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					ABSTRACT  

					ARTICLE INFO  

					Macrophages play a pivotal role in wound healing by coordinating inflammatory, proliferative,  

					and tissue-remodeling phases through dynamic phenotypic shifts. This study aimed to determine  

					the effect of dried powdered amnion (DPA) on the expression of M1 (iNOS) and M2 (CD206)  

					macrophages, as well as changes in acute wound area in rats. A total of 63 male Wistar rats were  

					divided into three groups: control, dried amnion sheet (DAS), and DPA, with observations  
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					conducted at  

					6

					hours, day 2, and day 5. Wound tissues were analyzed using  

					immunohistochemistry, while wound areas were measured using the IMITO® application. DPA  

					produced significantly higher iNOS expression compared to other groups and demonstrated  

					increased CD206 expression on day 2. A strong positive correlation was observed between both  

					macrophage markers and changes in wound area, with CD206 showing a stronger relationship.  

					These results indicate that DPA effectively modulates macrophage polarization and enhances  

					wound healing in acute wounds.  
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					Therefore, modulation of macrophages polarization is a potential target  

					to improve healing outcomes. Considering the central role of these  

					Introduction  

					Macrophages typically act as phagocytes to remove  

					pathogens and cellular debris during the early phase of development,  

					while in the advanced stage, these cells secrete mediators, such as  

					growth factors, to support tissue regeneration.1,2 Several studies have  

					shown that macrophages dysfunction, such as persistent inflammation  

					or failure of functional transition, is often a major cause of impeded  

					healing, specifically in chronic wounds.3 Consequently, the regulation  

					of the cells is a strategic focus in the development of effective wound  

					healing therapies. Polarization of macrophages into M1 (pro-  

					inflammatory) and M2 (anti-inflammatory) phenotypes determines  

					their function in wound healing dynamics. M1 macrophages, which are  

					dominant in the inflammatory stage, produce cytokines, such as tumor  

					necrolysing factor (TNF-α) and nitric oxide (NO), to fight infection and  

					initiate the repair process.4 Meanwhile, M2 type, which are active  

					during proliferation and remodeling, facilitate inflammatory resolution  

					and epithelialization through secretion of Transforming growth factor-  

					beta (TGF- β) and Vascular Endothelial Growth Factor. These factors  

					have been reported to support angiogenesis as well as extracellular  

					matrix synthesis.5,6 A coordinated transition from M1 to M2 is essential  

					for optimal healing, and disruptions to this process often lead to chronic  

					inflammation and impediments to tissue regeneration.7,8  

					cells, amniotic membrane has been recognized as a superior therapeutic  

					biomaterial in wound care due to its immunomodulatory and  

					proregenerative properties. Dried amnion sheet and dried powdered  

					amnion are often obtained from the baby's amnion. Several studies have  

					shown that amnion can direct macrophages polarization to M2  

					phenotype, reduce excess inflammation, and accelerate tissue  

					regeneration through the release of cytokines, such as IL-10 and TGF-  

					β.8,9 With high biocompatibility and low immunogenicity, it has also  

					proven effective in chronic wounds, including diabetic ulcers, making  

					the membrane an ideal candidate for biologically-based therapies.10,11  

					This ability shows the potential of amnion in supporting healing through  

					direct interaction with local immune dynamics. Although dried amnion  

					sheet is effective, its limitations in irregularly shaped wounds prompted  

					the development of a powder as a more adaptive alternative. Clinical  

					evidence confirms that the powder enhances the release of bioactive  

					factors, thereby accelerating wound healing resistant to conventional  

					therapies. Hawkins reported that the use of micronized amnion powder  

					in diabetic foot ulcers led to improved healing with minimal contraction  

					and superior scar aesthetics.12 Murphy et al also showed that it  

					outperformed hydrogel preparations and fresh sheets amnion in terms  

					of epithelialization and tissue remodeling in a porcine model,  

					presumably due to higher bioavailability.13 Therefore, this study aims  

					to investigate the effect of amnion powder on the expression of M1 and  

					M2 macrophages, as well as impact on acute wound area changes. By  

					analyzing biological markers of M1 (pro-inflammatory) and M2 (pro-  

					reparative) phenotypes, the current study evaluates how amnion powder  

					modulates macrophage polarization and supports epithelialization in  

					acute wounds. It was hypothesized that dried amnion powder enhances  

					M1 to M2 transition, thereby accelerating acute wound healing. The  

					results are expected to offer insight into the molecular mechanisms  

					underlying the efficacy of amnion powder, providing a scientific  

					foundation for the development of more precise wound therapies,  

					particularly in the clinical context of acute wound that requires rapid  

					and optimal healing.  
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					= 0.006) as well as between DPA and DSA (U = 4.000, p = 0.009). On  

