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Abstract

Objectives: The importance of essential fatty acids, in
particular the omega-3 family, in the central nervous sys-
tem development of newborns is well documented. The
flaxseed (Linum usitatissimum) is considered one of the
best vegetable sources of omega-3 fatty acids. The influ-
ence of omega-3 fatty acids from flaxseed on the brain
development of newborn rats was evaluated.

Material and methods: Pups of the F1 generation were
obtained from 18 female Wistar rats divided in 3 groups
(n = 6), FG: fed with diet based on Flaxseed added with
casein, CG: Casein, and MCG: Modified Casein supple-
mented with fibers and soybean oil. Newborn pups were
weighted and submitted to euthanasia; brains were col-
lected for evaluation of weight and lipid profile through
gaseous chromatography.

Results: Significant increase in brain weight (39% ) and
relative brain weight (37%) was verified in pups from
mothers fed with flaxseed diet. The omega-3 (n-3) fatty
acids from the flaxseed were found in abundance in the
diet made with this oleaginous and also significant
increase in docosahexaenoic acid (DHA) (38 %), as well as
in total of omega-3 (n-3) fatty acids (62%).

Conclusion: Maternal diet of flaxseed during preg-
nancy influences the incorporation of omega-3 fatty acid
in the composition of brain tissue, assuring a good devel-
opment of this organ in newborn rats.
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INFLUENCIA DE LOS ACIDOS GRASOS
OMEGA-3DE LA LINAZA (LINUM
USITATISSIMUM) EN EL DESARROLLO DEL
CEREBRO DE RATAS RECIEN NACIDAS

Resumen

Objetivos: La importancia de los dcidos grasos esencia-
les, en particular la familia omega-3, en el desarrollo del
sistema nervioso central de los recién nacidos esti bien
documentada. La semilla de linaza (Linum usitatissi-
mum) es considerada una de las mejores fuentes vegetales
de dcidos grasos omega-3. Se evalué la influencia de los
dcidos grasos omega-3 de la linaza en el desarrollo del
cerebro de ratas recién nacidas.

Material y métodos: Las crias de la generacién F1 se
obtuvieron a partir de 18 ratas Wistar divididas en 3 gru-
pos (n = 6), GL: alimentados con dieta a base de linaza
adicionada con caseina, GC: a base de caseina, y GCM:
con caseina modificada suplementada con fibras y aceite
de soja. Las crias recién nacidas fueron pesadas y someti-
das a eutanasia; los cerebros fueron recolectados para la
evaluacién del peso y el perfil lipidico mediante cromato-
grafia gaseosa.

Resultados: Se verificé aumento significativo en el peso
cerebral (39%) y en el peso relativo del cerebro (37%) en
las erias de madres alimentadas con la dieta de linaza. Los
Acidos grasos omega-3 (n-3) de lalinaza se encontraron en
abundancia en la dieta elaborada con esta oleaginosa, y
también hubo importante aumento en el dcido docosahe-
xaenoico (DHA) (38% ), asi como en el total de acidos gra-
sos omega-3 (n-3) (62%).

Conclusion: La dieta materna a base de linaza durante
el embarazo influye en la incorporacién de dcidos grasos
omega-3 en la composicién del tejido cerebral, asegu-
rando un buen desarrollo de este érgano en ratas recién
nacidas.

(Nutr Hosp. 2011;26:991-996)
DOI:10.3305/nh.2011.26.5.5149
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Abbreviations

EFA: Essential Fatty Acid.

DHA: Docosahexaenoic Acid.

COBEA: Brazilian College of Animal Experimenta-
tion.

UFF: Fluminense Federal University.

CG: Casein Group.

FG: Flaxseed Group.

MGC: Modified Casein Group.

ALA: Alpha Linolenic Acid.

AA: Aracdonic Acid.

PUFA: Polyunsaturated Fatty Acid.

