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Dietary modification, including functional foods, could reduce comorbidities
due to obesity. An increase in serum glucose and lipids is often seen in
obesity. Furthermore, obesityis also characterized by a decrease in antioxidant
acity (i.e., decrease in superoxide dismutase/SOD) and downregulation of
peroxisome proliferator-activated receptor y coactivator-1a (PGC-1a). It has
been well established that PGC-lu is important to regulate mitochondrial
biogenesis. Sea grapes (Caulerpa lentillifera) are known as a traditional food
in many Asia-Pacific countries. Recent evidence suggests that sea grapes
have many beneficial properties as functional foods and may have potential
therapeutic functions. We investigated t ffect of sea grapes (C. lentillifera)
on serum glucose, lipids, PGC-1a, an otein levels of SOD in the liver of
Rattus norvegicus, which is induced with a high-fat and high-cholesterol
diet. A total of four groups were made, each containing ten male Rattus
norvegicus; group A received a standard dry pellet diet as control, group B
received cholesterol- and fat-enriched diets (CFED), groups C and D received
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GRAPHICAL ABSTRACT

Summarized potential mechanisms by which sea grapes may improve metabolic parameters in abesity-related metabolic disorders

—_—

ﬁtroduction

CFED and 150 and 450 mg/kg body weight (BW) of sea grape extract,
respectively, for 4 weeks. Serumn glucose and cholesterol were assessed
using a blood auto-analyzer. Serum PGC-1a was measured using ELISA. SOD
levels were calculated using the superoxide dismutase assay kit by Sigma-
Aldrich with blood taken from liver tissue. In this study, sea grape extracts
improved total cholesterol levels better than the CFED and normal groups.
The efficacy of total cholesterol improvement was similar between the two
doses of sea grape extract. Furthermore, sea grape extract increased PCG-1u
levels, especially with the dose of 150 mg/kg BW. Blood glucose was also
lower in the groups of sea grape extract. Interestingly, the groups treated
with sea grapes extract exhibited higher levels of liver SOD compared to
the normal and CFED groups. To conclude, sea grapes (C. lentillifera) have
promising potential for anti-hyperglycemia and anti-hypercholesterolemia,
and for reducing oxidative stress, and providing various health benefits for
metabolic disorders.

KEYWORDS

Caulerpa lentillifera, functional food, lipid profile, PGC-1x, obesity-related metabolic
disorders, algae, sea grapes

(AT) but more importantly, a decrease i T function

(2). Adipose tissue dysfunction leads to ectopic fat in

Obesity is a major?blic health problem that leads non-AT tissue, such as the skeletal muscle and the

to non-communicable

(T2D) and cardiometabolic syndrome (1). It is not only impairment in

iseases such as type 2 diabetes liver (3). More qwrestingly, fat deposition may cause
g

ucose and lipid metabolism in the

a matter of an increase in body fat within adipose tissue liver (4).
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During the development of obesity, oxidative stress can
occur in the liver and may partly be determined by the
disturbance of mitochondrial function. It occurs partly due to
a systematic increase in ROS production and depression of
the antioxidant system (5). Studies have demonstrated that an
increase in oxidative stress may be associated with a dec
in PGC-1lu regulation (6). Importantly, it has been shownm
PGC-lu is a major regulator of mitochondrial function and
biogenggm (7). In a review, an impairment of ROS regulation
within the liver is also associated with the development of non-
alcoholic fatty liver disease (2). Collectively, these impairments
may also lead to the incidence of metabolic syndrome (ie.,
abnormal glucose levels, lipids, and blood pressure).

Maintaining a healthy lifestyle by being physically active
and having a balanceqeiel are still recognized as important

sity and metabolic syndrome (9). It
has been suggested that nutritious foods are not only from

to prevent and tackle ol

agricultural land but also from the ocean. Ocean areas contain
about half of the total global biodiversity, which has many
novel and useful compounds (10). One of these biodiversities
is sea grapes (Caulerpa lentillifera), species in the phylum
Chlorophyta and the family Caulerpaceae. This plant is well
adapted for mass cultivation in open ponds and is well known
for being consumed as a traditional food in many Asia-Pacific
countries, including Indonesia (11).

Current research progress shows sea grapes have
many beneficial properties that may have the potential for
cardiovascular protection and hepatoprotection. Therefore,
sea grapes are currently described not only as a daily food but
also as a plant that can potentially have various therapeutic
functions (12, 13). Se pes (C. lentillifera) have been widely
studied for their role in improving lipid profiles, blood sugar,
and cardiovascular a etabolic syndromes. A study by
Preez et al. in Wistar rats fed with a high-car
high-fat diet reported that the rats e
systolic blood pressure, body weight, plasma concentrations
of total cholesterol, and non-esterified fatty acids, as well as a

reduction in inflammation in liver tissue after being treated

rate and

sgnced a decrease in

with C. lentillifera supplementation (12). This study provides
insight that cardiometabolic risk factors can be reduced by
supplementation with C. lentillifera, especially its ability to
reduce inflammation and gluc etabolism, which are

En et al. reported that
the ethanolic extracts of C. lentillifera have strong hydrogen
DPPH radical

the keys to metabolic syndrome

peroxide scavenging activity, scavenging

Abbreviations: BW, body weight; CFED, cholesteral- and fat-enriched

diets CI% Council for International Organizations of Medical
“es,; -4 enzyme, dipeptidyl peptidase-4; DPPH, 2.2—dipfmz—
1-picrylhydrazyl; FIC, ferric ion reducing; HCL, hydrochloric aci = 12|
interl@\—l& I=14; interleukin=1 bets; LDL, low-density lipoproteins;
PCG-Tu, peroxi e proliferator-activated receptor-gamma coactivator
(PGC)-1 alpha; S, 1 ive oxygen species; SCFAs, short chain fatty
acids; SIRTL, sirtuin-1, D, superoxide dismutase; TG, triacylglycerol;
TMF-a, tumor necrosis factor alpha; VLDL, very low-density lipoproteins.
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%\dty, ferric ion-reducing activity, and FIC activity (14).

