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1. Title of the thesis: Nanoparticulate drug delivery system for Tuberculosis 

 

 Abstract 

 Objective: To formulate and characterize polymer loaded nanoparticles containing anti-

tubercular drug and its administration as a dry powder inhaler that will reach lungs 

directly to give sustain drug release for the period of 24 hr.  

Method: FTIR analysis was carried out to check the interaction between polymer, drug 

and inhalable grade lactose. Prothionamide (PTH) nanoparticles were prepared by 

solvent evaporation method using Poly-lactic co-gycolic acid (PLGA) (75:25), a 

biodegradable polymer. After some preliminary trials, 3
3
 Box Behnken Design was 

employed to study the effect of three independent variables, i.e. drug-polymer ratio, 

concentration of surfactant, and organic phase volume, on three dependent variables like 

particle size, percentage drug entrapment (PDE), Polydispersibility index. Response 

surface curve and desirability factors helped in the selection of optimum formulation of 

PTH nanoparticles. Freeze dried nanoparticles and anhydrous inhalable grade lactose 

were mixed manually by geometrical dilution process to modify the nanoparticles into a 

dry powder inhaler and studied its mass median aerodynamic diameter (MMAD), 

accelerated stability study, in-vitro release and in-vivo study. Also Prothionamide 

nanoparticles were prepared using Chitosan to overcome the problem associated with 

PLGA nanoparticles. Chitosan/Tri polyphosphate (TPP) nanoparticles containing 

Prothionamide were prepared by ionic gelation technique. Several process parameters 

like drug-polymer ratio, Chitosan-TPP ratio, TPP volume and stirring time were 

optimized. Chitosan nanoparticles containing PTH was further modified into a dry 

powder for inhalation and studied the pharmacokinetic properties. Similarly 

Ethionamide loaded PLGA (50:50) nanoparticles were prepared by solvent evaporation 

method. Several process parameters were optimized to find suitable nanoparticles for dry 

powder inhaler. Dry powder inhaler was further evaluated for mass median aerodynamic 

diameter, in-vitro, in-vivo and accelerated stability study. 

Result: FTIR study revealed no interaction between the drug and other ingredients. 

Prothionamide loaded PLGA nanoparticles optimized through Box Behnken Design. 

Independent parameters like drug-polymer ratio, surfactant concentration and organic 

phase volume showed significant influence on the particles size and entrapment 

efficiency. Formulation was optimized with set criteria of maximum entrapment 
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efficiency and minimum particle size, followed by higher disability factor. Scanning 

electron microscopy (SEM) image showed spherical shape particle size of 205.6nm. 

Drug release of 42.51±1.5 % was achieved in 24hr in the optimized DPI (1:1), which 

showed the MMAD of 1.69 µm with geometric standard deviation of 1.95. But the 

concentration attained cannot maintain above minimum inhibitory concentration (MIC) 

in-vivo.  

Hence, new nano-formulation of PTH was prepared using alternate biodegradable 

polymer, chitosan. Optimized chitosan nanoparticles loaded with PTH showed more or 

less spherical in shape. DPI of chitosan nanoparticles-lactose ratio 1:2 had MMAD of 

1.76 µm with geometric standard deviation of 1.96. In-vitro release of DPI showed 

initial burst release of 22.04±1.94 % in 1 hr followed by 96.91±0.91 % up to 24 hr. By 

In-vivo; PTH nanoparticles gave sustained release up to 97.80±0.51 % for the period of 

24 hr, whereas pure PTH gave 99.84±0.08 % release in 6 hr. As a result PTH 

concentration reached 4.56±0.31 µg/ml (Cmax) at Tmax of 1 hr in lungs. AUC increased 

significantly, when PTH was given in the form of nanoparticles. DPI of PTH 

nanoparticles maintained plasma concentration above the MIC for the period more than 

12h, whereas pure PTH could maintain up to 3 hr. PTH nanoparticles reached the 

concentration of 0.39±0.06 µg/ml at 24 hr.  

Subsequently, Ethionamide nanoparticles were prepared using PLGA (50:50). 

