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The aim of the study was to investigate the awareness of pharmacists’ knowledge of the pharmacovigilance basics in
pharmacy organisations (PhOs) of the Russian Federation and to identify the factors influencing their participation in the
drug safety monitoring system.

Materials and methods. A single-point survey study was conducted in the form of a single solid group online questionnaire
survey of 513 pharmaceutical specialists from different regions of Russia. A specially designed 14-item questionnaire aimed
was used to assess their knowledge of the pharmacovigilance system. Retrospective, comparative, statistical, and logical
analysis methods were applied.

Results. A comprehensive assessment of the level of pharmaceutical specialists’ pharmacovigilance knowledge in Russia
was carried out. The factors influencing the specialists’ awareness were determined. The necessity of educational activities
to increase the involvement of PhOs employees in the drug safety monitoring system was justified. The insufficient level
of pharmaceutical specialists’ knowledge about the basic concepts and procedures of pharmacovigilance was revealed.
Specialists with secondary specialized education and less work experience demonstrated a lower level of awareness. Only
13% of the participants had received training on pharmacovigilance, while the majority (about 80%) considered it necessary
to increase the number of training programmes. The influence of education, work experience and job position on the
awareness of professionals was established. Most respondents recognize the need to report adverse drug reactions (ADRs)
occurring when taking a medicine, but in practice the level of reporting remains low.

Conclusion. Insufficient knowledge of the pharmacovigilance basics among pharmacy workers causes a low level of
ADRs reporting by them. A comprehensive approach, including educational initiatives and the development of targeted
interventions, is required to improve specialists’ engagement in the drug safety monitoring system. Further research
is necessary to develop and evaluate the effectiveness of educational programmes and motivational models to increase
pharmaceutical specialists’ pharmacovigilance activities.

Keywords: pharmacovigilance; pharmaceutical specialists; pharmacy organisations; adverse drug reactions; drug safety

Abbreviations: ADR — adverse drug reaction; HP — health professional.

For citation: R.I. Yagudina, O.L. Listova, A.R. Umerova, K.A. Kopeyka. Analysis of pharmacy organisation staff awareness of pharmacovigilance.
Pharmacy & Pharmacology. 2024;12(4):266-280. DOI: 10.19163/2307-9266-2024-12-4-266-280
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Lienb. UccnepgoBaHme 0cBeAOMAEHHOCTM 3HAHUI papMaLLeBTUYECKUX PabOTHMKOB anTeyHbIX opraHmsaumii (AO) Poccuiickoi
depepaunm 06 ocHoBax dapmaKkoHaa30pa U BbiiBAEHUE PAKTOPOB, BAUAIOLLMX HA MX y4acTMe B CUCTEME MOHMUTOPMUHIA
6e30nNacHOCTU JIEKAPCTBEHHbIX CPEACTB.

Martepuanbl u metoabl. [lpoBegeHO OAHOMOMEHTHOE OMPOCHOEe uccnefoBaHWe B GOpme OAHOKPATHOrO CMJ/IOLHOrO
rPynnoBOro OH/MaWH-aHKeTUpoBaHWUA 513 dapmaueBTUHECKUX PaBOTHUKOB M3  pasanYHbIX perMoHoB Poccun ¢
MCMNONb30BaHMEM CMeLManbHO Pa3paboTaHHOM aHKeTbl M3 14 BOMPOCOB, HaMpaB/JEHHbIX HAa OLEHKY 3HaHWW O cucTeme
dbapmakoHagzopa. MpMMeHANNCL MeToAbl PETPOCNEKTUBHOIO, CPAaBHUTE/IbHOTO, CTAaTUCTUYECKOIO M IOTMYECKOTO aHaAn3a.
Pe3ynbratbl. [poBesfieHa KOMM/IEKCHas OLEHKAa YPOBHA 3HaHMI dapmaueBTUYECKMX paboTHWMKoB Poccum B obnactu
bapmakoHaasopa. OnpeaeneHbl GaKTOPbl, BAUAKOLLME HA OCBEAOMIEHHOCTb cneunanncTos. O60cHOBaHa HEOBXOAMMOCTb
06pasoBaTesibHbIX MEPONPUATUI AN NOBbIWEHUA BOBNEYEHHOCTM COTPYAHMKOB AO B CUCTEMY MOHUTOPUHIa 6€30MacHOCTH
JIEKAPCTBEHHBIX CPeacTB. BbiABAEH HEAOCTAaTOUYHbIA YPOBEHb 3HaHWW GapMaLEeBTUYECKUX PabOTHMKOB 06 OCHOBHbIX
NOHATUAX U Npoueaypax papmakoHagzopa. CneumnanmcTsl o cpegHUM cneumanbHbiM 06pasoBaHMEM M MEHBLLUMM CTaXKEM
paboTbl NPOAEMOHCTPUPOBaNU 6onee HU3KUI YPOoBEHb O0CBEAOMNEHHOCTU. JInwwb 13% y4acTHMKOB NPOXOAUAN 0BydYeHUe
no ¢papmakoHaa3opy, Npu 3Tom 60/bWKHCTBO (0KON0 80%) CUMTAOT HEOOXOAMMbIM YBEMYEHNE KOAMYECTBA 0ByYatoLwmx
nporpamm. YCTaHOBNEHO BAUAHWE 06pPa3oBaHWA, CTaxka pPaboTbl M OOMKHOCTM HA OCBEAOMIEHHOCTb CMELMAZINCTOB.
BONbLMHCTBO PECNOHAEHTOB NPU3HAET HEOBXOAMMOCTb B COOBLLEHUM HeKenaTeNbHbIX peakumit (HP), BO3HMKatoWwmMx npu
npuéme TOro UM MHOTO NpenapaTa, O4HAKO HA NPAKTUKE YPOBEHb PEMOPTUPOBAHMUA OCTAETCA HU3KUM.

3akntoueHue. HegoctaTouHble 3HaHMA OCHOB dapmaKkoHa30pa cpeay papmaleBTMHECKUX paboTHMKoB AO 06ycnasnusatoT
HU3KWUWA ypoBeHb penopTupoBaHua umu HP. [Ina nosbiweHWA BOBAEYEHHOCTM CMELMANUCTOB B CMCTEMY MOHUTOPWUHIA
6e30nNacHOCTU JIeKapCTB HEOOXOAMM KOMMIEKCHbIV NOAXOA, BK/OYAOLWMI 06pa3oBaTebHble MEPONPUATUA U Pa3paboTKy
LieieBbIX MUHTEPBEHUMIA. TpebyoTCA AanbHENLLNE UCCNef0BaHMA MO pa3paboTKe 1 oueHKe 3G dEKTUBHOCTM 06pa30BaTENbHbIX
NpPOrpamm U MOTUBALLMOHHbIX MOAE/EN NOBbILEHUSA aKTUBHOCTU papmaLieBTUHECKUX paboTHMKOB B chepe papmakoHaa3opa.
KnioueBble cnoBa: papmakoHaasop; papmaLesBTMyeckne paboTHUKM; anTeyHble OpPraHn3aLLMm; HeKenaTesbHble peakuuu;
6e30NacHOCTb JIEKAaPCTBEHHbIX CPEACTB

CnUcoK coKpawieHuii: AO — anTeyHan opraHusaumsa; HP — HexenaTtenbHas peakuums; JIN — nekapcTBeHHbIVW nNpenapar;
MP — mMeanuUMHCKUI PabOTHUK.

INTRODUCTION

Pharmacovigilance plays a key role in ensuring the
drug safety. As defined by the World Health Organization
(WHO), pharmacovigilanceis a set of scientificstudies and
activities aimed at detecting, analyzing, understanding
and preventing adverse effects of pharmacotherapy.

* World Health Organization. WHO: Pharmacovigilance: ensuring the
safe use of medicines; 2004, No. WHO/EDM/2004.8. Available from:
https://www.who.int/publications/i/item/WHOEDM2004.8

Tom 12, Beinyck 4, 2024

The Eurasian Economic Union (EAEU) Rules of
Good Pharmacovigilance approved by Decision of the
Council of the Eurasian Economic Commission No. 87>
are in force in our country. The EAEU rules establish
common approaches to the organization of drug

2 Decision of the Council of the Eurasian Economic Commission No. 87
dated 03.11.2016 (as amended on 19.05.2022). “On approval of the
Rules of good practice of pharmacovigilance of the Eurasian Economic
Union”. Russian
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safety monitoring, define the procedures for collecting
and analyzing information on adverse drug reactions
(ADRs) [1, 2]. At the national level, Federal Law No. 61-
FZ “On Circulation of Medicines”® dated 12.04.2010
obliges all subjects of the pharmaceutical market to
report to Roszdravnadzor any identified risks to patient
life or health associated with the use drugs [3]. The
legislation stipulates liability for a concealment or an
untimely transfer of such information. The key role in the
functioning of the pharmacovigilance system belongs
to the pharmacy organisation (PhO). Professional
standards for “Pharmacists”, “Pharmacy Technicians”
and “Specialists in Pharmacy Management” stipulate
the duties of pharmaceutical specialists to collect
information on ADRs, inform authorized bodies and
advise consumers on the drug safety [5-7]. Pharmacy
managers are responsible for a proper organization of
pharmacovigilance in their subordinate institutions.

The effectiveness of the pharmacovigilance system
aimed at detecting, evaluating and preventing ADRs
of medicines depends on the involvement of all
subjects of the medicines circulation, including
pharmacy staff [4]. In modern conditions, when the
availability of primary health care is not always fully
ensured [5], and some part of the population (from
18 to 27%) is not satisfied with the quality of medical
services [6, 7], the role of pharmaceutical specialists
in the health care system is significantly increasing.
Pharmacists and pharmacy technicians in pharmacies
become the most important link between patients and
the drug safety monitoring system, as they have a direct
and regular contact with drug consumers. We believe
that pharmacists and pharmacy technicians can play a
key role in the drug safety monitoring system, as they
are the ones who directly interact with consumers and
are the primary link for collecting information on safety
violations, including ADRs. However, despite a detailed
regulation of pharmacovigilance, there remains a
practical issue of insufficient awareness and engagement
among pharmacy staff in this system [8-10]. This leads
to a low level of the ADRs reporting by them and, as a
consequence, an incomplete collection of data on the
drug safety [11].

Although the pharmacy employees may occupy
a key position in the ADRs reporting chainthe studies
show that they are not sufficiently involved in the
pharmacovigilance system [12]. It has been reported
that only a small proportion of pharmacy professionals
(about 5%) complete notifications of identified ADRs,
while almost 1/5" (19%) of the employees never do
so [13]. The established facts indicate the need to

3 Federal Law No. 61-FZ dated 12.04.2010 (latest edition) “On the
Circulation of Medicines”. Russian
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find effective ways to increase the participation of
pharmacists and pharmacy technicians in drug safety
monitoring which is an urgent scientific and practical
task.

Similar trends are noted in the works by other
authors [14, 15]. They point to significant differences in
the level of participation between the representatives
of the pharmaceutical industry (registration certificate
holders and legal entities with clinical trial approvals),
who actively identify ADRs, and PhOs staff, who treat
this responsibility rather formally [14, 15]. The key
problem in the organization of the ADRs data collection
is a low motivation of specialists to fill in relevant
notifications. The experts attribute a low activity of
health professionals (HPs) in this area to a number of
factors. First, it is the difficulty of identifying causal links
between the intake of a particular medicine and the
occurrence of ADRs. Second, it is an insufficient level of
knowledge in the field of drug safety monitoring. Third,
these are psychological aspects, including the fear of
damaging the reputation of a medical organization or
a pharmaceutical company. Finally, the lack of financial
incentives to do additional work on pharmacovigilance
plays an important role.

Foreign studies also confirm that one of the main
reasons for a low ADRs reporting rate is the lack of
awareness of pharmacovigilance among medical
and pharmaceutical professionals [16-19]. A study
conducted in Shiraz, Iran, showed that pharmacists
have little knowledge about the process, purpose
and importance spontaneous ADR reporting system.
The authors concluded that education and training
courses would be important to maintain, improve and
enhance ADR reporting by pharmacists [20].

A survey among pharmacy students in Romania
found out that 92% of future pharmacists planned
to report identified ADRs, but only 48% of the final
year students and 37% of the fourth-year students
considered themselves sufficiently prepared or ready
to do so [21]. The same Romanian study indicated
that fewer than half (45.7%) of student-pharmacists
had studied pharmacovigilance and 95% agreed that
pharmacovigilance should be included as a separate
course in their curriculum.

A Ghanaian study of doctors, nurses and pharmacists
showed that although 82.8% had encountered ADRs,
only 52.6% had reported them, with the pharmacists
accounting for 66.7% of this population [22]. In the
Ghanaian study, 85.8% of the HPs were aware of the
ADRs reporting procedure and had a positive attitude,
suggesting that other factors besides the awareness may
influence under-reporting.
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A systematic review by V. Paudyal et al. showed
that financial incentives and face-to-face educational
interventions improved the quality and quantity of ADR
reports compared to interventions without a face-to-
face interaction [23]. The authors focus on the need
to develop and test training programmes based on the
principles of behavioural psychology. It is noted that
most of the research has been focused primarily on HRs,
while the role of patients in pharmacovigilance remains
poorly understood.

Thus, the problem of the insufficient involvement
of pharmacy workers in the pharmacovigilance system
is relevant not only for Russia, but also for many other
countries. Consequently, it is critically important to
evaluate the knowledge level of pharmacy workers in
Russia regarding the safety monitoring of drugs.

THE AIM of the
knowledge
Russian

study was assessing the

level of pharmacy workers in the
Federation regarding pharmacovigilance
fundamentals and to identify factors influencing
their awareness and participation in the drug safety

monitoring system.

MATERIALS AND METHODS

The authors conducted a single-point survey
study in the form of a solid group online questionnaire
survey. This method was chosen for a rapid collection
of the primary information, as it allows interviewing a
large number of respondents in a short period of time
and with minimal material costs. To conduct the study,
an anonymous online questionnaire was developed to
collect and analyze the responses of pharmaceutical
specialists. The following is a typical form of the
guestionnaire, consisting of 14 questions with suggested
answer options (Table 1).

The survey was conducted online by Sechenov
University between September 13 and 30, 2023. The
information about the opportunity to voluntarily
participate in the questionnaire, an invitation to
participate and a link to the questionnaire were emailed
to 700 pharmacy workers (from 18 Russian regions) who
had undergone training or certification at Sechenov
University. Prior to the main study, a pilot test involving
10 pharmacy workers (5 pharmacists and 5 pharmacy
technicians) was conducted. In the course of the pilot
test, the following were evaluated: a comprehensibility
of the questions wording, an unambiguous
interpretation of the terms used, and a logical structure
of the questionnaire. Based on the results of preliminary
testing, the sequence of questions in the questionnaire
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was optimized, the validity of the questionnaire and the
adequacy of the terms used were confirmed.

This study did not require a submission of a
biomedical ethics committee approval or other documents
because it contained anonymized data. The questions
whose content did not meet ethical standards had not
been included in the study. Completed anonymous
guestionnaires were considered as an informed consent
from pharmacy workers to participate in the study and
a permission to process the provided data. The anonymity
of respondents was a mandatory condition of the survey;
no personal information (surname, name, patronymic,
gender, age) and contact details were collected in the
course of the study.

