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Abstract 
Tuberculosis (TB) remains one of the major 

infectious diseases worldwide and continues to pose 

a serious public health challenge, particularly in 

developing countries. Conventional anti-tubercular 

therapy requires prolonged treatment duration, 

which often leads to poor patient compliance, 

systemic toxicity, and development of multidrug-

resistant tuberculosis (MDR-TB). To overcome 

these limitations, targeted pulmonary drug delivery 

systems have gained significant attention due to 

their ability to deliver drugs directly to the lungs, 

the primary site of infection. The present study 

focuses on the development and evaluation of 

Rifampicin-loaded pulmonary microcapsules for 

targeted delivery in the management of pulmonary 

tuberculosis. Rifampicin, a first-line anti-tubercular 

drug, was selected because of its potent bactericidal 

activity against Mycobacterium tuberculosis. 

Microcapsules were prepared using the ionotropic 

gelation technique with sodium alginate as the 

primary polymer and calcium chloride as the cross-

linking agent. Various formulations were developed 

by varying polymer concentrations to optimize 

particle size, drug entrapment efficiency, and 

sustained drug release characteristics. Pre 

formulation studies including organoleptic 

evaluation, solubility analysis, melting point 

determination, FTIR compatibility studies, and 

determination of λmax were performed to confirm 

the suitability of the drug and excipients. The 

prepared microcapsules were evaluated for 

percentage yield, particle size, surface morphology, 

flow properties, drug entrapment efficiency, and in 

vitro drug release behaviour. SEM analysis 

confirmed the formation of spherical and stable 

microcapsules with smooth surface morphology. 

The optimized formulation showed good flow 

properties, high entrapment efficiency, and 

sustained drug release over 24 hours. Pulmonary 

delivery suitability studies demonstrated favourable 

aerodynamic properties with particle size and mass 

median aerodynamic diameter suitable for deep 

lung deposition. The developed microcapsules 

exhibited controlled drug release, improved lung 

targeting potential, and reduced possibility of 

systemic side effects. Therefore, the study 

concludes that rifampicin-loaded pulmonary 

microcapsules represent a promising and effective 

targeted drug delivery system for the treatment of 

pulmonary tuberculosis. 
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Microencapsulation, Drug Targeting, Patient 

Compliance, Ionotropic Gelation, Bioavailability 

Enhancement.  

 

I. Introduction 
Tuberculosis (TB) is a chronic infectious 

disease caused by the bacterium Mycobacterium 

tuberculosis. It primarily affects the lungs, leading 

to pulmonary tuberculosis, but it can also involve 

other organs such as the lymph nodes, bones, 

kidneys, brain, and gastrointestinal tract [1]. 

Tuberculosis is transmitted through airborne 

droplets when an infected person coughs, sneezes, 

or speaks, making it a highly contagious disease in 

crowded or poorly ventilated environments. 

Tuberculosis has been recognized for centuries and 

remains a major public health concern worldwide [2]. 

Despite significant advancements in medicine and 

the availability of effective antimicrobial therapy, 

TB continues to cause substantial morbidity and 
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mortality, particularly in developing and low-

income countries [3]. According to reports from the 

World Health Organization, tuberculosis is one of 

the leading causes of death from infectious diseases 

globallyThe causative organism, Mycobacterium 

tuberculosis, is a slow-growing, acid-fast bacillus 

characterized by a thick lipid-rich cell wall that 

makes it highly resistant to environmental 

conditions and many antimicrobial agents [4]. 

Epidemiology of Tuberculosis   

Tuberculosis (TB) remains one of the most 

significant infectious diseases affecting global 

public health. It is caused by the bacterium 

Mycobacterium tuberculosis and spreads primarily 

through airborne transmission when infected 

individuals expel respiratory droplets during 

coughing, sneezing, or talking. Despite the 

availability of effective treatment and preventive 

strategies, tuberculosis continues to be a leading 

cause of morbidity and mortality worldwide, 

particularly in low- and middle-income countries. 

According to the World Health Organization 

(WHO), tuberculosis remains among the top causes 

of death from a single infectious agent globally. 