Optimized nanoparticles showed z-average value, zeta potential and PDI as       

225.7±6.4 nm, -6.9±1.24 mV, and 0.216±0.011 respectively. Optimized nanoparticles 

further modified into DPI. Optimized DPI in the ratio of 1:1 (PLGA nanoparticles of 

Ethionamide: anhydrous lactose) showed aerodynamic particles size of 1.79 µm with 

geometric standard deviation of 1.71. In-vitro drug release-time profile of this DPI 

followed zero order kinetic with highest correlation co-efficient (r
2
) of 0.992 in 

comparison to Highuchi, Peppa’s models with r
2 

of 0.930 and 0.949 respectively. There 

was no significant changes occurred in the physical properties of nanoparticles during 6 

month storage period at 25±2 °C and 60±5 % RH. In the form of DPI, nanoparticles 

showed initial burst release of 9.23±1.15 % in first 1hr and continued to release up to 

95.17±3.59 % in 24 hr. Similar burst release also observed in-vivo. This initial burst 

release helped to reach the ETH concentration to 2.64±0.07 µg/ml in lungs and ETH 

residency detected at 24 hr in lungs. 
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Conclusion: Nanoparticles of Prothionamide and Ethionamide were prepared 

successfully with biodegradable polymers. Optimized chitosan-Prothionamide 

nanoparticles and PLGA-Ethionamide nanoparticles were modified with lactose to make 

suitable for pulmonary administration as dry powder inhaler. Results suggest that the 

DPI containing optimized nanoparticles of Prothionamide/Ethionamide maintained the 

drug concentration above MIC for more than 12 hr. On daily basis of DPI 

administration, the drug concentration may maintain above MIC for 24 hr.  

  

 Key words 

 Prothionamide; Ethionamide; PLGA; Chitosan; Dry powder inhaler; Inhalable grade 

lactose, Aerodynamic diameter. 

 

2. Brief description on the state of art of the research topic 

 Most infections in human result in an asymptomatic, latent infection, and 

about one in ten latent infections eventually progress to active disease [1]. 

Tuberculosis usually attacks the lungs and cause pulmonary tuberculosis. One fourth 

of the world population accounts for 38 % morbidity and 39 % mortality of the global 

burden of tuberculosis, with an estimated 4.5 million prevalent, 3.4 million incident 

cases and 4.4 lacs deaths [2]. The disease causing agent known as Mycobacterium 

tuberculosis contains lipid-rich cell wall, which restrict the permeability of many 

agents. These species are intracellular pathogens, and reside within macrophages, 

which is difficult to access using anti-tubercular drugs due to poor cells permeability. 

As a result, they develop drug resistance [3]. This increasing drug resistance in 

tuberculosis represents a continuous challenge to the clinician and researcher since 

tuberculosis was first detected [4]. 

Marketed formulations for tuberculosis are available either for oral or 

intravenous administration. In such cases, drugs remain in the systemic circulation, 

and very small fraction from it reaches to lungs, which is mainly affected by the M. 

tuberculosis. One of the most attractive aspects of drug delivery research is the ability 

to design nanocarriers that are able to deliver drugs with right dose to the right place, 

at the appropriate times and at accurate concentrations. These nanocarriers are 

nanoparticulate systems that entrap drugs and may prevent or minimize drug 

degradation and metabolism, which possibly increases cellular uptake[5]. 
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Nanoparticles are nanosized colloidal structures composed of synthetic or semi 

synthetic polymers. The colloidal carrier are based on biodegradable and 

biocompatible polymeric systems which have largely influenced the controlled and 

targeted drug delivery concept with a size range of 1 to 1000 nm [6]. Targeting the 

drug to the desired site of action would not only improve the therapeutic efficiency 

but also enable a reduction of the amount of drug which must be administered to 

achieve a therapeutic response, thus minimizing unwanted toxic effects[7]. 

The development of an adequate carrier system has become a prerequisite for 

deep lung delivery, and its choice for pulmonary delivery of NPs is still, however, 

challenging. Apart from the necessary safety regarding contact with lung tissue, the 

carrier should provide drug stability, ease of handling during filling and processing, 

adequate aerodynamic properties for proper lung deposition, as well as improved 

powder flowability which aids in drug dispersion from the inhaler device [8]. 

 An alternative approach was thought to change the route (pulmonary) and 

dosage form (nanoparticles) for effective management of tuberculosis. 

