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ABSTRACT

A number of risk factors have been associated to the stroke and many strategies have been proposed in order to
control them as well. Vitamin K has been largely found in brain, which suggests a possible function at that tissue.
This study aimed to evaluate the potential of this vitamin on the prevention of risk factors to stroke and on cognitive
function on SHRSP rats. Twelve SHRSP males, 15 weeks old, were divided into two groups (n= 6 each), receiving
the vehicle-coconut oil (control group) or 40 ug of phylloquinone (treated group) during 28 days. Biological
parameters, systolic blood pressure and lipid profile were evaluated. Both groups were submitted to the
neurological tasks. The data was treated by Student's t test and ANOVA one-way test being P<0.05 considered
significant. The phylloguinone supplementation showed a statistically significant reduction in the treated group of
all parameters of lipid profile and systolic blood pressure when compared to the control group. Neurological
evaluation indicated a statistically significant improvement in the performance of long term memory tests in the
treated group, without similar findings in the evaluation of short memory. In sum, phylloguinone supplementation
was shown to modulated lipid profile and protect neuronal suffering in this model.
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INTRODUCTION

Cerebrovascular diseases are the second leading
cause of death and dementia, and the leading cause
of disability worldwide (Soler and Ruiz 2010).
Studies indicated that the most commonly
involved functions in cerebrovascular lesions
appear to be those associated with memory and
executive function (Vicario et al. 2011).

In order to minimize the incidence of stroke and its
comorbidities, one should aim at controlling their
risk factors. Among them, hypertension can be
highlighted as the most important modifiable risk
factor for any type of stroke (hemorrhagic and
ischemic) (Soler and Ruiz 2010).

Apart from hypertension, there is also strong
evidence for the involvement of oxidative stress in
the pathogenesis of vascular disorders (Pawlak et
al. 2005), working independently or associated to
the dyslipidemia (Moreiraet al. 2006). An
increased generation of reactive oxygen species
inhibits endogenous antioxidant defenses, pointing
to a subsequent oxidative damage and cell death
(Pong 2003). Interestingly, some evidence has
shown the beneficial effects of an antioxidant
nutrients in brain ischemia (lkeda and Miyahara
2003; Murad et al. 2013).

In addition, several studies have reported
significant benefits in reducing the risk of stroke
and post-stroke recovery in patients who
consumed foods rich in micronutrients, including
B vitamins and antioxidant vitamins E and C
(Sanchez-Moreno et al. 2009).

In this context, the phylloquinone (vitamin K1)
has been highlighted by demonstrating an
antioxidant effect (Tirapelli et al. 2008b; Sogabe et
al. 2011). However, such findings were obtained
on normotensive strains without previous vascular
disease or hypertension. At the same way, the
possible effect of vitamin K on lipid profile
modulation stills controversial (Kolahi et al.
2015).

For this reason, the present study aimed to
evaluate the effects of vitamin K1 supplementation
on the prevention of risk factors to stroke and on
cognitive function on SHRSP rats, a strain widely
used as a severe arterial hypertension, stroke and
memory dysfunction model.

MATERIALS AND METHODS

Animals

Male, 15-week-old stroke-prone spontaneously
hypertensive rats, SHRSP (n=12) were obtained
from the colony of rats in the bioterium of the
Federal University of Rio de Janeiro State. The
rats were maintained in metabolic cages with
controlled conditions of temperature (21 + 2°C),
humidity (60 + 10%), 12 h dark/light cycle
(exposed to artificial light from 7:00 am to 7:00
pm) and air ventilation (15 min/h). The rats
received rat chow food pellets (Nuvilab from
Nuvital Co, PR, Brazil) and water ad libitum. All
procedures were carried out in accordance with the
conventional guidelines for experimentation with
animals (National Institute of Health, Publication
no. 85-23, revised 1996). The Ethics Committee
for Animal Experimentation at the Federal State
University of Rio de Janeiro approved the
experimental protocol used in this study.

Groups and supplementation

Initially, the rats were maintained under basal
conditions for 14 days. After, they were
subdivided into two groups (n= 6 each) and were
treated as follows: control group- received the
vehicle coconut oil (Sigma-Aldrich, C-1758, St.
Louis, MO) (0.3 mL) and treated group was
treated with 40 ug of phylloguinone (Sigma-
Aldrich, 47773, St. Louis, MO) diluted in 0.3 mL
of coconut oil. Both groups received daily doses of
the vehicle or vitamin by oral gavage using a
polyethylene catheter PE 190, during 28 days.

