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Effect of C-344T polymorphism of aldosterone synthase gene
on variability of antihypertensive therapy with angiotensin Il
receptor blockers: open randomized controlled clinical trial
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The effectiveness of the antihypertensive therapy may be associated with genetic factors that affect not only the degree of a
blood pressure elevation but also predetermine an interindividual variability in response to the antihypertensive treatment.
The aim of the work was to study pharmacodynamic indices of the effectiveness of therapy with angiotensin Il receptor
blockers (ARBs) in the form of monotherapy and as a part of combined drugs in patients with an arterial hypertension
(AH) depending on genetic features of patients — a polymorphism of the gene encoding aldosterone synthase, the C-344T
polymorphism.

Materials and methods. The study included 179 patients of the Moscow region with a newly diagnosed 1-2-degree AH (141
(78.8%) women and 38 (21.2%) men) aged from 32 to 69 years who had been randomly allocated to treatment groups with
irbesartan and valsartan in the form of the mono- or combined therapy with hydrochlorthiazide by simple randomization.
After 3 weeks of pharmacotherapy, the presence of the genetic rs1799998 (C-344T) polymorphism of the aldosterone synthase
gene, CYP11B2, and the minimum equilibrium concentration of angiotensin receptor blockers (ARBs) were determined.
Results. TT homozygotes in the irbesartan group were characterized by a lower level of the blood pressure (BP) target
achievement after 3 weeks of pharmacotherapy and a higher frequency of the need to intensify the antihypertensive therapy
compared with CT and TT genotypes. Among the patients taking valsartan, the carriers of the TT genotype were characterized
by a higher frequency of achieving the target BP after 3 weeks of pharmacotherapy compared to the CC (p <0.001) and CT
genotypes (p=0.084). Herewith, at the end of the study, according to the results of the office BP measurement and daily BP
monitoring (DBPM), the achievement of the target BP values was not significantly associated with CYP11B2 C-344T genotype
in both irbesartan (p >0.999) and valsartan (p=0.149). There was a trend toward a slightly more pronounced decrease in the
daytime HR in the heterozygotes receiving irbesartan by a mean of 1.9 bpm compared to the CC homozygotes (p=0.059).
The CT heterozygotes taking valsartan, were characterized by a less pronounced decrease in the HR by a mean of 1.4 bpm
compared to the TT homozygotes (p=0.045). Moreover, the minimum drug concentration was not a statistically significant
mediator of the effects (p=0.484 and p=0.736, respectively).

Conclusion. When personalizing the AH therapy in the patients of the Moscow region, to optimize the achievement of the
target BP, the carriers of the TT genotype C-344T on the CYP11B2 gene should be recommend valsartan as the starting
therapy of ARBs in the form of the mono- or bicomponent therapy depending on the AH degree.

Keywords: arterial hypertension; aldosterone synthase; CYP11B2; C-344T polymorphism

Abbreviations: AH — arterial hypertension; C-344T — genetic polymorphism rs1799998 of the aldosterone synthase CYP11B2
gene; ARBs — angiotensin Il receptor blockers; BP — blood pressure; DBPM — Daily BP monitoring; HR — heart rate; AHDs —
antihypertensive drugs; SNP — single nucleotide polymorphism; GWAS — genome-wide association studies; SBP — systolic
blood pressure; DBP — diastolic blood pressure; /D polymorphism — insertion-deletion polymorphism; RAAS — renin-
angiotensin-aldosterone system; ACE — angiotensin-converting enzyme; ECG — electrocardiography; BMI — body mass index;
BA — bronchial asthma; AHT — antihypertensive therapy; ADR — adverse drug reaction.

For citation: EV. Rebrova, E.V. Shikh, N.B. Lazareva. Effect of C-344T polymorphism of aldosterone synthase gene on variability of
antihypertensive therapy with angiotensin Il receptor blockers: open randomized controlled clinical trial. Pharmacy & Pharmacology.
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3bbEKTUBHOCTb AaHTUTMMEPTEH3UBHOM TepanuuM MOXKeT ObITb accouMMpoBaHa C reHeTUYeckMMu dakTopamu, KoTopble
B/IUAIOT HE TO/IbKO HA CTEMeHb MOBbILWEHWA apTePUMasbHOrO AAB/EHUA, HO U NPEeAONpPeaensaoT MEXUHOAUBUAYANbHYIO
BaprabenbHOCTb OTBETA HA aHTUTMNEPTEH3MBHOE SIeYeHue.

Uenb. M3yuntb dapmakogMHamuyeckue nokasatenn  3PpdEeKTMBHOCTM  Tepanuu  b6nOKaTopamMu  peLenTopos
aHrMoTeH3nHa Il B BMAE MOHOTEpPAnUMM M B COCTaBe KOMOWHWMPOBAHHbLIX MPEnapaToB Yy MaLMEHTOB C apTepuasbHOM
rmnepteHsunen (Al) B 3aBUCMMOCTM OT FeHETUYECKUX 0COBEHHOCTEN MaUMEHTOB — NMOAUMOPGU3MA reHa, KOAMPYOLWEro
aNbA0oCTEPOH CUHTA3Y, uan C-344T nonnmopodusm.

Martepuanbl U metoapl. B nccnegosaHue BrAtoYeHo 179 naumeHToB MOCKOBCKOrO perroHa C BrnepBble BbiABNAeHHOM Al
1-2 cteneHu (141 (78,8%) »keHwmHa 1 38 (21,2%) my»kumH) B Bo3pacTe oT 32 40 69 /ieT, KoTopble Bblan CaydaliHbiMm 06pa3om
pacnpegeneHbl No rpynnam nevyeHna mpbecaptaHOM M Ba/fcapTaHOM B BUAE MOHO- WM KOMBMHMPOBAHHOW Tepanuu
C TMAPOX/IOPTMA3NAOM METOAOM NPOCTON paHaomm3aumu. Yepes 3 Hepenu dapmakoTepanuu onpesensnn Haauvyve
reHetTuyeckoro nonnmopdusma rsi799998 (C-344T) reHa anbpocTepoH cuHTasbl CYP11B2 n onpeaeneHns MUHUMANbHOM
pPaBHOBECHOM KOHLEHTPaLMM 610KaTOPOB peLenTopa aHrnoteHsuHa Il (BPA).

Pe3ynbratbl. [omo3urotbl TT B rpynne npbecapTaHa xapaKkTepu3oBanncb 6osee HU3KUM YPOBHEM AOCTUMMKEHUS LeNeBbIxX
umModp aptepuanbHoro aasneHus (AL) yepe3 3 Hepenn dapmakoTepanum U 6onee BbICOKOW YacTOTOM BO3HMKHOBEHMA
HeobXoAMMOCTU MHTEHCUUKALUM aHTUTUNEPTEH3UBHOM Tepanuu No cpaBHeHUto ¢ reHotunamu CT u TT. Cpean NaLMEHTOB,
NPUHMMABLLMX Ba/ICapTaH, HOCUTENW reHoTMNa TT XapaKTepu3oBainch Honee BbICOKOM YaCTOTOMN AOCTUMKEHUA LeneBbIX Ludp
ALl uepes 3 Hegenun GpapmakoTepanmm No cpaBHeHUIo ¢ reHotunamm CC (p <0,001) u CT (p=0,084). Mpu 3TOM AOCTUMKEHUE
uenesbix umMdp AL no pesynbratam nokasartenen nsmeperHua ooucHoro AL 1 cyTouHoro MoHuTopmuposanHua AL (CMAZ) Ha
MOMEHT OKOHYaHUSA UCCNeL0BaHUA He HbII0 4OCTOBEPHO B3aMMOCBA3aHO € reHoTUnom CYP11B2 C-344T KaKk Npy Ha3HaYeHnn
upbecaptaHa (p >0,999), Tak u BancapTaHa (p=0,149). BbiaBneHa TEHAEHLMA K HECKObKO 60/1ee BbIPaXKEHHOMY YMEHbLLIEHWIO
aHeBHoM YCC y reTeposmnrot, NpMHUMaBLINX npbecapTaH, B cpegHem Ha 1,9 ya/MuH no cpaBHeHWo ¢ romosurotamm CC
(p=0,059). leteposurotbl CT, NpUHMMaBLLUME Ba/CapTaH, XapaKTEPM30BaNCb MEHEE BbIPAaXKEHHbIM ymeHblweHnem YCC B
cpeaHem Ha 1,4 ya/MyH No cpaBHEHUIo ¢ romosurotamu TT (p=0,045). Mpu 3ToM MUHUMasIbHAA KOHLEHTpauua npenapara
He Bbla1a CTaTUCTUYECKM 3HAYMMbIM MeanaTopom addekToBs (p=0,484 n p=0,736 COOTBETCTBEHHO).

3akntoueHue. lNpu nepcoHanusauum Tepanuum Al nauneHTam MOCKOBCKOro perMoHa, Hocutenam reHotuna 1T no C-344T
reHa CYP11B2 pna onTMMM3aLMU OOCTUNKEHMA LeneBbix uuop AL uenecoobpasHo peKoMeHA0BaTb B KaYecTBe CTapTOBOM
Tepanuu BPA BasicapTaH B BUAE MOHO- MW ABYXKOMMOHEHTHOM Tepanuun B 3aBUCUMOCTH OT cTeneHun Al

Kntouesble c/10Ba: apTepuanbHasa rMNepTeH3uns; anbAoCTePOH cuHTasa; CYP11B2; C-344T nonnmopdusm

CnucoK coKkpaweHuii: Al — apTepuanbHas rvunepteHsus; C-344T — reHeTuYeckuii noanmmopduam rs1799998 reHa anbOoCTEPOH
cuHTa3bl CYP11B2; BPA — 6noKatopbl peuentopa aHrvoteHsuHa Il; AL — aptepuanbHoe gasnexHve; CMA/L — cyTodHoe
MoHuTOpMpoBaHune ALl; YCC — yactota cepaeyHblx cokpalleHuit; JIC — nekapctBeHHoe cpeactso; AlTl — aHTUrMNepTeH3VBHbIe
npenapatbl; SNP — 0gHOHYKNEOTUAHbIN Noumopdusm; GWAS — nonHOreHoOMHbIM NoucK accoumaumnii; CAL — cuctonmyeckoe
apTepuanbHoe AasneHue; AL — auMacTonMyeckoe apTepuanbHoe gasneHue; |/D noavmopduam — MHCEPLMOHHO-
aeneumorHbil (I/D) nonumopdumsm; PAAC — peHUH-aHIMOTEH3MH-a/1bA0CTEPOHOBAA cuctema; CKP — cKopocTb KNy6ouKoBom
dunbTpaunm; AMd — aHrmoTeH3nHNpespalaowmin depmeHT; KM — anekTpokapaunorpadus; UMT — nHAEKC macchbl Tena;
BA — 6poHxunanbHaa actma; AI'T — aHTUrMNepTeH3nBHan Tepanua; H/IP — HexenaTenbHas NeKapCTBEHHAA peaKkuums.

INTRODUCTION suffering from AH is expected to increase by 60%
The arterial hypertension (AH) is a polygenic over the next 20 years, which will amount to more
inherited disease and one of the major modifiable risk  than 1.5 billion people [4-8].
factors for cardiovascular events [1-3]. The prevalence The genetic structure that can influence the blood
of AH is steadily increasing worldwide. According to  pressure (BP) currently includes more than 30 genes,
different authors’ estimates, the number of people with rare variants resulting in monogenic forms of
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hypertension or hypotension, and more than 1477
single nucleotide polymorphisms (SNPs) associated
with the phenotypic effect on BP. The majority of SNPs
identified in genome-wide association studies (GWAS)
as associated with the BP phenotype, show pleiotropic
associations, the study of which will help to understand
the underlying biological pathways [9].

Aldosterone is the major mineralocorticoid of
the adrenal cortex. It is synthesized from cholesterol
in response to an increase in angiotensin Il or plasma
potassium levels. Aldosterone stimulates a tubule
reabsorption of sodium cations, chloride anions, and
an excretion of potassium cations, and increases a
tissue water-holding capacity, which promotes fluid
and sodium transfer from the vascular bed to the
tissues. Aldosterone synthesis is carried out under the
action of the aldosterone synthase enzyme encoded
by the CYP11B2 gene (cytochrome P450, family 11,
subfamily B, polypeptide 2) localized on the 8th
chromosome at locus 8q21-q22 [10, 11].

About 227 single nucleotide polymorphisms (SNPs)
have been identified for the CYP11B2 gene that may be
associated with an increased CYP11B2 transcription, an
increased aldosterone production, and a progression
of many cardiovascular diseases, but only a few SNPs
have been studied at present. The most widely studied
is the C-344T polymorphism (rs id 1799998; cytosine to
the thymidine substitution in the 5’ promoter region
of the CYP11B2 gene, position —344) [12, 13]. This site
is the binding site of the steroidogenic transcription
factor SF-1, a regulator of the aldosterone synthase
gene expression. The T allele leads to the increased
aldosterone production, which, in turn, is associated
with the AH, as well as with myocardial fibrosis and
hypertrophy, with the risk of hypertensive complications
of pregnancy, with the development of an endothelial
dysfunction and cardiovascular complications in
patients with a chronic kidney disease [14-16].

Personalized pharmacotherapy of AH based on
genetic variations of genes responsible for the function
of metabolic enzymes of drugs, the genes that are
involved in the pathogenetic mechanisms of the AH
development and alter the pharmacodynamic effects of
drugs, the genes associated with drug transporters, will
improve the effectiveness of the AH pharmacotherapy
in patients who regularly receive antihypertensive drugs
(AHDs) in accordance with clinical recommendations
at the same time not reaching the target values
of BP [17-20].

THE AIM of the work was to study pharmacodynamic
parameters of the efficacy of therapy with angiotensin
Il receptor blockers as monotherapy and as a part of
combined drugs in patients with AH depending on the
genetic features of patients — the gene polymorphism
encoding aldosterone synthase, or C-344T polymorphism.
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MATERIALS AND METHODS

Study Design

An open randomized controlled clinical study was
performed. The study included 179 patients living in the
Moscow region with a newly diagnosed 1-2-degree AH.
The patients were 141 (78.8%) women and 38 (21.2%)
men aged from 32 to 69 years (mean age — 58.2+6.4, the
median age — 60 (57-63 years) [21, 22].

Randomization procedure

All the patients included in the study were allocated
to groups by a simple randomization (an envelope
method).

Eligibility criteria

The patients met the following inclusion criteria: the
1-2-degree AH; the age from 18 to 74 years; a signed
informed consent of the patient for the participation
in the study and a publication of personal medical
information.

The non-inclusion criteria of patients in the study
were: the 3rd degree AH; uncontrolled AH; arterial
hypotension; hypersensitivity to irbesartan and
valsartan or auxiliary components of the drug; an active
liver disease or an increase in the serum transaminase
activity more than 3 times; hepatic insufficiency (classes
A and B on the Child-Pugh scale); a stage 4-5 chronic
kidney disease (glomerular filtration rate less than
30 ml/min/1.73 m? creatinine clearance <30 ml/min);
decompensated diabetes mellitus; pregnancy and
lactation; the age under 18 years and over 75 years;
patients with primary hyperaldosteronism, angioedema,
including Quincke’s edema; during the treatment

with drugs affecting renin-angiotensin-aldosterone
system  (RAAS), including angiotensin-converting
enzyme (ACE) inhibitors; a concomitant use of

aliskiren and drugs containing aliskiren in patients with
diabetes mellitus and/or a moderate or severe renal
dysfunction (glomerular filtration rate, GFR) less than
60 ml/min/1.73 m? body surface area); a concomitant
use of inhibitors with ACE in patients with diabetic
nephropathy; galactose intolerance, lactase insufficiency
and glucose-galactose  malabsorption syndrome;
established diagnosis of malignant tumors; diabetes
mellitus, lactose intolerance, lactase deficiency and
glucose-galactose  malabsorption  syndrome; an
established diagnosis of malignant neoplasm at the time
of the inclusion in the study; the need for a continuous
intake of non-steroidal anti-inflammatory drugs and/
or drugs metabolized by cytochrome P-450 CYP2(C9,
which may affect the effectiveness and safety profile of
irbesartan.

The exclusion criteria: no patients were excluded
during the study [21, 22].
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Conditions and duration of the study

Patients were recruited in the period from July
1, 2021 to August 28, 2022. The search for study
participants was carried out in the outpatient treatment
and preventive care institutions of Moscow, clinical
bases of the Department of Clinical Pharmacology
and Propaedeutics of Internal Medicine of Sechenov
First Moscow State Medical University (Sechenov
University): Mukhin City Clinical Hospital, Hospital for
War Veterans No. 3, Central Clinical Hospital of Civil
Aviation, State Polyclinic No. 2.

Ethical approval

The study was approved by the Local Ethical
Committee of Sechenov First Moscow State Medical
University (Sechenov University), Protocol No. 05-21
dated March 10, 2021.

Medical intervention

The program of a clinical and instrumental
examination of the patient included was: a collection
of patients’” complaints, anamnesis (presence of risk
factors for the AH development, concomitant diseases),
a physical examination, a biochemical blood analysis,
an office BP measurement, electrocardiography
(ECG) to exclude patients with rhythm disturbances
or concomitant heart diseases, echo-CG, daily BP
monitoring (DBPM). The BP was measured in both arms
using the Korotkoff method after a 10-minute rest of
the patient in the sitting position, and was determined
as the mean of three measurements taken at 1-minute
intervals. DBPM was performed when patients were
enrolled in the study and after 3 months of therapy,
and the values of the standard daytime and nighttime
parameters were evaluated: a mean value, a variability
of systolic BP (SBP), diastolic BP (DBP), BP, and heart
rate (HR).

Three weeks after the inclusion in the study, the
blood of patients was collected to determine the
genetic rs1799998 (C-344T) polymorphism of the
aldosterone synthase CYP11B2 gene and to determine
the minimum equilibrium concentration of ARBs. The
office BP measurement was performed at each visit:
at the inclusion in the study, at the intermediate stage
after 3 weeks and after 3 months of therapy. DBPM was
performed in patients at the inclusion in the study and
after 3 months of therapy [21, 22].

Methods of outcomes registration

The genetic polymorphism rs1799998 (C-344T) of
the aldosterone synthase CYP11B2 gene was determined
using the reagent kit for a polymorphism detection in
the human genome SNP-screen (Syntol, Russia).

The determination of irbesartan and valsartan

Tom 12, Beinyck 2, 2024

concentrations in the blood plasma was performed by
HPLC on an Agilent 1290 Infinity Il LC coupled with the
6470 Triple Quadrupole LC/MS liquid chromatograph
(Agilent Technologies, USA), using standard calibration
solutions with concentrations of 2500, 1000, 1000, 500,
250, 250, 100, 50, 25 and 10 ng/mlL, trifluoroacetic acid,
acetonitrile and Milli-Q purified water for HPLC. The
additional equipment included ME54 analytical scales
(Mettler Toledo, Sweden), single-channel mechanical
pipettes with variable volumes of 100-1000 pL and
20-200 pL (Thermo Scientific Black series, USA),
Eppendorf centrifuge (Germany), ZORBAX Eclipse plus
C-18 HPLC column, 50%2.1 mm, 1.7 um for HPLC (Agilent
Technologies, USA).

Study groups

All the patients included in the study had not
previously received regular antihypertensive therapy
(AHT) and were randomly allocated to the irbesartan and
valsartan groups by simple randomization (an envelope
method). The study participants received ARB (irbesartan
and valsartan) in monotherapy or in a combination
with hydrochlorthiazide for 3 months. So, 83 patients
included in the study, received irbesartan 150 mg once
a day, 32 of them were on the irbesartan monotherapy,
and 51 patients received the combination therapy:
irbesartan 150 mg+hydrochlorthiazide 12.5 mg.
96 patients were prescribed valsartan, 8 of them received
the valsartan 80 mg monotherapy once daily, and 88
patientsreceived thevalsartan 80 mg+hydrochlorthiazide
12.5 mg combination therapy. When the target BP
numbers were achieved after 3 weeks of therapy
(<140/90 mm Hg, if well tolerated <130/80 mm Hg, but
not <120/70 mm Hg), the patients continued to adhere
to their therapy for 3 months of treatment. In case of
an insufficient BP control, the intensification of therapy
was performed by doubling the dose of irbesartan or
valsartan as part of the mono- or combination therapy.

Statistical processing

The sample size was not pre-calculated. The
statistical analysis and visualization of the obtained data
were performed using the R 4.3.1 statistical computing
environment (R Foundation for Statistical Computing,
Vienna, Austria).

Descriptive statistics for quantitative variables
without a pronounced asymmetry of conditional
sampling distributions are presented as a mean
(xtstandard deviation, SD), for quantitative variables
with a pronounced asymmetry (absolute values of
the asymmetry coefficient >1.96) — as a median [Q1;
Q3]. Descriptive statistics for qualitative variables are
presented as a number of observations (a relative
frequency). The Fisher’s exact test was used to compare
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the groups with respect to qualitative variables (including
the Holm correction for multiple pairwise comparisons).
The Welch'’s t-test and Mann—Whitney test were used
to compare two independent groups with respect to
guantitative variables, and the Kraskell-Wallis test and
Dunn’s test with the Holm correction for pairwise post-
hoc comparisons were used to compare three groups.
The differences were considered statistically significant
at p <0.05.

The chi-square test (x?) was used to analyze
the correspondence of the empirical distribution of
genotypes to the theoretical one defined by the Hardy—
Weinberg equilibrium.

For a correlation analysis, the Spearman’s rank
correlation coefficient p with corresponding 95%
confidence intervals (95% CI) was used, and the
regression coefficients (with a corresponding 95% Cl)
in single-factor regression models were estimated if
there was a statistically significant correlation between
quantitative indicators. To assess the strength and
statistical significance of the association of quantitative
predictors with binary outcomes, single-factor logistic
regression models with coefficients estimated with
the Firth (1993) correction for rare outcomes were
used.

In the comparative analysis of genotype effects
with changes in SBP, DBP, and HR, linear regression
models were used with the inclusion of an interaction
term between the genotype and drug used and robust
standard errors of the regression coefficients. To assess
the relative contribution of the drug concentration
as a mediator of the identified genotype effects, two
linear regression models were constructed: a two-
factor outcome model including the genotype and the
concentration and a single-factor genotype-dependent
concentration model, which had been used to estimate
the total and partial genotype effects and the ratio of
coefficients (the sum of coefficients) to calculate the
proportion of the genotype effect mediated by the
concentration (the standard error was estimated using a
nonparametric analysis). The association was considered
statistically significant at p <0.05.

RESULTS AND DISCUSSION

Characteristics of study groups

Table 1 shows the demographic and anamnestic
characteristics of the patient groups.

In the comparative analysis, it was found out that
valsartan was statistically significantly more often
prescribed to male patients (p <0.001). The patients
were comparable in age (p=0.24). The patients receiving
valsartan also had a statistically significantly higher
BMI and were more likely to have a grade 3 obesity
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(p <0.001). In addition, the patients in this group were
statistically significantly more likely to have bronchial
asthma (BA; p=0.012) and statistically significantly less
likely to have a history of Crohn’s disease (p=0.044).

Main study result

All patients were genotyped according to the C-344T
polymorphism of the aldosterone synthase CYP11B2
gene. According to the data obtained, the frequency of
the polymorphic allele T carriage by the polymorphism
C-344T of the aldosterone synthase CYP11B2 gene was
192 (53,6%), while 51 patients (28,5%) were homozygotes
for the mutant allele and carriers of the TT genotype, and
90 (50,3%) patients were heterozygous representatives
of the CT genotype. There were no statistically significant
deviations of the observed frequency of genotypes for
the C-344T polymorphism of the CYP11B2 aldosterone
synthase gene from the theoretical one determined by
the Hardy-Weinberg equilibrium (x2=0.003, p=0.96).

Values of the minimum equilibrium irbesartan
concentration in patients with the CC genotype by the
C-344T polymorphism of the aldosterone synthase
CYP11B2 gene were determined at the level of 1788
(1633-2341) ng/mL, with the CT genotype — 1909
(1707-2346) ng/mL, with the TT genotype — 2476
(1969-2672) ng/mL. The mean values of the minimal
equilibrium concentration of valsartan in patients with
the CC genotype by the C-344T polymorphism of the
aldosterone synthase CYP11B2 gene were determined
at the level of 1380 (1172-1568) ng/mL, with the CT
genotype — at 1095 (740-1428) ng/mL, with the TT
genotype — at 688 (519-1562) ng/mL.

Table 2 summarizes the results of SBP, DBP and
HR dynamics in patients with different genotypes for
the C-344T polymorphism of the aldosterone synthase
CYP11B2 gene.

The TT homozygotes at the C-344T polymorphic
locus of the CYP11B2 gene taking irbersartan, were
characterized by a statistically significantly less
pronounced reduction in the office SBP after 3 weeks
of therapy by a mean of 5.5 [95% CI: 0.2; 10.9] mmHg
(p=0.042); this effect was not associated with the
concentration magnitude (p=0.708).

At the time of the interim phase of the study,
the heterozygotes taking valsartan had a statistically
significantly greater mean reduction in the SBP of
15.7 [95% Cl: —=21.9; —9.5] mmHg compared to the
CC homozygotes (p <0.001) and 7.5 [95% Cl: —-13.4;
—1.6] mmHg with the TT homozygotes (p=0.009). The TT
homozygotes were characterized by a more pronounced
reduction in the SBP by a mean of 8.2 [95% Cl: —15;
—1.4] mmHg compared to the CChomozygotes (p=0.014);
this effect was not associated with the concentration
value (p=0.538).
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Table 1 — Demographic and anamnestic characteristics of patient groups

Characteristics Irbesartan Valsartan p
(n=83) (n=96)

Gender, n (%) - - <0,001
female 53 (63.9%) 88 (91.7%) -
male 30 (36.1%) 8 (8.3%) -

Age, years 57 (£7.5) 59.3 (£5.1) 0.24

BMI, kg/m? 29.4 (+5.4) 33.4 (+6.8) <0.001

Obesity - - <0.001

None 38 (45.8%) 44 (45.8%) -

Degreel 59 (34.9%) 16 (16.7%) -
Degree 2 = 719 3%) 20 (20.8%) -
Degree 3

0 (0%) 16 (16.7%) -

Chronic gastritis, n (%) 10 (12%) 16 (17%) 0.382

Chronic tonsillitis, n (%) 7 (8.4%) 4 (4.2%) 0.236

Bronchial asthma, n (%) 2 (2.4%) 12 (13%) 0.012

Varicose veins of lower limbs, n (%) 8(9.6%) 4 (4.2%) 0.144

Migraine, n (%) 2 (2.4%) 4 (4.2%) 0.687

Crohn’s disease, n (%) 4 (4.8%) 0 (0%) 0.044

Psoriasis, n (%) 2 (2.4%) 0 (0%) 0.214

Osteochondrosis, n (%) 13 (16%) 12 (13%) 0.543

Note: BMI — body mass index; BA — bronchial asthma.

Table 2 — SBP, DBP and HR in patients with different genotypes for the C-344T polymorphism of the CYP11B2
gene in the irbesartan and valsartan patient groups

Irbesartan

Valsartan

Characteristics
cc CcT T

cc CcT

T

p

A office SBP after 3 weeks ~ —24.9 (+7.3) -25.3 (+10.4) —-19.8 (+5.3) 0.026

-10.7 (+10.5) —26.4 (+11.1)

-18.9 (+8.4) <0.001

A office SBP at the end of

the study —29.7 (+7.5) -29.1(+8.8)  -265(¢7.2) 0287 -24.5(+10.9) -30.5(+7.3) -29(+9.1)  0.039
A office DBP after 3 weeks  —18.3 (£7.6) —-20.2 (+7.9)  —14.6(9.3)  0.071 -10.8 (¢14.5) -16.1(¢122) -13.9(¢7.7) 0.073
fh:fgtcue dsBP attheendof 39108 —254(7.3)  -23(:8.) 0583 -23.3(+10.3) -20.5(46.8) -24.3(£9.6) 0.271
A office HR after 3 weeks -1.9(+4.2) -3.4(3.3) —2.6 (+3.6) 0.412 -4.2(+4.1) -1.6 (+7) -5.7 (¢x4.4) 0.06

Aoffice HRat the end ofthe _, 515 5) 36 (43.6) ~2.7(4.6)  0.819 -5.5 (£5) -45(4.1)  -57(¢43) 0.525

study

Achievement of target BP
after 3 weeks

9/14 (64.3%) 30/46 (65.2%) 12/23(52.2%) 0.53

4/24 (16.7%)  20/44 (45.5%)

20/28(71.4%) <0.001

Dose increase (AHT
intensification)

5/14 (35.7%) 13/46 (28.3%) 11/23 (47.8%) 0.262

20/24 (83.3%) 20/44 (45.5%)

16/28 (57.1%) 0.009

A mean daytime SBP —27.6 (6.7) —28.5(¥9.5)  —27 (46.5) 0.879 -31(46.2) -32 (7.7) -27 (+4.4)  0.035
A mean daytime DBP —29.9 (¢5.1) -30.3(6.2)  -31.1(¢5.9) 0.706 —30 (+6.6) —27.2(5.6)  —29.9 (+5.8) 0.174
A mean daytime HR 0.4 (+2.4) -2.3(+2.2) -1.3 (+3.4) 0.072 -3 (+2.1) -1.9 (+2.4) -3.3(+2.5)  0.042
A mean nighttime SBP -17.9 (+5.5) -17.4(+9.4)  -15(46.9) 0359 -19.7(¢6.8) —-17.1(¢7.2) -17.4(#8.7) 0.461
A mean nighttime DBP —24.9(¢5.3) -25.8(5.6)  -25.1(+5.9) 0.848 -27.3(#6.5) -24.5(+6.2) -28.7(+3.6) <0.001
A mean nighttime HR -0.9(+4.7) -2.2(+3.6) -2.4 (+3.8) 0.742 -3.8(+3) —4.1 (+4.9) -4.7(+4.7)  0.408
A daytime SBP variability ~ —5.5 (3.5)  —6.1 (£3.5) —5.9 (+3.7) 0.419 -8.2 (0.4) -8.3 (0.4) -8.4(+0.6) 0.626
A daytime DBP variability ~ —2.8 (+2.2)  —2.6 (£1.9) —2.5 (+1.9) 0.756 —4.3(+0.5)  -3.5(0.7) -4 (£0.5) <0.001
A nighttime SBP variability ——1.8 (+1.7) -2 (+1.5) —1.7 (+1.2) 0.713  -2.7 (1) -3 (+0.6) -2.7(¥1.1)  0.196
A nighttime DBP variability ——0.8 (+0.7)  —0.7 (0.7) -0.7 (0.8) 0.775 —1(x0.4) -1.3 (0.6) -1.4(+0.7) 0.2

Achievement of target BP at
the end of the study

14/14 (100%) 43/44(97.7%) 23/23 (100%) >0.999

24/24 (100%) 40/44 (90.9%)

28/28 (100%) 0.149

ADR (arterial hypotension)  0/14 (0%) 3/46 (6.5%) 0/23 (0%) 0.741

0/24 (0%) 4/44 (9.1%)

0/28 (0%)

0.149

Note: * Statistically significant values are highlighted in bold at p <0.05. SBP — systolic blood pressure; DBP — diastolic blood pressure; HR — heart
rate; BP — blood pressure; AHT — antihypertensive therapy; ADR — adverse drug reaction.
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Figure 1 — Comparative analysis of the office SBP dynamics in patients with different genotypes for the C-344T

polymorphism of the CYP11B2 gene in the irbesartan and valsartan patient groups
Note: A —irbesartan group; B — valsartan group; SBP — systolic blood pressure.
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Figure 2 — Comparative analysis of the office DBP dynamics in patients with different genotypes for the C-344T

polymorphism of the CYP11B2 gene in the irbesartan and valsartan patient groups
Note: A —irbesartan group; B — valsartan group; DBP — diastolic blood pressure.
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Figure 3 — Comparative analysis of the dynamics of the mean daytime SBP in patients with different genotypes
for the C-344T polymorphism of the CYP11B2 gene in the irbesartan and valsartan patient groups

Note: A —irbesartan group; B — valsartan group; SBP — systolic blood pressure.
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Figure 9 — Comparative analysis of the frequency of reaching the target BP at the end of the study
in patients with different genotypes for the C-344T polymorphism of the CYP11B2 gene in the irbesartan

and valsartan patient groups
Note: A —irbesartan group; B — valsartan group; BP — blood presure.

There was no statistically significant association
of the CYP11B2 (C-344T genotype with the effect of
irbersartan on the office SBP at the end of the study
(p=0.287). The TT heterozygotes and homozygotes taking
valsartan were characterized by a more pronounced
reduction in the office SBP at the end of the study by a
mean of 6 [95% Cl: —11.3; -0.6] mmHg (p=0.026) and 4.5
[95% ClI: —10.4; 1.4] mmHg (p=0.167) compared to the
CC homozygotes, this effect was not associated with the
concentration magnitude (p=0.574). The summarized
data is shown in Figure 1.

At the interim assessment, there was a statistically
significant less pronounced mean 5.6 [95% Cl: 0.5;
10.6] mmHg reduction in the office DBP among the
TT homozygotes receiving irbesartan compared to
the CT heterozygotes (p=0.027); the effect was not

100

associated with the magnitude of the equilibrium drug
concentration (p=0.5). There was no statistically
significant association of the drug effect on the
office DBP with the genotype (p=0.583 and p=0.271,
respectively; Fig. 2).

There were no statistically significant differences
regarding the effect of irbesartan on the mean daytime
SBP depending on the CYP11B2 C(-344T genotype
(p=0.879). The TT homozygotes receiving valsartan were
characterized by a less pronounced reduction in the
daytime SBP by a mean of 4 [95% Cl: —0.3; 8.3] mmHg
compared to the CC homozygotes (p=0.075) and 5 [95%
Cl: 1.3; 8.7] mmHg compared to the heterozygotes
(p=0.006). This effect was not associated with the
equilibrium drug concentration value (p=0.868; Fig. 3).

There was a trend towards a slightly more
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pronounced reduction in the daytime HR in the
heterozygotes at the CYP11B2 (C-344T locus taking
irbesartan by a mean of 1.9 [95% CI: —3.8; 0.1] bpm
compared to the CC homozygotes (p=0.059), this
effect was not associated with the equilibrium drug
concentration value (p=0.484). The CT heterozygotes
taking valsartan were characterized by a less pronounced
reduction in the HR by a mean of 1.4 [95% Cl: 0; 2.7]
bpm compared to the TT homozygotes (p=0.045), with
the drug concentration also not being a statistically
significant mediator of the effect (p=0.736; Fig. 4).

There was no statistically significant association of
the irbesartan effect on the mean nighttime DBP with
the genotype at the CYP11B2 C-344T locus (p=0.848).
The TT homozygotes taking valsartan were characterized
by a more pronounced reduction in the nighttime DBP
by a mean of 4.2 [95% Cl: —=7.4; —0.9] mmHg compared
to the heterozygotes (p=0.008). This effect was not
associated with the value of the equilibrium drug
concentration (p=0.7; Fig. 5).

Among the patients taking irbesartan, no statistically
significant association of the daytime BP variability
with the genotype at the CYP11B2 C-344T locus was
found (p=0.756). The heterozygotes taking valsartan
were characterized by a statistically significant smaller
reduction in the daytime DBP variability by a mean
of 0.8 [95% Cl: 0.4; 1.1 mmHg compared to the CC
homozygotes (p <0.001) and 0.5[95% Cl: 0.1; 0.9] mmHg
compared to the TT homozygotes (p=0.003). This effect
was not associated with the equilibrium value of the
drug concentration (p=0.642; Fig. 6).

There was no statistically significant association of
the frequency of reaching the target BP at the interim
assessment and the need for a dose increase in patients
taking irbesartan (p=0.53 and p=0.262, respectively).
Among the patients taking valsartan, the TT genotype
was characterized by a higher frequency of achieving the
target BP at the interim evaluation compared to the CC
(p <0.001) and CT (p=0.084) genotypes. The CC genotype
was also characterized by a higher frequency compared
to heterozygotes (p=0.059). The CC genotype was also
characterized by the greatest need for the intensification
of the AHT (p=0.009). The achievement of the target BP
at the end of the study was not statistically significantly
associated with the CYP11B2 C-344T genotype when
irbesartan (p >0.999) and valsartan (p=0.149) were
used (Fig. 7-9).

DISCUSSION

When studying the genotype frequency distribution
for the genetic polymorphism C-344T of the aldosterone
synthase CYP11B2 gene, which catalyzes the reaction
of the aldosterone synthesis, the following results
were obtained: the CC genotype was determined in
38 patients, corresponding to 21.2% of the sample,
the CT genotype — in 90 (50.3%) patients and the TT
genotype — in 51 (28.5%). The frequency of the C allele
was 166 (46.4%) and the frequency of the T allele
was 192 (53.6%).
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In the study by Ji X. et al. [23], conducted in China,
which included 345 patients with AH and 157 control
subjects, the frequency of genotypes by the genetic
polymorphism C-344T of the aldosterone synthase
CYP11B2 gene was analyzed. The following results were
obtained: the frequency of the CC genotype occurrence
among the patients suffering from the AH was 15.1%,
from the CT genotype — 51.9%, from the TT genotype —
33%. The distribution of the genotypes in the control
group among the healthy individuals was as follows:
8.3% of the people carried the CC genotype, 46.8% —
the CT genotype, and 44.9% — the TT genotype. Thus,
the frequency of the C allele was significantly higher in
the patients with the AH compared with the controls
(p <0.05) in the Chinese population. Thus, the distribution
of genotype frequencies for the C-344T genetic
polymorphism of the aldosterone synthase CYP11B2
gene among 179 patients with newly diagnosed AH of
the 1-2-degree in the Moscow region corresponds to the
distribution of the genotypes in the Chinese population.

In the controlled study by Li X. et al. [10], 2115
people, residents of Tibet and northwest China,
participated. The authors determined a direct
correlation in the female population between the
C-344T polymorphism of the CYP11B2 gene and the
development of the essential hypertension (EH) — the
frequencies of the CC and CT genotypes and C allele
in the EH group were higher than in the control group
(p <0.05).

In the study by Yakimenko O. et al [11], the aim
of which was to study the prevalence of the C-344T
polymorphism and the distribution of the aldosterone
synthase (CYP11B2) gene genotypes, to analyze the
associations of the left ventricular hypertrophy (LVH)
with the aldosterone synthase genotypes in young
age patients with AH, the authors found that the TT,
CT genotypes of the C-344T polymorphism of the
aldosterone synthase gene were associated with higher
blood aldosterone concentrations and higher stages of
LVH in young patients with AH.

In the study by Ji X. et al. [23], performed in China,
among 502 examined patients, the AH was detected in
34. The frequency of the CC and CT genotypes by the
C-344T polymorphism of the CYP11B2 gene, as well as
the frequency of the C-allele, was significantly higher
in patients with the AH compared to patients without
the AH (p <0.05). In the prospective part of the study,
98 patients with the AH received the valsartan therapy
for 4 weeks. The reduction of the SBP, DBP, as well as
the SBP, DBP parameters obtained during a 24-hour BP
monitoring in the group with the CC and CT genotypes,
was significantly more pronounced than in the group
with the TT genotype (p <0.05). The data obtained show
that when assessing the effectiveness of AHT at the
intermediate stage, the patients in the valsartan group,
heterozygous for the C-344T polymorphism of the
CYP11B2 gene, reduced the office SBP more intensively
by 15.7 [95% Cl: —21.9; —9.5] mmHg. Hg compared with
the CC genotype carriers (p <0.001) and by 7.5 [95%
Cl: -13.4; -1.6] mmHg compared with the TT

101



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

homozygotes (p=0.009). Herewith, the TT genotype
carriers showed a significantly more intense reduction
of 8.2 [95% Cl: —=15; —1.4] mmHg compared to the CC
genotype carriers (p=0.014). However, when analyzing
associations based on the results of the conducted
DBPM, when included in the study and after 3 months
of AHT, TT homozygotes for C-344T of the CYP11B2
gene on average by 4 [95% Cl: —0.3; 8.3] mmHg did not
significantly reduce the average daily SBP compared
with CC homozygotes (p=0.075) and by 5 [95% Cl: 1.3;
8.7]1 mmHg compared with heterozygotes (p=0.006).
The TT homozygotes for C-344T of the CYP11B2 gene had
a mean 4.2 [95% Cl: =7.4; —0.9] mmHg less pronounced
reduction in the mean nighttime DBP compared to
the heterozygotes (p=0.008). The obtained data may
indicate a functional cumulation of drugs and the
stabilization of the pharmacodynamic effect.

After 3 months of the irbesartan treatment, the
SILVHIA study (The Swedish Irbesartan Left Ventricular
Hypertrophy Investigation versus Atenolol) [24] showed
a more pronounced decrease in the SBP compared to the
patients with the CC and TT genotypes, in the patients
with the TT genotype by the C-344T polymorphism of
the CYP11B2 gene. The authors’ findings indicate, when
assessed for the effectiveness 3 weeks after prescribed
AHT, the patients who received the irbesartan therapy,
the TT homozygotes for the C-344T of the CYP11B2
gene, were statistically significantly less likely to reduce
both the office SBP by 5.5 [95% CI: 0.2; 10.9] mmHg,
and the office DBP by 5.6 [95% Cl: 0.5; 10.6] mmHg
compared with the heterozygotes (p=0.042 and p=0.027,
respectively). In the group of patients taking irbesartan,
no statistically significant DMBP results were obtained.

In the prospective study by Ortlepp J.R. et al. [25],
the patients with the elevated DBP (>95 mmHg)
received candesartan in high (16 mg) or low (8 mg)
doses in addition to standard medications. Genotyping
was performed in 116 patients, and the genotypes
of the CYP11B2 promoter polymorphism significantly
predicted a positive response to the treatment: with the
genotype CC, 67% of patients achieved a reduction in the
DBP <85 mmHg, with TC — 34% and with TT — 21%; p=0.005).

Kurbanova D.R. et al. [26] studied the influence
of the I/D polymorphism of the ACE gene, the
M235T polymorphism of the AGT gene, the A1166C
polymorphism of the AGTRI gene, the C(-344T

polymorphism of the CYP11B2 gene on the effectiveness
of the eprosartan therapy in 48 Uzbek men with AH.
The study did not reveal a significant dependence of
antihypertensive effectiveness of eprosartan on the
carriage of the studied polymorphic genes. However,
this may be due to the insufficient sample size.

