
Accepted Manuscript   doi: 10.26599/JFB.2025.95029407 

Propolis Targets Macrophage Activity to Ameliorate Inflammatory 

Bowel Disease 

Xinru Yang1#, Jingwen He1#, Hui Zhao 1, Jie Pan1, Yuting Gao2*, Qi Tang1* 

1Tianjin Key Laboratory of Food and Biotechnology, Tianjin International Joint 
Center of Food Science and Engineering, State Experimental and Training Centre of 
Food and Drug, School of Biotechnology and Food Science, Tianjin University of 
Commerce, No. 409 Guangrong Road, Beichen, Tianjin 300134, China 

2 College of Life Sciences, Shanxi Agricultural University, Jinzhong 030801, Shanxi, 
China 

# the equal contribution to this article. 

*Corresponding authors:  

Yuting Gao, College of Life Sciences, Shanxi Agricultural University, Jinzhong 
030801, Shanxi, China. E-mail: 1120190183@mail.nankai.edu.cn 

Qi Tang, Tianjin Key Laboratory of Food and Biotechnology, Tianjin International 
Joint Center of Food Science and Engineering, State Experimental and Training 
Centre of Food and Drug, School of Biotechnology and Food Science, Tianjin 
University of Commerce, No. 409 Guangrong Road, Beichen, Tianjin 300134, China. 
E-mail: tangqi@tjcu.edu.cn 

 

 

 

 

 



Accepted Manuscript   doi: 10.26599/JFB.2025.95029407 

Abstract  

Propolis is a gelatinous mixture produced by honeybees for maintaining the structural 

integrity and aseptic environment of the hive. The bioactive compounds are crucial 

for the health effects of propolis. Given that propolis is generated by honeybees, its 

exact bioactives and health benefits are varied due to the sources of materials. Here 

we investigated whether propolis collected from Yaunqu County, Shanxi ,China, 

potentially protected against mice intestinal damage-induced by dextran sulfate 

sodium (DSS). Our results indicated that propolis effectively alleviated DSS-induced 

intestinal injury and the mechanisms behind it involving in targeting macrophage 

inflammation including pro-inflammatory cytokines, pro-inflammatory signal 

pathways Nuclear Factor kappa B (NF-κB) and the mitogen-activated protein kinase 

(MAPK), and tissue factors. This research enriches the evidence of propolis as a 

candidate for protection against intestinal injury. 

 

Key words: propolis, inflammation, macrophage, intestinal damage, Nuclear Factor 

kappa B (NF-κB) 

 

 

 

 

 

 

 

 



Accepted Manuscript   doi: 10.26599/JFB.2025.95029407 

1 Introduction 

Propolis is a gelatinous mixture produced by honeybees rich in plant resins, 

salivary enzymes (such as β-glucosidase), and beeswax, which is crucial for 

maintaining the structural integrity and aseptic environment of the hive (de Groot, 

2013; Pasupuleti et al., 2017). Its chemical composition is complex, comprising 45% 

plant resins, 30% beeswax and fatty acids, 10% essential oils, 5% pollen, and 5% 

organic compounds. More specifically, propolis contains active components such as 

flavonoids, phenolic acids, and terpenoids, and is characterized by significant 

geographic and botanical diversity (Patel, 2016; Saavedra et al., 2016). For instance, 

temperate region propolis, primarily derived from poplar species (rich in chrysin, 

quercetin, and galangin), contrasts with Brazilian green propolis from the Baccharis 

genus, which contains prenylated phenylpropanoids (e.g., Artepillin C), while Russian 

sources are rich in birch propolis (Isidorov et al., 2016; J. M. Sforcin, 2007; Zabaiou 

et al., 2017). Recent studies have demonstrated the broad biological activities of 

propolis, including antioxidant, antibacterial, anti-inflammatory, anticancer, 

hepatoprotective, and neuromodulatory properties (Altuntaş et al., 2023; Asgharpour 

et al., 2019; Forma et al., 2021; Guzmán-Gutiérrez et al., 2018; Kuo et al., 2019; 

Marunaka et al., 2019; Oryan et al., 2018; Rajendran et al., 2014; Tao et al., 2018; 

Vică et al., 2022; Wang et al., 2014; Ye et al., 2019). 

Among its diverse biological functions, the anti-inflammatory potential of 

propolis has attracted significant attention. While inflammation is a critical 

mechanism of host defense, its dysregulation can lead to chronic diseases such as 

inflammatory bowel disease (IBD) and arthritis (Karin et al., 2016; Shimizu et al., 

2019). Propolis inhibits the inflammatory cascade through multiple pathways: 

flavonoid compounds (like chrysin and kaempferol) inhibit reactive oxygen species 

(ROS) production and block pro-inflammatory enzymes (COX-2, iNOS) activity 

(Guzmán-Gutiérrez et al., 2018; Marunaka et al., 2019)；phenolic esters (like caffeic 

acid phenethyl ester, CAPE) attenuate NF-κB and MAPK signaling pathways, 

reducing the production of inflammatory cytokines (TNF-α, IL-6) in macrophages 
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(Bueno-Silva et al., 2017; Zullkiflee et al., 2022)；Brazilian red propolis (from 

Dalbergia species), rich in neovestitol, regulates TLR-mediated inflammatory 

pathways, showing significant therapeutic effects in both acute and chronic 

inflammation models (Bueno-Silva et al., 2017; Franchin et al., 2016). Notably, 

propolis also maintains intestinal epithelial barrier integrity by upregulating tight 

junction proteins (such as Claudin-1, Occludin) and inhibiting apoptosis, thereby 

alleviating intestinal inflammation (Khayyal et al., 2019; Khayyal et al., 2015; 

ShimizuSuzuki, 2019). 