Moreover, sea grapes also contain various bioactive compounds
such as bioactive peptides, dietary fiber, vitamins, minerals,
polysaccharides, flavonoids, and polyunsaturated fatty acids
(PUFA) (14). High in nutritional value, sea grapes are thought
e a functional food, especially for individuals with metabolic
@eas&s such as type 2 diabetes, heart disease, hypertension, and
the older adult population wit oxidative stress levels.
h@:ﬁect of C. lentillifera extract
file, PGC-1u levels, and oxidative
erefore, this study aim

However, studies regarding
on serum glucose, lipid
capacity are still limited. ssess the
effect of sea grape (C. lentillifera) extract on serum glucose, lipid
profile (total cholesterol), PGC-lu levels, and liver SOD levels
in Rattus novergicus rats fed cholesterol-and fat-enriched diets
(CFED) as primary outcomes. A change in the body weight of

rats was reported asa secondary outcome.

Materials and methods

Production of sea grape extract

Fresh sea grapes (Caulerpa lentillifera) were collected
in the shallows (5-10 m above sea level) of the Mantehage
seawater, [coordinate google maps
(1.7189753, 124.8034570)), Indonesia. Botanical identification
and authentication were confirmed in the Department of

north of Sulawesi

Pharmacology, Faculty of Mathematics and Natural Sciences,
Sam Ratulangi University, Indonesia. Specimens were collected
for future reference. Sea grapes (whole-body) were thoroughly
rinsed with water, dried at room temperature, baked at 40°C,
and then ground with an electric grinder. Furthermore, in the
extract preparation, coarse powder (1 kg) is macerated in 96%
ethanol for 72 h, with each extraction carried out in triplicate,
resulting in a yield of 34%. The extract is roughly filtered
using Whatman 41 filter paper. The total filtrate is glued and
evaporated at 40°C with the RV 8 IKA rotary evaporator under
reduced pressure (100 millibars) for 90 min and evaporated in
an oven at 40°C to produce the powder extract. The extract is
stored in the refrigerator at a temperature of 4-8°C before being
used in the experiment.

Animal handling and ethical consent

All experimental rats were kept on standard free-feed and
ad libitum water access. The research was conducted at the
Pharmacology Laboratory, Faculty of Mathematics and Natural
Sciences, Sam Ratulangi University, Manado, Indonesia. From
the Animal Husbandry Laboratory of Makassar, Indonesia, forty
male Wistar albino rats (Rattus norvegicus; 4-5 weeks) weighing
200-250 g each were obtained and transported to the study site.
The minimum number of samples of Wistar albino rats were
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detgemined using the Federer formula, with the equation = (f -
1) (r-1) = 15, wh = treatment and r = replication. In this
study, tis 4, then=(4-1) (r-1) = 15;3(r- 1) = 15;3r - 3 = 15;
r = 6. So the minimum sample for each group is 6. However,
according to the recent review (15), we chose 10 samples per
gro| expect if there are samples that must be excluded.
me) animals were grouped, housed in cages, and
kept under standard laboratory conditions (temperature:
27 £ 2°C), with light and dark cycles (12/12 h). Rats were
acclimatized to laboratory conditions for 10 days before
the start of the experiment. The research protocol (the
use of experimental animals) refers to the Declaration of
Helsinki and the Council for Internation
of Medical Sciences (CIOMS). In addition, a
procedures were performed in accordance with the Institutional
Animal Care and Use Committee g the ARRIVE
guidelines, the Ethics Committee of Faculty of Medicine,
Sam Ratulangi University, and have been registered at
Preclinical Trials Europe
number PCTE0000264.

rganizations

experimental

(www.preclinicaltrials.eu) with

An animal in vivo study design

Cholesterol- and fat-enriched diets production

Cholesterol- and f; riched diets (CFED) are standard
rat foods containing Qchﬂlic acid, 2% pure cholesterol
powder, 20% fat (animal source/pork oil), and 2% corn oil.
Additional components were added finely to the standard
CFED and homogenized into a dough by the addition of
1,000 ml of distilled water. Small pellets were cut and allowed
to dm room temperature under sterile conditions. CFED
were prepared weekly and stored at 4°C until used to reduce
oxidation. CFED consist of carbohydrates (43.57%), crude
protein (12.38%), crude fiber (4.73%), crude fat (3.17%),
cholesterol (2%), cholic acd (1%), animal fat (20%), corn oil
(2%), total ash (4.3%), and moisture content (6.85%). Compared
with a normal diet containing 58.1% carbohydrates, 16.51%
crude protein, and 0% animal fat, all other components, such as
corn oil, cholesterol, and folic acid, did not change significantly.
CFED production guidelines were carried out as previously

described (16).

The scheme of sea grape (Caulerpa lentillifera)
extract administratio

Albino male Wistar rats were randomly divided into four
groups of ten each. Group A serves as control (receiving a
standard dry pellet diet). Group B rats were fed CFED only
for 4 weeks. Rats in Groups C and ere fed CFED and
given sea grape extract 150 and 450 mg/kg BW for 4 weeks,
respectively. We determined the doses based on the upper and
lower capacity of the rat’s stomach. CFED and sea grape extract
were administered orally.
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Sample collection

Throughout the experiment, every effort was made to
minimize the pain and suffering of the experimental animals.
For this purpose, after 4 weeks of extract treatment, rats were
put in fasting condition overnight and knocked out under an
anesthetic of ketamine. As much as 2.5 ml of blood samples
were collected from cardiac muscle tissue and stored in dry and
clean tubes without the ad n of anticoagulants (tiger-top
tubes) to allow coagulation at room temperature. The sample
was then centrifuged for 20 min at 3,000 rpm. Finally, serum
was collected to analyze blood glucose, total cholesterol, and
PGC-lu. Biomedical analysis of blood samples was done as
follows: Blood glucose and cholesterol levels were tested using
the AS Integra® 400 plus analyzer (Roche). The sample
was washed with 1% phosphate-buffered saline ,pH 74)
until the liquid was clear. Next, the sample was centrifuged at
3,000 rpm for 20 min to obtain pellets and supernatant. The
supernatant was taken for PGC-1lu assay. The concentration
of PGC-1u was measured using a mouse PGC-lu ELISA Kit
(Sunlong Biotech Co., Ltd., Hangzhou, China). SOD levels were
calculated using the superoxide dismutase assay kit by Sigma-
Aldrich with blood taken from liver tissue according to the
products procedure kit.

Data management and analysis

The Qa were statistically analyzed using the
MANOVA/multivariate ANOVA test. The Levene test was
used to determi thich post hoc test should be performed.
In cases where gp—value of Levenes test was = 005, the
Games-Howell test (equal variance was not assumed) was used,
and for p-values > the Bonferroni test (presumed equal
variance) was used. Statistical analysis was performed using

SPSS 26.0 for the Windows version.
Results
Characteristics of animal models

The characteristics of rats included in this study are shown
in Table 1. Results indicated that CFED rats treated with sea
grape extract exhibited a lower feed efficiency ratio compared
to other groups. Subsequently, rats treated with sea grape extract
yielded lower body weight changes relative to normal and CFED
groups.

