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Summary 

Background One third of the world population retains latent tuberculosis infection (LTBI) with a lifelong risk of developing 

active disease. It was recently demonstrated that two months of daily oral rifapentine in a mouse model of LTBI was as 

effective as the existing 9-month isoniazid regimen. Difficulties with oral dosing of rifapentine due to high plasma protein 

binding (97%) may be overcome by inhaled administration. Methods In vitro characterisation of an inhalable crystalline form 

of rifapentine included aerosol performance, particle sizing, x-ray diffractometry and resazuarin assay. Murine 

pharmacokinetics compared intratracheal to intraperitoneal delivery of rifapentine. Results The powder consisted of 

elongated crystalline particles with a mass median aerodynamic diameter of 1.68 ± 0.03 m, geometric standard deviation of 

1.72 (StDev < 0.01) and a fine particle fraction of 83.2 ± 1.2%. The minimum inhibitory concentration (MIC) of the rifapentine 

powder was 1 ng/mL consistent with unprocessed rifapentine. Bronchoalveolar lavage (BAL) concentrations were maximal 

soon after administration at 0.5 hours (25 ± 6 µg/mL), declining down to 1.9 ± 1.1 µg/mL by 24 hours. Lung concentrations 

peaked at 321 ± 99 µg/g at 2 hours, plateauing from 12 hours onwards at 60 ± 32 µg/g. In contrast, intraperitoneal delivery 

only imparted 1-4 µg/g of rifapentine to lung tissue at various time-points throughout the 24 hour time period, whilst no 

rifapentine was detected within the BAL. Conclusions Substantial rifapentine concentrations within the pulmonary site of 

infection can be achieved using inhaled delivery and may realise significantly shortened LTBI treatment times. 

Introduction 

Despite effective standard treatment regimens, tuberculosis continues to be the cause of 1.4 million deaths annually
1
. One 

third of the world population retains latent tuberculosis infection (LTBI) with a lifelong risk of developing active disease
2
. The 

prolonged nature of tuberculosis treatment regimens are a foremost issue, with the gold standard treatment for LTBI a 

lengthy 9 month course of daily oral isoniazid. Shorter duration regimens are essential for effective treatment of LTBI and 

shown to be associated with better treatment adherence and cost-effectiveness
3, 4

.  

Zhang et al. (2009) recently demonstrated that two months of daily oral rifapentine in a mouse model of LTBI was as effective 

as the existing isoniazid regimen
4
. However, subsequent trials in human and guinea pigs for active tuberculosis failed to 

replicate shortened duration of treatment when replacing rifampicin with rifapentine
5, 6

. It was suggested that extensive 

plasma protein binding (97%) of rifapentine resulted in inadequate drug penetration into necrotic granulomas which were 

significantly smaller in mice
7
. 

Considering the pulmonary localization of LTBI, targeted delivery of rifapentine into the lungs might bypass this protein 

binding barrier. Inhaled administration of anti-tubercular drugs may additionally shorten treatment by significantly increasing 

local drug exposure at the site of infection. It could also reduce total drug burden and related systemic side effects. Extensive 

work in this area has been conducted by various researchers including the development of inhalable rifamycin-containing 

formulations
8-10

. 

The current work presents an inhalable rifapentine dry powder targeted at LTBI with potential treatment shortening potential.  

Methods 

Inhalable rifapentine dry powder manufacture 

An inhalable pure crystalline form of rifapentine was manufactured. Rifapentine was solubilised in a water-acetone binary 

solvent system. The solution was heated to 67 ᵒC under magnetic stirring to evaporate the acetone thereby forming an 



 

aqueous crystalline rifapentine suspension. This was homogenized for two minutes at 10 000 rpm (Silverson L4RT High 

Shear Mixer, Silverson Machines Ltd, Chesham, UK) to reduce crystal particle size. Subsequent spray drying (B-290 Mini 

Spray Dryer, Büchi, Flawil, Switzerland) of the suspension simultaneously permitted rapid solvent removal and selection of 

respirable sized crystals.  

Particle Sizing and Aerosol dispersion 

Ten milligrams of crystalline rifapentine powder was loaded into a size 3 hydroxymethylcellulose capsule and dispersed 

through a multi-stage liquid impinger (MSLI) using an Aerolizer™ dry powder inhaler (DPI) device for four seconds at an 

airflow of 100 L/min. Aerosol size distribution was quantified via high performance liquid chromatography (HPLC).  

Scanning Electron Microscopy (SEM) and x-ray powder diffractometry (XRPD) 

Particle morphology and crystallinity of the powder was ascertained by SEM (Zeiss Ultra Plus, Carl Zeiss, Oberkochen, 

Germany) operated at an acceleration voltage of 10 kV, and XRPD (D5000, Siemens, Karlsruhe, Germany), respectively. 

