
 

 

Indian Journal of Experimental Biology 

Vol. 61, April 2023, pp. 276-283 

DOI: 10.56042/ijeb.v61i04.192 

 

 

 
 

 

Anti-inflammatory effects of Gracilaria vermiculophylla Papenfuss extract on 

Porphyromonas gingivalis stimulated RAW 264.7 cells 

Seo-kyoung Park
1†

, Min-jeong Kim
2†

, Yong-Ouk You
3
, Han-gil Choi

1
* & Hyun-jin Kim

4
*

 

1Department of Biological Science, College of Natural Science, Wonkwang University, Iksan 54538, South Korea 
2Department of Convergence Technology for Food Industry, Wonkwang University, Iksan 54538, South Korea 

3Department of Oral Biochemistry, School of Dentistry, Wonkwang University, Iksan, South Korea 
4Institute of Biomaterial Implant, Department of Oral Anatomy, School of Dentistry, Wonkwang University, Iksan 54538, South Korea 

Received 23 September 2022; revised 04 March 2023 

Seaweed Gracilaria vermiculophylla Papenfuss, commonly called as ‘Worm wart weed’, is a red alga widely 

distributed in the coastal areas of several countries. Though G. vermiculophylla has been reported to have antioxidant and 

anti-inflammatory effects, such effects on periodontal diseases remain unclear. In this study, we investigated the anti-

inflammatory effects of G. vermiculophylla on the production of inflammatory cytokines in Porphyromonas gingivalis 

induced RAW 264.7 cells. Gracilaria vermiculophylla on that RAW 264.7 cells had no cytotoxic effect on cell viability 

compared with untreated controls. In P. gingivalis stimulated RAW 264.7 cells, G. vermiculophylla treatment reduced nitric 

oxide (NO) levels in a concentration-dependent manner by downregulating inducible nitric oxide synthase (iNOS) proteins. 

Reverse transcription-quantitative (RT-q) PCR inhibited interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α 

mRNA. Western blot analysis found that both inhibitor of kappa B alpha (IκBα) kinase (IKK) phosphorylation and IκBα 

degradation in P. gingivalis stimulated RAW 264.7 cells was inhibited by G. vermiculophylla in a dose-dependent manner. 

In addition, G. vermiculophylla treatment reduced the nuclear translocation of nuclear factor (NF)-κB p65, suggesting that 

the anti-inflammatory effect of G. vermiculophylla is associated with the inhibition of NF-κB signaling pathways. Overall, 

the findings indicate that the red alga Gracilaria vermiculophylla extract may have anti-inflammatory effects on 

periodontitis and can serve as a potent therapeutic agent to prevent periodontal disease. 
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Inflammation is a defense mechanism against tissue 

damage or infection that causes edema, fever, and 

erythema due to the activation of inflammatory 

mediators
1
. The inflammatory response is essential for 

biological defense, but the excessive secretion of 

inflammatory agents in this process causes chronic 

inflammation or immune hypersensitivity. This can 

cause chronic inflammatory diseases such as 

periodontal inflammation
2
. Periodontitis, also known as 

gum disease, is an inflammatory disease of dental 

support tissues, including the alveolar bone, and is 

associated with pathogenic substances, such as 

Porphyromonas gingivalis, Aggregatibacter 

actinomycetemcomitans and Fusobacterium 

nucleatum
3
. P. gingivalis is a Gram-negative anaerobic 

bacteria associated with periodontal disease, including 

viral factors, such as endotoxins and gingipains
4
. 

Lipopolysaccharide (LPS) endotoxins or metabolites 

formed by these microorganisms increase the secretion 

of pro-inflammatory cytokines from tissues and 

immune cells
5
. 

 

Macrophages, immune cells present in all tissues, 

first recognize inflammation introduced into the body 

by the toll-like receptor 4 (TLR4) and release 

inflammatory mediators such as nitric oxide (NO), 

interleukin (IL)-1β, IL-6, and tumor necrosis factor 

(TNF)-α
6-8

. Macrophages activated by periodontal 

pathogens induce inflammatory reactions via the 

intracellular signaling pathway of nuclear factor (NF)-

κB. NF-κB is a transcriptional regulator of iNOS 

expression, which is inactivated by binding to IκB, an 

inhibitory protein in the cytoplasm
9
. Periodontal 

pathogens activate IκBα kinase (IKK)α and IKKβ 

through phosphorylation, thereby phosphorylating 

IκB
10,11

. When the phosphorylated IκB kinase 

complex is stimulated by periodontal pathogens, IκB 

collapses and NF-κB is translocated into the nucleus. 