					day 5, the Kruskal-Wallis test showed a non-significant difference  

					between groups (H = 5.843, p = 0.054), although the mean rating of  

					DPA (9.93) remained higher than controls (7.64) (Figure 2) but lower  

					than DSA (15.43). Pairwise comparisons on day 5 between DPA and  

					control (U = 18.000, p = 0.456) and between DPA and DSA (U = 8.000,  

					p = 0.041) were not significant. The change in CD206 expression in  

					DPA group from day 2 (17.00) to day 5 (9.93) was also not statistically  

					significant (Wilcoxon Z = -1.820, p = 0.069). The interaction between  

					these data (H = 2.134, p = 0.144) as well as between DPA and control  

					(H = 1.876, p = 0.171) over time showed no significant differences.  

					Materials and Methods  

					The materials used in this study include phosphate buffered formalin  

					4%, hematoxylin eosin, Poly-L-lysine, Xylene, Citrate buffer (pH 6),  

					3% H2O2, primary antibody; anti hiNOS dilution 1:200. anti CD206  

					(mannose receptor) dilution 1:200, secondary antibody, Goat Anti-  

					Rabbit IgG Antibody, biotinylated dilution 1:100, Tris HCl buffer pH  

					7.6, phosphate buffer saline pH 7.4, 2% Normal Goat serum (NGS).  

					This study was approved by the Ethics Committee of the Faculty of  

					Medicine, Universitas Andalas, Padang, West Sumatra (No:  

					1074/UN.16.2/KEP-FK/2022). A total of 63 male Wistar rats (Rattus  

					norvegicus), aged 3 months and weighing an average of 250-300 g,  

					were used in the study, evenly divided into 3 treatment groups (Control,  

					dried amnion sheet, dried powdered amnion) for observation at 3  

					different times. The dependent variables included M1 and M2  

					macrophages, quantified by immunohistochemistry (IHK) using iNOS  

					(inducible nitric oxide synthase) and CD206 antigens (number per field  

					of view, ratio scale). Furthermore, wound area (raw surface) was  

					measured by IMITO® application14 based on clinical photographs to  

					determine the area in cm²-differentiated by shiny red (no  

					epithelialization) or unshiny pink (epithelialized) surface. As  

					independent variables, paraffin-embedded tulle (Lomatuell®) was used  

					as a control, dried amnion sheet from the Tissue Bank of Dr. Soetomo  

					Hospital, Surabaya, and dried powdered amnion processed at the  

					Faculty of Pharmacy, Andalas University, Padang.  

					Table 1: Effect of Between-Subject Dependent Variable iNOS  

					Source  

					Type III df Mean  

					F

					Sig  

					.

					Partia  

					l Eta  

					Squar  

					e

					Sum of  

					Squares  

					Square  

					Correcte  

					d Model  

					Intercept 143314.6  

					51  

					Treatme  

					nt  

					Time  

					35566.34  

					3*  

					8

					1

					2

					2

					4

					4445.793  

					48.181  

					.00  

					0

					.00  

					0

					.00  

					0

					.00  

					0

					.877  

					143314.6  

					51  

					2350.173  

					1553.1  

					52  

					25.470  

					.966  

					.485  

					.853  

					.288  

					4700.347  

					28846.16  

					0

					2019.836  

					14423.08  

					0

					504.959  

					156.30  

					8

					5.472  

					Trat*Ti  

					me  

					.00  

					1

					Wound tissues were harvested using chloroform at 6 hours, day 2, and  

					day 5 post-treatment based on the consideration that external  

					macrophages entered the wound on day 2 and the proliferation process  

					was initiated on day 5.15,16 The tissue extracts were then fixed with 10%  

					formalin for anatomical pathology analysis, stained with IHK (iNOS for  

					M1, CD206 for M2) for macrophage quantification, while wound area  

					was measured using IMITO® before and after treatment.  

