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Introduction

Recently researchers isolated and characterized proteolytic fragments of human kappa casein with a molecular weight of ~8.6
kDa from human milk [1]. Its genetically engineered analog was obtained, which, like a natural peptide, can induce apoptosis
of human cancer cells in culture and inhibit the growth and metastasis of animal and human tumors [2, 3].

Based on the recombinant protein obtained, a new antitumor drug RAHMP (recombinant analogs of human milk peptides) has
been developed, which is a concentrate for the preparation of an infusion solution. As part of preclinical studies, it has been
shown that the developed drug is safe, exhibits antitumor and antimetastatic activity in studies on laboratory animals, and can
be recommended for clinical trials. The purpose of the drug is the treatment of human breast cancer [4, 5].
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The active substance of the drug is the RAHMP protein, a recombinant analog of the human milk peptide produced by a
genetically modified culture of the Escherichia coli strain, located in 0.9% sodium chloride solution [6-9]. Appearance — frozen
solution (dense solidified white mass), after defrosting — colorless liquid, transparent or slightly opalescent.
To ensure the safety and effectiveness of recombinant protein-based medicines, careful quality control of the purified protein
using validated techniques is necessary [10-12]. The level of specific and non-specific impurities in the substance is determined
by the source of its production, and the technological process and is the most important component of the quality of the drug
[13-15]. The content of impurities should be strictly regulated.
The purpose of this work was to develop and validate a technique for the quantitative determination of impurities in the
RAHMP substance by reverse-phase high-performance liquid chromatography.

Materials and Methods

To determine the regulatory quality parameters of the RAHMP substance, a technique for the quantitative determination of
foreign impurities in a drug by reverse-phase high-performance liquid chromatography was developed [16, 17]. The
development and validation of the technique was carried out on 5 experimental series of the RAHMP substance (recombinant
analog of human milk peptides).

The quantitative content of impurities in the substance was determined using a microcolumn liquid chromatograph Milichrome
A-02 (Econova, Russia), which has a gradient eluent supply system and a UV spectrophotometric detector. Chromatographic
data processing was carried out using the MULTICHROME software (Ampersand, Moscow).

Solutions and reagents: acetonitrile, concentrated phosphoric acid, purified water. Validation of the methodology for the
quantitative determination of impurities in the RAHMP substance was carried out according to the following characteristics:
selectivity, linearity, correctness, and precision.

To check the linearity of the technique, a sample of the substance was used, and subjected to partial degradation to accumulate
impurities in it by exposure to extreme conditions (temperature 45°C for 48 hours). The experimental sample containing 6.85%
impurities after thermal destruction was further diluted in 0.9% sodium chloride solution to an impurity concentration of 1.71%
and analyzed.

Results and Discussion

To quantify impurities in the RAHMP substance, we have developed a method of reverse-phase high-performance liquid
chromatography: Protnto "SIL" chromatographic column-120-5- C18 AQ" (Econova CJSC, Russia) 2.0x75 mm in size, filled
with a C18 type sorbent with a particle size of 5.0 microns (Pronto SIL 120-5-C18); mobile phase — eluent A: 0.1 vol.%
orthophosphoric acid in water; eluent B: 0.1 vol.% orthophosphoric acid in acetonitrile; flow rate 150 pl/min; column
thermostat temperature 35 °C; volume of injected sample 5 pl; chromatography time 13 min; the detector is
spectrophotometric, base A = 220 nm.

To prepare a working solution of the test substance, 5 pl of the substance and 120 ul of the mobile phase were placed in a
microprobe, mixed, and then 25 pl of the resulting solution was transferred to a test tube for an autoclave and chromatographed.
The suitability of the chromatographic system was confirmed by six consecutive analyses of the standard RAHMP sample.
Figure 1, shows a chromatogram for the determination of impurities in a standard sample of the RAHMP substance enterprise
using the developed methodology. On the chromatogram, the peaks of the RAHMP protein and impurities are well separated
from each other and do not interfere with their determination. The average retention time of the RAHMP protein is 7.2 minutes,
impurities are 6.9 minutes. At the same time, no peaks are detected on placebo chromatograms with a retention time that
coincides with the retention time of the RAHMP peak (Figure 1b).
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Figure 1. Chromatogram: a) a standard sample of RAHMP (1 — peak of high molecular weight impurities, 2 — peak of
RAHMP); b) placebo

