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 The erythropoietin nanoparticle system is formed from the interaction of 

the positive charge of chitosan and the negative charge of pectin under 

acidic conditions, so the stability of the nanoparticle system in 

hydrochloric acid and phosphate buffer Salin (PBS) is critical parameter 

in the choice of permeation medium. This study aimed to compare the 

stability of the erythropoietin nanoparticle system in HCl pH 1.2 and 

PBS pH 7.4. This research is an experimental laboratory study that 

analyzes includes the analysis of erythropoietin released from the 

nanoparticle system dissolved in HCl pH 1.2 and PBS pH 7.4 using 

spectrophotometric methods. Erythropoietin levels were calculated as 

free from the nanoparticle system at 15, 30, 45, 60, 90, 120, 180, and 

240 minutes. Erythropoietin levels released from the erythropoietin 

nanoparticle system at 15 minutes in HCl medium pH 1.2 lower at 33, 

63%, compared to PBS medium at pH 7.4 with free erythropoietin 

content of 50.85%. However, after 240 minutes the concentration of free 

erythropoietin from the nanoparticle system was higher in the PBS 

medium at pH 7.4 (60.49%) than in HCl medium at pH 1.2 (57.85%). 

The results showed that the erythropoietin nanoparticle system was more 

stable in HCl medium pH 1.2 than in PBS pH 7.4. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Chitosan and pectin polymers have an important role in increasing the stability of drugs in the digestive 

tract so that the amount of drug released can be minimized [1]. The ability of the chitosan and pectin 

polymer matrix systems to maintain the stability of the erythropoietin nanoparticle system was tested in 

vitro through release tests in dissolution media suitable for stomach and intestinal conditions. The stomach 

is simulated by making buffer medium HCl pH 1.2. The intestine was simulated using PBS medium pH 7.4 

[2]. The choice of permeation medium is influenced by the effect of pH on drug solubility and stability. 
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Chitosan with a pKa of 6.5 has an amine group which tends to dissolve in acidic pH. However, chitosan has 

low solubility in the medium PBS so that the process of diffusion of the medium into the nanoparticle 

matrix system will run slowly and the amount of erythropoiten to be released is thought to also decrease [3- 

5]. As a result, the stability of the erythropoietin nanoparticle system in gastric acid and intestinal fluids is a 

deciding factor in the medium selection for the penetration test. It is necessary to compare the stability of 

the erythropoietin nanoparticle system in gastric acid and artificial intestinal fluids as a parameter 

determining the appropriate permeation test medium so that in vitro drug permeation monitoring can 

describe the in vivo condition of the drug. 

 

2. Materials and Methods 

 

2.1 Materials 

Erythropoietin (PT. Kalbio Global Medika), Chitosan (Sigma Aldrich), Pectin (Sigma Aldrich), 

Hydrochloric Acid (Merck, Germany), Phosphate Buffer pH 7.4 (Merck, Germany), Waterone (Onelab), 

Bradford Reagent (Himedia, India). 

 

2.2 Methods 

Determination of the maximum erythropoietin wavelength was carried out by diluting 8.43 µL of the 

erythropoietin mother liquor with aquadeion to a volume of 800 µL. 200 µL of Bradford reagent was added, 

then homogenized and the absorbance was measured using a visible spectrophotometer at a wavelength 

range of 400 to 800 nm [6] 

 

Determination of the operational time of erythropoietin was carried out by diluting 2.78 µL of the 

erythropoietin mother liquor with aquadeion to a volume of 800 µL. 200 µL of Bradford reagent was added, 

then homogenized and the absorbance was measured using a visible spectrophotometer at a maximum 

wavelength for 30 minutes [6]. 

 

The validation of the erythropoietin analysis method began with the preparation of a series of erythropoietin 

solutions in various concentrations by diluting the erythropoietin mother liquor 0.69; 2.09; 2.78; 4.17 and 

8.43 µL using aquadeion up to a volume of 800 µL. 200 µL of Bradford reagent was added, then 

homogenized and allowed to stand at room temperature for 10 minutes. Absorbance measurement using a 

visible spectrophotometer at a wavelength of 595 nm [6], [7]. 

