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Abstract 

 

Filgrastim is a biopharmaceutical drug used for treatment chemotherapy-
induced neutropenia in cancer patients. High molecular weight proteins 

(HMWP) of filgrastim can lead to loss of efficacy and immunogenicity. 
Limit of HMWP is one of the test items showing quality of filgrastim 

products. However, a compendial method used for determination of these 

impurities in pharmaceutical products has not yet been available. In this 

study, a size-exclusion chromatographic (SEC-HPLC) method was 

validated for determination of HMWP of filgrastim. Method validation 

conducted parameters including specificity, limit of quantitation (LOQ) 
and precision. The results showed that the analysis of HMWP of filgrastim 

was not interfered by the excipients and other reagents in the analytical 

system. The method was sensitive with the lowest limit of quantitation of 

0.0002 mg/mL. In addition, the percent relative standard deviation of 

repeatability and intermediate precision was in a range of 1.9-3.5% and 1.9-
7.3%, respectively. These values were within the limits calculated from 

Horwitz’s equation. Thus, the size-exclusion chromatography (SEC) 
method was specific, sensitive, precise and valid for determination of 

HMWP of filgrastim in pharmaceutical products. This validated method 

has been utilized as a standard method to quantify the HMWP of filgrastim 

in biopharmaceutical products collected from all over nation by the Thai 

FDA.   
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Introduction 

 Biological products are used for 

diagnosis, prevention, and treatment of the 

diseases or medical conditions. Vaccines, blood 

and blood components, allergenics, tissues, 

monoclonal antibodies, and recombinant 

therapeutic proteins are some examples of the 

biological products (Pedersen-Bjergaard et al, 

2019). Recently, the development of biological 

products has been greatly increasing. In the 

United States, biological products are growing 

fastest as compared with other therapeutic 

products (FDA, 20111). Top three largest 

segments of the biologics market are 
monoclonal antibodies, recombinant 

therapeutic proteins, and vaccines, respectively. 
These three segments are growing at an annual 

rate greater than 9%. However, their prices are 

notably more expensive than most of the small 

molecules (TBR, 2018). In most cases of the 

small molecule drugs, prices of the 

pharmaceutical products reduced by 50-80% 
after their original patent protection has expired 

due to the competition between multiple generic 

copies (Mulcahy et al, 2014). Unlike chemical 

drugs, molecular structure identity of biological 

products cannot generally be established due to 

the complexity of the production and minor 

natural variations in the molecular structure 
(Gámez-Belmonte et al, 2018). Generic products 

of the biologics launch after the patent of the 

originators have expired could be ‘stand-alone 

biologicals’ or ‘biosimilars’ (FDA, 2011; Calam 

PD, 2006). In general, stand-alone biologicals 

refer to the novel products with full clinical 

studies, which share the same international 

nonproprietary names. Whereas biosimilars are 

pharmaceutical products that are developed to 

have similar properties to an existing approved 

product and has no clinically significant 

differences (FDA, 2019). The amount of clinical 

data of the biosimilars needed are generally less 

than that required for a stand-alone products 
(Calam PD, 2006). This results in cost reduction 

of biosimilars as compared with that of the 

innovator products (Mulcahy et al, 2014). 
Biosimilars have been encouraged from the 

governments around the world to reduce the 

healthcare costs (TBR, 2018).  

 Both biological products and their 

biosimilars are inherently produced through 

biotechnology in a living system, such as a 

microorganism, plant or animal cells Jeske et al, 

2013). They are generally large and more 

complex than small molecule drugs; therefore, 
characterizations of these drugs are more 

difficult. This leads to the challenging questions 

for the development and regulatory evaluation 

of the biosimilar products (Berkowitz et al, 

2012). Regulatory agencies in several countries, 

starting with the European Medicines Agency, 

adopted the guidelines focusing on comparison 

issues and assurance quality, efficacy, and 

safety of the biosimilar products (Bennett et al, 

2014). To monitor the critical quality attributes 

of drug substances and drug products, including 

biosimilars, a set of various analytical 

techniques are required to provide the complex 

information of the proteins (Driver et al, 2007; 

