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Abstract 

This study evaluated and validated two analytical methods, an enzyme-linked immunosorbent 

assay (ELISA) and a cell-based bioassay, for the determination of erythropoietin in pharmaceutical 

formulations marketed in Thailand. Method validation was carried out following ICH guidelines. 

The ELISA method demonstrated high specificity, as the erythropoietin standard and formulated 

samples produced clear absorbance signals that were clearly different from those of the excipient 

matrix. The excipients alone showed minimal response, confirming that formulation components 

did not interfere with the assay. A strong relationship between absorbance and erythropoietin 

concentration was observed, and the method showed excellent linearity over the tested range,  
with coefficients of determination greater than 0.99 across three consecutive days. Accuracy  
results were acceptable for a biological assay, with recovery values within the expected range. 

Although some variability was observed in repeatability testing, this was consistent with the nature 

of immunoassays. Intermediate precision results were consistent across different days and analysts, 

indicating that the ELISA method is reliable for routine analysis. The cell-based bioassay also 

showed good specificity. Parallel dilution curves of the erythropoietin standard and sample 

demonstrated consistent relationships between response and concentration, while formulation 

excipients produced only weak signals. The assay was linear over a concentration range of 0.0625 

to 1 IU/mL, with strong correlations observed over three days. Accuracy testing showed recovery 

values within acceptable limits, and precision results were within the expected range for cell-based 

assays, where higher variability is commonly observed. The precision of the assay across different 

days and analysts confirmed its robustness. 

In conclusion, both the ELISA and cell-based bioassay methods were successfully validated 

and shown to be suitable for erythropoietin determination. The ELISA method provides reliable 

quantitative measurement, while the cell-based assay effectively assesses biological activity and 

potency. Together, these complementary methods offer a practical and reliable approach for routine 

quality control of erythropoietin products. 

Keywords: Erythropoietin, ELISA, Cell-based assay, Potency, Method validation  

 

*1Corresponding author, e-mail: boontarika.b@dmsc.mail.go.th 

Received 31 01 2026 / Revised: 11 02 2026 / Accepted: 12 02 2026 

mailto:1*boontarika.b@dmsc.mail.go.th
mailto:2yanika.r@dmsc.mail.go.th


Rattanakosin Journal of Science and Technology: RJST Vol. 8 No.1 2026 114 
 

 

1. Introduction 

Erythropoietin is a sialoglycoprotein hormone that consists of a single polypeptide chain 

of 165 amino acids [1]. It is mainly produced by the renal cortex and stimulates the production 

of red blood cells [2,3]. Due to its structural complexity the potency cannot be determined by 

molecular weight; on the other hand, it must be evaluated through functional assays using in 

vivo or in vitro systems [4]. Potency assays are critical for quality control for erythropoietin as 

they reflect biological activity and ensure batch-to-batch consistency and comply with the 

regulatory requirements [5]. Conventionally, the measurement of erythropoietin potency has 

been performed using in vivo animal bioassays, such as the normocythemic or polycythemic 

mouse models [4]. However, these methods are gradually replaced by alternative methods. This 

substitution is based primarily on the 3Rs principle: Replacement, then Reduction and 

Refinement of animal tests [6]. The conventional animal models are not only expensive and 

time consuming, but also variable, so that it is a challenge for releasing batch precision [3].  

Thus, to address this limitation and to reduce the use of animal models, a number of 

alternative approaches including enzyme-linked immunosorbent assay (ELISA) and cell-based 

assays have been explored as potential options. The mechanism of ELISA for determining 

erythropoietin potency is based on sandwich ELISA, in which the signal intensity is directly 

proportional to the erythropoietin concentration [7,8]. In contrast, cell-based assay mechanism 

measures the proliferation response, which is induced by erythropoietin binding to its receptor 

[9,10]. Integrating both methods to determine erythropoietin potency can provide a more robust 

assessment of the erythropoietin efficacy than any single method alone [11]. Hence, the 

objective of this study is to provide validated ELISA and cell-based assay methods for 

erythropoietin potency determination marketed in Thailand using a multi-methodological 

approach. 