Thus, a limited number of studies have been
performed on the effect of the C-344T polymorphism of
the CYP11B2 gene on the effectiveness of AHT, and the
results of these studies remain inconsistent.

Study limitations

This study focuses on the influence of a single
polymorphism of a candidate gene responsible for
the synthesis of aldosterone synthase, the enzyme
that catalyzes the synthesis of aldosterone, on the risk
of developing the AH and the effectiveness of AHDs.
However, the risk of the AH and/or AHDs development
may also be influenced by the polymorphisms in the
genes involved in the AHDs metabolism, responsible
for a certain link of RAAS, involved in pathogenetic
mechanisms of the AH development and influencing
pharmacodynamic effects of drugs, modifications of
mechanical interactions between drugs and genes, as well
as polymorphisms in genes related to drug transporters,
which requires a further study. This study is also limited
by the sample size, region and randomization method.

CONCLUSION

When personalizing the AH therapy in patients of the
Moscow region, the carriers of the TT genotype C-344T
of the CYP11B2 gene, it is reasonable to recommend
valsartan as a starting therapy of ARBs in the form of
mono- or bicomponent therapy depending on the AH
degree.

In this study, a single polymorphism responsible
for a particular RAAS link and influencing the risk of
the AH development and the response to the ARBs
therapy, were analyzed. Herewith, the response to the
AHT also depends on the genes, which are involved in
pathogenetic mechanisms of the AH development,
and modify pharmacodynamic effects of drugs, modify
a mechanical interaction between drugs and genes,
as well as polymorphisms in the genes related to drug
transporters, which determines the need for a further
study of the influence of polymorphisms in the panel of
candidate genes.
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One of the leading mechanisms for the development of a severe cardiovascular pathology is the intensification of free radical
processes. With a decrease in the activity of the antioxidant defense, the accumulation of free radicals in the body and, as
a consequence, the development of the oxidative stress is natural. The registration of the severity of processes that impair
the effectiveness of the antioxidant protection, with the subsequent development of an oxidative stress, can serve as a new
reliable method for assessing the degree of a myocardial damage.

The aim of the work was to develop a method for assessing the degree of ischemic and ischemia-reperfusion kinds of damage
to the myocardium based on the activity of free radical processes in cardiomyocytes.

Materials and methods. All the experimental work under in vivo conditions was performed on 50 white sexually mature
mongrel male rats. The physiological and morphological parameters of the hearts, biochemical parameters and the lipid
peroxidation level of the perfusate were assessed. The changes in the level of the perfusate lipid peroxidation were assessed
in a simple model system simulating the lipid peroxidation. The registration of luminescence was carried out using a
chemiluminometer KHLM-003 (Russia). Luminol (5-amino-2,3-dehydro-4-phthalazinedione) was used to detect the reactive
oxygen species.

Results. With an increase in the ischemia duration and, as a consequence, the degree of the myocardial damage, an increase
in the values of the lipid peroxidation determined by chemiluminescence is observed. When simulating 30 minutes of
ischemia, necrosis is formed; it accounts for 8.9% of the total heart volume. With an increase in the ischemia duration to
60 minutes, the necrosis zone increases by 1.4 times (p <0.05), and the light sum of luminescence increases by 9.4% (p <0.05)
relative to the 30-minute ischemia. A maximum decrease in pH is recorded at the 5 minute of the reperfusion. Next comes
the restoration of pH values, and at the 10" minute, there is no longer any statistical difference between the initial and
reperfusion values (7.37 vs 7.04 at p >0.05). In turn, the activity indicators of cytolysis enzymes (lactate dehydrogenase [LDH]
and creatine phosphokinase-MB [CPK-MB]) show a similar pH trend of the growth in the first minutes of the reperfusion,
followed by a decrease in the initial values, which is most likely due to the “washing out” of metabolic products. At the same
time, the “freeze—storage (14 days)—defrost” cycle does not affect the indicator of the lipid peroxidation activity.
Conclusion. A new method for assessing a myocardial damage during the perfusion of an isolated heart using the Langendorff
method, based on the use of the luminol-dependent iron-induced chemiluminescence of the lipid peroxidation level of the
perfusate obtained before and after the perfusion of an isolated heart, can become one of the most effective methods for
assessing the damage to the myocardial structure.
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Abbreviations: AHA — American Heart Association; CVD — coronary vascular diseases; Ml —myocardial infarction; HFA — higher
fatty acids; LDH — lactate dehydrogenase; CPK-MB — creatine phosphokinase-MB; VCPR — volumetric coronary perfusion
rate; SBP — systolic blood pressure; DBP — diastolic blood pressure; PP — pulse pressure; HR — heart rate; EDP — end-diastolic
pressure; LV — left ventricular; LP — lipid peroxidation; ROS — reactive oxygen species; HBFP — Haematoxylin-Basic Fuchsin-
picric acid.
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OfHVMM V13 BeAyLIMX MEXaHW3MOB Pa3BUTUA TAXKENbIX CepAeYHO-COCYAMUCTbIX NATONOrMIN ABAAETCA WHTEHCUMPUKaLMA
cB0obOAHOPAAMKANbHBIX MPOLLEeccoB. MPU CHUMKEHUM AKTUBHOCTU aHTUMOKCUAQHTHOWM 3alUMTbl 3aKOHOMEPHbIM ABAAETCA
KYMynauma cBob6OAHbIX PaAMKanoB B OpraHM3Me W, Kak CneacTBue, pasBUTME OKCUAATUMBHOIO cTpecca. Permctpauma
BbIPA)XEHHOCTU MPOLLECCOB HapyweHMa 3PPeKTUBHOCTU aAHTMOKCUAAHTHOM 3aliMTbl C MOC/AeAyOWNUM PasBUTUEM
OKCUAATMBHOTIO CTPECCa MOXET NMOCAYXKNTb HOBbIM JOCTOBEPHbIM METOAOM OLEHKM CTeNeHU NOBPeXAeHMA MMOKapaa.
Lienb. Paspabotatb cnocob oLeHKN CTENEHU ULLEMNYECKOTO U ULLEeMUYECKU-penepdy3nOHHOro NOBPEXAEHMA MUOKapaa Ha
OCHOBAHWM aKTUBHOCTU cBOHOAHOPAAMKANBHBIX MPOLLECCOB B KAPAMOMMUOLMUTAX.

Martepuanbl U meToabl. Bca akcnepumeHTanbHan paboTta B ycnoBuaAx in vivo 6bii1a BbinonHeHa Ha 50 6esbix 6ecnopoaHbIx
NosI0oBO3pesbIX Kpblcax-camuax. lMpoBogunach OueHKa ¢GU3MONOTMYECKUX U MOPGOONOTMYECKMX MapaMeTpoB cepel,
OMOXMMMYECKMX MOKasaTeNe M YPOBHA J/IMNUAHON MepoKkcupauumn nepdysata. M3meHeHWe YpOBHA /UNUAHOW
nepoKkcuaaumm nepdysarta oLeHUBaNN B NPOCTON MOAENbHOW CUCTEME, UMUTUPYIOLLEI NMEePeKNCHOe OKUCIEHME NMNUAOB.
Peructpaumio cBeyeHMs NMPOBOAWAM Ha XemuatomuHomepe «XJ/IM-003» (Poccus). Ona BbIABAEHUA aAKTUBHbIX Gopm
KMCI0pOoAa UCNOAb30BaNU NOMUHOA (5-aMUHO-2,3-aernapo-4-dTanasmHanoH).

Pesynbratbl. [p1 yBENIMYEHUN AUTENBHOCTM ULLIEMUN U, KaK CNeACTBUE, CTENEHN NOBPEXAEHNA MUOKapAa OTMeYanca pocT
3HAYEHWUW IMNUAHOW NepPOKCMAALLMM, YCTAHOB/IEHHbBIX METOAOM XeMUAOMUHECLeHLMK. Mpyn moaenvpoBaHmum 30-MUHYTHOM
nwemnn bopmMmMpoBanca HEKpos, cocTasnawowmii 8,9% or obuwero obbéma cepaua. Mpu yBEAUYEHUU AUTENBHOCTU
vwemnn go 60 MWH, 30Ha HeKposa yeenmumeanacb B 1,4 pasa (p <0,05), a cBeTocymma cBedyeHus — Ha 9,4% (p <0,05)
oTHOCUTENbHO 30-MUHYTHOW Mwemuu. MaKcumanbHoe CHUXKeHue pH peructpupoBanu Ha 5-M1 MUH penepdy3uu, a Ha
10- MMH CTaTUCTUYECKOM Pa3HULLbI MEXKAY UCXOAHLIM U penepdy3noHHbIM 3HaYeHMEM y¥Ke He Habatoganu (7,37 vs 7,04 npu
p >0,05). B cBOtO o4epesb NMOKasaTe/NM aKTUBHOCTU GEPMEHTOB LIMTONN3A (NaKTaTaernaporeHasa u KpeaTuHKnHasa — MB)
[EMOHCTPUPOBANY aHaNornYHyto pH TeHAEHUMIO NO POCTy B NepBble MUHYTbI penepdysnn ¢ NOCNEAYOWUM CHUKEHUEM
MNCXOAHbIX 3HAYEHUM, YTO, BEPOATHEE BCErO, CBA3AHO C «BbIMbIBAHWMEM» MPOAYKTOB 06MeHa. MpK 3TOM LMK «3aMOpPO3Ka—
XpaHeHue (14 cyT)—pa3mopo3Ka» He CKasblBa/CA Ha NOKa3aTene aKTMBHOCTU IMNUAHON NepoKCuaaLmm.

3akntoueHue. HoBblli cnocob OLEHKM MOBpeXAeHWA MUoKaphAa B YCn0BUAX Nepdy3nm M30MPOBAHHOTO cepAaua no
meTogy JlaHreHgopda, OCHOBAHHbLIM Ha MNPUMEHEHUU METOAUKM JIIOMUHON-3aBUCMMOM  Kene3onHAYLMPOBAHHOMN
XEMUIOMUHECLLEHLIMM YPOBHA IMNUAHON NepoKeuaaummn nepdysarta, Noay4eHHOro A0 v nocae nepdy3mmn M30IMpoBaHHOTO
CepALa, MOXKET CTaTb OAHUM U3 Hanbonee sPpPeKTUBHbLIX METOLOB OLLEHKN HAPYLLUEHWUA CTPYKTYPbl MMOKapaa.

106 Volume XlI, Issue 2, 2024



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2024-12-2-105-116

KnioueBble CnoBa: KapAMOMNPOTEKLMA; OKCMAATMBHbLIN CTPECC; WM30/IMPOBAHHOE CepALe; aHTMOKCMAAHTHas 3aluTa;

penepdy3noHHbIM CUHAPOM

Cnucok cokpaweHmii: AHA — AmepuKaHCcKan Kapguonorndyeckas accoumnaumsn; CC3 — cepaeyHo-cocyamcTblie 3abonesaHus;

CCC — ceppeyHO-CcOCYAMCTaA CUCTEMa;

UM — uHbapKT MuoKapaa;

B¥XK — BbiCclwme xupHble kucnotbl; A0 —

naktatgerngporeHasa; KOK-MB — kpeatuHkuHasa-MB; OCKM — ob6bémHas CKOpPOCTb KOopoHapHow nepdysum; CAL —
CUCTO/INYECKOE apTepuanbHoe gasneHue; AL — anactonmyeckoe aptepuanbHoe gasneHue; N[ — nynbcoBoe gaBneHue;
YCC — yacToTa cepaeyHbix cokpalleHuit; KA — KoHeyHoe guactonuuyeckoe gasnenue; JIXK — nesbiit xenygouek; MO —
nepekucHoe okucneHne amnuaos; AOK — akTuBHble dopmbl Kucnopoga; MOPMN — remaTOKCUAUH, OCHOBHbIN QYKCHH,

NMUKPUHOBAA KNCNOTa.

INTRODUCTION

According to the American Heart Association
(AHA), in the United States and Canada, the prevalence
of cardiovascular diseases (CVD) ranges from 1.5
to 1.9% of the population, and up to 2% in Europe.
[1]. In Russia, mortality rates from CVD among men
and women of the working age, remain among the
highest [2]. Therefore, in Europe, about 4 million
people die annually, and the Russian population
accounts for about 1 million of the above indicator. [3].
At the same time, one of the leading places in the
structure of mortality from CVD is occupied by
myocardial infarction (Ml).

According to the data of the Department of
Medical Statistics of the Central Research Institute of
Health Care Organization and Informatization, in 2020,
about 170,5 thousand cases of Ml among the able-
bodied population were registered, 33% of them were
fatal outcomes. The presented statistical data cause
the interest of many researchers and clinicians to the
search for methods of an accurate early diagnostic
assessment and prevention of CVD. Among other things,
the development of methods to estimate the area of
necrotized, stunned and hibernating myocardium in Ml
is of interest, as it directly correlates with both a high
prognosis of a lethal outcome/disability of patients
and the processes of myocardial remodelling, which, in
turn, determines the preoperative selection of patients
and the choice of the most effective cardiac surgical
interventions [4].

To date, a number of markers of a cardiac muscle
necrosis massiveness have been identified. However,
disturbances in the regulation of free radical processes
are an important basis for the development of severe
cardiovascular pathologies and a number of other
diseases. The antioxidant defense system provides an
adequate regulation of a free radical formation in the
cells, including cardiomyocytes. When its efficiency
decreases, free radicals accumulate in the body
and, as a consequence, an oxidative stress develops
[5, 6]. In addition, ischemia leads to a decrease in
the energy supply, which entails disturbances in
the transmembrane concentration of Ca?, Na*, and

Tom 12, Beinyck 2, 2024

K* [7-9]. A high concentration of Ca* inside the cell leads
to the activation of a “lipid triad”, which is a source of
active detergent substances (higher fatty acids [HFA],
lysophospholipids). As a result, free radical oxidation
processes increase, a phospholipases and lipases activity
increases, free long-chain HFA accumulate [10]. That
contributes to the damage of lysosome membranes and
release of lysosomal proteases [11-13].

On the other hand, in ischemia, a high intracellular
Ca* concentration is an independent factor of a
myofibril damage and an impaired functional activity
of mitochondria [14]. Thus, there are many reasons to
believe that the registration of the violation processes
severity of an antioxidant defense efficiency, with the
subsequent development of the oxidative stress, can
serve as a new reliable method of determining the
degree of a myocardial damage.

THE AIM of the work was to develop a method for
assessing a degree of ischemic and ischemia-reperfusion
kinds of damage to the myocardium based on the
activity of free radical processes in cardiomyocytes.

MATERIALS AND METHODS

Animals

The experimental work was performed on 50 white
sexually mature mongrel male rats (225.7+22.4 g),
obtained from the nursery of laboratory animals
“Pushchino”, on the basis of the Department of
Pharmacology of the Bashkir State Medical University
(Russia), from January to February 2024. The study has
been completed in accordance with the international
recommendations of the European Convention for
the Protection of Vertebrate Animals in Laboratory
Conditions, Rules for Laboratory Preclinical Research in
the Russian Federation (3 51000.3-96, 51000.4-96 and
GOST 50258-92) and Order of the Ministry of Health
and Social Development of Russia No. 708n (dated
23 Aug2010) “Ontheapproval of goodlaboratory practice
rules (GLP)".

The study was approved by the Ethical Committee of
the Bashkir State Medical University (Protocol No. 1 dated
30 Jan 2024). The animals were kept in accordance with
the rules of the European Convention for the Protection
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of Vertebrate Animals (Directive 2010/63/EU) and the
Guide for Keeping and Care of Laboratory Animals (GOST
33215-2014) in vivarium conditions in accordance with
the sanitary and epidemic rules (SP 2.2.1.3218-14).
The rats were kept no more than 5 heads in one cage,
on an unlimited feed and water consumption, under a
fixed light regime of 12 h/12 h. The temperature was
maintained within 22-25°C, the relative humidity was
50-70%. The duration of quarantine for all the animals
was 14 days, after which the rats were included in the
study simultaneously. The animals were divided into
5 experimental groups of 10 rats each: group 1 — Control
(without ischemia and reperfusion); group 2 — total
ischemia modelling (without reperfusion), group 3 —
30-minute ischemia followed by a 2-hour reperfusion,
group 4 — 45-minute ischemia followed by a 2-hour
reperfusion, group 5 — 60-minute ischemia followed by a
2-hour reperfusion.

Perfusion of isolated heart according

to the Langendorff method

Under the aseptic conditions, the animals were
anesthetized using zoletil-xylazine anesthesia according
to the following scheme: zoletil 0.3 mg i.m. (“Virbac”,
France)+xylanite 0.8 mg i.m. (NITA-FARM, Russia) per
100 g of an animal body weight [15, 16]. Further on, a
thoracotomy was performed, the main vessels of the
heart were cut off (above the capture site). The extracted
hearts were placed in the Krebs—Henseleit solution
(T=+4°C) in order to stop spontaneous contractions.
The ascending part of the aorta was cannulated to
ensure that the carbogen-saturated Krebs—Henseleit
solution (95% O, and 5% CO,) was delivered to the
myocardium. To determine the myocardial contractility
indices, a catheter with a balloon filled with purified
water was inserted into the left ventricular (LV) cavity
(volume of the liquid was sufficient to create an end-
diastolic pressure; EDP) of 10-15 mmHg). After all the
manipulation actions had been completed, a stabilization
period of 5 minutes was maintained. Cardiophysiologic
parameters were recorded using the PhysExp monitoring
system (Cardiprotekt, Russia). The indices of the isolated
myocardium contractility were recorded. After all the
manipulation actions had been completed, a stabilization
period of 5 min was maintained. Cardiophysiologic
parameters were recorded using the PhysExp monitoring
system (Cardiprotekt, Russia). The indices of the isolated
myocardium contractility were recorded: the pressure
developed by the LV, heart rate (HR, beats/min);
EDP (mmHg).

Under the experimental conditions, the oxygen and
plasma replacement solution (Krebs—Henseleit solution)
supply to cardiomyocytes, as well as the outflow of
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the dissimilation products from them was completely
stopped (total ischemia model); after the ischemia, the
restoration of the cardiac perfusion was performed for
30, 45, and 60 minutes (depending on the tasks); it was
followed by the assessment of the perfusate oxidative
potential, a pH index, as well as a biochemical analysis
and a morphologic evaluation of the myocardium. The
perfusate was frozen and stored at -20-22°C, followed
by thawing and the parameters re-evaluation to
determine the stability of the lipid peroxidation level for
14 days.

Assessment of perfusate oxidative potential

The oxidative potential was assessed by luminol-
dependent iron-induced chemiluminescence of the lipid
peroxidation (LP) level of perfusate obtained before and
after the perfusion of the isolated heart according to
the Langendorff method. The changes in the level of the
perfusate LP were evaluated in a simple model system
simulating the lipid peroxidation. The luminescence was
registered on a chemiluminometer HLM-003 (Russia).
Luminol (5-amino-2,3-dehydro-4-phthalazindione) was
used to registrate the ROS, which oxidizes and forms
electronically excited carbonyl chromophores with a
high quantum vyield, resulting in a sharp increase in the
intensity of luminescence associated with the formation
of reactive oxygen species (ROS). Chemiluminescence
was recorded for 3 min. One conditional unit of
chemiluminescence was 5.1x105 quanta/sec. [17].
Luminescence intensity indices were recorded: a light
sum and a slow flash amplitude of the model system
in the presence of the perfusate obtained before the
perfusion, and the luminescence intensity of the model
system in the presence of the perfusate obtained
after the perfusion. The intensity of the developing
luminescence was used to evaluate the LP processes in
the model system in the perfusate presence. The greater
the values of the chemiluminescence intensity indices
of the model system in the presence of the perfusate
obtained after the perfusion in comparison with the
initial indices are, the more massive the degree of the
myocardial damage as a result of ischemic and ischemia-
reperfusion factors of the myocardial damage is.

Evaluation of biochemical parameters

creatine phosphokinase-MB

Biochemical indices (lactate dehydrogenase
[LDH] and creatine phosphokinase-MB [CPhK-MB])
were determined by generally recognized methods
on an automatic biochemical analyzer with an open
reagent system Dirui CS-T240 (DIRUI Industrial Co.,
Ltd., China) using original reagent kits and their
instructions.
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Morphologic evaluation of hearts

At the end of the reperfusion, half of the hearts in
each group (5 hearts from each group) were stained
with triphenyltetrazolium chloride followed by a
macroscopic evaluation, the other half of the hearts
were fixed in a 10% buffered neutral formalin solution. A
macroscopic imaging of the hearts was performed using
the LSCI laser speckle-imaging system (RWD, China) in
the photoregistration mode of the speckle color pattern.
The fixed hearts were transversely dissected into 4 parts
from the base to the apex of the heart, so that the left,
right ventricles and the interventricular septum were
included in the slices. Next, a standard histological
processing by alcohols of increasing concentrations
was performed, after which the preparations were
encapsulated in paraffin and 4 p thick sections were
made, which were stained with haematoxylin-eosin,
haematoxylin-basic  fuchsin-picric acid (HBFP). To
improve the accuracy of the results, special staining
for ischemia slices was done twice as much as
haematoxylin-eosin, with each slice made in a paraffin
tape. In this way, the possibility of staging false positive
or false negative reactions was reduced. The prepared
glass specimens were scanned on a Pannoramic 250
(3DHISTECH Ltd, Hungary) followed by the examination
of histological sections under different magnifications
using CaseViewer software (3DHISTECH Ltd.,
Hungary); the measurements were made with straight
lines in micrometers (um), after which the results
were uploaded to Statistica 10 (StatSoft Inc., USA).
The cardiomyocyte damage severity was assessed by a
semi-quantitative method in glass specimens stained
according to the HBFP method at a 10-fold magnification
of a microscope objective at 10 fields of vision as follows:
0 points — intact myocardium, 1 point — a minimal
damage (<26% of myocardium), 2 points —a minimal to
moderate level (26-50% of myocardium), 3 points — a
moderate level of damage (51-75% of myocardium),
4 points — severe damage (>75% of myocardium).

Statistical analysis

The results of the study were processed using a
statistical package Statistica 10 (StatSoft Inc, USA). The
test for the normality of distribution of the actual data
was performed using the Shapiro-Wilk criterion. A
median and an interquartile range were used to describe
the groups. The analysis of variance was performed
using the Kraskell-Wallis or Mann—Whitney criteria (for
independent observations) and the Friedman one (for
repeated observations). The critical significance level
was taken as 0.05.

RESULTS
The study results of the perfusate collected
before ischemia and after the reperfusion, as well as
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the measurements of cardiophysiological parameters
and a histological examination in the experiment at
45 minutes of ischemia and the reperfusion are
presented in Table 1.

The data of Table 1 show that the myocardial
ischemia-reperfusion changestheindices of physiological
constants. For example, systolic blood pressure (SBP)
indices are characterised by a maximum 23.7% decrease
after the reperfusion (15 min of reperfusion) with a
subsequent recovery to 141.3 mmHg (86.6% of initial
values) at 45 min of reperfusion. A diastolic blood
pressure (DBP) values are characterised by an average
increase of 40% (p <0.05) immediately after a blood flow
start and during all 45 min of the reperfusion.

It should be noted that perfusate pH after 40 min
ischemia is characterised by a 5.0% decrease (p <0.05)
relative to the initial values. The maximum decrease
in pH is registered at the 5" min of the reperfusion.
Further on, there is a recovery of pH values, and at the
10™ min, there is no statistical difference between initial
and reperfusion values (7.37 vs 7.04 at p >0.05). In turn,
the indices of the cytolysis enzymes activity (LDH and
CPhK-MB) show a similar pH tendency to increase in
the first minutes of the reperfusion with a subsequent
decrease in the initial values. Evaluation results of
the ischemia duration effect on the size of necrotic
myocardium, as determined by a macroscopic evaluation
by triphenyltetrazolium chloride staining (Fig. 1), and
the level of the lipid peroxidation, as determined by
chemiluminescence, 10 minutes after the end of the
ischemia period, are presented in Table 2.

The data of Table 2 show that with increasing the
ischemia duration there was registered an increase
in the lipid peroxidation activity determined by the
chemiluminescence method. When modelling a
30-minute ischemia, a necrosis was formed, accounting
for 8.9% (p <0.05) of the total heart volume (Fig. 1).
When the ischemia duration was increased 2-fold
(60 min), the area of the necrosis increased 1.4-fold
(p <0.05) and the luminescence increased by 9.5%
(p <0.05) relative to the 30-minute ischemia.

The evaluation results of a single “freeze—store—
thaw” cycle effect on the stability of lipid peroxidation
level readings determined by chemiluminescence, are
presented in Table 3.

According to the data of Table 3, the cycle “freezing—
storage—thaw” did not affect the lipid peroxidation
activity index. The storage for more than 14 days in a
household freezer did not distort the data obtained.

The microscopic picture after the ischaemic-
perfusion of the heart muscle on the isolated heart was
characterised primarily by ventricular edema (Fig. 2),
and predominantly, at the expense of its epicardial and
myocardial layers.
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Table 1 — Evaluation results of perfusate properties and morphological picture in 45-minute ischemia experiment
and reperfusion, Me [Q1-Q3]

After stabili- . .
. . Reperfusion, min
. sation period
Indicator Intact values
(before
. . 1 5 10 15 30 45
ischemia)
7.37 (7.33— 6.95 6.75 7.04 7.10 7.18 7.31(7.27—-
pH 7.42)* 7.07(6.98-7.12) (6.87-7.08)* (6.61-6.92)* (6.89-7.13) (7.01-7.15) (7.09-7.21) 7.36)*, t
SBP, mmHg 1632 (1615 1435 151.2 149.4 124.5 144.5 141.3
- 172.4) (140.2- (147.3- (142.6- (120.5- (140.2- (137.8-
: 149.7)* 158.4)* 154.2)* 1349t 151.4)* 145.4)*
DBP, mmHg 108(9.1-116) 137 17.4(17.1- 16.5(15.7- 17.1(16.8— 16.5(15.2- 17.7 (16.7-
CTETEEPN (17.4-193)% 18.2)%, 1 17.8)%, 1 18.3)%,t  17.9)%,t  18.5)% *
PP, mmHg _ 106.1 (104.2- 56.1 41.8 (38.5— 42.4(40.1- 51.6(49.3- 64.3(62.7- 71.3(70.2—
107.8) (54.3-60.2)* 42.7)%,+  45.4)*,+  54.8)* 65.0)%,t  73.5)%t
HR, bpm 2412 (237.8- 278 2004 (2873~ 202.7 (2845~ 2222 264.3 2319
_ 245.3) (180.2— 29651 3002)" 1 (247.1- (251.6— (227.6-
: 192.4)* =l < 263.5)t 274.8)t 233.8)t
10.6 9.2
~ i 198 15.3 14.4 ok o e 94 (8.5-
VCPR 13.8 (12.3-14.7) (17.8-21.4)* (14.2-17.8)F (12.5-15.7)* Srs.e 12.7)%, (:3.7 10.3)*, 11.2)% 1
CPhK-MB, _ 10.4 (9.8-11.7) 12.3 17.4 (15.8— 21.3(19.4- 26.8(24.3- 12.8 11.9
MU/L TN (10.7-13.8) 19.2)%, 1 22.6)%,t  29.5)%, +  (11.5-14.6)t (10.2-12.5)
18.3 28.4(24.5- 32.6(28.4—- 29.3(28.7- 17.2 17.1
LDH, MU/L 16.2(154-179) (176 504) 307)%,t  347)%,t  30.1)%t  (16.4-18.9) (15.7-19.3)
Light sum of 110.3
luminescence, _ _ 45.4 (38.1- 104.5 (98.5—- 105.2 (96.3— 104.7 (97.6— 100.2 (97.3— ;
5.1x105 30.7(26.5-33.8) 47.3)* 107.6)*,+  102.4)*, +  107.8)*, t  104.5)% (111036‘73); N
quanta/sec o
Amplitude of
slow flash, 16.6 (14.4-18.7) 242 (19.4- 37.2(34.4— 38.7(35.2— 36.7(33.4— 36.2(33.3 38.4(36.1—
5.1x105 PAAEATES) 57.3)* 42.3)%, 1 42.6)%, T  40.2)%,t  —=39.6)%,t 44.3)%t
quanta/sec
Myocardial 11.8 (10.5—- 13.8 (12.4-14.2) 13.6 (13.1- 13.9 14.9 16.7 (15.1- 18.3(16.8— 19.1(17.4-
thickness, pm  12.1)* : VX)) (12.7-15.2) (14.5-17.1)* 17.3)*,t  19.1)*,+  20.1)*,+

Note: VCPR — volumetric coronary perfusion rate; SBP — systolic blood pressure; DBP — diastolic blood pressure; PP — pulse pressure; HR — heart
rate; LDH — lactate dehydrogenase; CPhK-MB — creatine phosphokinase-MB; * p <0.05 — values before ischemia vs after ischemia, or intact values;
* p <0,05 — values immediately after ischemia (1 minute of reperfusion) vs the rest of the reperfusion period.

Table 2 - Lipid peroxidation levels determined by chemiluminescence and myocardial damage volume values
determined macroscopically by triphenyltetrazolium chloride staining, Me [Q1-Q3]

Krebs-Henseleit After stabilisation Ischemia, min
Indicator solution before period (before
. . . 30 45 60
perfusion ischemia)

Light sum of lumi-
nescence, 5.11105 5376 (48.3-57.8)%,t  30.7 (26.4-33.6)  1002(97.3-1025/%+ 1063 (105.1-108.3)* 1168(114.7-1225)* t
quanta/sec

Amplitude of slow

flash, 5.1t105 24.73(20.1-27.6)*, 16.6 (14.4-18.7) 35.1(32.4-37.2)*%,t 38.4(37.9-39.2)* 40.1 (39.6-44.8)*, t
quanta/sec
Infarct area
volume to total - 0.0 (0.0-0.0) 8.9(6.7-11.9)%,*  21.0(17.9-23.5)*  39.4(34.5-40.3)*,*

heart volume, %

Note: * p <0,05 — values before ischemia vs after ischemia, or intact values, T p <0,05 — values of 45-minute ischemia vs intact values, or 30- and
60-minute ischemia.
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Table 3 — Evaluation results of perfusate properties of one “freeze-store—thaw” cycle, Me [Q1-Q3]

. . Values before Period, days

Indicator Solution ;
freezing 1 3 7 14

Light sum of | 100.2 (97.3-104.5)  101.5(97.5-106.6)% 100.5 (95.6-104.2)t 102.4 (98.4-106.2)t 101.3(96.2-103.4) *
luminescence,
é-ulaxnltg;sec . 98.5 (96.3-101.4)*, t 99.8 (95.6-100.8)*, 1 97.5(93.1-100.2)*, t 98.6 (97.9-101.4)*, T 98.7 (97.7-101.5)*,
Slow flash | 36.2(33.7-39.6) 35.2 (32.6-37.6)t 36.2(33.5-37.7)t 38.3(34.6-41.5)t 36.4(34.2-38.6)t
amplitude,
>-1x105 I 35.4 (32.4-37.3)*,t 33.5(30.5-36.4)*,  33.8 (30.2-35.3)*, t 35.2 (35.7-38.2)*, t 36.8 (36.4—39.3)*, t
quanta/sec

Note: | — Krebs-Henseleit solution before perfusion; Il — perfusate after 45 min of ischemia and 5 min of reperfusion of isolated heart. * p <0,05 —
I vs Il values for the corresponding unfrozen period; T p 20,05 — Krebs-Henseleit solution | and Il values before freezing vs unfrozen samples.

£
\:

O
O

Figure 1 — Pictures of hearts staining with triphenyltetrazolium chloride
Note: areas of viable part of myocardium are coloured red; ischemic white parts are marked with arrows. Macroscopically ischemia
was assessed on section with identification of pathology localisation.
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Hematoxylin-eosin

1000 um

HBFP-method

Figure 2 — Micropicture of myocardial cross-section
Note: Ventricular and paravasal edema in the organ is visualised; foci of damaged cardiomyocytes and endothelial cells are noted in specialized
staining for ischemia. Hematoxyin-eosin staining, HBFP method; magnification x15 and x400.
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It should be noted that the very fact of the heart
perfusion under artificial conditions leads to myocardial
edema, thus increasing a myocardial thickness by 16.9%
(p <0.05) compared to the hearts not subjected to the
Langendorff perfusion. A blood flow restoration after
45-minute ischemia resulted in a gradual increase of
edema. The median myocardial thickness reached
14.9 um already at the 10™ min of the reperfusion,
which was 26.5 (p <0.05) and 7.9% (p <0.05) higher
than the values of intact and non-ischaemic hearts,
respectively. Edema reached its maximum values at
the 45" min of the reperfusion, when the median
value of the myocardial thickness reached 19.1 um
(p <0.05), which was 1.3 times (p <0.05) higher than
in the hearts without ischemia. At the same time, the
arterial wall thickened, the endothelial cells swelled.
The application of specialised HBFP staining indicated
the areas of myocyte ischemia also in the epicardial and
myocardial part of the ventricle, which had previously
been visualised macroscopically by the application of
triphenyltetrazolium chloride staining. As a part of HBFP
staining, basic fuchsin interacted with the breakdown
products and picric acid got stained in a different
colour. The appearance of a fuchsinophilic substrate
was first observed in the nucleus area and then spread
throughout the cytoplasm and muscle fibre. Thus,
semi-quantitative scoring of a cardiomyocyte damage
yielded the following results: control —0.24+0.43 points;
perfusion — 1.78+0.51 points (p <0.05 compared
to control) and an ischemia-reperfusion group -
1.5440.5 points (p <0.05 compared to control).

It should be noted that prolonged ischemia with
lysis of cardiomyocytes resulted in either a decreased
visualisation of the fuchsinophilic substrate or in
the fact that the staining became background due
to the dye release into the intercellular space. Thus,
a macroscopical comparison was carried between
the ischemia areas stained with triphenyltetrazolium
chloride, contractural changes in the course of the
muscle fibers on haematoxylin-eosin, and positive
areas revealed by the HBFP staining. The determination
of the lipid peroxidation in the perfusate served as
an additional criterion when specialised methods of
staining for ischemia become uninformative.

DISCUSSION

To date, there are several ways of modelling
a myocardial injury simulating an acute coronary
syndrome. There is a known method of studying
the degree of a myocardial damage in laboratory
rats by a direct ligation of coronary artery branches
after thoracotomy with a subsequent wound closure
and an elimination of pneumothorax, or a thermal
coagulation of coronary arteries using an instrument /
electrocoagulator heated with an alcohol burner [18].
However, all methods for in vivo studies have a number
of drawbacks that limit a widespread use of these

Tom 12, Beinyck 2, 2024

techniques. For example, after a coronary artery ligation
or thermocoagulation, an assessment of the myocardial
necrosis degree by analyzing biochemical markers
of cytolysis (troponin, myoglobin, CFK, CFK-MB, ALT,
AST, etc.) is insufficiently informative due to the
insufficient specificity and the possibility of only
indirectly assessing the damage degree. Moreover,
a direct method of a myocardial ischemic damage
modelling is rather difficult to reproduce due to
high requirements to researchers’ skills and possible
peculiarities of coronary vessels in animals [19, 20].

A more standardized model of myocardial ischemia
with a subsequent assessment of the degree of cardiac
tissue ischemia is the Langendorff method of an isolated
heart perfusion, which consists in a perfusion of an
isolated rat heart with an oxygenated Krebs—Henseleit
solution [21-24]. The assessment of a myocardial
damage in this technique is based on the analysis of the
LV contractility by an insertion of a measuring balloon
into the LV cavity and the determination of the perfusate
biochemical properties. Despite the advantages of this
method — a complete control of the ischemia period, an
exclusion of the influence of endogenous factors, as well
as individual anatomical features of the animals — its
significant disadvantage is the analysis of the obtained
data. They rely solely on indirect biochemical indicators
of the myocardial damage as well as on the contractility
of the heart, resulting in the analysis of only a diastolic
dysfunction of the heart contractility which is not a
reliable and adequate method of assessing the degree
of myocardial ischemia either.

It should be noted that the informativity of
cardiomyocyte cytolysis markers dynamics in relation
to the myocardial necrosis massiveness assessment has
been studied for a long time with different approaches
to the assessment of these markers. For example, for
troponin, the assessment according to the reference
values is recommended, while for CPhK-MB, there are
no such recommendations, and there are separate
proposals to assess CPhK-MB relative to baseline values
or the upper limit of normal [25]. The increase in
CPhK-MB is not a specific and highly sensitive indicator
of a myocardial damage, especially during the cardiac
surgery, due totheinfluence of manyfactorsonthisindex.
It should be emphasized that an important criterion
reducing the diagnostic value of this enzyme detection
is the possibility of its identification in blood only in the
first 9 hours after the first signs of MI. After the above
time interval, there is no reliable correlation between
the degree of a myocardial damage and quantitative
indices of CPhK-MB [26, 27]. The application of the
CPhK-MB level estimation in relation to the necrotic
changesinmyocardiumismostreliablefromthediagnostic
point of view, in case of the detection of large necrosis
zones in myocardium with characteristic changes on the
ECG [28, 29]. In such a situation, the appearance of an
additional parameter allowing to detect a myocardial
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damage and its degree in preclinical studies will help to
objectify the picture.

Thus, it has been established that the level of lipid
peroxidation changes in a regular way in accordance
with the results of a biochemical analysis and a
morphological study, but persists longer in the perfusate
during the reperfusion, which shows the possibility of
using the proposed method in order to determine the
fact and degree of an ischemic and ischemic-perfusion
myocardial damage.

Study limitations

The processes of the interrelation of the antioxidant
defense impairment and the severity of necrotic changes
in the cardiac muscle in the isolated heart according to
the Langendorff method, have not been widely reported
in the scientific literature. Within the framework of
this study, the sample size is sufficient to confirm the
presence of a regularity between the changes in the level
of the LP and the degree of the myocardial damage, but
within the framework of this paper, it is impossible to

fully speak about the presence of strong relationships.
This pattern requires a further in-depth study, including
the prospect of a further application in the clinical
practice as one of the signs of a myocardial ischemic
damage in patients with an acute coronary syndrome.
Other mechanisms, the use of which can be evaluated as
markers of necrotic changes, have not been considered
in the present study.

CONCLUSION

The assessment method of a myocardial damage
under the conditions of a perfusion of an isolated
heart according to the Langendorff method, based on
the application of the luminol-dependent iron-induced
chemiluminescence technique of the lipid peroxidation
level of the perfusate obtained before and after the
perfusion of anisolated heart, is one of the most effective
methods of the assessment of the myocardial structure
disturbance, as the level of the lipid peroxidation was
comparable with the results of a biochemical analysis
and a morphological study.
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Promising metabolites of potato tuberosum (Solanum tuberosum L., f. Solanaceae) are a-solanine, a-chaconine and their
aglycone solanidine.

The aim of the work was to develop and validate methods for a quantitative analysis of a-solanine, a-chaconine and
solanidine in dry extracts from the potato tuber peels by a high-performance liquid chromatography with a tandem
mass-selective detection (HPLC/MS/MS).

Materials and methods. The analysis was performed in a gradient mode on an Ultimate 3000 chromatograph (ThermoFisher,
USA) with a TSQ Fortis tandem mass-selective detector and a 4.6 mmx100 mm, 5 um, 100 A UCT Selectra C18 column. An
electrospray in a positive ionization mode was used in this work. The following mass transitions were used for the quantitative
analysis: a-solanine, 868.4->398.3 m/z; a-chaconine, 853.4->706.3 m/z; solanidine, 398.3-598.1 m/z. The following mass
transitions were used for the internal standard fexofenadine: 502.3->171 m/z and 502.3->466.2 m/z. The analysis time was
10 min. The developed chromatography conditions were validated for a suitability. The validation was performed according
to the following parameters: specificity, analytical range, linearity, correctness, precision and a lower limit of quantification.
Results. The validation procedure showed that the methodology was selective, sufficiently sensitive for a-solanine,
a-chaconine and solanidine (lower limits of the quantification were 50, 10 and 2 ng/mL, respectively), the linear in the
concentration range of 50-5000, 10-5000 and 2-100 ng/mL, respectively; it was satisfactorily correct (RSD did not
exceed 7% for each of the substances) and sufficiently sensitive (RSD for a-solanine did not exceed 5%, for a-chaconine and
solanidine — not more than 10%).

Conclusion. A technique for a quantitative determination of a-solanine, a-chaconine and solanidine in dry extracts obtained
from potato tuber peels by HPLC/MS/MS has been developed and validated. This technique can be used in the routine
practice of the glycoalkaloids quantitative determination when analyzing their content in food products and combination
medicines.

Keywords: validation; glycoalkaloids; a-solanine; a-chaconine; solanidine; tuberous potato; HPLC-MS/MS

Abbreviations: Gas — glycoalkaloids; HPLC/MS/MS — high-performance liquid chromatography with a mass-selective
detection; DMSO — dimethyl sulfoxide; GPM — general pharmacopoeial monograph; SPh RF XV ed. — State Pharmacopoeia of
the Russian Federation, XV edition; LLQ — Lower Level of Quantification; ELISA — enzyme-linked immunosorbent assay.

For citation: T.O. Ostrikova, N.G. Bogomolov, PY. Mylnikov, A.V. Shchulkin, I.V. Chernykh. Development and validation of methods for quantitative
determination of a-solanine, a-chaconine, solanidine in extracts from potato tuber peels BY High-performance liquid chromatography—tandem
mass spectrometry. Pharmacy & Pharmacology. 2024;12(2):117-130. DOI: 10.19163/2307-9266-2024-12-2-117-130
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Pa3paboTka u Banngaums MeToauKn KoOrindeCTBeHHOro
onpeaeneHusa a-coflaHMHa, a-4akoOHUHa, cornaHunamHa

B 3KCTpPaKTax U3 KOXypbl KIyoHeu kapTodensa KnyoHeHOCHOro
MeTOoAO0M BbICOKO3(h(heKTUBHOM XXMAOAKOCTHOMN XpomaTorpacpumn
W TAaHAEMHON MacC-CNeKTpoMeTpumn
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MonyyeHa 26.03.2024 MNocne peueHsmpoBaHus 28.08.2024 MpuHAaTa K neyatn 10.10.2024

MepcneKkTMBHbIMM MeTabonMTamu KapTtodens KaybHeHocHoro (Solanum tuberosum L., cem. Solanaceae) agnatoTcA
0-CONNaHUH, O.-4aKOHWUH U UX alMTUMKOH COJTaHUAUNH.

