al 1970, Castuma et 

al 1972, Holloway et al 1975 and Borgeson et al 1989), 

the FA composition and fluidity of microsomal membranes 

(eg. Nervi et al 1968, Kaduce et al 1977, Ueyman et al 

1977, Kurata et al 1980, Garda et al 1984, 1985, 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 mechanisms such as 

feedback inhibition, dependent on the relative substrate 

levels (Mohrhauer et al 1963a, 1967, Holman 1964, 1986a, 

1986b, Garcia et al 1965, Christiansen et al 1968, 

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 activity/expression 

is genetically determined for every tissue and species.

Thus, the diversity of results with regard to the
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literature, 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 assessed 

desaturase cascade enzyme capability in a variety of 

normal mammalian tissues, some of which have never been 

examined before, all under standard culture conditions. 

This permits valid comparison of results between 

different tissues and species. Furthermore, the present 

investigation clearly showed' that desaturase cascade 

enzyme expression with p-oil dosage could not be fully 

predicted by the results obtained utilising single FA's 

due to synergism/antagonism between p-oil FA's (chapters 

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

understanding of the 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 serve as an 

in vitro model to assess the desaturation capability of 

tissues in vitro when similar oils form part of the 

diet. The in vitro culture system using p-oils also has 

an advantage over the in vivo system which does not

necessarily reflect the desaturation capability of the 

tissue(s) studied as PDFA's can readily be transported 

in v i vo from tissues exhibiting desaturation capability 

to those having 1imited or no such potential. The 

present in vitro system, in contrast, is a more absolute
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means of assessing tissue desaturase cascade enzyme 

expression/activity.

The fact that A6D is largely absent both in the cat 

(eg. Rivers et al 1975a) and diabetics (eg. Brenner et 

al 1968 and Horrobin 1988) implied that the desaturation 

and elongation induced with p-oil dosage in the cultured 

cat tissues in the present study may well serve as an 

indication of the response expected in human diabetics 

when similar dietary oils are ingested. Comparison of 

human and cat data could therefore reflect the situation 

between normal humans and diabetics, respectively.
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6.1.3 Lipid Peroxide and Eicosanoid Production

in Normal Cultured Mammalian Tissues.

The comparative data obtained from MDA quantitation 

indicated that the cultured rat, cat and human cells 

types studied varied in their capability to produce 

lipid peroxides (chapters 3, 4 and 5). All cells have 

the capability to produce these compounds via enzymic 

and/or non-enzymic mechanisms (Pryor et al 1976, Tappel 

1980 and Frankel 1984). However, lipid peroxides were 

not induced by control rat, cat and human erythrocytes 

and human lymphocytes (Tables 3.1.4.1., 4.1.4.1.,

5.1.4.1. and 5.2.4.1., respectively), while control rat 

lung, human lung and human skin fibroblasts generated 

the highest concentrations (1.Inmoles MDA/106 cells) 

(Tables 3.6.5.1., 5.4.5.1. and 5.5.5.1., respectively). 

Similar lipoperoxide levels have been reported by other 

workers in cultured guinea pig aorta smooth muscle 

(Gavino et al 1981c), simian kidney (Begin et al 1986a) 

and human skin (Girao 1988) incubated in medium alone 

for a similar period to that used in the present study. 

The lipoperoxide levels and variations therein between 

the control cel 1 types we studied may be an inherent 

property of the cells themselves, but could also be a 

result of the culture conditions employed. The finding 

of this thesis that 1ipoperoxidation varies both between 

mammalian tissues and species nevertheless supported and
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marked species differences in lung 1i P i d peroxide

format i on (mouse > hamster > rat > guinea pig > rabb it).

This impl ied that the rates of FA oxidat ion and

efficacy of the mechanisms of protection against free 

radical formation varied between tissues from different 

spec i es.

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 et al (1980) indeed reported that the rates of 

in vitro 1ipoperoxidation varied widely amoung different 

species and tissues, and was inversely related to 

vitamin E levels. These workers found a 25-50 fold lower 

rate of 1ipoperoxidation in rat and rabbit lung and 

heart microsomes and homogenates than in liver, testes, 

kidney and brain, which was relatable to the higher 

vitamin E content of the former. Higher rates of lipid 

peroxidation in mouse relative to human, rat and rabbit, 

lung microsomes similarly correlated 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 

lung fibroblasts in this thesis (Tables 3.6.5.1 and 

5^4.5.1., respectively). These correlations implied that 

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

relationship found by Arakawa et al (1986) in lung.

