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					ABSTRACT  

					ARTICLE INFO  

					Tuberculosis is a global challenge notable in developing countries due to its high mortality rate  

					and significant health problems. Rifampicin, semi-synthetic antibiotic effective against  

					tuberculosis, undergoes first-pass metabolism in the liver when administered orally, resulting in  

					low drug concentrations in the lungs. This can potentially reduce its bactericidal activity, leading  

					to treatment failure, relapse, and bacterial resistance. One strategy is to administer the drug  

					directly into the lungs by inhalation.This approach can improve the drug's bioavailability, enable  

					controlled release, reduce toxicity, and enhance patient compliance. The purpose of this study is  

					to investigate how the concentration of pectin affects the properties and stability of inhalable  

					rifampicin–pectin pulmospheres. These pulmospheres, produced using the aerosolization  

					technique, were prepared using different polymer concentrations of 1.5% (F1), 1.75% (F2), and  

					2% (F3). The physical characteristics of pulmospheres were assessed, including organoleptic,  

					yield, moisture content (MC), drug loading, entrapment efficiency, and morphology. This study  

					found that the yield was 53.23% ± 5.85 to 94.58% ± 3.06; the MC was 2.89% ± 0.66 to 3.44% ±  

					0.44; the drug loading was 0.43% ± 0.02 to 2.09% ± 0.58; and the entrapment efficiency was  

					7.71% ± 0.33 to 72.18% ± 16.78. Spherical and smooth pulmospheres were found. Formula 3 is  

					the best rifampicin–pectin pulmospheres demonstrating superior physical characteristics and the  

					ability to maintain stability up to day 28. Increasing the pectin concentration led to enhance drug  

					loading, encapsulation efficiency and stability, suggesting their potency as an effective  

					pulmonary delivery system for tuberculosis treatment.  
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					In addition, oral rifampicin is unstable in the gastrointestinal tract, has  

					a slow onset, and requires high doses, thereby increasing its systemic  

					Introduction  

					Tuberculosis (TB) continues to be a major worldwide health  

					concern, with widespread impacts especially in developing countries.  

					Mycobacterium tuberculosis is the primary agent of this chronic  

					infectious disease, which frequently affects the lungs (pulmonary TB)  

					but can occasionally damage other organs (extrapulmonary TB).1  

					Based on data from the WHO, 1.5 million people die from TB every  

					year, and Indonesia ranks second in terms of case numbers at 969,000  

					side effects.4 Therefore, a delivery system is needed that can overcome  

					this problem, namely a direct delivery system to the lungs via  

					inhalation. Drug delivery via the pulmonary route requires small doses  

					and particle sizes. Therefore, preparations in the form of microspheres  

					were chosen.5 Microspheres are particles ranging from 1-1000 μm,  

					composed of a biodegradable matrix that allows drugs to decompose  

					spontaneously within the body. They have low toxicity, low  

					immunogenicity, good biocompatibility, high bioavailability, and the  

					ability to sustain drug release for an extended period.5 The  

					microsphere delivery system via the lung route consists of  

					pulmospheres, which can increase drug stability and protect drugs  

					from first-pass metabolism in the liver. In this way, pulmospheres can  

					increase drug bioavailability, control drug release in the lungs, reduce  

					toxicity, and enhance patient comfort and well-being.6 Plant cell walls  

					contain the polysaccharide polymer pectin, which is commonly  

					derived from fruit peels, particularly those of apples and citrus fruits.7  

					One of the advantages of pectin is its non-toxicity; it is a natural  

					ingredient and is therefore safe to use as a drug delivery system.8-10  

					Pectin also has biocompatible, biodegradable, and mucoadhesive  

					properties. The latter can make it easier for pectin to stick to mucosal  

					surfaces in the body, thereby increasing retention and contact between  

					the drug delivery system and the desired surface, such as the lung  

					wall.8,11-13  

					with  

					tuberculosis is one of the greatest obstacles in TB treatment.  

