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Abstract 

Natural compounds represent the great capability to stimulate several cell types. Macrophage plays an 
important role for an effective immune response for infection and inflammation. Isoquinoline alkaloid, 
sanguinarine, and chelidonine are active compounds that exhibit activity on various tumor cells and 
immune cells. However, the effect of these compounds on the endosomal toll-like receptor (enTLR) 
and type I interferon (IFN) are still unclear. The monocyte-derived macrophages (MDMs) were cultured 
and were determined their cell viability and phagocytic activity to Staphylococcus aureus DMST8840. 
The nitric oxide (NO) production and inducible nitric oxide synthase (iNOS) expression were also 
examined. The expression of enTLRs, type I IFN, and cytokines were determined by real-time PCR. 
Result shows that the compounds did not affect on MDM cell viability. Sanguinarine and chelidonine 
enhance phagocytic activity of MDM against Staphylococcus aureus DMST8840 by revealing a higher 
number of bacterial survival than the MDM treated by polyI:C, and the cell control after co-culture for 3 
h. The production of NO has no difference amount but iNOS mRNA production was down-regulated in 
sanguinarine, chelidonine and their mixed treated MDM. The expressions of enTLRs and IFN-β1 mRNA 
were up-regulated in both compounds and their combination. Additionally, these compounds also 
enhance M1-liked cytokine by up-regulated IL-6 and down-regulated IL-10 and TGF-β1, respectively. 
Therefore, sanguinarine and chelidonine enhance enTLR and IFN-β1 expression and trend to stimulate 
the cell into M1-liked MDM.

Keywords: Monocyte-derived macrophage, sanguinarine, chelidonine, endosomal toll-like receptor, macrophage 
polarization

mailto:nuchsupha.s@msu.ac.th
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-2213-4037
https://orcid.org/0000-0002-7123-1717
https://orcid.org/0000-0001-8864-1387
https://orcid.org/0000-0002-8232-138X
https://orcid.org/0000-0002-9661-5549
https://orcid.org/0000-0002-1392-6246
https://orcid.org/0000-0002-1577-0556
https://orcid.org/0000-0001-9743-1648


  www.microbiologyjournal.org2352

Sunthamala et al. | J Pure Appl Microbiol | 14(4):2351-2361 | December 2020 | https://doi.org/10.22207/JPAM.14.4.13

Journal of Pure and Applied Microbiology

INTRODuCTION
 The natural product is an essential 
source of medical capacity. Especially medicinal 
plant-derived natural products, it reveals various 
activities such as anti-microbial, anti-oxidant, 
anti-tumor, and anti-inflammation1-5. The active 
compounds, sanguinarine and chelidonine, are 
isoquinoline alkaloids derived from plants including 
Sanguinaria canadensis, Chelidonium majus, and 
other poppy-Fumaria species1,2. These compounds 
have been represented several activities in both 
in vitro and in vivo studies, including the anti-
inflammatory effect of sanguinarine on murine 
RAW264.7 macrophage cell line and cytokine 
production on animal model1,6. Chelidonine shows 
the inhibition effect on nitric oxide production 
by murine RAW264.7 macrophage cell line7, and 
anti-tumor activities on several cancer cells 2 such 
as head and neck cancer cell lines5 and mouse 
leukemic cell line4. Therefore, sanguinarine and 
chelidonine, which exhibit activities in various cell 
types including cancer cells, virus-derived cancer 
cells, and immune cells, might stimulate a distinct 
mechanism in several target cells of the treatment.
 Macrophage is an important innate 
immune cell, which act as effective immune 
responses for infection and inflammation8. These 
cells play crucial roles in phagocytosis, antigen 
presentation, and cytokine secretion9,10. The 
toll-like receptors (TLRs) are essential innate 
pathogen recognition receptor that presents 
in macrophages, neutrophils, dendritic cells, 
and several cells8,11,12. The TLR recognized both 
extracellular and intracellular foreign materials, 
particularly endosomal TLR (enTLR), TLR3, TLR7/8, 
and TLR9, which are essentially responsible 
for virus infection8,11,13. Moreover, stimulations 
of TLR7 and TLR9 modulate the regulation 
of the antigen presentation by macrophages 
which enhances adaptive immune responses8. 
During enTLRs stimulation, several mediators 
are expressed depending on their adaptor 
proteins such as MyD88/NF-kb and/or TRIF/
IRF signaling pathways14. The trigger of MyD88 
signaling pathway induces the expression of 
several pro-inflammatory cytokines depending 
on the polarization of macrophages15,16. The 
M1 macrophage produces pro-inflammatory 
cytokines such as IL-1β, IL-6, and TNF-a whereas 

