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Goal: The purpose of this application note was to determine the viscosity of a concentrated 

protein solution at temperatures relevant to preparation, storage, processing, and delivery.  
A 250 mg/mL Bovine Gamma Globulin solution was prepared for these measurements 
made with the VROC® Initium.  The benefits of a simple model fit with the Arrhenius law 
is also illustrated.    

Introduction 
 
Viscosity analysis protocols for concentrated protein solutions are often limited to a single measurement 
point near room temperature or 25°C.  Although this is relevant to the formulation process and perhaps 
even delivery, the value of measuring viscosity at additional temperatures should not be overlooked.  
Samples are commonly stored at reduced temperatures (e.g. 4°C) to prolong stability and ultimately 
introduced into the body which has an average temperature of 37°C.  Intermediate temperatures are 
also likely to be relevant since manufacturing conditions and the environment during product delivery 
can vary.  Since 37°C is generally below the denaturation or melting temperature of most protein 
solutions, the Arrhenius law can be fit to a select number of data points and then used to interpolate as 
needed to predict behavior under a variety of conditions.   
 
Experimental Details 
 
A 250 mg/mL Bovine Gamma Globulin (BγG) formulation was prepared in phosphate buffered saline 
(PBS).  The viscosity was measured at 4, 25, and 37°C with the VROC® Initium using a B05 flow channel 
(depth = 50 µm, max pressure = 40 kPa).  The automatic testing mode, which adjusts the flow rate to 
achieve pressure readings at 50% of full scale, was used at each temperature.  For comparison, PBS was 
also measured over the temperature range of 4 – 43°C at a shear rate of approximately 19,000 sec-1.  
The loaded sample volume for both the buffer and protein solution was 80 µL.  The sample retrieval 
feature was activated so that all temperature variations were performed on a single loaded volume.   
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Figure 1:  Viscosity versus temperature of 250 mg/mL BγG in PBS (blue squares).  Error bars represent 
three standard deviations.  Solid blue line corresponds to Arrhenius fit to protein formulation data.  
Dashed red line is the prediction using the activation energy (Ea) of the PBS buffer. 
 
Viscosity Data & Analysis  
  
The viscosity versus temperature data for the BγG solution is presented graphically in Figure 1.  Values 
are also tabulated along with shear rates and statistical information (Table 1).  The viscosity of this 
concentrated protein solution rises from about 82 to 430 cP as the temperature is reduced from 25 to 
4°C.  If the formulation must be processed, delivered, or handled in any way at reduced temperatures, 
measuring at only 25°C would be misleading and ultimately problematic.   
 
The maximum measurement temperature of 37°C is below the point at which the BγG would denature, 
and the viscosity consistently decreases with increasing temperature.  The Arrhenius expression for 
viscosity (η) as a function of temperature (T) is then an option to fit the data.   
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Temp. (°C) Shear rate (sec-1) Viscosity (cP) Std. dev. (cP) N 

4 118 429.7 3.9 11 
25 609 82.4 0.37 9 
37 1266 38.6 0.58 11 

 
Table 1:  Measurement details for BγG solution at each temperature including shear rate, viscosity, 
standard deviation (std. dev.) and number of replicates (N).   
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Figure 2:  Viscosity-temperature data and Arrhenius fits for both the buffer and BγG solutions.  The 
reference temperature (Tref) is 25°C = 298.15 K.   
 
Ea is the activation energy specific to the system and R the universal gas constant equal to 8.314 J/(mole 

K).  Reference values are indicated with the subscript “ref” and 𝜂𝜂𝑟𝑟𝑟𝑟𝑟𝑟 = 𝜂𝜂�𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟�.  The equation can be 
rearranged to the following to facilitate fitting the experimental data and extracting the activation 
energy from the slope.   
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Figure 2 illustrates the model fit to both the PBS and the concentrated BγG solution with a reference 
temperature of 25°C or 298.15 K.  The R2 values suggest that the Arrhenius model is reasonable over 
the measured temperature range.  Activation energies were extracted from the slope for both the PBS 
(17 kJ/mole) and the BγG solution (53 kJ/mole).  Although it has been observed that the activation 
energy of dilute protein solutions will approach that of the buffer (Dharmaraj et al., 2016), the 250 
mg/mL BγG solution is clearly well beyond that concentration regime.  Although the buffer activation 
energy may be readily available or even well approximated with that of water, attempting to predict the 
temperature dependence of the concentrated protein solution with this value would result in significant 
error (Figure 1).  In this case, the deviation from the true values would range from -68 to 63 %.  
However, having the true activation energy for the BγG would allow interpolation to any relevant 
temperature.   
 
Concluding Remarks 
 
The fully automated VROC® Initium with the retrieval feature activated makes measurement at multiple 
temperatures possible with a single loaded volume.  The closed system design also eliminates any 
artifacts due to evaporation.  A simple model fit to a few properly selected data points can then be used 
to interpolate to any relevant temperatures related to processing or application.   
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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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