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W e i h e n s t e p h a n  

Wirkung verschiedener Difit61e auf die Fettsfiurezusammensetzung und Hfimolyse- 
resistenz von Rattenerythrozyten 

Summary: The present study was carried out to investigate the effect of different dietary oils repre- 
senting special fatty acids which varied in chain length, position and number of double bonds on fatty 
acid composition of erythrocyte membranes and on the osmotic fragility of rat erythrocytes after incuba- 
tion in NaCI solutions of different concentrations. For this purpose all animals were initially fed a 
control diet (CO) containing 10 % coconut oil and 0.4 % safflower oil for 28 days. After that 10 groups 
of 10 animals each were switched to test diets for another 20 days in which 50 % or 100 % of the coconut 
oil was exchanged for one of the following oils: olive oil (OO 5, OO 10), safflower oil (SFO 5, SFO 10), 
evening primrose oil (EPO 5, EPO 10), linseed oil (LO 5, LO 10) or salmon oil (SLO 5, SLO 10). 

The results show that the fatty acid composition of rat erythrocyte membranes was affected by the 
fatty acid composition of the dietary fats. Rats fed OO 10, EPO 10, LO 5 and LO 10 had a slightly lower 
concentration of saturated fatty acids (SFA) in erythrocyte membranes than control rats. Groups fed 
olive oil showed the highest level of monounsaturated fatty acids (MUFA) in the erythrocyte 
membrane. This increase in MUFA at the expense of SFA and (n-6) polyunsaturated fatty acids 
(PUFA) was most pronounced with respect to 18 : 1 and occurred in a dose-dependent fashion. Rats fed 
SFO, EPO or LO had higher linoleic acid levels in the erythrocyte membrane than control rats. This 
increase in 18 : 2 (n-6) was mainly at the expense of 18 : 1 and occurred in a dose-dependent fashion. The 
proportion of 20 : 4 (n-6) did not remarkably change feeding diets with (n-6) PUFA-rich oils. The (n-3) 
PUFA concentration in the erythrocyte membranes considerably increased, whereas (n-6) PUFA 
decreased feeding linseed oil or s~mon oil rich in (n-3) PUFA. Linseed oil and salmon oil caused similar 
changes in the membrane, which were more pronounced in rats fed salmon oil than in rats fed linseed 
oil. 

The osmotic fragility of erythrocytes was also influenced by dietary oil, respectively fatty acid pattern 
of the erythrocytes. In almost all NaC1 solutions erythrocytes from rats fed the dietary oils were less 
resistant to hemolysis than those from control rats. These changes became statistically apparent feeding 
EPO 5, LO 5, LO 10 and SLO 5. 

Zusammenfassung: In der vorliegenden Studie sollte die Wirkung verschiedener Di~it61e auf die Fett- 
s~iurezusammensetzung der Erythrozytenmembranen und die H~imolyseresistenz von Rattenerythro- 
zyten untersucht werden. Die ausgew~ihlten Difit61e zeichneten sieh dutch hohe Gehalte an bestimmten 
Fettsfiuren aus, die sich in Zahl und Stellung ihrer Doppelbindungen unterschieden. Dazu erhielten 
zun~ichst m~innliche Sprague-Dawley Ratten eine Kontrolldifit mit 10 % Kokosfett und 0,4 % Distel61 
tiber 28 Tage. Im AnschluB daran wurde bei 10 Gruppen die Digit umgestellt und 50 bzw. 100 % des 
Kokosfettes durch Oliven61, Distel61, Nachtkerzen61, Lein61 oder Lachs61 ersetzt und weitere 20 Tage 
an die Tiere verabreicht. 

Die Fetts~iurezusammensetzung der Erythrozytenmembranen von Ratten wurde durch den Einsatz 
von Di~itOlen verschiedener Fetts~iurezusammensetzung beeinfluBt. Ratten, die OO 10, EPO 10, LO 5 
und LO 10 erhielten, wiesen geringftigig niedrigere Konzentrationen an ges~ittigten Fetts~iuren (SFA) 
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in der Erythrozytenmembran auf als Kontrollratten. Tiere mit Oliven61di/it zeigten den h6chsten Anteil 
an Monoenfetts~uren (MUFA) in der Erythrozytenmembran. Dabei stiegen die MUFA abh~ingig von 
der eingesetzten Oliven61konzentration vornehmlich auf Kosten der SFA und (n-6) PUFA. Ratten, 
deren Diaten SFO, EPO oder LO enthielten, zeigten eine h6here Konzentration an 18 : 2 (n-6) in der 
Erythrozytenmembran als Kontrotlratten. Dabei verdr/ingte 18 : 2 (n-6), abh~ngig vonder eingesetzten 
Olmenge, die 18 : 1 in der Membran. Die Konzentration der 20 : 4 (n-6) blieb bei Einsatz der (n-6) 
PUFA-reichen Ole nahezu unver/indert. Bei Zulage von (n-3) PUFA-reichem Lein- oder Lachs61 stieg 
die Konzentration der (n-3) PUFA in der Membran betr~ichtlich an, w/ihrend die Konzentration der 
(n-6) PUFA abfiet. Die Fetts/iurezusammensetzung in der Membran ver~inderte sich bei Einsatz yon 
Lein- oder Lachs61 in/ihnlicher Weise, wobei sich der Einflug yon Lachs61 als st~irker erwies. 

Die H/imolyseresistenz der Erythrozyten wurde ebenfalls dutch die Di~it61e, beziehungsweise durch 
das Fettsauremuster der Erythrozyten, beeinflugt. In nahezu allen NaCl-L6sungen war die H/imolyse- 
rate der Erythrozyten yon Ratten, die die Test61e erhielten, h6her als die yon Kontrollratten. Die 
H/imolyseresistenz wurde jedoch nur bei Einsatz von EPO 5, LO 5, LO 10 und SLO 5 statistisch signifi- 
kant ver/indert. 

Key words: Dietary oils - fatty acids - osmotic fragility - erythrocytes - rat 
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Introduction 
The fatty acid composition of erythrocytes can be modified by diet in both animals and 
humans, because the mature erythrocyte lacks the ability to synthetize fatty acids (21, 
23). Mechanical, physical and functional properties of  the erythrocyte membrane are 
largely determined by their fatty acid pattern. Also, membrane proteins, e.g., recep- 
tors, enzymes, and ion channels are highly sensitive to lipid environment (30, 31), more- 
over, membrane parameters such as shape, deformability, permeability, fluidity and 
osmotic fragility can be affected by alterations in fatty acyl groups (5, 14, 23). 

Although compensatory alterations occur to minimize changes in erythrocyte fluidity 
(1), an altered fatty acid composition can modify the morphology of erythrocytes and 
their ability to resist hemolysis (12, 23, 27, 32). 

