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Abstract

Resveratrol (3,5,4-trihydroxy-trans-stilbene) is an extensively studied nutraceutical with several proposed health benefits, including cardio protection, antimetabolic
syndrome, and antiatherogenic effects. It was brought to popularity through the proposed “French Paradox” and the consumption of red wine. It has been shown to down
regulate the activation of numerous inflammatory and oxidative stress markers with therapeutic potentials. Spirulina (Arthrospira platensis), on the other hand, is a highly
nutritional nutraceutical that has not been sufficiently studied. However, several in vitro and animal studies point to its hypolipidemic and antihypertensive properties,
which are similar to resveratrol. Although resveratrol and Spirulina both constitutes functional foods with potential therapeutic effects on several cardiovascular diseases,
there are few compelling clinical evidence to support their applications in human patients. This warrant further evaluation in clinical trials. This article reviews and
evaluates the beneficial effects of the two different nutraceuticals in order to demonstrate their potential in clinical application in patients with cardiovascular diseases.

Introduction

Cardiovascular Disease (CVD) is a preventable condition
defined by a range of disease states involving the heart and
blood vessels. It is the leading cause of death in the U.S. and most
developed countries. Cardiovascular disease affects millions of
Americans daily, and on average, a patient dies of CVD every 38
seconds, amounting to 2,303 deaths daily based on 2016 data
[1]. Coronary Artery Disease (CAD), a type of atherosclerotic
cardiovascular disease, is the most common type of CVD, which
is characterized by endothelial dysfunction resulting from
atherosclerosis and occlusion by fatty plaque. Hypertension is
the most common and insidious type of modifiable CVD. The
American Heart Association predicts 116.4 million of American
adults have hypertension in 2019 [2]. People at high risk for
CVD can modify their clinical outcome through exercising,

smoking cessation, controlled hypertension and blood glucose
level, and dietary changes. Dietary modifications have always
been an effective primary prevention for people with chronic
cardiovascular conditions. We have chosen to closely examine
two dietary supplements - Resveratrol and Spirulina - due to
their widespread popularity in the nutraceutical market as well
as the research communities.

Chemical compound 3,5,4’-trihydroxy-trans-stilbene,
commonly known as resveratrol, is a naturally occurring
polyphenolic, non-flavonoid antioxidant that can be extracted
from numerous fruit and plant sources [3]. Polyphenols
have been extensively studied for their health benefits and is
thought to be partially responsible for the “French Paradox”,
an epidemiological phenomenon from early nineties in
which certain populations of France have shown to be less
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predisposed to cardiovascular diseases despite a high fat diet
and low exercise level due to a moderate consumption of
red wine [4]. The precise mechanism of this occurrence has
yet to be identified, and the low concentration of resveratrol
in red wine may suggest a debatable efficacy. Nonetheless,
resveratrol studies have demonstrated various intracellular
activities of the compound that may lead to further biological
and pharmaceutical applications.

Spirulina is a cyanobacteria that is grown into two
species - maxima and plantesis. Stemming from blue-
green algae, spirulina emerges from alkaline lakes with
high concentrations of carbonate and bicarbonate, and is
produced for supplementation in large numbers in outdoor or
greenhouse ponds [5,6]. Spirulina has been widely cultivated
due to its massive nutritional value, consisting of 70% vitamins
(including B12 and provitamin A), minerals, and fatty acids.
Although no adverse effects have been found from spirulina,
there are possibilities of toxic effects would derive from the
heavy metals found in the outdoor or greenhouse ponds.
Sufficient studies have not been performed in order to make
a strong assumption that spirulina has minimal to no toxic
effects. Spirulina is currently marketed as a supplement for its
high antioxidant, anti-inflammatory, immunomodulatory, and
hyperlipidemia activities. Research shows spirulina’s manifold
activities has proven favorable in the prevention and treatment
of CVD [7].

There are significant differences in their pharmacokinetic
profiles, but both spirulina and resveratrol exhibit similar
benefits. Many researches were performed to provide evidence
for these claims. Due to their diverse activities, researchers
speculate resveratrol and spirulina can be used as supplements
for patients with different types of CVD as potential prevention
and treatment options.