LC-PUFA: Long Chain Polyunsaturated Fatty Acid.

ALA: Alpha Linolenic Acid.

2n-3: Sum of n-3.

UFRJ: Federal University of Rio de Janeiro.

CAPES: Coordenacio de Aperfeicoamento de Pes-
soal de Nivel Superior.

Introduction

Studies show that the intrauterine! and postnatal?
nutrition can influence in the risk of occurrence of
chronic diseases in the adult, suggesting that preco-
cious nutrition with specific fatty acid has a great effect
in more advanced age of life. This demonstrates the
importance of an appropriate offer of essential fatty
acid (EFA) during gestation, nursing and childhood,
constituting vulnerable periods for the brain develop-
ment.3

Nervous fibers of the brain are involved by an insu-
lating membrane of multiple layers denominated
myelin sheath. In a similar way to the insulating of an
electric cable, this sheath allows the conduction of the
electric pulses along the nervous fiber with speed and
precision. When myelin is damaged, the nerves don’t
drive the pulses in an appropriate way.*

Between the 7" and 14 post-natal day in rats, dur-
ing the pick of brain growth and beginning of mielin-
ization, there is a fast accumulation of long chain satu-
rated and unsaturated acids.> The increment of fatty
acid in the brain in development has as source the acids
captured from the maternal circulation during the ges-
tation.® An appropriate offer of these acids in the prena-
tal and postnatal period is fundamental for the fetal and
neonatal normal development,”-8 as well as, neurologi-
cal functions.®?

Myelin sheaths are highly enriched with docosa-
hexaenoic acid (DHA).19 This is incorporated in great
amounts in structural lipids during the development of
the Nervous System,!! and its deficiency during the
development has been related with behavior abnormal-
ities.!2 Flaxseed is a great source of omega-3 fatty acid,
direct precursor of DHA, being a functional food of
high protein and lipid content; among all the oleagi-
nous the flaxseed has the largest content of this fatty
acid.13

The annual world production of this seed is between
2.3-2.5 million tons, being Canada the main producer.
In South America, the largest producer is Argentina,
with about 80 tons/year. Brazil presents a low produc-
tion, about 20 tons/year. !4

Rats were fed with a flaxseed diet during lifetime
and the influence of the omega-3 fatty acid from
flaxseed on the development (i.e. body weight, brain
welght, brain relative weight) and brain lipid profile
was assessed in the rat pups (F1 generation).

Materials and methods
Animals

The experiment was conducted in agreement with
the determinations of the Brazilian College of Animal
Experimentation (COBEA) and was approved by the
Committee of Ethics in Research of the Medicine
School/Antdnio Pedro University Hospital of the Flu-
minense Federal University. Pups of the F1 generation
were obtained by polygamic mating female Wistar rats,
divided in three groups (n = 6): Flaxseed (FG), fed with
diet based on flaxseed added with casein, Casein (CG),
fed with diet based on casein, and Modified Casein
(MCG), fed with diet based on casein supplemented
with fibers and soybean oil to reach the macronutrient
distribution similar to FG. The respective experimental
diet was given to the matrices and their mates from the
weaning till the end of the experiment. They were
placed in mating for 15 days when they reached sexual
maturity, giving the F1 generation after gestation and
delivery. Pregnant rats were housed in individual
cages, in a temperature controlled (24 + 2°C) facility
with 12-h light-dark cycle. The F1 pups were eutha-
nized 2 hours after birth and used for analysis.

Diets

The diets were isoproteic (17% protein) and isocaloric,
following the American Institute of Nutrition (AIN-
93G) recommendations.!> The composition of each
diet is detailed in table L.

Experimental protocol

In each group, females were fertilized by males that
received the same diet. FG and CG received food and
water ad libitum, while MCG was in pair feeding sys-
tem with FG, to control differences in food consump-
tion identified in previous studies.

