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Abstract

Background and Objective: Aging process has been known to associated with cardiac abnormality. Fucoidan and fucoxanthin have been
suggested as safe supplement. In this study, fucoidan in combination with fucoxanthin were used to enhance the impaired cardiac systolic
and diastolic function in aging canine model. Materials and Methods: Aging canines were fed with fucoidan (125 mg kg™') and
fucoxanthin (125 mg kg™) for 3 months. Echo cardiography was used to compute Tei index and related parameter suchasE/E’, E /A’
and isovolumetric relaxation time (IVRT), isovolumetric contraction time (IVCT) was calculated using the Doppler model. T-Test was used
to compare echo parameters. Data were displayed as Mean=®SD. SPSS was used for statistical analysis. Results: IVRT and IVCT were
shortened with 15.781+3.71 and 24.53£6.71%, respectively after fucoidan and fucoxanthin treatment, suggested that these two
phytochemical compounds have cardioprotective effects in aging canine subjects with degenerative valve disease. Conclusion: After
3 consecutive months of Fucoidan and fucoxanthin usage, the cardiac function of aging canine was improved. Fucoidan and fucoxanthin
may be considered as a potential treatment or supplement to aging canine subjects with abnormality in cardiac function.
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INTRODUCTION

The heart has a crucial role in systemic circulation but
early studies of heart failure have only focused on the cardiac
systolic function as a potential pathogenetic mechanism of
heart failure. Previous studies show that systolic function of
the cardiac system is associated with severe abnormality of
the heart'3. Recently, gene therapy treatment for improving
systolic function has been developed for patients with
myocardial infarction*. However, the cardiac diastolic function
has not been quantified and standardized so potential
relevant assessment is often overlooked. In recent years, in
some heart failure cases, the left ventricle still has systolic
function, so the impact of diastolic function to heart failure is
drawing more attention®. In human medicine, diastolic heart
failure was widely defined in 1998 as a condition in which the
left ventricle retains normal systolic function but has an
abnormal diastolic function in patients with congestive heart
failures.

Doppler echocardiography is currently the most widely
used technique to assess both systolic and diastolic function.
It provides information of anatomical and diastolic functions.
It is noninvasive, safe and clinically easy to operate at
reasonably price. Pulsed wave Doppler and tissue Doppler
imagingare often used in clinical practice to calculate diastolic
function. Traditional dog ultrasound routine examination
program focuses on assessment of left ventricular systolic
function. The main measurement of left ventricular diameter,
septum and posterior wall thickness, diameter of the aortaand
left atrium were recorded to provide systolic function
parameters of the operation’. Assessment of left ventricular
systolicfunction also includes measurement of left ventricular
ejection fraction, shortening fraction, average muscle
circumference shortening rate, stroke volume, injection time
and other parameters.

Study has shown that the severity of diastolic dysfunction
is associated with an increase in mean left ventricular mass
index (LVMI) and mean LV volume index (LVVI). Ventricular
hypertrophy may affect diastolic function, which in turn
increases left atrial pressure and enlarges the left atrium?. Left
ventricular diastolic function assessment has been a reliable
indicator for cardiac dysfunction according to the European
guidelines®. In the veterinary field, the clinical application of
LVVI, LVMI and its ratio has not been evaluated.

Clinical diagnosis and treatment of diastolic heart failure
in dogs are not fully explored to establish a consensus on
these procedures. The purpose of this study is to compare the
parameters of cardiac echocardiography examination, LVVI,
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LVMI and its ratio to the traditional diastolic function index
items of aging canine subjects. These parameters can be used
as indicators of canine with diastolic heart failure disease. Tei
index can be integrated in the assessment of ventricular
diastolicand systolic function of the cardiac echocardiography
index, also known as myocardial performance index (MPI)'°1,
In canine subjects, common symptoms are often in the
ventricle (heart failure) such as ventricular volume increase
and ventricular deformation (volume and mass increase). It is
important to assess early systolic and diastolic function in
order to prevent heart disease in the older canine population.