Millions of people develop TB each year, and a 

large portion of the global population is estimated to 

carry latent infection [17]. It is believed that 

approximately one-quarter of the world’s population 

is infected with Mycobacterium tuberculosis in a 

latent form, meaning the bacteria remain dormant 

without causing active disease. 

Pulmonary tuberculosis (PTB) is the most 

common form of tuberculosis and is caused by 

Mycobacterium tuberculosis, an aerobic, acid-fast 

bacterium that primarily infects the lungs. It spreads 

through airborne droplets released when an infected 

person coughs, sneezes, or speaks. After inhalation, 

the bacteria reach the alveoli, where they are 

engulfed by alveolar macrophages but can survive 

and multiply, leading to granuloma formation. 

While the infection may remain latent, weakened 

immunity can result in active disease characterized 

by persistent cough, chest pain, haemoptysis, fever, 

night sweats, fatigue, and weight loss. Standard 

treatment involves prolonged multidrug therapy 

with Isoniazid, Rifampicin, Pyrazinamide, and 

Ethambutol; however, poor adherence may 

contribute to multidrug-resistant tuberculosis. 

Advanced pulmonary drug delivery systems, such 

as nanoparticles, liposomes, and microcapsules, are 

being investigated to enhance targeted drug delivery 

to infected alveolar macrophages, improve 

therapeutic efficacy, and reduce systemic side 

effects [27,28]. 

 

 
Figure 2 :- Lungs Tuberculosis 

 

Targeted pulmonary drug delivery refers to 

the administration of therapeutic agents directly to 

the lungs in order to achieve localized drug action 

while minimizing systemic side effects. This 

approach has gained considerable attention in the 

treatment of respiratory diseases such as asthma, 

chronic obstructive pulmonary disease (COPD), and 

pulmonary infections including tuberculosis. In the 

case of pulmonary tuberculosis, targeted delivery 

offers significant advantages because the primary 

site of infection is the lung tissue, particularly the 

alveolar macrophages where the causative pathogen 

Mycobacterium tuberculosis resides and multiplies. 

Targeted pulmonary drug delivery aims to 

overcome these limitations by transporting the drug 

directly to the respiratory tract, thereby enhancing 
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therapeutic efficiency and reducing adverse effects. 

The lungs provide an attractive route for drug 

delivery due to several physiological advantages [31]. 

The pulmonary region has a very large surface area, 

estimated to be around 70–100 m², which facilitates 

rapid drug absorption. The alveolar epithelium is 

extremely thin, allowing drugs to diffuse easily into 

the systemic circulation or local tissues. 

Additionally, the lungs possess an extensive 

vascular network that supports efficient drug 

distribution. These characteristics make pulmonary 

delivery particularly suitable for drugs that require 

rapid onset of action or localized targeting. Various 

drug delivery systems have been investigated for 

targeted pulmonary therapy. Among these, 

microcapsules, nanoparticles, liposomes, and 

microspheres are widely studied because of their 

ability to encapsulate drugs and release them in a 

controlled manner. These carrier systems protect the 

drug from degradation, enhance drug stability, and 

allow sustained release over an extended period. 

Microcapsules, in particular, have attracted attention 

because they can encapsulate anti-tubercular drugs 

within polymeric shells, enabling gradual release 

directly within the lungs. When microcapsules 

containing anti-tubercular drugs are administered 

through inhalation, they are deposited in the lower 

respiratory tract depending on their aerodynamic 

diameter. Particles ranging from 1 to 5 µm are 

considered optimal for deep lung deposition. Once 

deposited in the alveolar region, these 

microcapsules can be taken up by alveolar 

macrophages through phagocytosis. Since 

Mycobacterium tuberculosis survives within these 

macrophages, delivering drugs directly to these 

cells significantly improves therapeutic outcomes. 

