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Abstract
Background/Aims: Inflammation plays a vital role in the etiology and pathogenesis of 
chronic noncommunicable diseases (NCDs), which are the leading health issues throughout 
the world. Our previous studies verified the satisfactory therapeutic effects of Coccomyxa 
gloeobotrydiformis (CGD) polysaccharide on several NCDs. In this study, we aimed to investigate 
the anti-inflammatory effects of CGD polysaccharide, and the corresponding molecular 
mechanisms, on lipopolysaccharide (LPS)-induced inflammation in RAW264.7 cells. Methods: 
A viability assay and a lactate dehydrogenase (LDH) assay were used to measure the cytotoxic 
effects of CGD polysaccharide on LPS-stimulated RAW264.7 cells. To investigate the potential 
anti-inflammatory mechanisms of CGD polysaccharide in LPS-stimulated RAW264.7 cells, nitric 
oxide (NO) production was determined using a NO assay and the expression of inflammatory 
mediators (PGE2, iNOS and COX-2), inflammatory cytokines (TNF-α, IL-6, IL-1β and IL-10) and 
inflammation-related signaling pathways (the MAPK/NF-κB, PI3K/AKT/JNK, JAK/STAT and 
Nrf2/HO-1pathways) were observed by western blotting. The translocation of NF-κB p65 was 
also observed using an immunofluorescent assay. Results: CGD polysaccharide significantly 
inhibited LPS-induced NO production and PGE2 expression by reducing the expression of iNOS 
and COX-2. It also suppressed the expression of the pro-inflammatory cytokines TNF-α, IL-6 
and IL-1β, and up-regulated the expression of the anti-inflammatory cytokine IL-10. Further 
experiments demonstrated that CGD polysaccharide could inhibit inflammatory signaling 
pathways (the MAPK/NF-κB, PI3K/AKT/JNK and JAK/STAT pathways). At the same time, it 
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enhanced the anti-inflammatory pathway Nrf2/HO-1. In addition, CGD polysaccharide did 
not display any cytotoxic effects, even at a high concentration. Conclusion: Taken together, 
the results suggest that CGD polysaccharide significantly inhibits LPS-induced inflammation 
in RAW264.7 cells. This effect lies in its regulatory effects on the signaling pathways MAPK/
NF-κB, PI3K/AKT/JNK, JAK/STAT and Nrf2/HO-1.Our findings reveal that CGD polysaccharide 
has the potential to be used as a relatively safe and effective drug as part of the treatment of 
NCDs.

Introduction

Inflammation is an extremely complex process composed of different and complementary 
phases that involves inflammatory mediators, inflammatory cytokines and inflammation-
related signaling pathways [1]. A moderate and reasonable inflammatory response can help 
to clear away injurious material or agents and to promote tissue repair, while an excessive 
or deregulated inflammatory response may result in lack of restoration of tissue health and 
induction of a chronic condition. This can directly and/or indirectly promote the occurrence 
and progression of certain noncommunicable diseases (NCDs) [2]. In recent years, NCDs 
such as diabetes mellitus, coronary artery disease and cancers have become leading health 
issues throughout the world. An anti-inflammatory agent may be an important treatment 
for these diseases. Although a large number of synthetic anti-inflammatory compounds have 
been developed during the past decades, most of them have detrimental side effects after 
prolonged usage [3, 4]. Therefore, the need for anti-inflammatory drugs with higher efficacy 
and lower toxicity is even greater nowadays.

