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The adsorption behavior of a human recombinant Factor VIII (rFVIII) in the presence 

of the nonionic, poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) 

(PEO-PPO-PEO) triblock surfactant Pluronic® F-68 was evaluated by dynamic air-

water tensiometry.  Surface tension kinetics were recorded for F-68 in the absence of 

protein at concentrations ranging from 0 to 10,000 ppm.  The rate and extent of 

surface tension depression in these samples was compared to dynamic tensiometry 

measurements recorded for F-68 solutions in the presence of rFVIII. Surfactants are 

used in the biopharmaceutical industry to stabilize therapeutic proteins from 

aggregation and adsorption loss during manufacturing, and this comparison 

suggested a substantially different mechanism for rFVIII stabilization by F-68 than 

that consistent with the kinds of surfactants commonly used in downstream 



 
 

processing.  In particular, comparative kinetic data were consistent with the notion 

that with sufficient F-68 in solution, rFVIII did not adsorb at the air-water interface 

even though the interface was only partially occupied by F-68. We hypothesized that 

F-68 stabilized rFVIII in these tests by strong association with the protein itself, rather 

than by its adsorption and subsequent establishment of a steric barrier at the air-

water interface. To test this hypothesis, turbidimetric measurements of rFVIII 

aggregation behavior in solution and zeta potential measurements of rFVIII 

adsorption on (1 m) colloidal silica particles, each in the presence of selected 

concentrations of F-68, were evaluated.   Results recorded with these approaches 

were inconclusive, but not inconsistent with the original hypothesis. 
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CHAPTER 1 

INTRODUCTION 
 

Hemophilia A is a bleeding disorder caused by the deficiency of the 

coagulation Factor VIII.  A chromosome A-linked recessive disorder consequently 

affects men almost exclusively, approximately 1 in 10,000 patients (Boedeker 2001).  

The disease is recognized by the regular occurrence of traumatic and spontaneous 

hemorrhage.  As a result, if not treated properly the patient can undergo internal 

bleeding leading to damaged joints, muscles or other body parts.   

 

Hemophilia A can be treated by either infusion of human recombinant Factor 

VIII (rFVIII) as a result of severe traumatic injury, or by regular infusion to help 

prevent bleeding episodes.  The rFVIII is delivered to the patient in freeze dried form 

in one of four concentrations: 250, 500, 1000 and 2000 IU of rFVIII activity per vial 

(Approximately 4500 IU corresponds to 1 mg of FVIII protein) (Boedeker 2001).  The 

patient then reconstitutes the powder by filling the vial with the appropriate amount 

of diluent and injects into the body.  The concentration of rFVIII used is determined 

by the individual body type of the patient.        

 

rFVIII is the largest molecule to be successfully cloned using genetic 

engineering techniques.   The size of the protein poses many problems in terms of 
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high-yield production of the protein due to its highly unstable nature.  Surface 

adsorption of rFVIII is rapid and will cause degradation of the protein leading to a loss 

of activity.  rFVIII activity loss can reach approximately 50% due to adsorption from 

sterile filtering alone.  In liquid formations, rFVIII is highly unstable.  As much as 10% 

of the clotting activity of full length rFVIII is lost in 3 days at 37°C (Grillo et al 2001).  

An alternative to liquid formulations is delivering the rFVIII to the patient in a 

lyophilized state.  As much as 95% of FVIII activity can be recovered after storage at 

30°C for 36 months (Wang et al 2003).  This makes the formulation of rFVIII in a 

lyophilized state more desirable than as a liquid formulation.  However, a liquid rFVIII 

formulation, ready for injection with no intermediate dilution step would greatly 

facilitate drug administration for patients.   

 

The objective of this research was to begin to evaluate the behavior of rFVIII 

at the air/water interface in the presence of the poly(ethylene oxide)-poly(propylene 

oxide)-poly(ethylene oxide) (PEO-PPO-PEO) triblock Pluronic® F-68 surfactant.  

Pluronic® F-68 is used in mammalian cell culture to protect the cells from sheer-

induced damage during fermentation.  While Pluronic® F-68 as well as air/water 

interfacial area are present in abundance in the bioreactor, nothing has been 

reported in relationship to how F-68 may modulate rFVIII adsorption (and 

subsequent activity loss) at the air/water interface.  Dynamic interfacial tensiometry 

results suggested a substantially different mechanism of “protection” of rFVIII than 
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that consistent with surfactants commonly used downstream.  Other experiments, 

including turbidimetric evaluation of rFVIII aggregation behavior and zeta potential 

measurements of rFVIII adsorption on colloidal silica are used in order to explore the 

origins of this difference.    
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CHAPTER 2 
LITERATURE REVIEW 

 

2.1 Factor VIII Structure and Function 

When vascular injury is detected, a series of enzymatic steps are initiated, 

resulting in activated platelets attaching to the site of injury (Davie et al 1991).  This 

initial step forms a platelet plug and is a temporary mechanism to stop immediate 

bleeding.  Von Willebrand factor (vWF) forms a bridge between the sub endothelium 

and the activated platelet.  Fibrinogen similarly forms a bridge with activated 

platelets by binding to surface receptors.  This reaction leads to a platelet plug 

formation and initiates the coagulation cascade.   