 

2. Methodology 

2.1 Reagents and materials 

Potassium chloride, sodium chloride, disodium hydrogen phosphate, sodium dihydrogen 

phosphate, potassium dihydrogen phosphate and sulfuric acid were obtained from Carlo Erba, Italy.  

Mannitol, human serum albumin, polysorbate 80, glycine, sodium citrate, trypan blue and bovine 

serum albumin (BSA) were purchased from Sigma, United States. Tween 20 was obtained from 

Scharlau, Spain. Human erythropoietin antibody (primary antibody; clone: 9C21D11), rabbit anti-

human erythropoietin and polyclonal antibody (secondary antibody) were purchased from R&D 

Systems, United States. Peroxidase conjugated affinity purified Goat Anti-Rabbit IgG (IgG-HRP) 

was obtained from Jackson ImmunoResearch Laboratories, United States. TMB solution, TF-1 

erythroblasts (CRL-2003), RPMI-1640 Medium, and fetal bovine serum (FBS) were acquired from 

Thermo Fisher Scientific Inc., United States. WHO International Standard for erythropoietin 

recombinant for bioassay was obtained from NIBSC, United Kingdom. CellTiter-Blue® reagent 

was procured from Promega Corporation, United States. m-cresol was purchased from Acros 

organics, Belgium. Ultrapure water was used throughout the study. 
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2.2 Validation of enzyme-linked immunosorbent assay and cell-based methods for 

erythropoietin determination 

Method validation was performed according to ICH Q2(R1) guidelines, which included 

evaluation of four core parameters: specificity, linearity and range, accuracy, and precision [12]. 

Specificity testing confirmed that excipients present in the erythropoietin formulation did not 

interfere with the detection or biological response of erythropoietin in either the ELISA or the 

cell-based assay. Linearity and range were assessed to demonstrate that the assay responses, 

measured as ELISA absorbance and cell-based bioassay signals, were directly proportional to 

erythropoietin concentrations across the tested range. Accuracy was evaluated to determine the 

agreement between measured values and the true erythropoietin concentration, while precision 

was assessed by examining the repeatability and intermediate precision. The method for 

determining erythropoietin using ELISA and cell-based techniques were performed as follows. 

2.3 Determination of erythropoietin by enzyme-linked immunosorbent assay 

Primary antibody was dissolved in 1x phosphate buffered saline (PBS), prepared by 

diluting a 10 x PBS stock solution 1:10. The 10 x PBS solution contained 2 g of potassium 

chloride, 2 g of potassium dihydrogen phosphate, 80 g of sodium chloride and 11.5 g of 

disodium hydrogen phosphate in 1000 mL of ultrapure water. The primary antibody (100 L) 

was dispensed into each well of 96-well plate, and the plate was incubated at 4 C for 24 h. The 

solution in each well was then aspirated off and the plate was washed four times using plate 

washer. Blocking buffer (200 L), consisting of 10 g of BSA, 100 mL of 10 X PBS stock 

solution and 5 mL of 10% (v/v) Tween 20 in 1,000 mL of ultrapure water, was dispensed into 

each well. The plate was incubated at ambient temperature for 30 min, and then washed four 

times. The WHO international standard, sample and blank solutions were pipetted at 50 L per 

well. Subsequently, blocking buffer was dispensed at 50 L per well. The plate was incubated 

at ambient temperature for 1 h and then washed four times. The IgG-HRP solution was added 

at 100 L per well, and the plate was incubated at ambient for 30 min, followed by four washing 

steps. TMB solution was added at 100 L per well, and the plate was incubated at ambient for 

10 min. The reaction was stopped by adding 100 L/well of 1 N sulfuric acid, and the 

absorbance of each well was measured at 450 nm. During incubation, the 96-well plate was 

sealed with adhesive film and protected from light by covering it with aluminum foil. 