Marine microalgae-derived polysaccharides have been shown to have a variety of 
bioactivities such as anti-oxidant, anti-inflammatory and anti-tumor effects [5]. Coccomyx
agloeobotrydiformis(CGD) polysaccharide is extracted from CGD, a species of green algae 
that is distributed in Iceland, the Himalayas, Japan, New Zealand and Antarctica [6]. In our 
previous studies, we observed satisfactory therapeutic effects of CGD polysaccharide on 
certain inflammation-related disorders, e.g., it could protect against oxidative damage in the 
hippocampus of a rat model of ischemic stroke [7], and it might improve the learning and 
memory ability of older rats by acting as an anti-inflammatory agent [8]. Recently, we found 
that CGD polysaccharide could also recover metabolic homeostasis and relieve cardiovascular 
complications in a rat model of metabolic syndrome [9]. However, the specific mechanisms, 
including the inflammatory signaling pathways involved, especially the major targets of CGD 
polysaccharide, are still unclear.

Based on the above, this study aimed to observe the anti-inflammatory effects of CGD 
polysaccharide in RAW264.7 macrophages. Furthermore, the molecular mechanism was 
investigated by focusing on the potential regulatory roles of CGD polysaccharide in several 
classic inflammation-related signaling pathways.

Materials and Methods

Cell culture and viability assay
RAW264.7, a mouse macrophage cell line (ATCC, USA), was cultured in high-glucose Dulbecco’s 

modified Eagle’s medium (DMEM) (Biological Industries, BeitHaemek, Israel) containing 10% fetal bovine 
serum (FBS)(Clack Bioscience, USA), 100 U/mL penicillin and 100μg/mL streptomycin (HyClone, Logan, 
UT, USA) at 37°C in a humidified incubator containing 5% CO2. After overnight culture in a 96-well plate 
(2×104cells/well,100μLmedium/well), the cells were treated with CGD polysaccharide (Nikken Sohonsha 
Corporation, Japan) (2 or 4mg/mL) in the absence or presence of1μg/mL lipopolysaccharide (LPS)
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(Escherichia coli 055:B5;Sigma-Aldrich, USA) for 24h. Thereafter, 20μL Cell Titer 96® AQueous One Solution 
Cell Proliferation Assay (MTS) (Promega, Madison, WI, USA) solution was added to each well and incubated 
at 37°C for 3h. Finally, the absorbance of each well was recorded at 490nm using a microplate reader (KHB 
ST-360; Shanghai Kehua Laboratory System, Shanghai, China).

Lactate dehydrogenase (LDH) release assay
The LDH activity was determined using a commercial LDH assay kit (Wanleibio Co., Ltd., Shenyang, 

China) according to the manufacturer’s instructions. First, 40μLcell-free supernatant or cell lysate was 
mixed with nicotinamide-adenine dinucleotide (NADH) and 2, 4-dinitrophenylhydrazine and incubated at 
37°C for 15min.Next, 0.4mol/L NaOH was added to the samples and incubated at 37°C for 3min. Finally, the 
absorbance of each sample was recorded at 440nm using a UV spectrophotometer (Shimadzu Corporation, 
Tokyo, Japan).

Nitric oxide (NO) production assay
Based on the Griess reaction, the NO production was determined using a commercial NO assay kit 

(Beyotime Institute of Biotechnology, Nanjing, China) according to the manufacturer’s instructions; 50µL 
cell culture medium and 100µL Griess reagents I and II were reacted in a 96-well plate at room temperature 
(RT) for 10min, and the absorbance was then measured at 540nm using a microplate reader.

Western blot analysis
RAW 264.7 cells were harvested on ice and washed in ice-PBS after treatment, and then the cells were 