Fucoidan has been identified first by Kylin'2. Fucosylated
polysaccharide, a sulfated phytochemical compound, is
found in many species of brown seaweed''. The biological
and chemical properties of fucoidan varying according to
specific species of brown seaweed and extraction method™.
Fucoidan has been well studied for their antitumor’e,
antiviral'’, anti-inflammatory'® and anticoagulant'® activities.
These biological activities are closely related to their molecular
weight? and sulfate content?!. Low molecular weight (LMW)
fucoidan possesses higher bioactivities than that of high
molecular weight (HMW) fucoidan?. In a recent study, LMW
fucoidan, <30 kDa, was revealed to stimulate osteogenic
differentiation /n vitro and had an anabolic effect on bone
mineralization /n vivo®®. Moreover, it also showed potential
effects on bone biomaterial osteoconductive properties*. Low
molecular weight (LMW) fucoidan possesses higher
pharmacological attributes than high molecular weight
(HMW) fucoidans®. Many studies have been conducted to
show the cardioprotective effect of fucoidans®?. In the
current study, a combination of small molecular fucoidan and
highly stable fucoxanthin was applied to treat aging dogs
with cardiac function abnormality. The diastolic function, the
diastolic blood flow and the velocity of the mitral annulus was
examined to compare before and after treatment.

MATERIALS AND METHODS

Experimental design: Thisis thefirst study using aging canine
with degenerative valve disease as model for examining the
cardioprotective effect of fucoidan and fucoxanthin. About
10-14 years old (6males and 6female) dogs with degenerative
valve disease were collected from Taipei City Board of You
Kang Animal Hospital since December 2015 with owner
agreement for experimental purpose only.

The subjects are classified into four grades based on
their clinical symptoms according to the NYHA Heart
Failure Classification Criteria?”. Complete physical examination
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including visual inspection, palpation, auscultation,
observation of their movement and mental status was
recorded. The heart rate, respiratory rate and body
temperature were also measured before the treatment. All
tests were conducted in a quiet environment to reduce the
effect of stress on the values.

The subjects were fed with low molecular weight
fucoidan (125 mg/5 kg) (Hi-Q Oligo-Fucoidan®) and highly
stable fucoxanthin (HS-Fucox)(125 mg/5 kg) with alginate
adjuvant therapy for 3 consecutive months. Fucoidan and
fucoxanthin, derived from Sargassum hemiphyllum and
were prepared by Hi-Q Marine Biotech International Ltd.
(New Taipei City, Taiwan).

After detail medical history checkup, animal subjects were
continuously monitored for cardiac electrocardiographic
measurement. Echocardiography parameters before and
after the administration of fucoidan and fucoxanthin are
examined and compared to investigate which of these two
small molecules could contribute to delaying the effects of
cardiac aging.

The study recorded the dogs’ basic informationincluding:
Age, sex, weight, eating habits, birth control, vaccination, the
time of prevention of parasites /n vivo and in vitro. Recent
mental, appetite and urination status were also confirmed for
movement intolerance, respiratory symptoms or mucosal
tongue cyanosis. Frequency, time and severity of the degree
examination have also been obtained. Medical and other
treatments of disease changes during the study period were
also recorded.

Experimental apparatus and equipment: The facilities used
in this study were from the Hospital of Yukang Animal Care.
They were maintained every year to ensure there liability of
research data. The same instruments were used for both
examinations before and after the experiment.

Animal blood pressure was measured by Pet MAP® blood
pressure measurement device. Nihon kohden ECG9020K® was
used in this study to record the ECG. Medonic CA620-15°
(Sweden) was used in the study to count CBC.
Spotchem™SP-4410 (Japan) was used to measure the plasma
biochemistry items in the study. Spotchem™SE-1510 (Japan)
was used in this study to measure the Na*, K* and CI. GTR® Vet
Rad system (USA) and KONICA REGIUS MODEL 110S® (Japan)
were used in this study to obtain the lateral and ventral-dorsal
chest images. Seven Esaotemylab class C® (Italy) and PA-122
probe Companion Animals, Cardio Phased Array -16 mm - 8-3
MHz were used in this study to obtain all the
echocardiographic data.
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The cardiac echocardiography parameters of each subject
were repeated 3 times. Then, the relative values of Tei index,
diastolic function, systolic function and other parameters of
the dogs were compared after feeding for 3 months with
fucoidan, fucoxanthin and alginin.

