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ABSTRACT

The high-fat high-fructose diet (HFHFr) has become widespread globally corresponding to a
rise in obesity and cardiovascular diseases. Traditionally, these diseases were managed by
multiple-drug regimens whose adherence was limited by side effects, hence leading to
consideration of natural compounds. Recent studies have exploited the phytochemical
properties of numerous plant extracts in ameliorating the histological changes seen in common
carotid artery (CCA) damage, however, hardly any studies have investigated the effect of
beetroot extract. The CCA were obtained from a biobank of a study that induced HFHFr in 45
male rats. Rats in the control group had received standard rat chow and water, and the
positive control group received HFHFr. Those in the experimental group received HFHFr and
200mg/kg beetroot extract. These rats were randomly selected, euthanized and perfused on
weeks 4,8,10 and 16. Their CCA were harvested, processed and stereological techniques
applied to determine the densities of different histological components of the CCA.The HFHFr
fed experimental animals revealed medial vascular thickening with a resultant increase in
carotid intima-media thickness, increased vascular smooth muscle density, reduced elastic
fiber density, and increased collagen fiber density compared to controls. Beetroot co-
administration was protective against most of these structural changes. Dietary administration
of beetroot extract has been found to be ameliorative to structural changes on the CCA
following administration of HFHFr. Therefore, dietary beetroot extract may be indicated to

mitigate harmful changes following long term exposure to a high fat high fructose diet.
Keywords: Common Carotid Artery; Beta vulgaris
DOI: https://dx.doi.org/10.4314/aja.v13i2.4

INTRODUCTION

The common carotid artery (CCA), being income countries, has dramatically risen in
the highway of arterial supply from the low- and middle-income countries (Toklu et
aorta to the head, has often faced the al., 2017). The rise has corresponded to an
brunt of vascular damage due to poor increase in numerous cardiovascular
dietary practices (Ratchford & Evans, 2014; diseases including carotid artery damage,
Sigala et al., 2018). The high-fat high- atherosclerosis and aortic stiffening
fructose diet (HFHFr), in particular, has (Hirsiger, 2010; Santana et al., 2014).

become widespread globally in recent Cardiovascular diseases caused by a HFHFr
times (WHO, 2021). This dietary shift has have traditionally been managed by
corresponded to a rise in obesity which, multiple-drug regimens whose adherence
once considered a problem only in high has been limited by side effects (Carrizzo et
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al., 2020). This has brought attention to
natural compounds in the recently
expanding nutraceutical field which may be
used as alternatives (Grand View Research,
2020; Statista, 2021). These natural
substances are known to mitigate harmful
effects with minimal side effects as
compared to multiple-drug regimens.
Recent studies have exploited the anti-
oxidative and anti-inflammatory properties
of phytochemicals in numerous plant
extracts in ameliorating the histological
changes seen in carotid artery damage
(Kim & Shim, 2019).

The red beetroot is the edible root of the
Beta vulgaris plant that is rich in inorganic

nitrates and phytochemicals, such as
belatins, that have anti-inflammatory,
antioxidant and chemo-preventive
activities (Chhikara et al., 2019; Mirmiran
et al., 2020). Such properties make
beetroot extract have the potential to
influence multiple targets of the damaged
CCA and hence an attractive therapeutic
tool against the development and progress
of vascular disease. However, few studies
have explored the ability of beetroot to
ameliorate the effects of HFHFr on the
histology of the CCA. This study therefore,
aimed to investigate the effects of beetroot
extract on diet induced damage in the
common carotid artery of the albino rat.

MATERIALS AND METHODS

This  quasi-experimental study was
conducted at the Department of Human
Anatomy upon ethical approval from the
Biosafety, Animal Use and Ethics
Committee, Faculty of Veterinary Medicine.
Rodents were used as animal models due
to their genetic, physiological, and
anatomical similarity to humans, ease of
maintenance, short life cycle and their
small size (Bryda, 2013). Only specimen
from male rats was used since female rats
are under the influence of changing
hormonal profiles that may affect the
common carotid artery.