The present study was carried out to collect data about the changes of  the fatty acid 
composition of erythrocytes in rats fed different dietary oils. This leads also to the ques- 
tion of  how osmotic fragility may be directly altered by the modified fatty acid composi- 
tion of erythrocytes. For  this purpose rats were fed olive oil rich in M U F A ,  safflower oil 
and evening primrose oil rich in (n-6) PUFA,  and linseed oil as well as salmon oil, rich 
in (n-3) PUFA.  This design also allows to examine the effect of y-linolenic acid by 
comparing the effect of safflower oil with that of evening primrose oil. In addition, the 
effects of tx-linolenic acid and long-chain (n-3) P U F A  on fatty acid pattern and osmotic 
fragility of  erythrocytes can be compared by feeding linseed oil and salmon oil. 

Materials and methods 

Animals  and diets 

110 male Sprague-Dawley rats (SAVO GmbH,  Kisslegg, FRG)  weighing 6 6 + 4 g  
(mean_+ SD) were initially fed a semipurified control diet (CO),  containing 10 % 
coconut oil and 0.4 % safflower oil for 28 days, to supply essential fatty acids. After  28 
days 10 groups of 10 animals each were fed one of the 10 semipurified test diets for 20 
days containing 5 % (w/w) or 10 % (w/w) olive oil (OO 5, OO 10), safflower oil (SFO 5, 
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SFO 10), evening pr imrose oil (EPO 5, EPO 10), l inseed oil (LO 5, LO 10) or salmon 
oil (SLO 5, SLO 10) for exchange of coconut  oil. The  control  group was fed the coconut  
oil diet  (CO) for another  20 days. The composit ion of  the diets is given in Table  1 and 
their  fatty acid composi t ion in Table  2. The  different  oils were selected on the basis of 
fatty acid chain length as well as number  and posit ion of double  bonds.  Olive oil (Henry  
Lamot te ,  Bremen,  F R G )  was comprised largely (72 %)  of  oleic acid ( 1 8 : t ) .  Safflower 
oil (Maurel ,  Hanwei ler ,  F R G )  contained 78 % linoleic acid ( 1 8 : 2  n-6) and evening 
pr imrose oil addit ional  9 % y-linolenic acid (18 : 3 n-6); l inseed oil (Wasserfuhr ,  Bonn,  
F R G )  consisted of  56 % ct-linolenic acids (18 : 3 n-3) and salmon oil (Caesar  & Loretz ,  
Hi lden,  F R G )  of 30 % long chain (n-3) polyunsatura ted  acids, namely,  e icosapentae-  
noic acid (20 : 5 n-3), docosapentaenoic  acid (22 : 5 n-3) and docosahexaenoic  acid (22 : 6 
n-3). The last two oils represented  oils rich in (n-3) polyunsatura ted  fatty acids. The 
other  components  of the diet were kept  constant.  

Al l  diets were fortified with r ecommended  amounts  of vitamins and minerals.  The 
diets were stabilized with 0 .01% (of the triglyceride content)  B H T  (butylated hydro- 
xytoluene) as antioxidant.  Oils and base mixtures were s tored at 4 ° C until prepara t ion  
of the diets. Al l  fish oil diets were p repared  weekly to minimize oxidative deter iorat ion.  

The rats were housed in Macrolon cages with 2 rats to a cage in a room mainta ined at 
23 o C with a humidi ty of 60 % and were given free access to food and water.  Al l  animals 
were kept  under  condit ions of control led lighting with al ternative dark (1800-0600 h) 
and light (0600-1800 h) cycles. A t  the end of the exper imental  per iod of 48 d, rats were 
food-depr ived for 12h, anesthesized with diethyl e ther  and killed by decapitat ion.  
Blood was collected from neck into heparinized tubes for de terminat ion  of the fatty acid 
composit ion and osmotic fragility of the erythrocytes.  

Table 1. Ingredients of the fat-modified experimental diets 

Ingredient Amount (%) 
Control diet test diet test diet 

with5 % oil with 10 % oil 

Casein, fat-free 20 20 20 
Corn starch 30.4 30.4 30.4 
Sucrose 30 30 30 
Coconut oil 10 5 - 
Safflower oil 0.4 0.4 0.4 
Test lipid 3) - 5 10 
Fiber(cellulose) 3 3 3 
Vitamin mixture 1~ 2 2 2 
Mineral mixture z~ 4 4 4 
DL-methionine 0.2 0.2 0.2 

1~ Vitamins per kg diet: 5 000 IU all-trans-retinol; 300 IU cholecalciferol; 300 mg all-rac-c~-tocopherol; 
5mg menadione sodium bisulfite; 5mg thiamine. HC1; 10mg riboflavin; 6mg pyridoxine-HCl; 
50mg Ca pantothenate; 20mg nicotinic acid; 1000rag choline chlorid; 0.2mg folic acid; 0.025 mg 
cyanocobalamin; corn starch and sucrose ad 20 g 

2) Minerals per kg diet: NazHPO 4 . 2 H20 8,80 g; KH2PO 4 8.20 g, KCI 6.00 g; MgCI2.6 H20 3.40 g; 
CaCO 3 13.6g; FeSOa.7H20 248,8mg; ZnSO4.7H20 219.9mg; CuSO4.7H20 47.2mg; 
MnSO4 • 5 H20 123.1 mg; KJ 9.0 rag; NiSO4 " 6 H20 4.48 rag; Na2MoO4 - 2 H20 0.50 mg; SnC12 • 2 H20 
0.57 rag; Na2SeO3 • 5 H20 0.67 rag; CrCI3 • 6 H20 0.51 mg; NH4VO30.23 mg; NaeSiO3 • 5 HzO 1.51 mg 

37 Test lipid: coconut oil, olive oil, safflower oil, evening primrose oil, linseed oil, salmon oil, stabilized 
with 0.01% BHT of the oil concentration 
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Table 2. Fatty acid composition of the experimental diets 

Fattyacid CO I) OO OO SFO SFO EPO EPO LO LO SLO SLO 
5 10 5 10 5 10 5 10 5 10 

g/t00g fatty acid methyl esters 
SFA 
6:0 0.8 0.4 _21 
8:0 7.4 3.6 

10:0 5.3 2.6 
12:0 41.6 20.3 
14:0 16.9 8.4 
16:0 9.6 10.8 11.8 
18:0 4.3 3.7 3.0 
20:0 0.1 0.3 0.4 

MUFA 
14:1 - - - 
16:1 - 0.5 1.0 
18:1 8.0 38.8 68,7 

n-6PUFA 
18:2 5.9 9.8 13,5 
18:3 - - - 
20:2 - 0.3 05 
20:4 - - - 

n-3PUFA 
18:3 - 0.7 1.1 
20:5 - - - 
22:5 - - - 
22:6 - - - 

0.3 - 0.4 - 0.4 - 0,5 - 
3.2 - 3.4 3.3 - 5.1 - 
2.5 - 2.6 - 2.6 - 3,5 - 

~.1 - 20.4 - ~.8 - 26.8 0.5 
8.5 - 8.6 - 8,6 - 10.8 6.9 
8.4 7.0 8.2 6.6 7.5 5.4 11.6 17.7 
3.6 2.7 3.0 1,8 3,9 3,5 3~3 2,7 
0.2 0.3 0.2 0.3 0.1 - - 