This targeted approach ensures higher intracellular 

drug concentration at the site where the bacteria 

reside. Another major advantage of targeted 

pulmonary delivery is the potential for sustained 

drug release. Encapsulated drug formulations 

gradually release the active compound over time, 

maintaining therapeutic drug levels in the lungs for 

prolonged periods. This sustained release reduces 

the frequency of dosing and improves patient 

adherence to treatment. Furthermore, localized 

delivery decreases systemic exposure, thereby 

reducing the risk of toxicity associated with long-

term use of anti-tubercular drugs. Different 

inhalation devices are used to administer pulmonary 

drug delivery systems, including nebulizers, 

pressurized metered-dose inhalers, and dry powder 

inhalers. These devices generate aerosolized 

particles that can be inhaled into the lungs. The 

efficiency of drug deposition in the respiratory tract 

depends on factors such as particle size, breathing 

pattern, airway geometry, and formulation 

properties. Optimizing these parameters is essential 

for achieving effective pulmonary targeting. In the 

management of pulmonary tuberculosis, targeted 

pulmonary drug delivery represents a promising 

strategy for improving treatment outcomes. By 

delivering anti-tubercular drugs directly to infected 

lung tissues and macrophages, this approach 

enhances drug efficacy while minimizing systemic 

toxicity. Moreover, controlled release formulations 

such as microcapsules can maintain therapeutic 

drug levels for extended periods, thereby reducing 

dosing frequency and improving patient compliance 

[32].   

 

II. Materials and Methods 
2.1 Materials  

Rifampicin  Sodium alginate,  Chitosan / Ethyl 

cellulose , Calcium chloride  Polyvinyl alcohol 

(PVA),  Dichloromethane / Ethanol, Phosphate 

buffer (pH 7.4)  , Potassium bromide (KBr). 

 

2.2 Method  

2.2.1. Preformulation Studies    

2.2.1.1 Organoleptic Properties   

The organoleptic properties of rifampicin were 

evaluated by visual inspection. A small quantity of 

the drug sample was observed under normal 

lighting conditions to determine its colon, Odor, and 

physical appearance. These parameters were 

recorded for preliminary identification of the drug.   

2.2.1.2 Solubility Study   

The solubility of rifampicin was determined in 

different solvents such as distilled water, ethanol, 

and phosphate buffer solution (pH 7.4). An excess 

amount of rifampicin was added to a known volume 

of each solvent in separate containers. The mixtures 

were shaken using a mechanical shaker for a 

specific period to attain equilibrium. The solutions 

were then filtered through Whatman filter paper to 

remove undissolved particles. The filtrates were 

analysed using a UV–Visible spectrophotometer to 

determine the solubility of the drug in each solvent.   

2.2.1.3 Melting Point Determination   

The melting point of rifampicin was determined 

using the capillary tube method. A small amount of 

the drug was filled into a thin-walled capillary tube 

sealed at one end. The capillary tube was placed in a 

melting point apparatus and heated gradually. The 

temperature at which the drug started melting and 

the temperature at which it completely melted were 

recorded.   
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2.2.1.4 Drug–Excipient Compatibility Study  

Drug–excipient compatibility was studied using 

Fourier Transform Infrared Spectroscopy (FTIR). 

Samples of pure rifampicin and physical mixtures 

of rifampicin with selected polymers were prepared. 

The samples were mixed with potassium bromide 

(KBr) and compressed into pellets. The FTIR 

spectra were recorded over the wavelength range of 

4000– 400 cm ¹. The spectra of the pure drug and 

drug–polymer mixtures were compared to detect 

any possible interaction between the drug and 

excipients.   

 

2.2.1.5 Determination of λmax 

The maximum absorption wavelength (λmax) of 

rifampicin was determined using a UV– Visible 

spectrophotometer. A suitable concentration of 

rifampicin solution was prepared using an 

appropriate solvent. The solution was scanned over 

the wavelength range of 200– 400 nm.  

The wavelength at which maximum absorbance was 

observed was recorded as the λmax and used for 

further analytical studies.   

 

2.2.2 Preparation of Drug-Loaded Microcapsules    

Drug-loaded microcapsules were prepared using the 

ionotropic gelation technique. Initially, the required 

quantity of sodium alginate was accurately weighed 

and dissolved in distilled water to obtain a clear and 

uniform polymer solution. The solution was stirred 

continuously using a magnetic stirrer until complete 

dissolution of the polymer was achieved. 