2.4 Determination of erythropoietin by cell-based assay 

TF-1 cells were prepared 3-4 days prior to the assay to ensure growth rate. On the day of 

experiment, cells were and centrifuged at 130 × g for 5 minutes. The cell pellet was resuspended  
in assay medium consisting of RPMI-1640 supplemented with 10% heat-inactivated FBS (56 °C 

for 30 minutes). Cell viability was confirmed to be more than 80% by Trypan blue using a 

hemocytometer, and the cell suspension was subsequently adjusted to a final concentration of 2.0 

× 10⁵ cells/mL. Serial dilutions of WHO international standard and sample were prepared directly 

to the plate with each well containing 50 L. The prepared cell suspension (50 L) was added into 

each well, bringing the total volume to 100 L per well. The plates were then incubated at 37.0 °C 

under 5.0% CO₂ for 44 hours. After incubation, 20 µL of CellTiter-Blue® reagent was added to 

each well. The plates were agitated at 500 rpm for 30 seconds and returned to the incubator for a 

final 4 hours. Fluorescence was measured at an excitation wavelength of 560 nm and an emission 
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wavelength of 590 nm using a microplate reader. Finally, potency evaluation was conducted using 

CombiStats software (EDQM), in accordance with the European Pharmacopoeia. 

 

3. Results 

3.1 The validation of ELISA method for determining erythropoietin 

Specificity of the method was performed by comparing the absorbance of a standard 

solution against both the formulated sample and a common excipient matrix used in erythropoietin 

products marketed in Thailand. This matrix consisted of mannitol, human serum albumin, sodium 

chloride, sodium dihydrogen phosphate, disodium hydrogen phosphate, polysorbate 80, glycine, 

m-cresol, and sodium citrate. Each group was tested in quadruplicate. At a final concentration of 

0.3 IU/mL, the standard and sample yielded absorbance values of 0.3638 and 0.3328, respectively, 

whereas the excipient matrix showed only a minimal response of 0.0206 (Figure 1).  

 

Figure 1 Specificity of the ELISA method using erythropoietin standard, sample,  
and excipients 

Linearity was assessed using five erythropoietin concentrations ranging from 0.2 to 0.4 

IU/mL over three consecutive days. The calibration curve was constructed by plotting the 

logarithm of erythropoietin concentration against absorbance. The assay showed good linearity, 

with R² values of 0.9952, 0.9962, and 0.9953 (Figure 2).  
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Figure 2 Linearity evaluation of the erythropoietin ELISA method over the concentration 

range of 0.2–0.4 IU/mL 
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Accuracy was determined by analyzing five erythropoietin concentrations between 0.2 and 

0.4 IU/mL at 70% (SAM70), 100% (SAM100), and 130% (SAM130) of the target concentration, 

with four replicates at each concentration. The percent recovery ranged from 87.18% to 122.81%, 

with average recoveries of 101.47%, 116.77% and 101.9% for SAM70, SAM100, and SAM130, 

respectively (Table 1). Repeatability was evaluated under the same conditions, and the %RSD 

values obtained were 4.76%, 4.49%, and 12.75% for SAM70, SAM100, and SAM130, in the same 

order (Table 1).  

Table 1 Accuracy (% recovery) and repeatability (%RSD) of the erythropoietin ELISA at 

70%, 100%, and 130% of the target concentration (0.2–0.4 IU/mL) 

Erythropoietin 

concentration 

(IU/mL) 

% Recovery 

SAM 70 SAM100 SAM130 

0.2-0.4 

96.62 

106.27 

101.53 

122.81 

113.97 

113.52 

106.73 

87.18 

111.8 

Average of % 

Recovery 

%RSD 

101.47 

 

4.76 

116.77 

 

4.49 

101.9 

 

12.75 

Intermediate precision was assessed by performing the assay at the same concentration 

levels used for accuracy and repeatability across three different days and by different analysts. 

The inter-day precision showed %RSD values ranging from 6.62% to 15.11% over the three-

day study, while the inter-analyst precision produced %RSD values between 6.15% and 13.57% 

(Table 2).  