Llenb. PaspaboTka v Baanaauma MeToAMKN KONNYECTBEHHOrO aHa/in3a a-COMaHWMHA, 0-HYAaKOHWHA M CONAaHUAMHA B CyXMX
JKCTPaKTax U3 KOXKYpbl KNybHeW KapTodensa KnybHeHOCHOro MeTOA0M BbICOKO3DHEKTUBHOM XUAKOCTHOM XpomaTtorpadum ¢
TaHAEMHbIM MacC-CeNEeKTUBHbIM AeTekTuposaHuem (BIXX/MC/MC).

Matepuanbl U meToabl. AHaN3 BbINOAHANCA B IPaAUEHTHOM pexkMme Ha xpomaTorpade «Ultimate 3000» (ThermoFisher,
CLUA) c TaHAEMHbIM Macc-CeNeKTUBHbIM AeTekTopom TSQ Fortis M KonoHkon UCT Selectra C18 4,6 mmx100 mm,
3 mkm, 100 A. B paboTe MCNOAb30BaCA 3NEKTPOCNPEN B MONOKUTENbHOM PEXMME MOHM3ALMKU. O KONUYECTBEHHOIO
aHaAM3a NMPUMEHSAANCL CaeaytolimMe nepexoabl mMacc: a-conaHuH — 868,4->398,3 m/z; a-4akoHuH — 853,4->706,3 m/z;
conannamH - 398,3->98,1 m/z. MNepexoabl mMacc A/ BHYTPEHHero craHaapta ¢ekcodpeHagmHa: 502,3>171 m/z u
502,3-466,2 m/z. Bpems aHanu3a coctasuno 10 MuH. PaspaboTaHHble yci0Bua xpomatorpadbuposaHus 6biivM npoBepeHbl
Ha MPUroAHOCTb. Banuaauuio NpoBoAMAM MO CAeAylWMM MNapameTpam: cneuudUyHOCTb, aHanuMTMYeckas 0611acTb,
JNIMHEMHOCTb, NPaBWU/IbHOCTb, MPELU3NOHHOCTD U HUXKHUI Npeaen KoNIMYeCTBEHHOIO onpeaeneHus.

Pe3ynbraTbl. Mpoueaypa BaanaaLmMm nokasasna, YTo METOAMKA Bblaa CENEKTUBHOM, A40CTAaTOYHO YYBCTBUTE/IbHOM B OTHOLLEH WK
0-CONaHUNHa, Oa-YaKOHWMHA WU CONaHWAWHA (HVI)KHVI[/'I npeaen Koam4yecteeHHOro onpeaeneHMAa COCTaBuM COOTBETCTBEHHO
50, 10 1 2 Hr/mn), NMHENHa B UHTEpBasie KOHLLEHTpaLmMin cooTeeTctBeHHo 50-5000, 10-5000 n 2—100 Hr/mn, obnagana
YA0BNETBOPUTE/IbHOM NPaBUAbHOCTLIO (RSD He npeBbiwanu 7% AN KayKAOro U3 BELWECTB), AOCTAaTOYHOM NPE3nLUOHHOCTbIO
(ans a-conaHmHa RSD He npeBbiwano 5%, Ans a-4akoHMHa, coNaHMamMHa — He 6onee 10%).

3akntoueHue. PaspaboTaHa M BanMaMpoBaHa METOAMKA KONMYECTBEHHONO OMNpPeAeNeHUs Q-CONAHWHA, Q-YaKOHWHA U
COMIAaHUAMHA B CyXMX IKCTPAKTAX, MOAYYEHHbIX U3 KOXYpPbI KaybHel kapTodens kaybHeHocHoro, metogom BIXKX-MC/MC.
ﬂ,aHHaﬂ MeTOAUKa MOXeT 6bITb MNCMo/21Ib30BaHa B pyTVIHHOﬁ NPakKTUKe Ko/n4yeCTBeHHOro onpeaesnieHnAa rMunMKoaakaionaos
npu aHanunse Ux coaepXaHua B NULLEBLIX NPOAYKTaX 1 KOM6VIHVI|:)OBaHHbIX NeKapCTBEHHbIX CpeacTBax.

KnioueBble cnoBa: BanvAaLMsA; [NIMKOANKANONAbl; Q-CONMAHWH; O-YaKOHWH; CONMAHWAWH; KapTodenb KAyBHEHOCHBIN;
B3XX/MC/MC

CNUCOK CcOKpaweHuii: TA — mukoankanongbl; BIKX/MC/MC — BbicOKOIGdEKTUBHAA MMAKOCTHAA Xpomatorpadus
C MacCC-CeNIeKTUBHbIM AeTeKkTupoBaHuem; AMCO — aumetuncynbdokcng;, OPC — obuwaa dapmakonerHasa CTaTbs;
[® PP XV u3ag. — locysapctBeHHas dapmakonesa Poccuiickon ®epepaumm XV uspanua; HMNKO — HWKHUI npepen
Ko/myecTBeHHOro onpeaenenunsa; UPA — ummyHopepmeHTHbIN aHanus.

INTRODUCTION have been described from 300 species of plants in

Plant organisms are unique producers of biologically ~ family Solanaceae). Their toxicity is reported in
active substances with a wide range of pharmacological the scientific literature, but a number of useful
effects, i.e. antiseptic, antimicrobial, antitumor [1]. A pharmacological properties, including antitumor,

secondary metabolism of plants makes it possible to
obtain fundamentally new compounds characterized by
their own mechanism of action. The complex of plant
metabolites — flavonoids, alkaloids and terpenoids in
combination with related substances — has an effective
and often relatively safe therapeutic effect [2].

More than 90 different glycoalkaloids (GAs)

118

antimicrobial, antifungal, etc., have also been reported.
[3]. This fact actualizes the development of GAs
extraction techniques, their analysis and a subsequent
evaluation of their therapeutic potential with a
subsequent determination of their activity.

As a source of raw materials for obtaining a GA
pharmaceutical substance, it is promising to use a

Volume XlI, Issue 2, 2024
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popular food plant Solanum tuberosum L., which
contains glycosylated alkaloids of the solanidine group:
a-solanine and a-chaconine; their waste percentage
occupies the third place after cereals and dairy products.

To select the optimal GAs extraction techniques, as
well as the subsequent standardization of the extracts
and evaluation of their pharmacological activity, it is
necessary to develop a sensitive, reproducible and
selective technique for the quantitative determination
of a-solanine, a-chaconine and their aglycone solanidine
in an appropriate matrix and to prove its suitability by
analyzing its metrological characteristics.

A number of techniques for a GAs quantification
have been described in the literature, but some studies
focus on individual compounds [4, 5], other techniques
are complicated in terms of a sample preparation (e.g.,
heterogeneous LLQ) [6, 7], some have a low selectivity
(HPLC-UV) [8, 9] or an analytical area [10, 11]. The
latter criterion is especially important in the selection of
extraction techniques, since the GAs level depends both
on the native state of the raw materials (a genetically
programmed concentration, stress factors, etc.) and on
the nature of the extractant used, an isolation mode,
and additionally introduced modifications.

The validation method procedure of the quantitative
determination of individual GAs in their combined
presence in the extract from potato tuber peels according
to the requirements of the State Pharmacopoeia of
the Russian Federation, XV edition (SPh RF XV ed.) will
make it possible to judge unambiguously about the
acceptability of the chosen extraction method.

THE AIM of the work was to develop and validate
methods for a quantitative analysis of a-solanine,
a-chaconineandsolanidineindryextractsfromthe potato
tuber peels (Solanum tuberosum L., family Solanaceae,
by a high-performance liquid chromatography with a
tandem mass-selective detection (HPLC/MS/MS).

MATERIALS AND METHODS

The following reagents and chemical substances
were used in this work: standard samples of a-solanine,
a-chaconine, solanidine (Sigma Aldrich, USA),
fexofenadine (United States Pharmacopeia Reference
Standard, USA; CAS No. 153439-40-8), methanol for
gradient HPLC (Himmed, Russia), 98% formic acid
for analytics (Panreac, Spain), HPLC-MS water (VWR,
France), dimethyl sulfoxide (DMSO) (OOO SPE PanEco,
Russia), a 5% solution of acetic acid (OOO Techplant,
Russia), Hanks’ Balanced Salt solution without phenol
red (HBSS; OO0 SPE PanEco, Russia).

The methods development was carried out using
the following equipment: Ultimate 3000 chromatograph
(ThermoFisher, USA) with a TSQ Fortis tandem mass-
selective detector (ThermoFisher, USA) equipped

* Serpova OS, Borzenkov LA. Resource-saving technologies of potato
processing: a scientific analytical review. Moscow: Rosinformagrotech;
20009. 84 p. Russian
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with an autosampler and degasser, Selectra C18
4.6 mmx100 mm, 3 pm, 100 A column with Selectra
C18 SLC-18GDC46-3UM pre-column (UCT, USA). The
following kinds of the auxiliary equipment were used:
a centrifuge for microcuvettes (Elmi, Latvia); analytical
scales LV 210-a (Sartogosm, Russia), a Vortex shaker
(Heidolph, Germany). A control of the chromatographic
system, as well as mathematical processing of the data
were carried out using a Thermo Scientific Xcalibur
program (ver. 4.2.47).

The methods development consisted in the selection
of the fragmentation method, the choice of the internal
standard and the mobile phase composition.

Fragmentation parameters were selected in a
semiautomatic mode (fragmentation energies were
selected automatically). The two most intense fragments
were selected for the registration. Fragmentation
conditions were selected under the argon supply at
pressures of 1.5, 2.0, 2.5 and 3.0 mTorr.

The chromatographic technique was set up on a
water-methanol phase with a C18 column. Initially, an
isocratic elution mode with 25, 50 and 80% methanol
was used to evaluate the influence of an organic solvent
on the separation of the substances, their retention
times and chromatographic parameters of the system.
Based on the results obtained, the gradient elution
profile was selected to optimize the chromatographic
parameters. Since satisfactory = chromatographic
parameters and the sensitivity were already obtained at
this stage, testing of the aqueous-acetonitrile phase was
deemed unnecessary.

An internal standard was selected from 6 substances:
fexofenadine, anastrazole, valsartan, amantadine,
amlodipine, metoprolol in concentrations from 1 to
10 ng/mL. The best results in terms of the reproducibility
were observed for fexofenadine, which had been
selected as an internal standard at a concentration of
1 ng/mL.

A chromatography was carried out in a gradient
elution mode: solvent A — 0.1% aqueous formic acid,
solvent B — methanol according to Table 1.

The temperature of the test samples was 20°C, the
temperature of the chromatography column maintained
with a thermostat, was 35°C. The flow rate of the mobile
phase was 400 pL/min. The volume sample injection was
20 uL; using an autosampler at 8°C.

The decay products of the molecular ion were
recorded using a quadrupole mass detector when
exposed to an electrospray in the positive ionization
mode.

The flow rate of the Sheath Gas was 50 Arb, of the
auxiliary gas (Aux Gas) — 10 Arb, of the Sweep Gas —
1 Arb; the ion transfer tube temperature was 300°C,
and evaporator temperature was 350°C. The following
mass transitions were used for the detection: a-solanine
— 868.4->98.1 m/z, 868.4->398.3 m/z (this transition
was used for the quantification) at a collision energy of
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60 V; a-chaconine — 853.4->398.3 m/z, 853.4->706.3 m/z
(this transition was used for the quantification) at a
collision energy of 60 V; solanidine — 398.3->98.1 m/z
(this transition was used for the quantification) at
the collision energy of 43 V, 398.3->382.3 m/z at the
collision energy of 48 V; the source fragmentation was
20V, CID gas 2 mTorr. Mass transitions for fexofenadine
were: 502.3->171 m/z and 502.3->466.2 m/z at the
collision energy of 27 V. The time per analysis was
10 min.

The structural formulas of the analyzed substances
and fragmentation of their molecules are presented in
Fig. 1-4.

Validation of analytical methodology

Validation of chromatographic techniques involves
proving their suitability for specific purposes and
is regulated by a number of domestic regulatory
documents?.

The method was evaluated according to SPh RF,
XV ed. by the following parameters: a suitability of
the chromatographic system?, specificity, an analytical
range, linearity, correctness, precision (repeatability, in-
laboratory precision) and a lower limit of quantification.

Preparation of standard sample solutions

According to the requirements of SPh RF, XV ed.,
for the evaluation of the validation parameters of the
analytical methodology (correctness, precision at the
levels of repeatability and in-laboratory precision)
it is necessary to use solutions with 100% of the
nominal value of the investigated substance, but
these concentrations in extracts obtained by different
methods can vary significantly. Therefore, to select
such concentrations, a preliminary study was carried
out to evaluate the content of a-solanine, a-chaconine
and solanidine extracted from the insolubilized
potato tuber peels using different extractants
(pyridine, methanol, ethanol, 5% aqueous acetic
acid) according to the physicochemical properties
of the substances. The analysis was carried out by
HPLC/MS/MS using a partially validated
technique (with a satisfactory linearity and
reproducibility). The content of a-solanine in the
4 extracts obtained was 252.61+182.85 ng/mL,
a-chaconine was 451.33£100.33 ng/mL,
and solanidine was 4.60+1.72 ng/mL. The averaged
concentrations were further used as theoretical (100%)
for the calculation of metrological characteristics [12].

The solutions of a-solanine, a-chaconine and
solanidine standard samples were prepared as follows:

2 1.1.0012 Validation of analytical techniques. State Pharmacopoeia
of the Russian Federation XV edition. Available from:
https://pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-1/
validatsiya-analiticheskikh-metodik/. Russian

3 1.2.1.2.0001 Chromatography. State Pharmacopoeia of the Russian
Federation XV edition. Available from: https://pharmacopoeia.regmed.ru/
pharmacopoeia/izdanie-15/1/1-2/1-2-1/1-2-1-2-khromatograficheskie-
metody-analiza/khromatografiya/. Russian
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1 mg of the substance was dissolved in 1 mL DMSO,
incubated at 50°C in an ultrasonic bath for 60 min, diluted
10 times with a DMSO solution, then with Hanks Solution
(HBSS) to the concentrations of 50, 250, 300, 500, 1000 and
5000 ng/mL (a-solanine); 10, 50, 50, 400, 450, 450, 500,
1000, 2000, and 5000 ng/mL (a-chaconine); 2, 3, 3.2,
4, 4.8, 5, 10 and 100 ng/mL (solanidine). The sample
preparation was performed by a 10-fold dilution with
methanol containing the internal standard, fexofenadine
(1 ng/mL), followed by a centrifugation at 1500 g for
10 min.

The quantification was performed using a
calibration plot, and a normalization of the analytical
response was performed using an internal standard:

S[analyte]
K=emm—,
[internal standard]
where K — normalized analytical response, %;
Stanalyte] ~ peak area of the determined component, %;

(internal standard] peak area of the internal standard, %.

Preparation of test solutions

To validate the developed HPLC methodology,
a dry extract of potato tuber peel of the tuberous
potato variety Gala (Ryazan region, Klepikovsky district,
Tuma settlement, Russia) was analyzed. The tubers
pre-treatment included a two-week insolation with a
daylight to maximize the GAs accumulation. Then, the
dry extract obtained by a 3-fold maceration of the dry
peel with a 5% aqueous solution of acetic acid was
analyzed.

1 mg of the dry extract was diluted in 1 mL of
DMSO, incubated for 60 min at 50°C in an ultrasonic
bath, centrifuged for 10 min at 1500 g; the supernatant
was diluted 10 times with a DMSO solution, followed
by 10 times with HBSS. The sample preparation and
calculations were performed according to the methods
described above.

Preparation of working solutions

for the validation assessment according

to the linearity criterion

Solutions of 6 concentrations for a-solanine (50,
250, 300, 500, 1000 and 5000 ng/mL), 8 points for
a-chaconine (10, 50, 400, 450, 500, 1000, 2000 and
5000 ng/mL) and 7 for solanidine (2, 3, 3,2, 4, 4,8,
5, 10 and 100 ng/mL), respectively, 3 repetitions for
each followed by a sample preparation, were used to
determine the linearity criterion.

Preparation of working solutions

for validation evaluation by precision,

in-laboratory precision, and correctness

The precision validation included the standard
solutions preparation of a-solanine (250 ng/mL),
a-chaconine (450 ng/mL) and solanidine (4.0 ng/mL) in
6 replicates of each concentration.
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The solutions for the evaluation of the “in-laboratory
precision” index were prepared by another researcher
using a similar methodology.

Concentrations of 200, 250 and 300 ng/mL of the
test solutions were chosen for an a-solanine to assess
correctness. Solutions of a-chaconine were prepared
at the concentrations of 400, 450 and 500 ng/mL;
solanidine at the concentrations of 3.2, 4.0 and
4.8 ng/mL. All the solutions were prepared in three
repetitions. Thus, a total of 9 working solutions of each
substance were analyzed.

Statistical processing

The data statistical processing was performed using
Microsoft Office 2019 office suite (Microsoft Inc., USA)
and Statistica 13.0 program (StatSoft, USA). The nature
of the data distribution was determined using the
Shapiro-Wilk criterion. Pearson correlation coefficient
was used to assess the linearity. MS Excel 2019 program
with PKSolver extension was used to construct the
weighted regression equation. This parameter was used
for a more accurate construction of the calibration plot
in the region of low concentrations.

Fisher’s criteria were used to prove the absence
of variance differences in the analysis of the intra-
laboratory precision. The Student’s criterion was used
to compare the mean values of the analysis results
obtained by different researchers. The tables present
the following metrological characteristics: arithmetic
mean (X), variance (S?), standard deviation (SD, SS), a
relative standard deviation (RSD, SS'%), a half-width of the
confidence interval of the value (Ax), relative errors of
the result of an individual determination (g), boundary
values of the confidence interval of an individual
determination (xtAx) result.

Due to the fact that the obtained data had a normal
distribution, the results in the text were presented as an
arithmetic mean (a mean of 3 parallel measurements) +
standard deviation.

RESULTS

Suitability of chromatographic system

To evaluate the suitability of the chromatographic
system, solutions of a-solanine, a-chaconine,
and solanidine at concentrations of 250, 450 and
4.8 ng/mL, respectively, were analyzed sequentially in a
six-fold replicate.

The main characteristics of the target substances
peaks on the chromatograms of the standard sample
solutions are presented in Table 2.

Based on the presented data, the RSD values for

Tom 12, Beinyck 2, 2024

the peak areas of each of the analyzed substances and
the internal standard did not exceed 2%. The number
of theoretical plates exceeded 2000. The asymmetry
factors corresponded to the acceptable range of
0.7-2.5 [13].

Thus, the developed system meets the requirements
of SPh RF, XV ed. 1.2.1.2.2.0001 Chromatography*.

Validation of the developed methods

Validation of the analytical method for the
guantitative determination of a-solanine, a-chaconine,
solanidine by HPLC/MS/MS in extracts was performed in
accordance with the requirements of SPh RF, XV edition.

Fexofenadine in methanol with a concentration
of 1 ng/mL was chosen as an internal standard
because of the best reproducibility of the assay
results.

The retention times of a-solanine, a-chaconine
and solanidine in the dry extract containing the target
substances used to test the methodology coincided with
those in the chromatograms of the standard solutions
(Fig. 5). No accompanying substances eluting at the
corresponding time were observed, which confirmed
the specificity of the technique.

It should be noted that in the analysis of the
obtained plant extracts, the chromatograms showed
a substance peak with retention times coinciding with
those for a-solanine and a-chaconine (t,=4.79+0.02 min
and t.=4.78+0.015 min), while the molecular weight
corresponded to the aglycone — solanidine (m/z=398.3).
Herewith, the retention time for solanidine was
t.=5.38+0.0098 min. Most likely, during the ionization of
GAs in the mass detector there was a break of a glycosidic
bond with the release of aglycone. The content of
solanidine relative to the content of the glycosides sum
in the sample was not more than 2% by mass.

The methods linearity was established in the range
of the assumed analytical area of the target substances
concentrations, including from 80 to 120% of the
content of each component in the potato tuber peel
extracts, according to Table 3. The calibration plots of
the peak area dependence on the concentration of the
components, the regression equations and correlation
coefficients are presented in Fig. 6-8.

The correlation coefficients obtained were greater
than 0.99, meeting the requirements of SPh RF XV ed.

The lower limit of quantification (LLQ) was calculated
by comparing the maximum intensity of the detector
response wheninjectingablanksample (5% DMSO, 95 mL
HBSS, 10 mL internal standard methanol) and a sample
with minimum analyte concentrations. Concentrations
of the target substances that gave a detector response

* Ibid.
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of at least 10 times the noise level at the time interval t,
of the peak analytetwidth at the base obtained after the
injection of the sample with the maximum concentration
of the working range were taken as LLQ. In addition,
the repeatability and correctness of 5 injections of
solutions with the concentrations corresponding to
the LLQ did not exceed 20%. The LLQ was 50 ng/mL for
a-solanine, 10 ng/mL for a-chaconine, and 2.0 ng/mL for
solanidine.

The precision (repeatability) of the methodology
was evaluated using 6 points of a single concentration
equal to 100% of the nominal concentration (Table 4).

For a-solanine at the concentration of 250 ng/mL,
RSD did not exceed 5%. For a-chaconine at 450 ng/mL
and solanidine at 4 ng/mL, the RSD did not exceed 10%.

An intra-laboratory precision was assessed by 6
points of 100% of nominal concentrations of the test
substances prepared by two investigators in the same
laboratory, using the same equipment and materials.
The data are presented in Table 5.

Fisher’s criteria calculated for a-solanine,
a-chaconine and solanidine were lower than the table
values and were 1.18, 1.19 and 1.15, respectively. The
calculated Student’s criteria for the substances were
0.46, 0.42 and 1.41, respectively, at a significance level
of 95%, the number of degrees of freedom was 10,
which was also lower than the tabulated values.

To assess the correctness, the parameters of 9 points
were analyzed (Table 6). An openability, a standard
deviation, a mean-square deviation were calculated.

As a result, RSDs did not exceed 7% for each of the
substances.

DISCUSSION

GAs are promising pharmacological agents due to
their wide range of biological effects [14, 15]. The use of
extracts from plant raw materials requires a preliminary
standardization: first of all, proofs of the percentage
content of target substances.

A number of methods for the determination
of the GAs content in potato products have been
described in the literature: a high-performance thin-
layer chromatography [16, 17], a heterogeneous [6, 7]
and homogeneous immunoassay (LLQ) combined with
capillary electrophoresis [18], a high-performance liquid
chromatography with a UV detection [8, 9] or a tandem
mass spectrometry [19-21].

The disadvantages of solid-phase LLQ are a low
reproducibility, a considerable duration, and a high
cost of the analysis. A high-performance capillary
electrophoresis in combination with a laser-fluorescence
detection is of a limited use in the analysis of the
substances poorly soluble in water and water-alcohol
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solutions. The use of a laser-fluorescence detector
also implies a multistage preparation for the analysis
(separation, purification, labeling) [22].

GAs have close absorption maxima lying in the
range of 200-208 nm, due to which the selectivity
and sensitivity of the quantification with the use of an
ultraviolet detector are reduced. A high-performance
thin-layer chromatography can detect 10 ng of alkaloids,
whereas the sensitivity of HPLC/MS/MS is often
significantly higher [23, 24]. Also for the described
methods (with the exception of the mass detection), the
separation of the substances close in physicochemical
properties, e.g. a-solanine and a-chaconine, is also a
problem, which reduces their selectivity.

Thus, it is urgent to develop a highly sensitive
technique that allows a simultaneous analysis
of a-solanine, a-chaconine and their aglycone in
multicomponent plant extracts with a minimal sample
preparation and satisfactory metrological characteristics.

A number of questions about the validation of
a methodology that is intended to be used for the
quantification of substances in the samples with a
potentially wide range of concentrations (using different
extractants or extraction techniques) are discouraged.

A determination of the quantification limit is not
regulated by SPh RF, XV ed., however, in view of the
analysis of unknown concentrations of the target
substances during the selection of the extraction
technique it was necessary to determine this criterion.

The additive method, classically used in the
validation of multicomponent systems [25], was not
used in this study, since the tuber peel of tuberous
potatoes not subjected to an insolation (assumed matrix)
contained the tested substances: 30.74+26.0017 ng/mL
a-solanine, 39.19%5.86 ng/mL a-chaconine,
1.71+0.37 ng/mL solanidine. At the same time, the initial
level of GAs in the tuber peels of different potatoes
varies considerably and can change under the influence
of environmental factors (humidity, temperature, etc.)
[26]. These peculiarities of the raw materials used served
as a basis for the selection of an alternative method
using an internal standard.

Study limitations

Changing the conditions of the chromatographic
determination (e.g., using a different column or elution
mode) can significantly affect the results of the study,
and therefore the interlaboratory validation would be
more appropriate.

In the present study, the validated methods was
tested on the extracts obtained from the peels of potato
tubers of the tuber-bearing variety Gala. In case of using
another more highly productive potato variety, the GAs
concentration values may be outside the working range
of the developed methodology.
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Table 1 — Ratio of mobile phase components by volume as a function of elution time

Analysis time, 0.1% aqueous

min formic acid M)
1-5 65% 35%
6—-8 30% 70%
9 10% 90%
10 1% 99%

Table 2 — Evaluation data of chromatography system suitability

Parameter

Analyzed substance

Retention time, min

RSD of peak area, %

Asymmetry factor, A_

Number of theoretical plates, N

Fexofenadine 5,27+0,037 1,67 1,42 15620,64
a-solanine 4,85+0,0033 1,85 0,96 8827,11
a-chaconine 4,83+0,013 1,73 0,96 8790,29
Solanidine 5,38+0,0098 1,74 0,87 10644,34

Table 3 - Initial concentrations of substances to assess methodology linearity

Concentration of standard
sample solution, ng/mL

Peak area of
standard sample

Peak area of standard

sample in terms of

Calculated
concentration of

R, %

mAUxmin internal standard, % standard sample, ng/mL
a-solanine 50 8003 0.24 54.91 109.82
250 20994 0.90 237.72 95.088
300 25957 1.16 308.52 102.84
500 40719 2.13 573.15 114.63
1000 72572 3.95 1072.42 107.24
5000 295813 17.73 4855.96 97.12
a-chaconine 10 124 0.04 8.50 85.00
50 799 0.04 50.08 100.16
400 5339 0.29 399.62 99.91
450 6103 0.32 435,51 96.78
500 8024 0.40 544.31 108.86
1000 14759 0.84 1142.53 114.25
2000 22347 1.44 1949.54 97.48
5000 52103 3.60 4879.91 97.60
Solanidine 2.0 1355 0.05 2.54 117.00
3.2 2840 0.11 3.48 111.88
4.0 2924 0.12 3.65 93.75
4.8 4093 0.18 4.39 93.54
5.0 4064 0.19 4.68 95.40
10.0 13746 0.46 8.62 87.10
100.0 138737 6.75 101.64 101.37
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Table 4 — Results of precision assessment of a-solanine, a-chaconine,
solanidine quantitative determination method (repeatability level)

Analyzed

component, ng/ml

Peak area of standard
sample in terms of

Peak area of

Calculated concentration
standard sample,

of standard sample, ng/mL

Metrological characteristics

mAUxmin internal standard, %
a-solanine, 21945 0.92 242.33 X=249.18 ng/mL
250 22258 0.90 237.49 $2=136.33 ng/mL
22453 0.92 243.98 SD=11.68 ng/mL
20138 0.92 243.41 RSD=4.69%
23007 1.00 264.98 Ox=10.12 ng/mL
21626 0.99 262.88 £=44.06%
X+Ax=249.18+10.12 ng/mL
a-chaconine, 7790 0.36 484.60 Xx=456.52 ng/mL
450 7997 0.35 476.16 $2=1165.93 ng/mL
7532 0.33 455.45 SD=34.15 ng/mL
7562 0.36 487.76 RSD=7.48%
5339 0.29 399.62 Ox=+29.59 ng/mL
6103 0.32 435.51 £=26.48%
X+Ax=456.52+29.59 ng/mL
Solanidine 3562 0.15 4.08 x=456.52 ng/mL
2288 0.13 3.89 $?=013 ng/mL
4093 0.18 4.49 SD=036 ng/mL
3483 0.12 3.65 RSD=935%
3615 0.12 3.75 8x =£032 ng/mL
—_ 0,
4799 0.19 4.77 ;;ziigg’g +032ng/mL
3562 0.15 4.08 = =a4ng

Table 5 — Results of precision assessment (intra-laboratory precision level) of a-solanine, a-chaconine,
solanidine quantitative determination methods

© © TC_I © ©
© s, X ® © c , X
Tg g5 L PTg ETn g
(7, - (7, - -~
X HES 28 Hx RES cg
53 585 _SE 52 %585 _2&
© £ s vRSE & s TR Metrological characteristics
iw U5% 291 f4 U5% sEE
St fEE $8f & Zef gl
SE FEE S5E FE FEE LESS
&3 2~ BE 8= a 3 23 88% &
Researcher | Researcher Il
a-solanine
t . cuniea=0-46 <t (95%; 10), F__ =1.18 <F (95%; 5, 5) — differences between results are randomized
21945 0.92 242.33 22848 0.97 257.67 X=249.18 ng/mL X=245.91 ng/mL
22258 0.90 237.49 22635 0.96 253.65 $2=136.33 ng/mL $2=115.097 ng/mL
22453  0.92 243.98 22164 0.89 235.62 SD=11.68 ng/mL SD=10.73 ng/mL
20138 0.92 24341 22258 0.90 237.72 RSD=4.69% RSD=4.36%
23007 1.00 264.98 22935 0.89 235.32 Ax=%10.12 ng/mL Ax=%9.30 ng/mL
21626  0.99 262.90 22872 097 255.51 e=+4.06% £=+3.78%
X+Ax=249. 18+10.12 ng/mL  x+Ax= 245.91+3.78 ng/mL
a-chakonine
t o cuniea=0-42 <t (95%; 10), F . =1.19 <F (95%; 5, 5) — differences between results are randomized
7790 0.36 484.60 8343 0.37 505.77 X=456.52 ng/mL X=465.14 ng/mL
7997 0.35 476.16 6103 0.32 503.51 $2=1165.93 ng/mL $2=976.47 ng/mL
7532 0.33 455.45 7532 0.33 435.51 SD=34.15 ng/mL SD=31.25 ng/mL
7562 0.36 487.76 2823 0.38 445.61 RSD=7.48% RSD=6.72%
5339 0.29 399.62 6318 0.33 444.99 Ax=+29.59 ng/mL Ax=+27.08 ng/mL
6103 0.32 435,51 7418 0.37 455.46 £=+6.48% £=145.82%
X+Ax=456.52+6.48 ng/mL X+Ax=465.14+6.48 ng/mL
Solanidine
t o cumea—1-41 <t (95%; 10), F . =1.15 <F (95%; 5, 5) — differences between results are randomized
3562 0.15 4.08 3615 0.118 3.653 x=3.89ng/mL x=3.86 ng/mL
2288 0.3 389 3483 0120  3.681 $=0.13 ng/;“L $?=0.13 ng//mL
SD=0.36 ng/mL SD=0.36 ng/mL
4093 0.18 4.49 3155 0.110 3.540 RSD=9.35 % RSD=9.16 %
3483 0.12 3.65 4697 0.147 4.075 Ax=+0.32 ng/mL Ax=%0.31 ng/mL
3615 0.12 3.75 4093 0.175 4.486 e=+8.11% €=17.94%
4799 0.19 4.77 2921 0.124 3.749 X+Ax=3.8910.32 ng/mL X+Ax=3.8610.31 ng/mL
124 Volume XlI, Issue 2, 2024



Hay4Ho-npakTunyeckuin XxypHan OPMI’MHAﬂbHAﬂ CTATbﬂ

gﬁﬁMﬁggﬁgrm DOI: 10.19163/2307-9266-2024-12-2-117-130

(PHARMACY & PHARMACOLOGY)

Table 6 — Results of correctness assessment of methodology for quantitative determination
of a-solanine, a-chaconine, solanidine

Concentration of Peak area of Peak area of standard M logical
standard solution, standard sample, sample in terms of Found, ng/mL R, % hetro ogl.ca'
ng/mL mAUxmin internal standard, % characteristics
a-solanine

200 18565 0.817 214.44 107.22 Xx=98.23%
200 19026 0.743 194.24 97.12 SD=5.43
200 19411 0.723 188.69 94.35 RSD=5.53%
250 21945 0.918 242.33 96.93

250 20138 0.922 243.41 97.36

250 22453 0.924 243.98 97.59

300 42062 1.154 307.01 102.34

300 23007 1.001 264.98 88.33

300 25957 1.160 308.52 102.84

a-chakonine

400 6407 0.290 394.69 98.67 x=101.25%
400 6545 0.285 388.71 97.18 SD=4.52
400 5339 0.293 399.62 99.91 RSD=4.47%
450 7532 0.334 455.45 101.21

450 8063 0.370 503.51 111.89

450 7002 0.320 435.51 96.78

500 8343 0.371 505.45 101.09

500 8223 0.371 504.89 100.98

500 8027 0.381 517.86 103.57

Solandinine

3.2 3626 0.092 3.27 97.98 Xx=96.81%
3.2 3278 0.082 3.12 102.60 SD=6.28
3.2 3455 0.082 3.13 102.33 RSD=6.49%
4.0 4987 0.147 4.075 98.17

4.0 3615 0.118 3.65 109.51

4.0 3483 0.120 3.68 108.67

4.8 4064 0.194 4.77 100.59

4.8 6965 0.210 5.01 95.80

4.8 4697 0.147 4.075 117.81

m,,=868.4

CH,OH
O O
OH o
0] O CH3 ml/z=398.3

CHOR o OH

OH 0
OH HNZ
OH OH m,,=98.1
CHs

Figure 1 — Structural formula of a-solanine and fragmentation of its molecule
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m,,=853.4

CH,OH
QO

HO

HO OH

OH

Figure 2 — Structural formula of a-chaconin and fragmentation of its molecule

m,,=398.3 CH3H CHay

ml/z=98.1
CHs

Figure 3 — Structural formula of solanidine and fragmentation of its molecule
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m,,=502.3

HO

=z

OH

m,,=466.2

Figure 4 — Structural formula of fexofenadine and fragmentation of its molecule
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Figure 5 — Sample chromatograms of extract containing a-solanine (1), a-chaconine (2), solanidine (3)
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Figure 6 — Dependence graph of a-solanine normalized response on its concentration

4

3,5 y=0.0007x-0.002
R2=0.9967
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Figure 7 — Dependence graph of a-chaconin normalized response on its concentration
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Figure 8 — Dependence graph of solanidine normalized response on its concentration
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CONCLUSION terms of the specificity, linearity in the analytical area,

Thus, an analytical method for the quantitative
analysis of a-solanine, a-chaconine and solanidine in
the extracts obtained from potato tuber peels (Solanum
tuberosum, family Solanaceae) by HPLC/MS/MS has
been developed and validated. The method meets
the requirements of the regulatory documentation in

correctness, precision (at the levels of a repeatability, an
intralaboratory precision).

This technique can be used in the routine
practice of the GAs quantification when analyzing
their content in food products and compounded
pharmaceuticals.
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The higher education system is becoming more and more competitive every year. It faces ambitious tasks of training highly
qualified personnel and ensuring technological sovereignty. A labor market analysis is an integral component of the early
career guidance work with students and their navigation in the profession, which is especially important at the beginning of
their employment.

The aim of the work was to conduct a comparative analysis of supply and demand indicators in the labor market of
pharmaceutical specialists in nine Russian regions in 2019-2022.

Materials and methods. The research methodology included the collection, quantitative and qualitative analyses of the
data on the Superlob.ru website. The posted offers (vacancies) and CVs were analyzed on the portal Superob.ru (a large
online service of CVs and vacancies from direct employers, agencies, employment centers) for 2019-2022 in nine regions
and federal districts of Russia: Moscow and the Moscow region, St. Petersburg and the Leningrad region, the Central Federal
District (without the Moscow region), the Northwestern Federal District (without the Leningrad Region), the Volga Federal
District, the Urals Federal District, the Siberian Federal District, the Far Eastern Federal District, the Southern and North
Caucasus Federal Districts.

Results. The analysis of the number of posted vacancies and CVs in the recruitment agency database for 2019-2022 shows
a stable shortage of pharmacy professionals with both secondary (vacancies / CVs — 42112 / 41037) and higher professional
education (vacancies / CVs — 36432 / 25149). The pointed out specialists are among the most required ones by employers,
and pharmacy is one of the most popular areas for candidates. Cities with a high level of economy and population experience
a greater deficit in specialists with pharmaceutical education. Salary levels of specialists with higher or secondary education
are almost comparable on average from 50 to 75 thousand rubles, but employers generally prefer to hire specialists with
higher education.

Conclusion. On average in the regions, the demand for specialists with higher education is lower than the demand for
specialists with secondary education and the salary expectations of pharmacists coincide with the employers’ offers, while
the salary expectations of specialists with higher education are higher in the market. Specialists with secondary education are
much more numerous, as they are trained by a much larger number of educational institutions. For pharmacy technicians, a
pharmacy is often the only place of work in their specialty, while for pharmacists it is usually a starting point.

Keywords: pharmaceutical market; pharmaceutical specialists; labor market; pharmacist; pharmacy technician; vacancies
Abbreviations: MR — Moscow and the Moscow region; SPb — St. Petersburg and the Leningrad region; CFD — the Central
Federal District (without the Moscow region); NWFD — the Northwestern Federal District (without the Leningrad Region);
VFD — the Volga Federal District; UFD — the Urals Federal District; SFD — the Siberian Federal District; FEFD — the Far Eastern
Federal District; SFD+NCFD — the Southern and North Caucasus Federal Districts.
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AHanus3 poccMUCKOro pbiHKa Tpyaa
cdhapmaueBTUYECKNX paboTHMKOB 3a 2019-2022 rr.

0.B. Kypkun?, 10.C. KHasesa?, 0.B. MBaHoBa’, 0.A. Konocos?, 10.B. lop6yHoBa?, A.A. bakynuH?,
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! depepanbHoe rocyaapcTseHHoe 6roaykeTHoe o6pasoBaTenbHOe yuperKaeHne Bbicliero obpasosaHus
«Poccuicknin yHnBepcuTeT meguumHbl» MUHUCTEPCTBA 34paBoOXpaHeHus Poccuiicko Peaepauuuy,
127473, Poccua, r. Mocksa, yn. Jonropykosckas, 4. 4

2 PepepanbHoOe rocyaapcTBeHHoe broaxkeTHoe 06pa3oBaTeibHOE yuperKaeHUe Bbiclero 06pasoBaHus
«Bonrorpagckuii rocyapcTBEHHbIN MegULIMHCKUI YHUBEPCUTET»

MwuHucTepcTBa 34paBooxpaHeHns Poccuiickon deagepaumm,

400131, Poccua, r. Bonrorpag, na. MNaswwux bopuos, a. 1

3 MATUropCcKMiA MeanKo-bapMaLeBTUYECKUIA MHCTUTYT — duamnan deaepanbHOro rocyaapcTBeHHOro
6toaKeTHOro 06pasoBaTeNbHOO yYpeXKAeHUs Bbiclero obpasoBaHuUs

«Bonrorpagckuii rocyapcTBeHHbIN MegULMHCKUI YHUBEPCUTET»

MuHUcTepcTBa 34paBooxpaHeHuA Poccuinickon depepaumu,

357500, Poccms, r. MAaTUropck, np-KT KanmHuHa, a. 11

4 TocynapcTBeHHOEe 0bpa3oBaTe/ibHOE yUpeskaeHue Bbicliero npodeccnoHaibHoro obpasosaHua
«Poccuiicko-ApmsiHCKM (CnaBAHCKUIA) YHUBEPCUTETY,

0051, ApmeHus, r. EpesaH, yn. OBcena dmuHa, a. 123
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MonyyeHa 27.02.2024 Mocne peueHsnposaHuna 28.06.2024 MpuHaTa K nevatn 15.07.2024

Cuctema Bbicliero 06pa3oBaHUA C KakAbIM rOAOM CTaHOBMTCA Gosee KOHKYpeHTHoW. lNepesn Hel cToAT ambuumosHble
3a4,a4u NOATOTOBKM KaApoB BbicLuel KBannduUKaLmum 1 obecneyeHne TEXHONOTMYECKOTO CyBEPEHUTETA. AHANN3 PbIHKA TpyAa
npeacraBaseT cobolt HeOTbeMIEMbI KOMMNOHEHT paHHeN NPOopOPUEHTALMOHHOM PaboTbl CO CTYAEHTAMM U UX HAaBUTaLMK B
npodeccuu, 4To 0CoObBEHHO aKTyaNlbHO BHaYase TPyAO0BOM AeATENbHOCTU.

Lienb. MpoBecT cpaBHUTENbHbIM aHANM3 MOKasaTesiel cnpoca M NpessioXkeHus Ha pbiHKe Tpyaa dbapmaueBTUYeCcKUx
PabOTHMKOB AEBATU POCCUMCKUX PErMOHOB 3a nepuog, ¢ 2019 no 2022 rr.

Matepuanbl 1 metogbl. MeToaoN0rMA NCCNef0BaHUA BKAOYANA COOP, KONMYECTBEHHbIW U KAQYeCTBEHHbIN aHaNN3 AaHHbIX
Ha caiiTte Superjob.ru. AHanu3y noABepraan pasmeLLeHHble NPeasoKeHnn (BakaHcUn) U pestome Ha nopTtane Superob.ru
(KpynHbI1 OHNAMH-CepBUC pPe3toMe U BaKaHCUI OT NpAMbIX paboTogaTenel, areHTCTB, LeHTPOB 3aHATOCTM) 32 2019-2022 rT. B
OEeBATU pernoHax u desepanbHbix okpyrax Poccum —r. Mocksa 1 MockoBcKas 06nacTb, r. CaHKT-MeTepbypr v JleHUHrpaackas
obnactb, LleHTpanbHbI desepanbHbi oKkpyr (6e3 MockoBckol obnactu), CeBepo-3anafHbii dpeaepanbHbiii okpyr (6e3
JleHnHrpaackon obnactu), MpUBOMKCKUIA deaepanbHbIi OKpYr, Ypanbckuit deaepasnbHblit oKpyr, CUbUpCKuii dpeaepanbHbiii
OKpyTr, [lanbHEBOCTOUHbIN denepanbHbiii oKpyr, KOXKHbIN 1 CeBepo-KaBKascKkuii peaepanbHble OKpYru.

