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ADDENDUM 2 – CHAPTER 4 

 

2A. 

Table 4.1 Total polyphenol content of the dietary oils. 

Dietary oil 
TTP 

(mg gallic acid/kg oil) 

S 11.37±1.00a 

SB 12.65±1.65a 

SF 13.20±1.05a 

SBF 13.64±2.13a 

Canola 6.37±0.63b 

Olive 19.20±2.46c 

Values are the mean±standard deviation of the total polyphenol (TPP) 

content expressed in mg gallic acid/kg oil. Dietary oils: sunflower oil = 

S, sunflower + borage oil = SB, sunflower + fish oil (SF), sunflower + 

borage + fish oil = SBF, Canola = canola oil and Olive = olive oil. 

Values in column followed by different letters (superscript) are 

significantly different at p<0.05.
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2B. 

 

Figure 4.11: PCR microarray plate layout.

Array layout  
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2C. 

Table 4.2: Complete list of genes associated with oxidative stress and 
antioxidant defences in the RT2 ProfileTM PCR array (PARN-065). Presented as 
obtained from www.sabiosciences.com on 18-11-2014. 

Position Symbol Description Gene Name 

A01 Aass Aminoadipate-semialdehyde synthase 

A02 Als2 Amyotrophic lateral sclerosis 2 (juvenile) homolog (human) 

A03 Apc Adenomatous polyposis coli RATAPC 

A04 Apoe Apolipoprotein E APOEA 

A05 Aqr Aquarius homolog (mouse) 

A06 Cat Catalase 
CS1, Cas1, Cs-1, RATCAT01, 

RATCATL 

A07 Ccs Copper chaperone for superoxide dismutase 

A08 Xirp1 Xin actin-binding repeat containing 1 Cmya1 

A09 Ctsb Cathepsin B 

A10 Duox2 Dual oxidase 2 Thox2 

A11 Cygb Cytoglobin MGC95105, Staap, Stap 

A12 Dhcr24 24-dehydrocholesterol reductase 

B01 Dnm2 Dynamin 2 DYIIAAB 

B02 Duox1 Dual oxidase 1 

B03 Ehd2 EH-domain containing 2 MGEPS 

B04 Epx Eosinophil peroxidase 

B05 Ercc2 
Excision repair cross-complementing rodent repair deficiency, 

complementation group 2 


B06 Ercc6 
Excision repair cross-complementing rodent repair deficiency, 

complementation group 6 


B07 Fancc Fanconi anemia, complementation group C Facc 

B08 Fmo2 Flavin containing monooxygenase 2 

B09 Gab1 GRB2-associated binding protein 1 

B10 Gpx1 Glutathione peroxidase 1 GSHPx, GSHPx-1 

B11 Gpx2 Glutathione peroxidase 2 GPX-GI, GSHPx-2, GSHPx-GI 

B12 Gpx3 Glutathione peroxidase 3 GSHPx-3, GSHPx-P, Gpxp 

C01 Gpx4 Glutathione peroxidase 4 Phgpx, gpx-4, snGpx 

C02 Gpx5 Glutathione peroxidase 5 

C03 Gpx6 Glutathione peroxidase 6 OBPII, Ry2d1 

C04 Gpx7 Glutathione peroxidase 7 

C05 Gsr Glutathione reductase 

C06 Gstk1 Glutathione S-transferase kappa 1 GST13-13, GSTkappa 

C07 Hba-a2 Hemoglobin alpha, adult chain 2 HBAM, Hba-a1, Hba1 

C08 Hbz Hemoglobin, zeta RGD1307486 

C09 Idh1 Isocitrate dehydrogenase 1 (NADP+), soluble 

C10 LOC367198 
Similar to Serine/threonine-protein kinase ATR (Ataxia telangiectasia 

and Rad3-related protein) 


C11 Lpo Lactoperoxidase 

C12 Mb Myoglobin 

D01 Mpo Myeloperoxidase 

 

 

 

 

http://www.sabiosciences.com/


 

199 
 

Table 4.2 (cont.) 

Position Symbol Description Gene Name 

D02 Mpp4 Membrane protein, palmitoylated 4 (MAGUK p55 subfamily member 4) Dlg6 

D03 Ncf1 Neutrophil cytosolic factor 1 Ncf-1, p47phox 

D04 Ncf2 Neutrophil cytosolic factor 2 

D05 Ngb Neuroglobin 

D06 Nos2 Nitric oxide synthase 2, inducible Nos2a, iNos 

D07 Nox4 NADPH oxidase 4 

D08 Noxa1 NADPH oxidase activator 1 

D09 Noxo1 NADPH oxidase organizer 1 

D10 Nqo1 NAD(P)H dehydrogenase, quinone 1 Dia4, MGC93075 

D11 Nudt1 Nudix (nucleoside diphosphate linked moiety X)-type motif 1 Mth1 

D12 Nudt15 Nudix (nucleoside diphosphate linked moiety X)-type motif 15 

E01 Nxn Nucleoredoxin 

E02 Park7 Parkinson disease (autosomal recessive, early onset) 7 CAP1, DJ-1, Dj1, SP22 

E03 Ppp1r15b Protein phosphatase 1, regulatory (inhibitor) subunit 15b 

E04 Prdx1 Peroxiredoxin 1 Hbp23, MGC108617 

E05 Prdx2 Peroxiredoxin 2 Tdpx1 

E06 Prdx3 Peroxiredoxin 3 Prx3 

E07 Prdx4 Peroxiredoxin 4 MGC72744 

E08 Prdx5 Peroxiredoxin 5 Aoeb166 

E09 Prdx6 Peroxiredoxin 6 

E10 Prnp Prion protein PrP, Prn 

E11 Psmb5 Proteasome (prosome, macropain) subunit, beta type 5 

E12 Ptgs1 Prostaglandin-endoperoxide synthase 1 Cox-3, Cox1, Cox3 

F01 Ptgs2 Prostaglandin-endoperoxide synthase 2 COX-2, Cox2 

F02 Rag2 Recombination activating gene 2 

F03 Gpx8 Glutathione peroxidase 8 RGD1307506 

F04 Serpinb1b Serine (or cysteine) peptidase inhibitor, clade B, member 1b RGD1560658 