 

Factor VIII (FVIII) is a high molecular weight protein (280 kD) that is essential 

in this blood coagulation cascade (Grillo et al 2001).  It is also a multi-domain protein 

with the sequence of A1-A2-B-A3-C1-C2, where the heavy chain is composed of the 

A1, A2 and B domains and the light chain of the A3, C1 and C2 domains (Derrick et al 

2003). The heavy chain (A1-A2-B) has a molecular weight of 90-210 kDa while the 

light chain (A3-C1-C2) has a molecular weight of 80 kDa (White et al 1989, Jiang et al 

2002, Wang et al 2003).  A schematic of the structure of FVIII is shown in Figure 1.  
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Figure 1: Schematic of FVIII structure 
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In the blood coagulation cascade, rFVIII is cleaved by thrombin, producing 

activated FVIIIa which in turn is a cofactor for factor IX which converts factor X to 

factor Xa (Derrick et al 2003). Conversion of FVIII to FVIIIa occurs by the cleavage of 

the A1-A2 junction as well as the A2-B junction.  This A2-B junction results in the 

removal of the B domain (Fay 2005).  A deficiency of FVIII results in hemophilia A, a 

congenital bleeding disorder.   

 

The exact structure of rFVIII remains unknown.  Numerous literatures have 

focused on determining the intricacies of this protein.  It is believed that a divalent 

metal cation links the two polypeptide chains through the A1 and A3 domains.  The 

metal ion is most likely copper which has been identified in Factor VIII by Bihoreau et 

al (1994). The exact location and site for Cu ion binding has not been rigorously 

determined.  One study by Tagliavacca et al (1997) used absorption spectroscopy, 

electron paramagnetic resonance spectroscopy (EPR), and site-directed mutagenesis 

and expression of the FVIII cDNA to determine the nature of metal cation.  The study 

suggests that the type 1 site in the A1 domain plays a role in coordinating the Cu ion.  

Another study by Wakabayashi et al (2007) suggests that the type 2 site plays a role 

in promoting this chain association.   

 

Hemophilia A is a congenital bleeding disorder that occurs when the patient 

has a deficient or defect amount of FVIII protein. Treatment of Hemophilia A can be 
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controlled by the infusion of the missing protein during bleeding episodes or as a 

regular regimen to help prevent bleeding.  Historically, FVIII has been derived from 

human plasma.  However the risk of pathogen transmission and limited availability of 

plasma resources has led to the development of recombinant FVIII (Jiang et al 2002).  

The largest molecule to be successfully cloned by genetic engineering techniques 

makes rFVIII a highly complex and difficult protein to manufacture.  (Boedecker 

2001).  The molecule is sensitive to both chemical and physical degradation.  This can 

involve numerous pathways such as aggregation, precipitation or adsorption onto 

surfaces or interfaces.  (Wang et al 2003)   

 

2.2 Protein Adsorption and Aggregation 

Wang (1999) provides a review on instability, stabilization and formulation of 

liquid protein pharmaceuticals.   In producing liquid formulations of proteins, the 

most common physical instability is protein aggregation.  The secondary, tertiary and 

quaternary structure of the protein can change, leading to unfolding or aggregation.  

Aggregation in a protein pharmaceutical is not acceptable for product release due to 

the loss or reduced inactivity, reduced solubility, and altered immunogenicity of the 

protein. Physical factors that can stimulate protein aggregation include temperature, 

ionic strength, vortexing, and surface/interfacial adsorption (Wang 1999).  Figure 2 

provides a schematic of protein adsorption at both air/water and solid/water 

interfaces.  The driving force for protein adsorption is the decrease in entropy of the  
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Figure 2: Protein adsorption at air/water and solid/water interfaces 
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water molecules situated around the hydrophobic regions of the protein when in 

bulk aqueous solution.  This adsorption of the protein to interfaces results in 

unfolding and can lead to inactivity of the protein.   

 

Grillo et al (2001) studied the conformational changes in rFVIII during 

aggregation by altering the temperature and solute content.  The aggregation 

formation was also studied during incubation at 37°C. Molecular sieve 

chromatography and dynamic light scattering were utilized to determine aggregation 

during incubation.  It was found that aggregation formed at 37°C which also resulted 

in a loss of biological activity.  Far-UV CD and FTIR were used as a function of 

temperature, revealing conformational changes of the rFVIII. 

 

Aggregation kinetics of rFVIII was studied by Ramani et al (2005).  The kinetics 

of aggregation can have an impact on learning more about the stability of this 

protein.  Circular dichroism (CD) spectroscopy and size exclusion chromatography 

(SEC) were used to investigate thermal denaturation of rFVIII.  A simple two state 

kinetic model was determined suggesting that the rate-controlling step during 

aggregation may be a unimolecular reaction with conformational changes.       
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2.3 Protein Stability with Surfactants 

2.3.1 Surfactants 

Surfactants or surface-active agents are usually added to a protein solution to 

prevent cell damage during production (Randolph et al 2002).  This can include 

purification, filtration, transportation, freeze-drying, spray-drying, and storage.  

