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Summary 

Albumin nanoparticles are promising candidates for drug delivery to the lungs. Previous studies on the clearance, 
biocompatibility and biodistribution of albumin nanoparticles have demonstrated their ability to target drug delivery 
to the lungs. We have demonstrated that therapeutically relevant compounds can be incorporated into albumin 
nanoparticles, however a need for an optimised method and further characterisation was identified. In this study 
we investigated two methods of manufacture: pre-loading and in situ loading of two new antimycobacterial 
benzothiazinones (IR 20 & IF 274) with albumin nanoparticles. Nanoparticles were successfully manufactured 
robustly with both methods. In situ loaded nanoparticles offered higher capacity to carry these antimicrobial 

compounds: around 6 µg/mg compared to about 3 µg/mg for pre-loaded nanoparticles, despite similar drug 
encapsulation efficiencies for IR 20 pre-loaded nanoparticles (54% compared to 46% for the in situ method). In 
situ loaded nanoparticles also produced less drug loss during the purification process. This study has shown the 
development of novel methods for synthesis of drug-loaded albumin nanoparticles which has demonstrated that 
potent poorly-soluble, therapeutically-relevant compounds can be loaded into albumin nanocarrier formulations for 
inhaled drug delivery. 

Introduction 

The potential for nanoparticles to provide controlled drug delivery to the lungs provides exciting opportunities to 
enhance inhaled therapy for lung diseases 

[1]
. Albumin-based nanoparticles in particular exhibit favourable 

properties for this application as they are non-immunogenic, non-toxic and easily manufactured 
[2]

. The 
biocompatibility, clearance, and biodistribution profiles of albumin nanoparticles have been investigated previously

 

demonstrating prolonged retention after delivery to the lungs 
[3]

. These studies have provided important proof-of-
concept regarding the fate of albumin nanoparticles in the lungs and their potential for targeting drug delivery to 
the lungs via inhalation. One application proposed for this technology is as a carrier for anti-tuberculosis drugs, 
with alveolar macrophages being their therapeutic target.  However, few studies have explored whether 
therapeutic agents can be loaded into albumin nanoparticles for inhaled delivery to the lung 

[4]
. 

 
Benzothiazinone (BTZ) compounds are a novel class of hydrophobic anti-tuberculosis drugs which we have 
investigated previously to establish their interaction with bovine serum albumin (BSA) and potential to fabricate 
into BTZ-loaded albumin nanoparticles 

[5]
. BTZs are high potency compounds with low aqueous solubility and low 

oral bioavailability 
[6]

. These studies have shown the propensity of BTZ for molecular interaction with albumin, but 
identified the shortcoming in terms of drug-loading into albumin nanoparticles. Further investigations into 
alternative methods for manufacture and optimising drug loading of the nanoparticles are warranted. 

The aim of this study was to compare two different methods for the manufacture of drug-loaded albumin 
nanoparticles. Characterisation of the nanoparticles included drug loading and drug recovery. These studies were 
carried out with human serum albumin (HSA). The model BTZ compounds used in the study and their physico-
chemical characteristics are shown in Table 1.   

Table 1. Molecular weight, structure, and aqueous solubility of benzothiazinone compounds under investigation as 
new chemical entities for the treatment of tuberculosis.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Experimental Methods 

Preparation of BTZ-loaded HSA nanoparticles using a pre-loading technique 
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HSA solution in tris buffer (1 mL, pH 8.9) was incubated with 0.5 mg of BTZ compound as a film for four days. A 
validated UV spectroscopic assay was used to determine how much drug had been solubilised by albumin. BTZ-
loaded albumin nanoparticles were manufactured using a modified desolvation method

[7]
. In short, 25 µL NaOH 

was added to the BTZ-saturated HSA solution (1 mL), then 4.0 mL of ethanol was added drop wise to the stirred 
protein solution. Nanoparticles were cross-linked by addition of 47.2 µL 10% glutaraldehyde in water and 
overnight stirring. Particles were purified through at least 4 cycles of spin-filtration (30 kDa MWCO) into saline 
(0.9%) and the wash (“supernatant”) was collected for drug recovery analysis. All used glassware was also 
retained for “residual” drug analysis.  HSA nanoparticles without drug were prepared as controls.  