lysed with lysis buffer containing a cocktail of protease and phosphatase inhibitors on ice for 30min to extract 
the total protein. Cellular cytoplasmic and nuclear proteins were obtained using a Nuclear and Cytoplasmic 
Protein Extraction kit (Beyotime Institute of Biotechnology), and an enhanced BCA protein assay kit 
(Beyotime Institute of Biotechnology) was then used to determine the protein concentrations. The protein 
samples were subjected to 10%~15% SDS-PAGE and transferred onto a PVDF membrane. After blocking 
with 5% skimmed milk for 2h at RT, the membranes were incubated overnight at 4°C with their respective 
primary antibodies. These antibodies targeted mitogen-activated protein kinases (MAPKs), p65, p-p65, 
hemeoxygenase (HO)-1, nuclear factor erythroid 2-related factor 2 (Nrf2) and iNOS (1:1000;CST,USA); AKT, 
p-AKT, p-STAT3, COX-2, IL-1β, TNF-α, IL-6, IL-10, GAPDH, β-actin and β-tubulin (1:1000; CST); STAT3 and 
PCNA (1:300; CST); PI3K (1:500; WanleibioCo.,Ltd); and PGE2 (1:1000,Bioss,USA). The membranes were 
then incubated with horseradish peroxidase-conjugated secondary antibodies (1:3000; WanleibioCo.,Ltd) 
containing a blocking solution at RT for 1h. The antigen–antibody complexes were detected with an ECL 
detection kit (ThermoFisher Scientific, Waltham, MA, USA) according to the manufacturer’s instructions.

Immunofluorescent assay
RAW264.7 cells (2×105/well) were cultured overnight on a 14-mm cell slide in a 24-well plate. The 

cells were treated with 2 or 4mg/mL CGD polysaccharide for 2h and then co-stimulated with LPS (1µg/
mL) for 1h. After washing with PBS, the cells were fixed with 4% paraformaldehyde for 15min at RT, and 
then the cells were incubated with 0.2%Triton X-100 for 10min. They were then washed with PBS and 
blocked with 5% BSA in PBS for 30min at RT. After this, the cells were incubated with rabbit anti-NF-κB p65 
antibody(1:200;CST) followed by FITC-conjugated goat anti-rabbit IgG(H+L)(1:50; Zhongshan Company, 
Beijing, China).Three washes with PBS were performed before and after antibody incubation. Finally, the 
fluorescence signals were analyzed by laser scanning confocal microscopy (Nikon, Tokyo , Japan).

Statistical analysis
All data from experiments are represented as the mean±standard error of the mean (SEM) of at least 

three independent experiments. Statistical analysis was performed using one-way analysis of variance 
(ANOVA) with Tukey’s multiple comparison test. P < 0.05 was considered to be statistically significant.
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Results

CGD polysaccharide inhibited LPS-stimulated RAW264.7 cells viability
The inhibitory effect of CGD polysaccharide on RAW264.7cell growth was assessed using 

MTS assays. As shown in Fig. 1A, CGD polysaccharide significantly inhibited the viability 
of RAW264.7 cells and prevented LPS-induced RAW264.7 activation in a dose-dependent 
manner. LPS stimulates the formation of spindle-shaped pseudopodia, which is one of the 
signs of RAW264.7 cells activation. CGD polysaccharide reversed this process, so the cells 
recovered their original round shape (Fig. 1B). According to the results of LDH release assay, 
CGD polysaccharide did not display any cytotoxic effects (Fig. 1C).

CGD polysaccharide regulated the production of inflammatory mediators in RAW264.7 
cells
NO and PGE2 are important inflammatory mediators whose expression is regulated by 

iNOS and COX-2, respectively. As shown in Fig. 2A and 2B, CGD polysaccharide significantly 
inhibited the expression of iNOS and COX-2 in LPS-stimulated RAW264.7 cells. As a result, 
the NO production and PGE2 expression decreased. Under normal physiological conditions, 
the production of pro- and anti-inflammatory cytokines is in homeostasis. When pro-
inflammatory cytokines overwhelm the anti-inflammatory cytokines, this balance is disturbed, 
which might trigger an inflammatory process. As shown in Fig. 2C, CGD polysaccharide 