To determine a statistically representative number
of respondents (a number of questionnaires), a random
non-repeat sampling method was used. The margin of
error was set at 5%. To ensure reliable results, at least
400 questionnaires needed to be processed [24, 25]:

h= 22
(4%x0.052)

As a part of the survey, 700 emails were sent
to potential respondents. The authors received
550 completed questionnaires, which was 78.6%
of the total number of questionnaires sent out.
The questionnaires were selected for the analysis
according to the following criteria: 1) “completeness” —
presence of responses to all mandatory question
2) “correctness” — a logical consistency of answers,
the absence of obvious mistakes in filling in. As a
result of applying these criteria, 37 questionnaires
with incomplete or incorrect answers were excluded.
Thus, the final sample for the analysis was 513
questionnaires (73.3% of the initially sent ones).

The non-parametric Pearson’s chi-square test (x?)
was used to assess the statistical significance of
differences between the groups. This method had
been chosen as the most appropriate for analyzing the
categorical data obtained from the questionnaires. The
differences between the responses of different groups
were investigated using conjugation tables. For each
comparison, null and alternative hypotheses were
formulated. The null hypothesis implied the absence of
differences between the groups, while the alternative
hypothesis implied the presence of statistically
significant differences. A significance level of p=0.05
was set for all statistical tests. At p <0.05 the differences
were considered statistically significant, which allowed
rejecting the null hypothesis about the absence of
differences between the groups. The data analysis
was performed using MS Excel 2019 software package
(Microsoft Corp., USA).
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RESULTS AND DISCUSSION

Based on the analysis of the received questionnaires,
the characteristics of the study participants were
compiled (Table 2). The majority of the respondents
(53.0%) had secondary specialized education, 39.8%
had higher pharmaceutical education, and 7.2% were
students of medical universities and colleges. The
average work experience of the survey participants
was 13.86 years. The sample of the respondents is
represented by various categories of pharmaceutical
specialists, including front desk specialists (62.0%),
supervisors (32.0%), representatives of other job
positions (pharmacy technologists, pharmacy analysts,
consultants). More than half of the respondents
(56.9%) work in private pharmacies. The vast majority
(94.0%) are employees of pharmacy chains, only 6.0%
of the respondents work in individual PhOs; 89.0% of
the participants work in urban areas, 11.0% in rural
settlements.

Approximately half of the respondents, regardless
of the level of education, experience, position, or
pharmacy type correctly identified that the term
“pharmacovigilance” refers to the type of activities
aimed at identifying, assessing, understanding and
preventing undesirable consequences of the drug
(Fig. 1). However, more than 40% of respondents
incorrectly believed that pharmacovigilance is a body
of a state supervision and control over compliance with
the legislation of the Russian Federation in the sphere
of drug circulation. Only a small proportion of the
respondents chose other answer options, such as: “the
science that studies (using epidemiological methods),
the efficacy, safety and specifics of the drug use in real-
life conditions at the level of a population or large groups
of people” (3.43% with higher education and 6.62% with
secondary specialized education) and “the research and
activities related to the consideration of any problems
associated with a medicinal product” (2.45 and 1.84%,
respectively).

Herewith, about 55% of specialists with higher
education were well acquainted with the term “adverse
drug reaction” (Fig. 2), compared to 37.50% of those
with secondary specialized education (x?=26.28;
p <0.05). The analysis of the answers depending on the
work experience showed that the level of familiarity
with the term “adverse drug reaction” increases as
the professional experience is acquired. Among the
specialists with the work experience up to 1 year, only
25% indicated that they were well acquainted with
the term, whereas among the professionals with more
than 10 years of work experience — 52.69% (x*=18.09;
p <0.05).

This trend indicates that practical experience
and the accumulation of knowledge in the course of
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work contribute to a better understanding of the basic
concepts of pharmacovigilance. Pharmacy supervisors
demonstrated greater familiarity with the term “adverse
drug reaction” (54.88% were well acquainted) than
front desk specialists (37.54%, x?>=27.30; p <0.05).
The analysis of responses according to the pharmacy
location (urban or rural) showed that the level of
familiarity with the term “adverse reaction” was slightly
lower among rural pharmacy specialists (38.60% were
well familiar) compared to urban pharmacy (44.08%
x?=6.95; p <0.05). The proportion of those who had never
heard of the term was also higher among the specialists
in rural pharmacy (8.77 vs. 2.41% in urban PhOs).

The level of familiarity with the ADR reporting (Fig. 3)
form varies according to the education, experience, position,
pharmacy ownership, pharmacy chain affiliation and
location. Among the respondents with higher education,
75% were familiar with the form, whereas among
those with secondary specialized education the figure
was 55.15% (x?=20.22, p <0.05). The differences in the
level of familiarity with the increasing work experience
and between the employees of individual and chain
pharmacies were not statistically significant (x?>=4.783,
p >0.05 and x?=1.80, p >0.05). Pharmacy supervisors
show a higher level of familiarity with the form
(76.22%) compared to the front desk specialists (56.47%;
x?>=18.73, p <0.05). In public PhOs, 68.33% of the
employees were familiar with the form, while in private
PhOs, 58.90% were familiar with the form (x?>=4.83,
p <0.05).

A similar trend was observed with regard to the
awareness of where to obtain an adverse drug reaction
reporting form (Fig. 4). The level of awareness of where
to obtain the adverse drug reaction reporting form
is higher among the people with higher education
(68.14%) compared to the people with secondary
specialized education (41.54%; x?=33.50, p <0.05). The
percentage of the pharmacy specialists familiar with the
reporting form increased with experience, from 55.26%
among the specialists with the experience up to 1 year,
to 67.31% among those with more than 10 years of
experience (x?=21.05, p <0.05). The study found out that
pharmacy supervisors showed higher awareness than
front desk specialists regarding familiarity with the form
(76.22 vs. 56.47%; x*=18.27, p <0.05) and how to obtain
it (67.68 vs. 43.85%; x*=24.66, p <0.05). The employees
of public and non-chain pharmacies were more aware
of how to obtain an adverse drug reaction reporting
form (63.80 and 77.42%) than the employees of private
and chain pharmacies (42.47 and 50.00%; x?=27.91,
p <0.05). Pharmaceutical specialists from the urban
pharmacies were more familiar with the form (63.60%)
and knew where to obtain it (53.07%) compared to
the pharmacy staff from the rural areas (57.89% and
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40.35%, respectively), but the differences were not
statistically significant (x2=0.6821, p >0.05 and x?=3.3095,
p >0.05).

The majority of pharmacy professionals recognize
the need to report identified ADRs (Fig. 5). Among the
respondents with higher education, 61.76% believed
that ADRs should be always reported, while among the
specialists with secondary specialized education this
figure was slightly lower — 58.82% (x*>=1.739, p >0.05,
the differences not significant). The pharmaceutical
specialists with 2 to 5 years of work experience showed
the highest willingness to always report ADRs — 74%
(x*=12.70, p <0.05). The pharmacy supervisors and front
desk specialists equally recognized the need to report
ADRs (60.37 and 60.25%, respectively). No statistically
significant difference was found out between the private
and public pharmacy employees (x*=3.43, p <0.05).
However, it was established that in the individual
pharmacy chains, 67.74% of employees believed that
ADRs should be always reported, while in the chain
pharmacies this figure was only 32.16% (x?>=19.229,
p <0.05). At the same time, it should be noted that
34.02% of the employees in the chain pharmacies
believe that it is not necessary to report ADRs, which is
an alarming signal.

When asked to correctly identify the government
body collecting information on ADRs in Russia, the
majority of the respondents correctly stated that it was
Roszdravnadzor. However, the level of awareness varied
depending on several factors. Among the specialists
with higher education, 87.25% gave a correct answer,
while among the specialists with secondary specialized
education this figure was 70.22% (x?>=20.85, p <0.05).
The work experience also influenced their awareness:
with the increasing work experience, the percentage of
pharmacists who correctly identified Roszdravnadzor,
increased (from 63.16% among those with up to 1
year of experience to 81.92% among those with more
than 10 years of experience; x?=19.96, p <0.05). The
Pharmacy supervisors showed higher awareness
(85.37%) compared to the front desk specialists, 71.29%
(x*=12.29, p <0.05).

The level of pharmacy professionals’ awareness
about the pharmacovigilance regulation at the EAEU
level varies depending on different factors (Fig. 6).
Specialists with higher education are better informed on
this issue — 38.24% are well aware of it, while 37.25%
have superficial knowledge. Among the specialists
with secondary specialized education, only 25% are
well informed, 37.13% have superficial knowledge and
37.87% have no knowledge at all (x3=13.10, p <0.05).
The work experience has a positive effect on the level
of knowledge. While among the employees with up to 1
year of experience only 22.37% have good knowledge of
pharmacovigilance regulations at the EAEU level, among
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the specialists with more than 10 years of experience
this indicator reaches 33.46%. At the same time, with the
increasing work experience, the share of those who do
not know about it at all decreases (x2=8.76, p >0.05). The
Pharmacy supervisors are significantly better informed
(39.02% are well aware) than ordinary first desk
specialists — 24.29% (x*=13.16, p <0.05). The differences
in awareness between public and private, individual
and chain, urban and rural pharmacy specialists are
not statistically significant (x?=5.34, p >0.05; x?>=4.01,
p >0.05; x?=2.56, p >0.05).

The results of the study showed that only 13.24%
of the respondents with higher education and 14.71%
with specialized secondary education had received
full-fledged training on pharmacovigilance during their
professional career. The majority of the specialists either
had not studied pharmacovigilance at all (59.80% with
higher education and 62.13% with secondary education)
or attended only separate lectures (26.96 and 23.16%,
respectively). The analysis of the data according to the
work experience revealed that only 11.84% of the staff
with up to 1 year of experience had received training in
pharmacovigilance. With the increasing work experience,
the situation improves somewhat, but even among the
specialists with more than 10 years of service, the share
of those who have received training is only 13.85%,
while the share of those who have not received training
is 58.08%. Nevertheless, the differences between the
groups by work experience are not statistically significant
(x?>=8.64, p >0.05). Pharmacy supervisors are more likely
to be trained in pharmacovigilance (15.85%) than the
rank and file first desk specialists (12.93%). However,
among the supervisors, more than half (51.83%) had
never received training on pharmacovigilance either
(x*=9.15, p <0.05). A comparison of responses from
the employees of public and private PhOs showed that
the employees in private PhOs are more likely to be
trained in pharmacovigilance (17.81 vs. 8.60% in public
PhOs; x2=9.18, p <0.05). However, the proportion of the
untrained employees was higher in public PhOs (66.06%)
than in private pharmacies (57.53%). It is worth noting
that individual pharmacies had a significantly higher
rate of pharmacovigilance training (25.81%) than chain
pharmacies (13.07%) (x?>=4.29, p <0.05). At the same
time, the proportion of those who had attended only
separate lectures was lower in individual pharmacies
(12.90 vs. 25.73% in chain pharmacies; x?=4.53, p <0.05).
The differences in the number of people trained in
pharmacovigilance and attending individual lectures
between urban and rural pharmacies are not statistically
significant (x>=1.92, p >0.05). However, the overall
situation is about the same — more than half of the
workers in both urban and rural PhOs have not been
trained in pharmacovigilance at all.
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Table 1 — Questionnaire form for respondents’ survey

No  Question

Answer options

First of all, we ask you to tell us a little bit about yourself:

1 What kind of pharmaceutical education do you have?

O Higher;
0O Secondary specialized;

0O Medical student: University, college.

2 What is your work experience in the speciality (years)?

Specify:

3 What is your “job position” in the pharmacy

O Supervisor;
O Front desk specialist;
Other (specify):

What pharmacy are you working in?

4 By ownership form: O Public;

O Private.
5 In relation to pharmacy chains: O Chain;

O Individual.
6 By location: O City;

O Rural settlement.

Further on, we ask you to answer a number of questions related to pharmacovigilance:

7 Do you think pharmacovigilance is...

O A science that studies the efficacy, safety, and patterns of medicines
use in real-world settings at the population or large group level using

epidemiological methods;

O A type of activity aimed at identifying, assessing, understanding and

preventing adverse drug reactions;

O Research and activities related to taking into account any concerns

about drugs;

O The body of state supervision and control over compliance with
the legislation of the Russian Federation in the sphere of the drug

circulation.

8 How are you familiar with the term “adverse drug reaction”?

O Well acquainted — | have a full understanding;

O Familiar — I have a basic understanding;

O Heard of the term — | can’t define it;
O Never heard of the term.

9 Are you familiar with the adverse drug reaction reporting form
for medical professionals?

O Yes;
O No.

10 Do you know of a location where this form can be obtained?

O Yes;
O No.

11  What body collects information on adverse drug reactions in
the Russian Federation?

O Ministry of Health of Russia;
O Rospotrebnadzor;
O Roszdravnadzor;

O Rosstat.
12 Do you know that pharmacovigilance is regulated at the EAEU O Yes;
level? O No.

O | know, but only superficially.

13 Have you received training in pharmacovigilance?

O Yes;
O No;
O Attended separate lectures.

14 Do you think there is a need for more training programmes for
pharmaceutical specialists in the identification and reporting
of adverse drug reactions?

O | agree;
O | disagree.

Note: PhO — pharmacy organization.

Table 2 — Characteristics of study participants

Survey question Response Number and proportion of respondents, n (%)
Higher 204 (39.8%)
What kind of pharmaceutical education do you have?  Secondary specialized 272 (53.0%)

Medical student: University, college 37 (7.2%)

Supervisor 318 (62.0%)
What is your position” in the PhO? Front desk specialist 164 (32.0%)
Other (specify) 31 (6.0%)
. Public 221 (43.1%)
By ownership form: -
Private 292 (56.9%)
What PhO are you . _ Chain 482 (94.0%)
DY In relation to pharmacy chains: —
working in? Individual. 31 (6.0%)
. City 457 (89.0%)
By location:
Rural settlement. 56 (11.0%)

Note: PhO — pharmacy organisation.
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Figure 1 — Distribution of respondents’ answers to the question:
“Do you think pharmacovigilance is...”
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Figure 2 — Distribution of respondents’ answers to the question:
“How familiar are you with the term “adverse drug reaction”?
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Figure 4 — Distribution of respondents’ answers to the question:
“Do you know where this form can be obtained?”
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Figure 5 — Distribution of respondents’ answers to the question:
“What body collects information on adverse drug reactions in the Russian Federation?”

276 Volume Xll, Issue 4, 2024



HayuHo-npakTuseckwii XxypHan OPUTNUHAJIbBHAA CTATbA

gﬁgMﬁﬁgﬁg ma DOI: 10.19163/2307-9266-2024-12-4-266-280

(PHARMACY & PHARMACOLOGY)

Have you received training in pharmacovigilance?

Higher  lles; 13.24o NI 13; 26.96% NN N 307; 59.80% NG
Education

Secondary specialized  [lI75; 14.71 5N 119; 23.16% NI 319; 62.13% [N

Upto1year [Ho1;11.829MM 108; 21.05% I 344; 67.119
’ 2-5 years  [Is6; 11.00/H 92; 18.00% [ 364; 71.00 NI
Work experience v I L ) ’

6-10 years [Hlls7; 16.90 NN 145; 25.17% NN 252; 54.93% INEG—_—
L_More than 10 years [l71; 13.85oINIIN 144; 28.08% [ 208; 58.08% N

Supervisor  [lls1; 1585 NN 166; 32.32 NN 266;51.83% W

Position
Front desk specialist  Wl66; 12.93JlII 110; 21.45% [ 337; 65.629 N
Type Public  |44;8.co M 130; 25.34% NN 539; 66.06% I
ofpharmacy by
ownership form Private  [Illo1; 1781 126; 24.66% [N 2o5; 57.530 I
Type of pharmacy Chain  l67; 13.07%RI 132; 25.73% N 314; 61.20% .
in relation to
pharmacy chains Individual [ 32; 25 515NN o6; 12.90% NN 314; 61.20% N
Type City  Wes; 13. 164NN 127; 24.75% [N 15; 62 060 NN
of pharmacy
by location Rural settlement  [IIllo9; 19.30% 135; 26.32% [ I :75; 54 37 I

0% 20% 40% 60% 80% 100%
B Yes W Attended separate lectures B No

Figure 6 — Distribution of respondents’ answers to the question:
“Have you received training in pharmacovigilance?”

