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Abstract. The use of glucocorticosteroids (GCS) in veterinary pharmacotherapy helps reduce inflammation 
and allergic reactions and has an immunosuppressive effect. Adaptive hormones increase the body’s resistance 
to stress. The widespread use of GCS in surgical interventions involving implantation is driven by a decreased 
reaction of surrounding tissues, reduced postoperative edema, and improved implant integration. However, oral 
administration of GCS is often associated with low bioavailability, and dose escalation carries the risk of 
severe adverse effects. The development of novel targeted delivery systems using biodegradable carriers makes 
it possible to increase the bioavailability of drugs, minimize side effects, and enhance the efficacy of 
pharmacotherapy. When choosing targeted delivery, it is important to assess the quantitative parameters of GCS 
concentration in blood plasma depending on the route of administration. The developed high-performance liquid 
chromatography with tandem mass spectrometry (HPLC–MS/MS) method enables the determination of very 
low drug concentrations within a range of 2 to 1000 ng/mL. 
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Introduction 

The development of novel routes of drug administration is often associated with a 
number of potential challenges and risks, most are solved through technological im- 
provements, drug stability studies, and preclinical research [1–3]. Anti-inflammatory 
drugs for veterinary use are widely represented on the pharmaceutical market. The most 
accessible options, both in terms of convenience for animal owners and economic con-
siderations, are conventional oral formulations [4–7]. Drugs intended for intravenous 
administration are preferably given in a veterinary clinical setting to minimize the risks 
of phlebitis, intravenous contamination, patient injury, and stress. However, beyond 
these obvious problems, there are also issues related to the direct pharmacological 
action of drugs and strategies to reduce the drug burden on the animal organism. 
Targeted delivery using modern biodegradable carriers applied to the surface of 
implants helps address these issues during the provision of high-tech medical care [8–
10]. The use of targeted drug delivery is promising because it allows the administration 
of antibiotics, hormones, and anti-inflammatory agents while monitoring their 
concentrations, reducing drug loss during passage through tissue barriers, and acting 
directly at the site of implantation injury [9, 11–13]. The use of glucocorticosteroids 
(GCS) is justified for reducing inflam-matory edema, decreasing granulation of injured 
tissue, managing allergic reactions, and achieving immunosuppression, all of which 
affect the rate and effectiveness of implant integration in the animal body [14–15]. 

The aim of the study is to perform a pharmacokinetic analysis and evaluate the 
efficacy of methylprednisolone in targeted delivery. 

Materials and Methods 

For the quantitative determination of GCS concentrations in serum and blood 
plasma of laboratory animals (rabbits of the Soviet Chinchilla breed, age 5 months, 
males), four groups of animals (n = 3 males per group) were formed. The first and 
second groups received methylprednisolone hemisuccinate in the dosage form of a 
solution for intramuscular and intravenous injections; the third and fourth groups 
received a methylprednisolone-based formulation. Rabbits in groups 1 and 2 received 
methylprednisolone hemisuccinate intravenously at a dose of 20.0 mg/kg, while ani- 
mals in groups 3 and 4 received an equivalent dose intramuscularly. Megestrol acetate 
was chosen as an internal standard for the analytical study. The standard sample was 
added directly to the test samples during sample preparation. The use of a standard 
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sample during sample preparation serves as a calibration mechanism, allowing the 
determination of minimal concentrations of the target GCS in the serum and plasma of 
the experimental animals. 

Results and Discussion 

The concentrations of methylprednisolone hemisuccinate and methylpred- 
nisolone were studied in in vivo experiments. Biological material was collected 
from animals at the same time (10:00 a. m.) after standard procedures. The sample 
volume was 2.0 mL; blood was collected into Eppendorf tubes. The analysis was 
performed in two media — plasma and blood serum — to determine differences 
in drug concentrations and metabolism in the body. The results are presented in 
Tables 1, 2 and Figs. 1–4. 

Table 1 

The content of GCS in the plasma and serum 
of rabbits after intravenous administration of a dose of 20.0 mg/kg 

Source: compiled by A.N. Ibragimova, J. Bannoud, S. Mas-Koma, N.I. Troshina, A.S. Karamyan. 