the M2 macrophage produces anti-inflammatory 
cytokines such as IL-4 and IL-1017. Moreover, 
the stimulation of enTLRs via TRIF signaling 
pathway could induce the production of type I 
interferon (IFN) which plays crucial role in anti-viral 
activity12. Therefore, the study of sanguinarine 
and chelidonine on enTLR is still needed more 
information. This study aims to obtain the effects 
of sanguinarine and chelidonine on human 
monocyte-derived macrophage (MDM) and their 
antibacterial activity on Staphylococcus aureus 
DMST8840 by enhancing macrophage activity, 
stimulating of enTLRs, type I IFN, and cytokine 
expression toward M1 and M2-liked macrophages.

MATeRIALS AND MeTHODS
Peripheral blood collection and PBMC isolation
 The peripheral blood mononuclear 
cell (PBMC) were collected from five healthy 
volunteers, according to the approval of the 
Human Ethics Committee of Mahasarakham 
University (No. 057/2562). The healthy volunteers 
with normal body temperature and normal blood 
pressure, gave written consent for blood collection. 
The PBMC were separated by using Lymphoprep 
as the protocol (Stemcell Technologies, Oslo, 
Norway). Briefly, 25 mL of EDTA containing blood 
were overlayed to 15 mL of Lymphoprep, which 
was then centrifuged at 2,000 rpm for 20 minutes 
at room temperature. The Buffy coat was collected 
from the interphase and washed three times with 
1xphosphate buffer saline (PBS). The PBMC were 
counted under hematocytometer18.
CD14+ monocyte isolation and monocyte-derived 
macrophage cultivation
 CD14+ monocytes were isolated by using 
anti-human CD14 magnetic particles and BD IMag 
separator (BD Bioscience, San Jose, CA, USA). 
The purity of CD14+ monocytes was tested by BD 
FACScanto II using anti-human CD14 antibody 
(BD Bioscience, San Jose, CA, USA). The purity of 
CD14+ monocytes were tested by BD FACScanto II 
using anti-human CD14 antibody with cell purity 
higher than 95% in every experiment (data not 
showed). Monocytes from each volunteer were 
separately cultured in RPMI-1640 supplemented 
with antibiotic/antimycotic (Gibco, Thermo 
Scientific, CA, USA), and 10% fetal bovine serum 
(FBS) (Gibco, Thermo Scientific, CA, USA), under 
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culture condition at 37°C, 5% CO2, and humidity19. 
The culture media were supplemented with 50µg/
mL of recombinant human GM-CSF (Peprotech, NJ, 
USA) for M1-liked MDM polarization, and 50µg/
mL of IL-4 (Peprotech, NJ, USA) for M2-liked MDM 
polarization, respectively15,20. The 10 ng/mL of 
polyI:C (Invivogen, CA, USA) was treated to MDM 
for positive control of enTLR stimulation21.
expression of CD14, CD16, enTLRs, iNOS, and 
cytokines mRNAs
 After 6 days of culture, the CD14+ 
monocytes were differentiated into MDM and 
the total RNA was extracted by using RNA-Xpress 
reagent according to manufacturer instruction 
(Himedia, Mumbai, India). Briefly, the MDM cell 
pellet was lysed in RNA-Xpress reagent, and the 
chloroform was added and centrifuged at 13,000 
rpm for 15 minutes at 4°C. The aqueous phase 
containing RNA were collected and precipitated 
with isopropanol centrifugation. The RNA pellets 
were washed with 75% ethanol and resuspended 
in RNase free water (Himedia, Mumbai, India). 
Total RNA was reverse transcribed to cDNA 
by using RevertAid H Minus First Strand cDNA 
Synthesis Kit (Thermo Scientific, CA, USA). 
 The expression of CD14 and CD16 
mRNA were determined by SYBR green real-time 
PCR reagent (Biorad, CA, USA) using Applied 
Biosystems 7500 Real-Time PCR System (Fisher 
Scientific, CA, USA). The expressions of enTLRs, 
cytokines and iNOS were performed as same 
as the detection of CD14 and CD16. The mRNA 
expression was normalized by GAPDH internal 
control and calculated its relative expression by 
using 2-ΔΔCT methods22.
Cell viability assay
 The cytotoxic activities of sanguinarine 
and chelidonine (Sigma-Aldrich,) on monocyte 
were performed by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay 
(Gibco, Thermo Scientific, CA, USA). Briefly, the 
various concentrations of compounds from 0-100 
µM were added at day 6 of cultured MDM and 
incubated for 48 h. The 12 mM of MTT was added 
to the culture system and incubated for 4 h at the 
dark before adding Dimethyl sulfoxide (DMSO) 
to dissolve the formazan crystals. The viability of 
MDM was detected at 540 nm spectrophotometry 
and calculated the %viability comparing to cell 
control23.