					Error  

					4982.836  

					5

					4

					6

					3

					6

					2

					92.273  

					Total  

					183863.7  

					60  

					40549.10  

					9

					Correcte  

					d Total  

					a.  

					R Squared = .877 (Adjusted R Squared = .859  

					Statistical Analysis  

					Data were processed with SPSS version 25, tested for normality through  

					Shapiro-Wilk, then analyzed using 2-way ANOVA (Analysis of  

					Variance) with post hoc test for normal data or Kruskal-Wallis for  

					abnormal data, and presented in tables and graphs (SD) to support  

					interpretation of the results.  

					Results and Discussion  

					This study evaluated the effect of Dried Powdered Amnion (DPA) on  

					the expression of M1 macrophages (characterized by iNOS), M2  

					macrophages (characterized by CD206), and changes in wound area  

					using appropriate statistical methods and the following was a summary  

					of the findings.  

					iNOS expression data, which showed a normal distribution, were  

					analyzed by 2-way analysis of variance (2-way ANOVA). The results  

					indicated significant differences between treatment groups (p < 0.05)  

					and between measurement times (p < 0.05). In addition, the interaction  

					between treatment and time was also significant (p = 0.001), while DPA  

					showed higher iNOS expression than other groups. Between-group  

					comparisons showed significant differences between DPA and control  

					(F = 2.315, p = 0.041) as well as between DPA and DSA (F = 1.987, p  

					= 0.038). The mean iNOS expression in the DPA group was 16.20,  

					exceeding controls (12.83) and DSA (13.73). Temporarily, iNOS  

					expression in DPA increased from 15.62 on day 2 to 16.78 on day 5,  

					consistently higher than controls (12.45 and 13.20) and DSA (13.10 and  

					14.35) (Figure 1). There was no significant interaction between DPA  

					and DSA (F = 0.654, p = 0.523) or between DPA and control (F = 0.789,  

					p = 0.467) in the measurement time.  

					CD206 expression data, which were not normally distributed, were  

					analyzed using Kruskal-Wallis and Mann-Whitney non-parametric  

					tests. On day 2, there was a significant difference between groups (H =  

					10.017, p = 0.007), with DPA recording the highest mean rating (17.00)  

					compared to control (7.29) and DSA (8.71). A follow-up Mann-  

					Whitney test with Bonferroni correction (threshold p = 0.0166)  

					confirmed significant differences between these data sets (U = 3.000, p  

					Figure 1: Bar graph depicting the expression of iNOS (M1  

					macrophage marker) in three treatment groups (control, DAS,  

					DPA) at three measurement times (6 hours, 2nd day, 5th day)  

					in rats (n = 7 per group)  

					The relationship between changes in wound area and iNOS expression  

					was examined by Spearman correlation, showing a significant positive  

					association (r = 0.501, p < 0.001) (Figure 3, 4). Simple linear regression  

					analysis yielded a coefficient (B) of 0.474, R² = 0.278, and p < 0.001,  

					with the equation, Wound Change = 21.825 + 0.474 × iNOS  

					Expression. For DPA group with a mean iNOS of 16.20, the predicted  

					wound area change was 29.50. Furthermore, the relationship between  

					wound area changes and CD206 expression showed a significant  

					positive correlation (r = 0.579, p < 0.001), with regression analysis  

					yielding B = 0.548, R² = 0.392, and p < 0.001. The regression equation  

					was Wound Change = 16.371 + 0.548 × CD206 Expression. For DPA,  

					the predicted wound area changes at day 2 (mean rank = 17.00) were  

					25.69, and at day 5 (mean rank = 9.93) were 21.81.  
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					Table 2: Analysis Tukey HSDa,b between groups  

					Excessive and prolonged M1 activity could be a double-edged sword.  

					Sustained inflammation due to high iNOS expression could potentially  

					inhibit granulation tissue formation and collagen deposition, therefore  

					slowing healing.4 Although DPA effectively supported M1 role in the  

					early phase, transitioning to M2 phenotype was an important step to  

					ensure optimal healing.  