Activated NF-κB moves into the nucleus to promote 

cytokine expression and accelerates the inflammatory 
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response through increased NO and iNOS 

expression
12,13

. Therefore, the inhibition of NF-κB 

activation is an important therapeutic target for 

inflammatory diseases
14

. 
 

Inflammation is involved in the pathogenesis of 

many diseases
15-17

. In addition to oral health 

problems, periodontal pathogens are closely 

associated with systemic diseases, including 

Alzheimer’s disease, cardiovascular disease, 

rheumatoid arthritis, and diabetes
18,19

. Therefore, the 

search for candidate substances that can regulate the 

expression of inflammatory mediators in response to 

periodontal pathogens is important for the prevention 

and treatment of systemic diseases and periodontitis. 

Antibiotics, such as chlorhexidine, doxycycline and 

minocycline have been used to treat periodontitis
20,21

. 

However, these drugs can cause various side effects, 

such as antibiotic resistance and drug hypersensitivity. 

Alternative treatments are being developed
22,23

. 
 

Studies have shown that seaweeds native to the 

coast are rich in dietary fiber, vitamins, and minerals 

and contain a large number of bioactive substances, 

which have antibacterial, antioxidant, anti-

inflammatory, and anticancer effects
24-26

. Studies on 

algae largely consist of mainstream brown algae. 

Studies on red algae are relatively few. Gracilaria 

vermiculophylla Papenfuss, commonly called warm 

wart weed, is a red alga widely distributed in the 

coastal areas of several countries. G. vermiculophylla 

has been reported to have antioxidant and anti-

inflammatory properties, but the mechanisms that 

inhibit inflammation by periodontal pathogens remain 

unidentified
27,28

. In this study, we have investigated 

the anti-inflammatory effects of Gracilaria vermi-

culophylla extract on the production of inflammatory 

cytokines in RAW 264.7 cells induced by Porphyro-

monas gingivalis, a typical oral bacterium that causes 

periodontal disease. 

 
Materials and Methods  
 

Sample collection 

Gracilaria vermiculophylla was collected from 

Ihoijin Jangheung (34°27'N, 126°56'E), on the 

southern coast of the Republic of Korea. The sample 

was removed from foreign substances using tap water 

and dried at room temperature (20℃). The dried 

samples were broken with a mixer, added 10 times the 

sample volume (94% ethanol), distilled for two days, 

and extracted thrice. The extract was concentrated in a 

decompression rotary concentrator (Eyela  

N-1000, Tokyo, Japan), dried in a freeze dryer (Ilshin 

TFD5505, Gyeonggi, Republic of Korea), and 

powdered in a crusher (Hanil HMF1000A, Gangwon, 

Republic of Korea). The freeze-dried extract of  

G. vermiculophylla were dissolved in dimethyl 

sulfoxide (DMSO) and stored at –20℃. 
 

Chemicals and Reagents 

Dulbecco's modified Eagle's medium (DMEM), 

fetal bovine serum (FBS), and antibiotic-antimycotic 

solution were obtained from Gibco BRL (Life 

Technologies, Carlsbad, CA, USA). The CellTiter 96 

AQueous One Solution Cell Proliferation Assay and 

Griess Reagent System were obtained from Promega 

(Madison, WI, USA). IL-1β, IL-6, TNF-α and β-actin 

oligonucleotide primers were purchased from Bioneer 

(Daejeon, Republic of Korea). Antibodies targeting 

iNOS, phosphorylated IKKα/β (p-IKKα/β), IKKα, 

IKKβ, phosphorylated IκBα (p-IκBα), IκBα, and NF-

κB (p65 subunit) were obtained from Cell Signaling 

Technologies (Danvers, MA, USA). The antibody 

targeting β-actin was obtained from Sigma-Aldrich 

(St. Louis, MO, USA) and proliferating cell nuclear 

antigen (PCNA) was obtained from Santa Cruz 

Biotechnology (Dallas, TX, USA). Horseradish 

peroxidase (HRP)-linked secondary antibodies 

targeting Anti-rabbit IgG were obtained from Cell 

Signaling Technologies, and m-IgGκ were obtained 

from Santa Cruz Biotechnology. 
 

Cell culture 

RAW 264.7 cells were obtained from American 

Type Culture Collection (ATCC, Rockville, MD, 

USA) and cultured in DMEM containing 10% FBS 

and 1% antibiotic-antimycotic. The cells were 

cultured at 37°C in a humidified atmosphere 

containing 5% CO2. 
 