Phagocytosis activity of MDM
 The subtoxic concentration of compounds 
was added to cultured MDM at day 6 and 
incubated for 48 h. The bacterium Staphylococcus 
aureus DMST8840 were inoculated to MDM 
culture at MOI of 30. After co-incubation for 1 
h, the MDM were washed and lysed by using 1% 
SDS, and viable bacterial cell were counted by drop 
plate on TSA plate and calculated of CFU/100 cell 
macrophages24,25.
 The ki l l ing activity of MDM was 
determined after co-incubation of MDM and 
Staphylococcus aureus DMST8840 for 3 h at MOI 
of 30. The incubated MDM were washed and 
lysed by using 1% SDS after co-incubation for 1 
h, and viable bacterial cell were counted by drop 
plate on TSA plate and calculated of CFU/100 cell 
macrophages24,25.
Nitric oxide production assay
 The production of nitric oxide (NO) 
was examined by using the Griess assay23. The 
supernatant of co-incubation of MDM and 
Staphylococcus aureus DMST8840 were collected 
and subsequently detected the production of NO 
by adding Griess reagent, sulfanilamide and N-1-
naphthyl ethylenediamine dihydrochloride (NED) 
under acidic conditions (Promega, Madison, WI, 
USA). The concentration of NO was then compared 
to sodium nitrite standard concentration23.
Statistical analysis
 Statistical analysis of this study was 
performed using GraphPad Prism Software 
(GraphPad Soft Inc. La Jolla, CA, USA). The t-test 
and one-way analysis of variance (ANOVA) 
analysis with Tukey posttest were used. All data 
were represented in mean + SD. The significant 
difference was considered at p-value < 0.05.

ReSuLTS 
expression of CD14 and CD16 in monocyte-
derived macrophages
 CD14+ monocytes were cultured for 6 
days. The monocytes and MDM morphology were 
showed in Fig. 1A and 1B, respectively. The mRNA 
expression of CD14 monocyte was significantly 
decreased, whereas the CD16 macrophage marker 
was considerably increased after culture for 6 days 
comparing to day 1. The results revealed that, the 
monocytes were differentiated into MDM after 
cultured at day 6 (Fig. 1C and 1D).