. . . . .  0,2 0.5 
- 0.1 . . . .  4.5 8.8 

11.0 12.9 9.8 11.7 13.6 19.1 11.6 20.0 

41.8 76.3 38.8 70.6 11.9 17.8 5.4 7.3 
- - 4.3 8.4 0.1 0.2 0,1 0.2 

. . . .  1.8 3.7 

0.4 0.7 0.4 0.6 27.1 54.0 3.6 6.7 
. . . . .  6,0 135 
. . . . .  1,5 3.1 

. . . .  3,9 8.6 

1) Abbreviations used for the diets: CO: diet containing 10 % coconut oil; OO 5: diet containing 5 % 
olive oil; OO 10: diet containing 10 % olive oil; SFO 5: diet containing 5 % safflower oil; SFO 10: diet 
containing 10 % safflower oil; EPO 5: diet containing 5 % evening primrose oil; EPO 10: diet 
containing 10 % evening primrose oil; LO 5: diet containing 5 % linseed oil; LO 10: diet containing 
10 % linseed oil; SLO 5: diet containing 5 % salmon oil; SLO 10: diet containing I0 % salmon oil 

~ - fatty acid not detectable 

Analy t ica l  me thods  

E r y t h r o c y t e  m e m b r a n e s  w e r e  p r e p a r e d  by the  m e t h o d  of  H a n a h a n  and  E k h o l m  (8). 

E r y t h r o c y t e s  w e r e  w a s h e d  t h r e e  t imes  wi th  i so tonic  sal ine and  h e m o l y z e d  by add ing  

dis t i l led wa te r .  T h e  e r y t h r o c y t e  m e m b r a n e s  w e r e  w a s h e d  t h r e e  t imes  wi th  Tris  bu f f e r  

(ph  7.6). E r y t h r o c y t e  m e m b r a n e  l ipids w e r e  e x t r a c t e d  4 h wi th  i s o p r o p a n o l  accord ing  to  

t he  m e t h o d  of  E d e r  e t  al. (4). F o r  tha t  40 ml  i s o p r o p a n o l  (with  10 ml/l B H T  as ant ioxi-  

dan t )  w e r e  a d d e d  to  1 g m e m b r a n e s .  A f t e r  4 h the  lipid ex t rac t s  w e r e  f i l t e red  and  the  

l ipids w e r e  d r i ed  by  e v a p o r a t i n g  the  so lvent .  Fa t ty  acids o f  l ipids w e r e  c o n v e r t e d  to 
me thy l  e s t e r s  by  t r anses t e r i f i ca t ion  wi th  b o r o n  t r i f luor ide  in m e t h a n o l  as d e s c r i b e d  by 

M o r r i s o n  and  Smi th  (17). Fa t ty  acid me thy l  es te rs  w e r e  s e p a r a t e d  and  quan t i f i ed  using 

a capi l lary c o l u m n  gas c h r o m a t o g r a p h i c  sys t em ( S I C H R O M A T  2-8 ,  S i emen s ,  Kar ls -  
ruhe ,  F R G )  f i t ted  wi th  a p r o g r a m m e d  t e m p e r a t u r e  vapo r i ze r  (PT V ) ,  a CP-Si l  88 

W C O T  fused  silica c o l u m n  ( 5 0 m  • 0.25 m m  I . D . ,  f i lm th ickness  0.2 ~tm, C h r o m p a c k ,  
M i d d l e b u r g ,  T h e  N e t h e r l a n d s ) ,  a f l ame  ion iza t ion  d e t e c t o r  ( F I D )  and  an i n t eg ra to r  
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(D-2500, Merck-Hitachi, Darmstadt ,  FRG) .  Conditions of chromatographic separation 
were as described by Eder  et al. (3). Fatty acid methyl esters were identified by compa- 
rison with individual purified standards and quantified using heptadecanoic acid methyl 
ester as internal  standard. 

Osmotic fragility of erythrocytes was determined according to the method of O'Del l  
et al. (20). For every assay 25 gl blood were added to 2.5 ml of 0.00 %, 0.30 %, 0.32 %. 
0 .34%,  0 .36%,  0 .38%,  0 .40%,  0 .42%,  0 .44%,  0 .46%,  0 .48% and 0.85% sodium 
chloride solutions (in 5 mM phosphate buffer, pH7.4) .  The release of hemoglobin was 
used to assess fragility of erythrocytes. The suspensions were incubated at room 
temperature for 15 min, centrifugated at 500 g for 10 rain. Absorbance of the supernates 
was measured at 540 nm. Degree of hemolysis in a 0.0 % NaC1 solution was defined 
100%, degree of hemolysis in a 0.85 % NaC1 solution was defined 0 % .  

Statistical analysis 

All data presented are mean values _+ SD. The effect of dietary fat supplements was 
analyzed by a two-way analysis of variance (ANOVA).  Comparisons between mean 
values were made using the Student-Newman-Keul 's  test (11). Statistically different 
means (p < 0.05) are marked with different superscript letters. 

Results 

Food intake and weight gain 
All groups showed normal growth. The daily mean food intake within the first 28 days 
was 17 + 2g and the total body-weight gain was 224 _ 19 g. From d 29 until  48 control 
rats fed CO diet had the highest daily food intake (Table 3). Rats fed EPO 10 or SLO 10 
had a significantly lower food intake than control rats, which is perhaps caused by off- 

Table 3. Daily food intake (g) and body weight gain (g) from rats fed diets containing 5 % and 10 % 
different oils from day 29 until 48t), 2) 

Para- Amount of CO 3) dO SFO EPO LO SLO 
meter testoil 

in the diet 

Food 
intake 4) 5% - 22.0-+ 1.0 abc 23.6 + 1.0 bc 22.8 + 2.8 ~bc 21.2- 2.2 abe 21.8 + 1.1 abe 

10% 24.2 +- 1.0 c 22.1 + 1.9 "be 22.1 +-- 1.4 ~b~ 20.1 + 1.2 a 21.2-+ t.8 abe 20.6 + 1.5 ab 

Body 
weight 5) 5 % - 
gain 10 % 119.5 + 8.6 bc 

112.0 + 15.8 abe 124.6 + 10.3 c 125.3_+ 20.7 ¢ 
113.4 + 13.6 abe 119.9 + 11.5 bc 98.5 + 12.5 ~ 

108.3 _+ 15.8 abe 119.6 + 11.1 be 
115.2 + 16.9 ab: 102.7 +_ 18.4 ab 

~) Data are means _+ SD; n = 10 for all groups 
2) Means were compared by Student-Newman-Keuls test; means not sharing the same superscript letter 

differ significantly (p < 0.05) 
3) Abbreviations used for the diets: CO, coconut oil diet; OO, olive oil diet; SFO, safflower oil diet; 