Pe3ynbTatbl. AHaIM3 KOAMYECTBa PasMELLEHHbIX BaKaHCU U pestome B 6ase peKpyTUHroBoro areHTcTsa B 2019-2022 rr.
MOKa3blBaeT CTabu/ibHbIN AebUUUT apMaLeBTUYeCcKMX PpaboTHUKOB Kak Co cpeaHUM (BakaHcuu / pestome —42112 / 41037),
TaK M C BbICLIMM NpodeccroHanbHbiM 06pa3oBaHnem (BakaHcum / pestome — 36432 / 25149). O603HaYeHHbIe CNELMannCTbI
BXOZAT B YMC/IO CaMblX BOCTPeOOBAHHbIX cpeau paboTogaTene, a bapmauma — 04HO M3 cambliX NMONYAAPHbIX HANPaBAEHUI
Yy KaHAuAaTtoB. foposa C BbICOKMM YPOBHEM IKOHOMMWMKM U YMCNEHHOCTU HaceseHUA WCMbITbiBalOT 6onblunin aedpuumt B
cneupmanuctax ¢ GapmaueBTMYeckMM 0b6pasoBaHneM. YpoBeHb 3apaboTHOM NiaThl CNeLuasncToB C BbICLUIMM UAN CPEAHUM
obpasoBaHMeEM BblIM MPAKTUYECKM CONOCTaBMMbI — B cpegHem oT 50 go 75 Tbic. pybaei, Ho paboTogatenu, Kak Npasusio,
npeanoYnTatoT HaHWMaTb Nt0AeN C BbiCLIMM 06pa3oBaHUEM.

3aKnoueHue. B cpeagHem nNo perMoHam cCnpoc Ha CNeLManncToB C BbiCLUMM 0Bpa3oBaHMEM HUKE, Yem co cpesHum. Mo
3apaboTHON nniate oXmMaaHua GapmaueBTOB COBMAAANOT C NpeasoXKeHuem pabotoatens, B TO BPEMA KaK 3apnaaTHble
0XMAAHWUA CNeLnanncToB € BbiCLLIMM 06pa30BaHMEM OKa3blBAOTCA Bbille pbIHKA. CNeLmanmcTos co cpeHMM 0bpasoBaHMemM
3HauMTeNIbHO 6oNbLUEe NOCKONbKY MX MOATOTOBKY OCYLLECTBAAET 3HAUUTE/IbHO H6osibliee KONMYecTBO y4YebHbIX 3aBefeHuN.
[ns dapmaLeBTa anTeKa YacTo ABNAETCA eANHCTBEHHbIM MECTOM PaboTbl MO CNeunanbHOCTH, TOrAa Kak 419 NPoBU3opa 3To
KaK NpaBuio MecTo 4/1A cTapTa.

KntoueBble cnoBa: GpapmaLeBTUYECKUI PbIHOK; GpapmaLeBTMYECKME CNELMANUCTbl; PbIHOK TPyAa; NpoBu3op; dapmalesT;
BaKaHCcuu

Cnucok cokpauweHuit: MO — MockBa n MocKkoBckas obnactb; CM6 — CaHkT-lNetepbypr; /IO — JleHMHrpaackas obnactb;
L®PO — LeHTpanbHbili aeaepanbHbliit oKpyr (6e3 Mockosckoi obnactu); C3®0 — CeBepo-3anaaHblit pegepanbHbiid OKpyr
(6e3 JleHuHrpaackon obnactu); MPO — MpuBOMKCKUIA depepanbHbii okpyr; YOO — Ypanbckuii depepanbHbli OKpYr;
CPO — Cubupckuii depepanbHbii okpyr; APO — JanbHEBOCTOUHbIN deaepanbHbii oKpyr; OPO+CKOO — HOKHbIV U
CeBepo-KaBKa3ckuii degepanbHble oKpyra.
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INTRODUCTION

From many positions, pharmaceutical industry is
of strategic importance to ensure the functioning and
development of various state institutions. Maintaining
a progressive trend towards increasing life expectancy
and quality of life, effectiveness of preventive measures
and treatment of diseases is impossible without the
development of pharmaceutical industry [1, 2]. As in
most socio-economic spheres, human resources are a
key element of a progressive development. Personnel
training, including a higher qualification, is the most
important factor in the development of the society [3].
A highly qualified pharmacy specialist should be able
to give competent advice on the issues related to
the regimen, peculiarities of the action, side effects,
interactions and contraindications of medicines. The
population often seeks information from pharmacists
and pharmacy technicians at the pharmacy, so they
can influence the adherence to treatment. In case of
prescription drugs, a pharmacist in counseling should
be able, without going beyond their competence, to
give full information about the drug, facilitating its
safe and correct administration. Therefore, a high
level of knowledge among pharmacists and pharmacy
technicians is an essential tool in providing competent
and effective counseling to the population [4, 5].

Higher pharmaceutical education traditionally
occupies high positions in the ranking of specialties
in terms of demand among both applicants and
employers [6-8].

Meeting the requirements of the modern labor
market and the demands of the society?, including
the ones in the field of educational services, the
system of higher education is in the state of a
constant transformation. An increasing competition
between higher education institutions encourages
their development; herewith, the quality is the key
advantage [9-11]. An obligatory element of the
pharmaceutical education development is the expansion
of ideas about its labor functions [12], opportunities
and directions of a specialist’s the self-realization [13],
a potential of the digital and technological development
of all the areas of pharmaceutical industry [14, 15].
Thus, modern pharmaceutical industry tends to a
more and more detailed segmentation [16—18], which
forms a demand for training personnel with not only
the competencies “classic” for a pharmacist, but also
a more universal set of them, which will make them
possible to be realized in any direction of labor activities

* Register of Professional Standards. Pharmacist. Available from:
https://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/reestr-
professionalnykh-standartov/index.php?ELEMENT_ID=47709. Russian
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(science, production, analytics, advertising, marketing,
supervision, management, pedagogy) [19-21].

The educational process on specialty 33.05.01
“Pharmacy” takes 5 vyears, after a successful
completion of training a graduate is awarded a
“Pharmacist” qualification. After passing the initial
accreditation, a specialist can work as a pharmacist
with the right to manufacture medicines according
to individual prescriptions in the form of intra-
pharmacy preparations, as well as concentrates, semi-
finished products, and perform a quality control of
dosage forms. The “Pharmacist” qualification allows
to occupy managerial positions in pharmacies and
pharmacy networks, manage a pharmacy and conduct
independent pharmaceutical activities. In addition to
higher professional education, there is specialty 33.02.01
“Pharmacy” of the secondary professional education
with a “Pharmacy technician” qualification [22]. The
period of training is from 1 year and 10 months (on the
basis of secondary general education) to 2 years and 10
months (on the basis of basic general education). The
graduates who have mastered the educational program
should be ready to perform the main types of activities:
wholesale and retail kinds of trade in medicines and
dispensing of medicines; manufacturing of medicines
in the conditions of pharmacy organizations. In 2024,
77 educational organizations in 56 cities of Russia
are recruiting applicants?. Given a high prevalence of
educational institutions and the number of graduates,
the question arises about a real demand for specialists
of these profiles and qualifications because employment
opportunities, career and salary expectations are
important motivation aspects when choosing
a specialty [23-25]. Accordingly, a market research
of the vacancy market of pharmacists and pharmacy
technicians in Russia in the period from 2019 to 2022
was planned and conducted. The aspect of pharmacy
in the veterinary field has not been considered in this
article because it is a separate area of a specialty on the
scale of science and technology.

THE AIM of the work was to conduct a comparative
analysis of supply and demand indicators in the
labor market of pharmaceutical specialists in nine
Russian regions in 2019-2022.

MATERIALS AND METHODS

As a data source, the posted offers (vacancies)
and CVs were analyzed on the portal Superlob.ru (a
large online service of CVs and vacancies from direct

2 Pharmacy (cipher 33.05.01): Universities in Russia by specialty, which
universities in Russia have Pharmacy. Specialty. Available from: https://
vuzopedia.ru/spec/263/vuzy?page=4. Russian
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employers, agencies, employment centers) for 2019—
2022 in nine regions and federal districts of Russia —
Moscow and the Moscow region, St. Petersburg and
the Leningrad region, the Central Federal District
(without the Moscow region), the Northwestern
Federal District (without the Leningrad Region), the
Volga Federal District, the Urals Federal District, the
Siberian Federal District, the Far Eastern Federal
District, the Southern and North Caucasus Federal
Districts. Absolute values or their shares have been
presented. The values for the analysis were taken from
the resources of the recruitment agency. The statistical
analysis was not performed due to the declarative
nature of the data. To assess the dynamics similarity
of the annual demand-to-supply ratio of vacancies for
pharmacists and pharmacy technicians in different
regions of Russia for the period 2019-2022, the Pearson
correlation coefficient was calculated using Prism 6
(GraphPad Software Inc., USA). The data visualization
was performed using MS Excel 365 (Microsoft, USA).
The similar data for 2023 have not been considered in
this paper as they do not reflect the trends observed.
The main task of this manuscript is to draw attention
to the labor market for professionals with pharmacy
education and to reflect the absence or presence of
staff shortages, as well as some career opportunities
for those with higher or specialized secondary
education.

The research methodology included the collection,
guantitative and qualitative analyses of the data on
SuperJob.ru. The data from nine Russian regions have
been compared with each other and with the data from
other public sources in order to confirm the reliability of
the results obtained.

The data obtained in the study were grouped
according to supply and demand indicators, each of
which has been subsequently analyzed in a region-by-
region comparison:

1. A number of vacancies and CVs posted, and a
competition for vacancies — a quantitative ratio of
open vacancies and CVs posted for pharmacists
and pharmacy technicians — compared across the
regions, was assessed as an indicator of demand for
pharmaceutical specialists.

2. The top of 10 areas popular with candidates — the
popularity of pharmacy among other areas of
employment — was assessed in a region-by-region
comparison.

3. Top cities were assessed by the number of
candidates: the popularity of certain cities in the
regions when potential employees choose a place
of work.
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4. The salaries were assessed in Russian rubles in a
region-by-region comparison;

5. Additional working conditions offered by employers
to pharmaceutical specialists in different regions,
were assessed in vacancies.

6. Educational requirements for pharmaceutical
specialists — employers’ preferences regarding
the availability of higher education for potential
employees, were also assessed.

RESULTS AND DISCUSSION

The study provided results for nine regions of Russia.
They were grouped by supply and demand indicators.
Each indicator was analyzed separately; the comparison
of the obtained data was also carried out individually for
each indicator.

Number of published vacancies and CVs

The quantitative ratio of open vacancies and
published CVs of pharmacists and pharmacy technicians
is an important indicator of the demand for specialists
with secondary and higher pharmaceutical education.
The COVID-19 pandemic and world events have changed
the balance of power in the pharmacy labor market.

In the period from 2019 to 2021, the pharmaceutical
labor market was stable in Moscow and the Moscow
region. The number of published vacancies / posted
CVs for pharmacy technicians pharmacists were in
6704 / 4609 in 2019, 6305 / 4260 in 2020, 6959 / 4003
in 2021 (Fig. 1). During this period, the demand also
exceeded the supply for pharmacists — the number of
published vacancies was on average 2.4 times the number
of published CVs: 6099 /2710 in 2019; 5681 /2487
in 2020; 6159 /2409 in 2021 (Fig. 2). This significant
staff shortage could be caused by various reasons: low
salaries; complicated working conditions associated
with the common phenomenon of “saving” on staff in
pharmacy chains; and the reluctance of Moscow job
seekers to work in the profession in general. In 2022,
against the backdrop of the world events, many foreign
companies left Russia, resulting in an increase in supply,
but the number of pharmacist vacancies decreased. The
continuation of this trend in the future may presumably
entail a number of negative consequences, primarily
such as an increase in unemployment among specialists
with secondary education. Among pharmacists,
the demand for specialists and supply were almost
equal, which confirms a high relevance of higher
pharmaceutical education and employers’ interest in
qualified specialists. Overall, in 2022, the number of
vacancies for the position of pharmacists decreased to
2453 vacancies and to 3278 vacancies for the position of
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pharmacy technicians. Such a drastic reduction in jobs
may lead to the unemployment in this niche. In 2021/22,
people from other regions were still moving to Moscow
and the Moscow region and finding vacancies easily.

In St. Petersburg and the Leningrad Region, in
2021, the need for specialists with secondary education
increased compared to 2019 and 2020, from 895
and 716 to 1720, respectively. The active interest of
employers in personnel contributed to the reduction of
the unemployment and an increase in the labor salaries
in the pharmaceutical market. In 2021, the number of
vacancies for pharmacists (1587 vacancies) was almost
twice as high as the number of submitted CVs (819 CVs).
Such a significant shortage of specialists could lead to
significant losses for companies up to their bankruptcy.
Due to a significant decrease in the share of foreign
companies in the Russian business and the introduction
of a number of sanctions, the number of submitted CVs
again exceeded the number of available vacancies, in
particular, the need for pharmacists decreased. But by
2022, the demand for specialists had become equal to
the supply, and the employers needed pharmacists to a
greater extent (in 2022 vacancies / CVs were 998 / 1341)
than pharmacy technicians (there were 689 /864
vacancies / CVsin 2022). Thus, the situation with human
resources in the region can be assessed as complicated
with a high level of instability, but it was not critical.

A similar situation with a significant shortage
of jobs in 2019-2020 was observed in the Central
Federal District: on average, there were two CVs
for one pharmacy technician’s vacancy (596 / 1335
vacancies / CVs in 2019, 540/1022 — in 2020). The
number of CVs posted by pharmacists also exceeded the
number of vacancies (552 / 763 vacancies / CVs in 2019,
and 464 / 607 in 2020), but by 2021, the situation had
changed significantly to an excess of vacancies over the
number of professionals needing employment. In 2022,
the number of vacancies and CVs were almost equal,
and every specialist could find a job. Thus, the demand
returned to the framework of the previous values. In
terms of the quantity, in 2022, there were 697 posted
vacancies for pharmacy technicians’ jobs in the Central
Federal District, 214 more than for pharmacists.

The demand for pharmaceutical specialists in the
Northwestern Federal District was higher than the
number of job seekers in all years of the study period.
Even the departure of many foreign companies from the
Russian labor market did not eliminate the shortage of
personnel. By 2022, the number of pharmacy technicians’
vacancies had amounted to 409, while the number of
published CVs was 224. A similar situation was observed
in terms of vacancies of pharmacists (in 2022, there were
321 /166 vacancies /CVs). Despite a gradually
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increasing number of vacancies, there were still
almost half as many specialists as vacancies in 2022. A
comparative analysis of the number of pharmacists’ and
pharmacy technicians’ vacancies showed only a slight
predominance of the need for pharmacists, which was
likely due to the overall staff shortage in this region and,
as aresult, a less “selectivity” of employers when looking
for employees. Thus, there is a significant shortage
of personnel in the Northwestern Federal District,
presumably related to the “leakage” of personnel to the
capitals.

In the Volga Federal District during the study period,
there was a significant shortage of jobs. The first place
in terms of the number of published CVs belonged to
2019: for every vacancy there were 3.3 people willing
to fill it (there were 680 /2233 vacancies / CVs). The
resulting lack of open vacancies in this region led to a
lot of pharmacy technicians moving into other “outside
the profession” jobs. As a result, in 2022, there were
already 1.4 CVs per a pharmacy technician’s vacancy
(there were 726 / 1018 vacancies / CVs). At the same
time, the market for pharmacists was characterized
by its instability: a significant shortage of jobs in 2021
was replaced by a staff shortage, and the departure of
many foreign companies from Russia in 2022 brought
back an intense competition and difficulties with the
employment. As a result, in 2022, there were 1.3
CVs per open vacancy of a pharmacist (there were
513 /688 vacancies / CVs). At the same time, the
number of vacancies for pharmacy technicians
only slightly exceeded the number of vacancies for
pharmacists (213 more vacancies), which indicates the
demand for both categories of specialists in this region.

The pharmaceutical labor market in the Urals
Federal District is characterized by its instability. In
2019, there was a significant shortage of jobs, as the
number of published CVs almost doubled the number
of open pharmacy technicians’ jobs (there were
339 /566 vacancies / CVs). However, the number of
CVs declined annually due to the demographic pitfall,
a political migration and professionals leaving for
other industries (mainly a digital technology), while
the number of vacancies, on the contrary, increased
annually. This has led to an increased competition
among the employers for their staff. A similar situation
took place in the market of pharmacists (there were
170 / 275 vacancies / CVs). By the beginning of 2022,
the number of open vacancies had become twice as
high as the number of published CVs among pharmacists
(there were 280 /172 vacancies / CVs). The number
of new pharmacy technicians’ CVs annually declined,
eventually, by the end of the year the number of open
positions had exceeded the number of CVs submitted by
108 publications. Inthe region as a whole, for many years,
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the number of open pharmacy technicians’ vacancies
only slightly exceeded the demand for pharmacists. But
in 2022 the demand for pharmacy technicians doubled
(there were 425 /244 vacancies / CVs). The current
situation may cause many professionals with higher
education to move to other fields of activities, which
can be considered an unfavorable trend and means that
the role of higher education in the field of pharmacy is
decreasing.

Since 2019, the pharmacy labor market in the
Siberian Federal District has suffered significant changes.
The number of published CVs was annually decreasing
more and more, resulting in a shortage of pharmacy
specialists with both secondary (there were 204 / 534
vacancies / CVs in 2019 vs. 200 / 380 vacancies / CVs
in 2020) and higher education (there were 194 / 403
vacancies / CVs in 2019 vs. 173 /263 vacancies / CVs
in 2020). Based on the 2022 data, the number of
pharmacy technicians’ vacancies exceeded the number
of pharmacists looking for work, by 144 vacancies.
Overall, the demand for pharmacy technicians in the
Siberian Federal District always exceeded the need for
pharmacists, but the preference gap only widened over
time. For example, in 2022, there were 385 vacancies
and 275 CVs for pharmacy technicians published, while
for pharmacists, they were 214 and 217, respectively.

From 2019 to 2020, the pharmaceutical market in
the Far Eastern Federal District experienced a shortage
of jobs (in 2019, there were 98 / 198 vacancies / CVs for
pharmacy technicians and 97 / 132 for pharmacists; in
2020, there were 80 / 136 vacancies / CVs for pharmacy
technicians and 67 /93 for pharmacists). However,
in 2021, the situation changed significantly towards
an excess of vacancies over the number of specialists
in search of jobs (in 2021, there were 309 /202
vacancies / CVs for pharmacy technicians and 248 / 129 —
for pharmacists). This trend did not last long, and in
2022, the number of submitted CVs exceeded the
number of existing vacancies (in 2022, there were
82 /111vacancies /CVs for pharmacy technicians
and 68 /77 — for pharmacists). It is characteristic for
the region that the share of pharmacy specialists with
higher education is extremely low. This is probably due
to a small number of pharmaceutical companies and
an almost complete absence of production pharmacies
in the region, and, accordingly, to the initially lower
demand for specialists with higher education. Thus,
the demand for pharmacists in the Far Eastern
Federal District has always exceeded the need for
pharmacists.

In the Southern Federal District and the North
Caucasus Federal District, the number of submitted CVs
exceeded the number of open vacancies throughout
the study period. Despite the fact that the number of
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specialists in search of the employment decreased more
than twice between 2019 and 2022, the demand for
pharmacists and pharmacy technicians did not increase
(in 2019, 510/1217 vacancies /CVs for pharmacy
technicians and pharmacists, and in 2020—412 / 929 for
pharmacy technicians and 386 / 616 for pharmacists; in
2021-840 / 904 for pharmacy techniciansand 771 / 535
for pharmacists). Based on this, it can be concluded that
thereis a shortage of jobs for candidates with both higher
and secondary pharmacy education in these regions.
The demand for pharmacists in the Southern and North
Caucasus Federal Districts slightly exceeded the need for
pharmacists throughout the study period. Thus, in 2022,
276 vacancies for pharmacists were published which
was 86 vacancies fewer than pharmacists.

Thus, in most regions there is a slight predominance
of demand for specialists with secondary education
and a drop in demand for specialists with pharmacist
education. This may lead to a decrease in the role of
the latter in recruitment, to a decrease in motivation
for higher education among young specialists and, as
a result, to a decrease in the quality of pharmaceutical
care in general.

When calculating the Pearson correlation
coefficient, it was noted that the demand/supply ratio of
vacancies for the period 2019-2022 (Fig. 1, 2) changed
in a similar way (a high positive correlation, r >0.94 at
p <0.05) for both pharmacists and pharmacy technicians
in the following regions. They were: St. Petersburg
and the Leningrad region, the Central Federal District
(without the Moscow region), the Northwestern Federal
District (without the Leningrad Region), the Volga
Federal District, the Far Eastern Federal District and the
Southern and North Caucasus Federal Districts. In these
regions, a high degree of correlation can be noted. It
indicates similar trends in changes in the labor market
over a given period for specialists with both secondary
and higher education, which allows the use of general
strategies for managing supply and demand. It should
be noted that the demand/supply ratio of vacancies
in Moscow and the Moscow region for pharmacy
technicians and pharmacists shows a relatively low
correlation with other regions. This is likely due to a
high population density, economic differences and a
large number of vacancies, which makes the conditions
for the formation of supply and demand in the labor
market of the capital region unique. Compared to the
other regions, there is also a low correlation coefficient
between demand and supply of vacancies in the Ural
and the Siberian Federal Districts. This may be due to
regional economic and demographic characteristics,
the specifics of the pharmaceutical market
development in these regions, which requires a further
study.
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Figure 1 — Demand / supply ratio of pharmacy technicians vacancies in the Russian Federation regions

for 2019-2022
Note: Moscow and MR — Moscow the Moscow region; SPb and LR — St. Petersburg and the Leningrad region; CFD — the Central Federal District
(without the Moscow region); NWFD — the Northwestern Federal District (without the Leningrad Region); VFD — the Volga Federal District;
UFD —the Urals Federal District; SFD — the Siberian Federal District; FEFD — the Far Eastern Federal District; SFD+NCFD — the Southern and North
Caucasus Federal Districts.
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Figure 2 — Demand / supply ratio of pharmacists’ vacancies in the Russian Federation regions for 2019-2022
Note: Moscow and MR — Moscow the Moscow region; SPb and LR — St. Petersburg and the Leningrad region; CFD — the Central Federal District
(without the Moscow region); NWFD — the Northwestern Federal District (without the Leningrad Region); VFD — the Volga Federal District;
UFD — the Urals Federal District; SFD — the Siberian Federal District; FEFD — the Far Eastern Federal District; SFD+NCFD — the Southern and North
Caucasus Federal Districts.
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Top 10 popular areas

among candidates

At this stage of the study, the popularity and
demand for the profession of pharmacists and
pharmacy technicians among other areas of work in
the field of pharmacy were assessed in a region-by-
region comparison. Professions related to health have
been in demand at all times, so this industry, compared
to others, is always in demand and can guarantee a
stable employment. It seemed interesting to assess
what other areas of work in the field of pharmacy
are of interest to pharmaceutical specialists besides
working in a pharmacy. The Top 10 areas popular with
candidates included medicine and pharmacy (meaning
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working in pharmacies and medical institutions);

warehousing (pharmaceutical warehouses); clerical
work (working with documentation in pharmaceutical
organizations); administrative work (secretariat,
reception and office management in pharmaceutical
and medical organizations); a dispatching service; food
industry; work in call centers and a number of others.
The data are presented from the total number of
professions in demand at the request of “a pharmacists”
and “a pharmacy technician” for the entire period
as a percentage of the total number of vacancies
offered (Fig. 3).

In terms of demand for candidates with secondary

pharmaceutical education in Moscow and the Moscow
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region, medicine and pharmacy (working in pharmacies,
medical organizations) occupy the first place in terms of
popularity among other areas of occupation committed to
12% of respondents from the total number of vacancies.
Warehousing is 7% and the office management is 6%;
they are also popular because they can provide a stable
job with a guaranteed salary and a career advancement.
Thus, pharmacy technicians in the region can develop
in different directions: in addition to a career in medical
institutions and pharmacies, working in pharmaceutical
warehouses is popular, where a specialist can grow to
the position of a director, work with documents, carry
out administrative work in medical centers. In addition
to specialty work in medicine and pharmacy, among
19% of pharmacists in the region, 7% of them adhere
to working in warehousing, 5% to the clerical work,
4% adhere to the dispatching services and 3% — to the
administrative support of business.

In St. Petersburg and the Leningrad region, such areas
of occupation as medicine and pharmacy are demanded
by pharmacy technicians first of all, which amounts to
8% of respondents, because the absence of employment
problemsin this region allows candidates to work directly
in their specialty. The area of the clerical work, which
accounts for 8%, is also in demand due to the high level
of employment and a wide range of applications in this
region. Warehousing is chosen by 7% of specialists; it is
in demand due to the favorable geographical location
of the Leningrad region (the proximity to the European
borders); it is also of great interest to candidates, as it
guarantees stable earnings and career advancement
opportunities. Thus, in this region, it is quite easy for
pharmacists to find employment in their specialty due
to the lack of a job shortage and a small competition in
the pharmaceutical market of the region. However, the
situation is aggravated by the unwillingness of pharmacy
technicians to work directly in their specialty, and their
preference for related industries are administrators
in medical centers (5%) of respondents, procurement
specialists (4%). Pharmacists in the region, in addition to
working in their specialty, which is 11%, often consider
working as clerks (7%), in warehousing (5%), dispatching
(2%), government procurement (2%),
administrative departments and food and consumer

services

goods trade — 3% of professionals.

In the Central Federal District, applicants are
traditionally more progressive and flexible, so they
have a more pronounced interest in other industries.
Nevertheless, the majority of candidates with secondary
pharmaceutical education want to develop primarily
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in the field of pharmacy, and they are 10%. Many
specialists (especially young people), are interested
in other areas of activities, involving quick and high
earnings, such as work in call centers (9%), dispatching
services (7%), clerical work (4%), courier delivery (2%).
Specialists with higher education are most in demand
for working in their specialty and make up 14%, because
they already have certain skills that allow them to
receive a stable and guaranteed income. In addition to
working in their specialty, candidates are interested in
call centers consulting (10)%, working in the dispatching
services (7%), as well as in the area of warehousing —
6% of specialists.

In the Northwestern Federal District, despite a high
demand for pharmacy technicians, candidates with high
school education primarily consider the area occupations
not directly related to their primary occupation, such as:
human resources (10%), dispatching services (10%), and
food industry (8%). There are not so many companies
hiring pharmacists in this district as in other regions, so,
there is a wide range of candidate preferences across
industries. In the region, pharmacists also primarily
favor more modern digital areas that guarantee stable
earnings and a career advancement. These include
working in call centers (11%), food services (11%),
human resources (11%) and dispatching services (9%).
Only 6% of candidates with higher education and 3%
with secondary education are interested in the areas
of medicine and pharmacy, which indicates its low
relevance among specialists in the region. This trend
indicates the need to improve labor conditions in the
pharmaceutical market of the region, otherwise the
outflow of specialists from the areas of medicine and
pharmacy will be even higher.

In the Volga Federal District, due to the difficulty
of employment in their specialty, candidates with
secondary education consider the area of medicine and
pharmacy only in the third place (6% of specialists),
preferring a variety of different areas that guarantee both
the job itself and its stability to the main type of activity.
These include dispatching services (8%), working in call
centers (8%), clerical work (5%), warehousing (4%) and
a number of other areas of activities. Herewith,
medical and pharmacy areas are most in demand
among pharmacists (11%). Due to the difficulties with
employment in their main specialty in the Volga Federal
District, pharmacists also consider looking for work in
other areas, such as dispatching services (8%), working
in call centers (6%) and clerical work (4%).

Given a wide range of employment opportunities
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in the Urals Federal District, 11% of candidates with
secondary education consider medicine and pharmacy
as their first choice, but many specialists prefer other
industries such as dispatching services (7%), clerical
work (6%), working in call centers (5%), and warehousing
(4%) as their main areas of activities. The shortage of
specialists with higher education in the region allows
a vast majority of pharmacists to develop in their core
business. There are few pharmacists in the region, and
the majority work in their specialty (75% of specialists
with higher education). Only 8% of candidates consider
sales, which guarantees a less stable but higher income.

The data for the Siberian Federal District show
pharmacy technicians’ interest in other spheres of
activities, because specialists first of all consider
vacancies in the following areas: dispatching services
and clerical work, 9 and 8%, respectively. The areas
of medicine and pharmacy are on the same level with
agriculture — 5%. Pharmacists in the region are also
more interested in other areas of work, and primarily
consider vacancies in the fields of dispatching services
(12%) and clerical work (10%). The areas of medicine
and pharmacy only rank third (8%). This trend may lead
to an increase in the shortage of personnel in the region
due to the transition of qualified specialists to other
areas of activities.

A peculiarity of the Far Eastern Federal District is
that candidates with secondary and higher education
are interested in the development in the military and
contract service (5% among pharmacy technicians and
7% among pharmacists). Otherwise, specialists are
looking for work in very popular areas such as medicine
and pharmacy (7%), warehousing (6%) and dispatching
services (6%). A low level of interest in the area directly
related to the core business indicates the availability of
alternative, more convenient and better-paid options.
In contrast, pharmacists are looking for jobs in highly
popular areas such as medicine, pharmacy (18%) and
warehousing (9%).

In the Southern Federal District and the North
Caucasus Federal District, the areas of medicine and
pharmacy are in the highest demand among 9% of
candidates due to a direct correlation with their main
occupations. However, employment difficulties force
specialists with secondary education to consider other
areas of activities that imply the availability of jobs and
stable earnings, for example, 8% of pharmacy technicians
choose to work in call centers and dispatching services.
Among pharmacists, the areas of medicine and pharmacy
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are also in the highest demand, 17% of specialists choose
to work in their specialty. Due to difficulties in finding
employment in their main specialty, pharmacists also
consider looking for work in other areas, such as clerical
work (6%), dispatching services (5%), and working in call
centers (5%).

Thus, in a number of regions, the majority of
specialists choose related professions, and where it
is difficult to work in pharmacy due to the shortage of
vacancies, there is a tendency to the so-called “washout”
of pharmaceutical personnel from the profession, which
consists in the employment of specialists in related
fields of activities. This leads to non-use of previously
mastered professional competencies by pharmacists and
pharmacy technicians in their daily work activities. In the
future, such a specialist will not be able to provide a high
quality pharmaceutical care when working in specialty.
It is characteristic that pharmaceutical specialists with
secondary education are more inclined to migrate to
other spheres of activities. At the same time, specialists
with higher education more often choose to work in
their specialty as an opportunity to realize their skills
and abilities to the fullest extent possible.

Top cities by the number of candidates

In Moscow and the Moscow Region, traditionally
leading in terms of the population density and average
earnings, 73% of job seekers with secondary education
and 74% with higher education are looking for work.
The cities of the Moscow Region also have vacancies,
but many candidates (especially young people)
counting primarily not on personal comfort, but on
high earnings and career advancement opportunities,
prefer to work in the capital, while living in the Moscow
Region.

In St. Petersburg and the Leningrad Region, St.
Petersburg is the undisputed leader in terms of the
number of candidates (93% of pharmacy technicians
and 94% of pharmacists). Being a center of federal
importance, the city offers great opportunities for
employment and development. Only 6—7% of specialists
are interested in working in the city of residence due
to its convenient location and minimal competition.
A significant shortage of personnel in smaller cities
indicates the reluctance of specialists to work there due
to low salaries and lack of career prospects.

Inthe Central Federal District, a number of applicants
has a direct correlation with the city’s population and
proximity to the capital. Voronezh, due to its high
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population and proximity to Moscow, is the absolute
leader in terms of the number of candidates (15% of
pharmacy technicians and 18% of pharmacists); here the
deficit of specialists is the least. Yaroslavl, Ryazan and
Kursk are regional centers, so they collectively possess
23% of all candidates for the position of a pharmacist
and 17% of pharmacy technicians. In the remaining
cities (Orel, Tambov, Vladimir, lvanovo) there is an acute
shortage of personnel.

Big cities of the Northwestern Federal District do
not have an obvious leader in terms of the number of
candidates with pharmacist education. This indicates
their equal distribution across the cities of the district
(Kaliningrad — 13%, Veliky Novgorod - 11% and
Arkhangelsk — 9%). In terms of the number of specialists
with higher education, Veliky Novgorod is the leader
(18% of all candidates), largely due to Yaroslav the Wise
Novgorod University which turns out young diploma
holders every year. Kaliningrad ranks second in this
indicator due to its favorable geographical location (2%
of pharmacists), while the biggest shortage of personnel
is recorded in Vorkuta, Kotlas and Severomorsk (a total
of only 3%).

In the Volga Federal District, the cities of Ufa
(10%), Nizhny Novgorod (9.7%) and Saratov (9%) are
leaders in the number of candidates for the position of
pharmacy technicians and pharmacists due to their large
population and developed infrastructure. The biggest
shortage of pharmacy technicians and pharmacists is in
Saransk, Kirov and Izhevsk.

In the Urals Federal District, the greatest number of
candidates for the position of pharmacist is concentrated
in Yekaterinburg, Tyumen, and Chelyabinsk. A significant
shortage of specialists is observed in Khanty-Mansiysk,
Kamensk-Uralsky, and Neftyugansk. The capital city
of Yekaterinburg concentrates 24% of all candidates.
Despite the harsh climate, the large population and
abundance of jobs make it possible for 15% of candidates
to look for vacancies in Tyumen, 12% in Chelyabinsk
and 7% in Surgut. Yekaterinburg and Tyumen, thanks
to their high standard of living, concentrate 41% of all
candidates for the position of a pharmacist, but smaller
cities such as Miass, Kamensk-Uralski and Noyabrsk have
a significant shortage of staff, as no more than 1% of the
total number of specialists with higher education live
there.

Pharmacy technicians in the Siberian Federal District
are equally distributed across major cities. Novosibirsk
is home to 18% of candidates, Omsk — 13%, Irkutsk
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and Krasnoyarsk — to 11% each. This even distribution
is due to the vital needs for specialists throughout the
district. The biggest shortage of pharmacy technicians
takes place in the cities of Abakan, Usolie-Sibirskoye,
Anzhero-Sudzhensk, Angarsk and Bratsk. Pharmacists
in the district are evenly distributed in the five largest
cities: Novosibirsk (14%), Irkutsk (14%), Barnaul (12%),
Omsk (11%), Krasnoyarsk (10%). The biggest shortage
of pharmacists is observed in the cities of Usolye-
Sibirskoye, Prokopyevsk, Abakan, Bratsk, Gorno-Altaisk.

In the Far Eastern Federal District, Khabarovsk
has the highest concentration of specialists (47% of
pharmacy technicians and 51% of pharmacists) due
to its favorable geographical location, developed
infrastructure and significant population. Ulan-Ude is
in the second place (11%). There is an acute shortage
of pharmacy technicians and pharmacists in Amursk,
Birobidzhan, Belogorsk, Nakhodka, Magadan (in total,
no more than 5% of specialists work in these cities. Thus,
there is an acute shortage of pharmacy technicians and
pharmacists in most cities in the district.

In the Southern Federal District and the North
Caucasus Federal District, more than half of all candidates
(54% of pharmacy technicians and 55% of pharmacists)
are concentrated in the largest cities (Krasnodar, Rostov-
on-Don, and Volgograd). In the remaining cities of the
regions, there is an acute shortage of specialists.

Thus, according to the indicator of the number of
candidates for the positions of pharmacist and pharmacy
technician in most regions, there is a tendency for
applicants (especially young professionals) to prefer
working in capitals and large densely populated cities
with a developed infrastructure. In this regard, there is
an acute shortage of staff in small towns everywhere.

Salaries

Salaries were assessed in Russian rubles in a region-
by-region comparison. The highest salaries for specialists
are traditionally offered by Moscow and the Moscow
region. The vast majority of employers (72%) are ready
to offer pharmacists a salary of 50 to 75 thousand rubles,
which is within the average salary range in Moscow and
the Moscow region (Fig. 4). Half of the candidates (49%)
expect to receive this amount. However, when it comes
to higher salaries, candidates’ expectations are much
higher than employers’ offers: 18% of candidates want
to receive from 75 to 100 thousand rubles for their work,
but there are 3 times fewer vacancies, and there are
4 times more candidates who want to receive a salary

141



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

of 100 thousand rubles. As for pharmacists, 55% of
employers are ready to offer asalary of 50 to 75 thousand
rubles, and this coincides with the expectations of half
of the candidates. However, when it comes to higher
salaries, the expectations of candidates are much higher
than the employers’ offers: 20% of candidates want to
receive from 75 to 100 thousand rubles for their work.
In the region as a whole, pharmacy technicians have a
17% higher salary than pharmacists do. Thus, the salary
requests of candidates have grown significantly over the
last couple of years and exceeded the salary offer. It is
expected that in the next couple of years employers will
increase salaries in order to attract specialists.

In St. Petersburg and the Leningrad Region, most
employers are ready to offer specialists with secondary
education a salary of 35 to 50 thousand rubles, while
candidates expect a monthly salary of 50 to 75 thousand
rubles. Problems with the employment, which have
arisen in the pharmaceutical market due to the excess of
supply over demand, limit not only the amount of salary,
but also the opportunities for a career advancement.
Employers are ready to pay specialists the amount of 75
thousand rubles and above only in 6% of cases, and the
salary expectation of candidates for the same amount
is 22%. The pharmacist market in St. Petersburg and
the Leningrad Region is very similar to the pharmacy
market. In most cases, specialists wish to receive from
50 to 75 thousand rubles for their work, but in more
than half of cases, employers offer a salary of 35 to 50
thousand rubles. However, 37% of companies are ready
to offer specialists a larger salary. The average salary
of a pharmacy technician is 18% higher than that of a
pharmacist. At the same time, 18% of pharmacists have to
work for 20-35 thousand rubles a month, and pharmacy
technicians who agree to work for the same amount
of money, are only 5%. That suggests that specialists
with secondary education have higher salaries. Thus,
in the Leningrad Region, there is a serious imbalance
between the salary expectations of candidates and
the salary offer of companies. The candidates compare
salaries with other industries and go there. Against the
background of a tightening competition for personnel, it
is expected that in the next couple of years the salaries
of pharmaceutical specialists will become higher.

A large number of pharmaceutical plants and
factories are localized in the Central Federal District,
which gives opportunities for a career advancement
and earn high wages to candidates with secondary
education. Only 11% of companies are ready to offer
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salaries from 100 thousand rubles, but 40% of small
firms offer candidates a fairly high monthly salary from
50 to 75 thousand rubles, and 34% — from 35 to 50
thousand rubles. In general, salary offers are close to
the expectations; in addition, there are new attractive
conditions to keep specialists in the profession:
bonuses, a flexible schedule, opportunities for training
and development. When hiring pharmacists, 55% of
employers are interested in an employee who agrees to
work for 50-75 thousand rubles per month, but these
conditions are considered by only 44% of candidates.
At the same time, 30% of specialists are looking for a
job with a monthly salary from 75 thousand rubles.
Only 8% of companies are ready to offer such high
earnings. This trend may lead to the departure of many
candidates to other, more highly paid, spheres of labor.
In general, pharmacists’ and pharmacy technicians’
salaries differ insignificantly, but pharmacy technicians
have a higher share of those who are willing to pay them
a salary of more than 100 thousand rubles. That may
be a consequence of the migration of high-potential
specialists with higher education to other regions; as a
result, high-paying vacancies are occupied by specialists
with secondary professional education.

District, 42% of
specialists with secondary education aim to find a job

In the Northwestern Federal

with a monthly salary of 50 to 75 thousand rubles, but
only 36% of salary offers correspond to this request. 55%
of companies in the district are also ready to provide
pharmacists with a salary of 50 to 75 thousand rubles,
18% of companies offer a salary of 20 to 35 thousand
rubles, while only 6% of candidates are willing to
consider such a salary. However, every twelfth vacancy
indicates a salary over 75 thousand rubles. It is often
easier for candidates to immediately find a better-paid
job in other areas, than find opportunities for a career
advancement. In this region, the salaries of pharmacy
technicians and pharmacists differ significantly. More
than half of pharmacists (55%) can claim an average
salary of 50 to 75 thousand rubles per month, while only
36% of pharmacy technicians can claim for the same
amount of salary.

Despite the obvious shortage of vacancies, in the
Volga Federal District, the salary of pharmacy technicians
exceeds the salary expectations of candidates. The
shortage of staff has led to the fact that since 2020, when
employers sought to find specialists quickly, the salary
offers have increased significantly, and now employers
are willing to pay even more than candidates expect. This
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is especially evident in the salary offer of 100 thousand
rubles per month, which only 8% of candidates aim for,
but 21% of companies can offer. Among pharmacists,
the salary expectations of beginners are similar to the
offers, but experienced candidates have higher salary
expectations than the offered salary. 27% of candidates
aim for a monthly salary of 75 thousand rubles or more,
which is more than one fourth of all specialists, but only
8% of companies can offer such a high salary. 26% of
pharmacy technicians and only 8% of pharmacists can
claim a salary of 75 thousand rubles or more. The salary
expectations of novice specialists are similar to the
offers, but experienced candidates have higher salary
expectations than the companies offer them.

In the Urals Federal District, employers offer
candidates a salary between 35 and 75 thousand rubles.
27% of candidates expect a salary over 75 thousand
rubles, but only 10% of employers offer such a salary.
Higher earnings require higher education, as well as
mastering certain skills and knowledge. In general,
there is no significant gap in salary expectations and
offers in the district. 55% of employers offer candidates
earnings from 50 to 75 thousand rubles monthly, and
45% of specialists are satisfied with this. Pharmacists
rarely consider higher salaries, from 75 thousand
rubles and above, so the expected earnings with the
proposed one diverge only by 10%. In general, the
salaries of pharmacy technicians and pharmacists in
the district differ insignificantly. This is explained by the
shortage of specialized and experienced candidates and
employers’ focus on newcomers, but the average salary
of pharmacists is between 50 and 75 thousand rubles,
which is 17% higher than that of pharmacy technicians.

