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Introduction  

Colon inflammation is a commonly occurring inflammatory 

disorder that impacts the region of the colon. This inflammation's acute 

or chronic status is established according to the duration of the 

pathogenic agent's presence and the immune system's response to the 

inflammation.1 Chronic inflammation, such as ulcerative colitis (UC), 

may manifest as inflammatory bowel disease (IBD).2 Chronic UC may 

lead to an elevated risk of developing colorectal cancer.3 The incidence 

rates corresponded to cumulative probabilities of 2% by 10 years and 

increase 18% at 30 years.3 However, a subsequent meta-analysis 

conducted over a decade later indicated that the incidence of colorectal 

cancer (CRC) in people with IBD has diminished, with rates of 1%, 2%, 

and 5% after 10, 20, and more than 20 years of disease duration, 

respectively.4 This meta-analysis should be interpreted cautiously due 

to including diverse and heterogeneous studies. In contrast to the 

general population, the rates of CRC among IBD patients are still higher 

even though they are consistently decreasing. Special consideration 

must be given to patients with IBD, particularly those who have risk 

factors, during their follow-up for CRC. 
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In developing animal models of UC, dextran sodium sulfate (DSS) is 

frequently employed as an induction agent.5 The most severe murine 

colitis, resembling human UC, results from administering 40-50kDa 

DSS in drinking water.6 The administration of DSS, a sulfated 

polysaccharide toxic to the colonic epithelium, disrupts the 

permeability of epithelial cells and can induce an immune response, 

thereby disrupting the mucosal barrier throughout the colonic 

epithelium.7 DSS does not directly induce intestinal inflammation; it 

disrupts the intestinal epithelium's barrier, exposing the lamina propria 

(LP) to the external environment and allowing luminal antigens and 

microbes to enter and induce inflammation.6 Numerous variables, 

including the dose (typically 1-5%), the duration (acute or chronic), the 

animal's strain, the animal's sex (male rats are more susceptible), and 

the animal's microbial environment (e.g., germ-free [GF] or specific 

pathogen-free [SPF]), have an impact on the efficacy of DSS-induced 

colitis.8 Because of this, DSS is extensively employed in the study of 

the immunological processes associated with the development of 

intestinal inflammation. 

 In both adaptive and innate immunity, macrophages are indispensable 

sentinels that undergo a series of functional activation states in response 

to specific homeostatic and pathological conditions.9 Activated 

macrophages display antimicrobial, phagocytic, and pro-inflammatory 

properties in reaction to stimuli within their immediate 

microenvironment. Additionally, they may contribute to the resolution 

of inflammation, T cell suppression, and tissue remodeling.10 

Macrophages are categorised into two types: M1 macrophages, which 

are traditionally activated by interferon (IFN)-γ or lipopolysaccharides 

(LPS), and M2 macrophages, which are alternatively triggered by 

interleukin (IL)-4 or IL-10. M2 macrophages can be subdivided into 

M2a, M2b, and M2c subtypes, each characterised by distinct biological 

roles, surface markers, and secretory cytokines.11 Modulating the 

functions of distinct phenotypes may offer a promising therapy for 
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Macrophage polarization towards type 1 (M1) or type 2 (M2) is a critical determinant in re-

establishing inflammation within the colon. Pomegranate is widely recognized as a biological 

source for its substantial quantity and potent anti-inflammatory properties. This investigation 

compares the effects of chitosan nanoparticles infused with pomegranate peel extract (Punica 

granatum L.) on the polarization of macrophages in mice's peritoneal fluid induced with dextran 

sodium sulfate (DSS). In this study, the male Balb/c mice were aged 12-16 weeks and had a body 

weight of 20-30 g. Randomly, six distinct groups of Balb/c mice were established. A total of 42 

days of treatment, or 3 × 14 days, were administered in six treatment groups. After the experiment, 

the quantity of M1 and M2 macrophages in the peritoneal fluid was quantified through flow 

cytometric analysis. After administering 240 mg/kg chitosan-PPE nanoparticles (10.57±0.51%) 

increase in M2 macrophages was observed (p<0.05). Upon administration of 480 mg/kg chitosan-