A sample size of 45 was calculated using a
formula from Charan and Biswas, 2013.
Five study animals from the intervention
and 5 from the positive control groups were
euthanized during the 4 harvesting periods
(weeks 4, 8, 12 and 16). The control group
had 5 animals that were used for baseline
results. Specimen was selected from the
biobank from study animals from the
following 3 groups: Group A rats on HFHFr
diet; Group B rats on HFHFr diet + fresh
beetroot extract while group C rats, the
control groups fed on normal diet
composed of standard rat pellets and
drinking water ad libitum. The HFHFr diet
was prepared as described by Macharia et
al., 2019 using saturated fat (20% w/w)
added to standard rat chow and containing
protein (29.82%), fat (13.43%),
carbohydrates (56.74%), fiber (5.3%) and
vitamins and minerals in small quantities.
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Fructose (30%) was added to drinking
water of animals under the HFHFr diet. The
animals were fed ad libitum. Beetroot juice
extraction was done as described by
Carrillo et al., 2017 (Carrillo et al., 2017). A
fresh beetroot sample (5 g) was placed in
a tube and 5 ml of acidic methanol/water
mixture (50:50, v/v, pH 2) added. The tube
was shaken vigorously for one hour and
centrifuged at 2500 g for 10 minutes. The
supernatant was separated from the
residue. Acetone/water mixture (70:30,
v/v) was then added to the residue with a
repeat of the shaking and centrifugation
steps. The two extracts were then
combined and stored at -40 °C. The extract
was given every morning via oral gavage at
a dose of 200mg/kg.

Specimen from five rats in the control
group in the biobank was used for baseline
results and thereafter from every five rats
from each group that was sacrificed at
weeks 4, 8, 12 and 16. The CCAs were
harvested, processed and stained using
Hematoxylin and Eosin, Weigert's Elastin
and Masson'’s trichrome stains.
Photomicrographs were then taken at X100
and X1000 using a Richter Optica (Model
UX-1) photomicroscope then entered into
Fiji Image J software for analysis.

At X100 magnification, four random points
of the arterial wall were measured and their
average calculated to obtain the intima-
medial thickness (CIMT). Connective tissue
volumetric density estimation was done
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using the Cavalieri principle of point
counting (Mandarim-de-Lacerda, 2003)
and data was expressed as volumetric
densities (%). An 80-testcross gird from
Image Fiji was superimposed on the digital
images on the monitor screen and smooth
muscle nuclei and elastic fibers counted by
identifying test crosses that fell on these
structures. This followed the technique
described by Gundersen et al (Gundersen
et al., 1988). The volumetric densities (Vv)
of the histological structures were
evaluated while unaware of the source of
the tissue samples and were calculated by
the formula Vv = Pp/Pt, where Vv is the
volume density, p the tissue component

under consideration (smooth muscle,
elastic fiber), Pp the number of test points
associated with p, and P¢the total number
of points of tunica media (Mandarim-de-
Lacerda, 2003).

Data was analyzed using Statistical
Package for Social Sciences software
(version 25.0.0.0). Normality of the data
was determined using histograms and box
plots. Means and standard deviations were
calculated. The Kruskall-wallis test was
used to compare differences amongst the
groups over time for the various variables.
A p value of < 0.05 was considered
statistically significant at 95% confidence
interval.

RESULTS

All animals recruited for this study had
remarkable weight gain, especially in the
HFHFr fed group (Figure 1). They displayed
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Figure 1. Trend of the average weight of the rats by group during the duration of the experiment
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thickening with a resultant increase in
carotid intima-media thickness, increased
vascular smooth muscle density, reduced
elastic fiber density, and increased collagen
fiber density compared to controls.
Beetroot co-administration was protective
against most of these observed structural
changes.

Changes in Intimal-Medial Thickness
of the Common Carotid Artery

Compared to control animals, the CCA in
experimental animals fed a HFHFr diet
showed a significant progressive increase
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Figure 2. Box and whisker plot showing carotid
intima-medial thickness in different animal groups
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Figure 4. Box and whisker plot showing carotid

Changes in Smooth Muscle
Composition of the Common Carotid
Artery

The CCA sections of HFHFr fed rats showed
abundant smooth muscle cells localized in
the tunica media and organized
circumferentially but oriented more
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in intimal thickening with the most
significant difference being between the
animals in the purely HFHFr diet compared
with those co-administered with beetroot
(p=0.004) (Figure 2). The median CIMT in
control animals was 30.64um. In the HFHFr
fed group, the median CIMT were 32.27
Mm, 34.84 ym, 38.18 um, and 40.42 um
over the sacrifice periods (Figure 3). In the
HFHFr+Beetroot group, the medians were
more comparable with that of the controls
at 31.39 pym, 30.88 pm, 30.54 pm and
31.41 pym over the same period (Figure 4).