The Siberian Federal District is characterized by
similar salary expectations and offers in terms of average
salaries: 42% of pharmacy technicians are looking for a
job that implies monthly earnings of 50 to 75 thousand
rubles, and 43% of companies offer the same conditions.
However, it is difficult for specialists to claim for higher
earnings; 26% of candidates are aiming for a salary of 75
thousand rubles and above, but only 7% of employers
are ready to offer such amounts. A similar situation is
observed in the pharmacists’ market: 47% of specialists
are looking for a job with a monthly salary from 50 to 75
thousand rubles, and 55% of companies offer the same
conditions; 26% of candidates aim for a salary from 75
thousand rubles and above, but only 8% of employers
are ready to offer such amounts. A significant shortage
of pharmacists is observed in low-paying jobs. Thus,

Tom 12, Beinyck 2, 2024

for earnings from 25 to 35 thousand rubles, only 5% of
candidates claim, and there are 18% of organizations
offering these conditions (there is an abundance of low
paying positions). In general, in the region, the salaries
are lower than in other regions. Earnings of pharmacy
technicians and pharmacists are almost the same.
Most specialists are able to reach average earnings, but
only a few are able to find opportunities for a career
advancement.

In the Far Eastern Federal District, the possibility
of high earnings for pharmacy technicians, from 75
thousand rubles per month, is extremely small — only 4%
of all offers. Although 93% of employers are ready to pay
from 30 to 75 thousand rubles, only 59% of candidates
consider these conditions. In general, the size of
pharmacy technicians’ salaries in the region starts from
35 thousand rubles, while almost half of the employers
offer payment to pharmacists below this amount. The
lack of sufficient number of high-paying vacancies
may lead to a loss of personnel with higher education
to other areas of labor. For pharmacists in the region,
there is a significant resonance in salary expectations
and offers, especially in the segment involving a salary
of 75 thousand rubles or more per month, which is the
target for 40% of candidates. Employers are ready to
offer this size of salary only in 8% of cases. Candidates
compare salary with other industries, where offers
are often higher. Due to that, companies are forced
to raise salaries to attract specialists with specialized
education.

The Southern Federal
Caucasus Federal

District and the North
District are characterized by a
significant imbalance between the salary offers of
companies and the salary expectations of candidates.
Mostly, employers are ready to offer specialists with
secondary education a salary of 25 to 50 thousand
rubles, while candidates, in turn, expect a monthly
salary of 50 to 75 thousand rubles. The employment
problems that have arisen in the pharmaceutical market
of the region due to the excess of supply over demand,
limit not only the size of salaries of employees, but also
the opportunities for a career advancement. Employers
are ready to pay specialists the amount of 75 thousand
rubles and above only in 6% of cases and the salary
expectations of candidates for the same amount is 23%.
Such dissonance risks entailing a shift of candidates to
other higher-paying labor markets. Among pharmacists
in these regions, salary expectations converge with
employers’ salary offers for salaries up to 75 thousand
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rubles. In the region, there is a wide variation of salaries
depending on specialist qualifications. In vacancies
where higher education is required, salaries start from
50 thousand rubles.

Thus, in most regions, salary expectations of
pharmacy technicians are more in line with the offered
salary than those of pharmacists. It is characteristic that
in some regions employers pay pharmacy technicians
and pharmacists equally, although candidates with
higher education quite reasonably expect to be paid
more (which corresponds to a broader set of skills mix
inherent in a pharmacist). As a result, this reduces
the value of higher pharmacy education as such and,
in particular, leads to a low motivation among young
people to obtain it. Such a “devaluation” may lead to
the loss of importance of the profession of a pharmacist
in the future, to a complete shift of a pharmaceutical
specialist’s functions towards a salesperson’s ones,
and, consequently, to the deterioration of the quality of
pharmaceutical care in general.

Additional labor conditions offered in vacancies

At this stage of the study, working conditions (in
addition to salaries) offered to pharmaceutical specialist
by employers in different regions, were analyzed. These
conditions included the possibility of free training
at the company’s expense; opportunities for career
advancement within the company; the possibility of
receiving bonuses; health insurance and meals at the
employer’s expense; flexible working hours.

In Moscow and the Moscow region, free training
at the company’s expense is the most widely offered
condition of employment (39% for pharmacy technicians
and 25% for pharmacists) due to the specifics of
pharmaceutical  activities.  Career  development
opportunities (25% for pharmacy technicians and 19%
for pharmacists) and bonuses (13 and 16%, respectively)
are a significant motivation for specialists. Health
insurance (8 and 5%, respectively) and free meals (8
and 7%, respectively) are rarely included in the terms
and conditions of employment as they incur additional
costs for the employer. Due to some peculiarities of
a pharmacy technician’s work, a flexible schedule is
almost impossible (4%). Flexible working hours are more
common among pharmacists due to a wider range of
positions (14%).

In St. Petersburg and the Leningrad region, in 43%
cases, employers are ready to offer pharmacists a flexible

schedule (shifts). A high prevalence of this benefit is due
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to the regional peculiarities of the Leningrad region,
which includes a small number of 24-hour pharmacies.
Free training (21% for pharmacy technicians and 26%
for pharmacists) is provided in order to ensure that
candidates have all the necessary skills by the time they
start working at their main workplace. Employers also
often provide career development opportunities for
specialists (16% for pharmacy technicians and 20% for
pharmacists). Additional health insurance for pharmacy
technicians (5%) and meals at the expense of the
employer (3%) are quite rare.

In the Central Federal District, employers offer
fairly standard but favorable working conditions for
specialists. The most frequently offered conditions
are opportunities for a career advancement (28% for
pharmacy technicians and 25% for pharmacists) and free
training (25% and 30%, respectively). Many companies
are targeted not only at attracting candidates, but also
at retaining them. Training of specialists by the employer
and their financial incentives significantly inhibit their
departure to other spheres. A number of organizations
offer various cash bonuses and bonuses as an additional
incentive (15% for pharmacy technicians and 17% for
pharmacists).

In the Northwestern Federal District, organizations
provide employees with opportunities for a career
development in 24% of cases for pharmacy technicians
and 23% for pharmacists, which is due to the need to
retain highly qualified specialists in companies for
many years. A number of enterprises are ready to train
new specialists in the required skills free of charge (18
and 16% respectively). Bonuses and other monetary
incentives along with flexible schedules are found in 13%
of cases. Flexible working hours that allow specialists to
work in conditions that are comfortable for them, are
also offered quite often (13% for pharmacy technicians
and 20% for pharmacists). Few employers are willing
to provide meals at the employer’s expense (3%) and
additional health insurance (4%) due to additional costs.
District, employers use
widespread ways to attract specialists with favorable

In the Volga Federal

working conditions in order to retain them. In general,
conditions in the region are oriented towards young
specialists. These include free training (27% for pharmacy
technicians and 25% for pharmacists), opportunities for
a career and professional advancement (25 and 20%,
respectively), and bonuses (17 and 14%, respectively).
Quite often, flexible working hours are offered, allowing
to combine study and work (15%).
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The organizations interested in finding candidates
in the Urals Federal District, use widespread ways of
attracting specialists in order to retain them in the
company. The region’s labor market is also oriented
towards young specialists. The conditions offered
include free training opportunities (23% for pharmacy
technicians and 21% for pharmacists), opportunities
for a career and professional advancement within
the company (19 and 22% respectively), bonuses (14
and 11% respectively). Flexible schedules that allow
combining studies with work are also offered quite often
(20% of vacancies).

In the Siberian Federal District, free training for new
employees is a fairly widespread offer in vacancies (22%
for pharmacy technicians and 23% for pharmacists).
Employers also often provide specialists with great
opportunities to develop their career potential (23 and
22%, respectively), as well as offer a system of bonuses
(12 and 11%, respectively). Flexible working hours are
also often offered in the region (16% for pharmacy
and 17% for
specialists to combine work with other areas of their

technicians pharmacists), allowing
lives.

The most common labor conditions offered to
specialists in the Far Eastern Federal District are
opportunities for a career advancement (21% for
and 20% for

and free training (21 and 22%, respectively). Many

pharmacy technicians pharmacists)
companies target not only at attracting candidates, but
also at retaining them, so they also offer bonuses (12
and 10%, respectively). In this region, free meals (10%)
and flexible hours (11% for pharmacy technicians and
18% for pharmacists) are offered to employees more
often than in other regions. This may be due to the
peculiarities of the geographical location and climate of
the region, and may also indicate the desire of companies
to attract employees in additional non-standard
ways.

Organizations of the Southern and the North
Caucasus Federal Districts most often offer vacancies
with the possibility of free training (26% for pharmacy
technicians and 24% for pharmacists); opportunities
for a career advancement (22 and 23%, respectively).
Flexible working hours (18 and 19%, respectively), as
well as various bonuses (17 and 15%, respectively) are
widespread in vacancies. This significantly improves the
working conditions of the region’s employees.

Thus, all the surveyed regions, to a greater or lesser
extent, provide specialists with free training at the
expense of the companies, as well as the opportunity
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for a career development within the organization. In
addition, most employers are interested in attracting and
retaining young specialists in the profession by providing
them with flexible work schedules to enable them to
combine their university studies with employment.
This allows companies to ease the staff turnover and
maintain a high quality of care and pharmaceutical aid
in general.

Education requirements

for pharmaceutical specialists

The final stage of the study assessed the education
requirements for pharmaceutical workers, i.e.employers’
preferences regarding the presence or absence of higher
education in potential employees.

In Moscow and the Moscow region, in 39% of
vacancies, employers are interested in candidates with
higher education, 44% — in specialists with secondary
education, and in 27% of vacancies, the requirements
for education are not specified.

In St. Petersburg and the Leningrad Region, in almost
half of cases (47%), employers do not specify the need
for higher education in job vacancies, which increases
the number of specialists willing to take up a vacant
position and creates some confusion at interviews. In
17% of cases, companies are looking for specialists with
secondary vocational education, and in 36%, they are
interested in personnel with relevant higher education.

In the Central Federal District, many organizations
are targeted at attracting specialists with certain skills
and competencies. In 41% of cases, employers are
looking for specialists with higher education, while
34% of companies need candidates with secondary
vocational education.

In the Northwestern Federal District, employers are
focused on finding highly qualified personnel; therefore,
companies are very interested in specialists with higher
education (42%). Pharmacy technicians are of less
interest to employers (32%).

In the Volga Federal District, there is an almost
equal demand for specialists with secondary and higher
education: 36% of organizations need pharmacist, 30% of
employers are interested in hiring pharmacy technicians,
and 34% do not specify educational requirements in
published vacancies, focusing solely on the candidates’
personal qualities, knowledge and experience.

In the Urals Federal District, organizations need
candidates with higher education (51%). Pharmacy
technicians are less in demand (9%). This is probably
due to the specifics of the pharmaceutical industry in
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the region and its geography. In large cities of the region,
organizations are interested in employees with higher
education, who are ready to constantly improve their
skills. In general, there is an extreme shortage of both
pharmacists and pharmacy technicians in the region.

In the Siberian Federal District, organizations also
need candidates with higher education to a greater
extent (51%). Pharmacy technicians are required to a
lesser extent (25%).

In the Far District,
organizations are targeted at attracting specialists with
higher education and certain knowledge and skills (41%
of employers). At the same time, 21% of companies

Eastern Federal many

need pharmacists, 38% of vacancies do not contain
information about the preferred higher or secondary
education.

In the Southern and North Caucasus Federal
Districts, employers are most often focused on finding
highly qualified staff, so in 53% of cases, they are
interested in candidates with higher education. In case
of vacancies requiring secondary education (29%), it can
be assumed that such employers offer very low salaries
but uncomplicated and monotonous work.

Thus, in most regions, organizations are interested
in finding a variety of employees. Higher education
is not in the least demand among candidates (43% of
the regional average), but it provides for higher salaries
and broader career opportunities. In general, the larger
the city, the more pharmacists live there, which is most
likely due to the localization of regional medical and
pharmaceutical universities. Many organizations that do
notimpose strict educational requirements on specialists
and offer free training at the start of a career, are aimed
at finding young specialists who do not expect high
earnings.

Study limitations
This study has a number of limitations that should
be taken into account when interpreting the results:

1. Theresearch covered only 9 regions of Russia, which
does not allow extrapolating the findings to the
whole country without an additional analysis;

2. The analysis was based on the data from one
recruiting agency (superjob.ru), which may not fully
reflect the situation on all job search platforms;

3. The study did not cover veterinary pharmacy,
which is a separate and evolving segment of the
pharmaceutical market with its own particularities
in terms of training and employment;

4. The time period of the study (2019-2022) includes
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the period of the COVID-19 pandemic and related
economic turmoil, which may have affected the
dynamics of supply and demand in the labor market;

5. The data for 2023 were not included in the sample
because the full data for 2023 were not yet available
at the time of the study, making it impossible
to include them in the analysis without risking
distorting the overall picture.

CONCLUSION

On average, in the regions, the demand for
specialists with higher education is lower than that
for specialists with secondary education, and in
terms of a salary level, the expectations of pharmacy
technicians coincide with the employers’ offers, while
the salary expectations of specialists with higher
education are higher than the market. The selection of
vacancies / CVs includes mainly the data from pharmacy
chains, which have established certain work standards
and salary systems to be taken into account. Specialists
with secondary education are much more numerous, as
they are trained by a much larger number of educational
institutions, both specialized, subordinate to the
Ministry of Health of the Russian Federation, and not.
It is important to take into account that for a pharmacy
technician, pharmacy is often the only place of work in
the specialty, while for a pharmacist; it is usually a place
to start. The potential and opportunities of specialists
with higher education are usually greater and broader
than those of the people who have completed only a
secondary vocational education program. If we consider
employment opportunities in the field of production
or promotion of medicines, then for specialists with
secondary education, only starting positions are
available; their functionality is rather monotonous
and does not imply career building. For pharmacists,
practically all directions of labor activities are open,
both horizontally (changes of positions within a similar
functionality) and vertically (changes of positions with
changes of functionality).

Under the current circumstances, it is important to
conduct educational and career guidance work at higher
education institutions, which often graduate not only
pharmacists, but also pharmacy technicians, since it is
becoming more and more difficult for a specialist with
secondary education to obtain higher education. On the
other hand, specialists experienced as pharmacists, tend
to be better prepared, more motivated and disciplined

after entering higher education, and their learning
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outcomes are higher than those who enter immediately

after general education.

secondary and higher education

Despite an impressive number of graduates of

institutions, the

expansion of the range of labor functions and the

8.

FUNDING

rapid expansion of all segments of the pharmaceutical

market, the number of required specialists and the

competencies they must possess, continue to increase,

which

indicates the advisability of opening new

pharmaceutical institutes and updating training programs.
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effects in the therapy of community-acquired infections

O.l. Butranova?, S.K. Zyryanov'?, A.A. Abramova*

! Peoples’ Friendship University of Russia named after Patrice Lumumba,

6 Miklukho-Maklay Str., Moscow, Russia, 117198

2 Municipal Clinical Hospital No. 24 of the Moscow City Health Department,
10 Pistsovaya Str., Moscow, Russia, 127015

E-mail: butranova-oi@rudn.ru

Received 03 May 2024 After peer review 28 Sep 2024 Accepted 06 Oct 2024

The aim of the work was to search and analyze works on pharmacokinetic (PK) and pharmacodynamic (PD) parameters of
spiramycin, allowing to evaluate the potential of this macrolide in the therapy of community-acquired infections.

Materials and methods. The abstract databases of PubMed, Google Scholar, EMBASE, the ResearchGate scientific
information network and elibrary.ru were used to search for the materials. The following key queries were used in
the work: “pharmacokinetics of spiramycin”, “pharmacokinetic parameters of spiramycin”, “pharmacodynamics of
spiramycin”, “mechanism of action of spiramycin”, “targets for spiramycin”, “pharmacodynamic effects of spiramycin”.
The search depth — 69 years (1955-2024), the total number of publications included in the literature review in the areas
of “pharmacokinetics” and “pharmacodynamics” was 72. The total number of the sources used in the article amounted
is 152.

Results. With the spread of the antibiotic resistance (AR) among the pathogens of both nosocomial and community-acquired
infections, it is important for physician to search for strategies to preserve the possibility of using first-line antibacterial
drugs (ABDs) in patients with infectious diseases. Spiramycin has been characterized by a minimal consumption by the
population in the last decades, thus, it has a potential for the therapy of infectious diseases. The analysis of the PK spiramycin
parameters indicates the ability to form effective concentrations in various tissues and organs, as well as a minimal risk of
drug interactions that can alter the therapeutic response. The evaluation of its antibacterial activity in vitro and in vivo yields
different results, indicating the ability of the drug to exhibit significantly greater efficacy in vivo. This paradox may be based
on pleiotropic effects of spiramycin involving both host cells (immunomodulatory and anti-inflammatory effects, the ability
to favorably affect the tissue regeneration, the antitumor activity, the inhibition of adipogenesis) and pathogen targets (the
ability to reduce the virulence of P. aerugenosa, the antiviral effect, the reduction of the adhesion ability of cocci).
Conclusion. The PK and PD parameters and the properties of spiramycin along with the results of the published clinical
studies evaluating its efficacy indicate that, despite its lower in vitro activity, the presence of additional pleiotropic effects
may be the key to its superiority over the traditional macrolides in in vivo methods.

Keywords: spiramycin; macrolides; community-acquired respiratory tract infections; toxoplasmosis; pleiotropic effects
Abbreviations: ABDs — antibacterial drugs; AR — antibiotic resistance; Cl — confidence interval; DNA — deoxyribonucleic acid;
GIT — gastrointestinal tract; IL — interleukin; CFU — colony-forming unit; IUs — international units; MIC — minimum inhibitory
concentration; AR —adverse reaction; RR —relative risk; OR —odds ratio; PAE — post-antibiotic effect; PMNs polymorphonuclear
leukocytes; RNA — ribonucleic acid; PD — pharmacodynamics; PK — pharmacokinetic; aP2 — activating protein 2; AUC — area
under the curve; C/EBPa — CCAAT/enhancer-binding protein alpha; clogp — logarithm of the octanol-water distribution
coefficient; C,.. — maximum concentration; CYP3A4 — cytochrome P450 3A4; ERK — extracellular signal-regulated kinase;
ERM — erythromycin ribosomal methylase; GLUT4 — glucose transporter type 4; I(Kr) — K+-delayed rectification current;
IC,, — half maximal inhibitory concentration; iNOS — inducible form of nitric oxide synthase; JNK — Jun N-terminal kinases;
MAPK — mitogen-activated protein kinase; NF-kB — nuclear factor kB; Pgp — P-glycoprotein; PPARy — peroxisome proliferator-
activated receptor gamma; Ro5 — Lipinski’s rule of five; SASP — senescence-associated secretory phenotype; SREBP1c —

sterol regulatory element-binding protein;T, , — half-life period.

For citation: O.l. Butranova, S.K. Zyryanov, A.A. Abramova. Spiramycin: The past and future of an antibiotic with pleiotropic effects in the therapy
of community-acquired infections. Pharmacy & Pharmacology. 2024;12(2): 150-171. DOI: 10.19163/2307-9266-2024-12-2-150-171
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CnupamuumH: npowrsioe n dyayuiee aHTUbMOTUKaA
C nnenoTponHbiMn achcgekramm B Tepannmn
BHEOONbHUYHbIX MHEKLUN

O.WU. bytpaHosa!?, C.K. 3bipaHos!?, A.A. AbpamoBa’

ldepepanbHoe rocyfapcTBeHHOE aBTOHOMHOE 06pa3oBaTesibHOE yUpeKaeHWe Bbicliero o6pasoBaHmsa
«Poccuiicknii yHuBepcuTeT apy»KObl HAapoaoB nMeHn Matpuca Jlymymobbi»,

117198, Poccua, r. Mocksa, yn. Muknyxo-Maknas, 4. 6

2 [ocypapcTBeHHOE BIoAXKeTHOe yuperaeHme ropoaa MocKBbl

«lopoacKan KnnHuYeckan 6onbHMua Ne 24 [lenapTaMeHTa 34paBoOXpaHeHUs ropoaa MOoCKBbIY,
127015, Poccua, r. Mocksa, ya. MNucuyosas, 4. 10

E-mail: butranova-oi@rudn.ru

MonyyeHa 03.05.2024 Mocne peueHsmpoBaHus 28.09.2024 MpuHAaTa K Nneyatn 06.10.2024

Lienb. Mouck u aHann3 paboT, NoceALLeHHbIX GapmakoknHeTuyeckum (PK) n papmakognHammyeckum (L) napamerpam
CNUPAMULMHA, NO3BONAIOLLMM OLEHUTb NOTEHLUMAN JaHHOTO MAaKpoanAa B Tepanuu BHEGONbHUYHBIX MHPEKLMIA.
Marepuanbl U metogpl. [1na noucka matepuanos 6binn ncnonb3osaHbl pedepatBHble 6a3bl gaHHbIX: PubMed, Google
Scholar, EMBASE, Hay4Ho-MHbOpMaLMoHHan ceTb ResearchGate u elibrary.ru. B paboTte ncnosnb3oBanu cneaytoume KaoyeBble
3anpocbl: «dapMaKOKMHETMKA CnMpaMULMHA», «papMaKOKMHETUYECKME MapameTpbl cnupamuumHa», «pharmacokinetics
of spiramycin», «pharmacokinetic parameters of spiramycin», «bapmakognHaMmmnKa CNUPaMULMHAY, KMEXaHU3M AeNCTBUA
CNUPAMULMHAY, KMULIEHN ANA CIMPaMULMHAY, «bapMakogmMHamudeckne addekTbl cnpamuumHa», «pharmacodynamics
of spiramycin», «mechanism of action of spiramycin», «targets for spiramycin», «pharmacodynamic effects of spiramycin».
[nybuHa novcka—69 net (1955—-2024 rr.), obwiee ymcno nybanKaLmii, BKIKOYEHHBIX B IMTEPATYPHbIV 0630p MO HanpaBAeHUAM
«dpapmaKkoKMHETUKA» U «papmaKkoguHaMmMKa», — 72. ObLiee YNCA0 UCMOb30BAHHbIX B CTaTbe MCTOYHMKOB COCTaBMAO 152.
Pe3ynbrathl. B ycnoBusAx pacnpocTpaHeHus deHomeHa aHTMBMOoTMKopesncTeHTHocTu (ABP) cpeaw Bo3byauTenel Kak
HO30KOMMA/bHbIX, TaK U BHEOONbHUYHBIX MHOEKUMIA, aKTyaslbHbIM AN Bpaya ABAAETCA NOWUCK CTpaTeruii, No3BONAOLMX
COXPaHWTb BO3MOXHOCTb MCMONb30BaHUA aHTUBaKTepuanbHbIX npenapatos (ABM) nepBoi NUHWM B BEAEHUM MALUEHTOB
C WHPEKUMOHHbIMM 3aboneBaHuAMU. CNMpPamULMH B MOCAegHUE AeCATUNEeTUA XapaKTepu3oBanca MUHUMAbHbIM
ypoBHEM noTpebneHusa cpegmn HaceneHus, B CBA3U C YEM MMEET MoTeHUMan ana Tepanumn MHOEKUMOHHbIX 3abonesaHui.
AHanu3 ®K mapameTpoB cnvpamuLMHA CBUAETENLCTBYET O CNOCOOHOCTM GopMmpoBaTh IGPEKTUBHbBIE KOHLIEHTPALUN B
Pa3IMYHbIX TKAHAX M OpraHax, a TaKkKe 0 MUHMMAZIbHOM PUCKE NEKAPCTBEHHbIX B3aMMOLENCTBMI, CNOCOOHbIX M3MEHATb
TepaneBTMYeckuii oTBeT. OLeHKa ero aHTMbaKTepManbHOM AaKTUBHOCTW in Vitro w in vivo JaéT pasnuyHble pesynbrathl,
CBMAETENbCTBYIOWME O CNOCOBHOCTM MpenapaTta NPoABAATb 3HAUUTENbHO 6oAbLIYI0 3PPEKTUBHOCTL B YCAOBUAX KUBOFO
opraHusama. B ocHoBe 3TOro napafiokca MOTYT /ieaTb NAenoTponHble 3bdeKTbl CnUMpamuLMHa, BOBAEKalOWMe Kak
KNETKU OpraHM3mMa X03sMHa (MMMYHOMOZYNMpPYLOLLEe U NPOTMBOBOCMNANAUTE/IbHOE AeNcTBUe, CNOoCOOHOCTb 6/1aroTBOPHO
BO34EMCTBOBATb Ha MPOLLECCbl pereHepauumn TKaHelr, NPoTMBOOMYX0/eBas aKTUBHOCTb, YrHETeHWe agunoreHesa), Tak u
MuLLIEeHN BO3byauTenen (CMOCOBHOCTb CHWMKaTb BUPYNEHTHOCTb P. aerugenosa, NpOTUBOBUMPYCHOE AEWCTBUE, CHUMKEHWUE
CnocobHOCTN KOKKOB K agresmu).

3akntoueHue. PK 1 Pl napameTpbl U CBOMCTBA CNUPaMULMHA HapAdy C pe3ynbTaTaMu Onyb/AMKOBAHHbBIX KAMHUYECKUX
nccnefoBaHUM, OLEHUBABLUMX ero 3GpdeKTUBHOCTb, YKA3blBAlOT HA TO, YTO, HECMOTPA HA MEHbLUYK aKTMBHOCTb in Vitro,
HaAnuMe OONONHUTENbHbIX NAENOTPOMHbLIX 3GPEKTOB MOMKET OblTb 3a/10FOM €ro NPeBOCXOACTBA HaZ TPAAULMOHHbLIMU
MaKpoOAMAaMKn B MeTOAAX in Vivo.

KnioueBble cnoBa: CNMPaMUUMH; MaKpoaMAbl; BHEOONbHUYHbIE WMHOEKLMW AblXaTelbHbIX MyTel; TOKCOM/Ia3mos;
naenoTponHble 3GPeKTbI

Cnu1coK cokpaleHuii: ABIM — aHTMbaKTepuanbHble npenapatbl; ABP — aHTMBMOTUKOPE3UCTEHTHOCTb; AV — A0BEpUTENbHbIN
nHTepBan; AHK — ne3okcmpurboHyknenHosas kucnota; KT — xKenyaouHo-kuweyHbli TpakT; U1 — nHtepneiikud; KOE —
KO/IOHWeobpasyowme eguHULbl; ME — mexayHapogHble eanHuLbl; MIMK — MUHUMMaNbHAA NoAaBAAOWAA KOHLEHTpauus;
HP — HexenatenbHaa peakuus; OP — oTHoweHue puckos; Ol — oTHoweHue WwaHcos; MAS — nocTaHTUBUOTUYECKUIA
addekT; NMMAT — nonumopdosaepHbie nenkountbl; PHK — puboHyKknenHosasa Kucnota; ®f — dapmakogmMHamMuUKa;
®K — dapmakokuHeTMKa; aP2 — aktusupyowmnin 6enok; AUC — nnowanb nog GapMaKOKMHETUYECKOW KpUBOW;
C/EBPQ — LMTO3MH-LMUTO3UH-aA€HO3MH-aAeHO3UH-TUMUANH/anbda-6enoK, cBA3bIBalOWMIA sHXaHcep; clogp — norapudm
KOo3pPULIMEHTA pacrnpeaeieHNs OKTaHON-BOAa; C.., — MakcMmanbHas KoHueHTpauus; CYP3A4 — uutoxpom P450 3A4; ERK —
BHEK/IETOMHAA CUrHANbHAA peryanpyemas KuHasa; ERM —aputpomuumH-pubocomanbHaa metunasa; GLUT4 — rtoKO3HbIN
TpaHcnopTép TMn 4; I(Kr) — 6nokaga KaaveBoro Toka 3adepikaHHOro Bbinpamaenus; IC, — cpeaHenHrnbupytowas
KoHLUeHTpauuma; iINOS — nHayumpyemas dopma cuHTasbl okemaa asota; JNK — Jun N-koHueBble KuHasa; MAPK — mutoren-
aKTMBMpPYeMasa NpPoTenHKNHa3a; NF-kB — saepHbIvi dakTop kB; Pgp — P-rnMkonpoTtenH; PPARy — peuenTtop, akTUBMPYEMbIi
NepoOKCMCOMHbIM NposindepaTopom ramma; Ro5 — npasuao natv JIunmHckn; SASP — ceKpeTopHbIi GeHOTUN, CBA3AHHbIN CO
cTapeHvem; SREBP1c — 6enok, cBA3bIBAOLLMI PErYAATOPHbIN SNEMEHT cTeposia-1; Tl/2 — nepuoa NonyBbIBEAEHUA.
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INTRODUCTION

In the history of the antibacterial drugs (ABDs)
use, the 21 century represents a separate milestone,
indicating that mankind has not won the victory over
bacterial infections. The analysis of more than 100
years of this pharmacological group use (if we take
1910, when the first ABD, salvarsan [1], was first used
as a starting point, signifies the fact that the more
actively ABDs are used, the more intensively antibiotic
resistance (ABR) mechanisms of bacteria develop.
Modern clinical practice reveals dramatic trends in the
spread of multidrug-resistant bacteria among infectious
agents [2]. It is important to note that the problem
of AR is currently relevant not only for pathogens of
nosocomial infections, but also for those that cause
community-acquired infections. Thus, the world
practice demonstrates that about 40% of Streptococcus
pneumoniae (S. pneumoniae) strains, the main causative
agent of community-acquired pneumonia (as well as a
frequent causative agent of bacteremia, meningitis, otitis
media and sinusitis), are characterized by resistance to
such ABDs of choice as beta-lactams and macrolides [3].
A national assessment of S. pneumoniae resistance to
macrolides in the United States revealed greater values
in outpatients (45.3% vs 37.8% in hospitalized patients). At
the same time, the proportion of resistant isolates from
the respiratory tract was 47.3%, and the proportion
of the isolated ones from the blood was significantly
lower — 29.6% [4]. In Europe, the resistance of
S. pneumoniae to erythromycin is maximum in Bulgaria
(58.5%), in Asian countries this phenomenon is almost
absolute: in China and Japan the level is more than
94% [5-8]. There are published studies indicating that
more than 99% of S. pneumoniae strains isolated in
China (northern regions) have simultaneous resistance
to macrolides, lincosamides and streptogramine [9].
According to the study by Mohammadi Gharibani K. et al.
conducted in lIran, the resistance of pneumococci to
both erythromycin and azithromycin exceeds 70% [10].

In the Russian Federation, the situation with S.
pneumoniae resistance can be illustrated by the results
of the multicenter epidemiological study “PeGAS 2014—
2017”. It was found out that 24.3% of the strains showed
the resistance to erythromycin, 28.5% to clarithromycin,
and 31% to azithromycin [11].

Another  pathogen of  community-acquired
infections, S. pyogenes, is characterized by a relatively
low level of resistance to macrolides (from 0 to 25%) in
Europe and the USA, but extremely high in China (about
75 to 100%) [12]. According to the data obtained in the
Russian Federation (2013-2018, 601 strains isolated in
the infections of the respiratory tract and ENT-organs
in 14 cities of the Russian Federation), S. pyogenes
resistance to erythromycin was noted in 10.5%, to
clarithromycin — in almost 12%, and to azithromycin —
in 16.5% [13].

Mycoplasma pneumonia, a pathogen characterized
by an intracellular localization and a natural lack of
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sensitivity to beta-lactam ABDs, is one of the common
causative agents of community-acquired respiratory
tract infections. Macrolides are the drugs of choice in the
management of patients with mycoplasma infections,
but the possibility of their effective use is also rapidly
decreasing in recent years due to the active spread of
resistant strains. Thus, according to a multicenter study
conducted in China (11 clinics in Beijing, 822 children
with community-acquired respiratory tract infections,
including 341 ones with confirmed M. pneumoniae
infection), 87.69% of the strains were resistant to
macrolides (erythromycin, azithromycin, josamycin)
[14]. In European countries, the prevalence of macrolide-
resistant mycoplasmas is an order of magnitude lower,
which follows from the results of a systematic review
and meta-analysis of 22 studies; however, most of the
studies included in the analysis were published in 2011—
2015, which limits the value of this meta-analysis for
understanding the current picture of M. pneumonia AR
dynamics in the European region [15].

Toxoplasma gondii is another agent of widespread
community-acquired infections in the human population.
It is believed that this pathogen can infect up to one
third of the human population (the prevalence is highest
in developing countries, where it can reach 90%) [16—
18]. Among the isolated strains, the level of resistance
is maximally high to pyrimethamine and sulfadiazine,
and the spread of resistance genes to macrolides and
lincosamides is also noted [19].

Analyzing the spectrum of macrolides typically used
for the therapy of outpatient infections, it can be noted
that erythromycin, clarithromycin and azithromycin are
among the most used ABDs of choice both in the world
and in the Russian Federation [20-22]. The increasing
proportion of resistant bacterial strains in the outpatient
practice triggers a cascade of events that aggravates the
ABR phenomenon in general. In particular, the inability
to use first-line ABDs in the therapy of community-
acquired infections forces the physician to prescribe a
reserve drug, which in the long term contributes to a
significant limitation of antibiotic therapy tools.

Spiramycin is a representative of 16-member
macrolides, the use of which in clinical practice in recent
decades has been minimal. It was originally discovered
in 1952 in the products of Streptomyces ambofaciens,
and now methods have been developed to intensify
its production, in particular, under the action of 0.5%
methyl-B-cyclodextrin [23]. In the form for the oral
administration, it began to be used since 1955, and since
1987, parenteral spiramycin has become available [24].
The structure features of the macrolactone spiramycin
ring, underlie its improved pharmacodynamic
characteristics. Spiramycin molecules are able to
penetrate deeper into the protein exit tunnel of
ribosomes, blocking the maximum number of domains
of the peptidyl transferase center for the assembly
of pathogen proteins. This action contributes to the
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reduction of virulence of prokaryotes, as well as several
clinical benefits, including the improved tolerability (e.g.,
less gastrointestinal adverse reactions — ARs) and lower
risk of drug interactions [25, 26]. The lack of a history of
a widespread use of this drug may suggest its success
as an alternative to other macrolides characterized by a
marked increase in ABR [27].

In order to understand the place and role of
spiramycin in the management of patients with various
infectious diseases, it is necessary to understand
both the individual characteristics of the patient, the
causative agent and the localization of the infection,
as well as knowledge of the pharmacokinetic (PK) and
pharmacodynamic (PD) characteristics of the drug.
Regarding the latter, it should be noted that PK / PD indices
of ABDs determine the choice and ways to optimize
the dosing regimen, as they describe the quantitative
relationship between PK and PD parameters. There are
three main variants of PK / PD indices describing the
ABDs efficacy [28, 29]:

—the ratio of the area under the concentration-time
curve (AUC) from zero to 24 h (AUC_,,) to the minimum
inhibitory concentration (MIC) — £, ../ MIC;

— the ratio of the maximum plasma concentration
(C_J)toMIC—fC_/MIC;

— the time at which the free plasma concentration
exceeds the MIC — %f. >MIC.

Although macrolides exhibit a bacteriostatic
activity, under certain circumstances they also exhibit a
bactericidal activity. Accordingly, macrolides differ from
other ABDs classes in the following: they do not rely on a
single PK / PD index, but on both ones — %f, >MPK and
faue / MPK [30, 31]. Significant PD factors determining
the efficacy of macrolides, are also a post-antibiotic
effect (PAE) [32—-34] and the effects unrelated to the
antibacterial action (e.g., immunomodulation and anti-
inflammatory effects) [27, 35—-38].

THE AIM of the work was to analyze the published
works on pharmacokinetic (PK) and pharmacodynamic
(PD) parameters of spiramycin, making it possible to
evaluate the potential of this macrolide in the therapy of
community-acquired infections.

MATERIALS AND METHODS

To write this literature review, the search for
materials included the following abstract databases:
PubMed, Google Scholar, EMBASE, ResearchGate
scientific information network and a scientific
electronic library (elibrary.ru). Each author performed
an independent search for publications to exclude the
errors in two areas: “pharmacokinetics of spiramycin”
and ‘pharmacodynamics of spiramycin’. The keywords for
the first direction of search included “pharmacokinetics
of spiramycin, pharmacokinetic parameters of
spiramycin”; for the second — “pharmacodynamics of
spiramycin, mechanism of action of spiramycin, targets
for spiramycin, pharmacodynamic effects of spiramycin”.
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The keywords for the second search direction were
as follows: “pharmacodynamics of spiramycin”,
“mechanism of action of spiramycin”, “targets for
spiramycin”, “pharmacodynamic effects of spiramycin”.
The depth of the search was 69 years (publications in
the specified abstract databases from 1955 to 2024),
a total of 5 720 publications were found out after
excluding duplicates, invalid papers, publications with
no free access to the full text; the total number of papers
included in this literature review on PK and PD was 72.

The total number of sources in the article is 152.

RESULTS AND DISCUSSION

Pharmacokinetics of spiramycin

Spiramycin consists of a 16-membered lactone ring
with 2 amino sugars and 1 neutral sugar. The clinical
efficacy of spiramycin is believed to be limited by the
mean values of a half-life (Tm) and an oral bioavailability
[39]. With regard to the half-life, it should be noted that
it is compensated to some extent by the presence of
a number of additional PD spiramycin effects, besides
an antibacterial effect, discussed below (e.g., PAE,
anti-inflammatory and immunomodulatory effects).
The bioavailability of spiramycin, erythromycin and
azithromycin is about 40% when taken orally (Table 1).
The bioavailability of drugs is influenced by a membrane
permeability, solubility and dissolution rate of the
drug, the latter two being the main factors. Spiramycin
is evaluated as a substance with a low solubility and a
slow dissolution rate in water; among the methods to
increase its solubility there is synthesis in a micronized
form [40]. However, current evidence suggests that
the dissolution behavior of spiramycin is more complex
than previously thought. Historically, low molecular
weight drugs have been developed with the Rule of
Five (Lipinski C.A. (Ro5) [41]). According to Ro5, the oral
absorption of a drug is higher if its molecular weight
is <500 Da, the number of hydrogen bond donors <5,
acceptors <10 and the calculated lipophilicity (cLogP) <5.
There are hypotheses suggesting that the molecules of
drugs beyond Ro5 have a certain flexibility that allows
them to hide polar fragments when passing through the
cell membrane and reveal them again when entering
the aqueous medium [42]. Such substances are called
molecular chameleons [43—45], they show a satisfactory
solubility, an ability to overcome cellular barriers and
form satisfactory absorption rates as a result. Among
macrolides, roxithromycin and spiramycin are labeled
as “complete molecular chameleons” [43, 45]. The
“chameleon” effect is important both from the point of
view of the PK analysis (an absorption and bioavailability
formation) and from the point of view of PD, because
it makes possible the interaction of drug molecules
with targets that are difficult to reach (e.g., planar ones
without distinct stereochemical configurations).

Another factor affecting the bioavailability of
macrolides is the saturation of the intestinal efflux when
they are administered in high doses [46, 47]. Macrolides
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are substrates for a number of transporter proteins
including, first of all, P-glycoprotein (Pgp), among
them azithromycin, roxithromycin and erythromycin
show quite pronounced properties of P-glycoprotein
(Pgp) inhibitors. Despite a relatively low membrane
permeability for macrolides in the apical-basolateral
direction, they move much more actively in the reverse
basolateral-apical direction. When transporter proteins
(Pgp) saturate more molecules of azithromycin,
roxithromycin and erythromycin with an increasing oral
bioavailability [47], there may be an increased risk of
toxic reactions of the above macrolides when used at
high doses. Spiramycin is also a substrate of Pgp, but
does not have inhibitor or inducer properties, therefore,
the value of its bioavailability is stable, which provides a
stable therapeutic response.

The dose of spiramycin is standardly calculated in
international units (IUs), which is, due to the natural
origin of the drug — 1 mg of spiramycin, corresponds to
3000 IUs.

All  macrolides, including spiramycin, have a
high value of the volume of distribution. In blood,
macrolides are predominantly bound to alpha-1-
acid glycoprotein, most to a significant extent (Table
1), which may be accompanied by variations in the
proportion of the pharmacologically active fraction due
to drug interactions or changes in the concentration
of plasma proteins. Alphal-acid glycoprotein is one
of the proteins of the acute phase, its concentration
increases in inflammation, especially in septicemia,
sepsis, complicated surgical interventions, malignant
neoplasms. Severe infection is the main factor of a
significant increase in the concentrations of this protein,
which can lead to a decrease in a pharmacologically
active fraction of those macrolides that have a significant
degree of binding (see Table 1), and therefore, to a
decrease in their therapeutic efficacy.

Spiramycin is characterized by a minimal binding
to plasma proteins regardless of the dose taken. This
distinguishes it from azithromycin, for which the binding
value depends on the concentration: at a level equal
to 0.02 ug/mL, it is 51%, and when increased by 100
times, it decreases to 7% [48, 49]. Considering that
the pharmacologically active (unbound) fraction of
spiramycin is 75%, it penetrates into organs and tissues
in high concentrations, which suggests its continued
effectiveness in conditions accompanied by severe
disturbances in plasma protein concentration.

Due to the ability to form high concentrations
in lysosomes, macrolides are characterized by an
accumulation in the lung fluid and in phagocytes. In
the studies on healthy volunteers it was shown that
3 h after a single oral administration of 3 g (9 000 000 IUs)
of spiramycin, the concentration in serum reached
2.8 mg/L [50], after an intravenous administration
of 500 mg (1500000 IUs) within one hour -
3.10 mg/L [51]. Comparing the maximum blood
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concentrations of macrolides, it can be noted that
the value formed during the oral administration of
spiramycin is superior to that of most macrolides (see
Table 1). The studies have demonstrated that the plasma
concentration achieved with spiramycin exceeds the
MIC for most sensitive pathogens [52—55].

With regard to the distribution of spiramycin in
other liquids and tissues, the following can be noted. The
content of spiramycin in saliva is 1.3—-4.8 times higher
than in serum [56, 57]. Maximum high concentrations
of spiramycin are formed in respiratory tract tissues: in
the lung tissue — 30-45 mg/kg, in bronchial mucosa —
6.5-36 mg/kg, in bronchial secretion and sputum — from
1.5 to 7.3 mg/l, in sinus mucosa — from 8 to 13 mg/kg,
in tonsil and adenoid tissues — from 15 to 29.5 mg/kg
(a multiple dose regimen) [50]. It can be also noted that
spiramycin is characterized by a slow release from the
intracellular space [58].