Physiologic parameters and blood pressure

The body weight, diuresis, food and water intake
were measured daily and systolic blood pressure
was determined by plethysmography twice a week.

MEMORY AND COGNITION TEST

Morris water maze

The Morris Water Maze measured 1.8 m in
diameter and was 60 cm deep. Before filling it
with water we added an escape platform affixed in
a permanent location in the maze. Next we filled
the apparatus halfway with water plus milk
powder, to a depth of 30 cm. Thus, the hidden
platform remained a few mm below the surface of
the water. SHRSP were placed in the Morris Water
Maze, and when released, the animals swam
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around the pool in search of an escape (hidden
platform). The time it took the animals to find the
platform was measured in seconds. The test was
conducted twice daily for each rat.

Novel object recognition test

Initially, each SHRSP was placed in a plastic box
and introduced to two differently-shaped objects to
explore freely for five min. This procedure was
repeated after 180 min. Additionally, 180 min after
the last exercise, one of the objects was replaced
by a new object with a different shape. We thus
studied the time the rat spent with the new object
and with the familiar object. Each test lasted 10
min. In this step we studied the preservation
of short-term memory.

To assess the preservation of long-term memory,
twenty-four h after the last test, the novel object
from the previous day was replaced by another.
The time spent with this novel object and the
familiar object also was recorded. These tests
lasted 10 min.

For the short- and long-term-memory procedures,
exploration was defined as sniffing or touching the
object with the nose or front leg. When an animal
finished the test and another was to be introduced,
the objects were cleaned with alcohol and dried
with paper towels, to prevent a bias in the results
due to olfactory perception. These tests were
applied during the basal period and twice a week
over the course of the entire experiment.

Sacrifice

The control and treated groups were anesthetized
with sodium pentobarbital intraperitoneally (25
mg/kg) and sacrificed by heart puncture. Blood
was collected from each rat and placed in a tube,
and the tubes were then centrifuged at 2000 RPM
x g for 10 min to obtain the serum.

Lipid profile

Total cholesterol (TC), HDL-cholesterol and
triglycerides (TG) were measured by an enzymatic
assay. LDL-cholesterol levels were calculated by
the Friedewald formula: LDL = TC - HDL -
(TG/5).

Statistical analysis

The data were reported as the mean and standard
deviation (SD) and subsequently analyzed using
the Student's t test to compare control group with
treated group and ANOVA one-way test to
evaluate the evolution of the groups during the
weeks of the experiment. P value of <0.05 was
considered significant. The statistical software
package used was GraphPad Prism® 5.0 for
Windows® (Graph Pad Software, San Diego, CA,
USA).

RESULTS

All the animals on the experiment showed
variation on body weight and other general
physiologic parameters during the study. However,
there was no statistical significance (Table 1).

Table 1- The data represents Mean + SD of body weight, urine output, water intake and diet of control group (n = 6)
and treated group of SHRSP rats (n = 6).

Parametes Groups Basal Period 12 Week 22 Week 32 Week 42 Week
Body weight | Control | 197.33+13.74 | 201323+16.83 | 210.87+7.84 | 218+10.55 216.97+9.86
(9 Treated | 195.57+9.11 201.47410.63 | 195.2+16.33 | 217.21+18.68 | 219.93+19.69
Urine Output | Control | 9.87+3.43 5.63+2.03 6.54+2.33 6.45+2.33 7.83+1.23
(mL) Treated | 6.78+1.5 9.96+4.28 9.86+9.38 8.03+3.55 8.66+5.57
Diet (9) Control 14.56%2.32 15.47+1.34 15.99+0.87 13.57+2.07 17.56%3.36
Treated | 19.99+2.08 14.85+0.85 15.15+1.84 19.66+0.97 21.10£1.80
Water Intake | Control | 45.98+3.46 49.69+4.76 37+6.68 32.68+3.23 38.67+5.78
(mL) Treated | 53.05+4.34 52.38+29.8 49+9.40 49.9+9.83 35.6+8.38

Regarding animals ectoscopy, no change in the
changes were

skin,

mucosa, or

behavioral

observed in any of the groups.
Regarding lipid profile, total cholesterol of the
treated group was significantly lower than the
control group. In other lipid fractions the trend
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remained, and a statistically significant reduction
in all the evaluated data was observed (Fig. 1).
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Figure 1- The data represents mean + SD of lipid profile on control group (n = 6) and treated group of SHRSP rats

(n=6).
*p<0.05 when compared with control group.