EPO, evening primrose oil diet; LO, linseed oil diet; SLO, salmon oil diet 
Significance of factors: 

4) Type of dietary oil: N.S., amount of test oil: p <0.05 
5) Type of dietary oil: N.S., amount of test oil: p < 0.01 

N.S. = not significant 
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Table 4, Proport ions of saturated fatty acids in the  erythrocyte membranes  (%,  by weight) of rats 
receiving diets with different oils1) , 2) 

Fatty A m o u n t o f  C O 3) O O  SFO EPO LO SLO 
acid test  oil 

in the diet 

g/100 g fatty acid methyl esters 
SFA 
12:08) 5 % - < 0,P < 0,1 ~ < 0,1 ~ < 0.1 a < 0,1 a 

10% 0.3 +0,1 b <0.1 a <0A a < 0 , P  <0.1 a <0.1 a 

14:05) 5% - 1.1-+0A d 0.8+-0.3 b~ 1.0+-0.2 ~d 0.6-+0.2 ~b 0.8-+0A ~ 
10% 1.8+0.6 e 0,5 +0.1 a 0.5 +0.1 a 0.5-+0.1 a 0.4+0.1 a 0.6+0.1 ab 

16:06) 5 % - 28.3 + 0.7 ab 28.1 +- 0.8 ~b 28.9 -+ 0.8 ab 28.6 -+ 1,7 a b  32.2 -+ 1.4 c 
10 % 27.5 -+ 1.0 ab 28.1 +- 0.9 ab 29.3 -+ 1.7 b 28.6 +- 1.6 ab 27.2 + 0.9 a 33,0 +- 2.6 c 

18:07) 5 % - 14.1 + 0.7 ~ 14.9 -+ 1.0 d~ 14.3 + 0.6 cd 13.2 + 0.6 bc 10.6 + 0.9 a 
10 % 14.8 + 0.6 d~ 13.0 + 1.2 b 15.5 + 0.8 ~ 13.4 +_ 1.3 b~ 13.4 +- 0.8 ~ 11.3 +- 1.0 a 

22:08) 5 % - 0,6 + 0.1 ~ 0.4 - -  0.1 ab 0.7 --+ 0.2 c° 0.4 +-- 0,2 abe 0.7 + 0.3 ca 
10% 0,9 +0,3 de 0 ,6+0 ,F  d 0.3+-0,0 a 0,4-+0,2 nb 1,0-+ 0.4 e 0,3 +0.1 a 

24:09) 5 % - 1.4 + 0.3 a 2.1 + 0.4 e 1.8 -+ 0,3 abe 2,1 + 0.4 bc 2,2 + 0.5 c 
I0 % 1,9 + 0,2 ~ 1.4 +_ 0,2 a 1,7 + 0.3 ab 2.2 +- 0,4 bc 2.8 -+ 0.60 1,9 + 0,4 bc 

TotaP °) 5% - 45.5 + 1.0 ~ 46.2-+ 1.1 b~° 46.7-+ 0.7 ca 45.0+2,2 abc 46,6 + 1A ce 
10 % 47.1 _+ 0.70 43.6 + 1,3 a 47.2 + 1.5 a 45.0 _+ 1.2 abe 44.7 +_ 1.0 ~b 47.1 + 2.20 

1) Data  are means  --2- SD; n = 10 for all groups 
2) Means  were compared  by Student -Newman-Keuls  test;  means  not  sharing the same superscript letter 

differ significantly (p < 0.05) 
3) Abbreviat ions used for the diets: CO: diet containing 10 % coconut oil; OO 5: diet containing 5 % 

olive oil; O O  10: diet containing 10 % olive oil; SFO 5: diet containing 5 % safflower oil; SFO 10: 
diet containing 10 % safflower oil; E P O 5: diet containing 5 % evening primrose oil; EPO 10: diet 
containing 10 % evening primrose oil; L O  5: diet containing 5 % linseed oil; LO  10: diet containing 
10 % linseed oil; SLO 5: diet containing 5 % sa lmon oil; SLO t0: diet containing 10 % salmon oil 
Significance of factors: 

4) Type of dietary oil: p < 0.01, amount  of  test oil: p < 0.01 
5) Type  of dietary oil: p < 0 .0t ,  amoun t  of  test  oil: p < 0:01 
6) Type of dietary oil: p < 0,01, amoun t  of test oil: N,S. 
7) Type of dietary oil: p <0 .01 ,  amoun t  of test oil: N.S. 
s) Type  of dietary oil: p < 0.01, amoun t  of  test oil: N.S. 
9) Type of dietary oil: p < 0.01, amount  of  test oil: N.S. 

10) Type of dietary oil: p < 0.01, amoun t  of  test oil: N.S. 
N.S. = not  significant 

f l a v o r i n g  c o m p o n e n t s  in  t h e  d i e t a r y  o i l s .  T h e  l o w e r  f o o d  i n t a k e  c o n s e q u e n t l y  r e s u l t e d  in  

r e d u c e d  b o d y - w e i g h t  g a i n s  c o m p a r e d  t o  C O  g r o u p ,  b u t  r e a c h e d  o n l y  s i g n i f i c a n c e  in  r a t s  

f e d  E P O  10 d i e t .  

Fatty acid composition o f  erythrocyte membranes 

T h e  l i p i d s  o f  t h e  r a t  e r y t h r o c y t e  m e m b r a n e  w e r e  r e m a r k a b l e  f o r  i t s  h i g h  l e v e l s  o f  

p a l m i t i c  a c i d  (16  : 0 ) ,  s t e a r i c  a c i d  (18  : 0 ) ,  o l e i c  a c i d  (18  : 1) a n d  a r a c h i d o n i c  a c id  (20  : 4 

n - 6 ) .  T h e  e r y t h r o c y t e  m e m b r a n e  s h o w e d  o n l y  s m a l l  c o n c e n t r a t i o n s  o f  12 : 0 a n d  14 : 0 ,  

e v e n  i n  r a t s  f e d  c o c o n u t  o i l ,  w h i c h  c o n t a i n e d  a l o t  o f  t h e s e  f a t t y  a c i d s .  E r y t h r o c y t e  

m e m b r a n e s  f r o m  r a t s  h a d  S F A  c o n c e n t r a t i o n s  b e t w e e n  43 % a n d  47  % ( T a b l e  4) .  R a t s  
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Table 5. Proportions of monounsaturated fatty acids in the erythrocyte membranes (%, by weight) of 
rats receiving diets with different oils 1), 2) 

Fatty Amount of CO 3) OO SFO EPO LO SLO 
acid test oil 

in the diet 

g/100 g fatty acid methyl esters 
MUFA 
14:141 5% - 0.3_+0.P 0.8_+0.26 0.4+0.P 1.1+0.3 c 0.4-+0.0 ~ 