					Rifampicin is semi-synthetic antibiotic effective in treating  

					a

					death toll of 144,000.2 Resistance to Mycobacterium  

					a

					tuberculosis; however, the liver's first-pass metabolism of oral  

					rifampicin results in modest drug concentrations in the lungs. In turn,  

					this can impair its bactericidal activity and lead to treatment failure,  

					relapse and the emergence of bacterial resistance.3  
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					Previous research into rifampicin–pectin formulations using the  

					oil/water (o/w) emulsion method demonstrated that rifampicin  

					microcapsules with pectin polymer could produce a stable emulsion  

					system, effectively entrap rifampicin, and be utilized in the  
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					pharmaceutical industry for controlled drug delivery.10 However, this  

					method raises concerns about residual organic solvents, which may  

					lead to issues in terms of stability and toxicity. Therefore, using the  

					aerosolization technique, this research focuses on developing a  

					rifampicin-loaded pectin microsphere formula using various  

					concentrations of pectin. The aerosolization technique was selected  

					because it can produce small particle sizes (1–5 µm), making it  

					suitable for pulmonary drug delivery. Additionally, this technique is  

					advantageous as it has a simple production process, does not use  

					organic solvents, and does not require high temperatures, thus  

					preserving drug stability.13,14 This study investigated how the pectin  

					polymer concentration affected the stability and physical properties of  

					inhalable rifampicin–pectin pulmospheres. It is anticipated that the  

					study's findings will provide insights into how to formulate  

					rifampicin–pectin pulmospheres with stable and optimized physical  

					properties. The novelty of this research is encapsulating the anti-  

					tuberculosis drug, rifampicin, to protect its stability and modify  

					release profiles in the form of a pulmonary delivery system called  

					pulmospheres with the use of a potential natural pectin polymer. This  

					formulation could serve as a basis for developing stable, effective,  

					safe, and acceptable drug delivery systems for pulmonary  

					administration.  

					rpm for two hours while being sprayed into the CaCl2 solution at a  

					constant speed (spray distance of 8 cm at 40 psi). Once the mixing  

					process was complete, pulmospheres were formed. Centrifugation at  

					2500 rpm for 6 minutes was used to wash pulmospheres and extract  

					the remaining CaCl2. Decantation was used to remove the supernatant.  

					Next, the microspheres were washed. The pulmospheres were  

					resuspended in a 5% lactose solution and freeze-dried at -80°C for 29  

					hours.  

					Evaluation of Rifampicin–Pectin Pulmospheres  

					Morphology  

					Scanning Electron Microscopy (SEM) (Phenom™ ProX, Thermo  

					Fisher Scientific, United States) was used for morphological  

					observation. The microspheres were evaluated based on their  

					surfaces.5  

					Particle Size  

					An optical microscope was used to measure the particle size. First, the  

					microspheres were placed on a glass slide, and liquid paraffin was  

					added. Then, 300 pulmosphere particles were measured.14  

					Yield  

					The yield was calculated by comparing the weight of the material that  

					makes up the pulmospheres to the total weight of the pulmospheres  

					produced. Yields approaching 100% are achieved with good  

					pulmosphere preparation.18 The Yield can be calculated as follows:  

					푊푒푖푔ℎ푡 표푓 표푏푡푎푖푛푒푑 푝푢푙푚표푠푝ℎ푒푟푒푠  

					Materials and Methods  

					Materials  

					Pharmaceutical-grade (Kimia Farma) rifampicin with a purity of 2.3%  

					and a concentration of 0.25% was used in the formulation. Pectin from  

					citrus peel with galacturonic acid ≥ 7.4% (dried basis) was used at  

					concentrations of 1.5%, 1.75%, and 2%. Pharmaceutical-grade CaCl2  

					(Solvay Chemicals International) at 96% purity was used for analysis.  

					Pharmaceutical-grade lactose was used in assays (HPLC) at a purity of  

					99.90% (Himedia), as well as distilled water (PT. Bratachem). All the  

					components and reagents used were of pharmaceutical grade. The  

					optical microscope used was the PS AIR F1 31-032.  