Surfactants are amphiphilic having both ionic and non-ionic groups.  This special 

characteristic allows for the surfactant to orientate itself to favorable hydrophobic 

and hydrophilic areas at interfaces and in bulk aqueous solutions.     

 

Non-ionic surfactants are typically used as stabilizing agents during protein 

formulation (Chawla et al 1985).  The specific mechanism used to protect the protein 

is not fully understood.  However several possibilities do exist.  One possibility is that 

the surfactant competes with the protein for adsorption onto various interfaces such 

as air/water or solid/water.  This adsorption of the surfactant onto interfaces thus 

protects the protein from denaturation, unfolding, and aggregation.  A second 

possibility is that the surfactant acts to cover up the hydrophobic area where 

aggregation can occur or acts to help facilitate the refolding of partially unfolded 

proteins.   

 

In the production of rFVIII, Tween 80 and Pluronic® F-68 are the non-ionic 

surfactants utilized to protect the protein.  Figure 3 provides a schematic of the  
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Figure 3: Schematic of Pluronic® F-68 and Tween 80 surfactant structures
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structures of both surfactants. Tween 80 has a molecular weight of ~1300 and 

consists of a single long hydrocarbon chain, considerably shorter than the Pluronic® 

F-68 chains.  Tween 80 is used in downstream rFVIII production.  The surfactant is 

added to the rFVIII solution to prevent adsorption during packaging and 

manufacture.  Pluronic® F-68 is a triblock copolymer of poly(ethylene oxide)-

poly(propylene oxide)-poly(ethylene oxide) (PEO-PPO-PEO) chains and a molecular 

weight of ~8400.  The surfactant is commonly used to prevent foaming that occurs in 

stirred cultures, and cell protection of shear stress and bubble damage in sparged 

cultures. (Chan et al 1998)   

 

2.3.2 Protein interaction with Pluronic® F-68 

In large-scale cell bioreactors, sparging is the most commonly used method in 

supplying oxygen to the culture medium (Chisti 2000).  However, concerns still 

remain regarding cell damage due to gas sparging and foam formation (Ma et al 

2004).  Numerous studies have been conducted to better understand the surfactant’s 

role in such environments. 

 

Murhammer et al (1990) used the insect cell line, Spodotera frugiperda Sf9 to 

study the mechanism of Pluronic® F-68 protection and cell damage in sparged 

bioreactors.  Cells were vortexted or cavitated to induce agitation and increase the 

amount of bubbles in the reactor.  Rapid cell death was observed during both 
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cavitation and vortexing without the addition of the F-68 surfactant.  However, after 

the addition of a 0.2% (w/v) Pluronic® F-68 solution into the medium, it was observed 

that the cells were essentially fully protected.  It was also found that mild or 

moderate agitation rates appeared to have a negligible effect on the cells in the 

absence of F-68.  When the agitation rate reached a level where bubble formation 

was evident, rapid cell death was observed.    

 

A study by Chattopadhayy et al (1995) measured the protective effects of five 

types of surfactants, one being Pluronic® F-68.  The liquid-vapor interfacial tensions 

were measured with and without the presence of surfactant by maximum bubble 

pressure method and Wilhelmy plate method.  The cell line used was the same as 

that by Murhammer et al (1990).  Maximum bubble pressure method utilizes 

dynamic liquid-vapor interfacial tension where tension of a freshly formed liquid-

vapor interface is involved.  With this method, the effect of impurities on the 

interface is minimized, as opposed to the Wilhelmy plate method.  The Wilhelmy 

plate method measures the equilibrium surface tension on an “old” interface.  

Results from this study indicate that the additives added to the medium rapidly 

lowered the liquid-vapor interfacial tension of the culture medium and also 

prevented adhesion of cells onto the bubble surface.     
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2.3.3 Protein interactions with non-ionic surfactants 

Studies on the effect of non-ionic surfactants such as Tween 80 and Tween 20 

have been documented.  Bam et al (1998) used the recombinant human growth 

hormone (rhGH) to study the aggregation behavior with and without the presence of 

the Tween 20 surfactant.  It was found that Tween does not cause much secondary 

structural changes of the rhGH upon binding.  It was concluded that the most likely 

Tween mechanism for inhibition of aggregation of rhGH is steric related, caused by 

the Tween blocking hydrophobic sites on the protein surface which are the most 

prone to aggregation. 

 

Arakawa et al (2000) also studied the mechanism of protein stabilization, 

however the research group used Tween 80 and bovine serum albumin (BSA) rather 

than Tween 20 and rhGH.  Circular dichroism (CD) and native gel electrophoresis 

were utilized.  Heat treatment was studied to determine the affects of aggregation of 

Tween 80 on BSA.  This article suggests that the use of Tween 80 can increase the 

protein stability by reducing the irreversible degradation of unfolded species thus 

increasing the reversibility of thermal unfolding.       