Cell viability assay 

Cell viability was measured using the 3-(4,5-

dimethylthiazol-2-yl)-5-(3-carboxymethoxy-phenyl)-

2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay. Cells 

were cultured in 96-well plates (1×10⁵ cells/mL) and 

incubated overnight. RAW 264.7 cells were treated 

with G. vermiculophylla extract at different 

concentrations (15-500 µg/mL) and incubated at 37℃ 

with CO₂ 5% for 24 h. MTS solutions were 

subsequently added to each well at a ratio of 1:5 and 

incubated for 2 h at 37℃. Optical density (OD) at 490 

nm was measured using a microplate reader (TECAN, 

Männedorf, Switzerland). 
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NO assay 

RAW 264.7 cells were plated at 5×10⁵ cells/mL in 

a 24-well cell culture plated and incubated overnight. 

The cells were pre-treated with G. vermiculophylla at 

concentrations of 125, 250 or 500 µg/mL for 2 h. The 

cells were further stimulated with P. gingivalis and 

incubated for 24 h. The supernatant (50 μL) was 

mixed with an equal volume of Griess reagent and 

incubated at 20℃ for 10 min. Absorbance was 

measured at 540 nm and a standard curve was 

obtained using sodium nitrite (NaNO2). 
 

Reverse transcription-quantitative (RT-q) PCR 

Total RNA was separated from the cultured cells 

using TRIzol reagent (Ambion, Carlsbad, CA, USA), 

according to the manufacturer’s instructions. The total 

RNA concentration was measured using Biospec-

Nanodrop (Shimadzu, Nakagyo-ku, Kyoto, Japan). 

cDNA was synthesized using the PrimeScript RT 

Reagent kit (TaKaRa, Shiga, Japan). The mRNA 

expression levels of IL-1β, IL-6, TNF-α, and β-actin 

were determined using PowerSYBR Green PCR 

Master Mix (Applied Biosystems, Warrington, UK) 

and the StepOnePlus Real-Time PCR System 

(Applied Biosystems, Foster City, CA, USA). The 

cycle threshold (Ct) value was calculated using the 

produced PCR curve. All target mRNA levels were 

expressed as normalized β-actin. Primer sequences 

used for RT-q PCR are listed in Table 1. 
 

Western blot analysis 

RAW 264.7 cells were seeded in 60 mm dishes at a 

density of 1×10⁶ cells/mL for 16 h. The cells were 

pretreated with 125, 250 or 500 µg/ml G. vermiculophylla 

for 2 h and incubated with P. gingivalis (1×10
7
 CFU/mL) 

for the indicated time. After incubation, cells were 

collected and washed twice with PBS (pH 7.4). 

Cytosolic and nuclear isolates were prepared on ice 

using a nuclear extraction kit (Cayman, Michigan, 

USA), according to the manufacturer’s instructions. 

Extracted proteins were separated by 10% sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis 

and transferred to polyvinylidene fluoride membranes 

(GE Healthcare Life Sciences, Boston, MA, USA). 

Membranes were blocked for 1 h at room temperature 

with 5% skim milk (Difco, Detroit, MI, USA), in 

0.1% Tris-buffered saline with Tween 20 (TBST) 

buffer. Subsequently, the membranes were incubated 

with 1:1000 diluted primary antibodies at 4℃ 

overnight. The sections were washed four times with 

TBST and incubated with 1:2500 diluted secondary 

antibodies for 1 h at room temperature. Protein bands 

were determined using chemiluminescent HRP 

substrate reagent (Millipore, Billerica, MA, USA) and 

cSeries Capture Software (Azure Biosystems, Dublin, 

CA, USA).  
 

Statistical analysis 

All experiments were carried out thrice and 

expressed as mean ± standard deviation (SD) based 

on the average value and analyzed using the Student’s 

t-test. The data analyzed were considered significant 

when the P value <0.05 was performed. Statistical 

analyses were performed using the Statistical Package 

for the Social Sciences (SPSS) version 25.0 Software 

(SPSS, Chicago, Illinois, USA).  
 

