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Sea cucumbers are amongst the highest value seafoods available commercially, especially
inthe south-east Asian region, primarily due to their nutritional and health benefits as applied
in Traditional Chinese Medicine. While the majority of studies for nutritional products derived
from sea cucumber compounds have been conducted in vitro, the number of in vivo and
evidence-based human clinical studies are limited. This review has critically assessed the
advances in in vivo and clinical studies of sea cucumber-derived bioactives (both extracts
and compounds) via a comprehensive literature research on papers published in the last
ten years from 2012-2021. Sea cucumber-derived compounds were reported to have the
following activities: anticancer, antihyperlipidemic, antihyperglycemic, anti-inflamsmatory,
anticoagulant/antithrombotic, antioxidant, and antihypertension, immunomodulatory,
wound healing and as treatments for Alzheimer’s and Parkinson’s diseases. These active
compounds include triterpene glycosides (saponins), fucosylated chondroitin sulfate (FCS),
cerebrosides, glycosaminoglycan, fucoidan, phospholipids, polysaccharides, peptides,
long-chain bases, Frondanol A5, acid mucopolysaccharide, and phosphatidylcholines.
Gaps, challenges and future directions have been identified and discussed separately to
progress different areas of research and to further scientific validation, development and
application of sea cucumbers for human health and nutritional products.

Keywords: sea cucumber, bioactives, saponins, in vivo studies, clinical trials, human health

INTRODUCTION

The oceans cover 70% of the world’s surface and contain approximately 75% of all life on earth.
Marine organisms have developed unique health promotive properties and potential bioactive
compounds due to the wide range of environmental challenges in the regions they inhabit. Foods
and natural health products or supplements containing marine bioactives and nutraceuticals are
expected to bestow health benefits to human beings (Lobine et al., 2021).

Amongst the various marine resources, Holothuroidea, commonly known as sea cucumbers, or
by the term beche-de-mer in Australia, have been widely researched throughout the world for their
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potential health benefits. The sea cucumber has a long history of
utilization as a food source in south-east Asia (Slater and Chen,
2015) and the proximate composition of sea cucumbers varies
significantly depending on the species, season, and food regimen
(Lobine et al., 2021). On a dry weight basis, sea cucumbers are
reported to contain up to 83% protein, comprised primarily of the
amino acids glutamic, glycine, aspartic leucine, histidine, lysine,
threonine, arginine, valine, and isoleucine (Lobine et al., 2021).
Moreover, sea cucumbers contain thiamine, riboflavin, retinol/
carotenoid complex, niacin, minerals and trace elements, and very
low concentrations of omega-3 fatty acids (Bordbar et al., 2011).
In Traditional Chinese Medicine, sea cucumbers have been used
as a general tonic, as a treatment for skeletal and joint weakness
including that linked with age associated inflexibility, kidney
system disorders, impotence, dry-stool constipation, poor lipid
digestion, and circulatory ailments (Gopakumar and Gopakumar,
2020). Creams based on the oil extracted from the sea cucumber
have been used as treatments for wounds, aches, and skin diseases,
particularly in Malaysia (Slater and Chen, 2015).

Sea cucumbers have a leathery skin, a gelatinous body wall
and internal organs (Figure 1). Sea cucumber extracts are
prepared primarily from the body wall tissue and longitudinal
muscle, and the large range of bioactive compounds includes
chondroitin sulfates, glycosaminoglycan, saponins/triterpene

polysaccharides, oligosaccharides, sulfated polysaccharide
sterols, cerebrosides, glucocerebrosides, lectins, peptides,
mucopolysaccharides, phenols, and flavonoids (Bordbar

et al,, 2011). The presence of these active compounds in sea
cucumbers indicates their suitability for various biotechnological
applications including pharmaceutical, nutraceutical and
cosmeceutical products (Slater and Chen, 2015). Details on the
bioactive compounds from sea cucumbers and their biological
functions are provided in a review by Xu et al. (2018).

In vivo and clinical studies are critical steps not only toward
drug development but also to confirm the function and
bioactivity of compounds for potential application in functional
health foods or other health products. These studies develop
and validate an understanding of the mechanisms of action of
the compounds within the body system. For this reason, these
studies are significant within health and nutritional product
development for the purpose of disease prevention, treatment
and health management (Gur et al., 2018). However, there
is no comprehensive review currently available in the public
domain despite the high potential value of these studies. Hence,
this review includes a critical assessment of in vivo and clinical
studies conducted using sea cucumber-derived compounds over
the last ten years (2012-2021). A literature search was conducted
using the search engines Scopus, PubMed, Web of Science and
ScienceDirect. The search terms used were ‘sea cucumber AND
in vivo’, and ‘sea cucumber AND clinical trial. There are 101
papers have been identified and they are separately summarized
in Supplementary Table 1(in vivo studies) and Table 1 (clinical
studies). The focus of this review is to identify the challenges and
research gaps in in vivo and clinical studies pertaining to the
health applications of sea cucumber derived compounds to raise
the profile and significance of the sea cucumber as a high value
marine organism.

TABLE 1 | The frequency of sea cucumber derived compounds/extracts in
in-vivo research and clinical studies over the period from 2012-2021.

Sea cucumber-derived compounds/extract Studied Frequency

N
©
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2 RESEARCH TRENDS OVER THE LAST
TEN YEARS

Based on our search findings, extracts or compounds derived
from a total of 33 different sea cucumber species have been
studied using in vivo models. Three species - Cucumaria
frondosa, Pearsonothuria graeffei, Acaudina molpadioides - are
most researched and account for 17%, 14%, and 11% of in vivo
studies, respectively. Altogether 39 diseases were investigated
in association with compounds or extracts derived from sea
cucumbers using animal models. Studies targeting these diseases
represented as a percentage, 27% tumors and cancer, 22% lipid
metabolism (hyperlipidemia, obesity, nonalcoholic fatty liver)
and 14% glucose metabolism (hyperglycemia, insulin resistance,
diabetes). 15 sea cucumber species studied had compounds that
were beneficial for the treatment of more than one type of disease
(Figure 2). The sea cucumber species used for treating the most
types of diseases include C. frondosa and P. graeffei (9 types of
diseases), A. molpadioides and A. japonicus (7 types of diseases)
and H. leucospilota (6 types of diseases) (Figure 2).

3 IN VIVO AND CLINICAL STUDIES
INVOLVING SEA CUCUMBER DERIVED
EXTRACTS AND COMPOUNDS

3.1 Cancer

Foods play an important and medicinal role in the prevention
and management of cancer (Zhang et al., 2015; Kapinova et al.,
2018). The sea cucumber is a representative medicinal food that
has been widely studied for its anticancer effects (Wargasetia
and Permana, 2018; Eso et al., 2020). In the last 10 years, there
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have been 23 in vivo studies and 1 clinical trial that focus on
the anticancer properties of sea cucumber-derived bioactives.
Saponin, cerebrosides, acid mucopolysaccharide, peptides,
and FCS are five most-studied compounds derived from the
sea cucumber that have proven anticancer activities in animal
models.

3.1.1 Saponins
Saponins accounted for 72% of sea cucumber studies in the
tumor and cancer management field. In vivo studies of saponins
included Frondoside A, Echinoside A, Cucumarioside A,-2,
Holotoxin A1, Stichoposide C and their chemical structures are
shown in Figure 4.

3.1.2 Frondoside A
Theanticanceractivitiesof Frondoside A havebeeninvestigated
in breast cancer (Ma et al., 2012), lung cancer (Attoub et al.,
2013), pancreatic cancer (Li et al., 2008; Al Shemaili et al,,
2014; Al Shemaili et al., 2016) and prostate cancer (Dyshlovoy
et al., 2016) in mouse models. Intraperitoneal injection (i.p.)
of Frondoside A isolated from the Cucumaria frondosa (Li
et al,, 2008; Ma et al.,, 2012; Attoub et al., 2013; Al Shemaili
etal., 2014; Al Shemaili et al., 2016) and Cucumaria okhotensis
(Dyshlovoy et al., 2016) were reported to decrease tumor
xenograft growth (Attoub et al., 2013; Al Shemaili et al., 2014;
Al Shemaili et al., 2016; Dyshlovoy et al., 2016), reduce lung
metastasis formation (Ma et al., 2012; Attoub et al., 2013;
Dyshlovoy et al., 2016), and enhance the anticancer properties
of chemotherapy medications (Attoub et al., 2013; Al Shemaili
et al., 2014), with no toxic side-effects reported (Attoub et al.,
2013; Janakiram etal., 2015; Al Shemaili et al., 2016; Dyshlovoy
etal., 2016). However, no dose-response relationship could be
summarized based on these studies.

Tumor xenograft growth could be inhibited by Frondoside
A but no dose- and time-dependent correlation could be

concluded thus far. At 10ug/kg/day, Frondoside A i.p. for 25
days was reported to inhibit the volume of tumor xenografts
by 41-47% (Li et al., 2008; Attoub et al., 2013). 50 ug/kg/day
for 10 days showed no impact on the size of the implanted
tumor (Ma et al., 2012). At 100ug/kg/day of Frondoside A,
a 40% inhibition rate was reported on day 18 (Dyshlovoy
et al., 2016). When the treatment period was continued to
24 -30 days, the inhibition rate varied from 44% to 87% (Al
Shemaili et al., 2014; Al Shemaili et al., 2016; Dyshlovoy et al.,
2016). A dose of 800ug/kg/day resulted in a 53% inhibition
rate of xenografts on the sixth day of the treatment. However,
when the administration time was continued to 20 days, the
inhibition rate was 55% (Dyshlovoy et al.,, 2016). A dose
administered at 1mg/kg/day for the treatment of LNM35
xenografts for 25 days, had the inhibition rate at 43.9%
(Attoub et al., 2013). A different administration mode to i.p.,
oral gavage, at 100ug/kg/day of Frondoside A for 30 days, was
found to have no effect on the growth of AsPC-1 xenografts
(Al Shemaili et al., 2016).