Do you think there is a need for more training programmes for pharmaceutical specialists
in the identification and reporting of adverse drug reactions?
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Figure 7 — Distribution of respondents’ answers to the question:
“Do you think there is a need for more training programs for pharmaceutical specialists
on the identification and reporting of adverse drug reactions?”
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The vast majority of pharmacy workers, regardless
of various factors, believe that an increase in the
number of training programmes aiming at the
detection and reporting of ADRs is necessary (Fig. 7).
Among the professionals with higher education,
84.80% agreed with this statement, and among those
with secondary specialized education, 76.47% agreed
(x3=4.57, p <0.05). The analysis of the answers depending
on the work experience shows that the need for training
programmes is high in all the groups. The proportion
of those who agree varies slightly, from 78.08% among
the specialists with more than 10 years of experience to
81.69% among the professionals with 6 to 10 years of
work experience. The Pharmacy supervisors are slightly
more likely to agree with the need to increase the
number of training programmes (81.10%) than first desk
specialists (78.23%), but this difference is not statistically
significant (x>=0.564, p >0.05). The majority of the public
and private pharmacy specialists agree on the need
for more training programmes (81.90 and 77.40%). No
significant differences were found out between the chain
and individual pharmacies on this issue. The share of
those who agree with the need for an additional training
is 79.25% in the chain pharmacies and 80.65% in the
individual pharmacies. Among the employees of the
urban pharmacies, a support for the idea of increasing
the number of training programmes is noticeably
higher (81.14%) than among the employees of the rural
pharmacies — 64.91% (x?=8.38, p <0.05).

The data gained are consistent with other studies in
the field, which also show a lack of pharmacovigillance
awareness among pharmacists, which negatively
affects their participation in the ADRs reporting system.
Knowledge of specific aspects of the drug safety
monitoring system varies according to the education
level, work experience and position. However, even
among the specialists with higher education and
extensive experience, there are still significant gaps in
knowledge of the basics of pharmacovigilance, indicating
the need to introduce additional educational programs
at the training stage and in the postgraduate education.
The availability of a large number of educational
programs on pharmacovigilance does not guarantee
their coverage of a wide range of specialists. Perhaps the
reasons lie in the insufficient motivation, time constraints
and lack of information about training opportunities
or organizational barriers within pharmacies. Foreign
studies show that financial incentives and face-to-
face educational activities based on the principles of
behavioral psychology are effective measures to increase
the activities of specialists in this field. In the future, it
is important to conduct additional research aimed at
identifying specific barriers and developing targeted
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interventions for different groups of pharmaceutical
professionals. A comprehensive approach combining
educational, motivational and organisational measures
could significantly improve the quality and quantity
of ADRs reporting, which in turn, would improve the
pharmacovigilance system as a whole and increase the
safety of drug therapy for the public.

Study limitations

The sample was drawn from the professionals who
had been trained and certified at Sechenov University
(Moscow, Russia). This could lead to the sampling bias,
as respondents may be more motivated or informed
than the general population of pharmacy professionals
in Russia. Conducting the survey in an online format may
have limited the participation of professionals who do
not have a regular access to the internet. The survey was
based on the respondents’ self-reports, so, there may be
inaccuracies related to the subjective assessment of their
own knowledge level. The study was cross-sectional,
i.e. the data were collected at one point in time, which
makes it impossible to trace the dynamics of changes
in the knowledge level of pharmacy professionals over
time.

CONCLUSION

The results of this study indicate inadequate
knowledge of pharmacovigilance fundamentals among
pharmacy workers. Education work experience and
position are important factors affecting the level of
their pharmacovigilance knowledge. Professionals
with higher education, longer work experience and
those in supervisor positions show a higher level
of knowledge compared to those with secondary
specialized education, shorter work experience and
those in front desk positions. However, it is the PhOs
front desk specialists who are in direct contact with
patients and are in a position to be the first to identify
ADRs. The lack of awareness of this specialists’ category
(only 37.54% are familiar with the term “adverse drug
reaction”) may significantly reduce the effectiveness of
the pharmacovigilance system. This may be due to the
lack of awareness of the reporting procedure, the lack of
motivation and organizational barriers.

Despite the availability of educational programs,
most specialists do not have special training in this
area, and in practice, the ADRs reporting level remains
low. The data obtained show that only 13.24% of
respondents with higher education and 14.71% with
specialized secondary education have been trained in
pharmacovigilance. At the same time, the vast majority
of survey participants (84.80% with higher education
and 76.47% with secondary specialized education)
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consider it necessary to increase the number of
training programs on ADR detection and reporting. The
solution to this problem requires a comprehensive
approach that includes educational activities, financial
incentives, and the development of theoretically
grounded interventions targeted at the pharmacy staff.
Training should be practice-oriented and take into
account the specifics of work in pharmacies of various
types (public, private, chain, individual). The use of
modern training technologies, including distance and

online formats, will make it possible to reach more
specialists and increase the effectiveness of training.
Support from the pharmacy management plays a key role
in creating a favorable environment for the staff training,
providing the necessary resources and time to carry out
their respective responsibilities. The implementation
of a set of educational activities can help to improve
the quality of spontaneous reports and increase their
number, which will contribute to the improvement of
the pharmacovigilance system in the Russian Federation.

FUNDING
This study had no financial support from outside organizations.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTION

Roza I. Yagudina — development of the research concept, discussion of results, critical evaluation of the material;
Olga L. Listova — development of the research concept, discussion of results, critical evaluation of the material;

Adelya R. Umerova — analysis of literature sources, collection and analysis of material; Kirill A. Kopeyka —

collection and analysis of material, statistical processing of results, writing and editing of the manuscript.
All the authors confirm that their authorship meets the international ICMIJE criteria (all the authors have made

a significant contribution to the development of the concept, research and preparation of the article,
read and approved the final version before the publication).

REFERENCES

1. Gildeeva GN, Belostotsky AV. Recent changes in the
pharmacovigilance system in the Russian Federation
and the  EAEU. Modern  Pharmacoeconomics
and Pharmacoepidemiology. 2019;12(2):86—90
DOI: 10.17749/2070-4909.2019.12.2.86-90

2. Shukil Lv, Fominykh SG, Akhmedov VA,
Perepichkina TE. Rational Organisation of Adverse
Drug Reaction Monitoring. Safety and
Risk of Pharmacotherapy. 2022;10(3):251-8.
DOI: 10.30895/2312-7821-2022-10-3-251-258

3. Romanov BK, Krasheninnikov AE. Organization of a
pharmacovigilance system in the distribution segment of
the pharmaceutic market. Pharmacy. 2018;67(7):38-42.
DOI: 10.29296/25419218-2018-07-07

4. Egiazarian E.A., Kosova I|V. Gorelov KV. Need
for involving consumers in EAEU  countries
pharmacovigilance system // Medical &
pharmaceutical  journal «Pulse». 2023;25(9):61-6.
DOI: 10.26787/nydha-2686-6838-2023-25-9-61-66

5. Alekseeva A, Sobolev |, Moiseeva K, Poletov S.
Parent assessment of the accessibilityof health
care provided to children in ambulatory conditions.
Bulletin of Science and Practice. 2018;4(10):47-55.
DOI: 10.5281/zenodo.1461847

6. Svintitskaya AV, Yurovskikh KS, Kostrov VI. Assessment of
satisfaction of residents of the Tyumen region with the
quality and conditions of medical care in primary health
care. Ural University Medicine. 2021;7(4(27)):79-81.
EDN: FCRHIF. Russian

7. Sitnikova TN. Assessment of patient satisfaction with the
quality of medical care at the therapeutic site. University

Tom 12, Beinyck 4, 2024

Medicine of the Urals. 2019;5(2(17)):87-9. EDN: GYLOYS.
Russian

8. Chupandina EE, Kurolap MS, Ternovaya NA. Research of
the role and place of pharmaceutical worker in the system
of regional pharmacovigilance. MODS. 2019;(2):40-2.
DOI: 10.30809/s0l0.2.2019.16

9. lbragimova Gla, Gaisarov AKh. The development of
the functional model of the conducting activities in
pharmacies for implementation of pharmacovigilance.
Drug development & registration. 2017;(4(21)):288-91.
EDN: ZTWVLB

10. Klimenkova AA, Geller LN, Posokhina AA, Skripko AA.
The place and role of pharmacy organizations in the
pharmacovigilance system. Innovative technologies in
pharmacy: Proceedings of the All-Russian Scientific and
Practical conference with international participation to
the memory of Professor Manyak, Irkutsk, June 13, 2017;
EG Goryachkina, editor. Issue No. 4. Irkutsk: IGMU; 2017.
P. 186—90. EDN: ZNWVQR

11. Mishchenko MA, Mineeva NK, Ponomareva AA,
Mishchenko ES. Regulatory and legal aspects of the
functioning of the pharmacovigilance system at the
state level and within the framework of the quality
management system of pharmacy organizations. Modern
Science. 2020;(2-2):220-6. EDN: PONYLJ. Russian

12. Ryzhova OA. Possibilities of involving pharmacy specialists
in monitoring the safety of medicines. Bulletin of the
Northern State Medical University. 2010;(1(24)):266-7.
EDN: UNNHWI. Russian

13. Morozova TE, Hoseva EN, Andruschishina TB, Vartanova
OA. Safety monitoring of medicines in health facilities:
Problems and perspective of development. Consilium
Medicum. 2015;17(1):50-53. EDN: TNRGKT

279



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

14. Safiullin RS, Krasheninnikov AE. The role of pharmacists
in improving the pharmacovigilance system in Russia.
Journal of Pharmaceuticals Quality Assurance Issues.
2018;(3(21)):58—62. EDN: YAAZCH

15. Khoseva EN, Morozova TE. Problems of development of a
pharmacovigilance in Russia at the present stage (review).
Good Clinical Practice. 2013;(3): 40-5. EDN: RWVPGD

16. Fossouo Tagne J, Yakob RA, Dang TH, Mcdonald R,
Wickramasinghe N. Reporting, Monitoring, and Handling
of Adverse Drug Reactions in Australia: Scoping Review.
JMIR public health and surveillance. 2023; 9(e40080):1-9.
DOI: 10.2196/40080

17. Hughes ML, Weiss M. Adverse drug reaction reporting
by  community  pharmacists-The  barriers and
facilitators. Pharmacoepidemiology and Drug Safety.
2019;28(12):1552-9. DOI: 10.1002/pds.4800

18. Kassa Alemu B, Biru TT. Health Care Professionals’
Knowledge, Attitude, and Practice towards Adverse
Drug Reaction Reporting and Associated Factors at
Selected Public Hospitals in Northeast Ethiopia: A
Cross-Sectional Study. BioMed Research International.
2019;2019(8690546):1-11. DOI: 10.1155/2019/8690546

19. Khan Z, Karatas Y, Martins MAP, Jamshed S, Rahman H.
Knowledge, attitude, practice and barriers towards
pharmacovigilance and adverse drug reactions
reporting among  healthcare  professionals in
Turkey: a systematic review. Current Medical
Research and Opinion. 2022;38(1):145-54.
DOI: 10.1080/03007995.2021.1997287

20. Afifi S, Maharloui N, Peymani P, Namazi S, Gharaei AG,
Jahani P, Lankarani KB. Adverse drug reactions reporting:

pharmacists’ knowledge, attitude and practice in Shiraz,
Iran. The International Journal of Risk & Safety in
Medicine. 2014;26(3):139-45. DOI: 10.3233/JRS-140620

21. Farcas A, Bucsa C, Crisan A, Cazacu |, Leucuta D,
Mogosan C. Knowledge, opinion and attitudes towards
adverse drug reactions reporting among pharmacy
students in Romania. Farmacia. 2021;69(3):602-608.
DOI: 10.31925/farmacia.2021.3.24

22. Yawson AA, Abekah-Nkrumah G, Okai GA, Ofori CG.
Awareness, knowledge, and attitude toward adverse drug
reaction (ADR) reporting among healthcare professionals
in Ghana. Therapeutic Advances in Drug Safety.
2022;13:1-15. DOI: 10.1177/20420986221116468

23. Paudyal V, Al-Hamid A, Bowen M, Hadi MA, Hasan SS,
Jalal Z, Stewart D. Interventions to improve spontaneous
adverse drug reaction reporting by healthcare
professionals and patients: systematic review and meta-
analysis. Expert Opinion on Drug Safety. 2020;19(9):1173-91.
DOI: 10.1080/14740338.2020.1807003

24. Shmarikhina ES. Application of sampling method in the
socio-economic study. Vestnik NGUEU. 2013;(4):144-52.
EDN: RSSVRX

25. Narkevich A, Vinogradov K. Methods for determining the
minimum required sample size in medical research. Social
aspects of Population Health. 2019;65(6):19.

26. Fomina EE, Zhiganov NK. The methodology of processing
of survey results with the use of multivariate and
parametric statistics. Bulletin of Udmurt University. Series
Philosophy. Psychology. Pedagogy. 2017;27(1):105-10.
EDN: YJUWVX

AUTHORS

Roza I. Yagudina — Doctor of Sciences (Pharmacy),
Professor, Head of the Department of Organisation
of Drug Supply and Pharmacoeconomics, Sechenov
First Moscow State Medical University (Sechenov
University). ~ ORCID  ID:  0000-0002-9080-332X.
E-mail: yagudina@mail.ru

Olga L. Listova — Candidate of Sciences (Pharmacy),
Deputy Minister of Health of the Stavropol Territory
(Russia). E-mail: lol@mz26.ru

280

Adelya R. Umerova - Doctor of Sciences
(Medicine), Professor, Head of the Department of
Clinical Pharmacology, Astrakhan State Medical
University. ORCID ID: 0000-0002-3129-2443. E-mail:
klinfarm_agma@mail.ru

Kirill A. Kopeyka — Assistant of the Department of
Organization of Drug Supply and Pharmacoeconomics,
Sechenov First Moscow State Medical University
(Sechenov University). ORCID ID: 0000-0003-3581-0620.
E-mail: kirillkopeika@gmail.com

Volume Xll, Issue 4, 2024



Hay4Ho-npakTunyeckuin XxypHan OPMI’MHAﬂbHAﬂ CTATbﬂ

gﬁgmxﬁgﬁomrmﬂ DOI: 10.19163/2307-9266-2024-12-4-281-294

(PHARMACY & PHARMACOLOGY)

A oo | [

Analysis of antioxidant properties of dibenzylideneacetone
derivatives using quantum chemical parameters
of the molecule

E.T. Oganesyan, V.M. Rukovitsyna, D.l. Pozdnyakov, S.L. Adzhiakhmetova

Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State Medical University,
11, Kalinin Ave., Pyatigorsk, Russia, 357532

E-mail: rukovitsina.vika@mail.ru

Received 11 July 2024 After peer review 30 Oct 2024 Accepted 25 Dec 2024

The antioxidant activity of 10 synthetic dibenzylideneacetone (DBA) derivatives has been studied. Except for the base
compound, all other derivatives contain electron-bearing substituents, such as OH and OCH, on aromatic fragments. Formally,
DBA can be considered a system containing a cinnamoyl moiety linked to a substituted styrene residue.