F05 Kif9 Kinesin family member 9 RGD1565187 

F06 Scd1 Stearoyl-Coenzyme A desaturase 1 

F07 Ift172 Intraflagellar transport 172 homolog (Chlamydomonas) Slb 

F08 Slc38a1 Solute carrier family 38, member 1 Ata1, GlnT, Sat1 

F09 Slc38a4 Solute carrier family 38, member 4 Ata3 

F10 Slc38a5 Solute carrier family 38, member 5 SN2 

F11 Slc41a3 Solute carrier family 41, member 3 

F12 Sod1 Superoxide dismutase 1, soluble CuZnSOD 

G01 Sod2 Superoxide dismutase 2, mitochondrial 

G02 Sod3 Superoxide dismutase 3, extracellular ECSODPT 

G03 Srxn1 Sulfiredoxin 1 homolog (S. cerevisiae) Ab2-390, Npn3 

G04 Tmod1 Tropomodulin 1 E-Tmod, Tmod 

G05 Tpo Thyroid peroxidase 

G06 Txnip Thioredoxin interacting protein MGC94673, Vdup1 

G07 Txnrd1 Thioredoxin reductase 1 MGC93353, Tr 

G08 Txnrd2 Thioredoxin reductase 2 MGC93435, Tr3, Trxr2, Trxrd2 

G09 Ucp3 Uncoupling protein 3 (mitochondrial, proton carrier) 

G10 Vim Vimentin 

G11 Xpa Xeroderma pigmentosum, complementation group A 

G12 Zmynd17 Zinc finger, MYND-type containing 17 

H01 Rplp1 Ribosomal protein, large, P1 MGC72935 

H02 Hprt1 Hypoxanthine phosphoribosyltransferase 1 Hgprtase, Hprt, MGC112554 

H03 Rpl13a Ribosomal protein L13A 

H04 Ldha Lactate dehydrogenase A Ldh1 

H05 Actb Actin, beta Actx 

H06 RGDC Rat Genomic DNA Contamination RGDC 

H07 RTC Reverse Transcription Control RTC 

H08 RTC Reverse Transcription Control RTC 

H09 RTC Reverse Transcription Control RTC 

H10 PPC Positive PCR Control PPC 

H11 PPC Positive PCR Control PPC 

H12 PPC Positive PCR Control PPC 
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ADDENDUM 3    CHAPTER 5 

Table 5.4: Cholesterol and phospholipids content in Caco-2 cell membranes after 48 hours exposure to oil emulsions. 

Lipid 
Oil emulsions 

Control S SB SF SBF 

 Apoptosis inducing 

 0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 

Cholesterol 1.600.38
a 

1.570.33
a

A 2.610.39
a

A 4.710.31
b 

2.120.33
a 

PC 61.115.22
a 

128.314.61
b 

258.5012.05
c
A 225.8011.41

c
A 197.0019.91

c
A 

PE 30.882.28 45.795.93A 39.124.67A 39.993.80 42.542.61 

PC/PE 1.600.23
a 

3.560.12
b

A 7.870.55
c
A 7.440.55

c
A 7.331.21

c
A 

chol/PL 0.0470.006
ad 

0.0200.005
b

A 0.0170.004
b

A 0.0320.003
c
A 0.0480.002

d
A 

      

 BrdU IC50 

 0 mg/ml 5.5  mg/ml 5.1 mg/ml 4.8 mg/ml 4.8 mg/ml 

Cholesterol 1.600.38
a 

4.300.88
b

B 3.490.18
b

B 4.910.91
b 

2.070.19
a 

PC 61.115.22
a 

121.005.99
b 

101.605.01
b

B 111.506.41
b

B 112.15.69
b

B 

PE 30.882.28
a 

80.356.00
b

B 66.730.72
b

B 46.694.61
c 

42.933.65
c 

PC/PE 1.600.23
a 

1.390.10
a

B 1.880.24
abc

B 2.760.18
bd

B 2.270.23
cd

B 

chol/PL 0.0470.006
a 

0.0320.002
b

B 0.0380.003
b

B 0.0190.002
c
B 0.0240.001

c
B 

Values represent the means  standard deviations (N = 4-5)     h   h l      l ( h l)   d  h   h l   d (PL)          x      d    μg  h l      l     h   h   )     mg 
protein in the Caco-2 cell membranes.  Oil emulsions: S = sunflower oil, SB = sunflower + borage oils, SF = sunflower + fish oils and SBF = sunflower + borage + fish oils. PC = 
phosphatidylcholine and PE = phosphatidylethanolamine. Values in a row followed by different letters (superscript) are significantly different at p<0.05. Values in a column 
representing the corresponding lipid variable at different concentrations (i.e. apoptosis inducing vs. BrdU IC50) within the same oil emulsion treatments are significantly 
different at p<0.05 following different letters (uppercase subscript). 
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Table 5.5: Saturated fatty acids content of Caco-2 cell membranes after 48 hours exposure to oil emulsions. 

