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Summary .

Alpha=-linolenic acid /18:3 n-~3; ALA/ and linoleic /18:2
n-6; LA/ are two major essential fatty acids found in
Canole oil. Successive chain elongation and desaturation
reactions of these two polyunsaturatéd fatty acids results
in the formation of other long chain fatty acids. Of these,
Dihomo- -linolemic acid /20:3 n-6; DHLA/,arachidonic acid
/20:4 n-6; AL/, and eicosapentaenoic acid /20:5 n-3; EPA/
serve as presursors of eicosanoids. Decosahexaenoic acid
/22:6 n-3; DHA/, a vital fatty acid in neural tissues is
a potent competitive inhibitor of the conversion of AL to
prostaglandins. In view of the importance of these fatty
acids on eicosanoid biosynthesis, it was of interest to
determine if Canola o0il could affect the level of the
n-3/n-6 fatty acids in membrane phospholipids of brain,
sciatic nerve, retina, and kidney tissues of postweaning
male rats. A sigﬁificant decrease of AA in kidney phospho-
lipids, and IA im all the neural tissues examined from the
Canocla-fed rats was observed. In Canola-fed groups, levels
of EPA were increased in phospholipids of soiatic'nervé,
retina and kidney. However, noc gignificant levels of EPA
could be detected 1n the brain lipids, Significant in-
creases in DHA were found in the brain and kidney phosphb-
lipids, ALA was not generally detected in any of the ‘
tissues examined., The results indicate that dietary Canole
0il can ‘modulate the level of precursors of eicosanoids in
membrane phospholipids withim a relatively short period of
time in growing male rats. Increased coneentrations of DHA

seen in tissues of Canola 0il fed rats may have important
implications on the biosynthesis of prostaglandins,throm=-

boxanes,and prostacyclinsg in additlon to its membrane
functions.
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Introduction

Linolelc acid (18:2 n-6; LA) and alpha-linolenlc acid (18:3 n-3:
ALA)vare considered as essentlal fatty a-i4s in the diets of many
mammalian species including the human (Burr and Burr, 1930; Lamptey and
Walker, 1976; Yamanaka et al., 1981; Tinoco, 1982; Holman et al.. 1982:
Bjerve et al.; 1987). 'The other long chain fatty acids of the n-6 and n-3
serles.are (ormed frém LA (n-6) and ALA (n-3} respectively by successive

" chain elongation and desaturation reactions. Dihomo-y-linolenic acid
(18:3 n-6; DHLA), and arachidonic acid (20:% n-6: AR), derived from LA are
the precursors of prostaglandins, thromboxanes and prostacyclins of the 1i-
and 2- serles and leukotrienes 5f the 3- and 4- series respectively. On
the other hand, elcosapentaenoic acld (20:5 n-3; EPA) formed from ALA 1s
converted to prostaglandins of the 3- series and lehkotrlenes of the 5-
series. The eicosanoids derived from AA have been implicated in many
pathological states. The effects of the n-3 dietary fatly acids on plasma
énd tissue phospholipid fatty acids are of interest for two reasons: a;
administration of n-3 fatty acids depresses substantially the content of
AA in tissues thereby limiting the amount of the available AA for the
synthesis of eicosanoids, b) ALA, EPA and DHA are competitive Inhibitors
of cyclooxygenase, a key enzyme in the biosynthesis of prostaglandins.

Although many vegetable oils serve as important sources of LA, only
the Canola oil can provide significant amounts of both LA and ALA. Such
an oil containing high amounts of ALA, may be nutritionally adequate in
view of the importance of ALA in the body including the neural, lmmune and
blood clotting systems. In addition, DHA derived from ALA is considered
to be essentfal for membrane functioning in neural tissues (Tinoco, 1982} .

The purpose of this study was to examine the effects of Canola oil, a rich

source of ALA, in comparison with sunflower oll, a rich source of LA, on
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phbscrnllpld fatty aclds as these serve as precursors of eicosancids in

. selected tissues such as the brain, sciatic nerve, retina and kidney.

Experimental Procedures
Male weanling Sprague-Dawley rats, with an average ﬁeight of 63 g
(High Oak Ranch, Gooduoéd, ONT) were randomly divided intc two groups and
_fed ad 1ibitum semi-puéifled. isocaloric diets contalning elther sunflower
oll (18:2 n-6, 53.5%; 18:3 n-3, 0.2%) or Canola oll (18:2 n-6, 14.9%; 18:3
n-3, 7.13). The compositions of the two dlets are given in Table 1.

The animals were housed individually in suspended steel cages at 25°C and
at a relative humidity of %5%. Feed intakes and bedy welghts were
recorded'rorks weeks at which time the animals were anesthetized with
methoxyfluorane (Metofane) and exsanguinated.