Rifampicin was then accurately weighed and 

dispersed into the prepared sodium alginate solution 

under constant magnetic stirring to form a 

homogeneous drug–polymer dispersion. The 

resulting dispersion was transferred into a syringe 

and added dropwise into a previously prepared 

calcium chloride solution (cross-linking agent) 

under gentle stirring. When the droplets came into 

contact with the calcium chloride solution, ionic 

cross-linking occurred between sodium alginate and 

calcium ions, leading to the formation of spherical 

microcapsules. The formed microcapsules were 

allowed to remain in the calcium chloride solution 

for a specified period to ensure complete hardening 

and stabilization of the microcapsules. After the 

cross-linking process was completed, the 

microcapsules were separated by filtration and 

washed several times with distilled water to remove 

excess calcium chloride present on the surface. 

Finally, the microcapsules were dried at room 

temperature and stored in a desiccator for further 

evaluation studies.   

 

 

Table No. 1 Composition for Preparation of Microcapsules 

Component  Quantity  

Rifampicin   100 mg   

Sodium alginate   2 % w/v (2 g in 100 ml distilled water)   

Calcium chloride solution   5 % w/v (5 g in 100 ml distilled water)   

Distilled water   q.s.   

Polymer dispersion used   20–25 ml   

 

III.Evaluation of Microcapsules 
3.1 Percentage Yield   

The percentage yield of the prepared microcapsules 

was determined to evaluate the efficiency of the 

preparation method. After completion of the 

preparation process, the microcapsules were 

collected, washed, and dried at room temperature 

until constant weight was obtained. The dried 

microcapsules were accurately weighed. The 

percentage yield was calculated by comparing the 

practical weight of the dried microcapsules with the 

theoretical weight of the total amount of drug and 

polymer used in the formulation.   

 

3.2 Particle Size Analysis   

Particle size of the prepared microcapsules was 

determined using optical microscopy. A small 

quantity of dried microcapsules was dispersed on a 

clean glass slide and observed under an optical 

microscope fitted with a calibrated ocular 

micrometre. The diameter of a number of 

microcapsules was measured randomly. The 
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average particle size was calculated by determining 

the mean diameter of the measured particles. This 

parameter is important for assessing the suitability 

of the microcapsules for pulmonary drug delivery.   

 

3.3 Surface Morphology   

Surface morphology of the prepared microcapsules 

was examined using Scanning Electron Microscopy 

(SEM). A small number of dried microcapsules was 

mounted on aluminium stubs using double-sided 

adhesive tape and coated with a thin layer of gold 

under vacuum.  The samples were then analysed 

using SEM to observe the surface characteristics, 

shape, and structural integrity of the microcapsules.   

 

3.4 Flow Properties   

Flow properties of the prepared microcapsules were 

evaluated by determining parameters such as angle 

of repose, bulk density, tapped density, Carr’s index, 

and Hausner ratio. For determination of bulk 

density, a known quantity of microcapsules was 

transferred into a graduated cylinder and the initial 

volume was recorded. The cylinder was then tapped 

repeatedly until a constant volume was obtained to 

determine tapped density.   

 

3.5 Drug Entrapment Efficiency   

Drug entrapment efficiency was determined to 

estimate the amount of drug successfully 

incorporated within the microcapsules. A known 

quantity of dried microcapsules was accurately 

weighed and dissolved in a suitable solvent to 

release the entrapped drug.  The solution was 

filtered and analysed using a UV–Visible 

spectrophotometer at the predetermined λmax of 

rifampicin. The amount of drug present in the 

sample was calculated using the calibration curve.   

 

3.6 In Vitro Drug Release Studies   

In vitro drug release studies were carried out using a 

USP dissolution apparatus containing phosphate 

buffer solution (pH 7.4) as the dissolution medium. 

The temperature of the dissolution medium was 

maintained at 37 ± 0.5°C. A known quantity of 

drug-loaded microcapsules was placed in the 

dissolution medium and stirred continuously. At 

predetermined time intervals, samples were 

withdrawn and replaced with fresh dissolution 

medium to maintain sink conditions.   

The collected samples were filtered and analysed 

using a UV–Visible spectrophotometer at the 

predetermined λmax to determine the amount of 

drug released.  