https://en.wikipedia.org/wiki/Phenyl
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Fig. 1. Expression of CD14 and CD16 in monocyte-derived macrophages after cultivation and cell viability of 
monocyte-derived macrophages in treatment with sanguinarine and chelidonine
Cell morphology of CD14+ monocytes at day 1 (A) and monocyte-derived macrophages at day 6 of culture (B). The mRNA expression 
of CD14 and CD16 were examined after day 6 of cultivation. The CD14 mRNA expression represent monocyte marker (C). The 
CD16 mRNA expression represent macrophage marker (D). The cell viability of monocyte-derived macrophages after treated with 
0-100 µM of sanguinarine (E) and chelidonine (F) were determined by MTT assay. The experiments were performed in triplicate 
and used five healthy volunteers. The monocytes from each volunteers were separately cultured and tested. (*) represented 
significant difference at p-value < 0.05.

 Cytotoxic activity of sanguinarine and chelidonine 
on monocyte-derived macrophages
 Monocyte-derived macrophages were 
treated with 0-100µM in each sanguinarine and 
chelidonine. The result shows no significant 
difference on cell viability in all concentrations 

when compared to the cell control. Therefore, 
the optimum concentration of sanguinarine 
and chelidonine were 6.25µM. These optimum 
concentrations provide over 90% cell viability and 
were selected for further experiments (Fig. 1E and 
1F).
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Fig. 2. Antibacterial activity of sanguinarine and chelidonine against Staphylococcus aureus
Monocyte-derived macrophages were treated with optimum concentration at 6.25 μM of sanguinarine and chelidonine for 
48 h subsequently co-culture with Staphylococcus aureus for 1 h. The phagocytosis activity of MDM was determined in both 
compounds and their mixed compared to polyI:C treatment and cell control (A). The killing activity was examined after co-culture 
with Staphylococcus aureus for 3 h (B). Nitric oxide production after co-culture of MDM and bacteria were detected (C). The 
expression of iNOS mRNA was showed (D). The experiments were performed in triplicate and used five healthy volunteers. The 
monocytes from each volunteers were separately cultured and tested. (*) represented significant difference when compared to 
control. (#) represented significant difference between groups, p-value < 0.05.

Antibacterial activity of sanguinarine and 
chelidonine against Staphylococcus aureus
 The phagocytic activity and nitric oxide 
production were examined to determine the 
antibacterial properties of MDM. The MDM 
were treated with 6.25µM of each sanguinarine, 
chelidonine and mixed 6.25µM of sanguinarine and 
6.25µM of chelidonine for 48 h. After treatment, 
the MDM were subsequently co-cultured with 
S. aureus DMST8840 for 1 h and determined the 

phagocytosis activity. The phagocytic activity 
of MDM was significantly increased in both 
compounds and their mixed when compared to the 
polyI:C treatment and the cell control. Indicating 
that sanguinarine and chelidonine have ability 
to enhance the phagocytic activity of MDM (Fig. 
2A). Interestingly, sanguinarine, chelidonine and 
their mixed revealed a higher number of bacterial 
survival than the MDM treated by polyI:C, and the 
cell control after co-culture for 3 h (Fig. 2B). Nitric 



  www.microbiologyjournal.org2356

Sunthamala et al. | J Pure Appl Microbiol | 14(4):2351-2361 | December 2020 | https://doi.org/10.22207/JPAM.14.4.13

Journal of Pure and Applied Microbiology

oxide production after co-culture of MDM and 
bacteria were slightly increased in sanguinarine, 
chelidonine and their mixed treatment when 

compared to the cell control (Fig. 2C). Moreover, 
the expression of iNOS mRNA was significantly 
down-regulated in sanguinarine, chelidonine 