Chromatographic Analysis of lipids and fatty acids

The brain, sclatic nerve, retina, and kidney tissues were quickly
removed, weighed, and immedlately homogenized in 20 volumes of chloroform:
methanol (2:1, v/v; per g wet weight tissue (Folch et al., 1957). . The
resulting tissue 1ipid extracts were fractionated into phosphatidylcholine

(PC) . phosphatidylethanolamine (PE), phosphatidylserine (2S), and
phosphatidyiinositol (PI) by thin-layer chromatography on pre-coated
silica gel H plates (E. Merck, Darmastadt, FRG) using a chloroform;
nethénol: acetlc acid: water solvent system (50: 37.5: 3.5:2, v/v/v/v)
(Mahadevappa and Holub, 1986). ' The bands corresponding to the above
phospholipids were scraped from the plates following detection by 2,7-
dichlorofluorescein, and transmethylated with 6% sulphuric acid in
methanol (v/v) in the presence of monopentadecanoin, an internal standard
fatty acid (Mahadevappa and Holub; 1982). The unknown fatty acid methyl
esters were analy;ed isothermally in é Heulett-?ackar; model 5890A gas

chromatograph, equipped Gith a DB-225 megabore column (Chromatographic
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Specialties, Brockville, ONT). Identiflcation of the unknown fa-ty acids
was accomplished by a comparison of their retention times with those of
known fatty acid methyl ester standards. The results from these

chromatographic runs, expressed as % welght of the total fatty acids.

Results

No signiflcant dlérerences'ln the cumulative welght gains and dally
average food intakes of the sunflower and Canola groups were observed.
The estimated intakes of ALA were 3.4 and 140.6 mg/day, and the LA intakes
1.0 and 0.3 g/day for the sunflower and Canola groups, respectively during
the final week of the experiment. |

Administration of ALA-rich Canola oil to the rats for five weeks
resulted in several changes in the n-6 and n-3 fatly acids across the
individual phospholipid fractions (PC, PE, PS, and P1) from the braln!
sciatic nerve, retina, and kidney. Little or ALA (18:3 n-3) Qa;
detectable in any of the phospholipid fractions of the above tissues from
rats receiving either a diet containing sunflower or Canola oil (data not
shown). However, levels of DHA, a product of ALA metabolism were -
significantly elevated in PE and PS of the braln tissue and in PC, PE, PS,
and PI of the kidney from rats receiving Canola oil (Figs. 1 and 2). EPA,
another product of ALA and a precursor of the 3-series prostaglandins and
the S-series leukotrienes, also appeared in some phospholipid fractions of
the sciatlic nerve, retina (data not shown), and kidney of the Canola group
(Fig. 2). However, no marked changes were observed in the amounts of DHA
in the various phospholiplid fractions of the retinal tissue (Fig. 3).
Furthermore, the reduction of AA by dietary Canola oil was less pronounced
in brain and retinal phospholipids (Figs. 1 and 3), and more pronounced in
PC and PS fractions of the kidney (Fig. 4). On the other hand, the levels

of LA and 22:5 n-6 were marikedly lower in phospholiplds of the brain,
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sciatic nerve, and retinal tissues from rats given a Canola oil containing

diet relative to those of a sunflower oil diet (data not shown).

Discuss;bn .

Our. results demonstrate that diet;ry Canola oll containing high
levels of ALA can #frect phospholiplid fatty acid compositions of neural
tissues and kidney. Aithough little or no ALA could de detected lh tﬁese
tissues of rats given a Canola oll-containing diet, significant increases
in DHA as seen in this study are consistent with previous findings in the
rat when ALA was consumed (Hoy et al., 1983; Tarozzi et al., 1984; Carlson
et ai.. }986: Anding and Hwang, 1986). These results suggest that dietary
ALA 1s rapldly desaturated and elongated by neural tissues and the kidney
and/or by other tls;ues (e.g., llver) prior to aésimilatlon of the ALA'
derivatives. 1In the present study, the AA .content in phospholipld; of
neural tissues including the brain, sciatic nerve, and retina was least
affected suggesting that the level of Canola ALA used may have very
1imited effects of AA formation (Anding and Hwang, 1986).  However, the
extent of impaired formation of AA may have been much greater in the
kidney, where a marked reduction of AA was observed. This differential
efrecé of ALA may be attributed to its selective effects depending upon
the type of tissue studied. Marked elevations of EPA in phosphollalds
from the sclatic nerve, retina, and kidney, and DHA in major phospholipids
from the brain observed in rats given a diet containing Canola oil
relative to sunflower oll, could contribute to the inhibition of
cyclooxygenase thereby leiting the production of AA- derived eicosanoids
(Pace-Asciak and Wolfe, 1968; Needleman et al., 1979; Hwang and Carrol,
1980 ﬂérshall et al., 1983; Corey et al., 1983; Adam et al., 1986;