Spent control media 1ipoperoxide concentrations were 

not only similar between the cultured rat, cat and human 

tissues studied (0 to 0.5nmoles MDA/10S cells), but also 

equal to, or lower than, cellular levels, except with 

human skeletal muscle cultures (chapter 3, 4 and 5). 

Gavino 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 Be,gin et al (1986a) and Girao 

(1988) in normal and transformed cell lines. However, 

the fact that Begin et al (1986a) and Girao (1988) used 

ethanol as FA carrier implied that medium FA^s were 

largely in free suspension and susceptible 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 (1981c), probably protected 

medium FA's from significant auto-oxidation. These 

findings nevertheless indicated that discrepancies in 

results between workers could well relate to variations 

in experimental design, and should thus be considered in 

the interpretation of such data.

To a greater or lesser extent, 1ipoperoxide 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 once again evident between tissues from 

different species (chapters 3, 4 and 5). A wider range 

of lipid peroxides, however, was measured in dosed 

erythrocytes, lymphocytes and their corresponding spent 

media than for adherent cultures (0 to 102.7 vs 0 to 

14.5nmoles MDA/106 cells, respectively). Moderate levels 

of TBA reactive material (TBARM) have similarly been 

reported in normal adherent guinea pig aorta smooth 

muscle (Gavino et al 1981c), simian kidney (Begin et al 

1986a and Horrobin 1990) and human skin (Girao 1988) 

cultures following addition of PUFA's. A possible 

explanation for the different lipid 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 reported higher 1ipoperoxide levels in 

cells than spent medium following dosage of single 

PUFA's to transformed and/or normal cell cultures 

(eg. Gavino et al 1981c, Morisaki et al 1984, Begin et 

al 1986a and Girao 1988). In our study, the distribution 

of cellular and medium 1ipoperoxides in dosed cultures 

was more varied (chapters 3, 4 and 5), particularly when 

growth limitation or inhibition was prominent with 

60mg/l 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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ethanol. A possible explanation for our findings might 

relate to the proposal in previous discussions (chapters 

3, 4 and 5) that most spent medium lipid peroxides 

originated intracel1ularly, and thus reflected the 

amount of 1ipoperoxides released either through the 

plasma membrane of viable cells or via cell lysis. 

Despite evidence that cellular FA's can be released back 

into the culture medium subsequent to uptake (eg. Cyong 

et al 1976, Rosenthal et al 1978 and Figard et al 1986), 

the presence of albumin as p-oil FA carrier in the 

present study's incubation medium (section 2.2.1) indeed 

supported the probability that extracel1ular auto­

oxidation did not contribute significantly to spent 

medium 1ipoperoxide levels in the presence of cells when 

short incubation periods are used, particularly since 

the solubility of oxygen in water, and thus culture 

medium, is relatively low at 37°C (Merck 1983). Auto­

oxidation, however, can contribute to medium lipid 

peroxide formation when dosed PUFA's are solubilised in 

ethanol and are thus in free suspension, as Begin et al 

(1986a) have shown.

Lipoperoxide generation varied with the p-oil- and 

concentration dosed within a particular cell type or 

species, and between similar or different cell types in 

different species (chapters 3, 4 and 5). As a general 

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 monoenoic or saturated FA's. Others 

similarly demonstrated an overall concentration 

dependent increase in lipid peroxide production with 

increasing amounts of FA dosed to normal cultured cells 

(eg. Morisaki et al 1982b and Girao 1988). Although 

1ipoperoxide production is directly related to the 

number of double bonds when single PUFA's solubilised in 

non-toxic amounts of ethanol are dosed to culture medium 

alone (eg. Begin et al 1986a and Horrobin 1990), this is 

not necessarily true in all dosed cells. Little lipid 

peroxidation was measured in guinea pig aorta smooth 

muscle cultures incubated with 18:lu9, more with 18:2w6 

or 20:2w9, while FA's containing 3 or more double bonds 

induced greater amounts (Gavino et al 1981c and Morisaki 

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

relationship between TBARM levels and the number of 

double bonds in the PUFA's added to cultured cells (eg. 