Table 2 

The content of GCS in the plasma and serum of rabbits after intramuscular 
administration of a dose of 20.0 mg/kg 

Source: compiled by A.N. Ibragimova, J. Bannoud, S. Mas-Koma, N.I. Troshina, A.S. Karamyan. 
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№ Time 

Methylprednisolone hemisuccinate, 
mcg/ml (No. 2) Methylprednisolone, mcg/ml (No. 4) 

Plasma Serum Plasma Serum 

1 0 min 0.0 0.0 0.0 0.0 

2 15 min 3.6 3.4 0.4 0.2 

3 30 min 2.9 2.8 0.7 0.5 

4 2 hours 1.6 1.3 1.7 1.4 

5 4 hours 0.4 0.3 2.0 2.1 

№ Time 

Methylprednisolone hemisuccinate, 
mcg/ml (No. 1) Methylprednisolone, mcg/ml (No. 3) 

Plasma Serum Plasma Serum 

1 0 min 0.0 0.0 0.0 0.0 

2 15 min 12.9 11.5 0.7 0.4 

3 30 min 5.3 5.1 1.1 0.9 

4 2 hours 2.7 2.0 2.1 1.9 

5 4 hours 2.3 2.1 2.1 2.2 

6 24 hours 0.2 0.2 0.0 0.0 
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During the quantitative determination of GCS concentrations in the plasma and serum 
of the experimental animals, the limit of detection for methylprednisolone hemisucci- 
nate was established at 20 pg/mL in all animals. At the same time, the concentration of 
methylprednisolone was twice that of methylprednisolone hemisuccinate. 

Point, h 
Methylprednisolone hemisuccinate, mcg/ml 
Methylprednisolone, mcg/ml 

Fig. 1. Dependence of the concentrations of methylprednisolone hemisuccinate and 
methylprednisolone in the serum of rabbits (intravenous administration of a dose of 20.0 mg/kg) 

Source: compiled by A.N. Ibragimova, J. Bannoud, S. Mas-Koma, N.I. Troshina, A.S. Karamyan. 

Point, h 

Methylprednisolone hemisuccinate, mcg/ml Methylprednisolone, mcg/ml 

Fig. 2. Dependence of the concentrations of methylprednisolone hemisuccinate and 
methylprednisolone in the plasma of rabbits (intravenous administration of a dose of 20.0 mg/kg) 

Source: compiled by A.N. Ibragimova, J. Bannoud, S. Mas-Koma, N.I. Troshina, A.S. Karamyan. 

Point, h 
Methylprednisolone hemisuccinate, mcg/ml 
Methylprednisolone, mcg/ml 

Fig. 3. Dependence of the concentrations of methylprednisolone hemisuccinate and 
methylprednisolone in the plasma of rabbits (intramuscular administration of a dose of 20.0 mg/kg) 

Source: compiled by A.N. Ibragimova, J. Bannoud, S. Mas-Koma, N.I. Troshina, A.S. Karamyan. 
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Point, h 

Methylprednisolone hemisuccinate, mcg/ml 

Methylprednisolone, mcg/ml 

Fig. 4. Dependence of concentrations of methylprednisolone hemisuccinate and methylprednisolone 
in the serum of rabbits (intramuscular administration of a dose of 20.0 mg/kg) 

Source: compiled by A.N. Ibragimova, J. Bannoud, S. Mas-Koma, N.I. Troshina, A.S. Karamyan. 

To confirm the stability of the drug on the surface of the biodegradable implant carrier, 
samples were analyzed using a well-established and standardized method of high-per- 
formance liquid chromatography with tandem mass spectrometry (HPLC–MS/MS). The 
concentration of methylprednisolone was determined by studying the finished carriers. 
The conducted release allowed us to establish the drug concentration on the film in the 
first week at 723 ± 18 μg. A repeat analysis of the samples after two weeks revealed 
a decrease in the drug content on the film, with a loss of 3.59% (less than 5%), which 
is acceptable (Fig. 5). 

Sample marking, h 

Methylprednisolone content, mcg/10 ml 

Methylprednisolone as hemisuccinate, mcg/10 ml 

Fig. 5. Graph of the release of methylprednisolone from microcells on biodegradable carriers 
in phosphate buffer 

Source: compiled by A.N. Ibragimova, J. Bannoud, S. Mas-Koma, N.I. Troshina, A.S. Karamyan. 
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Conclusion 

A comparative in vivo study of GCS concentrations in the plasma and serum of 
experimental animals established significantly higher values in plasma. The correlation 
between the release, biotransformation, and elimination of methylprednisolone depending 
on the proposed route of administration was investigated. The demonstrated release of 
GCS from the film applied to the implant supports the expanded use of biodegradable 
surfaces and the improvement of pharmacotherapeutic approaches using glucocorticos- 
teroids without increasing postoperative risks. 