					% 푌푖푒푙푑 =  

					푥 100%  

					푇표푡푎푙 푤푒푖푔ℎ푡 표푓 푑푟푢푔 푎푛푑 푝표푙푦푚푒푟  

					Moisture Content  

					The moisture content was analyzed using the Mettler Toledo HN43 S  

					Moisture Analyzer.19,20  

					Drug Loading and Encapsulation Efficiency  

					The quantity of rifampicin encapsulated within the pulmosphere  

					system is ascertained by directly comparing the total concentration  

					present in the pulmospheres with the theoretical concentration of  

					rifampicin incorporated into the formulation. 100 mg of pectin-based  

					pulmospheres were dissolved in 100 mL of phosphate buffer at pH 7.4  

					using sonication for 60 minutes until total dissolution was obtained in  

					order to determine the amount of rifampicin present.The resulting  

					samples were then analyzed using spectrophotometry at a wavelength  

					of 473.5 nm using the Double Beam Spectrophotometer UH5300,  

					manufactured by Hitachi High-Tech, Japan.21,22  

					Identification of Active and Additional Ingredients  

					An organoleptic examination of rifampin and pectin was conducted,  

					including investigations of shape, odor and color. Then, the results  

					obtained were compared with those in the literature.15 After that, an  

					FTIR examination was carried out. The obtained infrared spectra, in  

					the form of wave numbers indicating the presence of specific  

					functional groups, were then compared with those of rifampicin,  

					pectin, and reference data. Pulmospheres were also examined and  

					compared with specific functional groups of the active agents and  

					additives.16,17  

					푊푒푖푔ℎ푡 표푓 푑푟푢푔  

					% 퐷푟푢푔 퐿표푎푑푖푛푔 =  

					푥 100%  

					푊푒푖푔ℎ푡 표푓 푝푢푙푚표푠푝ℎ푒푟푒푠  

					Formulation of Rifampicin–Pectin Pulmospheres  

					The rifampicin–pectin pulmosphere formula was produced, as shown  

					in Table 1.  

					% 퐸푛푐푎푝푠푢푙푎푡푖표푛 퐸푓푓푖푐푖푒푛푐푦  

					퐷푟푢푔 푐표푛푡푒푛푡 푖푛 푝푢푙푚표푠푝ℎ푒푟푒푠  

					=

					푥 100%  

					푇ℎ푒표푟푒푡푖푐푎푙 푑푟푢푔 푐표푛푡푒푛푡 푖푛 푓표푟푚푢푙푎  

					Table1: Formula of rifampicin–pectin pulmospheres.  

					Pulmosphere Stability Test  

					Material  

					Function  

					F1  

					F2  

					F3  

					The pulmosphere stability test was conducted using the accelerated  

					stability method. Pulmosphere powder was kept for 28 days at  

					intervals of 0, 7, 14, 21, and 28 days at temperatures of 25°C ± 2°C  

					and 40°C ± 2°C, with a relative humidity of 75 ± 5%. In addition to  

					evaluating drug loading and morphology, observations of organoleptic  

					changes in the microspheres were made in order to assess the dry  

					powder's inhalation stability.23  

					Rifampicin  

					Active agent  

					0.25 0.25 0.25  

					%

					1.5  

					%

					%

					%

					Pectin  

					CaCl2  

					Polymer  

					1.75 2 %  

					%

					Crosslinker  

					0.5  

					M

					0.5  

					M

					0.5  

					M

					Lactose  

					Lyoprotectant 5%  

					5%  

					5%  

					Data Analysis  

					One-way ANOVA was used to examine the following factors: yield,  

					moisture content, entrapment efficiency, drug loading, and particle  

					size. Using GraphPad Prism version 9.0.2 software, one-way analysis  

					of variance (ANOVA) was applied to compare group means as part of  

					the statistical analysis. The threshold for statistical significance was  

					set at P < 0.05. Two-way ANOVA, conducted using IBM SPSS  

					Statistics, was used for stability testing. The data results were  

					replicated three times and presented as mean ± SD.  

