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Summary 

The aim of the project was to assess the feasibility of developing an aqueous nasal spray formulation for granulocyte 
colony stimulating factor (GCSF) by addressing concerns that formulation excipients and shear stress on actuation 
may cause structural break down of protein.   Four different formulations containing bovine serum albumin (BSA) as a 
model protein, plus a fifth GCSF-containing formulation with the same composition as one of the BSA formulations, 
were evaluated for structural stability over a period of 4 weeks and tolerance to actuation-generated shear stress.  
Circular dichroism, capillary isoelectric focusing and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) on reduced and non-reduced gels were performed to evaluate the protein structure in unactuated and 
actuated samples of each of the formulations.  Protein assays and BSA-specific enzyme-linked immunosorbent 
assays (ELISA) were performed to determine any loss of protein concentration.  United States Food and Drug 
Administration (FDA) guidelines were followed to evaluate the in vitro performance of the formulations when actuated 
as nasal sprays using pump devices.  The chemical and structural stability of the proteins were retained in the 
formulations that were tested.  All formulations complied with the FDA requirements, showing negligible respirable 
fraction (% of droplets of a size inhalable into lungs), plume angles ranging from 34°-42° (indicative of good nasal 
deposition) and an elliptical spray pattern.  Overall, the feasibility of developing GCSF formulations as nasal sprays 
was established, although long-term stability tests need to be carried out to develop a product commercially. 

Introduction 

Granulocyte colony stimulating factor (GCSF) is administered as an adjunct to chemotherapy as it accelerates 
neutrophil recovery in cancer patients.  All current commercial formulations are for intravenous use and increasing 
clinical demand for GCSF has stimulated interest in alternative formulations that avoid the compliance issues arising 
from parenteral administration.  It is recognised that nasal administration is one of the most promising non-invasive 
alternatives to injection for delivering peptide and protein drugs to the systemic circulation.  Proteins, such as GCSF 
[1], present a challenge because of the interactions and instability to which they are susceptible when formulated in 
solution form [2-5].  Preliminary studies into aqueous formulations for nasal delivery utilised bovine serum albumin 
(BSA) as a surrogate for GCSF as it is low cost, readily availability and has a molecular weight (MW) close to that of 
PEGylated GCSF (MW of BSA is 66 kDa; MW of PEGylated GCSF is 49 kDa).  Moreover, both GCSF and BSA have 
an α-helical structure.  Prototype nasal spray formulations containing BSA were developed based on the formulations 
of licensed products, and the findings verified by the development of one of the formulations with PEGylated GCSF.  
The structural and chemical stability of protein and the performance of the aqueous formulations when delivered by 
nasal spray were evaluated. 

Experimental methods 

Formulation preparation 
Five formulations were prepared based on different commercial formulations (Table 1).  Formulation E contained the 
same excipients as Formulation A, but BSA was replaced with PEGylated GCSF.  Formulation D was concocted by 
combining excipients commonly used in nasal sprays containing proteins as the active pharmaceutical ingredient 
(API).  Due to the high cost of GCSF, it was only feasible to investigate a single formulation containing GCSF as the 
API. Therefore ‘formulation A’ was selected to be replicated for generating a formulation for GCSF because of its ease 
of preparation.  All excipients were purchased from Sigma Aldrich, UK.  PEGylated GCSF was supplied by Intertek 
Manchester.  All formulations were transferred into Aptar CPS pump nasal spray device.  The concentration of BSA in 
formulations A-D was 10 mg/mL whereas concentration of PEG-GCSF in formulation E was 0.16 mg/mL. 

Stability studies 

Capillary Isoelectric Focusing (cIEF) was used to determine the isoelectric point (pI) of the protein, to identify any 
change in the overall net charge of BSA and GCSF as a result of any interaction with the excipients of the nasal spray 
formulations. pI is the “pH at which the net charge on the molecule is zero.  Circular Dichroism (CD) was used to 
examine the “differential absorption” of the two components of plane-polarized light to reveal any change in the 
secondary structure of BSA and GCSF in the formulations.  Sodium Dodecyl Sulfate Polyacrylamide gel 
electrophoresis (SDS-PAGE) was used to indicate any denaturation or aggregation by measuring electrophoretic 
mobility.  Bicichoninic Acid (BCA) assay was used to measure protein concentration in the actuated and unactuated 
formulations.· Enzyme Linked Immunosorbent Assay (ELISA) was used to identify protein degradation. 