Reference 
1. Gammel IV, Zhukova ОV, Kononova SV, Konnova MA. Research of the assortment of drugs in the form 

of ointment. Problems of Biological, Medical and Pharmaceutical Chemistry. 2019;22(8):3–9. (In Russ.). doi: 
10.29296/25877313–2019–08–01 EDN: TCTFKP 

2. Belousov EA, Novikova EO, Karasev MM, Belousova OV, Notina EA, Novikov OO. Hormonal drugs 
for veterinary use in the pharmaceutical market: assortment analysis. RUDN Journal of Agronomy and Animal 
Industries. 2025;20(2):182–193. doi: 10.22363/2312-797X-2025–20–2–182–193 EDN: LYTGYN 

3. Qin Q, Feng D, Hu C, et al. Parallel derivatization strategy coupled with liquid chromatography-mass 
spectrometry for broad coverage of steroid hormones. Journal of Chromatography A. 2020;1614:460709. doi: 
10.1016/j.chroma.2019.460709 EDN: QCQJSS 

4. Sindeeva OA, Gusliakova OI, Inozemtseva OA, et al. Effect of a controlled release of epinephrine 
hydrochloride from PLGA microchamber array: in vivo studies. ACS Applied Materials & Interfaces. 
2018;10(44):37855–37864. doi: 10.1021/acsami.8b15109 EDN: JXQPMW 

5. Mok Q. Airway problems in neonates-a review of the current investigation and management strategies. 
Frontiers in Pediatrics. 2017;5(1):60. doi: 10.3389/fped.2017.00060 EDN: YGGISD 

6. Ost DE, Shah AM, Lei X, et al. Respiratory infections increase the risk of granulation tissue formation 
following airway stenting in patients with malignant airway obstruction. Chest. 2012;141(6):1473–1481. 
doi: 10.1378/chest.11-2005 

7. Luffy SA, Wu J, Kumta PN, Gilbert TW. Evaluation of magnesium alloys for use as an intraluminal 
tracheal for pediatric applications in a rat tracheal bypass model. Journal of Biomedical Materials Research. 
Part B, Applied Biomaterials. 2019;107(6):1844–1853. doi: 10.1002/jbm.b.34277 

8. Hiwatashi S, Nakayama Y, Umeda S, Takama Y, Terazawa T, Okuyama H. Tracheal replacement using an 
in-body tissue-engineered collagenous tube “BIOTUBE” with a biodegradable stent in a beagle model: a preliminary 
report on a new technique. European Journal of Pediatric Surgery. 2019;29(1):90–96. doi: 10.1055/s-0038-1673709 

9. Xue B, Liang B, Yuan G, et al. A pilot study of a novel biodegradable magnesium alloy airway stent in 
a rabbit model. International Journal of Pediatric Otorhinolaryngology. 2019;117:88–95. doi: 10.1016/j. 
ijporl.2018.10.047 

10. Youssef J, Novosad SA, Winthrop KL. Infection risk and safety of corticosteroid use. Rheumatic Diseases 
Clinics of North America. 2016;42(1):157–176. doi: 10.1016/j.rdc.2015.08.004 

11. Gai M, Frueh J, Tao T, et al. Polylactic acid nano- and microchamber arrays for encapsulation of small 
hydrophilic molecules featuring drug release via high intensity focused ultrasound. Nanoscale. 2017;9(21):7063– 
7070. doi: 10.1039/c7nr01841j EDN: XNOYXN 

12. Dohan Ehrenfest DM, Coelho PG, Kang BS, Sul YT, Albrektsson T. Classification of osseointegrated implant 
surfaces: materials, chemistry and topography. Trends in Biotechnology. 2010;28(4):198–206. doi: 10.1016/j. 
tibtech.2009.12.003 EDN: NYNSSD 

13. Mendonça G, Mendonça DB, Aragão FJ, Cooper LF. Advancing dental implant surface technology — from 
micron- to nanotopography. Biomaterials. 2008;29(28):3822–3835. doi: 10.1016/j.biomaterials.2008.05.012 
EDN: KIFKPV 

14. Albrektsson T, Wennerberg A. Oral implant surfaces: Part 1 — review focusing on topographic and chemical 
properties of different surfaces and in vivo responses to them. The International Journal of Prosthodontics. 
2004;17(5):536–543. 

