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Abstract. Shark liver oil (SLO) has long been used as a
traditional health food, with a particular benefit for vascular
health, in Japan. The aim of this study was to assess the effect
of dietary supplementation with SLO on arterial stiffness
and peripheral microvascular function in otherwise healthy
middle-aged and older males with slightly increased arterial
stiffness. A randomized, double-blind, placebo-controlled,
parallel study design was used to assign 41 healthy males with
a mean age of 59.0+4.0 years (range, 45-69 years) to either
SLO (n=21) or placebo (n=20) treatment for eight weeks. The
effects on arterial stiffness and peripheral microvascular func-
tion were assessed by the cardio-ankle vascular index (CAVI)
and by measurement of hand blood flow to cutaneous tissues
using a laser Doppler perfusion imaging (LDPI) technique,
respectively. Although the magnitude of the changes in the
CAVI value during the eight-week intervention for the SLO
group did not significantly differ from that for the placebo
group, the changes in the CAVI value for the former group
were significantly associated (r=0.575, P<0.01) with age. It was
also found that the LDPI values at week 8 were significantly
lowered (P<0.05) compared with the baseline values in the
placebo group, while no change was observed in the SLO group,
resulting in a significant difference in the changes between the
two groups (P=0.002). Neither SLO supplementation-related
adverse side-effects nor any abnormal changes in routine
laboratory tests, including lipid profiles and anthropometric
and haemodynamic parameters, were observed throughout the
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intervention. SLO may have the potential to safely improve
vascular health in middle-aged and elderly males.

Introduction

Shark liver oil (SLO) has long been used as a dietary supplement
with health-promoting activities, particularly for cardiovas-
cular health, in Japan. At present, several SLO-containing
supplements are commercially available and their dietary
consumption is increasing among the Japanese middle-aged
and elderly populations, most likely due to the fact that there
has been considerable interest in alternative therapies.

SLO is known to contain large quantities of squalene and,
thus, to be considered as the richest source of the compound.
Squalene received its name as a result of its first isolation from
liver oil of sharks (Squalus spp.) (1). Later, squalene was found
in variety of vegetable oils, including olive, palm, wheat-germ
and rice bran oils. Chemically, squalene is a polyprenyl
compound, having a structural similarity with -carotene,
coenzyme Q10 and vitamins A, E and K (2). Among these
squalene-related compounds, vitamin E, known as the
most potent lipid-soluble antioxidant in vivo, has been most
intensively studied for its effects on cardiovascular health;
there have been a number of studies reporting that vitamin E
is effective in decreasing arterial stiffening in overweight
hypertensive patients (3,4), and others reporting that vitamin E
supplementation improves peripheral vascular diseases due to
diabetes mellitus and atherosclerosis-associated intermittent
claudication (5-7). It may be, therefore, that this antioxidative
vitamin has a beneficial effect on arterial stiffness, which has
been demonstrated to be associated with an increased risk
of cardiovascular events and mortality (8-10), as well as on
peripheral microvascular function.

These results obtained with vitamin E, a squalene-related
antioxidant compound, led to our hypothesis that supplemen-
tation with SLO rich in squalene may also have the potential to
exert a similar central and/or peripheral vascular modification.
To the best of our knowledge, no data regarding the vascular
effects of SLO preparations or their major constituent, squa-
lene, in humans have been reported. The aim of the present
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study is therefore to investigate the efficacy, as well as
tolerance, compliance and safety, of supplementation with a
commercially available SLO preparation in otherwise healthy
middle-aged and elderly males with marginal arterial stiffness.