|

50.00

45.00

=

40.00 T

CIMT

3500

30.00 J-

25.00

FIRST SECOND THRD

SACRIFICFE
Figure 3. Box and whisker plot showing carotid
intima-medial thickness in the HFHFr group at
different sacrifice periods

FOURTH

intima-medial thickness in the HFHFr+ Beetroot
group at different sacrifice period

randomly around the vessel (Figure 5).
Concurrently feeding the experimental

animals with beetroot lessened the
structural changes to levels more
comparable to the normal

histoarchitecture.
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Figure 5: Photomicrographs showing the changes in vascular smooth muscles with intake of a high fat and fructose
diet and the protective effects of beetroot on such changes Figure 5A: Photomicrograph showing the histological
organization of the common carotid artery of a rat in the control group. Note that the squamous endothelial cells
(black arrows) in the tunica intima. The fusiform vascular smooth muscle cells (white arrowheads) in the tunica
media (TM) display a relatively regular arrangement. Note also fibrous tunica adventitia (TA). (Haematoxylin and
Eosin, Magnification=X1000). Figure 5B: Photomicrograph showing the histological organization of the common
carotid artery of a rat in the HFHFr fed experimental group at the second sacrifice. Note that the increased vascular
smooth muscle cells (white arrowheads) in the tunica media (TM) compared to the control group and the
HFHFr+Beetroot group. (Haematoxylin and Eosin, Magnification=X1000) (HFHFr: High Fat High Fructose).Figure
5C: Photomicrograph showing the histological organization of the common carotid artery of a rat in the HFHFr fed
experimental group at the last sacrifice. There are more vascular smooth muscle cells (white arrowheads) in the
tunica media (TM) compared to the other animal groups. Also, note the prominent thickening of the tunica media
(Haematoxylin and Eosin, Magnification=X1000) (HFHFr: High Fat High Fructose).Figure 5D: Photomicrograph
showing the histological organization of the common carotid artery of a rat in the HFHFr + Beetroot experimental
group at the last sacrifice. Note that the number and organization of the smooth muscle cells in the tunica media
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(white arrows) is more comparable to that of the controls (Haematoxylin and Eosin, Magnification=X1000) (HFHFr:

High Fat High Fructose).

The average smooth muscle cell density
(SMD) in the control group was 17.7%. The
change in SMD was most evident in animals
that had received an HFHFr diet for longer,
with beetroot having a protective effect
(Figure 6). In experimental animals, the
median SMD was 20.1%, 22.2%, 23.5%
and 24.9% in the first, second and third
sacrifice of the HFHFr fed group, while it
was 16.4%, 16.4%, 16.7%, and 17.1% at
similar periods for the HFHFr+Beetroot fed
group (Figures 7, 8). There was a
statistically significant (p<0.001) difference
in the group distributions, as showed by
the Kruskal-Wallis test. Pairwise
comparisons revealed the difference to be
greatest between the HFHFr group and
HFHFr+Beetroot group (p<0.001).
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Figure 6. Box and whisker plot of vascular smooth
muscle density in different animal groups
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Figure 7. Box and whisker plot of vascular smooth
muscle density in the HFHFr group at different
sacrifice periods
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Figure 8. Box and whisker plot of vascular smooth
muscle density in the HFHFr+Beetroot group at
different sacrifice periods

Changes in Connective Tissue Fiber
Density in the Common Carotid Artery

The tunica media of the HFHFr
experimental animals  displayed a
progressive increase in collagen fiber

density over time. The increase was most
evident in animals that had been fed that
diet longer (Figure 9). This increase in
collagen fibers was also evident in the
tunica adventitia. The beetroot fed
experimental animals, on the other hand,
showed arterial collagen organization more
similar to the controls.