					Pectin polymer solutions were made with various concentrations of F1  

					(1.5%), F2 (1.75%) and F3 (2%) in 100 mL distilled water, and stirred  

					using a magnetic stirrer. A separate rifampicin solution with a  

					concentration of 0.25% w/v was prepared. This solution was added to  

					the pectin polymer solution and then stirred at temperature of 25°C  

					with a speed of 1000 rpm. A 0.5 M solution of CaCl2 was prepared by  

					adding CaCl2 to distilled water. Then, using aerosol spray equipment,  

					the rifampicin and pectin solution was continuously stirred at 1000  
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					concentrations, according to the One Way Anova statistical analysis.  

					The significance value of 0.0004 (<0.05) indicated this. Additionally,  

					the results of the Post-Hoc Tukey HSD test indicate that F1 and F2  

					had significant differences (p=0.0012), F1 and F3 had significant  

					differences (p=0.0005), and F2 and F3 did not have significant  

					differences (p=0.05) with a significance value of 0.5024. It is evident  

					from the results that as the concentration of pectin polymer increases,  

					drug loading increases. The higher the pectin concentration, the more  

					rifampicin binds to the polymer, and fill the remaining empty egg  

					box.24 Moreover, a higher concentration of pectin caused an increase  

					in viscosity, leading to larger droplet sizes and, as a result, enhanced  

					drug loading.11 The largest drug loading can be seen in Formula 3,  

					which contains a pectin polymer concentration of 2%. However,  

					optimization of CaCl2 concentration as a crosslinker is recommended  

					in the future to further increase the drug loading of rifampicin-pectin  

					pulmospheres.  

					Results and Discussion  

					This research used three formulations of rifampicin-pectin  

					pulmospheres with pectin concentrations of F1 (1.5%), F2 (1.75%)  

					and F3 (2%). The ionotropic gelation process, along with  

					aerosolization and freeze drying, was used to form the pulmospheres.  

					This method was selected since it can preserve the drug's stability as it  

					does not involve the use of organic solvents or high temperatures. In  

					addition, this technique is simple, fast and provides spherical particle  

					shape with a small particle size. Results regarding the characteristics  

					of rifampicin–pectin inhalation pulmosphere preparation, including  

					those related to yield, moisture content, drug loading (DL),  

					encapsulation efficiency (EE), particle size, and morphology, are  

					discussed below.  

					Yield  

					Yield evaluation is a determining factor in the production of  

					pulmospheres, contributing to an effective and efficient method. The  

					resulting yield produced by rifampicin–pectin pulmospheres is shown  

					in Figure 1, ranging from 57.96 ± 0.035% to 96.51 ± 0.038%. The  

					higher the pectin concentration, the greater the yield produced.  

					According to the one-way ANOVA statistical analysis, the yield  

					changed significantly as the polymer concentration increased, with a  

					significance value of 0.0005 (p < 0.05). According to the results of a  

					post hoc Tukey HSD test, F1 and F2 did not differ significantly  

					(significance value = 0.1867, p > 0.05); F1 and F3 differed  

					significantly (significance value = 0.0005, p < 0.05); and F2 and F3  

					also differed significantly (significance value = 0.0023, p < 0.05). A  

					good yield value is shown in Formula 3; which is close to 100%. The  

					higher the polymer concentration, the higher the yield, because the  

					polymer and crosslinker bind to each other, resulting in more drugs  

					being absorbed and a greater number of pulmospheres being obtained  

					compared to those containing low polymer and crosslinker  

					concentrations. This shows that Formula  

					maximum and most efficient number of inhaled microspheres.  