The aim of the study was to investigate antioxidant properties of the synthesized DBA derivatives and to analyze their
quantum chemical parameters revealing the regularities of the «structure—activity» relationship.

Materials and methods. For the carbon atoms of the analyzed compounds, Mulliken charges (AUs), bond numbers (Nms),
an unsaturation index (IUA), a free valence index (Fr), a theoretical valence (TV) and the electron density were determined.
All calculations were performed on a workstation with an Intel Xeon E5-1620 3.5GHz processor and 20GB RAM using a semi-
empirical RM7 method and the WinMopac 2016 software. lonization energies were calculated using the WinMopac 7.21
software for the studied compounds. The Way2Drug PASS Online predictive program was used to evaluate their possible
pharmacological activity. The antioxidant activity was evaluated both in vitro (using DPPH and ABTS assays) and in vivo
(by measuring a superoxide dismutase (SOD) activity and the concentration of products reacting with 2-thiobarbituric acid
(TBA-AP) in Wistar rats without pathology).

Results. A preliminary analysis of the possible types of the biological activity of the synthesized DBA derivatives was
performed using the Way2Drug PASS Online program. This analysis showed that all the structures have an antitumor activity,
which is apparently due to their antioxidant properties. This type of activity was experimentally confirmed by four tests: by
DPPH and ABTS in vitro and the effect on SOD and by the TBA-AP in animals. The analysis of the data allowed us to determine
that the most active antioxidants are compounds 5, 6, and 8, which contain phenolic hydroxyl groups. In these compounds,
the 8-hydroxy group is surrounded by OCH, radicals on both sides, making it spatially blocked and, therefore, the phenoxyl
radical it forms is the most stable. A comparison of the values of the quantum chemical parameters found shows that the
most informative for studying the structure—activity relationship are the Mulliken charges (AUs), electron density on carbon
atoms, and also their IUA and Fr.

Conclusion. The structural features of the 1,5-diphenylpent-1,4-diene-3-one derivatives and the nature of free radicals
formed during biological tests indicate that this class of compounds can be considered promising as antioxidants.
Keywords: quantum chemical parameters, antioxidants, 1,5-diphenylpent-1,4-dien-3-one derivatives, antitumor properties.
Abbreviations: ROS — reactive oxygen species, DPPH — 2,2-diphenyl-1-picrylhydrazyl; ABTS — diammonium salt of
2,2’-azino-bis[3-ethylbenzthiazoline-6-sulfonic acid]; SOD — superoxide dismutase; TBA-AP — thiobarbituric acid active

products; IP — ionization potential.

For citation: ET. Oganesyan, V.M. Rukovitsyna, D.l. Pozdnyakov, S.L. Adzhiakhmetova. Analysis of antioxidant properties of
dibenzylideneacetone derivatives using quantum chemical parameters of the molecule. Pharmacy & Pharmacology. 2024;12(4):281-294.
DOI: 10.19163/2307-9266-2024-12-4-281-294
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M3yyeHa aHTMOKCMAQHTHAA aKTMBHOCTb 10 CMHTETMYECKMX NPOU3BOAHbLIX AnbeH3uanaeHauetoHa (ABA), monekyna
KOToporo npeactasnset coboi (1E, 4E)-1,5-andeHmnneHTa-1,4-aneH-3-oH. 3a UCKIOYEHWEM POAOHAYA/IbHOMO COEANHEHMS,
OCTa/ibHble CoAep}KaT B apoOMaTUYEeCKnX dparmeHTax aNeKTpoHoAopHble 3amecTutesin — OH, OCH,. ®opmanbHO monekyny
MOHO PacCMATPMBaTb KaK CUCTEMY, COAEPKALLYI LUHHAMOW/bHbLIA GParmMeHT, CBA3AHHbIA C OCTAaTKOM 3aMELLEHHOro
cTupona.

Lienb. M3yyeHne aHTMOKCMAAHTHbIX CBOMCTB CUHTE3MPOBAHHbIX MPOU3BOAHbIX [BA U X KBAHTOBOXMMMUYECKMX MAaPamMeTpoB
C LLe/Iblo BbIAB/IEHNA 3aKOHOMEPHOCTEN B3aMMOCBA3U «CTPYKTYPAa—aKTUBHOCTbY.

Martepuanbl U metoapbl. 111 aTOMOB Yrneposa aHaIM3npyemblx coeiMHeHU onpeaeneHbl MannnkeHoBCKWe 3apaabl (a.e.),
ceasesble uucna (Np), wuHAEKc HeHacbiweHHocTn (IUA), uHaekc cBoboaHon BaneHTHocTM (FU), TeopeTuyecKas
Ba/fieHTHOCTb (VW) M 3N1eKTpOHHAA MAOTHOCTb. Bce pacuyéTbl ocyliecTBleHbl Ha paboyeit CTaHUMKM C MNPOLLECCOPOM
IntelXeonE5-1620 3,5 MTw, 20 [6 onepaTMBHOW NaMATM C UCMOb30BaHMEM MONYIMNUPUYECKOro MeToda PM7 (nporpamma
WinMopac 2016). [na nsyyaembix coeguHeHnin no nporpamme WinMopac 7.21. 6bin paccuMTaH MoKasaTelb SHepruu
MOHM3aUMK. [NA OLEeHKM BO3MOXKHOW HapMaKoNOrMUYecKo aKTMBHOCTM WMCMONb30Basacb MPOrHOCTUYECKasa Mporpamma
Way2Drug PASS Online. AHTMOKCMZAHTHYIO aKTUBHOCTb aHa/IM3UPYEMbIX COeaAUHEHWN oueHuBanu in vitro (DPPH wu
ABTS TecTbl), a TakxKe in vivo (onpegeneHne akTMBHOCTM cynepoKenaamcmyTasbl (COL) M KOHLEHTPALMM aKTUBHbIX MPOAYKTOB,
pearupyowmx c 2-Tnobapbutyposoi kucnotoi (TEK-AM) y Kpbic AMHUK Wistar 6e3 natonorum).

Pesynbrathbl. peagaputensHo Obln OCYLLECTBNEH aHANIM3 BO3MOMHbIX BMAOB OUONOTMYECKOW aKTUBHOCTM CUMHTE3MPOBAHHbIX
npounsBogHbix ABA no nporpamme Way2Drug PASS Online KoTopbii MoOKasan, 4YTo A/1A BCEX CTPYKTYp XapaKTepHa
NPOTUBOOMNYXONEBAA AKTUBHOCTb, YTO, MO-BMAMMOMY, OOYC/NOBNEHO B TOM YMCAe U AHTMOKCUAAHTHbIMU CBOMCTBAMM.
[aHHbIN BMUA aKTUBHOCTU 3KCMEpPUMEHTaNbHO onpeaenanca no 4 tectram — DPPH v ABTS (in vitro) n no BavaHuto Ha CO/, n
TBK-AM (Ha XMBOTHbIX). AHANN3 NONYYEHHbIX AaHHbIX NO3BOIN/ YCTAHOBUTb, YTO Hanbosee aKTUBHbIMU aHTMOKCMAAHTaMMU
ABNAIOTCA coeaAnHeHna 5, 6 u 8, copgepKalyme peHoNbHbIe rTMAPOKCUMrpynmnbl. B cTpyKType 8 rugpokcurpynna c o6enx cTopoH
OKpyxeHa OCH,-pagnKanamu, To ecTb OHa ABNAETCA NPOCTPAHCTBEHHO 3aTPYAHEHHOM M, CnefoBaTeNbHO, 06pasyemblit MM
$EeHOKCUIbHBIN pagukan Hanbonee yctonums. ConoctaBneHMe 3HAYeHUN HaWAEeHHbIX KBAHTOBOXMMUYECKUX NapameTpoB
NoKa3blBaeT, YTo Hanbonee MHPOPMATUBHBIMM C TOUKM 3PEHUA U3YYEHUA B3aMMOCBA3N KCTPYKTYPa—aKTUBHOCTbY ABAAIOTCA
MannnkeHoBcKue 3apAabl (a.e.), 3NeKTPOHHaA NNOTHOCTb HAa aTOMaXx Yrnepoaa, a TakKe uHaekcol IUA n FuL.

3akntoyeHme. CTpyKTypHble 0COHBEHHOCTM NOAYYEHHbIX MPOU3BOAHbIX 1,5-andbeHnnneHTa-1,4-gmeH-3-0Ha, a TakKe npupoaa
0bpasyembix CBOBOAHbIX PafUKaNoB B UCMNONb30BaHHbIX 6MONOMMUYECKMX TECTAaX OAHO3HAYHO CBUAETENbCTBYIOT O TOM, YTO
AHaNM3NPYeMbI KNacc COeAMHEHUA MOXKHO CYUTATb MePCNEeKTUBHbIMU AHTUOKCUAAHTAMM.

KntoueBble cnoBa: KBAHTOBOXMMUYECKME MAPaMeTPbl; aHTUOKCUAAHTbI; Npou3BoaHble 1,5-andeHnnneHTa-1,4-ameH-3-oHa;
NPOTUBOOMNYXO/1IEBbIE CBOMCTBA

Cnucok cokpaweHuii: AOK — aktuBHble ¢opmbl Kucnopoga; DPPH — 2;2-andenun-1-nukpunrngpasun; ABTS —
OVWaMMOHMEBasA cosb 2,2'-a3nHo-buc [3-3TmnbeH3TnasonnH-6-cynbdoHoBoOM Kucnotbl; COL —- cynepoKcuMaamncmyTasa;
TBK-A — akTUBHbIE NPOAYKTbI TMO6APOUTYPOBOMN KNCNOTbI; UM — MOHU3ALMOHHbIN NOTeHLMan.

INTRODUCTION

Currently, extensive experimental data have been
accumulated, they clearly indicate a relationship
between free radical oxidation processes and metabolic
disorders. These processes, as a rule, lead to the
suppression of the antioxidant defense mechanisms
due to the accumulation of free radicals, including
reactive oxygen species (ROS), in the body. Among
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the latter, the hydroxyl radical (HOe) characterized
by electrophilic properties, is the most dangerous. It
interacts with the nitrogenous bases of nucleic acids,
promoting the formation of numerous mutations [1-
4]. The hydroxyl radical simultaneously interacts with
phospholipids in the cell membranes, causing tissue
damages and various pathological processes in the
human body [2, 5-7].
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In the cases of disorders caused by an excessive
production of ROS and other free radicals, it is
important to search for non-toxic antioxidants. From
this perspective, the authors believe that derivatives of
1,5-diphenylpent-1,4-diene-3-one (DBA), which contain
two cinnamoyl groups, are of interest. These molecules
have the structure shown in Fig. 1.

Previously, the interaction of natural polyphenols,
such as cinnamic acid derivatives, with the hydroxyl
radical using quantum chemical methods, had been
analyzed [8, 9]. A relationship between their biological
activity and the presence of a hindered phenol group
had also been established [10, 11].

THE AIM of the study was to investigate
antioxidant properties of the synthesized DBA
derivatives and to analyze their quantum chemical
parameters revealing the regularites of the
«structure—activity» relationship.

MATERIALS AND METHODS

Study Design

At the first stage of the study, virtual structures for
potential target compounds using the Way2Drug PASS
Online program (Way2Drug, Russia)!, were described;
that allowed the authors to predict their activity.
Then 10 compounds, which had been synthesized by
condensing acetone with 2 moles of corresponding
aromatic aldehydes in an alkaline environment, were
selected. After a five-fold recrystallization, the structures
of the compounds were confirmed, and then were
studied their antioxidant activity. The study period lasted
from 11 November 2023 to 29 May 2024.

Tested compounds

The DBA derivatives were obtained through
the alkaline condensation of one mole of acetone
and two moles aromatic aldehydes,
including  benzaldehyde,  p-hydroxybenzaldehyde,
salicylic aldehyde, 4-methoxybenzaldehyde,
2,3-dihydroxybenzaldehyde, vanillin, veratinaldehyde,
lilialdehyde, 3,4,5-trimethoxybenzaldehyde, and
2,4,6-trimethoxyphenylacetaldehyde. These compounds
contain similarly-named substituents on the aryl
fragments. The quantum chemical properties of these
target compounds were computed on a workstation
equipped with an Intel Xeon E5-1620 processor at a
frequency of 3.5 GHz and 20 GB of RAM. The ionization
energy of the synthesized molecules was calculated
using the WinMOPAC 7.21 software (Russia).

* Way2Drug PASS Online. Available from: http:// www. Pharmaexpert.
ru/ passonline/

of various
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DPPH assay

To assess the ability of the investigated substances
to scavenge uHrnbuposatb DPPH radicals in a model
system, the method proposed by B. Ahmadipour et al.,
was used [12].

Then 1 ml of the solution (20 mg/mL was the initial
solution) of the analyzed substances was incubated in
ethanol (Vecton, Russia) at various concentrations in
double dilutions, and 0.5 mL of a 0.4 mM solution of
DPPH (Sigma-Aldrich, Germany) in methanol (Vecton,
Russia) was added for 30 min at room temperature.
Then, the optical density change (measured using a PE-
5300V spectrophotometer from Ekroschem LLC, Russia
at A=518 nm against pure methanol from Panreac,
Spain) of the samples was recorded. The methanol
DPPH solution served as a positive control (A ). The
inhibition percentage was calculated using the following
formula:

%ing. = %xloo%,

where A is the optical density of the sample and A
is the optical density of the positive control.

ABTS assay

0.1 mL of the solution (20 mg/mL is the initial
concentration) containing the analyzed substances in
ethanol (Vecton, Russia), in various concentrations,
and 0.19 mL of a 7 mM aqueous solution of ABTS
(Sigma-Aldrich, Germany) were incubated for 5 min
at room temperature in the dark. After that, the
optical density of the samples was measured at
A=734 nm compared to purified water. An aqueous
solution of ABTS served as a positive control (A ). The
percentage of the inhibition was calculated using above
formula [13].

The in vivo study of the antioxidant activity was
conducted on 100 male Wistar rats, weighing 200-210 g
obtained from the «Rappolovo» laboratory animal
nursery (Russia), after a microbiological control and
a 2-week quarantine. These animals were kept under
standard conditions, including the air temperature
between 18-22°C, a relative humidity of 60£5%, with a
daily cycle of 12 hours of light and 12 hours of darkness,
and a free access to food and water. The design of the
study and conditions for the animal care adhered to
generally accepted standards for experimental ethics,
as outlined in Directive 2010/63/EU, and was approved
by the Local Ethics Committee at the Pyatigorsk Medical
and Pharmaceutical Institute — branch of Volgograd State
Medical University (Protocol No. 7 dated 4 April 2024).
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For the analysis, the compounds were administered
to the animals (n=10 per test substance) for a period
of 30 days, at a dose of 20 mg/kg, once per day in the
form of an ex tempore suspension prepared on a water
basis, without the use of any additional substances.
The experimental groups were: Group 1 — the
animals receiving compound 1, Group 2 — the animals
receiving compound 2, Group 3 — the animals receiving

compound 3, Group 4 — the animals receiving
compound 4, Group 5 — the animals receiving
compound 5, Group 6 — the animals receiving
compound 6, Group 7 — the animals receiving
compound 7, Group 8 — the animals receiving
compound 8, Group 9 — the animals receiving

compound 9, and Group 10 — the animals receiving
compound 10.

Afterwards, the blood was collected from the
abdominal aorta of rats under chloral hydrate anesthesia
(Panreac, Spain; dose 350 mg/kg, intraperitoneally).
Then, the blood samples were centrifuged at 3500 rpm
for 15 min (Armed centrifuge, Russia) to obtain serum,
in which changes in the superoxide dismutase (SOD)
activity and concentrations of products reacting with
2-thiobarbituric acid (TBA-AP) were assessed.

