
ABSTRACT
Purpose: This study was conducted to evaluate the effect of 
pooled and individual plasma from different commercial suppliers 
upon ELISA methods for the determination of blood levels of 
biotherapeutics using rabbit K3EDTA plasma study matrix. Matrix 
quality varied between suppliers with the quality of matrix directly 
affecting immunoassay performance, specifically the quantitative 
recovery and reproducibility. The degree of hemolysis, variability in 
plasma pH and reoccurring clotting was shown to affect a double 
antibody ELISA using a colorimetric readout.

Method: The ELISA assay used as a model for this study was  
a typical antibody sandwich with a biotinylated detection antibody, 
a second antibody streptavidin-horseradish peroxidase enzyme 
conjugate and tetramethylbenzidine as the chromogenic substrate. 
Controls and standards were prepared using pooled rabbit K3EDTA 
plasma from two different suppliers. Filtration was used to remove 
plasma clots as necessary. 

Results: Qualitative observations showed a marked difference 
in plasma from the suppliers. Supplier B’s plasma consistently 
exhibited noticeable hemolysis with significant clotting and did  
not equilibrate to the optimal pH when diluted with Tris buffer, 
whereas the pH of Supplier A did. These effects were consistent 
across multiple lots of plasma from Supplier B and consistently  
not seen with Supplier A. 

The following table shows a comparison of results found by spiking 
the biotherapeutic into pooled plasma from Supplier B before and 
after filtration and pH adjustment compared to pools from Supplier 
A (no pH adjustment or filtration required). Similar results were 
observed when comparing individual plasma samples spiked  
for selectivity studies. 

Conclusion: When using commercial sources of plasma matrix 
in quantitative ELISA methods for PK studies, adjustments may 
be required to achieve optimal performance. The results from this 
study suggest that this effect may be due to plasma variability 
across suppliers.

  

Supplier A R abbit 
Plasma 

Supplier B R abbit 
Plasma  

Supplier B R abbit P lasma pH 
Ad juste d and F ilter ed 

Contro l 
Targe t 

(pg /mL)  
Result %CV Result %CV Result %CV 

4,800  4 ,674  7 .1  5 ,604  1 .8  5 ,256  2 .9  

1,200  1 ,174  1 .0  1 ,611  4 .9  1 ,247  6 .6  

300  2 77  2 .0  2 87  8 .9  312  4 .9  

 

 supplier a rabbit Plasma supplier B rabbit Plasma 
supplier B rabbit Plasma ph 

adjusted and filtered

Control Target 
(pg/mL)

Result %CV Result %CV Result %CV

4,800 4,674 7.1 5,604 1.8 5,256 2.9

1,200 1,174 1.0 1,611 4.9 1,247 6.6

300 277 2.0 287 8.9 312 4.9

BACKGROUND 
The development and validation of ligand binding assays for the quantitative determination  
of protein therapeutics is intricate and influenced by many variables. As the therapies become 
more potent and complex, assay sensitivity and selectivity also become more involved and 
challenging. In addition, soluble receptors, binding partners and target ligands found in the 
plasma compartment of the blood stream can play an interactive role in even the simplest models. 
All of these factors can affect and complicate the quantification of the therapeutic agent using 
bioanalytical methods that rely upon the affinity and specificity of the antibody reagents used 
for capture and detection. In addition, as the potency of the therapeutic agents increase, the 
circulating blood levels decrease, which results in the requirement of more sensitive assays. In 
order to achieve the sensitivity required, samples may need to be diluted less, and when this 
occurs the assays are performed in the presence of larger concentrations of matrix, which  
further amplifies the effect of the plasma constituents and the ligand. 

In addition to specific and high affinity antibodies, the development, validation and sample 
analysis phases require high quality matrix and pure conjugates as the major assay components. 
The pH of the matrix pools can have a marked influence upon results in assays that have a 
greater amount of matrix present. The presence of hemolysis, clots and cellular debris can also 
affect assay sensitivity, accuracy and precision. The purpose of this study was to evaluate the 
performance of different sources of commercially available plasma matrices in a ligand binding 
method run in relatively concentrated or neat matrix.