The efficiency of the chromatographic column, calculated from the peak of the RAHMP protein, is 21,000 theoretical plates,
and the average resolution of the peaks of the RAHMP protein and impurities is 1.16, which satisfies the criterion of the
suitability of the chromatographic system for the analysis of high-molecular impurities (average peak resolution < 2.0 and the
number of theoretical plates > 5000) [18]. The relative standard deviation (RSD) of the peak areas of the RAHMP protein for
six consecutive chromatograms was 0.87%. The criteria for assessing the quality of the substance were the area of the main
peak, which should be at least 95% of the total area of all detected peaks, the sum of the areas of additional peaks should be
no more than 5% of the total area of all peaks [19, 20].

The linearity of the technique was determined at five levels of estimated concentrations of concomitant impurities in the
concentration range from 1.71% to 6.85%. Model solutions were prepared by diluting an experimental sample of a substance
containing 6.85% impurities after thermal destruction (Table 1). The graph of the dependence of the total area of the impurity
peaks on the concentration is linear and is expressed by the equation y = 0.033x — 0.0129 (Figure 2).

Table 1. The results of the analysis of the studied samples for the linearity indicator
Sample The content of The sum of the peak areas of the accompanying Average area, rel.

number impurities, % impurities, rel. units. units RSD
4 6.86 0.217 0.212 0.217 0.215 1.10
5 4.92 0.145 0.146 0.147 0.146 0.54
6 341 0.103 0.101 0.102 0.102 1.27
7 2.29 0.064 0.063 0.064 0.064 0.78
8 172 0.042 0.042 0.041 0.042 1.19
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Figure 2. Dependence of the total area of impurity peaks (relative units) on concentration (%)

The reliability of the linear relationship between the values of the impurity peak area and the concentration in the range of
studied concentrations is shown by the value of the correlation coefficient r = 0.999. Since the permissible content of impurities
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in the substance should be no more than 5%, therefore, the range of experimental data satisfying the linear model in the
concentration range from 1.71% to 6.85% can be considered as an analytical area [21]. At the same time, the lowest
concentration of impurities in the sample, which can be determined using a validated technique with the required accuracy and
precision, is 1.71% and meets the acceptance criterion (the value of the limit of quantitative determination of the analytical
technique is below the controlled limit) [22].

The correctness of the technique was evaluated based on the results of the analysis of model solutions of an experimental
sample of a substance subjected to partial degradation at five levels of impurity content [23]. The acceptance criterion is the
average value of % recovery (R), which should be in the range of 98 to 102%. The average recovery percentage is 100.24%
and meets the acceptance criterion (Table 2).

The repeatability (convergence) of the technique was confirmed by the results of the analysis of 6 samples prepared from one
batch of RAHMP substance, as well as the results of the analysis of model solutions prepared from an experimental sample of
a substance subjected to partial degradation at three levels of impurity concentration. The relative standard deviation of the
impurity concentration at all levels of the concentrations under consideration does not exceed 2.0%, which indicates
satisfactory convergence of the results (Table 3).

Table 2. Determination of the correctness of the methodology

The specified content of impurities, % Measured impurity content, % R R av.
6.84 6.93 101.3
4.90 4.84 98.8
341 3.47 101.8 100.21
2.27 2.32 102.2
1.70 1.65 97.1

Table 3. Results of sample analysis for the repeatability indicator
The content of impurities in the sample, %

The average content

Name of the sample Sample number of impurities, % RSD
1 2 3 4 5 6

Substance Series 2.07 2.04 2.05 1.95 2.04 1.96 197 0.52

Model solution 1 6.82 6.93 6.98 6.84 6.99 6.98 6.93 1.09

Model solution 2 4.81 4.84 4.85 4.84 4.85 4.90 4.86 0.60

Model solution 3 3.55 3.46 3.43 3.43 3.46 3.55 3.49 0.61

The evaluation of in-laboratory precision was carried out on the results obtained in determining repeatability, together with a
set of data obtained by a second chemist when analyzing the same series of substances on another day, on different equipment,
and with other reagents. Statistical processing of the data obtained by the first laboratory assistant and the second laboratory
assistant was carried out, and the relative standard deviation for impurities in the substance was calculated, which was 1.9%
and meets the acceptance criterion (no more than 2%) (Table 4).