Elastic fibers appeared further interspersed
in the HFHFr fed experimental animals
compared to controls. The regular lamellar
organization of the elastic fibers was also
disrupted in this group. While elastic fibers
were arranged in regular circumferential
lamellae in controls, they showed
fragmentation and branching coupled with
reduced thickness in experimental animals.
Beetroot seemed to have some protective
effect against these structural changes.
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Figure 9: Photomicrographs showing the changes in collagen fiber composition and arrangement with intake of a
high fat and fructose diet and the protective effects of beetroot on such changes Figure 9A: Photomicrograph
showing the organization of collagen fibers in the common carotid artery of a rat in the control group. The collagen
fibers within the tunica media (black arrows) are comparably less than those in the tunica adventitia (TA). The
collagen fibers are regularly arranged around and similarly oriented as the elastic fiber lamellae (Masson’s
Trichrome, Magnification=X1000).Figure 9B: Photomicrograph showing the organization of collagen fibers in the
common carotid artery of a rat in the HFHFr fed experimental group at the second sacrifice. Note the increased
collagen fibers (arrowheads) within the Tunica Media (TM). The fibers are also disorganized with more random
orientation and location. Also, note the prominent tunica adventitia (TA) displayed (Masson’s Trichrome,
Magnification=X1000) (HFHFr: High Fat High Fructose).Figure 9C: Photomicrograph showing the organization of
collagen fibers in the common carotid artery of a rat in the HFHFr fed experimental group at the last sacrifice. Note
the randomly oriented and increased collagen fibers (arrowheads) within the Tunica Media (TM) (Masson’s
Trichrome, Magnification=X1000) (HFHFr: High Fat High Fructose).Figure 9D: Photomicrograph showing the
organization of collagen fibers in the common carotid artery of a rat in the HFHFr+Beetroot fed experimental group
at the last sacrifice. Note the only slightly increased collagen fibers (arrowheads) within the Tunica Media (TM).
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The organization and quantity of collagen fibers are comparable to that in the controls (Masson’s Trichrome,
Magnification=X1000) (HFHFr: High Fat High Fructose).

Collagen Fiber Density

The median collagen fiber density (CFD) in
the control group was 48.1%. There was
an increase in CFD in the HFHFr fed
experimental group (Figure 10), with
median CFD in the first, second, third and
fourth sacrifices noted as 49.6%, 47.8%,
53.7% and 55.7%, respectively (Figure
11). The same median observations in the
HFHFr+Br fed group were often reduced to
47.0%, 48.7%, 45% and 44.5%,
respectively (Figure 12). The changes were
not statistically significant between the
three groups (p=0.061). However, a Mann-
Whitney U test between the two
experimental groups revealed a statistically
significant  difference  between their
distributions (p=0.019).
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Figure 12. Box and whisker plot showing collagen
fiber density in the HFHFr+ Beetroot group at
different sacrifice period

Elastic Fiber Density
The median elastic fiber density (EFD) of
the CCA was 49.5% in the control group.
There was a reduction in EFD in the HFHFr
fed experimental animals compared to the
control group (Figure 13, 14). Median
reported EFD was 48.4%, 46.9%, 45.7 and
45.0% for the first, second, third, and
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Figure 10: Box and whisker plot showing collagen
fiber density in different animal groups
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fourth sacrifice in these animals (Figure
15). Similarly reported medians for the
HFHFr+Beetroot group deviated less from
the controls at 49.2%, 48.4%, 47.5% and
47.3%, respectively (Figure 16). The
changes were not statistically significant
between the three groups (p=0.166).
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C

Figure 13: Photomicrographs showing the changes in elastic fibers in the common carotid artery following
administration of high fat and fructose diet and the protective effects of beetroot on such changes

Figure 13A: Photomicrograph showing the organization elastic fibers in the common carotid artery in the control
group. Note the continuous, regularly arranged, thick, dark-staining elastic bands. (Weigert's Elastin Stain,
Magnification=X1000)

Figure 13B: Photomicrograph showing the organization elastic fibers in the common carotid artery of a rat in the
HFHFr fed experimental group at the second sacrifice. Note the broader internals between the elastic bands. Note
also the areas where the bands approximate (black arrow). (Weigert's Elastin Stain, Magnification=X1000).

Figure 13C: Photomicrograph showing the organization elastic fibers in the common carotid artery of a rat in the
HFHFr fed experimental group at the last sacrifice. Note the wide intervals between the elastic bands. Also, note
the more frayed appearance of the elastic lamellae with irregular kinks and fragmentation (black arrow). (Weigert's
Elastin Stain, Magnification=X1000)
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Figure 13D: Photomicrograph showing the organization elastic fibers in the common carotid artery of a rat in the
HFHFr+Beetroot experimental group at the last sacrifice. Note a similar structure of the elastic lamellae with that
of the control group. A slight discontinuity is, however, noticeable in some of the lamellae (black arrows) (Weigert's
Elastin Stain, Magnification=X1000)
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Figure 14. Box and whisker plot showing elastic fiber
density in different animal groups
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Figure 16. Box and whisker plot showing elastic fiber
density in the HFHFr+ Beetroot group at different
sacrifice period.