Fatty 
Acid 

Variable 

PC fraction PE fraction 

control S SB SF SBF control S SB SF SBF 

  Apoptosis inducing Apoptosis inducing 

  0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 

C16:0 % 25.72±2.97 24.99±6.54 22.50±3.45 20.80±3.34 23.79±4.89 17.19±4.64
a 

13.73±1.64
ab 

8.23±1.43
b 

8.51±0.91
b 

10.97±2.54
ab 

 μg 30.77±7.41
a 

12.09±0.80
b

A 16.06±1.87
b 

13.87±3.99
b

A 23.24±2.34
ab 

12.44±5.04
a 

10.37±1.49
b

A 5.51±2.14
b 

5.57±0.98
b

A 10.24±2.25
b 

C18:0 % 9.19±0.80
a 

4.66±0.90
b 

7.93±1.39
 

6.04±1.41
 

7.03±1.86
 

16.29±4.94 17.76±4.18 23.48±3.81 17.92±8.63 17.50±3.26 

 μg 6.90±3.17
a 

2.76±0.35
b

A 6.69±1.70
a 

7.72±1.53
a 

8.31±2.55
a 

13.85±5.72
ab 

12.42±3.14
ab

A 19.06±4.12
a

A 7.61±0.46
b

A 16.95±3.83
ab 

Total 
SATS 

% 31.19±2.80 30.87±6.61 29.87±1.06 26.57±2.98 31.81±3.76 34.98±3.74
a 

29.77±6.85
a 

31.14±2.24
a 

23.97±3.70
b 

24.47±2.13
b

A 

 μg 37.62±5.58
a 

16.16±0.46
b

A 24.63±3.42
b 

20.99±7.50
b

A 33.80±5.54
a 

33.01±6.95
a 

24.39±4.71
b

A 24.23±1.84
b

 13.92±1.54
c
A 28.30±6.18

ab 

    

  BrdU IC50 BrdU IC50 

  0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.8 mg/ml 0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.8 mg/ml 

C16:0 % 25.72±2.97 21.35±3.04 19.52±1.26 19.98±1.97 22.17±2.31 17.19±4.64
a 

16.82±3.10
a 

8.98±0.76
b 

12.89±2.64
ab 

15.27±3.98
ab 

 μg 30.77±7.41
a 

26.96±8.70
ab

B 17.36±2.35
b 

25.33±3.85
ab

B 30.25±8.40
a 

16.15±2.39
ad 

21.38±1.67
b

B 6.07±0.60
c 

18.31±1.05
ab

B 12.66±2.43
d 

C18:0 % 9.19±0.80 6.71±1.49 6.99±0.93 6.67±1.20 5.72±0.64 16.29±4.94 19.14±2.55 14.25±1.03 18.55±1.09 20.86±4.32 

 μg 6.90±3.17 6.21±1.01B 6.26±1.27 8.82±2.09 6.61±1.25 13.85±5.72
ac 

26.64±4.45
b

B 9.83±0.33
c
B 33.34±2.96

d
B 17.39±3.80

a 

Total 
SATS 

% 31.19±2.80 28.28±1.92 28.67±2.11 27.25±2.30 28.27±1.03 34.98±3.74
ac 

39.17±3.18
ac 

24.50±1.00
b 

32.56±3.83
c 

38.13±6.53
a

B 

 μg 37.62±5.58 33.76±8.87B 25.70±4.20 36.29±5.17B 34.72±5.03 33.01±6.95
a 

46.17±8.89
b

B 16.50±0.51
c 

52.76±2.74
b

B 31.79±6.32
a 

Values represent the means  standard deviations (N = 4-5)     h  q  l     v  (%        l          d )   d q         v  (μg        mg        )          d                -2 cell 
membrane phospholipid fractions phosphatidylcholine (PC) and phosphatidylethanolamine (PE). Oil emulsions: S = sunflower oil, SB = sunflower + borage oils, SF = sunflower 
+ fish oils and SBF = sunflower + borage + fish oils. SATS = saturated fatty acids. Values in a row followed by different letters (superscript) are significantly different at p<0.05. 
Values in a column representing the corresponding fatty acid variable at different concentrations (i.e. apoptosis inducing vs. BrdU IC50) within the same oil emulsion 
treatments are significantly different at p<0.05 following different letters (uppercase subscript). 
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Table 5.6: Monounsaturated fatty acids content of Caco-2 cell membranes after 48 hours exposure to oil emulsions. 

Fatty Acid Variable 

PC fraction PE fraction 

control S SB SF SBF control S SB SF SBF 

  Apoptosis inducing Apoptosis inducing 

  0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 

C16:1ω-7 % 6.29±1.52
a 

3.67±1.07
b

A 3.85±0.75
b

A 3.45±0.67
b 

3.45±0.46
b

A 2.62±0.67
a 

2.01±0.35
ab

 1.63±0.24
b

A 1.71±0.32
b

A 1.49±0.20
b

A 

 μg 4.24±1.05 4.55±0.54A 3.23±0.64A 3.00±0.44A 3.74±0.78A 2.50±0.99
a 

1.60±0.29
ab

A 2.28±0.40
a 

1.18±0.21
b

A 1.51±0.43
ab

A 

C18:1ω-9 % 18.22±2.37
a 

15.44±2.06
ab 14.93±1.07

b 
14.59±0.67

b 
15.68±1.69

ab 
17.02±2.35

a 
15.46±1.53

ab 
12.93±1.62

b
A 13.11±0.64

b
A 14.13±1.31

ab 

 μg 19.39±5.11
a 

18.44±0.66
ab

A 11.49±2.04
ab 

10.50±2.93
b

A 17.57±2.47
ab 

12.79±2.83
ab 

13.06±2.51
ab

A 15.07±4.85
a 

8.37±0.51
b

A 14.47±3.66
a 

C18:1ω-7 % 5.21±1.57 4.83±1.14 4.75±0.89 5.09±0.47 4.40±1.39 4.27±0.98 3.48±0.75 3.01±0.50 3.14±1.11 2.91±0.63 

