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Abstract—Background: A novel therapy for Tuberculosis is on high demand as Tuberculosis has become the second deadliest disease 

after HIV/AIDS, about 9 million cases worldwide with its prevalence in developing countries. Aims: Current research exhibits 

Combination drug delivery system of Rifampicin and Isoniazid dry powder inhaler was developed and characterized by Aerodynamic 

particle size distribution by Next generation impactor (NGI). Methods: Study has been performed at 60L/min constant sonicated flow 

from high capacity pump and controlled by critical flow controller. Developed combination formulation consist of Rifampicin and 

Isoniazid actives blended with lactose as carrier (Inhalac 400® & Respitose® SV003) was delivered into Next generation impactor 

with Induction port and pre-separator via novel single usable dry powder inhaler device. Collection cup of the next generation 

impactor was coated with 1%w/v of Tween 20 in methanol to avoid particle bounce and re-entrainment. Results: Percentage fine 

particle fractions (FPF), Mass median aerodynamic diameter (MMAD) and geometric standard deviation (GSD) for Rifampicin and 

Isoniazid were (mean±SD) 25.501 ± 1.20, 3.978 µm ± 0.2, 2.59 ± 0.1 and 21.626 ± 1.01, 3.268 ± 0.2, 2.685 ± 0.1 at 60 l/min, respectively. 

As a percent of label claim, Rifampicin delivery distal to throat was 18.0 ±1.1% at 60 l/min, while for Isoniazid it was 15.9 ± 0.8%. A 

validated liquid chromatography method used for quantification of emitted and deposited Rifampicin and Isoniazid from the dry 

powder inhaler. Conclusion: From these in vitro measurements, the developed delivery system demonstrated consistent fine particle 

fraction and low device retention.   
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I. INTRODUCTION 

This Tuberculosis (TB) is diseases which caused by Mycobacterium tuberculosis (Mtb) bacteria and infection can rapidly get 

spread. TB infection occurs through inhalation of Mycobacterium tuberculosis-containing droplets dispersed from a TB infected 

person by coughing or sneezing.
[1] 

Once the inhaled droplets reach the alveolar region of the lungs, the Mycobacterium 

tuberculosis can quickly phagocytized by alveolar macrophages (AMs) and other phagocytic cells, this includes neutrophils, 

monocyte-derived Mycobacterium tuberculosis multiplies in the AMs, then diffuses to nearby epithelial and endothelial cells 

and to other organs through the bloodstream and lymphatics.
[1], [2]

 About 5-10% patients with active TB experience fever, lack 

of appetite, weight loss, persistent cough, hemoptysis and fatigue. More than 80% of active Mycobacterium tuberculosis are 

confined to the lung parenchyma or the tracheobronchial tree.
[3],[4],[5]

 Dry powder inhalers (DPIs) are delivery system in which 

dry powder formulation of an active drug is delivered through devices for local or systemic effect via the pulmonary route.
[6] 

Inhaled drug delivery systems can be categorized mainly into three groups which includes the pressurized metered dose inhalers 

(pMDIs), dry powder inhalers (DPIs) and nebulizers. Each group are having a unique strength and weakness. The important of 

these, dry powder inhalers; enable the pulmonary delivery of higher dose, locally acting, such as sodium cromoglycate.
[7]

 DPIs 

offer an alternative delivery system to patients who can't synchronize the discharge and inhalation of MDIs. This delivery 

system offers minimized unwanted systemic effects because the medication acts with maximum pulmonary specificity together 

with a rapid onset of action.
[7],[8]

                               

In pulmonary drug delivery systems, dry powder inhalation system offers advantages over liquid formulation such as solution or 

suspension, because of its physical and microbial stability.
[9]                

  

Dry powder inhaler should possess particular characteristics to be delivered into the lower airway, including spherical shape and 

particle size of 1-5 μm.
[10]

  In 1995, it was written: ‗it is possibly the ―power assisted‖ multidose dry powder inhalers which 

represent the real ―new wave‖ of powder aerosol delivery‘.
[11]

 After 20 years also, still no active DPI has been successful on the 
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market yet. In the early 1990s, the first manuscripts about the promising perspectives of aerosolized medication for gene and 

peptide therapy were published. Based on this, it was anticipated that in near future, optimal formulations will be combined 

with modified aerosol delivery devices to achieve reproducible dosing‘. Even after 20 years, it has to be acknowledged that still 

more efficient inhalation devices are needed, for that formulations have to be safer and bioavailability has to be improved.
[12], [13], 

[14]
 Cascade impaction is a unique analytical tool for characterizing orally inhaled products, from which aerodynamic particle 

size distribution (APSD) data used to assess product performance and provide a broad indication of lung deposition behavior. 

