
The Fate of Albumin Nanoparticles in the ‘Black Box’ of the Lung - in vivo Investigations of Albumin 
Nanoparticle Localisation into Lung Tissue, Broncheoalveolar Lavage Cells and Fluid 48 hours Post-

Inhalation 

Arcadia Woods
1
, Aateka Patel

1,2
, Anna Babin Morgan

1,2
, Yanira Riffo-Vasquez

2
, Kenneth Bruce

1
, 

Lea Ann Dailey
1
 and Ben Forbes

1
 

1
 Drug Delivery Research Group, Institute of Pharmaceutical Science, King’s College London, 

150 Stamford Street, London SE1 9NH, United Kingdom 
2
 Sackler Institute of Pulmonary Pharmacology, Institute of Pharmaceutical Science, King’s College London, 

150 Stamford Street, London SE1 9NH, United Kingdom 

Summary 

Albumin nanoparticles, already in clinical use in the injected formulation Abraxane
®
, are promising candidates for use 

in drug delivery to the lung. We have demonstrated by using SPECT/CT imaging that albumin nanoparticles can have 
a long residence time in the lung (>48 h) with negligible secondary organ accumulation. Little is known, however, 
about their localisation within the lung during this time and what implications this might have for both particle 
clearance and for applications in pulmonary medicine. To address this, the proportion of In-111 labelled albumin 
nanoparticles present in bronchoalveolar lavage (BAL) fluid, BAL cells and lung tissue sampled from male BALB/C 
mice at 4, 24 and 48 h post dosing was quantified. Analysis showed that most In-111 activity was found within the 
lung tissue between 4 h – 48 h after dosing with albumin nanoparticles (57.9 – 88.6% of In-111 activity present within 
the lung), and significantly less activity (p<0.05) was present in the lung lining fluid compared to animals administered 
In-111 labelled albumin solution. Over 48 h, up to 14.3% of In-111 activity was observed in the BAL cellular fraction of 
nanoparticle-dosed animals. This suggests that phagocytic uptake plays an important role in albumin nanoparticle fate 
after inhalation. The results of this study, along with data from SPECT/CT imaging, whole body biodistribution studies 
and in vitro modelling of particle breakdown in lung lining fluid provide an unprecedented insight into the fate of 
albumin nanoparticles delivered to the lung.  

Introduction 

Nanoparticles have demonstrated great potential to improve the efficiency of pulmonary drug delivery 
1
. However, 

there has been little translation of nanotechnology into clinical pulmonary medicine. One of the main reasons for this 
has been concern over the potential toxicity of nanomaterials in the lung, even for relatively inert substances 

2-3
. 

Ideally, therefore, the most readily clinically-acceptable nanoparticle formulation would be prepared from materials 
which do not exhibit toxicity, even at the nano-scale, and which can be broken down over a reasonable timescale in 
the body to non-toxic components 

4
.  

As such, albumin represents an attractive candidate. Albumin is non-toxic, non-immunogenic and has been shown to 
be able to carry a wide range of therapeutic compounds 

5
. In addition, albumin nanoparticles are already in use in 

clinical medicine in the Abraxane
®
 formulation, which is used to deliver the anti-cancer drug paclitaxel. Albumin 

nanoparticle use as a delivery vehicle has been associated with improved drug targeting and higher tolerated doses 
6
. 

Despite this, few studies have explored their potential in inhaled formulations.  

In a previous study, we established the clearance kinetics of albumin nanoparticles after dosing to the mouse lung 
using 3D SPECT/CT imaging 

7
, showing that albumin nanoparticles are retained in the lung over 48 h post-inhalation. 

However, it was not clear what compartment of the lungs (lung tissue and epithelium, lung lining fluid or alveolar 
macrophages) albumin nanoparticles were located in over this time. This is important in defining which mechanisms 
are associated with clearance and specifically whether nanoparticles are taken up by the lungs. The aim of this study 
therefore was to elucidate the fate of albumin nanoparticles after inhalation. This was performed by analysing the 
location of albumin nanoparticles throughout the lung at key time points post-dosing (t = 4, 24 and 48 h); where these 
time points were chosen to represent fast (0-24 h) and slow (24 – 48 h) phases of albumin particle clearance as 
observed by SPECT/CT imaging studies 

7
. From previous observations of the different clearance rates of albumin in 

solution and nanoparticulate form from the lung, we hypothesised that albumin nanoparticles would demonstrate 
differences in their distribution into BAL fluid, cells and lung tissue after inhalation compared to albumin solution.   