 

Joshi et al (2008) studied affects of Tween 80-rFVIII interaction at air/water 

interfaces as well as at solid/water interfaces.  For the study of air/water interfaces, 

mixtures of rFVIII with Tween 80 of varying concentrations were used to record 
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kinetic surface tension data.  It was determined that the steady state surface tension 

values  of rFVIII-Tween mixtures compared to Tween alone were unchanged beyond 

18 ppm.  This suggested that the CMC of the protein-surfactant mixture may be 18 

ppm.  Joshi et al (2008) also looked at rFVIII-Tween mixture behavior during 

agitation.  The agitation was employed to ensure exposure of the system to a 

substantial air/water interface.  Turbidity measurements and intrinsic fluorescence 

spectroscopy were used to monitor both insoluble aggregates and tertiary structure 

changes.   Joshi et al (2008) found that aggregation was present in all rFVIII samples 

when exposed to an air/water interface.  However, as the concentration of Tween 

increased, the amount of aggregation that was detected seemed to decrease.  Also, 

at high concentration of Tween (80 ppm Tween) no apparent structural changes 

were detected of the rFVIII.  It was concluded that the high concentration of Tween 

80 reduces the rFVIII from preferentially locating to the hydrophobic air/water 

interface. 

 

Solid/water interfaces in the presence of Tween 80-rFVIII mixtures were also 

studied (Joshi et al 2008).  Hydrophobic and hydrophilic surfaces were used to study 

the propensity of rFVIII onto these surfaces.  Tween at high concentrations were able 

to protect the protein on hydrophobic surfaces, but failed at hydrophilic surfaces.  

rFVIII structure and activity were best protected with Tween concentrations at 80 
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ppm.  Joshi et al (2008) determined this is most likely due to the increased rFVIII 

protection from adsorbing onto air/water interfaces with the Tween surfactant.         

 

The objective of this research was to begin to evaluate the behavior of rFVIII 

at the air/water interface in the presence of the poly(ethylene oxide)-poly(propylene 

oxide)-poly(ethylene oxide)(PEO-PPO-PEO) triblock Pluronic® F-68 surfactant.  Much 

research has been conducted on F-68, studying its behavior of protecting cells in 

culture media against shear during fermentation.  However nothing has been 

reported in relationship to how F -68 may modulate rFVIII adsorption (and 

subsequent activity loss) at the air/water interface.  Dynamic interfacial tensiometry, 

turbidimetric evaluations and zeta potential measurements were used in this study.  
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CHAPTER 3 
MATERIALS AND METHODS 

 

3.1 Preparation of protein, surfactant and buffer 

The recombinant factor VIII (rFVIII) was kindly provided by Bayer HealthCare 

(Berkeley, CA).  Samples were delivered in a freeze-dried powder form at 2000 IU.  

The vials were reconstituted in 5 mL of DI water, resulting in a total solution 

concentration of 400 IU/mL. A desired concentration of 10 IU/ml were used 

throughout the study. To achieve this, 0.25 mL of the 400 IU/mL sample was placed 

in a 10 mL total sample solution.   Filtered ( 0.2 µm) KG-2 buffer  was used 

throughout the study, and consisted of 30 mM NaCl, 2.5 mM CaCl2, 22 g/L glycine, 

3.1 g/L L-histidine and 10 g/L sucrose.  The pH was then adjusted to 6.8 using 1 N 

NaOH and 1mM HCl solutions.   NaCl was obtained from VWR International, CaCl2 

from Mallinckrodt and L-Histindine from FLUKA Biochemika.  Glycine and sucrose 

were obtained from Sigma Aldrich.  The vials were stored in a -20 C freezer.  The 

Pluronic® F-68 surfactant (MW 8400) was purchased from BASF and was delivered in 

powder form and dissolved in KG-2 buffer to the desired concentration.  1000 ppm 

and 10000 ppm F-68 stock solutions were used, where appropriate dilutions for 

specific concentrations were conducted. 
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3.2 Evaluation of surface tension kinetics of Pluronic® F-68  

Surface tension kinetics and steady state behavior were measured using a FTA 

T10 tensiometer.  The instrument measures surface and interfacial tension of 

solutions.  Surface tension is measured using either a DuNouy ring or a Wilhemy 

plate.   For the research conducted, the DuNouy ring was utilized.  The ring was 

obtained from CSC Scienfitic Company and is made up of a platinum/iridium material 

with dimensions of 9.545 mm for the ring and 0.185 mm for the wire.  It is stored in a 

wooden container and cleaned by immersing the ring in HPLC water, then burning it 

with a Bunsen burner until the ring begins to glow a yellow-red color.   Surface 

tension kinetics were measured at Pluronic® F-68 concentrations of 0, 8, 80 800, 

8000, 9000 and 10000 ppm.   A 10 mL total sample was used for all surface tension 

measurements.  The solution was placed in a 15 x 60 mm Petri dish (FisherScientific, 

Pittsburgh PA) and surface tension measurements were recorded.  Experiments were 

recorded up to 1.6 hours. 