Blood glucose

Figure 1 illustrates Q blood glucose level of the
experimental rats. CFED rats gained significantly increased
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TABLE 1 Weight characteristics, food and water intake, and feed efficiency ratio between groups of experimental animals.

Groups y weight before Body weight after Body weight Food Intake Water Feed efficiency
treatment (g) treatment (g) change (g/day) (g) Intake (ml) ratio (FER, %)
Normal (A) 227,11 £ 15.46 257,53 & 5.79 1.09 £ 0.64 5.29 £ 0.71 570 £ 0.73 2122 13,09
CEED (B) 227.49 + 13.35 277.37 +£7.22 1.78 + 0.64 5.58 + 0,40 5.60 £ 0.63 318841148
CEED + 150 (C) 228,30 + 12.30 23970 + 6.1 0.41 + 0.34 5.85 + 0.74 5.84 £ 0.40 7.24 £6.58
CEED + 450 (D) 224,62 + 10.75 246.98 + 5.63 0.80 = 0.31 5.84 + 0,56 5.83 £0.39 13.94 £6.07

CFED, cholesterol- and carbohydrates fat-enriched diets. Jeanette Irene Christiene Manoppo: [M Fahrul Nurkolis: FN Adriyan Pramono: AP Martha Ardiaria: MA Etisa Adi Murbawani:
EM Muhammad Yusuf MY Fagrizal Ria Qhabibi: FQ Vincentius Mario Yusuf VY Nasim Amar: NA Muhammad Rico Abdul Karim: MK Anita Dominique Subali: AS Hans Natanael:
HN Ronald Rompies: RR Rifrita Fransisca Halim: RH Alexander Sam Leonard Bolang: AB Gregory Joey: G] Christian Agung Novianto: CN Happy Kurnia Permatasart: HP
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FIGURE1
Low doses are more effective in lowering blood glucose.
Means a strong p-value of < 0.0001

levels of blood glucose compared to the normal group.
Furthermore, the two groups treated with sea grape extract
showed a significantly lower blood glucose level than CFED rats.
There was no significant difference in blood glucose between the

150 and 450 mg/kg BW sea grape extract groups.

Total cholesterol

Figure 2 shows the total cholesterol level of experimental
rats. CFED rats yielded significantly higher total cholesterol
levels than the standard group. Furthermore, the two groups
treated with sea grape extract showed a significantly lower
total cholesterol level than CFED rats. There was no significant
difference in total cholesterol between the 150 and 450 mg/kg
BW of sea grape extract groups.

PGC-1u

The results of the PGC-1u level are shown in Figure 3. CFED
rats exhibited a lower level of PGC-1a compared to the normal
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group. Moreover, the two groups treated with sea grape extract
showed a significantly higher PGC—lmvEl than CFED rats.
Interestingly, the treatment with 150 mg/kg BW of sea grape
extract showed a higher increment of PGC-1u compared to the
450 mg/kg BW dose.

Liver superoxide dismutase

Figure 4 summarizes
rats. CFED rats exhibited a
the normal group. Interestingly, the two groups treated with sea

PGC-1u level of the experimental
ower level of PGC-1a compared to

grape extract showed a significantly higher PGC-1u level than
CFED rats. The liver SOD level was higher with the 450 mg/kg
BW dose of sea grape extract than with the 150 mg/kg BW dose.
This suggests a dose-response manner toward the effect of sea
grapes on liver SOD.

Discussion

The potential of sea grapes (Caulerpa
lentillifera)

Seaweed has the potential to be cultivated as human food
with its ample availability and the promising development of
aquaculture, aside from fisheries (17). C lentillifera is one
of the green seaweeds that inhabit Southeast Asia and the
Pacific seashore (12). It has a soft texture and palatable taste,
and there are plenty of recipes for C. lentillifera as fresh
vegetables (17). Indo-Pacific countries, such as the Philippines,
Vietnam, and Japan, have cultivated C. lentillifera. Currently,
C. lentillifera is the main product of commercial aquaculture
(19, 20). Not only for its savory, Caulerpa species have
gained popularity due to their availability, nutritional values,
and general awareness as natural products (20). C. lentillifera
contains sufficient dietary fibers, polysaccharides, essential
unsaturated fatty acids, and protein (1%). Moreover, recent
research reveals potent beneficial bioactivity from C. lentillifera.
Several studies have demonstrated that C. lentillifera has potent
activity as an antidiabetic by improving insulin sensitivity (21,

frontiersin.org




Manoppo et al.

10.3389/fnut.2022.1010867

Total Cholesterol

B0 e

5 .

2

£ 60-

g

w 40—

5

=1

=

© 20+

©

©°

-

0-
A B C D
FIGURE 2
e in lowering total cholesterol.

eof < 0.000L
PGC-1a

150+

PGC-1a (pg/mL)

A B C D

FIGURE 3

e inimproving the PGC-1a level.
eof < 0.0001L

22), regulating blood pressure (23), and exhibiting other health
benefits such as anticancer as well as antimicrobial properties
(24, 25). Thus, the development of C. lentillifera is relevant for
human health since the prevalence of obesity-related disorders

continues to rise.

Safety aspect

Among the other Caulerpa species, C. lentillifera is
considerably safer to consume because it does not accumulate
toxic minerals found in the water it inhabits, such as arsenic,

lead, and mercury (26). However, a recent study has suggested
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0.0001.

activity. ****Means a strong p-value of

that the potential acidity of pond soil should be taken into
account when cultivating Caulerpa to prevent toxic mineral

accumulation in the water (27).

Antioxidant property

Recently, antioxidant-rich foods have been attractive as
part of Elhy lifestyle trends in the protective role to
counter reactive oxygen species (ROS) and other linked

th conditions (2¢). ROS is remarkable for its ability to

uce oxidative injury in human cells, which may lead to
diverse chronic diseases, such as aging, cancer, and Alzheimer’s
disease. Previous research demonstrated seaweed’s activity as a
strong antioxidant to protect itself from ROS. The antioxidant
properties are related to some phytochemical compounds, such
as phenolics and flavonoids. These substrates have hydroxyl
groups, which can donate hydrogen to stabilize free radicals
and terminate new free radical generation (29). Oxidative stress
has been suggested to link with obesity and induces metabolic
syndrome (6).

