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Abstract

Background: Type 2 diabetes mellitus is a chronic metabolic disorder with a steadily increasing
prevalence worldwide, including in Indonesia. Standard therapeutic approaches for T2DM are
commonly associated with adverse effects, which has led to increasing interest in the use of
herbal products and nutraceuticals. Eucheuma cottonii, an abundant red seaweed species in
Indonesian waters, holds considerable potential as a preventive and therapeutic agent for
T2DM due to its bioactive compound content.

Objective: This study aimed to evaluate the potential of E. cottonii as a therapeutic agent
through a literature review.

Methods: This study is a literature review. Relevant literature was collected from several
databases using specific keywords, and a total of 30 articles that met the inclusion criteria were
selected for analysis.

Results: Evidence suggested that E. cottonii comprises numerous bioactive substances
compounds including flavonoids, phenolics, sulfated polysaccharides, and carrageenan, which
demonstrate antidiabetic activity through multiple mechanisms. These compounds inhibit a-
amylase and a-glucosidase enzymes, lower blood glucose levels, and enhance insulin secretion
via dipeptidyl peptidase-4 inhibition. The antioxidant activity of E. cottonii is demonstrated by
elevated levels of endogenous enzymes (SOD, GPx, GSH) and reduced ROS and MDA, while its
anti-inflammatory effects were reflected in decreased expression of pro-inflammatory
cytokines and inflammatory enzymes (COX-2, LOX-5). Moreover, E. cottonii functions as a
prebiotic, modulating gut microbiota, enhancing the population of Bifidobacterium spp., and
improving the Firmicutes/Bacteroidetes ratio, thereby contributing to better glucose
metabolism.

Conclusion: Based on these bioactivities, E. cottonii demonstrates strong potential for

development as a multifunctional nutraceutical for the prevention and management of T2DM
through antihyperglycemic, antioxidant, anti-inflammatory, and gut microbiota—modulating
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease with a growing prevalence, increasing from 5.7% in 2007 to 8.5%
in 2018, and it is estimated to reach 16.09% by 2045.1* Approximately 90-95% of diabetes cases are attributable to
type 2 diabetes mellitus (T2DM), a metabolic disorder characterized by increased insulin resistance and pancreatic -
cell dysfunction, ultimately resulting in impaired insulin secretion.>” The etiology of T2DM is associated with lifestyle
factors, obesity, gut dysbiosis, genetic predisposition, and aging.®™° Furthermore, evidence indicates that oxidative
stress and inflammation contribute to insulin resistance by activating stress kinases such as c-Jun N-terminal kinase
(JNK) and inhibitor of kB kinase (IKK), inhibiting insulin receptor substrate-1 (IRS-1), and impairing insulin signaling. They
also reduce adiponectin expression in adipose tissue, further disrupting insulin function. Hyperglycemia, in turn,
generates free radicals and triggers chronic inflammation, creating a vicious cycle that exacerbates diabetes
progression.!!

Standard therapies for T2DM, including insulin and oral hypoglycemic drugs, are often associated with adverse
effects and contraindications in patients with certain conditions.*?'* Consequently, with the growing demand for safe
and affordable treatment options, natural products have gained attention as alternatives. Herbal medicines are
considered potential complementary therapies due to their good efficacy and minimal adverse effects. T2DM itself can
be prevented through healthy lifestyle practices, particularly proper nutrition and physical activity.** In this context,

102 Jurnal limiah Medicamento ¢ Vol.12 No.1 2026
https://medicamento.unmas.ac.id

)
—
8
£
<
—

S
£
=

o
o}



https://medicamento.unmas.ac.id/
https://doi.org/10.36733/medicamento.v12i1.12689
mailto:oka_samirana@unud.ac.id
https://doi.org/10.36733/medicamento.v12i1.12689
https://creativecommons.org/licenses/by-nc-nd/4.0/

Eucheuma cottonii as a Natural Source for Type-2...

nutraceuticals including probiotics, prebiotics, and plant-derived bioactive compounds are gaining attention as potential
strategies for both prevention and management of T2DM.*®