Fig. 3. The expression of M1 and M2 macrophage-associated cytokines and type I IFN
The expression of M1 and macrophage-associated cytokines were determined in MDM stimulating with sanguinarine, chelidonine, 
and their mixed compared to CD14+ cell culture in GM-CSF or IL-4 culture conditions, representing as M1 and M2-liked MDM, 
respectively. The expression of IL-1b (A) and IL-6 (B) have represented the M1-liked MDM properties. The expression of IL-10 
(C) and TGF-b1 (D) have represented the M2-liked MDM-associated cytokines. The expression of type I IFN, IFN-b1 was showed 
in (E). The expression values were showed in relative expression comparing to cell control. The experiments were performed 
in triplicate and used five healthy volunteers. The monocytes from each volunteers were separately cultured and tested. (*) 
represented significant difference when compared to control. (#) represented significant difference between groups, p-value < 0.05.
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and their mixed treated MDM when compare to 
the IL-4 treated MDM and the cell control. This 
down-regulation of iNOS mRNA exhibited the 
same trend as GM-CSF treated MDM (Fig. 2D). 
MDM was cultured in GM-CSF and IL-4 containing 
culture media to induce cell differentiation into 
M1-liked and M2-liked macrophage characteristic, 
respectively. M1-liked MDM showed significantly 
down-regulated of iNOS when compare to cell 
control, whereas M2-liked MDM was no difference 
(Fig. 2D).
sanguinarine and chelidonine alter the expression 
of M1 and M2 macrophage-associated cytokines
 The expression of M1 and macrophage-
associated cytokines were determined in MDM 
stimulated with sanguinarine, chelidonine, and 

their mixed compared to CD14+ cell culture in 
GM-CSF or IL-4 conditions, representing as M1 and 
M2-liked MDM, respectively. The expressions of IL-
1β and IL-6 have represented the M1-liked MDM 
properties. The expression of IL-1β mRNA was 
not difference in all treatments (Fig. 3A), whereas 
IL-6 was significantly up-regulated in MDM 
treated with sanguinarine, chelidonine, and their 
mixed when compared to cell control (Fig. 3B). 
Interestingly, the expression of M2-liked MDM-
associated cytokines, IL-10 was significantly down-
regulated in MDM treated with sanguinarine, 
chelidonine, and their mixed comparing to cell 
control and IL-4 treated MDM (Fig. 3C). The 
expression of TGF-β1 was also down-regulated 
in MDM treated with sanguinarine, chelidonine, 

Fig. 4. Synergistic effect of sanguinarine and chelidonine on the expression of endosomal TLRs
The expression of endosomal TLR mRNA was determined by SYBR green real-time PCR after treatment with sanguinarine and 
chelidonine for 24 h. The expression of TLR3 (A), TLR9 (B), TLR7 (C), and TLR8 (D) were represented in relative expression comparing 
to cell control. The experiments were performed in triplicate and used five healthy volunteers. The monocytes from each volunteers 
were separately cultured and tested. (*) represented significant difference when compared to control. (#) represented significant 
difference between groups, p-value < 0.05.
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and their mixed comparing to cell control and 
IL-4 treated MDM (Fig. 3D). These suggested 
that sanguinarine and chelidonine synergistically 
up-regulated IL-6 but down-regulated IL-10 and 
TGF-β1. The stimulations of sanguinarine and 
chelidonine trend to enhance monocyte-derived 
macrophage to M1-liked polarization.
Sanguinarine and chelidonine synergistically up-
regulate entlRs mRNA expression and enhanced 
anti-viral activity
 Treatment of MDM with chelidonine 
has not altered the expression of TLR3 whereas 
sanguinarine and their mixed significantly up-
regulated TLR3 mRNA expression comparing to 
control and positive control PolyI:C treatment (Fig. 
4A). The expression of TLR9 mRNA also showed 
the similar pattern to the TLR3 expression. In 
addition, the TLR9 expression that was induced 
by sanguinarine, chelidonine, and their mixed 
higher than cell control. The TLR9 upregulation 
also found in positive control PolyI:C treatment 
(Fig. 4B). The expression of TLR7 and TLR8 mRNA 
were represented in the same pattern. The mRNA 
expressions of TLR7 and TLR8 were up-regulated 
in both sanguinarine and chelidonine treatments. 
Moreover, the combination of the two compounds 
was significantly enhanced the expression of TLR7 
and TLR8 mRNAs (Fig. 4C and 4D, respectively). The 
result suggested that sanguinarine and chelidonine 
modulate the expression of enTLRs, especially the 
combination of these compounds considerably 
enhanced the expression of four enTLRs. The up-
regulation of endosomal TLRs was significantly 
facilitated the up-regulation of IFN-β1, the type I 
interferon, by sanguinarine, chelidonine, and their 
mixed treatments (Fig. 3E). Hence, sanguinarine, 
chelidonine, and their mixed might stimulate the 
enTLR expression and enhance anti-viral activity 
in MDM.