Nanoparticulate form of Prothionamide (PTH) & Ethionamide (ETH) can enter 

intracellular compartments and escape phagocytic macrophages. Although advantages 

of nanoparticles are more, but persistence of nanoparticles (NPs) system in the body 

for the better therapeutic effect becomes more challenging [9]. Designing of drug 

delivery with biodegradable polymer is the potential solution to solve this problem. 

Poly lactic co-glycolic acid (PLGA) and Chitosan are capable of coating hydrophobic 

drug with high loading capacity [10], mucoadhesive properties and drug stability 

[11]. 

 

3. Definition of the problem 

 In the treatment of tuberculosis, first line drugs are normally used with large and 

repeated dose for several months. Due to patient’s non-compliance, these drugs fail 

resulting in drug resistance. In that situation, 2
nd

 line of anti-tubercular drugs like 

Prothionamide, Ethionamide are used to prescribe. But availability of PTH and ETH 

in lungs is very low when given by conventional oral route [12]. These drugs were 

used to administer repeatedly due to less biological half life for several weeks. Apart 

from these drugs are poor tolerable due to considerable gastrointestinal adverse effect, 

such as nausea, vomiting, anorexia, a metallic taste and abdominal pain [13]. Hence, 
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it was decided to administer by pulmonary route for reducing the dose required to 

avoid drug resistance development etc. 

 

4. Objective and Scope of work 

4.1. Objective of the work 

 The objectives of the present research are as follows 

1. To formulate, characterize and optimize the nanoparticles containing anti-

tubercular drugs like Prothionamide and Ethionamide.  

2. To modify the Optimize nanoparticles into dry powder inhaler form.  

3. In vivo study of DPI using rat. 

4.2. Scope of work 

 Scopes of the work are as follows 

1. By conventional oral route, the amount of drug reaching lungs is less compared to 

DPI form. 

2. Nanoparticles release the drug in a sustained manner for long duration. 

3. Missed doses of conventional route develop drug resistance which results in 

treatment failure. DPI containing nanoparticles improves the patient compliance. 

4. Dose dependent side effects like drug-induced liver injury (DILI) which is very 

common in tuberculosis treatment can be conquered by reducing the dose and dosing 

frequency in Nanoparticulate form. 

 

5. Original contribution by the thesis. 

 The contributions of the work in support of the above discussion are as follows.  

1. Nanoparticles of Prothionamide and Ethionamide were prepared individually using 

biodegradable polymer like Chitosan, PLGA respectively which sustained the release 

up to 24 hr in in-vitro as well as in-vivo. 

2. Prepared DPI containing nanoparticles maintain drug concentration above MIC for 

more than 12 hr. 

3. In-vivo tissue distribution data revealed the drug concentration at 24 hr below MIC 

which can be overcome by daily dose or twice daily dose of administration of drug.  
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6. Methodology of Research, Result/ Comparisons 

 6.1 Prothionamide 

 6.1.1 UV estimation and method validation of Prothionamide 

 6.1.1.1 Methodology: 

  New UV spectrophotometric method was developed where no extraction, 

derivatization, or evaporation step, no complexation agent, and no harmful 

chemicals are involved. The methods were further validated according to 

International Conference of Harmonization (ICH) guidelines of Q2B (2005) 

in terms of linearity, sensitivity, precision and accuracy for each analyte. 

Stock solution of 1000 µg/ml was prepared in pH 7.4 phosphate buffers and 

sonicated for 20 min. The absorption maximum was determined using 10 

µg/ml solution by scanning at 200 to 400 nm in UV-Double been 

spectrophotometer. Suitable dilutions were made to plot the calibration 

curve.  

 6.1.1.2. Result: 

  UV-Spectrophotometric method was developed for Prothionamide which can 

be conveniently employed for routine analysis in pharmaceutical dosage 

forms and will eliminate unnecessary tedious sample preparations. The 

standard deviation, coefficient of variance and standard error obtained for 

Prothionamide were satisfactorily low. Prothionamide shows λmax at 288 nm. 