Results 
 

Effect of G. vermiculophylla on viability assay of RAW 264.7 cells 

Gracilaria vermiculophylla viability in RAW 264.7 

cells was confirmed by the MTS assay (Fig. 1). The 

survival of RAW 264.7 cells was treated with different 

concentrations of G. vermiculophylla (15, 30, 60, 125, 

Table 1 — Primer sequences and conditions for RT-qPCR 

Gene 

Name 

GenBank 

Locus 

Number 

Primer sequence (5’-3’) 

PCR 

product 

length (bp) 

IL-1β 
NM_ 

008361 

F: GAAAGACGGCACACCCACCCT 
166 

R:GCTCTGCTTGTGAGGTGCTGATGTA 

IL-6 
NM_ 

031168 

F: GATGGATGCTACCAAACTGGA 
142 

R: TCTGAAGGACTCTGGCTTTG 

TNF-α 
NM_ 

001278601 

F:CCACCACGCTCTTCTGTCTAC 
103 

R:AGGGTCTGGGCCATAGAACT 

β-actin 
NM_ 

007393 

F: CATCACTATTGGCAACGAGC 
159 

R: GACAGCACTGTGTTGGCATA 

 
 

Fig. 1 ― Cytotoxicity of G.racilaria vermiculophylla extract in 

RAW 264.7 cells. Untreated cells were used as a positive control. 

Cells were treated with G. vermiculophylla extract used at various 

concentrations of 15-500 µg/mL. The cell viability was assessed 

using a 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-phenyl)- 

2- (4-sulfophenyl)-2H-tetrazolium (MTS) assay 
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250 and 500 µg/mL) and incubated for 24 h. The results 

did not affect RAW 264.7 cell viability at 500 µg/mL 

concentrations compared with untreated cells. Therefore, 

G. vermiculophylla was used at concentrations of up 

to 500 µg/mL, the highest concentration that showed 

no cytotoxicity. 
 

Gracilaria vermiculophylla inhibits effects of Pophyromonas 

gingivalis induced NO and iNOS in RAW 264.7 cells 

RAW 264.7 cells were pre-treated with G. vermi-

culophylla concentrations of 0, 15, 30, 60, 125, 250 

and 500 µg/mL for 2 h, stimulated with P. gingivalis, 

and incubated at 37°C for 24 h. After 24 h, the amount of 

NO released into the culture medium was measured. 

In P. gingivalis stimulated RAW 264.7, the nitrite oxide 

(NO) levels of G. vermiculophylla (125-500 µg/mL) 

decreased in a dose-dependent manner (Fig. 2A).  

G. vermiculophylla were pre-treated with RAW 264.7 

cells at 0, 125, 250 and 500 µg/mL for 2 h and 

stimulated with P. gingivalis to analyze the inhibitory 

effect of G. vermiculophylla on iNOS expression.  

G. vermiculophylla inhibited iNOS expression in 

RAW 264.7 cells stimulated by P. gingivalis (Fig. 2B). 

NO production was suppressed by inhibiting iNOS 

expression. 
 

Cytokine expression of G. vermiculophylla stimulated with  

P. gingivalis in RAW 264.7 cells 

The expression level of inflammatory cytokines of 

G. vermiculophylla was investigated in RAW 264.7 

cells stimulated with P. gingivalis. G. vermiculophylla 

concentrations of 0, 125, 250 and 500 µg/mL in RAW 

264.7 cells were pre-treated for 2 h, stimulated with 

P. gingivalis, and incubated at 37°C for 24 h. The 

mRNA levels of IL-1β, IL-6, and TNF-α were 

determined using RT-q PCR. The expression levels of 

inflammatory cytokines, such as IL-1β, IL-6 and TNF-α, 

induced by P. gingivalis stimulation were inhibited in 

a dose-dependent manner with higher G. vermiculophylla 

concentrations (Fig. 3 A-C). G. vermiculophylla 

 
 

Fig. 2 ― Inhibition of NO production and iNOS expression in 

activated RAW 264.7 cells by G. vermiculophylla extract. Cells 

were activated with Porphyromonas gingivalis (1×107 CFU/mL) for 

24 h. (A) NO levels; (B) iNOS expression levels in P. gingivalis 

induced RAW 264.7 cells; and (C) Relative quantification of iNOS 

levels normalized to β‑actin. [Data are expressed as the mean ± 

standard deviation (SD) of triplicate experiments. *P <0.05; 

compared with the P. gingivalis-treated group] 

 
 

Fig. 3 ― Effect of G. vermiculophylla extract on P. gingivalis stimulated cytokine expression in RAW 264.7 cells. RAW 264.7 cells were 

stimulated with P. gingivalis (1×107 CFU/mL) for 24 h. Expression levels of (A) IL-1β; (B) IL-6; and (C) TNF-α mRNA, normalized to 

β‑actin. Total RNA analysis was performed to detect IL-1β, IL-6, and TNF-α mRNA expression using specific primers. [Data are 

expressed as mean ± SD of triplicate experiments. * P < 0.05; compared with the P. gingivalis-treated group] 
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inhibited the inflammatory cytokines induced by  