DISCuSSION
 The three main subsets of human 
peripheral monocyte include, classical monocytes 
(CD14 ++CD16 -) ,  intermediate monocytes 
(CD14++CD16+), and non-classical monocytes 
(CD14+CD16++)26. The monocytes used in this study 
were collected from CD14+ cells from total human 
peripheral blood, which represented high purity 
after isolation with CD14 magnetic beads (Fig. 1A). 
Monocytes were differentiated into macrophage 

by cultivation in medium and classified as 
CD14lowCD16+ 9 (Fig. 1C and 1D). The treatments 
of sanguinarine and chelidonine on cell viability 
of MDM were found no significant difference in 
all tested concentrations (Fig. 1E and 1F). These 
results concurred with other studies that use 
human cells, including human leukocytes27 and 
human neutrophil28. Moreover, these compounds 
also treated on murine macrophage Raw264.729, 
human monocyte cell line THP-1 30, and murine 
peritoneal macrophage6,31. In this study, the MDM 
cell viability was not affected by sanguinarine and 
chelidonine whereas their phagocytic activity was 
altered by these compounds (Fig. 2A and 2B). 
Moreover, the capacity of compounds inducing 
NO production and expression of iNOS mRNA have 
concurred to some study (Fig. 2C and 2D). Alkaloid 
from Chelidonium majus exhibits an inhibitory 
effect on LPS induces NO production and iNOS 
expression in murine macrophage RAW264.7 7. 
Chelidonine significantly suppresses LPS induced 
pro-inflammatory mediators including NO and 
PGE2 production, and iNOS and COX2 mRNA 
and protein expression in murine RAW264.7 
macrophage32. The expression of iNOS mRNA is 
regulated by NO concentration on macrophage 37. 
 Chelidonine inhibits TNF-a induced 
inflammation by suppressing NF- kB in HCT116 
cells3 and strongly suppresses the expression of 
eotaxin-2, IL-4, and IL-13 in bronchoalveolar lavage 
fluid of asthmatic mice33. While, sanguinarine 
suppresses the production of IL-1b, IL-6, and 
TNF-a in a rat middle cerebral artery occlusion 
model1. Sanguinarine also suppresses CCL2 
and IL-6 expression after LPS stimulation of 
human THP-1 cell30 and inhibits LPS induced 
PGE2 COX2 in murine peritoneal macrophage6. 
Sanguinarine suppresses LPS induced TLR4/
NF-kB pathway in H9c2 cardiomyocytes and 
attenuated cytokines product after stimulation 
of cell with LPS, IL-1b, IL-6, TNF-a34. In addition, 
Sanguinarine also inhibits the MAPK pathway 
and alters inflammatory cytokine production in 
murine peritoneal macrophage31. Sanguinarine 
and chelidonine exhibit anti-inflammatory effects 
by suppressing pro-inflammatory cytokines and 
chemokine production. Particularly in study of 
effect on cell stimulating by LPS can inhibit TLR4/
NF-kB pathway. Suggesting that these compounds 
involve to TLR stimulation or TLR gene expression. 
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 Macrophage  can  be  st imulated 
into two different functional polarizations 
including the classical M1 macrophage and 
the M2 macrophage15,35. The M1 macrophage 
polarization is induced by microbial stimuli and 
cytokines such as IFN-γ, TNF-a, and GM-CSF. 
The effector mediators of M1 macrophage are 
pro-inflammatory cytokines, IL-1β, IL-6, IL-12, 
IL-23, and TNF-a20. The M1 macrophage exhibits 
anti-intracellular bacteria, anti-infection, and 
anti-tumor by increasing cytotoxic activity against 
tumor cells15. In contrast, the activators of M2 
macrophage polarization are IL-4, IL-10, IL-13, 
and TGF-β. The M2 macrophage represents less 
capacity of antigen presenting cells and attenuates 
T helper 1 response15,36. In addition, the M2 
macrophage is involved in angiogenesis and tissue 
healing35. According to our study, the expression 
of cytokines based on M1-liked and M2-liked 
MDM properties was determined. The study 
revealed a synergistic effect of sanguinarine and 
chelidonine on up-regulation of IL-6 (Fig. 3B) and 
down-regulation of IL-10 and TGF-β1 (Fig. 3C and 
3D), suggesting that sanguinarine and chelidonine 
might involve in the M1-liked polarization of 
MDM. Moreover, high iNOS expression mediates 
nitration of tyrosine residues in IRF5 protein, leads 
to suppression of macrophage polarized into M137.
 Sanguinarine and chelidonine do not 
only effect on cytokine production, but these 
compounds also exhibit activities on enTLRs 
expression. The enTLRs, including TLR3, TLR7, 
TLR8, and TLR9, are expressed by several cells 
such as human macrophage8, neutrophil11, and 
plasmacytoid dendritic cell12. TLR agonist enabling 
enhanced phagocytosis by macrophage and 
dendritic cell38,39 and also induce cell maturation 
by altering phagocytosis activity into antigen 
presentation40. TLR9 agonist is cytidine-phosphate-
guanidine (CpG)-containing DNA; some small 
molecules have the ability to inhibit TLR7 and 
TLR9 signaling13. The stimulation of TLR7 and 
TLR9 ligands increase phagocytosis and apoptotic 
target cell by macrophage. The ligation of TLR7 
and TLR9 suppresses the expression of CD86 and 
MHC class II, which is associated with decreasing 
of antigen presentation and proliferation of T cell8. 
The exposure of TLR7 and TLR9 ligands prolongs 
macrophage cell viability whereas the exposure 