					3

					(F3) produces the  

					Figure 2: Moisture content of rifampicin–pectin  

					pulmospheres. ns means P > 0.05  

					Figure 3: Drug loading of rifampicin–pectin pulmospheres. ns  

					means P > 0.05; ** means P ≤ 0.01; *** means P ≤ 0.001  

					Figure 1: Yield of rifampicin–pectin pulmospheres. ns means  

					P > 0.05  

					Encapsulation efficiency (EE)  

					Referring to Figure 4, the results show that inhalable rifampicin–  

					pectin pulmospheres had an encapsulation efficiency ranging from  

					7.21 ± 0.80 µm to 71.98 ± 9.95 µm. An increase in the polymer  

					concentration led to a significant change in encapsulation efficiency,  

					according to one-way ANOVA. The significance value of 0.0008 (p <  

					0.05) demonstrated this. According to a post hoc Tukey HSD test, F1  

					and F2 had a significant difference (significance value = 0.0294, p <  

					0.05), F1 and F3 also had a significant difference (significance value <  

					0.0007, p < 0.05), and F2 and F3 had a significant difference  

					(significance value = 0.0149, p < 0.05). The findings indicated that as  

					the concentration of pectin increases, so does the encapsulation  

					efficiency. The highest encapsulation efficiency can be seen in  

					Formula 3, which has a pectin polymer concentration of 2%. By  

					increasing the concentration of pectin, the encapsulation efficiency  

					also increases; this may be due to a greater polymer availability for  

					drug encapsulation.  

					Moisture Content  

					Moisture content examination is carried out to determine the  

					remaining water content in the pulmospheres after the drying process.  

					Referring to Figure 2, the results show that the inhalable rifampicin–  

					pectin pulmospheres had moisture content ranging from 3.14 ±  

					0.0039% to 3.62 ± 0.0038%. An increase in the polymer concentration  

					did not show a significant difference in this regard, as indicated by the  

					significance value of 0.4523 (p > 0.05). The moisture content values  

					of all formulas demonstrate that all microspheres meet the  

					requirements for pulmonary delivery preparations (<10%).  

					Drug Loading and Encapsulation Efficiency  

					Drug Loading (DL)  

					Figure  

					3

					shows that inhalable rifampicin–pectin pulmospheres  

					displayed a drug loading of 0.40 ± 0.05% to 1.80 ± 0.52%. Significant  

					variations in drug loading were observed with increasing polymer  

					2404  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, June 2025; 9(6): 2402 - 2408  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					alveoli. Particles smaller than 1 µm can be expelled from the  

					respiratory tract during exhalation, whereas particles larger than 5 µm  

					are limited to the upper respiratory tract, specifically the oropharynx.25  

					Table 2: Particle size of rifampicin–pectin pulmospheres.  

					Formula  

					F1  

					F2  

					Particle Size  

					1.92 ± 0.04  

					1.65 ± 0.06  

					2.48 ± 0.02  

					F3  

					Morphology of Pulmospheres  

					A morphological evaluation of rifampicin–pectin pulmospheres using  

					SEM is presented in Figure 5. All formulas showed spherical  

					pulmospheres and smooth surfaces.  

					Figure 4: Encapsulation efficiency of rifampicin–pectin  

					pulmospheres. ns means P > 0.05; ** means P ≤ 0.01; ****  

					means P ≤ 0.0001 (for the last two choices only).  