Figure 15. Box and whisker plot showing elastic fiber
density in the HFHFr group at different sacrifice
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Adventitial Thickness

Median adventitial thickness in the control
group was 42.56 (Figure 17). The median
AT in the HFHFr experimental animals was
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43.27 pm, 46.36 pm, 52.65 ym and 55.61
pm in the first, second, third and fourth
sacrifice  respectively  (Figure  18),
compared with 41.47 um,42.67 um, 45.57
pm and 46.57 pm in the HFHFr+Br group
over the same periods (Figure 19).
However, the differences in distribution
between the three groups was not
statistically significant (p= 0.070).
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Figure 17. Box and whisker plot showing adventitial
thickness in different animal groups
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Figure 18. Box and whisker plot showing adventitial
thickness in the HFHFr group at different sacrifice
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Figure 19. Box and whisker plot showing adventitial
thickness in the HFHFr+ Beetroot group at different
sacrifice period

DISCUSSION

Carotid Intima-Media Thickness

There was an increase in the carotid
intima-media thickness in the group fed on
the high fat high fructose diet. In the
HFHFr+Beetroot group, the median
thickness was more comparable to that of
the controls, suggesting a positive
influence of beetroot extract. These
findings are consistent with those of
McClintock et al., (2016), Qu and Qu,
(2015) and Oren et al., (2003) that have
shown an increase in IMT following
administration of a high fat diet, and
Arumbakti, (2019) following a high fructose

diet. The mechanism of intima-media
thickening on these diets is due to
endothelial dysfunction and immune

modulation following an increase in low
density lipoproteins, apolipoproteins and
pro-inflammatory moleclues (Qu & Qu,
2015).

Treatment strategies that have been set in
place to regulate carotid intima media
thickness, which is a known risk factor for
atherosclerosis, have extended from
dietary practices, with some encouraging
Mediterranean diets, to clinical practices
including use of drugs such as atorvastatin
(Fang et al., 2015), rosuvastatin (Yokoi et
al., 2014) and fuvastatin (Anderssen et al.,

2005) to reduce the progression of
thickening. These therapies involve
intensive lipid lowering and

antihypertensive therapy with some also
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enhancing reduction of central fat (Walus-
Miarka et al., 2013). These therapeutic
features of reducing carotid intima media
thickness are also exhibited by beetroot
due to its rich inorganic nitrate content.
Dietary nitrates exert anti-oxidant
properties which lower ROS and anti-
inflammatory properties which maintain
vascular integrity.

Therefore, carotid intima media thickness,
which is a validated surrogate marker of
preclinical atherosclerosis and is predictive
of cardiovascular morbidity and mortality
(McClintock et al., 2016; Stein et al., 2008),
may be regulated by beetroot extract
through its dietary ameliorative effects.
Smooth Muscle Density

There was a significant increase in the
smooth muscle density in the CCA of rats
fed on the HFHFr. Those administered
beetroot in addition to the HFHFr presented
with a lower smooth muscle density similar
to that of controls.

The findings of this study are consistent
with those of El Akoum et al., (2012) and
Rodriguez-Lee et al., (2006) that have
shown an increase in smooth muscle
density following administration of a high
fat diet, and Victorio et al., (2021) following
a high fat high fructose diet. A proposed
mechanism of this phenomenon is by a
hormone induction and altered phenotypic
expression by vascular smooth muscle cells
(VSMC).
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Physiologically, the high-fat diet has been
suggested to increased blood pressure and
down regulate expression of K(ATP)
channels. This impairs channel-mediated
relaxation responses and currents in VSMC,
which  underscores  obesity-triggered
increase in blood pressure (Fan et al.,
2009). In addition, high fat diets correlate
with an increase in systemic leptin and
adiponectin that causes VSMC proliferation
and hypertrophy in a concentration
dependent manner (El Akoum et al., 2011).
Further, increased adiponectin inhibits
VSMC migration and promotes their
differentiation (EI Akoum et al., 2012).
Structurally, vascular smooth muscle cells
(VSMC) undergo “phenotypic switching”
from quiescent to synthetic phenotype
showing less contractibility with increased
proliferation and migration toward the
intima (Mulvihill et al., 2004; Owens et al.,
2004). In healthy conditions, the
contractile phenotype is predominant and
the vascular smooth muscle cells express a
set of genes necessary for maintaining a
high contractile ability (Beamish et al.,
2010). Under a high fat high fructose diet,
the expression of these genes are
downregulated and differentiated smooth
muscle cells switch to a synthetic
phenotype, which is characterized by a
high proliferation rate and synthesis of
extracellular matrix, contributing to wall
thickening and thrombosis (Beamish et al.,
2010; Mulvihill et al., 2004).