Determination of SOD activity

The activity of SOD was estimated using a
xanthine oxidase method [14]. The incubation medium
consisted of 0.05 mmol/L xanthine, 0.025 mmol/L
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride, 0.94 mmol/L EDTA, 80 U/L xanthine oxidase,
and 40 mmol/L CAPS buffer. The extinction of the
samples was measured at 505 nm, and the activity of
SOD was expressed in U/L.

Determination of TBA-AP concentration

The concentration of TBA-AP was determined using
a spectrophotometry at 532 nm. The optical density of
the stained product of the reaction between aldehydes
and 2-thiobarbituric acid was proportional to the
TBA-AP concentration and was expressed in nM/mL [15].

Statistical analysis

A statistical processing of the results obtained
was carried out using a software package StatPlus 7.0
(AnalystSoft Inc., USA, license 16887385). The data were
expressed as a meanitstandard deviation (M+SD). The
normality of the data distribution was assessed using the
Shapiro—Wilk test. The differences between the groups
were determined using ANOVA with the Newman—Keuls
post-hoc test (normally distributed data) or the Kruskal—
Wallis test with the Dunn post-hoc test (abnormally
distributed data) [16].
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RESULTS AND DISCUSSION

Endogenous ROS take part in biochemical processes
that are regulated by enzymatic and non-enzymatic
components in cells. When there is an overproduction
of ROS in the body, this disrupts equilibrium processes,
leading to uncontrolled chemical reactions that cause
damage and death to cells. In these cases, natural and
synthetic antioxidants are important [17-19]. Cinnamic
acid and its hydroxy and methoxy derivatives are some
of the most active natural compounds when it comes
to ROS. The hydroxyl radical has significant electrophilic
properties and attaches to the C-8 position of cinnamic
acid, as this carbon atom has the largest charge and
highest electron density among the neighboring carbon
atoms [20].

The DBA derivatives analyzed in this report contain
two cinnamoyl fragments, or cinnamic acid residues, as
their basis. This fact was used to determine the positions
in the DBA structure that have electron-donating
properties, which neutralize the ROS by donating an
electron.

Table 1 shows the structures of the compounds
analyzed and their experimentally
antioxidant activity. It also provides information on

determined

the types of the predicted antitumor activities based
on the Way2Drug PASS Online program, as well as the
manifestation likelihood of these activities.

From the data in Table 1, it can be seen that
compounds 5, 6, and 8 have the highest levels of the
antioxidant activities.

In the DPPH assay, the IC  value of compound 5
was significantly lower than those of compounds 1-4,
7,9 and 10, by 79.1, 67.2, 75.3, 70.6, 56.1, and 24.6%,
respectively (all p-values <0.05). Similarly, in the ABTS
assay, the IC_  of compound 5 was also significantly lower
(p <0.05) than those of the other compounds (Table 1).
Additionally, the SOD activities in the rats treated with
compound 5 was higher than in those treated with
compounds 1-4 and 7, by 41.1, 27.8, 44.9, 23.3, and
41.1% (all p-values <0.05), respectively. In these groups,
the concentration of TBA-AP was also decreased by
42.3, 37.5, 37.6, 48.3, and 34.8% (all p-values <0.05),
respectively.

In the DPPH assay, the IC_ value of compound 6 was
lower than those of compounds 1-4 and 7,9 and 10 by
82.0,71.8,78.7,74.7,62.2,34.1, and 33.2%, respectively
(all p-values <0.05). Similarly, in the ABTS assay, the IC,,
of compound 6 was lower than the IC_, of compounds
1-4,7,9,and 10 by 84.2,71.6, 85.2, 78.1, 63.6, 39.1, and
35.1%, respectively (all p-values <0.05). In terms of the
animal studies, the activity of SOD was increased in the
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rats treated with compound 6 compared to those treated
with compounds 1, 2, and 3 and compound 7, 22.1,
38.4, 17.8, and 34.9%, respectively (all p-values <0.05).
Additionally, the content of TBA-AP was decreased in
the rats treated with compound 6 by 30.8, 25, 25.1, and
21.7%, respectively, compared to the rats treated with
the other compounds (all p-values <0.05).

The IC, value of compound 8 in the DPPH and
ABTS assays was significantly lower than those

of compounds 1 by 84.1 and 87.0% (p <0.05);
compounds 2 — 751 and 76.5% (p <0.05);
compounds 3 — 81.2 and 87.8% (p <0.05);
compounds 4 — 77.6 and 81.9% (p <0.05);
compounds 7 — 66.6 and 69.9% (p <0.05);
compounds 8 — 427 and 49.8% (p <.05);

compounds 10 — 41.0 and 46.4% (p <0.05). It is also
worth noting that the activity of serum SOD in rats
treated with compound 8 was higher than in animals
treated with compounds 1-4 and 7 by 40.6, 27.3, 44.3,
22.8 and 40.6% (all p-values <0.05), while the content
of TBK-AP decreased by 46.2, 41.7, 41.8, 51.7,
and 39.1% (all p-values <0.05), respectively.

The analysis of the quantum chemical parameters
of the synthesized compounds testifies to the fact that
the pentadiene moiety exhibits the highest reactivity. In
this moiety, two vinyl groups are separated by a carbonyl
carbon atom, indicating the absence of a conjugated
double bond.

Free phenolic hydroxyl groups are capable of
breaking the H-O bond homolytically and forming
phenoxyl radicals. If the hydroxyl group is shielded
on both sides, the resulting radical is stabilized and
relatively stable [8].

It has been previously experimentally shown that the
Gibbs energy of homolytic H-O bond breaking depends
not only on the unsaturation index (IUA) and a positive
charge of the carbon atom to which the hydroxyl group
is attached, but also on the nature of the neighboring
substituents. For example, if methoxy groups act as
shielding substituents, the Gibbs energy is -117.04. In
contrast, if alkyl ditret-butyl groups act as substituents,
this energy increases to -181.29.

These results are summarized below:

OH (-171.21) OMe (-164.66) (-178.31)
OH (-170.72) OH (-117.04) OH (-181.29)
OH (166.79) OMe (-159.40) (-163.08)

Bond numbers (Np) and free valence indices (Fr)

As it is known, a free valence index is an important
tool for analyzing the reactivity of organic compounds.
This value, Fr, is typically calculated by subtracting the
maximum possible number of bonds (Nm) from the
actual number of bonds a carbon atom can form (in
this case, 4.732, which corresponds to the maximum
“valence” of 4.732) [21-23].

The number of bonds an atom has, Ny, indicates
its saturation level: the more bonds an atom forms,
the lower its N value, and vice versa. Table 2 shows
the bond numbers (Nm) for the carbon atoms in
the aromatic nuclei (positions C-2 to C-3 and C-15
to C-18).

Therefore, if certain atoms do not fully utilize their
properties to form bonds, it can be said that they have
a certain amount of “free valence”. This value indicates
a potential for the interaction with reagents lacking a
charge dipole.

Fr applies only to sp- and sp?hybridized carbon
atoms, and not to C atoms that can form o-bonds. If, for
example, the Fr value is 0.732 (for an ethylene carbon
atom), this indicates that the atom is highly reactive
in reactions involving the addition of neutral particles.

Tom 12, Beinyck 4, 2024

Atoms with Fr >1 values are more likely to attach free
radicals.

Tables 3 and 4 provide the Fu values for atoms 7, 8,

11, and 12 in the pentadienone fragment, as well as for
aryl-C-2-C-5 and C-15-C-18.

The data presented show the following.

1. The Fr values of carbon atoms (C-7, C-8, C-11,
and C-12) in the pentadienone fragment are
very similar and range from 0.781 to 0.815.

2. The Fr indices for C2 aromatic nuclei (C-2-C-5
and C-15-C-18) differ depending on the
substituent connected to them. In compound 5,
with two OH groups connected to atoms C-4,
C-5 (ring “A”) and C-17, C-18 (ring “B”), the
Fu values are in the range of 0.813-0.830. For
the remaining atoms — C-2, C-3, and C-15,
C-16 — they are approximately the same and
range from 0.780 to 0.790.

3. In compound 6, the phenolic hydroxyl group
is bound to C-3 (ring “A”), with an Fr value of
0.830; it is also bound to C-16, with an Fu of
0.823. The Fr values for C-4 and C-17 are 0.819
and 0.820, respectively.

4. In the most active compound, hydroxyl groups
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are associated with C-3 (ring “A”) and C-16 (ring
“B”). The magnitude of Fr on these atoms is
0.807 and 0.838, respectively.

5. It is characteristic of compounds 4, 6, 7 and 8
to have aryl carbon atoms associated with OCH,
groups. Atoms C-3 and C-16 (compound 4),
C-4 and C-17 (compound 6), C-3, C-4, and C-16
and C-17 (compound 7), and C-2, C-4 and C-15
and C-17 (compound 8) have positive Mulliken
charges in the range of 0.1024 to 0.1600. The
carbonyl carbon atom (C-9), on the other
hand, has the highest positive charge, equal to
0.4600+0.0045 in compounds 5, 6 and 8, and
reaching up to 0.4725+0.0025 in compounds
1-4and 7.

Electron density and electronic effects

of substituents

The distribution of the electron density in the
analyzed molecules depends on the electronic effects of
substituents that are conjugated with the pentadienone
fragment in the aromatic nuclei. This unevenness in
the electron density distribution suggests the presence
of reactive centers in the molecule. These centers
determine the direction of the attack by other molecules
or agents. If the latter is of a radical nature (the presence
of an unpaired electron), then, being highly reactive, it
(the agent) has little sensitivity to the electron density
distribution.-

When analyzing this parameter for the DBA
derivatives, the pentadienone fragment and its
associated aryl residues A and B, taking into account the
“+mesomeric effect” of electron-donating substituents,
were considered. Tables 3 and 4 show the values of the
electron density on the carbon atoms of the pentadiene
fragment (C-7, C-8 and C-11, C-12), as well as the
aromatic fragments “A” (C-2-C-5) and “B” (C-15-C-18).

In the unsubstituted parent structure, the electron
density is distributed as follows: C-7 — 4.080; C-8 —
4.279; C-11 — 4.31; C-12 — 4.039. On the carbon
atoms of aromatic fragments “A” and “B”, the electron
densities are almost the same: C-2 and C-15 — 4.154;
C-3 and C-16 — 4.134; C-4 and C-17 — 4.156; and C-5
and C-18 — 4.142, with the differences appearing only
on the third decimal place.

The introduction of hydroxyl groups in positions
C-3 and C-16 (which are para-positions relative to C-7
and C-12, respectively) increases the electron density
on atoms C-8 and C-11 of the pentadienone fragment
(compound 2). A similar pattern is observed when OH
groups are located in positions 5 and 18 (compound 3).
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However, if the OCH, group replaces OH in positions
C-3 and C-16 (para-positions to C-7 and C-12), the
values of the electron density on C-8 and C-12 remain
practically unchanged.

The G-Taft substituent constants are presented in
Table 5 [24].

In compound 5, dihydroxy groups are located in
positions C-4 and C-5 (core “A”), as well as in C-17 and
C-18 (core “B”). In C-5 and C-18, the OH groups with
respect to the pentadienones C-7 and C-12, occupy
ortho positions and the o constant is 0.370; and the OH
groups in C-4 and C-17 are located in meta positions with
respect to C-7 and C-12 of the pentadienone fragments
and their G =+0.127. Thus, the total contribution of
phenolic hydroxy groups (2 in each core) is:

D5 =2x(0.370) + 2 x (+0.127) = 0.486

Compound 6 has OH groups in the para-positions
to C-7 and C-12. C-3 and C-16 have OH groups; but in
the meta-positions to C-7 and C-12, there are methoxy
groups, so, here the total contribution of two meta-OCH,
and two para-OH is equal to:

D5 =2x(-0.370) + 2 x (+0.115) =—0.510

The most antioxidant active compound 8 contains
two shielded hydroxy groups in positions C-3 (core “A”)
and C-16 (core “B”). In addition to these OH groups,
there are two methoxy groups in ortho positions to C-2,
C-4 (core “A”) and C-15, C-17 (core “B”) atoms. These
substituents are located in meta positions with respect
to the C-7 and C-12 atoms of the pentadienone fragment.
The total contribution of the two shielded OH groups in
C-3 and C-16 and four methoxy groups in positions 2,4
(core “A”) and 15,17 (core “B”) is:

D5 =2x(-0.370) + 4 x (+0.115) =—0.280

lonization potential

In the analyzed DBA derivatives, the pentadienone
fragment contains electron-redundant centers at C-7,
C-8, C-11, and C-12 atoms, which can become electron
donors in redox reactions. The energy that is used to
detach one electron from a molecule is called the first
ionization potential (IP). The lower the IP, the easier it
is for the molecule to release an electron, turning into
a positively charged ion, i.e., it transitions to an excited
state. Table 3 shows the ionization potentials for all
10 synthesized DBA derivatives, which means that the
most antioxidant active compounds (5, 6, and 8) are
characterized by IP values of 8 987, 8 714, and 8 639,
respectively.
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Table 5 — Constant substituents for substituted phenyls

Compounds G-Taft substituent constants S5
G
OH-M OH-0 OH-M OCH-MN OCH.-O OCH_-M
3 3 3 calculated
No.  Structure 0370 -0.370 +0.127 -0.268 -0.268 +0.115
1
2
C-3.16 - - - - - -0.740
(0]
3
- C-5.18 - - - - -0.746
4
- - - Cc-3.16 - - -0.536
5
- - C-4.17 - - - -0.486
6 OMe OMe
HO OH
@ @ C-3.16 - - - - C-4.17 -0.510
= N
o]
7 OMe OMe
MeO OMe
O ‘ - - - c-3.16 - C-4.17 -0.306
= N
0
8 OMe OMe
HO OH
C-2.15
O = X O ¢3.16 - - - N ca17 0280
MeO OMe
o]
9 OMe OMe
OMe O O OMe
- - - C-3.16 - - -0.076
MeO Z X OMe
o]
10 MmeO OMe MeO OMe
C-1.14
W ‘/\g - - - C-3.16 cs518 -1.608
OMe (0] OMe

Note: * The term “constants” and the values of the G-Taft constants are given in accordance with [24]. They take into account the polar conjugation
with the electron-donor reaction center.
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R1 R2

R3

HO
R5 R4

0]

Cinnamic acid

Figure 1 — Structural fragments of dibenzylidenacetone and cinnamic acid

Note: DBA — dibenzylidenacetone.
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Figure 2 — Correlation relationship between DPPH and electronic density
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Figure 3 — Correlation relationship between ABTS and electronic density
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Figure 4 — Correlation relationship between TBA-AP and free valence index
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Figiure 5 — Correlation between SOD and unsaturation index

When interpreting the biological activity of organic
molecules, the problem should be considered taking
into account the structural features of the molecules,
as well as all physico-chemical parameters, so that the
results and conclusions are reliable. So, if the antioxidant
activity of the compounds under study is judged only by
the IP magnitude, then an error will inevitably arise:
compounds 4, 7, 9, and 10 have significantly lower IP
values than the most active compounds 5, 6, and 8. In
order to avoid such errors, all structural features of the
molecules should be taken into account in combination
with the other parameters. For example, compounds 4,
7,9, and 10 lack hydroxy groups in aromatic fragments
“A” and “B”, and the existing methoxy groups are not
able of forming phenoxyl radicals. Compounds 5, 6 and
8, on the contrary, contain free hydroxy groups and,
therefore, their antioxidant activity is higher.