Preparation of BTZ-loaded HSA nanoparticles using an in situ loading technique 

HSA solution in tris buffer (1 mL, pH 8.9) was prepared. BTZ compound was dissolved in dichloromethane and 
ethanol (1:10, 4.4 mL). After the addition of 25 µL NaOH to the HSA solution, the BTZ mixture was added drop 
wise to the stirred protein solution. Nanoparticles were then cross-linked and purified in the same manner as 
described above.  

Characterisation of BTZ-loaded HSA nanoparticles 

Particle size and polydispersity index (PDI) values were measured by photon correlation spectroscopy (PCS) 
using the Zetasizer Nano Series ZS (Malvern Instruments, Malvern, UK). Zeta potential was measured in water 
and saline and measured at a concentration of 20 µg/mL. Nanoparticle concentration was determined 
gravimetrically. 

Determination of drug loading 

To determine the amount of drug present in nanoparticles, the supernatant obtained during the purification 
process (see above) was dried and analysed by UV measurements at 347 nm to determine the amount of drug 
present (unloaded fraction). Purified nanoparticles (1 mL) were added to a vial containing zinc sulphate solution 
(0.1 M, 850 µL) and ammonia solution (10%, 200 µL). Dichloromethane (5 mL) was added and the vial was 
sonicated for 20 minutes in a water bath, followed by 60 minutes incubation time. The dichloromethane layer was 
removed and transferred to a clean vial and left to evaporate. The extraction procedure was repeated two times. 
Dimethyl sulfoxide was added to the extracted samples and the drug amount measured by UV spectrophotometry 
as described above. Any residual drug left in glassware that had not been solubilised was also analysed in the 
same manner. 

Results  

BTZ-loaded albumin nanoparticles were manufactured successfully through both the pre-loading & in situ loading 
methods. No significant differences were observed in size and zeta potential (Table 2) between drug-loaded 
particles and drug-free controls. Nor were any significant differences observed between the two methods. 
Visually, BTZ-loaded HSA nanoparticle suspensions appeared similar to the control, remaining colloidally stable 
as the suspensions remained cloudy, appeared uniform and no precipitation was observed. Particle yield was 
quantified following manufacture. This was done by determining the HSA nanoparticle concentration 
gravimetrically and calculating the yield as the fraction of the theoretical particle concentration had all the HSA 
been formed into nanoparticles. All particle batches were found to have a yield of at least 95%. The drug loading 
of the nanoparticles manufactured and loading efficiency are also presented in Table 2. 

In terms of the total drug recovery for the BTZ nanoparticles, “residual” drug refers to drug that was left in 
vials/glassware and hence not involved in the nanoparticle manufacturing process and “supernatant” refers to the 
supernatant/wash collected during the purification process after manufacture of the nanoparticles (see above). 
For the pre-loading method of manufacture, the amount of BTZ solubilised by the albumin before the manufacture 
process was measured and calculated as a percentage of the total amount of drug added (0.5 mg). BTZ 
solubilisation was 63.1% and 54.5%, respectively, for IR 20 & IF 274 which was consistent with drug solubility 
determined in previous work

[5]
. Unsolubilised drug was expected to be left as residual drug as only the saturated 

solution was used for nanoparticle manufacture. For both IR 20 & IF 274, the washing process removed unbound 
drug from the albumin nanoparticles: 13.2% & 6% respectively. Despite IR 20 being solubilised to a greater 
extent; thereby having more drug available for incorporation into the particles; the loading efficiency for both drugs 
was similar: 55.3% and 53.7% respectively for IF 274 & IR 20.  

When BTZ nanoparticles were manufactured by the in situ loading method, more drug was available to be 
incorporated into the nanoparticles compared to the pre-loading method as there was no incubation with albumin 
prior to manufacture. Thus, all the drug introduced in the system, 0.5 mg, had the potential to be incorporated into 
the particles. Drug loading efficiency for this method differed between the drugs, with IF 274 being the more 
efficient (60.6% compared to 46.4% for IR 20).  