 

Verification is done by calculating the accuracy (accuracy), precision (delicacy), limit of detection (LoD) 

and limit of quantification (LoQ) of the analytical method used. Accuracy and precision testing was carried 

out by making a series of concentrations of 0.69 erythropoietin solution; 2.09 and 4.17 µL/mL. Analysis 

used a visible spectrophotometer at a wavelength of 595 nm by replicating three times for each solution 

concentration [6], [7]. 

 

The preparation of the erythropoietin nanoparticle system was carried out by mixing 1.0 mL of 0.1% 

chitosan solution with 1.0 mL of 8.43% erythropoietin solution in a 3 mL micro-tube, then homogenized 

using a vortex mixer for 60 seconds. Then 1.0 mL of 0.01% pectin solution was added and homogenized 

again using a vortex mixer for 60 seconds. After being left for 24 hours, the particle size characteristics, 

polydispersity index and zeta potential of the nanoparticles were evaluated using the Particle Size and Zeta 

Potential Analyzer. Evaluation of the shape characteristics of the nanoparticles using the Transmission 

electron microscope [6], [8]. 
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Stability test of erythropoietin nanoparticles using stomach and intestine simulation media. The stomach is 

simulated by making buffer medium HCl pH 1.2. Intestinal medium was simulated using PBS medium pH 

7.4. The 3 mL erythropoietin nanoparticle system was incubated in 6 mL HCl pH 1.2 and PBS pH 7.4, then 

placed in a shaking thermostatic water bath which was run at a shaking speed of 50 rpm at 37oC for 4 

hours. At certain time intervals (15, 30, 45, 60, 90, 120, 180, and 240 minutes), 0.5 mL of sample was taken 

using a micropipette and replaced with the same volume of fresh medium. The samples obtained were 

centrifuged at 15,000 rpm for 50 minutes at 4oC. Erythropoietin levels in the supernatant were measured 

with a spectrophotometer using the Bradford method [6], [9]. 

 

3. Findings and Discussion 

 

3.1 Measurement of the maximum wavelength of erythropoietin  

Measurement of the maximum wavelength of erythropoietin using the Bradford method yielded only one 

absorption peak, namely 590 nm (Figure 1). The maximum wavelength of the results of this study is in 

accordance with the research conducted by Fayed, 2012. The principle of this method is that the maximum 

absorbance of the Bradford reagent solution will shift from 465 to 595nm if it binds to erythropoietin 

protein [6]. 

 

 
Figure 1 Measurement of the maximum wavelength of erythropoietin 

 

3.2 Determination of the operational time for erythropoietin  

Determination of the operational time for erythropoietin using the Bradford method at a wavelength of 590 

nm was carried out with the aim of ensuring the time needed for erythropoietin to finish incubating with the 

Bradford reagent, so that maximum absorption will be obtained. The resulting operational time is 30 

minutes. 
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Figure 2 Determination of the operational time of erythropoietin 

 

3.3 Validation of the method of determining erythropoietin levels with the Bradford method 

The linearity of an analytical method can be known by the correlation coefficient (r). The correlation 

coefficient value indicates a strong relationship between the two variables, which is close to +1 or -1 [7]. 

Measurement of absorption in the erythropoietin concentration series yielded an absorption equation as a 

function of concentration Y = 0.0316x + 0.3713 with an r2 value of 0.9998, so the analysis results showed a 

strong positive linear relationship between changes in erythropoietin concentration and absorbance. 

 

The accuracy and precision of an analytical method is expressed as the value of recovery (%) and recovery 

(%). The experimental results show that the percent recovery value is in the range of 99.40 – 100.49% and 

the resulting CV value is not greater than 7.3%. (Table 1). The experimental results obtained show that the 

test results obtained are close to the actual value. The analytical method used is accurate because the 

recoveries are in the range of 80 – 110% [7], while the resulting CV values can be said to be precise with 

the CV values being at the limit of 11% for analyte concentrations of 1.0 µg/mL; 7.3% for analyte 

concentration of 10.0 µg/mL, and 5.3% for an analyte concentration of 100.0 µg/mL [7]. This value 

describes test results that are similar or uniform between one another. 