Cardiac echocardiography: The left ventricle (5 chambers)
and the minor axis were scanned. Then, the left side of the
testis was placed on the right side of the sternum. The probe
was placed on the left side of the sternum position for the
apical four-chamber, five-chamber and two-chamber
cross-sectional scans. The parameters required for the study
were measured using B mode, M mode, pulsed Doppler and
tissue Doppler measurements.

Left sternal apical long axis of each chamber scan: When
scanning section on the left side of the sternum, the test dog
was left lying, slightly lifting the front legs. The probe was
placed in between the left rib apex in B-mode scanning.
The sound beam was perpendicular to the long axis parallel to
the long axis of the heart. The apex in the top of the screen
and the heart at the bottom of the screen shown the long axis
of four chamber cross-sectional images (Fig. 1). The
endometrium, wall thickness, papillary muscle, chordal
tendon, valve structure abnormal thickening, irregular-like,
nodular hyperplasia, echo changes or valve prolapse and
other changes were recorded. After that, blood Doppler model
was used to observe whether there is spoiler, valve counter-
current or thrombosis. The diastolic function indexes such as
E/FE, E /A, isovolumetric relaxation time (IVRT) and
isovolumetric contraction time (IVCT) were calculated using
the Doppler model (Fig. 2).

Statistical analysis: T-test was used to compare two data of
echo parameters. Data were displayed as Mean=£SD. p<0.05
means there is statistically significant difference between
before and after treatment data of the same subject. This was
performed by SPSS Version 20.

RESULTS

Both IVRT and IVCT of aging subjects were shortened
with 15.78%3.71 and 24.53%6.71% relative to before
fucoidan and fucoxanthin treatment, respectively. These data
suggesting both diastolic and systolic functions were
improved after treatment with fucoidan and fucoxanthin.
LVET was prolonged 7.1£14% compared to before
treatment.Increasein E'and decreasein A’ velocity suggesting
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(b)

Fig. 1(a-b): Left caudal (apical) parasternal location, four-chamber views, (a) Four chamber view and (b), Five chamber

(LV outflow) view

Fig. 2: Left parasternal four-chamber view with tissue Doppler. The cursor is placed at mitral valve annule for imaging tissue

Doppler to measure the peak

IVRT: Isovolumetric relaxation time, IVCT: Isovolumetric contraction time, LVET: Left ventricular ejection time, E": E wave velocity, A': A wave velocity, E/E":
The velocity ratio between E wave and mitral septal annular tissue E, E'/A": Ratio of mitral septal annular tissue velocity E" to A. Mean+SD

improvement in diastolic function. E'/A" ratio increased
(improved diastolic function in the case of the absolute
value of the rising wave E* (such as a decline compared to
the same time E" and A’ row limit evidence of diastolic
function deterioration). E / E" as the ratio of mitral diastolic
blood flow and tissue E wave velocity loop of the base, the
greater the value of the former representative of load (or
and left atrial pressure) is higher, the worse diastolic function
(Fig. 3).
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The IVRT and IVCT and Teiindex were the most significant
p<0.05 improvements. The IVCT of systolic function and the
Tei index of global myocardial performance showed
significant improvement p<0.05 of cardiomyocyte potency,
cardiac function and contraction (Fig. 3).

In this study, the subjects have age distribution between
10-14 years with varying degrees of degenerative myxoid
valve disease and cardiovascular-related drug treatment time
of 1.5-4 years. With fucoidan and fucoxanthin treatment, the
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Fig. 4: Tei index before and after treatment of fucoidan and fucoxanthin

data and clinical symptoms, especially the performance of the
Tei index showed a very significant improvement (Fig. 4).