METHODS
Ligand Binding Assay 
A colorimetric double antibody ELISA method was used for the determination of picogram  
quantities of drug in rabbit plasma (K3EDTA). A 20% relative error was used as acceptance  
criteria for the assay performance. The calibration curve consists of a range of concentrations 
where the top standard at 6400 pg/mL is serially diluted in 100% plasma to obtain the following 
concentrations: 6400, 3200, 1600, 800, 400, 200, 100, 50 and 25 pg/mL. 

Plasma Matrix Performance
Calibration Curves and Control Samples:
We obtained several batches of pooled rabbit K3EDTA plasma from two different vendors  
(Vendor A and Vendor B) to prepare and test for the calibration curves and quality control  
samples. In addition, K3EDTA plasma from six individual rabbits was purchased from the  
same two vendors for selectivity testing. 

Standard curves and quality control samples (4800, 1200, 300 and 100 pg/mL) were  
prepared in each pool and results were expressed as percent relative error (% RE).  
In addition, the assay selectivity was tested for each source of individual rabbit samples  
using spikes of drug at 150 pg/mL. 

Vendor A plasma pools were used for preparing standards and controls without any additional 
treatment, as they were not hemolyzed, nor did they contain any particulate matter. In addition,  
the pH of the plasma was 8.7, which would be acceptable for K3EDTA plasma. 

Controls were prepared in plasma from Vendor B with and without filtering before spiking. The 
pH of the plasma from Vendor B was lower (pH 6.8) compared to Vendor A (pH 8.7). The assay 
buffer was adjusted so that the final pH of the Vendor B plasma was equivalent to the Vendor A 
plasma. A comparison of the assay performance was performed in pH adjusted Vendor B plasma 
to unadjusted Vendor B and to Vendor A plasma performance. 

Evaluation of assay selectivity was performed using plasma samples taken from each of six different 
animals provided by each vendor. Each rabbit sample was spiked with drug to contain 150 pg/mL. The 
samples were analyzed using calibration curves prepared in the corresponding matrix. The plasma was not 
filtered nor was the pH adjusted for the calibration curves or the spiked individual animal plasma samples.

Evaluation of Hemolysis 
The plasma from Vendor B showed evidence of apparent hemolysis and contained insoluble material.  
The presence of hemolysis was evaluated spectrophotometrically in both plasma pools (Vendor A and 
Vendor B). Each pool was diluted and the absorption patterns were observed between 500 nM and  
600 nM where the Soret bands from hemoglobin can be detected.

RESULTS AND DISCUSSION
Assay Calibration Curves
An example of assay calibration curves in each source of plasma (Vendor A and Vendor B) is shown 
in Figure 1, and Table 1 summarizes the standard curve performance parameters. The standard curve 
parameters in each source of matrix show that the assay performs acceptably with regard to back-fitted 
standards, precision and sensitivity within the same matrix. However, when the curves are plotted  
(Figure 1), some differences can be observed in the dose response parameters showing a greater change 
in optical density with increasing concentration in Vendor A matrix for the same dose in Vendor B matrix. 

Assay Controls
The relative error found in the quality control samples is summarized in Table 2 for Vendor A matrix and 
shows that the relative error is less than +/- 20% for each of the control samples (within run). Table 3 shows 
the results obtained using Vendor B matrix with and without pH adjustment compared to results obtained 
with filtered plasma and pH adjustment. The use of assay buffer to bring the pH of the matrix into the 
optimal range improves the recovery as demonstrated by the % relative error values falling within the 20% 
relative error acceptance criteria. When the matrix was filtered before preparing the controls and calibrators, 
the % relative error obtained is further reduced. 

Assay Selectivity
Assay selectivity data are summarized in Table 4 showing the relative error obtained when drug  
was added (150 pg/mL) to plasma provided by each vendor from six individual rabbits. The data  
from Vendor A samples are all within 20% relative error and would meet acceptance criteria for  
selectivity. With the exception of one rabbit, the results from Vendor B, however, would not be  
acceptable demonstrations of assay selectivity. 

Hemolysis
The spectra for Vendor A and Vendor B plasma pools are shown in Figure 2. The spectrum obtained for 
Vendor B is consistent with hemoglobin Soret bands, illustrating the influence of hemolysis. Vendor A 
pooled plasma is virtually free from evidence of hemolysis. Hemolysis can occur when blood is drawn  
into the collection tubes and may be mishandled or improperly treated during the separation of the plasma 
from the cellular components. The red cells lyse and can dilute the plasma and introduce red cell contents 
into the plasma, which may interfere with the assay.