Horrobin 1990). It has been documented, for example, 

that the capability to induce 1ipoperoxides was in 

the order 18:3w6 > 18:3w3 > 18:2u6 > 18:4w3 > 18:lu9 in 

human skin fibroblasts (Girao 1988), 20:5w3 > 22:6w3 >

18:3u6 > 20:4u6 in simian kidney cells, and 20:4u6 > 

18:3u6 > 20:5w3 > 22:6u3 in human breast tumor cells 

(Begin et al 1986a). p-0ils abundant in unsaturated FA's 

similarly varied in ability to form TBARM between cell 

types in the present study (chapters 3, 4 and 5). These 

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-oils had on 

the rate of PGL turnover, FA incorporation, FA release 

from PGL's and FFA availability for oxidation in the 

different cultured mammalian tissues, each of which 

exhibited unique FA compositions. The potential for 

p-oil FA synergism and antagonism probably also 

influenced lipid peroxide generation, and such could 

explain why lipoperoxide production with p-oil 

incubation could not be fully predicted by the results 

obtained by other workers (eg. Gavino et al 1981c, 

Morisaki et al 1982b and Girao 1988) utilising single 

FA's. Examination of findings both in the present study 

and literature discussed above nevertheless suggested an 

increased requirement for dietary anti-oxidants when 

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

Some workers 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 et al 1984). Lower 

lipid peroxide levels have similarly been reported 

in tumor than in normal cells in v i tro, which was 

consistent with higher alpha-tocopherol levels in tumor 

cells (Cheeseman et al 1984), although such could also 

relate to a lower PUFA content in malignant than in 

normal cells. These findings nevertheless indicated that
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a high rate of cell division generally correlated 

inversely with the rate of 1ipoperoxidation. Cheeseman 

et al (1986) demonstrated that the time of maximum DNA 

synthesis coincided with the maximum alpha-tocopherol 

content and minimum 1ipoperoxidation in dividing normal 

liver, and suggested that 1ipoperoxidation is decreased 

prior to cell division. This implied that 1ipoperoxide 

production may be related to the degree of confluency of 

cultured cells. Others showed that the mean 1ipoperoxide 

amounts generated by control human breast tumor and 

normal simian kidney cultures over a 7 day period 

were similar, whereas 1ipoperoxide production by tumor 

cultures dosed with PUFA's (20mg/l GLA, AA, EPA or DHA) 

approximated to, or was significantly greater than, 

amounts induced by dosed normal cultures (Begin et al 

1986a). Similar findings have been reported by Das et al 

(1986) with regard to normal and tumor cells. Uork in 

our laboratory on a normal (human skin), transformed 

(3T6D) and two benign (3T3, 3T6) cell lines showed that 

peroxidation of dosed C18 PUFA's increased with degree 

of cell transformation in the order HSF, 3T3, 3T6 and 

3T6D cells (Girao et al 1988, 1989). Ue suggested that 

this may relate to impairment of desaturation capability 

in transformed cells (eg. Dunbar et al 1975, Bailey 

1977 and Horrobin 1983), resulting in a build-up of 

peroxidation substances. Alternatively, the normal cells 

possessed efficient mechanisms to limit 1ipoperoxidation
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while transformed cells could have lost the relevant 

mechanisms for controlled 1ipoperoxidation due to enzyme 

loss or anti-oxidant activity. Overall, the present 

study found no clear correlation between cell 

proliferation rates (Table 2.3.1.1.), or cellular 

unsaturated FA contents, and 1ipoperoxide production 

with regard to the cultured tissues studied (chapters 3, 

4 and 5). This could well have related to variations 

between tissues from different species in the (i) amount 

of cellular vitamin E and activity enzymes of such as 

peroxidase, superoxide dismutase and catalase that 

remove different species of activated oxygen that 

promote lipid peroxidation; (ii) physiology 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 1ipid peroxides were generated by 

control rat, cat and human erythrocytes (non-dividing) 

(Tables 3.1.4.1., 4.1.4.1. and 5.1.4.1.), and the direct 

correlation between control cell pro 1iferation 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 may partly 

influence 1ipoperoxide generation.

Studies indicate that 1ipoperoxides are responsible to a 

greater or lesser extent for the inhibition of cell 

proliferation by PUFA's (eg. Cornwell et al 1979, Miller



743

et al 1980, Gavino et al 1981b, Morisaki et al 1982b, 

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

1986a, 1988). This thesis similarly supported p-oil- 

induced 1ipoperoxidation in the reduction of mammalian 

cell viability (chapters 3, 4 and 5), and thus the 

suggestion by other workers that controlled lipid 

peroxidation may have a physiological role in the 

regulation of cell division (eg. Cornwell et al 1984 and 

Begin et al 1986a). To date, research has been unable to 

unequivical1y clarify whether or not 1ipoperoxides are 

directly deleterious to cells, or merely an incidental 

outcome of induced damage (eg. Begin et al 1986b). The 

possibility exits, however, that p-oi1/FA-induced growth 

limitation and cytotoxicity could well be the result of 

cumulative cellular damage arising from generated lipid
i cJesefl | a 1 H b o iihvidGS tsj utî p̂ LiH dH dP*o' t 1 u U j 1 I y

