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Acceleration of reflex maturation and physical
development in suckling rats: effects of a
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Objective: To investigate the effects of lipids from goat milk containing conjugated linoleic acids on body
weight and reflex ontogeny of neonatal rats treated during the prenatal and suckling periods.
Methods: Three groups were studied: soybean oil (S), coconut oil (C), and goat milk lipids (GM). Reflex
maturation (palm grasp, righting reflex, cliff avoidance, vibrissae placing, negative geotaxis, auditory
startle, and free-fall righting) as well as body weight evolution were recorded during lactation.
Results: Data demonstrated that the lipids from goat milk accelerated body weight evolution as well as all the
reflex maturation investigated (P< 0.05).
Discussion: The supply of goat’s milk offered to Wistar rats during pregnancy and lactation provided a variety
of fatty acids necessary to accelerate the development of offspring.
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Introduction
Fatty acids are structural components of cell mem-
branes, serve as a source of cellular energy, and func-
tions as a metabolic reserve. Essential fatty acids are
a subset of fatty acids that participate in the formation
of hormones and bile salts, and should be an adequate
part of a daily diet.1

During pregnancy and lactation, increasing
demands of polyunsaturated fatty acids for the devel-
opment of neonatal maternal nutrition becomes criti-
cal for the morphogenetic processes associated with
brain function.2,3 In humans, these processes
depends on the maturation of the central nervous
system that begins in the first trimester of pregnancy
and persists until the first years of postnatal life.4 In
rats, this maturation occurs during late gestation and
persists throughout lactation.5

In the postnatal period, the cerebellum reach its
peak of development resulting of a number of events
including: neuronal and glial proliferation, establish-
ment of synaptic contacts, as well as myelination.6

The vestibulospinal system is directly related with
structures of motor behavior and it has a strong influ-
ence on posture during locomotion.7 The reflexes
ontogeny involves a maturation of the visual, auditory,
and motor system.8

At this stage, any stimulus in the environment or the
organism itself can strongly alter the sequential onto-
genetic events, with varied effects on the formation
of the nervous system.5,9 During this early period of
life there is rapid growth of the central nervous
system (CNS), the so-called ‘critical period’ of devel-
opment and increased vulnerability of the brain.8

Thus, the quality and quantity of fatty acids present
in the maternal diet are of fundamental importance for
the offspring’s developing nervous system. Studies
involving reflex development and conjugated linoleic
acids (CLA) are not found in the literature. CLA is a
group of linoleic acids consisting of many different
geometrical isomers.10,11

In the human diet, CLA is consumed through milk
fat and meats derived from ruminant animals, repre-
senting 0.5–2% of the fatty acids present in these
foods.12 There is evidence indicating that increased
consumption of CLA isomers helps reduce body
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weight in humans13 and rats.14 Analyzing breast milk
from women receiving supplementation with CLA
was observed in the milk the presence of CLA
isomers but there were no modifications in the macro-
nutrients composition.15,16 Preliminary studies showed
that dietary CLA offered to pregnancy and/or lactat-
ing rats are able to crossing the blood–brain barrier of
the offspring and stay until a postnatal period.17

However, it has been observed that an outcome of
drinking goat milk (which CLA is included) versus
cow’s milk increased weight gain, length, and skeletal
mineralization in rats.18 Other benefits included the
recovery of malabsorption syndrome, by stimulating
the absorption of zinc and iron, and preventing
anemia.19 In addition, consumption of goat milk
reduces cholesterol levels without affecting triglycer-
ides and high-density lipoprotein.20

The administration of CLA through dietary sup-
plementation decreases angiogenesis21 and prostaglan-
dins, with consequent reduction in oxidative
damage.22 Furthermore, consumption of CLA pro-
motes its incorporation into brain tissue23 and protec-
tion against toxicity in cortical neurons.24

The objective of this research was to investigate
whether a maternal diet (containing goat milk fat)
offered during the critical period of brain development
in rats can interfere in the reflex maturation and body
weight gain of offspring. Being so, the present research
could in the future support the understanding of the
nutritional consequences for children whose mothers
are fed this type of diet.

