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Abstract: Many policosanols from different sources, such as sugar cane and rice bran, have been
marketed worldwide to improve blood lipid profiles. But so far, no comparative study has com-
menced elucidating the effect of different policosanols to improve the blood lipid profile and other
beneficial effects. This study compared the efficacy of four different policosanols, including one sugar
cane wax alcohol from Cuba (Raydel®) and three policosanols from China (Xi’an Natural sugar cane,
Xi’an Realin sugar cane, and Shaanxi rice bran), to treat dyslipidemia in hyperlipidemic zebrafish.
After 12 weeks of consumption of each policosanol (final 0.1% in diet, wt/wt) and a high-cholesterol
diet (HCD, final 4%, wt/wt), the Raydel policosanol group and the Xi’an Natural policosanol group
showed the highest survivability, of approximately 81%. In contrast, the Xi’an Realin policosanol
and the Shaanxi policosanol groups showed 57% and 67% survivability, respectively. Among the five
HCD groups, the Raydel policosanol group showed the lowest serum total cholesterol (TC, p < 0.001
versus HCD control) and triglyceride (p < 0.001 versus HCD control), with the highest percentage of
high-density lipoproteins-cholesterol in TC. The Raydel policosanol group also showed the lowest
serum aspartate aminotransferase and alanine aminotransferase levels, with the least infiltration of
inflammatory cells and interleukin-6 production in hepatocytes with a marked reduction in reactive
oxygen species (ROS) production and fatty liver changes. In the ovary, the Raydel policosanol group
also showed the highest content of mature vitellogenic oocytes with the lowest production of reactive
oxygen species and cellular apoptosis in ovarian cells. In the testes, the Raydel policosanol group
also showed the healthiest morphology for spermatogenesis, with the lowest interstitial area and
reactive oxygen species production in testicular cells. Conclusively, among the tested policosanols,
Cuba (Raydel®) policosanol exhibited a comparatively better effect in maintaining zebrafish body
weight, survivability, blood lipid profile, hepatic function biomarkers, fatty liver changes, ROS gen-
eration, inflammation, and restoration of the cell morphology in ovaries and testes affected by the
HCD consumption.

Keywords: policosanol; high-cholesterol diet; high-density lipoproteins; apoA-I; inflammation;
interleukin-6; liver; testis; ovary

1. Introduction

An elevated high-density lipoproteins-cholesterol (HDL-C) quantity and improved
quality have been associated with healthy human longevity [1,2] through enhanced antiox-
idant and anti-inflammatory activities in the blood [3,4]. Dyslipidemia, particularly low
levels of serum HDL-C, is a major risk factor for metabolic syndrome, a combination of
hypertension, diabetes, and dementia. Dyslipidemia and diabetes are also frequently linked
with glycation and oxidative stress, chronic inflammation, and sexual dysfunction [5,6].
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Abstract: Policosanols from various sources, such as sugar cane, rice bran, and insects, have been
marketed to prevent dyslipidemia, diabetes, and hypertension by increasing the blood high-density
lipoproteins cholesterol (HDL-C) levels. On the other hand, there has been no study on how each
policosanol influences the quality of HDL particles and their functionality. Reconstituted high-
density lipoproteins (rHDLs) with apolipoprotein (apo) A-I and each policosanol were synthesized
using the sodium cholate dialysis method to compare the policosanols in lipoprotein metabolism.
Each rHDL was compared regarding the particle size and shape, antioxidant activity, and anti-
inflammatory activity in vitro and in zebrafish embryos. This study compared four policosanols
including one policosanol from Cuba (Raydel® policosanol) and three policosanols from China (Xi’an
Natural sugar cane, Xi’an Realin sugar cane, and Shaanxi rice bran). The synthesis of rHDLs with
various policosanols (PCO) from Cuba or China using a molar ratio of 95:5:1:1 with palmitoyloleoyl
phosphatidylcholine (POPC): free cholesterol (FC): apoA-I:PCO (wt:wt) showed that rHDL containing
Cuban policosanol (rHDL-1) showed the largest particle size and the most distinct particle shape.
The rHDL-1 showed a 23% larger particle diameter and increased apoA-I molecular weight with
a 1.9 nm blue shift of the maximum wavelength fluorescence than rHDL alone (rHDL-0). Other
rHDLs containing Chinese policosanols (rHDL-2, rHDL-3, and rHDL-4) showed similar particle sizes
with an rHDL-0 and 1.1–1.3 nm blue shift of wavelength maximum fluorescence (WMF). Among
all rHDLs, the rHDL-1 showed the strongest antioxidant ability to inhibit cupric ion-mediated LDL
oxidation. The rHDL-1-treated LDL showed the most distinct band intensity and particle morphology
compared with the other rHDLs. The rHDL-1 also exerted the highest anti-glycation activity to inhibit
the fructose-mediated glycation of human HDL2 with the protection of apoA-I from proteolytic
degradation. At the same time, other rHDLs showed a loss of anti-glycation activity with severe
degradation. A microinjection of each rHDL alone showed that rHDL-1 had the highest survivability
of approximately 85 ± 3%, with the fastest developmental speed and morphology. In contrast,
rHDL-3 showed the lowest survivability, around 71 ± 5%, with the slowest developmental speed. A
microinjection of carboxymethyllysine (CML), a pro-inflammatory advanced glycated end product,
into zebrafish embryos resulted in severe embryo death of approximately 30 ± 3% and developmental
defects with the slowest developmental speed. On the other hand, the phosphate buffered saline
(PBS)-injected embryo showed 83 ± 3% survivability. A co-injection of CML and each rHDL into
adult zebrafish showed that rHDL-1 (Cuban policosanol) induced the highest survivability, around
85 ± 3%, while rHDL-0 showed 67 ± 7% survivability. In addition, rHDL-2, rHDL-3, and rHDL-4
showed 67 ± 5%, 62 ± 37, and 71 ± 6% survivability, respectively, with a slower developmental
speed and morphology. In conclusion, Cuban policosanol showed the strongest ability to form rHDLs
with the most distinct morphology and the largest size. The rHDL-containing Cuban policosanol
(rHDL-1) showed the strongest antioxidant ability against LDL oxidation, anti-glycation activity to
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Metabolic syndrome is closely associated with higher risk of hypertension, cardiovascular