Boschetti et al, 2000). One of the characteristics 

according to the guidelines from the regulatory 

agency is the quantitative determination of the 

aggregation, including dimers and higher order 

aggregate of the active protein. There are 

number of analytical techniques used to 

characterize the aggregate such as light 

scattering techniques, analytical 

ultracentrifugation (AUC), filed-flow 

fractionation (FFF), gel electrophoresis, and 

size-exclusion chromatography (SEC) method 
(Hong et al, 2012; Philo et al, 2009). SEC has 

been a dominant favored method for 

aggregation analysis by far due to its speed, 

good sensitivity and reproducibility (Philo et al, 

2009; Yu et al, 2008; Brange et al, 1992; Oliva 

etal, 2000). Moreover, SEC is able to separate 

both covalent and non-covalent dimers from the 

monomers (Watson et al, 1988).  
Recombinant human granulocyte 

colony-stimulating factor (G-CSF) is a 

biopharmaceutical drug produced through 

genetic recombination (Souza et al, 1986; Lu et 

al, 1992). There are two types of G-CSF; 

glycosylated (lenograstim) and non-glycosylated 

(filgrastim) form produced by using the 

expression in mammalian cells and in  
E. coli, respectively (Vanz et al, 2008). 
Filgrastim, molecular weight of 18,800 daltons,  
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consists of 175 amino acids with an extra N-
terminal methionine (Figure 1) (Vanz et al, 2008; 

FDA, 2012). A well-known and well-
characterized biopharmaceutical drug as 

filgrastim has been approved for use in 

treatment of chemotherapy-induced neutropenia 

in cancer patients (Wang W, 1999; Beveridge et 

al, 1998). Pharmacodynamic of filgrastim is that 

the drug binds to G-CSF receptor and stimulates 

the production of neutrophils in bone marrow. 
G-CSF and its receptor are necessary for basal 

and stress-induced granulopoiesis, which forms 

neutrophils (Panopoulos & Watowich, 2008). 
The patents on Neupogen®, an originator 

product, expired in Europe and the US in 2006 

and 2013, respectively (ICH, 2005). A number of 

filgrastim biosimilars have entered the market. 
In 2018, filgrastim products have been launched 

in Thai market under 10 brand names (18 

registration numbers), which include 2  

 

biosimilar products (Thai FDA, 2018). 
Analytical procedures are required to evaluate 

quality of the different products. Besides the 

potency assay, determination of high molecular 

weight proteins (HMWP) is the other significant 

test method to assess the characteristics of 

filgrastim (British Pharmacopeia, 2018; USP, 

2017) since the HMWP of filgrastim may lead 

to multiple adverse effects, such as loss of 

efficacy and enhancement of immune responses 

to the monomeric form (Rosenberg AS, 2006). 
However, a compendial method for evaluating 

the HMWP of filgrastim in pharmaceutical 

products has not yet been available in any 

international pharmacopeias. The objective of 

this study is to validate the analytical method 

for determination of the HMWP of filgrastim in 

the pharmaceutical products. The size-based 

separation by SEC for separation of the 

different HMWP of filgrastim is studied.  
 

 

 
 MTPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEKLCATYKLCHPEELVLLGHSLGIPWA 

 PLSSCPSQALQLAGCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQLDVADFATTIWQ 

 QMEELGMAPALQPTQGAMPAFASAFQRRAGGVLVASHLQSFLEVSYRVLRHLAQP 

 

Figure 1. Structure (a) and amino acid sequence (b) of filgrastim (Filgrastim – DrugBank,2019)  
 

Materials and Methods 

 Materials 

 USP high molecular weight filgrastim 

RS was purchased from the US Pharmacopeia, 

MD, USA.  Ammonium hydrogen carbonate, 

sodium hydroxide, and acetic acid were 
acquired from Carlo Erba reagents, Italy.  D-
mannitol and sodium acetate were purchased 

from Sigma-Aldrich, MO, USA. Sorbitol, tween 

80, and L-glutamic acid were purchased from 

TCI, Japan, Scharlau, Spain and Acros 

Organics, Belgium, respectively. 
Orthophosphoric acid was obtained from 

Merck, Germany.  Water type I was produced 

from the Milli-Q® type I ultrapure water systems 

(Merck Ltd., Germany). All other chemicals and 

solvents used were American Chemical Society 

( ACS)  reagent or high- performance liquid 

chromatography (HPLC) grade.  
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Reagent preparation 

  

Mobile phase 

 Ammonium hydrogen carbonate (7.9 g) 
was dissolved in 1000 ml of ultrapure water. The 

pH of the solution was adjusted by phosphoric 

acid to 7.0. The final volume was made up to 

2,000 mL with ultrapure water (final 

concentration of 0.05 M). The solution was 

filtered by 0.2 m of nylon membrane filter 

(National Scientific Supply Company, Inc., CA, 

USA).  
 Dissolve 7.9 g of ammonium hydrogen 

carbonate in 1,000 mL of water, and adjust with 

phosphoric acid to a pH of 7.0; dilute to 2,000 

mL with ultrapure water, then filter with a nylon 

membrane filter, pore size 0.2 m (National 

Scientific Supply Company, Inc.CA, USA)  
 