292

Correlation dependencies

In order to identify the relationship between a
specific type of activity and the objective parameters
of the analyzed molecules, the functional dependences
between the level of the antioxidant action and the
electron density, the unsaturation index, and the free
valence index were determined. The obtained data from
the corresponding correlation equations indicate the
degree of reliability of the experimental data obtained.
Fig. 2-5 show graphs of the functional relationship
between the listed quantum chemical parameters and
the activity in the corresponding tests.

It should be noted that compounds 4, 7, 9, 10, in
which phenolic hydroxy groups are methylated, exhibit
their antioxidant activity, in the authors’ opinion, only
due to the 1,4-diene fragment and therefore, their
activity is significantly lower, which is consistent with the
previously obtained data for chromone derivatives [25].
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Study limitations

If there are available domestic aldehydes containing,
for example, tret-butyl radicals and a hydroxy group
between them, it is possible to obtain reliably active
antioxidants, the activity of which will be comparable to
tocopherols.

CONCLUSION

This article is devoted to the analysis of the quantum
chemical parameters of (1E,4E)-1,5-diphenylpent-1,4-
diene-3-one derivatives in relation to their antioxidant
activity. It has been established that the most informative
and reliable are the unsaturation index (IUA), the
electron density and the free valence index (Fr). In the
experiment using the tests such as DPPH, ABTS, SOD
and TBA-AP, it has been found out that the most active
compounds are the derivatives containing free hydroxy
groups. The most active among them is characterized by
the derivative that contains a spatially hindered phenolic

hydroxyl, due to which a stable phenoxyl radical is
formed. The study of the correlations between the
biological activity and quantum chemical parameters
indicates that the values of the electron density, free
valence indices and unsaturation indices give the most
reliable results.

The relationship between the distribution of the
electron density on the carbon atoms of the pentadiene
fragment and the ionization potential has been shown.
The correlation analysis of the functional relationship
between the antioxidant activity and IUA, Fr and electron
density showed a high reliability of the study data, as
evidenced by the correlation coefficients. The authors of
the article believe that based on the basic structure of
(1E,4E)-1,5-diphenylpent-1,4-diene-3-one, by selecting
appropriate substituents in the aromatic fragments, it is
possible to significantly increase an antioxidant activity
and create pharmacologically promising therapeutic and
prophylactic agents.
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The aim of the work was the synthesis of bromantane — N-(camphan-2-yl)anilines new structural analogues and the study
of their psychotropic properties.

Materials and methods. The synthesized compounds were identified using the NMR spectroscopy. The purity of the
compounds was confirmed by a GC-MS analysis. Psychotropic properties of N-(camphan-2-yl)anilines were studied in the
experiments on the Wistar rats aged 18-20 weeks, the mice (12 weeks old) obtained from the “Stolbovaya” nursery using the
following tests: the “Open Field”, the “Elevated Plus Maze”, the “Novel Object Recognition”, the “Vogel Conflict”, the “Tail
Suspension”, the “Tightrope suspension”, the “Extrapolation” test.

Results. A series of new camphor aromatic amines, structural analogues of bromantane, were obtained and their psychotropic
effects were evaluated by in vivo biological studies. Based on the results, it was possible to identify a leader compound, i.e.
(1R,2R,4R)-1,7,7-trimethyl-N-(4-ethylphenyl)bicyclo[2.2.1.1]heptan-2-amine (4e), which had a pronounced anxiolytic effect.
Substance 4f showed cognitive properties in the “Novel Object Recognition” and the “Extrapolation” tests. The fact was
established by the indices of the time of learning a novel object and the time of diving.

Conclusion. The obtained data testify to the prospect of searching for substances with a psychotropic action in the range
of aromatic camphor amines. Substance 4f, which deserves an in-depth study of the spectrum and mechanism of its
psychotropic action, should be singled out separately.

Keywords: bromantane; arylamines of monoterpenoid ketones; camphor; anxiolytic action; antidepressant action; cognitive
action

Abbreviations: NMR — nuclear magnetic resonance; GC-MS — gas chromatography-mass spectrometry; TLC — thin layer
chromatography; OF — the “Open field” test; EPM — the “Elevated plus maze” test; NOR — the” Novel Object Recognition”
test; EP — the “Extrapolation” test; TS — the “Tail suspension” test; TRS — “Tightrope suspension” test.
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I.A. Novakov, V.I. Krasnov, D.N. Polovyanenko. Psychotropic activity evaluation of bromantane — N-(camphan-2-yl)anilines new structural
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Llenb. CuHTE3 HOBbIX CTPYKTYPHbIX aHanoros 6pomaHTaHa — N-(KamdaH-2-1n)aHUAMHOB U U3YYEHUE UX MCUXOTPOMHBIX
CBOMCTB.

Matepuanbl u metogbl. CMHTE3UPOBaHHbIE COEAMHEHUA UAEHTUPUULMPOBANU C npumeHeHnem AMP-cnekTpockonuu.
YucToTa coeamHeHnn noaresepxaanacb NKX-MC aHanmsom. McuxoTponHble csolictBa N-(KamdaH-2-Un)aHUANHOB U3YyYeHbI B
3KCMepuMeHTax Ha Kpblicax IMHUKM Wistar B Bo3pacTe 18—20 Hep,., Mbilwax (12 HeA.), NoNyYeHHbIX U3 NTMTOMHMKa «CTonbosan»
C MUcnonb3oBaHMeM TecToB: «OTKpbIToe nose», «MPUNOAHATbIN KpecToobpasHblin 1abupuHT» (MKJ/), «Tect PacnosHasaHue
HOBOrO 06beKTay, «MMMTbeBON KOHGAUKTHbIN TecT dorenn», «MoABeLIMBaHNE MblLLEN 3a XBOCT», «YAepKaHWe Ha KaHaTUKEY,
«TecT aKCTPaANoNALNOHHOTO N3baBaEHUAY.

Pe3ynbratbl. bbin NonyyeH pag HOBbIX aQPOMATUYECKMX aMUHOB KaMdOopbl — CTPYKTYPHbIX aHaNoros 6pomaHTaHa, 1 B xoae
6MONOTUYECKUX UCCNe0BaHMM in ViVO OLEHEHO WX MCUXOTPOMNHOE AeicTane. Mo uToram uccnegoBaHuii yoanoch BblAEAUTb
coeavHeHve-nnaep, a uMeHHo (1R,2R,4R)-1,7,7-tpumeTnn-N-(4-atundennn)bmumkno[2.2.1]jrentaH-2-amuH (4e), Kotopoe
OKa3bIBasI0 BbIPaXKEHHOE aHKCUONUTUYECKOe AeicTBUe. BelecTBo 4e B TecTax «Pacno3HaBaHWe HOBOTo 06beKTa» un B «TecTe
3KCTPANONALNOHHOIO U36aBaeHWUA» NPOABUIO KOTHUTUBHbIE CBOMCTBA, YTO BblI0 YCTAHOBNEHO MO MOKa3aTeNsIM BPEMEHM
M3y4YeHMA HOBOro 06bEeKTa M MO BPEMEHWU NOAHbLIPUBAHUA.

3akntoueHue. MosyyeHHble AaHHble CBUAETENbCTBYIOT O NEPCneKTUBHOCTU MOMCKA BELLECTB C NCUXOTPOMHbIM AeNcTBUEM
B PAAY apOMaTUYECKUX aMUHOB Kamdopbl. OTAENbHO CTOUT BbIAENUTL BELLECTBO 4e, KOTOPOe 3ac/NyKMUBAET yrnybnEHHOro
U3y4YeHUA CNEKTPa U MeXaHW3Ma ero NCUXOTPOMNHOro AencTBUA.

KnioueBble cnoBa: 6POMAHTaH; apuiamMuWHbl MOHOTEPMEHOUAHbIX KETOHOB; Kamdopa; aHKCMOAUTUYECKOe [EeWNCTBUE;
aHTMAenpeccuBHOe AENCTBUE; KOTHUTUBHOE AeNcTBME

CnucoK coKpaweHuii: AMP — AaepHbIi MarHUTHbIM pe3oHaHc; MKX-MC — rasoBas XpOMaTO-Macc-CNeKTPOMETPUS;
TCX — TOHKOCnOWMHaa xpomatorpadusa; OM — Tect «OTKpbIToe nonew; MK/ — TecT «MpUNoaHATbIN KpecToobpasHbiit
NabupuHT»; PHO — Tect «Pacno3HaBaHWe HOBOTO 0b6beKTa»; TOU — TecT aKCcTpanonsaumMoHHoro usbasnenus; MMX — tect
«lNoagellBaHNE MbiLLel 32 XBOCTY.

INTRODUCTION

A high pace of modern life, psycho-emotional
stresses, consequences of viral and somatic diseases are
the reasons for the growth of anxiety and depression,
and the decrease in the quality of life. According to the
world health organization (WHO)!, about half of the
population experience feelings of anxiety and worry at

! When an anxious state requires special attention. Available from:
https://rg.ru/2024/04/10/kogda-trevozhnoe-sostoianie-trebuet-
osobogo-vnimaniia.html
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certain intervals in their lives. About 970 million people
worldwide suffer from mental disorders 2. Anxiety and
depressive pathologies are the most common types
of mental disorders. More than 300 million people
in the world are estimated as suffering from anxiety.
Cardiovascular, metabolic, respiratory and many
other diseases are often associated with anxiety and
depression [1].

2 About 4 million Russians suffer from mental ilinesses. Available from:
https://www.interfax.ru/russia/945840
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Therefore, despite the availability of more than
160 neuropsychotropic drugs in circulation according
to the DrugBank® database [2—4], the search for the
substances aimed at the correction of psychoemotional
(anxiety-depressive) states is an urgent task for synthetic
chemists and pharmacologists [2—4]. But the problem
of the effective and safe treatment of patients with
such pathologies is still unsolved [5-7], so the search
for the substances with anxiolytic, antiphobic and
antidepressant effects continues [8—-10].

A drug derivative of adamantane, bromantane, has
been used in domestic medical practice for quite a long
period of time [11-13]. It has a wide spectrum of action: it
increases a physical and mental performance, has an anti-
asthenic effect, and has anxiolytic and antidepressant
effects [14—16]. The literature also describes bromantan
related experimental preparations — ADK-910
(chlodantane), ADK-918 [17]. Unlike bromantan, these
compounds belong to amides of carboxylic acids by their
chemical structure. In this regard, the spectrum of their
pharmacological action is somewhat different. It should
be noted that the presence of adamantane fragment in
their structure remains unchanged.

Guided by the general idea of creating bioisosteric
structural analogues of bromantane, different
variants of replacing the adamantane fragment with
other hydrocarbon radicals were taken into account.
In particular, by a bioisosteric replacement of the
adamantane framework fragment with a fragment of
norcamphan, for some antiviral agents, the problem
of hepatotoxicity of functional adamantane derivatives
and their ability to cause Reye’s syndrome was
solved [18]. A specific example of this kind is the
transition from the rimantadine molecule to the
deutiforin molecule [18] (Fig. 1).

In the authors’ opinion, this approach is also
justified for the directed modification of the bromantane
molecule. From the total number of the considered
variants of hydrocarbon radicals, a special attention was
drawn by camphane. Camphane, like adamantane, is a
ten-carbon carbocyclicradical of the framework structure
and contains 3 methyl groups in its structure, which
undergo hydroxylation in the course of a microsomal
oxidation, which leads to a decrease in the level of a
potential hepatotoxicity of the obtained substances. At
the same time, a rapid hydroxylation and a subsequent
conjugation may provide a higher level of the obtained
substances clearance compared to bromantane. Finally,
the availability of the starting compound plays an
important role: camphor is of a natural origin and is a
component of essential oils [19]. Thus, new structural

3 DrugBank. Available from: https://go.drugbank.com/drugs
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analogues of bromantane — N-(camphan-2-yl)anilines
(see Fig. 1) became the objects of the research in this
work.

THE AIM of the work was the synthesis of
bromantane — N-(camphan-2-yl)anilines new structural
analogues and the study of their psychophysiological
effect on animals

MATERIALS AND METHODS

Methods of preparation and analysis

Reagents from “Alfa Aesar” (UK) and solvents
from “Komponent-Reactiv” (Russia) were used for
the synthesis. The starting camphor anils had been
synthesized as described before [20].

The target compounds were synthesized from the
corresponding camphor anils (6b, d-z) by their reduction
with a combination of sodium borohydride (NaBH,)
and nickel () chloride hexahydrate (NiClx6H,0O) in
95% ethanol according to the known procedure [21,
22] (Fig. 2).

4.75 g (20 mmol) of NiClx6H,0 dissolved in 70 mL
of 95% EtOH was added to the solution of the starting
anil 6a-i (10 mmol) in 30 mL of 95% ethanol (EtOH)
in one step. The resulting mixture was stirred until a
clear solution was formed, and then cooled in a bath
of dry ice and 95% EtOH to -40°C. 3.78 g (100 mmol)
of NaBH, was added to the resulting solution in several
steps while stirring and maintaining the temperature
to -30°C under the argon atmosphere. Upon the
completion of the addition, the reaction mixture was
stirred for another 60 min under the same conditions
and then left overnight at room temperature. The next
day, the resulting mixture was treated with 15 mL of a
3N sodium hydroxide aqueous solution, filtered and
distilled off with EtOH under the reduced pressure. The
cube residue was extracted with diethyl ether (Et,0);
the combined organic extracts were dried in anhydrous
sodium sulfate (Na,SO,), filtered and evaporated. The
technical product remaining in the cube was purified by
column chromatography with a gravity isocratic elution
with a mixture of cyclohexane: methyl tertiary butyl
ether (MTBE) (13:1 by volume) on the silica gel. To obtain
analytical samples, cyclohexane was used as an eluent.

The NMR spectroscopy, gas chromatography-mass
spectrometry, and thin-layer chromatography (TLC)
were used to identify the obtained compounds.

The H and *C NMR spectra of the compounds
were recorded on an AVANCE 600 NMR spectrometer
(BRUKER, Germany) (operating frequencies of 600 and
150 MHz, respectively) in deuterobenzene (C.DD,). The
chemical shifts of the *H and 3C nuclei are given relative
to Me,Si or solvent signals (C.D,: 6, 7.16 ppm, 6C 128.0
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ppm). Two-dimensional NMR spectra (*H-'H COSY, *H-H
NOESY, H-3C HSQC and !H-*C HMBC) were recorded
using the Z-gradient pulse technique (mixing time —
700 ms). Signals in the *H and 3C NMR spectra of the
products were attributed using 2D experiments *H-'H
COSY, *H-'H NOESY, *H-3C HSQC and *H-*C HMBC.

Macherey-Nagel Alugram Xtra Sil G/UV,, plates
(Germany) were used for TLC. The spots were visualized
in the UV light. R, values of the substances are given for
the eluent (cyclohexane : MTBE=13 : 1 vol.).

A GC-MS analysis was performed on a Chromatech-
Crystal 5000 instrument (Russia) under conditions of the
electron impact ionisation with an intensity of 70 eV.

It should be noted that the reduction of 4-bromo-
N-[(1R,4R)-camphan-2-ylidene]aniline  under these
conditions leads to the formation of product 4a due to
the hydrogenolysis of the C-Br bond [21]. That is why in
this work, there is no study of the psychotropic activity
of the product, which is the closest to bromantane in the
structure.

In vivo studies

All biological activity studies were performed
in accordance with the requirements of the current
guidelines and in accordance with Article 11 of
Federal Law 61 dated 12.04.2010 and according to the
requirements of the EAEU.