Calibration curve data was constructed in the range of 4 to 20 µg/ml. Beer’s 

law was obeyed over this concentration range. The correlation co-efficient 

was found to be 0.999, which is within the limit (r
2 

> 0.990). The limit of 

detection (LOD) and limit of quantification (LOQ) for Prothionamide is 

found to be 0.397 µg/ml and 1.204 respectively, indicating that the proposed 

UV method is highly sensitive. Assay value of Prothionamide in tablet 

formulations ranged from 98.40 ± 0.91 to 99.80 ± 1.56 % with relative 

standard deviation not more than 1.56 %. Assay values of formulation were 

same as label claim; this indicates that no interference of excipients in the 

determination of Prothionamide by the proposed method. The standard 

deviation, coefficient of variance and standard error were obtained for 

Prothionamide were satisfactorily low. Result of precision at different levels 

was found to be within acceptable limits (RSD < 2)[14]. 
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 6.1.2. Formulation and characterization of Prothionamide nanoparticles using 

PLGA (75:25) 

 6.1.2.1. Methodology: 

  PLGA-75:25 (Resomer RG 755 S) was obtained as gift sample from Evonik 

Industries, Darmstadt, Germany. FTIR analysis was performed to study the 

chemical interaction between Prothionamide and PLGA. PLGA 

nanoparticles were prepared by solvent evaporation technique[15]. Briefly 

PLGA and PTH were dissolved in common solvent of Dichloromethane and 

further transferred to 10ml of PVA solution using syringe (24G) followed by 

vortexing for 10 min. Microemulsion was formed when sonicated for 5min 

over the ice bath. The prepared emulsion was kept on magnetic stirrer at 

room temperature for 2 hr to evaporate Dichloromethane. The nanoparticles 

were recovered by ultracentrifugation at 18000 rpm at -4°C for 25 min 

followed by single wash with distilled water. Prepared nanoparticles were 

freeze-dried using 2 % w/v D-mannitol as cryoprotectant. Box Behnken 

Design (3
3
) was employed [11] to study the effect of three independent 

variables, i.e. drug to polymer ratio, concentration of surfactant, and organic 

phase volume, on three dependent variables like particle size, percentage 

drug entrapment (PDE), Polydispersibility index. The shape and surface 

morphology of the nanoparticles were examined for the system generated 

optimized formulation by Scanning Electron Microscopy (SEM). Different 

proportion of anhydrous lactose (40M-obtained as gift sample from Kerry 

ingredients, Rothschild, USA) for inhalation was mixed with the optimized 

Prothionamide nanoparticles by geometric mixing. Mass Median 

Aerodynamic Diameter (MMAD) of the optimized dry powder inhaler was 

determined using an eight stage cascade impactor followed by in-vitro study. 

The optimized Prothionamide nanoparticles loaded DPI was subjected for in 

vitro drug release behaviour. Simulated lung fluid of pH 7.4 was used as 

dissolution medium for evaluating the release pattern of Prothionamide from 

PLGA nanoparticles loaded DPI. Accelerated stability study was carried out 

as per the ICH guideline Q1A (R2). Paraffin tape was used to seal 

cryoprotectant vials containing freshly prepared DPI of Prothionamide 
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nanoparticles. These vials were kept in stability chamber and maintained at 

25±2°C and 60±5% RH. The nanoparticles were analyzed for the period of 6 

months [16]. Zeta size, zeta potential, PDI, drug entrapment and drug release 

were carried out to check the stability of dry powder inhaler of PTH 

nanoparticles. In-vivo study was conducted on the Wistar rats. All animal 

experiments were approved and performed in accordance with the guidelines 

of institutional animal ethical committee of Bengal College of 

Pharmaceutical Sciences and Research, Durgapur, West Bengal (Registration  

No:1799/PO/Ere/15/S/CPCSEA). Wistar rats either sex were used to study 

the pharmacokinetic parameters of Prothionamide in the form of DPI. The 

rats were housed in a 12 hr light/dark cycle with food and water available. 

Dry powder inhaler delivery device was designed with little modification as 

described previously [17]. Rats were divided into two groups [18]. One 

treated with DPI of Prothionamide nanoparticles and another with pure 

Prothionamide. Animals were anesthetized by intra-peritorial administration 

of Ketamine (80 mg/Kg) and Xylazine (10 mg/kg). Gently pulled the tongue 

outside and sprayed DPIs through the device by placing it in trachea region. 