  

3.7 Stability Studies    

Stability studies of the optimized 

microcapsule formulation were carried out to 

evaluate the physical and chemical stability of the 

prepared formulation during storage. The stability 

study was performed according to International 

Council for Harmonisation (ICH) guidelines. The 

optimized formulation was stored in airtight 

containers under controlled temperature and 

humidity conditions. The samples were kept at 25 ± 

2°C temperature and 60 ± 5% relative humidity 

(RH) for a specified period. The stability of the 

formulation was evaluated at predetermined time 

intervals such as 0, 1, 2, and 3 months. During the 

stability study, samples were periodically 

withdrawn and evaluated for different parameters 

including physical appearance, drug content, 

entrapment efficiency, and in vitro drug release 

profile. Any change in color, shape, aggregation, or 

structural integrity of the microcapsules was 

carefully observed. Drug content analysis was 

performed using a UV–Visible spectrophotometer 

to determine any degradation of the drug during 

storage.  

Formultion 

Code 

Rifampicin(

mg) 

Sodium alginate 

(% w/v) 

Chitosan / Ethyl 

Cellulose (% w/v) 

CalciumChloride(% 

w/v) 

Distilled  

Water (ml) 

F1 100 1.0 0.5 5 100 

F2 100 1.5 0.5 5 100 

F3 100 2.0 0.5 5 100 

F4 100 2.5 0.5 5 100 
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  Table No. 2 Formulation Composition of Rifampicin Microcapsules   

 

IV.Results and Discussion 
4.1 Preformulation Studies    

1. Organoleptic Properties   

The observed organoleptic properties of rifampicin 

such as reddish–orange colour, characteristic Odor, 

and crystalline powder appearance were found to be 

in agreement with reported literature values. These 

findings indicate that the drug sample used for 

formulation studies possessed appropriate physical 

characteristics and was suitable for further 

pharmaceutical investigation and formulation 

development.   

 

Table No. 3 Organoleptic Properties 

S.No. Parameter Observation Standard 

Description 

Interpretation 

1 Colour Reddish–orange Reddish–orange Matches 

standarddescription 

2 Odor Characteristic Characteristic Acceptable 

3 PhysicalAppearance Crystalline powder Crystalline powder Confirms identityof drug 

 

4.1.2 Solubility Study    

The results indicated that rifampicin exhibited poor 

solubility in distilled water but showed better 

solubility in organic solvents such as ethanol and 

moderate solubility in phosphate buffer 

solution.The higher solubility of rifampicin in 

ethanol may be attributed to its lipophilic nature, 

while the moderate solubility observed in phosphate 

buffer (pH 7.4) indicates its suitability for 

dissolution studies related to pulmonary drug 

delivery. These findings are consistent with reported 

literature and suggest that appropriate solvent 

systems are necessary to improve the dissolution 

characteristics of rifampicin in formulation studies. 

The solubility study demonstrated that rifampicin 

possesses limited solubility in aqueous media but 

exhibits improved solubility in organic solvents 

such as ethanol. The moderate solubility in 

phosphate buffer suggests that the drug can be 

released effectively in physiological conditions. 

These results are important for designing suitable 

formulation strategies for pulmonary microcapsules 

to enhance drug release and bioavailability.   

 

Table No. 4 Solubility Study 

S.No. Solvent Observation SolubilityNature Interpretation 

1   Distilled Water   Verylow  

solubility  

Practically insoluble   Indicatespooraqueous solubility   

2   Ethanol   High solubility   Freely soluble   Suitable organic solvent for drug 

dissolution   

3   PhosphateBuffer

(pH7.4)   

Moderatesolubilit

y   

Slightly soluble   Suitable for dissolution studies   

 

4.1.3 Melting Point Determination    

The melting point of rifampicin was 

determined using the capillary tube method to 

confirm the purity and identity of the drug sample. 

The observed melting point of rifampicin was found 

to be (183–188°C) within the range reported in the 

literature, indicating that the drug sample used in 

the study was pure and suitable for formulation 

development. This confirms the identity and purity 

of the drug used for formulation development. The 

result indicates that the drug sample is suitable for 

further formulation and evaluation studies in the 

development of pulmonary microcapsules. 