The study of a psychotropic activity was performed
on 69 male Wistar rats aged 20-22 weeks, weighing
300-350 g, and on 18 12-week-old mice weighing
24-28 g. The laboratory animals were obtained from
the specialized nursery “Stolbovaya” of Russia (Moscow
region, Chekhov district, Stolbovaya settlement). The
conditions of the laboratory animals were in accordance
with all the requirements of laboratory practice for
preclinical studies in the Russian Federation (Order of the
Ministry of Health of the Russian Federation No. 199n
“On approval of the rules of good laboratory practice”
dated 01 Apr 2016, GOST 33044-2014; Interstate
Standard Principles of Good Laboratory Practice, and in
accordance with the Decree of the Chief State Sanitary
Doctor of the Russian Federation No. 51 “On approval
of SR 2.2.1.3218-14 “Sanitary and Epidemiological
Requirements for the Establishment of the Laboratory
Animal Facility” dated 29 Aug 2014.

After the animals had been admitted to the vivarium
of the Scientific Centre for Innovative Medicines
of Volgograd State Medical University, they were
qguarantined for 14 days. The animals had a free access
to food (standard rodent pellet diet GOST R 51849-2001,
LLC “Laboratoryfodder”, Moscow, Russia) and water
(GOST “Drinking water” 2874-82 and SanPiN 2.1.4.1074-
01 “Drinking water. Hygienic requirements for water
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quality of centralized drinking water supply systems”).
The rats were kept in plastic cages (545x395x200 mm,
Type: T/4B, LLC “MEST”, Moscow), at the temperature
regime of 20-22°C and the relative humidity of 40-60%.
Soft wood chips were used as bedding. The light regime
was 12 h of light and 12 h of darkness. The compounds
were tested on the animals in equivalent doses taken in
proportion to the molecular weight of the substance:
1/100, 1/30 and 1/10 of the molecular weight (Table 1).

Ethics approval

The study was approved by the Local Ethical
Committee of the Volgograd State Medical University
(IRB registration number 00005839 IORG 0004900
[OHRP]). Minutes of the committee meeting No. 88
dated 06 Oct 2023.

Assessment of psychophysiological state

of animals

To assess the psychophysiological state of the
animals, the following tests were used: the Open
Field (OF) test, the Elevated Plus Maze (EPM) test, the
Novel Object Recognition (NOR) test, the Extrapolation
(EP) test, the Vogel conflict (VC) test, the Tail suspension
(TS) test, the Tightrope suspension (TRS) test.

The animals (rats) were divided into 22 groups of 3
individuals each, except for the control group, which had
6. In the study of the anxiolytic activity, diazepam widely
used in clinical practice, was used as a reference drug.
Fluoxetine was used as a reference drug in the study
of antidepressant properties. Phenotropil was chosen
as a reference drug in the study of physical endurance
and a cognitive function. The study substances were
administered in two equimolar doses of 1/10 and 1/30
of their molecular weight (MW), and the substances
that showed their psychotropic activity were studied at
a dose of 1/100 of MW. The animals in the control group
received a 0.9% sodium chloride (NaCl) solution. The
mice were divided into 3 groups of 6 individuals each
for the TS test.

Motor and exploratory activities of the animals were
evaluated in the OF test. The setup for the “Open Field”
test for rats is a circular area 97 cm in diameter, bounded
by 40 cm high boards, divided by markings into 25 equal
sectors, at the intersection of which, there are 16 holes
(2 cm in diameter). The installation is illuminated with
steady light (400 lux). To clean the setup and reduce
the influence of foreign odours on behaviour (due to
the presence of the previous animal), before each test,
the setup is wiped with a cloth moistened with water,
followed by a cloth moistened with a 5% alcohol solution
and a dry rag. The next animal is tested after a complete
drying of the unit surface.
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After placing a test animal in the centre of the setup,
the following parameters were recorded for 3 minutes:
the number of squares crossed (a spontaneous motor
activity), the total number of posts and surveyed foot-
holes (an approximate exploratory activity), and the
number of crossings of the setup central squares [23].

To assess the anxiolytic activity of the compounds
under study, the Elevated plus Maze (EPM) test is used
to evaluate the level of anxiety in the animals.

The EPM installation consists of 4 (50x14 cm)
arms, diverging cross-shaped from the central platform
(10x10 cm) at right angles: two opposite, open, without
walls (the height of the edge is 1 cm) and two closed,
dark, fenced on the sides with walls 30 cm high. The
cross-shaped arena of the maze is mounted on a trolley
with stoppers, which provides lifting the arena to a height
of 55 cm. The installation is illuminated with steady light
(400 lux). Before landing the next animal, the installation
was treated in the same way as the “Open Field” had
been treated.

When the animals land on the central, brightly lit,
elevated platform, an aversive environment for them is
created; and they tend to move to a more comfortable
closed arm from it. After the familiarization with the
closed arm, which is not dangerous for them, the reflex
of curiosity and assessment of a possible danger in other
zones of the EPM is triggered.

The tested animal is placed on the central EPM
platform with its head towards the open arm. And during
3 minutes, the parameters of the rodent behaviour in
the conditions of a variable stressogenicity (under a
free choice of comfortable conditions) are recorded: a
latent period of the exit from the central platform to
any arm, a number of visits and time of stay in the open
arms (a potentially stressful zone of the installation),
a frequency of visits and time of stay of the animals in
closed arms, a sum of transitions between the arms of
the installation. The time of the exit from the central site
(alatent period) can be interpreted as an indicator of the
speed of decision making, in addition, the central EPM
zone is also a lighted space, and the time spent in it is
summed up with the time in the open arms [24].

A cognitive function was assessed using the Novel
Object Recognition (NOR) test. The test is based on
the novelty and curiosity of animals and consists of
two sessions: training and reproduction. In the training
session, two identical objects are placed in a home cage
without a top netting, 10 cm apart and 10 cm from each
of the crate walls, and the animal explores the crate and
the objects in it for 3 min. The time associated with the
exploration of each object is recorded. After training,
the animals are placed in home cages. In the playback
session, 1 h after training, the animals were re-housed in
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a home cage without the top net, but one of the objects
was replaced with a new one. The objects are different
in shape, colour and texture but are approximately the
same size. The caged animal freely explores the objects
and the environment for 3 min. The animal finds the
new object more interesting than the old one, the
memory trace of which allows it to pay more attention
to the new object (a novelty preference). The time spent
exploring each object is recorded. After each test, the
box is alcoholized with a 5% alcohol solution. The time
spent examining the objects is presented in seconds.
The NOR test reflects the state of episodic memory [25].

To assess cognitive functions under stress
conditions, the Extrapolation (EP) test was used. The
EP test setup is a cylindrical container (height 40 cm,
diameter 35 cm) into which water with a temperature
of 18-19°C is poured up to a certain level. In the centre
of the container, a cylinder is vertically fixed, the lower
part of which is lowered into the water by 2.5 cm.
The test is conducted in 3 stages: training, the first
reproduction and the second reproduction. At the stage
of ‘training’, the animal is placed with its tail down into
the inner cylinder, and within 3 min, it has to solve the
following task: to dive under the edge of the cylinder,
after which it is removed from the installation. After
24 h, the animals that failed to solve the “extrapolation
task” within 3 min, are excluded during the first
reproduction. The second reproduction is carried out
24 h after the first reproduction, i.e. 48 h after
training.

The following indices are recorded in the EP test:
a latent period (LP) of diving, immobilization time, a
number of jumps (rapid upward body movements).
Shorter time spent on the EP task of the animals of
the same group receiving the investigated substance,
compared to the animals of the control group, is
considered as better memorization and execution of the
strategy of getting rid of the aversive environment. The
increase in the latent period of diving is interpreted as
a loss (forgetting) of the animal’s skill of active escape
from the aversive environment.

The presence of the myorelaxant effect was
assessed by the results of the Tightrope suspension test.
To perform the test, a 0.5 cm diameter nylon rope is
placed horizontally at a height of 95 cm from the cage
tray filled with a 5 cm layer of wood chips. The forelegs
of the animal are placed on the rope and the hind limbs
are released. The time of keeping the rat on the rope
is recorded. For each rat, 3 repeated landings were
performed 10 sec apart. The duration of the retention
was summed. A longer holding time on the rope
compared to that of the control animals is considered as
an increase in strength and absence of the myorelaxant
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action, and vice versa, a shorter holding time on the rope
indicates a decrease in strength and/or a myorelaxant
action of the tested substance.

The Vogel Conflict test is based on the conflict
between the instinct to the quench thirst and the
avoidance of punishment. It is used to determine
the anxiolytic effect of the tested substances. The
animal is deprived of water intake for 18 h. After 18 h,
a drinker is placed in the chamber and the animals’
approach to take water, but receive a weak electric
shock. The number of approaches of the animals in
the control group that received a physiological solution
or test substances 60 min prior to testing, is recorded.
Under the influence of anxiolytic substances, the animals
make more approaches to the water drinker.

The Tail Suspension test is a classic test for
determining the antidepressant effect of substances. The
test setup was a rectangular chamber 46 cm high and 30
cm wide. During the test, the animal was suspended by
1/3 of the tail at a height of 10-15 cm from the ground
with an adhesive tape. The duration of the observation is
6 min. The duration of the immobilization (desperation
behaviour, the animal does not make any movement,
just hangs down) is evaluated in seconds. The total
duration of the immobilization during the 6 minutes of
testing is taken into account. If the animal climbs on its
tail, it is excluded from the experiment. During the test,
a video recording of the test was used, which makes it
possible to observe the animal while it is out of sight, as
well as the possibility to perform an additional analysis
of the animal’s behaviour based on the video recording.

Statistical processing

The results were processed and analyzed using
Microsoft Excel 2021 (Microsoft Corporation, USA).

Statistical processing of the obtained results was
carried out by methods of descriptive and analytical
statistics. The distribution of quantitative indicators was
evaluated using the Shapiro-Wilk and Dunn criteria.
Numerical values were presented as an arithmetic
mean and a standard error of the mean. The differences
between the indicators in the group were considered
statistically significant at p <0.05.

RESULTS

Characterization of target products

The structures of the studied compounds
were confirmed by NMR spectroscopy, thin layer
chromatography and gas chromatography-mass
spectrometry.

(1R,2R,4R)-1,7,7-Trimethyl-N-phenylbicyclo[2.2.1]
heptane-2-amine (4a). The vyield is 80%; according
to the GC-MS data, the content of the target product
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is 99.6%. Physicochemical and NMR spectra data of
the obtained sample correspond to those published
before [21, 26].
(1R,2R,4R)-1,7,7-Trimethyl-N-(4-methylphenyl)
bicyclo[2.2.1]heptan-2-amine (4b). The yield is 88%,
the target product content (as determined by GC-MS) is
100%, the diastereomeric composition (as determined
by GC-MS) is 99:1% (ekzo-/endo-). The mass spectrum
is: (ekzo-form) (Eu, 70 eV), m/z (lotn (%)): 243 [M] (100),
172 (71), 133 (62), 120 (54), 107 (40), 95 (35), 91 (18).
The mass spectrum is: (endo-form) (Eu, 70 eV), m/z (lotn
(%)): 243 [M] (100), 172 (82), 133 (65), 120 (65), 107
(58), 95 (57), 91 (26). The *H NMR spectrum is: (C,D,, 6,
m.d.): 0.73 (s, 3 H, C(7)Me camphan), 0.82 (s, 3 H, C(1)
Me camphan), 0.91 (s, 3 H, C(7)Me camphan), 0.99—
1.04(m, 1H,C(5)H_ , camphan), 1.06-1.10 (m, 1 H, C(6)
H_,, camphan), 1.42-1.47 (m, 1 H, C(6)H_,  camphan),
1.52-1.65 (m, 3 H, C(3)H_,,, C(4)H, C(5)H_,,, camphan),
1.68-1.71 (m, 1 H, C(3)H_ , camphan), 2.23 (s, 3 H, C(4)
ACH.), 3.16-3.19 (m, 1 H, C(2)H_, camphan), 3.38 (s, 1
H, NH), 6.47-6.49 (m, 2 H, C(2),H, C(6), H), 6.99-7.01
(m, 2 H, C(3),H, C(S)ArH). The ¥*C NMR spectrum is:
(C,D,, 8, m.d.): 12.67 (C(1)Me camphane), 20.89 (C(7)
Me camphane), 20.97 (C(7)Me camphane), 20.98
(C(4),,CH3), 28.01 (C(5) camphan), 37.18 (C(6) camphan),
41.30(C(3) camphan), 45. 82 (C(4) camphan), 47.57 (C(1)
camphan), 49.29 (C(7) camphan), 62.32 (C(2) camphan),
113.82 (C(2),, C(6),), 126.12 (C(4),), 130.33 (C(3),,
C(5),), 146.84 (C(1), ). R=0.86.
(1R,2R,4R)-1,7,7-Trimethyl-N-(2-ethylphenyl)
bicyclo[2.2.1]heptan-2-amine (4c). The yield is 70%;
according to the GC-MS data, the content of the target
product is 99.7%. Physicochemical and NMR data of
the obtained sample correspond to those published
before [21].
(1R,2R,4R)-1,7,7-Trimethyl-N-(4-methoxyphenyl)
bicyclo[2.2.1.1]heptan-2-amine (4d). The yield is 85%;
and according to GC-MS, the target product content is
99.5%. Physicochemical and NMR data of the obtained
sample correspond to those published before [21].
(1R,2R,4R)-1,7,7-Trimethyl-N-(4-ethoxyphenyl)
bicyclo[2.2.1]heptan-2-amine (4e). The yield is 83%,
the target product content (as determined by GC-MS) is
100%, the diastereomeric composition (as determined
by GC-MS) is 100:0% (ekzo-/endo-). The mass spectrum
(ekzo-form) (Eu, 70 eV), m/z (lotn (%)) is: 273 [M] (100),
202 (31), 163 (50), 150 (30), 137 (23), 95 (29). The *H
NMR spectrum (C.D,, 6, m.d.) is: 0.74 (s, 3 H, C(7)Me
camphan), 0.84 (s, 3 H, C(1)Me camphan), 0.95 (s, 3 H,
C(7)Me camphan), 1.01-1.05 (m, 1 H, C(5)N_
camphan), 1. 08-1.12 (m, 1 H, C(6)H_ , camphan), 1.20
(t,3H, C(4)ArOSH2CH3, J=7.0 Hz), 1.44-1.49 (m, 1 H, C(6)
H_, camphan), 1.56-1.66 (m, 3 H, C(3)H___, C(4)H, C(5)
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H_, camphan), 1.68-1.73 (m, 1 H, C(3)H_ , camphan),
3.13-3.15 (m, 1 H, C(2)H_, caffman), 3. 26 (s, 1 H,
NH), 3.37 (k, 2 H, C(4), OSH2CH3, J=7.0 Hz), 6.47-6.49
(m, 2 H, C(2), H, C(6), H), 6.86-6.89 (m, 2 H, C(3), H,
C(5),H). The *C NMR spectrum (C6D6, 6, m.d.): 12.70
(C(1)Me camphan), 15.55 (C(4), OSH,CH,), 20.93 (C(7)
Me camphan), 20.99 (C(7)Me camphan), 28.05 (C(5)
camphan), 37.25 (C(6) camphan), 41.38 (C(3) camphan),
45. 87 (C(4) camphan), 47.60 (C(1) camphan), 49.27 (C(7)
camphan), 62.99 (C(2) camphan), 64.28 (C(4), OSH,CH,),
114.81 (C(2),, C(6),), 116.39 (C(3),, C(5),), 143.34
(C(1),), 152.17 (C(4), ). R=0.58.
((1R,2R,4R)-1,7,7-Trimethyl-N-(4-ethylphenyl)
bicycle[2.2.1]heptane-2-amine (4e). The yield is 78%,
the target product content (as determined by GC-MS) is
99.1%, the diastereomeric composition (as determined
by GC-MS) is 100:0% (ekzo-/endo-). The mass spectrum
(ekzo-form) (Eu, 70 eV), m/z (lotn (%)) is: 243 [M] (100),
158 (87), 93 (76), 41 (30). The *H NMR spectrum (C.D,, §,
m.d.) is: 0.72 (s, 3 H, C(7)Me camphan), 0.83 (s, 3 H, C(1)
Me camphan), 0.91 (s, 3 H, C(7)Me camphan), 0.99-1.03
(m, 1 H, C(5)H_ ,, camphan), 1.06-1.11 (m, 1 H, C(6)H_
camphan), 1.20(t, 3 H, C(4), CH,CH_, J=7.6 Hz), 1.43-1.47
(m, 1 H, C(6)H_,, camphan), 1.54-1.65 (m, 3 H, C(3)H__,
C(4)H, C(5)H,,,, camphan), 1.69-1.72 (m, 1 H, C(3)H_ .
camphan), 2. 55 (k, 2 H, C(4), CH2CH3, J=7.6 Hz), 3.18-
3.20 (m, 1 H, C(2)H_ , camphan), 3.43 (widespread s, 1
H, NH), 6.50-6.53 (m, 2 H, C(2), H, C(6), H), 7.04-7.06
(m, 2 H,C(3),H, C(S),H). The ®CNMR spectrum (C,D,, 6,
m.d.): 12.67 (C(1)Me camphane), 16.88 (C(4), CH,CH,),
20.88 (C(7)Me camphane), 20.96 (C(7)Me camphane),
28.01 (C(5) camphan), 28.86 (C(4), CH2CH3), 37.19 (C(6)
camphan), 41. 35 (C(3) camphan), 45.83 (C(4) camphan),
47.59 (C(1) camphan), 49.28 (C(7) camphan), 62.37 (C(2)
camphan), 113.86 (C(2),,, C(6)Ar), 129.16 (C(3), , C(5),),
133.04 (C(4), ), 147.07 (C(1),). R, =0.87.
(1R,2R,4R)-1,7,7-Trimethyl-N-(2-methoxyphenyl)
bicyclo[2.2.1.1]heptan-2-amine (4f). The yield is 72%,
the target product content (as determined by GC-MS) is
100%, the diastereomeric composition (as determined
by GC-MS) is 100:0% (ekzo-/endo-). The mass spectrum
(ekzo-form) (Eu, 70 eV), m/z (lotn (%)) is: 259 [M] (100),
188 (89), 136 (83), 95 (70), 41 (20). The *H NMR spectrum
(CD,, 6, m.d.): 0.73 (c, 3 H, C(7)Me camphan), 0.93 (c, 3
H, C(1)Me camphan), 1.03 (ddd, 1 H, C(5)H_ , camphan,
J=12.5,9.4, 4.4 Hz), 1.05 (c, 3 H, C(7)Me camphan), 1.11
(ddd, 1 H, C(6)Hendo camphan, J=12.5, 9.4, 3.8 Hz), 1. 47
(dd, 1 H, C(6)H__ camphan, J=12.5, 11.6, 4.4 Hz), 1.58
(dd, 1 H, C(4)H camphan, J=4.3 Hz), 1.59-1. 70 (m, 2 H,
C(3)H,,,,, C(5)H,,, camphan), 1.75 (dd, 1 H, C(3)H_ .,
J=12.8, 8.3 Hz), 3.25 (dd, 1 H, C(2)N__ cafman, J=8.3,
6.1, 4.8 Hz), 3.34 (s, 3 H, C(2), OCH3), 4.54 (e, 1 H, NH
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J=6.1),6.59 (dd, 1 H, C(3)ArH, J=7.9,1.4Hz),6.70(dd, 1 H,
C(6)ArH, 1=7.9, 1.4 Hz), 6.73 (ddd, 1 H, C(4)ArH, J=7.9,75,
1.5 Hz), 7.01 (ddd, 1 H, C(5), H, J=7.9, 7.5, 1.5 Hz). 13C
NMR spectrum (C,D,, §, m.d.): 12.74 (C(1)Me camphan),
20.95 (C(7)Me camphan), 20.99 (C(7)Me camphan),
28.05 (C(5)caffman), 37.21 (C(6)camphan), 41.52 (C(3)
camphan), 45.92 (C(4)camphan), 47.64 (C(1)camphan),
49.40 (C(7)camphan), 55.46 (C(2), OCH3), 61. 91 (C(2)
camphan), 110.16 (C(3), ), 110.68 (C(6), ), 116.35(C(4), ),
122.16 (C(5), ), 122.16 (C(5),), 139.12 (C(1), ), 147.41
(C(2),). R,=0.82.