disease (CVD), diabetes and stroke. The aim of the present study was to investigate the

long-term effects of policosanol supplementation on blood pressure (BP) and the lipid

profile in healthy Korean participants with pre-hypertension (systolic 120–139 mmHg,

diastolic 85–89 mmHg). This randomized, double-blinded, and placebo-controlled trial

included 84 healthy participants who were randomly assigned to three groups receiving

10mg of policosanol, 20mg of policosanol, or placebo for 24 weeks. The BP, lipid

profile, and anthropometric factors were measured pre- and post-intervention and then

compared. Based on an average of three measurements of brachial BP, the policosanol

20mg group showed the most significant reduction in average systolic BP (SBP) from

138± 12 mmHg at week 0 to 126± 13 mmHg at week 24 (p< 0.0001). The policosanol

20mg group also showed significant reductions in aortic SBP and DBP up to 9%

(p = 0.00057) and 8% (p = 0.004), respectively compared with week 0. Additionally,

blood renin and aldosterone levels were significantly reduced in the policosanol 20mg

group up to 63% (p < 0.01) and 42% (p < 0.05), respectively, at week 24. For the blood

lipid profile, the policosanol 10mg and 20mg groups showed significant reductions in

total cholesterol (TC) of around 8% (p = 0.029) and 13% (p = 0.0004), respectively,

at week 24 compared with week 0. Serum HDL-C level significantly increased up

to 16% and 12% in the policosanol 10mg (p = 0.002) and 20mg (p = 0.035)

group, respectively. The study results suggest that long-term policosanol consumption

simultaneously reduces peripheral BP as well as aortic BP accompanied by elevation of