Possible mechanisms to alter the
metabolic profile in metabolic
syndrome

Recent research by Preez et al. on rats with a high-
carbohydrate and high-fat (HCHF) diet exhibited C. lentillifera’s
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supplementation ability for improving cardiometabolic
risk factors. The study showed that feeding rats with
such a diet established hypertension, dyslipidemia, fatty
liver disease, obesity, and increased collagen deposition
inside the left ventricle (12). C. lentillifera-augmented diet
in HCL rats displayed positive effects by reducing some

meters, such as body weight, systolic blood pressure,
gsma concentrations of total cholesterol and non-esterified
fatty acids, heart and liver inflammatory cells, and wvisceral
adiposity (12).

Another study also displayed a potential modulation in
the gut microbiota by C. lentillifera. Supplementation of
C. lentillifera decreased the Firmicutes to Bacteroidetes ratio.
Some possible mechanisms explain green algae’s health benefits,
such as prebiotic effects due to their high fiber content. In
Caulerpa species, sulfated polysaccharides have complex and
heterogeneous repetitive sugar unit structures. Polysaccharides
of Caulerpa sp. are digested minimally in the stomach
but will be further fermented by bacteria residing in the
colon as prebiotics (30). It has been shown that iotics
from the ocean biodiversities gives impacts on metabolic
health, such as reducing body weight and blood pressure
(31). Another study on diet-induced obesity discovered that
inulin and oligofructose-mixed prebiotic is an effective dietary
fiber to reduce body weight gain, systolic blood pressure,
plasma concentrations of triglycerides, and free fatty acids and
attenuate inflammatory cells to infiltrate the heart and the
liver (32).

The insoluble fiber in C. lentillifera is proposed to be linked
with enhanced short-chain fatty acids (SCFAs) production
inside the colon, such as butyric, propionic, and acetic acids
(33). Most of them are insoluble fibers, which are not
converted into energy and enhance satiety (34). Escalating
soluble fiber intake with inulin and oligofructose has exhibited
improved metabolic syndrome signs by abating gastrointestinal
uptake of carbohydrates and lipids (33). Polysaccharides from
ocean biodiversities work with diverse mechanisms through
selective fermentation, gut pH lowering, fecal bulking, gut
pathogen colonization prevention, and putrefactive bacterial
control. As a result, they can protect the from toxic
metabolite exposure (35). These outcomes may be related
to the activity of dietary fiber to increase SCFA production,
providing energy to the host (36). Unfortunately, in our
in vivo model, we were unable to analyze the gut microbiota
composition and SCFAs. Therefore, it could be recognized as a
limitation of our study.
often

(1),

reducing the proinflammatory state is vital to preventing

Since obesity and metabolic syndrome are

characterized by chronic low-grade inflammation

other metabolic disorders. One possible strategy is by
consuming food that contains compounds with anti-
inflammatory activity. This functional type may help

to reduce systemic chronic low-grade inflammation in
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obesity (37). Polysaccharides of C. lentillifera can enhance
immunostimulatory and anti-inflammatory activity (38),
which may improve antioxidant capacity (i.e., increases SOD
capacity) in the liver.

This experimental study reported that two groups ats
with the intervention of sea grape extract (150 and 450 mg/kg
BW) had significantly lower blood gluc levels than the
CFED rat group (Figure 1). This result is in line with the
studies by Pe 62 tasari et al. (16) and Kuswari et al. (39), which
also showed a significant decrease in blood glucose levels in
CFED rats after being treated with sea grape extract. CFED
feed in rats can significantly increase blood se levels and
lipid profiles. We also found a significant decrease in total
chaolesterol levels in the group of rats given CFED + sea grape
extract compared to CFED-only rats (Figure 2). However, the
results of lipid profile and blood glucose level impr: ents
between 2 groups of rats with sea grape extract g:s of
150 and 450 mglkg BW

Interestingly, study results found no significant difference in

red no significant difference.

total cholesterol between the high dose and low dose group:
this might be due to palmitate acid, which dominates fatty
acid composition in sea grapes, being able to raise total
cholesterol levels in the blood (40). In contrast, the group of
rats treated with the sea grapes had higher levels of PGC-1
alplewmhan the group of CFED rats (Figure 3). An incease
in -1 alpha is essential for the regulation of cellular
(Graphical abstract). In addition, PGC-1
alpha is also expressed in tissues with high energy demand

energy metal

and is strongly associated with the occurrence of metabolic

rome. Interestingly, this study reported that the group of
rats treated with a dose of 58 mg/kg BW sea grapes had
higher levels of PGC-1 alpha compared to a dose of 450 mg/kg
BW. Furthermore, it was found that the effect of sea grapes
r the dose,

€re was no

on liver SOD levels was dose-dependent; the
the higher the liver SOD levels (Figure 4).
significant difference in body weight between all groups of
rats.

C. lentillifera contains various bioactive molecules that
can contribute to its anti-hyperglycemic activit cluding
sulfated polysaccharides and monosaccharides.?
study by Fajriah et al. showed that purified polysaccharides
of C. lentillifera ha@;ﬂiﬁcant inhibition capability against
u-glucosidase (41).
the brush borders of the small intestine, which operates by
cleaving disaccharides into glucose to be further absorbed

previous

-glucosidase is an enzyme located in

(42). Inhibiting w-glucosidase can delay glucose uptake and
reduce sugar circulating in the bloodstream. This proposed
mechanism is similar to present oral antidiabetic drugs
for type 2 diabetes, such as acarbose and miglitol, used
in clinical p ce (43). In addition, a study by Sharma
et al. showed that C. lentillifera extract significantly increased
insulin secretion, glucose transporter expression, and enhanced

glucose uptake in adipocyte cells in vitro (22). Furthermore,
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in a study, C. lentillifera also significantly decreased the
DPP-4 enzyme, which increased circulating incretin levels,
leading to increased insulin release and improved glycemic
control (21).