200 VETERINARY SCIENCE 

 

 

 



Баннуд Ж. и др. Вестник РУДН. Серия: Агрономия и животноводство. 2026. Т. 21. № 1. С. 195–202 

15. Ratner BD, Bryant SJ. Biomaterials: where we have been and where we are going. Annual Review of 
Biomedical Engineering. 2004;6:41–75. doi: 10.1146/annurev.bioeng.6.040803.140027 EDN: LSUDOX 

16. Abraham G, Demiraj F, Ungemach FR. Comparison of the hypothalamic-pituitary-adrenal axis susceptibility 
upon single-dose i. m. depot versus long-acting i. v. triamcinolone acetonide therapy: a direct pharmacokinetic 
correlation. The Journal of Endocrinology. 2006;191(2):491–496. doi: 10.1677/joe.1.06991 

About the authors: 
Bannoud Georges — Veterinarian, Vetlife Veterinary Clinic, 12 Beskudnikovsky Blvd., bldg. 1, Moscow, 127474, 
Russian Federation; e-mail: george911@mail.ru 
Ibragimova Alfiya Nailevna — Candidate of Pharmaceutical Sciences (PhD), Associate Professor, Department 
of Disaster Medicine, Medical Institute, RUDN University, 6 Miklukho-Maklaya St., Moscow, 117198, Russian 
Federation; e-mail: Ibragimova-an@rudn.ru 
ORCID: 0000-0003-3484-3949 SPIN-code: 3948-5218 
Mas-Coma Santiago — Doctor of Veterinary Sciences, Professor, Director of the Department of Veterinary and 
Animal Science, University of Valencia, Av. de Vicent Andrés Estellés s/n 46100, Burjassot, Valencia, Spain; 
e-mail: S. Mas.Coma@uv.es 
ORCID: 0000-0002-1685-7004 
Troshina Natalya Igorevna — Senior Lecturer, Department of Veterinary Medicine, Agrarian and 
Technological Institute, RUDN University, 6 Miklukho-Maklaya St., Moscow, 117198, Russian Federation; e-
mail: troshina-ni@rudn.ru 
ORCID: 0009-0003-8230-0153 SPIN-code: 9355-7573 
Karamyan Arfenya Semenovna — Doctor of Biological Sciences, Candidate of Veterinary Sciences (PhD), Associate 
Professor, Associate Professor of the Department of Veterinary Medicine, Agrarian and Technological Institute, 
RUDN University, 6 Miklukho-Maklaya St., Moscow, 117198, Russian Federation; e-mail: karamyan-as@rudn.ru 
ORCID: 0000-0003-2112-673X SPIN-code: 5511-4446 

Анализ фармакологической эффективности применения 
метилпреднизолона у животных при адресной доставке 

на биодеградируемых носителях 

Ж. Баннуд1, А.Н. Ибрагимова2 , С. Мас-Кома3 , 
Н.И. Трошина2 , А.С. Карамян2 

1Ветеринарная клиника «Ветлайф», г. Москва, Российская Федерация 
2Российский университет дружбы народов, г. Москва, Российская Федерация 

3Университет Валенсии, г. Валенсия, Испания 
Karamyan-as@rudn.ru 

Аннотация. Применение глюкокортикостероидов (ГКС) в фармакотерапии животных позволяет 
снизить развитие воспаления, аллергических реакций и оказывает иммуносупрессивное действие. 
Адаптивные гормоны повышают устойчивость организма к стрессу. Широкое использование ГКС при 
хирургических вмешательствах, сопряженных с имплантацией, продиктовано снижением реакции 
окружающих тканей, послеоперационного отека, повышением приживаемости имплантов. Однако, 
пероральное применение ГКС часто сопряжено с низкой биодоступностью, а повышение дозы препа- 
ратов чревато тяжелым проявлением побочного действия. Разработка новых систем адресной доставки 
с использованием биодеградируемых носителей позволяет повысить биодоступность лекарственных 
средств, снизить побочное действие и повысить эффективность фармакотерапии. Выбирая адресную 
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доставку, важно оценить количественные параметры концентрации ГКС в плазме крови в зависимости 
от выбранного пути введения. Разработанная методика высокоэффективной жидкостной хроматографии 
с тандемной масс-спектрометрией (ВЭЖХ–МС/МС) позволяет определить самые низкие концентрации 
лекарственных средств, диапазон методики от 2 до 1000 нг/мл. 

Ключевые слова: глюкокортикостероиды, система адресной доставки, ветеринария, фармакотерапия, 
высокоэффективная жидкостная хроматография, ВЭЖХ, тандемная масс-спектрометрия 
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