Seaweed is a natural resource with any therapeutic potential and has been employed as a source of
nutraceuticals. Empirical evidence shows that high seaweed consumption in countries such as Japan, Korea, and China
correlates with lower rates of metabolic disorders compared with Western countries.'® E. cottonii (commonly known as
Kappaphycus alvarezii) is the most widely cultivated seaweed species globally, including in Indonesia.'”® This alga
contains a variety of bioactive metabolites, including flavonoids, tannins, phenolic compounds, glycosides, and

steroids,*®

as well as several terpenoids, such as C20-cyclo-octen and C23-cyclo-octenyl chlorinated compounds,
heptalenecarbolactone, and heptalenecarboxylate derivatives. In addition, E. cottonii contains primary metabolites such
as fatty acids, lipids, amino acids, proteins, sugars, and polysaccharides.?’ These metabolites contribute to the
antidiabetic, anti-inflammatory, and antioxidant activities of the alga.'®2°23 Its high dietary fiber content also plays a
role in maintaining gut microbiota balance. Furthermore, studies have shown that carrageenan derived from E. cottonii
has potential as a therapeutic option for metabolic syndrome, primarily through its antioxidant and antidiabetic
properties.?*%>

Currently, no comprehensive review has integrated the multiple bioactivities of E. cottonii that are relevant to
diabetes therapy. Therefore, this literature review discusses the benefits of E. cottonii for the treatment and prevention
of diabetes mellitus. The review focuses on several bioactivities of E. cottonii relevant in the prevention and therapeutic
management of diabetes mellitus, including reduced intestinal glucose absorption, increased pancreatic insulin
secretion, anti-inflammatory effects, antioxidant activity, and its ability to maintain gut microflora balance. The findings
of this review are expected to serve as a reference for the development of E. cottonii as a health product, particularly

for diabetes mellitus.

METHODS

A comprehensive literature search was performed across PubMed, ScienceDirect, Scopus, Google Scholar,
Springer, and PMID databases to identify relevant studies published between 2016 and 2025. The search strategy
employed the following keywords and Boolean operators: (“Kappaphycus alvarezii” OR “Eucheuma cottonii”) AND (anti-
diabetic” OR “diabetes treatment” OR “glucose lowering” OR “alpha-amylase inhibition” OR “alpha-glucosidase
inhibition” OR antioxidant OR “anti-inflammatory” OR “metabolic syndrome” OR prebiotic OR probiotic).

All identified records were exported to Mendeley reference management software for duplicate removal. The
remaining articles underwent a stepwise screening process, beginning with title and abstract review, followed by full-
text assessment based on predefined inclusion and exclusion criteria.

Original research articles published in English within the last ten years (2016—2025), available in full text with
a DOI, and reporting bioactivities of E. cottonii related to antidiabetic, antioxidant, anti-inflammatory, or prebiotic
effects were included. Review articles, surveys, and case reports were excluded. Studies that met the eligibility criteria
and were relevant to the research objective were subsequently extracted and summarized in tabular form for qualitative
analysis and discussion.

RESULT AND DISCUSSION

From the article search using the specified keywords, a total of 1,670 articles were obtained from Google
Scholar, 55 from ScienceDirect, 18 from MDPI, 29 from PubMed, 162 from Scopus, and 36 from Springer. All retrieved
records underwent a stepwise screening process, beginning with title and abstract screening, followed by full-text
assessment, as illustrated in Figure 1.
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Figure 1. Flow diagram of the article screening and selection process

After applying the predefined inclusion and exclusion criteria, 30 studies were deemed eligible and

subsequently included in this literature review. A summary of the characteristics and main findings of these studies is

presented in Table 1.

Table 1. Bioactivities of Eucheuma cottonii

Algae

Bioactivity

Carrageenan

Algal hydrolysate
Sulfated poligalactan
Aqueous extract

Carrageenan

Peptides
Active fraction

Ethanol extract

Algal hydrolysate
Algal juice

Whole algae
Aqueous extract
Sulfated poligalactan
Methanol extract

Antihyperglycemic
Inhibits a-glucosidase
inhibits a-amylase and indirectly inhibits a-glucosidase
Inhibits a-amylase, a-glucosidase and, Dipeptidyl peptidase (DPP)-4
Lowers blood glucose and restores HbAlc and plasma insulin
Antioxidant

Increases antioxidant enzyme levels: Glutathione Peroxidase (GPx), Superoxide Dismutase
(SOD), Catalase (CAT), Glutathione S-transferase (GST), Glutathione (GSH) in diabetic rats