Macrophages, central regulators of innate immunity, exhibit dual functional 

states (polarized into pro-inflammatory M1 and anti-inflammatory M2 phenotypes) in 

inflammatory responses. M1 macrophages contribute to pathogen clearance and 

inflammatory responses by secreting pro-inflammatory cytokines such as TNF-α and 

IL-1β. In contrast, M2 macrophages promote tissue repair and resolution of 

inflammation through the secretion of anti-inflammatory cytokines like IL-10 and 

TGF-β1 (Foss et al., 2018; Li et al., 2018). In IBD, functional dysregulation of 

macrophages is considered a key factor in the onset and progression of the disease. 

Abnormally activated macrophages can cause persistent intestinal inflammation, 

disrupt intestinal barrier function, and affect motility (Hegarty et al., 2023). Therefore, 

regulating the functional states of macrophages has emerged as a potential therapeutic 

strategy for inflammation-related diseases. 

Despite extensive research on propolis, its mechanisms in macrophage-mediated 

inflammation remain to be elucidated. Given propolis's rich flavonoid content and its 

regulatory effects on the NF-κB and MAPK pathways, we hypothesize that propolis 

can attenuate inflammatory responses by inhibiting macrophage activation. Utilizing 

an in vitro THP-1 macrophage model and an in vivo DSS-induced IBD model, this 

study aims to explore the mechanisms underlying propolis's effects on inflammatory 

bowel disease, thereby potentially providing new evidence for propolis as a 

multi-targeted anti-inflammatory therapeutic. 

2 Materials and Methods 



Accepted Manuscript   doi: 10.26599/JFB.2025.95029407 

2.1 Determination and Analysis of Propolis Components Propolis 

Propolis (donated by BoKang TianMi Technology Development Co., Ltd., 

Shanxi Yuanqu) was ground using a powder mill and sieved through a 40-mesh screen. 

Propolis powder was mixed with 70% ethanol at a solid-to-liquid ratio of 1:30 (w/v) 

and subjected to sonication for 30 minutes at 25°C. The mixture was centrifuged at 

5000 rpm for 10 minutes at 5°C, and the residue was re-extracted under identical 

conditions. The residue was filtered under vacuum after each extraction, and the 

combined filtrates were collected. Ethanol was removed by rotary evaporation, and 

the remaining material was recovered and lyophilized. The flavonoid composition of 

propolis was analyzed by UPLC-PDA. Chromatographic conditions: Waters 

CORTECS C18 (2.1×100 mm, 1.6 µm) with methanol (A) and 0.4% formic acid in 

water (B) as the mobile phases. Gradient elution: 0 min (18% A), 5 min (18% A), 15 

min (35% A), 95 min (48% A), 180 min (73% A). Column temperature was 30°C; 

Flow rate was 0.2 mL/min; injection volume was 2 µL; Detection wavelength was 

270 nm. Ion source: electrospray ionization (ESI); Ion spray voltage: +3500 V/-3500 

V; Nebulizer pressure: 15 psi; Airflow rate 11 L/min; Evaporator temperature 300°C. 

A full-scan mode was used with a mass range set from m/z 100 to 1500. 

2.2 Cultivation of Monocytic Macrophages (THP-1) and Establishment of 

Inflammatory Model 

Cell culture: THP-1 cells (human monocytes) were purchased from Wuhan 

Shang En Biological Ltd. Cells were cultured in RPMI 1640 medium (HyClone, USA) 

supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin mixture. 

After revival, cells were maintained at 37°C in a 5% CO₂ incubator and subcultured 

every 2-3 days, with densities kept between 0.5-1×10⁶ cells/mL. 

Construction of the inflammatory model: Propolis extract powder was dissolved 

in DMSO to prepare stock solutions. Cells were seeded at a density of 5×10⁵ cells per 

well in 6-well plates. Once the cells reached 80-90% confluence, propolis solutions 

were added to final concentrations of 0.05 µg/mL and 0.1 µg/mL (with DMSO at 
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0.1%). Following a 2-hour pretreatment with propolis, TNF-α and IFN-γ were added 

to final concentrations of 100 ng/mL. After 8 hours, cells were harvested and 

processed for RNA and protein extraction for subsequent experiments. 