In each time period, three animals were selected to obtain statistical 

significant data. Three separate studies were performed to check the bio and 

tissue distribution of PTH. Firstly 1ml of blood was withdrawn from the tail 

vein of rat to check the bio-distribution of PTH at the time interval of 1, 2, 3, 

6, 12 & 24 hr. After sacrifice in this specified interval, lungs were isolated 

from rat and filled it with 4ml phosphate buffer solution (PBS) by slowly 

injecting infractions to fill the lungs [16]. The fluid was withdrawn very 

slowly using syringe and needle and followed by one repetition. This fluid 

was stirred for 20 min in presence of 1 ml methanol. Thereafter, these lungs 

and trachea were homogenized with 10 ml of PBS solution and 1ml 

methanol. 60 µl of 30 % Trichloro Acetic acid was added in each sample for 

deprotenization. After vortexed for 5 min, these samples were centrifuged at 

8000 rpm for 10 min. With the supernatant, 1 molar sodium bi-carbonate was 

added to neutralize the sample and followed by vortexed for 5 min. These 

samples were centrifuged again at 8000 rpm for  10 min. Supernatant 

containing Prothionamide was estimated using HPLC[19].  
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 6.1.2.2. Result: 

  Principle peaks like aromatic stretching, C-N stretching, C=S stretching, =C-

H bending etc maintained the same integrity in pure and physical mixture. 

All the independent variable had significant effect on the particle size. 

Average particle size of nanoparticles was decreased with decreasing the 

PLGA amount, organic phase volume and increasing the surfactant 

concentration. Another dependent parameters-Percentage drug entrapment 

was increased with increasing the PLGA amount and decreasing the 

surfactant concentration, organic phase volume. But no significant influences 

were established between independent variables with polydispersibiliy index. 

Particle size and PDE had been taken under consideration for the selection of 

optimized batch. Formulation was optimized with set criteria of maximum 

entrapment efficiency and minimum particle size, followed by higher 

disability factor. Optimized formulation contained 1:5 ratio of PTH-PLGA, 

0.36 % of PVA concentration and 2ml of Dichloromethane. SEM images 

showed that the optimized Prothionamide nanoparticles were spherical in 

shape. Most of the particle size was of 205.6 nm. 1:1 proportion of 

Prothionamide nanoparticles and Lactose showed excellent flow property 

with MMAD of 1.69 µm and geometric standard deviation of 1.95. The 

optimized Prothionamide-PLGA nanoparticles showed initial burst release of 

20 % and then showed sustain drug release up to 43.52 % in 24 hr. The 

release best fitted zero order with correlation co-efficient of 0.982. Six month 

accelerated stability study revealed no clumping or aggregation of particles. 

Zeta size, PDI, and drug release demonstrated the conservation of dry 

powder inhaler were stable during stress testing. In contrast to pure PTH 

administration, PTH nanoparticles gave sustained release more than 24 hr, 

whereas pure PTH gave release 99.85 %  in 6 hr. AUC increased 

significantly when PTH given in the form of nanoparticles. As PTH reached 

very slowly to plasma from PTH nanoparticles, AUC was relatively less 

0.0739 µgh/ml in comparison to pure PTH. Cmax was 2.303 µg/ml for PTH 

DPI and 4.567 µg/ml for pure PTH at Tmax 1 hr. DPI of PTH nanoparticles 

maintain plasma concentration above the MIC for the period of 6 hr, but pure 

PTH could maintain up to 3 hr. Prepared formulation can be used once every 
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day  to maintain the plasma concentration above MIC. PTH detected after   

24 hr, when given in the form of nanoparticles signified prolong drug 

residency in lungs. 

   

 6.1.3. Formulation and characterization of Prothionamide nanoparticles 

prepared by Chitosan 

 6.1.3.1. Methodology: 

  FTIR analysis was performed to check the chemical interaction between 

Prothionamide, inhalable anhydrous Lactose and Chitosan. Chitosan/TPP 

nanoparticles were prepared using ionic gelation technique with minor 

modification as described previously[8],[20]. Briefly, Chitosan was dissolved 

in aqueous solution of Acetic acid under magnetic stirring at room temp. 