Sample collection

Until two hours after the birth the pups were weight
and killed by decapitation. Brains were rapidly
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Table I
Composition of the experimental diets (g/100 g)
with 17% protein

Nutrients Flaxseed Casein Modified casein
Casein! 14.12 20 20
Flaxseed? 25 - -
Cornstarch3 45.83 52.95 49.95
Sucrose# 10 10 10
Mineral Mix! 35 35 35
Vitamin Mix! 1 1 1
Soybean oil® 0 7 10
Cellulose® 0 5 11.33
B-Choline! 0.25 0.25 0.25
L-Cystine! 0.3 0.3 0.3
Total 100 100 100
TEV (kcal/100 g) 388.91 355.64 372.64

IRhoster Indistria e Comércio LTDA; 2Arma Zen Alimentos Natu-
rais; *Maizena®; # Unido®; 5Liza®; Microcel®; TEV, total energy
value.

removed, weighed, immediately frozen in liquid nitro-

gen, and stored at -20° C.

Determination of fatty acid composition

Lipid extraction, saponification and methylation of
fatty acids in experimental diets and brains were per-
formed in duplicate. Fatty acid methyl esters were
quantified by gas-liquid chromatography, by using a
Perkin Elmer autosystem X1 chromatograph (Perkin
Elmer, Norwalk, CT, USA) with an ionizable flame
detector and Turbochrom software (Perkin Elmer, Nor-
walk, CT, USA) as previously described.!®

Statistical analysis

Data are presented as the mean and standard devia-
tion. Data of body, brain and relative brain weight were
analyzed by ANOVA One Way. Post hoc analysis was
performed by Schetfé and Bonferroni tests. Fatty acid
composition was analyzed by the nonparametric test of
Mann-Whitney. The SPSS software, version 10.0, was
used for the analyses and differences were considered
significant at P < 0.05.

Results
Fatty acid profile of the experimental diets

A total of 31 fatty acids were found in the experi-
mental diets, flaxseed, casein, and modified casein
(table II). In this study, just the acids already described
by the literature, as influential, in some way, in the
brain development were taken in consideration for
analysis and discussion. According to the fatty acids
percentage the majority acids in decreasing order for
the group FG were the alpha linolenic acid C18:3 (n-3)
(ALA) and C18:1 (n-9) cis, proceeded by C18:2 (n-6)

Table 11
Percent composition of fatty acid in experimental diets

Fatty acids Flaxseed Casein Modified casein
C80 0.02£0.01 0.01£0.01 0.01£0.01
C10:0 0.02£0.01¢ 0.04 £ 0.00¢ 0.05 +0.00°
C1L1:0 0.01 000 0.01£0.00¢ 0.04£0.030
C120 0.02£0.01¢ 0.05£0.012 0.06+0.010
C130 0.04£0.04 0.0220.02 0.03£0.01
Cl140 141084 0.40£0.36* 0.21£0.04
Cl41 0.02£0.01 0.0220.02 0.01£0.00
C150 0310110 0.15£0.16% 0.65+0.42
C15:1 0.02£0.01 0.0220.02 0.02£0.02
C16:0 8.09£0.23  1263£0.12¢ 12.92£0.200
C16:1 0.09£0.02"  0.09+0.01° 0.12£0.01°
C17:0 0.14£0020 0.03£0.02¢ 0.04£0.02¢
C17:1 0.27£0.01 0.22£0.16 023£0.14
C180 5.24+0.10° 3.44£0.012 349 £0.04¢
C18:1n-9 trans 0.12£003 0.01£0.002 002
C18:1n9¢is 2298+026" 2234026 22130.10°
C18:2n-H trans 0.04£0.012 0.01£0.00¢ 0.03 £ 0.040
C18:2n-6 cis 1441£009¢  53.69£0.15 53.11£0.147
C20:0 0£0¢ 0.34£0.012 0.31£0.020
C183n-6 0.14£0.05¢ 0.21£0.012 0.19£0.010
C20:1n9 000 0.10£0.07 0.15£0.03
C18:3n-3 46.15£064> 538019 5.44.£0.03
C20:3n-6 0.06+001 0.06 £ 0.00¢ 0.05£0.00¢
C221n9 0.05£001 0.08£0.02¢ 0.08£0.012
C20:3n-3 0.13£0.02¢ 0.41£0.012 0,36+ 0.040
C20:5n-3 (EPA} 0.05£001 0.08 £0.08¢ 0.03+0.012
C240 0.14£0020 0.09 £0.08¢ 0.16£0.010
C224n-6 0.01£0.00 0.0420.04 0.02£0.01
C24:1n9 0.01£0.01 0.0220.01 0.02£0.00
C225n3 0.04£0.04 0.01£0.01 0.02£0.01
C22:6n-3(DHA} 0.02+0012 0.01£0.00¢ 0.02£0.020