Materials and methods
Animals
Fifty-four Wistar newborn rats from the Department
of Nutrition, Federal University of Pernambuco
(UFPE), Brazil were used. To obtain these animals,
females aged between 120 to 150 days and weighing
250± 50 g were mated. The pregnancy was confirmed
by the presence of sperm in vaginal smear. The preg-
nant rats were housed in individual polypropylene
cages (60 × 50 × 22 cm), in standard conditions with
a temperature of 22± 1°C, a light-dark cycle (12
hour light phase beginning at 06:00 hours), and a rela-
tive humidity of 65± 5%. The animals received the
experimental diets and water ad libitum from the first
day of pregnancy until the end of lactation.
Standardized litters were randomly assigned six male
pups, and weaning was performed at 21 days post-
natal. When necessary, female rats were included in
the litters to complete six pups, but they were not
used in the tests. When the rats of the same group
gave birth, the newly born individuals were put
together with the other ones who had been born on
the same day and after that they were selected at

random to form the groups. In this way, the genetic
factor did not interfere with the experimental results.

Neonates were weighed every 3 days, from the first
day of life until weaning. The experimental protocol
followed the recommendations of the National
Institutes of Health, USA, and was reviewed and
approved by the Ethics Committee on Animal
Research Laboratory of Pharmaceutical Technology,
Federal University of Paraíba, Brazil (Protocol
0210/07).

Diets
Three groups of rats were formed according to the
respective types of dietary lipids: soybean group (S)
– diet containing 7% of soybean oil (good balance of
essential fatty acids) (n= 18); coconut group (C) –

diet containing 7% of coconut oil (deficient in essential
fatty acids) (n= 12), and goat milk group (GM) – diet
with 7% of goat’ milk fat (source of CLA) (n= 24).
Thus, only the quality of the fat was changed
between diets (Tables 1 and 2).

All diet components were purchased from Rhoster
(Sao Paulo, Brazil); in the case of the goat milk diet,

Table 1 Composition of experimental diets

Groups

Ingredients (g/kg) Soybean Coconut Goat milk lipids

Cornstarch 540.0 540.0 540.0
Sucrose 100.0 100.0 100.0
Casein 190.0 190.0 190.0
Soybean oil 70.0 0.0 0.0
Coconut oil 0.0 70.0 0.0
Goat milk lipids 0.0 0.0 70.0
Fiber 50.0 50.0 50.0
Minerals mix 35.0 35.0 35.0
Vitamin mix 10.0 10.0 10.0
L-cystine 3.0 3.0 3.0
Choline bitartrate 2.5 2.5 2.5
Tert-butylhydroquinone 0.014 0.014 0.014

Table 2 Fatty acid profile of the different dietary fat source

Fatty acids Soybean oil Coconut oil Goat milk lipids

C6:0 0 0 0.72
C8:0 0 0 1.33
C10:0 0 0 3.95
C12:0 0 47.92 2.63
C14:0 0 14.83 7.34
C14:1 0 0 0.8
C15:1 0 0 21.55
C16:0 2.81 9.34 22.25
C16:1 0 0 0.37
C17:0 0 0 0.45
C18:0 1.12 4.25 18.06
C18:1n9t 0 0 4.11
C18:1n9c 6.13 19.2 26.47
C18:2n6c 15.11 4.45 3.88
C18:2 *CLA 0 0 1.01
C18:3n3 74.83 0 2.35
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skimmed milk was immediately cooled and used to
prepare the experimental diet. All diets were isocaloric
and formulated based on the recommendations of the
American Institute of Nutrition (AIN-93G).25

Maternal food consumption
The maternal diet consumption was measured on the
gestation days 7, 14 and 21, and in the lactation
period at 7, 14 and 21 days.

Reflex ontogeny
Reflexes ontogeny, described below, followed the
experimental model established by Smart and
Dobbing [8] in rats. Were investigated the followings
reflexes:
Palmar grasp (PG) – This reflex consists of a flexion

of the digits in response to the stimulation of the hand-
palm with a small metallic stick. For this reflex, the
disappearance date is registered.
Righting (R) – The pup is placed on its back on a

flat surface and the expected mature response is to
turn over on the ventral surface, resting in the
normal position with the four feet on the ground.
Vibrissa placing (VP) – The newborn is held by

the tail, with the head facing the edge of a table and
the vibrissae just touching the vertical surface of the
table. The expected response is to lift the head and
to extend the fore legs in direction of the table.
Cliff avoidance (CA) – The rat is placed on the edge