2.3 IBD Mouse Experiment Design  

Forty-eight C57BL/6 mice (21-23 g), aged 8-10 weeks, were purchased from 

Beijing HFK Bioscience Co. Ltd. The mice were housed at the Animal 

Experimentation Center of the Chinese Academy of Medical Sciences, Institute of 

Radiation Medicine, maintained at 22±2°C under a 12-h light/dark cycle. Mice were 

acclimatized for one week before the experiments began, and only those without any 

abnormalities were used. All animal experiments were approved by the Ethics 

Committee of Tianjin University of Commerce. 

The mice were randomly divided into three groups: a blank control group, a 

DSS-induced colitis group, and a 0.01% propolis intervention group, with 16 mice in 

each group. The blank control group received a normal diet and regular drinking water. 

The DSS-induced colitis group received 3% DSS (molecular weight: 36,000-50,000 

Da) in drinking water and a normal diet. The propolis intervention group received 3% 

DSS in drinking water and a diet containing 0.01% propolis extract. All mice were fed 

for 7 days. At the end of the feeding period, mice were euthanized by orbital 

exsanguination, and fresh blood and colon tissues were collected for subsequent 

analyses. 

2.4 RNA Extraction and Real-time qPCR Analysis  

Total RNA was extracted from cells and colon tissues using TRIzol reagent 

(Invitrogen, USA) according to the manufacturer’s protocol. RNA purity and 

concentration were measured using a spectrophotometer. cDNA was synthesized 

using PrimeScript™ RT Master Mix (Takara, Japan) with 1 μg of total RNA, 

Oligo(dT)18, and random hexamer primers according to the manufacturer’s 

instructions. The reaction was incubated at 37℃ for 15 min, followed by 85℃ for 5 s 

to terminate reverse transcription. 

Quantitative real-time PCR (qPCR) was performed on a Roche LightCycler® 96 

system (Roche, Switzerland) using SYBR® Green Premix Ex Taq™ II (Takara, 
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Japan). The amplification protocol was as follows: 95℃ for 30 s (initial denaturation), 

followed by 40 cycles of 95°C for 5 s (denaturation) and 60°C for 30 s 

(annealing/extension). All reactions were performed in triplicate technical replicates, 

with GAPDH as the internal reference gene. Relative gene expression levels were 

calculated using the 2⁻ΔΔCt method. Statistical significance was evaluated using 

Student’s t-test, with P < 0.05 considered statistically significant. Primer sequences 

are listed in Table 1. 

 

Table 1 Primers for RT-PCR 

Source Gene name   

Mouse GAPDH 
Forward 

Reverse 

AGAGTGGGAGTTGCTGTTG 

GCCTTCCGTGTTCCTACC 

Mouse IL-1β 
Forward 

Reverse 

GAAATGCCACCTTTTGACAG 

TGGATGCTCTCATCAGGACAG 

Mouse TNF-α 
Forward 

Reverse 

ACTGAACTTCGGGGTGATCG 

CCACTTGGTGGTTTG 

Human Tissue factor 
Forward 

Reverse 

AGTTCAGGAAAGAAAACAGCCA 

CTGGCCCATACACTCTACCG 

Human GAPDH 
Forward 

Reverse 

TCCACCACCCTGTTGCTGTA 

ACCACAGTCCATGCCATCAC 

Human IL-1β 
Forward 

Reverse 

CAGAAGTACCTGAGCTCGCC 

AGATTCGTAGCTGGATGCCG 

 

2.5 Total Protein Extraction and Western Blot Analysis 

Tissue or cell samples were lysed in pre-cooled RIPA lysis buffer (supplemented 

with 1 mM PMSF, 1× protease inhibitor cocktail, and 1× phosphatase inhibitor 

cocktail). Tissue samples were homogenized in liquid nitrogen prior to lysis, while 

cell samples were disrupted by sonication (30% amplitude, 10 s on/10 s off, 3 cycles). 

The lysate was incubated on ice for 30 minutes, then centrifuged at 12,000 g for 15 
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minutes at 4°C. The supernatant was collected, and protein concentration was 

determined using the BCA assay. 

For SDS-PAGE, 20 μg of protein lysate supernatant was loaded and separated by 

electrophoresis through a stacking gel (80 V, 30 min) and a resolving gel (100 V, 90 

min). Proteins were transferred to a PVDF membrane using a constant current of 200 

mA for 2 hours. The membrane was blocked with 5% non-fat milk in TBST for 1 hour 

at room temperature, followed by incubation with primary antibody at 4°C overnight. 

After three washes with TBST, the membrane was incubated with HRP-conjugated 

secondary antibody for 1 hour at room temperature. Protein bands were visualized 

using ECL chemiluminescence and quantified with ImageJ software. 

2.6 MTT Assay 

Cells were seeded in a 96-well plate at a density of 5×10⁴ cells/well and 

pre-cultured in DMEM medium supplemented with 10% fetal bovine serum (FBS, 

Gibco) at 37°C in a 5% CO₂ incubator for 24 hours. The experimental groups were 

treated with propolis solutions at final concentrations of 0, 0.1, 0.2, 0.5, and 1 µg/mL, 

while the control group received an equivalent volume of culture medium. Each group 

was set up in six replicate wells. 