Prothionamide was dispersed in the above Chitosan solution with constant 

stirring. Sodium tri poly phosphate (TPP) aqueous solution was added drop 

wise using syringe needle into the above Chitosan solution containing PTH 

with continuous stirring. The stirring was continued for specified period of 

time. The resultant nano-suspension was centrifuged at 18,000 rpm for 30 

min in -4º C followed by one time washing with distilled water. Freeze dried 

the suspension using Mannitol 2 % w/v as cryprotectant. Several process 

parameters like stirring time, chitosan-TPP ratio, PTH-TPP ratio and TPP 

volume were optimized to achieve suitable nanoparticles for the formulation 

of dry powder inhaler. Prothionamide nanoparticles and anhydrous inhalable 

grade lactose were mixed manually using geometrical dilution process in 

order to prepare the DPI. Prepared DPI was evaluated for in vitro release 

study, accelerated stability study. Dry powder inhaler delivery device was 

designed with little modification as described previously [17]. Rats were 

divided into two groups [18]. One was treated with DPI of Prothionamide 

nanoparticles and another with pure Prothionamide. Rats were anesthetized 

by intra-peritorial administration of Ketamine (80 mg/Kg) and Xylazine    

(10 mg/kg). Gently pulled the tongue outside and sprayed DPIs through the 

device by placing it in trachea region. In each time period, three rats were 

selected to obtain statistical significant data. Three separate studies were 

performed to check the bio and tissue distribution of PTH. 
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 6.1.3.2. Result: 

  The integrity of the principle peaks like N-H wag, =C-H bending, C-C=C 

stretching in ring, N-H stretching, C=S stretching were maintained, which 

confirmed the absence of interaction between PTH, Chitosan and inhalable 

grade lactose. In the formulation, stirring time was varied by keeping all the 

process parameters constant. Stirring time of 30 min showed higher PDE of 

63.42 % with zeta potential value of 30.9 mV. Secondly, ratio of chitosan-

TPP was varied by keeping all other parameters constant. At the ratio of 4:1, 

the average particle size obtained was 223.2 nm which was minimum. 

Thirdly, ratio of PTH-Chitosan was varied by keeping all other parameters 

constant. At the ratio of 5:8, it showed maximum drug entrapment of 78.84% 

having zeta potential of 29.3 mV. Lastly TPP volume was varied from 5 to 

10 ml, which resulted in significant correlation between z-average values 

with average particle size. Zeta potential and PDE also improved with the 

value of 31.2 mV and 80.31 % respectively. SEM of the prepared 

nanoparticles showed spherical shape with particle size of 301.9 nm. The 

optimized batch was mixed with inhalable grade lactose to prepare DPI. At 

the ratio of 1:2, it has shown good flow property with z-average value, zeta 

potential and PDI of 305.2 nm, 28.3 mV and 0.411 respectively. Prepared 

DPI with MMAD of 1.76 µm showed initial burst release of 22 % showing 

maximum release of 96.91 % at the end of 24 hr. Release pattern followed 

Korsmeyer-Peppas kinetics involving the combined mechanism of erosion 

and diffusion concluded based on ‘n’ value of 0.544. Three different studies 

were carried out to demonstrate percentage drug release in-vivo, lungs tissue 

distribution and bio-distribution of Prothionamide at specific time interval. In 

contrast to pure form, PTH nanoparticles gave sustained release of 97.80 ± 

0.51 % for the period of 24 hr, whereas pure PTH gave 99.84 % release in    

6 hr. As a result PTH concentration reached 4.56 µg/ml (Cmax) at Tmax of 1 hr 

in lungs. AUC increased significantly when PTH was given in the form of 

nanoparticles. There was no significant difference between the AUC of PTH 

nanoparticles and pure PTH administration by blood samples analysis. This 

happened due to rapid release of PTH in the pure form. As PTH reached very 

slowly to plasma from PTH nanoparticles, AUC achieved relatively less in 



 