Frondoside A, it was found, could significantly reduce
tumor metastasis at 10ug/kg/day (Attoub et al., 2013), 50ug/
kg/day (Maetal.,2012), 100ug/kg/day (Dyshlovoy et al., 2016),
and 1mg/kg/day (Attoub et al., 2013) via the alternate mode of
administration. Treatment with 10ug/kg/day and 1mg/kg/day
for 25 days was reported to decrease lymph node metastasis
of lung cancer by reducing the weight of lymph nodes by 53%
and 51%, respectively (Attoub et al., 2013). At 50 ug/kg/day
for 10 days it inhibited breast cancer metastasis to the lung by
reducing the number of lung tumor colonies (Ma et al., 2012),
whereas at 100ug/kg/day for 30 days it was found to reduce
prostate cancer metastasis to the lung by reducing the number
of sections from 7.11 to 2.11 (Dyshlovoy et al., 2016).

Frondoside A has also been reported to enhance the anticancer
activity of selected chemotherapy medications. When 10ug/kg/
day was combined with cisplatin (1mg/kg/day) for 10 days it
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showed more inhibition in LNM35 tumor xenograft growth than
cisplatin alone (67.6% vs 46.9%) (Attoub et al., 2013). Frondoside
A at 100ug/kg/day combined with gemcitabine (4mg/kg) for 30
days was found to be more effective than gemcitabine alone in
terms of area under the curve and tumor weight (Al Shemaili
etal., 2014).

No manifest undesirable effects of Frondoside A treatment
on mice behavior and body weight (Li et al., 2008; Al Shemaili
etal.,2014) and no visible abnormalities at necropsy or any other
obvious signs of toxicity were found at 10ug/kg/day (Attoub
etal,, 2013) and 1mg/kg/day (Attoub et al., 2013) for 25 days. No
significant alterations of the weight of heart, lung, liver, kidney,
and no significant changes of thrombocytes and hemoglobin

were reported when using Frondoside A at either 100ug/kg/day
for 30 days or at 800ug/kg/day for 20 days (Dyshlovoy et al,,
2016). Furthermore, the increase of spleen weight (21% increase
at 100ug/kg/day and 50% increase at 800ug/kg/day) and the
increase of leukocytes due to lymphocytosis was observed in
both dose groups and indicated an immunomodulatory effect
of Frondoside A (Dyshlovoy et al., 2016).

3.1.3 Echinoside A

Echinoside A isolated from Pearsonothuria graeffei inhibited the
rate of tumor growth in a dose dependent manner. Echinoside A
administered i.p. at 0.5 mg/kg/day or 2.5 mg/kg/day for 10 days
could significantly inhibit tumor growth by 33.8% and 49.8% in
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FIGURE 3 | The frequency of sea cucumber derived saponins and saponin-
rich extracts researched in-vivo over the period from 2012-2021.

a murine-bearing hepatoma model (Zhao et al.,, 2012). Another
related saponin, ds-Echinoside, was reported to inhibit tumor
growth by 41.1% and 55% at 0.5 and 2.5 mg/kg/day for 10 days
respectively in the hepatoma murine model (Zhao et al., 2012).

3.1.4 Cucumarioside A.-2
Cucumarioside A,-2 alone and complexed with cholesterol were
both reported to increase the average life span (ALS) of mice

bearing Ehrlich carcinoma. Mice pre-inoculated with Ehrlich
ascites carcinoma were then treated with i.p. Cucumarioside A,
-2 at 10 ug/kg for 5 days, then isolated. Subsequently, fresh mice
were inoculated with tumor cells from the treated mice and even
without any further treatment, the ALS of the mice was 28.9 days,
while the ALS of mice inoculated with untreated cancer cells was
21.5 days. Furthermore, another group of mice received tumor
cells from mice previously exposed to Cucumarioside A,-2 in
vivo and then subsequently were treated with Doxorubicin (i.p.
2mg/kg/3days), the survival rate was 100% for the observation
period of 70 days (Menchinskaya et al., 2019). Cucumarioside
A,-2 complexed with cholesterol at 0.2ug/mouse i.p. at 4 and 1
days after Ehrlich ascites carcinoma cell inoculation increased
the ALS of mice by 17.3% (Menchinskaya et al., 2013).

Cucumarioside A,-2 complexed with cholesterol showed
antitumor activities and more pronounced effects occurred when
combined prophylactic (treatment before incubation) and curing
(treatment after incubation) treatments were administered to the
Ehrlich carcinoma mouse model. Daily administration of 0.2ug/
mouse, i.p. at 4 and 1 days before and 1 and 4 days after tumor cell
inoculation, was reported to inhibit 25-30% tumor development
(Menchinskaya et al., 2013).

3.1.5 Stichoposide C

Stichoposide C was isolated from the Thelenota anax and could
rapidly (1 day after the first treatment) and markedly (P<0.01
or 0.001) reduce the growth of HL-60 xenograft and CT-26
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subcutaneous tumors at 7.19ug/kg/3days via the tail vein and
increase ceramide generation. After 21 days of treatment, the
mean volume of tumors in mice treated with Stichoposide C was
more than 70%, or 60% smaller than the tumors in mice were
treated with vehicle control (Yun et al., 2012).

3.1.6 Holotoxin A,

Holotoxin A, as a cancer management treatment was
reported to reduce the adverse effects of radiation therapy.
Malyarenko et al. (2020) investigated Apostichopus japonicas
derived Holotoxin A1 and its activities toward the recovery of
peripheral blood leukocyte number, mass, and cellularity of
the lymphoid organs of irradiated mice. The results suggested
that the spleen endogenous colony number and the peripheral
blood leukocyte number were increased and the weight and
cellularity of the lymphoid organs of the irradiated mice
improved due to the holotoxin A, injection. Furthermore, the
growth of Ehrlich solid carcinoma was inhibited by 10% after
X-ray radiation was combined with holotoxin A, injection
into the mice (Malyarenko et al., 2020). These results thus
showed promise for enhancing radiotherapy efficiency with
sea cucumber-derived holotoxin A,.

3.1.7 Coloquadranoside A

A new sulfated saponin, Coloquadranoside A, derived from
the sea cucumber Colochirus quadrangularis was found an
excellent antitumor activity against both homograft (S-180
and H22) and xenograft (BEL7402) mice models in vivo.
Intragastrical administration of coloquadranoside A at the
dose of 5 mg/kg and 50mg/kg inhibited (~35%) the weight
gaining of tumors in the homograft mouse models, which
was same ability as the positive drug, 5-FU. For the xenograft
model of human hepatocarcinoma BEL7402, all three doses
(5, 50 and 500mg/kg) intragastrically administrated for 25
days significantly lower the average tumor volume weight
with the tumor growth inhibition rate > 50% and the relative
tumor proliferation rate < 60% (Yang et al., 2021b).

3.1.8 Sulfated Saponins Fraction

Sulfated saponins fraction (7.48% Holothurin A,
7.53% Moebioside A, 69.29% Holothurin B, 6.92%
24-dehydroechinoside B) from Holothuria moebii at 30 and
60 mg/kg by daily i.p. for 12 days into the colorectal of CT-26
tumor mouse model, showed no significant statistical effects
of the inhibiting actions. Only the dose of 120mg/kg showed
a significant inhibition rate of 55.08%. This dose also induced
side effects including reduced liver index and spleen index in
the mouse model (Yu et al., 2015).

3.1.9 FCS

As a polysaccharide of the sea cucumber, FCS has been
researched and reported to potentially inhibit tumor growth
and reduce lung metastasis. When administered at 1,5, and
20 mg/kg/day i.p. for 20 days, FCS inhibited Lewis lung
carcinoma growth by 25.8%, 33.1%, and 47.2% respectively,
which was related to p53/p21-induced cell cycle arrest and
caspase-3-induced apoptosis (Liu et al., 2016). Besides the

low molecular weight, FCS demonstrated inhibition of Lewis
lung carcinoma metastasis of LLC cells in a dose-dependent
manner. The inhibition rates of 1, 5, and 20 mg/kg/day for
20 days were 32.4%, 52.2%, and 69.1%, respectively. These
activities related VEGF-mediated angiogenesis and TIMP/
MMPs-mediated metastasis by the ERK1/2/p38 MAPK/
NF-kB pathway (Liu et al., 2016).

3.1.10 Cerebrosides

Cerebrosides from  Acaudina molpadioides are
glycosphingolipids that have shown antitumor activities in
the S180 tumor mouse model. An intragastric dose at 50mg/
kg/day for 10 days decreased the tumor weight by 45.24%,
inhibited the ascites fluid growth by 31.23%, reduced the
ascites tumor cell viability ratio by 50.89% and increased
ALS by 55.28% (Lei et al., 2012). When administered for 14
days the dose could ameliorate cancer-associated cachexia
by increasing body weight (via preventing adipose atrophy),
increasing white adipose tissue mass, prolonging life span,
with no effects on anorexia (Du et al., 2015). The long-chain
base of cerebrosides could also prolong ALS (~40%) of the
mouse model by both intragastric administration (i.g.) and
i.p. cerebrosides by intragastric administration method could
only increase the life span by ~31% (Du et al., 2015).

3.1.11 Acid Mucopolysaccharide

Antitumor study of Acid mucopolysaccharide highlighted
its anti-metastasis and immunomodulatory effect. Acid
mucopolysaccharide from the Stichopus japonicus at 17.5 mg/
kg, 35 mg/kg, and 70 mg/kg for 5 days per week (for a period
of 15 weeks) via oral gavage in the hepatocellular carcinoma
rat model could reduce both the numbers and mean volumes
of nodules. Moreover, the mean thymus indices and spleen
index increased, and CD3+ and CD4+ T lymphocyte levels
recovered significantly and the CD4+/CD8+ T cells ratio
normalized in a dose-dependent manner. Stimulating
immune organs, increasing tumor suppressor protein P21
and inhibiting the marker of cell proliferation PCNA are the
possible anti-cancer mechanisms of Acid mucopolysaccharide
(Song et al., 2013).