destructive to cellular proteins, including DNA, enzymes 

and membranes (eg. Wills 1961, Desai et al 1963, Andrews 

et al 1965, Roubal et al 1966a, 1966b, Chio et al 1969, 

Mead 1976, Trotta et al 1982, Frankel 1984, de Groot et 

al 1985 and Gutteridge et al 1990). Another possibility 

is the stimulation of superoxide radicals. Unfortunately 

we could not determined this as the technology was un­

available. The present study nevertheless provided 

evidence which indicated that Iipoperoxides are not 

solely involved in the modulation of cell viability, and 

proposed the involvement of other mechanisms, such as 

alterations in membrane fluidity (chapters 3, 4 and 5).
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Indeed, this could explain the growth inhibition found 

when p~CO supplementation to human erythrocytes (section 

5.1), for example, induced no 1ipoperoxides, and the 

finding by this and other studies (Morisaki et al 1982b) 

that 1ipoperoxidation does not always correlate with the 

degree of growth inhibition induced with dosage of FA's.

In the field of eicosanoid research, it has generally 

been accepted that "all nucleated cells can make PG's" 

(Moncada et al 1984) and that “cyclooxygenase is largely 

ubiquitous for nucleated cells" (Janniger et al 1987). 

While eicosanoids were formed by all cultured tissues we 

studied (chapters 3, 4 and 5), eicosanoid production has 

been shown to be absent from human lymphocytes (Dy et al 

1980, Bankhurst et al 1981 and Goldyne 1989), thus the 

above concept may be totally incorrect. Indeed, this 

thesis showed that cultured cells derived from different 

mammalian tissues and species produce different molar 

amounts of total eicosanoids (chapters 3, 4 and 5), 

which might well reflect the different physiology of 

tissues in vivo. The picogram eicosanoid concentrations 

detected, summarised in Table 6.1.3.1., supported the 

basal levels reported by Moore (1985) for tissues in 

v i vo. Total molar eicosanoid concentrations, however, 

were always higher in the control rat and human than cat 

cells studied, and generally correlated with the desat- 

urase capabilities of these species, which decreased in

the order rat > human > cat (section 6.1.2).



Table. 6 .1 ♦ 3 ♦ 1 .

Comparison of Total Lipid Peroxide and Eicosanoid 

Concentrations in Control Cells.

Cel 1 
Type

nmo1es 
tota 1 

MDA/106 
cells

pmo1es 
tota 1

e i cosano i ds/ 
10s cells

ei cosanoids 
MDA 
C 4 )

Lung: 
rat 1.10 727.6 66.2

human 1.10 332.6 30.2

cat 0.30 32.9 11.0

Skin:
rat 0.20 165.7 82.9

human 1.10 232.5 21.1

cat 0.40 80.5 20.1

Adipose:
rat 0.50 215.9 43.2

cat 0.40 208.0 52.0
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Molar eicosanoid production was greatest in control 

human, and particularly rat, lung compared to-skin and 

adipose cells, confirming the lung as a major site of 

eicosanoid synthesis (eg. Mathe et al 1977, Hyman et al 

1978 and Harper et al 1984). The finding that control 

cat lung fibroblasts produced the lowest total 

eicosanoid amounts detected may not necessarily reflect 

poor eicosanoid production, but possibly an increased 

capability to remove and inactivate eicosanoids, a 

function which the lung is very capable of performing 

(eg. Piper et al 1970 and Smith 1987). Eicosanoid 

production (Table 6.1.3.1.) and desaturation capability 

(section 6.1.2), however, were found not to correlate 

quantitatively between mammalian cell types. Both rat 

and human control skin fibroblasts, for example, 

exhibited relatively less capability to produce 

eicosanoids than lung, despite greater capability for 

desaturation in skin. Similarly, the potential to form 

eicosanoids was only marginally greater in rat than cat 

adipose cells, despite the greater capability of rat 

adipose cells to desaturate FA^s. These findings may 

relate to variations between tissues from different 

species in the rate of eicosanoid synthesis and 

degredation, distribution of eicosanoid PDFA precursors 

between the TAG and PGL pools, and size of the 

eicosanoid PUFA precursor pool.