Subjects and methods

Subjects. Healthy, male, non-overweight Japanese participants
without hypertension or hyperlipidaemia, aged 45-69 years,
were recruited for inclusion in this study. Participants with a
higher cardio-ankle vascular index (CAVI) were given inclu-
sion preference. Subjects were excluded if they were receiving
any dietary supplement, cosmetics or medicines rich in
SLO or its major constituents (squalene and alkylglycerols).
Subjects were also excluded if they currently suffered from
any diagnosed diseases requiring medical treatment or had a
past history of such medical conditions, or if they had stopped
smoking within the six months prior to the study run-in
period. The other exclusion criteria were as follows: i) Known
allergies to SLO or any other major components of the study
supplement, including gelatin, glycerin and processed starch;
i) participation in another clinical study within the month
before the initiation of the present study; and iii) the presence
of any medical condition judged by the investigator to preclude
the participant's inclusion in the study. Written informed
consent was obtained from all participants prior to their enrol-
ment in the study.

Study design. A randomized, double-blind, placebo-controlled
study was designed to assess the efficacy and safety of supple-
mentation with SLO for improving the arterial stiffness and
peripheral microvascular function in enrolled participants
when compared with placebo. The study was performed
between August and November 2012. The study protocol
was approved by the Tana Orthopedic Surgery Institutional
Review Board (Yokohama, Japan), and the study was
conducted in accordance with the principles of the Declaration
of Helsinki (1995; as revised in Edinburgh, 2000) and the
Ethical Guidelines for Epidemiological Research (enacted by
the Japanese Government in 2008). The overall design of the
study consisted of an eight-week intervention period preceded
by a three-week run-in period, during which eligible subjects
were screened.

Intervention and subject assessment. The test supplement
was a commercially available product manufactured by Egao
Co., Ltd. (Kumamoto, Japan) in a form of 400-mg capsule.
The supplement contained 250 mg SLO and 150 mg vehicle
(consisting of 97 mg gelatin, 34 mg glycerol and 19 mg
processed starch) and was referred to as the SLO capsule. In
the placebo capsule, SLO was substituted by the same amount
of safflower oil. Chemical analysis of the SLO preparation
used in this study revealed that it was almost free of n-3
long-chain fatty acids and mainly composed of (w/w) squalene
(38.8%) and alkylglycerols (43.6%), indicating that a daily dose
of the SLO capsule contained squalene at 582 mg in weight.
Safflower oil used for preparing the placebo capsule was
virtually free of squalene (<0.004%). The SLO and placebo
capsules were similar in colour and packaging. Subjects were
assigned to receive six SLO capsules per day or six placebo
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capsules per day and were instructed to take the allocated
capsules once daily following a meal (either breakfast, lunch
or dinner) with the aid of a cup of drinking water during the
eight-week intervention period.

Each participant was instructed to maintain a study diary,
covering the time from the start of the run-in period to the end
of the intervention period, describing their allocated capsule
intake, dietary composition, any adverse effects, physical
activity and all medication and therapy received. Participants
were also requested to maintain their body weight and to
continue with their normal exercise, eating and drinking
habits. At the completion of the run-in period, the eligible
subjects were sequentially assigned to receive one of the two
masked study capsules (SLO or placebo) and instructed to
take six of the allocated capsules once daily, following a meal.
Non-compliance was defined as administration of <80% of the
total course of the allocated study capsule. All non-compliant
subjects were excluded from the efficacy assessment.

Measurement of the CAVI. To determine the extent of the arte-
rial stiffness, a relatively new stiffness diagnostic parameter,
known as the CAVI, was used. The CAVI was selected as it
is can be measured easily and non-invasively and is not influ-
enced by blood pressure changes during measurement (11,12).
Furthermore, it has been reported to be independent of blood
pressure levels (13-15). In principle, the CAVI is measured
from an electrocardiogram, a phonocardiogram and brachial
artery and ankle arterial waveforms and calculated using
a specific algorithm (13). An epidemiological study on the
clinical interpretation of CAVI values in a large Japanese
population suggested that values <8.0 can be considered
within the normal range and that those =9.0 are indicative of
suspected atherosclerosis (16).

In the present study, measurement of the CAVI was
performed with a VaSera VS-1500 vascular screening system
(Fukuda Denshi Co., Ltd., Tokyo, Japan) using the method
described by Yambe et al (13). The subjects were placed in
a supine position in a room kept at a room temperature and
cuffs were applied to the bilateral upper arms and ankles.
Subsequent to the subject having rested for =10 min, automatic
measurements were performed twice for the right and left
extremities. Averages of the right and left CAVIs measured in
the run-in period were compared with each other, and the side
with a higher CAVI value was selected as the target for CAVI
measurement and data analysis.