3.1.12 Oligosaccharides

Zhouetal. (2021) reported a native fucosylated glycosaminoglycan
(nHG) extracted from sea cucumber Holothuria fuscopunctata and
a depolymerized nHG (dHG) and its contained oligosaccharides
(hs17, hs14, hs11, hs8 and hs5), acting as heparinase inhibitors.
The research team investigated the antimetastatic effects of
oligosaccharides hs17, hs11, and hs8 on a Luc-4T1 mammary
carcinoma metastasis experimental mouse model. At the dose of
0.2mg/kg, the groups treated with hs17 (0.2 mg/kg) had almost
no tumor cells metastasized to the lungs. Oligosaccharides hs11
and hs8 significantly reduced the size of metastasized lung
tumors (Zhou et al., 2021).

3.1.13 Peptides
Latest studies focused on sea cucumber peptides and their anti-
cancer properties (Wei et al., 2021; Yu et al., 2021). The human
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breast cancer cells of MCF-7 were transplanted into the
zebrafish yolk sac and three different concentrations of sea
cucumber intestinal peptide (SCIP) (27.8, 83.3, and 250ug/
ml) were administrated to the model. After the incubation of
MCE-7 with SCIP for 24 hours, 48 hours, and 72 hours, the
activities of MCF-7 cells showed a time-dependent downward
in all the SCIP groups. However, when compared with the
low dose SCIP group (27.8ug/ml), only the cells in high
dose SCIP group (250pug/ml) showed significant decreased
activities after incubation for 24 hour; when compared among
three different incubation time points, only the cell of high
dose SCIP group showed significantly lower activities after
incubation of 72 h than that in the 24 h of SCIP stimulation.
Promoting the expression of apoptosis-related proteins and
inhibiting the PI3K/AKT signal transduction pathway could
be the mechanism (Wei et al., 2021). Yu et al. (2021) using
BEL-7402 cells induced Hepatocellular carcinoma nude
mouse model to investigate the antitumor effects of a novel
recombinant peptide from Apostichopus japonicus, rAj-Tspin.
Results showed that 60ug/kg, 120pg/kg, and 240ug/kg of rAj-
Tspin intraperitoneal injections twice daily for 21 days dose-
dependently decreased the tumor volume and weight, and
damaged tumor tissues and destroyed the tumor structure.
Moreover, no effects have been found on the body weight of
mice (Yu et al., 2021).

3.1.14 Sea Cucumber Extracts

Frondanol A5, alcohol/water extract of the enzymatically
hydrolyzed epithelia of the Cucumaria frondosa, has been found
to exhibit chemopreventive potential against colorectal cancer
(Janakiram et al., 2015). Dietary administration of 250 and 500
ppm for 14 weeks, has identified suppression of the formation
and size of small intestinal polyp and colon tumor multiplicities.
Simultaneously increased innate immune responses is one of the
reasons gender differences has been reported in this research.
Female mice are more dose sensitive to Frondanol A5 in the diet
than male mice (Janakiram et al., 2015).

A daily oral administration of 50, 100, and 400 mg/kg of
aqueous extract of Holothuria arenicola for 2 weeks reduced the
tumor volume and size in a colon cancer mouse model in a dose
dependent manner. No significant change of body weight was
reported in the experimental period. Furthermore, the dose of
100 and 400 mg/kg prolonged survival rate in the mouse model
(Baharara et al., 2016).

Only one clinical research source focused on sea cucumber
extracts thus far but does not match with the types of cancers
investigated in in vivo animal studies. A phase II clinical
trial of TBL-12, a product containing sea cucumber extracts,
investigated the safety and efficacy of the extract in 20 patients
with asymptotic multiple myeloma (Chari et al, 2018).
Participants were given TBL-12 in the form of liquid gel at
80mL/day, and the administration was continued until disease
progression (Chari et al., 2018). Standard to high-risk patients
in the study reported good tolerance of TBL-12. Lack of death
during the study (asymptotic for 6 years since the beginning
of the trial) indicated significant potential for the extract
to reach the next phase of trials.

3.1.15 Synergistic Activity

Asaclass of compound given the most attention by researchers,
saponins showed the most comprehensive anticancer
properties. Saponin decreased weight and volume of tumor
to inhibit tumor growth. Saponins as a treatment can be
beneficial when combined with conventional chemotherapy
drugs or radiation therapy. Cucumarioside A,-2 and
Frondoside A in combination were more effective than the
chemotherapy drugs alone, and Holotoxin Al enhanced the
cancer inhibiting effect of X-ray radiation therapy. Of high
importance was that case studies showed no significant side
effects in mouse models except that the liver and spleen index
was decreased by the Sulfated saponins fraction.

Research supports that the sea cucumber offers great
potential to be developed into anticancer functional foods
or drugs. Studying administration modes, however, is crucial
for the further application of sea cucumber in the cancer
management area. The most widely studied and promising
compound, Frondoside A, as concluded from the studies,
appears to be inactive through the oral route. Except for
the sea cucumber extracts, cerebrosides and the mixture
of Cucumarioside A,-2 and cholesterol, most of the sea
cucumber compounds were i.p. administered. Thus, the
method is invasive and might be associated with procedural
risks making clinical experiments difficult. Some of the
doses were i.v. administrated and therefore bioavailability is
fundamentally needed.

3.2 Hyperglycemia, Insulin Resistance,

and Diabetes

Sustained hyperglycemia impairs insulin-stimulated glucose
utilization and glycogen synthesis in humans and is highly
correlated with the onset of insulin resistance. Insulin resistance is
a powerful predictor of the future development of type 2 diabetes
and is a therapeutic target once hyperglycemia is present. Active
compounds including Sulfated polysaccharides, Saponins, EPA-
enriched phospholipids, sterol sulfate, and long chain bases from
sea cucumber were all reported to play an important role in the
management of glucose metabolism in in-vivo studies.

3.2.1 Hyperglycemia

Sulfated polysaccharides including fucoidan and FCS from sea
cucumber were reported to exhibit anti-hyperglycemic effect and
enhance the activities of the positive drug rosiglitazone (RSG) in
the mouse model.

3.2.1.1 Fucoidan

Fucoidan at 80mg/kg/day from Isostichopus badionotus (Wang
etal., 2016a) and Cucumaria frondosa (Wang et al., 2016b) dietary
was administered for 19 weeks. Together both could reduce body
weight gain (15.6%-25.7%), fasting blood glucose (17.6%), and
increase glucose tolerance in a high-fat high-sucrose diet (HFSD)
induced mouse model (Wang et al., 2016a; Wang et al., 2016b).
With the fucoidan supplement a significant reduction in body
weight of 13.3% was exhibited after 12 weeks, while the positive
control RSG did not decrease in body weight (Wang et al.,
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2016a). The glucose tolerance level was identified using the
area under curve (AUC) and the hemoglobin Alc (HbAlc)
level. Fucoidan decreased the AUC by 18.87% (Wang et al.,
2016b) and the HbAlc level by 21.9% (Wang et al., 2016a)
when at the dose of 80mg/kg/day. Furthermore, regulating
glucose metabolism-related enzymes by increasing HK and
PK activities and decreasing GP and Gé6Pase activities in
mice liver (Wang et al., 2016a), and stimulating the glucose
transporter 4 (GLUT4) protein translocation to the plasma
membrane and combination (Wang et al., 2016b) could be
mechanisms of fucoidan to maintain glucose homeostasis.
Later study also found that 20mg and 80mg/kg/day of fucoidan
from Pearsonothuria graeffei gavaged for 6 weeks could dose-
dependently attenuate the increased fasting blood-glucose,
insulin, and the homeostatic model assessment for insulin
resistance (HOMA-IR) levels in the high-fat-diet (HFD) fed
mouse model (Li et al., 2018b).

3.2.1.2FCS
When FCS from Acaudina molpadioides was fed to HFSD mouse
model at 80mg/kg/day for 19 weeks, a decrease in the fasting
blood glucose level (19.59%) and AUC (10.88%) was recorded as
compared to the HFSD mouse model (Hu et al., 2013; Hu et al,,
2014a). FCS from Isostichopus badionotus gavaged for 6 weeks at
40mg/kg/day was reported to significantly inhibit fasting blood-
glucose level (4.9 mmol/L vs 6.7mmol/L) in the HESD fed mouse
model (Li et al., 2019b).

At the dose of 80mg/kg/day, FCS from Acaudina molpadioides
(Hu et al., 2013; Hu et al., 2014a) and fucoidan from Cucumaria
frondose (Wang et al, 2016b) administered together were
reported to synergistically enhance the effects of RSG on HFSD
induced mouse model while 20mg/kg/day had no enhanced
effects on the treatment of RSG (Hu et al., 2013; Hu et al., 2014a;
Wang et al., 2016b).

3.2.2 Insulin Resistance

3.2.2.1 Saponins

Saponins (mainly Holothurin A and Echinoside A) from
Pearsonothuria graeffei enhanced insulin sensitivity in an HFD
induced insulin resistance mouse model but the dose-response
relationship is not clear. HFD plus 0.07%, 0.03%, and 0.1% of
saponins for 8 weeks; all decreased serum glucose and lowered
the HOMA-IR index (Hu et al., 2012b; Han et al., 2019). However,
only saponins at 0.03% and 0.1% were reported to decrease the
AUC of OGTT, and 0.1% of dietary saponins decreased the
insulin level (Hu et al., 2012b).

3.2.2.2FCS

FCS was reported to improve hyperglycemia and active insulin
signaling in an HFSD induced insulin resistant mouse model.
80mg/kg/day of FCS from Acaudina molpadioides fed for 19
weeks was reported to significantly reduce mouse model serum
insulin levels and HOMA-IR, improve glucose metabolism (Hu
etal.,,2013; Huetal.,2014a), and increase the glucose metabolism-
related genes mRNA expressions of IR, IRS, PI3K, PKB in
skeletal muscle (Hu et al., 2013) and liver (Hu et al., 2014a) of the

mouse model. Moreover, the dose could significantly improve
the treatment effects of RSG on insulin resistance, while 20mg/
kg/day had no promotion effects on the RSG (Hu et al., 2013; Hu
et al., 2014a).

