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Addition of vitamin E to long-chain
polyunsaturated fatty acid-enriched diets
protects neonatal tissue lipids

against peroxidation in rats

Summary Background:Tissue

brain lipids with inducers of

20:4(n-6) and 22:6(n-3) status have enzymatic or non-enzymatic lipid

been correlated with neonatal
development and growth. Artificial
formulas for neonates have been
supplemented with long chain
polyunsaturated fatty acids (LCP)
from animal and marine sources
which may enhance sensitivity of
cellular membranes to oxidative
damage. Diet-derived antioxidants
like vitamin E play a key role in
the protection of tissue lipids
against oxidation.

Aim of the study: We seek to
determine the influence of dietary
vitamin E on tissue sensitivity to
oxidative stress in rats fed for 4
weeks on diets enriched in (n-3)
and (n-6) long-chain poly-
unsaturated fatty acids.

Methods: Weanling rats received
10% fat diets that provided
18:1(n-9), 18:2(n-6) and 18:3(n-3)

peroxidation was measured.
Results: Group B registered
significantly lower total superoxide
dismutase acitvity than group B+E.
Catalase activity was significantly
higher in group C than in group
C+E. Hepatic total and reduced
glutathione levels were decreased in
vitamin E supplemented groups
compared to unsupplemented ones.
TBARSs production in erythrocyte
lipids was significantly higher in
groups B and C compared to
vitamin E supplemented groups
B+E and C+E.

Conclusions: This study shows
that the addition of vitamin E
protected erythrocyte and liver
microsome lipids enriched in (n-3)
and (n-6) LCP from lipid
peroxidation during the postnatal
development of rats. The protection

in a similar ratio to that of rat milk was more effectively in group C+E

(group A), supplemented with fish
oil (groups B and B+E) and
supplemented with (n-6) and (n-3)
LCP from an animal phospholipid
concentrate (groups C and C+E).
Vitamin E (500 mg vitamin E/kg
fat) was added to diets B+E and

C+E. Tissue fatty acid content and

than in group B+E.

the activities of catalase, superoxide

dismutase, glutathione transferase

and glutathione peroxidase in liver

and brain were measured.
Glutathione status, vitamin E and
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reactive substances (TBARS) after
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Introduction erythrocyte membranes, liver microsome phospholipids,
and brain homogenates to vitro lipid peroxidation, and
on the hepatic and cerebral activities of antioxidant en-

Long chain polyunsaturated fatty acids (LCP) are the preymes in weanling rats that received diets supplemented
dominant structural fatty acids in the human brain angiin Lcp of both the (n-3) and (n-6) series.

retina (1). These LCP accumulate rapidly in fetal and in-

fant neural tissue during the periods of most rapid growth
and development that is, during the last month of gestgaterials and methods
tion and the first months of postnatal life. Breast milk
contains LCP, but a number of formulas do not yet con-

tain fatty acids longer than C18 under the assumption tll;e protocol of this study was approved by the Commit-

. . ) 8% of Animal Welfare of the University of Granada. Male
infants could synthesize LCP from the essential C18 fat istar rats at weaning were purchased from Interfauna

acids, namely linoleic (18:2(n-6)) and alpha-linoleni - - ;
(18:3(n-3)) acids, through elongase and desaturase Sa_eqnca S.A. (Barcelona, Spain). Animals were randomly

h Ad d v of 22:6(n-3) | vided into five groups of seven rats each and were
ems. A decreased exogenous supply o :6(n-3) in Pifoused seven per cage in a room with controlled tempera-
term infants may decrease visual acuity and delay PHYire (21%1°C) and light (08.00-20.00 h)

chomotor development (2). In term infants, parameters o0 - ' ' '

