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Goal: An intrinsic viscosity analysis was performed on Bovine gamma globulin (BγG) solutions 

prepared with phosphate buffered saline (PBS).  Variations included the common buffer 
additives sucrose, arginine hydrochloride, and urea.  The intrinsic viscosity and Huggins 
coefficient were extracted from the analysis of the dilute concentration series.  The intrinsic 
viscosity was also used to estimate the hydrodynamic size of the BγG in the various buffer 
solutions.   

Introduction  
 
Buffer additives are often chosen specifically to modify the viscosity and stability of protein solutions.  It is, of 
course, practical to measure the viscosity of the fully formulated solution to predict its ability to perform.  
However, a more detailed viscosity analysis can reveal the impact of the buffer components on both the 
individual protein behavior as well as the interaction between neighboring molecules.  Establishing such a 
knowledge base can provide guidance for future formulation activities and eliminate the need for guess work.   
 
The intrinsic viscosity protocol involves measurement of a concentration series in the dilute regime.  The 
analysis is simplified in the dilute limit since viscosity can be expressed as a series expansion in concentration.  
The coefficients can then be used to quantify the individual protein contribution and the pair or protein-
protein interactions (PPI).  The relevant equations and meaning of the extracted parameters are presented 
here.  Viscosity data for Bovine gamma globulin solutions in various buffers is used to illustrate the analysis 
procedure.     
 
Experiment 

Bovine gamma globulin (BγG) stock solutions (50 mg/mL) were prepared using four buffer variations.  
These included a phosphate buffered saline (PBS) control and PBS with added urea (4.0 M), sucrose (500 
mM), and arginine hydrochloride (520 mM).  The four BγG stock solutions were diluted to prepare a 
concentration series (10, 20, 30, 40 mg/mL) appropriate for the analysis.  The viscosity of the protein and 
buffer solutions was measured on the VROC initium with a B05 chip (depth = 50 µm, Pmax = 40K Pa) at 
25°C using a flow rate of 1000 µL/min (shear rate = 19400 sec-1).  The loaded volume for each sample 
was 80 µL and twelve measurements were made for each with the retrieval feature activated.   

http://www.rheosense.com/applications
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Figure 1:  Absolute (left) and relative (right) viscosity (η/µ) versus protein concentration.   
 
Viscosity Data, Analysis, and Discussion 
 
Viscosity (η) as a function of protein concentration (c) is presented in Figure 1 (left).  The relative viscosity 
(η/µ), where µ is the buffer viscosity, is also included (Figure 1, right).  The buffer viscosity values used 
for the scaling are listed in Table 1.  To perform the intrinsic viscosity analysis, the data must be rescaled 
appropriately.  The relevant equations will now be presented to clarify the data manipulation procedure 
and the meaning of the extracted parameters.   
 
The parameters characterizing the individual proteins and their interactions are defined by the Huggins 
equation, which is a power series expansion of the relative viscosity in terms of concentration applicable 
in the dilute regime.   

𝜂𝜂
𝜇𝜇

= 1 + [𝜂𝜂]𝑐𝑐 + 𝑘𝑘𝐻𝐻[𝜂𝜂]2𝑐𝑐2 + 𝒪𝒪(𝑐𝑐3)   (1) 

The coefficient of the first order term is the intrinsic viscosity, [η], and quantifies the enhancement due to 
the presence of the individual proteins.  The second order coefficient, kH[η]2, includes the Huggins 
constant, kH, which quantifies the interaction between neighboring protein molecules.  Rearranging 
equation (1) to the following facilitates analysis requiring only a linear fit to the data.   

𝜂𝜂
𝜇𝜇−1

𝑐𝑐
= 𝜂𝜂𝑠𝑠𝑠𝑠

𝑐𝑐
≅ [𝜂𝜂] + 𝑘𝑘𝐻𝐻[𝜂𝜂]2𝑐𝑐    (2) 

 
 

Buffer η (cP) [η] 
(mL/ g) 

kH rh 
(nm) 

R2 

PBS 0.93 6.0 1.9 5.3 0.983 
+ 520 mM 

ArgHCl 
1.20 6.4 1.2 5.4 0.992 

+ 500 mM 
Sucrose 

1.54 5.4 2.9 3.8 0.997 

+ 4.0 M Urea 1.13 7.2 0.7 4.2 0.973 
Table 1:  Viscosity of buffer solutions and parameters extracted from the intrinsic viscosity analysis.   
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Figure 2:  Specific viscosity (ηsp) scaled on protein concentration (c) versus protein concentration.   
 
ηsp is referred to as the specific viscosity.  When ηsp/c is plotted versus c, the intercept provides the 
intrinsic viscosity [η] and the slope is used to calculate the Huggins constant kH.   
Figure 2 shows the viscosity data for the BγG solutions rescaled and fit with equation (2).  The extracted 
parameters, [η] and kH, are presented in Table 1 for each buffer variation.   
 
To derive the expression used to estimate the protein size in solution, an alternative expansion of the 
relative viscosity in terms of the effective hard sphere volume fraction, φ, is required.   

𝜂𝜂
𝜇𝜇

= 1 + 2.5𝜙𝜙 + 𝒪𝒪(𝜙𝜙2)    (3) 

The first order terms in equations (1) and (3) must be equal. 
[𝜂𝜂]𝑐𝑐 = 2.5𝜙𝜙      (4) 

The volume fraction is simply the number density (n) multiplied by the hydrodynamic volume (Vh) of each 
macromolecule. 

𝜙𝜙 = 𝑛𝑛𝑉𝑉ℎ = 𝑐𝑐𝑁𝑁𝐴𝐴
𝑀𝑀𝑤𝑤

4
3
𝜋𝜋𝜋𝜋ℎ3     (5) 

NA, Mw, and rh are Avogadro’s number, the protein molecular weight, and the hydrodynamic radius, 
respectively.  Combining equations (4) and (5) and solving for the hydrodynamic radius yields the 
following expression. 

𝜋𝜋ℎ = �3𝑀𝑀𝑤𝑤[𝜂𝜂]
10𝜋𝜋𝑁𝑁𝐴𝐴

�
1 3⁄

     (6) 

Equation (6) is used to estimate the protein size in solution from the intrinsic viscosity when the 
molecular weight is known.  The hydrodynamic radius for the BγG in each buffer solution is included in 
Table 1 using a molecular weight of 158,000 g/mole.   
 
Figure 2 clearly illustrates how the specific viscosity scaled on the protein concentration (ηsp/c) emphasizes 
the differences produced by the buffer additives.  The extracted parameters in  
Table 1 can then be used to quantify these differences.  For this study, the hydrodynamic radius varied up to 
40% and the Huggins constant by as much as a factor of 4.   
Concluding Remarks 
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Measuring samples at therapeutic protein levels is crucial for predicting performance or processability, 
but a dilute solution analysis can provide valuable insight to support formulation development.  The 
buffer environment will impact both the individual proteins and the interaction between pairs.  It is this 
molecular scale behavior that determines the absolute viscosity and the stability of the solution.  The 

VROC initium is a fully automated system capable of distinguishing viscosity increments on a sufficiently 
small scale appropriate for the intrinsic viscosity analysis.   
 

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 3808 

Sales – Sales@RheoSense.com  

Information — info@RheoSense.com 
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