An important feature of such macrolides as
clarithromycin and erythromycin is a rather high
potential for drug interactions. The explanation is their
ability to inhibit the CYP3A4 isoenzyme [59, 60], as
well as the formation of metabolites with properties of
cytochrome inhibitors (anhydroerythromycin [61], 14(R)-
hydroxyclarithromycin and N-desmethylclarithromycin [62]).
The advantageous difference of spiramycin is its
inability to undergo significant metabolic transformations
and the absence of inhibitory or inducing effects on the
enzymes involved in the biotransformation of xenobiotics.
Due to this, the risk of drug interactions of spiramycin
is minimal, which limits the factors contributing to
therapeutic failures during its administration.

The excretion of all macrolides is carried out mainly
with bile. Transporter proteins, including Pgp, are
involved in the process. Macrolides are characterized by
binding to different bile acids, which is most pronounced
in the cases of azithromycin and clarithromycin, showing
a maximum affinity to cholate and deoxycholate
micelles [63].

From the clinical point of view, a decreased
binding of macrolides to bile acids (observed in the
representatives with a lower lipophilicity) leads to a
decrease in their excretion rate and an increase in the
half-life, respectively; the exposure time increases.
On the contrary, the use of more lipophilic macrolides
characterized by a better binding to bile acids is
accompanied by their faster elimination from the
organism [63, 64]. The parameters of lipophilicity of
spiramycin allow to refer it to moderately lipophilic
preparations, which are not characterized by an
accelerated excretion from the organism. An additional
factor in the stable excretion of spiramycin from the
body is the absence of its inducing or inhibitory effect on
Pgp, which favorably distinguishes it from a number of
other macrolides (see Table 1) [65, 66].
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Pharmacodynamics

Macrolides are inhibitors of bacterial protein
synthesis, interacting with 50S subunit of 70S ribosome.
For the realization of the action, it is necessary to bind
macrolide molecules to the regions of the peptide exit
tunnel of the forming peptide from the bacterial ribosome
(NPET), located near the peptidyltransferase center. The
traditional hypothesis explaining the mechanism of the
macrolides action is to stop the translation process by
closing NPET [72]. The studies revealing the absence of a
complete arrest of protein synthesis in some pathogens,
the studies devoted to the structural features of
macrolides, as well as the peculiarities of the bacterial
genome and changes in the bacterial protein synthesis
during a prolonged exposure to ABDs, allow the authors
to speak about the second theory that illuminates the
details of the mechanism of the macrocyclic ABDs action
[73, 74]. It consists in the fact that macrolides can act as
context-specific inhibitors of a peptide bond formation,
and both the features of the ABDs molecule’s structure
and the features of the proteins synthesized by bacteria
determine the boundaries and degree of the protein
synthesis arrest [72, 74].

The structure of macrolide molecules largely
determines the type of an antibacterial action, whether it
will be bacteriostatic or bactericidal [72, 75]. Macrolides
with a bacteriostatic action only and macrolides also
capable of a bactericidal effect differ from each other,
first of all, by such parameters as the kinetics of binding
and dissociation from the ribosome, not just the affinity
degree [76]. Representatives with a bactericidal action
demonstrate a pronounced slowdown in the rate of
dissociation from the ribosome, which is associated with
the presenceofanelongatedsidechainintheirmolecules.
The longer the macrolide is bound to the ribosome, the
longer the translation of the pathogen protein stops; as
a result, the factors critical for the resumption of a gene
expression may be completely depleted in the bacterial
cell, and the cell dies [76]. If the macrolide molecule
dissociates rapidly from the ribosome, a predominantly
bacteriostatic action is manifested. Spiramycin, binding
three domains of the peptidyl-transferase center
on the prokaryote ribosome, provides a prolonged
translation arrest, which determines its bactericidal
effect [25, 26].

Comparative estimation of bactericidal effect of
different macrolides (erythromycin, azithromycin,
clarithromycin, dirithromycin, roxithromycin and
spiramycin) against 10 strains of pneumococci with
different levels of susceptibility to penicillin was carried
out in the work by Fuursted K., et al. As a result, a
bactericidal effect (a decrease in the number of colony-
forming units (CFUs) per milliliter >3 log10 after 4 h of
the exposure to a concentration 10 times higher than the
MIC) was established for all drugs except azithromycin. A
comparative analysis of the severity of this effect found
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out that spiramycin and clarithromycin had significantly
higher bacterial killing rates after 1 h of the exposure
compared with azithromycin, dirithromycin, and
erythromycin. Among all macrolides, spiramycin showed
the most pronounced bactericidal effect comparable
to penicillin G after 4 hours of the exposure, while
azithromycin showed a minimal bactericidal activity. The
development rate of the bactericidal macrolides effect
did not depend on the sensitivity of the pathogen to
penicillin [32].

The structural spiramycin features (the presence of a
disaccharide consisting of a mycaminose and a micarose
in the C5 carbon atom position) ensure a pronounced
binding to the peptidyl transferase center in the NPET
region. From the molecular point of view, the features
of the macrocyclic spiramycin ring allow it to penetrate
deeper into the protein exit tunnel and form stronger
bonds when interacting with the ribosome, which may
indicate its increased activity against resistant bacterial
strains and its ability to counteract the AR formation
in general [25, 26]. This fact favorably distinguishes
spiramycin from 14-membered macrolides, the use
of which can trigger AR genes in relation not only to
macrolides, but also to lincosamides and streptogramins
(e.g., ERM) [26, 77]. This thesis is supported by the fact
that 16-member macrolides show a clinically significant
activity against erythromycin-resistant Staphylococcus
aureus strains [26].

Spiramycin is characterized by both bacteriostatic
and bactericidal actions. The latter is characteristic
when ABDs are used in a dosage form containing 3 000
000 IUs in one tablet. This form is represented by the
preparation “Doramytsin VM”.

Analyzing the antibacterial activity of spiramycin, it is
necessary to dwell on its ability to produce a PAE. Having
a high affinity for tissues, spiramycin is slowly released
from cells and provides both a direct antibacterial action
and an indirect one, through the realization of PAE [78, 79].
In the studies of Staphylococcus aureus strains, the
spiramycin PAE was found to be more pronounced
and prolonged compared to erythromycin [78]. The
PAE spiramycin value against mutant E. coli strains
(AacrAB strains with the presence of an efflux pump)
was found to be 1.7£0.26 h, which was higher than that
obtained for erythromycin (0.2+0.1 h) and azithromycin
(1.3+0.28) [80]. With respect to Streptococcus
pneumonia, the mean duration of PAE was significantly
higher for macrolides. The maximum value was found
for spiramycin (3.88 h), smaller values were found
for clarithromycin (3.60 h), erythromycin (3.50 h),
roxithromycin (3.13 h) and azithromycin (2.83 h) [32].

The spectrum of the antimicrobial macrolides activity
includes predominantly Gram-positive pathogens
and only some Gram-negative ones. Spiramycin has
demonstrated a high activity against Staphylococcus

155



REVIEWS
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

aureus [30, 71], coagulase-negative staphylococci [30],
B-hemolytic streptococci [30], pneumococci [80, 81],
Haemophilus influenzae [30, 71], some pathogenic
Neisseria species [30, 71, 82], Bordetella [30, 82],
Corynebacterium [30], E. Coli [83], Rickettsia [30],
Legionella [30, 71], Chlamydia [30, 82, 84], Mycoplasma
[30, 71, 82, 84], Toxoplasma (Toxoplasma gondii)
[82, 84, 85], some Cryptosporidium species [84] and
Moraxella [71].

Among Gram-negative microorganisms sensitive to
spiramycin, the main ones are intracellular pathogens.
All the more interesting are the results of the studies
that investigated the spiramycin effect on the pathogens
included in the group of the microorganisms especially
dangerous for humans, ESKAPE (Enterococcus faecium,
Staphylococcus  aureus, Klebsiella ~ pneumonia,
Acinetobacter baumannii, Pseudomonas aeruginosa,
Enterobacter spp.). Calcagnile M. et al. (2022)
demonstrated the results of a spiramycin action on
the blue bacillus, Pseudomonas aeruginosa, which
has a natural resistance to this ABDs as well as to any
other macrolides. The authors found a decrease in the
virulent properties of this pathogen, in particular, a
decrease in the formation of pyocyanin, pyoverdine and
rhamnolipids [86]. The studies in this direction were
further developed by the authors; in their later work,
they confirmed the ability of spiramycin to suppress the
expression of virulence determinants in P. aeruginosa: in
its presence, the production of pyoverdine and pyocyanin
was significantly reduced, the concentrations causing
the reduction were 15.6 and 7.8 pg/mL, respectively.
Spiramycin also found important effects concerning
the inhibition of a biofilm formation (almost twofold
at spiramycin concentrations of 30 pg/mL or more),
the reduction of a bacterial swarming motility and a
rhamnolipid production. The treatment of P. aeruginosa
with spiramycin (at concentrations ranging from 60 to
180 pg/ml) resulted in the sensitization of the bacterial
cell to the damaging effect of hydrogen peroxide. The
results were obtained both in vitro and in vivo; the
latter revealed a decrease in the mortality rate by
approximately 50% when spiramycin was administered
against the background of the P. aeruginosa infection
(the model with Galleria mellonella), as well as the
presence of an immunomodulatory activity of this
macrolide [87].

When analyzing the spiramycin PD, it is necessary to
recall such a concept as the “spiramycin paradox” used
for the first time in 1988 [88]. The paradox consisted
in the fact that the antibacterial effect of this ABD was
inferior to that of erythromycin in vitro, but superior in in
vivo studies. The explanation is the complex mechanism
of the spiramycin action, which includes both a direct
antibacterial action on bacterial cells (and, as it was
found, on some other pathogens) and the effect on host
cells, the study of which allowed to reveal pleiotropic
effects of the macrolide in question.
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Additional pharmacodynamic effects
of spiramycin

Antiviral activity

Macrolides are a group of drugs that have
discovered the ability not only to antibacterial, but also
to antiviral actions [89]. This feature is based on the
“chameleon” effect of the macrolides discussed above.
It is macrocyclic chameleon compounds that exhibit
a unique ability to interact with hard-to-reach targets,
which are characteristic of viruses [43—45].

Among macrolides, the antiviral activity has been
reported in a number of representatives, including
spiramycin. The early studies revealed the effect of
clarithromycin against HIN1 influenza virus, but a
comparative study of different macrolides (josamycin,
spiramycin, erythromycin, clarithromycin) conducted
in 2014 demonstrated that it had the lowest activity
measured in vivo and assessed by the survival rate of
laboratory animals and their weight dynamics after the
infection with a lethal dose of HIN1. The 16-member
macrolides josamycin and spiramycin were recognized
as the most effective [90].

The use of macrolides has shown definite prospects
in the treatment of enteroviral vesicular stomatitis (the
causative agents are enterovirus A71 (EV-A71) and
coxsackie virus A16 (CV-Al6)). Zeng S. et. al. (2019)
showed the comparative study results of the effects of 8
macrolides (erythromycin, clarithromycin, dirithromycin,
roxithromycin, azithromycin, midecamycin, jozamycin
and spiramycin) on EV-A71 and CV-A16 in vitro, finding
the presence of anti-enteroviral activity in spiramycin
and azithromycin. Spiramycin most significantly reduced
EV-A71 RNA and protein levels by likely disrupting a viral
RNA replication. The average inhibitory concentration
(IC,,) of spiramycin against EV-A71 and CV-A16 was 15
and 75 pM, respectively. The values for azithromycin
were 26 and 50 uM, respectively. The authors noted
that the inhibition of the viral replication by spiramycin
and azithromycin was not accompanied by cytotoxic
reactions, and both drugs showed an anti-enteroviral
activity, more pronounced against EV-A71 and less
for CV-Al6. With respect to EV-A71, spiramycin
proved to be a stronger replication inhibitor than
azithromycin [91].

Effect on human cells and tissues

The ability of spiramycin to have not only an
antibacterial effect, but also to affect the host cells,
causing a comprehensive improvement in their function,
has been shown in a number of studies involving patients
with infections of various etiologies. In particular, this
applies to such a typical indication for spiramycin as
toxoplasmosis, where this ABD contributes to the
improvement of tissues of the internal organs. The
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phenomenon may be based on the improvement of
tissue regeneration rates in the presence of spiramycin,
which has been shown for liver, spleen and brain
cells [92]. Regular spiramycin passes through the blood-
brain barrier poorly, but its modified form based on
chitosan nanoparticles provides an effective crossing of
histohematic barriers with the formation of sufficient
concentrationsin the brain tissue [93]. The nanoparticles
loaded with spiramycin have shown a maximum efficacy
in the treatment of acute toxoplasmosis, including those
with a central nervous system damage [94]. Clinical data
indicate a marked reduction in the number of brain cysts
(by 88.7%) and an improvement of the brain tissue in
patients with chronic toxoplasmosis [95]. A complex
improvement of the organs and tissues state was also
observed with the use of a combination of probiotics
(Lactobacilli acidophilus) and spiramycin in the patients
with toxoplasmosis against the background of diabetes
mellitus [96].

Potential of spiramycin

in the therapy of obesity

The ability to inhibit adipogenesis and reduce the
severity of obesity caused by a high-fat diet, has been
demonstrated for spiramycin. A spiramycin-induced
suppression of a preadipocyte differentiation against the
background of the attenuation of an intracellular lipid
accumulation underlies a weight loss. Spiramycin has
been shown to inhibit the expression of key adipocyte
regulators (PPARy, C/EBPa and SREBP1c) and their
target genes (FAS, aP2 and GLUT4), as well as to activate
the phosphorylation of an adenosine monophosphate-
activated protein kinase, AMPK, in 3T3-L1 cells during
their early differentiation. In in vivo models, spiramycin
led to a significant weight loss by reducing the adipose
tissue mass and also contributed to minimizing a lipid
accumulation in hepatocytes. In the liver, a decrease
in the severity of steatohepatosis was found against
the background of a spiramycin administration [97].
The ability of spiramycin to counteract adipogenesis
distinguishes it from other macrolides, for which
(primarily azithromycin), on the contrary, the studies have
revealed a certain relationship with the development
of obesity. It was found out that both in the USA and
in Europe, macrolide uses at the population level had a
positive association with a subsequent childhood obesity
that persisted regardless of the period between the
ABDs use and the formation of overweight [98]. Another
large-scale study analyzed the relationship between the
consumption of the most common macrolides and the
development of obesity in adults, revealing the ability
of this group of ABDs to induce processes leading to the
weight gain [99].
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Anti-inflammatory and immunomodaulatory

effects of spiramycin

Macrolides have quite pronounced
immunomodulatory properties that have the potential
to correct an immune dysregulation even in critical
patients, but they do not inhibit endogenous
antimicrobial defense mechanisms [100]. The anti-
inflammatory potential of macrolides has been
demonstrated in modeling septic processes and tissue
damages of various localizations caused by the infectious
process [101].

The anti-inflammatory and immunomodulatory
actions of spiramycin are based on their effect on several
cell types, primarily macrophages. The results of a study
evaluating the anti-inflammatory potential of a topical
application of spiramycin in humans (an application to
the skin) have been published. They found the ability
of this ABD to reduce the secretion of interleukins,
ILs (IL-6 and IL-1B) by macrophages, reduce the NO
synthesis by affecting the expression of the inducible
form of nitric oxide synthase (iNOS) by inhibiting the
nuclear factor kB (NF-kB) and mitogen-activated protein
kinase (MAPK) signaling pathways [102]. In general, an
effective attenuation of the macrophage activation in
the presence of spiramycin and its significant potential
for use as a topical anti-inflammatory agent have been
observed [102].

Another study of the topical spiramycin effect
(applied to the nasal mucosa) showed its actions on
fibroblasts. The structure analysis of the cells exposed
to the ABDs revealed the absence of damage to the
cytoskeleton and nuclei, and a preservation of the spindle
shape. Spiramycin increased a viability of fibroblasts
and had no damaging effect on them at a short-term
application for 24 and 48 h, but decreased a viability
at doses of 50 and 100 uM at a long-term application
for 72 h. As a result, the authors recommended using
spiramycin in the form for a topical application during
septorhinoplasty procedures [57].

It was shown that macrolides can change the
differentiation and maturation of mononuclear
phagocytes, endothelial and epithelial cells and
fibroblasts [103]. Thus, the inhibition of the activation
of inflammatory phenotype M1 macrophages and
the enhancement of the formation of phenotype M2
macrophages, contributing to the arrest of inflammatory
processes and a subsequent healing, were found
out [104].

Macrolides also act as inhibitors of the adhesion
molecules expression on neutrophils and endothelial
cells. This effect leads to the inability of leukocytes to
adhere to the endothelium at the very beginning of the
diapedesis process (the transition of cells from blood
to tissues through the vascular wall, which is typical for
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an inflammation) [105]. Macrolides have demonstrated
the ability to induce phagocytosis and enhance the
formation of certain lines of macrophages, and both in
relation to macrophages and neutrophils ABDs of this
group, have demonstrated the ability to inhibit the so-
called “oxidative burst” [100].

The results of the spiramycin treatment of
Staphylococcus and species of
streptococci (S. pyogenes, S. mutans, S. sanguis, and
S. faecalis) with a subsequent evaluation of the degree
of their adhesion to buccal cells and the efficiency of
phagocytosis by polymorphonuclear leukocytes are of
interest. A pretreatment of cocci with a serial twofold
spiramycin dilutions (1/2 to 1/1024 MPC) resulted
in an increase in the diameter of bacterial cells and a
decrease in their adhesion to buccal cells. The exposure
of streptococci to spiramycin led to an increase in the
phagocytic ability of polymorphonuclear leukocytes,
and the effect was observed both when using the
therapeutic concentration (2 mg/L) and when using
1/4 MIC [53].

Another aspect of a macrolides action is their effect
on the mucus secretion in the respiratory tract. The basis
is the inhibition of a cytokine induction of a mucin 5AC
(MUCS5AC) gene expression [106, 107].

In addition to their anti-inflammatory and
immunomodulatory actions, macrolides have important
effects such as slowing down the aging process. Aging
cells can produce and secrete pro-inflammatory
cytokines, they are called “senescence-associated
secretory phenotype (SASP)”. SASP is a major factor in
the chronic inflammation and tissue damage [108] and
has a close relationship with inflammasomes.

There have been published works demonstrating
the senolytic activity (an ability to inhibit aging
processes in the body) of a number of macrolides
manifested in the form of death of lung fibroblasts
damaged by aging processes, against the background
of the effect absence on healthy normal fibroblasts
[109]. The specific effect of spiramycin on a number of
proinflammatory cytokines and cell signaling pathways
allowed the authors to identify it as a drug with a
potential of the antitumor action. This potential was
found, in particular, in experiments with a MCF-7 cell
line, representing a human breast cancer cell line with
estrogen, progesterone and glucocorticoid receptors
[110]. The mechanism underlying the beneficial
effects included the ability to bind topoisomerase Il
and inhibit a complex formation between this enzyme
and DNA. Antiproliferative properties of spiramycin
were manifested against the background of its rather
low concentration (IC,=0.67+0.43 uM), very close
to the concentration of the standard antitumor drug
from the ABDs group, doxorubicin. A comparison of

aureus various
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the antitumor potential of spiramycin, roxithromycin,
clarithromycin and azithromycin performed on the
MCF-7 cell line revealed the unambiguous superiority of
spiramycin [110].

The combined PD
complementary to its
summarized in Figure 1.

effects of
antibacterial

spiramycin,
action, are

Clinical efficacy of spiramycin

A high intracellular concentration of spiramycin,
formed in cells of various organs and tissues, along with
its antimicrobial spectrum, underlie the possibility of a
fairly wide use of this ABD in the therapy of community-
acquired infections.

One of the most topical issues of a spiramycin
applicationisits use in patients with community-acquired
bacterial infections of the upper and lower respiratory
tract. Clinical studies indicate the effectiveness of this
macrolide in patients with pharyngitis and tonsillitis,
which is due, in particular, to its high concentrations
in tonsil and pharyngeal tissues, and a high content
in saliva [56]. An efficacy comparison of spiramycin
(3 000 000 IU (1 g) 2 twice a day, n=49) and amoxicillin
(500 mg capsules 3 times a day, n=50) in the therapy
of patients with acute community-acquired upper
respiratory tract infections revealed comparable results
(success of antibiotic therapy in 89% in the spiramycin
group and 83.3% in the amoxicillin group) [111].

In patients with lower respiratory tract infections,
the efficacy of spiramycin is demonstrated by the results
of an open multicenter study (Brazil and Colombia,
n=125, patients with a radiologically confirmed
pneumonia, acute bronchitis or exacerbation of chronic
bronchitis). Clarithromycin was administered at a dose
of 500 mg every 12 h and spiramycin at a dose of
3 000 000 IUs (1 g) every 12 h in the courses of 5-10
days. The clinical efficacy scores of the drugs did not
show significant differences, nor did the safety scores
(p=0.768 and 0.236, respectively) [112]. Another open
randomized multicenter study (n=55, patients with
pneumonia and/or bronchitis) demonstrated a similar
comparable efficacy of spiramycin and clarithromycin.
the antibiotic therapy success was observed in 96.15%
of patients in the spiramycin group and 96.43% in the
clarithromycin group. Side effects were slightly less
frequent in the spiramycin group (7.69 vs. 10.71% for
clarithromycin) [113].

The use of spiramycin (1 500 000 IUs 3 times a
day) in 30 patients (adults aged 16—65 years) with
community-acquired pneumonia revealed a high clinical
efficacy — approximately half of the patients showed
positive clinical dynamics on the 3rd day after starting
ABDs. At the end of the course of the antibiotic therapy
the clinical efficacy was 90.0%. ARs were observed in
20.0% [114]. A 100% efficacy of spiramycin in patients
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with pneumonia was demonstrated in another domestic
study (n=30, a moderately severe course, a mean age
35412 years) [115].

A high efficacy of spiramycin was also found in
the outpatient practice (dose 3 000 000 IUs, the
duration of treatment — up to 14 days, n=21). The
treatment efficacy was 95.2%, and no side effects were
registered [116]. A comparison of the efficacy of
oral spiramycin and ampicillin in the management of
children with infectious-inflammatory diseases of the
respiratory tract, tonsils and middle ear revealed a
number of advantages of macrolide. The study found
pronounced positive dynamics: a rapid reduction of
fever, a sore throat on swallowing and some symptoms of
intoxication [117].

The above studies were predominantly published in
the twentieth century, attracting an increased interest in
the contemporary data that could illustrate the activity of
spiramycin against the strains of streptococci circulating
today. In 2024, the Interregional Association for Clinical
Microbiology and Antimicrobial Chemotherapy (Russia)
performed an in vitro activity testing of the spiramycin
substance from the manufacturer World Medicine,
Turkey (350 strains of S. pneumonia and S. pyogenes
from patients with community-acquired respiratory
tract infections from sixteen cities in the Russian
Federation). The results demonstrated the sensitivity
of 70.5% of S. pneumonia and 94.7% of S. pyogenes
strains to spiramycin. Among the streptococci resistant
to 14- and/or 15-member macrolides (erythromycin,
clarithromycin, roxithromycin, azithromycin), 25-36%
of S. pneumonia strains and 69.6-97.3% of S. pyogenes
isolates showed the sensitivity to spiramycin?.

The oral cavity is a close anatomical region in
relation to the upper respiratory tract. A high content
of spiramycin in saliva, gums and bones makes it a
promising drug for use in dental practice, which has
been confirmed by a number of studies [118-120].

Helicobacter pylori, a major etiologic factor in the
peptic ulcer disease, is a pathogen with rapidly increasing
ARs. The macrolide traditionally used in H. pylori
eradication is clarithromycin, and the resistance growth
of the pathogen against this ABD is dramatic [121-
123]. Spiramycin has no history of use as a traditional
component of eradication regimens despite the fact that
several papers were published in the 1990s indicating
its efficacy in H. pylori eradication comparable to
tetracycline [124], oxytetracycline [125], and amoxicillin
[126]. A modern evaluation of the efficacy and safety
of spiramycin when used as a part of the triple therapy
of the first-line H. pylori eradication was performed in
the study including 122 patients with a confirmed H.

! The in vitro activity of macrolides against S. pneumoniae and S.
pyogenes was studied // Pharmaceutical Bulletin. Available from:
https://pharmvestnik.ru/ content/news/lzuchena-in-vitro-aktivnost-
makrolidov-v-otnoshenii-S-pneumoniae-i-S-pyogenes.html. Russian
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pyloriinfection and no history of the eradication therapy
(70 people — a study group, received pantoprazole
40 mg twice a day, spiramycin 1 500 000 IUs and
metronidazole 250 mg — 3 times a day for 10 days;
52 people — a control group, received pantoprazole,
clarithromycin and amoxicillin for 14 days). A month
after the therapy completion, the status of H. pylori was
evaluated. In the study group, the eradication was noted
in 74.3%, in the control group —in 86.58%. No significant
differences between the groups were found (p=0.097).
Side effects were observed in 54.5% in the study group
and in 45.5% in the control one (nausea, abdominal
pain and diarrhea), there were no statistically significant
differences between the groups (p=0.266). The authors
concluded that the comparable efficacy of macrolides
against the background of a satisfactory safety profile
suggests the potential of spiramycin in the eradication
of H. pylori in conditions of the increasing resistance to
clarithromycin [127].

A high activity of spiramycin against intracellular
pathogens includes chlamydia. The risk of chlamydiosis
in the world and in the Russian Federation population
shows increasing trends [128]. The published studies
indicate the effectiveness of spiramycin in respiratory
tract infections caused by Chlamydia pneumonia [129],
genital infections caused by C. trachomatis [130]. An
interesting publication describes the use of spiramycin
in a 30-year-old patient with acute pleuro-myocarditis
developed against the background of the community-
acquired pneumonia caused by C. psittaci (as a result of
a professional contact with birds). The patient received
intravenously 1 g of amoxicillin and 1 500 000 IUs of
spiramycin 3 times a day in combination with 0.5 mg of
colchicine 4 times a day and 1 g of acetylsalicylic acid
3 times a day. Positive dynamics was noted starting from
the third day of the ABDs administration (the absence
of fever and chest pain), laboratory tests revealed
a normalization of blood leukocyte and lymphocyte
counts, as well as a reduction of C-reactive protein to
23 mg/L on the fifth day. Amoxicillin was discontinued,
the patient continued taking spiramycin for 14 days,
no side effects were reported, a further follow-up for
3months revealed normal ECG values, and no cardiac
abnormalities were detected for 2 years [131].

For the diseases listed above, the use of spiramycin
is not currently widespread and most published studies
date back to the twentieth century. The situation is
different for an infectious disease such as toxoplasmosis.
Spiramycin is the main drug of choice for the treatment
of toxoplasmosis in various categories of patients
[132-135], including pregnant women [136, 137]. It
has no teratogenic potential and is safe for use in the
first trimester of pregnancy, which distinguishes it from
pyrimethamine and sulfadiazine, which should not be
used until the second trimester of pregnancy because of
significant adverse effects on the fetus [134].
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Figure 1 — Pharmacodynamic effects underlying the pleiotropic action of spiramycin
Note: MARK — mitogen-activated protein kinase; ERK — extracellular signal-regulated kinase; JNK — Jun N-terminal kinase;
NF-kB — nuclear factor kB; IL — interleukin; PMNL — polymorphonuclear leukocytes.

According to a 2015 year meta-analysis, spiramycin
was recognized as a drug with a high efficacy against
the infections caused by T. gondii. The pooled negative
conversion rate values (a positive test before the
treatment, a negative test after it) for spiramycin,
azithromycin ~ and  trimethoprim-sulfamethoxazole
were 83.4% (95% confidence interval (Cl): 72.1 to
90.8%); 82.5% (95% CI: 75.9 to 87.6%) and 85.5%
(95% Cl: 71.3 to 93.3%). The analysis of the incidence of
a vertical mother-to-child transmission after a course of
spiramycin in pregnant women with a primary infection
included 11 publications (n=3596) and found a minimum
value of 9.9% (95% Cl: 5.9 to 16.2%). The evaluation of
a spiramycin efficacy in toxoplasmosis encephalitis was
based on the data from 14 publications (n=727), with a
pooled cure rate of 49.4% (95% Cl: 37.9 to 60.9%) [138].

In 2021, another meta-analysis was published to
evaluate the efficacy of spiramycin in pregnant women
followed by pyrimethamine-sulfonamide-folic acid or
without it, compared with the absence of treatment.
The evaluation was based on the incidence of a mother-
to-child transmission of T. gondii and the incidence /
severity of the sequelae in children. The meta-analysis
pooled 33 studies (32 cohort and 1 cross-sectional
study, number of mothers was n=15 406, newborns was
n=15250). The incidence of the vertical transmission
was significantly lower in the patients receiving the
spiramycin monotherapy, 17.6% (95% Cl: 9.9 to 26.8%)

Tom 12, Beinyck 2, 2024

compared with the group of the therapy absence,
50.7% (95% Cl: 31.2 to 70%; p <0.001), indicating an
unequivocal efficacy of spiramycin [139]. A high efficacy
in curing pregnant patients from toxoplasmosis and
preventing a vertical transmission was found for the
combination of spiramycin with co-trimoxazole (the
data from a retrospective study including 120 pregnant
women and 123 newborns, the period from 1992 to
2011) [140].

The data analysis of 685 pregnant patients with
toxoplasmosis treated with spiramycin in Germany
(spiramycin is the standard of care in the country’s
clinical guidelines) confirmed the efficacy of its
use (from the diagnosis time until the 16" week of
pregnancy, followed by pyrimethamine, sulfadiazine,
and folinic acid for at least 4 weeks) in combination
with a standardized follow-up program to reducea
transplacental transmission and the disease burden in
the newborn [141].

According to the Russian draft clinical guidelines
on diagnosis, treatment and prevention of congenital
toxoplasmosis, macrolides belong to the second-
line etiotropic therapy of newborns, among which
spiramycin is the drug of choice (the first line —
pyrimethamine+sulfadimezine for 4—6 weeks).?

2 Clinical recommendations [project] for the diagnosis, treatment
and prevention of congenital toxoplasmosis. Available from:
https://www.raspm.ru/files/toksoplazmoz.pdf. Russian
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The dosing regimen of spiramycin in pregnant women
with toxoplasmosis according to the clinical guidelines
2023, Germany, is as follows [135]: Up to 14+6 weeks
of gestation — spiramycin (3.0 g or 9 000 000 1U/day);
from 15+0 weeks of gestation — for at least 4 weeks the
combination of pyrimethamine (50 mg on day 1 and
25 mg from day 2)+sulfadiazine (50 mg/kg/day; 3 g/day
for a body weight up to 80 kg; 4 g/day for a body weight
of 80 kg or more)+folinic acid (10-15 mg/day, a folic acid
intake should be discontinued).

If sulfadiazine intolerance/inability: 15+0 weeks
gestation: Spiramycin (3.0 g or 9 IUs/day)+co-trimoxazole
(2x960 mg/day)+folinic acid (10-15 mg/day, a folic
acid intake should be discontinued) or co-trimoxazole
(2x960 mg/day)+folinic acid (10-15 mg/day, folic acid
should be discontinued) or pyrimethamine (50 mg/day)+
clindamycin  (3x600 mg/day)+folinic acid (10 to
15 mg/day, folic acid should be discontinued).

Summarizing the reviewed results of a spiramycin
clinical use, it can be noted that its use at a dose of
3 000 000 IUs twice/day provides an effect superior
or comparable to that of other 14- or 15-member
macrolides and aminopenicillins. Comparing the
dosing regimen of spiramycin given in the studies with
that of the second 16-member macrolide, josamycin
(1-2 g/day, divided into 2 or 3 doses), a similar result
based on the data of PK and PD characteristics analysis
of the drugs, can be assumed.

Side effects

Macrolides have a very high level of safety and are
generally well tolerated by patients of various ages.
Nevertheless, a real clinical practice has revealed a
number of ARs characteristic of this group, the spectrum
of which depends on the specific macrolide. A Cochrane
review including 183 studies and nearly a quarter of a
million patients treated with macrolides (n=252 886)
[142] found the highest risk gastrointestinal tract (GIT)
ARs (odds ratio, OR=2.16 [95% Cl: 1.56 to 3.00]). Among
ARs on the Gl side, an abdominal pain (OR=1.66 [95% Cl:
1.22 t0 2.26]), diarrhea (OR=1.70 [95% CI: 1.34 to 2.16]),
and nausea (OR=1.61 [95% Cl: 1.37 to 1.90]) were
leading. In most cases, mac rolide-induced diarrhea
is not a consequence of impaired gut microflora, but
is associated with an activation of motilin receptors. It
was found that 14-membered macrolides erythromycin
and oleandomycin have a pronounced affinity for them,
comparable, in fact, with motilin itself, and exhibit the
properties of their agonists, which leads to a pronounced
stimulatory effect on the intestinal motility [143]. This
distinguishes them from 16-membered macrolides,
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which do not cause such a reaction due to their
structural features, which do not allow them to bind to
this type of receptors. Thus, a connection between the
structure and function of macrolide ABDs and their GIT
side effects can be noted [64, 144].

Taste disturbances are another typical side effect
of macrolides, compared to placebo, with an OR of
4.95 (95% Cl: 1.64 to 14.93) [142]. The data are based
on the results of the most common representatives of
the group (azithromycin, erythromycin, clarithromycin,
roxithromycin).

Hearing impairment is a rare AR occurring in some
patients taking macrolides. According to the Cochrane
review, hearing loss was slightly more common in
patients taking the most common ABDs in this group
(OR=1.30; 95% Cl: 1.00 to 1.70) compared to placebo
[142]. The association between macrolides and
hearing impairment is also supported by the results of
a systematic review and meta-analysis from 2024 (13
studies included, 1 142 021 patients, 267 546 of whom
received macrolides, 875 089 were controls), which
demonstrated a pooled OR of 1.25 (95% Cl: 1.07 to 1.47)
[145]. A similar OR of hearing impairment, 1.25 (95% Cl:
1.07 to 1.46), was also found in the results of the analysis
carried out as a part of the population-based Rotterdam
Study (started in Rotterdam, the Netherlands, in 1989, a
cross-sectional analysis — 4 286 patients, a longitudinal
analysis — 636) [146].

Negative effects of macrolides on the heart have
been a matter of debate for a long time. The Cochrane
review found no evidence of a significant increase in
the risk of cardiac pathology associated with macrolides
(OR=0.87; 95% Cl: 0.54 to 1.40) compared to placebo
[142]. A meta-analysis of 80 studies involving almost
40 million patients demonstrates different results.
Compared to the group of patients who had not taken
macrolides, those who had used them had a significant
risk of ventricular arrhythmia or a sudden cardiac death:
for azithromycin the hazard ratio, OR, was — 1.53 (95% Cl:
1.19 to 1.97), for clarithromycin — 1.52 (95% Cl: 1.07
to 2.16). The authors [147] also found an association
between an azithromycin intake and a higher risk of a
cardiovascular death (OR=1.63; 95% Cl: 1.17 to 2.27)
and an increased risk of myocardial infarction (OR=1.08;
95% Cl: 1.02 to 1.15).

It is assumed that the basis of macrolides
cardiotoxicity is the ability of some of them to prolong
the QT interval and cause ventricular tachycardia of
a pirouette type (Torsades de pointes, TdP). This fact
is associated with the third phase prolongation of the
action potential, a disruption of depolarization and
repolarization processes. In turn, these processes are
a consequence of blocking special potassium channels
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in the membrane of cardiomyocytes (blockade of a
potassium current of a delayed rectification — 1(Kg))
[148]. It is known that the severity of I(Kr) blockade
under the action of macrolides is presented as follows:
clarithromycin=roxythromycin>erythromycin [147, 149].
The level of evidence regarding the risk of TdP for
clarithromycin and erythromycin is B, for roxithromycin it
is C[148]. Similar mechanisms of cardiotoxicity have also
fluoroquinolones, the ABDs group, the representatives
of which are often used as an alternative to macrolides.

Azithromycin has long been considered one of
the safest macrolides, but a population-based analysis
found a significant association between its use and an
increased risk of death from a cardiovascular disease
[147]. An increase not only in the risk of myocardial
infarction, but also in ventricular arrhythmias and a
sudden cardiac death was noted. The cardiotoxicity of
azithromycin is based on slightly different mechanisms
that distinguish it from clarithromycin, roxithromycin,
erythromycin and fluoroquinolones. High concentrations
of this macrolide have been found to cause an increased
heart rate and acute shortening of the QT interval. At the
subcellular level, a change in the activity of lysosomes
was observed; it was accompanied by an excessive
formation of autophagosomes, leading to the formation
of vacuoles, damage to sarcomeres, and cardiomyocyte
death [150].

In the studies reviewed above that evaluated the
profile of the ARs characteristic of macrolide ABDs, the
most common drugs were azithromycin, clarithromycin,
roxithromycin, and erythromycin. There are no meta-
analyses on spiramycin, which is due to its rare use
in modern practice. Nevertheless, in the light of a
potential influence on the cardiovascular system, the
results of a spiramycin long-term use in a patient with
acute myocarditis, indicating its safety and absence of
cardiotoxic properties, are interesting [131]. The data on

the wide use of spiramycin in pregnant women, which
revealed no cases of cardiac disorders in newborns, are
also indicative [151]. In general, the evidence analysis of
a spiramycin safety use in humans indicates its favorable
profile, the absence of influence on the GI motility,
hepatotoxicity and cardiotoxicity [152].

CONCLUSION

Macrolide ABDs have lost their leading position
in recent years and are now alternative drugs in the
treatment of community-acquired infections. It is
interesting to note that for this group, an in vitro efficacy
is not always identical to an in vivo efficacy. A vivid
illustration of this thesis is spiramycin; its MIC against
many pathogens is quite high, but, nevertheless, due to
additional pleiotropic effects, the results of its clinical
use may exceed those of many traditional macrolides.
These effects include, first of all, anti-inflammatory and
immunomodulatory ones, which allow spiramycin to
effectively eliminate the symptoms of infectious diseases
against the background of the improvement of tissues
condition of various organs damaged as a result of the
disease. The properties of spiramycin considered in the
present literature review explain its greater effectiveness
in in vivo studies compared to those conducted in vitro
and make it possible to consider this ABD an effective
tool for the antibiotic therapy of community-acquired
infections. If josamycin cannot be used, a 16-membered
macrolide such as spiramycin may be an alternative
when choosing an ABD.3

3 The specialist reported on the successful import substitution of the
Japanese antibiotic. Bulletin of Pharmacy. Available from: https://
pharmvestnik.ru/content/news/Specialist-zayavil-ob-uspeshnom-
importozameshenii-yaponskogo-antibiotika.html. Russian).The
appearance of a new drug “Doramycin VM” 3 000 000 IU on the
Russian pharmaceutical market makes it possible to add to the
arsenal of doctors a macrolide with pleiotropic favorable effects and
a low ABR level, which favorably distinguishes it from the traditional
representatives of this group.
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In the formation of a common market within the framework of interstate associations (Unions), the goal of improving
the health of the member states population can be achieved, among other things, by providing an unimpeded
access to safe, effective and quality medicines (drugs). One of the elements is activities in the field of these drugs
compounding. This review has been prepared by authors due to the lack of information in the Russian-language literature
on the regulation of this area in the current legal systems of the BRICS countries.

The aim of the work was to analyze the regulatory mechanisms and current approaches to the organization of activities in
the field of drugs compounding, presented in the legislation of the BRICS interstate association (Union) member countries,
including their structuring (systematization) in order to develop proposals for the convergence of these practices.

Materials and methods. PubMed, Google Scholar, elibrary.ru, and specialized databases of regulatory legal documents of
the BRICS countries were used as search resources. The following keywords were used as search keywords: “drug”, “drug
product”, “drugs compounding”, “pharmacy organization”, “medical organization”, “compounding”, “drug preparation”,
“drug dilution (reconstitution)” in English, Portuguese, Spanish, Chinese, Arabic, Persian and Hindi. The paper uses empirical,
theoretical, quantitative tools, including the analysis of a wide list of relevant sources - regulatory legal documents governing
the activities of compounding pharmacies in the BRICS countries.

Results. The study presents key regulatory legal acts and documents, analyzes them and describes the main provisions of
the legislative framework for the organization of activities in the field of drugs compounding. The identified peculiarities
determine the need to rethink the current state of the Russian regulation of the drugs compounding sector. The study
emphasizes the need to improve regulatory approaches in Russia. The BRICS countries can strive to develop the best
practices and “gold” standards for the organization of this socially important activity in the field of drugs compounding.
Such an approach can led to the creation of a unified good practice in compounding and dispensing of drugs.

Conclusion. The authors of the study consider it advisable to carry out a further and more detailed elaboration of the
convergence issues of regulatory practices of both health care systems and pharmaceutical industries in the BRICS member
states. It has been proposed to develop and form a “Roadmap” (an action plan) for the development of the cooperation
between the BRICS member states in the field of health care and pharmaceutical industry in order to intensify integration
processes and build a modern model of the public health and drug market, including joint research and development by
world-class scientific centers for technological development of the interstate association (Union) countries.