postnatal brain growth and cognitive behavior have be?\Putrition

related to erythrocyte and plasma cholesteryl ester

22:6(”-3) contents and to dietary LCP SUppIementatiODiets were prepared and packaged by the R&D depart_
respectively (3, 4). As a result, the Nutrition Committe ofhent of PULEVA (Granada, Spain) and stored at 4 °C
the European Society for Gastroenterology and Nutritiqfhder nitrogen. All groups received a 10% fat semipuri-
(5), the Directive of the European Union for infant formufieq diet, which differed in the source of dietary fat. The
las (6) and the FAO (7) recommended that preterm fogetailed composition of diets was previously described
mulas be supplemented with LCP, and various formulgte). Group A fat consisted of a mixture of olive oil
tions are now commercially available. 62.5%), soy oil (11.1%) and refined coconut oil (26.4%).
Long chain polyunsaturated fatty acids are extreme@roups B and B+E received 7% of group A fat and 3% of
susceptible to lipid peroxidation processes by oxygen frg@odorized sardine oil, kindly supplied by Dr. Valenzuela
radicals (OFR) damage (8). Uncontrolled formation ofiNTA, University of Chile); groups C and C+E were fed
lipid peroxides by OFR is considered to be a prevaleQfith 7% of group A fat, 1.5% of the same fish oil concen-
mechanism of cell damage and may lead to pathologiGpte and 1.5% of a purified animal tissue phospholipid
conditions like inflammation and cardiovascular diseas@gncentrate, obtained from PULEVA (Granada, Spain).
(9). To avoid a dangerous overproduction of OFR, aerpyets B+E and C+E were also supplemented with 500 mg
bic organisms have evolved several defence mechanisgamin E/kg fat according to Valenzuela and Nieto (17).

that include an enzymatic defence system (superoxid@ animals were given free access to fresh diet and water
dismutase, catalase, glutathione transferase, and glgjly.

tathione peroxidase) and antioxidants (ascorbate, reduced
glutathione, urate, vitamin E and R-carotene) (10). Diefiggye preparation and methods
derived antioxidants (vitamin E and ascorbate) play a key
role in the antioxidant-defence system (9). After 4 weeks of feeding, animals were deprived of food
The incorporation of highly unsaturated fatty acidfor 24 h, lightly anesthetized with diethyl ether and
into tissue phospholipids modifies antioxidant defences killed. Blood obtained by cardiac punction was collected
two ways. First, the incorporation of dietary LCP intdnto heparinized tubes. Plasma and membrane ghosts (18)
membrane lipids provides target molecules to OFR attaelere immediately prepared and stored at -80 °C until
and therefore increasing tissue susceptibility to lipid peanalysis. The liver and brain were removed, processed
oxidation (11, 12). Second, the administration of LCBNd stored at -80°C. Plasma lipids, erythrocyte membrane
changes the concentration of endogenous antioxidants gm@spholipids, brain lipids and liver microsome phos-
the activities of antioxidant and prooxidant enzymes ipholipids were extracted (19) and methylated (20). The
the body (13, 14). Although the protective role of dietarfatty acid composition was analyzed by capillary gas
antioxidants, mainly vitamin E, has been demonstrated éhromatography on a Hewlett-Packard model no. 5890
a number of studies (13, 15), no report has yet assesg@s chromatograph (Hewlett-Packard Co., Palo Alto, CA)
the effect of vitamin E intake on the susceptibility of tisequipped with a flame ionization detector and a 30 m cap-
sue lipids enriched in (n-6) and (n-3) LCP from dietarjllary column filled with DB-2330-N stationary phase
origin to lipid peroxidation in an experimental model ofJ & W Scientific, Folsom, CA). The peroxidizability in-
postnatal development. For this reason, we investigatéex (PIl) was calculated as follows: Pl = (%dienoic x 1) +
the effect of vitamin E on plasma, erythrocyte, liver an{Pbtrienoic x 2) + (%tetraenoic x 3) + (Yopentaenoic x 4) +
brain fatty-acid composition, on the susceptibility o{%hexaenoic x 5) (21).



A. Suarez et al. 171
Dietary vitamin E effect on the sensitivity of neonatal tissue lipids to oxidation

Total glutathione and reduced glutathione were deteanalysis. Total SOD activities in the supernate fraction
mined in liver portions homogenized at 4 °C in five volwere measured by the inhibition of cytochrome 3c reduc-
umes of 5% 5-sulfosalicylic acid (previously flushed withion mediated via superoxide anions generated by the
N2) using a Teflon-glass homogenizer driven by a stirringanthine/xanthine oxidase system and monitored at
motor at a constant speed. The homogenates were cerii® nm. MnSOD activities were determined with the
fuged in a microfuge at 12 000 x g for 10 minutes at 4 °Game procedure in the presence of M potassium cya-
Total glutathione was determined at 30 °C by the DTNBzide. Activities are expressed as units/mg protein where
GSSG reductase recycling assay as described by Andeme unit of superoxide dismutase was defined as the
son et al. (22) GSH was assayed at room temperature dyount required to cause half-maximal inhibition of cyto-
the reaction with DTNB according to Akerboom and Sieshrome 3c reduction (24). CAT activity was determined
(23). according to Aebi (25) by following the decomposition of