This study showed that the administration of C. lentillifera
resulted in a significant reduction in cholesterol (Graphical
abstract). A possible mechanism is that C. leatillifera contains
caulerpenyne, a major metabolite of the Caulerpa genus in
the form of sesquiterpenoids that are shown to inhibit lipase
activity in wvivo competitively (44). Moreover, this lipase-
inhibitory activity of C. lentillifera might also be attributed to
its high phenolic content, especially flavonoids (29, 45, 46).
Inhibition of lipase causes reduced lipolysis of dietary fats
entering the digestive tract, decreasing the amount of fatty
acid taken into the bloodstream, which eventually reduces the
formation of LDL, VLDL, and TAG, the main components
of total cholesterol in the liver. An increased level of SOD
(potentially reduced oxidative stress) in the liver may also
partly contribute to improving liver lipid metabolism (2). The
mentioned mechanism may also cause a decrease in post-
intervention body weight of experimental animals due to less
ectopic fat (4).

Next, systemic PGC-1g, the most well-known and studied
member of transcriptional coactivators called the PGC-1 family,
has increased significantly after C. lentillifera administration.

-la influences most cellular metabolic pathways and
Er:s an essenti le in mitochondrial biogenesis, especially
in detoxifying reactive oxygen species by regulating the
expression of ROS-detoxifying enzymes (6). The PGC-lu
activation pathways can upregulate the expression of Sirtuin
1 (SIRT1), antioxidants, including glutathione peroxidase and
SOD, which may be further demonstrated in this study as
liver SOD increased significantly in rats post-intervention (47).
Antioxidant: crucial to scavenge ROS in metabolic disorders
since excess S are involved in insulin signal dysregulation,
insulin resistance, overfeeding, saturated fatty acids, and chronic
inflammation (48). Deregulation and decrease in the PGC-1u
expression itself have also been linked strongly to trigger various
metabolic disorders, including obesity, cardiovascular diseases,
and NAFLD that cause various inflammatory processes with
dysfunctional redox control; therefore, PGC-lat modulation
is significant to provide clinical metabolic benefits (47, 48)
potentially. Summarized mechanisms of C. lentillifera can be
seen in Graphical abstract.

In general, C. lentillifera has promising potential as
a prospective nutraceutical for patients with obesity-
induced metabolic disorders, including the improvement
of hyperglycemia in diabetic patients, the suppression of
the

in weight in patients with obesity. The increase in PGC-

hyperlipidemia, hypercholesterolemia, and reduction
la also contributes to various and vast positive impacts
on oxidative metabolism, which can benefit patients with

metabolic disorders.
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Conclusion

Sea grape (C.
efficacy as nutraceuticals improving blood glucose,
total cholesterol, PGC-lu, and liver SOD levels in rats
that were fed CFED. Providing a dose of 150 mg/kg of
BW effectively lowers blood glucose and total cholesterol
by increasing PGC-lu levels. The dose obtained from

lentillifera) extract showed potential

in

preclinical trials could be a reference for future clinical

trials in humans.

Bata availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The animal study was reviewed and approved by the
research protocol or use of experimental animals refers
to the Declaration of Helsinki with the Council for
International Organizations of Medical Sciences (CIOMS).
In @ldition, this research protocol is performed according
e Institutional Animal Care and Use Committee using
the ARRIVE Guidelines, Ethics Committee of Faculty of

Medicine, Sam Ratulangi University and has been registered

to

at Preclinical Trials Europe (www.preclinicaltrials.eu) with
number PCTE0000264.

Author contributions

JM and FN conducted experiments, analyzed data, wrote
manuscripts, and conceptualized and designed the study.
MY, FQ, VMY, NA, MK, AS, HN, RR, RH, AB, GJ,
CN, HP AP, MA, and EM contributed to data analysis,

interpretation (AP), wrote manuscripts, interpret results,
ﬁediting. All authors have read and also approved this
final manuscript.

Funding

This study was conducted with the researchers
funds. AP was supported by RPI Scheme Grant No.

225-18/UN7.6.1/PP/2022.

frontiersin.org




Manoppo et al.

Acknowledgments

We  thank the staff  for

technical assistance for this study during the pandemic

technical providing

period.

Eonflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial relationships

References

L. Bliher M. Obesity: Global epidemiclogy and pathogenesis. Nat  Rev
Endocrinol. (2019) 15:288-98. doi: 10.1038/s41574-019-0176-8

2. Koenen M, Hill MA, Cohen P, Sowers JR. Obesity, adipose tissue and vascular
dysfunction. Circ Res. (2021) 128:951-68. doi: 10.1161/CIRCRESAHA 121.318093

3. Goossens GH. The metabolic phenotype in obesity: Fat mass, body fat
distribution, and adipose tissue function. Obesity Facts. (2017) 10:207-15.

4. Bosy-Westphal A, Braun W, Albrecht V, Miiller M]. Determinants of ectopic
liver fat in metabolic disease. Eur | Clin Nutr. (2019) 73:209-14. doi: 10.1038/
541430-018-0323-7

5. Masschelin PM, Cox AR, Chernis N, Hartig SM. The impact of oxidative stress
onadipose tissue energy balance. Front Physiol. (2020) 10:1638. doi: 10.3389/fphys.
2019.01638

6 Rins-Pérez 8, Torres-Cuevas 1, Millin I, Ortega AL, Pérez §. PGC-la,
inflammation, and oxidative stress: An integrative view in metabolism. Owxid Med
Cell Longev. (2020) 2020:1452696. doi: 10.1155/2020/1452696

7. ChenL, QinY, Liu B, Gao M, Li A, Li X, etal PGC-le-mediated mitochondrial
quality control: Moelecular mechanisms and implications for heart failure. Front
Cell Dev Biol. (2022) 10:871357. doi: 10.3389/fcell. 2022.871357

8. ChenZ, Tian R, She Z, Cai ], Li H. Role of oxidative stress in the pathogenesis
of nonalcoholic fatty liver disease. Free Radic Biol Med (2020) 152:116-41. doi:
10.1016/j.freeradbiomed 2020.02.025

9. VanWormer ]], Boucher JL, Sidebottom AC, Sillah A, Knickelbine T. Lifestyle
changes and prevention of metabolic syndrome in the Heart of New Ulm Project
Prev Med Rep. (2017) 6:242-5. doi: 10.1016/j.pmedr.2017.03.018

10. Kim SK, Wijesekara 1. Development and biclogical activities of marine-
derived bioactive peptides: A review. J Funct Foods. (2010) 2:1-9. doi: 10.1016/].
JFE.2010.01.003

11. Chaiklahan R, Srinorasing T, Chirasuwan N, Tamtin M, Bunnag B. The
potential of polysaccharide extracts from Cawlerpa lentillifera waste. Int | Biol
Macromol. (2020} 161:1021-8. doi: 10.1016/L.1]BIOMAC 2020.06.104