Enhances SOD and GSH activity while reducing ROS and Malondialdehyde (MDA)
Reduces plasma glycated albumin, Ne-(carboxymethyl) lysine (CML), and expression of

30

31,32

Receptor for Advanced Glycation End Products (RAGE), NADPH oxidase (NOX4), and H202

in diabetic rat kidneys

Restores endogenous antioxidant balance by increasing GSH, CAT, GST and decreasing
Lipid Peroxidation (LPO) in hepatotoxic rats

Lowers Serum Glutamic Pyruvic Transaminase (SGPT), Serum Glutamic Oxaloacetic
Transaminase (SGOT), Alkaline Phosphatase (ALP), MDA and increases SOD, GPx in
hepatotoxic mice

Scavenges free radicals (H202, DPPH, FRAP)

Scavenges DPPH free radicals

Inhibits LPO and scavenges DPPH free radicals
Scavenges DPPH free radicals

34

35,36

26

38,39
40
41

42-44
45
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Algae Bioactivity Ref
Anti-inflammatory
Sulfated poligalactan Inhibits Cyclooxygenase (COX)-1 and -2, and Lipoxygenase-1 (LOX-1) 27
Non-isoprenoid carboxylated  Inhibits COX-2 46
oxosin cyclic ether
Ethanol extract Reduces proinflammatory cytokines (Tumor Necrosis Factor (TNF)-a, Interleukin (IL)-1B, 4748
IL-6, leptin), suppresses NF-kB and ERK1/2 signaling, decreasing Matrix
Metalloproteinases (MMP) -1 and 13, and Prostaglandin E2 (PGE2) levels
Whole Algae Improves intestinal injury, increases mucin-2 secretion, and decreases TNF-a, IL-1B, IL-6, 49,50
LT, and COX-2 in chemotherapy-induced intestinal mucosal damage
Lipid Inhibits proteinase activity, comparable to salicylic acid 51
4-(2-kloroetil)-5-7- Inhibits COX-2 and LOX-5 enzymes with IC50 values superior to conventional drugs such 44
(metoksimetil) undec -3-enil) as aspirin and ibuprofen
cyclooct -4- enone
2-etil-6- (4 — methoxy -2 -((2 -  Inhibits LOX-5 enzyme in vitro with IC50 values superior to aspirin and ibuprofen 52
oxotetrahydro-2H-pyran-4-
yl)methyl)butoxy)-6-oxohexyl
5-ethyloct-4-enoate
Methanol extract Reduces NF-kB, TNF-a, IL-4, EGFR, and MMP-9 while increasing IFN-y expression in 53
ovalbumin-induced asthmatic mice
Prebiotic
Whole Algae Modulates the balance of gut microbiota phyla, specifically Firmicutes and Bacteroidetes, 16,54

and exerts prebiotic effects through the promotion of Bifidobacterium growth

Metabolite Profile of Eucheuma cottonii

Phytochemical analysis indicated a relatively high abundance of bioactive constituents in this seaweed.
Quantitative analysis revealed that E. cottonii contains alkaloids (1.91 + 0.58 ATE/g), flavonoids (1.63 + 0.73 CAE/g),
tannins (2.94 £ 0.41 CAE/g), total phenolics (3.39 + 0.45 GAE/g), glycosides (1.88 £ 0.11 mg/g), and steroids (2.51 £ 0.15
mg/g). Qualitative GC-MS analysis identified at least 94 metabolites, such as phenols, aromatic compounds (vanillin,
benzophenone, benzene, diphenylamine), fatty acids (octadecanoic acid), and long-chain alkanes (decane, dodecane,

hexadecane, heptadecane, dotriacontane).'®

Another study demonstrated that the bioactive fraction responsible for
antidiabetic activity contains several phytochemical constituents, such as Pheophorbide A, Shogaol, Thymol, Cafestol,
Cinnamic acid, and several phenolic and terpenoid derivatives including Putrescine, Kahweol, Pyrogallol, (E)-p-coumaric
acid, (-)-Lupinine, (E)-Ferulic acid, p-Cymene, and Anacardic acid.3!