The antioxidant enzyme activities were determined imydrogen peroxide at 240 nm. GPx activity was deter-
liver and brain homogenized at 4 in 1 mM EDTA, mined at 31°C by NADPH oxidation in a coupled reac-
0.01% Digitonin, 0.1 M phosphate buffer pH 7.0 solutiotion system consisting of tert-butyl hydroperoxide and
using a Teflon-glass homogenizer driven by a stirringlutathione (26). GST activity was measured with 1-
motor at a constant speed. The homogenate was centhitoro-2,4-dinitrobenzene at 3C according to Warholm
fuged at 13 00 x g for 15 min at 4°C. The supernate waset al. (27).
transferred to an eppendorf tube and stored &C4intil
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Lipid peroxidation was induceith vitro in erythrocyte percentage contribution of saturated fatty acids was de-
membranes with a P&ascorbate solution (50mM/creased.
400uM) and in liver microsomes with either the same Pl values were altered by diet-induced changes. Incor-
Fe2*-ascorbate solution or with a NADPH/ADP/&emix- poration of dietary LCP to tissue lipids resulted in higher
ture (40QM/4uM/50uM) (28). After the induction of tissue PI values in groups B, B+E, C and C+E than in
lipid peroxidation, thiobarbituric acid-reactive substancegoup A. In erythrocyte membranes, group C+E had sig-
(TBARs) were assayed in the medium and expressedrificantly lower Pl values than did group B. Notably,
nmol malondialdehyde (MDA) per mg of protein (29)groups C and C+E had significantly higher PI levels than
Vitamin E content of liver microsomes was determinedid groups B and B+E. In terms of Pl values in liver
by HPLC according to Bieri et a{30). For the evaluation microsomes, group C+E had a significantly higher values
of the effects of diets, a one-way anova was performefan did group C.
and adjusted means were compaeegosteriori by the No significant differences were found in brain enzy-
Bonferroni t-test. The level of statistical significance wagatic activities. Feeding rats with diets rich in LCP
determined at p<0.05. (groups B, B+E, C and C+E) decreased GPx activity
compared with rats fed on unsupplemented diet A. The
addition of vitamin E did not significantly change hepatic
GST and Mn-SOD activities. Rats fed on diet B had sig-
Results nificantly lower total liver SOD activity than did rats fed
diets B+E, C and C+E. The addition of vitamin E in diet
eC+E significantly depressed CAT activity compared with

iet C.

Q,I As for glutathione metabolism, rats fed diets C and
+E had the highest GSH and total liver-glutathione lev-

No significant differences were recorded in food intak
body weight or growth among rats fed the different diet
Percentage contributions of selected fatty acids to tot
plasma lipids, erythrocyte membrane lipids, liver micro= —. )
some phospholipids and brain lipids as well as the sum %I's in a.II gxpenmental groups. GSH cqntent aug-
saturated fatty acids (SAT), monounsaturated fatty aciEbented significantly in group C compared with group A.
(MONO), (n-6) and (n-3) LCP and PI values are shown ih!Ver homogenates in rats fed diets C and C+E had sig-
Table 1. Activities of hepatic CAT, GPx, GST, total sopj!/ficantly greater total glutathione contents than in rats
and MnSOD activities as well as brain GPx, GST, totdfd diéts A, B and B+E. Vitamin-E addition to diets B+E
SOD and MnSOD activities are shown in Table 2. Tot&"d C+E reduced the contents of total glutathione and
glutathione and GSH contents of rat livers and vitamin £SH compared with unsupplemented diets B and C. No
content of liver microsomes are given in Table 3. Figtignificant differences among groups were noted in
ure 1 shows the production of TBARs by erythrocyt¥itamin-E contents in liver microsomes.
membranes (1A) and liver microsomes after induction Vitamin-E addition to diets directly influenced the sus-
with Fe2*-ascorbate (1B). ceptibility of tissue fractions and homogenatesrtavitro