HDL-C and % HDL-C in TC in a dose-dependent manner.
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Abstract: The current study was designed to investigate the short-term effects of policosanol
consumption on blood pressure (BP) and the lipid parameters in healthy Korean participants with
prehypertension. A total of 84 healthy participants were randomly allocated to three groups receiving
placebo, 10 mg of policosanol, or 20 mg of policosanol for 12 weeks. Based on an average of three
measurements of peripheral BP, the policosanol 20 mg group exhibited the most significant reduction,
that is, up to 7.7% reduction of average systolic BP (SBP) from 136.3 ± 6.1 mmHg (week 0) to
125.9 ± 8.6 mmHg (week 12, p < 0.001). Between group comparisons using repeated measures
ANOVA showed that the policosanol 20 mg group had a significant reduction of SBP at 12 weeks
(p = 0.020) and a reduction of diastolic BP (DBP) at 8 weeks (p = 0.041) and 12 weeks (p = 0.035).
The policosanol 10 mg and 20 mg groups showed significant reductions in aortic SBP of 7.4% and
8.3%, respectively. The policosanol groups showed significant reductions of total cholesterol (TC)
of 9.6% and 8.6% and low-density lipoproteins (LDL-C) of 21% and 18% for 10 mg and 20 mg of
policosanol, respectively. Between group comparisons using repeated measures ANOVA showed that
the policosanol (10 mg and 20 mg) groups at 12 weeks had a significant reduction of TC (p = 0.0004
and p = 0.001) and LDL-C (p = 0.00005 and p = 0.0001) and elevation of %HDL-C (p = 0.048 and
p = 0.014). In conclusion, 12-week consumption of policosanol resulted in significant reductions
of peripheral SBP and DBP, aortic SBP and DBP, mean arterial pressure (MAP), and serum TC and
LDL-C with elevation of % HDL-C.
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Abstract: Policosanol consumption has been associated with treating blood pressure and dyslipidemia
by increasing the level of high-density lipoproteins-cholesterol (HDL-C) and HDL functionality.
Although policosanol supplementation also ameliorated liver function in animal models, it has not
been reported in a human clinical study, particularly with a 20 mg doage of policosanol. In the
current study, twelve-week consumption of Cuban policosanol (Raydel®) significantly enhanced
the hepatic functions, showing remarkable decreases in hepatic enzymes, blood urea nitrogen, and
glycated hemoglobin. From the human trial with Japanese participants, the policosanol group (n = 26,
male 13/female 13) showed a remarkable decrease in alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) from baseline up to 21% (p = 0.041) and 8.7% (p = 0.017), respectively. In
contrast, the placebo group (n = 26, male 13/female 13) showed almost no change or slight elevation.
The policosanol group showed a 16% decrease in γ-glutamyl transferase (γ-GTP) at week 12 from
the baseline (p = 0.015), while the placebo group showed a 1.2% increase. The policosanol group
exhibited significantly lower serum alkaline phosphatase (ALP) levels at week 8 (p = 0.012), week 12
(p = 0.012), and after 4-weeks (p = 0.006) compared to those of the placebo group. After 12 weeks of
policosanol consumption, the ferric ion reduction ability and paraoxonase of serum were elevated
by 37% (p < 0.001) and 29% (p = 0.004) higher than week 0, while placebo consumption showed no
notable changes. Interestingly, glycated hemoglobin (HbA1c) in serum was lowered significantly in
the policosanol group 4 weeks after consumption, which was approximately 2.1% (p = 0.004) lower
than the placebo group. In addition, blood urea nitrogen (BUN) and uric acid levels were significantly
lower in the policosanol group after 4 weeks: 14% lower (p = 0.002) and 4% lower (p = 0.048) than
those of the placebo group, respectively. Repeated measures of ANOVA showed that the policosanol
group had remarkable decreases in AST (p = 0.041), ALT (p = 0.008), γ-GTP (p = 0.016), ALP (p = 0.003),
HbA1c (p = 0.010), BUN (p = 0.030), and SBP (p = 0.011) from the changes in the placebo group in
point of time and group interaction. In conclusion, 12 weeks of 20 mg consumption of policosanol
significantly enhanced hepatic protection by lowering the serum AST, ALT, ALP, and γ-GTP via a
decrease in glycated hemoglobin, uric acid, and BUN with an elevation of serum antioxidant abilities.
These results suggest that improvements in blood pressure by consumption of 20 mg of policosanol
(Raydel®) were accompanied by protection of liver function and enhanced kidney function.
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder resulting in cognitive
decline or dementia, the number of patients with AD is continuously increasing. Although a lot
of great progress has been made in research and development of AD therapeutics, there is no
fundamental cure for this disease yet. This study demonstrated the memory-improving effects of
Cuban policosanol (PCO) in 5xFAD mice, which is an animal model of AD. Following 4-months
of treatment with PCO in 5xFAD mice, we found that the number of amyloid plaques decreased
in the brain compared to the vehicle-treated 5xFAD mice. Long-term PCO treatment in 5xFAD
mice resulted in the reduction of gliosis and abnormal inflammatory cytokines level (interleukin
[IL]-1β, IL-6, and tumor necrosis factor [TNF]-α) in the cortex and hippocampus. Levels of lipid
peroxide (4-hydroxynonenal [4-HNE]) and superoxide dismutase (SOD1 and SOD2) levels were also
recoverd in the brains of PCO-treated 5xFAD mice. Notably, PCO administration reduced memory
deficits in the passive avoidance test, as well as synaptic loss (PSD-95, synaptophysin) in 5xFAD mice.
Collectively, we identified the potential effects of PCO as a useful supplement to delay or prevent
AD progression by inhibiting the formation of Aβ plaques in the brain.

Keywords: policosanol; Alzheimer’s disease; 5xFAD mice; antioxidant effects; anti-inflammation;
memory improvement

1. Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative disease associated with
cognitive decline. Recent investigations indicate that the number of dementia patients is
projected to increase by more than 131 million worldwide by 2050, together with the cost
of dementia [1]. AD has a neuropathological hallmark consisting of extracellular amyloid
plaque deposition composed of amyloid beta (Aβ) peptide and intracellular neurofibrillary
tangles (NFT) containing hyperphosphorylated tau [2–4]. Amyloid plaques and NFT are
mainly deposited in the brain, such as the hippocampus, entorhinal cortex, and basal
forebrain, which influence learning, memory, and emotional behavior [5]. Eventually, these
neuropathologies result in damage and destruction of the synapses that mediate memory
and cognition [6]. Although research on the treatment of AD is continuously progressing,
currently no clear preventive or therapeutic drugs exist.

Although Aβ40 (~80–90%) is most abundant, Aβ42 (~5–10%) has a higher aggregation
propensity, and mainly consists of the amyloid plaques and is assigned to be toxic [7–9].
Many studies reported that Aβ aggregation triggered gliosis, activated glial cells, and
induced neuronal loss, as well as synaptic degeneration [10,11]. Specifically, amyloid
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