P. gingivalis stimulation. 
 

Effect of G. vermiculophylla on NF-κB pathway activation in 

P. gingivalis-stimulated RAW 264.7 cells 

In RAW 264.7, G. vermiculophylla was pre-treated 

at concentrations of 0, 125, 250 and 500 µg/mL for 2 h, 

and stimulated with P. gingivalis to confirm protein 

expression through Western blot analysis. Cells 

treated with G. vermiculophylla were separated into 

cytoplasm and nucleus to analyze the degree of 

phosphorylation and transcription of IKK, IκBα and 

NF-κB. The amount of protein expression decreased 

dose-dependent as G. vermiculophylla inhibited phos-

phorrylation of IKKα, IKKβ, and IκBα in P. gingivalis 

stimulated RAW cells (Fig. 4 B and C). G. vermiculophylla 

treatment of P. gingivalis stimulated RAW 264.7, 

inhibited the translocation of NF-κB from the 

cytoplasm to the nucleus (Fig. 4A). This inhibited the 

phosphorylation of IKKα, IKKβ and IκBα when 

treated with G. vermiculophylla, indicating that the 

concentration of NF-κB in the cytoplasm increased in 

a concentration-dependent manner. 
 

Discussion 
Studies on various bioactive substances contained 

in seaweeds have attracted attention. Research on 

their anti-inflammatory, anticancer, and antioxidant 

activities has been conducted and has attracted 

attention to the development of natural functional 

foods and medicines
29,30

. G. vermiculophylla has been 

reported to have antioxidative and anti-inflammatory 

properties similar to those of red algae
31

. However, its 

anti-inflammatory effects on periodontal disease have 

not yet been reported. This study describes the 

mechanism by which G. vermiculophylla inhibits the 

expression of inflammatory cytokines after infection 

with periodontal pathogens (Fig. 5). 
 

In this study, we evaluated the inhibitory effects of 

G. vermiculophylla extract on P. gingivalis activated 

 
 

Fig. 4 ― Effect of inhibiting (A) NF-κB p65 nuclear translocation; (B) IκBα phosphorylation; and (C) IKKα/β phosphorylation of 

Gracilaria vermiculophylla in RAW 264.7 cells stimulated with Porphyromonas gingivalis (1×107 CFU/mL). (i) Expression levels of 

NF-κB p65/p‑IκBα and IκBα/p‑IKKα/β in the cytosol. Β-actin was used as a cytosolic loading control; and (ii) Relative quantification of 

cytosol NF-κB p65/IκBα phosphorylation/p‑IKKα/β. [Data are expressed as mean ± SD of triplicate experiments. *P <0.05; compared 

with the P. gingivalis treated group] 
 

 
 

Fig. 5 ― Mechanisms underlying the anti-inflammatory effects of 

G. vermiculophylla in P. gingivalis stimulated RAW 264.7 cells. 

The results suggest that G. vermiculophylla carried out inhibition of 

IKKα and IKKβ phosphorylation, IκBα phosphorylation, NF-κB 

p65 nuclear translocation, IL-1β, IL-6, and TNF-α mRNA 

expression, iNOS expression, and NO production. 
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RAW 264.7 cells. Inflammatory responses induced by 

P. gingivalis increase NO production and the expression 

of iNOS, IL-1β, IL-6 and TNF-α. The cell viability of 

G. vermiculophylla was increased to 500 µg/mL, the 

highest concentration to exclude the possibility that 

the cytotoxicity of G. vermiculophylla is associated 

with the inhibition of inflammatory mediators.  
 

Nitric oxide (NO) plays an important role in 

antibacterial activity and tumor removal. However, 

excessive NO production by iNOS upregulates other 

inflammatory cytokines and deepens inflammation
32

. 

Since NO is produced via NOS from l-arginine
33

, the 

amount of iNOS protein expression in the cytoplasm 

was checked to confirm the correlation between the 

inhibition of NO production and iNOS. The expression 

of iNOS was significantly increased by P. gingivalis 

treatment. This increase was substantially decreased 

by pretreatment with G. vermiculophylla extract at 

125, 250 and 500 µg/mL. The expression of iNOS 

was suppressed by G. vermiculophylla extract, which 

inhibited NO production.  
 

Macrophages play an important role in the early 

stages of infection by producing cytokines, such as 

IL-1β, IL-6, and TNF-α during inflammatory reactions
34

. 

IL-1β induces osteogenic bone loss and is involved in 

the progression of chronic inflammatory diseases such as 

periodontitis
35

. The response to IL-6 can be upregulated, 

suggesting that the synergy between IL-1β and IL-6 

results in the progression of periodontal inflammation. 