PPE nanoparticles (P2 groups) and unadulterated PPE at 480 mg/kg doses (P3 groups) and 

comparison to the DSS groups, a substantial increase in M2 macrophages (11.20±2.10%) and P3 

groups (17.85±0.44%) was observed. In contrast, a concurrent decrease in M1 macrophages 

(67.23±2.18%) and P3 groups (60.33±8.42%) was observed (p<0.05). These results support the 

evidence notion that pomegranate peel extract has a significant anti-inflammatory effect and 

influences the polarization of macrophages. 
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diseases in which these macrophages are involved, as they perform 

various functions. 

 The extraordinarily diverse flora and fauna of Indonesia hold immense 

ethnomedical application potential. Pomegranate is widely 

acknowledged as a biological source renowned for its prodigious 

quantities and anti-inflammatory attributes. In prior investigations, we 

discovered that pomegranate extract ethanol could stimulate apoptosis 

by upregulating the expression of Caspase-3,12 inhibiting the expression 

of COX-2 and iNOS,13 and reducing the expression of TNF-α in mice 

induced with DSS.14 The byproduct of ellagitannin hydrolysis in the 

intestine is ellagitannin acid.15 Pomegranate peel contains 13% w/w 

ellagic acid, an anti-inflammatory, anti-bacterial, and anti-allergic 

compound. Research conducted in vivo has shown that ellagic acid can 

reduce inflammation in the colon caused by DSS.16 Ellagic acid inhibits 

the NF-κB inflammatory signaling pathway, impedes intestinal 

inflammation, and suppresses the expression of COX-2 and iNOS.17 

When administered to mice for a period of four weeks at a daily dose of 

6 mg, pomegranate peel extract inhibited the expression of COX-2 in 

both the colon and visceral adipose tissue.17 Pomegranate peel is also 

abundant in punicalagin (PUN), a compound that is derived from 

ellagitannin and extensively documented for the treating inflammatory 

diseases.18,19 

In this study, we reported the comparative effects of chitosan 

nanoparticles-PPE and pomegranate peel extract (PPE) on macrophage 

polarization in the peritoneal fluid of DSS-induced mice.  Our discovery 

offered novel and significant evidence to enhance comprehension of the 

activities of pomegranate peel extract and the underlying mechanism by 

which it induces macrophage polarization in inflammatory diseases. 

 

Materials and Methods 

Sample and Study Design 

The male Balb/c mice in this in vivo investigation were between 12 and 

16 weeks old and weighed between 20-30 g.20 Breeding for the mice 

took place at the Kemuning Karya International in Central Java, 

Indonesia. The experimental setup comprised a standard laboratory 

setting at the Department of Anatomical Pathology Animal House 

facilities, wherein the temperature was maintained at 22 °C and the 

relative humidity was 65%. Water and standard mice pellets were 

supplied freely to the mice during the treatment. Based on Federer's 

formula, the minimum number of mice in a single group is four. 

Consequently, the total number of mice (n) is 24. Considering the 

sample attrition during the study, the minimum number of samples was 

upped by 10% from the initial minimum number to 27 mice. The 

Universitas Indonesia Institutional Animal Ethics Committee granted 

this experiment ethical approval on 7th February 2022, by protocol 

number KET-114/UN2.F1/ETIK/PPM.00.02/2022. 