Our diets significantly altered the fatty acid pattern dfPid peroxidation. Although erythrocyte lipids in group
rat tissues, particularly that of (n-3) and (n-6) LCP. I¢+E were enriched in (n-3) and (n-6) LCP, the simulta-
short, group A had the highest 20:4(n-6) and total (n-6)¢0Us intake of vitamin E S|gn|f|cantly reduced its peroxi-
LCP values and the lowest levels of 22:6(n-3) and totgAtion rate even compared with unsupplemented group A.
(n-3) LCP in all tissues. The supplementation of diet§he reduction on the peroxidation of tissue lipids was
with (n-3) LCP (groups B and B+E) significantly in-highly significant in erythrocyte membranes of rats fed
creased their individual and total presence compared wHItt C+E compared with those fed diet C (Fig. 1). This ef-
group A. These increases were counterbalanced by #ct but to a lesser extent was observed in erythrocyte
creases in the content of 20:4(n-6) and total (n-6) LCMembranes of rats fed diets B and B+E (Fig. 1). In liver
The intake of both (n-3) and (n-6) LCP in groups C an@nicrosomes, incorporation of LCP in groups B, B+E, C
C+E had a compensating effect on 22:6(n-3) ar@hd C+E resulted in significantly higher Fe/Ascorbate-
20:4(n-6) levels in all tissues. 22:6(n-3) and total (n-3pduced peroxidation rates compared with group A
LCP levels were significantly boosted in these groug&ig. 1). Vitamin E addition to diets B+E and C+E re-
compared with group A. Groups C and C+E had signifduced the Fe/Ascorbate-induced peroxidation of liver mi-
cantly higher 20:4(n-6) and total (n-6) LCP levels thaprosomes compared to unsupplemented groups B and C.
did groups B and B+E. The addition of vitamin E to dietén this case, differences were significant between groups
B+E and C+E did not bring about major differences in th€ and C+E. There were no differences between vitamin E
percentage contributions of individual fatty acids consupplemented and unsupplemented groups in NADPH/
pared with diets B and C. In plasma, 22:6(n-3) and totADP/Fe induced lipid peroxidation of liver microsomes
(n-3) LCP, values were significantly higher in group B+End in the peroxidation of brain homogenates (data not
than in group B. Unsaturation of erythrocyte membranasfiown).
increased in group C+E compared with group C since the
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Table 1 Fatty acid levels and peroxidizability indexes (Pl) in tissues of rats at weaning fed the experimental diets

