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Bovine Serum Albumin and Plastic Binding: 

Impact on Toxicity of Cationic Chemicals in In Vitro Cell Assays 

• In vitro concentration-effect relationships based on nominal 
concentrations may underestimate the toxic potency of a chemical 
due to non-specific binding to well plate plastic and serum 
constituents (fig. 1)1. The effect of serum protein and plastic 
binding on in vitro concentration-effect relationships of cationic 
chemicals has been little explored. 

• The aim of this study was to determine the binding affinity of 
quaternary and primary amines to well plate plastic and serum 
albumin (bovine and human serum albumin: BSA & HSA), as well as 
relate these affinities to nominal and freely dissolved effect 
concentrations in a basal cytotoxicity assay with the rainbow trout 
RTgill-W1 cell line.

1Institute for Risk Assessment Sciences (IRAS), Utrecht University, Utrecht, The Netherlands
3Unilever U.K., Safety & Environmental Assurance Centre, Colworth Science Park, United Kingdom

Introduction Material and Methods

Figure 1. Fate of test chemicals in in vitro toxicity assays illustrating the difference between the 
nominal, free and target dose.
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Results

Primary amines: 4-methyl benzenemethanamine (C-BA), 4(butylphenyl)methanamine (C4-BA), 4-
(octylphenyl)methanamine (C8-BA) 

Quaternary amines: Benzyldimethylhexylammonium chloride (C6-QA), 
Benzyldimethyloctylammonium (C8-QA), Benzyldecyldimethylammonium (C10-QA), 
Benzyldimethyldodecylammonium (C12-QA), benzyldimethyltetradecylazanium chloride (C14-QA), 
benzyl(hexadecyl)dimethylazanium chloride (C16-QA), benzyldimethyloctadecylazanium chloride 
(C18-QA)

• Plastic binding reduced the free concentration and cytotoxicity of quaternary amines with Log D7.4 of 2 or higher (fig. 3 and table 2).

• When accounting for plastic binding, quaternary amines with LogD7.4 of 4 and higher have a 20+ fold lower free median effect concentration (EC50).

• Well plate binding is saturable and may only be relevant for chemicals that are potent enough i.e. toxicity occurs before the plastic binding is saturated. 

• Increasing carbon chain length increases albumin binding for both primary and quaternary amines and influences the effect concentrations 
observed (table 2 and fig. 5).

• Primary amines bind more strongly to albumin than quaternary amines.

• Protein binding by SPME data and HSA column chromatography is increasing with increasing chain length and Log D7.4.

• Albumin binding affinities from SPME and the fairly new HSA column chromatography technique are generally consistent, demonstrating the potential of this 
biomimetic chromatography technique for rapid screening of protein binding.

• Toxicity in the presence of 4g/L BSA, which corresponds to 10% FBS, is reduced by one order of magnitude or more.

In vitro kinetics is an important factor to consider when interpreting toxicity results for cationic chemicals.

Test chemicals:

Table 2. Protein bound fractions determined by HSA-column chromatography 
and SPME. Albumin binding increases with increasing LogD7.4. If present in 
unsaturated concentrations in vitro assays, free effect concentrations may be 
up to two orders of magnitude lower than nominal effect concentrations. Log 
D7.4 were estimated using Chemicalize.org (ChemAxon).

Quaternary amines:
CX-QA,  x = 6-18 carbons in ‘R’

Primary amines:
CX-BA,  x = 1-8 carbons in chain

• Albumin binding affinity was determined by solid phase microextraction (SPME) and 
by measuring the plasma protein bound (PPB) fraction on a Chromech Immobilized 
Human Serum Albumin HPLC column (Chromtech, Cheshire, UK; 50x3mm)2. 1.8 
cm SPME fibres with 35 µm polyacrylate, C18 and C18-mixed mode cation
exchange coatings were exposed to 0, 5-50 µM chemical in 10 mL PBS with and 
without 4g/L BSA for 1-2 days on a roller shaker. Acidified methanol chemical 
extracts from fibres and PBS were analysed using LC-MS/MS to calculate partition 
coefficients of each chemical from PBS to SPME fibre coating and BSA in PBS. 

• RTgill-W1 (1x105 cells/well) were exposed to each chemical in serum-free 
Leibovitz’s L15/ex medium in 96 well plates for 24h at 20°C. Basal cytotoxicity was 
assessed using the CFDA-AM assay3. Aliquots of medium before and after exposure 
were measured using LCMS/MS to determine nominal and freely dissolved 
concentrations. 

• To determine the extent of well plate plastic binding, 96 well plates without cells 
were exposed to each chemical in L15/ex for 24h at 20°C and nominal versus 
measured concentrations were plotted.

Figure 4 and Table 1. Concentration-effect relationships and EC50 of quaternary amines exposed to RTgill-W1. The relationships 
are based on 4a) nominal concentrations and 4b) measured (free) concentrations. Toxicity based on nominal concentrations 
increases with increasing Log D7.4 until C12-QA (4a and Table 1). When accounting for plastic binding, toxicity increases until 
C18-QA (4b and table 1). Table 1 also highlights the factorial difference in observed EC50 between nominal and free measured 
concentrations.

Figure 3. The concentration bound to well plate 
plastic (inverse of the free concentration) 
decreases with increasing concentration in 
medium (slope trendlines >1), which indicates 
saturation. It also increases with increasing 
carbon chain length, which explains the greater 
difference between nominal and free cytotoxic 
concentration (fig. 4 and Table 1).

Figure 5. Concentration-effect 
relationships of quaternary 
amines to RT-gill W1 cells with 
and without 4g/L BSA. Toxicity 
appears to be reduced by at 
least one order of magnitude 
when BSA is present. The 4g/L 
BSA is present in 10% fetal
bovine serum (FBS), often used 
in in vitro toxicity tests.

Figure 2. The SPME fibre 
concentration is directly 
related to the free 
concentration  from 
where protein binding 
can be derived. Yellow 
dots represent the 
chemical, red diamonds 
are proteins. The white 
rectangle represents the 
fibre coating.

Discussion

Table 1

Chemical 
EC50 (μM, 
nominal)

EC50 (μM, 
measured)

factor 
difference

C6-QA 171.7 152.2 1.13

C8-QA 57.03 55.4 1.03

C10-QA 7.54 4.76 1.58

C12-QA 1.44 0.81 1.78

C14-QA 1.38 0.06 21.9

C16-QA 0.85 0.02 36.5

C18-QA 0.75 0.02 36.7

Table 2 %Bound BSA % bound HSA

Chemical Log D7.4

4g/L 
(SPME)

PPB (40g/L 
EST SPME)

PPB (40g/L, 
HPLC column)

C-BA -0.39 4.0 59.7 2.6

C4-BA 0.95 14.7 64.2 66.2

C8-BA 2.72 91.8 99.1 96.2

C6-QA 0.48 - - 22.8

C8-QA 1.38 19.9 64.1 65.4

C10-QA 2.28 37.3 85.3 94.6

C12-QA 3.18 54.4 92.2 97.8