In addition to its secondary metabolites, dried E. cottonii is also rich in macro- and micronutrients. Its
composition includes 38.3% carbohydrates (approximately 90% soluble fiber), 1.34% protein, and 0.62% lipid. Major
minerals include potassium (20%) and sodium (3.7%) with a Na:K ratio of 0.19, along with chloride (23%), bromine
(0.12%), while iodine was undetected. Furthermore, the alga contains calcium (28.96 g/kg), magnesium (5.69 g/kg), and

trace elements such as Fe, B, and Mn.®

Role of Eucheuma cottonii in Type 2 Diabetes Therapy
Inhibition of Glucose Absorption

One therapeutic approach in the DM management is through the inhibition of glucose absorption in the
gastrointestinal tract. In this mechanism, two key enzymes play a central role: a-amylase and a-glucosidase. As
illustrated in Figure 2, these enzymes act synergistically in digesting complex carbohydrates into glucose that is readily
absorbed in the gastrointestinal tract. a-Amylase enzyme is responsible for breaking down polysaccharides into
disaccharides such as maltose and isomaltose. These disaccharides are subsequently converted into monosaccharides
through a-glucosidase activity, an enzyme bound to the brush border membrane of the small intestine, to produce free
glucose.>® Therefore, inhibition of these digestive enzymes activities can slow carbohydrate degradation into glucose,
leading to reduced intestinal glucose absorption and ultimately contributing to blood glucose regulation.>®
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Figure 2. Carbohydrate Digestion and Insulin Secretion®’

The process of carbohydrate digestion is initiated in the oral cavity, where salivary a-amylase breaks down starch into maltose and short-
chain oligosaccharides, followed by pancreatic a-amylase activity in the duodenum. These products are subsequently hydrolyzed by a-glucosidase
into free glucose for absorption. The rise in glucose levels stimulates insulin secretion and activates the incretin system, including the release of GLP-
1, which enhances pancreatic B-cell insulin secretion in a glucose-dependent manner. However, active GLP-1 has a short half-life as it is rapidly
hydrolyzed by the enzyme DPP-4°5578, Potential role of E. cottonii in modulating carbohydrate digestion and the incretin pathway through inhibition
of a-amylase, a-glucosidase, and DPP-4, thereby reducing glucose absorption and prolonging active GLP-1 levels to maintain glucose-dependent
insulin secretion.

E. cottonii exhibits promising antihyperglycemic potential by targeting digestive enzymes involved in
carbohydrate metabolism. In Vitro studies have demonstrated that hydrolysates derived from dried E. cottonii powder
and its carrageenan hydrolysates can inhibit a-amylase activity, showing an ICso of 1.87 + 0.104 mg/mL for the dried
powder hydrolysate and 1.85 + 0.105 mg/mL for the carrageenan hydrolysate. This effect was even stronger compared
with acarbose, which exhibited an ICso value of 3.67 £ 0.057 mg/mL. In the same study, rats administered dried E.
cottonii powder hydrolysates and carrageenan hydrolysates showed significantly reduced blood glucose levels after oral
sucrose loading compared with rats given aquadest. This effect was comparable to that of acarbose, an a-glucosidase
inhibitor. These findings suggest that both hydrolysates can inhibit intestinal a-glucosidase, thereby preventing
postprandial hyperglycemia.?®

Consistently, in vitro studies also showed that carrageenan extracted from E. cottonii demonstrated inhibitory
activity against a-glucosidase.?® Furthermore, active constituents such as sulfated polygalactans obtained from E.
cottonii showed strong inhibitory effects on both a-amylase and a-glucosidase, with 1Cso values of 0.15 mg/mL for a-
amylase and 0.09 mg/mL for a-glucosidase.?’ In vivo studies have also corroborated these findings, where
administration of aqueous E. cottonii extract to diabetic rats induced by alloxan, significantly lowered blood glucose
levels, normalized glycated hemoglobin (HbA1c), and increased plasma insulin levels.?®

Enhancement of Insulin Secretion

Dipeptidyl peptidase-4 (DPP-4) plays a key role in inactivating incretin hormones such as glucagon-like peptide-
1 (GLP-1), which are involved in insulin secretion. As illustrated in Figure 2, DPP-4 inhibitors suppress the activity of this
enzyme, thereby reducing GLP-1 degradation. This prolongs the action of GLP-1, enhances insulin sensitivity and activity,
and ultimately lowers blood glucose levels.>® Several phytochemical compounds, such as phenolics, alkaloids, peptides,
sterols, and terpenoids, have been demonstrated to exert inhibitory effects on DPP-4.%8 A study further revealed that
sulfated polygalactans isolated from E. cottonii demonstrated potent DPP-4 inhibitory activity (ICso: 0.12 mg/mL).?” The
inhibition of DPP-4 consequently promotes increased insulin secretion in the body.
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Antioxidant Activity