Regarding the blood pressure of the animals, both
groups had similar values at the beginning of the
study (basal period and first week of
supplementation) as expected from a random
population. However, at the second week there
was a significant (p<0.05) reduction of the systolic
blood pressure in the treated group, which
intensified by the end of the experiment (3rd and
4" week) (Fig. 2).
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Figure 2- The data represents mean + SD values of the
systolic blood pressure during the period of the
experiment, between control group (n = 6) and treated
group of SHRSP rats (n = 6).
*p<0.05 when compared with control group.

Regarding memory, two parameters were checked
to assess the short term memory of the animals.
Figure 3, shows the mean + SD of Time Spent
with Novel Object (TSNO) in both groups. The
variations found in this parameter during the
experiment were not statistically significant (p =

0.072). In the following graph, the same
representation illustrating Time Spent with Family
Object (TSFO), like the last, statistical analysis
was not significant (p = 0.071), showing that the
short memory of the animals was not altered by
vitamin supplementation (Fig. 4).
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Figure 3- The data represents the results of time taken
to the recognition of novel object between control
group (n = 6) and treated group of SHRSP rats (n = 6).

Short term memory.

Novel Object Recognition (seconds)
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Figure 4 - The data represents the results of time taken
to the recognition of familiar object between control
group (n = 6) and treated group of SHRSP rats (n = 6).
Short term memory.

Familiar Object Recognition (seconds)
Short Memory
S

As in the short memory, long memory assessment
was done through the parameters of TSNO and
TSFO. Figure 5 shows the gap between mean
values £ SD increasing throughout the experiment,
resulting in a statistically significant difference.
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Figure 5 - The data represents the results of time taken
to the recognition of novel object between control
group (n = 6) and treated group of SHRSP rats (n = 6).
Long term memory.

*p<0.05 when compared with control group.

Novel Object Recognition (seconds)
Long memory

Following this trend, the treated group spent less
time than the control group with the familiar
object, while the latter group remained almost
constant in this parameter, setting a statistically
significant difference between them (Fig. 6).
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Figure 6 - The data represents the results of time taken
to the recognition of familiar object between control
group (n = 6) and treated group of SHRSP rats (n = 6).
Long term memory.

*p<0.05 when compared with control group.
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With regard to standards of maintenance or loss of
memory function, the maze test showed a
significant reduction in the execution time of the
task in the treated group when compared to the
control group (Fig.7).
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Figure 7- The data represents the results of time taken
to complete the maze test between control group (n = 6)

and treated group of SHRSP rats (n = 6).
*p<0.05 when compared with control group.

The results of the Morris water maze confirm the
results above. While the control group showed an
increase in the execution time of the test, treated
animals showed a progressive decrease in the same
parameter (Fig. 8).
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Figure 8 - The data represents the results of time taken
to find the hidden platform on Morris Water Maze Test
between control group (n = 6) and treated group of
SHRSP rats (n = 6).
*p<0.05 when compared with control group.

DISCUSSION

The present work demonstrates that SHRSP rats
were  responsive  to  the  supplemental
phylloquinone, mainly regarding the dyslipidemia
and hypertension attenuation, intrinsic
characteristics of this strain, and reveals that there
were no apparent signs of nutritional interaction
towards the use of supraphysiological doses.

The results presented here confirm previous
findings when vitamin K1 was administered
intravenously (Tirapelli et al. 2002a; Tirapelli et
al. 2008b). The first proposes, as hypotensive
mechanism, that the phylloguinone prevents
carotid artery contraction induced by the action of
phenylephrine during hypoxia in rats. The latter
suggests that the effect on blood pressure
reduction of this vitamin involves the generation
of nitric oxide (NO) and vasodilatory
prostaglandins, since the concomitant
administration of L-NAME and indomethacin
were able to mitigate and/or inhibit the
hypotensive effect of vitamin K1.

In fact, the literature present others pausible
mechanisms associated to the hypotensive effect
of vitamin K. According to Luo et al (1997),
phylloguinone is an essential cofactor of the
matrix (MGP) GLA protein, whose function is to
inhibit arterial calcification. Thus, vitamin K1
supplementation could stimulates MGP action,
allowing the proper functioning of the
endothelium and its regulatory activities on blood
pressure. In addition, Price et al. (1998) observed
an arterial calcification of knockout mice for MGP
producing gene. Essalihi et al. (2003) by using
warfarin, a known vitamin K antagonist, observed

an important hypertension and arterial calcification
as well.