10% 0.7-+0.2 b 0.3 + 0.P 0.8-+0.3 b 1.1 -+0.2 c 0,8_+ 0,3 b 0.4_+ 0.P 

16:151 5% - 1,0±0.2 b 0.7 ± O.P 0.7 ± 0.1 a 1.0+ 0.2 b 1.5±0.2 ~ 
10% 1.0___0.26 0.7-+0.1 a 0.6 + 0,P 0.7+0.1 a 0.8+0.2 ~ 1.5-+0.2 c 

18:16) 5% - 17.9 ± 1.6 e 12.8-+1.4 a 12.9+1.2 ~ 15.0+1.1 bc 16.3-+1.8 cd 
10% 14,4-+1.2 b 19.8 + 1.6 ~ 11.5+ 1,P 12.9 + 1.1 ~ 15.2+0.6 bc 16.8-+1.1 de 

24:t 7t 5% - 2.1-+0.3 d 0.9-+ 0 .1"  3.0+0.3 * 1.1+-0.2 ab 1.7-+0.2 ~ 
10% 1,7± 0.2 ~ 2.1-+0.3 a t .4± 0,2 b 1.t +0.2 ~b 1.3+0.2 b 1.9+-0.4 ~d 

Total s) 5 % - 21.3 +_ 1.6 f 15.2 + 1.6 ab 17.0 _+ 1.3 ~d 18.2 _+ 1.2 d 19.8 _+ 1.8 e 
10% 17.9-+1.2 a 22.9_+ 1.6g 14.3 + 1.1 a 15.8+1.4 bc 18.1_+0.8 d 20,5+1.3 ~ 

1) Data are means + SD; n = 10 for all groups 
z) Means were compared by Student-Newman-Keuls test; means not sharing the same superscript letter 

differ significantly (p < 0.05) 
3) Abbreviations used for the diets: CO: diet containing 10 % coconut oil; OO 5: diet containing 5 % 

olive oil; OO 10: diet containing 10 % olive oil; SFO 5: diet containing 5 % safflower oil; SFO 10: diet 
containing 10% safflower oil; EPO 5: diet containing 5 % evening primrose oil; EPO 10: diet 
containing 10 % evening primrose oil; LO 5: diet containing 5 % linseed oil; LO 10: diet containing 
t0 % linseed oil; SLO 5: diet containing 5 % salmon oil; SLO 10: diet containing 10 % salmon oil 
Significance of factors: 

4) Type of dietary oil: p < 0.01, amount of test oil: p < 0.05 
5) Type of dietary oil: p < 0.01, amount of test oil: < 0.01 
6) Type of dietary oil: p < 0.01, amount of test oil: N.S. 
7) Type of dietary oil: p < 0.01, amount of test oil: p < 0.01 
s) Type of dietary oil: p < 0.01, amount of test oil: N.S. 

N.S. = not significant 

fed  O O  10, E P O  10, L O  5 a n d  L O  10 h a d  lower  e r y t h r o c y t e  S F A  levels  t h a n  C O - f e d  
c o n t r o l  rats .  G r o u p s  f ed  ol ive  oil  s h o w e d  t h e  h i g h e s t  leve l  o f  M U F A  in t h e  e r y t h r o c y t e  
m e m b r a n e  ( T a b l e  5).  Th i s  i nc r ea se  in  M U F A  at  t h e  e x p e n s e  of  S F A  a n d  (n-6)  P U F A  
was m o s t  p r o n o u n c e d  w i th  r e spec t  to  o le ic  acid (18 : 1) a n d  o c c u r r e d  in  a d o s e - d e p e n d -  
en t  f a sh ion .  T h e  c o n c e n t r a t i o n s  of  (n-6)  a n d  (n-3)  P U F A  in e r y t h r o c y t e  m e m b r a n e s  
e n o r m o u s l y  d i f f e red  f eed ing  t he  va r ious  tes t  d ie ts  ( T a b l e  6 a n d  7). R a t s  f ed  d ie t s  wi th  
S F O ,  E P O  or  L O  h a d  h i g h e r  18 : 2 (n-6)  levels  in t h e  e r y t h r o c y t e  m e m b r a n e  t h a n  C O -  
fed  ra ts .  In  t he  case  o f  S F O  a n d  E P O  this  i nc r ea se  in 18 : 2 (n-6)  was  d o s e - d e p e n d e n t .  
Th i s  i nc r ea se  in 18 : 2 (n-6)  was  m a i n l y  a t  t he  e x p e n s e  o f  18 : 1. T h e  p r o p o r t i o n  of  20 : 4 

(n-6)  d id  n o t  r e m a r k a b l y  c h a n g e  f eed ing  d ie t s  w i th  (n-6)  P U F A - r i c h  oils. T h e r e  was  n o t  
any  c o n s i s t e n t  d i f f e r ence  in fa t ty  acid c o m p o s i t i o n  of  e r y t h r o c y t e  m e m b r a n e s  of  ra t s  f ed  
S F O  or  E P O .  

T h e  p e r c e n t a g e s  o f  20 : 5 (n-3)  a n d  18 : 3 (n-3)  in the  e r y t h r o c y t e  m e m b r a n e s  w e r e  a t  
ve ry  low levels  o r  no t  d e t e c t e d  at  all u s ing  d ie t s  w i t h o u t  a d d e d  l i n seed  oil  o r  s a l m o n  oil.  
T h e  (n-3)  P U F A  c o n c e n t r a t i o n  in t h e  e r y t h r o c y t e  m e m b r a n e  i n c r e a s e d ,  w h e r e a s  (n-6)  
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Table 6. Proportions of (n-6) polyunsaturated fatty acids in the erythrocyte membranes (%,  by weight) 
of  rats receiving diets with different oils~) , 2) 

Fatty Amount  of CO 3) OO SFO EPO LO SLO 
acid test oil 

in the diet 

g/100 g fatty acid methyl esters 
n-6 PUFA 
18:24) 5 % - 5,7 + 0,3 b 8,6 + 1.0 de 7.8 _+ 0.3 c 8,0 _+ 0.7 ~ 5.3 + 0.5 b 

10 % 5.7 4- 0.3 b 5,6 + 0.6 b 9.8 -+ 0.5 f 8.8 --+ 0,8 e 8.4 + 0,9 ed~ 4,3 + 0.6 a 

18:35) 5 % - 0,2 + 0.1 ab 0.2 + 0.0 ~ 0.3 -+ 0,F 0,3 + 0,1 c 0,3 + OA t* 
10% 0.2 + 0.l ab 0.2-+0.0 a 0.3-+0.1 bc 0.2+0,1 ab 0.3+0.1 c 0.2+0.1 ab 

18:46) 5 % - 0.7 + 0.P b 1,3 -+ 0.2 d 0,7 + 0.1 ab 0,9 + 0,3 bc 0,7 + 0.2 ~ 
10% 1.7+-0,2 ¢ 0.6+-0.1 a 1.1-+0.3 ~ 0.9+-0.2 b: 0.7+0,1 ab 0.7+0.2 ~ 