Oxidative stress is a key factor in T2DM pathogenesis, oxidative stress disrupting regulatory pathways involved
ininsulin resistance and B-cell dysfunction.® In addition, oxidative stress accelerates the onset of vascular complications
such as retinopathy, nephropathy, and cardiovascular disease.®® The combination of Chronic elevation of glucose and
lipid levels (glucolipotoxicity) is highly detrimental to cells, including pancreatic B-cells. Glucolipotoxicity interferes with
critical stages of insulin biosynthesis and secretion, as well as other cellular processes vital for normal function.®! Chronic
hyperglycemia and mitochondrial dysfunction contribute to increased generation of ROS, thereby exacerbating
condition of oxidative stress. In a hyperglycemic state, AGEs are produced through nonenzymatic reactions between
ketone or aldehyde groups and protein amino groups. Oxidized AGEs activate their receptor, RAGE, stimulating
nicotinamide adenine dinucleotide phosphate oxidase (NOX), thereby promoting additional ROS generation in diabetes
mellitus.%?> Moreover, patients with diabetes exhibit impaired antioxidant defenses, characterized by decreased levels
of enzymatic antioxidants involved in neutralizing reactive ROS, such as CAT, SOD, and GSH-Px, as well as reduced
production of non-enzymatic antioxidants, including GSH and NADPH®3 As presented in the following figure (Figure 3).

HYPERGLYCAEMIA

= NADH
GEAT
A — -
E] T HBP OGT
lI / — A . AD
PKC pathway
A
] B ——
AGEs-RAGE

VINAAIdITIAdAH
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Figure 3. The Role of Oxidative Stress and Inflammation in Diabetes Mellitus.5?

During hyperglycemia conditions, increased mitochondrial glucose oxidation generates excess ROS, especially superoxide, thereby
initiating oxidative stress. Elevated glucose also activates pro-oxidative pathways such as advanced glycation end products (AGEs) formation, protein
kinase-C activation, polyol pathway, and the hexosamine pathway, all of these enhance ROS production while reducing antioxidant availability, such
as GSH. Hyperlipidemia and increased xanthine oxidase activity further exacerbate this condition. At the same time, antioxidant defense systems
(SOD, CAT, GSH-Px) are weakened, leading to an imbalance between ROS and antioxidants. Consequently, chronic oxidative stress arises, damaging
pancreatic B-cells and endothelial cells, and promoting diabetic complications. Oxidative stress also activates apoptotic pathways (PUMA), upregulates
NF-kB, and suppresses insulin gene expression, thereby aggravating cellular damage through a vicious ROS—proinflammatory cycle.®®

Evidence indicates that antioxidant-rich diets contribute to lowering the risk of T2DM.%* In this context, E.
cottonii has been extensively investigated for its antioxidant potential. Several studies have reported that bioactive
peptides isolated from E. cottonii exhibit strong antioxidant activity. These compounds are not only effective in
neutralizing free radicals but also provide cytoprotective effects on human umbilical vein endothelial cells (HUVECs)
exposed to H,0,. Such effects are mediated through the enhancement of enzymatic antioxidants such as GSH-Px and
SOD, along with the reduction of MDA and ROS levels.3°

Other studies demonstrated that carrageenan derived from E. cottonii enhances the activity of several intrinsic
antioxidant enzymes in alloxan induced diabetic rats, such as CAT, SOD, GSH-Px, and GST, in addition to non-enzymatic
antioxidants like GSH.?° Moreover, ethanol extracts of this alga were found to restore endogenous antioxidant balance
in CCls-induced hepatotoxic rats by elevating GSH, CAT, and GST levels while decreasing LPO.3 Similarly, in a lead-
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induced hepatotoxicity mice model, administration of E. cottonii extracts decreased SGPT, SGOT, ALP, and MDA levels,
while enhancing the activities of SOD and GSH-Px.3*

The antioxidant activity of E. cottonii has also been assessed in vitro using various assays. For instance, its
extract exhibited stronger hydrogen peroxide radical scavenging activity (27.9 + 0.1%) compared with C. serrulata (22.1
+0.1%).3° Furthermore, hydrolysates of E. cottonii demonstrated significant DPPH radical scavenging activity (ICso: 2.58
+ 0.095 mg/mL).26 These findings are consistent with numerous other reports showing that extracts or fractions of E.
cottonii effectively scavenge free radicals using DPPH, ABTS, and FRAP methods, thereby reinforcing its potential as a
natural antioxidant agent. 3704244