 

Table 1. Recovery and CV values for rhEPOα measurements 

Sample Rate 

(µl/mL) 

Measured Rate 

(µl/mL) 

Recovery  

(%) 

CV  

(%) 

AOAC  

Recovery 

(%) 

CV  

(%) 

0.9 0.69 + 0.03 99.52 + 4.59 4.61 80 - 110 11 

2.09 2.10 + 0.02 100.49 + 0.87 0.87 80 - 110 7.3 

4.17 4.15 + 0.08 99.4 + 1.91 1.92 80 - 110 7.3 

 

Limit of Detection (LoD) is the smallest amount or concentration of analyte in a sample that can be 

detected, while Limit of Quantification (LoQ) is the smallest amount of analyte in a sample that can be 

determined quantitatively at a good level of accuracy and precision. The LOD values obtained from the 

research results were 0.686 µl/mL and LOQ 2.289 µl/mL. 

 

3.4 Evaluation of the characteristics of the erythropoietin nanoparticle 
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Evaluation of the characteristics of the erythropoietin nanoparticle preparation system using the Particle 

Size and Zeta Potential Analyzer, particle size 359 + 3.37 nm, polydiperity index 0.45 + 0.14 and zeta 

potential 27.3 + 1.86 mv. Particle size and shape are the most important characteristics in nanoparticle 

systems because they affect drug loading, drug release, and stability of the nanoparticle system [8]. The 

particle size obtained is still included in the nanoparticle category because the particle size is in the range of 

1-1000 nm [9], [10]. Making nanoparticles with the active substance in the form of protein is indeed 

difficult to get small sizes. This is because the molecular weight of the protein is large enough so that when 

the protein is absorbed in a matrix it produces a large size [11], [12]. 

 

The morphological characteristics of the nanoparticles using the Transmission electron microscope show 

that the shape of the nanoparticles is spherical (Figure 3). The spherical shape of the particles indicates that 

chitosan absorbs erythropoietin and forms cross-links with pectin through its electrostatic bonds [13]. 

 

 
Figure 3 Form of erythropoietin nanoparticles by transmission electron microscope testing. 

 

Determination of the particle size distribution shows the pattern of distribution of the size of particles of the 

same size to determine the number of samples in the erythropoietin nanoparticle system. Each collection of 

particles is a polydispersion. This polydispersity index value describes the homogeneity of a dispersion. A 

polydispersity index value close to 1 indicates heterogeneity, while a value below 0.5 indicates 

homogeneity [14]. 

 

The zeta potential is used to predict the stability of a nanoparticle system formula and indicate the surface 

charge properties of the particles. The obtained erythropoietin nanoparticle formula has a positive charge. 

The surface of the particles is dominated by a positive charge originating from chitosan which is expected 

to adsorb erythropoietin and pectin with their ionic bonds. The positive surface charge of the particles in the 

nanoparticle system will increase the uptake of erythropoietin by the mechanism of opening the negatively 

charged cell tight junctions [15]. 

 

3.5 Stability test of erythropoietin nanoparticles 

The results of testing the stability of the erythropoietin nanoparticles in HCl pH 1.2 and PBS pH 7.4 were 

carried out by measuring the levels of erythropoietin released from the nanoparticle system. The results 

showed that the levels of released erythropoietin increased with increasing time (Table 2). At 15 minutes 

the erythropoietin nanoparticle system was more stable in HCl medium pH 1.2 with free erythropoietin 

levels of 33.63%, compared to PBS medium pH 7.4 with free erythropoietin levels of 50.85%. However, 
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after 240 minutes, the levels of free erythropoietin from the nanoparticle system were higher in PBS media 

pH 7.4 (60.49%) than HCl media pH 1.2 (57.85%). 

 

The release of erythropoietin from the chitosan and pectin matrices depends on how strong the cross-linking 

occurs, the morphology, and the size of the particles in the nanoparticle system. The release of 

erythropoietin from the chitosan and pectin polymer matrix is thought to involve a diffusion mechanism 

through the swollen rubberry matrix which causes large drug release (> 60%) [9], [16]. However, the 

nanoparticle system using a matrix of chitosan and pectin is thought to be able to increase the 

bioavailability of erythropoietin orally [16]. 

 

The results showed that PBS medium pH 7.4 can be recommended as a medium for the permeation test for 

erythropoietin nanoparticle systems. To ensure the accuracy of medium selection, it is necessary to compare 

the permeation profile of erythropoietin in HCl medium pH 1.2 and PBS pH 7.4. 