 μg 5.96±1.80 4.97±0.51A 3.74±0.73 4.06±0.68A 6.08±0.75 3.59±0.55 2.58±0.37A 3.13±0.33 2.41±0.18A 3.16±0.52 

Total 
MUFA 

% 28.93±3.15 22.99±4.89A 23.95±2.71 22.92±3.69 25.29±3.54 23.53±4.94 21.86±2.51 18.68±2.11A 18.76±1.49A 19.96±0.93 

 μg 27.15±7.38 29.17±1.24A 18.81±3.84 19.00±4.00A 26.69±6.48 21.92±3.02
a 

17.77±3.26
ab

A 21.03±6.44
ab 

12.70±0.96
b

A 19.42±2.43
ab

A 

    

  BrdU IC50 BrdU IC50 

  0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.8 mg/ml 0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.8 mg/ml 

C16:1ω-7 % 6.29±1.52
ab 

6.94±1.08
a

B 7.18±0.35
a

B 4.77±0.61
b 

6.14±1.44
ab

B 2.62±0.67 3.05±0.30 3.18±0.31B 2.59±0.35B 2.44±0.13B 

 μg 4.24±1.05
a 

9.09±1.66
b

B 6.37±0.58
ab

B 6.95±1.34
b

B 8.04±0.56
b

B 2.50±0.99
a 

4.25±0.42
b

B 2.29±0.20
a 

4.30±0.09
b

B 3.02±0.63
ab

B 

C18:1ω-9 % 18.22±2.37
a 

17.45±1.43
ab 

17.93±0.90
ab 

15.14±0.83
b 

17.67±1.12
ab 

17.02±2.35 18.84±0.85 19.04±0.52B 18.27±1.25B 17.42±2.16 

 μg 19.39±5.11
ac 

27.38±5.17
b

B 15.88±1.11
a 

19.96±1.95
ab

B 23.55±4.09
bc 

12.79±2.83
a 

26.14±1.65
b

B 12.88±1.03
a 

31.42±1.05
b

B 19.16±1.72
c 

C18:1ω-7 % 5.21±1.57 5.25±0.89 5.15±0.38 4.58±0.35 4.85±1.07 4.27±0.98 3.78±0.52 4.00±0.19 4.34±0.49 3.78±0.72 

 μg 5.96±1.80
ab 

7.99±1.53
a

B 4.56±0.34
b 

7.25±1.71
a

B 6.08±0.83
ab 

3.59±0.55
ac 

4.97±0.57
b

B 2.71±0.25
c 

7.00±0.67
d

B 4.15±0.60
ab 

Total 
MUFA 

% 28.93±3.15 30.32±3.79B 31.21±1.74 25.34±1.75 29.45±3.60 23.53±4.94 26.39±0.59 27.28±1.06B 25.10±1.62B 25.41±2.23 

 μg 27.15±7.38
a 

43.46±6.41
b

B 27.70±2.15
a 

33.88±3.63
ab

B 37.29±2.55
ab 

21.92±3.02
ad 

36.74±2.84
bc

B 17.98±2.39
ab 

43.22±2.39
c
B 27.54±2.78

d
B 

Values represent the means  standard deviations (N = 4-5)     h  q  l     v  (%        l          d )   d q         v  (μg        mg        )          d                -2 cell membrane 
phospholipid fractions phosphatidylcholine (PC) and phosphatidylethanolamine (PE). Oil emulsions: S = sunflower oil, SB = sunflower + borage oils, SF = sunflower + fish oils and SBF = 
sunflower + borage + fish oils. MUFA = monounsaturated fatty acids. Values in a row followed by different letters (superscript) are significantly different at p<0.05. Values in a column 
representing the corresponding fatty acid variable at different concentrations (i.e. apoptosis inducing vs. BrdU IC50) within the same oil emulsion treatments are significantly different 
at p<0.05 following different letters (uppercase subscript). 
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Table 5.7: Polyunsaturated fatty acid (ω-3) content of Caco-2 cell membranes after 48 hours exposure to oil emulsions. 

Fatty Acid Variable 
PC fraction PE fraction 

control S SB SF SBF control S SB SF SBF 

  Apoptosis inducing Apoptosis inducing 

  0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 

 18 3ω-3 % 0.13±0.10 0.09±0.03 0.08±0.01 0.06±0.03 0.12±0.02 0.07±0.02 0.10±0.04 0.07±0.01 0.06±0.02 0.11±0.05 