The greater molar 1ipoperoxide than eicosanoid levels
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demonstrated in cultured rat, cat and human tissues 

(Table 6.1.3.1.) correlated with and extended the 

findings of Morisaki et al (1982b) in guinea pig aorta 

smooth muscle. Once again, we found that molar 

eicosanoid to 1ipoperoxide ratios varied with cell type 

and species, ranging from 11.0% to 82.9%. A considerably 

greater proportion of total 1ipoperoxides found in 

control lung and skin fibroblasts were composed of 

eicosanoids in the rat than human, while ratios were 

almost identical in cat and human skin and lowest in cat 

lung fibroblasts. Thus, the enzymic pathways for 

eicosanoid production were greatest overall in rat, less 

in human, and least in cat, lung and skin fibroblasts. 

This pattern correlated with the greater capability of 

the rat to desaturate FA"s, and therefore produce more 

eicosanoid precursors, than the human, and especially 

the cat (section 6.1.2). Furthermore, the greater 

correlation between total eicosanoid to lipid peroxide 

ratios in control cat and human than rat lung and skin 

fibroblasts (Table 6.1.3.1.) reflected the close degree 

of genetic homology demonstrated between the cat and 

human (O^Brien 1986). On the other hand, the finding 

that about half the total 1ipoperoxide amounts detected 

both in control rat and cat adipose cel Is were composed 

of eicosanoids implied that the pathways for eicosanoid 

generation were approximate 1y equally favoured in both 

species. This may reflect the relative importance of
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eicosanoids in adipose cells in v ivo♦ Eicosanoids might 

well be associated with mobilisation of lipids into 

and/or out of this tissue by controlling the 

permeability of blood capillaries associated with 

adipose cells, thus allowing lipids to enter adipose 

tissue for storage or the circulation to supply other 

tissues with a metabolic energy source.

This thesis demonstrated considerable tissue and species 

specificity in the expression of enzymes involved in 

eicosanoid synthesis as control cells varied numerically

in the amounts of PGI2( TXBz, PGFa , PGE2 and PGEi they 

produced (chapters 3, 4 and 5). Low concentrations of 

these prostanoids were detected in control cells, but

n  r* r* . . . .
rura was the predominant prostanoid in adipose tissue, 

compared to TXB2 in skin, while a more variable pattern 

was found in lung between the three species. This never—  

theless indicated that the cyclooxygenase pathway was 

functional in the cultured mammalian tissues studied. 

These findings supported and extended the work of 

Pace-Asciak et al (1977) who demonstrated differences 

between rat lung, liver, spleen, stomach, kidney and 

heart homogenates to form PGE2# pGF2& , PGD2, TXB2 and 

6-keto PGFiq.̂ These rat tissues contained low PGE2,

and PGD2 levels, although PGE2 was detected in 

greater amounts than PGF2ct0rPGD2 in a1 , tissues.

6-keto PGFiq, was formed specifically by stomach, 

although lung also generated significant amounts. TXB2
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was mostly directed to spleen, with lesser amounts in 

lung (Pace-Asciak et al 1977), while the converse was 

found in guinea pig lung and spleen (Hamberg 1976). This 

supported the ability of different mammalian species and 

tissues shown in the present study to selectively 

synthesise different eicosanoids and amounts thereof, 

probably to mediate specific functions. There is indeed 

evidence that the effects eicosanoids induce can vary 

both with tissue and species (Moore 1985 and Taylor et 

al 1986). For example, PGE2 induces contraction of 

intestinal longitudinal muscle, but relaxation of lung 

smooth muscle (Taylor et al 1986). Similarly, P G F ^  ancj

decrease blood pressure and increase heart rates 

of rabbits and cats, while the converse occurs in the

rat and dog (Moore 1985).

The eicosanoid levels and variations therein between the 

cel 1 types we studied may be an inherent property of the 

cells themselves, but could also be a result of the 

culture conditions employed. Indeed, there are reports 

that serum concentration and cell age influence 

eicosanoid synthesis in culture (Dunn et al 1976, Hong 

et al 1976, 1979 and Hammarstrom 1977). There is also 

evidence that eicosanoid production is inversely related 

to cell density, being maximal during the first day in 

culture, and decreasing considerably after confluence 

(Hammarstrom 1977, Hong et al 1979 and Negrel et al 

1981b). The present study, however, showed that cell
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proliferation rates (Table 2.3.1.1.) and eicosanoid 

production (Table 6.1.3.1.) were not always directly 

related, thus the diversity of results could, well 

reflect genetic variations between tissues from 

different species.