 

3.3 Evaluation of surface kinetics of Pluronic® F-68 with rFVIII 

Surface tension of rFVIII in the presence of varying Pluronic® F-68 was also 

measured.  Pluronic® F-68 concentrations of 0, 8, 80, 800 and 10000 ppm were 

measured in the presence of 10 IU/mL of rFVIII.  The Pluronic® solutions were 

prepared and placed in a disposable Petri dish.  Immediately before starting the 

tensiometer experiment, the appropriate amount of rFVIII was introduced into the 
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Petri dish.  The pipette tips containing the rFVIII were placed below the air / water 

interface and moved in a circular pattern to limit immediate adsorption and 

tensiometer experiments began.  Experiments were recorded up to 1.6 hours, after 

this time, it is expected that the rFVIII protein becomes inactive.   

 

3.4 Sample preparation for Zeta Potential measurements 

Silica microspheres (1 µm AngstromSphere Monodispersed Silica Powder, 

Fiber Optic Center Inc.) were used as the surface for adsorption during zeta potential 

measurements.  A bulk solution of 50% (w/v) solids was used and made in advance of 

the sample preparations.  This was prepared by dispersing 5 g of microsphere 

powder in 10 mL of KG-2 buffer.  The suspension was vortexed for 5 minutes and 

then sonicated for one hour to ensure that all the spheres were evenly dispersed in 

solution.  A 10 mL sample containing KG-2 buffer, Pluronic® F-68 concentrations of 0, 

8, 80, 800, and 10000 ppm and/or rFVIII at 10 IU/mL (when applicable) were 

prepared and contacted with the bulk solid solution, giving a 10% (v/v) total solids 

microsphere solution.  Table 1 summarizes the content of  samples prepared for this 

experiment. 

 

The samples were rotated for 1 hour and then centrifuged for fifteen minutes 

using a Beckman Coulter Allegra X-12R centrifuge at a speed of 3690 rpm.  After the 

first spin, the supernatant was removed and washed with KG-2 buffer.  The samples  
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 Table 1: Summary of samples utilized throughout zeta potential measurements   

Sample 

Microsphere Only 

Microsphere + 8 ppm Pluronic® F-68 

Microsphere + 80ppm Pluronic® F-68 

Microsphere + 800ppm Pluronic® F-68 

Microsphere + 10000ppm Pluronic® F-68 

Microsphere + rFVIII 

Microsphere + 8 ppm Pluronic® F-68+rFVIII 

Microsphere + 80 ppm Pluronic® F-68+rFVIII 

Microsphere + 800 ppm Pluronic® F-68+rFVIII 

Microsphere + 10000 ppm Pluronic®F-68+rFVIII 
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were then sonicated in order to ensure proper washing and resuspension of the 

microspheres.  This procedure of spinning, washing and sonicating was repeated 

three times.  After the third spin, 2 mL of the samples were collected and placed in 

micro test tubes, ready for zeta potential measurements.   

 

3.5 Zeta Potential Measurements 

For the purpose of zeta potential measurement, 10 µL sample solutions 

containing approximately 10% solid spheres in KG-2 buffer were placed into 

disposable cuvettes with 1.5 mL 1mM KCl (pH ≈7.55).  The samples were tested 

individually in the zeta potential analyzer (Model: ZetaPALS, Brookhaven Instruments 

Corp.) and analyzed for 5 cycles of 30 readings.  Briefly, zeta potential measurement 

occurs by placing solutions with known particle sizes between an anode and a 

cathode.  A voltage is applied between the electrode plates and the particles will 

move at a certain velocity depending on their surface charge.  This movement is 

detected by use of a laser light passing through the suspension, and zeta potential is 

calculated based on these values. 

 

3.6  Evaluation of rFVIII aggregate formation 

rFVIII- Pluronic® F-68 samples were agitated in order to ensure exposure of 

the sample to a large air/water interfacial area.  rFVIII samples containing 0, 8, 80, 

800 and 10000 ppm Pluronic® F-68 were secured horizontally on a Labline Orbit 
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Environ-Shaker set at 200 rpm and agitated over 72 hours at room temperature.  

Separate rFVIII- Pluronic® F-68 mixtures remained unagitated for 72 hour to 

determine the surfactant effects during the absence of agitation.  The sample 

absorbance at 350 nm after 72 hours was measured using a Genesys 6 

spectrophotometer.  
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CHAPTER 4 

RESULTS AND DISCUSSION 
 

4.1 Evaluation of surface kinetics of Pluronic® F-68  

               A representative plot of surface tension versus time recorded for varying 

Pluronic® F-68 concentrations are presented in Figure 4. Surface tension behavior 

exhibited a very rapid initial drop, virtually at all concentrations followed by a slow 

approach to steady state. Data were recorded up to 1.6 hours.  rFVIII is expected to 

exhibit inactive behavior after 1.5 hours.  Therefore it was determined that data after 

this time would deem irrelevant and therefore not recorded.  Concentration began at 

0 ppm, where only buffer was being measured up to 10000 ppm.  The steady state 

value of KG-2 buffer was measured to be 71.70 mN/m.  Literature data provided by 

Amiri et al (2006) provided the surface tension of water to be 72.74 mN/m.  