After 24 hours of treatment, 20 μL of MTT solution (5 mg/mL, Sigma-Aldrich) 

was added to each well, followed by an additional 4-hour incubation. The culture 

medium was then removed, and 150 μL of DMSO was added to dissolve formazan 

crystals by shaking at 37°C for 10 minutes. Absorbance was measured at 570 nm 

using a microplate reader, with a reference wavelength of 630 nm. The cell viability 

calculation was performed according to the formula: 

Cell Viability (%) = (Number of Viable Cells / Total Number of Cells) x 100 

2.7 Hematoxylin and Eosin (H&E) Staining and Immunohistochemical Analysis 

Tissue Processing: fresh tissue samples were fixed in 4% paraformaldehyde 

solution, followed by graded ethanol dehydration (70%-100%), xylene clearing, and 

paraffin embedding. Serial sections (4 µm) were cut and processed for H&E staining. 

Deparaffinized and rehydrated sections were stained with hematoxylin, counterstained 

with eosin, dehydrated, cleared in xylene, and mounted for histological evaluation 
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under an optical microscope. 

Immunohistochemistry analysis: sections were deparaffinized in xylene, 

rehydrated through graded ethanol, and subjected to antigen retrieval by autoclaving 

in 10 mM sodium citrate buffer (pH 6.0) at 121°C for 15 minutes. After cooling, 

sections were washed three times with PBS (pH 7.4). Endogenous peroxidase activity 

was quenched with 3% H₂O₂ for 10 minutes at room temperature, followed by 

blocking non-specific binding with 5% BSA in PBS for 30 minutes. Sections were 

incubated with primary antibody overnight at 4°C, washed with PBS, and incubated 

with HRP-conjugated secondary antibody for 1 h at room temperature. 

Antigen-antibody complexes were visualized using DAB chromogen for 1-3 minutes. 

Sections were counterstained with hematoxylin, dehydrated, cleared in xylene, and 

mounted. Images were analyzed under an optical microscope, with positive signals 

defined as brownish-yellow cytoplasmic and/or nuclear granules. 

2.8 Data Analysis 

Statistical analysis was performed using SPSS 18.0 software. Data are presented 

as Means ± SEM. One-way ANOVA was used for comparisons, with Duncan’s 

multiple range test for homogeneous variances and Dunnett’s T3 test for 

heterogeneous variances. A P-value of <0.05 was considered statistically significant, 

<0.01 as significant, and <0.001 as highly significant. GraphPad Prism 5.0 was used 

for graphical analysis. 

3 Results Analysis 

3.1 Determination and Analysis of Propolis Components 

Propolis exhibits significant biological activities, including antimicrobial, 

anti-inflammatory, antioxidant, and antitumor effects, which are closely associated 

with its chemical composition. In this study, UPLC-PDA was used to analyze the 

main components of propolis. The results showed that propolis contains seven 

compounds in relatively high concentrations, listed in descending order: chrysin 

(26.64 mg/g), rutin (10.70 mg/g), caffeic acid phenethyl ester (CAPE) (10.67 mg/g), 

quercetin (5.79 mg/g), apigenin (1.04 mg/g), kaempferol (0.86 mg/g), and luteolin 
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(0.36 mg/g) (Figure 1 and Table 2). Except for CAPE, the remaining six compounds 

belong to the flavonoid class. These findings indicate that flavonoids are the major 

components of propolis, accounting for the highest proportion, followed by other 

phenolic compounds. 

Figure 1. Chromatogram of Ethanol Extract of Propolis 1. Rutin；2. Quercetin；3. Luteolin；4. 

Sinapyl alcohol；5. Apigenin；6. Populin；7. Caffeic acid phenethyl ester (CAPE). 

 

Table 2 Compound Concentrations in Propolis 

Number Compound name 

RT 

（min） 
Linear regression equation 

Content 

（mg/g） 

1 Rutin 18.37 y = 1e7x - 9176.7 10.70 

2 Quercetin 26.81 y = 3e7x + 38266 5.79 

3 Luteolin 29.35 y = 4e7x + 107121 0.36 

4 Kaempferol 39.56 y = 3e7x + 53724 0.86 

5 Apigenin 42.33 y = 4e7x + 199539 1.04 

6 Chrysin 72.94 y = 7e7x + 890586 26.64 

7 
Caffeic acid phenethyl 

ester 
83.8 y = 1e7x - 7589.7 10.67 

 

3.2 Propolis Reduces Inflammatory Response in THP-1 Cells 

The component analysis indicated that propolis is rich in flavonoids, suggesting 

its potential for significant anti-inflammatory activity. To validate this hypothesis, in 
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vitro cell experiments were conducted. Initially, the cytotoxicity of propolis against 

THP-1 cells was evaluated using the MTT assay. Results showed no cytotoxicity 

within the concentration range of 0.1-1 μg/mL, with cell viability maintained above 

95% (Figure 2A). 