Matrix solution 

 A mixed matrix solution contained all 

of the excipients often filgrastim brand names 
marketed in Thailand.  The 100- mL of matrix 

solution contains 4 mg of tween 80, 60 mg of 

acetic acid, 6 mg of sodium hydroxide, 12.3 mg 

of sodium acetate, 500 mg of sorbitol, 500 mg 

of mannitol, and 147.2 mg of L-glutamic acid. 
The excipients were weighed and dissolved in 

water until a clear solution was obtained.  The 

solution was sterile using membrane filtration 

technique ( 0. 2 µm cellulose acetate syringe 

filter, sterile Minisart® single use filter unit, 

Sartorius Stedim Biotech S.A., Germany).  
 

Stock solution of high molecular weight (HMW) 
filgrastim (0.5 mg/mL) 

 USP HMW filgrastim RS is a mixture 

of filgrastim HMW including dimer, oligomer 

1, oligomer 2, aggregate and filgrastim 

monomer. The contents of an entire vial of USP 

HMW filgrastim RS was reconstituted with the 

matrix solution to obtain a stock solution of 

HMW filgrastim (0.5 mg/mL).  

Resolution solution  

 For system suitability testing, the 

resolution solution was prepared.  The stock 

solution of HMW filgrastim was diluted with  

 

water to obtain a clear solution of the resolution 

solution (0.3 mg/mL). 

Resolution solution in matrix solution 

 To determine the interferences from the 

excipients in all marketed products, the mixture 

of filgrastim and its HMWP in matrix solution 

was prepared. The stock solution of HMW 

filgrastim was diluted with matrix solution to 

obtain a clear solution of the resolution solution 

(0.3 mg/mL). This solution was used as a 

‘reference solution’ for comparing the relative 

peak area of each impurity as well. 
 

HPLC chromatographic condition 

 A Thermo Scientific high- performance 

liquid chromatography (HPLC) , Ultimate 3000 

module ( Thermo Scientific, MA, USA) 
equipped with the PDA detector and 

Chromeleon 7 software was used for the 

analysis.  The experiments were performed on a 

TSK gel SWxL G3000 (300 mm x 7.8 mm I.D. ) 
size- exclusion column ( Tosho Corporation, 

Japan) .  A security guard column with the same 

packing materials ( Tosho Corporation, Japan) 
was used to protect the analytical column.  The 

flow rate and column temperature were set at 0.5 

mL/min and 30C, respectively. A twenty L of 

the solution was injected onto the column and 

chromatograms were acquired at a detection 

wavelength of 215 nm.  
 

System suitability 

 To ensure the suitability of the 

analytical system, the resolution solution was 

firstly injected to the HPLC.  Resolution 

between the peaks due to the filgrastim dimer 

and the monomer should be greater than 3 
(British Pharmacopeia, 2018).  

 

Method validation  

 The analytical method was adapted 

from the methods of the United States 

Pharmacopeia 40 National Formulary 35 (USP 

40 NF 35) and the British Pharmacopoeia 

(British Pharmacopeia, 2018; USP, 2017). The 

validation procedures followed the International 

Conference of Harmonization (ICH) guidelines  
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Q2(R1) validation of analytical procedures: text 

and methodology (ICH, 2005). This study 

evaluated the parameters beyond the guidelines 

to confirm that the method was sensitive and 

precise. Thus, the following parameters, 

specificity, limit of quantitation (LOQ), 
precision, and intermediate precision (inter-day 

precision and different analysts), were 

demonstrated. 
 

Specificity  

 The specificity of the method for the 

filgrastim and its HMWP was established 

through the determination of interference of the 

excipients in matrix solution, diluent (water) and 

mobile phase. Peaks of any excipients and 

reagents used in the analytical method do not 

co-elute at the retention time of the interested 

peaks of the HMWP and filgrastim monomer. 
 