Methods 

Albumin Nanoparticle Preparation and Radiolabelling 

Bovine serum albumin (low endotoxin, IgG free), was prepared for radiolabelling by conjugating a functionalised 
DTPA derivative p-SCN-Bn-DTPA (2-(4-isothiocyanatobenzyl)-diethylenetriaminepentaacetic acid, Macrocyclics) via 
overnight reaction at 4°C (modified from 

8
). The DTPA-albumin (6 mg, 600 µL) was radiolabelled by incubation with 

In111Cl3 (8 MBq, 300 µL in 0.5 M ammonium acetate buffer) at 37°C for 40 min. Free In-111 was removed from the 



labelled protein with 4 cycles of spin filtration (5000 g, 3 min) using 30 kDa spin filters. A control sample of In-111 in 
DTPA was labelled using the same method and diluted in PBS for dosing. Albumin nanoparticles were formed from 
the labelled protein using a modified desolvation method 

9
. In brief, In-111-DTPA-Albumin (20 mg/mL) was mixed with 

Tris HCL (0.1 M, 10% vol/vol) and NaOH (1 M, 1.5% vol/vol) to increase the pH to 9. Particles were then desolvated 
by addition of a 4x volume of ethanol dropwise with shaking. Particles were cross-linked by addition of a 3x molar 
excess of 10% glutaraldehyde in water and overnight shaking (100 rpm). Labelled particles were purified and 
transferred into PBS for dosing via 4 cycles of spin filtration with 100 kDa MWCO spin filters, which removed non-
particulate albumin. After incubation of In-111 albumin nanoparticles in fetal bovine serum (FBS) at 37°C for 48 h, the 
radiolabel stability was confirmed as being >97.9%. 

In vivo analysis of nanoparticle distribution throughout the lungs 

All experiments were conducted in accordance with the United Kingdom Animal Scientific Procedures Act, 1986 and 
were approved by the ethics committee of King’s College London. All in vivo experiments were performed with male 
BALB/C mice (6 – 8 weeks of age; Harlan, UK). Albumin nanoparticles and solution were dosed in a single bolus 
using a modified oropharyngeal dosing method to minimise swallowing and maximise particle dose reaching the lungs 
10

. Animals were anaesthetised using isofluorane (3 -5%), and a 25 µL volume of sample applied to the posterior base 
of the pharynx where it was readily aspirated. Mice were humanely killed at t = 4, 24 and 48 h post-dosing (all n = 3-4 
per sample and timepoint) and bronchoalveolar lavage (BAL) performed by instillation of 3 x 0.5 mL aliquots of PBS 
into the cannulated trachea. Pooled BAL was separated into cellular fraction and BAL fluid by centrifugation at 1000g, 
20 minutes. The cellular pellet was resuspended in 1 mL PBS for analysis. In-111 activity levels in BAL cells, BAL fluid 
and lung tissue (i.e. non-BAL recoverable lung) were quantified using the 1282 Compugamma Laboratory Gamma 
Counter (LKB Wallac). Analysis of In-111 activity in BAL and lung tissues after dosing with In-111-DTPA in PBS, 
delivered using the same oropharyngeal dosing method, were used as controls. 

Results 

Analysis of In-111 activity levels in BAL cells, BAL fluid and lung tissue showed several significant differences 
between the location of albumin nanoparticles (Figure 1a) and albumin solution (Figure 1b) throughout the mouse 
lung after 48 h post-inhalation. At 4 h, a significantly higher (P<0.025) proportion of In-111 activity was located in the 
lung tissue for animals dosed with albumin nanoparticles compared to albumin solution (57.9 ± 4.5% versus 32.4 ± 
6.3%). In-111 activity continued to accumulate in the lung tissue for mice dosed with albumin nanoparticles, reaching 
88.6 ± 2.5% by 48 h post dosing. For nanoparticle-dosed animals, a higher proportion of In-111 activity was located in 
the cellular fraction of the BAL than for solution dosed animals at 24 h (14.3 ± 9.8% versus 5.0 ± 2.0%), indicating that 
macrophage uptake may be a pathway of clearance of albumin nanoparticles in the 48 h post-inhalation.  

By contrast, after dosing with albumin solution, a significantly higher proportion of activity (P<0.05) remained in the 
BAL fluid over 48 h post-inhalation compared to after nanoparticle dosing (51.8 ± 16.1% versus 39.9 ± 4.4% at 4 h, 
and 25.5 ± 3.6% versus 2.7 ± 1.6% at 48 h), and there was significantly less movement of In-111 activity into the lung 
tissue across the whole 48 h period than for albumin nanoparticles (P<0.025). These trends observed suggest a 
different fate for albumin in the lung dependent on whether it is dosed in nanoparticulate or in solution form, thus 
supporting the hypothesis for this study. 