Fig. 1. The effects of CGD polysaccharide on the viability and morphology of LPS-stimulated RAW264.7 cells. 
The cells were treated with CGD polysaccharide (2 or 4mg/mL) for 2h in the absence or presence of 1μg/
mL LPS for 24h. (A) The cell viability of RAW264.7 cells was assessed by MTS assay, and CGD polysaccharide 
significantly inhibited the cell viability and partially prevented the decline in LPS-stimulated RAW264.7 
viability in a dose-dependent manner. (B) The morphology of the cells was observed under inverted phase 
contrast microscope, and LPS stimulated the formation of the spindle-shaped pseudopodia, whereas CGD 
polysaccharide (4mg/mL) recovered the cells’ original round shape. (C) The level of LDH release was 
measured using an LDH assay, and there were no significant differences in the LDH levels between the 
CGD polysaccharide groups and the LPS-only group. Mean±SEM (n=3 independent experiments). #P<0.05, 
##P<0.01, and ###P<0.001, vs. the control group. **P<0.01 and ***P<0.001, vs. the LPS group.

Fig.1.  
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suppressed the expression 
of the pro-inflammatory 
cytokines IL-1β, IL-6 and 
TNF-α. At the same time, the 
expression of IL-10, an anti-
inflammatory cytokine, was 
up-regulated.

CGD polysaccharide 
inhibited the MAPK/NF-
κB signaling pathways 
in RAW264.7 cells
NF-κB and MAPKs 

are primary regulators of 
inflammatory responses, 
and activation of these 
pathways could stimulate 
the production of pro-
inflammatory mediators 
including iNOS, IL-1β, 
IL-6 and TNF-α [10, 11]. 
As depicted in Fig. 3A and 
Fig. 4, LPS triggered the 
phosphorylation of NF-
κB p65 and increased 
its translocation from 
the cytoplasm to the 
nucleus, and it thereby 
induced the activation 
of the NF-κB signaling 
pathway. This process was 
significantly suppressed by 
CGD polysaccharide. The 
activation of NF-κB can 
be positively regulated by 
MAPK signaling molecules 
[12, 13]. Therefore, 
we also examined the 
phosphorylation levels of 
MAPK signaling molecules, 
comprising ERK1/2, 
JNK and p38, by western 
blotting. As shown in Fig. 
3B, LPS stimulated the 
phosphorylation of p38, 
JNK and ERK1/2, and this 
process was significantly 
inhibited by CGD polysaccharide. However, the total protein levels of ERK1/2, JNK and 
p38were relatively constant in all groups.

CGD polysaccharide inhibited thePI3K/AKT/JNK and JAK/STAT signaling pathways in 
RAW264.7 cells
PI3K/AKT/JNK signaling mediates the inflammatory actions of LPS and modulates 

several downstream effectors, all of which eventually promote NF-κB activation [14, 15]. 

Fig. 2. The effect of CGD polysaccharide on the production of 
inflammatory mediators and cytokines in LPS-stimulated RAW 264.7 
cells. Cells were pretreated separately with CGD polysaccharide (2 or 
4mg/mL) for 2h, followed by LPS (1μg/mL) stimulation for24 h. (A) 
The concentrations of NO were measured using the Griess reaction, and 
CGD polysaccharide significantly inhibited NO production. (B) and (C) 
The protein expressions of inflammatory mediators and cytokines were 
measured by western blotting, and CGD polysaccharide significantly 
inhibited LPS-induced expression of inflammatory mediators(PGE2, 
iNOS and COX-2) and pro-inflammatory cytokines (TNF-α, IL-6 and 
IL-1β), and it up-regulated the expression of the anti-inflammatory 
cytokine IL-10. Mean±SEM (n=3 independent experiments). #P<0.05, 
##P<0.01 and ###P<0.001 vs. the control group. *P<0.05, **P<0.01and 
***P<0.001vs. the LPS group.

Fig. 2.  
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The activation of NF-κB can induce the production of cytokines, which might mediate 
inflammatory reactions through the JAK/STAT pathway [16], while LPS-stimulated activation 
of the JAK/STAT pathway is also very important for the production of cytokines via the PI3K/
JNK cascade [17]. Therefore, we analyzed the expression of multiple signaling molecules 
including PI3K, AKT, JNK and STAT3 by western blotting. As shown in Fig. 3B and Fig. 5, 
LPS up-regulated the expression of PI3K and stimulated the phosphorylation of AKT, JNK 
and STAT3. As expected, CGD polysaccharide significantly decreased PI3K expression and 
inhibited the activation of the PI3K/AKT/JNK and JAK/STAT signaling pathways. However, 
the total protein levels of AKT and STAT3 were relatively constant in all groups.