Antioxidants play an essential role in diabetes therapy, particularly in preventing complications in vital organs.
Active fractions of E. cottonii have been shown to exert antiglycation activity by reducing plasma glycated albumin and
CML levels, as well as suppressing renal RAGE gene expression.3! Consequently, the interaction of AGE with its receptor
RAGE is diminished, thereby decreasing ROS production. Administration of E. cottonii fractions in diabetic rats also
decreased H,0; levels and NOX4 gene expression.3? These effects demonstrate the potential of E. cottonii in preventing
vascular complications in diabetes mellitus. Moreover, reduced NOX4 expression in adipocytes has been associated with
lower adipose tissue inflammation and delayed onset of insulin resistance in obesity.5°

Anti-Inflammatory Activity

Inflammation has been shown to impair insulin production and secretion from pancreatic B-cells, while
simultaneously promoting insulin resistance. Chronic inflammation plays a crucial role in the pathogenesis of diabetes
and the development of its complications. Persistent adipose tissue inflammation contributes to systemic inflammation
and insulin resistance, leading to B-cell apoptosis and dysfunction, thereby disrupting insulin secretion. Several pro-
inflammatory cytokines and gene-regulatory proteins, including IL-1B, TNF-a, and NF-kB, have been associated with
disrupted insulin release and the progression of T2DM.® Experimental evidence in animal models indicates that
exogenous TNF-a administration triggers insulin resistance, while its neutralization restores insulin responsiveness.
Similarly, IL-1B, a pivotal inflammatory cytokine, impairs insulin signaling pathways, thereby contributing to insulin
resistance.®” Through NF-kB signaling, inflammation serves as a critical mediator in the development of insulin resistance
in T2DM. In obesity-induced T2DM, adipocytes produce various cytokines and bioactive molecules that activate the
IKKB/NF-kB and JNK pathways. Activation of the IKKB pathway induces nuclear translocation of NF-kB and upregulates
inflammatory markers, which can lead to insulin resistance. Similarly, JNK activation promotes serine phosphorylation
of IRS-1 at Ser-302 and Ser-307, negatively regulating insulin signaling. Thus, inhibition of the JNK or IKKB/NF-«kB
pathways may improve or prevent the development of insulin resistance.5®

Bioactive compounds in E. cottonii have demonstrated promising anti-inflammatory activity through multiple
molecular pathways. One such compound, sulfated poligalactan, has been shown to inhibit pro-inflammatory enzymes
including COX-1 and-2, and LOX-1, which are critical in the biosynthesis of inflammatory mediators.?” Additionally, cyclic
ether oxosin carboxylate non-isoprenoid compounds isolated from E. cottonii extracts exhibit radical scavenging
potential in DPPH assays and inhibit COX-2 activity.*®

These bioactivities are supported by in vivo studies across various inflammatory disease models. In IBD
(inflammatory bowel disease) rat models, oral administration of E. cottonii ethanol extract reduced serum levels of TNF-
a, IL-1B, and IL-6, while decreasing IL-1 expression in colonic tissue. Conversely, IL-10, an anti-inflammatory cytokine,
showed elevated levels. Histological analyses demonstrated restoration of intestinal mucosal structure, including
preserved crypt integrity in high-dose groups.*® Similar effects were observed in obese rats with osteoarthritis, where
polysaccharides from E. cottonii extracts suppressed the expression of IL-1B, TNF-a, and leptin, and inhibited NF-kB and
activation of extracellular signal-regulated kinase 1/2 (ERK1/2). These effects were accompanied by reduced levels of
tissue-degrading mediators such as MMP-1, MMP-13, and PGE2, collectively preventing cartilage degradation. These
findings suggest that E. cottonii extracts hold promise as therapeutic agents for osteoarthritis, particularly in obesity-
related conditions.*’