3.2.2.3 Fucoidan

Fucoidan from Isostichopus badionotus (Wang et al., 2016a) and
Cucumaria frondosa (Wang et al., 2016b) supplied in the diet at
the dose of 80mg/kg/day for 19 weeks was reported to ameliorate
insulin resistance and enhance insulin sensitivity. Fucoidan
treatment showed a decrease of up to 10.2% in the fasting insulin
level, a 7.91% decrease in the AUC (Wang et al., 2016b), a 30.8%
decrease in HOMA-IR scores and a 1.16-fold increase in QUICKI
value in a HFSD induced insulin resistant mouse model (Wang
et al., 2016a). Moreover, both treatments increased the mRNA
expressions of insulin receptors (IR), insulin receptor substrate
(IRS), phosphatidylinositol 3 kinase (PI3K), protein kinase
B (PKB) in the liver (Wang et al., 2016a), muscle and adipose
tissues (Wang et al., 2016b) of the mouse model. Alleviating the
inflammatory response could be a mechanism of the fucoidan
from Isostichopus badionotus responsible for the beneficial effects
against hepatic insulin resistance (Wang et al., 2016a), while the
fucoidan from Cucumaria frondosa was considered to activate
the PI3K/PKB pathway and GLUT4 in skeletal muscle and
adipose tissue to exhibit significant anti-hyperglycemic effects in
insulin resistant mice (Wang et al., 2016b).

3.2.2.4 Glycosaminoglycan

Glycosaminoglycan from the Apostichopus japonicus was
considered a potential antihyperglycemic agent. Oral
administration of 50mg, and 100mg/kg/day for 8 weeks could
reduce body weight, blood glucose level and serum insulin
content in a dose-dependent manner and the suppression of
gluconeogenesis was reported to be its mechanism of action.
Glycosaminoglycan suppressed the protein levels and gene
expression of gluconeogenesis rate-limiting enzymes G6Pase
and PEPCK. Furthermore, glycosaminoglycan could elevate the
phosphorylation of IRS1, Akt, and AMPK in the liver of insulin
resistant mice (Chen et al., 2020).

3.2.2.5 EPA-Enriched Phospholipids

2.4% EPA-enriched phospholipids (EPA-PL) from the Cucumaria
frondosa were reported to decrease the serum glucose, HOMA-IR
index, inhibit the accumulation of white adipose tissues, and
elevate the level of hepatic lipolysis in a HFD induced insulin
resistance mouse model (Han et al., 2019). Researchers also
investigated the synergistic effect of saponins and EPA-PL.
0.035% saponins and 1.2% EPA-PL augmented both systematic
and peripheral insulin sensitivity with a notable synergistic effect
and exhibited a significant improvement in glucose intolerance
and systematic insulin sensitivity than saponin or EPA-PL alone
(Han et al., 2019).

3.2.2.6 Sterol Sulfate

0.4% sterol sulfate derived from Cucumaria frondosa reduced
body weight gain, adipocyte hypertrophy, circulating glucose
and insulin levels, and the glycogen content of tissues in
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high-fat-high-fructose diet (HFFD) induced insulin resistance
mouse model. This was mainly due to the inhibition of
gluconeogenesis, the promotion of glycogen synthesis and
GLUT4 translocation by activating PI3K/Akt signaling pathway
(Zhang et al., 2020a).

3.2.3 Diabetes

3.2.3.1 Saponins

Saponins, mainly Holothurin A and Echinoside A, could
not attenuate postprandial blood glucose, especially within
a short time frame. Oral gavage of Saponins, isolated from
Pearsonothuria graeffei, at 150mg/kg could not attenuate the with
or without starch induced postprandial blood glucose levels at 1
and 2 hours (Fu et al., 2016).

3.2.3.2 Polysaccharides

Polysaccharide from sea cucumber Holothuria leucospilota
at 100 and 200mg/kg/day by oral administration for 4 weeks
could significantly improve glucose intolerance and regulate
blood lipid and hormone levels, repair the impairments of the
pancreas and colon, increase the short-chain fatty acid (SCFA)-
producing bacteria, and decrease the number of opportunistic
bacterial pathogens (Anaerobiospirillum, Colinsella and
Treponema) in Goto-Kakizaki (GK) rats. However, only the
high dose of 200 mg/kg significantly upregulated the gene
expression of peroxisome proliferator-activated receptor-a
(PPAR-a), peroxisome proliferator-activated receptor-y
(PPAR-y), phosphoinositide 3-kinase (PI3K), protein kinase
B (PKB/AKT), GLUT4 and anti-apoptotic (Bcl-2), and
downregulate the mRNA levels of pro-apoptotic (Bax) and
cluster of differentiation 36 (CD36) in GK rats (Zhao et al.,
2020).

A fucoidan-dominated polysaccharide fraction from
Thelenota ananas (TAPF) and a FCS dominated polysaccharide
fraction from Cucumaria frondosa (CFPF) by oral gavage
into a HFD and streptozotocin (STZ) induced T2DM rat
model for 8 weeks could ameliorate hyperglycemia, restore
hypertriglyceridemia and hypercholesterolemia, decrease
inflammatory status and oxidative stress, protect against liver
injury, as well as improve insulin resistance and promote
accumulation of hepatic glycogen by activating IRS/PI3K/
AKT signaling and regulating GSK-3p gene expression in
streptozotocin induced diabetes rats. However, these activities
relied on different dose levels. For example, CFPF at 200mg/
kg/d/day was shown to alleviate the decline in B-cell function
and improve impaired glucose tolerance, while 400mg/kg/
day of CFPF and TAPF could enhance insulin sensitivity and
improve glucose tolerance in T2DM rat (Zhu et al., 2020).

3.2.3.3 EPA-Enriched Phosphatidylcholine

A dose of 75 mg/Kg/day of EPA-enriched phosphatidylcholine
(isolated from the sea cucumber Cucumaria frondosa) via
intragastrical administration on a STZ induced hyperglycemic
rat model for 60 days exhibited significant anti-hyperglycemic
activities by up-regulating the PI3K/PKB signal pathway

mediated by insulin. The blood glucose level was decreased and
the fasting glucose levels, AUC, HbAlc, and GSP were lowered
by 23.59%, 25.81%, 41.66%, and 21.46%, respectively. Besides,
EPA-enriched phosphatidylcholine also caused an increase in
(53.47%) serum insulin level, (18.51%) glycogen contents in liver
and (141.56%) gastrocnemius, and thereby enhanced glycogen
anabolism (Hu et al., 2014b).

3.2.3.4 Long Chain Bases

Long chain bases, the simplest members in the family
glycosphingolipids, from sea cucumber Cucumaria frondose, via
intragastrical administration at 10mg/kg/day were reported to act
against type 2 diabetic nephropathy by declining the progression
of renal fibrosis and apoptosis in a type 2 diabetic mouse model
(Hu et al., 2018).

3.2.3.5 Sea Cucumber Extracts

The ethanol extract of the golden sea cucumber Stichopus
hermanii was reported to improve glucose level and muscle
mass. At a dose of 125mg per mouse, 70% ethanol extract
administered by gavage twice a day for 5 consecutive days
could attenuate decreased body weight, decreased muscle
mass, and glucose level in muscle in the STZ induced mouse
model. Improvement of the muscle GLUT-4 and interleukin-6
(IL-6) protein levels, and reduction of the protein carbonyl
level were the underlying mechanisms of action (Purwanto
etal., 2019).

3.2.3.6 Synergistic Activity

More studies are required to provide evidence of the effects
of saponins alone or in synergy with other compounds in
the glucose metabolism field. Dietary saponins of the sea
cucumber were reported to enhance insulin sensitivity but not
to attenuate nor increase the postprandial blood glucose level.
It is also worth noting, that when combined, saponin with EPA-
enriched phospholipids exhibit a strong improvement in glucose
intolerance and insulin sensitivity rather than saponin or EPA-
enriched phospholipids alone.

EPA-enriched phospholipids/phosphatidylcholine, sterol
sulfate, long chain bases, and the ethanol extract of sea cucumber
also exhibit promising efficacy as potential agents to manage
glucose metabolism, though more in-vivo studies are required
for robust evidence.

3.3 Hyperlipidemia, Obesity, and Fatty
Liver Disease

Obesity, a prominent global public health problem is associated
with chronic diseases such as coronary heart disease, diabetes, and
cancer. Hyperlipidemia and non-alcoholic fatty liver disease are
predominantly associated with obesity caused by rapid changes
in contemporary lifestyle and dietary habits. Polysaccharides,
saponins and EPA-enriched phospholipids derived from sea
cucumber have exhibited effect on hyperlipidemia, obesity, and
non-alcoholic fatty liver disease via different mechanisms of
action in the animal models.
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3.3.1 Hyperlipidemia
3.3.1.1 Polysaccharides

Polysaccharides from sea cucumber Apostichopus japonicus
(Liu et al., 2012) and Holothuria leucospilota (Yuan et al,
2019) orally administrated to an HFD induced rat model for
28 days significantly decreased serum total cholesterol (TC),
triglyceride (TG) and low-density lipoprotein (LDL-C) at
400mg and 800mg/kg/day (Liu et al., 2012) and at 100mg and
200mg/kg/day (Yuan et al., 2019). Liu et al. (2012) reported
200 mg of polysaccharides (molecular weight was 36.2kDa)
did not affect the TG level after 4 weeks of administration (Liu
etal., 2012) while the same dose of polysaccharides (molecular
weight was 52.8kDa) in another research was reported
to reduce serum TG (40%) after 2 weeks and 4 weeks of
administration (Yuan et al., 2019). Furthermore, high-density
lipoprotein cholesterol (HDL-C) was significantly increased
at 200mg, 400mg and 800mg/kg/day (Liu et al., 2012) but
did not result in significant change at 100mg and 200mg in
the study of Yuan et al. (Yuan et al., 2019). Polysaccharides
at 100mg and 200mg/kg/day could also effectively alleviate
liver histological abnormalities, regulate abnormal mRNA
and levels of lipogenesis-related hormones and inflammatory
cytokines (tumor necrosis factor IL-6 and IL-12). Moreover,
they improved the ability of gut microbiota to produce
SCFAs which have been found to ameliorate liver lesions
(Yuan et al., 2019).