Fig. 3. The effect of CGD polysaccharide on the MAPK/NF-κB signaling pathway in LPS-stimulated RAW 
264.7 cells. Cells were pretreated separately with CGD (2 or 4mg/mL) for 2h, followed by LPS (1μg/mL) 
stimulation for 30min (A) or 1h (B),and the protein expressions were then measured by western blotting. 
CGD polysaccharide significantly suppressed the phosphorylation of NF-κB p65, p38, JNK and ERK1/2, 
and decreased the translocation of NF-κB p65 from the cytoplasm to the nucleus compared with the 
translocationin the LPS group. However, the total protein levels of NF-κB p65, ERK1/2, JNK and p38 were 
relatively constant in all groups. Mean±SEM (n=3 independent experiments). #P<0.05, ##P<0.01 and 
###P<0.001 vs. the control group. *P<0.05, **P<0.01 and ***P<0.001 vs. the LPS group.

Fig. 3.  
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Fig. 4. The effect of CGD polysaccharide on the nuclear translocation of NF-κB p65 in LPS-stimulated 
RAW 264.7 cells. Cells were pretreated separately with CGD (2 or 4mg/mL) for 2h, followed by LPS (1μg/
mL) stimulation for 1h. NF-κB p65 was then detected by FITC-labeled immunostaining (green) and the 
nuclei were stained with DAPI (blue). Subsequently, the cells were viewed at a magnification ×600. CGD 
polysaccharide significantly blocked NF-κB p65 translocation from the cytoplasm to the nucleus compared 
with the translocation in the LPS group.

Fig. 4.  
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CGD polysaccharide enhanced the Nrf2/HO-1 signaling pathway in RAW264.7 cells
It has been demonstrated that Nrf2 blocks the expression of pro-inflammatory cytokines 

and inhibits inflammatory responses [18]. After translocation to the nucleus, Nrf2 initiates 
the transcription of genes encoding cytoprotective proteins. Among these proteins, HO-1 is 
the major effector and plays a vital role in anti-inflammation and anti-oxidation responses 
[19-21]. As shown in Fig. 6, CGD polysaccharide promoted the translocation of Nrf2 from the 
cytoplasm into the nucleus in LPS-stimulated macrophages and significantly increased the 
expression of HO-1.

Fig. 5. The effect of CGD polysaccharide on the PI3K/AKT/JNK and JAK/STAT signaling pathways in LPS-
stimulated RAW 264.7 cells. Cells were pretreated separately with CGD (2 or 4mg/mL) for 2h, followed 
by LPS (1μg/mL) stimulation for 30 min (for the PI3K, AKT and p-AKT experiments) or 4h (for the STAT3 
and p-STAT3 experiments). Subsequently, the protein expressions were measured by western blotting. 
CGD polysaccharide significantly decreased PI3K expression and inhibited the phosphorylation of AKT and 
STAT3. Mean±SEM (n=3 independent experiments). #P<0.05 vs. the control group. *P<0.05 and **P<0.01 
vs. the LPS group.

Fig. 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. The effect of CGD polysaccharide on the Nrf2/HO-1 signaling pathway in LPS-stimulated RAW 
264.7 cells. Cells were pretreated separately with CGD (2 or 4mg/mL) for 2h, followed by LPS (1μg/mL) 
stimulation for 1h (for the Nrf2 experiment) or 24h (for the HO-1 experiment). Subsequently, the protein 
expressions were measured by western blotting. CGD polysaccharide promoted the translocation of Nrf2 
from the cytoplasm into the nucleus and significantly increased the expression of HO-1 in LPS-stimulated 
macrophages. Mean±SEM (n=3 independent experiments). #P<0.05, ##P<0.01 and ###P<0.001 vs. the 
control group. *P<0.05, **P<0.01 and ***P<0.001 vs. the LPS group.