Measurement of laser Doppler perfusion imaging (LDPI).
Peripheral microvascular function was assessed on the basis
of hand blood flow to surface tissues measured by an LDPI
technique. The examination was performed in a room with a
constant temperature (~24°C) and humidity (~50%) and the
subjects were acclimatized for =20 min. The cutaneous blood
flow on the dorsum of the left hand was measured with a laser
Doppler perfusion imager (Periscan PIM-II; Perimed AB,
Stockholm, Sweden) (17) and is expressed in arbitrary perfu-
sion units (PU) (18).

Measurement of haematochemical, haematological,
anthropometric and haemodynamic parameters. Total
cholesterol, low-density lipoprotein-cholesterol, high-density
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lipoprotein-cholesterol, triglycerides (TG) and other routine
haematochemical laboratory test variables were measured in
serum samples collected from individual subjects following
an overnight fast at baseline (week 0) and at eight weeks after
the start of intervention (week 8). Haematological variables,
including red blood cell, white blood cell and platelet counts,
as well as haemoglobin and haematocrit, were measured in
whole blood. Several anthropometric and haemodynamic
parameters, including weight, body mass index (BMI), blood
pressure (BP) and heart rate, were also measured at weeks 0
and 8.

Safety assessment. Safety was assessed based on the incidence
of intervention-related adverse events recorded during the
eight-week intervention period, as well as on abnormal changes
observed in the haematochemical and haematological test
variables and anthropometric and haemodynamic parameters.

Statistical analyses. All analyses were performed using
Microsoft Excel [Microsoft Corporation (2003), Redmond,
WA, USA] and PASW Statistics (version 18; SPSS Inc.,
Chicago, IL, USA). Comparisons between the baseline charac-
teristics of the placebo and SLO groups were conducted using
unpaired t-tests, and paired t-tests were utilized for intragroup
comparisons for all variables. The respective changes within
the intervention groups were compared using analysis of cova-
riance, taking the baseline (week 0) value as the covariate.
The simple linear regression model was used to examine the
associations. P<0.05 was considered to indicate a statistically
significant difference. Values in the text are presented as the
mean + standard error of the mean or as the change from
week 0.

Results

Enrolment and baseline characteristics. A total of 42 subjects
were enrolled in the study, and 21 subjects were randomly
assigned to each of the placebo and the SLO supplement inter-
ventions (placebo and SLO groups, respectively). A total of
41 subjects completed all components of the study protocol,
resulting in a retention rate of 98%. One subject (placebo
group) withdrew due to unrelated personal reasons during the
study. There was no incident of unmasking of subject assign-
ment.

Table I shows the baseline characteristics of the 41 subjects
who completed the study. Their mean age at enrolment was
59.0+4.0 years (range, 45-69 years). The mean values of all
the anthropometric, haemodynamic and haematochemical
parameters tested, as well as the CAVI, were within the normal
range for clinical measurements, although the mean CAVI
value was marginally high (8.63+0.10). Almost all the subjects
were judged to be free from hypertension, hyperlipidaemia or
atherosclerosis and to not be overweight.

Effects on main outcome measures. Table 11 shows the effects
of SLO supplementation on the anthropometric, haemo-
dynamic, haematochemical and vascular characteristics in
comparison with those of the placebo over the eight-week
intervention. No significant group difference in the variables
was observed at week 0, with the exception of the LDPI, for
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Table I. Baseline characteristics of the subjects who completed
the study (n=41).