Subsequently, an inflammatory cell model was established by stimulating THP-1 

cells with TNF-α and IFN-γ. RT-PCR was used to measure the expression of 

inflammatory genes TF and IL-1β. As shown in Figures 2B–C, TNF-α/IFN-γ 

treatment significantly upregulated TF and IL-1β expression by 2-3 fold compared to 

the control. However, propolis treatment attenuated the expression of these 

inflammatory markers to levels comparable with the control. Notably, lower 

concentrations of propolis (0.05 μg/mL) demonstrated a more marked 

anti-inflammatory effect than higher concentrations (0.1 μg/mL), though statistical 

significance was not reached. Collectively, these results confirm that propolis exerts 

significant anti-inflammatory effects, particularly at lower concentrations. 

Figure 2. Propolis Exhibits Significant Anti-inflammatory Effects in the THP-1 Inflammatory Cell 

Model. (A). Cell viability post-treatment with various concentrations of propolis (n=6); (B-C). Gene 

expression levels of TF and IL-1β in THP-1 cells (n=3). 

 

3.3 Propolis Modulates Phosphorylation of MAPK and NF-κB Pathways to 

Reduce Inflammatory Response in THP-1 Cells 

To further investigate the anti-inflammatory mechanism of propolis, Western blot 

analysis was performed to assess the phosphorylation status of key kinases in 

inflammatory signaling pathways. As shown in Figure 3, stimulation with TNF-α and 

IFN-γ significantly increased phosphorylation of p65, p38, and ERK, particularly p38. 

However, propolis treatment markedly reduced phosphorylation of these kinases, 
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indicating that propolis attenuates phosphorylation and activation of the p65/NF-κB, 

p38/MAPK, and ERK/MAPK pathways, thereby suppressing excessive macrophage 

activation. 

Figure 3. Western Blot Analysis of p65 NF-κB, p38/MAPK, and ERK/MAPK Pathways in THP-1 

Cells. 

 

3.4 Propolis Ameliorates Intestinal Damage in IBD Mice 

The in vitro results demonstrated that propolis has significant anti-inflammatory 

effects. To evaluate its therapeutic potential in vivo, we used a DSS-induced IBD 

mouse model and administered a diet supplemented with propolis extract to assess its 

ameliorative effects on intestinal inflammation. 

During DSS treatment, mice in the DSS group began to exhibit significant weight 

loss from day 3 onwards. Notably, propolis-treated mice showed more pronounced 

weight loss than DSS group mice on day 3 but recovered gradually from day 4, 

leading to a widening gap in body weight (Figure 4A). Weight loss percentage, 

diarrhea severity, and rectal bleeding were monitored, and Disease Activity Index 

(DAI) scores were calculated based on these parameters. Compared to the control 

group, DSS treatment significantly increased DAI scores, whereas the increase in the 

propolis group was significantly attenuated, although inter-individual variability was 

observed (Figure 4B). Additionally, colon length was significantly increased in the 

propolis group compared to the DSS group, further confirming the beneficial effects 

of propolis on the health of IBD mice (Figure 4C). 

H&E staining analysis further validated these findings. Compared to the control 



Accepted Manuscript   doi: 10.26599/JFB.2025.95029407 

group, intestinal architecture in DSS-treated mice was severely disrupted, 

characterized by shortened villi, crypt loss, extensive inflammatory cell infiltration, 

and villous atrophy/detachment. In contrast, intestinal architecture in the 

propolis-treated group remained largely preserved with intact villous and crypt 

structures, well-defined goblet cell architecture, and reduced inflammatory infiltration 

(Figure 4D). Collectively, these results demonstrate that propolis effectively 

ameliorates DSS-induced intestinal inflammation and exerts protective effects in the 

IBD model. 

Figure 4. Effects of Propolis Treatment on the Colon of IBD Mice. (A). Weight changes in different 

treatment groups; (B). DAI scores in different treatment groups; (C). Display of colon length in 

different treatment groups; (D). H&E staining of the distal colon in different treatment groups. 

 
3.5 Propolis Inhibits Macrophage Activation in IBD Mice 

Previous studies have shown that colonic inflammation in IBD mice is often 

accompanied by macrophage activation, which exacerbates intestinal damage. To 

investigate the in vivo anti-inflammatory mechanism of propolis, 

immunohistochemistry was performed to evaluate macrophage activation status in the 

distal colon. In DSS-treated mice, marked macrophage infiltration was observed, 

whereas F4/80-positive immunoreactive areas in the propolis-treated group were 

significantly reduced, approaching normal levels (Figure 5A). These results indicate 

that propolis effectively inhibits macrophage infiltration in the colon of IBD mice. 

Excessive macrophage infiltration triggers the release of downstream 
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inflammatory mediators, further amplifying the inflammatory response. Our findings 

corroborate this phenomenon: DSS stimulation significantly upregulated expression 

of multiple pro-inflammatory cytokines (TNF-α, IL-1β, and TF) in colonic tissues, 

whereas propolis treatment attenuated their overexpression (Figures 5B-5E). 

Collectively, these results demonstrate that propolis protects against DSS-induced 

intestinal inflammation by inhibiting macrophage infiltration and suppressing 

pro-inflammatory cytokine production. 

Figure 5. Effects of Propolis Treatment on Colonic Inflammation in IBD Mice. (A). 

Immunohistochemical analysis of macrophage infiltration in colon tissue (F4/80). (B-D). 