DISCUSSION

In this study, shortened IVRT and IVCT of aging canines
after 3 months treatment with fucoidan and fucoxanthin were
recorded. These data suggest the synergistic effects of
fucoidan and fucoxanthin to cardiac function. This is the first
study to reveal fucoidan and fucoxanthin effects to aging
canine with degenerative valve disease. Teiindex with various
parameters related to both cardiac systolic and diastolic
function has been applied to evaluate the enhancement of
cardiac function before and after 3 months treated with the
phytochemical compoundsin the same subjects. It was found
that IVRT and IVCT were the most significant ameliorating
parameters by fucoidan and fucoxanthin treatment. The
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cardioprotective effects of fucoidan from different species of
algae have been reported previously?26282,

In normal circumstances, the length of IVRT versus IVCT
depends on myocardial performance. IVRT represents for an
interval of cardiac cycle. It starts from the end of contraction
to the atrioventricular valve opening. It can lead to slowing
down of relaxation of the heart rate and reducing ventricular
pressure. Additionally, lower atrial pressure also caused by
atrioventricular valve opening. Many studies have been
used isovolumetric relaxation time as an indicator of
diastolic dysfunction in heart failure subjects®**. In a recent
study, IVRT was significantly increased but not E/A ratioin
mice with left ventricular (LV) diastolic dysfunctioninduced
by high-fat, high-sucrose diet, which suggested the
importance of IVRT in cardiac diastolic function3. In this
study, after oral feeding with fucoidan and fucoxanthin,
the IVRT was significantly p<0.05 shortened which
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demonstrating the effect of these extracts in rescuing the
diastolic function of aging canines.

A more in-depth study of left ventricular diastolic
dysfunction can be interpreted as an abnormal expansion of
the myocardium. Two major abnormalities are diastolic and
impaired relaxation ability (common delay). They could be
caused by development of hypertension which could
results in heart failure. Consequently, left ventricular
myocardium compensatory mechanism would involve in
these physiological disorders. Human medical research
shown that more than half of hypertensive patients with
diastolic dysfunction. It confirmed that ventricular diastolic
abnormalities in the elderly population of heart failure and
sudden death are of the independent cause. In heart failure
patients, assessment of left ventricular systolic and diastolic
function revealed normal systolic function but diastolic
dysfunction. Thus, additional research and analysis should be
focused on left ventricular diastolic function®3,

IVCT is an interval of cardiac cycle. It starts in early systole
during ventricular contraction. IVCT can be used to access for
left ventricular performance. Therefore, itis critical to measure
this parameter in aging canine. Left ventricle injection time
(LVET) shows a negative correlation with the rhythm. LVET is
reciprocal to Tei index, so the greater the LVET value, the
worsen the myocardial performance®*, Vogel et a/* has
reported that isovolumetric contraction can be used as novel
indicator of acute changes of right ventricular function. From
the present study, fucoidan and fucoxanthin could be used as
supplement for aging subject with prolonged IVRT and IVCT.
Fucoidan and fucoxanthin can be used in further study to
investigate the underlying mechanism of cardioprotective
effect in other animal models with different cardiac
abnormality. This study also set standard concentration for
combination of fucoidan and fucoxanthin at 125 mg/5 kg of
each compound. However, this study also remains potential
caveats such as /n vitro study with small sample size.

CONCLUSION

It is concluded that examination of the effects of small
molecular fucoidan combined with high-stability fucoxanthin
to cardiac function after 3 months treatment shown
improvement in of aging dogs heart by shorter IVRT and IVCT
value. Tei index and parameters related to diastolic and
systolic function were improved quantitatively.

SIGNIFICANCE STATEMENT

This study discovers the cardioprotective effects of
fucoidan and fucoxanthin extracted from brown algae to the
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aging canine with degenerative valve disease. The present
results can be beneficial for the treatment of aging subject
with impaired cardiac function. This study will help the
researcher to reveal the critical roles of marine product
supplement to cardiac function. Therefore, marine product
such as fucoidan and fucoxanthin may be applied to cardiac
function abnormality study.
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