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Summary 

Tuberculosis (TB) is an active deadly pathology with high prevalence worldwide, occurring upon infection with 
Mycobacterium tuberculosis (MTB). Although conventional oral therapy is effective, it is associated with severe 
side-effects. The need to overcome these effects, which often lead to patient incompliance, demands alternative 
therapies, either by using new drugs or exploring new routes of administration of traditional drugs. The latter 
approach has been gaining popularity, as it could permit the reduction of used doses and the frequency of 
administration. Using the lung route would provide direct administration of antibiotics to the alveoli, where 
macrophages hosting the bacillus are located, which potentially comprises a successful approach. This study 
proposes the establishment of inhalable therapy, using dextran sulfate microparticles as carries of antitubercular 
drugs. This polysaccharide has structural residues/groups reported to be recognised in a preferential manner by 
alveolar macrophages, which increases the potential of the system in tuberculosis treatment. Microparticles were 
produced by spray-drying and characterized for morphology (SEM), Feret’s diameter, bulk and tap densities.  The 
theoretical aerodynamic diameter (daer) was further calculated. The cytotoxic evaluation was performed in alveolar 
epithelial cells (A549) by the MTT assay. Microparticles were obtained with sizes varying within 1.1 and 1.9 μm, 
which potentiates phagocytosis. Theoretical daer between 1 and 1.4 μm suggests the adequacy of the carriers for 
the purpose of reaching the alveolar zone. The cytotoxic evaluation evidenced absence of toxicity. The generality 
of results provided encouraging indications to continue studying the potential of dextran sulfate microparticles as 
inhalable tuberculosis therapy. 

Introduction 

Tuberculosis is an infectious disease caused by Mycobacterium tuberculosis. Being transmitted by inhalation, it 

mostly affects the lungs, where the bacillus is hosted, multiplying inside alveolar macrophages. The 
mycobacterium can persist for a long period of time in the human body without symptoms, creating deposits from 
which the disease can actively develop during lifetime (1). The World Health Organization (WHO) has reported 
9.6 million new cases in 2015 and it is known that HIV patients are more susceptible to develop the disease. 
Despite the existence of effective antitubercular therapy, this is still one of the most lethal diseases worldwide (2). 

Conventional treatment of TB involves oral antibiotic therapy with four drugs (isoniazid, rifampicin, ethambutol and 
pyrazinamide) for at least six months. However, along with a frequent patient noncompliance to the therapy, the 
appearance of multidrug-resistant TB demands alternative therapeutic approaches, either by proposing new 
drugs or by exploring other options (i.e. alternative delivery routes) for existing drugs. The current major goal is to 
develop a therapy that permits decreasing the severe side-effects, as well as the administration frequency and 
dose (3,4)]. In this context, direct delivery of antitubercular drugs to the alveoli entails a potential approach, 
because this is the location of macrophages hosting the bacteria, permitting a co-localisation of drugs and 
pathogens. This demands designing carries with suitable aerodynamic properties to reach the alveolar zone 
(aerodynamic diameter of 1-3 µm), which further enable macrophage capture, reported to be maximal for particles 
of 1-2 µm (5). 

This study proposes an alternative spray-dried inhalable formulation for antitubercular therapy, using the natural 
polymer dextran sulfate (DS) as microparticle matrix material and associating isoniazid (INH) and/or rifabutin 
(RFB), two first-line antitubercular drugs. The formulations with individual drugs may be used as add-on therapy, 
along with oral antibiotherapy (6), while the formulation co-encapsulating both drugs is expected to stand alone. 

Experimental Methods 

1. Preparation of Dextran Sulfate Microparticles by Spray-Drying 

A solution of 2% (w/v) DS (Mw 8000 Da, Alfa Aesar, Germany) was prepared in purified water (room 
temperature), under magnetic stirring for 5 minutes. Whenever necessary, INH (Sigma-Aldrich, Germany) was 
dissolved separately in purified water (room temperature), while RFB (Chemos, Germany) was dissolved in 
absolute ethanol (VWR, Chemicals, France). After dissolution and immediately prior to spray-drying, the drugs 
were mixed with DS solutions at the following mass ratios: DS/INH = 10/1, DS/RFB = 10/0.2 and DS/INH/RFB = 
10/1/0.2. These denominations were adopted to name microparticle formulations. When RFB is present in the 
spraying solution, the solvent is 80/20 (v/v) hydroalcoholic solution. Microparticles were produced using a 
laboratory scale spray-dryer equipped with a high performance cyclone (Büchi B-290 mini spray-dryer, Buchi 
Labortechnik, AG, Switzerland) at the following parameters: inlet temperature 115 ºC; aspirator setting 65%; feed 
speed 2.7 ± 0.1 mL/min; and spray flow rate 601 L/ h. 
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2.  Characterization of Microparticles 