Real-Time PCR analysis of TNF-α, IL-1β, and TF RNA expression levels in colon tissue. (E). 

Western Blot analysis of TF protein expression levels in colon tissue. 

 
4 Discussion 

This study, using UPLC-PDA analysis, demonstrated that propolis is rich in 

flavonoids and phenolic esters, which effectively alleviate macrophage-mediated 

inflammation in both in vitro and in vivo IBD models. Our findings reveal that 

propolis attenuates macrophage activation via inhibition of NF-κB and MAPK 

signaling, thereby reducing pro-inflammatory cytokine expression (TNF-α, IL-1β, and 

TF). These results provide evidence for propolis as a multifaceted therapeutic for 

inflammatory bowel disease. 

The anti-inflammatory properties of propolis are closely linked to its flavonoid 

components, particularly chrysin (26.64 mg/g) and caffeic acid phenethyl ester 

(CAPE, 10.67 mg/g). Chrysin, a dominant flavonoid in temperate propolis, inhibits 

NF-κB activation by blocking IκBα degradation, thereby reducing downstream 

cytokine production (Franchin et al., 2018). Similarly, CAPE, a major phenolic ester 
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in Brazilian propolis, directly suppresses MAPK phosphorylation (p38, ERK) and 

NF-κB nuclear translocation in macrophages (Fitzpatrick et al., 2001; Zissel et al., 

2015). Our data further confirm that propolis treatment downregulates phosphorylated 

p65, p38, and ERK in TNF-α/IFN-γ-stimulated THP-1 cells. Notably, lower propolis 

concentrations exerted stronger anti-inflammatory effects than higher 

concentrations—a paradox explained by the biphasic response common in 

phytochemicals, where supraphysiological doses may trigger cellular stress responses 

that counteract therapeutic benefits (Vauzour et al., 2010; Zhang et al., 2017). 

This study demonstrated that propolis inhibits tissue factor (TF, also known as 

coagulation factor III) expression in macrophages, a critical mediator linking 

inflammation and coagulation in IBD. Overexpression of TF in IBD patients 

exacerbates mucosal injury via thrombin-dependent activation of protease-activated 

receptors (PARs), thereby amplifying pro-inflammatory cytokine release (Anthoni et 

al., 2007; Leon et al., 2025; Palkovits et al., 2013). Our results showed that propolis 

reduced both TF mRNA and protein levels in inflamed colon tissues, suggesting 

disruption of the thrombotic-inflammatory cascade. These findings align with 

previous research by Fuliang Hu et al., who reported that propolis inhibits platelet 

activation and reduces platelet adhesion to fibrinogen- and collagen-coated surfaces, 

exerting anti-thrombotic effects (HU et al., 2005). Notably, flavonoids in propolis play 

a pivotal role in regulating blood lipid profiles, promoting vascular elasticity, reducing 

vascular fragility, enhancing microcirculation, and preventing atherosclerosis, earning 

them the reputation as "vascular endothelium protectors" (Mani et al., 2006; José 

Maurício Sforcin et al., 2011). 

Despite the emphasized potential of propolis as a therapeutic agent for IBD, 

several limitations should be noted. First, although the THP-1 macrophage model is 

widely used, it does not fully recapitulate the heterogeneity of intestinal macrophages; 

primary macrophage cultures or epithelial cell co-culture systems would provide more 

profound mechanistic insights. Second, the DSS model primarily recapitulates acute 

colitis, and propolis should be evaluated in chronic or adoptive transfer models to 

assess its translational relevance. Lastly, the specific contributions of individual 
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propolis components, such as chrysin and CAPE, to its anti-inflammatory effects 

require further clarification using gene knockout or inhibitor approaches. 

In conclusion, this study confirms that propolis acts as an effective modulator of 

macrophage-driven inflammation in IBD by inhibiting NF-κB and MAPK signaling 

pathways and TF expression. Our findings underscore the therapeutic potential of 

propolis in inflammatory diseases and provide a preclinical rationale for clinical trials 

evaluating its efficacy in IBD treatment. 

References 

Altuntaş, Ü., Güzel, İ.Özçelik, B. (2023). Phenolic Constituents, Antioxidant and Antimicrobial 

Activity and Clustering Analysis of Propolis Samples Based on PCA from Different Regions 

of Anatolia. Molecules. 28(3). 

Anthoni, C., Russell, J., Wood, K. C., Stokes, K. Y., Vowinkel, T., Kirchhofer, D.Granger, D. N. (2007). 

Tissue factor: a mediator of inflammatory cell recruitment, tissue injury, and thrombus 

formation in experimental colitis. J Exp Med. 204(7), 1595-1601. 

Asgharpour, F., Moghadamnia, A. A., Zabihi, E., Kazemi, S., Ebrahimzadeh Namvar, A., Gholinia, H., 

Motallebnejad, M.Nouri, H. R. (2019). Iranian propolis efficiently inhibits growth of oral 

streptococci and cancer cell lines. BMC Complement Altern Med. 19(1). 