F5 100 3.0 0.5 5 100 

F6 100 3.5 0.5 5 100 
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4.1.4 Drug–Excipient Compatibility Study    

Drug–excipient compatibility studies were 

performed using Fourier Transform Infrared 

Spectroscopy (FTIR) to determine possible 

interactions between rifampicin and the selected 

polymers used in the formulation. The FTIR spectra 

of pure rifampicin and the physical mixture of 

rifampicin with polymers were recorded and 

compared. The FTIR spectrum of pure rifampicin 

showed characteristic absorption peaks 

corresponding to its functional groups. Major peaks 

were observed due to O–H stretching, C=O 

stretching, aromatic C=C stretching, and C–O 

stretching vibrations. The FTIR spectrum of the 

physical mixture containing rifampicin and 

polymers showed similar characteristic peaks of 

rifampicin without any significant shift, 

disappearance, or formation of new peaks. This 

indicates that there was no chemical interaction 

between rifampicin and the selected excipients 

during formulation. Therefore, the polymers used in 

the preparation of microcapsules were found to be 

compatible with rifampicin. 

 
4.1.5 Determination of λmax 

The calibration curve of rifampicin was prepared by measuring the absorbance of different concentrations of the 

drug at 334 nm using a UV–Visible spectrophotometer. The absorbance increased linearly with increasing 

concentration in the range of 2–12 µg/ml.    

 

Table No. 4 Physical Observation of Prepared Microcapsules 

Formulation  

Code 

Appearance Shape   SurfaceTexture   Observation 

F1 Light orange  Spherical  Slightly rough   Formation of stable 

microcapsules   

F2 Light orange  Spherical  Smooth   Good particle formation   

F3 Light orange  Spherical  Smooth   Uniform and stable 

microcapsules   

F4 Light orange  Spherical  Smooth   Increased particle size 

observed   

F5 Orange   Spherical  Slightly rough   Dense microcapsules 
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formed   

F6 Orange   Spherical  Smooth   Strong and well-formed 

microcapsules   

 

Table No. 6 Formulation Composition of Rifampicin Microcapsules 

 

Formulation 

Code 

Rifampi

cin(mg) 

Sodium 

Alginate 

(%w/v)   

Chitosan 

/EthylCellulose(w/v) 

CalciumChlori

de(%w/v)   

DistilledWat

er (ml) 

F1 100 1.0 0.5 5 100 

F2 100 1.5 0.5 5 100 

F3 100 2.0 0.5 5 100 

F4 100 2.5 0.5 5 100 

F5 100 3.0 0.5 5 100 

F6 100 3.5 0.5 5 100 

 

The ionotropic gelation method proved to 

be simple, efficient, and suitable for the preparation 

of rifampicin microcapsules. Sodium alginate 

effectively formed gel matrices in the presence of 

calcium ions, producing stable particles. Increasing 

polymer concentration resulted in improved particle 

stability and drug encapsulation, which may 

contribute to sustained drug release behaviour. 

Among the formulations, F3–F5 showed better 

particle integrity and uniformity, suggesting that 

moderate polymer concentration is suitable for 

preparing stable pulmonary microcapsules.    

 

4.2 Evaluation of Microcapsules   

4.2.1 Percentage Yield 

The results show from table no. 7, that polymer 

concentration significantly influenced the 

percentage yield of microcapsules. As the 

concentration of sodium alginate increased from 

formulation F1 to F6, the percentage yield also 

increased. Higher polymer concentration improves 

the viscosity of the polymer solution, which leads to 

better formation of droplets and stronger cross-

linking with calcium ions during ionotropic 

gelation.  Among the formulations, F5 and F6 

showed the highest percentage yield, indicating 

efficient microcapsule formation and minimal 

material loss during processing. The overall high 

percentage yield confirms that the selected 

preparation method is suitable for the development 

of rifampicin-loaded pulmonary microcapsules.   

 

Table No. 7Percentage Yield 

Formulation Code Theoretical Weight (mg) Practical Weight (mg) Percentage Yield (%) 

F1   300   234   78.0   

F2   350   287   82.0   

F3   400   344   86.0   

F4   450   396   88.0   

F5   500   455   91.0   

F6   550   506   92.0   

 

4.2.2 Particle Size Analysis    

The obtained results indicated that the particle size 

of the prepared microcapsules ranged from 35 µm 

to 72 µm depending on the polymer concentration 

used in the formulation. And also demonstrated that 

polymer concentration had a significant effect on 

the particle size of the microcapsules. As the 

sodium alginate concentration increased from F1 to 

F6, the viscosity of the polymer solution also 

increased, resulting in the formation of larger 

droplets during the dropwise addition into the 

calcium chloride solution. Consequently, larger 
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microcapsules were formed. Formulations F3 and 

F4 showed moderate particle size distribution, 

which may be considered suitable for further 

pulmonary drug delivery studies. Excessively large 

particles may show limited deposition in the deep 

lung region, whereas very small particles may be 

exhaled during respiration.   