Resazurin Assay 

In vitro bactericidal activity of the rifapentine dry powder was assessed using a resazurin assay with Mycobacterium 

tuberculosis (H37Ra). The MIC of rifapentine against H37Ra was defined as the lowest drug concentration necessary to 

affect non-detectable growth.  

Murine Pharmacokinetic Studies 

Female BALB/c mice were administered the rifapentine dry powder either by intratracheal insufflation (Dry Powder 

Insufflator™, DP-4M, Penn-Century, Wyndmoore, USA) or intraperitoneal injection at a dose of 20mg/kg. Six mice were 

sacrificed by carbon dioxide at various time-points up to 24 hours post-dosing. Plasma, BAL and organs were collected and 

analysed for drug content using a validated HPLC method
11

. All murine experiments were conducted with approval of the 

University of Sydney Animal Ethics Committee. 

Results and Discussion 

Aerosol properties 

The rifapentine dry powder, visualized by SEM in Figure 1, consisted of elongated crystalline particles suggesting they will 

deposit within the lungs by interception. Crystallinity was confirmed by XRPD, with a series of high intensity peaks recorded. 

A volumetric median diameter of 1.67 ± 0.04 µm and span of 1.66 ± 0.04 was measured by laser diffraction. The aerosol 

deposition profile of the powder by MSLI is shown in Table 1. A mass median aerodynamic diameter of 1.68 ± 0.03 µm and 

geometric standard deviation of 1.72 (standard deviation < 0.01) resulted in a fine particle fraction (defined as the percent 

mass of aerosol particles with an aerodynamic diameter less than 5 µm) of 83.2 ± 1.2%. These particle sizing results 

illustrate the suitability of the crystalline rifapentine powder for pulmonary delivery into the deep regions of the lung. 

Furthermore, the excipient-free nature of the formulation maximizes pulmonary rifapentine exposure. 

 

Figure 1 Scanning electron microscope image of spray-dried crystalline rifapentine 



 

Table 1 Aerosol deposition profile of the rifapentine dry powder (n=3) 

Aerosol Deposition Deposition Amount (% ± StDev) 

Capsule 2.2 ± 0.4 

Aeroliser 10.3 ± 0.8 

Adaptor 0.7 ± 0.3 

Throat 0.6 ± 0.07 

Stage 1 (10.07µm) 0.4 ± 0.12 

Stage 2 (5.27µm) 0.8 ± 0.04 

Stage 3 (2.40µm) 21.1 ± 1.1 

Stage 4 (1.32µm) 35.9 ± 0.5 

Stage 5 (<1.32µm) 28.2 ± 1.0 

 

In vitro biological efficacy 

The MIC of the rifapentine powder as determined by resazurin assay was 1 ng/mL, which was consistent with unprocessed 

rifapentine and rifampicin control. This showed the manufacturing process did not markedly alter the bactericidal activity of 

the antibiotic. Although their in vitro activities were similar, rifapentine was found to be four times more potent than rifampicin 

in a murine model of infection
7
. 

Murine Pharmacokinetics 

Rifapentine concentrations after intracheal (IT) and intraperitoneal (IP) dosing in vivo are compared in Figure 2. For IT 

delivery, BAL concentrations were maximal soon after administration at 0.5 hours (25 ± 6 µg/mL), gradually decreasing down 

to 1.9 ± 1.1 µg/mL by 24 hours, as rifapentine distributed into the lung tissue. Lung concentrations peaked at 321 ± 99 µg/g at 

2 hours, reducing to a plateau from 12 hours of 60 ± 32 µg/g up to 24 hours. Notably, in contrast, IP delivery only imparted 1-

4 µg/g of rifapentine to lung tissue at various time-points throughout the 24 hour time period. No rifapentine was detected 

within the BAL during this period. These results suggest that substantial rifapentine concentrations within the pulmonary site 

of infection can be achieved using inhaled delivery. Additionally, this may overcome the protein-binding barrier associated 

with oral rifapentine administration that precludes its treatment shortening potential in human trials. 

Figure 2 Rifapentine concentrations in the BAL and lung tissue of mice dosed intratracheally and intraperitoneally. 

Rifapentine was not detectable in the BAL of the latter. 
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Conclusion 

The inhalable dry powder rifapentine described was produced using a novel crystallisation method. In vitro aerosol deposition 

showed that this formulation is suitable for lung delivery with a high fine particle fraction. In vivo experiments showed the 

powder is capable of reaching the site of tubercular infection in high doses, compared to intraperitoneal delivery. This 

suggests superior efficacy in comparison to an oral formulation, even at lower doses. Inhaled rifapentine may overcome the 

plasma protein binding barrier posed by oral administration and achieve a significantly shorter treatment time for LTBI. In vivo 

efficacy studies in an infected murine model of LTBI are on-going. 
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