p-Oil supplementation modulated eicosanoid generation by 

enhancing, suppressing or inhibiting the production of 

invidivual prostanoids, dependant on cell type (chapters 

3, 4 and 5). The modulation of prostanoid biosynthesis 

by single FA's has also been demonstrated by other 

workers. 20: 3w6 enhanced the release of PGEi t an(j 20: 4cj6

the formation of PGE2 and TXA2, in cultured guinea pig 

aorta smooth muscle, human lung and skin (Huttner et al 

1977 and Bryant et al 1978). Others found that cultured 

guinea pig aorta smooth muscle PGEit pQ£z and 6-keto-

PGFia production was increased with 15-120juM 18:3t*)6, 

20:3w6 and 20:4w6, inhibited with 22:4u6 and 22:6w3, 

while 18:2w9, 18:2u6, 18:3w3, 20:2w9, 20:3w3 and 20:5u3 

had no effect (Morisaki et al 1982b). On the other hand, 

w6 and w3 series PUFA's inhibited PGE2 ancj PGF2Qr 

synthesis in the order DHA+EPA > DHA > EPA > ALA > LA > 

DGLA > GLA in normal human gingival fibroblasts, and 

DGLA > EPA > DHA+EPA > DHA > ALA > LA in an oral human 

squamous carcinoma cell line, although normal cells were 

less susceptible to the inhibitory effects (El-Attar et 

al 1990). Others found that rats fed diets containing 

either safflower or coconut oils had similar prostanoid
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generating capability (Codde et al 1985), and suggested 

that there was tight metabolic control of prostanoids 

and their precursors. This could well explain why the

modulation of PGI2> TXB2 , PGF&, PGE2, PGEi and PGD2 

production by exogenous FA's in this thesis was 

unrelated to the degree of p-oil unsaturation, the 

ability of p-oils to supply direct eicosanoid PUFA 

precursors (Table 2.3.3.2.), or the capability of the 

cells to form such via desaturation and elongation 

(section 6.2.1). The ability to influence eicosanoid 

precursor availability and enzyme expression in the 

prostanoid biosynthetic pathway with different p-oil 

concentrations was suggested, however (chapters 3, 4 and 

5). Why eicosanoid production was enhanced in certain 

cultured tissues, for example cat lung, despite poor 

desaturation capability, and thus a lack of eicosanoid 

precursors, was unclear, although basal PUFA precursor 

levels may have been sufficient to maintain eicosanoid 

production. This could indeed explain the enhancement of 

eicosanoid production in certain instances to a similar 

extent with p-CO compared to p-oils containing PUFA's 

and eicosanoid precursors, although such may also relate 

to EFA-deficiency, which has been shown to increase PG- 

synthetase activity (Kaa 1976).

Literature reports indicate that exogenous PG's can have 

pronounced effects on the multiplication of a variety of 

cultured cell types (eg. Bern et al 1974, Thomas et al
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1974, Eaglestein et al 1975, Armato et al 1977, Bentley- 

Phillips et al 1977 and Cornwell et al 1979), while 

reports are more conflicting for endogenously generated 

eicosanoids. The stimulation of DNA synthesis and 

mitotic activity in rat hepatocyte cultures following 

20:4w6 incubation was related to PGAi( PGEi and PGE2 

production (Andreis et al 1981a), implying that PG's may 

be involved in the control of cell growth, probably by 

inducing mitogenic compounds, such as cAMP or cGMP (eg. 

Armato et al 1977). This supported the proposal that 

eicosanoid secretion may represent an autocrine mode of 

growth regulation for some fibroblasts (Taylor et al 

1977 and Smith et al 1984). A 1arger school of other 

workers, in contrast, report that the inhibition of 

normal and cancer cel 1 proliferation by incubation with 

single exogenous FA's does not relate to significant 

endogenous cyclooxygenase or lipoxygenase product 

involvement (eg. Cornwell et al 1979, Morisaki et al 

1982b, 1984, Horrobin et al 1984b, Begin et al 1985a, 

1985b, 1986c, 1988, Botha et al 1985, 1989, Metzger et 

al 1986 and Strange etal 1986). Even the enhancement of 

cell growth and DNA synthesis of an osteogenic cell line 

in the presence of 10/» FBS and FA's (10~4M 20:4u6 or 

18:3u3) has been suggested recently to be independent of 

prostanoid involvement (Fujimori et al 1989). Others 

have gone as far as suggesting that endogenous PG 

biosynthesis is a 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, Negrel et al 1981a, 1981b and Durant et al 

1989). The present study provided comprehensive in vitro 

evidence to support the fact that endogenously 

synthesised prostanoids were neither directly involved 

in the stimulation, limitation nor inhibition of 

mammalian cell viability induced with p-oil dosage under 

identical culture conditions (chapters 3, 4 and 5). 