Limit of quantitation (LOQ) 

 The predicted LOQ of each impurity 

was calculated based on the standard deviation 

of the response and slope.  Firstly, a regression 

line of each impurity was generated by plotting 

peak area of the impurity as a function of 
concentration. The stock solution of HMW  

 

 

filgrastim (0.5 mg/mL) was diluted with water to 

obtain a series of solutions ( concentrations 

0.001-0.5 mg/mL) .  Then the mean peak area of 
each impurity from the triplicate determinations 
was plot against the concentration. The standard 

error of the predicted y-value for each x in the 

regression and slope of the regression line was 
evaluated.  The predicted LOQ value of each 
impurity was calculated.  Then the LOQ values 

were confirmed in the experimental test by 

preparing the triplicate LOQ solutions as 

calculated and injecting to the HPLC. The signal 

to noise ratio (S/N) of each HMWP of filgrastim 
at LOQ level was considered as not less than 

10: 1 (Shrivastava & Gipta, 2011) .  In case the 

10:1 S/N of the predicted LOQ of any impurity 

did not reach, the LOQ value was obtained by 

diluting the solution until the S/N at least 10:1 

was achieved. 
 

Precision  
 The precision of the method was 

determined by repeatability and intermediate 

precision.  Owing to the very small amount of 

impurity, Horwitz’ s equation and Horwitz’ s 

ratio ( HORRAT)  ( Horwitz W, 2006)  were 

applied to set the limit of the relative standard 

deviation (RSD) as the following equation; 

 

𝑅𝑆𝐷 = 0.66 × 2𝐶−0.1505 
 

where C is the concentration ratio (no unit) 

 

While the limit of HORRAT would not be more than 2.  Calculation of the HORRAT was 

presented as follows;  

𝐻𝑂𝑅𝑅𝐴𝑇 =  
𝑅𝑆𝐷 𝑜𝑏𝑠

𝑅𝑆𝐷 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
 

 

where 𝑅𝑆𝐷 𝑜𝑏𝑠  is the RSD calculated from the experiment 

  𝑅𝑆𝐷 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 is the RSD calculated from Horwitz’s equation  

 

Repeatability (Intra-day precision) 

 Repeatability was examined by 

performing of 6 replicate injections of 6 

determinations of HMW filgrastim solution at 

LOQ level. Percent relative area of any 

interested impurity (from the solution at LOQ 

level) was normalized as compared with the total 

peak area of the filgrastim and the other HMWP 

from the chromatogram of the reference 

solution of 0.3 mg/mL, excluding the peak area 

of that interested impurity (see the equation 

below). The RSD of % relative area of the HMW 
filgrastim from the replicate determinations 

expressed repeatability parameter.  
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Intermediate precision  

Intermediate precision of the method 

was assessed by inter-day precision and 

different analysts. Intermediate precision was 

also expressed as RSD. Limit of the RSD was 

also specified by the value obtained from 

Horwitz’s equation and HORRAT.  
 

Inter-day precision 

The intra-day precision was repeatedly 

carried out on three non-consecutive days. The 

RSD of the data from 3-day experiments was 

calculated.  
 

Different analysts 

Two analysts were separately 

performed the experiments in the same manner. 
The RSD of the data from both analysts was 

calculated.  
Results and Discussion 

Method optimization  

 Two major concerns of the 

chromatographic method are stationary and 

mobile phases. Since the method needed to 

separate the molecular weight of filgrastim and 

its HMWP of approximately 18,800 Daltons 

and greater, the silicon-based size exclusion 

column was used as the stationary phase. The 

neutral buffer (pH 7.0, ammonium hydrogen 

carbonate solution) was selected as the mobile 

phase to separate the aggregates from the intact 

filgrastim since the neutral pH buffer trended to 

have lesser effect on breaking up the non-
covalent aggregates than the acidic running 

buffer. The pH 7.0 was much closer to the 

isoelectric point of the filgrastim (pI = 5.65) [34] 
resulting in lacking of the formation of any 

potential components (USP, 2013). Besides, it 

seemed to be clearer from the interferences of 

the excipients, tween 80 in particular.  
 