 

Table 2. Free erythropoietin levels from the nanoparticle system in HCl media pH 1.2 and PBS pH 7.4 

Time (minutes) 
Free erythropoietin (%) 

HCL pH 1.2 PBS pH 7.4 

15 33.63 50.85 

30 45.25 51.65 

45 49.38 52.42 

60 53.82 53.90 

90 54.99 54.50 

120 55.53 56.76 

180 57.05 57.71 

240 57.85 60.49 

 

4. Conclusion 

Erythropoietin nanoparticles are more stable in HCl medium pH 1.2 compared to PBS pH 7.4, so PBS pH 

7.4 can be recommended as a permeation medium for the erythropoietin nanoparticle system. To ensure the 

accuracy of medium selection, it is necessary to compare the permeation profile of erythropoietin in HCl 

medium pH 1.2 and PBS pH 7.4. 

 

5. References 

[1] Hajrin W, Wayan CGB, Yohanes J, Windah AS. Formulation and Characterization of Chitosan 

Nanoparticle of Juwet (Syzygium cumini) Fruit Extract using Ionic Gelation Method. J Sains Kes 2021; 3 

(5); 742-749. 

 

[2] Zalte HD, Saudagar RB. Review On Sustained Release Matrix Tablet. International Journal of 

Pharmacy and Biological Sciences 2013; 3 (4); 17-29. 

 

[3] Mohammed M, Syeda J, Wasan K, Wasan E. An overview of chitosan nanoparticles and its application 

in non‑parenteral drug delivery. Pharmaceutics 2017;9 (53):2–26. 

 

[4] Saeed RM, Dmour I, Taha MO. Stable Chitosan-Based Nano-particles Using Polyphosphoric Acid or 

Hexametaphosphate for Tandem Ionotropic/Covalent Crosslinking and Subsequent Investigation as Novel 

Vehicles for Drug Delivery. Bioeng. Biotechnol 2020; 8 (4); 1-21 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 10, December, 2022 

  

5467 
 

[5] Bhumkar DR, Pokharkar VB. Studies on effect of pH on cross-linking of Chitosan withsodium 

tripolyphosphate: A technical note, AAPSPharm. Sci. Tech 2006; 7; E138 - E143. 

 

[6] Fayed BE, Tawfik AF, Yassin A. Novel erythropoietin-loaded nanoparticles with prolonged in vivo 

response. Journal of Micro-encapsulation 2012; 29; 650–656. 

 

[7] Harmita. Petunjuk pelaksanaan validasi metode dan cara perhitungannya. Majalah Ilmu Kefarmasian 

2004; 1 (3); 117 -135. 

 

[8] Zarchi MB, Divsalar A, Purhosseini PS, Abrari K. Design and Characterization of New Nano System 

for Delivery of Erythropoietin. Biomacro-molecular Journal 2017; 3; 133–140.  

 

[9] Bulmer C, Margaritis A, Xenocostas A. Encapsulation and controlled release of recombinant human 

erythropoietin from chitosan carrageenan nanoparticles. Current Drug Delivery 2012; 9; 527–537 

 

[10] Mohanraj V J, Chen Y. Nano-particles – A Review. TJPR 2006; 1 (5); 561 –573. 

 

[11] Bhatia A, Shard P, Chopra D, Mishra T. Chitosan nanoparticles as Carrier of Immunorestoratory plant 

extract: synthesis, characterization and Immunorestoratory efficacy. International Journal of Drug Delivery 

2011; 3; 381–385. 

 

[12] Tiyaboonchai W. Chitosan nanoparticles: A promising system for drug delivery. Naresuan University 

Journal 2003; 11; 51–66. 

 

[13] Oliveira GF, Ferrari PC, Carvalho LQ, Evangelista RC. Chitosan-Pectin Multiparticulate Systems 

Associated with Enteric Polymers for Colonic Drug Delivery. Carbohydr. Polym 2010; 82; 1004-1009. 

 

[14] Kouchak M, Avadi M, Abbaspour M, Jahangiri A, Boldaji SK. Effect of different molecular weights of 

chitosan on preparation and characterization of insulin loaded nanoparticles by ion gelation method. 

International Journal of Drug Development & Research 2012; 4; 271–277. 

 

[15] Yeh TH, Hsu LW, Tseng MT, Lee PL, Sonjae K, Ho YC. Mechanism and consequence of chitosan-

mediated reversible epithelial tight junction opening. Biomaterials 2011; 32; 6164–6173. 

 

[16] Kumar MNV. A Review of Chitin and Chitosan Applications. Reactive and Functional Polymers 2000; 

4 ; 1-27. 