Bueno-Silva, B., Rosalen, P. L., Alencar, S. M.Mayer, M. P. A. (2017). Anti-inflammatory mechanisms 

of neovestitol from Brazilian red propolis in LPS-activated macrophages. J. Funct. Foods. 36, 

440-447. 

de Groot, A. C. (2013). Propolis: a review of properties, applications, chemical composition, contact 

allergy, and other adverse effects. Dermatitis. 24(6), 263-282. 

Fitzpatrick, L. R., Wang, J.Le, T. (2001). Caffeic Acid Phenethyl Ester, an Inhibitor of Nuclear Factor-

κB, Attenuates Bacterial Peptidoglycan Polysaccharide-Induced Colitis in Rats. J Pharmacol 

Exp Ther. 299(3), 915-920. 

Forma, E.Bryś, M. (2021). Anticancer Activity of Propolis and Its Compounds. Nutrients. 13(8). 

Foss, C. A., Sanchez-Bautista, J.Jain, S. K. (2018). Imaging Macrophage-associated Inflammation. 

Semin. Nucl. Med. 48(3), 242-245. 

Franchin, M., Colón, D. F., da Cunha, M. G., Castanheira, F. V. S., Saraiva, A. L. L., Bueno-Silva, B., 

Alencar, S. M., Cunha, T. M.Rosalen, P. L. (2016). Neovestitol, an isoflavonoid isolated from 

Brazilian red propolis, reduces acute and chronic inflammation: involvement of nitric oxide 

and IL-6. Sci. Rep. 6(1). 

Franchin, M., Freires, I. A., Lazarini, J. G., Nani, B. D., da Cunha, M. G., Colón, D. F., de Alencar, S. 

M.Rosalen, P. L. (2018). The use of Brazilian propolis for discovery and development of 

novel anti-inflammatory drugs. Eur J Med Chem. 153, 49-55. 

Guzm á n-Guti é rrez, S., Nieto-Camacho, A., Castillo-Arellano, J., Huerta-Salazar, E., Hern á

ndez-Pasteur, G., Silva-Miranda, M., Argüello-Nájera, O., Sepúlveda-Robles, O., Espitia, 

C.Reyes-Chilpa, R. (2018). Mexican Propolis: A Source of Antioxidants and 

Anti-Inflammatory Compounds, and Isolation of a Novel Chalcone and ε-Caprolactone 



Accepted Manuscript   doi: 10.26599/JFB.2025.95029407 

Derivative. Molecules. 23(2). 

Hegarty, L. M., Jones, G.-R.Bain, C. C. (2023). Macrophages in intestinal homeostasis and 

inflammatory bowel disease. Nat. Rev. Gastroenterol. Hepatol. 20(8), 538-553. 

HU, F., HR, H., H, X., M, C., S, D.SE, R. (2005). Effects of propolis on blood glucose, blood lipid and 

free radicals in rats with diabetes mellitus. Pharmacol Res. 51(2), 147-152. 

Isidorov, V. A., Bakier, S., Pirożnikow, E., Zambrzycka, M.Swiecicka, I. (2016). Selective Behaviour of 

Honeybees in Acquiring European Propolis Plant Precursors. J. Chem. Ecol. 42(6), 475-485. 

Karin, M.Clevers, H. (2016). Reparative inflammation takes charge of tissue regeneration. Nat. 

529(7586), 307-315. 

Khayyal, M. T., Abdel-Naby, D. H.El-Ghazaly, M. A. (2019). Propolis extract protects against 

radiation-induced intestinal mucositis through anti-apoptotic mechanisms. Environ. Sci. Pollut. 

26(24), 24672-24682. 

Khayyal, M. T., El-Hazek, R. M.El-Ghazaly, M. A. (2015). Propolis aqueous extract preserves 

functional integrity of murine intestinal mucosa after exposure to ionizing radiation. Environ. 

Toxicol. Pharmacol. 40(3), 901-906. 

Kuo, Y.-Y., Huo, C., Lin, C.-Y., Lin, H.-P., Liu, J.-S., Wang, W.-C., Chang, C.-R.Chuu, C.-P. (2019). 

Caffeic acid phenethyl ester suppresses androgen receptor signaling and stability via inhibition 

of phosphorylation on Ser81 and Ser213. Cell Commun Signal. 17(1). 

Leon, G., Klavina, P. A., Rehill, A. M., Cooper, S. E. J., Dominik, A., Basavarajappa, S. C., O’Donnell, 

J. S., Hussey, S., Walsh, P. T.Preston, R. J. S. (2025). Tissue factor-dependent colitogenic 

CD4+ T cell thrombogenicity is regulated by activated protein C signalling. Nat. Commun. 

16(1). 

Li, C., Xu, M. M., Wang, K., Adler, A. J., Vella, A. T.Zhou, B. (2018). Macrophage polarization and 

meta-inflammation. Transl Res. 191, 29-44. 

Mani, F., Damasceno, H. C. R., Novelli, E. L. B., Martins, E. A. M.Sforcin, J. M. (2006). Propolis: 

Effect of different concentrations, extracts and intake period on seric biochemical variables. J 

Ethnopharmacol. 105(1-2), 95-98. 