CONCLUSIONS
•	 Commercially available plasma matrices are not all the same. 
•	 The quality of the purchased matrix can lead to erroneous conclusions regarding the assay performance 	
	 and can be particularly problematic when transferring a method from one lab to another. 
•	 In assays where the dilution factor is low and the plasma concentration is high the performance 
	 of the procedure can vary with each plasma pool and each commercial vendor
•	 Presence of hemolysis may indicate a poor collection process on the part of the commercial vendor.

The Effect of K3EDTA Plasma  
From Different Commercial Suppliers  
Upon ELISA Performance

Assay Calibration Curves in Each Source of Matrix

Vendor A Vendor B

pg/mL Mean OD
Back  

Calculated  
Concentration
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Deviation

Coefficient  
of Variation

Percent  
Relative  

Error
Mean OD

Back  
Calculated  

Concentration

Standard  
Deviation

Coefficient  
of Variation

Percent  
Relative  

Error
6400 3.347 6404.7 95.1 1.47 0.07 3.242 6400.4 55.7 0.87 0.01
3200 2.329 3185.9 40.4 1.27 -0.44 1.991 3198.4 62.1 1.94 -0.05
1600 1.463 1627.5 10.2 0.62 1.72 1.077 1606.0 71.0 4.42 0.37
800 0.804 771.1 21.0 2.72 -3.61 0.547 789.9 8.3 1.06 -1.27
400 0.476 407.6 2.0 0.48 1.90 0.301 404.2 14.8 3.66 1.05
200 0.284 205.1 4.4 2.16 2.54 0.183 201.3 3.9 1.92 0.66
100 0.188 105.4 3.4 3.25 5.43 0.136 111.5 1.7 1.55 11.48
50 0.133 46.0 3.8 8.23 -7.96 0.106 46.0 12.7 27.57 -8.03
25 0.124 27.8 11.1 3.22 1.11 0.096 22.0 2.6 11.74 -11.93
0 0.082 0.1 n/a n/a n/a 0.087 16.7 n/a n/a n/a

Table 1
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Figure 1
Calibration Curves Vendor A and Vendor B Rabbit Plasma		

Vendor B Rabbit K3EDTA Quality Control Samples
Without and With pH Adjustment and Filtered With pH Adjustment 

Target (pg/mL) Without pH Adjustment With pH Adjustment Filtered With pH Adjustment
pg/mL %Relative Error pg/mL %Relative Error pg/mL %Relative Error

4800 5604 16.8 5068 15.7 4758 -0.88
1200 1610 34.2 1012 -15.7 1143 -4.73
300 173 -42.3 293 -2.24 303 1.05
100 45.3 -54.7 73.6 -26.4 86.7 -13.3

Acceptance Criteria were +/- 20% Relative Error

Table 3

Vendor A Rabbit K3EDTA Quality Control Samples

Target (pg/mL)
pg/mL %Relative Error

4800 5351 11.5
1200 1164 -3.05
300 299.5 -0.17
100 103.0 3.00

Acceptance Criteria were +/- 20% Relative Error

Table 2

Vendors A and B Rabbit K3EDTA Assay Selectivity
Without Filtration or pH Adjustments

Target (pg/mL) Vendor A Vendor B
150 pg/mL pg/mL %Relative Error pg/mL %Relative Error

Rabbit 1 A or B 152.4 1.60 147.0 -2.03
Rabbit 2 A or B 137.8 -8.17 214.5 43.0
Rabbit 3 A or B 147.4 -1.70 243.6 62.4
Rabbit 4 A or B 173.0 15.4 293.5 95.7
Rabbit 5 A or B 137.9 -8.07 223.8 49.2
Rabbit 6 A or B 163.9 9.28 276.1 84.1

Drug levels for each set of individual rabbit samples from either vendor were determined  
using a calibration curve with the corresponding Vendor A or Vendor B Pools

Table 4
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Figure 2
Spectrophotometric Scan of Hemoglobin Absorption in  
Rabbit Plasma Pools from Vendor A and Vendor B
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