 μg 0.04±0.01
a 

0.04±0.02
ab 

0.06±0.01
ab

A 0.04±0.01
a

A 0.14±0.02
b 

0.05±0.01 0.07±0.02A 0.04±0.01 0.04±0.02A 0.07±0.01 

 20 5ω-3 % 0.95±0.34
a 

0.40±0.11
a

A 0.63±0.15
ab 

1.35±0.30
b

A 1.06±0.09
ab

A 1.11±0.14
a 

1.39±0.12
a

A 0.98±0.39
a

 3.51±0.25
b

A 2.67±0.27
c
A 

 μg 1.56±0.26
a 

0.38±0.14
b

A 0.47±0.13
b

A 1.05±0.38
a

A 1.18±0.06
a

A 0.94±0.14
a 

1.00±0.11
a 

1.03±0.05
ac

A 2.35±0.19
bc

A 2.39±0.24
b

A 

 22 5ω-3 % 0.48±0.30
a 

0.51±0.12
a

A 0.70±0.12
a

A 0.82±0.03
a

A 1.37±0.37
b 

0.81±0.42
a 

1.90±0.23
b

A 2.31±0.10
bc

A 3.13±0.37
c
A 2.32±0.71

bc
A 

 μg 0.29±0.09
a 

0.62±0.19
a

A 0.52±0.16
a

A 0.55±0.17
a

A 1.20±0.18
b 

0.91±0.70 1.25±0.34A 1.49±0.28A 1.94±0.36A 2.64±0.14A 

 22 6ω-3 % 0.98±0.20 1.33±0.37A 1.03±0.09A 1.03±0.17A 1.10±0.42A 1.98±0.82
a 

3.16±0.65
ab

A 3.80±0.91
bc

A 4.70±0.37
c
A 4.38±0.70

bc
A 

 μg 0.60±0.27 1.31±0.48A 0.90±0.37A 0.74±0.11A 1.41±0.17A 2.64±0.31
ab 

2.03±0.39
a 

2.81±0.41
ab

A 3.31±0.19
b

A 4.35±0.56
c
A 

    l ω-3 % 2.58±0.44
a 

2.35±0.52
a

A 2.55±0.41
a

A 3.35±0.58
bc

A 3.37±0.60
c 

4.01±0.80
a 

6.63±1.30
b

A 7.48±1.56
c
A 11.55±2.10

d
A 9.72±1.80

e
A 

 μg 2.52±0.64
a 

2.39±0.53
a

A 2.01±0.35
a

A 2.44±0.44
a

A 4.04±0.63
b

A 4.57±1.06
a 

4.45±0.83
a

A 5.40±1.15
a

A 7.74±1.44
b

A 9.70±1.79
b

A 

  BrdU IC50 BrdU IC50 

  0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.8 mg/ml 0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.8 mg/ml 

 18 3ω-3 % 0.13±0.10
a 

0.04±0.02
b 

0.13±0.02
a 

0.05±0.02
ab 

0.08±0.03
ab 

0.07±0.02
a 

0.16±0.01
b 

0.09±0.02
a 

0.09±0.03
ab 

0.07±0.02
a 

 μg 0.04±0.03
a 

0.05±0.02
a 

0.12±0.01
b

B 0.11±0.01
b

B 0.11±0.02
b 

0.05±0.01
a 

0.21±0.02
b

B 0.06±0.01
a

 0.15±0.05
b

B 0.08±0.03
a 

 20 5ω-3 % 0.95±0.34
a 

0.98±0.15
a

B 1.02±0.12
a 

2.09±0.35
b

B 2.03±0.64
b

B 1.11±0.14
a 

0.63±0.12
a

B 0.88±0.09
a

 2.49±0.33
b

B 1.33±0.30
a

B 

 μg 1.56±0.26
ac 

1.41±0.44
ac

B 0.84±0.12
a

B 3.62±0.84
b

B 2.19±0.91
c
B 0.94±0.14

a 
0.87±0.18

a 
0.64±0.03

a
B 4.63±0.97

b
B 1.89±0.59

c
B 

 22 5ω-3 % 0.48±0.30
a 

1.29±0.10
b

B 1.28±0.13
b

B 2.25±0.14
c
B 0.93±0.24

b 
0.81±0.42

a 
1.02±0.41

a
B 1.01±0.11

a
B 2.11±0.52

b
B 1.15±0.07

ab
B 

 μg 0.29±0.09
a 

1.38±0.23
b

B 1.13±0.10
b

B 3.47±0.93
c
B 1.32±0.19

b 
0.91±0.70

a 
1.81±0.17

b
B 0.73±0.02

c
B 3.99±0.04

d
B 3.24±1.69

d
B 

 22 6ω-3 % 0.98±0.20
a 

2.22±0.18
b

B 2.25±0.20
b

B 2.29±0.57
b

B 2.02±0.53
b

B 1.98±0.82 1.46±0.16B 2.23±0.12B 2.27±0.15B 1.80±0.17B 

 μg 0.60±0.27
a 

2.40±0.41
b

B 1.99±0.15
b

B 3.87±0.96
c
B 2.60±0.80

b
B 2.64±0.31

a 
2.04±0.29

ab 
1.51±0.11

b
B 4.06±0.82

c
B 2.00±0.04

ab
B 

    l ω-3 % 2.58±0.44
a 

4.60±0.91
b

B 4.78±0.89
b

B 6.76±1.18
c
B 5.15±0.97

b 
4.01±0.80

a 
3.33±0.59

a
B 4.32±0.88

a
B 7.18±1.18

b
B 4.54±0.75

a
B 

 μg 2.52±0.64
a 

5.33±1.00
b

B 4.17±0.79
bd

B 11.21±1.94
c
B 6.33±1.15

d
B 4.57±1.06

a 
5.02±0.90

a
B 3.01±0.59

b
B 13.16±2.20

c
B 7.39±1.34

d
B 

Values represent the means  standard deviations (N = 4-5)     h  q  l     v  (%        l          d )   d q         v  (μg        mg        )          d                -2 cell membrane 
phospholipid fractions phosphatidylcholine (PC) and phosphatidylethanolamine (PE). Oil emulsions: S = sunflower oil, SB = sunflower + borage oils, SF = sunflower + fish oils and SBF = 
sunflower + borage + fish oils. Values in a row followed by different letters (superscript) are significantly different at p<0.05. Values in a column representing the corresponding fatty acid 
variable at different concentrations (i.e. apoptosis inducing vs. BrdU IC50) within the same oil emulsion treatments are significantly different at p<0.05 following different letters 
(uppercase subscript). 
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Table 5.8: Polyunsaturated fatty acid (ω-6) content of Caco-2 cell membranes after 48 hours exposure to oil emulsions. 