Keywords: legislation; BRICS; manufacturing of pharmaceuticals; Diluting (Reconstitution) of pharmaceuticals; compounding
pharmacies; drugs compounding; quality of pharmaceuticals; regulatory practice; personalized medicine; Brazil; India; China;
Republic of South Africa; United Arab Emirates; Iran; Egypt; Ethiopia

Abbreviations: PO — pharmacy organization; SP — stock preparation; WTO — World Trade Organization; EEU — Eurasian
Economic Union; DF — dosage form; FDF — finished dosage form; RPPs — radiopharmaceutical preparations; SOP — Standard
Operation Procedure; MO — medical organization; SCO — Shanghai Cooperation Organization; DS — drug substance; CDP —
compounded drug product; GMP — Good Manufacturing Practice; GPhP — Good Pharmacy Practice.
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Mpu bopmmrpoBaHMKM 06LLErO PbIHKA B PaMKax MEXKrocyaapCTBeHHbIX 06beanHeH (COo30B) Lenb YKpenaeHus 340poBba
HacCeNeHUs rocyAapCTB-Y/1€EHOB MOMKET AOCTUraTbCs, B TOM 4ucie, NyTém obecneyeHua HecnpenaTCTBEHHOro A4OCTyna
K 6e30nacHbiM, 3pDEKTUBHLIM U KaYyeCTBEHHbIM JIeKapCTBEHHbIM npenapatam (/IN). OgHMM M3 3/1eMEHTOB BbICTynaeT
aeatenbHoOCTb B chepe marotosneHua JIMN. Benay HepocTaToyHoro obbéma CBEAEHWN B PYCCKOA3bIYHOM AuTepaType O
perynMpoBaHum 310l chepbl B AEMCTBYHOLMX NPABOBbIX cMcTeMax cTpaH BPMKC, aBTopamu NogrotoBieH HacToAwmii 063op.
Lienb. MNpoBectn aHanM3 AENCTBYHOLNX NOAXOA0B U MEXAaHU3MOB PEryIMPOBAHUA K OpraHu3aLuu aeaTenbHOCTU B chepe
nsrotosneHus 1M, npeacTaBNeHHbIX B 3aKOHOAATENbCTBE CTPAH-YYACTHUL, MEKIOCYAapPCTBEHHOIO 0bbeanHeHNA (coto3a)
BPUKC, BKAtOYAsA UX CTPYKTYPUPOBAHME (CMCTeMaTM3aLMIo) ANS BbIPabOTKM NPeaioKeHU No CONNKEHUIO AaHHbIX NPAKTUK.
Martepuanbl U meToapl. B KauecTBe NMOMCKOBbLIX PecypcoB HbiaM Mcnoib3oBaHbl H6a3bl AaHHbIX PubMed, Google Scholar,
elibrary.ru, a Take cneyunannsMpoBaHHble 6a3bl AaHHbIX HOPMATMBHbIX NMPABOBbLIX A4OKYMeHTOB cTpaH BPUKC. B KauecTse
KNIOYEBbIX C/1I0B ANA MOUCKA MCNONb30Ba/IN: «J1IEKaPCTBEHHOE CPeACTBO», «E€KAPCTBEHHbIN MpenapaT», «U3roToBaeHue
JIEKAPCTBEHHbIX NPENAPaTOB», KanTeyHan OpraHM3auma», KMeanLNHCKaa OpraHn3aumsa», KKOMMNAyHAUHIY», KPUroTOBAEHNE
NleKapcTBy, «pasBefeHne (BOCCTaHOBNEHME) NEeKAPCTBEHHbIX MpernapaTtoB» Ha aHMMMCKOM, NOPTYra/JibCKOM, UCMAHCKOM,
KUTAMCKOM, apabCcKom, NepcuacKkom AsbiKkax M XMHAW. B paboTe MCNonb30BaHbl 3MNUPUYECKUE, TeopeTUYecKue,
KOJINYECTBEHHbIE MHCTPYMEHTbI, BKNOYAA aHA/IN3 LUIMPOKOTO NepeyHs pesieBaHTHbIX MCTOYHUKOB — HOPMATUBHbIX MPABOBbIX
[OKYMEHTOB, PEryimpyroLLInx AeaTeslbHOCTb NMPOU3BOACTBEHHbIX anTek B cTpaHax BPUKC.

Pe3synbratbl. B uccnegoBaHum npeacrasieHbl KAOYEBble HOPMATUBHbIE NPABOBbIE aKTbl U JOKYMEHTbI, MPOBEAEH UX aHaNU3,
a TaK¥Ke OMMcaHbl OCHOBHbIE MOMOMEHMA 3aKOHOAATEIbHOW 6a3bl MO OpraHM3auMu aeatenbHOCTU B chepe msrotosneHus JIM.
BbliABNIEHHbIE 0COBEHHOCTM onpeaenAtoT NoTPebHOCTb B NEPEOCMbICNIEHNM TEKYLLETO COCTOAHUA POCCMIMCKOTO peryiMpoBaHuA
coepbl nsrotosnenua M. UccnegoBaHue noayYepkMBaeT HEOHXOAMMOCTb COBEPLLEHCTBOBAHWUA PEryasaTOPHbIX MOAXOA0B,
pevcteytowmx B Poccun. B cdepe msrotosnenus /M crtpaHbl BPUKC moryT cTpemuTbes K BblpaboTKe AyyliMX MPaKTUK
M «30/10TbIX» CTaHAAPTOB MO OPraHM3auUW AAHHOrO COLMANbHO 3HAYMMOrO BUAA AEATENbHOCTU. TaKOW MOAXOnd, MOXKET
NPWBECTM K CO34aHMI0 €AUHOWN Haanexallen NPakTUKM U3roToBNEHMA M oTnycKa J1M1.

3aknoueHune. ABTOPbI MCCeA0BAaHUA CHUTAIOT LienecoobpasHbiM BbINOHEHWE AasbHelwwen 1 bonee geTasbHOW NPopaboTku
BOMNPOCOB CONMMKEHUA PEryNATOPHbIX MPAKTUK KaK CUCTEM 34pPaBOOXPaHEHUsA, TakK U GapMaLEeBTUYECKMX OTpac/iein CTpaH-
yyactHuy, BPUKC. MpeanoxkeHo paspabotatb M chopmupoBaTb «[OPOXKHYIO KapTy» (NnaH mMeponpuATUiA) NO pasBUTUIO
B3aMMOAENCTBUA rocyaapcTs-y4acTHUKoB BPUKC B obnactv 3gpaBooxpaHeHusa U dapmaLeBTUYECKOM oTpacaun. B uenax
WMHTEHCUOUKALMMN MHTEFPALLMOHHBIX NPOLLECCOB U BbICTPAaUBAHMA COBPEMEHHOM MoZe/ M 06LLEeCTBEHHOTO 340P0OBbA U PbIHKA
obpalueHua JIC, BKAKOYAIOLWLErO NPOBeAEHUE COBMECTHbIX UCCAef0BaHMI U pa3paboToOK HayYHbIMU LLEeHTPaMU MUPOBOTO
YPOBHSA A8 TEXHONOIMYECKOro PasBUTUA CTPAH MEXroCcyAapCTBEHHOro 06beanHeHua (coro3a).

KntoueBble cnoBa: 3akoHoaaTenbcTBo; BPUKC; n3rotoBneHne neKapcTBeHHbIX MPenapaTos; pa3BeseHune (BOCCTaHOBAEHME)
IeKapCTBEHHbIX NpenapaToB; MPOW3BOACTBEHHbIE aMTeKW; 3KCTEMMOPA/IbHble JIeKAapCTBEHHbIE MpenapaTtbl; KayecTBo
JNIEKApPCTBEHHbIX CPEACTB; PErynAToOpHaA MPAKTUKA; NepcoHaAn3npoBaHHaa mMeauunHa; bpasunusa; UHaus; Kutai; KOxHO-
AdpuKaHckan Pecnybamnka; O6beanHeHHble Apabekne Imupatsol; Upan; Ermnet; 3dumonua

CnUCOoK coKpauwieHui: AO — anTeyHas opraHusaumsa; BA3 — BHyTpumanteuyHas 3arotoBka; BTO — BcemupHasa Toprosas
opraHusaums; [N1® — rotoaa sekapcTBeHHas ¢opma; EASC — EBpasnickunii skoHommyeckui cotos; JIM — nekapCTBeHHbIN
npenapart; JIC — nekapcTBeHHoe cpeacTso; JI® — nekapcTeeHHas dopma; PO/IN — pagmnodapmaueBTUYECKME NEKAPCTBEHHbIE
npenapatbl; COM — cTaHgapTHaa onepauMoHHas npoueaypa; MO — meauumHcKas opranmsaums; LWOC — LaHxakckas
opraHusauma cotpyaHuyectsa; PC — papmaveBTmyeckasn cybctaHuma; /1M — sKcTeMNopasbHbIi IeKapCTBEHHbIM Npenapar;
GMP — Hagnexal,aa npon3BoACTBEHHAA NpaKTuKa; HAIN — Hagnexalwaa anTeyHana NpakTuKa.
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INTRODUCTION
An interstate association the BRICS

(BRICS+) transregional partnership (community) was

(Union),

founded on the initiative of the Russian Federation
(RF) in June, 2006. In 2013, the Concept of the Russian
Federation’s participation in the BRICS® association was
adopted, which is one of the strategically significant
directions of long-range foreign policy activities, and
the National Committee on the BRICS Research was
established. Among the priority areas of the Russian
Federation’s state policy and BRICS initiatives, the
cooperation in the sphere of health care, public health
protection, development, introduction of new medical
technologies and medicines (drugs), is of particular
importance. According to this concept, the main aims
in the development of the interaction and cooperation
with other BRICS member states have been established:
in the pharmaceutical industry (the development and
production of modern types of drugs); in the field of
health care (strengthening health care systems and
expanding an access of the population to high-quality,
effective and safe medicines, vaccines and other
drugs).

As of October 20242, the BRICS comprises 9 states:
the Federative Republic of Brazil (Brazil), Russian
Federation, Republic of India (India), People’s Republic
of China (China), Republic of South Africa (South
Africa), United Arab Emirates (UAE), Islamic Republic
of Iran (lran), Arab Republic of Egypt (Egypt), and
Federal Democratic Republic of Ethiopia (Ethiopia).
At the time of this study completion, the XVI* BRICS
summit was held from October 22 to 24, 2024, in
Kazan, Russia. At the same time, the countries invited to
join the association included the Kingdom of Saudi Arabia,
which had not confirmed its membership in BRICS, and
the Republic of Argentina, which had declined to join. At
the BRICS summit in Russia in 2024, a new category of
BRICS-related states was proposed — 13 states (Algeria,
Belarus, Bolivia, Cuba, Indonesia, Kazakhstan, Malaysia,
Nigeria, Thailand, Turkey, Uganda, Uzbekistan, Vietnam)
were granted the status of “BRICS partner countries”.
Following the XVI*" BRICS Summit, on 23 October 2024,
the “Kazan Declaration on Strengthening Multilateralism

for Equitable Global Development and Security”?

* CONCEPT of participation of the Russian Federation in BRICS.
Available from: http://kremlin.ru/events/president/news/17715

2 BRICS Intergovernmental Organization. Available from: https://brics-
russia2024.ru/about/

3 Kazan Declaration “Strengthening multilateralism for just global
development and security”. Available from: http://static.kremlin.ru/
media/events/files/ru/MUCfWDgOQRs3xfMUiCAMF3LEh020L3Hk.pdf

174

was signed, according to which the decision of the
Consultative Group on the New Industrial Revolution to
establish seven working groups, comprising the ones on
medical devices and pharmaceuticals, was supported.
The declaration welcomes the establishment of closer
ties between the BRICS health institutions responsible
for sanitary and epidemiological health and well-being,
the prevention of infectious diseases, and calls for a
further exploration of opportunities to share knowledge
and expertise, and to implement joint projects in the
health sector. The BRICS countries have made a great
contribution to establishing a close cooperation in the
tuberculosis and antibiotic resistance control, capacity
building in the infectious disease prevention and other
areas such as non-communicable diseases, research
and development, exchange of experience, including
the problems on traditional medicine, digital health,
nuclear medicine, radiopharmaceuticals (with a special
emphasis on strengthening radiopharmaceutical supply
chains and expanding an isotope production, as well as
contributing to the development of advanced digital
solutions).

The with
stimulating the development of health care systems,

above-mentioned areas, together
are a harmonious continuation of the human capital
development aims set out in the structure of priority
areas of the BRICS Economic Partnership Strategy up
to 2025% The BRICS countries, including the Russian
Federation, have created all the necessary conditions
for the development of scientific and technological
competencies in the production of medicines, raw
materials, materials, equipment, components, as well
as drugs compounding, including radiopharmaceutical
preparations (RPPs)>. The growing and significant
role of the unique interstate association (Union)
BRICS has been regularly emphasized in the works
devoted to the development of diplomatic relations
of Russia, speeches at forums, summits of various
levels and Addresses of the President of the Russian

Federation to the Federal Assembly since 201157 [1].

4 The BRICS Economic Partnership Strategy until 2025. Available from:
https://www.economy.gov.ru/material/file/636aa3edbc0dcc2356ebb
6f8d594cchb0/1148133.pdf

° Decree of the Government of the Russian Federation dated
7 June 2023 No. 1495-r «On the Strategy for the development of the
pharmaceutical industry of the Russian Federation for the period up to
2030». Available from: https://docs.cntd.ru/document/1301897806

5 Message of the President of the Russian Federation to the Federal
Assembly of the Russian Federation at 22 Dec 2011. Available from:
http://kremlin.ru/events/president/news/14088

7 Message of the President of the Russian Federation to the Federal
Assembly of the Russian Federation at 29 Feb 2024. Available from:
http://www.kremlin.ru/acts/bank/50431
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As the practice of international organizations of
regional and economic integration has shown, when
forming a common market, the goal is to improve
the population health in the member states of the
interstate association (Union). This goal can be achieved,
among other things, by providing an access to safe,
effective and high-quality medicines, recognizing
the expediency of a coordinated policy in the sphere
of the drug circulation, taking into account mutual
interest, due to the fact that medicines are socially
important products. One of the elements in the sphere
of the drug circulation is the activity in the sphere of
drugs compounding, which has a high potential in the
transition from the accounting of “packages” to the
accounting of the volume of course prescriptions in the
use of drug therapy, which simultaneously contributes
to the optimization of resources and the development
of personalized medicine, high-tech health care and
health-saving technologies [2]. The greatest need among
pediatric patients is in the segment of liquid oral dosage
forms that provide an age-appropriate dosing and the
administration convenience of [3]. Herewith, drugs
compounding can be carried out by both pharmacy
organizations (POs) and medical organizations (MOs).
In the world practice, it is defined by the concept of
“hospital exemptions” [4, 5]. Due to the personalization
of dosages, combinations of active substances, dosage
forms (DFs) and packaging volumes, compounded
drug products (CDPs) belong to unregistered types
of drugs.

A number of works by Russian researchers have been
devotedto the study of various aspects of drug circulation
in the BRICS countries. In terms of the peculiarities of
an expanded access for unregistered drugs within the
framework of a compassionate use and provision of
therapy in the context of early access programs, including
the BRICS countries, the study by Omelyanovsky V.V. et al.
is of interest. [6]. The paper shows approaches to the
accelerated registration and registration of medicines
with insufficient clinical data, describes the practices
of the countries under consideration for early access
programs. The issues of quality assurance and safety,
the organization and implementation of a quality control
in the BRICS countries are of particular importance.
An up-to-date review of the current joint activities
of the Federal Service for Supervision of Health Care
(Roszdravnadzor), the Ministry of Health of Russia and
the Ministry of Industry and Trade of Russia on the results
of the participation in specialized activities of the BRICS

Tom 12, Beinyck 2, 2024

countries, in particular, in consultations to discuss the
draft Memorandum of Understanding and Cooperation
in the field of the medical
between the regulatory authorities of the BRICS

products regulation
countries, is presented in the work by Samoylova A.V.
and Kudryavtseva E.M. [7]. From the point of view of
the pharmaceutical industry, a special role is played
by the requirements for the quality system in the
structure of Good Manufacturing Practice (GMP) and
GMP inspectorate procedures, which is presented in
the work by V.N. Shestakov and Y.V. Podpruzhnikov. [8].
This study summarizes international recommendations
in this area; an additional professional retraining
program for specialists “Rules of organizing production
and quality control of drugs — theory and practice
of a GMP-inspection / audit” has been developed,
approved of and tested. An equally important issue
is also the order and principles of price regulation
systems for registered MPs in the BRICS countries, the
study and identification features of which the work by
Gorin S.F. et al. [9] is devoted to. Despite the fact
that the main group of domestically produced MPs is
represented by reproduced MPs, the researchers come
to the conclusion that confirms the need for a further
cooperation between Russia and major economic
alliances — EEU and BRICS [10] on the issues of organizing
the production of raw materials of a pharmaceutical
quality for the MPs manufacturing.

To study the normative legal regulation of health
care systems in the BRICS countries, the research on the
example of Brazil t has been conducted. For example,
the work by S.A. Belousov and E.A. Tarasova [11] notes
the country’s experience in developing a modern
public health care system and creating conditions of
an equal accessibility to medical care for all segments
of the population, highlighting the experience of
individual social systems. In the light of the provisions
of a number of normative and judicial acts of general
and special character in the field of the public health
care, the provision of drugs to the population and the
protection of industrial property rights, the issues of a
patent law validity are one of the decisive ones when
exporting technological solutions or products. In this
regard, in relation to pharmaceutical products, the key
legal problems and ways to solve them before and after
the accession of one of the BRICS countries (Brazil) to
the World Trade Organization (WTQ) are detailed in
the work by Belikova K.M. [12]. Speaking about the
diversification of partnerships and the intensification
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of the already existing international contacts, including
the expansion of institutional partnerships within the
Russian Federation, the focus on a deeper interaction
with friendly partners (EEU countries, BRICS, Shanghai
Cooperation Organization — SCO) in the context of
this study, the work by Belov F.D. and Zvolinskaya O.V.
presents the results of monitoring the activities of world-
class research centers in the priority area — “Personalized
medicine, high-tech healthcare and health-saving
technologies” for 2020-2022 [13].

The recent works devoted to the prospects of
improving the legislation on manufacturing medicines
in the Russian Federation, should be also noted. A
profound and strategically significant assessment of
the work in this direction is presented by the head of
the working group on the revival of compounding
pharmacies at the Health Protection Committee of the
State Duma of the Federal Assembly of the Russian
Federation, the deputy of the State Duma of the VIIIt
convocation, Doctor of Sciences (Medicine), Associate
Professor, Honored Physician of the Republic of
Tatarstan, A.Z. Farrakhov. [14]. Modern and prospective
pharmacopoeial requirements for the quality of
compounded drug products (CDPs) are presented in
the work by Shishova L.I. et al. [15]. Nevertheless,
due to the insufficient amount of information in the
Russian-language literature on the regulation of drug
manufacturing in the current legal systems of the BRICS
countries, it was concluded that the actual aim of this
study was to improve the understanding and knowledge
of Russian regulators, specialists in the field of health
care organizations, public health, pharmacy, as well as
medical and pharmaceutical professionals regarding
the legal requirements for POs and MOs engaged in
manufacturing activities on the territory of the BRICS
countries, including requirements for the creation of a
modern, high-tech healthcare infrastructure capable of
manufacturing necessary and demanded types of MPs
from highly toxic (hazardous) substances.

This article provides systematized information
on the key features of regulation in manufacturing
of drugs, as well as allows to develop an effective list
of priority measures to achieve prospective and joint
goals of the BRICS commonwealth in the development
of the interaction between the MPs research and the
development sectors, building cooperation ties covering
the entire life cycle of pharmaceutical products between
the countries of the interstate association (Union) in the
field of personalized, predictive and preventive medicine,
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high-tech healthcare and health-saving technologies,
including the rational use of MPs (primarily antibacterial
drugs). The present study meets one of the key aims of
the Russian cooperation in the BRICS association — to
strengthen scientific and technological independence
through the development of a hyperlocal healthcare
infrastructure in the field of drug manufacturing,
which also stimulates a domestic production of MPs,
medical devices, machinery and equipment, and thus
contributes to the achievement of the targets for
increasing a trade turnover between the states of the
interstate association (Union). In case decisions are
made on the formation of common principles and rules
for the drug circulation in the BRICS countries to form
a common market, the results of the work can serve as
a basis for the harmonization of regulatory approaches
for MOs and POs in the organization of activities for
manufacturing of drugs. The study promotes the
progress towards the convergence of regulatory
requirements for the drug circulation in the BRICS
member countries, allows to deepen understanding and
familiarize with the experience of organizing activities in
thefield of individual and small-scale drug manufacturing
of different classes (radiopharmaceuticals, biologics,
biotechnology, high-tech and other types of drug
therapy). The joint efforts of the authors are aimed at
developing balanced proposals to stimulate research
and development of technologies for individual drug
manufacturing, personalized reconstitution (dilution)
and in-pharmacy packaging of registered drugs (finished
dosage forms, FDFs), as well as in general to improve the
competitiveness of domestic technological solutions and
developments, to accelerate the development of new
competencies in the domestic pharmaceutical industry.
study of the of the
regulation experience of the BRICS countries in drug

Turning to the legal
manufacturing, it is important to note that a further
development of pharmaceutical activities with the
right of manufacturing drugs can be considered in terms
of different ways of classification and organization of
the licensing system. To date, there are two main
approaches to the regulation of compounding
pharmacies:

1. Inthe structure of the North American regulation,
where POs are divided into two lists — 503A
and 503B, taking into account that the latter
must comply with GMP requirements, where
a number of GMP provisions and requirements

are inapplicable to the activities of compounding
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pharmacies due to the peculiarities of pharmacy
technologies, quality control methods used and
an individualization of pharmacotherapy to the
needs of a particular patient.

2. In the European regulatory structure, which
uses the concept of risk levels based on which
different requirements are set for processes,
premises, equipment, analytical methods, a

quality assurance system and, accordingly, the
requirements for different classes of active
substances are separated according to their
toxicity level within the framework of the Good
Pharmacy Practice (GPHP) system.

The above models are discussed in detail in the
previous works by the author’s teams [16—19], including
the Russian experience of organizing drug manufacturing
activities [16, 20].

In the vast majority of the BRICS countries, similar
to the Russian practice, there is a two-tier system of
education of pharmaceutical specialists. At the same
time, a few certain differences which are not the main
subject of this study and not included in the final scope
of work, have been identified. Therefore, the authors
decided to simplify the reader’s perception of these
features by using in the text the definitions “pharmacist”
to denote specialists with higher pharmaceutical
education, and “pharmacist assistant”, as specialists with
secondary pharmaceutical education, as well as their
common aggregate in the form of a “pharmaceutical
specialists”. In addition, the BRICS countries have created
conditions for recording information about staffing and
employment of these specialists. This information is
organized in the relevant state registers: employees
are required to undergo the accreditation procedure to
obtain the admission to pharmaceutical activities and
to master periodic professional development programs,
which conceptually also corresponds to the procedures
adopted in Russia [21]. This paper presents some key
features of pharmaceutical education and conditions
of specialists admission to pharmaceutical activities.
The article by Mandrik M.A. et al. details the state of
educational programs, the international experience
and current trends in drug manufacturing as the factors
that initiate the transformation of pharmaceutical
education [22].

For the purpose of the unification, it was also
decided to use the definitions “a hospital pharmacy” to
denote a pharmacy, which is a structural subdivision of
a medical organization of any ownership form, and “a

Tom 12, Beinyck 2, 2024

public pharmacy”, as a pharmacy that carries out a retail
trade (dispensing), primarily in outpatient settings, which
also meets the international conceptual apparatus.

THE AIM of the work was to analyze the
regulatory mechanisms and current approaches to
the organization of activities in the field of drugs
compounding, presented in the legislation of the BRICS
(Union)

including their structuring (systematization) in order

interstate association member countries,
to develop proposals for the convergence of these

practices.

MATERIALS AND METHODS

Empirical, theoretical, quantitative methodological
tools were used in the work. In particular, a wide list of
relevant information sources was analyzed; information
from regulatory legal documents governing the activities
of compounding pharmacies in the BRICS countries,
implemented by a bibliometric method, was also
obtained.

The authors analyzed regulatory legal documents
and databases of Brazil®®, India'® China!**?, Republic
of South Africa’®', UAE®, Iran', Egypt'’, Ethiopia!®*®
available in the open sources.

The search was performed using the following
keywords: “drug”, “drug manufacturing”, “pharmacy

n o«

organization”,

n o«

medical organization”, “compounding”,
“drug preparation”, “drug dilution (reconstitution)” in
English, Portuguese, Spanish, Chinese and Arabic.

To analyze the results of studies by other authors,
relevant sources of information and data from the
following search engines — biomedical research
PubMed,

Google Academy, were used. Similar key queries were

a scientific electronic library elibrary.ru,

8 The president of the Republic. Available from: https://www.gov.br/
planalto/pt-br

° Brazilian Health Regulatory Agency. Available from: https://antigo.
anvisa.gov.br/

1 Ministry of Health and Family Welfare, Government of India.
Available from: https://mohfw.gov.in/

1 State Administration of Market Regulation.
https://www.samr.gov.cn/

2 National Health Commission of the PRC. Available from:
http://en.nhc.gov.cn/

3 South African Government. Available from: https://www.gov.za/

* The Southern African Legal Information Institute. Available from:
https://www.saflii.org/

> UAE Legislation. Available from: https://uaelegislation.gov.ae/

* The Ministry of Health and Medical Education. Available from:
https://behdasht.gov.ir/

7 Egyptian Drug Authority. Available from: https://edaegypt.gov.eg/

Available from:

% Ethiopian Food and Drug Authority. Available from:
http://www.efda.gov.et/
» Ethiopian  Legal  Information  Portal.  Available  from:
https://www.lawethiopia.com/
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also used for the search.

The literature and normative legal documents were
searched for the period of 1900-2024; the choice of
the period was due to the specifics of the publication
of legislative acts in the BRICS countries. The key, but
not exhaustive, criteria for recognizing normative legal
documents, legislative acts as relevant and for their
further consideration, were the presence of provisions
on (about) in them: a regulation of MPs circulation
issues, organizing medical and POs, specifics of the
procedure and requirements for licensing (premises,
equipment, processes, personnel, etc.), rules / practices
for manufacturing, a quality control and dispensing of
medicines.

According to the specified directions and keywords,
1875 sources of information were found; after excluding
invalid data, the final review included 50 most relevant
works in relation to the above criteria.

RESULTS AND DISCUSSION

Brazil

According to Brazilian Law No. 5991 dated
17 December 1973%, there are two kinds of POs: the
ones with the right of compounding drugs and the POs
dealing with FDFs.

The performance of POs pharmaceutical activities in

Brazil is regulated by two main legal regulations:

— Decision of the Collegial Council of the National
Agency for Health Surveillance of Brazil No. 44
dated August 17, 2009? — describes the basic
requirements for FDFs retail sale and is identical
in its content to the Rules of Good Pharmacy
Practice of Drugs (hereinafter — Order No. 647)*
in Russia;

— Decision of the Collegial Council of the National
Health Surveillance Agency of Brazil No. 44
dated October 8, 2007% (hereinafter — GMP of
Brazil) — represents the GMP Rules for

manufacturing MPs.
The GPhPs extensive

Brazilian contains an

2 law No. 5991 of 17 December 1973. Available from:
https://www.planalto.gov.br/ccivil_03/leis/I5991.htm?hidemenu=true
21 Resolution of the Collegial Council of the RDC No. 44 dated
August 17, 2009. Available from: https://antigo.anvisa.gov.br/
legislacao#/visualizar/28425

22 QOrder of the Ministry of Health of the Russian Federation No. 647n
dated August 31, 2016 “On Approval of the Rules of Good Pharmacy
Practice of Medicines for medical use”. Available from: https://docs.
cntd.ru/document/420377391

2 Resolution of the RDC Board No. 67 dated November 08, 2007.
Available from: https://antigo.anvisa.gov.br/legislacao#/visualizar/
28030
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conceptual framework dedicated to drug manufacturing

activities, including the following definitions:

” ou

“pharmaceutical care”, “pharmaceutical services”, “drug

dispensing”, “regulatory documentation”, “standard
operating procedures” (SOPs) [23], “officinal” and
“magistral formulation” [16], “classified premises”,

” o«

“validation”, “verification”, etc. [16].

Annex No. 1 of Brazilian GPHP structurally and
substantively repeats the main chapters of GMP, and
also discloses the specifics related to POs activities in the
field of drug compounding. For example, basic provisions
and requirements are established for (including, but not
limited to): premises of the compounding pharmacy,
equipment and SOPs, labeling of raw materials, etc.

The key features of the above Annex No. 1, as
applied to the present study, are:

1. Possibility touse scientificliteratureinthe absence

of necessary pharmacopoeial monograph

(general and (or) private), as well as the realized

right of POs to carry out an independent

development of necessary specifications for raw
materials, quality control methods for CDPs.

2. Purified

pharmacopoeial analysis at least once a month.

water is subjected to a full

3. Mandatory kinds of a quality control for non-
sterile DFs compounded for a particular patient
by prescription, are carried out according to the
following indicators: a description, organoleptic
properties, an average mass (volume), pH

(if applicable), mass (volume) of CDPs, mass

(volume) of semi-finished products
before packaging. At the same time, a full
pharmacopoeial quality control of such drugs is
carried out at least once every 3 months.

4. Each series of MPs compounded as a stock
preparation (SP) shall be evaluated for the
following: organoleptic properties; pH (if

applicable); an average weight and/or volume;

viscosity (if applicable); ethanol content (if
applicable); density (if applicable); a quantitative
analysis of a drug substance (DS); microbiological
purity (if applicable).

In this case, a PO must necessarily have a technical
possibility, necessary equipment and materials to ensure
the quality of compounded drugs in accordance with the
above subparagraphs. An assessment of a quantitative
composition and microbiological purity can be carried
out in an outsourcing laboratory (center) of a MP quality

control. A documented in-pharmacy control shall be
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carried out during compounding stock SPs. There is no
minimum sample size for quality control purposes and it
should be statistically representative for the size of the
series to be compounded.

Annex No. 2 of the Brazilian GPHP establishes

«“

requirements for compounding drugs with “a low

therapeutic index” (port. Substancias de Baixo
fndice Terapéutico), i.e. the drugs characterized by
a high biological activity with a minimal change in
dosage (valproic acid, aminophylline, carbamazepine,
cyclosporine, clindamycin, etc.). Thus, for example, in
the specified document, there is a requirement to use
the smallest size of capsules containing drugs of this
type.

Annex 3 of the Brazilian GPHP, which establishes
the minimum requirements necessary for handling
the CDPs made from hormonal MPs, antibiotics and
cytostatic substances, is of particular importance. The
Annex prescribes a mandatory availability of different
compounding premises with an airlock for all classes of
the listed substances and independent air supply systems
(heating, ventilation and air conditioning (HVAC)). Such
premises must be negatively pressurized in relation to
the adjacent compounding premises and designed to
prevent bulk substances from entering other areas of
the compounding pharmacy.

Annex No. 4 of the Brazilian GPHP is devoted to
the compounding of sterile DFs, which is structurally
and content-wise fully similar to Chapter 797 of the US
Pharmacopoeia. The requirements for compounding
premises in terms of a microbiological purity and the
number of particles in the air correspond to the GMP
requirements. The same document specifies the
main parameters of compounding highly toxic MPs
corresponding to Chapter 800 of the US Pharmacopoeia.
A detailed review of the US Pharmacopeia in terms of
drug compounding is presented in the monograph [16]
and the article on pharmacy drug compounding in the
USA [17].

Annex No. 5 of the Brazilian GPHP describes the
basic requirements established for homeopathic MPs.
Annex 6 of the Brazilian GPHP establishes requirements
for MP reconstitution (dilution) processes.

According to the Decision of the Collegial Council of
the National Agency for Health Surveillance No. 63 dated
December 18, 2009%, RPPs compounding is carried out

in hospital (at a MO) (hereinafter - hospital pharmacy),

24 Resolutionofthe CRDNo.63 dated December18,2009. Availablefrom:
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2009/rdc0063_
18_12_2009.html
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or retail / outpatient (outside a MO) (hereinafter —
compounding pharmacies) in compliance with the
requirements of a radiation safety and the rules of good
practice in RPPs compounding. The admission to this
type of activity is carried out by undergoing additional
professional education.

India
When considering the legislation of India, the
peculiarities of circulation, organization of production

|II

and manufacturing “traditional” MPs, which occupy
a significant part in the structure of the Indian health
care system — Ayurvedic, Siddha and Unani MPs [24-26],
were not included in the present study.

According to clause “f)” of Article 3 of the Indian
Medicines and Cosmetics Act dated 10 April 1940%,
the concepts of “manufacturing” and “production”
are separated in the meaning, similar to the Russian
legislation on the circulation of MPs.

According to Sections 6, 12, 33 and 33-N of the
Act referred to, the Central Government of India is
empowered to frame rules for the circulation of MPs.
One of the main documents is the “MPs and Cosmetics
Rules” (hereinafter referred to as the Indian Rules)®.

To obtain a license for opening a pharmacy, the
licensee must meet the requirements for premises,
equipment, staff qualifications and other features set
out in Annex No. N of the Indian Rules. When issuing a
license for opening a pharmacy, the licensing authority
shall take into account the average of licenses issued
or reinstated during the last three years, i.e. the rule of
limiting the number of pharmacies by a geographical
area may be applied.

According to Article 3 of the Indian Pharmacy Act
dated 4 March 1948% (hereinafter referred to as the
Indian Pharmacy Act), the Central Government of India
forms the Pharmacy Council of India, which has the
power to make regulations in accordance with the Act.
The core business of manufacturing MPs is governed
by Good Pharmacy Practice Rules of India (hereinafter
referred to as GPHP of India)?® approved by the Pharmacy
Council of India.

GPHP of India interprets “compounding” as a

% The Drugs And Cosmetics Act, 1940. Available from:
https://indiankanoon.org/doc/1891720/
% The Drugs and Cosmetics Rules, 1945. Available from:

https://indiankanoon.org/doc/16293633/

27 The Pharmacy Act, 1948. Available from: https://indiankanoon.org/
doc/549550/

28 REGD. No. D. L.-33004/99. Available from: https://www.pci.nic.in/
pdf/Pharmacy%20Practice%20Regulations.pdf
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process of preparation, mixing, packaging or labeling an
MP or an article used: according to a prescription for an
MP written by a health care provider, or at the request
of an individual [18, 19] for an over-the-counter MP; or
for the purpose of carrying out research, development,
including training processes, conducting clinical trials,
chemical analysis of an MP, but not intended for sale or
dispensing.

It seems appropriate to pay special attention to
the accepted qualifications of pharmacists in India.
According to the Indian Pharmacy Act, the following
types of accredited professionals are recognized:

1. “Public pharmacist” — provides pharmaceutical
counseling and dispensing of prescription drugs
in a public pharmacy.

2. “Hospital pharmacist” - functions within a PO as
a structural subdivision of the MO, provides the
latter with the necessary goods of the pharmacy
assortment, takes part in the pharmaco-economic
substantiation of the drug therapy choice.

3. “Consultant pharmacist” - provides
pharmaceutical counseling and dispensing of
over-the-counter drugs in a public and/or hospital
pharmacy.

4. “Clinical pharmacist” - provides pharmaceutical
counseling, providing patients with information
on indications, contraindications for use,

precautions, features, possible adverse reactions
in the use of drugs, and promotes health, well-
being and prevention of diseases in order to
optimize treatment.

The provisions of Article 65 of the Indian Regulations
stipulate that MPs compounding must be carried out
under the supervision of a pharmacist, and only a
pharmacist may prepare MPs containing substances
from Annexes H (a list of prescription MPs) and X
(e.g. amphetamine) of the Indian Regulations in
accordance with Article 8.1 of the GPHP of India.

According to the survey conducted by the Indian
Institute of Health Management and Research,
Bangalore [27], it is shown that only 66 hospitals out of
107 follow the recommendations of FIP/W.H.O. [28, 29]
or the GPHP of India, which is only 62% of the total
sample.

Having comprehensively studied various aspects
of the organization of drug compounding activities, the
authors came to the conclusion that the regulation of
this activity in India is in the initial stage of development,
which began in 2015 — the GPHP of India was adopted,
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which established requirements for education programs,

qualification levels of pharmaceutical specialists,
the order of interaction of pharmaceutical boards.
In addition, in India, there are various types of
methodological guidelines from professional associations,

compliance with which has a recommendatory nature.

China

In the People’s Republic of China, Articles 69-76 of
the Law dated 20 September 1984, on the Control of
Medicines (hereinafter referred to as the Chinese Law)?
are devoted to drug compounding, according to which
this type of activity can be carried out exclusively by
MOs. At the same time, the latter must obtain a license
for drug compounding, which is a part of the medical
activity. Only pharmacists are allowed to be involved in
drug compounding processes. MOs holding a license
for drug compounding must develop and implement
a quality assurance system. However, a substitution
of any raw material in a prescription may only be
made after a consultation with the treating physician.
In addition, a transfer of CDPs between different
unrelated MOs is allowed. According to Clause 27 of
Order No. 26% of the State Food and Drug Administration
of China (hereinafter referred to as CFDA) [30] dated
31 January 2007, dispensing of compounded MPs
is allowed to patients in the MOs where they are
compounded, and the transfer of CDPs to third-party
MOs must be approved by the regional health authority.
At the same time, the sale of CDPs to wholesale
organizations and POs is prohibited.

Based on the provisions of Articles 20—27 of China’s
Law Enforcement Regulations®!, China has a two-tiered
process for obtaining a license for drug compounding,
where the immediate licensing procedure is preceded
by an inspection of MPs by regional health authorities.

CFDA Order No. 20 dated 22 June 2005 (hereinafter
referred to as Order No. 20)3? established a ban on the
drug compounding of registered MPs; the MPs containing

2 Drug Administration Law of the People’s Republic of China at
20 Sep 1984. Available from: https://www.gov.cn/xinwen/2019-08/26/
content_5424780.htm

30 Order of the State Food and Drug Administration No. 26 at 31
Jan 2007 “Measures for the Supervision and Administration of Drug
Circulation”. Available from: https://www.gov.cn/ziliao/flfg/2007-
02/15/content_527789.htm

31 Implementing Regulations of the Drug Administration Law of the
People’s Republic of China at 2 March 2019. Available from: https://
Www.gov.cn/gongbao/content/2019/content_5468873.htm

32 Order of the State Food and Drug Administration No. 20 at 22 June
2005 “Administrative Measures for the Registration of Preparations in
Medical Institutions (trial implementation)”. Available from: https://
Wwww.gov.cn/gongbao/content/2006/content_292146.
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narcotic drugs, psychotropic and toxic substances;
and RPPs.

In view of clauses 7, 19-25 of Order No. 20, the
specific composition of the CDPs compounded in MOs
must be registered by the regional health authorities,
for which a special form must be filled out and sent to
these state authorities. The CDPs registered for the first
time must undergo clinical trials on the basis of MOs
on at least 60 patients, upon the completion of which
a summary report on the results of clinical trials must
be submitted to the regional health authorities.

In case of natural calamities, epidemics, emergencies
or clinical cases, when MPs (deficiency) required for
treatment of the population are not available within
one province [31], by order of the regional public
health authorities, the MO is allowed to manufacture
and dispense all types of MPs without any restrictions,
which is established in item 26 of Order No. 20. Drug
manufacturing must be carried out according to the
approved SOPs, which are submitted together with a
special form when CDPs are registered by the regional
public authorities.

The quality of MPs manufactured in medical
shall
Pharmacopoeia® and the requirements of the Good

organizations comply with the Chinese
Manufacturing Practice for MPs in MOs approved by
CFDA Order No. 27 dated 13 March 2001 (hereinafter
referred to as China’s GPhP)3.

China’s GPHP is an adaptation of GMP rules applicable
to MPs compounding activities, which establishes: a
personal responsibility of the chief physician for safety
and quality in the use of prescribed CDPs; the need to
allocate separate premises for MPs compounding and
a ban on combining the head of compounding and a
quality control in one person; the formation of different
production zones (premises) for MPs compounding
using active substances of different classes and DFs;
measures to prevent cross-contamination; and the
introduction of a cleanroom classification compliant
with GMP requirements, etc.

In general, China’s GPHP is similar to the regulation
of POs type 503A in the USA [16, 17]. As noted above,
manufacturing

compounding of RPPs without a

license is prohibited in China.
United Arab Emirates

3 National Pharmacopoeia of China. Available from: https://ydz.chp.
org.cn/

3 Order No. 27 “Quality management specifications for the
preparation of preparations in medical institutions (trial
implementation)” at 13 March 2001. Available from: https://www.gov.
cn/zhengce/2021-06/30/content_5723541.htm
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The UAE is a constitutional federation consisting
of seven emirates [32]. Medical and pharmaceutical
licensing processes are regulated by the UAE Ministry of
Health and Prevention [33], the Abu Dhabi Department of
Health and the Dubai Health Authority. Until 2014, each
authority had separate and independent requirements
for licensing procedures® and in general approaches to
the organization of the health care system [34], which
have now been unified into one set of standards and
requirements for all health care professionals, including
pharmaceutical specialists.

In the scientific search of the regulatory legal
documents governing the health sector throughout
the UAE, it was found that there are 29 legislative
acts, executive decrees and regulatory requirements
of subordinate organizations, 23 of which have been
adopted since 2019 (an active phase of the centralization of
regulation) until now?36:37,3839,40,

Article 1 of the UAE Federal Law No. 8 dated
19 December 2019. “On Medicines, Pharmaceutical
Activities
(hereinafter — UAE Law) establishes the main definitions

and  Pharmaceutical  Organizations”#
and concepts used in the field of the drug circulation.
The definition of “Pharmaceutical profession” fixed by
the legislation is a health profession (specialties) aimed
at improving the level of health of citizens through
the implementation of pharmaceutical advice on
the correct or optimal use of MPs based on scientific
specialized knowledge. As follows from the definition,
a pharmaceutical profession in the UAE has a systemic
role, functions and tasks that correspond to a deep
integration into the activities of the health care sector,
which, from the point of view of the Russian legislation,
could be enshrined in the legislation on the fundamentals
of a public health protection as pharmaceutical care.