Indeed, this mechanism could not explain the modulation 

of cell viability with incubation of saturated or 

monounsaturated FA-rich p-oils. The fact that p-oil FA 

composition mimicked that of dietary oils nevertheless 

implied 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 CONCLUSIONS.

This thesis demonstrated that p-oils modulate normal 

mammalian cell viability, and that the effects mediated 

vary considerably both between tissues and species. 

Furthermore, the modulation of cell viability, and 

p~oi1-induced cytotoxicity in particular, was proposed 

to involve both the production of 1ipoperoxides and 

the perturbation of membrane structure, function and 

fluidity by alteration of the FA profile of membrane 

PGL's, but eicosanoid involvement was excluded. Direct 

FFA toxicity could not be completely ruled out as a 

mechanism involved in growth reduction, although it was 

likely that other mechanisms played a greater role. 

Studies have indeed shown that the changes in 1ipid 

composition induced in cells when exogenous FA^s are 

incorporated can modify membrane structure, stability 

and permeability, mediate changes in membrane-associated 

receptors and enzyme activity, decrease cell adhesion 

and influence cell morphology and growth/viabi1ity 

(eg. Ginsburg et al 1973, Engelhard et al 1976, Hoover 

et al 1977, Doi et al 1978, Spector et al 1979, 1985 and 

Kidwel1 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 instances in this thesis may indicate 

an inability of certain mammalian cells to metabolise 

particular p-oils or concentrations thereof, which may
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subsequently have led to impaired cell function and 

death. Although we showed no distinct correlation 

between cell viability or FA incorporation, the 

desaturation capability of a cell type could well have 

affected its ability to respond to p-oil FA's. Indeed, 

desaturase cascade enzymes, and particularly J6D due to 

its rate limiting nature and position in the cascade, 

may be indirectly involved in the control of cell 

proliferation by influencing the supply of PUFA's to 

maintain membrane fluidity and to serve as substrates 

for 1ipoperoxidation. Although the cell viability 

changes the p-oils induced could be attributable to any 

one of the mechanisms discussed, a combination of the 

above would seem most likely, implying a mu1tifcatoria 1 

mechan i sm.

Any investigation demonstrating an effect of FA's in a 

biological system must consider whether FA's functioned 

as anionic detergents. Significant detergent action was 

unlikely in this study, however, for a number of 

reasons. Firstly, the p-oil concentrations used were 

relatively low. Secondly, in addition to the albumin 

utilised as FA carrier, serum albumin itself has a 

number of strong FA binding sites (Ashbrook et al 1975 

and Spector et al 1975), and there is evidence that 10% 

FCS contains sufficient albumin to completely block any 

detergent effect (Boone et al 1972), particularly at low 

p-oil concentrations dosed. Thirdly, despite the fact
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that 18:lu9 lowers surface tension to a greater extent 

than 18:0 (Patil et al 1977 and Huttner et al 1978), 

cell pro 1iferation was stimulated more frequently and to 

a greater extent with dosage of certain concentrations 

of p-00, rich in 18:lw9, than with p-CO, rich in 

saturated FA's. Fourthly, the pattern of 1ipoperoxides 

detected would not have been observed if detergency 

played a significant role.

Cell cultures have provided a good system for studying 

lipid metabolism by offering more stable and controlled 

conditions with less biological variation than in vivo 

studies. 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 

lipid content and FA composition of the incubation 

medium is an important, yet often overlooked, consider­

ation in experimental studies. All tissue culture 

catalogues available (eg. Flow 1983 and Gibco 1984) 

extensively describe the protein, mineral, vitamin, 

glucose, etc. contents of various types of growth media 

and sera, but fail to consider the lipid, FA or even 

EFA contents, despite their well established importance 

in vivo (Burr et al 1930).