 

 

 

Method validation   

Specificity 

         As reference standard of each filgrastim 

impurity is not available, the USP HMW 

filgrastim RS containing all major HMWP 
(dimer, oligomer 1, oligomer 2 and aggregate) 
and the monomer was used for method 

validation. Moreover, it was found that the 
smallest peak of HMWP X was also detected. 
Figure 2 shows chromatograms of diluent 

(water), mobile phase, resolution solution in 

matrix solution and matrix solution. The relative 

retention time (RRT) of aggregate, HMWP X, 

oligomer 1, oligomer 2, dimer and filgrastim 

monomer were 0.61, 0.78, 0.81, 0.84, 0.89, and 

1.00, respectively. Resolution of the filgrastim 

dimer and monomer was not less than 3, which 

exhibited suitability of the system. There was no 

co-eluting peak from any excipients, diluent or 

mobile phase at the retention times of filgrastim 

and its HMWP peaks. According to the peak 

shape, it was noted that aggregate formed a 

broad and irregular shape while the other peaks 

were narrower and more symmetric.  
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 Figure 2. Chromatograms of mobile phase (a), diluent (water) (b), matrix solution (c), and resolution 

solution in matrix solution (d)  
 

LOQ  
 The LOQ value shows how low the 

analyte compound can be reliably quantified 
[32]. There are various methods to obtain LOQ 

value. The mathematical calculation from the 

relationship between the standard deviation of 

the calibration curve and its slope using the 

multiplier suggested by the ICH guidelines was 

followed to determine the LOQ in this study 
[36]. As the USP HMW filgrastim RS used was 

the mixture of filgrastim and its HMWP, the 

initially calculated values were the 

concentrations of the USP HMW filgrastim RS 

solution, not the LOQ concentration of each 

HMWP.  

 A standard curve of each impurity was 

built from a series of the concentration of the 

USP HMW filgrastim RS solution varied from 

0.001-0.5 mg/mL. Peak areas of each HMWP 

were plotted against the concentrations (Figure 

2). All curves including oligomer 1 and oligomer 

2 (data not shown) achieved the R2 of  0.99, 

which indicated good linear relationship for 

analysis of impurity (Yin H, 2011). Slopes 

obtained from the regression lines and the 

STEYX calculated from the peak areas and 

concentrations were applied to determine the 

concentrations of the USP HMW filgrastim RS 

solutions as per the following equation;  

 

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑈𝑆𝑃 𝐻𝑀𝑊 𝑓𝑖𝑙𝑔𝑟𝑎𝑠𝑡𝑖𝑚  𝑅𝑆 𝑎𝑡 𝐿𝑂𝑄 𝑙𝑒𝑣𝑒𝑙 =  
10 𝑥 (𝑆𝑇𝐸𝑌𝑋)

𝑆𝑙𝑜𝑝𝑒
 

            

where 𝑆𝑇𝐸𝑌𝑋 is the standard error of the predicted y-value for each x in the regression and 𝑆𝑙𝑜𝑝𝑒 is 

the slope of the regression line 
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Figure 3. Linear curves between peak areas of HMWP of filgrastim and concentrations of the USP 

HMW filgrastim RS solutions 
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Table 2. The concentration of the USP HMW filgrastim RS solution calculated based on standard 
deviation of the response (STEYX) and slope of each curve, experimental concentration, and S/N 

Component RRT STEYX  Slope Calculated 

concentration 
(mg/mL) 

           S/N % relative 

area 

LOQ 

(mg/mL) 

aggregate 0.61   2.18 133.74 0.16                    2,000:1 0.21 0.0006 

HMWP X 0.78   0.03 2.5896 0.12      10:1 0.05 0.0002 

dimer 0.89   0.29 122.79 0.02      10:1 0.28 0.0008 

 

 

Table 2 shows the concentrations of the USP 

HMW filgrastim RS solutions calculated based 

on standard deviation of the response (STEYX) 
and its slope. The S/N ratio of each peak was 

verified and confirmed by the experiment. As 

mentioned earlier, S/N ratio of about 10:1 was 

expected to be obtained from the solution with 

concentration calculated based on the linear 

curve method. The peak of HMWP X was the 

smallest one adjacent to the peaks of oligomer 

1 and 2. Thus, this peak was a representative in 

the evaluation of S/N ratio, % relative area and 

LOQ of these small peaks.  The experimental 
results indicated that S/N ratios of HMWP X 
and dimer with the calculated concentrations 

were about 10:1 as predicted. However, S/N ratio 

of the aggregate peak (2000:1) was much greater 

than 10:1. The poor prediction accuracy of S/N 

ratio of the aggregate peak was because this 

peak composed of different sizes of groups of a 

number of filgrastim monomers leading to the 

irregular, broad peak shape (as shown in Figure 

2). Particularly at low concentrations, the broad 

peaks resulted in lower accuracy of the 

prediction. This reflected on the R2 of its 

regression line (0.9926) as compared with the 

other impurities (range of the R2 from 0.9938 

(oligomer 1) to 0.9998). To acquire S/N ratio of 

about 10:1 of the aggregate peak, the USP 

HMW filgrastim RS solutions were diluted and 

injected until the expected value was achieved. 
In summary, the 0.01, 0.12 and 0.02 mg/mL of 