TNF-α also cause immune dysfunction, promotes 

inflammatory responses, and affects periodontitis
36

. In 

this study, the expression of IL-1β, IL-6 and TNF-α 

was increased by P. gingivalis treatment and 

significantly decreased by G. vermiculophylla extract 

at 125, 250 and 500 µg/mL pre-treatment.  
 

NF-κB is inactivated in the cytoplasm by the 

inhibitory protein IκBα. When external stimulation is 

applied, IκBα is degraded by the IκB kinase. When 

IκBα is degraded, cytoplasmic NF-κB translocates to 

the nucleus
37

. In this study, IκBα was reduced by  

P. gingivalis stimulation of the cytoplasm. IκBα was 

increased by G. vermiculophylla extract (125, 250 and 

500 µg/mL) pre-treatment. P-IκBα was increased by 

P. gingivalis treatment and significantly decreased by 

pre-treatment with G. vermiculophylla extract at 125, 

250 and 500 µg/mL. In cytoplasm, NF-κB was 

reduced by P. gingivalis treatment, but its expression 

was increased by pretreatment with G. vermi-

culophylla extract at 125, 250 and 500 µg/mL. These 

results suggest that G. vermiculophylla may inhibit 

NF-κB translocation to the nucleus in the presence of 

IκBα in the cell by inhibiting IκBα phosphorylation in 

the cytoplasm. IKKα/β phosphorylation was also inhibited 

in a dose-dependent manner, suggesting that G. vermi-

culophylla inhibited the expression of inflammatory 

mediators by inhibiting the NF-κB pathway. 
 

Periodontal disease is a chronic inflammatory 

disease that causes alveolar bone loss, adult tooth 

loss, and various complications. Periodontitis was not 

limited to oral diseases but affected various chronic 

diseases
38-40

. In particular, it is closely related to 

dementia
41,42

. Gram-negative bacteria, Porphyromonas 

gingivalis, and Aggregatibacter actinomycetemcomitans 

are mostly found in patients with periodontal disease. 

Drugs such as chlorhexidine are used for periodontal 

diseases, but interest in natural extracts continues to 

increase due to the occurrence of various side effects, 

such as colouring, burning sensation, and pain. 

Therefore, studies have been conducted on natural 

extracts that can help prevent and treat periodontitis
43

.  

 
Conclusion 

On the basis of our results, the extract of 

Gracilaria vermiculophylla was found to possess anti-

inflammatory potential in vitro against Porphyromonas 

gingivalis-induced RAW 264.7 cells. The extract of 

G. vermiculophylla has no cytotoxicity and been 

shown to induce NO inhibition and iNOS suppression 

via the downregulation of NF-κB signaling pathways. 

In addition, the extract of G. vermiculophylla dose-

dependently decreased the values of pro-inflammatory 

cytokines (IL-1β, IL-6 and TNF-α) as compared to the 

corresponding value of untreated group in P. gingivalis 

induced RAW 264.7 cells. Thus, it proposes that 

Gracilaria vermiculophylla could be considered as a 

potent marine source for isolating therapeutic 

molecules against periodontitis. 

 

Acknowledgement  

This study was supported by Wonkwang University 

in 2021. 

 

Conflict of interest 
Authors declare no competing interests. 

 
References 

1 Hou C, Chen L, Yang L & Ji X, An insight into anti-

inflammatory effects of natural polysaccharides. Int J Biol 

Macromol, 153 (2020) 248.  



INDIAN J EXP BIOL, APRIL 2023 

 

 

282 

2 Hussain T, Murtaza G, Yang H, Kalhoro MS & Kalhoro DH, 

Exploiting Anti-Inflammation Effects of Flavonoids in Chronic 

Inflammatory Diseases. Curr Pharm Des, 26 (2020) 2610.  

3 Howard KC, Gonzalez OA & Garneau-Tsodikova S, 

Porphyromonas gingivalis : where do we stand in our battle 

against this oral pathogen? RSC Med Chem, 12 (2021) 666.  

4 Mysak J, Podzimek S, Sommerova P, Lyuya-Mi Y, Bartova J, 

Janatova T, Prochazkova J & Duskova J, Porphyromonas 

gingivalis: major periodontopathic pathogen overview. J 

Immunol Res, 2014 (2014) 476068.  

5 Charoensaensuk V, Chen YC, Lin YH, Ou KL, Yang LY & Lu 

DY, Porphyromonas gingivalis Induces Proinflammatory 

Cytokine Expression Leading to Apoptotic Death through the 

Oxidative Stress/NF-κB Pathway in Brain Endothelial Cells. 

Cells, 10 (2021) 3033.  