Variable Value
Age (years) 59.0+4.0
Weight (kg) 65.5+4.8
BMI (kg/m?) 22.8+2.6
Smoking habit (smokers, n/non-smokers, n) 10/31
CAVI 8.63+0.10
LDPI (PU) 0.7320.05
Systolic BP (mmHg) 132+6.7
Diastolic BP (mmHg) 83+5.1
Heart rate (beats/min) 70+4.8
Serum total cholesterol (mg/dl) 22249.1
Serum LDL-cholesterol (mg/dl) 142+8.5
Serum HDL-cholesterol (mg/dl) 61+6.0
Serum TG (mg/dl) 11912
Serum glucose (mg/dl) 92+4.0

Data (with the exception of smoking habits) are presented as the
mean =+ standard error of the mean. BMI, body mass index; CAVI,
cardio-ankle vascular index; LDPI, laser Doppler perfusion imaging;
BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; TG, triglycerides; PU, perfusion units.

which the value for the placebo group was significantly higher
than that for the SLO group (0.76+0.02 versus 0.69+0.02 PU,
P<0.05). The magnitude of the changes in the CAVI values
over the eight weeks for the SLO group was not significantly
different from that for the placebo group; however, there are
a substantial number of reports demonstrating that the CAVI
as an arterial stiffness parameter is strongly correlated with
age (11,12,19-22). This finding raised the possibility that the
potential effect of the SLO supplementation on the CAVI
may be modified by the age of the study subjects; therefore,
the association between the magnitude of the change in the
CAVI and the age of subjects who received supplementation
with SLO or placebo was examined. As shown in Fig. 1, the
univariate linear regression analysis revealed that the changes
(decreases) in the CAVI after the eight-week supplementation
period were significantly correlated with the age in the SLO
group (r=0.575, P<0.01), while such a significant correla-
tion was not noted in the placebo group (r=0.242, P=0.303).
Different from this, the baseline value of the CAVI was not
associated with the changes in the CAVI for subjects receiving
the SLO supplementation for eight weeks (r=0.179, P=0.438)
nor for those receiving the placebo for eight weeks (r=0.099,
P=0.678).

Regarding the cutaneous blood flow or peripheral micro-
vascular function, the LDPI value for the placebo group at
week 8 was significantly lower than that at week 0 (0.68+0.02
versus 0.76+0.02, P<0.05). This reduction may have been due
to the seasonal drop in temperature during the eight-week
intervention period starting in August to September and
ending in October to November. It is well known that super-
ficial blood flow is closely associated with the skin surface
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Table II. Values of vascular, anthropometric, haemodynamic and haemobiochemical parameters for the placebo and SLO groups

at weeks 0 and 8.

Placebo (n=20) SLO (n=21)
Variable Week 0 Week 8 Change Week 0 Week 8 Change P-value®
CAVI 8.66+0.14 8.49+0.17 -0.18+0.10 8.60+0.14 8.38+0.16 -0.21+0.11 0.800
LDPI (PU) 0.76£0.02  0.68+0.02* -0.08+0.02 0.69+0.02 0.70+£0.02  0.00+0.01 0.002
Weight (kg) 65.4+1.9 65.3+1.8 -0.1£0.3 65.7£2.3 66.1£2.3 0.4+0.2 0.150
BMI (kg/m?) 22.840.6 22.740.6 -0.02+0.09  22.840.7 22.940.7 0.15+£0.08 0.165
Systolic BP (mmHg) 13244 128+4 -3.0+2.1 1334 12744 -5.3+3.2 0.563
Diastolic BP (mmHg) 82+2 82+2 -0.2+14 83+2 8143 -2.6+£2.0 0.319
Heart rate (beats/min) 69+2 67+3 -2.0+1.8 712 712 -0.1£1.1 0.369
Serum total cholesterol (mg/dl) 217+10 217+10 -0.6+4.3 226+5 22649 -04+£89 0.923
Serum LDL-cholesterol (mg/dl) ~ 138+8 138+8 0.1+£3.8 14745 148+8 1.5+8.3 0.874
Serum HDL-cholesterol (mg/dl) 62+3 64+3 17«14 59+4 59+3 0.5+1.6 0.582
Serum TG (mg/dl) 112+14 99+9 -13.1+13.7  125+13 12112 -3.7£9.2 0.570
Serum glucose (mg/dl) 92+2 93+2 1.1x14 92+1 93+2 1.2+1.5 0.945

All values are expressed as the mean + standard error of the mean.