The morphological observation of microparticles was performed by field emission scanning electron microscopy 
(FESEM Ultra Plus, Zeiss, Germany). Dry powders were placed onto metal plates and 5 nm thick iridium film was 
sputter-coated (model Q150T S/E/ES, Quorum Technologies, Lewes, UK) on the samples before viewing. 
Microparticle size was estimated as the Feret´s diameter and was directly determined by optical microscopy 
(TR500, VWR Internation, Belgium) from the measurement of 300 microparticles (n = 3). Bulk and tap densities 
were determined using a tap density tester (Densipro 250410, Deyman, Spain) by measuring the volume of a 
known weight of powder before and after tapping, respectively (n = 3). The theoretical aerodynamic diameter 
(daer) was determined for each formulation using the Feret´s diameter (d) and tap density (ρtap) (7,8)  using the 
equation below: 

          
    

      
   

  , where ρo is 1 g/cm
3
 and X is the shape factor. 

3. Preliminary determination of in vitro cytotoxicity  

The determination of cytotoxic profile of DS-based microparticles was performed in A549 cells (human alveolar 
epithelial cell line) by the 3-(4 5-dimethylthiazol-2-yl)-2 5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich) 
assay. Four microparticle formulations were tested: unloaded DS, DS/INH (10/1, w/w), DS/RFB (10/0.2, w/w) and 
DS/INH/RFB (10/1/0.2, w/w). The cells were exposed to microparticles at the concentrations of 0.1, 0.5 and 1.0 
mg/mL, for 24 h. Cells were seeded in 96-well plates and allowed 24 h adherence, after which suspensions of the 
microparticles in cell culture medium were added to each well. After the exposure time, MTT solution (0.5 mg/mL 
in PBS, pH 7.4) was added to the plates and incubated for 2 h. After this, formazan crystals were dissolved with 
dimethyl sulfoxide (DMSO, VWR,Chemicals, France) and the absorbance measured by spectrophotometry 
(Infinite M200, Tecan, Austria) at 540 nm (background correction at 650 nm). A solution of 2% (w/v) sodium 
dodecyl sulfate (SDS, Panreac, Germany) and Dulbecco´s modified Eagle´s medium (DMEM, Lonza, Belgium) 
were used as positive and negative control of cell death, respectively. The formula to calculate cell viability was: 

   Cell viability (%) = (A - S)/ (CM – S) x 100 

Where A represents absorbance of tested formulation, while S and CM represent the measurement for SDS and 
DMEM, respectively. 

Results and Discussion 

Dextran sulfate easily dissolved in purified water, producing a translucent aqueous solution. The same aspect 
was obtained upon dissolution of INH, but the presence of RFB attributed the solution a red translucent colour. In 
line with this, RFB-containing microparticles were pink-coloured, contrasting to white microparticles of DS or 
DS/INH. All dry powders were obtained with high yields (73% – 83%), to which the use of a high performance 
cyclone that is included in the spray-dryer contributes strongly.   

The viewing of microparticles by SEM provided indications on morphology. As observed in Figure 1, unloaded DS 
microparticles have a tendency to exhibit a spherical shape, which becomes irregular with the incorporation of 
INH and RFB. DS/INH microparticles exhibited a spherical shape with little irregularities, while DS/RFB 
microparticles displayed morphology comparable to that of DS/INH/RFB microparticles (data not shown). 

 

Figure 1. Microphotographs of DS-based microparticles viewed by scanning electron microscopy (SEM): a) 
unloaded DS microparticles and b) DS/INH/RFB microparticles. 