20:47) 5 % - 22,2 + 1A d 22.5 4- 1,3 d 24.3 + 1.2 e 16.3 4- 0,9 c 13.5 + 0.9" 
10% 23.0 + 1,4 '~ 22,2 + 1,0 d 23,0+-1.6 de 23.3+-1,4 e~ 14,7+-0,8 b 13A+- 1,4 a 

22:481 5 % - 2.6 4- 0.5 de 4.0 -+ 0.6g 1.9 4- 0.2 bc 2.0 4- 0,5 be 1,5 + 0.3 ab 
10 % 2.7 _+ 0,5 ~ 3,1 _+ 0.5 e~ 3.3 +_ 0.4 f 4,7 _+ 1.0 h 2.2 4- 0,4 ~a 1,3 + 0,4 ~ 

Total 9~ 5 % - 31,4 + 1.1* 36.6 4- 1.3 h 35.0 + 1.1g 27.6 4- 1.2 d 21,2 + 1.1 b 
10 % 33.3 _+ 1.2 f 3t.6 4-1.6* 37.4 +_ 1.4 h 37.9 _+ t.8 h 26.3 _+ t.6 c 195 4-1.7 a 

1) Data are means _+ SD; n = 10 for all groups 
2) Means were compared by Student-Newman-Keuls test; means not sharing the same superscript letter 

differ significantly (p < 0.05) 
3) Abbreviations used for the diets: CO: diet containing 10 % coconut oil; OO 5: diet containing 5 % 

olive oil; OO 10: diet containing 10 % olive oil; SFO 5: diet containing 5 % safflower oil; SFO 10: diet 
containing 10% safflower oil; EPO 5: diet containing 5 % evening primrose oil; EPO 10: diet 
containing 10 % evening primrose oil; LO 5: diet containing 5 % linseed oil; LO 10: diet containing 
10 % linseed oil; SLO 5: diet containing 5 % salmon oil; SLO 10: diet containing 10 % salmon oil 
Significance of factors: 

4) Type of dietary oil: p < 0.01, amount of test oil: p < 0.05 
5) Type of  dietary oil: N.S.,  amount of test oil: p < 0.01 
6) Type of dietary oil: p < 0.01, amount of test oil: p < 0.05 
7) Type of dietary oil: p < 0.01, amount of test oil: p < 0.05 
8) Type of  dietary oil: p < 0.01, amount of  test oil: p < 0.01 
9) Type of dietary oil: p < 0,01, amount of test oil: N,S. 

N.S. = not significant 

P U F A  d e c r e a s e d  f e e d i n g  l i n s e e d  oi l  o r  s a l m o n  oil  r i ch  in  (n -3 )  P U F A .  T h e s e  i n c r e a s e s  

in 20 : 5 ( n -3 ) ,  22 : 5 (n -3 )  a n d  22 : 6 (n -3 )  w e r e  e n t i r e l y  a t  t h e  e x p e n s e  o f  20 : 4 (n -6 )  a n d  

22 : 4 (n -6 ) .  C o n c e n t r a t i o n s  o f  18 : 3 ( n - 3 )  a n d  20 : 5 (n -3 )  in  t h e  e r y t h r o c y t e  m e m b r a n e  

w e r e  h i g h e r  a n d  20:4  (n -6 )  C o n c e n t r a t i o n  w a s  l o w e r  in  m e m b r a n e s  o f  r a t s  f e d  10 % 

l i n s e e d  oi l  t h a n  in  r a t s  f e d  5 % l i n s e e d  oi l  w h e r e a s  5 % s a l m o n  oil  in  t h e  d i e t  p r o d u c e d  
a l r e a d y  a m a x i m a l  fa l l  in  20 : 4 (n -6 )  in  t h e  m e m b r a n e .  L i n s e e d  oil  a n d  s a l m o n  oi l  c a u s e d  

s i m i l a r  c h a n g e s  in  t h e  m e m b r a n e ,  w h i c h  w e r e  m o r e  p r o n o u n c e d  in  r a t s  f e d  s a l m o n  oil  

t h a n  in  r a t s  f e d  l i n s e e d  oi l ,  
T h e  o s m o t i c  f r ag i l i t y  o f  e r y t h r o c y t e s  w a s  a l so  i n f l u e n c e d  b y  d i e t a r y  oi ls .  T a b l e  8 

s h o w s  t h e  r a t e  o f  h e m o l y z e d  e r y t h r o c y t e s  w i t h  a p p l i c a t i o n  o f  t h e  d i f f e r e n t  d i e t s .  E r y -  

t h r o c y t e s  f r o m  r a t s  f e d  o l i v e  oi l  o r  s a f f l o w e r  o i l  d i e t  w e r e  s t a t i s t i ca l ly  a s  r e s i s t a n t  t o  
h e m o l y s i s  as  f r o m  a n i m a l s  o n  c o c o n u t  oil  d i e t .  I n  t h e  r a n g e  b e t w e e n  0 .42  % till 0 .48  % 
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Table 7. Proportions of (n-3) polyunsaturated fatty acids in the erythrocyte membranes (%, by weight) 
of rats receiving diets with different oils/) , 2) 

Fatty Amountof CO 3) OO SFO EPO LO SLO 
acid test oil 

in the diet 

g/100 g fatty acid methyl esters 
n-3 PUFA 
18:34) 5% - <0.1 a <0.1 a <0.1 ~ 1.1 + 0.30 0.7_+ 0.2 b 

10% <0.1 a <0.1 a <0.1 a <0.1 a 1.7+_0.4 e 0.9_+0.3 c 

20:55~ 5% - <0.P <0.P <0.1 a 3.1 +0.9 b 5.5_+ 0.6 a 
10% <0.P <0.P <0.1 a <0.P 4.3-+0.9 ~ 6.5+1.1 ~ 

22:56) 5% - 0.5 -+ 0.P 0.5_+0.3 ~ 0.5-+0.P 2.9_+0.6 c 3.1_+0.6 c 
10% 0.5_+0.2 ~ 0.6_+ 0.P 0,3 + 0.2 a 0,4_+0.P 2,9+0.3 ~ 2.5_+0.5 b 

22:67 ) 5% _ 1.3 + 0.3be 1.5+0.5 c 0.9_+0.2 ab 2.1+0.6 d 3.1 +_+_ 0.5 e 
10% 1.2+0.2 b~ 1.4-+0.3 ¢ 0 .8-+0.1"  0.9-+0.1 ab 1.9+_0.4 d 3.1+0.5 ~ 

Total 8) 5 % - 1.8 -+ 0.3 ~ 2.0 _+ 0.6 ~ 1.4 + 0.3 a 9.2 _+ 1.6 b 12.4 + 1.3 a 
10% 1.7+0.3 ~ 2.0_+0.4 ~ 1.1+0.2 a 1.2_+0.2 a 10.9+0,6 ~ 12.9_+1.2 e 