One of the challenges is to ensure the technique used to get optimum effect along with maximum accuracy and productivity for 

laboratories. Important aspect of cascade impaction lies in its ability to deliver APSD data for the active ingredient in an OINDP 

formulation.
[15]

 Particle size is one of the important characteristics because it influences in vivo deposition behavior. To achieve 

clinical efficacy, OINDP developers needs to target a certain aerodynamic particle size distribution profile, even though it is 

difficult to obtain robust IVIVC. Cascade impaction data are generally used to increase the probability of achieving efficient 

drug delivery and to confirm dosing consistency, rather than to predict how and where an active ingredient will deposit in the 

respiratory system. High-quality, robust and reliable data provide a firm foundation for decision-making throughout product 

development and manufacture. Cascade impaction technique helps to understand delivery profile and can be used effectively
[16] 

 

MATERIAL AND METHODS 

Formulation evaluation 

Blending process: Micronized APIs (Rifampicin and Isoniazid) were sieved through #60 ASTM 
[17]

 (Retsch, Germany) mesh 

separately and blended with pre-sieved fine lactose Inhalac® 400 (Meggle, Sweden) & course lactose Respitose® SV003 (DFE 

Pharma, Germany) at defined controlled environmental and operational conditions.  

Inhalac ® 400 and Respitose® SV003 divided into two equal portions.  

One of the splits of Respitose® SV003 was blended with Rifampicin active ingredient and followed by Inhalac ® 400 at 

controlled environment (25°C/35%RH) at laboratory. 

Another split of Inhalac® 400 was blended with Respitose® SV003 and followed by Isoniazid active ingredient at maintained 

operational condition. 

Mixing process: Both blends were then mixed in a SS316 container for 15 minutes at law humidity and with eliminated static 

charge environment. 

Filling process: Prepared blend was filled in Hydroxypropyl methylcellulose Capsule (Capsugel, India) with about 50mg of 

blend which contains 20% w/w of Rifampicin, 10% of Isoniazid and 70% w/w of Lactose (60% w/w Respitose® SV003 and 

10% w/w Inhalac® 400).  

 

Particle Size Distribution Studies by Next Generation Impactor 

The in-vitro pulmonary deposition profile of the developed dry powder inhaler
[19]

 was performed using Next generation 

impactor with pre-separator (Copley Instruments, UK) with a USP Throat under controlled relative humidity (40-50%).
[18]

 Hard 

gelatin capsules (size ‗3‘) with 50 mg formulations, were loaded into developed dry powder inhaler devices. The powder was 

dispersed into Next generation impactor (NGI) from the developed dry powder inhaler for 8s at an air flow rate of 60 l/min. 

Effective cut-off 
[17]

 for each of the stage mentioned as table:I.   

 

TABLE-I   

THE EFFECTIVE CUT-OFF DIAMETER OF EACH STAGES AT VOLUMETRIC AIRFLOW RATE OF 60 L/MIN. 

Stage wise cut-off diameters at 60l/min for NGI 

Stages Cut-offs 

Stage-1 8.06 µm 

Stage-2 4.46µm 

Stage-3 2.82 µm 

Stage-4 1.66 µm 

Stage-5 0.94 µm 

Stage-6 0.55 µm 

Stage-7 0.34 µm 

MoC 0.14 µm 

 

The impaction plates were coated with a 1% (v/v) solution of Tween 20 (S.D. Fine Ltd, India) in methanol to prevent re-

entrainment and particle bounce which is a typical problem in case of Dry powder inhalers. Critical flow controller (TPK -2000, 

Copley Instruments, UK) was used to adjust the constant flow rate and measure the pressure ratio and time of the actuation. Ten 
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capsules were used for each NGI test run. To determine the active ingredient distribution, the individual impactor components 

and the inhalation device, including the mouthpiece adapter, were rinsed quantitatively with a mixture of methanol and HPLC 

grade water (50:50).  