12 | P a g e  

comparison to lungs tissue. Prothionamide nanoparticles loaded DPI 

achieved maximum concentration 2.90 µg/ml (Cmax) at Tmax of 3 hr. DPI of 

PTH nanoparticles maintained plasma concentration above the MIC for the 

period more than 12 hr, whereas pure PTH could maintain up to 3 hr. PTH 

nanoparticles gave the concentration of 0.39± 0.06 µg/ml at 24 hr. Stability 

of NPs was determined in terms of z-average particle size, zeta potential, 

drug entrapment and release profile. There was no significant changes 

occurred in PDI, Zeta potential, PDE and percentage drug release. Particle 

sizes were changed in narrow range but it did not create any significant effect 

on the release of PTH from Chitosan nanoparticles 

 6.2. Ethionamide 

 6.2.1 UV estimation and method validation of Ethionamide 

 6.2.1.1. Methodology: 

  Ethionamide was procured from Shiro Pharma Chem. Pvt. Ltd., Navi 

Mumbai. In order to check the purity FTIR and melting points were 

determined. An economical, simple, secure UV-spectrophotmetric method 

was developed using pH 7.4 Phosphate buffer. The developed method was 

validated in terms of linearity, range, assay of marketed product, accuracy, 

and precision. PLGA nanoparticles of Ethionamide were also prepared to 

check the influence of other ingredients or solvent effect on the λmax. 

 6.2.1.2. Result: 

  At λmax of 288 nm, Ethionamide showed maximum absorptivity in pH7.4. 

Ethionamide showed linearity in the range of 6 to 18 µg/ml and exhibited 

good correlation co-efficient (r
2
=0.999). LOD and LOQ for Ethionamide 

were found to be 0.076 µg/ml and 0.2301 µg/ml respectively; hence the 

proposed method is highly sensitive. Assay values of marketed Ethionamide 

tablet were found to be 99.47±0.12 % and no interference of other tablet 

excipients was detected in the shifting of λmax. This method demonstrated 

excellent mean recovery of 99.80±0.53 %. All the estimated parameters were 

found to be statistically significant due to low RSD values (RSD< 2). 

Although different chemical was used in the formulation of ETH 

nanoparticles, but no significant shifting of λmax was detected [21].  
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 6.2.2. Formulation and characterization of Ethionamide nanoparticles 

prepared by 50:50 PLGA 

 6.2.2.1. Methodology: 

  Polymer PLGA 50:50 (RG 504) was obtained as a gift sample from Evonik 

Industries, Darmstadt, Germany. FTIR analysis was performed to check the 

absence of chemical interaction between the ingredients. PLGA loaded 

Ethionamide nanoparticles were prepared by emulsion solvent evaporation 

method [22]. Influence of different experimental parameters such as polymer 

to drug ratio, surfactant concentration and organic phase composition on the 

encapsulation efficacy of ETH in the nanoparticles was evaluated. Optimized 

Ethionamide nanoparticles were converted into a DPI form by mixing with 

anhydrous inhalable grade lactose (obtained as gift sample from Kerry group, 

USA). Optimized DPI was evaluated for Mass median aerodynamic diameter 

(MMAD), in-vitro release, and accelerated stability study. In-vivo release 

study was carried out as mentioned earlier in section 6.1.3.1. 

 6.2.2.2. Result: 

  FTIR spectra of pure and physical mixture were obtained in the narrow range 

with similar intensity. Hence, FTIR confirmed no chemical interaction 

between Ethionamide and other ingredients. Five batches were prepared with 

varying proportion of PLGA. Z-average values and PDE were increased with 

increasing the PLGA amount. ETH-PLGA ratio of 1:4 showed maximum 

PDE of 83.62 ± 0.97 % with z-average value and PDI of 488.4 ± 7.2 nm, 

0.394 ± 0.014 respectively. Keeping this ratio constant, surfactant 

concentration was changed. High concentration of PVA concentration leads 

to a reduction in size of the nanoparticles produced. Simultaneously, it also 

observed that distribution of nanoparticles became narrow as the amount of 

PVA was increased. 0.5 % w/v PVA was selected due to higher PDE and 

zeta potential with lesser PDI value. In this batch acetone amount was 1.5ml. 