Data are presented in percent of total fatty acids as mean + SD. Values in the same row
with different superscript letters are significantly different from one another at P <
0.05 as determined by Mann-Whitney test. Bold = major fatty acids in different diets.
EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.

cis, while in CG and MCG, they were the fatty acids
C18:2 (n-6) cis, C18:1 (n-9) cis and C16:0.

Body, brain and relative brain weight of the pups

Brain weight of the newborn rats from FG were 39%
heavier than CG and 25% heavier than MCG (table III),
with statistical significance (P = 0.026). There was no

Table I11
Effect of maternal diet on body, brain, and relative
brain weight of newborn offspring

Diet Bodyweight(g)  Brainweight(g)  Relative brainweight (g)
Flaxseed 555£0.10¢ 0.25:£0.009 4680210
Casein 556024 0.18£0.006° 3424014
Modified casein 5.62£0.11° 0.200.008* 3.56+0.18¢

Dataare presented as mean + SD of 6 animals per group. Values in the same column with different
superscript letters ave significandy different from one anotherat P < 0.05 as determined by Scheffé
and Bonferroni tess.

Flaxseed on the brain development
of rats
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Table IV
Effect of maternal diet on the percent composition
of fatty acid in whole brain of newborn rate

Table V
Effect of maternal diet on the sum of the percentage
of groups of fatty acid in whole brain of newborn rats