Another alternative, which does not exclude the
previously mentioned, could be through the
reduction of all lipid fractions as it was reached in
the present report. According to two independent
studies (O'donnell et al. 2010; Ginsberg 2013), the
reduction of lipid fractions is beneficial in
controlling hypertension, because hyperlipidemia
is the most harmful factor for the endothelium.
With endothelial injury, there is the onset of the
inflammatory process with the expression of
adhesins, integrins and production of chemokines.
Consequently, there is a migration of monocytes
and T Ilymphocytes, cronificating local
inflammation by stimulating the smooth muscle
cells and extracellular matrix synthesis.

The transport of vitamin K in the blood is closely
associated with triglyceride and cholesterol-rich
lipoproteins as it is a highly lipophilic substance,
binding, almost exclusively, with lipoproteins such
as LDL, VLDL and chylomicrons (Kohlmeier et
al. 1996).

In an enlightening study, after oral consumption,
traced phyllogquinone was absorbed in the
duodenum and was associated with chylomicrons.
The rate of clearance from the blood of both the
phylloquinone and chylomicrons was measured
and it was found that both were removed from
circulation at the same rate. Knowing that these
lipoproteins are responsible for more than half of
this vitamin entrainment, the findings suggest that
the stimulus for the removal of phylloquinone is
also responsible for the reduction of lipid fractions
(Ichihashi et al. 1992).

Regarding to the effects of phylloquinone
supplementation on the neurological response, the
sensory-motor tests revealed no statistical
difference between the treated and control groups
in the present assay; however memory functioning
was significantly improved by this vitamin. Carrié
et al. (2004), also suggested that vitamin K1 has a
crucial role on memory function in young rats,
which was attributed to it action on sphingolipids
metabolism. According to those authors, vitamin
K supplementation promoted a decrease of
ceramide brain levels in the hippocampal region.
Data from in vivo and in vitro studies suggest that
the role of vitamin K is in the regulation of many
enzymes involved in the metabolism of
sphingolipids in myelin-rich regions of the brain
(Denisova and Booth 2005), mainly in the
medulla, pons, and midbrain, where there are
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higher concentration of this vitamin (Carrié et al.
2004).

It has been shown that ceramides act in processes
of cellular growth, division, differentiation and
apoptosis (Zeidan and Hannun 2007), but, when
present in high concentrations, are strongly related
to the inflammatory processes (Ballou et al. 1996)
and to the generation of reactive oxygen species
by mitochondria (Jana et al. 2009). In addition,
several studies have reported the relationship
between high concentrations of ceramides and
neurodegenerative disorders such as seen in
Azheimer’s disease (He et al. 2010).

For fixation of long term memory, the stimulus
must pass a neural circuit called Papez Circuit -
which includes the hippocampal neurons - as well
as generate new synapses and anatomical changes,
while the short memory requires only the
maintenance  of  certain proteins  and
neurotransmitters in the synaptic space (Kandel,
2001). It is known that one of the most sensitive
brain sites to hypoxia is the CA1 region of the
hippocampus (Schunke et al. 2007), and a lesion in
this circuit impairs the establishment of new
memories (Bussey et al. 1999). In addition,
SHRSP rats, at higher oxidative stress
characteristic of this strain, are under greater
influence of neuronal damage, which increases
ceramide levels and impairs the occurrence of
necessary changes in hippocampal cells for the
consolidation ~ of  memory.  Phylloquinone
supplementation, as discussed above, is able to
protect neurons from this suffering by keeping the
cells and circuitry in Dbetter physiological
conditions, which facilitates the establishment of
long memory.

Although it is believed that the vitamin K vitamine
that plays a role in brain tissue is menadione-4
(MK-4), responsible for 99% of all vitamin K
found at that location, certain tissues have the
ability to convert phylloquinone to MK-4.
(Crivello et al. 2010).

A clarifying experiment showed that the
conversion of phylloquinone to menadione is
tissue-dependent. In their study, phylloguinone
was not found in the brain after the intake of that
radiolabelled substance, being found only in
marked MK-4. This strongly suggests that all
phylloguinone is converted into MK-4 in the brain.
In addition, prolonged diets with different
concentrations of vitamin K1 significantly
reflected such differences in brain tissues (Crivello
et al. 2010).

In sum, phylloguinone supplementation of SHRSP
rats was shown to modulated lipid profile and
protect neuronal suffering caused by higher
oxidative stress,characteristic of this strain.
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