USP HMW filgrastim RS solutions provided 

the acquired S/N ratio (10:1) of the aggregate, 

HMWP X and dimer peaks, respectively.   
 Then, % relative area of each peak was 

evaluated and used for calculation of LOQ. The 

USP HMW filgrastim RS solution of 0.3 mg/mL 

was used as the reference solution. The solution 

was appropriate for calculation of % relative area 

since this is the concentration of most filgrastim 

products and would be used as concentration of 

the test solution for this validated method. The 

peaks with S/N ratio of 10:1 obtaining from the 

USP HMW filgrastim RS solutions from the 

above were used for calculation of LOQ as 

‘Peak area A’. Peak area of the interested 

impurity on the chromatogram of the reference 

solution (0.3 mg/mL) was  

subtracted from total peak area of the same 

chromatogram. The ‘Peak area A’ was replaced 

by the subtracted area (Peak area B) and relative 

calculated as follows; 

 

 

% 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎

=
𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐴

(𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑟𝑒𝑓. 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 − 𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐵) + 𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐴
𝑥 100 

 

 

where 𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐴 is peak area of the 

interested impurity obtaining from the 

chromatogram of the USP HMW filgrastim RS 

solution providing peak with S/N of 10:1 

                  𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑟𝑒𝑓. 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 
is total peak area of all peaks obtaining from the 

chromatogram of the 0.3 mg/mL reference 

solution 
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                  𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐵 is peak area of the 

interested impurity obtaining from the  

 

 

 

chromatogram of the 0.3 mg/mL reference 

solution 

To calculate the LOQ of each HMWP of 

filgrastim, the following equation was applied.  

 

 

𝐿𝑂𝑄 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑚𝑝. (𝑚𝑔/𝑚𝐿) =  
𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎 (%) 𝑥 𝐶𝑟𝑒𝑓.𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛(𝑚𝑔/𝑚𝐿)

100
 

      

 where 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎 (%) calculated from the above equation  

                           𝐶𝑟𝑒𝑓.𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = concentration of the reference solution = 0.3 mg/mL 

 

 The LOQ of aggregate, HMWP X, and 

dimer as 0.0006, 0.0002, and 0.0008 mg/mL, 

respectively (Table 2). 
  

Precision and Intermediate Precision 

 The precision of the method was 

demonstrated in terms of repeatability and 

intermediate precision. A total of 36 injections 
(6 determinations x 6 injections) for each LOQ 

were analyzed per day for the repeatability 

study. The repeated experiments were carried 

out in three non-consecutive days to evaluate the 

inter-day precision. The intermediate precision 

was also demonstrated by two analysts, using 

the same HPLC system, performing in the same 

manner as for the first analyst. The RSD 

calculated from the Horwitz’s equation and 

HORRAT of each impurity was presented in 

Table 3. The RSD between of the within-day 

replicate measurements was reported as 1.9-
3.5%. Intermediate precision is the outcomes of 

the within-laboratory variations resulting from 

random situations, such as inter-day precision 

and different analysts [26]. Also, RSD of the 

inter-day precision were reported as and 3.3-
6.1%. The RSD of the results of both analysts had 

to be lower than the RSD calculated from the 

Horwitz’s equation. Table 3 shows the RSD of 

each impurity met the criteria. The RSD of 1.9-
7.3% was also below the acceptance values (10.9-
13.5%). This illustrated the good within-lab 

reproducibility of the analytical method. 
Therefore, this proposed SEC method was 

precise for analysis of HMWP of filgrastim. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. RSD, the acceptance criteria of RSD and HORRAT  

Impurity  RSD observed Acceptance criteria           

of RSD   

(RSD expected) 

 

HORRAT 

(repeatability) 

repeatabilit

y 

inter-day 

precision 

different 

analysts 

aggregate 1.9 6.1 7.3 11.4 0.2 

HMWP X 2.2 3.3 1.9 13.5 0.2 

dimer 3.5 4.1 5.3 10.9 0.3 
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Conclusion  

           The results show the validation of SEC 

method was successful. The proposed method 

was specific, precise, and possesses excellent 
reproducibility attribute. Hence, this validated 

method was appropriate to use as a standard 

method to quantify the HMWP of filgrastim in 

various brands of biopharmaceutical products 

collected from multiple manufacturers by the 

Thai FDA.   
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