Particle size was decreased with increasing the acetone volume, but 

concurrently zeta potential value was decreased drastically resulting into 

more prominent prospect of aggregation. By using 1.5 ml acetone volume 

showed zeta potential of -8.10 mV, means it had less chance of aggregation 

in compare with other formulation. Therefore, this batch was considered to 
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be suitable candidate for the dry powder inhaler. In 1:1 ratio of ETH 

nanoparticles-lactose showed good flow property with angle of repose of 

29.05±0.45. Carr’s index and Hausner ratio are found to be 10.00±0.48 % 

and 1.11±0.01 respectively. Optimized DPI tested for the zeta size, potential, 

PDI and found to be 225.7±4.56 nm, -6.9±2.59 and 0.216±0.015 

respectively. Optimized DPI showed aerodynamic particles size of 1.79µm 

with geometric standard deviation of 1.71. This DPI showed initial burst 

release of 9.23±1.15 % in first 1hr, which attributed to the drug release from 

drug associated near-particle surface which might have got desorbed upon 

contact with the dissolution medium. This burst release will help to reach the 

drug concentration above MIC and continue to release up to 95.17±3.59 % in 

24 hr. ETH coated with PLGA 50:50, got degraded rapidly due to more 

amount of glycolic acid unit in the copolymer [23]. Percentage drug release-

time profile of zero order kinetic showed highest correlation co-efficient (r
2
) 

of 0.992 in comparison of Highuchi, Peppa’s models with r
2 

of 0.930 and 

0.949 respectively. Hence the release best fitted with zero order mechanism. 

Significant correlation was established between in vitro dissolution and in 

vivo animal study. Initial high release of 9.26 ± 1.47 % also was seen in vivo 

as same as like the dissolution study in simulated lungs fluid. This initial 

burst release from optimized DPI of ETH helped to reach the ETH 

concentration to 2.64±0.07 µg/ml in lungs. In contrast to pure form, ETH 

nanoparticles gave sustained release of 98.45 ± 0.55 % for the period of      

24 hr, whereas pure ETH gave 99.88±0.1 % release in 6 hr. As a result, ETH 

concentration reached 4.621±0.36 µg/ml (Cmax) at Tmax 1 hr in lungs by pure 

form administration, whereas, maximum concentration reached to 

2.639±0.07 µg/ml (Cmax) at Tmax 1h in nanoparticles form. Area under the 

concentration-time curve from 0h to infinity (AUC0–∞) signifies the prolong 

residency of ETH in body compartment, when given in the nanoparticles 

form. AUC0–∞was high when ETH was administered in nanoparticles form. 

Similarly in plasma, residency of ETH was high in the nanoparticles form. 

No ETH was detected in lungs and plasma after 6h of administration of ETH 

in free form. One way ANOVA was applied here to meet the statistical 

significant and found P value less than 0.05 in case of ETH nanoparticles 
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administration. There was no significant changes occurred in the physical 

properties of nanoparticles. Particle sizes were changed in the narrow range 

but it would not create any significant effect on the release profile ETH from 

DPI [24]. 

 

7. Achievement with respect to goal and objective 

 1. Prothionamide nanoparticles using PLGA (75:25) were prepared successfully. These 

nanoparticles can sustain the release of PTH for more than 24 hr.  

2. DPI containing Prothionamide nanoparticles prepared by chitosan maintained the 

Prothionamide concentration above MIC for more than 12 hr. 

3. Ethionamide loaded PLGA (50:50) nanoparticles release sustained release fashion 

over the 24 hr. 

4. Prepared DPI containing Ethionamide nanoparticles also could maintain the 

Ethionamide concentration above MIC for more than 12 hr. 

5. Delivery device developed for successful administration of DPI containing 

nanoparticles of ETH/PTH through pulmonary route in rat. 

6. Two UV-spectrophotometric methods were developed and validated separately for 

PTH and ETH. This method will be helpful for quantitative estimation of these drugs in 

pure and marketed formulation. 

 

8.  Conclusion 

 Nanoparticles of Prothionamide and Ethionamide were prepared using biodegradable 

polymers. Optimised nanoparticles showed spherical in shape. These nanoparticles 

further modified to dry powder inhaler with mass median aerodynamic diameter of 

less than 2 µm and signify its suitability for pulmonary administration. In-vivo 

administration of DPI maintained drug concentration in lungs above MIC for more 

than 12 hr and these drugs residency detected at 24 hr in lungs tissue. Although drug 

concentration at 24 hr below MIC, which can be maintained on a daily basis dose 

administration. 
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