Fatty acids Flaxseed Casein Modified casein Fatty acids Flaxseed Casein Modified casein
CI1L0 0.010.000 0£0# 0.08£0.100 Sn-6 9.06+0.44° 16.75+0.14¢ 16.99 +0.25¢
g gg oogi g“mb gg; z gggjb 333*[?[% Sn3 17324003  10.67+001*  11.40+0.61°
C 140 I0S00 16050 L37e000 JPUEA L25£0.150 0932009 1032005
Cl41 0.07£0.040 0.10£0.01 0.08 +0.07¢ SEFA 1.18£0.14¢ 0.88+0.06* 0.96+0.04°
C150 2242018 2.00£0.14 170£049 S LC-PUFA 26.15£0.33¢ 26.69+0.22¢ 27.56+0.41°
Cl1s1 0032002 0.05£001° 0.04+0.02¢
C16:0 30001270 2978 +0.012 2933+0.05" Data are presented in percent of total faity acids as mean + SD of 6 animals per
. 4 roup.
g }2[1) %3 f gg?b }géfgﬁd igifgﬁd %ah}l;s in the same row with different supgrscripl letters are.significamly differ-
' Sl et D ent from one another at P < 0.05 as determined by Mann- Whitney test.
Ci71 168+031° 1470312 1.240.62 PUFA: polyunsaturated fatty acid; EFA: essential fatty acid; LC-PUFA: long
C18:0 15542024 1635038 16.82£0.40% chain polyunsaturated fatty acids.
C18:1n-Ytrans 0.04£0.01 0.050.01° 0.06+0.022
C181n9cis 1198+0.17¢  10.69£0.33 10.32+0.140
C 18:1n-9 isomer 370£0.16"  329£0410 340 0.040 In pup’s brain from FG the omega 3 (n-3) fatty acid
C18:2-6 trns 0'061’0'005 00 , 0'061’0'013 sum was 62% higher than CG and 52% higher com-
Comte IR T SR pd MG fable V. bein e difrenc s
C18313 00820020  0.11£006" 015 £0.01% cant (P = 0.002). Similar results were noticed analyz-
€203 16 0.11%0¢ 000 0.08+0.020 ing the polyunsaturated fatty acid (PUFA) sum, since
€221n.9 0080020 01200 0.09+0.01% FG was 34% higher compared to CG and 21% higher
C20:3n-3 0.51+0.04¢ 0+ 0.31£0.03 than MCG (P = 0.002). The essential fatty acid (EFA)
C20:41-6 (AA) T91£02% 1257025 1287 £0.111 sum was also increased in FG being 34% higher than
€122 131£015° 0.04£0.00° 0.05:0.01° CG and 23% higher compared to MCG, with statistical
C20:5n-3 (EPA) 0.054;0.00; 0.154;0.012 0.134;0.023 significance (P = 0.026).
G0, v e o o pobvunsaued fay e 0C-
C241n9 018005 30l£01l 2712003 PUFA) sum in pup’s brain from FG was 2% lower com-
€22:513 2415022 0.15 0,018 0.10+0.06° pared to CG and 5% lower than MCG, with statistical
€ 22:60-3 (DHA) 14332025 1041£0.06* 1085053 difference among the three diets (P = (0.002). Significant

Data are presented in percent of total faity acids as mean + SD of 6 animals per
group.

Values in the same row with different superscript letters are significantly different
from one another at P < 0.05 as determined by Mann-Whitney test.

Bold = major fatty acids in different diets.

AA:arachidonic acid; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.

statistical difference in the body weight within the diet
groups. Relative brain weight showed higher percent-
age value in FG, with statistical significance (P =
0.0093), when compared to the others diets, since in
this group the relative brain weight was 37% higher
than CG and 31% higher than MCG. There was no sta-
tistical difference among the last two groups.

Fatty acid profile of the pup’s brain

A total of 30 fatty acids were found in the pup’s brain
(table IV). According to the fatty acids percentage the
majority acids in decreasing order for the group FG
were the acid C16:0 and C18:0, proceeded by DHA
C22:6 (n-3), while in CG and MCG, they were the
same ones, except for the aracdonic acid C20:4 (n-6)
(AA). Pup’s brain from FG presented higher content of
DHA than the brains from the other diets, being 38%
higher than CG and 32% higher than MCG (£ = 0.002).

decrease (41%) in the omega 6 (n-6) fatty acid sum was
noticed in FG compared to the other diets (P = 0.002).

Discussion

The energy supplied by several nutrients in animal
species is essential for the maintenance, growth and
reproduction. The fat source used in the diet can dis-
play significant influence on the growth and use of
nutrients in some species. Lipids are the best source of
energy used by animals, besides supplying metabolic
energy, they are requested for the maintenance of the
structure and function of the cellular membrane and
supply essential fatty acids to the animals.!”

In the current study, the diet based on flaxseed pre-
sented a higher alpha lipoic acid (ALA) content when
compared to the other diets. Besides this acid, the
flaxseed diet presented higher values also in the sum of
n-3 fatty acids, PUFA, and EFA. Those differences can
be explained by the composition of flaxseed, which
presents high percentage (57%) of n-3 fatty acids, caus-
ing this increment in the flaxseed diet. |8 Similar results
had been found with diet containing flaxseed oil, which
also presented sufficiently superior concentration of
ALA (18:3 n-3), when compared to diets without the
oleaginous.!® This result shows that the source of lipids
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can probably drive the fatty acid profile in the final
product, due to differences in the amounts of those
acids in the composition of different oils, including
also the content of fatty acid of the w-3 series in which
the oleaginous flaxseed is the richest.!%