It has been proven that certain “superfoods” can affect
the progression of these diseases. Due to public demands,
there has been a substantial growth over the past decades
in the application of nutraceuticals, or bio-ceuticals, due
to increasing drug resistance and costs. Although some
argue that nutraceuticals are largely unregulated by the U.S.
law, a notable number of studies have been dedicated to the
investigation and analysis of the therapeutic claims of these
substances. These claims are often not unfounded. Although
pharmaceutical intervention is proven to be highly efficacious
for the management of CVD, this paper will be focused on the
proposed cardioprotective benefits between two nutraceuticals
that both have significant antioxidant power and similar
therapeutic properties.

Pharmacology and biology

Resveratrol: Resveratrol is produced as a natural product
in a wide variety of plant and food sources such as grapes,
peanuts and different types of berries. It was first isolated in
1940 from Veratrum Grandiflorum, and later also identified in
traditional Japanese and Chinese medicine as Ko-jo-kon [8]. It
is synthesized through the enzyme stilbene synthase, which is
activated primarily as a defense mechanism against exogenous
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stress factors such as microbial infection and inadequate
nutrition [9,10]. Both cis- and trans- resveratrol are found
in nature, and while the trans- isoform is responsible for
desired activity level, cis-resveratrol can be rapidly converted
into trans-resveratrol under low pH environment, such as
the human gastrointestinal tract [11]. Resveratrol exhibits
low solubility and are highly protein bound, which leads to
trace amounts of free and unchanged resveratrol in systemic
circulation [12,13]. Resveratrol has been observed to exhibit
optimal activity at lower doses and less activity at higher
doses, which can be defined as hormetic [14]. Adverse reactions
and toxicities to resveratrol are mild and rare, but it has been
recommended to avoid doses of resveratrol higher than 1,000
mg/day due to drug interactions with CYP-P450 enzymes [15].

Enteral administration of resveratrol leads to intense hepatic
metabolism through phase II reactions and bacterial metabolism
in the gut flora, which explains the low bioavailability (1%) of
resveratrol despite fast absorption after ingestion [16,17]. The
compound also undergoes enterohepatic recirculation. Seven
resveratrol metabolites have been identified so far, including
dihydro-resveratrol, glucuronide, and sulfate metabolites [18].
It has been suggested that these metabolites are biologically
active through in vitro and in vivo experiments. In terms of
CYP-P/450 enzymes, resveratrol was shown to be an inducer of
CYP1A2 while simultaneously inhibiting CYP3A4, CYP2D6, and
CYP2C9 [19]. It also exhibits minimal interactivity with phase II
detoxification enzymes [20]. This may also lead to significantly
different pharmacokinetic profiles between individuals with
dissimilar hepatic functions and microbiota.

In theory, improvement of water solubility and drug
delivery mechanism may significantly enhance the
bioavailability of resveratrol. Enormous efforts have been put
into the research of a delivery system that may facilitate its
absorption. Lipid-based vehicle, such as nanoparticles and
liposomes have been demonstrated to enhance solubility and
stability of resveratrol without any cellular toxicity [21,22].
Nano emulsions that encapsulate resveratrol can also enhance
cellular uptake and membrane transport, which increase the
plasma concentration and oral bioavailability [23]. Pectinate
beads with Zinc and Calcium have shown improved absorption
in both invitro and in vivo studies [24,25]. In addition to drug
delivery systems, chemical modifications of resveratrol such
as methoxylation, hydroxylation, and halogenation have
demonstrated enhancement in pharmacokinetic profile [26].
Resveratrol analogues such as pterostilbene and piceatannol
display similar therapeutic profile with increased biological
activity [27,28]. The structures of resveratrol and its analogues
have been demonstrated.

Spirulina and components: Spirulina is a prokaryotic
cyanobacteria derived from Arthrospira. It is a sustainable
and environmentally friendly biomass of plant material that
is both highly nutritious and cost effective. Spirulina is made
up of many biopolymers, lipids, minerals, sterols, vitamins,
and proteins [6]. It contains several functional compounds
that contribute to its antioxidant, anti-inflammatory and
immunostimulant potential, such as flavonoids, phenols and
polysaccharides [29]. The 3 essential active ingredients this
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paper will discuss are phycocyanin, phycocyanobilin, and
B-carotene. Spirulina itself also has no toxic or teratogenic
properties.

Phycocyanin belongs to a group called phycobiliproteins,
which are proteins present in cyanobacteria and capture
light to be passed onto chlorophylls during photosynthesis.
The structure is similar to bilirubin, giving its antioxidant
properties [30]. Bilirubin is a pigment found in bile from the
breakdown of hemoglobin that gives bile its orange-yellow
hue [31]. Bilirubin has been found to have effective antioxidant
activity by inhibiting oxidation and radical byproducts in
plasma proteins and aromatic amino acid residues.