Table 2. Characteristics of human serum albumin (HSA) nanoparticles and loading with benzothiazinones (BTZ), IR 20 

and IF 274. Values reported are the mean and standard deviation of at least n = 3 batches/experiments 
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Figure 1. Recovery of BTZ compound from human serum albumin nanoparticles manufactured using an albumin solution 
pre-loaded with IR 20 (A) and IF 274 (B); and recovery of BTZ compound for in situ loaded human serum albumin 
nanoparticles for IR 20 (C) and IF 274 (D). Expected recovery (%) of each drug from pre-loaded nanoparticles was 
determined as the proportion of drug solubilised by albumin (determined by UV analysis) and hence introduced into the 
manufacturing process. The remaining fraction was expected to be recovered from the “residual” fraction i.e. drug left 
behind in glassware. “Supernatant” refers to the wash obtained during the purification of nanoparticles. Expected 
recovery (%) of each drug from in situ loaded nanoparticles was 100% with no expected residual drug. Data represent 
mean and standard deviation of n = 3-5 particle preparations.  

Discussion 

As we have reported previously
[4]

, BTZ-loaded bovine serum albumin nanoparticles were successfully 
manufactured using a modified desolvation method. However, development of these nanoparticles towards drug 
carriers for medical applications required the use of human rather than bovine albumin and resolution of 
shortcomings in drug loading into nanoparticles. In this study, we have produced HSA nanoparticles which have 
equivalent characteristics to those developed using BSA and report an improved method for loading drug into the 
nanoparticles. This new method shows similar robustness (i.e. reproducibility and ease of manufacture) as the 
pre-loading method, but with the added advantages of saving time and increasing drug loading.  

  

A 
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In situ BTZ-loaded albumin nanoparticles have a higher drug loading capacity compared to pre-loaded albumin 

nanoparticles. The capacity increased 1.5 fold for IR 20 (5.7 µg/mg compared to 3.8 µg/mg) and more than 2 fold 
for IF 274 loaded nanoparticles (6.1 µg/mg compared to 2.8 µg/mg). This suggests the more hydrophobic 
compound IF 274 has stronger interactions with albumin. Drug binding sites for albumin are well documented in 
the literature and it is possible IF 274 may bind more strongly to a hydrophobic binding site on albumin

 [8]
. This 

also verifies in situ loading of drug into the nanoparticles as a better method, both in terms of time and increasing 
drug loading capacity, particularly for hydrophobic drugs which sometimes prove troublesome to formulate. The 
increase in drug carrying capacity of the in situ loading method suggests this can be optimised further perhaps by 
increasing drug: albumin ratios- this is an area for consideration for future experiments. 

Despite the increase in drug loading, drug loading efficiencies remained similar for both methods. This is why we 
found it important to investigate drug distribution in the manufacturing process; hence a recovery study was 
performed. This looked at residual drug that was not loaded, drug that was washed off the particles during the 
purification process (supernatant) and finally drug actually loaded in the particles. Total drug recovery for IR 20 & 
IF 274 was 80% and 70%, respectively. This was due to losses in drug throughout the experimental process that 
were unable to be quantified. Despite having significantly more drug available, IR 20 pre-loaded HSA 
nanoparticles had a similar loading efficiency compared to IF 274 i.e. more drug was found in the supernatant.  
The presence of drug loaded in the nanoparticles as well as in the washed off supernatant suggests different 
mechanisms of attachment of the drug. It suggests that drugs bind strongly to albumin as even with washing drug 
remained associated with the particles, but there are also weaker interactions which are disrupted during the 
purification process. This suggests that drugs that have higher aqueous solubility may tend to interact weakly with 
albumin resulting in them detaching more easily and resulting in differences in drug release during washing of the 
particles. Drug loss during purification for in situ loaded particles however was similar for both drugs, and lower 

than the loss when particles were formed from pre-loaded albumin solution. Future studies will include drug 
release studies which will provide insight into the release profiles of therapeutic agents from albumin 
nanoparticles and in vitro assays for drug activity. Despite the low drug:HSA ratio the albumin nanoparticles 
utilised in this study can be used to deliver highly potent drugs such as BTZs because the amount of drug 
required to produce the target concentration in the lungs (i.e. in the micromolar to nanomolar range) is deliverable 
by inhalation.  

Conclusion 

This study has demonstrated an improved method for incorporating hydrophobic BTZ compounds into human 
serum albumin nanoparticles and has provided insights into how these agents interact with albumin during 
nanoparticulate formation. These studies, together with previous findings demonstrating their enhanced retention 
in the lungs, constitute promising steps in the developments of albumin nanoparticles as an inhaled nanocarrier 
formulation. 
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