Moreover, consumption of whole E. cottonii has been shown to protect against intestinal mucosal injury
induced by chemotherapy, by enhancing mucin-2 secretion and decreasing the expression levels of TNF-a, IL-6, and IL-
1B, as well as COX-2 and leukotrienes (LT).***° In ovalbumin-induced allergic asthma models, methanol extracts of E.
cottonii lowered cytokine pro-inflammatory such as TNF-a and IL-4, NF-kB, EGFR, and MMP-9 expression, while
increasing IFN-y, thereby modulating the anti-inflammatory immune response.>® Chemically, two specific compounds
isolated from E. cottonii 4-(2-chloroethyl)-5,7-(methoxymethyl)undec-3-enyl cyclooct-4-enone and 2-ethyl-6-(4-
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methoxy-2-((2-oxotetrahydro-2H-pyran-4-yl)methyl)butoxy)-6-oxohexyl 5-ethyloct-4-enoate demonstrated high in
vitro inhibitory potential against COX-2 and LOX-5, with lower ICso values compared to conventional anti-inflammatory
drugs such as aspirin and ibuprofen.**>? Lipids from this alga were also reported to effectively inhibit proteinases
involved in tissue degradation, with activity comparable to salicylic acid.>!

Despite multiple studies indicating anti-inflammatory effects, the presence of carrageenan in E. cottonii raises
concerns regarding its use as an anti-inflammatory agent. Carrageenan is known to induce inflammation and may cause
gastrointestinal disorders, such as IBD. It can alter gut microbiota, particularly Akkermansia muciniphila, reduce mucosal
barriers, and trigger inflammatory responses by activating NF-kB through TLR4 signaling, altering macrophage activity,
inducing pro-inflammatory cytokine production, and activating innate immune pathways.®”° Therefore, the presence
of carrageenan should be carefully considered when developing E. cottonii-based products for anti-inflammatory
purposes.

Modulation of Gut Microbiota

Intestinal microbiota contributes significantly to regulating systemic immunity and metabolic homeostasis 7*72.
It is also involved in modulating lipopolysaccharide levels, that contributes to the pathogenesis of diabetes. In patients
with T2DM, both the proportion of butyrate-producing bacteria and the Firmicutes/Bacteroidetes ratio have been
reported to be lower compared to non-diabetic individuals.”?

As previously discussed, diabetes is closely linked to oxidative stress. Evidence from both animal models and
clinical studies indicates that probiotic or symbiotic supplementation can alleviate oxidative stress and significantly
reduce fasting glucose and insulin levels.”

Alterations in gut microbiota composition have been demonstrated to contribute significantly to the
pathogenesis of metabolic diseases, including T2DM.”> Prebiotic intake can help restore gut microbial balance by
favoring the growth of beneficial microbes.’® Dietary prebiotic fibers serve as selective substrates for beneficial bacteria,
including Bifidobacterium and Lactobacillus, thereby enhancing host health.”” Evidence from a meta-analysis showed
that prebiotic intake markedly decreased HbA1c levels in individuals with T2DM."®

E. cottonii has been demonstrated to improve metabolic syndrome by suppressing obesity-associated gut
microbiota and promoting beneficial gut microbes. It modulates the balance of major gut bacterial phyla, namely
Firmicutes and Bacteroidetes.'® Additionally, E. cottonii increases the abundance of Bifidobacterium spp., suggesting its

potential as a prebiotic product for T2DM management.>*

Critical Implications and Study Limitations

This review indicates that Eucheuma cottonii has promising potential as a natural therapeutic agent in the
management of type 2 diabetes mellitus (T2DM) through a multitarget mechanism of action. Based on the literature
analyzed, the reported biological activities include inhibition of carbohydrate-digesting enzymes (a-amylase and a-
glucosidase), DPP-4 inhibition, as well as antioxidant and anti-inflammatory effects, and the ability to modulate gut
microbiota. This multitarget approach is considered relevant given that the pathogenesis of T2DM involves multiple
complex metabolic pathways.

Nevertheless, this review has several limitations. The mechanisms of action of Eucheuma cottonii toward these
targets have not yet been comprehensively elucidated, primarily due to the limited data available in the reviewed
literature. Therefore, further studies are needed to confirm and explore these mechanisms in greater depth in the
future.

CONCLUSION

Based on the discussion above, E. cottonii emerges as a highly promising seaweed species for the development
of products aimed at the prevention or management of diabetes mellitus. The ability to suppress glucose digestion,
promote insulin release, exert antioxidant and anti-inflammatory actions, and sustain gut microbiota balance highlights
its potential role in preventing and managing diabetes.
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