1) Data are means + SD; n = 10 for all groups 
2) Means were compared by Student-Newman-Keuls test; means not sharing the same superscript letter 

differ significantly (p < 0.05) 
3) Abbreviations used for the diets: CO: diet containing 10 % coconut oil; OO 5: diet containing 5 % 

olive oil; OO 10: diet containing 10 % olive oil; SFO 5: diet containing 5 % safflower oil; SFO 10: diet 
containing 10% safflower oil; EPO 5: diet containing 5% evening primrose oil; EPO 10: diet 
containing 10 % evening primrose oil; LO 5: diet containing 5 % linseed oil; LO 10: diet containing 
10 % linseed oil; SLO 5: diet containing 5 % salmon oil; SLO 10: diet containing 10 % salmon oil 
Significance of factors: 

4) Type of dietary oil: p < 0.01, amount of test oil: p < 0.01 
5) Type of dietary oil: p < 0.01, amount of test oil: p < 0.01 
6) Type of dietary oil: p < 0.01, amount of test oil: p < 0.05 
v~ Type of dietary oil: p < 0.0t, amount of test oil: p < 0.05 
s~ Type of dietary oil: p < 0.01, amount of test oil: N.S. 

N.S. = not significant 

NaC1 solut ion e ry th rocy te s  f r o m  rats  fed  E P O  5, L O  5, and  L O  10 had  a statist ically 

h igher  ra te  o f  hemolys i s  t han  e r y t h r o c y t e s  f rom con t ro l  rats .  E r y t h r o c y t e s  f rom rats on  

S L O  5 d ie t  w e r e  stat is t ical ly less res i s tan t  to  hemolys i s  in NaC1 so lu t ions  of  0.36 % ,  

0.38 % ,  and  0,48 % .  Us ing  E P O  10 or  S L O  10 d ie t  changes  in o s mo t i c  fragil i ty o f  ery-  
t h rocy t e s  b e c a m e  no t  statist ically a p p a r e n t  c o m p a r e d  to  e ry th rocy t e s  f r o m  cont ro l  rats .  
In a lmos t  all NaC1 so lu t ions  e r y t h r o c y t e s  f r o m  rats fed  the  d ie ta ry  tes t  oils w e r e  slightly 

less res i s t an t  to  hemolys i s  than  those  f r o m  cont ro l  rats.  

Discussion 
F r o m  the  e x p e r i m e n t  d e s c r i b e d  a b o v e  it is qu i t e  ev iden t  tha t  the  fa t ty  acid c o m p o s i t i o n  
of  t he  e ry th rocy t e  m e m b r a n e  l ipids can be a l t e red  by  d ie ta ry  fa t ty  acids wi th in  20 days.  
T h e  re la t ive  a m o u n t  of  S F A  in e ry th rocy t e  m e m b r a n e s  was  only  sl ightly a f fec ted  by  

d ie t ,  w h e r e a s  the  re la t ive  a m o u n t  of  M U F A ,  (n-6) and  (n-3) P U F A  m a r k e d l y  c h a n g e d  
with the  diet .  T h e r e  was a c lear  r e la t ionsh ip  especia l ly  b e t w e e n  the  c o n c e n t r a t i o n  of  
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T a b l e  8. R a t e  of  h e m o l y z e d  e ry th rocy te s  f rom ra ts  rece iv ing  die ts  wi th  d i f fe ren t  oils~l • ~) 

NaC1 A m o u n t  of  C O  3) O O  SFO E P O  L O  S L O  

solu-  t es t  oil  

t ion  i n t h e d i e t  

% 

0.30 %4) 5 % 95 _+ 14 ab 90 + 17 ab 72 _+ 16 a 84 +_ 16 ab 85 _+ 14 ab 

10 % 79 -+ 15 ab 85 +- D ab 100 ± t8 b 102 -+ 15 b 87 -+ 16 ab 82 -+ 17 ab 

0.320/05) 5% - 82-+21 71-+20 6 2 + 1 7  7 9 + 2 0  76-+10 

10% 66_+17 67_+19 85_.+20 89_+21 76-+17 7 1 + 2 2  

0.34 %6) 5 % - 6t +- 13 bcd 48 +- 15 ab 52 -+ I9 abc 55 -+ 16 "bed 68 -+ 19 d 

10 % 53 -+ 18 abexl 44 _+ 20 ~ 66 -+ 22 cd 68 -4- 22 d 66 _+ 8 at 45 + 15 ab 

0.36 %7) 5 % - 33 -+ 11 abe 24 -+ 9 ~b 30 -+ 17 ~bc 37 + 12 abe 47 -+ 16 c 

10 % 23 ± 9 ab 19 4 7 a 38 --. 18 be 42 -+ 17 u¢ 34 -+ 6 abe 30 -+ 17 abe 

0.38% 8) 5% - 17+-7 a~ 7,8-+ 1,0 a 1 4 ± 3  ab 18-+9 ab 25-+8 b 

10 % 10 -+ 3 a 8.9 -+ 2.9 a 18 -+ 10 "b 20 -+ 8 "b 16 -+ 6 ab 16 -+ 12 ab 

0.40% 9) 5% - 7.0_+25 4.1_+2.8 7.2_+ 2,0 8.4_+4,5 8.9_+3,0 

10% 5.3_+2.8 3.7_+2,5 8.0_+5.3 6.7_+3.3 7.1--3.4 8.5_+9,7 

0.42% m) 5 %  - 2.4+-0.8 ~ 1.9+-1.7 ~ 5 .5+2 .6  b~ 5.8-+ 4.2 ~ 4.1_+ 1.9 ab~ 

10% 1.4-+1.0 a 1.7-+0.7 a 2.3_+ 1A ~ 3.1 +_ 1,5 ~b 5.1-+2.4 ~ 1.9+-2.4 ~ 

0.44% H) 5% - 1.2-+ 1.P bc 1.3-+0.9 ab~ 2.9-+2.0 ~d 4 .1+2 .5  ~ 1 .5+1.1  ab~ 

10 % 0.5 _+ 1,5" 0.6 _+ 1.7 ab 0.5 -+ 0,9 ab 0.9 -+ 1.4 abe 2.7 -+ 1.6 bcd 1.5 -+ 1.4 abe 

0.46 % 12) 5 % - 0.2 ± 1.0" 0.3 _+ 1.9 ~ 2.1 +_ 1.4 ~ 1.9 +_ t.4 ~ 0.6 _+ 1.l a 

10% 4).3-+0.8 ~ 0.0-+0.8 ~ 0.0+-0.9 ~ 0.5+-1.2 ~ 2.3-+1.6 ~ 0.3_+ 1,2 ~b 

0,48% 13) 5% - 0.1-+1.6 "b~ 0.3-+0,8 abc 1.7-+1.3 ~ 1.2-+0,9 bc 0.8 -+ 0.9 be 

10 % -1.1 +- 2,2 ~ 4).3 _+ 1.2 ab 0,3 _+ 1.3 abc 0.1 _+ 1.4 abe 1.4 _+ 0,6 ~ 0.5 _+ 1.0 "b~ 