Table 2 Inter-day and inter-analyst precision (%RSD) of the erythropoietin ELISA assay  

Precision 
% Recovery 

SAM 70 SAM100 SAM130 

Inter-day precision 

Day 1 

Day 2 

Day 3 

96.62 

92.83 

105.50 

122.81 

97.23 

93.90 

106.73 

109.42 

94.79 

Average of % 

Recovery 

% RSD 

98.32 

 

6.62 

104.65 

 

15.11 

103.64 

 

7.51 

Inter-analyst 

precision 107.81 118.59 103.15 

Average of % 

Recovery 

% RSD  

100.69 

 

7.07 

108.13 

 

13.57 

103.52 

 

6.15 

 

3.2 The validation of cell-based method for determining erythropoietin  

Specificity was evaluated by comparing parallel dilutions of the standard solution, 

sample and formulation excipients alone, the composition of which is described above. The 

curves, obtained from cells treated with logarithmic concentrations, were compared to assess 

the interference from excipients. The graphs showed a linear relationship between fluorescence 
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intensity and the logarithm of erythropoietin concentration for standard and sample solutions. 

A five-point concentration range of 0.0625 to 1 IU/mL was studied and yielded the coefficients 

of determination (R2) of 0.9985 for the standard, 0.9981 for the sample and 0.7328 for the 

excipients as shown in Figure 3.  

 

Figure 3 Specificity of the erythropoietin cell-based bioassay assessed by parallel dilution 

Linearity was evaluated using five erythropoietin concentrations ranging from 0.0625 

to 1 IU/mL over three consecutive days, resulting in R2 values of 0.9931, 0.9957 and 0.9966, 

as shown in Figure 4.  
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Figure 4 Linearity evaluation of erythropoietin cell-based bioassay over the concentration 

range of 0.0625–1 IU/mL 

The accuracy of the method was evaluated using five erythropoietin concentrations 

ranging from 0.0625 to 1 IU/mL and expressed as percent recovery at 70% (SAM70), 100% 

(SAM100), and 130% (SAM130) of the target concentration, with each level tested in triplicate. 

Percent recovery ranged from 81.74 to 116.66% with the average values of 100.56%, 103.11% 

and 104.98% for SAM70, SAM100 and SAM130, respectively (Table 3). The repeatability was 

assessed using the same concentration range and levels as those used for the accuracy study, 

yielding % relative standard deviation (RSD) values of 6.95, 18.16 and 10.79 for SAM 70, 

SAM100 and SAM130, respectively (Table 3). 

Table 3 Accuracy (% recovery) and repeatability (%RSD) of the erythropoietin cell-based 

bioassay at 70%, 100%, and 130% of the target concentration (0.0625–1 IU/mL)  

Erythropoietin 

concentration 

(IU/mL) 

% Recovery 

SAM70 SAM100 SAM130 

0.0625-1 

108.61 

96.03 

97.06 

110.94 

116.66 

81.74 

112.00 

111.02 

91.92 

Average of % 

Recovery 

%RSD 

100.56 

 

6.95 

103.11 

 

18.16 

104.98 

 

10.79 

Intermediate precision was conducted by consistent assay at the same concentration 

levels used for the accuracy and repeatability studies when evaluated over three different days 

and by different analysts. The inter-day precision showed the % RSD range of 3.20% to 10.02% 

across three-day study, while the inter-analyst precision yielded %RSD values between 3.83% 

to 8.39% (Table 4). 
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Table 4 Inter-day and inter-analyst precision (%RSD) of the erythropoietin cell-based assay 

Precision 
% Recovery 

SAM70 SAM100 SAM130 

Inter-day precision 

Day 1 

Day 2 

Day 3 

99.17 

96.03 

112.02 

98.84 

116.66 

119.47 

104.38 

111.02 

109.42 

Average of % 

Recovery 

% RSD 

102.41 

 

8.28 

111.66 

 

10.02 

108.27 

 