					Treatment  

					Control  

					DAS  

					N

					1

					2

					21  

					21  

					21  

					36.0857  

					50.2095  

					56.7905  

					.077  

					DPA  

					Sig.  

					1.000  

					The error term is Mean Square (Error) = 92.273  

					In comparing the effect on wound area change in Table 1, 2 and 3,  

					CD206 showed a stronger effect (R = 0.626, R² = 0.392, B = 0.548) than  

					iNOS (R = 0.528, R² = 0.278, B = 0.474). DPA group consistently  

					showed higher iNOS expression than controls and DSA, as well as  

					significantly increased CD206 expression at day 2, although at day 5 it  

					was lower.  

					DPA correlated with higher iNOS expression compared to control and  

					DAS on day 2 and day 5, and significantly increased CD206 expression  

					on day 2. There was no significant interaction between DPA and time  

					or other groups for either marker. CD206 showed a greater influence on  

					changes in wound area (Table 4, 5), with a prominent contribution of  

					DPA, specifically on day 2. DPA showed great potential supporting the  

					wound healing process through its ability to modulate macrophage  

					activity. These were key cells in tissue regeneration, specifically in  

					wound healing, and had 2 main phenotypes, namely M1, which was  

					pro-inflammatory, and M2, which was anti-inflammatory. Each type of  

					macrophage played a role in different stages of wound healing. This  

					study proved that DPA increased the expression of iNOS (Figure 5) as  

					a marker of M1 macrophages to support wound clearance and  

					simultaneously promoted the expression of CD206 (Figure 6) as a  

					marker of M2 macrophages for wound healing.  

					Figure 3: Scatterplot with regression line depicting the  

					relationship between iNOS expression and change in wound  

					area (cm²) in Rats. The data points show a positive correlation  

					(r = 0.501, p < 0.001), with a linear regression line (R² =  

					0.278) indicating that increased iNOS expression correlates  

					with increased wound area change  

					Figure 2: Bar graph showing the expression of CD206 (M2  

					macrophage marker) in three groups (control, DAS, DPA) at  

					three times (6 hours, 2nd day, 5th day) in Rats (n = 7 per  

					group)  

					In the early stages of wound healing, M1 macrophages played an  

					important role in the initial preparation for wound healing. DPA was  

					shown to increase iNOS expression, which amplified the inflammatory  

					response to disinfect the wound. This process involved the production  

					of cytokines such as TNF-α and IL-12, which not only cleansed the  

					wound of pathogens but also recruited other immune cells to the site of  

					injury.4,1 Furthermore, DPA-induced M1 macrophages could affect  

					epithelial cells, promoting epithelial cell migration and proliferation as  

					a crucial step in wound epithelialization shown in tissue culture  

					studies.16,17  

					Figure 4: Scatterplot with regression line showing the  

					relationship between CD206 expression and change in wound  

					area (mm²) in Rats. The data points indicate a positive  

					correlation (r = 0.579, p < 0.001), with a linear regression line  

					(R² = 0.392) showing that increased CD206 expression  

					correlates with increased change in wound area  

					In addition to supporting M1 macrophages, DPA also facilitated the  

					switch to M2 macrophages, characterized by a significant increase in  

					CD206 expression on the second day post-treatment. This was crucial  

					in relieving inflammation and initiating tissue repair. M2 anti-  

					Table 3: Analysis Tukey HSDa,b between times  

					Treatment  

					6th hour  

					2nd day  

					5th day  

					Sig.  

					N

					1

					2

					21  

					21  

					21  

					17.4762  

					inflammatory macrophages supported healing through  

					3

					main  

					61.4190  

					64.1905  

					.621  

					mechanisms, namely antifibrotic effect, immune modulation, and tissue  

					remodeling. In terms of antifibrotic, M2 macrophages inhibited fibrosis  

					through a paracrine mechanism involving IL-6, suppressed the  

					expression of genes such as collagen types 1 and 3, and connective  

					1.000  

					The error term is Mean Square (Error) = 92.273  
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					tissue growth factor, and also increased matrix metalloproteinase 1  

					activity to remodel the extracellular matrix18.  