Zolliner, 1986). The reduction in the other n-6 fatty acids (18:2 and

22:4%) in phospholipids of neural tissues and the kidney by dietary Canola
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o;l (data not shown) support the findings of the Foot et al., (1982) in .
the synaptosomal membrane and provide further evidence tha® dlet&y fatty
acid intakes can affect phospholipid fatty acid composition of neural
tissues and kidney within a relatively short time in the post-weaning rat.
In conclusion, our results imply that dietary Canola oil, which
contains s,l@itlcant amounts of ALA can modulate the levels of precursors
of éicosanolds such as AA and EPA in neural tissues and the kidney and,
als;), can increase the content of DHA, a potent inhibitor of
cyclooxygénase in tissue phospholipids. .As ALA does not accumulate in
these tissues, it can be concluded that t;he potential effects that anola
oil containing ALA may have on the biosynthesis of eicosanoids are
possibly mediated through a combination of the reduction of the precursor
AA in f.issue phospholipids and the competitive inhibition of
cyclooxygenase by 1ncréased amounts of EPA and/or DHA, both of which are
. derived from ALA. Dietary Canola oil can also provide for the enrichment
of membrane phospholipids from brain tissue in the fmct;onally-llportant

DHA. ;
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Table 1

Composition of the Experimental Diets.

Ingredient.(ut %) ‘ Sunf lower Canola
Vitamin-free casein .20.0 20.0
Choline chloride' 0.2 . 6.2
Corn starch 10.0 10.0
Sucrose 50.0 50.0
Vitamin mixture 1.0 1.0
Salt mixture 5.5 A5
Alpha Floc LR 5.8
Fat 10.0 10.0
Antioxidant (Santoquin) 0.005 0.005

a) Canola oil obtained from Canadian Vegetable 0i!
Processing, Hamilton, ONT

b

~—

Vitamin mixture contained (ug/g diet): 6ug B;; 6ug 52:

Tug Bg: 30 pg nicotinic acld; 32ug Ca pantothenate; 2ug
folic acid; 0.2 pg d-biotin; 0.1 pg B; 1000 ug i-inositol; 8
Hg A; 2.5 ug D; 0.02 ug E; 0.5 ug K.

¢) Salt mixture contained (mg/100 g diet): 720 mg Caco3: 5.3 mg
Cuso,. SHZO; 1130 mg CaHZPON: 63.5 mg Fe citrate; 230 mg

MgS0,: 730 mg KC1; 0.3 mg KI: 5.3 mg 2nCO,; 600 mg NaH,PO,;

3

1.0 mg Cr-acetate; 8.5 mg 2nsou; 29.3 mg MgCl_; 2.7 mg MnCl;

2°

0.02/ug Na selenite.




| ;'; 1nalv1dual phogpholipids of the kidney from rats fed diets containing

1681

”» o
.1 ) suntower Geowp
» i} Canale Growp ) . ™ T
! Brain - 20:4 06 Srom - 22603 i
= ' 3
! 3
) 3
: :
§ o H
g -

VFig. 1. The open and closed bars repregent ¢ wt of AA or DHA in
lndlvidual'phosphollpids Bf the brain from rats fed diets containing
sunflower oil and Canola oil, respectively. Abbreviations: PC,
phbaphatidylcholine; PE, phosphatidylethanolamine; PS, phosphatidylserine,

PI’phosphatldylinositolf

"

e 89 0 Sontows: Grouwp Fe !
! 1 Camone Growp ) .t
s e Rieney ~ 12993 i
N e 3
: .

L,

?13; 2. The open ahd closed bars represent'l wt - EPA or DHA in

fl”~suhrlouer oil and Canola oil, respectively. Abbreviations: Same as in

Fg




O sunower Group
W Conote Growy

Roting — 20:4 78 Roting — 2246 3

s
. P |
WA % of Toust oty Acige - -

W1, % of Yot Fatly Acids

Fig. 3. The open and closed bars represent % wt of AA or DHA ln

lndlvidual phospholipids of the retina from rats fed diets conta.lning

- sunflower oil and Canola 01l respectively. Abbreviations: Same as in Fig. 1,

50 o ] Sunfiower Group

I Canola Group
Kidney - 20:4 n6 .

o 40 4 .

»

o

<

2

s 30-

e *

w

°

T 204

o »

&*

2 104

Q: :
PC. PE PS Pl

Fig. 4. The open and closed bars represent § ﬁt of AA in individual

’

_’phosphollp_ids of the kidney from rats fed diets containing sunflower oil )

"and Canola oll respectively.  Abbreviations: Same as in Fig. 1.

¢




1683

References

fai-2 B S

adam, O., G. wolfram, and ﬁ. Zollner.  1986. sercc of c-llnﬁlenlc acld
‘n the human dlet on linoleic aéld metaboliss and prostaglandin
blosynthesis. Journal of Lipid Research 27: N21-R26.