Table 1.  The composition of formulations used in the study.  Formulation A was derived from an intravenous formulation 
of granulocyte colony stimulating factor (GCSF), Neupogen

®
.  Formulation B was derived from the formulation of a licensed 

naltrexone nasal spray.  Formulation C was derived from a licensed azelastine hydrochloride nasal spray.  Formulation D 
was concocted to reflect a typical nasal spray. Formulation E was equivalent to formulation A with the BSA replaced by 
GCSF. 

Constituent Concentration in final formulation % (w/v) 

 A B C D E 

Bovine serum albumin 1 1 1 1  

Pegylated GCSF - - - - 0.016 

Sodium acetate 0.082 - - - 0.082 

Sodium chloride 0.9 0.72 - 0.9 0.9 

Anhydrous citrate - 0.14 - - - 

Sodium citrate dihydrate - 0.37 - - - 

Sodium edetate - - 0.05 - - 

Sorbitol 5 - 6.67 5 5 

Hydroxypropylmethylcellulose - 0.2 0.1 - - 

Heptakis (2,6-di-o-methyl-β-cyclodextrin) - - - 1.2 - 

Polysorbate 20 0.004 - - - 0.004 

Tween 80 - - 0.05 - - 

Tween 20 - - - 0.04 - 

Benzylkonium chloride - 0.02 0.0125 - - 

Purified water to volume to volume to volume to volume to volume 

 

Product performance 

Droplet size distribution (DSD) was analysed via Malvern Spraytec (Malvern Instruments, UK) at the distance of 3 cm 
and 6 cm between the spray tip and the laser sensing zone [6].  Plume geometry was measured via digital images of 
the spray plume captured for each of the formulations at a distance of 6 cm between the orifice tip and the laser 
sensing zone.  Viota Software processed the image and illuminated the plume at various delay times corresponding to 
the plume formation, stable and dissipation stages.  The software also calculated spray angle, plume height and 
plume width.  To analyse spray pattern, sprays were captured on TLC plates placed horizontally at a distance of 6 cm 
from the tip of the nozzle.  Viota software was used to calculate the maximum (Dmax) and minimum (Dmin) diameters 
of the spray obtained, along with the ovality of the spray (Dmax/Dmin). 

 
Results and discussion 

Protein stability 
The cIEF data showed that BSA in formulations A-D and GCSF in formulation E retained their overall charge and the 
effect of the pH of the formulations was negligible as shown by the % deviation from actual pI.  CD indicated a 
predominantly α-helical structure of BSA and GSCF which was retained after the aqueous formulation and actuation 
of the nasal spray indicating that the secondary protein structure remained intact.  Reduced SDS-PAGE showed the 
presence of single bands corresponding to BSA or GCSF.  No other peaks were observed after formulation and 
actuation of the nasal spray, which indicates absence of protein denaturation.  In biochemical tests, no differences in 
protein concentration were observed in GCSF concentration before or after actuation. 

Nasal spray properties 
The droplet size distribution revealed negligible respirable fraction, i.e. almost all droplets in the spray were more than 
10 μm in size, which implies that the droplets are not likely to penetrate into the lungs.  Plume geometry revealed 
appropriate spray characteristics (Figure 1) with all formulations possessing similar plume angle (34°-42°) and an 
elliptical spray pattern that are consistent with good nasal delivery [7-9]. 



Figure 1.  Stability and spray characteristics of the prototype GCSF nasal spray, including (A) SDS PAGE to evaluate 
denaturing or aggregation (B) CD spectra to indicate secondary helical structure pre- and post-actuation, (C) plume 
geometry and (D) spray pattern. 
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Reduced gel SDS-PAGE. MW of GCSF marked at 56 kDa 

C) 

 

Plume geometry: plume angle and plume width 

B) 

 

 

 

 

Overlaying far UV CD spectra for GCSF pre- and post-actuation 

D) 

 

Spray pattern of emitted dose 

 



 

Conclusion 

The proteins, BSA and GCSF, were structurally stable in all formulations and upon actuation of the nasal sprays and 
complied with the FDA guidelines for in vitro testing.  These findings indicted that GCSF could be formulated as a 
nasal spray solution using any one of the formulations investigated in the study.  The study successfully generated a 
novel aqueous nasal GCSF formulation which may be subjected to further stability testing for commercial 
development. 
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