Therefore without the presence of Pluronic® F-68, KG-2 buffer exhibits surface 

tension behavior close to that of pure water at room temperature.   

 

As concentration of Pluronic® F-68 increased, the surface tension greatly 

decreased.  Steady state values of each concentration are provided in Table 2.  

Surface tension depression continued until the concentration of 8000, 9000, and 

10000 ppm were reached.  These three concentrations resulted in similar steady  
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Figure 4: Surface tension of Pluronic® F-68 only in KG-2 buffer.  Increase of Pluronic® 
F-68 concentration caused a substantial decrease in steady state surface tension until 

the range of 8000-10000 ppm.  It is expected that at this range, the critical micelle 
concentration (CMC) is reached. 
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Table 2: Steady state surface tension values for Pluronic® F-68.  Surface tension 
steadily declines until about 8000 ppm where it remains relatively unchanged  

 

 

 

  

Concentration (ppm) Steady State Surface Tension (mN/m) 

0 71.68 

0.8 56.69 

8 53.23 

80 50.91 

800 48.45 

8000 44.32 

9000 44.12 

10000 44.32 
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state surface tension measurements.  It is reasonable to expect that this 

concentration range of 8000-10000 ppm could be the critical micelle concentration 

(CMC).  Shinoda et al (1961) found that CMC measurements can easily be found using  

such tensiometry experiments.    

4.2 Evaluation of surface tension kinetics of Pluronic® F-68 with rFVIII 

A concentration of 10 IU/mL was used for all rFVIII studies.  The vials provided 

by Bayer, when reconstituted with 5 mL of DI water, were at a concentration of 400 

IU/mL.  This would result in a Tween 80 concentration of 80 ppm.  The presence of 

such a high concentration of Tween 80 would interfere with the behavior of rFVIII 

and Pluronic® F-68.  Therefore, a concentration of 10 IU/mL was used, resulting in a 

Tween 80 concentration of 2 ppm.  Upstream rFVIII production involves low protein 

concentration, ranging from 1-10 IU/mL.  Therefore the concentration used 

throughout the study is also relevant in industrial situations.   

Preliminary surface tension data of Tween 80 concentrations at 10, 1, and 0.1 

ppm were measured as a function of time (Warren Gray, personal communication).  

At 10 ppm steady state surface tension was measured to be 51.5 mN/m.  As the 

concentration of Tween decreased, the steady state surface tension increased. At 1 

ppm, the surface tension was measured to be 62.3 mN/m.  From these results we can 

speculate that the effects of Tween at 2 ppm will be minimal compared to that of the 

Pluronic® F68 being studied. 
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The surface tension of rFVIII in the presence of selected Pluronic® F-68 

concentrations were recorded and plotted as a function of time in Figure 5.  The 

representative plot shows a slight decrease in surface tension at all concentrations.  

Eventually all concentrations with rFVIII then proceed to steady state. The steady 

state values for each concentration are provided in Table 3.  These data were then 

compared to that without rFVIII. Figure 6 shows these comparisons.  The absence of 

surfactant and at low surfactant concentrations (0.8 ppm) with the addition of rFVIII  

 

Figure 5: Surface tension of Pluronic® F-68 with rFVIII 
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Table 3:  Steady state surface tension values for Pluronic® F-68 with rFVIII 

  

Concentration (ppm) Steady State Surface Tension (mN/m) 

0 54.98 

0.8 55.28 

8 53.40 

80 51.34 

800 47.92 

10000 43.90 
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Figure 6: Measurement of surface tension drop with and without rFVIII for a variety of F-68 

concentrations.   

  

 Pluronic F-68 

Pluronic F-68 and rVIII 
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shows a dramatic drop in the steady state surface tension.  As the concentration of F-

68 increases, the steady state surface tension of that with and without the rFVIII 

shows no appreciable difference.   

 

When no F-68 surfactant is present, steady state surface tension behavior shows a 

dramatic drop with the addition of rFVIII to solution.  As the concentration of 

surfactant increases, this steady state surface tension between that with and without 

protein becomes unsubstantial.  Surface tension data suggests that rFVIII does not 

adsorb onto the air/water interface even though the surface is apparently not yet 

covered by F-68.  Therefore there is reason to believe that at a concentration of 8 

ppm and higher, the Pluronic® F-68 orients itself to protect the rFVIII protein in bulk 

solution, resulting in no change of surface tension measurements with and without 

protein.   