Examination of the literature clearly shows that the FA 

composition and PUFA distribution between different
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kinds of commercially available sera used to supplement

culture media differ widely (eg. Spector et al 1981a and1

Delplanque et al 1987). Our 1aboratory demonstrated that 

the FA composition of complete incubation medium, 

containing 10% FCS and 90% DMEM, was primarily composed 

of saturated FA's, with little PUFA's, and no 

significant EFA's, detectable (Table 2.3.3.3. and Girao 

1988). Similar results were reported by Lagarde et al 

(1984) for medium containing 20% FBS, while medium 

supplemented with HS contained a greater molar amount of 

total FA's and a greater proportion of PUFA's. In the 

present study, however, only traces of EFA's and PDFA's 

were found in DMEM containing either 10% rat, cat or 

human sera (Table 2.3.3.3.). 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 

results. For example, EFA deficiency has been implicated 

in enhancing endothelial cell A6D activity/expression 

(Spector et al 1981b and Rosenthal et al 1983b). Thus, 

EFA/PDFA deficiency in the incubation medium may explain 

the small amount of desaturation/elongation of cellular 

(endogenous) PUFA's found when particular cell types 

were dosed with p-oils containing primarily saturated 

FA's. Furthermore, incorporation of saturated FA's would

decrease the unsaturation index in the cell membranes,
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thus desaturation/elongation of cellular PUFA's could 

also reflect an attempt by the cells to counteract this 

effect to maintain membrane fluidity. Holloway et al 

(1977) indeed 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 cell types with low to 

intermediate concentrations in the range dosed suggested 

that these moieties could well have growth promoting 

properties, and that this effect relates to a deficiency 

of EFA's and/or PDFA's in the growth medium. Such may 

also explain the enhanced cell growth reported in many 

other studies dosing low concentrations (0.1-120 juM) of 

single PUFA's to a range of normal (eg. Ham 1963, Dubin 

et al 1965, Gerschenson et al 1967, Huttner et al 1978, 

Uicha et al 1979, Cornwell et al 1979 and Spector et al 

1979) and even in some transformed (eg. Hillyard et al 

1979, Uicha et al 1979 and McGee 1981) cell lines. Uhile 

it has not conclusively been proven that 18:2w6 or other 

PUFA's are required for cell multiplication in culture 

(Bailey et al 1973a, Spector et al 1981a and Bettger 

et al 1982), there is evidence that PUFA deficiency 

leads to alterations in morphological and biochemical 

properties (Monsen et al 1962, Ualker 1966, 1967, Rao et 

al 1979 and Bourre et al 1983). These factors should 

therefore be considered in a situation of 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 conditions of tissue culture in general use 

may be sub-optimal, and the fact that the 1ipid and FA 

composition of different sera vary considerably, this 

thesis strongly advocates total lipid and FA analysis 

of all culture media prior to use, and appropriate 

supplementation thereof with polyenoic, or at least 

essential, FA's if required. Furthermore, as with all in 

vitro experimental systems, tissue culture conditions 

should, as far as possible, parallel conditions in vivo.

The variations found between the cultured rat, cat 

and human cell types with regard to the parameters 

investigated in this thesis indicated a unique pattern 

of lipid metabolism both between mammalian tissues and 

species, which probably related largely to variations in 

the genetic composition and physiology of those tissues 

in vivo. Thus, generalisation and extrapolation of 

experimental results between mammalian tissues and 

species is potentially highly misleading and invalid, 

and should be avoided if reliable interpretation of 

results is desired. This emphasised the importance of 

selecting the same tissue and species for control and 

experimental studies. Furthermore, with regards to 

interpretation of cell viability results, all effects 

must be related to the cytostatic number.
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Many workers have used dosing of cultured transformed 

cells with single exogenous FA's as a means for limiting 

cell growth (eg. Begin et 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 

1988b), while comparatively less work has been performed 

in this area on normal cells, and no work has been 

conducted using FA mixtures mimicking dietary oils 

(p-oils). It is nevertheless essential to understand the 

effects FA mixtures have on genetically entire normal 

cells before one is able to understand the situation in 

the 'real world' and assess the significance of FA 

mixtures in the modulation of cancer cell growth.

The finding of this thesis clearly showed that the 

results obtained with p-oil dosage could not be fully 

predicted by those utilising single FA's. Clearly, the 

use of p-oils complicates interpretation of data 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 synergistic and antagonistic 

interactions between FA's. Uhile individual FA's are 

useful to elucidate particular effects, the use of 

p-oils would nevertheless be a better reflection of the 

response expected in the 'real world" where FA mixtures 

are ingested as dietary oils.

Since p-oil FA composition reflected that of dietary
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oils, and the p-oil concentrations dosed were similar to 

the plasma FFA levels normally detected in vivo 

(Fredrickson et al 1958), the data presented in this 

thesis serves as an in vitro model and guide to hou 

genetically entire normal mammalian cells in vivo may 

respond when similar oils form part of the dietary 

intake.
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