Types of pharmaceutical profession are defined by the

35 Ministry of Health, Health Authority of Abu Dhabi, & Dubai Health
Authority (2014) Healthcare professional qualification requirements
2014, United Arab Emirates: Author; P. 1-123. Available from:
https://ru.scribd.com/doc/276006215/Healthcare-Professionals-
Qualification-Requirements-PQR-2014-1

3% Federal Law on the Public Health.
https://uaelegislation.gov.ae/en/legislations/1456
37 Federal Law Concerning the Use of the
Communications Technology in Health Fields.
https://uaelegislation.gov.ae/en/legislations/1209
3 Federal Law Concerning Private Health Facilities. Available from:
https://uaelegislation.gov.ae/en/legislations/1204

3 Federal Law Regulating the Practice of the Medical Profession.
Available from: https://uaelegislation.gov.ae/en/legislations/1201

“ Federal Law on Veterinary Products. Available from:
https://uaelegislation.gov.ae/en/legislations/1207

“ Federal Law on Medical Products, Pharmacy Profession and
Pharmaceutical Establishments. Available from: https://uaelegislation.
gov.ae/en/legislations/1426

Available  from:

Information and
Available from:
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Order of Implementation of the UAE Law (hereinafter —
Resolution No. 90)*. Its Article 22 specifies the provision
of a wide range of pharmaceutical and clinical consulting
services both in technical and scientific terms. With
regard to the qualification of pharmaceutical specialists,
Article 6 of Decree No. 90 specifies the requirements
for the necessity to undergo the admission procedure
to perform pharmaceutical activities, and there is a
reference to the relevant procedure. Subspecies of a
pharmaceutical profession (activities) or pharmaceutical
specialties are also defined by Unified Healthcare
Professional  Qualification =~ Requirements*®  and
Clause 5.2.2.9.1. of the DoH normative document**,
Attention should be paid to the presence of provisions
on “health care practitioners”*® in the UAE Federal Law
No. 6 dated May 31, 2023 “On the Employment of Certain
Health Professions by Non-Medical and Pharmaceutical

«“

Professionals”¥”. The concept of “an authorized
(“responsible”) pharmaceutical specialist”, a pharmacist
responsible for the quality of pharmaceutical services
provided by the PO, should be highlight separately, the
information about it is included in the composition of
the license for a pharmaceutical activity. The authors
separately distinguish the concept of “an authorized
(“responsible”) pharmaceutical specialist”, a pharmacist
responsible for the

quality of pharmaceutical

services provided by the PO, information about
which is included in the license for a pharmaceutical
activity.

Drug compounding is a type of the performed work,
the rendered services, constituting a pharmaceutical
activity, which is established by subparagraph “b” of
paragraph 1 — Article 22, paragraph 1 of Decree No. 90.
According to the available data, drug compounding is
performed in 32% of pharmacies in the UAE [34]. The

provisions of the UAE Law divide POs into public and

42 Cabinet Resolution Concerning the Executive Regulations of
Federal Law Concerning Medical Products, Pharmacy Profession and
Pharmaceutical Establishments. Available from: https://uaelegislation.
gov.ae/en/legislations/1523

4 Unified Healthcare Professional Qualification Requirements (PQR).
Available from: https://www.doh.gov.ae/en/pqr

% Pharmacist and Pharmacy Technician Scope of Practice. Available
from: https://www.doh.gov.ae/-/media/E160783B819C479D90E4ADF8
BAA108737.ashx

4 Unified Healthcare Professional Qualification. 3rd Version, — 146, —
2022. Available from: https://www.dha.gov.ae/uploads/072022/
Unified%20Healthcare%20Professional%20Qualification202273235.pdf
% Federal Law on the Practice of Some Medical Professions by Persons
Other Than Physicians and Pharmacists. Available from: https://www.
dha.gov.ae/uploads/092023/Federal%20Law%20n02023944635.pdf
47 Renewal of a License to Practice as a Pharmacist. Available from:
https://mohap.gov.ae/ar/services/renewal-of-a-license-to-practice-
as-a-pharmacist
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hospital ones, which refer to the collective concept of
“a pharmaceutical institution”.

both
retail and drug compounding activities, a PO must

To obtain a pharmaceutical license for
comply with the technical and health conditions
specified in UAE Ministerial Resolution No. (228) dated
13 October 2023, “Technical and health conditions for
compounding pharmacies”*® (hereinafter referred to
as Resolution No. (228). Herewith, the director (head)
of the compounding pharmacy must necessarily
appoint a full-time pharmacist who has an appropriate
authorization to carry out activities and, among other
things, acts as a responsible pharmacist. The authors
found that the pharmacies exclusively engaged in retail
sales of registered MPs must meet certain sanitary
and hygienic conditions set forth in the UAE Minister
of Health and Prevention Decree No. 932, dated 2012,
“On sanitary conditions to be observed in public
pharmacies”.

228
definitions and concepts for the following pharmacies:

Regulation No. establishes  specialized
“MPs traceability system” (requirements for the labeling
of compounded MPs, which define the mandatory
presence of a serial number or non-repeating symbols
for each compounded MP, the date of compounding
[month and year], an indication of the category
of a compounded MP [individual — compounded
by prescription or SP, a series number [batch], a
composition, number of doses in the package, pharmacy
details and a quality assurance analysis number [QAA]
of the compounded MP); “A quality assurance system
of a manufacturing pharmacy” (an internal system of
requirements and rules developed and approved by
each compounding pharmacy, compliant with current
regulatory legal documents, which allow to ensure a
proper quality of an implementation of all organization
processes of the drug compounding activities, including
activities on traceability after dispensing); “Record on
starting and raw materials” (detailed information about
the starting and raw materials in the CDPs, including
sources of acquisition, and references to documented
quality methodologies — a shelf life of any starting and
raw material ingredient cannot be less than the “beyond-
BUD of the CDPs); “MP Compounding
Record” (documenting the fulfillment of technological
“Use-by date” (the date that the

use date” -

processes);

“ Ministerial Resolution No. (228) of 2023 AD Technical and
health conditions for the compound pharmacy, 28 Rabi “ al-awwal
1445h-13 October 2023. Available from: https://www.dha.gov.ae/
uploads/102023/Ministerial%20Decision%20n02023107514.pdf
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compounding pharmacy sets for the compounded MP
after which its use is prohibited — BUD), “Analysis (SOA)”
(a certificate containing the results of a laboratory
analysis of the compounded MP), “Pharmacy SOPs”
(internal standards approved by the compounding
pharmacy, which must not contradict an applicable
law and which must be complied with by all employees
of the compounding pharmacy; “Compounded drug
product”, “Annual Report”, etc. For the last item, it
should be specified that the report should contain
information on each compounded MP: a composition
of active substances and their concentration per unit;
information on the starting and raw materials used;
DF, dosage and route of administration; description of
packaging; a number of units compounded or produced;
a tracking identification code for each CDP; information
on CDPs release (in case of release by prescription —
patient data, a patient identification number, a copy
of the prescription; in case of release at the request
of a MO — a MO name, a copy of the contract for CDPs
compounding services, a copy of the MOQO’s request;
information on the doctor and his license number;
a report on a patient’s medication treatment plan
(upon a request) and patient information, including an
identification number); information on the expiry date
and period of the CDPs use; the date of release to the
PO, a delivery to the PO, the time of the CDP receipt,
including the time of the receipt affected by the time of
compounding (which is significant for CDPs). The annual
report must be submitted by the PO to the appropriate
UAE Minister of Health and Prevention department not
later than January 31 of the following year following the
year during which the activity was performed and also
upon a request by the licensing control authority.

The authors emphasize that a compounded
drug product is an MP obtained (compounded or
manufactured) by collecting or mixing raw materials,
materials, or changing the qualitative or quantitative
composition of active ingredients (in compounding)
from FDFs, and dispensed by a compounding pharmacy
for retail and wholesale sale for a domestic circulation
to meet the needs of patients as prescribed by a
physician or the needs of the MO in which it will be used,
including dispensed raw materials in unprocessed
(prepackaged mono-component doses) or partially
processed. Resolution No. 228 specifies that hospital
POs
an ownership form) to public and private MOs are

compounding pharmacies or belonging (by

allowed to compound registered MPs (“to perform

Tom 12, Beinyck 2, 2024

technological operations with registered MPs”). In
this case, the composition of the compounded MP
must qualitatively correspond to that stated in the
registration certificate and subject to the prescription
of such an MP in accordance with the indications for
use established in the instructions for the medical
use approved by the UAE Ministry of Health. In such
cases, the hospital compounding pharmacy is required
to obtain a UAE GMP certificate similar to that for
MP manufacturers as stipulated in Article 23 of the
UAE Law, including the requirements of Article 88
regarding quality management standards. The UAE GMP
inspection and certification procedure is carried out
by the MP Department of the UAE Ministry of Health.
These provisions should be linked to the provisions
of par. 1.4.2. part 1 of Resolution No. 228, which
establishes a mechanism that allows the MO, in
special cases and upon an approval of the authorized
health authority, to enter into a service contract with
a compounding PO for the production of pilot series of
registered MPs intended for clinical trials of a “special
nature”, provided that the quality composition is
maintained and the indications for the use of such
MPs are consistent with the instructions for a medical
use approved by the UAE Ministry of Health. In such
cases, an executed contract between the MO and the
compounding PO is required, as well as an application to
the UAE competent health authority for the authorization
(approval request). The application (request for
approval) requires a justification of the reasons for the
contract and a description of the cohort of patients for
whom the therapeutic or pharmacoeconomic benefits
are expected to be realized based on their treatment
plan. In this case, the agreement made between
the MO and the compounding PO should specify the
mechanism and requirements for the transportation,
shipping and storage of CDPs in accordance with the
regulations governing these requirements. The authors
believe that they are referring to the need to comply with
the standards of good practice for storage, distribution,
transportation and shipping (distribution) of MPs in the
UAE, the Gulf Cooperation Countries, the procedure for
issuing a Certificate of Compliance which is carried out
by the UAE Ministry of Health and Prevention®, in the
manner prescribed by the UAE Minister of Health and

% |ssue a Certificate of Compliance with the good Practice Standards
of a Pharmaceutical Establishment. Available from: https://mohap.
gov.ae/ar/services/issue-a-certificate-of-compliance-with-the-good-
practice-standards-of-a-pharmaceutical-establishment
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Prevention Decree No. (22)*° dated 15 February 2022.
As required by Regulation No. 228, a compounding
PO is responsible for the quality of CDPs and a MO is
responsible for verifying the stability, safety and efficacy
of CDPs. Thus, medical professionals who write a
prescription or a request from the MO for CDPS share
the responsibility with pharmaceutical professionals to
ensure the safety of a dose selection and when taking
the compounded MP, as well as in case of adverse
reactions, effects or any symptomatic abnormalities
in the patient, are obliged to inform the UAE Ministry
of Health. It is considered, that this mechanism is
particularly significant and promising for providing MPs
to patients with rare (orphan) diseases.

MPs s
completely prohibited for registered pharmacies in the

Currently, compounding registered

|II

Russian Federation, and the “contractual” mechanism
or model for determining MPs risk levels described in
the previous paragraph, has not been implemented
in the Although

dispensing under drug prescriptions of monocomponent

legislation. in  compounding and
CDPS containing monocomponent DSs without any
excipients, which have undergone the procedure
of grinding and in-pharmacy filling (e.g. streptocide
powder, glucose powder, etc.), the standard prescription
formulations of CDPSs do not contain any excipients
(e.g. streptocide powder, glucose powder, etc.). in
standard formulations “da tales doses numero”), as well
as in case of dispensing according to the requirements of
the MO of FDFs, which have undergone the procedure
of intra-pharmacy filling (a procedure of breaking the
primary packaging), the qualitative and quantitative
composition of the registered MP does not change
either.

It is important to pay attention to the technical
conditions of p. 1.1.3. part 1. Decree No. 228, according
to which compounding pharmacies may compound and
dispense OTC MPs in the amount calculated according
to the average monthly quantity of MPs manufactured
according to doctors prescriptions and requirements of
the Ministry of Health for the 3 previous months. The
condition for compounding and dispensing of OTC CDPs
(on a requirement of an individual) [18, 19] is also a due
compliance with all technical and hygienic conditions
of Decree No. 228 with fulfillment of requirements

%0 Ministerial Resolution No. (22) of 2022 AD regarding the regulation
of the transportation, storage and distribution of medical products
or raw materials used in their manufacture. Available from: https://
www.dha.gov.ae/uploads/082022/Ministerial%20Decision%20
n02022856380.pdf
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for dispensing of safe and quality CDPs within the
established limit of MPs use (BUD). The same paragraph
establishes the regulatory elements important from the
point of view of a scientific exchange and increasing the
availability of CDPs:

— compounding POs are prohibited from
compounding formulations for which there is
no scientific data or pharmacopoeial articles in
the UAE approved pharmacopoeias according to
Article 1(1) of the UAE Law;

— in addition, if the pharmacist is aware of the
practice of another compounding PO with
regard to the prescribed CDPs, it is acceptable
to use the reference formulations of some other
compounding PO, as well as those CDPs and DF
formulations approved for use by the MO or
public authority, provided that there is a signed
non-disclosure agreement or contract between
the compounding PO to disclose full information
on the formulation, available regulations, CDPs
and the necessary documentation for their
compounding, quality control procedures, and
the safety of use information, including the
condition that these compounding POs have
not been issued warning letters or restrictive
measures by the competent health authority
in the reference state of the UAE. With respect
to this mechanism, according to Resolution
No. 228, the UAE Ministry of Health reserves the
right to determine the level of its responsibility
for physical, territorial and price accessibility to
provide safe and quality CDPs.

General requirements for compounding pharmacies
are set forth in part 2 of Resolution No. 228; in
addition to the above requirements, the key ones are:

— clause 2.4. indicates that compounding POs are
prohibited to compound MPs in the form of
transdermal therapeutic systems, MPs of the
plant origin, dosed aerosols, as well as powder
and dry mixtures for inhalation, except in cases
where a deficiency or defect with regard to
registered MPs is established;

— clause 2.8. specifies that all formulations

(prescriptions) shall  be
accordance with the requirements of the current

manufactured in

pharmacopoeia and shall comply with PO quality
assurance documents;

— clause 2.9. stipulates that the raw materials used
in the drug compounding, shall be approved
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by the UAE authorized health authority, have a
remaining shelf life of at least two thirds of the
total shelf life, be subject to control at least once
a year in an accredited laboratory;

— clause 2.18. defines storage conditions for raw
materials and finished products, which must meet
the requirements of the current pharmacopoeia
or the manufacturer’s instructions.

The chapter “General requirements” of Decree No. 228
to compounding POs defines the provisions that in
order to perform pharmaceutical expertise of drug
prescriptions and MOs requirements, verification of
medical prescriptions, the manufacturing pharmacy
is obliged to use current scientific literature, including
information on active ingredients in the structure of
documentation for registered MPs, reflecting the use of
the data in the quality assurance system documents as a
mechanism (regulation) of compounding POs. Also, the
quality assurance system documents of compounding
POs must also reflect the mechanism approved by the
authorized (“responsible”) pharmacist, providing for
the recall of compounded MPs or CDPs series from the
circulation in accordance with the pharmacovigilance
guidelines UAE
of Health.

Decree No. 228 consists of 9 parts with annexes,

approved by the Ministry

however, in its content part, it is not an independent
GPHP of MPs compounding and dispensing, it determines
general requirements and technical conditions for the
implementation of MPs compounding activities. The
authors came to the conclusion that, from the point of
view of norms in the organization of pharmaceutical
activities with the
above-mentioned system is partly comparable to the

right to compound MPs, the

approaches in the current Russian legislation, where
Order No. 647 applies exclusively to the retail sale of
MPs and ignores the peculiarities of MPs compounding
activities in POs. Herewith, the main provisions and
design of UAE Order No. 228 are highly comparable
to the current Russian Rules for Manufacturing and
Dispensing MPs®!, except for certain provisions allowing
POs to compound registered MPs while complying with
GMP requirements. Thus, this model of regulation of
compounding POs in the UAE is highly comparable to the
model implemented in the USA.

1 Order No. 249n of the Ministry of Health of the Russian Federation
dated 22 May 2023 “On Approval of the Rules for the manufacture
and release of medicines for medical use by pharmacy organizations
licensed for pharmaceutical activities”. Available from: https://docs.
cntd.ru/document/1301699481

Tom 12, Beinyck 2, 2024

South Africa

Pharmacy compounding of MPs in Republic of
South Africa is governed by the Medicines and Related
Substances Act of South Africa No. 101 dated 1965%,
where the activities of POs must comply with the
Pharmacy Organizations Act of South Africa No. 53
dated 1974 [35]. Based its provisions, all pharmacists
and POs must comply with the South African Good
Pharmacy Practice Regulations (hereinafter referred to
as the South African GPHP)>,

The South African GPHP in its preamble harmonizes
with the European Union’s concept of pharmaceutical
care as a set of pharmaceutical services, and also
exposes the role of pharmaceutical specialists in the
South Africa public health.
the South African GPHP is a
comprehensive document dealing with all aspects of

In  general,

POs pharmacy operations, including quality assurance
system requirements, and in relation to compounding
pharmacies, the document contains the following
sections with their own peculiarities:
1. Compounding all types of sterile DFs:
—in compliance with GMP requirements for
compounding sterile MPs;
— with the
microbiological CDPs control.

possibility of a retrospective
2. Reconstitution (dilution) of non-toxic parenteral
DFs:

— when a laminar flow cabinet is available.

3. Compounding and reconstitution (dilution) of
parenteral cytostatics:

— with at least a Class 2 biosafety box and
uniformity of regulations for POs and MOs;

— with compliance with protective clothing and
proper cleaning requirements;

— with additional toxic substance training for the
staff.

4. Compounding of non-sterile drugs:

—at a minimum, under the supervision of a
pharmacist;

5. Intra-pharmacy packaging of registered MPs:

— in compliance with GMP regulations, in terms of
primary MPs packaging, and Good Distribution
Practice regulations, according to storage and
transportation requirements.

2 Medicines and Related Substances Act 1965. Available from:
https://www.saflii.org/za/legis/consol_act/marsa1965280/

%3 Pharmacy Act 1974. Available from: https://www.saflii.org/za/legis/
consol_act/pal97498/

% Rules relating to good pharmacy practice. Available from:
https://www.saflii.org/za/legis/consol_reg/rrtgpp362/
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In accordance with the South African GPHP,
compounding of RFLPs in POs is carried out in accordance
with the GMP requirements for the production of
radiopharmaceutical MPs and sterile MPs.

The described system of normative legal regulation
of MPs compounding activities is comparable to that
in the USA [16, 17].

Ethiopia

In reviewing the regulatory framework for MPs
compounding in Ethiopia, it should be noted that its
health governance structure is based on the North
American experience of the public administration, both
in terms of the existence of a single mega-regulator with
a similar name (Ethiopian Food and Drug Authority) and
the publication of explanatory documents in the form of
guidelines [16, 36].

In Ethiopia, the circulation of MPs is regulated by
Proclamation No. 1112 dated 28 February 2019%, and
according to Article 34, of which compounding of MPs is
carried out from drugs. Despite the fact that according
to the text of the proclamation there is no prohibition on
compounding parenteral drugs, the authors of this study
were not able to identify any legal acts regulating this
type of activity, which can also be traced from the data of
scientific publications on pharmacy MPs compounding
in Ethiopia [37-40].

However, in 2022, the now defunct Ethiopian MPs
Control Authority issued Good Practice Guidelines on
compounding®®. In its introductory part, it declared that
compounding MPs in the form of DFs for a local use was
a common practice of POs and MOs. For the latter, the
document fragmentarily increased the requirements
for the necessary quality assurance system, premises,
labeling, personnel, equipment, documentation, raw
materials.

In 2020, the Ministry of Health of Ethiopia issued
three-chapter National Guidelines for the Administration
of Dermatological MPs*’, which also applies to POs and
MOs. The first chapter describes the background of the
document, the second chapter is devoted to the direct
regulation of MPs compounding activities and is a direct
translation of the provisions of the US Pharmacopeia
for non-sterile DFs (503A type pharmacies) [16, 17],

55 Proclamation No. 1112/2019. Available from:
http://www.fmhaca.gov.et/wp-content/uploads/2020/06/Food-and-
Medicine-Administration-Proclamation-1112.pdf

% Good Pharmaceutical Compounding Laboratories. Available from:
https://www.ethiopianreview.com/pdf/001/Labcomp.pdf

57 Ministry of Health-Ethiopia. National guideline for compounding of
dermatological preparations; 2020.
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the third chapter contains a list of dermatologic
CDPs formulations with a composition and suggested
methodology for their compounding.

The authors of this study were unable to
ascertain from available sources of information the
availability of the infrastructure and regulations for
radiopharmaceutical MPs compounding activities in
Ethiopia.

Iran

In Iran, the main regulator of the pharmaceutical
market and MPs circulation is the Ministry of Health
and Medical Education (hereinafter — the Ministry
of Health of Iran), its executive bodies are: Food and
Drug Administration of Iran (hereinafter referred to
as IFDA) and the Supreme Council of Health Insurance
(SCoHI) [41]. According to the latest IFDA statistics,
there are about 11 036 functioning pharmacies in Iran,
10,028 of which are public pharmacies and the rest are
hospital pharmacies®.

Pharmaceutical legal framework in Iran is divided
into 5 separate levels: constitutional; long- and
medium-range planning, including relevant legislation;
pharmaceutical legislation; subordinate regulations;
international rules and agreements [42]. The general
elements of the MPs regulation system of MPs circulation
of Iran, relevant for the purpose of this study, are:

1. According to Article 3 of the Iranian Law on

Medical, Food and Drinking
Products (hereinafter referred to as the Iranian

Law) and subsequent amendments,

Pharmaceutical,

import,
export, sale and purchase of MPs without
obtaining a license from the Iranian Ministry
of Health are prohibited, Ch. 4 defines the
requirements for the production and import.

2. IFDA exercises the authority to register MPs and
maintains the relevant state register®.

3. In a certain part it can be said that the analog of
the list of Vital and Essential Drugs of the Russian

is the List of

(hereinafter — IML)®°, which is formed and revised

by the Iranian Drug Selection Committee (IDSC),

which is a part of IFDA and has pharmaceutical

Federation Iranian Medicines

specialists [43].
4. Iranian law restricts the production, import,

%8 Ministry of Health. The Food and Drug Administration. The business
of pharmacies; 2018. Available from: https://www.fda.gov.ir/

9 IFDA. Available from: https://www.fda.gov.ir/JsoS-»ls-al -1/
Q) ) wpG-3 396 6-S Jh3)

0 1bid.
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distribution and prescribing MPs not included
in the IML, while there is a mechanism under
Iran’s Emergency Pharmaceutical Care Centers
(EPC) Law to provide MPs not included in the
IML in cases of shortage (deficiency) of approved
MPs or for the treatment of patients with life-
threatening conditions. In such cases, Art. 2 of
the Law stipulates that the physician and the
patient must sign a consent that they understand
the risk of possible lack of efficacy in the use of
such MPs and (or) the occurrence of a certain
amount of side effects.

5. In addition to the retail markup for MPs, POs of
Iran are authorized to impose a surcharge for
MPs vacation®?;

6. Based on the
Medicines, in case of lack of interest from the

Iranian Law on Supply of

private sector to invest and open POs in remote
and disadvantaged areas, the Iranian Ministry of
Health is obliged to provide relevant MPs through
subordinate MOs to ensure the availability of MPs.

7. Iran has not acceded to the WTO and has

not signed the Agreement on Trade-Related
Aspects of Intellectual Property Rights [44], but
has accepted the World Intellectual Property
Organization agreement and adopted the Law
on Patents, Industrial Designs and Trademark
Registration®,

According to the lIranian Law, a pharmacy is a
health care institution that dispenses MPs and provides
various pharmaceutical services to the public. According
to Article 2 of the above law, the fulfilment of all
regulatory requirements imposed on POs should be
supervised only by the responsible official (pharmacist).

According to Article 4 of the Iranian Pharmacy Law
(hereinafter referred to as the Iranian Pharmacy Law)
[42], the types of services of community pharmacies are
specified, and each qualified pharmaceutical specialist
is allowed to obtain only one pharmacy license.
(“pharmacy

Unqualified pharmaceutical personnel

technicians”) are included in the pharmaceutical
specialists, in respect of whom the legislation does not

establish any requirements on the need to complete

51 Principles notified by the Food and Drug Organization under No.
57412/655 dated 17/06/2019 «Notification of instructions on how
to obtain the tariff for pharmaceutical services in the year 1400».
Available from: https://arakmu.ac.ir/vcfd/fa/news/18004/wg yba-
el 9t86-30-3L 9 102-U)g p-0LL-Z 8-z 29 -3 1J-3l 500 )-
POHLS9J-BOG-3,-3) 9E 10

2 patents, Industrial Designs and Trademarks Registration Act.
Available from: http://www.wipo.int/wipolex/en/details.jsp?id=7706
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pharmaceutical education programs and (or) obtain
admission to pharmaceutical activities, while unqualified
pharmaceutical personnel are trained directly on the
job. The duration of higher pharmaceutical education
programs is 5.5 years®3,

The Iranian Pharmacy Law defines restrictions on
the maximum possible number of pharmacies based on
the number of urban or rural population.

The duties of a pharmacist are set out in Article 25
of the
performing technological operations for in-pharmacy

Iranian Pharmacy Law, which includes:
packaging of MPs; compounding and dispensing MPs,
including galenic ones.

In addition, Article 33 of the lIranian Pharmacy
Law defines the minimum areas for POs, including
24-hour POs, as well as storage conditions.

The authorse have established the studies in which
various lIranian authors have repeatedly noted the
problems of the need to improve the level of safety
and health protection of medical and pharmaceutical
specialists involved in the compounding of MPs. It is
also necessary to note the problem of the negative
impact of cytotoxic MPs on the medical personnel
in the implementation of activities for the recovery
(dilution) of MPs and the lack of specialized POs that
would carry out the compounding of MPs from highly
toxic and hazardous substances [45, 46]. The authors
note significant technical availability limitations of the
open sources and regulatory legal documentation of
Iran on the issue under study, difficulties in translation
from Persian (Farsi) [47], an insufficient level of the
representation in the public domain of regulatory legal
documents of the Ministry of Health of Iran and IFDA,
including blocking an access to a number of resources
on the Internet, also through virtual private networks
(VPNs). At the same time, a relevant study [48] was
analyzed, which shows the experience of Iranian
pharmacists in establishing the first compounding
pharmacy under the Ministry of Health of Iran for the
drug compounding that meets the GMP principles, as
well as Chapters 797 and 800 of the US Pharmacopeia.
The paper describes the main stages of creating a
modern, high-tech pharmacy infrastructure, including
a construction of clean premises, adopted approaches
to the human resource management, building process
principles of a quality assurance and a quality control
system, the development and SOPs implementation,

% Pharmacy Education and Regulations in Iran. Available from:
https://irimc.org/en/Regulations/Pharmacy-Education
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the documentation and automation processes. The
study refers to two standards (not available in the public
domain) that govern clean premises specifications for
cytotoxic MPs compounding, established requirements
to locate the facilities either within a hospital pharmacy
structure or in a close proximity to an injectable MPs
administration unit for chemotherapy (a centralized
MPs dilution (reconstitution) room as a part of a
medical license [16]). In addition, the article postulates
the existence of guidelines for the management
of chemotherapy services adopted by the Iranian
Ministry of Health, which stipulate the need for such
an infrastructure in every MO that has anti-tumor drug
therapy (chemotherapy) departments with 12 or more
beds.

In the Russian-language literature, the presence
of a study of the pharmaceutical sector in Iran, which
reflects the standing and prospects of the market,
but is also limited to references to primary sources of
the regulatory framework, was found [49]. The work
devoted to the peculiarities of introducing Russian
pharmaceutical products to the Iranian market and
based on the practical experience, which also concluded
that it is necessary to conduct a comprehensive and
sufficiently deep study and the analysis of political,
socio-cultural, economic, regulatory and legal aspects of
business activities in Iran, is of particular interest®.

Egypt

The Egyptian Drug Authority (EDA)® is the national
regulatory authority for MPs. The EDA reports directly to
the Prime Minister®® and its activities are supervised by
the Ministry of Health and Population of Egypt (Ministry
of Health and Population). The functional structure of
the EDA includes three independent organizations:

1. The Central Administration for Pharmaceutical
Affairs (CAPA), which covers the registration,
pricing, regulation of
advertising of MPs, as well as control and

promotion and/or

54 Tsatsyn N. Features of the introduction of pharmaceutical products
to the Iranian market (from practical experience). In: GxP News.
Available from: https://gxpnews.net/2019/10/osobennosti-vyvoda-
farmacevticheskoj-produkcii-na-rynok-irana-iz-prakticheskogo-opyta/
?ysclid=m1m9k8z262569120004

% Law No. 101 of 1971 on Medicine, Medical Technology Management
and the Egyptian Drug Authority (with changes at 25.08.2019). Available
from: https://edaegypt.gov.eg/media/52vavp5k/2019-151.pdf

% Prime Ministerial Resolution No. 777 of 2020 Issuing the executive
regulations of the law establishing the Egyptian Authority for
Unified Procurement, Supply, Medical Agents, Medical Technology
Management and the Egyptian Drug Authority. Issued by Law
No. 101 of 1971. Available from: https://edaegypt.gov.eg/media/
es5alawn/dul-u8-Gue-1d9iole-03p-777-Jpe08-2020-0l- gl -1dJIs-
TE-ldeoddsiess.pdf
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supervision functions of participants in the
sphere of the drug circulation.

2. The National Organization for Drug Control and
Research (NODCR), responsible for the quality
control of circulating pharmaceutical products,
cosmetics, medicinal plants, insecticides, raw
materials and products of the natural origin.

3. The National Organization for Research and
Control of Biologicals (NORCB), which carries out
the procedures for authorizing the sale (trade,
dispensing) and licensing of various professional
activities.

It can be said that for the Egypt’s pharmaceutical
regulatory system, the national regulatory authority
for MPs is the specialized body of the African Union —
the African (AMA)®7€8
objectives include the development and support of a

Medicines Agency whose
harmonized regulatory framework, the development of
the pharmaceutical industry, including MPs, traditional
medicines and medical devices, including the ones within
the framework of the African Continental Free Trade
Area (“Africa Continental Free Trade Area” AfCFTA).

Egypt’s main legislative documents in the sphere of

circulation of medicines include the following:

1. Law No. 127 dated 10 March 1955 on
Pharmaceutical Activities (hereinafter referred
to as Egyptian Law No. 127)%7°,

2. Law No. 15 dated 5 March 2017 “On simplifying
the procedure for issuing licenses to industrial
facilities” .

3. Resolution of the Minister of Industry and
Trade No. 1082 dated 16 August 2017. “On the
implementing regulations to Law No. 15 dated
5 March 2017. “On Simplifying the Procedure for
Issuing Licenses to Industrial Facilities””2.

5 Treaty for the Establishment of the African Medicines Agency.
Available  from:  https://au.int/sites/default/files/treaties/36892-
treaty-0069_-_ama_treaty_e.pdf

% The Treaty on the Establishment of the African Medicines Agency
was adopted at the 38th ordinary session of the Assembly of the
African Union on 11 February 2019, which entered into force on
5 November 2021 (currently 38 of the 55 member States of the African
Union have signed and/or ratified the said treaty). Russian

% Egyptian Pharmacy Practice Law Number 127. Available from:
https://edaegypt.gov.eg/media/vOwfy2bk/1955-127.pdf

7 Amendments to Law No. 127 of 1955. Available from:
https://edaegypt.gov.eg/ar/IJ3 90 0-91dB,HIe-51d@slg o-1dpops-s-
11038 1DI/1JB 51060~ 91U sl -l o6 3t/ g s JIe-Blo 9o-)dp-127-
Joue08-1955/

" Law No. 10 of 2017 Issuing the Law to Facilitate Procedures
for Granting Industrial Establishments Licenses. Available from:
https://edaegypt.gov.eg/media/4t1j33qb/2017-15.pdf

72 Ministry of Commerce and Industry Decision No. 1082 of 2017 issuing
the executive regulations of the law regulating the procedures for the
inspection of hazardous materials issued by Law No. 15 of 2017. Available
from: https://edaegypt.gov.eg/media/zs4ja0ex/2017-1082.pdf
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4. Other laws regulating the clinical trials, operating
procedures, collection of blood and plasma for
the production and export.

The key subordinate regulatory legal documents
in the field of organization of pharmaceutical activities
with the right to compound MPs include:

— Ministerial Decree No. 265 dated 16 April 1981
“On sanitary and technical requirements to be
observed in pharmaceutical enterprises”’?;

— Ministerial Decision No. 25 dated 18 January
2009 “On requirements for the licensing of
pharmacies”’;

— Ministerial Decision No. 114 dated 3 February
2017 “Regarding union certificates required in
the licensing of public pharmacies”’s;

— Decision of the Chairman of the Authority No. 271
dated 25 May 2021 “Regarding the conditions
to be observed in pharmacy organizations”’s;

— Decision No. 265 dated 21 May 2024 of the
President of the Authority “On
methodological guide on the mechanisms,

issuing a

procedures for verifying and monitoring

the implementation of the correction
plan submitted by stores, warehouses and
pharmacies””’.

According to the Pharmacists

Syndicate (EPS), the total

pharmacies in Egypt had reached the figure of 95 000 by

Egyptian
number of community

the end of 2023. Herewith, the number of pharmacists
reached 313 000, up from 175 000 in 2013 and 71 000
in 2003. Egyptian Law No. 127 stipulates that public
pharmacies in Egypt (dispensing only FDFs) can operate
not only with pharmacists, but also with other non-
regulated pharmacy personnel, which includes their
assistants who have neither medical nor pharmaceutical
education. Although the law restricts the formation
of pharmacy networks, the provisions on “pharmacy
management” allow a pharmacy technician to manage

73 Ministerial Decree No. 265 of 16/04/1981 on the health and technical
requirements to be met in pharmaceutical factories. Available from:
https://edaegypt.gov.eg/media/0flb3fyk/1981-265.pdf

74 Ministerial Decision No. 25 of 18/01/2009 On the requirements
required for licensing pharmaceutical stores. Available from:
https://edaegypt.gov.eg/media/cw50zyh4/2009-25.pdf

75 Regarding the Union certificates required during the licensing of
public pharmaciesministerial Decision No. 114 of 02/03/2017. Available
from: https://edaegypt.gov.eg/media/xrek4hlt/2017-114.pdf

6 Decisions of the Ministry of Health and population decision no. 271
of 25/05/2021. Available from: https://edaegypt.gov.eg/media/d,1,-
DB IUas8-)8p-271-2021.pdf

7 Guidelines for File Assessment for Pharmaceutical Products for
Human Use. Available from: https://edaegypt.gov.eg/media/zpidyytc/
guidelines-for-file-assessment-for-human-pharmaceutical-product.pdf
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a group of pharmacies, thus forming pharmacy
networks [50].
There

documents”™ for Egyptian POs that reflect modern

is a significant number of regulatory
approaches in the organization of MPs compounding
activities. In particular, compounding pharmacies are
subject to the regulations of the “Egyptian Guidelines
(EGOPP) in the

format of good manufacturing practice for MPs used

for Oncology Pharmacy Practice”

for the treatment of cancer. The guidelines consist of
2 volumes’.

“MPs compounding” refers to the process by which
unit operation steps are carried out to produce the MPs
suitable for use by the patient.

The first volume contains “Guidelines for the
Manufacture of Sterile MPs, Non-sterile MPs and Safe
Handling of Highly Active (Hazardous) Substances”. Its
content and provisions directly refer to the regulatory
requirements of the US Pharmacopeia, Chapters 795,
797 and 800 [16, 17].

Sterile MPs made from non-hazardous substances
include: parenteral nutrition, hydration protocols,
chemotherapy premedication, and antibiotics.

For sterile MPs made from hazardous substances,
the Guidelines include: antineoplastic drugs; any drugs
identified in the “List of Antineoplastic and Other
Hazardous Drugs in Health Care Settings,” compiled by
the National Institute for Occupational Safety and Health
(NIOSH)®81,

The minimum requirements for the facilities and
quality assurance system of a compounding pharmacy
are presented in Chapter 3 of the Guidelines.

For non-sterile MPs, the Guidelines include topical
MPs for the extravasation and MPs used for oral
mucositis caused by chemotherapy and/or radiotherapy.

In a separate volume, there are “Guidelines for

compounding biological MPs and biosimilars”82,

8 Regulatory evidence. Central Pharmaceutical Care Administration
Guidelines. Available from: https://www.edaegypt.gov.eg/
ar/1d3 9106 0-91dE,11w-31dEgIg 3-1dpo bes-g-1d|usg 11w /1JTs Jb-
\Joo.lbg,:L_sE/UTJJE-UC\Uaié-glJp\)6-Uﬁ)ﬂjéé-Jd)&lgs-lduoL_sodgs

79 Egyptian Guide for Oncology Pharmacy Practice. Available from:
https://edaegypt.gov.eg/media/hrqcj435/edrexgl-cap-care-011-
egyptian-guide-for-oncology-pharmacy-practice-volume-1-2022-2.pdf
80 NIOSH List of Antineoplastic and Other Hazardous Drugs in
Healthcare Settings, 2016. Available from: https://www.cdc.gov/
niosh/docs/2016-161/pdfs/2016-161.pdf

8 Hazardous Drugs: Draft NIOSH List of Hazardous Drugs in
Healthcare Settings, 2020; Procedures; and Risk Management
Information.  Available  from: https://www.federalregister.gov/
documents/2020/05/01/2020-09332/hazardous-drugs-draft-niosh-
list-of-hazardous-drugs-in-healthcare-settings-2020-procedures-and-risk
82 Egyptian Guide for Oncology Pharmacy Practice. Available from:
https://edaegypt.gov.eg/media/vkvbbcmd/eda-guide-for-oncologu-
pharmacy-practice-vol-2-biosimilars-chapter_1.pdf
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CONCLUSION

For the first time, this study presents generalized
materials on the main regulatory approaches and
requirements for the implementation of activities in
the field of MPs compounding applied in the regulatory
systems of the BRICS interstate association (Union)
member countries. This study has no analogues in
domestic and foreign literature. The study presents
key regulatory legal acts and documents, analyzes
them and describes the main provisions of the legal
framework for organizing the activities of compounding
pharmacies. The results of the study determine the
need to rethink the current state of the Russian
regulation of MPs compounding. The work emphasizes
the need for the development and implementation of a
single, harmonized good practice of MPs compounding
and dispensing, applicable to any of the types of
compounded MPs, the FD type, the intra-pharmacy
filling and reconstitution (dilution) of registered MPs
both within pharmaceutical and medical activities,
including in the format of “ hospital exemptions”. The
implementation of the only currently missing element
of the good practices system is particularly important
in achieving the national health care development goals
established in the Russian Federation in accordance
with the project “New Health Saving Technologies”, a
transition to modern, advanced practices of mastering
critical technologies, personalized, predictive and
preventive medicine, high-tech health care and health
saving technologies, including the ones through the
rational use of MPs, the use of genetic and genetic
technologies, the use of genetic data and technologies,
mastering the compounding of biomedical cellular
products and tissue engineering products, which are of
high interest for medical and pharmaceutical science.

In the sphere of MPs compounding, the BRICS
countries can strive to develop the best practices and
“gold” standards for the organization of relevant socially
important activities, regulation and accessibility of CDPs.
The principle of the BRICS alliance does not initially
impose on its members one or another way of the state
governance and normative legal regulation, but seeks to
improve the quality and living standard of the member
countries citizens.

In this sense, there is no need for total the
harmonization or unification of activities regulation in the
field of MPs compounding, but it makes sense to study
the best practices in this area in the BRICS countries,
to highlight and implement them, and for the BRICS
governance bodies to strive to achieve high indicators of
the member countries of the association: organization,
regulation, accessibility, innovativeness of CDPs. This

190

approach could lead to the creation of a single GPHP,
but does not require it at the moment due to the need
to focus on the main parameters of MPs circulation. The
study of the best practices and development of “gold”
standards can become the task of a world-class scientific
center. Such practices and standards may include the
following:

— Brazilian experience of using scientific literature
in the absence of the necessary pharmacopoeial
monograph, as well as the POs right to independently
develop necessary specifications for raw materials,
quality control methodologies on CDPs;

— experience of India, when the
Government of India forms the Pharmaceutical
Council;

— UAE's experience, which allows the compounding
of registered MPs only in cases where no change
in their qualitative composition is carried out;

— quantitative indicators of an availability of CDPs
to the residents of the country, etc.

Given the fact that by now, thereisinformation about

Central

the interest of additional 34 countries in the activities
of the association (the creation of BRICS partner states
is being discussed), the Russian Federation, which is
chairing BRICS this year, faces the task of facilitating the
fastest possible integration of the new member countries
into all mechanisms of the association. From the point
of view of improving the interaction efficiency between
representatives of the BRICS countries in the healthcare
and pharmaceutical industries, the authors note the
presence of national medical research centers and
world-class scientific centers established and operating
in Russia, created in accordance with the Decree of
the President of the Russian Federation No. 939 dated
22 June 1993 and p. 2, art. 5 of Federal Law No. 127-
FZ dated 23 August 1996. Their activities, in accordance
with the priorities of scientific and technological
development of the Russian Federation and the
directions of development of the most important
science-intensive technologies provided for by the
Decree of the President of the Russian Federation No.
529 dated 18 June 2024, are aimed at research and
development in the field of preventive and personalized
medicine, ensuring healthy longevity, development of
high-tech healthcare, health-saving technologies, and
MPs. It is also possible to initiate the process of creating
a World-Class Scientific and Educational Center in the
field of drugs manufacturing, organized on the basis of
integration of higher education institutions, scientific
organizations and their cooperation with organizations
who’s operating in the real sector of the economy. In
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general, as for the BRICS member countries, the results
of this study necessitate a further in-depth elaboration
of the convergence issues of regulatory practices of
both health care systems and pharmaceutical industries
including clinical trials, MPs inspection and registration,
the MPs production and compounding,
radiochemistry and radiation safety.

Another promising direction of the interaction is
the pharmacopoeias requirements harmonization of
the member countries association — it is an exchange
of experience in the CDPs compounding and the
nomenclature analysis of the most demanded for
CDPs compounding between the member countries,
which will also contribute to ensuring the uniformity
of approaches and requirements to the quality of the
MPs compounded in pharmacies. In line with the goals
and objectives of the Concept of Russia’s Participation
in BRICS, the results of this study raise the question of
the need to develop and form a “Roadmap (an action

including

plan) for the development of the interaction between
the BRICS member states in the field of health care
and the pharmaceutical industry”, which could become
the basis for the establishment (expansion of existing
centers) in the form of a national pharmaceutical
research center or a world-class scientific center in
order to perform the functions of promoting the most
rapid integration and building a modern model of the
common MPs market, joint research and development
for technological development of the interstate
association (Union) countries. The implementation of
the above proposals is aimed at achieving the national
goals established in the Decree of the President of the
Russian Federation dated 07 May 2024 Ne 309, and their
consideration is recommended to the Government of
the Russian Federation in the formation of the “Unified
plan to achieve the national development goals of the
Russian Federation for the period up to 2030 and in the
perspective up to 2036”".
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