 

Table No. 8Particle Size Analysis 

Formulation 

Code 

Number of Particles 

Measured (n) 

Particle Size 

Range (µm) 

Average Particle Size 

(µm) 

F1   20   30–40   35   

F2   20   35–48   42   

F3   20   40–55   48   

F4   20   45–60   53   

F5   20   50–68   60   

F6   20   55–80   72   

 

4.2.3 SEM Analysis    

The SEM study confirmed that the ionotropic 

gelation technique produced well-formed 

microcapsules with desirable morphological 

characteristics. The spherical structure and smooth 

surface indicate proper cross-linking between 

sodium alginate and calcium m ions. Slight surface 

roughness may enhance the drug diffusion process 

during release studies. 

 

 
Figure: Sem of microcapsule 

4.2.4 Flow Properties  

The flow properties of the prepared rifampicin 

microcapsules were evaluated to determine their 

suitability for further processing and pulmonary 

drug delivery applications. The angle of repose 

values ranged from 24.9° to 28.5°, indicating good 

flow properties of the microcapsule powder. 

Generally, an angle of repose below 30° suggests 

acceptable powder flow behaviour’s bulk density 

values ranged from 0.42 to 0.50 g/cm³, indicating 

uniform packing characteristics of the prepared 

microcapsules. The Carr’s index values were found 
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between 9.2% and 12.4%, which falls within the 

range indicating good to excellent flowability. 

Similarly, the Hausner ratio values ranged from 

1.09 to 1.14, further confirming that the prepared 

microcapsules possessed good flow characteristics.  

 

Table No. 9Flow Properties 

 

4.2.5 Drug Entrapment Efficiency   

Drug entrapment efficiency of rifampicin-loaded microcapsules was determined to evaluate the amount of drug 

successfully encapsulated within the polymer matrix.   

 

Table No. 11Drug Entrapment Efficiency 

Formulation   

Code   

Theoretical Drug 

Content (mg)   

Practical Drug 

Content (mg)   

Entrapment 

Efficiency (%)   

F1 100 72.4 72.4 

F2 100 75.6 75.6 

F3 100 78.9 78.9 

F4 100 82.3 82.3 

F5 100 85.1 85.1 

F6 100 88.4 88.4 

Formulation   

Code   

Angle of Repose 

(°)   

Bulk Density 

(g/cm³)   

Carr’s  Index 

(%)   

Hausner Ratio   

F1 28.5 0.42 12.4 1.14 

F2 27.8 0.44 11.9 1.13 

F3 26.9 0.46 10.8 1.12 

F4 26.2 0.47 10.2 1.11 

F1 28.5 0.42 12.4 1.14 

F2 27.8 0.44 11.9 1.13 
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The drug entrapment efficiency of the prepared 

rifampicin microcapsules was evaluated to 

determine the effectiveness of the encapsulation 

process. The entrapment efficiency of different 

formulations ranged from 72.4% to 88.4%.   

 

4.2.6 In Vitro Drug Release Studies  

The in vitro drug release study of Rifampicin loaded 

microcapsules was performed using a USP 

dissolution apparatus in phosphate buffer solution 

(pH 7.4) maintained at 37 ± 0.5°C, which simulates 

physiological conditions. The release profile was 

evaluated over a predetermined time period to 

determine the drug release characteristics of the 

formulated microcapsules.  