Fatty Acid Variable 
PC fraction PE fraction 

control S SB SF SBF control S SB SF SBF 

  Apoptosis inducing Apoptosis inducing 

  0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 

 18 2ω-6 % 1.68±0.30
a 

6.22±1.85
b 

7.12±1.44
bc 

9.31±0.94
c
A 9.34±2.27

bc 
1.27±0.08

a 
4.22±0.32

b 
3.04±0.48

c
A 3.95±1.39

b
A 4.11±0.84

b 

 μg 1.85±0.31
a 

5.51±0.57
b

A 5.95±1.09
b 

7.29±1.22
c
A 11.60±0.71

d
A 1.07±0.08

a 
3.30±0.21

b
A 3.79±0.52

b 
3.23±0.29

b
A 4.84±0.98

c 

 20 3ω-6 % 0.43±0.22
a 

0.45±0.16
a 

0.79±0.10
b 

0.39±0.09
a 

0.77±0.21
b

A 0.40±0.12
a 

0.69±0.13
b 

0.99±0.26
c 

0.74±0.06
b 

1.23±0.28
d 

 μg 0.24±0.08
a 

0.34±0.06
b 

0.45±0.07
c 

0.23±0.03
a

A 0.85±0.29
d

A 0.55±0.09
a 

1.02±0.03
b 

2.53±0.04
c 

1.34±0.06
b 

1.22±0.48
b 

 20 4ω-6 % 1.04±0.34
a 

1.78±0.46
b

A 2.28±0.08
c
A 2.27±0.16

c 
2.37±0.64

c 
2.55±0.87

a 
6.81±0.71

b
A 7.51±1.79

c 
9.17±0.70

d
A 8.94±1.36

d
A 

 μg 2.47±0.05
a 

1.57±0.38
b

A 1.58±0.28
b

A 1.46±0.22
b

A 2.75±0.46
a 

3.25±0.40
a 

3.64±0.41
ab 

6.16±0.59
bc

A 5.99±0.72
bc

A 8.36±0.96
c
A 

    l ω-6 % 4.13±0.60
a 

9.33±2.36
b 

11.55±2.64
b 

13.03±3.58
b

A 13.90±3.52
b 

9.06±0.79
a 

13.54±2.67
bc 

13.64±2.74
b 

15.55±3.49
c 

16.04±3.36
bc

A 

 μg 5.77±0.95
a 

8.89±2.05
b

A 8.97±2.24
b

A 9.79±2.82
b

A 16.90±4.39
c 

7.57±1.00
a 

9.66±1.49
b

A 14.40±2.27
c 

11.67±2.27
b

A 15.89±3.28
c 

    

  BrdU IC50 BrdU IC50 

  0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.8 mg/ml 0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.8 mg/ml 

 18 2ω-6 % 1.68±0.30
a 

7.34±1.12
b 

7.61±0.54
b 

12.75±1.04
c
B 6.84±1.64

b 
1.27±0.08

a 
5.21±0.81

b 
6.08±0.27

b
B 10.10±1.27

c
B 5.06±1.03

b 

 μg 1.85±0.31
a 

11.96±1.38
b

B 6.74±0.56
c 

17.01±1.61
d

B 8.56±1.07
c
B 1.07±0.08

a 
7.23±1.19

b
B 4.11±0.38

c 
15.98±1.03

d
B 5.55±0.88

bc 

 20 3ω-6 % 0.43±0.22
a 

0.53±0.12
a 

0.76±0.07
b 

0.41±0.04
a 

1.14±0.16
c
B 0.40±0.12

a 
0.98±0.17

b 
1.21±0.14

bc 
0.92±0.05

b 
1.37±0.13

c 

 μg 0.24±0.08
a 

0.45±0.08
b 

0.68±0.12
c 

0.52±0.07
a

B 1.75±0.70
d

B 0.55±0.09
a 

1.38±0.22
b 

2.55±0.05
c 

1.39±0.23
b 

1.49±0.21
b 

 20 4ω-6 % 1.04±0.34
a 

3.47±0.30
b

B 3.53±0.30
b

B 3.16±0.29
b 

3.28±1.08
b 

2.55±0.87
a 

3.31±0.62
b

B 5.67±0.45
c 

5.33±0.45
c
B 4.48±0.86

d
B 

 μg 2.47±0.05
a 

3.61±0.54
ab

B 3.12±0.28
ab

B 4.34±0.50
b

B 3.30±1.03
ab 

3.25±0.40
a 

4.14±0.52
a 

4.05±0.02
a

B 10.07±1.71
b

B 4.94±0.58
a

B 

    l ω-6 % 4.13±0.60
a 

12.23±2.88
b 

12.78±2.97
b 

17.46±4.95
c
B 12.07±2.64

b 
9.06±0.79

a 
12.04±1.88

b 
13.94±2.78

c 
18.04±3.95

d 
13.71±1.98

c
B 

 μg 5.77±0.95
a 

16.97±4.66
b

B 16.25±2.64
b

B 23.35±6.61
c
B 14.53±3.24

b 
7.57±1.00

a 
15.11±2.66

b
B 13.01±1.72

b 
29.90±6.51

c
B 18.03±1.89

b 

Values represent the means  standard deviations (N = 4-5)     h  q  l     v  (%        l          d )   d q         v  (μg        mg        )          d                -2 cell 
membrane phospholipid fractions phosphatidylcholine (PC) and phosphatidylethanolamine (PE). Oil emulsions: S = sunflower oil, SB = sunflower + borage oils, SF = sunflower + fish 
oils and SBF = sunflower + borage + fish oils. Values in a row followed by different letters (superscript) are significantly different at p<0.05. Values in a column representing the 
corresponding fatty acid variable at different concentrations (i.e. apoptosis inducing vs. BrdU IC50) within the same oil emulsion treatments are significantly different at p<0.05 
following different letters (uppercase subscript). 
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Table 5.9: Total polyunsaturated fatty acid (ω-3 and ω-6) and ratios content of Caco-2 cell membranes after 48 hours exposure to 
oil emulsions.  

