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Goal: Viscosity data for concentrated Bovine Gamma Globulin (BγG) formulations including 

various levels of L-arginine hydrochloride (ArgHCl) was obtained using the VROC® initium.  
Introducing the cationic amino acid to the protein formulation reduces the relative viscosity 
at all levels tested.  The absolute viscosity appears to plateau with increasing ArgHCl 
concentration due to the corresponding increase in the background buffer viscosity.  Shear 
rate sweeps were also performed and confirmed Newtonian behavior over the range 
tested.   

Introduction 
 
The viscosity of a protein solution will depend on the nature of the individual molecules and how they interact 
with each other (i.e. protein-protein interactions or PPI).  Both the individual characteristics, such as size and 
shape, and the pair interactions will be influenced by the components in the buffer formulation.  It is often 
desirable to reduce viscosity values such that formulations are suitable for a specific application or process 
(e.g. injection).  Therefore, co-solutes are commonly added to protein solutions to adjust the molecular scale 
behavior such that viscosity is minimized.   
 
L-arginine monohydrochloride (ArgHCl) is one of the more effective additives for reducing the viscosity of 
antibody formulations since it is expected to screen both hydrophobic and electrostatic interactions (Inoue et 
al. 2014, Dear et al. 2017).  ArgHCl was added to a concentrated Gamma Globulin solution to assess the 
impact on steady shear viscosity.   
 
Viscosity Measurement and Data 
 
Three formulations with Bovine Gamma Globulin (BγG) at a concentration of ~ 200 mg/mL in phosphate 
buffered saline (pH = 7.4) were tested at 25°C with the VROC® Initium.  The ArgHCl concentration was 
varied for the three samples (0, 250, 500 mM).  Shear rate sweeps were performed for the BγG 
formulations containing 0 and 500 mM ArgHCl in the range of 400 to 6000 sec-1.  The single point 
viscosity data was collected in automatic mode (~ 50% of maximum pressure) which corresponded to 
shear rates in the range of 3100 – 3500 sec-1.  The  

http://www.rheosense.com/applications


Viscosity Reduction in Protein Solutions○APP17(3-18) | Page 2

Figure 1:  Viscosity versus shear rate for ~ 200 mg/mL BγG in PBS at 25°C without ArgHCl and at 500 
mM (left).  Viscosity of BγG solutions at a single shear rate (3100-3500 sec-1) as a function of ArgHCl 
concentration (right).   

viscosity of the three buffer solutions without added BγG was also measured for reference at the 
maximum pump speed (1000 µL/min. or 19,000 sec-1).   

The absolute or unscaled viscosity data of the BγG solutions is presented in Figure 1.  Figure 2 includes 
the buffer viscosity and the relative or scaled values for the BγG versus ArgHCl concentration.  Shear rate 
sweep data points are an average of 5 measurements while single shear rate values are an average of 11 
(buffer) to 15 (BγG).  Error bars represent three standard deviations in all plots.   

Discussion 

The viscosity versus shear rate data in Figure 1 (left) indicates that the samples are Newtonian or rate 
independent in the range tested.  Therefore, further comparison and analysis can be performed at a 
single shear rate.  Comparing the single rate viscosity values at various ArgHCl levels (Figure 1, right) 
illustrates the reduction induced by the co-solute.  Also, doubling the concentration of ArgHCl does not 
further decrease the viscosity but results in a plateau, implying that there is a limit to the reduction 
benefit.  To clarify this behavior, the buffer viscosities were also measured and used to calculate the 
relative viscosity of the BγG solutions (Figure 2).  Scaling the data eliminates the impact of the 
background or solvent viscosity and highlights changes related to the protein molecules and their 
interactions.  Unlike the absolute or unscaled value, the relative viscosity continuously decreases with 
ArgHCl concentration over the range tested.  This suggests that the individual protein molecules and/or 
the PPI continue to change with additional co-solute but that the benefit is eventually offset by the 
increase in buffer viscosity.  Although the unscaled viscosity is most relevant to determine suitability for a 
specific application, the relative value provides insight into the molecular scale behavior of the proteins.  
Further information regarding the size of the molecules, strength of the interactions, and impact of the 
co-solute on both could be extracted if the samples were diluted to perform an intrinsic viscosity analysis.  
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Figure 2:  Viscosity of the three buffer solutions at a single shear rate (19,000 sec-1) versus ArgHCl 
concentration (left).  Viscosity of BγG formulations scaled on the corresponding buffer viscosity versus ArgHCl 
concentration (right).   
 
Concluding Remarks 
 
Viscosity measurements clearly illustrate the impact of varying the concentration of buffer components.  A 
simple analysis also reveals the relative contributions to the changes in viscosity.  There is a balance between 
increasing the buffer or background viscosity and modifying the molecular scale behavior of the proteins to 
reduce their size or interaction.  Viscosity measurement is crucial to efficiently formulate protein solutions 
and accurately assess their ability to perform as intended.   
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If this note is helpful, please let us know!  If you have questions or need more information about this 
product or other applications, please contact us: 
 

Main Office — 1 925 866 3801 

Sales – Sales@RheoSense.com  

Information — info@RheoSense.com 
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