12. Preez Rd, Majzoub ME, Thomas T, Panchal SK, Brown L. Caulerpa
lentillifera (Sea grapes) improves cardiovascular and metabolic health of rats
with diet-induced metabolic syndrome. Metabolites. (2020) 10:1-18. doi: 10.3390/
METABOL0120500

13. Shah MD, Venmathi Maran BA, Shaleh SRM, Zuldin WH, Gnanaraj C, Yong
TS, Therapeutic potential and nutraceutical profiling of north bomean seaweeds: A
review. Mar Drugs. (2022) 20:101. doi: 10.3390/md20020101

14. Nguyen VT, Ueng ] P, Tsai G]. Proximate composition, total phenolic content,
and antioxidant activity of seagrape (Caulerpa lentillifera). | Food Sci (2011}
76:C950-8. doi: 10.1111/].1750- 3841.2011.02289.X

15. Festing MF. On determining sample size in experiments inmvolving

laboratory animals. Lab Anim. (2018) 52:341-50. doi: 10.1177/002367721773
B268

16. Permatasari HK, Nurkolis F, Augusta PS, Mayulu N, Kuswari M, Taslim NA,
et al. Kombucha tea from seagrapes (Caulerpa racemosa) potential as a functional
anti-ageing food: In vitro and in vivo study. Heliven. (2021) 7:e07944-¢. doi: 10
1016/ HELIYON 2021 E07944

Frontiers in Nutrition

09

10:3389/fnut 2022.1010867

that

interest.

could be construed as a potential conflict of

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

17. Stuthmann LE, Springer K, Kunzmann A. Cultured and packed sea grapes
(Caulerpa lentillifera). Effect of different irradiances on photosynthesis. [ Appl
Phycol. (2021) 33:1125-36. doi: 10.1007/510811-020- 02322-x

18. Sommer J, Kunzmann A, Stuthmann LE, Springer K. The antioxidative
potential of sea grapes (Cawlerpa lentillifera, Chlorophyta) can be triggered by light
to reach comparable values of pomegranate and other highly nutritious fruits. Plant
Physiol Rep. (2022) 27:186-91. doi: 10.1007/s40502-021-00637-6

19. Paul NA, Neveux N, Magnusson M, de Nys R. Comparative production and
nutritional value of “sea grapes” — the tropical green seaweeds Caulerpalentillifera
and C. racemosa. | Appl Phycol. (2013) 26:1833-44. doi: 10.1007/S10811-013-0227-
9

20. Morris C, Bala 8 South GR, Lako ], Lober M, Simos T. Supply chain and
marketing of sea grapes, Caulerpa racemosa (Forsskil) ], Agardh (Chlorophyta:
Caulerpacese) in Fiji, Samoa and Tonga. | Appl Phycol (2014) 26:783-9. doi:
10.1007/S10811- 014-0254- /FIGURES/4

21. Sharma BR, Rhyu DY. Anti-diabetic effects of Caulerpa lentillifera:
Stimulation of insulin secretion in pancreatic B-cells and enhancement of glucose
uptake in adipocytes. Asian Pac | Trop Biomed. (2014) 4:575-80. doi: 10.12980/
APJTB 4.2014AP)TB- 2014-0091

22, Sharma BR, Kim HJ, Rhyu DY. Caulerpa lentillifera extract ameliorates
insulin resistance and regulates glucose metabolism in CS7BL/Ks]-db/db mice
wvia PI3K/AKT signaling pathway in myocytes. | Trans! Med (2015) 13:1-10. doi:
10.1186/512967- 015-0412-5/FIGURES/6

23. Joel CH, Sutopo CCY, Prajino A, Su JH, Hsu JL. Screening of angiotensin-
I converting enzyme inhibitory peptides derived from Cawlerpa lentillifera.
Molecules. (2018) 23:3005. doi: 10.3390/MOLECULES23113005

24, Maeda R, Ida T, Ihara H, Sakamaoto T. Induction of apoptosis in MCF-7 cells
by p-1,3-xylooligosaccharides prepared from Caulerpa lentillifera. Biosci Biotechnol
Biochem. (2012) 76:1032-4. doi: 10.1271/BBB.120016

25. Liang W-8, Liu TC, Chang C-], Pan C-L. Bioactivity of -1, 3-xylan extracted
from Cawlerpa lentillifera by Using Escherichia coli ClearColi BL21 (DE3)$-1,
J-xylanase XYLIL | Food Nutr Res. (2015) 3:437-44

26. Misheer N, Kindness A, Jonnalagadda $B. Seaweeds along KwaZulu-Natal
Coast of South Africa—4: Elemental uptake by edible seaweed Caulerpa racemosa
(sea grapes) and the arsenic speciation. | Environ. Sci. Health Part A Tox Hazard
Subst Environ Eng. (2006) 41:1217-33. doi: 10.1080/10934520600656489

27. Perryman SE, Lapong 1, Mustafa A, Sabang R, Rimmer MA. Potential of
metal contamination to affect the food safety of seaweed (Cawlerpa spp.) cultured
in coastal ponds in Sulawesi, Indonesia. Aquacu Rep. (2017) 5:27-33. doi: 10.1016/
j.aqrep.2016.12,002

28. Shahidi F Ambigaipalan P. Phenolics and polyphenaolics in foods, beverages
and spices Antioxidant activity and health effects - A review. | Funct Foods. (2015)
18:820-97. doi: 10.1016/].JFF.2015.06.018

29. Yap WE Tay V. Tan SH, Yow YY, Chew ]. Decoding antioxidant and
antibacterial potentials of Malaysian Green Seaweeds: Caulerpa racemosa and
Caulerpalentillifera. Antibiotics. (2019) 8:152. doi: 10.3390/ANTIBIOTICS8030152

30. Zaporozhets TS, Besednova NN, Kuznetsova TA, Zvyagintseva TN,
Makarenkova 113, Kryzhanovsky S etal. The prebiotic potential of polysaccharides

frontiersin.org




Manoppo et al.

and extracts of seaweeds. Russ | Mar Biol (2014) 40:1-9. doi: 10.1134/
S10630740140101 06

31. Katiyar R, Gurjar BR, Biswas 8, Pruthi V. Kumar N, Kumar P. Microalgae:
An emerging source of energy based bio-products and a solution for environmental
issues. Renew Sustain Energy Rev. (2017) 72:1083-93. doi: 10.1016/] RSER.2016.10.
028