 

Figure 7 provides a schematic of this hypothesis.  At 0 ppm, there is no 

Pluronic® F-68 that can adsorb onto the air/water surface, thus exhibiting the same 

surface tension behavior as water.  However, with the presence of rFVIII, the protein 

begins to denature and adsorb onto this surface, lowering the surface tension.  The 

same is believed to be true at 0.8 ppm, however to a lesser degree due to the 

presence of Pluronic® F-68.   At concentrations ranging from 8-10000 ppm, the 

difference in steady state surface tension values are similar for F-68 whether rFVIII is  
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Figure 7:  Schematic of theoretical physical phenomena occurring in solution with and without the presence of rFVIII protein at 

Pluronic® F-68 concentrations of 0, 0.8, 8, 80, 800, 10000 ppm.  Without Pluronic®, rFVIII is allowed to denature and adsorb to the 

air/water interface, lowering the surface tension.  As the F-68 concentration increases, this protects the protein and allows the 

surface tension to remain unchanged between samples with and without rFVIII.

0 ppm 0.8 ppm 8 ppm 80 ppm 800 ppm 10000 ppm 

Pluronic F68 

Pluronic F68 

and rFVIII 
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present of not.  Pluronic® F-68 with and without rFVIII adsorb to the air/water 

interface, however it is believed that the surfactant also helps with protecting the 

rFVIII in bulk solution.  In order to test the hypothesis that rFVIII is protected at 

Pluronic® F-68 concentrations greater than 8 ppm, zeta potential measurements and 

aggregation tests were employed.   

 

4.3 Evaluation of aggregate rFVIII formation 

If F-68 stabilizes rFVIII by forming robust surfactant-protein associations in solution, 

we would expect that protection of the protein would occur with and without 

agitation.  Figure 8 provides a schematic of this hypothesis. The presence of agitation 

would not affect these surfactant-protein interactions.  However, agitation is 

expected to have an effect on Tween 80-protein interactions. Joshi et al (2008) found 

that the Tween 80 surfactant provides protein protection from the air/water 

interface by occupying the interface, thus leaving the rFVIII protected from exposure 

and resulting damage. Also, it was found that the interactions between rFVIII and 

Tween surfactant are fairly weak and provide protection of the protein if no agitation 

is present.  However, the Tween/surfactant association onto the protein can be easily 

diminished with the slight presence of agitation.  Quadrant II (Fig 8) shows the 

association of Tween 80 surfactant onto air bubbles in the presence of agitation. Due 

to the weak surfactant interactions and the presence of agitation, the protein is not 

protected and will then aggregate. 
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Figure 8: Schematic of theoretical physical phenomena occurring with Tween 80 and 

Pluronic® F-68 with and without agitation in the presence of rFVIII.            Represents rFVIII 

with protected Pluronic® F-68,         air bubble with protected Tween 80,      rFVIII, and      air 

bubble.  In quadrant I and III, rFVIII is believed to be protected by Pluronic® F-68 with and 

without agitation.  Quadrant II shows Tween 80 adsorbing onto the air/water interface, thus 

protecting the rFVIII during agitation.  Quadrant IV with no agitation results in the 

aggregation of rFVIII due to the inability of Tween 80 to protect the protein in bulk solution.

I. II. 

III. IV. 

Pluronic F68 Tween 80 

Agitation 

No  

Agitation 
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Without agitation (Quadrant IV) Tween 80 is better able to protect the protein 

in bulk solution; however some protein remains unprotected resulting in aggregation 

of rFVIII.  Quadrants I and III show the behavior of rFVIII in the presence of Pluronic® 

F-68 with and without agitation.  It is expected from the surface tension data that the 

protein will be protected from aggregation with and without agitation.  This is due to 

the Pluronic® F-68 orients itself onto the protein therefore protecting from 

aggregation and adsorption onto the air/water interface.  

 

Evaluation of rFVIII aggregate formation with and without agitation in the 

presence of Pluronic® F-68 was monitored by measuring the absorbance of the 

samples at 350 nm.  The results are plotted in Figure 9.  The plot shows no 

appreciable difference between data with and without agitation which would be 

consistent with what is hypothesized in Figure 8. Absorbance is minimal at low F-68 

concentrations, and then begins to increase appreciably at high concentrations.    

 

Joshi et al (2008) performed similar turbidimetric studies with Tween 80 as 

opposed to Pluronic® F-68.  From those studies, it was found that the amount of 

insoluble aggregates that were formed as a result of exposure to the air/water 

interface during agitation decreased as the Tween 80 concentration in the rFVIII  
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Figure 9:  Absorbance measurement of rFVIII and Pluronic® F-68 solutions at 0, 8, 80, 800 and 
10000 ppm.  Measurements were taken at 0 hours and then after 72 hours at an absorbance 
of 350 nm with and without agitation.  There was no significant difference in absorbance 
measurements with agitation and without agitation after 72 hours.  
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sample increased.  Joshi et al (2008) found that Tween 80 protected rFVIII by its 

adsorption to the air/water interface.  Aggregation in the presence of agitation was 

not attributed to air bubbles, but to the flimsy Tween 80-rFVIII associations.  Our data 

does not disagree with the hypothesis being proposed, however may be inconclusive 

due to rFVIII concentration restrictions.  Joshi et al (2008) used a rFVIII concentration 

of 24.5 µg/mL which is roughly 100 IU/mL.  The concentration of rFVIII used during 

the Pluronic® F-68 studies were 10 IU/mL, about 10 times less than that used by Joshi 

et al.  This extremely dilute amount of rFVIII poses many problems in evaluating the 

absorbance data.  Due to the low amount of rFVIII it cannot be concluded that the 

measurements using spectroscopy are detecting protein aggregation.   With the 

constraint of using 10 IU/mL, this could not have been avoided in the study.    