diets
A B B+E C C+E
Plasma
20:4(n-6) 239 £ 1.7a 8.7 + 0.6¢c 9.6 + 0.9c 15.1 + 0.8b 174 £ 1.2b
22:6(n-3) 3.7 £ 0.2c 9.9 + 0.7b 11.7 + 0.4a 9.1 + 0.3b 9.47 + 0.3b
SAT! 33.4 = 1l.1ab 31.5 + 1.0bc 31.9 £+ 0.8bc 30.8 £ 0.6¢c 31.7 £ 0.89c
MONO! 240 + 1.2 249 £ 1.2 25.0 £+ 1.0 254 + 0.7 24.1 £ 0.9
(n-6) LCP 254 + 1.7a 9.3 + 0.3c 10.3 + 1.1c 16.1 + 0.8b 18.0 £ 1.4b
(n-3) LCP 4.3 + 0.3c 15.6 + 0.4b 19.0 = 0.9a 14.4 + 0.8b 14.6 + 0.7b
Erythrocyte
20:4(n-6) 27.9 £ 0.7a 18.4 + 0.3c 18.1 + 0.4c 21.7 £ 0.4b 22.7 £ 0.8b
22:6(n-3) 4.2 + 0.2c 8.7 = 0.2a 8.2 + 0.2a 7.3 £ 0.3b 7.3 £ 0.2b
SAT! 42.2 + 0.8ab 42,5 + 0.4ab 42.9 + 0.5ab 43.7 £ 0.3a 42.0 + 0.2b
MONO* 16.6 + 0.5a 14.9 + 0.4b 145 £ 0.3b 145 £ 0.3b 15.5 + 0.6ab
(n-6) LCP 30.6 £ 0.5a 19.5 + 0.4c 19.0 + 0.4c 22.8 + 0.4b 23.3 £ 0.7b
(n-3) LCP 6.1 + 0.3c 17.6 + 0.2a 16.8 + 0.4a 13.0 £ 0.4b 13.2 £ 0.7b
Pt 125 + 29c 135 + 2a 132 + 3ab 133 + 3ab 130 + 3bc
Liver microsomes
20:4(n-6) 18.0 + 1.5a 11.3 + 0.5b 10.7 + 1.0b 15,5 + 0.9a 16.3 + 1.2a
22:6(n-3) 7.6 + 1.d 10.4 £+ 1.2cd 12.9 + 1.0bc 14.3 + 1.1ab 17.7 = 1.4a
SAT! 47.8 + 2.3 493 + 2.4 474 + 2.9 458 + 1.5 440 + 2.7
MONO! 14.8 = 1.7a 14.1 + 0.6a 13.0 = 1.0a 11.0 + 0.6b 10.5 + 0.7b
(n-6) LCP 194 + 1.7a 12.1 + 0.4b 115 + 1.0b 16.6 £ 0.9a 17.7 £ 1.2a
(n-3) LCP 8.6 =+ 1.2¢c 146 £ 1.7b 16.6 + 1.5ab 17.6 = 1.4ab 20.6 £ 1.6a
Pt 106 + 9c 114 + 9c 113 + 8c 142 + 8b 162 + 7a
Brain
20:4(n-6) 10.9 £ 0.3a 8.6 £ 0.4c 82 +03c 9.7 £ 0.3b 10.1 + 0.4b
22:6(n-3) 17.3 £ 0.7b 21.8 + 0.8a 20.9 + 1.3a 19.8 + 0.7a 19.7 £ 0.7a
SAT! 38.1 £+ 1.2 383 + 15 38.0 £+ 1.1 37.6 £ 1.3 37.9 £+ 0.8
MONO*! 245 + 0.8 234 + 1.2 243 £ 2.0 243 + 1.6 251+ 15
(n-6) LCP 16.9 + 0.4a 13.3 + 0.4c 12.6 + 0.4c 15.3 + 0.6b 15.2 £+ 0.4b
(n-3) LCP 17.4 + 0.7b 22.4 + 0.6a 216 £ 1.1a 20.3 + 0.7a 20.0 = 0.6a
P 140 =+ 3 151 = 5 141 £+ 6 148 + 3 145 + 3

1Fatty acids are expressed as mol/100mol + SEM of total fatty acid methyl esters for seven animals in each group. Plindex and diet compo-
sition refer to Materials and Methods. Numbers with different superscript (a-c) are significantly different, p<0.05. SAT, total saturated
fatty acids; MONO, total monounsaturated fatty acids; LCP, total (n-3) fatty acids longer than 18 carbon atoms.

Discussion (31) whereas TBARS production was not modified or was
decreased by enteral LCP supplementation (12, 32). In
adults, supplementation of diets with LCP increased lipid

LCP, which have been recently added to commercial pneeroxidation products and oxidative sensitivity (33).

term and term infant formulas, are prone to lipid peroxi- Protection against oxidative damage is conferred by

dation. The sensitivity increases as a function of thdietary antioxidants, such as vitamin E and vitamin C (9).

number of double-bonds of each individual fatty acidNo study has assessed the protective effect of dietary vi-

Modifications of the fatty acid composition of enteral andamin E against tissue oxidative sensitivity in an experi-

parenteral diets to improve growth and development mayental model of postnatal development when animals are

modify the sensitivity of the newborn baby to oxidativesimultaneously fed with LCP supplemented diets. In the

stress. In preterm infants, supplementation of fatty acigsesent study, we report the effect of a low dosage of vi-

gave conflicting results: polyunsaturated fatty acids itamin E on liver and brain antioxidant defence systems

parenteral formula increased lipid peroxidation producend on tissue susceptibility to lipid peroxidation in wean-
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Table 2 Effect of vitamin E and LCPs intake on liver and brain antioxidant defence

diets

A B B+E C C+E
Liver
GPx 134 + 29a 94 + 21ab 59 + 15ab 66 + 7b 73 £ 1l4ab
GST 69 + 2 73 + 2 72 + 3 71 + 2 69 £ 2
total SOD 279 + 7ab 262 + 7b 291 + 8a 284 + 3a 281 *+ 4a
MnSOD 43 + 01 40 + 1 44 + 1 40 £ 1 39+1
CAT 257 + 32ab 260 + 25ab 261 + 32ab 255 + 16a 215 + 15b
Brain
GPX 55 + 0.5 49 + 0.3 51 + 0.3 51 + 0.4 53+ 0.3
GST 25.0 £ 0.1 252 + 0.1 25.0 £ 0.1 25.6 £ 0.1 26.5 + 0.2
total SOD 1885 + 7.5 197.0 + 9.5 200.2 + 9.8 201.3 + 135 202.7 + 9.3
MnSOD 326 £ 1.6 338 + 1.7 338 £+ 1.7 315 £ 1.7 327 + 1.7