3.3.1.2 Fucoidan/FCS

Fucoidan from Pearsonothuria graeffei (Li et al., 2018b) at
80mg/kg/day and FCS from Isostichopus badionotus at 40mg/
kg/day (Li et al., 2019b) gavaged for 6 weeks was reported to
inhibit serum TC by 25.9% in an HFD-fed mouse model (Li
et al., 2018b) and by 47.8% in an HFSD fed mouse model (Li
et al., 2019b). At a dose of 20mg/kg/day, the TC level decreased
by 34.8% in the HFSD fed mouse model (Li et al., 2019b), but
no significant effects were noted in the HFD-fed mouse model
(Li etal., 2018b).

3.3.2 Obesity

Sea cucumbers and their active compounds which include FCS,
saponins, EPA-enriched phospholipids, and long-chain bases,
exhibit anti-obesity properties by inhibiting hyperglycemia or
lipid accumulation, regulating gene or protein expression, and
modulating gut microbiota.

3.3.2.1 FCS

Dietary administration of FCS from Acaudina molpadioides at the
dose of 80mg/kg/day exhibited anti-obesity activity by decreasing
body weight gain and adipose weights (Hu et al., 2014a; Xu
et al, 2015). The underlying mechanisms included reduction
of protein expression and positive regulators and enhanced
negative regulator of adipogenesis (Xu et al., 2015); attenuation
of inflammation and modulation of gut microbiota in an obesity
mouse model (Hu et al., 2019a). FCS derived from Acaudina
molpadioides at 80mg/kg/day intragastrical fed in HFD-induced
obesity mouse model for 10 weeks, reduced body weight gain (by

26.38%) and attenuated inflammation by reducing serum TNEF-
a, IL-1B, IL-6, MMP-9, and iNOS and COX-2 levels, as well as
the mRNA expressions, and increased serum level of IL-10 and
its mRNA expression. Furthermore, FCS modulation of gut
microbiota was one of the anti-obesity mechanisms. It attenuated
the F/B ratio, elevated fecal SCFA generated microbiota such as
Bacteroides, Lactobacillus, Bifidobacterium, Lachnospiraceae
NK4A136 group, and prevented obesity-induced inflammation
by decreasing the fecal lipopolysaccharide (LPS) producer,
Escherichia coli (Hu et al., 2019a). FCS at 80mg/kg/day fed to a
HESD-induced obesity mouse model for 19 weeks significantly
decreased body weight gain and subcutaneous, perirenal and
epididymal fat content (Xu et al., 2015).

FCS from Isostichopus badionotus gavaged at the doses of 20mg
and 40mg/kg/day for 6 weeks; both doses could significantly
decrease the weight gain of mice fed on HFSD, and the lower
dosage of FCS (20mg/kg) could significantly inhibit abnormal
weight gain. They could also attenuate increase of the F/B ratio
caused by the HESD (Li et al., 2019b).

Although 20mg, 40mg, and 80mg of FCS all showed anti-
obesity activity in the mouse model, only the dose of 80mg was
reported to have a synergistic effect with RSG. For example, the
improved reduction of body weight gain and epididymal adipose
weight (Hu et al., 2014a).

3.3.2.2 Fucoidan

Fucoidan from the sea cucumber Acaudina molpadioides (Xu
et al., 2014) and Isostichopus badionotus (Wang et al., 2016a)
administered at 80mg/kg/day reduced the subcutaneous,
perirenal and epididymal fat content in an HFFD induced
obesity mouse model when fed for 13 weeks (Xu et al., 2014)
and reduced body weight gain in a HFSD-induced mouse
model when fed for 19 weeks (Wang et al., 2016a). Fucoidan
is also associated with the reduction of inflammation and
the improvement of insulin resistance in obesity mice (Wang
et al., 2016a).

Xu et al. (2014) reported that the dose of 20mg/kg/day did
not show significant effects on the content of subcutaneous,
perirenal and epididymal fat in the obesity mouse model (Xu
et al., 2014). However, later research reported that 20mg and
80mg/kg/day of fucoidan from the Pearsonothuria graeffei
gavaged for 6 weeks could dose-dependently decrease body
weight gain, liver, and fat tissue weight. Moreover, the
adipocyte sizes in the fucoidan groups were smaller than
those in the HFD group, which indicated that fucoidan could
reduce lipid accumulation in adipose tissues and thus reduce
body weight gain. In fucoidan administered groups the results
of histomorphology of the liver showed a relatively normal
structure of the hepatic lobules and significantly improved
fatty degeneration of liver cells. The revised ratio of F/B was
also reported by Li S. et al. (Li et al., 2018b).

Huetal. (2012b) compared the different effects of the whole
sea cucumber, saponins, polysaccharides, collagen peptides,
dregs (The remaining mixture after enzymatic hydrolysis)
and non-saponin residues on improving lipid metabolism in
a rat model. The results showed that saponins were the most
effective substance in the sea cucumber Cucumaria frondosa
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and that it could suppress adipose accumulation and reduce
serum and hepatic lipids by suppressing and delaying TC and
TC absorption in a basal diet rat model (Hu et al., 2012a).
The same research team also reported that dietary saponins
from the Pearsonothuria graeffei at 0.03% and 0.1% dose-
dependently exhibited a weight-loss effect and significantly
decreased visceral and subcutaneous adipose tissue weight in
an HFD fed mouse model (Hu et al., 2012b).

Saponin-enriched sea cucumber extracts (Echinoside A is
a major component) at 0.1% and 0.2% added to an HFD diet
could reduce body weight, TG in serum and liver, and hepatic
TC when compared with mice that took HFD alone. The dose
of 0.2% could significantly suppress the adipocyte size and
inhibit lipid absorption in the intestines of the mouse model
(Guo et al.,, 2016).

Saponin-enriched extracts from Holothuria leucospilota
significantly reduced the fat deposition and triglyceride
levels in a high glucose fed Caenorhabditis elegans model
by downregulating the messenger RNA expressions of genes
involved in fat storage and metabolism, including sbp-1, cebp,
and daf-16 and upregulating the expression of nhr-49 gene
(Chumphoochai et al., 2019).

Further study found that sea cucumber (Pearsonothuria
graeffei) saponin liposomes exhibited better effects on anti-
obesity and anti-hyperlipidemia activities than the common
form of sea cucumber saponins (Holothurin A and Echinoside
A are main compounds) in the mouse model (Chen et al,
2018).

3.3.2.3 EPA-Enriched Phospholipids

2% of EPA-enriched phospholipids from the sea cucumber
Cucumaria frondosa suppressed lipid accumulation and lipid
droplets (LDs) in liver and white adipose tissue (WAT) by
inhibiting the LD associated protein FSP27 in a high-sucrose diet
(HSD) fed mouse model (Zhang et al., 2020b).

3.3.2.4 Sea Cucumber Extracts

Different from those of single compounds are the effects of
sea cucumber extracts and the associated physicochemical
treatment methods and dose levels. Sea cucumber body wall
from Isostichopus badionotus was ground and incorporated into
cholesterol-containing diets to ascertain if it could improve the
lipid profile, and significantly reduce serum or hepatic TC, low
density lipoproteins and TG concentration in a cholesterol rat
model. However, the effects were dependent on the preparation
methods. When compared to lyophilized extracts, cooked or
heat-treated extracts had lowered effects but the preparation
method did not abolish hypolipidemic potency (Olivera-
Castillo et al., 2013). An HFD enriched with 2.5%, 5% or 7.5%
sea cucumber gut powder (SCGP) resulted in the significant
reduction of body weight gain and fat weight, compared
to the HFD mouse model. However, 7.5% SCGP induced
an increase in liver weight, liver TG and TC, and the lesser
treatment 2.5% and 5% SCGP significantly reduced plasma
glucose, TG and TC. Furthermore, 2.5% SCGP appeared to
be more effective at improving the metabolic profile than 5%
(Gangadaran and Cheema, 2017).

3.3.2.5 Long-Chain Bases

Long-chain bases from Acaudina molpadioides exerted anti-
obesity effects by modulating gut microbiota (Hu et al., 2019b).
They were reported to alleviate obesity, inhibit hyperglycemia,
reduce lipid accumulation and regulate serum adipokines in an
HFD fed mouse model. Alteration of the gut microbiota could
be the underlying mechanism of action. The long-chain bases
could attenuate the F/B ratio, elevate fecal SCFA generated
microbiota such as Bacteroides, Lactobacillus, Bifidobacterium
and Lachnospiraceae NK4A136 group, and decrease obesity-
related bacteria such as the genera Desulfovibrio, Bifidobacterium
and, Romboutsia.

3.3.3 Nonalcoholic Fatty Liver

3.3.3.1 Saponins

Recent research (Zhang et al., 2020c) focused on the structure of
the saponin, Echinoside A (EA), and its efficacy on fatty liver. A
diet supplemented with 0.04% of EA, DsEA, or aglycone could
reduce the hepatic TG and TC, and AST levels in the rat model.
Further to this, aglycone exhibited a distinct advantage toward
stimulating hepatic lipolysis compared with EA and DsEA by
attenuating the serum TC, hepatic PL, and the liver function
indexes including ALT, and y -GT.

3.3.3.2 Cerebroside

The dietary supplements of 0.006% and 0.03% cerebroside,
isolated from the sea cucumber Acaudina molpadioides, could
significantly reduce hepatic TG and TC, elevate serum TG level,
alanine aminotransferase (ALT) aspartate aminotransferase
(AST) activities, and attenuate hepatic steatosis in an OA induced
fatty liver rat model. The possible mechanisms of action were the
inhibition of hepatic lipogenic gene expression and enzymes
activities, impairment of the biosynthesis of monounsaturated
fatty acid in the liver and the enhancement of TG secretion from
the liver (Zhang et al., 2012).

3.4 Inflammation

The mouse model of peritoneal inflammation, obesity-
induced inflammation, ear inflammation, and acute intestinal
inflammation has been used to evaluate the anti-inflammation
properties of sea cucumber bioactives.