 

Chromatographic evaluation  

High Pressure Liquid chromatography (HPLC) (Waters India PVT LTD) used for quantification of extracted drugs from NGI at 

different collection stages. Fortis Universal C18 Octadecyl silane column (Fortis USA) used as a stationary phase at 1.5ml per 

minutes flow rate. Wavelength of 263 nm used for detection of both APIs (Rifampicin and Isoniazid) at photodiode array 

detector. Phosphate Buffer (Mobile phase- A) 13 mM disodium phosphate (Avantor, India) with pH 6.5 adjusted with 

phosphoric acid, Acetonitrile (Avantor, India) (Mobile phase- B) and Methanol (Avantor, India) (Mobile- C) used as mobile 

phase in composition of Buffer: Acetonitrile: Methanol (93:4:3 %v/v) at initial. Till 5 minutes gradient will run as a linear 

composition. At 7 minutes composition will reach at Buffer: Acetonitrile: Methanol (48:49:3 %v/v) and will continue linear 

gradient till 13 minutes. At 14 minutes initial composition will be achieved Buffer: Acetonitrile: Methanol (93:4:3 %v/v) and 

will get saturate till 16 minutes at same composition. Standard solution of Rifampicin and isoniazid prepared at known 

concentration of about 24 µg/mL for each using Water: Methanol (50:50%v/v) as a diluent. 

In each case, the individual, thoroughly mixed samples were then transferred to glass HPLC vials (Water India PVT LTD), for 

quantitative analysis of Rifampicin and Isoniazid by HPLC. The emitted dose was defined as the percent of total powder mass 

coming out of the inhaler. The fine particle fraction (FPF) defined as the fraction of API particles emitted from the inhaler with 

an aerodynamic size ≤ 5µm was calculated. The mass median aerodynamic diameter (MMAD) was attained by a linear fit of a 

plot of the cumulative mass plotted as a function of the logarithm of the effective cut-off diameter and reporting the diameter at 

the midpoint of the curve fit. The ratio between 84% undersize and 50% size (MMAD) represented the GSD. 

 

Validation of technique 

Validation of analytical technique
[20]

 which includes extraction technique, Impaction technique and liquid chromatography 

quantification technique done. 

 

Assessment of the Precision of the Method The system precision of the HPLC analytical method was estimated by replicates 

(𝑛=5) system suitability. Method precision was assessed by replicate sample preparation and evaluated % related standard 

deviation for mass balance.  

Limit of quantification assessment were established using S/N (signal to noise) ratio method on HPLC. Lowest quantification 

concentration was found as 0.16 µg/mL for Rifampicin and Isoniazid. Same concentration was also precised (LOQ precision) 

by replicate preparation of limit of quantification concentration. 

Linearity Assessment was done based on the calibration curve. Linearity was determined from 0.16 µg/mL (LOQ 

concentration) to 80 µg/mL for Rifampicin and Isoniazid. Each linearity level prepared in triplicate and response on HPLC 

recorded. Linearity defined as working range for active substances. Based on correlation coefficient method linearity 

established and it was ranging from LOQ to 150% of standard concentration.  

Recovery assessment done by spiking known amount of actives on to the surface of NGI cup and Induction port (USP throat) 

separately and actives were recovered by using diluent (Water: Methanol; 50:50% v/v). Concentration covered from LOQ to 

200% of working range.  

 

RESULTS AND DISCUSSION: 

Emitted dose profile: Determination of stagewise deposition of Rifampicin and Isoniazid powder for inhalation after emitted 

from device exhibited in graphical presentation.  
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Fig. 1 Deposition pattern for Rifampicin and Isoniazid emitted from Dry powder inhaler 

 

 
Fig. 2 Critical parameters (FPF in %, MMAD in µg and GSD) for inhaled rifampicin and Isoniazid 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Typical chromatograms for standard preparation  
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Fig. 4 Typical chromatogram of sample (Pre-separator deposition) preparation 

 

Method precision 

Method found precise at working range for Rifampicin and Isoniazid. % Relative standard deviation found less than 2.0 for 

replicate preparation for both components.   

 

TABLE-II 

PRECISION DATA FOR % MASS BALANCE FOR RIFAMPICIN AND ISONIAZID 

Precision for % Mass Balance 

  Rifampicin Isoniazid 

Set-1 102.3 97.3 

Set-2 100.1 99.5 

Set-3 102.1 97.5 

Set-4 101.4 99.1 

Set-5 98.9 101.1 

Mean 100.96 98.9 

SD 1.44 1.56 

%RSD 1.4 1.6 

 

Linearity 

Method found linear across the range of 0.16µg/mL to 80 µg/mL for Rifampicin and Isoniazid. Correlation coefficient (R
2
) 

found as 0.9999 for each of Rifampicin and Isoniazid with y- intercept of -0.564 and -0.199 for rifampicin and Isoniazid 

respectively. 