The central nervous system maturation in human
begins in the intrauterine phase and persists for seven
years, presenting bigger intensity in the first two years of
life.20 Already in rats, the beginning also start in the
intrauterine phase, however persists only until the thirty
day of life.?! The morphogenesis directly associated to
the function of the brain requires offer of specific fatty
acids, especially of Aracdonic Acid (AA) and DHA. The
maternal nutrition becomes very important to this
process during gestation and lactation, therefore the
embryo and newborn has functional and biochemist
increase of the maternal demands of PUFA. 122223 PUFA
of the series omega-3 are found in the brain and the retina
and participate of the growth, contributing for the process
of mielinization, and development of the vision function,
in the psychomotor development, and some aspects of
the neural function related to behavior.2+25 PUFA n-3 are
transferred of the mother to the fetus through the placenta
during the intrauterine development.26

The cephalic growth is one of the best ways of
neonatal development evaluation. The end of gestation
and beginning of extra uterine life are periods of
mielinization that lead to a fast increase in the number
of cells and in the dendritic area of cerebral tissue. The
brain weight is, therefore, associated to its develop-
ment suggesting that the incorporation of fatty acids to
cerebral tissue has influence on this development.?? In
this study, the greater mean value of cerebral weight in
newborn rats was produced by the maternal diet of
flaxseed, having statistic significance when compared
to the other diets, casein and modified casein.

In this analysis, the influence of fatty acids proceed-
ing from the flaxseed diet offered to the fetus only by
the maternal circulation is being evaluated, since these
pups had been submitted to euthanasia immediately
after birth to assure the evaluations free from the intlu-
ence of maternal milk. In the present study, the profile
of brain fatty acids in newborn rats showed that the
mothers’ pups that consumed the flaxseed diet pre-
sented a very high percentage of the fatty acid C 22:5 n-
3, as well as in the sum of PUFA, EFA and n-3 with sta-
tistical difference when compared to the casein diet.
This result is perfectly explained by the high concen-
tration of fatty acids of the n-3 family present in the diet
offered to these mothers. The percentile amount of
DHA was also very high in the pups’ brain of the
flaxseed group (FG), showing statistic significance
when compared to the other groups fed with casein diet
(CG and MCGY); this fact confirms the transference of
mothers” DHA for the fetus during the gestation, as
already notified in some studies.!2-28:29 Tt was observed
in this study that the supply of flaxseed diet is directly
related to the incorporation of fatty acids of the n-3
family in the pups’ brain, and this was well established

in the brain composition of acid C 22:6 n-3 (DHA) and
in the sum of n-3 (2n-3), since these values were higher
in FG and with statistic difference compared to CG and
MCG. Similar results were expressed in a study that
evaluated pups’ brain of rat born from mothers fed with
diets with and without EFA; a higher accumulation of
DHA and Zn-3 was found on the phospholipids phos-
phatidylcholine, phosphatidylethanolamine and phos-
phatidylserine in the pups’ brain proceeding from
mothers that had consumed diet with EFA, when com-
pared with the ones that had not consumed it.2

The largest percentage value of relative cerebral
weight in the newborns of FG, with statistical signifi-
cance when compared to the other groups, indicates
larger omega-3 fatty acids absorption by this organ,
coming from the maternal circulation in this vulnerable
period of the Central Nervous System develop-
ment. 530,

Conclusion

The omega-3 fatty acids present in the flaxseed were
abundant in the diet made with this seed and the pup’s
brain originating from mothers fed with this diet also
presented higher percentage of these fatty acids. The
use of a diet based on flaxseed during the gestation has
influence on the incorporation of omega-3 fatty acids
in the brain of newborn rats, contributing to a better
cerebral development.
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