 
Figure 1a. SPECT/CT images and in vivo BAL analysis showing the location of albumin-
associated In-111 activity in the compartments of the lung over 48 h post-dosing with albumin 
nanoparticles in the mouse lung. Lung compartments were Lung tissue, BAL Cellular Fraction 
and BAL Fluid 



 

Figure 1b. SPECT/CT images and in vivo BAL analysis showing the location of albumin-
associated In-111 activity in the compartments of the lung over 48 h post-dosing with albumin 
solution. Compartments studied were BAL cells, BAL fluid and lung tissue 

Control animals dosed with In-111-DTPA exhibited very different clearance profiles to those observed for albumin 
particle and solution dosing, with rapid clearance from the lungs via the bladder, kidneys and urine within 15 min post-
dosing (7.7 ± 1.7% of total dose remaining in lung at 15 min, cleared to 0.6 ± 0.1% of total dose remaining at 3 h, as 
compared to 43.5 ± 7.9% of albumin nanoparticles dosed remaining at 4 h). This observed difference in clearance 
profile between label and samples, along with the high serum stability of both albumin particles and solution, indicates 
that activity measured in BAL and lung tissue samples can be assumed to still be associated with albumin and 
albumin nanoparticles, or at least their component parts.  

Discussion 

Albumin nanoparticles hold much promise as a novel controlled release formulation for drug delivery to the lung. 
Before their clinical application however, more research is needed to characterise the properties of these 
nanoparticles. Through our previous work, we have shown that albumin nanoparticles can have a long residence time 
in murine airways. We have also probed a possible mechanism of digestion-mediated particle clearance via  lung 
lining fluid proteases 

11
. In this present study, we extended this work by examining the relative abundance of 

nanoparticles as taken up by BAL fluid cells, residency in tissue and lung lining fluid after inhalation. 

At all study timepoints, a higher proportion of In-111 activity was found in lung tissue after dosing of albumin 
nanoparticles compared to solution. This suggested that albumin nanoparticles are able to traverse the lung 
epithelium and enter lung tissue by some mechanism, and also that nanoparticles did this at a faster rate than 
albumin solution. The precise mechanism for this movement requires further investigation, though similar movement 
of nanoparticles into lung tissue has been observed previously through uptake by alveolar macrophages followed by 
trafficking into the intersitium 

12
. The presence of In-111 activity within the cellular fraction of BAL after albumin 

nanoparticle dosing suggested that uptake by macrophages and other BAL cells could play a role in the clearance of 
albumin nanoparticles.  

Analysis of the location of albumin nanoparticles in BAL fluid, cells and lung tissue over 48 h post dosing identified 
several significant differences in the fate of albumin in nanoparticulate and solution form. This was observed most 
clearly in the significantly increased levels of In-111 activity found in tissue for albumin nanoparticles and the 
significantly increased In-111 activity in the BAL fluid for albumin solution at all timepoints. The implication of this is 
that albumin could be used in either nanoparticle or solution formulation as an inhaled drug carrier enabling different 
targeting strategies.  

Moreover, due to its long residence time in lung lining fluid, albumin in solution form may provide a reservoir for the 
sustained release of drug at the lung epithelium. In contrast, albumin nanoparticles may be more relevant for 
treatments targeting the lung interstitium or alveolar macrophages. This is particularly exciting in terms of their clinical 
application for targeted delivery of anti-T.B. agents to infected alveolar macrophages 

13
. This forms one key aspect of 

future research and will be undertaken by investigating further the impact of varying formulation parameters, such as 
surface coating, on rates of macrophage uptake. We will also investigate the binding of relevant therapeutic agents to 
albumin nanoparticle carriers.  

 



Conclusion 

In this study, the localisation of albumin nanoparticles 
within different compartments of the lung over 48h post-
delivery was investigated. Different fates for albumin after 
inhalation as a nanoparticle and in its solution form were 
demonstrated, which is important in defining applications 
of both forms for inhaled drug delivery. Together with 
previously reported findings, this illustrates the potential 
of albumin nanoparticles to target the delivery of drugs 
either to the lung interstitium or to alveolar macrophage 
and other resident cells of the lung epithelium (Figure 2). 
Some important questions remain regarding the 
development of albumin nanoparticles as a pulmonary 
formulation, including:  

 How well tolerated are albumin nanoparticles in the 
lung beyond the 48 h window investigated, e.g. upon 
repeat dosing? 

 Which therapeutic agents can be successfully loaded 
into albumin nanoparticle formulations? 

 Can the rate of albumin nanoparticle uptake by 
alveolar macrophages or passage into the lung 
interstitium be manipulated, and could this direct drug 
targeting strategies using albumin nanoparticles 
within the lungs? 

 

 

 

Figure 2. Summary of conclusions from investigations 
into the suitability of albumin nanoparticles for 
pulmonary drug delivery 

It is clear that more research is needed to allow albumin nanoparticles to be translated into clinically useful carriers for 
drug delivery to the lung. However, their potential benefits as carriers for a wide range of therapeutic agents are also 
clear and hold the promise of enhancing treatment for patients across a wide range of pulmonary diseases. 
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