Table 4. The results of the analysis of the studied samples of the substance for the indicator intra-laboratory precision

The content of impurities in the sample, %
Sample number

Conducting research

1 2 3 4 5 6
The first laboratory assistant 2.07 2.04 2.05 1.95 2.04 1.96
The second laboratory assistant 1.98 2.00 2.03 1.99 1.99 2.02

The relative standard deviation for impurities is 1.9%

The analysis of five experimental series of the RAHMP substance showed that the content of impurities in them does not
exceed 5.0%.

Conclusion
Thus, a method of reverse-phase high-performance liquid chromatography for the quantitative determination of foreign
impurities in the RAHMP substance (a recombinant analog of human milk peptides) has been developed and validated. Criteria

for assessing the quality of the substance were the area of the main peak, which should be at least 95% of the total area of all
detected peaks, and the sum of the areas of additional peaks should be no more than 5% of the total area of all peaks. The
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permissible content of foreign impurities in the substance should be no more than 5%. The relative standard deviation of the
impurity concentration at all levels of the concentrations under consideration does not exceed 2.0%, which indicates
satisfactory convergence of the results. Thus, the results obtained satisfy the acceptance criteria and allow us to conclude that
the technique is reproducible in the laboratory and the results obtained using this technique are reliable.

Acknowledgments: None

Conflict of interest: None

Financial support: None

Ethics statement: None

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Auestad N, Layman DK. Dairy bioactive proteins and peptides: A narrative review. Nutr Rev. 2021;79(Suppl 2):36-47.
doi:10.1093/nutrit/nuab097

Taghipour MJ, Ezzatpanah H, Ghahderijani M. In vitro and silico studies for the identification of anti-cancer and
antibacterial ~ peptides from camel milk protein hydrolysates. PL0oS One. 2023;18(7):e0288260.
doi:10.1371/journal.pone.0288260

Rybczynska-Tkaczyk K, Grenda A, Jakubczyk A, Krawczyk P. Natural bacterial and fungal peptides as a promising
treatment to defeat lung cancer cells. Molecules. 2023;28(11):4381. doi:10.3390/molecules28114381

Barzaman K, Karami J, Zarei Z, Hosseinzadeh A, Kazemi MH, Moradi-Kalbolandi S, et al. Breast cancer: Biology,
biomarkers, and treatments. Int Immunopharmacol. 2020;84:106535. doi:10.1016/j.intimp.2020.106535

Shvets YV, Lykhova OO, Chekhun VF. Human microbiota and breast cancer. Exp Oncol. 2022;44(2):95-106.
doi:10.32471/exp-oncology.2312-8852.vol-44-no-2.17855

Rosano GL, Morales ES, Ceccarelli EA. New tools for recombinant protein production in Escherichia coli: A 5-year
update. Protein Sci. 2019;28(8):1412-22. doi:10.1002/pro.3668

Eastwood TA, Baker K, Streather BR, Allen N, Wang L, Botchway SW, et al. High-yield vesicle-packaged recombinant
protein production from E. coli. Cell Rep Methods. 2023;3(2):100396. doi:10.1016/j.crmeth.2023.100396

Packiam KAR, Ramanan RN, Ooi CW, Krishnaswamy L, Tey BT. Stepwise optimization of recombinant protein
production in Escherichia coli utilizing computational and experimental approaches. Appl Microbiol Biotechnol.
2020;104(8):3253-66. doi:10.1007/s00253-020-10454-w

Streather BR, Baker K, Eastwood TA, Mulvihill DP. Optimized production and analysis of recombinant protein-filled
vesicles from E. coli. J Vis Exp. 2023;(196). doi:10.3791/65442