Stemming from mesobiliverdin, phycocyanobilin is an
isomer of this compound [(32]. It is currently used as food
coloring and is present in the chromophore of phycocyanin.
It makes up the non-protein portion of phycocyanin with its
open chain tetrapyrrole. Structurally, phycocyanin is similar
to biliverdin, which is another pigment but for bile instead.
Because of the structural similarities, phycocyanobilin can be
metabolized by biliverdin reductase, forming its reduced state,
phycocyanobilin. Phycocyanobilin also has strong antioxidant
and anti-inflammatory properties by actively inhibiting
NADPH oxidase, which is a major cause of oxidative stress.

B-carotene is a non-oxygenated, provitamin A carotenoid
that is not water soluble [33]. It is the most abundant carotenoid
present in the human diet. It is metabolized through cleavage
by B-carotene-15,15’-oxygenase, and the body expresses
copious amounts of these enzymes. However, the conversion
of all B-carotene to vitamin A is not feasible. It is absorbed in
the small intestine and from there, delivered to the peripheral
tissue. Stores of B-carotene are saved in tissues of the body
such as the kidneys, adipose tissue, and lungs.

Spirulina is unique in its structure as it has multicellular
cylindrical trichomes, which forms small outgrowths from
its body [34]. These trichomes are in open left-handed helix
throughout its frame, and because of the characteristic
structure with its trichomes, spirulina creates its own genus
with the helical shape. Additionally, the species differs between
the genus by the length and size of the helix. It was given its
name due to the spiral movement of the filament and trichomes.
Spirulina can supply their own food via photosynthesis, making
them autotrophs. The structures of Spirulina’s components
have been demonstrated.

Pathophysiology/Molecular targets

-Resveratrol: The pathogenesis of atherosclerotic
cardiovascular diseases mainly involves arterial remodeling
developed from the formation of fatty streaks and atherosclerotic
plaques which may eventually rupture and trigger a thrombotic
cascade, leading to further complications involving vital
organs [35,36]. This process is principally mediated by excess
in low density lipoproteins and inflammation, which occurs
from vasoconstriction from increased endothelin, decreased
Nitric Oxide, and macrophage accumulation in the vessel.
It has been previously discovered that resveratrol exerts
effects on multiple anti-inflammatory targets involved in
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the atherosclerosis disorder, such as C-reactive protein (CRP)
and N-terminal pro brain natriuretic peptide (NT-proBNP)
[37,38]. These biomarkers are also related to inflammation and
cardiovascular functions.

Low grade inflammation has also been associated with CVD
development. Resveratrol affects several molecular targets
related to potential benefits of cardio protection. Resveratrol
increase NO bioavailability, decrease tumor necrosis factor
alpha (TNF a), inhibits NADPH oxidase and mitochondrial
reactive oxygen species activity [39,40]. The downgrade
of these targets suggests that resveratrol acts as an anti-
inflammatory agent in age associated inflammation.

Inflammation can be caused by the overproduction of
mitochondrial reactive oxygen species as well as heightened
NADPH oxidase activity. This creates more vascular oxidative
stress, causing the tissue to inflame [41]. Nitric oxide,
an essential substance produced by the body, is a potent
vasodilator. It helps to increase blood flow to specific areas
and maintain endothelial cell function [42]. When the body
ages, NADPH oxidase activity begins to increase, which causes
more reactive oxygen species production as well as nitric oxide
inactivation [43]. Through this series of events, inflammation
begins to be more prominent.

Resveratrol downgrades COX-2 activity, which restricts
inflammation caused by prostaglandin since COX-2 catalyzes
prostaglandin production [44]. Resveratrol also inhibits
vasoconstrictor endothelin-1 via regulation of extracellular
signal-regulated kinase 1/2 pathway, which is a factor in
endothelial remodeling and thrombosis [45]. Resveratrol was
found to exert a protective effect on cardiomyocytes through
inhibition of reactive oxygen species via SIRT1 expression,
which reduce oxidative stress, apoptosis, and myocardial
hypertrophy but promote vasodilation [46].