 

Drugs and Chemicals 

Pomegranate peel (Punica granatum Linn.) was obtained from the 

Conservation Unit of the IPB Biopharmaceutical Garden. Pomegranate 

peel was extracted and macerated in the laboratory of the IPB 

Biopharmaceutical Study Center. Ellagic acid (EA) with 338.20kDa 

was purchased from Santa Cruz Biotechnology (Dallas, TX, USA) with 

purity ≥96%. DSS with a molecular weight of 60kDa was purchased 

from Sigma-Aldrich (St. Louis, MO, USA). The antibody for flow 

cytometry analysis was purchase from BioLegend (San Diego, CA, 

USA) consisting of APC anti-mouse CD68 antibody, 

PerCP/Cyianine5.5 anti-mouse CD25 antibody, PE anti-mouse CD80 

antibody, and FITC anti-mouse CD206 (MMR). The dosage calculation 

utilized in this experiment was based on previous research.13 The 

dosage of purified ellagic acid was ascertained through a conversion 

process using the dosage specified by the Food and Drug 

Administration (FDA) of the United States, which is 26 mg/kg/day. The 

value of 240 mg/kg/day for the abundance level of polyphenols in 

pomegranates was utilized as the standard for determining the dosage 

of nanoparticle chitosan-PPE in this investigation. Utilizing both, 480 

mg/kg/day was the second dose of pomegranate peel extract, which was 

determined by geometric sequence. 

 

Experimental Design 

Over a period of 3 × 14 days (42 days), the investigation was 

conducted in six treatment groups. Oral administration of all 

treatments was accomplished through the consumption of 

beverages. Throughout the investigation, mice in the normal group 

were administered water orally. All other groups were administered 

water containing 2% DSS for a period of seven days at the 

commencement of the second and fourth phases. For a period of 

seven days, the DSS was administered at regular intervals of water 

consumption.12 The negative control group was not given any other 

treatment other than DSS. Two groups were given nanoparticle 

chitosan-PPE in two different doses (480 mg/kg/day and 240 

mg/kg/day) for each group at the start of the first week of the 

experiment. One group was given PPE doses of 480 mg/kg/day. Pure 

ellagic acid was given to the positive control groups at the start of 

the first week after DSS induction. All the groups of mice were 

sacrificed three days after the last treatment of DSS to obtain the 

peritoneal fluid. 

 

Flow Cytometry Analysis 

The samples used for macrophage polarization analysis from 

peritoneal fluid were taken from each group of experimental animals 

by adding 0.9% NaCl solution. Then, the peritoneal solution was 

centrifuged (Thermo scientific, Sorvall Legend, XTR) at 2500 rpm 

for 5 minutes.21 After centrifugation, two phases were formed, 

namely pellets and supernatant. The pellet was separated from the 

supernatant; then, the pellet was resuspended with buffer stains 

1mL. Continuously, 200 µL of the suspension was incubated with 

antibodies CD25 (PercP Cy5.5), CD206 (FITC), CD80 (PE), and 

CD68 (APC) for 30 minutes. After incubation, the suspension was 

washed twice using buffer stains. Furthermore, the sample is read 

using the flow cytometer instrument (BD FACSCanto II, 

BioScience, New Jersey, USA). The flow cytometry test was 

conducted twice for each sample to ensure its repeatability. 

 

Statistical Analysis 

The primary table was prepopulated with data that was collected using 

Microsoft Excel prior to the analysis (Microsoft Corp, Redmond, WA, 

USA). Statistical Package for the Social Sciences (SPSS) Version 20 

(IBM Corp, Armonk, NY, USA) was employed to conduct the 

visualisation and analysis. The resulting data were verified for normal 

distribution and homogeneity using the Shapiro-Wilk and Levene tests, 

which required that the data be normal and homogeneous.13 For each 

treatment, the data is represented by the mean by standard deviation 

(SD) values. Additionally, Data were subjected to a one-way ANOVA 

test, which was followed by a Tukey post-hoc analysis. The Kruskal-

Wallis and Mann-Whitney tests were implemented to evaluate groups 

that were not normally distributed and homogeneous datasets. A 

statistically significant p-value was established at p <0.05. 