1) D a t a  are  m e a n s  + SD;  n = 10 for all  g roups  

2) M e a n s  were  c o m p a r e d  by S t u d e n t - N e w m a n - K e u l s  test ;  m e a n s  not  sha r ing  the  same  supersc r ip t  

l e t t e r  differ  s ignif icant ly  (p < 0.05) 

3) A b b r e v i a t i o n s  u s e d  for  the  diets:  CO:  d ie t  con ta in ing  10 % coconu t  oil;  O O  5: d ie t  con t a in ing  5 % 

o l ive  oil;  O O  10: d ie t  con t a in ing  10 % o l ive  oil ;  SFO 5: d ie t  con ta in ing  5 % saf f lower  oil ;  S F O  10: 

d ie t  con ta in ing  10 % saf f lower  oil; E P O  5: d ie t  con ta in ing  5 % even ing  p r i m r o s e  oil;  E P O  10: d ie t  

con ta in ing  10 % even ing  p r i m r o s e  oil;  L O  5: d ie t  con ta in ing  5 % l inseed  oil;  L O  10: d ie t  con ta in ing  

10 % l inseed  oil ;  SLO 5: d ie t  con t a in ing  5 % sa lmon  oil; S L O  10: diet  con ta in ing  10 % sa lmon  oil  

S igni f icance  of  factors :  

4) T y p e  of  d i e t a ry  oil:  N .S . ,  a m o u n t  of  tes t  oil:  N.S.  

s) T y p e  of d i e t a ry  oil: N.S . ,  a m o u n t  of tes t  oil: N.S.  

6) T y p e  of d ie ta ry  oil: N.S . ,  a m o u n t  of tes t  oil: N.S.  

7) Type  of d i e t a ry  oil:  p < 0.05, a m o u n t  of t e s t  oil: N.S.  

8) T y p e  of  d i e t a ry  oil:  p < 0.05, a m o u n t  of  t e s t  oil:  N.S.  

91 T y p e  of  d i e t a ry  oil:  N.S. ,  a m o u n t  of  tes t  oil:  N.S.  

lo) Type  of  d i e t a ry  oil: p < 0.01, a m o u n t  of  tes t  oil: p < 0.05 

H) Type  of d i e t a ry  oil: p < 0.01, a m o u n t  of  tes t  oil: p < 0.01 

12) Type  of  d i e t a ry  oil: p < 0.01, a m o u n t  of  tes t  oil: N.S.  

13) T y p e  of  d i e t a ry  oil:  p < 0.01, a m o u n t  of  tes t  oil: p < 0.05 

N.S.  = no t  s ignif icant  
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18 : 2 (n-6) or 20 : 5 (n-3) in the diet and in the erythrocyte membrane. Kuypers et al. 
(13) have also found that SFA in membrane kept relatively constant, whereas the alter- 
ation in erythrocyte PUFA was strongly correlated with the amount of PUFA in the 
diet. It has been found that the proportion of 20 : 5 (n-3) in the erythrocyte membrane 
of humans is a marker for the intake of diets rich in (n-3) PUFA or fish oil (2). The 
present study shows that feeding oils rich in (n-3) PUFA elevated (n-3) PUFA at the 
expense of (n-6) PUFA. In the case of linseed oil and salmon oil long chain (n-6) and 
(n-3) PUFA replaced each other, leaving other fatty acid concentrations relatively 
unchanged. 20:5 (n-3) especially replaced 20:4 (n-6) in the erythrocyte membrane. 
Definite changes in concentrations of essential fatty acids in the erythrocyte lipids were 
observed, and direct incorporation of dietary fatty acids could be seen in all groups 
receiving different dietary oils. Some fatty acids like 18 : 1, 18 : 2 (n-6) and 20: 5 (n-3) in 
the erythrocyte membrane changed continuously with increasing dietary intake, but 
other fatty acids kept constant. It is also possible that (n-3) PUFA inhibited the incor- 
poration of (n-6) PUFA into the erythrocyte membrane. The (n-3) PUFA incorporation 
pattern with a decreasing content of 20 : 4 (n-6) observed in this study is similar to that 
shown in other studies with erythrocytes from rats (34), from humans (22, 26, 33), from 
monkeys (6), and rabbits (9). 

The rat mature erythrocyte has virtually no capacity for the synthesis of fatty acids 
and membrane lipids (18, 19, 24, 25, 28). The erythrocyte membrane depends on the 
transition of fatty acids from blood. Plasma lipids originated directly from the diet or 
from the liver. However, a previous report (29) has shown that the fatty acid com- 
position of the liver was enormously altered by dietary fatty acids and the changes were 
greater than in the erythroeyte membranes of the present study. Those differences 
possibly occur on a controlled incorporation of plasma fatty acids into the erythrocyte 
membrane. The lack of medium chain fatty acids and the only small proportions of long 
chain fatty acids with 12 and 14 C-atoms in the erythrocyte membrane, in spite of their 
occurrence in the diet, prompt the conclusion that these fatty acids were [3-oxidized in 
liver and other organs or were scarcely incorporated in the erythrocyte membrane. 
Greenberg et at. (7) and Leyton et al. (15) showed that medium chain fatty acids and 
long chain fatty acids with 12 and 14 C-atoms were more preferentially oxidized than 
other fatty acids. Other studies supplied evidence (16, 30) that the fatty acid composi- 
tion of phosphofipids in the erythrocyte membrane were genetically controlled with the 
purpose to minimize changes in membrane fluidity (1). In spite of that mechanism, 
which may serve to maintain specific membrane fluidity in the erythrocyte membrane, it 
seems likely that less resistance to hemolysis is in turn related to changes in the fatty 
acid composition of erythrocyte membrane lipids. Also, the fluidity of erythrocyte 
membranes could be altered by changes in the fatty acid composition (10, 23, 27, 32). 
This study demonstrates that in rats provided with sufficient linoleic acid, highly un- 
saturated dietary fatty acids can impair the resistance to hemolysis of erythrocytes. 
Especially evening primrose oil, linseed oil, and salmon oil affect the resistance to 
hemolysis. The slight, but not statistically significant effect of EPO I0 and SLO 10 on 
osmotic fragility of erythrocytes might result from the low food intake of these two 
groups. The changes in osmotic fragility might not be based on a special fatty acid, but 
perhaps on the high unsaturation of the fatty acids in the erythrocyte membrane. The 
point in question is whether or not the altered fatty acid composition affects the osmotic 
fragility of erythrocytes also in physiological sodium chloride solutions, with con- 
sequences to erythrocyte mechanical, physical and functional properties. 
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