Several parameters considered to affect aerodynamic properties and dry powder performance were characterized 
in each microparticle formulation, including Feret´s diameter, physical morphology, bulk and tap density. The two 
properties most affecting deposition in the airways are the size and density of the particles (9,10). 

The Feret´s diameter of the produced microparticles varied between 1.1 and 1.9 µm (Table 1), which is indicated 
as adequate for macrophage uptake, in line with reported observations of favoured uptake for particles of 1-2 µm  

a 

5µm 5µm 

b 
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(5). Tap and bulk densities were around 0.2 – 0.6 g/cm
3
, being observed that tap densities increase comparing 

with bulk densities, as expected from the proper method of determination. Theoretical aerodynamic diameters 
were calculated to range between 0.96 and 1.48 µm. The highest value corresponds to unloaded microparticles, 
while the lowest belongs to DS/RFB microparticles. As observed in SEM, the inclusion of RFB in microparticles 
provided irregular shapes, thus decreasing aerodynamic diameters, but the effect is somewhat balanced with the 
simultaneous inclusion of INH.  

Table 1. Yield of spray drying, Feret´s diameter, bulk and tap density and aerodynamic diameter of dextran 
sulfate microparticles (mean ± SD, n = 3) 

Microparticles Yield (%) Feret´s diameter 
(µm) 

Bulk density 
(g/cm

3
) 

Tap density 
(g/cm

3
) 

Aerodynamic 
diameter (µm) 

Unloaded 82.2 ± 4.2 1.91 ± 1.17 0.46 ± 0.01 0.61 ± 0.01 1.48 ± 0.02
#
 

DS/INH (10/1) 73.4 ± 2.8 1.69 ± 0.92 0.39 ± 0.01 0.56 ± 0.01 1.26 ± 0.01
#
  

DS/RFB (10/0.2) 82.8 ± 0.1 1.13 ± 0.77 0.24 ± 0.01 0.36 ± 0.02 0.96 ± 0.03*  

DS/INH/RFB 
(10/1/0.2) 

80.1 ± 4.3 1.57 ± 0.80 0.24 ± 0.01 0.41 ± 0.01 1.42 ± 0.02*  

INH: Isoniazid; DS: Dextran Sulfate; RFB: Rifabutin; #: shape factor of 1; *: shape factor of 2 

 

The results of cytotoxic evaluation in epithelial cell line, A-549, are depicted in Figure 2. The formulation was 
tested in concentrations ranging within 0.1 and 1.0 mg/mL, the latter being considered well above the real 
concentration that the pulmonary delivery of the formulations may induce (11). It is observed a general absence 
of toxicity towards alveolar epithelial cells, as all microparticle formulations registered cell viabilities above 76%, 
independently of the associated drug and tested concentration. The exposure to a solution of the polymer also 
resulted in similar observations. The assumption of absence of toxicity from this assay is based on cell viabilities 
above 70%, the threshold above which a cytotoxic effect is considered to occur according to ISO 10993-5 (12). 
As formulations are expected to reach the alveolar zone upon inhalation, testing cytotoxicity in an alveolar cell 
line was deemed adequate. However, studies in the target cells (macrophages) are also being performed.  

 

Figure 2. A549 cell viabilities after 24 h of exposure to DS-based microparticles. Results are expressed as 
mean ± SEM (n = 3, six experiments at each concentration).   

 

 

Conclusion 

Microparticles based on DS and loaded with first-line antitubercular drugs, either alone or in combination, were 
efficiently produced by spray-drying. Th  ch   ct  is   p op  ti s (F   t’s  i m t  ,   nsity, theoretical 
aerodynamic diameter) gave positive indications regarding the potential of the formulations to reach the alveolar 
zone. Additionally, the exhibited size is deemed theoretically adequate for macrophage uptake. Nevertheless, 
addressing the aerosolization properties (emitted dose, fine particle fraction, aerodynamic diameter) of developed 
microparticles is expected in the near future. General absence of toxicity was observed in a metabolic assay 
performed in alveolar epithelial cells, but the need to perform other cytotoxicity studies and to use other relevant 
cell lines (i.e. macrophages) is identified. The determination of encapsulation efficacy and drug loading are 
currently being determined.   
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