3.4.1 FCS

FCS is the most researched anti-inflammatory compound
of the sea cucumber. Panagos et al. (2014) found that FCS
oligosaccharides extracted from the sea cucumber Holothuria
forskali could cause a reduction in neutrophil infiltrations
in a mouse peritoneal inflammation model (Panagos et al,,
2014). 20mg and 40mg/kg/day of FCS from Isostichopus
badionotus gavaged for six weeks, significantly supressed
the inflammatory cytokine level of serum TNF-a and also
dampened macrophages infiltrating into adipose tissue in a
HFSD fed mouse model (Li et al., 2019b). FCS from Acaudina
molpadioides delivered via intragastrically at 80mg/kg/day
for ten weeks significantly reduced serum proinflammatory
cytokines including TNF-a, IL-1B, IL-6, MMP-9 and their

Frontiers in Marine Science | www.frontiersin.org

iR

July 2022 | Volume 9 | Article 917857


https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Liang et al.

In-Vivo Studies of Sea Cucumber

intestinal mRNA expression, and increased interleukin-10. The
researchers further revealed that gut microbiota modulation
could be one of the mechanisms which results in the decrease
of faecal lipopolysaccharide (LPS) producer Escherichia coli
and LPS levels. Gut microbiota modulation could elevate
faecal SCFA-generated microbiota including Lactobacillus,
Bifidobacterium, and Lachnospiraceae NK4A136 group, and
increase the SCFA concentrations (Hu et al., 2019a). Olivera-
Castillo et al. (2020) also tested the anti-inflammatory effects
of FCS in a mouse ear inflammation model, and it was found
to modulate the expression of critical genes, including NF-kB,
TNE, iNOS, and COX-2, and also attenuate inflammation and
tissue damage. Furthermore, they found that 4.5% (w/w) of
sulphate may be adequate to maximize its anti-inflammatory
actions (Olivera-Castillo et al., 2020).

3.4.2 Fucoidan

Fucoidan  derived  from  Isostichopus  badionotus,
Pearsonothuria graeffei, and Holothuria tubulosa all exhibited
anti-inflammation activities in the obese mouse model.
Fucoidan supplement from Isostichopus badionotus at the
dose of 80mg/kg/day for 19 weeks could regulate serum
inflammatory cytokines TNF-a, CRP, MIP-1, IL-1p, IL-6, and
IL-10, and their mRNA expression in the liver of an HFSD
induced mouse model (Wang et al., 2016a). The same dose
(80mg/kg/day) of fucoidan from Pearsonothuria graeffei
gavaged for six weeks was reported to significantly reduce the
higher TNF-a level and decrease the expression of CD68 in
an HFD-fed mouse model (Hu et al., 2015; Li et al., 2018b).
Fucoidan of Holothuria tubulosa at the dose of 60mg/kg/d
for 16 weeks reduced serum level of saturated free fatty
acids (FFA) and inflammatory cytokines (MCP-1 and TNEF-
@), increased anti-inflammatory cytokines including IL-10
and ADPN, attenuated M1/M2 polarization of liver Kupffer
cells, and attenuated inflammatory infiltration of epididymal
adipose tissue in HFD induced obese mouse model. Moreover,
the research team highlighted the chain-conformation
Fucoidan-3 with molecular weight 195.7 + 12.5 kDa exhibited
the best activities. (Zhu et al., 2021).

3.4.3 Glycosaminoglycan

Oral administration of 80mg/kg/day glycosaminoglycan,
purified from the sea cucumber Isostichopus badionotus,
for one day prior to and during the six-day experimental
period was also reported to mitigate colonic colitis by
decreasing the TNF-a gene expression and increasing
colon and small intestine lengths in the dextran sodium
sulphate-induced mouse model (Olivera-Castillo et al., 2020).

3.4.4 Sea Cucumber Extracts

Methanol extracts of sea cucumber Holothuria atra were
reported to inhibit the production of P. aeruginosa virulence
factors (elastase, protease, pyocyanin) and restore the
expression level of host lys-7 in a Pseudomonas aeruginosa-
infected Caenorhabditis elegans model (Lee et al., 2019).

3.4.5 Enzymatic Hydrolysates

Enzymatic hydrolysates of the sea cucumber Apostichopus
japonicus (EH-JAP) and Acaudina leucoprocta (EH-LEU)
down-regulated the transcription of proinflammatory
cytokines including IL-1B, TNF-a, IL-6, up-regulated the
transcription of anti-inflammatory cytokines transforming
growth factor p and IL-10, and inhibited the activation of
the Toll-like receptor 4/myeloid differentiation factor 88/
NF-kappaB signalling pathway, leading to the alleviation
of renal inflammation in a diet-induced hyperuricemic
mouse model. Furthermore, the EH-JAP had better effects
than EH-LEU in terms of the release of anti-inflammatory
cytokines (Wan et al., 2020).

3.4.6 Sterol Sulphate

0.4% sterol sulphate derived from the sea cucumber Cucumaria
frondosa exhibited a significant effect in alleviating HFFD
induced inflammation by increasing serum adiponectin (63.5%)
and reducing proinflammatory cytokine release (MCP-1 and
TNEF-a levels were decreased by 26.8% and 35.5% respectively)
(Zhang et al., 2020a).

3.5 Wound and Bone Healing

Gamat oil (sea cucumber; Holothuroidea) has been used as
positive control for wound healing products in recent research
(Rapi et al., 2020). Research revealed that sea cucumber-derived
compounds not only showed general wound healing properties
but also demonstrated the promotion of wound healing in a
diabetic model.

3.5.1 Saponins

Saponins with a purity of 80% were extracted from Filipino sea
cucumber was reported could promote new osteoid formation
in neonatal mouse calvarias ex vivo. Combined with in vitro
studies, the research team found that SCS promoted osteogenic
differentiation of pre-osteoblasts by activating the BMP2/Smads
molecular pathway (Li et al., 2021).

3.5.2 Water Extracts

Compared to the concentrations 0.1% and 1%, daily use of
0.5% aqueous extract of Stichopus chloronotus was the best
dose for wound healing with a significantly higher woutnd
reduction rate than other groups (Mazliadiyana et al.,
2017). Sunmugam et al. (2021) reported that daily used
0.1 g of sea cucumber extract (Stichopus horrens) based
creams (15% w/w) on full thickness excision wounds of rat
for 14 days significantly enhanced the wound contraction
(Sunmugam et al., 2021). In another study, a significant
increase in the number of lymphocytes was reported as
a result of treatment with 40% Stichopus hermanii water
extracts in Wistar rats’ oral mucous (Arundina et al., 2015).
Such increase in the lymphocyte number was an indication
of the acceleration of wound healing of wounds sustained by
traumatic ulcer. The study results have proven the suitability
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of sea cucumber extracts for the escalation of wound healing
(Arundina et al., 2015).

3.5.3 Peptides

Yang et al. (2021a) first investigated the effects of sea cucumber
peptides on bone mineral density regulations. Peptides of
Stichopus japonicus at 30 mg/kg, 100mg/kg, and 300mg/kg
were administrated intragastrically to the ovariectomized
mouse model for 14 weeks. The results showed that sea
cucumber peptides protected mice from OVX-induced bone
loss by increasing bone mineral density, and prevented the
bone loss induced by ovariectomy through the increasing of
bone volume, bone surface density, trabecular thickness, and
trabecular number values (Yang et al., 2021a).

Sea cucumber-derived compounds not only showed general
wound healing properties but also demonstrated the promotion
of wound healing in a diabetic mouse model. Small molecule
oligopeptides, isolated from sea cucumber, at 0.25g, 0.5g. and
1g/kg dose groups all demonstrated wound sites with less
bruising and swelling, and higher vascularization, collagen
deposition and epithelialization than the diabetic model control
group (Li et al., 2018a).

3.5.4 Collagen

In terms of bone healing, a combination of hydroxyapatite
obtained from gypsum powder and Stichopus hermanii-derived
collagen was prepared as a bone graft substitute and was
studied for bone healing properties in male Sprague-Dawley
rats by Wahyuningtyas et al. (2019). The study reported good
biocompatibility of the composite material. High osteoblast
formation was also demonstrated in the rats after 14 days
of healing, indicating that the prepared composite material
could be useful for promoting bone healing and regeneration
(Wahyuningtyas et al., 2019).

3.5.5 Sea Cucumber Nanopowder

Nanopowder  Stichopus  hermanii  contains bioactive
compounds and because of their small size, they enter the
human body easily and may disrupt the normal biochemical
environment within the cell. A recent study using a Cavia
cobaya model to evaluate the safety of the nanopowder
solution for therapy in dentistry and reported it did not cause
toxicity. A 3.5% Nanopowder solution with a dosage of 0.09ml/
kg and 0.36ml/kg body weight for 1 day did not cause increase
levels of SGOT, SGPT and decrease levels BUN, Creatinine
(Sucahyo et al., 2021).

3.6 Immunological Disorders

3.6.1 Saponins

Coloquadranoside A of sea cucumber Colochirus quadrangularis
showed effective immunomodulation activity. Coloquadranoside
A at the dose of 50 and 500 mg/kg intragastrically administrated
for 14 days increased the clearance index, adjusted phagocytosis

index, reversed the lower thymus and spleen index and hemolysin
level in the immunosuppressed mouse model which was induced
by cyclophosphamide (Yang et al., 2021b)

3.6.2 FCS

In a study by Niu et al. (2020), the immune-enhancing capability
of two FCSs from Holothuria polii and Holothuria tubulosa
were investigated. The study reported the recovery of immune
activity after suppression by cyclophosphamide in mice
through significant improvement in blood counts (of WBCs,
RBCs, neutrophils, lymphocytes, and platelets), blocking of
overproduction of inflammatory cytokines (TNF-a and IL-6),
and improvement of histopathological characteristics of spleen
damage as a result of the treatments with the FCSs (Niu et al,,
2020).