Fig. 6.  
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Discussion

Inflammation plays significant roles in the development and progression of NCDs, 
including cancer, diabetes and cardiovascular diseases, which kill 41 million people annually, 
accounting for 71% of all deaths globally [2, 22]. Therefore, the World Health Organization 
(WHO) Independent High-level Commission has called for urgent action to address these 
diseases, and anti-inflammatory agents are a promising strategy to alleviate and even cure 
these diseases.

Inflammation is a cascade reaction involving a large number of inflammatory mediators 
including NO, PGE2, TNF-α, IL-6,IL-1β and IL-10 [23-26].The production of NO and PGE2 
are directly regulated by iNOS and COX-2 [27]. In the present study, we found that CGD 
polysaccharide effectively inhibited LPS-induced production of NO and expression of PGE2 
by reducing the expression of iNOS and COX-2. CGD polysaccharide also suppressed the 
expression of the pro-inflammatory cytokines TNF-α, IL-6 and IL-1β, and up-regulated the 
expression of the anti-inflammatory cytokine IL-10.

It is well established that the expression of these inflammatory mediators is strictly 
controlled by the MAPK/NF-κB, PI3K/AKT/JNK, JAK/STAT and Nrf2/HO-1 signaling 
pathways. In mammals, the NF-κB family comprises five structurally related proteins, RelA 
(p65), RelB, c-Rel, p105 (p50) and p100 (p52), forming heterodimers or homodimers through 
Rel homology domains. Under normal physiological states, NF-κB is masked by the inhibitory 
IκB protein and sequestered in the cytosol. Upon exposure to inflammatory stimulants, such 
as LPS, the upstream IκB kinase (IKK) is activated and phosphorylates IκB, which leads to 
the degradation of IκB. The cytosolic NF-κB proteins are then transported into the nucleus. 
The translocation of the NF-κB p50-p65 dimer to the nucleus is the key step for its activation, 
which induces the transcription of various inflammatory genes, including those encoding 
iNOS and COX-2, as well as genes encoding inflammatory cytokines [28]. Over stimulation of 
NF-κB signaling contributes to the occurrence and development of certain NCDs including 
cancer and cardiovascular diseases [29]. Therefore, the NF-κB signaling pathway might be a 
promising target for the treatment of these diseases [30]. Interestingly, our results showed 
that CGD polysaccharide significantly inhibited the phosphorylation of NF-κB, as well as its 
translocation from the cytoplasm to the nucleus in LPS-stimulated RAW 264.7 cells.

It has been reported that the activation of NF-κB could be positively regulated by MAPK 
signaling pathways [31, 32]. The MAPK family consists of serine/threonine protein kinases 
including p38, ERK1/2 and JNK. The classic MAPK cascade consists of three sequential 
intracellular protein kinase activation steps and is initiated when the first member, MAPK 
kinase kinase (MAPKKK), is activated upon exposure to inflammatory stimulants. It then 
phosphorylates MAPK kinase (MAPKK), which is followed by the activation of the MAPKs. 
Stimulation of the MAPK pathway eventually leads to the expression of various inflammatory 
mediators and the occurrence of inflammatory responses, which might contribute to the 
pathology of diverse human diseases including cancer and neurodegenerative disorders 
such as Alzheimer’s disease [33-35]. Our results demonstrated that CGD polysaccharide 
could significantly inhibit MAPK signaling by decreasing the phosphorylation of MAPKs 
including JNK, ERK1/2and p38 in LPS-stimulated RAW 264.7 cells.