 

4.4 Zeta Potential Measurements 

Evaluation of rFVIII adsorption onto solid silica microspheres in the presence 

of Pluronic® F-68 were examined using zeta potential measurements. Zeta potential 

measurements of microspheres alone and Pluronic® F-68 without rFVIII were also 

recorded.  These data are provided in Figure 10.  The solid silica microspheres are 

highly hydrophilic and carry a strong negative charge.  The charge on rFVIII is slightly 

positive; therefore the presence of rFVIII on the silica microspheres should result in a 

strong attraction of the protein to the surface.  Strong rFVIII adsorption onto 

hydrophilic silica has been reported by Joshi et al (2008).  Bare microspheres and  
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Figure 10: Zeta potential measurement of silica microspheres at varying concentrations of 
Pluronic® F-68 with and without rFVIII at 10 IU/mL.  Due to the presence of L-Histidine in the 
KG2 buffer being utilized, it is reasonable to believe that the interference of this positively 
charged molecule masked the potential behavior of rFVIII in bulk solution.   
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microspheres at Pluronic® concentrations of 8, 80, 800 and 10000 ppm were first 

tested as a control.  These data were then compared against samples with rFVIII at 10 

IU/mL.  The zeta potential measurements ranged between -10.912 mV and +0.52 mV.    

 

Figure 11 shows the theoretical physical phenomenon that is to be expected 

with zeta potential measurements.  Quadrant I shows the bare silica microspheres in 

solution.  It is anticipated that there should be no adsorption of any excipients to this 

surface, resulting in a highly negative zeta potential measurement.  In quadrant II, 

the silica microspheres are in contact with rFVIII without the F-68 surfactant.  The 

rFVIII is expected to adsorb to the silica microsphere surface, allowing the zeta 

potential to drop dramatically to a neutral or slightly positive charge.  Quadrants III 

and IV show the silica microspheres in the presence of F-68 alone and F-68 with rFVIII 

respectively.  It is expected that the zeta potentials of those in quadrants III and IV to 

be similar.  This is due to the belief that Pluronic® F-68 protects the protein in bulk 

solution, therefore preventing it from adsorbing onto the hydrophilic silica surface.    

 

Ryder (2009) reported the zeta potential measurements of bare silica 

microspheres to be around -90 mV.  We saw a zeta potential measurement of bare 

silica around -11 mV, having an almost neutral charge.  The zeta potential 

measurement data exhibited near neutral charges or slightly positive charges, which 

were not expected from our theoretical hypothesis.   
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I. II. 

III. IV.

. 

 

Figure 11:  Schematic of theoretical physical phenomena occurring during zeta potential 
measurements in the presence of various excipients.        Represents the silica microsphere,        

represents silica microspheres with rFVIII adsorption,       represents Pluronic® F-68 
aggregates, and        represents rFVIII protected by Pluronic® F-68. 
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The varying measurements could be due to the excipient used in the KG-2 

buffer.  An excipient used in the KG-2 buffer is L-Histidine, which carries a slightly 

positive charge.  This positive charge may interfere with the rFVIII behavior by 

adsorbing onto the silica microspheres and therefore masking and adsorption of the 

protein that can be taking place.   
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CHAPTER 5 
CONCLUSION 

 

Surface tension measurements displayed a CMC for Pluronic® F-68 in the range 

of 8000-10000 ppm.  KG-2 buffer alone exhibited surface tension values close to that 

of water at room temperature.  A substantial decrease in steady state surface tension 

was observed with the addition of rFVIII at increasing concentrations of Pluronic® F-

68.  At Pluronic® F-68 concentrations of 8 ppm to 10000 ppm, surface tension 

measurements with rFVIII remained relatively unchanged.  There is reason to believe 

that this is due to the surfactant orienting itself around the protein and protecting it 

from adsorbing onto the air/water interface.  Zeta potential and aggregation studies 

proved to be inconclusive for various reasons.  rFVIII concentration was 10 times less 

than that used by Joshi et al and may be too dilute to analyze absorbance levels.  L-

Histidine used in the KG-2 buffer may be masking the rFVIII behavior onto the silica 

microspheres for zeta potential measurements due to the positive charge of the 

amino acid.  

Future work involves utilizing a buffer that will not interfere with the charge 

of the rFVIII protein.  This can be accomplished by using either an L-Histidine free KG-

2 buffer or by using an entirely different buffer.  In order to avoid the protein 

concentration limitation of 10 IU/mL it is advisable to use a model protein.  With a 

model protein, the protein concentration can be varied, and will not include the 

limitation due to Tween 80 affects.  
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