 

Results and Discussion 

Pomegranate peel extract decrease M1 macrophage population 

Leukocytes are initially separated utilizing CD45+ antibodies before 

sorting macrophages. Applying CD68+ antibodies to the resident 

monocyte (M0) and macrophage lines, the CD45-labeled leukocyte 

population was sorted. By selecting CD68+ and CD80+ markers, the 

number of M1 macrophages was determined; these markers were 

quantified using flow cytometry on the percentage population of M1 

macrophages. The flow cytometry analysis yielded the following results 

regarding the presence of M1 macrophage cells (CD68+CD80+) in the 

peritoneal fluid of Balb/c mice model of colon inflammation: normal 

group (62.90±9.01%), ellagic acid group(81.55±1.60%), negative 

control or DSS group (74.85±4.54%), pomegranate extract 

nanoparticles dose 480 mg/kg (P1 group) (83.43±3.86%), pomegranate 

extract nanoparticles dose 240 mg/kg (P2 group) (67.23±2.18%), and 

pomegranate extract dose 480 mg/kg (P3 group) (60.33±8.42%) (Figure 

1). The statistical analysis revealed a noteworthy reduction (p<0.05) in 

the quantity of M1 macrophages in group P3 and group P2 compared to 

the negative control group.  
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Figure 1:  PPE decreased macrophage M1 population in DSS -induced mice colit is  model.  A. Proportion of 

CD68+CD80+  macrophage M1 in CD68 +  macrophage M0. B. The outcomes of examining the impact of pomegranate peel 

extract on the polarization of M1 macrophages. Each bar represents the mean ± SD of the M1 population. C. The consistency of 

each replication is illustrated in the heatmap graph by showing the response of each mouse in the same group to the treatment 

received. *There was a significant difference between negative control and P2 (PPE-loaded in chitosan nanoparticles at a dose of 

240 mg/kg) group. **There was a significant difference between negative control and pomegranate peel extract at 480 mg/kg (P3).

 
 

The analysis results indicated a substantial reduction in M1 

macrophages in the treatment group after applying PPE at 480 mg/kg. 

This decline constituted a 14.5% reduction in the number of M1 

macrophages when compared to the DSS control group. Our previous 

research results also support the notion that punicalagin, which is 

present in PPE, inhibits the proliferation of M1 macrophages as 

measured by decreased mRNA levels of IL-1, IL-6, and TNF-α.22–24  

Th1 cells are secreted IL-1, IL-6, and TNF-α, alongside M1 

macrophages and dendritic cells. In colonic tissue, these three cytokines 

contribute to developing an inflammatory response.15 TNF-α is 

produced by mononuclear cells and is responsible for promoting 

inflammation via various mechanisms.25 These include fibroblast 

proliferation, activation of procoagulant factors, initiation of an acute 

response, and fibroblast proliferative responses to adhesion 

molecules.26 In addition to stimulating B cells and activating 

macrophages and lymphocytes, TNF-α also increases the production of 

IFN-α by T cells. The proinflammatory and regulatory functions of IL-

1, produced by macrophages, are involved in the pathogenesis of 

ulcerative colitis.27 The primary products of IL-1 are IL-1α and IL-1β, 

which act as stimulants for phospholipase A, iNOS, and COX-2. IL-1α 

receptor antagonists (IL-1Ra) function as a mechanism of regulation.28  

Significantly fewer M1 macrophages were present in the P1 treatment 

group due to 480 mg/kg of chitosan nanoparticle-encapsulated 

pomegranate peel extract compared to the DSS control. Notably, the P2 

group administered 240 mg/kg of chitosan nanoparticle-encapsulated 

pomegranate peel extract but did not encounter this consequence. 