Other signaling pathways such as the PI3K/AKT/JNK and JAK/STAT pathways also 
participate in the regulation of NF-κB signaling. It has been demonstrated that activated 
phosphorylated AKT (p-AKT) significantly increase IKKα phosphorylation, which enhances 
the phosphorylation and degradation of IκB, thereby leading to the activation of NF-κB [36]. 
STAT signaling pathways are usually activated by JAKs, which result in the translocation 
of STATs into the nucleus where they regulate the transcription of certain cytokine genes. 
In particular, STAT3 is the major regulator of pro-inflammatory cytokine production in 
macrophages. Interestingly, direct LPS treatment did not lead to STAT activation, but some 
cytokines, such as IL-6, can activate STAT through LPS-induced NF-κB activation [16, 37, 38]. 
The data showed that CGD polysaccharide significantly inhibited PI3K/AKT phosphorylation 
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and attenuated the activation 
of STAT3, which indicated 
that it might exertits anti-
inflammatory effects 
through the direct or indirect 
inhibition of the MAPK/
NF-κB, PI3K/AKT/JNK 
and JAK/STAT signaling 
pathways.

I n f l a m m a t o r y 
responses are also 
negatively regulated by 
certain anti-inflammatory 
signaling pathways to 
maintain homeostasis. 
Accumulated evidence has 
indicated that HO-1 can 
inhibit the production of 
NO, PGE2, IL-1β, IL-6 and 
TNF-α in vitro and in vivo 
[39-41]. Nrf2, the major 
transcription factor for 
HO-1 expression, must 
translocate to the nucleus 
before it can stimulate HO-1 
expression. Under normal 
conditions, Nrf2 binds 
to its negative regulator, 
Kelch-like ECH-associated 
protein 1 (Keap1), and 
is sequestered in the 
cytoplasm. Various stimuli, 
such as reactive oxygen (ROS), can liberate Nrf2 from Keap1, and Nrf2 then translocates into 
the nucleus and results in the production of HO-1 [39]. HO-1 and its products exert a series 
of beneficial effects via cytoprotective, anti-oxidant, anti-apoptotic, immunosuppressive, 
and anti-inflammatory activities. Some studies have demonstrated that HO-1 is closely 
associated with the pathogenesis of certain chronic inflammatory disorders, such as cancer 
and diabetes [42, 43]. Here, we explored the potential mechanism of CGD polysaccharide 
regarding the Nrf2/HO-1 pathway. We found that CGD polysaccharide significantly promoted 
the translocation of Nrf2 from the cytoplasm into the nucleus and increased the expression 
of HO-1in LPS-stimulated RAW264.7 cells.

Conclusion

In summary, our results revealed that CGD polysaccharide could inhibit the production 
of the inflammatory mediators NO and PGE2 by reducing the expression of iNOS and COX-2, 
and it also suppressed the expression of pro-inflammatory cytokines and up-regulated the 
expression of an anti-inflammatory cytokine in LPS-stimulated RAW 264.7 macrophages. 
The anti-inflammatory mechanisms of CGD polysaccharide lie in its regulatory effects on 
the inflammatory signaling pathways MAPK/NF-κB, PI3K/AKT/JNK, JAK/STAT and Nrf2/
HO-1 (Fig. 7). In addition, as a naturally produced drug, CGD polysaccharide did not display 
any cytotoxic effects, even at a high concentration. Therefore, CGD polysaccharide has the 
potential to be used as a relatively safe and effective drug as part of treatment for NCDs.

Fig. 7. The possible molecular mechanism underlying the anti-
inflammatory effect of CGD polysaccharide. CGD polysaccharide 
reduced LPS-stimulated inflammation by inhibiting pro-inflammatory 
mediators (via suppression of the MAPK/NF-κB, PI3K/AKT/JNK and 
JAK/STAT signaling pathways) and increasing the anti-inflammatory 
mediators (via enhancing Nrf2/HO-1 signaling pathway) in LPS-
stimulated RAW264.7 cells.

Fig. 7.  
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