of a ‘cliff’ (for instance, on the edge of a table), with
the forepaws and face just over the edge. The expected
response is to move away from the cliff, to avoid
dropping.
Negative geotaxis (NG) – The pup is placed on an

inclined ramp (45° slope) with its head pointing to
the ground. The expected mature response is to turn
around and crawl up the slope.
Auditory startle (AS) – The rat is exposed suddenly

to a loud, sharp noise. The expected response is a
prompt extension of the head and the limbs, followed
by withdrawal of the limbs and a crouching posture.
Free-fall righting (FR) – The pup is held with the

back downwards 35 cm above a cotton pad and
dropped. The expected response is to turn in mid-air
to land on its four paws.
The presence of each reflex was assessed daily

between 12:00 and 14:00 hours, from 1 to 21 days post-
natal. The first of a series of three consecutive days in
which the response was present was considered to be
the day of the consolidation of the reflex. A reflex
response was considered within a maximum obser-
vation period of 10 seconds.

Statistical analysis
Statistical analysis of the reflex ontogeny was per-
formed using a Kruskal–Wallis test to compare
groups followed by Dunn’s multiple comparison test.

One-way analysis of variance followed by Tukey’s
post hoc test was performed for comparison of
weight. The alpha error to reject the null hypothesis
was P< 0.05.

Results
As shown in Table 3, the offspring of mothers treated
with goat milk fat during pregnancy and lactation
compared to control offspring (S) showed an antici-
pation in the disappearance of PP and the appearance
of the following repercussions: PR, CA, NG, AS, FR
(P< 0.05) for all groups). The same group (GM) com-
pared with coconut oil (C) showed similar effects for
the following reflexes: PP, PR, AC, VP, NG, AS.
There was no significant difference between groups C
and S for the following reflexes: PG, RR, CA, VP,
NG, RS, FR (P< 0.05) for all groups).
The body weight of the GM group was significantly

higher from the third day of life compared to animals
treated with soybean oil (S) or coconut oil (C), these
differences persisted until the end of lactation
(Fig. 1). On the first day of life the body weight of
the GM group was higher than the coconut group.
Maternal food intake was increased in the C and

GM compared to S group only on day 21 of gestation
(P< 0.05). The feed intake is presented in Fig. 2.

Discussion
The results of this study indicate that a maternal lipids
diet containing fat from goat milk can affect the reflex
ontogeny and body weight of offspring compared to
controls (soybean and coconut oil). Lipids from goat
milk, which were offered to pregnant and lactating
rats, contain saturated, polyunsaturated fatty acids
and CLA in their lipid composition. CLA was found
only in the GM group. The predominant fatty acids
found in the soybean oil containing diet control
group were polyunsaturated (linoleic acid and linolenic

Table 3 Reflex maturation (median days) of offspring whose
mothers were treated with 7% soybean oil (n= 18), coconut
oil (n= 12) or goat milk (n= 24) during pregnancy and
lactation

Groups Soybean oil Coconut oil
Goat milk
lipids

Reflex maturation
Palm grasp 6.5 (5–9) 9 (8–11) 4 (3–8)*,**
Righting reflex 4 (3–6) 5.5 (2–10) 3 (1–6)*,**
Cliff avoidance 6 (3–9) 6 (2–9) 4 (1–6)*,**
Vibrissae placing 9.5 (8–11) 10 (7–11) 9 (6–11)**
Negative

geotaxis
14 (7–11) 14 (8–14) 10 (7–12)*,**

Auditory startle 12 (11–13) 13 (12–15) 10.5 (9–13)*,**
Free-fall righting 18 (15–20) 17 (14–18) 16 (13–17)*

The data are shown as median of day of life (minimum and
maximum).
Kruskal–Wallis analysis of variance fallowed by Dunn’s test.
*P< 0.05 versus soybean oil group.
**P< 0.05 versus coconut oil group.Author Queries
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acid) whereas saturated fatty acids such as lauric acid
and myristic acid were found in the C group.
Based on these results, we conjecture that beyond

the duration of dietary treatment, the profile of fatty
acids and especially the presence of CLA can induce
specific effects on reflex ontogeny.
In a previous study, rats that were fed a diet sup-

plemented with soybean and sunflower oil containing
polyunsaturated fatty acids during pregnancy and lac-
tation also showed an acceleration of several reflexes.26

A similar result was also observed by Gozzo and
Oliverio,27 in which animals were treated with a diet
containing odd chain fatty acids. These results demon-
strate that changes in maternal dietary fatty acids can

anticipate reflex ontogeny in the offspring, which are
similar to the results found in this study.