-Spirulina: Preclinical trials found a significant increase in
lipase activity after ingestion of spirulina, which is theorized to
help with hyperlipidemia [47]. However, the exact mechanism
of action for this effect is still being investigated. One interesting
speculation is that spirulina binds to cholesterol metabolites
and bile acids, causing an increase in fecal excretion of these
metabolites. This, in theory, would decrease serum cholesterol
levels. Some reports also suggest that the cholesterol effects may
have come from C-phycocyanin activities [30]. The proposed
mechanism pathway of resveratrol has been demonstrated.

One potential target that spirulina targets is TNF-a,
which is a well-known proinflammatory signaling protein.
In addition, the c-phycocyanin, the protein mentioned
previously, targets and inhibits the nuclear factor-kappa
B (NF-kB) pathway in particular [48]. As a result, TNF-a
along with other inflammatory signaling proteins (IL-6, IL-
8, IL-1B) are not generated, thereby halting the final stages
leading to inflammation. Innate immunity was not affected as
studies showed that the macrophage activity was undisturbed
with spirulina consumption. This gives spirulina its anti-
inflammatory properties. The proposed mechanism pathway
of spirulina has been demonstrated.

[ ]
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C-phycocyanin also shows antioxidant activity. It inhibits
enzymes such as cyclooxygenase-2 (COX-2) and inducible
nitric oxide synthase (iNOS) in a similar fashion to resveratrol
[44]. COX-2 is a prooxidant enzyme that helps to develop the
oxygenation of arachidonic acid, which leads to biological
responses including pain, anxiety, and inflammation.
Nonetheless, by inhibiting COX-2, spirulina helps to reduce
these biological responses.

Effects of resveratrol and spirulina have been shown on
a cellular level in multiple literatures. Additional research on
human and animal models are needed to fully explore these
potential targets.

Resveratrol and Spirulina in CVD with clinical evidence

The cardioprotective effect of resveratrol and spirulina
can be supported with multiple clinical trials that explore its
potential in the treatment of CVD. For the most part, human
clinical trial results are consistent with preclinical animal
studies, which validates the efficacy of utilizing resveratrol
for primary prevention. For the purpose of this paper,
cardiovascular protective capacities of resveratrol and spirulina
are examined through their effectiveness as therapeutic
intervention of hypertension, hyperlipidemia, and metabolic
syndrome in clinical trials.

In Caucasian patients with a history of myocardial infarction
and coronary artery disease diagnosed through angiography,
daily oral administration of 10 mg resveratrol for 3 months
showed to increase flow-mediated vasodilation and left
ventricular diastolic function while lowering LDL-cholesterol
level compared to placebo [49].

In overweight adult patients with a history of angina pectoris
on stable treatment for at least 1-month, oral administration of
20 mg resveratrol daily for 2 months significantly lowered Hs-
CRP and NT-proBNP compared to calcium fructoborate with a
favorable trend in the lipid profile [50].

In adult patients with type 2 diabetes with at least 6
months of anti-diabetic treatment and not taking any
antioxidant supplements, daily enteral administration of 1000
mg resveratrol for 45 days significantly reduced systolic blood
pressure and LDL while increasing HDL compared to placebo.
Another study with the same inclusion criteria for subjects
was performed with daily oral administration of 250 mg
resveratrol. After 3 months, the resveratrol group revealed a
decrease in systolic blood pressure, LDL, and total cholesterol
count compared to the placebo group [51].

In another study performed by Martinez-Samano et al, a
pilot clinical trial with only 16 patients (8 in each treatment
group) was executed to determine if Spirulina maxima has
beneficial blood pressure effects on patients with systemic
arterial hypertension (SAH) that are undergoing angiotensin
converting enzyme inhibitor (ACE-I) treatment [52].
According to the results, systolic blood pressure changes were
only statistically significant after 12 weeks post-start, and
no statistically significant results were seen in the diastolic
blood pressure changes. The only conclusion agreed upon
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was the add-on effects on spirulina for the treatment of SAH.
No further statements were made on the prevention nor solo
treatment for SAH with spirulina.

In a preliminary report, 36 patients (between 18-65 years
old) were treated with 4.5 g/day by mouth of Spirulina maxima
for 6 weeks with no modifications to diet or lifestyle [53].
Statistically significant differences were seen in triglycerides,
HDL-C, and LDL-C values. The authors concluded that Spirulina
maxima had beneficial effects on hyperlipidemia; however,
Spirulina maxima showed indirect effects on HDL-C and TC
concentrations. Nonetheless, the authors deemed Spirulina
maxima as a treatment in patients with a milder case of
hypercholesterolemia. Clinical significance was not concluded
for Spirulina maxima for lowering properties as it is not as
aggressive as pharmacological options.