of TLR3 or TLR4 ligand reduces macrophage cell 
viability. The exposure of TLR7 and TLR9 ligand 
induces macrophage to phagocytic long-live cell 
and decrease the ability of antigen presentation 
and drive macrophage into M2 polarization8. 
Stimulation of TLR7 and TLR9 ligands enhances 
the expression of type I interferon (IFN-a) in 
plasmacytoid DC and enhances anti-viral state12. 
In this study, sanguinarine, chelidonine and their 
mixed enhance the expression of all four enTLRs 
(Fig. 4A, 4B, 4C, and 4D). In addition, sanguinarine, 
chelidonine and their mixed treatments also induce 
IFN-β1 mRNA expression (Fig. 3E), suggesting that 
sanguinarine and chelidonine facilitate an antiviral 
activity by inducing enTLRs expression and its 
downstream mediator in MDM. 
 Taken together, the stimulation of MDM 
by sanguinarine and chelidonine reveals two 
main mechanisms. Firstly, these compounds 
synergistically enhanced IL-6 expression and 
down-regulated IL-10 and TGF-b1, which involve 
an induction of MDM polarization into M1-liked 
property. Lastly, sanguinarine and chelidonine 
stimulate the expression of enTLRs including 
TLR3, TLR7/8, and TLR9, which leads to an up-
regulation of IFN-b1, an important antiviral 
mediator. These suggesting that this study might 
show a specific novel mechanism in human MDM 
on M1 polarization, enTLRs and its downstream 
mediators.
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