"Within-group difference from week 0 (P<0.05). *P-value refers to the

comparison of within-group changes between the two intervention groups as assessed by analysis of covariance. SLO, shark liver oil; CAVI,
cardio-ankle vascular index; LDPI, laser Doppler perfusion imaging; BMI, body mass index; BP, blood pressure; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; TG, triglycerides; PU, perfusion units.
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Figure 1. Association between the changes in the CAVI (ACAVI) and the age of the subjects during the eight-week supplementation with (A) SLO (SLO group,
n=21) and (B) placebo (placebo group, n=20). A significant association between the changes in the CAVI and the age of the subjects can be noted in the SLO

group but not in the placebo group. CAVI, cardio-ankle vascular index.

temperature (23). Despite this, such a reduction in LDPI values
did not occur in the SLO group, leading to a significant differ-
ence in the change from the baseline value between the two
groups (P=0.002, Table II). It is, therefore, suggested that SLO
supplementation is effective in enhancing peripheral blood
flow.

Effects on vascular health-related confounding factors.
Table II also shows the changes in the mean values of weight,
BMI, BP, serum lipids and serum glucose over the eight-week
intervention, with comparisons between the placebo and
SLO groups. No significant differences were observed in any
parameters within or between the groups. No subject reported a
significant change in dietary habit, physical activity or smoking
behaviour during the study period, and no subject developed
a noteworthy concurrent illness or was given any medication.

Safety assessment. The incidence and pattern of adverse events
was virtually equivalent in the two groups. In the end-point
study diary, 19% (4/21) of subjects taking the placebo and
29% (6/21) taking the SLO supplement reported minor adverse
events (P=0.469), the most common being gastrointestinal upset
with or without eruption. There was no intervention-related
untoward side-effect with clinical significance. No abnormality
in the routine laboratory test parameters was found in any
subject in the two groups.

Discussion

In this study, the effect of eight weeks of dietary supplemen-
tation with 1,500 mg SLO (582 mg as squalene) daily was
compared with that of the placebo on the CAVI and LDPI
values, which are indexes of central arterial stiffness and
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peripheral microvascular function, respectively. The dose of
1,500 mg SLO was selected as it was the dose found to be
well tolerated in our preliminary toxicological studies. It is
also the dose that is most often taken by individuals using this
SLO-containing supplement.

One of main findings of this study was the presence of
a correlation between the SLO supplementation-induced
changes in arterial stiffness and the age; lower ages were
associated with greater decreases in arterial stiffness after
the eight-week SLO supplementation period. No difference,
however, was found in the mean changes of arterial stiffness
between the placebo and SLO groups. This may be due to the
wide and unmatched distribution of the age of the subjects in
the two groups. To obtain conclusive results, a similar study
conducted with several different, narrow-ranging age groups
is therefore required.

Another main finding of this study was that eight weeks
of SLO supplementation significantly increased the periph-
eral blood flow measured by an LDPI technique; however,
the changes in the LDPI values for the SLO group were not
correlated with the changes in the CAVI values. It is, therefore,
likely that the effects of SLO on each of these two vascular
parameters may be independent. Although the active compo-
nents of SLO responsible for the improvement of central
arterial stiffness and peripheral microvascular function by
supplementation with SLO remain to be explored, they warrant
discussion.