The FCS from Apostichopus japonicus were considered
as stimulators of hematopoiesis; when administered
subcutaneously at 0.5 mg/mL for 3 days on a cyclophosphamide-
induced immunosuppression mouse model it could stimulate
the release of white and red blood cells, as well as platelets from
bone marrow and restore them to the control levels; and increase
the number of neutrophils, monocytes and lymphocytes to
balance the populations of leucocytes. The normalization of the
level of the pro-inflammatory cytokine IL-6 in the serum and
the recovery of cell populations in the spleen have also been
observed in the mouse model following treatment with FCS
(Ustyuzhanina et al., 2021).

3.6.3 Sulfated Fucan

A water soluble sulfated fucan from the sea cucumber
Acaudina leucoprocta was reported to have a significant
effect on enhancing the immune response. Intragastrical
administered Sulfated fucan at concentrations of 50 mg/kg,
100 mg/kg, 200 mg/kg for 7 days promoted intestinal immunity
by increasing secretory immunoglobulins A. It also exhibited
antioxidant activity by increasing the antioxidant enzyme
levels of T-AOC, SOD, GSH-Px and CAT and decreasing the
enzyme amount of MDA on the cyclophosphamide triggered
immunosuppression mouse model (Feng et al., 2021).

3.6.4 Glycosaminoglycan

Wang et al. (2017) studied the immunomodulatory activities
of Apostichopus japonicas-derived glycosaminoglycan
in cyclophosphamide-induced immunosuppressed mice
and reported a significant increase in splenic lymphocyte
proliferation, splenocytes Ca2+concentration, totalantioxidant
capacity, superoxidase dismutase, catalase and glutathione
peroxidase activities while reducing malondialdehyde levels
in mouse heart, kidney, and liver. The results thus provided
evidence of immunostimulatory, immunosuppressive and
oxidative damage to the protective roles of glycosaminoglycan
(Wang et al., 2017). In a different study, the same research
group (Wang et al., 2019), reported on the application of
glycosaminoglycan from A. japonicas toward improvement of
adaptive immunity through cellular immunity and humoral
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immunity. Restoration of the immune level, both innate and
adaptive, was reported in immunosuppressed mice.

3.7 Neurological Diseases

3.7.1 Saponins

In another study by Tangrodchanapong et al. (2020), Frondoside
A derived from Cucumaria frondosa was used to treat
transgenic Caenorhabditis elegans model of Alzheimer’s
disease and investigated its effects on Amyloid-p (AP)
aggregation and proteotoxicity. The study reported delayed
paralysis, protection from oxidative stress and recovery from
chemotaxis dysfunction due to Frondoside A treatments
at 1uM dosage. Furthermore, Frondoside A reduced AP
depositions especially small oligomers and other high
molecular weight AP species which were the most toxic for
the disease (Tangrodchanapong et al., 2020).

3.7.2 Cerebrosides

The first in vivo study for assessing bioactivity against
Alzheimer’s disease by sea cucumber Acaudina molpadioides
derived glycolipids called cerebrosides were reported by Che
et al. (2017). The study reported attenuation of learning
and memory deficits, reduction in AP accumulation, higher
superoxide dismutase and lower malondialdehyde, 8-oxo-
7,8-dihydro-20-deoxyguanosine (8-OHAG), 8-hydroxy-20-
deoxyguanosine (8-oxo-G), and nitric oxide (NO) activities
in the SAMP8 mouse model as a result of the treatments
(Che et al.,, 2017). Cerebrosides from the same sea cucumber
species were also employed by Li et al. (2019a) on male SD
rats (induced to have Alzheimer’s through ventricle injection
of AB1-42 peptide). This study also reported attenuation
of cognitive deficiency in the male rats after 27 days of oral
administration (at a low dosage of 40 mg/kg/day) or dietary
supplementation of cerebrosides. Furthermore, the treatments
activated BDNF/TrkB/CREB and PI3K/Akt/GSK3p signaling
pathways leading to improvement of synaptic function
through the higher expression of PSD-95 and synaptophysin
and reduction in Ap1-42-induced tau hyperphosphorylation,
respectively (Li et al., 2019a). Cerebroside treatment also
caused reduced production of Bax/Bcl-2 resulting in lowered
neuronal damage and apoptosis (Li et al., 2019a)

3.7.3 Sea Cucumber Extracts

The neurological illnesses reportedly studied in vivo include
Parkinson’s and Alzheimer’s diseases. Chalorak et al. (2018)
studied the anti-Parkinson’s effects of whole body-ethyl acetate
(WBEA), body wall-ethyl acetate (BWEA), viscera-ethyl
acetate (VIEA), whole body-butanol (WBBU), body wall-
butanol (BWBU), and viscera-butanol (VIBU) extracts of sea
cucumber Holothuria scabra in the nematode Caenorhabditis
elegans BZ555 and NL5901 strains. They reported that WBEA,
BWEA, and WBBU extracts at 500 ug/ml showed potential
anti-Parkinson’s activity through the reduction of selective
catecholamine neurotoxin 6-hydroxydopamine (6-OHDA)
induced dopaminergic neuron degeneration. Furthermore,

lowered a-synuclein aggregation, restoration of lipid content,
increased life span and better food-sensing behaviour were
reported in these strains as a result of the treatments (Chalorak
etal., 2018). In another study by Malaiwong et al. (2019), similar
anti-Parkinson’s activities were reported as a result of treatments
by ethanol, ethyl acetate, butanol, and aqueous extracts of
Holothuria leucospilota in the same nematode strains. The study
also reported that the bioactive sea cucumber extracts contained
terpenoids, steroids, saponins, and glycosides based on findings
from NMR analysis (Malaiwong et al., 2019).

Patients diagnosed with mild to severe forms of Alzheimer’s
disease (158) were treated with the capsule named RSC
combined with the Alzheimers medication Memantine. Two
major ingredients of RSC are Reinhardt (Chinese sea snake,
Laticauda semifasciata) and sea cucumber (Yu et al., 2017). The
combination of RSC and Memantine were reported to improve
agitation and mental behavior symptoms in the patients. Only
mild skin allergies were reported during the treatment. The
combination was reported to be a safe treatment strategy for mild
to severe forms of Alzheimer’s disease.

3.7.4 EPA Enriched Ethanolamine Plasmalogens
Another study conducted by Che et al. (2018), reported that
ethanolamine plasmalogens enriched with EPA (extracted
from Cucumaria frondosa) ameliorated memory, learning and
cognitive functionalities of SAMP8 mice as evidenced by the
Morris maze test. Furthermore, treatments were reported to
prevent oxidative stress, hyper-phosphorylated tau, neuro-
inflammation, and apoptosis, resulting in reduced generation of
B-amyloid (Che et al., 2018).

3.7.5 Peptides

Sea cucumber peptides (SCP) were reported to improve memory
activity in a scopolamine-induced amnestic mouse model. SCP
were gavaged at 650 mg, 1300 mg, and 2600 mg/kg. All the doses
could significantly reduce the escape latency and shock time
and increase the acetylcholine content and acetylcholinesterase
activity. Moreover, the number of neurons in the hippocampus
of SCP groups were larger, arranged neatly and intact (Xu et al.,
2020).

3.7.6 Synergistic Activity

Sea cucumber organic solvent extracts WBEA, BWEA and WBBU
showed potential anti-Parkinson’s disease activity in nematodes
BZ555 and NLL2 because they reduced dopaminergic neuronal
degeneration induced by selective aminopurine neurotoxin
6-hydroxydopamine (6-OHDA). These extracts contain a
mixture of terpenoids, steroids, saponins and glycosides that may
act synergistically.

3.8 Thrombosis

The main treatment methods to thrombosis are medicines that
thin out the blood and/or operations in which stents or catheters
are used to open blocked vessels. Some foods and substances can
act as natural blood thinners and help to reduce the risk of clots.
Sea cucumber derived compounds including FCS, (Fucosylated)

Frontiers in Marine Science | www.frontiersin.org

14

July 2022 | Volume 9 | Article 917857


https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Liang et al.

In-Vivo Studies of Sea Cucumber

glycosaminoglycan, and Fucoidan have been investigated and
have shown antithrombotic activities, and their depolymerized
products exhibited superior activities.

3.8.1 FCS

A depolymerized fragment (Mw~8.5 kDa) of native FCS
(Mw~65.8 kDa) extracted from sea cucumber Thelenota ananas
displayed better inhibition of venous thrombus formation at a
dose of 14.8mg/kg, which is more potent than FCS at the same
dose (thrombosis inhibition of 85% vs 35%) (Wu et al., 2015).
The FCS significantly increased blood loss at 53mg and 106mg/
kg (approximately 3.5 and 7.5 times the dose required for the
inhibition of venous thrombosis) when injected into mice dorsally
and subcutaneously (Wu et al.,, 2015). A highly purified FCS
isolated from sea cucumber Pearsonothuria graeffei selectively
inhibited intrinsic factor Xase complex and exhibited remarkable
antithrombotic activity without hemorrhagic and hypotension
side effects (Yan et al., 2019). The research team focused further
on the FCS (Mw~3347 Da) (Yan et al., 2021) and found that
FCS oligomer-gastro-resistant (GR) microcapsule formulation
represents an effective and safe oral anticoagulant. The venous
thrombosis rat model demonstrated that FCS oligomers delivered
via GR microcapsules produced a potent antithrombotic effect
dependent on their anticoagulant properties in the plasma. In
contrast, oral administration of unformulated FCS oligomers
at the same dose (50mg/kg) exhibited a weaker antithrombotic
effect than the formulated version. Oral administration of FCS
oligomer-GR microcapsules resulted in no bleeding, while oral
administration of native FCS-GR microcapsules resulted in
bleeding.