Marunaka, K., Kobayashi, M., Shu, S., Matsunaga, T.Ikari, A. (2019). Brazilian Green Propolis 

Rescues Oxidative Stress-Induced Mislocalization of Claudin-1 in Human 

Keratinocyte-Derived HaCaT Cells. Int J Mol Sci. 20(16). 

Oryan, A., Alemzadeh, E.Moshiri, A. (2018). Potential role of propolis in wound healing: Biological 

properties and therapeutic activities. Biomed Pharmacother. 98, 469-483. 

Palkovits, J., Novacek, G., Kollars, M., Hron, G., Osterode, W., Quehenberger, P., Kyrle, P. A., 

Vogelsang, H., Reinisch, W., Papay, P.Weltermann, A. (2013). Tissue factor exposing 

microparticles in inflammatory bowel disease. J Crohns Colitis. 7(3), 222-229. 

Pasupuleti, V. R., Sammugam, L., Ramesh, N., Gan, S. H.Giacometti, J. (2017). Honey, Propolis, and 

Royal Jelly: A Comprehensive Review of Their Biological Actions and Health Benefits. Oxid 

Med Cell Longev. 2017(1). 

Patel, S. (2016). Emerging Adjuvant Therapy for Cancer: Propolis and its Constituents. J Diet Suppl. 

13(3), 245-268. 

Rajendran, P., Rengarajan, T., Nandakumar, N., Palaniswami, R., Nishigaki, Y.Nishigaki, I. (2014). 

Kaempferol, a potential cytostatic and cure for inflammatory disorders.  Eur J Med Chem. 

86, 103-112. 

Saavedra, N., Cuevas, A., Cavalcante, M. F., Dörr, F. A., Saavedra, K., Zambrano, T., Abdalla, D. S. 



Accepted Manuscript   doi: 10.26599/JFB.2025.95029407 

P.Salazar, L. A. (2016). Polyphenols from Chilean Propolis and Pinocembrin Reduce MMP-9 

Gene Expression and Activity in Activated Macrophages. Biomed Res. Int. 2016, 1-8. 

Sforcin, J. M. (2007). Propolis and the immune system: a review. J Ethnopharmacol. 113(1), 1-14. 

Sforcin, J. M.Bankova, V. (2011). Propolis: Is there a potential for the development of new drugs? J 

Ethnopharmacol. 133(2), 253-260. 

Shimizu, Y.Suzuki, T. (2019). Brazilian propolis extract reduces intestinal barrier defects and 

inflammation in a colitic mouse model. Nutr Res. 69, 30-41. 

Tao, J., Shen, C., Sun, Y., Chen, W.Yan, G. (2018). Neuroprotective effects of pinocembrin on 

ischemia/reperfusion-induced brain injury by inhibiting autophagy. Biomed Pharmacother. 

106, 1003-1010. 

Vauzour, D., Rodriguez-Mateos, A., Corona, G., Oruna-Concha, M. J.Spencer, J. P. E. (2010). 

Polyphenols and Human Health: Prevention of Disease and Mechanisms of Action. Nutrients. 

2(11), 1106-1131. 

Vică, M. L., Glevitzky, M., Dumitrel, G.-A., Bostan, R., Matei, H. V., Kartalska, Y.Popa, M. (2022). 

Qualitative Characterization and Antifungal Activity of Romanian Honey and Propolis. 

Antibiotics. 11(11). 

Wang, K., Zhang, J., Ping, S., Ma, Q., Chen, X., Xuan, H., Shi, J., Zhang, C.Hu, F. (2014). 

Anti-inflammatory effects of ethanol extracts of Chinese propolis and buds from poplar 

(Populus×canadensis). J Ethnopharmacol. 155(1), 300-311. 

Ye, M., Xu, M., Ji, C., Ji, J., Ji, F., Wei, W., Yang, S.Zhou, B. I. N. (2019). Alterations in the 

Transcriptional Profile of the Liver Tissue and the Therapeutic Effects of Propolis Extracts in 

Alcohol-induced Steatosis in Rats. An Acad Bras Cienc. 91(3). 

Zabaiou, N., Fouache, A., Trousson, A., Baron, S., Zellagui, A., Lahouel, M.Lobaccaro, J.-M. A. (2017). 

Biological properties of propolis extracts: Something new from an ancient product. Chem 

Phys Lipids. 207, 214-222. 

Zhang, Q., Lenardo, M. J.Baltimore, D. (2017). 30 Years of NF-κB: A Blossoming of Relevance to 

Human Pathobiology. Cell. 168(1-2), 37-57. 

Zissel, G., Bueno-Silva, B., Kawamoto, D., Ando-Suguimoto, E. S., Alencar, S. M., Rosalen, P. 

L.Mayer, M. P. A. (2015). Brazilian Red Propolis Attenuates Inflammatory Signaling Cascade 

in LPS-Activated Macrophages. Plos One. 10(12). 

Zullkiflee, N., Taha, H.Usman, A. (2022). Propolis: Its Role and Efficacy in Human Health and 

Diseases. Molecules. 27(18). 

 