Lebendiker M. Purification and quality control of recombinant proteins expressed in mammalian cells: A practical
review. Methods Mol Biol. 2024;2810:329-53. doi:10.1007/978-1-0716-3878-1_21

Mamnoon B, Naserpour Farivar T, Kamyab AR, llghari D, Khamesipour A, Karimi Arzenani M. Quality control of
widely used therapeutic recombinant proteins by a novel real-time PCR approach. Iran Biomed J. 2016;20(1):56-62.
doi:10.7508/ibj.2016.01.008

Castro-Linares G, den Haan J, Iv F, Silva Martins C, Bertin A, Mavrakis M, et al. Purification and quality control of
recombinant septin complexes for cell-free reconstitution. J Vis Exp. 2022;(184):e63871. doi:10.3791/63871

Weiss CH, Merkel C, Zimmer A. Impact of iron raw materials and their impurities on CHO metabolism and recombinant
protein product quality. Biotechnol Prog. 2021;37(4):e3148. doi:10.1002/btpr.3148

Rodriguez-Aponte SA, Naranjo CA, Johnston RS, Dalvie NC, Crowell LE, Bajoria S, et al. Minimal purification method
enables developability assessment of recombinant proteins. Biotechnol Bioeng. 2024;121(8):2423-34.
doi:10.1002/bit.28385

Benedini LJ, Figueiredo D, Cabrera-Crespo J, Gongalves VM, Silva GG, Campani G, et al. Modeling and simulation of
anion exchange chromatography for purification of proteins in complex mixtures. J Chromatogr A. 2020;1613:460685.
d0i:10.1016/j.chroma.2019.460685

Ganesh V, Poorna Basuri P, Sahini K, Nalini CN. Retention behavior of analytes in reversed-phase high-performance
liquid chromatography-A review. Biomed Chromatogr. 2023;37(7):e5482. doi:10.1002/bmc.5482

Narula P, Saini K, Saini M, Singla D, Chauhan AS, Kakkar V. Assay and dermatokinetics of tetrahydrocurcumin lipidic
nanostructures using reverse phase-high performance liquid chromatography. Pharm Nanotechnol. 2021;9(2):130-40.
d0i:10.2174/2211738509999210128203251

Blinov AV, Siddiqui SA, Blinova AA, Khramtsov AG, Oboturova NP, Nagdalian AA, et al. Analysis of the dispersed
composition of milk using photon correlation spectroscopy. J Food Compos Anal. 2022;108:104414.
doi:10.1016/j.jfca.2022.104414

64



Mekhtieva et al., 2024

19.

20.

21.

22.

23.

Pharmacophore, 15(4) 2024, Pages 60-65
Dantas A, Pierezan MD, Camelo-Silva C, Zanetti V, Pimentel TC, da Cruz AG, et al. A discussion on Al-free milk:
Nuances and comments beyond implications to the health. Adv Food Nutr Res. 2024;110:197-241.
doi:10.1016/bs.afnr.2024.01.001
Ebrahimi A, Andishmand H, Huo C, Amjadi S, Khezri S, Hamishehkar H, et al. Glycomacropeptide: A comprehensive
understanding of its major biological characteristics and purification methodologies. Compr Rev Food Sci Food Saf.
2024;23(3):€13370. doi:10.1111/1541-4337.13370
Broadbent JA, Condina MR, Colgrave ML. Quantitative mass spectrometry-based analysis of proteins related to cattle
and their products-Focus on cows' milk beta-casein  proteoforms.  Methods. 2021;186:112-8.
d0i:10.1016/j.ymeth.2020.09.011
Zhang C, Zhang P, Zhu W, Li S, Gu Y, Wu J, et al. Preparation of magnetic cationic Schiff base polymeric material for
highly selective enrichment of avermectins from surface water and milk samples. J Chromatogr A. 2024;1731:465169.
doi:10.1016/j.chroma.2024.465169
Alshogran OY, Dodeja P, Albukhaytan H, Laffey T, Chaphekar N, Caritis S, et al. Drugs in human milk part 1: Practical
and analytical considerations in measuring drugs and metabolites in human milk. Clin Pharmacokinet. 2024;63(5):561-
88. d0i:10.1007/s40262-024-01374-3

65