Anding, R.H. and D.H. Hwang. 1986. Effects of dietary linolenate on the
fatty acid conpo;ltion of brain lipids in rats. Lipids 21: 697-701.

Bjerve, K.5., I.L. Mostad, and L. Thoresen. 1987. Alpha-linolenic acid
deficiency in patients on long-tera gastric tube reeding: estimation
of linolenic acid and long-chain unsaturated n-3 fatty acld
requirement in man. The American Journal Clinical Nutrition NS: 66-
11.

Burr, G.0. and M.M. Burr. 1930. On the nature and role of the fatty
acids essential in nutrition. Journal of Biological Chemistry 86:
587-619. '

carlson, S.E., J.D. Carver, and S.G. House. 1986. ngh.rat diets varying in
ratios of polyunsaturated to saturated fatty acld and linoleic to
lenolenic acid: A comparison of rat neural gnd red cell membrane
phpsphollplds. Journal of Nutrition 116; 718-725.

Corey, E.J., C. Shih, and J.R. Cashman. 1983. Docosahexaenoic acld is a
strong inhibitor of prostagiandin but not leukotriene biosynthesis.
Proceedlngs-or the National Academy of Sciences, U.S.A. 80: 3581-
jseM. | |

Folch, J., M. Lees, and G.H. Sloane-Stanley. 1957. A simple method for the
1solat10n'and purification of total liplds from animal tissues.
Journalyot Biological Chemistry 226:!97-509;

‘Foot, M., T.F. Cruz, and M.T. Clandinin. 1982. Influence of dietary fat on

the 11pid composition of rat brain synaptosomal and microsomal

membranes. Biochemical Journal 208: 631-6%0. .




1684

Holman, R.T., S.B. Johnson, T.F. Hatch. - 1982. & cise of human linolenie acid

deficlency involving neurological abnormalities. <‘rhe _Anericah .
* Journal Clinical Nutrition 65: 617-623.

Hoy, C.E.. G. Holmer, K. Kaur, 1. Byplalsen, and D. m-‘sc.'ein.‘ 1983. Acyl
group dlstributions in ussue upida of rats fed evening pri-'cu v
oil (y-linolenic plus nnouic acid) or soybean oil (a-nnoun!e '
plus linoleic acid). Lipids 18: 760-771.

Hwang, D.H. and A.E. Carrol. - 1980. Decreased formuon of prostulandlns
derived frou arachidonic acid by dietary linolenate 1n rats. The
American Journal of Clinical flutritlon 33: 590-597.

Lan_ntoy;, %.5. and B.L. Walker. 1976. A possible essential role for dietary
linolenic acid in the development of the young rat. -Joumal of .
Nutrition 106: 86-93.

Mahadevappa, V.G., and E.J. Holub. 1982. The molecular species composition
of individual diacyl phesphoupi;ls in human platelets. Biochimica
Biophysica Acta 713: 73-79.

Hahadevéppa, V.G., and B.J. Holub. 1986, Diacylglycerol 1ipase pathway is a

 minor source of released arachidonic acid in thrombin-stimulated
human platelets. Rlochemical Biophysical Research Commumnications
13%: 1327-1333.

Marshall, L.A., A. Szczesniewski, and P.V. Johnston. 1353., Pletary a-
" linolenic acid and prostaglandin synthesis: a time eonree study.
The American Journal of Clinical Nutrition 38: g95-900.

Needleman, :., A, Raz, M.S. Minkes, J.A. Farendelli, and H. Sprecher. 1979.
Triene prostagiandins: prostaéycun and thromboxane biosynthesis and
unique blolqgieal properties. Proceedings of the National Academy
of Stiences, U.S.4. 76: 9an-gu3. )

Pace-Asciak, C., and L3, Wolfe. 1968. Inhibition of prostaglandin synthesis




1685

\

by oleic, linoleic and iinolenic acids. Blochimica Piophysica Acta

152: 788-787.

Tarozzl, G., ¥. Barzanti, P.L. Blagi, K. Cocehi, R. Lodl, M. Maranesi,
C. Pignatti, and E. Turchetto. 1983. Fatty acid composition of
single brain strmftms following different alpha linolenate dietary
s_ixppxenenuuons.' Acta Vitaminology Enzymology 6: 157-163.

Tinoco, J. .1982. Dietary requirements and functions of a-linolenic acid in
aninaﬁ. Progress in Lipid Research 21: 1-85,

Yamanaka, W.K., G.W. Clemans, and M.L. Hutchinson. » 1981. Essential fatty

acids deficiency in humans. Progress in Lipid Research 19: 187-215.

Zollner, B. 1986. Dletary nm_)lenic acld in man - An overview. Progress in

Lipid Research 25: 177-180.