6 Gibson FC & Genco CA, Porphyromonas gingivalis mediated 

periodontal disease and atherosclerosis: disparate diseases with 

commonalities in pathogenesis through TLRs. Curr Pharm 

Des, 13 (2007) 3665.  

7 Meka SRK, Younis T, Reich E, Elayyan J, Kumar A, Merquiol 

E, Blum G, Kalmus S, Maatuf YH, Batshon G, Nussbaum G, 

Houri-Haddad Y & Dvir-Ginzberg M, TNFα expression by 

Porphyromonas gingivalis-stimulated macrophages relies on 

Sirt1 cleavage. J Periodontal Res, 56 (2021) 535.  

8 Opal SM & DePalo VA, Anti-Inflammatory Cytokines. Chest, 

117 (2000) 1162.  

9 Napetschnig J & Wu H, Molecular basis of NF-κB signaling. 

Annu Rev Biophys, 42 (2013) 443.  

10 Häcker H & Karin M, Regulation and function of IKK and 

IKK-related kinases. Sci STKE, 2006 (2006) re13.  

11 Lawrence T, The nuclear factor NF-kappaB pathway in 

inflammation. Cold Spring Harb Perspect Biol, 1 (2009) 

a001651.  

12 Kleinert H, Schwarz PM & Förstermann U, Regulation of the 

expression of inducible nitric oxide synthase. Biol Chem, 384 

(2003) 1343.  

13 Pautz A, Art J, Hahn S, Nowag S, Voss C & Kleinert H, 

Regulation of the expression of inducible nitric oxide synthase. 

Nitric Oxide, 23 (2010) 75.  

14 Aggarwal BB, Takada Y, Shishodia S, Gutierrez AM, 

Oommen OV, Ichikawa H, Baba Y & Kumar A, Nuclear 

transcription factor NF-kappa B: role in biology and medicine. 

Indian J Exp Biol, 42 (2004) 341.  

15 Ridker PM & Lüscher TF, Anti-inflammatory therapies for 

cardiovascular disease. Eur Heart J, 35 (2014) 1782.  

16 van der Valk FM, van Wijk DF & Stroes ESG, Novel anti-

inflammatory strategies in atherosclerosis. Curr Opin Lipidol, 

23 (2012) 532.  

17 Walsh S & Aisen PS, Inflammatory processes and Alzheimer’s 

disease. Expert Rev Neurother, 4 (2004) 793.  

18 Genco RJ & Sanz M, Clinical and public health implications 

of periodontal and systemic diseases: An overview. 

Periodontol 2000, 83 (2020) 7.  

19 Zhang Z, Liu D, Liu S, Zhang S & Pan Y, The Role of 

Porphyromonas gingivalis Outer Membrane Vesicles in 

Periodontal Disease and Related Systemic Diseases. Front Cell 

Infect Microbiol, 10 (2020) 585917.  

20 Da Rocha HAJ, Silva CF, Santiago FL, Martins LG, Dias PC 

& De Magalhães D, Local Drug Delivery Systems in the 

Treatment of Periodontitis: A Literature Review. J Int Acad 

Periodontol, 17 (2015) 82.  

21 Houri-Haddad Y, Halabi A & Soskolne WA, Inflammatory 

response to chlorhexidine, minocycline HCl and doxycycline HCl 

in an in vivo mouse model. J Clin Periodontol, 35 (2008) 783.  

22 Blumenthal KG, Peter JG, Trubiano JA & Phillips EJ, 

Antibiotic allergy. Lancet Lond Engl, 393 (2019) 183.  

23 Pancu DF, Scurtu A, Macasoi IG, Marti D, Mioc M, Soica C, 

Coricovac D, Horhat D, Poenaru M & Dehelean C, 

Antibiotics: Conventional Therapy and Natural Compounds 

with Antibacterial Activity-A Pharmaco-Toxicological 

Screening. Antibiot Basel Switz, 10 (2021) 401.  

24 Besednova NN, Kuznetsova TA, Zaporozhets TS & 

Zvyagintseva TN, [Brown Seaweeds as a Source of New 

Pharmaceutical Substances with Antibacterial Action]. 

Antibiot Khimioter, 60 (2015) 31.  

25 Costa LEC, Brito TV, Damasceno ROS, Sousa WM,  

Barros FCN, Sombra VG, Júnior JSC, Magalhães DA,  

Souza MHLP, Medeiros JR, de Paula RCM, Barbosa ALR &  

Freitas ALP, Chemical structure, anti-inflammatory and 

antinociceptive activities of a sulfated polysaccharide from 

Gracilaria intermedia algae. Int J Biol Macromol, 159 (2020) 

966.  