1Results are expressed as mean + SEM; seven animals for each group. Diet composition refer to Materials and Methods. Activities of anti-

oxidant enzymes are expressed as: catalase (Campl H,O, decomposed.minamg proteini. Total superoxide dismutase (total SOD),
manganese superoxide dismutase (MnSOD), glutathione transferase (GST) and glutathione peroxidase (GPx), umjtprotein?.
Numbers with different superscript (a,b) are significantly different, p<0.05.

Table 3 Influence of vitamin E and LCPs intake on hepatic total glutathione, reduced glutathione and vitamin E

diets
A B B+E C C+E
GSH 3.3 £ 0.3b 3.8 + 0.4ab 3.6 £ 0.4ab 4.6 £ 0.3a 4.0 + 0.2ab
total GSH 1.9 £ 0.1b 2.1 + 0.2b 2.0 £+ 0.1b 3.3 £+ 0.3a 2.9 + 0.1a
vitamin E 0.16 + 0.06 0.21 + 0.07 0.22 + 0.06 0.21 £ 0.01 0.26 + 0.05

1 Results are expressed as mean + SEM; seven animals for each group. Diet composition refer to Materials and Methods. Reduced glu-

tathione (GSH) and total glutathione are expressegrasl.g-1 of liver, and vitamin E apg.mg proteint. Numbers with different su-
perscript (a,b) are significantly different, p<0.05.

ling rats which received LCP from (n-3) and (n-6) series. The most notable finding was that susceptibility of
The supply of vitamin E (50 mg/kg diet) added teerythrocyte membranes to lipid peroxidation was highly
diets B+E and C+E is very close to the minimursensitive to dietary vitamin E during LCP supplementa-
requirement for long-term maintenance of laboratory arion. Groups B+E and C+E had lower rates of induced
mals (34). Thus, our results would show the effect of tHgid peroxidation in erythrocyte membranes and liver mi-
minimum nutritionally safe dosage of vitamin E on tissuerosomes than did unsupplemented groups B and C. This
lipid peroxidation while receiving dietary LCP duringantioxidant effect was significantly higher in rats fed
postnatal development. Like human milk, rat milk supm-3) and (n-6) LCP (group C versus group C+E). Red
ports saturated, monounsaturated and essential fatty acidds are continously exposed to intracellular oxidative
as well as 20:4(n-6) and 22:6(n-3). Our diets were dstress due to the generation of superoxide anion by the
signed to provide amounts of saturated fatty acidself-oxidation of hemoglobin (35). A role for OFR as me-
18:1(n-9) and essential fatty acids (18:2(n-6) andiators of tissue injury has been proposed in hyperoxia
18:3(n-3)) similar to those provided by the mother’s milk(36). Under certain physiopathological circumstances, hy-
LCP were included in our experimental diets B, B+E, @eroxic ventilatory therapy is provided to premature in-
and C+E to support preformed 20:4(n-6) and 22:6(n-3) &nts to compensate for decreased oxygen intake due to
rat milk does. lung immaturity. Since free oxygen radical-induced lipid



A. Suéarez et al. 175

Dietary vitamin E effect on the sensitivity of neonatal tissue lipids to oxidation