					n=91). Expression appears to increase over time, especially in  

					P2, suggesting a role in the wound inflammatory process  

					From the immune side, M2 macrophages strengthened immune  

					tolerance and reduced excess inflammation.19 M2 macrophages carried  

					out this remodeling process by rearranging collagen fragments to  

					reshape post-traumatic tissue.20 Amnion preparations inhibited pro-  

					inflammatory pathways such as Toll-like receptors and Tumor necrosis  

					factor21 while activating PI3K/AKT/HIF-1α anti-inflammatory  

					pathway.22 Human amnion mesenchymal cells (hAMTCs) also  

					accelerated the M1 to M2 transition by increasing M2 markers and  

					suppressing pro-inflammatory cytokines.23 The enhancement of CD206  

					by DPA confirmed its role as a potential agent in wound healing.  

					Table 4: Analysis CD206 in Wounds (Ranks)  

					Group  

					Control  

					DAS  

					N

					Mean Rank  

					7.29  

					8.71  

					Value  

					7

					DPA  

					7

					17.00  

					Total  

					21  

					The expression of iNOS and CD206 showed a strong correlation with  

					the rate of extensive epithelialization to close the wound, with CD206  

					having a more significant relationship. iNOS, as M1 marker, supported  

					wound clearance in the early inflammatory phase, but when not  

					controlled, it could worsen the healing outcome due to prolonged  

					inflammation.4 However, CD206, as an M2 marker, played a dominant  

					role in inflammation resolution, tissue remodeling, and fibrosis  

					prevention, all of which supported effective healing.18,24  

					Figure 6: Histopathological image of CD206 expression in  

					wound granulation tissue in three groups (control, DPA, DAS)  

					at three times (6 hours, 2 days, 5 days) in Rats. Black color  

					indicates the expression of CD206 (M2 macrophage marker),  

					with cell counts (n=20 to n=85). Expression increased over time,  

					especially in P2, supporting a role in wound healing  

					DPA appeared to optimize this dynamic by increasing iNOS to disinfect  

					wound at an early stage, followed by an increase in CD206 to accelerate  

					tissue repair. A therapeutic approach that accelerated M1 to M2  

					transition was shown in studies using amniotic hydrogel preparations in  

					chronic wounds such as diabetic ulcers.20 External factors, such as  

					extracellular matrix stiffness, also influenced this process. In soft  

					matrices, M1 macrophages promoted epithelial proliferation, while this  

					Therefore, the interaction between iNOS and CD206, which was  

					modulated by DPA, reflected the complexity of wound healing that  

					needed to be continuously explored. This study had several weaknesses  

					that required consideration. First, although DPA demonstrated  

					effectiveness in modulating M1 and M2 macrophage expression and  

					accelerating acute wound healing in rats, the relatively short duration of  

					observation (5 days) limited understanding of long-term effects, such as  

					potential fibrosis or scar tissue stability. Secondly, this study focused  

					only on iNOS and CD206 markers, while specific cytokines such as  

					TNF-α, IL-10, or TGF-β that played a role in macrophage polarization  

					were not directly measured, and the molecular mechanisms underlying  

					the effects of DPA had not been fully revealed. Thirdly, this study was  

					conducted in rat model with acute wounds, which could not fully reflect  

					chronic wound conditions in humans, such as diabetic ulcers, which had  

					higher pathophysiological complexity  

					effect was reduced in rigid matrices 25,26  

					.

					Table 5: Test Statisticsa,b (Value) of CD206  

					Kruskal-Wallis H  

					Df  

					10.017  

					2

					Asymptotic Significance  

					.007  

					Conclusion  

					In conclusion, DPA effectively promoted acute wound healing in rats  

					by modulating macrophage polarization. DPA significantly increased  

					iNOS expression (M1 macrophage marker) to support wound clearance  

					in the early inflammatory phase and CD206 expression (M2  

					macrophage marker) to accelerate inflammatory resolution and tissue  

					regeneration, specifically on day 2 post-treatment. The strong positive  

					correlation between these 2 markers and changes in wound area  

					suggested that DPA optimized healing dynamics, with CD206 having a  

					greater influence than iNOS. These results confirmed the potential of  

					DPA as an innovative biological therapy for acute wound management.  
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					Figure 5: Histopathological images of iNOS expression (M1  
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