 

 
Fig. 5 Linearity plot for Rifampicin and Isoniazid working range 
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TABLE-III 

LINEARITY OUTCOME OUT OF RIFAMPICIN AND ISONIAZID 

  Rifampicin Isoniazid 

Range 0.16 µg/mL to 80 µg/mL 

Slope 10296.86 12225.77 

y-intercept -0.564 -0.199 

Correlation coefficient (R
2
) 0.9999 0.9999 

 

Limit of quantification: Limit of quantification for rifampicin and Isoniazid found as 0.16µg/mL for each and found precise. 

 

TABLE-IV 

LIMIT OF QUANTIFICATION FOR RIFAMPICIN AND ISONIAZID 

  Rifampicin Isoniazid 

LOQ (in µg/mL) 0.16 µg/mL 0.16 µg/mL 

%RSD (precision) 1.61 2.98 

 

Recovery (on NGI plate) 

TABLE V 

RIFAMPICIN RECOVERY ON NGI PLATE 

Level Set 
Amount added 

in µg  

Amount 

found in µg 
% Recovery 

Mean % 

Recovery 
%RSD 

LOQ 

1 0.16 0.182 113.75 

103.54 8.54 2 0.16 0.158 98.75 

3 0.16 0.157 98.13 

50% 

1 12.028 11.955 99.39 

99.86 0.83 2 12.028 12.125 100.81 

3 12.028 11.952 99.37 

100% 

1 24.055 24.037 99.93 

100.50 0.71 2 24.055 24.366 101.29 

3 24.055 24.123 100.28 

200% 

1 48.11 48.852 101.54 

101.32 0.19 2 48.11 48.689 101.2 

3 48.11 48.7 101.23 

 

 

TABLE VI 

 ISONIAZID RECOVERY ON NGI PLATE 

Level Set 
Amount added 

in µg  

Amount found 

in µg 
% Recovery 

Mean % 

Recovery 
%RSD 

LOQ 

1 0.161 0.171 106.21 

103.1 2.63 2 0.161 0.163 101.24 

3 0.161 0.164 101.86 
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50% 

1 5.023 4.948 98.51 

98.73 0.65 2 5.023 4.996 99.46 

3 5.023 4.934 98.23 

100% 

1 10.045 9.886 98.42 

99.06 0.59 2 10.045 10.001 99.56 

3 10.045 9.965 99.2 

200% 

1 20.09 20.003 99.57 

99.27 0.26 2 20.09 19.911 99.11 

3 20.09 19.916 99.13 

 

Table-VII   

RIFAMPICIN RECOVERY INDUCTION PORT (USP THROAT) 

Level Set 
Amount added 

in µg  

Amount found 

in µg 
% Recovery 

Mean % 

Recovery 
%RSD 

50% 

1 20.046 20.502 102.27 

101.66 0.55 2 20.046 20.282 101.18 

3 20.046 20.352 101.53 

100% 

1 40.092 41.127 102.58 

102.82 0.35 2 40.092 41.391 103.24 

3 40.092 41.152 102.64 

200% 

1 80.184 82.359 102.71 

103.01 0.46 2 80.184 83.034 103.55 

3 80.184 82.401 102.76 

 

TABLE VIII 

ISONIAZID RECOVERY INDUCTION PORT (USP THROAT) 

Level Set 
Amount added 

in µg  

Amount found 

in µg 
% Recovery 

Mean % 

Recovery 
%RSD 

50% 

1 8.036 8.048 100.15 

99.49 0.58 2 8.036 7.966 99.13 

3 8.036 7.97 99.18 

100% 

1 16.072 16.109 100.23 

100.42 0.30 2 16.072 16.195 100.77 

3 16.072 16.113 100.26 

200% 

1 32.144 32.25 100.33 

100.64 0.46 2 32.144 32.521 101.17 

3 32.144 32.275 100.41 
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II. CONCLUSIONS 

Based on study, it was concluded that inhaled Rifampicin and Isoniazid were having Fine particle fraction (also known as 

respirable fraction) of 25.501% and 21.161% respectively. Analytical and characterization technique for the same found to be 

validated subjected to precise, linear (at working range of 0.16µg/mL to 80µg/mL), accurate at NGI cup and USP throat surface. 
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