26 Senthilkumar K & Kim SK, Anticancer effects of fucoidan. 

Adv Food Nutr Res, 72 (2014) 195.  

27 Dang HT, Lee HJ, Yoo ES, Shinde PB, Lee YM, Hong J, Kim 

DK & Jung JH, Anti-inflammatory Constituents of the Red 

Alga Gracilaria verrucosa and Their Synthetic Analogues.  

J Nat Prod, 71 (2008) 232.  

28 Lee HJ, Dang HT, Kang GJ, Yang EJ, Park SS, Yoon WJ, 

Jung JH, Kang HK & Yoo ES, Two enone fatty acids isolated 

from Gracilaria verrucosa suppress the production of 

inflammatory mediators by down-regulating NF-κB and 

STAT1 activity in lipopolysaccharide-stimulated RAW 264.7 

cells. Arch Pharm Res, 32 (2009) 453.  

29 Alboofetileh M, Hamzeh A & Abdollahi M, Seaweed Proteins  

as a Source of Bioactive Peptides. Curr Pharm Des, 27 (2021) 

1342.  

30 Saraswati, Giriwono PE, Iskandriati D & Andarwulan N, 

Screening of In-Vitro Anti-Inflammatory and Antioxidant Activity 

of Sargassum ilicifolium Crude Lipid Extracts from Different 

Coastal Areas in Indonesia. Mar Drugs, 19 (2021) 252.  

31 Woo MS, Choi HS, Lee OH & Lee BY, The edible red alga, 

Gracilaria verrucosa, inhibits lipid accumulation and ROS 

production, but improves glucose uptake in 3T3-L1 cells. 

Phytother Res, 27 (2013) 1102.  

32 Schwentker A, Vodovotz Y, Weller R & Billiar TR, Nitric oxide 

and wound repair: role of cytokines? Nitric Oxide, 7 (2002) 1.  

33 Cinelli MA, Do HT, Miley GP & Silverman RB, Inducible 

nitric oxide synthase: Regulation, structure, and inhibition. 

Med Res Rev, 40 (2020) 158.  

34 Fujiwara N & Kobayashi K, Macrophages in Inflammation. 

Curr Drug Targets Inflamm Allergy, 4 (2005) 281.  

35 Nibali L, Fedele S, D’Aiuto F & Donos N, Interleukin-6 in 

oral diseases: a review. Oral Dis, 18 (2012) 236.  

36 Li Y, Yang J, Wu X & Sun W, TNF-α polymorphisms might 

influence predisposition to periodontitis: A meta-analysis. 

Microb Pathog, 143 (2020) 104113.  

37 Xiao W, Advances in NF-κB Signaling Transduction and 

Transcription. Mol Immunol, 1 (2004) 11.  

38 Cardoso EM, Reis C & Manzanares-Céspedes MC, Chronic 

periodontitis, inflammatory cytokines, and interrelationship 

with other chronic diseases. Postgrad Med, 130 (2018) 98.  



KIM et al.: ANTI-INFLAMMATORY EFFECTS OF GRACILARIA VERMICULOPHYLLA EXTRACT 

 

 

283 

39 Scannapieco FA & Cantos A, Oral inflammation and infection, 

and chronic medical diseases: implications for the elderly. 

Periodontol 2000, 72 (2016) 153. doi: 10.1111/prd.12129. 

40 Stanko P & Izakovicova Holla L, Bidirectional association 

between diabetes mellitus and inflammatory periodontal disease. 

A review. Biomed Pap Med Fac Univ Palacky Olomouc Czech 

Repub, 158 (2014) 35.  

41 Costa MJF, de Araújo IDT, da Rocha Alves L, da Silva RL, 

Dos Santos Calderon P, Borges BCD, de Aquino Martins ARL, 

de Vasconcelos Gurgel BC, Lins RDAU, Relationship of 

Porphyromonas gingivalis and Alzheimer’s disease: a 

systematic review of pre-clinical studies. Clin Oral Investig, 

25 (2021) 797.  

42 Kamer AR, Craig RG, Dasanayake AP, Brys M, Glodzik-

Sobanska L & de Leon MJ, Inflammation and Alzheimer’s 

disease: possible role of periodontal diseases. Alzheimers 

Dement, 4 (2008) 242.  

43 Murugaboopathy V, Saravankumar R, Mangaiyarkarasi R, 

Kengadaran S, Samuel SR & Rajeshkumar S, Efficacy of 

marine algal extracts against oral pathogens - A systematic 

review. Indian J Dent Res, 32 (2021) 524.  

 