Alternatively, New Zealand White rabbits were subjects in
testing Spirulina platensis in preventing atherosclerosis [54].
After 8 weeks of treatment with spirulina, the atherosclerotic
lesions that were induced by the hypercholesterolemia diets
were significantly improved. The conclusion stated Spirulina
platensis has protective properties against atherosclerosis and
can be used as a functional food to help improve cholesterol
levels and prevent atherosclerosis from progressing. It remains
unclear the exact mechanisms of how Spirulina platensis is
capable of such claims.

Dietary suggestions

Resveratrol doses vary greatly on the market, and doses as
high as 2000mg/kg/day were used in clinical studies [55,56].
Dosing for resveratrol is still a controversial subject, since
most research studies use vastly different doses. Studies are
inconsistent regarding the beneficial effects of resveratrol.
Differences in clinical trials are due to lack of understanding of
the pharmacokinetic, bioavailability, and individual differences.
Most supplements on the market contain too little resveratrol
to exert any physiological effects. We have found that the New
York Academy of Sciences recommended taking at least 500
mg of resveratrol a day [57]. Major daily sources of dietary
resveratrol include wine, grapes, dark chocolate, apples, soy,
and Itadori tea [58]. Resveratrol intake level is highly variable
across different countries and different climates. Concentration
of resveratrol can be affected by various exogenous and
endogenous factors, such as temperature and pH level [59].

Studies varied about dosing for spirulina. Many clinical
studies used between 1-4 g/day, but some even went as
high as 10 g. Most over-the-counter supplementations
recommend 500 mg to 4 g per the bottle label [60,61]. The
ranges of recommended doses differ between the use of the
nutraceutical (blood glucose control vs. hypertension); thus,
it is recommended to consult a pharmacist or primary care
physician to seek all appropriate options. It should also be
noted that spirulina has not been studied as to whether it
should be taken multiple times in a day nor in smaller doses
[62]. The safety and efficacy of both supplements have only
been used in the studies for adult population, and the safety of
taking these two supplements at the same time has not been

studied adequately [63].
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Conclusion T2DM after further research. Preclinical data on spirulina
and resveratrol have been controversial, with both promising
Literatures have proven the diverse effects of resveratrol and discouraging results. This difference may be attributed
and spirulina. They are shown to have therapeutic effects in to different Study designs and populations, as well as low
many different disease states with multiple molecular targets. absorption and bioavailability.
They both exert anti-inflammatory, anti-oxidation, and anti-
diabetic effects. It is possible that these nutraceuticals will Nonetheless, more extensive and methodological studies
play a bigger role in the prevention and treatment CVD and are required if we want to utilize the perceived amazing
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Figure 1: Resveratrol structure and its analogues: pterostilbene and piceatannol, along with spirulina’s components: phycocyanin, phycocyanobilin, and B-carotene.
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Figure 2: lllustration of the proposed mechanism of cardioprotective effects of resveratrol. Resveratrol effects eNOS, AMPK, PPAR-gamma, SIRT1, ABCA1 and ABCG

transporter, and ERK1/2. This results in decreased hypertrophy, oxidative stress, and cardiac fibrosis[62]. We referred the findings from Cho et al (2017) [62] .
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Figure 3: Illustration of the proposed mechanism of action for spirulina. Spirulina
promotes cell migration and progression through activation of IEC-6 cells by

phosphorylation of epidermal growth factor receptor and mitogen-activated protein
[63].

benefits of resveratrol and spirulina. There are currently few
ongoing trials that may expand our understanding on the
subjects. Further research on resveratrol should be aimed on
increasing its bioavailability and pharmacokinetic profile.
Studies should focus on using resveratrol and its analogues as
scaffold compounds for the possible development of synthetic
medications. Similarly, not enough studies have been performed
to prove spirulina’s full potential. Although some clinical
studies exist, their small population size along with limited
data delegitimizes their findings. As mentioned previously,
studies using spirulina had varying doses of spirulina, making
it difficult to decipher as to proper dosage to see clinically
significant results. Therefore, spirulina has been recommended
to take at different doses for different indications. With more
evidence-based studies, clinicians will feel more comfortable
endorsing spirulina to ensure the safety and efficacy for the
patient. To conclude, resveratrol and spirulina have shown
potential in proving their beneficial effects as supplements and
add-on therapies, but their roles to replace pharmacological
treatments are questionable and controversial.
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