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PURPOSE
In biopharmaceutical therapeutics, significant resources are dedicated 
toward the development of self-injection formulations in sustained release for 
subcutaneous (SC) or IM injection. Once it is achieved, the inevitably high 
viscosity of the formulation creates significant challenges during injection. In 
addition, the flow rate of SC or IM injection should be slow and steady when 
compared to intravenous injection. These factors, in turn, affect the optimum 
performance of the auto-injection systems and flow of complex formulations.  
In this study, we investigate how the flow rate affects the injectability of the 
highly viscous polymeric fluids mimicking concentrated biologics upon 
injection into the chicken breast muscles. 

CONCLUSION(S)
In this study, we have demonstrated that use of “total work” (describing AUC for force-distance plots) as a parameter to determine the 
injection rate is more precise than measurement of simple force of injection.
It is apparent that flow behavior for 1mL and 3mL syringes are significantly different. A 1mL syringe shows less resistance as flow rate 
increases while the 3 mL syringe shows the opposite effect (i.e. greater resistance to flow rate). More precisely the plots of 1mL 
syringe exhibit a logarithmic relationship while the 3mL syringe demonstrates an exponential form.
In addition, the Fmax and DGF are superseded by the “total work done” as the parameter to define overall injectability performance. 

The value of “total work done” presents a more realistic way to compare performance of various formulations, syringe-needle 
assemblies and auto-injection systems.

RESULT(S)
The injectability is characterized by the generated Force-Distance plot. Once the solution is injected into tissue, there is no significant 
difference between the maximum force Fmax and the dynamic glide force (DGF) in the profiles. In this regard, the total work done 
(the area under the curves) during injection is used as the parameter to define injectability. 

Due to the large amounts of data points collected and for accuracy purposes to analyze the profiles, a particular software platforms
was adapted to facilitate the calculation of valid interval of Force-Distance plot and the characterization of the injectability. The results 
are illustrated in Fig.2.

OBJECTIVE
1. Establish the method for the measurement of injectability

2. Investigate how the flow rate affects the injectability of the high vicious 
polymeric fluids

3. Investigate the resistance of the polymeric solution when injected into 
tissue 
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Figure 1: The force-distance profile using Matlab software for different 
injection rates using 1mL syringe to extrude the content into the chicken 
breast tissue. 

Figure 2: The total work done to extrude the solution into chicken muscle 
using 1mL syringe (a), 3 mL syringe (b), and absence of tissue (i.e. into a 
petri dish), 1mL syringe (c),  3mL syringe (d). METHOD

In this study, the 3mL disposable syringe (AHS, AH03L) and the BD 1mL 
syringe (BD, 309659) were employed with BD needle (21G, 305190) to 
extrude the solution out.
The parameter of injectability was investigated using Texture Analyzer (XT2i).
The probe of the texture analyzer moves downward at a speed of 1 mm/s, 
3mm/s and 5mm/s to force the content of the syringe into chicken breast 
muscles at approximate 30 ± 10 degrees angle, simulating the procedure of 
IM or SC injection.
Same procedure in the absence of tissues was used as the control. The 
force-distance profile is shown in Fig.1. 
2% Polyethylene glycol (PEO WSRN-80, 200,000mw, Union Carbide Corp) 
was used as the model solution mimicking concentrated biopharmaceutics. 