Dietary sources of essential fatty acids, including
myristic, palmitoleic, stearic, and oleic, were associ-
ated with increased mRNA levels of proteolipid
protein and myelin oligodendrocyte glycoprotein,
which is involved in the synthesis of myelin in the
brain of newborn rats.28 According to the authors,
the mediators responsible for the increased synthesis
of myelin are also associated with accelerated matu-
ration reflex. These lipids may be a mechanism
linking diet and neural maturation. This is a hypoth-
esis that should be tested in future.

During pregnancy, the metabolic demands for fatty
acids in the brain is high for mothers and their
fetuses.2,28 It has also been shown that in mouse
embryos between 14 and 17 days old, there is an
increased concentration of polyunsaturated fatty
acids in the brain.29 Thus, taking into account the
importance of fatty acids during the rapid develop-
ment of the nervous system,30–32 it is possible that
the observed changes in ontogeny reflex may be associ-
ated with a possible change in the accumulation of
these fatty acids in the brains of newborns during
this period.

The aforementioned studies demonstrate the effects
of various lipids to the developing central nervous
system. There is evidence suggesting that after CLA
supplementation, CLA can be incorporated in differ-
ent organs, including the brain, that this fatty acid
has the ability to cross the blood–brain barrier.23,33

Figure 1 Mean body weight in grams (g) (±SEM), of rat infants whose mothers received a diet containing 7% soybean oil
(n= 18), coconut oil (n= 12) or goat milk lipids (n= 24) during pregnancy and lactation. Kruskal–Wallis analysis of variance
followed by Dunn’s test was performed. P< 0.05, (*) a statistically significant change compared to the soybean oil group, (#) a
statistically significant change compared to the coconut oil group.

Figure 2 Weekly means of maternal food intake (g) for each
experimental group during pregnancy and lactation. The diets
are similar except for the fat source: soybean oil, coconut oil,
and goat milk fat source of CLA. *Statistically significant
compared to soybean group (P< 0.05).
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Furthermore, CLA acts on the nervous system by pro-
tecting neurons from toxic agents.24 Therefore, the
presence of CLA, along with a variety of fatty acids
found in goat milk can contribute to changes in the
maturation of the nervous system, as revealed by an
early developmental requirement shown in this study.
Moreover, previous findings have shown that keto-
genic diets using animal lipids34 and a multi-deficient
diet35 retard the developmental reflex. Other studies
have also identified delayed maturation of reflexes
using diets containing high levels of omega-3.36,37

Based on the above findings, we can see that both
the quality and quantity of dietary lipids may affect
the appearance of reflexes.
In the present study, we observed an increase in the

body weight of newborn rats treated with lipid goat
milk compared to the control group (S) and group
treated with coconut oil (C). Some studies have
demonstrated the influence of CLA on the body
weight of rats.38 Results similar to ours were observed
by others in which the effects of CLA supplementation
on the development and growth of rats during preg-
nancy and/or lactation were investigated and an
increase in weight gain of pups during the postnatal
period (10 days of lactation) was observed.39

Moreover, the ketogenic diet resulted in a reduction
in the pup’s body weight.40 Borba et al.41 using a
diet of coconut oil (5%) for two successive generations
did not observe a reduction in the body weight of off-
spring in the first generation; however, reduced body
weight in the second generation was observed.
These data reinforce the importance of dietary lipids

to the developing body and nervous system. In accord-
ance with the foregoing, findings, the assumption is
that changes in lipid composition of the diet may
alter the reflections of development and maturation.
Changes in the quality and quantity of lipids interfere
directly with chronology of reflex response, as
observed in this study.

Conclusion
Our results demonstrate the impact of lipids in goat
milk, a source of CLA on the early maturation reflexes
of rats. Also evident in our study was the increase in
body weight of offspring treated with goat milk.
These results reinforce the role of dietary lipids in neu-
rodevelopment. To evaluate the effects associated with
these results, other studies should be conducted to elu-
cidate what dietary lipids are beneficial during early
maturation and which mechanisms are involved in
this process.
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