The SLO supplement used in the present study contained, in
adaily dose, 582 mg squalene and 654 mg alkylglycerols as the
two major constituents. Information on the biological or phar-
macological activity of alkylglycerols, the largest constituent
of SLO in quantity, in animals or humans is extremely limited.
While the immunostimulatory and haematopoiesis-stimu-
lating effects or anti-tumor and anti-metastasis activities of
alkylglycerols have been reported (24,25), no data are avail-
able, to the best of our knowledge, on their central arterial or
peripheral microvascular effects. Squalene, the second largest
constituent of SLO, is a polyunsaturated triterpene containing
six isoprene units and thus has a structural similarity with
various naturally occurring polyprenyl compounds, including
vitamin E (2). In vitro experimental evidence indicates that
squalene is a unique antioxidant molecule exhibiting highly
effective oxygen-scavenging activity (26,27). Furthermore, in
previous studies utilizing an isoprenaline-induced myocardial
infarction rat model it was shown that continuous oral adminis-
tration of squalene produced antioxidant and cardioprotective
effects by maintaining the levels of endogenous antioxidant
molecules, such as vitamins A, C and E, and by blocking the
induction of lipid peroxidation (28-30). It is, therefore, likely
that squalene, as a polyprenyl antioxidant compound, has the
structural and functional similarity with vitamin E that has
been reported to be effective in improving arterial stiffness
and microvascular function following continuous oral admin-
istration (13,14,16,17). These findings and the relatively high
squalene content of SLO suggest that squalene is the most
likely contributing factor to the beneficial vascular effects of
SLO observed in the present study.

Orally administered squalene is absorbed well (60-85%)
and is distributed to various tissues (31-33). Although the
underlying mechanisms remain to be elucidated, the rapidity
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with which oral doses of SLO improve vascular structures
and/or functions indicates a direct effect on the physiological
components rather than the structural components that regu-
late the elasticity of the arterial wall, as was observed for
vitamin E (34), as well as for fish oil (35,36) and n-3 long-chain
fatty acids (37,38).

In the present study, supplementation with SLO and thus
squalene did not show clinically significant effects on weight,
BP and heart rate, or on serum levels of lipids, glucose or any
otherlaboratory test parameters. Among these biological effects
the major focus was on the effect on lipid profiles, as squalene
is well-known as a biochemical precursor of cholesterol,
leading to the possibility that orally administered squalene
may increase serum levels of cholesterol; however, this possi-
bility is challenged by a substantial number of existing in vitro
and in vivo studies demonstrating that exogenous squalene
exhibits feedback inhibition of 3-hydroxy-3-methylglutaryl
coenzyme A reductase, a key enzyme functioning in choles-
terol biosynthesis (39-41). Furthermore, Strandberg et al (31),
who conducted a human study in which volunteers received
a dietary supplement of squalene (900 mg/day for 7-30 days),
reported that, while serum squalene levels were increased
17-fold, there was no significant change in serum TG or
cholesterol levels, and that this was likely due to a significant
increase in the faecal excretion of cholesterol synthesised from
squalene, as well as of bile acids converted from squalene.
These results support the findings of the present study showing
that orally administered SLO, a dietary source of squalene, did
not increase serum levels of cholesterol nor TG.

No significant adverse events that could be attributed
to the SLO supplement were noted in this study. As neither
SLO nor squalene have been extensively studied in humans,
information on their toxicity and side-effects is limited.
Kamimura ef al (42), who conducted experiments in animals
(rats and dogs), reported that no appreciable side-effects or
toxic signs were observed in animals receiving squalene for
three months. Despite this, the long-term effects and safety of
extreme squalene are not known (43). Since SLO, as a dietary
source of squalene, is of biological origin and frequently used
as a dietary supplement, it appears likely that, at reasonable
supplemental levels, such as those used in this study, SLO is
safe for prolonged administration in humans.

To the best of our knowledge, there is no previous study that
has investigated the effect of SLO on either arterial stiffness or
peripheral blood flow or both in humans; however, as the present
study has a limitation that the sample size was small, the find-
ings, particularly those on the apparently age-related benefits of
SLO supplementation on arterial stiffness, require confirmation
in a larger population with a narrower range of ages.

In conclusion, SLO supplementation may have the potential
to improve central arterial elasticity and peripheral microvas-
cular function in otherwise healthy middle-aged and elderly
males with slightly increased arterial stiffness. Further study
is required to confirm the age-related beneficial vascular effect
of SLO supplementation on arterial stiffness.
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