Fatty Acid Variable 
PC fraction PE fraction 

control S SB SF SBF control S SB SF SBF 

  Apoptosis inducing Apoptosis inducing 
  0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 0 mg/ml 8.5 mg/ml 7.5 mg/ml 8.9 mg/ml 6.0 mg/ml 

Total PUFA % 6.71±0.11
a 

11.06±1.55
b

A 14.29±0.92
c
A 15.98±1.21

d
A 17.34±2.88

e 
13.09±0.01

a 
20.17±0.27

b
A 21.12±2.37

b 
27.10±0.35

c 
25.76±1.24

c
A 

 μg 8.29±0.22
a 

11.28±0.51
b

A 10.91±0.35
bc

A 12.26±0.57
c
A 20.94±1.21

d 
12.16±1.03

a 
14.11±0.36

a
A 19.88±1.53

b
A 19.44±0.35

b
A 25.62±1.38

c 

ω-6/ω-3 % 1.60±0.12
a 

3.97±0.01
b

A 4.57±0.06
c
A 3.92±0.02

b
A 4.15±0.03

c
A 2.28±0.01

a 
2.04±0.39

b
A 1.82±0.01

c
A 1.38±0.03

d
A 1.65±0.10

e
A 

 μg 2.29±0.01
a 

3.72±0.02
b

A 4.49±0.22
c
A 4.04±0.44

d
A 4.20±0.01

e
A 1.68±0.03

a 
2.19±0.02

b
A 2.64±0.05

c
A 1.52±0.04

a
A 1.67±0.06

a
A 

 20 4ω-6/ 20 5ω-3 % 1.80±0.10
a 

4.45±0.79
b 

3.72±0.80
bc 

1.85±0.47
a 

2.24±0.62
ac 

2.64±1.08
a 

4.98±0.05
b

A 6.68±0.35
c 

2.61±0.05
a 

3.34±0.27
a 

 μg 1.94±0.01
a 

3.79±1.35
b 

3.72±0.80
b 

1.65±0.49
a 

2.31±0.49
ab 

3.43±0.07
a 

3.89±0.82
a

A 5.90±0.40
b 

2.60±0.05
a 

3.53±0.51
a 

PUFA/SATS % 0.22±0.03
a 

0.40±0.13
b 

0.49±0.05
b

A 0.62±0.06
c
A 0.58±0.16

c 
0.37±0.08

a 
0.71±0.05

b
A 0.53±0.06

c 
1.31±0.13

d
A 0.94±0.14

e
A 

 μg 0.22±0.01
a 

0.54±0.03
b 

0.37±0.07
a

A 0.59±0.24
b

A 0.56±0.06
b 

0.37±0.01
a 

0.36±0.04
a 

0.63±0.09
b 

1.16±0.33
c 

0.77±0.31
d 

Δ6 S/P % 1.41±0.04
a 

3.53±0.48
b

 7.25±1.90
c
A 7.74±2.28

c
A 6.41±2.31

d
A 0.51±0.16

a 
1.83±0.30

b
A 1.01±0.29

c
A 1.67±0.08

b
A 1.55±0.19

b
A 

 μg 1.86±0.04
a 

2.65±0.48
a

A 6.54±2.15
b

A 13.19±4.17
c
A 7.53±1.62

b
A 0.94±0.18

a 
1.26±0.78

a
A 1.77±0.01

b 
1.64±0.06

b
A 1.51±0.20

b
A 

 20 4ω-6 PC/PE % 0.78±0.02
a 

0.26±0.07
b

A 0.27±0.02
b

A 0.26±0.02
b

A 0.26±0.04
b

A      
 μg 0.82±0.02

a 
0.31±0.03

b
A 0.26±0.07

b
A 0.23±0.02

b
A 0.31±0.07

b
A      

  BrdU IC50 BrdU IC50 
  0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.6 mg/ml 0 mg/ml 5.5 mg/ml 5.1 mg/ml 4.8 mg/ml 4.6 mg/ml 

