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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

\e Time Methylprerir::i;;)rl::ln(ilTr1n)isuccinate, 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 53 5.1 1.1 0.9
4 2 hours 2.7 20 21 1.9
5 4 hours 23 2.1 2.1 22
6 24 hours 0.2 0.2 0.0 0.0

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

\e Time Methylprerir::i;;)rl:ln&r:r;)i succinate, 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 34 0.4 0.2

3 30 min 29 2.8 0.7 0.5

4 2 hours 1.6 1.3 1.7 1.4

5 4 hours 04 0.3 2.0 21

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

B Methylprednisolone hemisuccinate, mcg/ml

Serum concetration,
mcg/ml

B 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

B Methylprednisolone hemisuccinate, mcg/ml B Methylprednisolone, mcg/ml

Plasma concetration, 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

B Methylprednisolone hemisuccinate, mcg/ml
B Methylprednisolone, mcg/ml

Plasma concetration, 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.

VETERINARY SCIENCE 198



BanHyd XK. u dp. Bectruk PY[TH. Cepusi: ArpoHOMYST 1 >KMBOTHOBOZCTBO. 2026. T. 21. Ne 1. C. 195-202

Point, h

Serum concetration, mcg/ml

B Methylprednisolone hemisuccinate, mcg/ml

B 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 pg. 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

Content, mcg/ml

B Methylprednisolone content, mcg/10 ml
B 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.
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MEeTUNPeaHW30JI0HA Y XXMBOTHbIX NPU apecHol focTaBKe
Ha 6uogerpagmpyeMbiX HOCUTENAX
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AnsoTtanus. ITpumenenue rirokokoptukocteporzio (I'KC) B apmMakoTepaniy KUBOTHBIX TI03BOJISET
CHM3UTb pasBUTHE BOCIMAleHUs, a/UIePrUYeCKUX peakluii M OKas3blBaeT MMMYHOCYIPECCUBHOe [elCTBUe.
ApanTUBHBIe TOPMOHBI TTOBBIIIAIOT YCTONUMBOCTL OpraHrusMa K crpeccy. Illnpoxoe ncnosnb3oBanue 'KC npu
XUPYPruuecKix BMelllaTelbCTBaX, COMPSDKEHHBIX C WMIUIAaHTallyeld, MPOJAMKTOBAHO CHIDKEHHEeM peakLuH
OKPY’KarolUX TKaHel, Moc/ieornepaljiOHHOIO OTeKa, MOBbIIIeHHeM NPHKMBaeMOCTH MMILIaHTOB. OJHako,
niepopansHoe rpuMeHeHre I'KC yacTo conpspkeHO ¢ HU3KOM OHO/IOCTYITHOCTEIO, a TTOBBIIIEHHe 036 Tpera-
PAaTOB UPEBATO TsDKEJIbIM TPOSIB/IEHHEM MOOOYHOro /ielcTBHs. Pa3paboTKa HOBBIX CUCTEM a/jpeCHON [JOCTaBKU
C WCIIO/b30BaHUeM OHOZerpajipyeMbIX HOCHUTeNeH MO3BOJISeT MOBBICUTh OMOJOCTYIHOCTh JIEKapCTBEHHBIX
Cpe/iCTB, CHU3UTh MOOOUHOE /IeCTBHE U MOBBICUTE 3(()eKTHBHOCTh (hapMakoTepanuu. Buibupast agpecHyo
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JIOCTaBKy, Ba)KHO OLIeHUThb KOJIMUeCTBeHHbIe apameTph! KoHLleHTpalui ['KC B ria3Me KpOBU B 3aBUCUMOCTH
OT BbIOpAHHOrO yTH BBe/leHHs1. Pa3paboTaHHasi METOMKA BbICOKOI((HEKTHBHOM )KUAKOCTHOW XpoMaTtorpaduu
C TaH/|leMHOM Macc-criekTpoMeTpreit (BOXKX-MC/MC) ro3BosisieT orpe/ie/IUTh CaMble HU3KHe KOHIIeHTpaliu
JIeKapCTBeHHBIX CPe/CTB, Ararna3oH MeToAuKy oT 2 1o 1000 Hr/mi.

KiroueBble c/10Ba: IIIOKOKOPTUKOCTEPOM/IBI, CUCTEMa aJjpecHOi JI0CTaBKH, BeTeprHapysi, (papMaKoTeparyis,
BbICOKO3(PeKTHBHast )KHIKOCTHast xpomarorpadust, BO)KX, TangemMHas Macc-crieKTpoMeTpHst

Bkuiag aBropos: banny K. — ot6op mpo0, mpoboroAroToBka, oUCK U cO0p JaHHbIX, HAMCAHWE CTaThy,
Nbparnmora A.H. — ananu3 nonyueHHo# undopmariyy, o6pabotka ganHbix; Mac-Koma C. — gu3aiid uc-
cnepoBanusi; Tpommna H.M. — obpaboTka unciioBeix JaHHbIX; Kapamsa A.C. — HamucaHue CTaThH, o0lee
PYKOBO/ICTBO HayUHBIM ITPOEKTOM.

3asiB/ieHHe 0 KOHQUIMKTe UHTepecoB. ABTODbI 3asB/SIIOT 00 OTCYTCTBUM KOH(/IMKTA MHTepecoB. Jlekap-
CTBEeHHBI! TIperniapaT MeTHU/INPeJHI30/10Ha ObL1 3aKyTI/IeH aBTOpPaMH 3a COOCTBEHHBIE CPe/ICTBA JJIs [IPOBeeHUs
CpaBHUTE/ILHOTO UCCIe/[0BaHYsl. Bce aBTOpbI 000pH/IN OKOHYATE/bHYIO BEPCHIO CTaThH.
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