With regards to the mechanisms of damage
mentioned above, beetroot extract may
pose as an ideal therapeutic dietary
supplement attributed to its high nitrate
content. The nitrates bind to an
intracellular receptor in the smooth muscle
cells mediating relaxation and
vasodilation (Epstein et al., 1993). NO not
only modulates contraction and oxygen
uptake but is also involved in the
breakdown of pathogens in macrophages
and neutrophils, neurotransmission and
more importantly, the inhibition of
thrombocyte aggregation (Moncada et al.,
1991).

Collagen and Elastic Fiber Density
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media of the HFHFr
experimental animals  displayed a
progressive increase in collagen fiber
quantity over time. This increase in
collagen fibers was also evident in the
tunica adventitia. The beetroot fed
experimental animals showed arterial
collagen organization more similar to the
controls. On the other hand, elastic fibers
appeared further interspersed in the HFHFr
fed experimental animals compared to
controls, while those fed beetroot seemed
to be protected from these structural
changes.

The findings of the present study are
consistent with those of Martinez-Martinez
et al., (2021) and Santana et al., (2014)
that have shown an increase in collagen
fiber density and further interspersed
elastic fibers following administration of a
high fat-diet high-fructose diet.

The high fat high fructose diet is associated
with hypertrophic vascular remodeling
resulting in vascular fibrosis. Vascular
fibrosis, being a dynamic process, results
from the imbalance of ECM production and
degradation. In the case of vascular
collagen accumulation, it is a consequence
of an increase in production and decrease
in degradation(Gil-Ortega et al., 2016). The
decrease in degradation has been
suggested as being due to an increase in
collagen fiber crosslinking, making it more
difficult to degrade. Lysyl oxidase (LOX),
the enzyme involved in the covalent cross-
linking of collagen and elastin, has been
held responsible for this vascular rigidity
(Martinez-Martinez et al.,, 2016). The
increased deposition and accumulation of
collagen type I remains a consequence of
long term adherence to a high-fat high-
fructose diet (Leite et al., 2019; Martinez-
Martinez et al., 2021).

As opposed to what was observed with
collagen, the high-fat high-fructose diet is
associated with a decrease in elastic
fenestra. Although no changes in elastin
levels is associated with high-fat high-
fructose, there is a reduction in the
fenestra number in the internal elastic
lamina (Gil-Ortega et al., 2016). This
reduction affects vascular mechanical

The tunica
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properties, thereby making the vessel
stiffer (Briones et al., 2003).The rigidity is
further increased due to an accumulation in
fibronectin which is a major determinant of
arterial stiffness and plays a pivotal role in
cell matrix interactions (Sista et al., 2005).
The relative level of collagen and elastin
determine biomechanical properties of
vessels, and the increase in
collagen/elastin ratio observed in the high-
fat high-fructose diet leads to increased
stiffness. Correspondingly, there is an
increase in the pulse wave velocity that
results in lower vessel distensibility and
compliance (Martinez-Martinez et al.,
2021).

With regards to the mechanism of arterial
stiffness as mentioned above, beetroot
extract may pose as an ideal therapeutic
dietary supplement (Ninfali et al., 2017). By
mitigating the first steps involved in the
vascular damage by ROS and the
subsequent inflammatory process,
beetroot through its anti-oxidant and inti-
inflammatory contents, mainly nitrates and
belatins, may be able to protect the
common carotid artery from vascular
remodeling and fibrosis.

CONCLUSION

The dietary administration of beetroot
extract has been found to be ameliorative
to structural changes to the common
carotid artery following administration of a
high-fat high-fructose diet. Therefore,
dietary beetroot extract may be indicated
to mitigate harmful changes following long
term exposure to a high-fat high-fructose
diet.

LIMITATIONS

The animals’” absorption and their
metabolism rates following the HFHFr and
beetroot diet may have been a limitation in
this study. This was, however, minimized
by the use of in-bred rats which are
genetically similar. In addition, tissue
shrinkage during tissue processing may
have altered the normal parameters.
However, errors due to tissue processing
were carried through all measurements.
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