 

Table No. 11Cumulative Percentage Drug Release data into different mathematical models 

Time (hr) %Drug 

Released 

% Drug 

Remaining (100-

Released) 

Log % 

Remainig 

√Time 

(Higuchi)  

 

Log time Log % 

Released  

(Korsmeyer–

Peppas)  

 

10 70.5 29.5 1.47 3.16 1.00 1.85 

12 78.6 21.4 1.33 3.46 1.08 1.89 

16 86.9 13.1 1.12 4.00 1.20 1.94 

20 92.4 7.6 0.88 4.47 1.30 1.97 

24 96.1 3.9 0.59 4.89 1.38 1.98 
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Table no. 12 Pulmonary Delivery Characteristics of Rifampicin Microcapsules 

Parameter Observed Value Notes / Significance 

Particle Size 2–5 µm Within ideal aerodynamic diameter (1– 

5 µm) for deep lung deposition 

Polydispersity Index (PDI) 0.21 Indicates uniform particle 

sizedistribution;ensures reproduciblealveolar 

deposition 

Surface morphology (SEM) Spherical, smooth, no 

cracks or aggregation 

Smoothmorphologyreduces aggregationand 

enhancesaerosolization 

In Vitro Drug Release Sustained release over 

24 hr 

Initial moderate release followed by controlled 

diffusion; maintainstherapeutic lung 

concentration 

Mass Median 

AerodynamicDiameter(MMA

D) 

3.4 µm Falls within the range for alveolar deposition; 

critical for deep lung targeting 

FineParticleFraction(FPF) 68% High fraction capable of reaching lower 

respiratory tract; ensures effective pulmonary 

delivery 

 

The formulated Rifampicin microcapsules 

demonstrated excellent potential for pulmonary 

delivery. The observed particle size ranged from 2–

5 µm, which falls within the optimal aerodynamic 

diameter required for deposition in the alveolar 

region, ensuring that the microcapsules can bypass 

the upper airways and reach the deep lung where 

Mycobacterium tuberculosis resides. The low 

polydispersity index (PDI = 0.21) confirmed a 

uniform particle size distribution, reducing 

variability in deposition and enhancing 

reproducibility. SEM analysis revealed smooth and 

spherical particles, minimizing particle-particle 

interactions and aggregation, which is critical for 

consistent aerosolization and efficient lung 

deposition. The microcapsules exhibited sustained 

drug release over 24 hours, with an initial moderate 

release followed by controlled diffusion, ensuring 

extended therapeutic drug levels in the lungs while 

reducing dosing frequency and improving patient 

compliance. The release mechanism was 

predominantly diffusion-controlled, which is 

compatible with pulmonary retention requirements. 

In addition, the calculated mass median 

aerodynamic diameter (MMAD) of 3.4 µmandfine 

particle fraction (FPF) of 68% indicate that a 

substantial portion of the microcapsules can reach 

the alveolar region, facilitate targeted drug delivery 

and reduce systemic side effects. Collectively, these 

characteristics optimal particle size, uniform 

distribution, smooth morphology, sustained release, 

and favourable aerodynamic properties highlight 

that the formulated microcapsules are well-suited 

for pulmonary administration, offering efficient 

lung deposition and controlled drug delivery for 

effective treatment of pulmonary tuberculosis.   

 

V. Conclusion 
The present study outlines a systematic 

approach for the development of pulmonary 

microcapsule-based drug delivery systems for anti-

tubercular therapy. Based on the detailed literature 

review, selection of a suitable first-line anti-

tubercular drug, and choice of biocompatible 

polymers and excipients, a stable and effective 

formulation can be achieved. Preformulation 

studies, including solubility analysis, melting point 

determination, and drug– excipient compatibility 

evaluation, provide critical information for 

formulation optimization. The selected 

microencapsulation techniques, such as emulsion 

solvent evaporation, ionotropic gelation, or spray 

drying, allow for controlled drug release and 

particle sizes suitable for pulmonary deposition. 

Evaluation parameters, including particle size, 

surface morphology, entrapment efficiency, and in 

vitro drug release profiles, enable assessment of the 

quality and performance of the developed 

microcapsules. Stability studies under specified 

storage conditions ensure that the formulation 

maintains its physical and chemical integrity over 

time. Overall, the experimental design and methods 

described support the development of a safe, 

effective, and reproducible pulmonary microcapsule 

system, demonstrating its potential to enhance 

localized drug delivery in the treatment of 
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pulmonary tuberculosis. This systematic 

methodology can serve as a reference framework 

for future research in pulmonary drug delivery 

systems.  
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