32, Kumar SA, Ward LC, Brown L. Inulin oligefructose attenuates metabolic
syndrome in high-carbohydrate, high-fat diet-fed rats. Br ] Nutr. (2016) 116:1502-
11. doi: 10.1017/500071 14516003627

33. Granado-Serrano AB, Martin-Gari M, Sdnchez V, Riart Solans M, Berdin
R, Ludwig IA, et al. Faecal bacterial and short-chain farty acids signature
in hypercholesterolemia. Sei Rep. (2019) 9:1-13. doi: 10.1038/541598-019-38
8743

34. Dhingra D, Michael M, Rajput H, Patil RT. Dietary fibre in foods: A review. [
Food Sci Technol. (2012) 49:255-66. doi: 10.1007/513197-011-0365-5

35. De Jesus Raposo ME, De Morais AMMB, De Morais RMSC. Emergent sources
of prebiotics: Seaweeds and microalgae. Mar Drugs. (2016} 14:27. doi: 10.3390/
MD14020027

36. Blaak EE, Canfora EE, Theis §, Frost G, Groen AK, Mithieux
G, et al. Short chain fatty acids in human gut and metabolic
health.  Bengf  Microbes. (20200 11:411-55.  doi: 10.3920/bm2020.
0057

37. Brown L, Poudyal H, Panchal SK. Functional foods as potential therapeutic
options for metabolic syndrome. Obes Rev. (2015) 16:914-41. doi: 10.1111/O0BR.
12313

38.5un Y, Lin Y, Ai C, Song S, Chen X. Caulerpa lentillifera polysaccharides
enhance the immunostimulatory activity in immunosuppressed mice in correlation
with modulating gut microbiota. Food Funct. (2019) 10:4315-29. doi: 10.1039/
COFO00713]

39, Kuswari M, Nurkolis F, Mayulu N, Ibrahim F Taslim N, Wewengkang I
et al. Sea grapes extract improves blood glucose, total cholesterol, and PGC-12 In
rats fed on cholesterol- and fat-enriched diet [version 2; peer review: 1 Approved, 2

Frontiers in Nutrition

10.3389/fnut.2022.1010867

approved with reservations]. FIO00Res. (2021) 10:718. doi: 10.12688/ fl000research.
54952.2

40. Aroyehun AQB, Razak SA, Palaniveloo K, Nagappan T, Rahmah NSN, Jin
GW, et al. Bioprospecting cultivated tropical green algae, Caulerpa racemosa
(Forsskal) J. Agardh: A perspective on nutritional properties, antioxidative capacity
and anti-diabetic potential. Foods. (2020) 9:1313. doi: 10.3390/ FOODS%091313

41. Fajriah §, Rizki IF, Sinurat E. Characterization and analysis of the antidiabetic
activities of sulphated polysaccharide extract from Caulerpa lentillifera. Pharmacia.
(2021} 68:869-75. doi: 10.3897/PHARMACIA 68 ET3158

42, Chelladurai GRM, Chinmachamy C. Alpha amylase and Alpha glucosidase
inhibitory effects of aqueous stem extract of Salacia oblonga and its GC-
MS analysis. Braz | Pharm S (2018) 5417151 doi: 10.1590/52175-
97902018000117151

43. Algahtani AS, Hidayathulla 5, Rehman MT, Elgamal AA, Al-Massarani §,
Razmovski-Naumovski V, et al. Alpha-amylase and alpha-glucosidase enzyme
inhibition and antioxidant potential of 3-oxolupenal and katononic acid isolated
from nuxia oppositifolia. Biomolecules. (2019) 10:61. doi: 10.3390/BIOMI10010061

44, Duarte AM, Guarino MP. Barroso S, Gil MM. Phytopharmacological
strategies in the management of type 2 diabetes mellitus. Foods. (2020) 9:271.
doi: 10.3390/FOODS2030271

45. Nofiani R, Hertanto §, Zaharah TA, Gafur S. Proximate compositions and
biological activities of Cawlerpa lentillifera. Molekul. (2018) 13:141-7. doi: 10.
20884/1]M.2018.13.2.441

46. Chen X, Sun Y, Liu H, Liu §, Qin Y, Li P. Advances in cultivation, wastewater
treatment application, bioactive components of Caulerpa lentillifera and their
biotechnological applications. Peer/. (2019) 7:¢6118. doi: 10.7717/PEER].6118

47. Kicinska A, Jarmuszkiewicz  W. Flavonoids and mitochondria:
Activation  of cytoprotective pathways? Molecules.  (2020) 25:3060.  doi:
10.3390/M OLECULES25133060

48. Iside C, Scafuro M, Nebbioso A, Altucci L SIRT1 activation by natural

phytochemicals: An overview. Front Pharmacol (2020) 11:1225. doi: 10.3389/
FPHAR2020.01225/BIBTEX

frontiersin.org




Amelioration of obesity-related metabolic disorders via

supplementation of Caulerpa lentillifera in rats fed with a high-
fat and high-cholesterol diet

ORIGINALITY REPORT

19, 15, 13+ 6

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

Submitted to Universidad de las Islas Baleares

Student Paper

2%

o

fifsdataO1prod.blob.core.windows.net

Internet Source

2%

e

www.myfoodresearch.com

Internet Source

T

-~

acikerisim.medipol.edu.tr

Internet Source

T

o

Submitted to Rutgers University, New

Brunswick
Student Paper

T

Grace Sanger, Djuhria Wonggo, Nurmelita
Taher, Verly Dotulong et al. "Green seaweed
Caulerpa racemosa - Chemical constituents,
cytotoxicity in breast cancer cells and
molecular docking simulation”, Journal of
Agriculture and Food Research, 2023

Publication

<1%




I|E])t§:§tas(|:?rccis.Iib.uoa.gr <1 o
B ﬂmifgeoa'umna'it <1 o
n Ipmsa%g?tive Weight Management, 2014. <1 o
i o <7