peroxidation was correlated with outcome in very lowith group B whereas decreased hepatic CAT activity in
birth weight infants (37), this result may have implicagroup C in relation to group C+E. The absence of marked
tions in infant-formula design. In liver microsomes, proehanges in liver and brain antioxidant defence may be due
tection against oxidation was only noticable in group @ part to the low amount of both LCP (3%) and vitamin
versus group C+E when lipid peroxidation was nork (50 mg/kg diet) in relation to other studies (LCP, 10-20
enzymatically induced. Given that the vitamin E conten#t%; vitamin E, 200-300 mg/kg diet).
in liver microsomes were similar in all groups, our data The glutathione ratio is a sensitive marker of oxidative
suggest that other dietary factors related to the composiress. The addition of vitamin E to diets B+E and C+E
tion of the animal phospholipid concentrate may influreduced the amounts of total glutathione and GSH com-
ence the antioxidant protection of liver lipids. Dietary vipared with unsupplemented diets B and C. In 1994, Cho
tamin E did not alter the susceptibility of brain lipidsito and Choi (15) reported that hepatic glutathione levels in
vitro lipid peroxidation, suggesting that antioxidant prorats fed an (n-3) LCP diet progressively declined as die-
tection may require higher vitamin E intake. A higher ddary vitamin E amounts ranging from 3 IU/kg to 209
gree of protection against oxidation in rat liver and heat/kg were increased. Detoxification of lipid hydroperox-
was previously observed when diets included vitamin i€s by GPx and inactivation of aldehyde products of
concentrations higher than 50 mg/kg diet (15, 38).  lipid peroxidation by GST require the presence of GSH.
As we previously described, LCP supplemented diefeduced synthesis of glutathione in livers of rats fed vit-
significantly increased LCP content in tissues compar@nin E may be related to a sparing effect induced by vit-
with unsupplemented diet A (16). Our present data sha¥nin E. At the first line of defence, vitamin E would in-
that vitamin E intake does not modify the percentage difibit the initiation of lipid peroxidation by the reduction
tribution of 20:4(n-6) and 22:6(n-3) in rat tissues, exce@ lipid hydroperoxide formation, consequently reducing
for plasma 22:6(n-3) levels, which were significantlyn€ requirement for glutathione in the cell.
higher in group B+E compared with group B. Given that N conclusion, this study shows that a low amount of
22:6(n-3) is the most susceptible fatty acid to lipid peritamin E protected erythrocyte lipids enriched in (n-3)
oxidation, this result may be related to the protectiof"d (n-6) LCP fromin vitro lipid peroxidation during the
against oxidation provided by vitamin E and oleic acid iReStnatal development of rats. Dietary vitamin E intake
plasma lipoproteins (39). d_oes npt.mtgrfere W|_th (n-3) ar_1d (n—6) LCP accretion to
Antioxidant enzymes constitute a major defensive baliSsue lipids in weanling rats. Vitamin E more effectively
rier against oxygen radical damage and participate in tHECréasedn vitro TBARs production in tissues from rats
control of membrane damage and lipid peroxidation iffd diet C+E high in (n-3) and (n-6) LCP than in tissues
cells. As the antioxidant enzymes GPx and CAT detoxifyo™ rats fed diet B+E high in (n-3) LCP. The recommen-

hydroperoxides, and SOD detoxifies superoxide radicafiation of the Nut{ition Cc:jmmittt_e_of tr(1e)Euhrope§1n S_ociet¥/
thev all plav alon ith antioxidant nutrients, a key rol or Gastroentero ogy an Nutrition (5), the Directive o
Y pay g W 10X . Y e European Union for infant formulas (6) and the FAO

in the antioxidant defence system. Alterations in the ag'@ states that preterm infants who do not receive human
tivities of antioxidant enzymes may predispose tissues :
y y P b milk should be fed formulas supplemented with (n-3) and

free radical injury. Nutritional intervention with different . :
fat sources has been shown to modify the cellular antio>§n_6) LCP. The analysis ‘.)f our dat_a suggest that safe in-
nt formulas for the perinatal period should include an

dant defence mechanism. In monkeys, the addition of vi . . !
tamin E (270 mg/kg diet) to a 10% }/ish oil diet reducegmount of vitamin E higher than 500 mg/kg fat to guaran-

liver CAT, SOD and GPx activities compared with uniee incorporation and protection of dietary 20:4(n-6) and

. . . :6(n-3) into organ lipids in neonates. More studies are
supplemented diet (40). Higher hepatic CAT, SOD, GSz}ﬁeded to determine what an adequate ratio of dietary vi-

and GPx activities have been reported in rats fed a 1 . . .
fish oil diet supplemented with 200 mg/kg diet vitamin gmzlgsto total LCP should be for the design of infant

than in rats fed the same diet devoid of vitamin E (13).

Differences in study design may explain the dlscrepan(/lzbéknowledgment This work was funded by the University of

in results reported. In our study, the addition of vitamin lgranada and PULEVA S.A. (currently Abbott Laboratories S.A.,
increased liver total SOD activity in group B+E comparedranada, Spain).
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