Hence, it is established that the formulation of chitosan nanoparticle-

encapsulated pomegranate peel extract at a concentration of 480 mg/kg 

significantly inhibits the proliferation of M1 macrophages. In contrast, 

the quantity of M1 macrophages increased in the positive control group 

(ellagic acid group). As a result, this inquiry implies that ellagic acid 

cannot directly inhibit the population of M1 macrophages. The latest 

study discovered that ellagic acid significantly inhibited the 

proliferation of M1 macrophages in the form of derivatives of the 

urolithin A metabolism of small intestine microbiota.29 

 

Administration of pomegranate peel extract augments the number of 

M2 macrophages 

CD206+ and CD68+ are the specific markers utilized to distinguish M2 

macrophages. The analysis of M2 macrophage (CD68+CD206+) 

proportions yielded the following results: normal group (10.23±0.70%), 

DSS group (7.30±0.29%), EA group (6.30±0.52%), P1 group 

(10.58±1.01%), P2 group (11.20±2.10%), and P3 group (17.85±0.44%) 

(Figure 2). A statistically significant increase (p<0.05) in M2 

macrophage populations was observed in the P1, P2, and P3 groups 

compared to the DSS group. The flow cytometry analysis revealed that 

the quantity of M2 macrophages in the group treated with 480 mg/kg 

PPE increased by 10.57%±0.51% compared to the group treated with 

DSS. Additionally, compared to the DSS control group, the number of 

M2 macrophages increased by 3.27% and 3.90%, respectively, in the 

P1 group (PPE-loaded in chitosan nanoparticles at a dose of 480 mg/kg) 

and P2 group (PPE-loaded in chitosan nanoparticles at a dose of 240 

mg/kg). According to these results, three doses of PPE and PPE 

encapsulated in chitosan nanoparticles significantly increased the 

number of peritoneal M2 macrophages in mice induced with 2% DSS. 

These findings in line with research that has demonstrated that the level 

of Arg I (M2) expression can be preserved at the same level as that in 

the aorta of juvenile mice through the administration of pomegranate 

extract.22 In addition, it is recognised that punicalagin, one of the active 

compounds in pomegranate peel extract, has the capacity to elevate the 

expression of Arg-I, a marker for M2 macrophages, and IL-10 

cytokines.31 

The enhanced expression of Arg-1 and IL-10 was utilized to determine 

these outcomes. IL-10 is secreted by B cells, T cells, and monocytes to 

reduce the antigen-presenting capability of monocytes, thereby 

inhibiting the production of TNF-α, IL-1, and IL-6. Interleukins-10 

functions as a protective agent within the mucosal immune system.32 

Inhibiting IL-10 increases the production of IL-12 and IFN-γ in mice 

with chronic colitis.33 Due to the absence of IL-10 signaling, a 

correlation has been identified between IL-10 receptor mutations and 

the severity of colitis. 34 Furthermore, immune dysregulation has been 
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linked to IL-10 A and B receptor subunits (IL-10RA and IL-10RB) 

mutations in patients with colitis.35  

 

 
Figure 2:  PPE increased  macrophage M2 population in DSS -induced mice colit is  model.  A. Proportion of 

CD68+CD206+  macrophage M2 in CD68 +  macrophage M0. B. analysis results on the impact of pomegranate peel extract 

on the polarization of M2 macrophages. Each bar represents the mean ± SD of the M2 population. C. The heatmap graph illustrates 

that each replication is consistent by showing the response of each mouse in the same group to the received treatment . *There was 

a significant difference between negative control and PPE-loaded chitosan nanoparticles at a dose of 480mg/kg (P1). **There was 

a significant difference between negative control and PPE-loaded chitosan nanoparticles at a dose of 240 mg/kg (P2). ***There 

was a significant difference between negative control and pomegranate peel extract at 480 mg/kg (P3). 
 

Conclusion 

Chitosan-PPE nanoparticles at a 240 mg/kg dose increased M2 

macrophages but did not significantly reduce M1 macrophages. In 

contrast, both chitosan-PPE nanoparticles and pure PPE at a dose of 480 

mg/kg significantly decreased M1 macrophages while increasing M2 

macrophages. These results suggest that pomegranate peel extract, 

particularly at higher doses and in nanoparticle formulations, holds 

potential as a modulator of macrophage polarization with notable anti-

inflammatory properties. Further research will be conducted to examine 

the regulatory effects of punicalagin and the crude extract of 

pomegranate rind on other immune cells. 
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