Submitted to October University for Modern <1 o
Sciences and Arts (MSA) °

Student Paper

bmccomplementmedtherapies.biomedcentral.cog1 o
0

Internet Source

ol fmutacid <1
L ac <Tw
I(rzwltﬂc:ea:cszi.rgecuenca.edu.ec < o
I\:}\Q/r\:]\é\t/:gt;ﬁzseearchsquare.com <1 o
gili)nrtrgizred to Mount St. Marys College <1 o

bmcgenomics.biomedcentral.com



Internet Source

<1%

nutritionandmetabolism.biomedcentral.com 1
1 9 Internet Source < %
"Poster Abstracts", International Journal of <1
. %
Gynecology & Obstetrics, 2018
Publication
Submitted to American University of Madaba
Student Paper y <1 %
Wing-Fai Yap, Vangene Tay, Sie-Hui Tan, Yoon- <1 y
Yen Yow, Jactty Chew. "Decoding Antioxidant ’
and Antibacterial Potentials of Malaysian
Green Seaweeds: Caulerpa racemosa and
Caulerpa lentillifera", Antibiotics, 2019
Publication
backend.orbit.dtu.dk
Internet Source <1 %
t.scribd.com
IFr?ternetSource <1 %
dffox.com
IE?ternetSource <1 %
www.hindawi.com
Internet Source <1 %
www.tandfonline.com
Internet Source <1 %




ifootankleres.biomedcentral.com

JInternetSource <1 %
WWW.coursehero.com

Internet Source <1 %
WWW.e-cep.or

Internet Source p g <1 %

PETER KOVACIC, RATNASAMY SOMANATHAN. <1 o
"Integrated Approach to Immunotoxicity: ’
Electron Transfer, Reactive Oxygen Species,
Antioxidants, Cell Signaling, and Receptors",
Journal of Receptors and Signal Transduction,
2008
Publication
researchonline.lshtm.ac.uk

Internet Source <1 %
diposit.ub.edu

InteFr)netSource <1 %
tel.archives-ouvertes.fr

Internet Source <1 %
www.ijpsonline.com

Internetsgtﬁce <1 %
bmcendocrdisord.biomedcentral.com

Internet Source <1 %
cris.maastrichtuniversity.nl

Internet Source y <1 %




topsecretapiaccess.dovepress.com

InteIanet Source P P <1 0%
www.shinryo-to-shinyaku.com

Internet Source y y <1 %

Chi-Heung Cho, Yu-An Lu, Ming-Yeong Kim, <1 o
You-Jin Jeon, Sang-Hoon Lee. "Therapeutic ’
Potential of Seaweed-Derived Bioactive
Compounds for Cardiovascular Disease
Treatment", Applied Sciences, 2022
Publication
Ernst M. Bomhard, Bernd A. Herbold.

41 . o . . <l%
"Genotoxic Activities of Aniline and its
Metabolites and Their Relationship to the
Carcinogenicity of Aniline in the Spleen of
Rats", Critical Reviews in Toxicology, 2008
Publication
crimsonpublishers.com

Internet SourcE <1 %
hdl.handle.net

Internet Source <1 %
link.springer.com

Internet g)urceg <1 %
mdpi-res.com

InternEe)t Source <1 %
repository.ubn.ru.nl

Intelr?\et Sourcey <1 %




ItnE;‘:\rnnetssl‘ca)ﬂutrlcgnaI-medlcme.blomedcentral.com <1 o
wjgnet.com
IntjegwetSource <1 %
worldwidescience.org <1
Internet Source %
www.jeeng.net <1
Internet Source %
www.nature.com
Internet Source <1 %
Amal S. Al-Obeidyeen, Musa H. Zarga, <1 o
Shtaywy S. Abdalla. "The hypocholesterolemic ’
effect of methanolic extract of Bassia
muricata |. on hypercholesterolemic rats", SN
Applied Sciences, 2023
Publication
Catherine Bisbal. "Antioxidants and glucose <1 o
metabolism disorders :", Current Opinion in ’
Clinical Nutrition & Metabolic Care, 07/2010
Publication
Robert Buresh, Kris Berg. "A tutorial on <1 o

oxidative stress and redox signaling with
application to exercise and sedentariness”,
Sports Medicine - Open, 2015

Publication




Stacey Fuller, Eleanor Beck, Hayfa Salman, <1
) . %
Linda Tapsell. "New Horizons for the Study of
Dietary Fiber and Health: A Review", Plant
Foods for Human Nutrition, 2016
Publication
Submitted to University of Sheffield
Student Paper y <1 %
Ye Wang, Li Pan, Shaoping Wan, Huowuli Yi, <'I o
Fang Yang, Huijing He, Zheng Li, Zhengping ’
Yong, Guangliang Shan. "Association of
Socioeconomic Status and
Overweight/Obesity in Rural-to-Urban
Migrants: Different Effects by Age at Arrival",
Frontiers in Public Health, 2020
Publication
oamjms.eu
InternetJSource <1 %
onlinelibrary.wiley.com
Internet Source ry y <1 %
www.greenpharmacy.info
E InternetS%urce p y <1 %
B. A. Magnuson, G. A. Burdock, J. Doull, R. M. <1 o

Kroes et al. "Aspartame: A Safety Evaluation
Based on Current Use Levels, Regulations,
and Toxicological and Epidemiological
Studies", Critical Reviews in Toxicology, 2008

Publication




Surbhi Agarwal, Vikas Singh, Komal Chauhan.
"Antidiabetic potential of seaweed and their
bioactive compounds: a review of
developments in last decade", Critical Reviews
in Food Science and Nutrition, 2022

Publication

<1%

Abdul Qudus B Aroyehun, Shariza Abdul
Razak, Kishneth Palaniveloo, Thilahgavani
Nagappan et al. "Bioprospecting Cultivated
Tropical Green Algae, Caulerpa Racemosa: A
Perspective on Nutritional Properties,
Antioxidative Capacity and Anti-Diabetic
Potential", Foods, 2020

Publication

<1%

Hang-Yu Li, Dan-Dan Zhou, Ren-You Gan, Si-
Yu Huang, Cai-Ning Zhao, Ao Shang, Xiao-Yu
Xu, Hua-Bin Li. "Effects and Mechanisms of
Probiotics, Prebiotics, Synbiotics, and
Postbiotics on Metabolic Diseases Targeting
Gut Microbiota: A Narrative Review",
Nutrients, 2021

Publication

<1%

Martin Gotteland, Karla Riveros, Naschla
Gasaly, Constanza Carcamo et al. "The Pros
and Cons of Using Algal Polysaccharides as
Prebiotics", Frontiers in Nutrition, 2020

Publication

<1%




E Tim Hendrikx, Christoph J. Binder. "Oxidation-
Specific Epitopes in Non-Alcoholic Fatty Liver
Disease", Frontiers in Endocrinology, 2020

Publication

<1%

Exclude quotes On Exclude matches Off

Exclude bibliography On