Total PUFA % 6.71±0.11
a 

17.19±1.35
b

B 17.45±1.47
b

B 24.26±0.15
c
B 17.10±2.72

b 
13.09±0.01

a 
15.38±0.09

b
B 18.02±1.06

c 
25.20±0.03

d 
18.23±0.15

c
B 

 μg 8.29±0.22
a 

22.30±0.01
b

B 20.41±0.01
c
B 34.54±0.01

d
B 20.86±0.01

c 
12.16±1.03

a 
20.12±0.01

b
B 15.99±0.02

b
B 42.98±0.03

c
B 25.42±0.01

b 

ω-6/ω-3 % 1.60±0.12
a 

2.66±0.01
b

B 2.65±0.14
b

B 2.58±0.01
b

B 2.34±0.01
c
B 2.28±0.01

a 
3.65±0.01

b
B 3.21±0.08

c
B 2.51±0.01

d
B 3.05±0.01

e
B 

 μg 2.29±0.01
a 

3.200.02
b

B 3.88±0.01
c
B 2.06±0.01

d
B 2.30±0.84

a
B 1.68±0.03

a 
2.98±0.01

b
B 4.30±0.01

c
B 2.28±0.01

d
B 2.43±0.01

e
B 

 20 4ω-6/ 20 5ω-3 % 1.80±0.10
a 

3.61±0.59
b 

3.54±0.69
b 

1.54±0.25
a 

1.65±0.55
a 

2.64±1.08
ac 

6.45±0.89
b

B 6.49±0.34
b 

2.16±0.19
a 

3.38±0.16
c 

 μg 1.94±0.01
a 

3.78±0.13
b 

3.68±0.70
b 

1.44±0.08
a 

1.97±0.02
a 

3.43±0.07
a 

5.64±0.77
b

B 6.36±0.27
b 

2.19±0.18
c 

2.87±0.79
ac 

PUFA/SATS % 0.22±0.03
a 

0.61±0.09
b 

0.60±0.08
b

B 1.06±0.21
c
B 0.61±0.08

b 
0.37±0.08

a 
0.30±0.04

a
B 0.74±0.06

b 
0.68±0.16

b
B 0.30±0.09

a
B 

 μg 0.22±0.01
a 

0.39±0.04
ab 

0.58±0.09
b

B 0.92±0.08
c
B 0.58±0.03

b 
0.37±0.01

a 
0.29±0.06

a 
0.89±0.18

b 
0.81±0.27

b 
0.60±0.14

c 

Δ6 S/P % 1.41±0.04
a 

3.80±0.29
b

 3.56±0.40
b

B 5.39±0.32
c
A 4.00±0.89

d
A 0.51±0.16

a 
3.63±1.06

bc
B 2.95±0.39

b
B 4.36±0.88

c
B 3.33±0.12

bc
B 

 μg 1.86±0.04
a 

4.65±0.05
b

B 3.85±0.31
c
B 5.38±0.32

d
B 4.10±0.87

e
A 0.94±0.18

a 
3.33±1.20

b
B 2.19±0.82

c 
3.90±0.16

b
B 3.07±0.34

b
B 

 20 4ω-6 PC/PE % 0.78±0.02
ab 

1.12±0.22
a

B 0.61±0.04
b

B 0.60±0.06
b

B 0.91±0.63
ab

B      

 μg 0.82±0.02
ac 

0.88±0.12
a

B 0.77±0.07
ab

B 0.55±0.05
b

B 0.61±0.18
bc

B      

Values represent the means  standard deviations (N = 4-5)     h  q  l     v  (%        l          d )   d q         v  (μg        mg        )          d                -2 cell 
membrane phospholipid fractions phosphatidylcholine (PC) and phosphatidylethanolamine (PE). Oil emulsions: S = sunflower oil, SB = sunflower + borage oils, SF = sunflower + fish 
oils and SBF = sunflower + borage + fish oils. PUFA = polyunsaturated fatty acids, PU  /S  S     l           d/        d          d      , Δ6 S/P   d l  -6 substrate/product ratio, 
 20 4ω-6/ 20 5ω-3 = arachidonic acid/eicosapentaenoic acid ratio. Values in a row followed by different letters (superscript) are significantly different at p<0.05. Values in a column 
representing the corresponding fatty acid variable at different concentrations (i.e. apoptosis inducing vs. BrdU IC50) within the same oil emulsion treatments are significantly 
different at p<0.05 following different letters (uppercase subscript).
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 ADDENDUM 4 

 

MSc Thesis reference  

Abrahams, C.H. (2009). The modulating effect of fatty acids on the lipid profile in 

colon epithelial mucosa in vivo. (Master’s thesis). University of the Western Cape, 

South Africa.  

Website: http://etd.uwc.ac.za/xmlui/handle/11394/2802 

Chapter 3 (pg. 77-143) referred to in current study: “Lipid modulation of colon 

mucosa and red blood cell membranes by dietary fat varying in n-6/n-3 fatty acid 

ratios”. 

 

Abstract 

This study investigated the effects of different dietary n-6/n-3 fatty acid (FA) ratios on 

the lipid profile of rat colon mucosa and red blood cell (RBC) membranes. Sunflower, 

fish and borage oils were utilized to vary the diets n-6/n-3 FA ratio. The lipid profiles 

of the colon mucosa and RBC membranes responded differently to the dietary FA 

presumably due to functional and proliferative properties. Fish oil reduced membrane 

phospholipid phosphatidylethanoamine (PE) in the mucosa, while increasing 

phosphatidylcholine (PC) and PE in the RBC membranes. Borage oil significantly 

reduced the PC/PE ratio in the mucosa, while fish oil increased the ratio in both 

membranes. The dietary FA significantly altered the membranes fluidity due to 

modifications to the fluidity lipid parameters including cholesterol/phospholipid ratio, 

PC/PE and polyunsaturated/saturated (P/S) ratios. Differential effects of fish and 

borage oil on the saturated and monounsaturated FA levels suggest that they may 

be involved in regulating cell survival responses. Modulation of the membrane lipid 

profiles by the different FA ratio diets particularly those using fish oil content, showed 

a reduction in the membrane n-6/n-3 ratio due to a higher n-3 long chain (LC) PUFA 

content. Borage oil exhibited a similar effect although to a lesser extent while it also 

increased in the n-6 FA level. Both dietary oils reduced the C20:4n-6/C20:5n-3 ratio 

suggesting a reduced production of the prostaglandin 2- series. The n-6/n-3 

interactions are also reflected by variations in the membrane incorporation of 

LCPUFA, which is orchestrated by a reduced ∆6-desaturase activity as well as 

negative feedback regulation by FA product of the enzyme. The combination of fish 

and borage oil in the diet either counteracted or enhanced the individual effects 
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exerted by the oils. The intake of fish and borage oil was associated with an 

elevation in lipid peroxidation presumably due to an increase in LCPUFA. This study 

suggests that a low n-6/n-3 PUFA ratio diet could potentially be used as a cancer 

therapeutic tool due to its ability to alter prostaglandin synthesis and enhance the 

susceptibility to lipid peroxidation. 
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