3.8.2 Fucosylated Glycosaminoglycan

Fucosylated Glycosaminoglycan (FG) from sea cucumber
Holothuria fuscopunctata, its depolymerized FG (dHG)
and a pure octasaccharide have been investigated. dHG 5
(Mw~5.3 kDa) (4.0-9.0mg/kg) and octasaccharide (Mw~2.46
kDa) (3.3-7.5mg/kg) could dose-dependently inhibit deep
venous thrombosis in a rat model (up to 92.9% and 86.0%,
respectively). The thrombus inhibition rate of FG (Mw~42.6
kDa) at the high dose was markedly reduced (inhibition rate
is 51.2% at 12mg/kg) (Zhou et al., 2020). Zhou et al. (2020)
did not find, however, that dHG-5 and octasaccharide increase
bleeding at doses up to 10-fold of the effectively antithrombotic
doses, and only FG significantly increased the bleeding volumes
at 60mg/kg in a tail-cut mouse model. Notably, a recent study
reported that 4.0 mg/kg (i.v.) of FGs (derived from Thelenota
ananas and Holothuria fuscopunctata) could cause significant
cardiovascular and respiratory dysfunction in rats which
was mainly ascribed to pulmonary microvessel embolism
due to platelet aggregation and contact activation-mediated
coagulation, while their depolymerized products (dTaFG13
and dHG-5) had no obvious side effects (Lin et al., 2021).

Yin et al. (2021) purified the Compounds 5 from the
depolymerized natural Glycosaminoglycans of sea cucumber
Thelenota ananas and tested its anticoagulant activity in mice
and antithrombotic activity in rat model. Subcutaneously
administered the Compound 5 at doses of 4.8, 8.0, and 13.6

mg/kg in tissue thromboplastin-induced venous thrombosis rat
model exhibited inhibition of venous thrombus formation with
the rates of 83.5%, 92.6%, and 93.1%, respectively. However, no
significant effect on blood loss has been reported at a dose of 80
mg/kg in a mouse model (Yin et al., 2021).

3.8.3 Fucoidan
Fucoidan (Mw~ 103.1 + 2.8 kDa) from sea cucumber
Holothuria polii at 8 mg/kg reduced platelet aggregation
caused by cyclophosphamide in a mouse model. This
might have the effect of reducing the risk of thrombosis
(Li et al., 2020).

3.9 Ageing and Memory Impairments

The existence of significant cognitive changes associated
with the onset of old age has been very well established. The
saponin-rich extract, protein hydrolysates and phospholipids
derived from sea cucumber have shown positive anti-ageing
effects or prevention of memory impairment in nematodes
and mouse models. Further studies are needed to ascertain
applications for sea cucumber to delay the ageing process and
improve cognition.

3.9.1 Water Extract

Kitisin et al. (2019) focused on the effect of sea cucumber
extract on lifespan. In their research, a saponin-rich extract
of Holothuria leucospilota increased the lifespan of C.
elegans L4 and L1 at 5.92% and 15.76%, respectively, and
significantly reduced the accumulation of lipofuscin, which
is an ageing-biomarker. However, it could not reduce the
intracellular ROS in the model, which implied that the active
compounds in the saponin-rich extract might cause the direct
modulation of ageing pathways, rather than a scavenging
effect upon the free radicals that accumulate in animals
(Kitisin et al., 2019).

3.9.2 Protein Hydrolysates

Lim et al. (2019) found that the hydrolysate of sea cucumber
Stichopus japonicus could significantly increase the serum
testosterone level in the male rat model and could be
considered very useful as an andropause-relief agent (Lim
et al, 2019). A recent study further reported that protein
hydrolysates of Stichopus japonicas could be a bioactive anti-
ageing agent. Gavaged 600 mg/kg/day of protein hydrolysates
for 28 days on a D-galactose induced ageing mouse model
could significantly lower the escape latency times and increase
staying times of mice in the target quadrant in Morris water
maze, and also improve their memory impairment in shuttle
box tests (Amakye et al., 2021).

Anti-ageing properties through antioxidant bioactivity
of protein hydrolysates derived from Apostichopus japonicas
were studied by Guo et al. (2020) in the nematode model
Caenorhabditis elegans. The study reported increased survival
rate, reduced ROS level, upregulation of catalase, superoxide
dismutase activities and the reduction of malondialdehyde
levels in the paraquat-induced oxidative stressed nematodes
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as a result of the treatments. The protein hydrolysates
were reported to scavenge DPPH free radicals, reduce age
pigments as well as extend the life span of the nematode
while not affecting their food intake, body length and brood
size, indicating the capability to delay physiological ageing
(Guo et al., 2020).

3.9.3 Phospholipids

Neuroprotective antioxidant activity of EPA-enriched
phospholipids from Cucumaria frondosa was investigated
in the senescence-accelerated prone mouse model by Wu
et al. (2014). The in vivo mouse study reported prevention
of the development of learning and memory impairments.
The preceding in vitro studies on PC12 cells confirmed
antioxidant activity in the H,O, oxidative-stress induced cells
(Wu et al., 2014).

3.10 Other

3.10.1 Fatigue

A pilot study involving the effect of sea cucumber-derived
DHA-EPA-enriched phospholipids on aerobic and anaerobic
exercise in mice was reported by Wang et al. (2020). The
study reported significant promotion of carbohydrate and
lipid metabolism and muscular mitochondrial respiratory
chain and tricarboxylic acid cycle in the mice during aerobic
exercise as a result of the treatments, indicating the suitability
of DHA-EPA-enriched phospholipids for reducing physical
fatigue (Wang et al,, 2020). In another study, antifatigue
properties of peptides from S. japonicus were investigated in
C57BL/6] mice (Yu et al., 2020). Sea cucumber peptides were
reported to improve running time, forelimb grip strength,
serum lactic acid and urea nitrogen levels, antioxidant
capacity, post-swimming liver and skeletal muscle blood
glucose and glycogen levels, and heart and skeletal muscle
Na+-K+-ATPase and Ca2+-Mg2+-ATPase activity in the
mice (Yu et al., 2020).

3.10.2 Oxidative Stress

Lee et al. (2021) investigated antioxidant properties of
enzymatic hydrolysates of Stichopus japonicus using zebrafish
models and summarized that the a-chymotrypsin assisted
hydrolysate (molecular weight<5 kDa) (a-chy-III) possess
strong antioxidant activities. Administrated the a-chy-III
with 25, 50, 100, 200 pg/mL at 1 hour before H,O, treated
zebrafish embryo and incubated the model until 24 h post-
fertilization could significantly improve both the heart rate
and survival rate of zebrafish embryos. When co-treated
zebrafish embryos with a-chy-IIT and H,O, and incubated
until 3 d post-fertilization, 200 pug/mL of a-chy-III showed a
protective effect against H,0, induced cell death, intracellular
ROS generation, and lipid peroxidation (Lee et al., 2021).

3.10.3 Hypertension

Oral gavaged Actinopyga lecanora proteolysate at 200, 400, 800
mg/kg into rat model did not affect normal blood pressure.
When using proteolysate at 200, 400, 800 mg/kg at 1 hour before

rats were injected with angiotension-I to induce hypertension,
the dose-dependent treatment significantly suppressed systolic
blood pressure (SBP) and diastolic blood pressure (DBP).
While using the proteolysate at these doses 1 hour after the
model been injected to induce hypertension, only the 800 mg/
kg dose significantly reduced DBP and SBP. Furthermore, no
significant changes in the heart rate of rats were recorded in
both the preventive and treatment groups at all three dose
levels, signifying no negative effects on the circulatory system
(Sadegh Vishkaei et al., 2016).

3.10.4 Hepatorenal Dysfunction

Dakrory et al. (2015) investigated the antioxidative properties
of Holothuria atra extract to treat 7, 12-dimethylbenz[a]
anthracene (DMBA)-induced hepatorenal dysfunction in
Wistar rats. The study reported reversal of histopathological
alteration in the liver caused by DMBA induction in the rats
as a result of the treatment. The study thus indicated the
extract had curative and protective effects against hepatorenal
dysfunction (Dakrory et al., 2015).

3.10.5 Liver Fibrosis

The hepatoprotective activity of the Holothuria atra-derived
extractswasstudied by Esmatetal. (2013). Thestudy demonstrated
that thioacetamide and the extracts co-administration in
the rats caused the serum bilirubin, alanine and aspartate
aminotransferases, hepatic malondialdehyde and hydroxyproline
concentrations and antioxidant enzyme activities to return to a
normal level (Esmat et al., 2013). Furthermore, thioacetamide-
induced cellular damage was significantly reduced due to the
extracts as evidenced by histological examinations (Esmat et al.,
2013).

3.10.6 Candidiasis

One clinical trial conducted using sea cucumber derived
compounds, targeted candidiasis (Yano et al, 2013). The
researchers prepared a jelly containing 50% S. japonicus
hydrolysates (the major compound of the hydrolysates was
saponin holotoxin). Overall, the ratio of fresh sea cucumber
in the jelly was 25%. The researchers fed the jellies to elderly
nursing home residents as desserts. Although the sample
number was low (only 18 participants), the study demonstrated
significant reduction in oral Candida colonies because of the
supplementation. The results showed potential suitability of the
sea cucumber-based jelly to combat candidiasis in elderly patients
although more studies with a high number of participants is
needed.

4 CONCLUSION

A total of 33 sea cucumber species have been researched in
animal models and 24 sea cucumber derived compounds/
extracts have been reported to have potential biological and
pharmacological activities. Cucumaria frondosa is the most
researched sea cucumber species, and saponins are the most
studied compound. Sea cucumber-derived extracts and
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compounds possess a range of pharmacological activities.
Anti-tumor/anti-cancer activity is the dominant focus of
the in-vivo studies, followed by lipid metabolism regulation,
and then glucose metabolism management. The protective
properties against cancer and Alzheimer’s disease have been
evidenced by clinical trials to some extent, though the trial
numbers are very limited.

The huge range of potential health benefits of the sea
cucumber in vivo and clinical trials are in sharp contrast to
the very few (only three) studies in human clinical subjects.
The promising results from the in vivo studies warrant greater
research and in-depth studies to validate the efficiency of
sea cucumber extracts and compounds in clinical trials.
Evidence-based research presented in this paper vindicates
the longstanding belief in the health benefits of sea cucumber
within traditional medicine and we anticipate that further
scientific research will increase utilization of this highly
valuable but currently underdeveloped resource for human
nutritional and medicinal products.
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