3.20 

Inter-analyst 

precision 104.08 108.23 114.51 

Average of % 

Recovery 

% RSD  

102.82 

 

6.78 

110.80 

 

8.39 

109.83 

 

3.83 

 

4. Discussion and Conclusion 

For validation of the ELISA method for erythropoietin determination, the results demonstrate 

that the method is highly specific. The erythropoietin standard and the sample showed clear 

response charts that were distinctly different from those of the excipient. A strong correlation 

between absorbance and concentration was observed for both the standard and the sample, whereas 

the excipients alone produced only minimal responses. This confirms that formulation components 

do not interfere with the assay. The assay exhibited linearity across the tested concentration range, 

with R2 values greater than 0.99 over three consecutive days, indicating reliable analytical 

performance [13]. The method also showed good accuracy, with mean recovery values ranging 

from 101.47% to 116.77%, which are acceptable for biological assays (75-125%) and confirm 

accurate quantification of erythropoietin, as shown in Table 1 [14]. Although some variability was 

observed in the repeatability assessment, with %RSD values up to 12.75%, this level of variation is 

expected for bioassays. Furthermore, the intermediate precision results were consistent across 

different days and analysts, with %RSD values meeting the acceptance criteria (RSD<20%) [13], 

demonstrating that the method is robust and suitable for routine laboratory use. 

For the cell-based bioassay validation, the specificity of the assay was confirmed by 

comparing the parallel dilution curves of the erythropoietin standard, sample, and the formulation 

excipients. Both the standard and sample showed a consistent relationship between fluorescence 

intensity and the logarithm of erythropoietin concentration. In contrast, the excipients generated a 

weak response, indicating that these components did not contribute to the assay signal. Across the 

five concentration levels (0.0625-1 IU/mL), the standard and sample demonstrated linearity, with 

R2 values exceeding 0.99 [13], while the excipients showed lower linearity. As illustrated in Figure 

3, the result confirmed the specificity of the method for potency determination. The linearity results 

with R2 values of 0.9931, 0.9957, and 0.9966 were in acceptance criteria [13] and demonstrated a 

fit to the linear model across three days. By testing three levels at 70%, 100%, and 130% of the 

target, the recovery percentages, which averaged between 100.56% and 104.98%, stayed within the 

acceptable analytical limits of accuracy for bioassay (75-125%) [14,15]. These values indicate that 

the method is highly effective at recovering the target analyte. Regarding precision, the repeatability 
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study yielded %RSD values ranging from 6.95% to 18.16%. The results of repeatability were in 

line with the acceptance criteria (RSD<20%) [13]. The SAM100 level showed slightly higher 

variability (18.16%), which is normal for cell-based assay because of natural biological differences. 

This level of RSD is acceptable for this type of study. However, using robotic automation may 

improve consistency by reducing human error and ensuring that all wells are treated in the same 

way and at the same time [16]. Intermediate precision was confirmed by evaluating the assay over 

three different days and by different analysts using the same concentration levels applied in the 

accuracy and repeatability studies. Both inter-day (%RSD at 3.20%-10.02%) and inter-analyst 

(%RSD at 3.83%–8.39%) precision remained within acceptable limits (RSD<20%) [13], as shown 

in Table 4.  

In summary, the validation results demonstrate that both the ELISA and cell-based methods 

are reliable as multi-methodology approaches for erythropoietin determination. The ELISA method 

provided high specificity, strong linearity, and acceptable accuracy and precision, ensuring reliable 

quantitative measurement of erythropoietin concentration. In parallel, the cell-based assay reliably 

measured biological activity and potency, with acceptable variability typical of bioassays. The use 

of multiple validation approaches, including specificity, linearity, accuracy, repeatability, and 

intermediate precision, strengthens confidence in the analytical performance of both methods. 

These findings confirm that the combined use of ELISA and cell-based assays offers a robust and 

comprehensive strategy for the accurate determination and potency evaluation of erythropoietin in 

routine laboratory analysis. 
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