					Stability of Pulmospheres  

					The results of study on the 28th day of storage, the rifampicin–pectin  

					pulmospheres remained stable at 25°C and 40°C. Table 3 shows that  

					there were no changes in pulmosphere performance after 28 days of  

					storage. Pectin encapsulating rifampicin, prepared using the  

					aerosolization technique, offered increased physical stability.24,26  

					Particle Size  

					The findings indicate that the particle size of inhalable rifampicin–  

					pectin pulmospheres was between 1.92 ± 0.58 µm and 2.48 ± 0.88 µm  

					(Table 2). The particle size results were analyzed using GraphPad  

					Prism 9. Particle size significantly changed with increasing polymer  

					concentration, according to the One Way Anova analysis, which  

					showed a significance value of less than 0.0001. Additionally, F1, F2,  

					and F3 showed significant differences with a significance value of less  

					than 0.05, according to the Post-Hoc Tukey HSD test. As additional  

					pectin polymer was applied, the size of the particles increased. This  

					increase happens because the viscosity increases with higher pectin  

					content, which makes the pulmonary droplets larger. As the amount of  

					polymer rises, more bonds are formed between the medication and the  

					polymer. Each formulation produced particles smaller than 5 µm. This  

					is in line with the requirements for particles that can enter the lung  

					MC stability  

					All formulations displayed a significance value (Sig) > 0.05 for both  

					temperature and days, according to two-way ANOVA of MC. This  

					implies that the drug loading levels of the microspheres were not  

					significantly affected by storage temperature or duration. According to  

					the moisture content analysis results, which were consistently low,  

					particle aggregation may be avoided (Table 3 and Figure 6). This low  

					moisture content helped prevent water plasticization and instability,  

					demonstrating good pulmosphere quality in terms of storage  

					stability.27  

					Figure 5: Morphology of rifampicin–pectin pulmospheres.  
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					stability. The findings showed that over the course of 28 days, drug  

					loading remained constant at both storage temperatures. As  

					demonstrated for other potentially inhalable microspheres, stability  

					experiments showed that pulmospheres could retain favorable physical  

					properties, such as their moisture content and stable drug loading,  

					suggesting their potential as inhalable dry powder pulmospheres. 27-28  

					Drug Loading Stability  

					The pulmospheres displayed a significance value (Sig) > 0.05 for both  

					temperature and days, according to a two-way ANOVA analysis of  

					drug loading. This implies that the drug loading levels of the  

					microspheres were not significantly affected by storage temperature or  

					duration. Table 3 and Figure 7 present an evaluation of drug loading  

					Table 3: Stability of moisture content and drug loading after 28 days.  

					Formula  

					Day  

					Moisture content (%)  

					25oC  

					Drug loading (%)  

					25oC  

					40oC  

					40oC  

					F1  

					0

					2.98 ± 0.29  

					3.05 ± 0.29  

					3.11 ± 0.27  

					3.19 ± 0.28  

					3.26 ± 0.26  

					2.61 ± 0.26  

					2.99 ± 0.30  

					3.41 ± 0.27  

					3.81 ± 0.06  

					3.89 ± 0.11  

					1.86±0.03  

					1.82 ±0.05  

					1.73±0.23  

					1.70±0.08  

					1.66±0.09  

					1.86 ±0.03  

					1.78±0.03  

					1.71 ±0.09  

					1.68 ±0.08  

					7

					14  

					21  

					28  

					1.65 ±0.09  

					F2  

					F3  

					0

					2.66 ± 0.38  

					2.73 ± 0.33  

					2.83 ± 0.32  

					3.19 ± 0.16  

					3.36 ± 0.35  

					2.61 ± 0.25  

					2.72 ± 0.27  

					2.85 ± 0.28  

					3.01 ± 0.36  

					3.12± 0.33  

					2.66 ± 0.38  

					2.74 ± 0.38  

					2.86 ± 0.40  

					2.98 ± 0.40  

					3.08 ± 0.39  

					2.98 ± 0.29  

					3.08 ± 0.29  

					3.20 ± 0.30  

					3.28 ± 0.31  

					3.41± 0.37  

					2.33±0.11  

					2.30±0.07  

					2.26±0.11  

					2.20±0.10  

					2.18±0.12  

					2.42 ±0.09  

					2.41±0.12  

					2.38±0.11  

					2..35±0.10  

					2.34±0.10  

					2.33 ±0.11  

					2.28±0.08  

					2.25±0.08  

					2.20±0.10  

					2.16 ±0.12  

					2.42 ±0.09  

					2.40±0.12  

					2.37 ±0.11  

					2.35±0.10  

					2.31 ±0.07  

					7

					14  

					21  

					28  

					0

					7

					14  

					21  

					28  

					4.5  

					4

					0

					7

					14 21 28  

					3

					3.5  

					3

					2.5  

					2

					0

					2.5  

					2

					7

					1.5  

					1

					1.5  

					1

					14  

					21  

					28  

					0.5  

					0

					0.5  

					0

					F1  

					F2  

					F3  

					Formula  

					F1  

					F2  

					F3  

					Formula  

					Figure 6: Moisture content of all pulmosphere formulas in  

					stability test for 28 days at 40°C.  

					Figure 7: Drug loading of all pulmosphere formulas in  

					stability test for 28 days at 40°C.  
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