(1R,2R,4R)-1,7,7-Trimethyl-N-(2,5-dimethoxyphenyl)
bicyclo[2.2.1.1]heptan-2-amine (4z). The yield is 64%, the
target product content (as measured by GC-MS) is 99.8%,
and the diastereomeric composition (as measured by
GC-MS) is 100:0% (ekzo-/endo-). The mass spectrum of
(ekzo-form) (Eu, 70 eV), m/z (lotn (%)) is: 289 [M] (100),
274 (23), 218 (36), 179 (31), 166 (33), 153 (29), 138 (23),
95 (50), 41 (21). The *H NMR spectrum of (C.D,, 6, m.d.)
is: 0.70 (s, 3 H, C(7)Me camphan), 0.92 (s, 3 H, C(1)Me
camphan), 0.94-0.98 (m, 1 H, C(5)H_ ,_ camphan), 1.02-
1.07 (m, 1 H, C(6)H_ , camphan), 1.03 (s, 3 H, C(7)Me
camphan), 1. 40-1.45 (m, 1 H, C(6)H_,  camphan), 1.54-
1.61 (m, 2 H, C(4)H caffman, C(5)H__ camphan), 1.64-
1.68 (m, 1 H, C(3)H,_,_), 1.73 (dd, 1 H, C(3)H_, J=12.9,
8.3 Hz), 3.23 (ddd, 1 H, C(2)H, , camphan, J=8.3,6.2, 4.7
Hz), 3.39 (c, 3 H, C(2), OCH3), 3. 53 (c, 3 H, C(5), OCH3),
4.59 (e, 1 H, NH J=6.2), 6.18 (dd, 1 H, C(4)ArH, J=8.6, 2.9
Hz), 6.55 (e, 1 H, C(6), H, J=2.9). The 13C NMR spectrum
(CD,, 6, m.d.) is: 12.73 (C(1)Me camphan), 20.90 (C(7)
Me camphan), 20.95 (C(7)Me camphan), 27.96 (C(5)
camphan), 37.12 (C(6) camphan), 41.35 (C(3) camphan),
45.89 (C(4)camphan), 47.61 (C(1)camphan), 49.38 (C(7)
camphan), 55.49 (C(5), OCH3), 56.09 (C(2), OCH3), 61.
82 (C(2)camphan), 98.50 (C(4), ), 99.39 (C(6), ), 110.55
(C(3),), 140.13 (C(1), ), 142.27 (C(2),), 156.20 (C(5),).
Rf=0.65.

Results of in vivo studies

In the OF test, the animals administered with
substances 4c and 4h had a higher (53.7+1.6 and
52.3+2.0, respectively) motor activity (a number
of crossed squares) compared to the control group
(38.5+0.8), they were more in the central squares of
the setup than others. A higher exploratory activity was
registered in the animals injected with substance 4h
in all doses, while substances 4c, 4d and 4e increased
an exploratory activity only in low (1\100 of MW)
doses (Fig. 3).

In the EPM test, i.e. under the conditions of
stressogenicity, the behaviour of animals receiving
compounds 4c and 4f was particularly different from
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the control group (Fig. 4). It is possible to note a
decrease in the LP of leaving the central site in the animals
receiving compounds 4c (1.3+0.3) and 4g (1.710.7),
which may indicate a rapid decision making and an
increased exploratory activity. There was an increase
in the frequency of going into the open arm and the
time spent in the open arm, especially for compound 4f
(26 mg/kg; 130£10). The animals receiving compounds
4c (9 mg/kg; 5+1), 4f (2.5%1.5) at all doses, 4g (9 and
26 mg/kg; 4.3+1.6 and 3.5%0.9), and 4h (10 and
29 mg/kg; 4.5+2 and 2.8+1.6) were less likely to move
between the arms, also indicating a reduced anxiety.

The recording of transitions between the arms,
especially the exits to and stays in the open arms,
makes it possible to judge the depressant (diazepam) or
anxiolytic, antiphobic action (compound 4e).

All the animals, except those receiving diazepam
and compound 4e, quickly left the central site. A pre-
injection of the investigated substances did not interfere
with the decision to leave the central site quickly under
the conditions of variable aversiveness. The animals
under the influence of compound 4e stayed in the open
arms longer than others (130+10), and the animals
receiving compound 4c repeatedly moved from one arm
to another without lingering on the open surfaces of
the EPM. Under the influence of diazepam, the animals
moved little both in the OF and in the EPM tests, but
after entering the central area or after crossing it, they
stayed longer on the open surface.

The anxiolytic properties of the camphor
derivative — compound 4e ((1R,2R,4R)-1,7,7-trimethyl-
N-(4-ethylphenyl)bicyclo[2.2.1]heptan-2-amine), which
had the most pronounced anxiolytic effect in the EPM
test, were evaluated in the Vogel conflict test. The
substance increased the number of attempted punished
water draws compared to the animals that received a
NaCl solution 60 min before testing (control group), but
statistically significantly less than the reference drug
diazepam (Fig. 5A).

These data, together with the results obtained in
the OF and EPM tests, indicate the anxiolytic properties
of substance 4f.

Depressive disorders are not rare in persons
with anxiety disorders. Therefore, the presence (or
absence) of antidepressant properties of compound
4f was assessed by the duration of the immobilization
in the EPM test. Compared to the control animals, the
immobilization time was statistically significantly shorter
in the mice treated with compound 4f (Fig. 5B).

Amnesic and myorelaxant actions are characteristic
for the substances with anxiolytic effects similar to
benzodiazepines [27, 28]. For this purpose, cognitive

302

effects were studied in the Novel Object Recognition
and Extrapolation tests, as well as in the Tightrope
suspension test, and the effect of the substance on the
physical strength was tested.

The examination of the compound 4f effect on the
attention and short-term memory in the Novel Object
Recognition test showed that the animals in the control
group learnt the objects more (Al: 9.3+0.3; A2: 7.7£1.8)
than the animals receiving compound 4f in the first
phase of testing (Fig. 5C). However, after 1 hour in the
second stage of testing, most animals that had been
administered the compound in all three dosages (1/100:
9+0.3, 1/30: 7.7+2.9 and 1/10: 7.5+2.5 of molecular
weight) studied the novel object more, suggesting that
the compound under study enhances the animals’
attention and short-term memory (Fig. 5D).

In the Extrapolation test, the animals receiving
compound 4f at a dose of 9 mg/kg were faster in the
extrapolation escape task on day 2 (3.3+2.3) than on day
1 (13.3+10.8), and also faster compared to the control
group (9.7+4.1) (Fig. 5E). Taken together, the compound
in the Novel Object Recognition and Extrapolation tests
indicated an improvement in the cognitive function.

In the course of the experiment on the Tightrope
suspension, it was found out that the animals receiving
compound 4f at a dose of 26 mg/kg were keping on the
rope longer (89.7+14.3) than the animals of the control
group (47.7+12.7), which indicates the absence of
myorelaxing properties in this substance.

DISCUSSION

The structural features of camphor, a typical
representative  of natural monoterpenoids, in
combination with its low toxicity, were the basis for
the choice of this compound as a starting material
for a directed structural modification to obtain
pharmacologically active monoterpenoid
amines with low toxicity.

The modification was carried out by obtaining
intermediates — substituted camphor anils, by the
reduction of which the studied compounds had been
obtained. Herewith, the known methods of the anil
synthesis, involving the use of catalytic systems and
condensing agents, lead to obtaining difficult to isolate
and, often, contaminated products, which reduces
the yield of pure substances. To solve this problem,
an original method of synthesis in the presence of an
in situ obtained catalytic complex was developed. That
provides a technological approach to the preparation of
intermediates [29], where the catalytic system performs
an additional function of an acceptor of the water
released during the condensation.

aromatic
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Figure 1 — Chemical structure of rimantadine (1), deutiforin (2), bromantane (3)

and the investigated compounds (4 a—z — N-(camphan-2-yl)anilines)
Note: R=H (4a), 4-Me (4b), 2-Et (4c), 4-OMe (4d), 4-OEt (4d), 4-Et (4e), 2-OMe (4]), 2,5-(OMe)2 (4h).
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Figure 2 — Reaction of target compounds formation
Note: 4b — 88%, 4e — 83%, 4f — 78%, 4g — 72%, 4i — 64%.
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Figure 3 — Effect of the tested substances on animal behaviour in the “Open Field” test

Notes: A) a number of crossed squares; B) total exploratory activities (a total number of peeks into holes, unsupported stands and supported

stands); C) a number of crossings of central sectors. * — differences are statistically significant compared to control group animals.
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Figure 4 — Effect of the investigated substances on animal behaviour in the Elevated Plus Maze test
Note: A) a latent period of leaving the central site; B) frequency of animal exits to the open arm of the facility; C) time of animal stay in the open
arm of the facility; D) a total number of transitions between the arms of the facility (the sum of transitions, entrances to the open arm and
entrances to the closed arm). * — the differences are statistically significant compared to the animals of the control group.
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Figure 5 — Behaviour of animals in the tests studied

Note: A) The Vogel conflict test; B) The Tail suspension test; C) The Novel Object Recognition test; the training session;

D) The RNO test; the reproduction session; E) The Extrapolation test; F) The tightrope suspension test. * — the differences are
statistically significant compared to the group of animals. # — the differences are statistically significant in comparison with the
time of learning the object Al in the NOR test and in comparison with the time of solving the extrapolation task on day 1 in the

Extrapolation test.
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Table 1 — Obtained compounds, their names, structural formulas, molecular weight
and doses for in vivo study

Name
Molecular weight, g/mol;
equimolar doses (mg/kg)

Sequence
number

Structural formula

Molecular weight, g/mol;
equimolar doses (mg/kg)

Ph
4a (1R,2R,4R)-1,7,7-trimethyl-N-(phenyl) Ph @ §5§63(68)
bicycle[2.2.1]heptane-2-amine QK 1/10 (23)
“R R R Ph
Bh Ph
(1R,2R,4R)-1,7,7-trimethyl-N-(4-methylphenyl) Ph -1 243.39
4b bicycle[2.2.1]heptane-2-amine QK 1/30(8)
- 1/10 (24)
4R R R Ph
Ph 257.41
ac (1R,2R,4R)-1,7,7-trimethyl-N-(2-ethylphenyl) Ph 1 1/100 (3)
bicycle[2.2.1]heptane-2-amine QK 1/30 (8)
4k R R Ph Hw 1/10 (24)
RPh
. Ph 4 259.39
(1R,2R,4R)-1,7,7-trimethyl-N-(4-methoxyphenyl)  pp,
af bicyclo[2.2.1.1]heptan-2-amine QK 1/30(8)
o 1/10 (26
4R R R, Ph (26)
Ph RH\
a (1R,2R,4R)-1,7,7-trimethyl-N-(4-ethoxyphenyl) Ph ©/ 133?64(29)
i bicyclo[2.2.1.1]heptan-2-amine QK 1/10 (27)
4R R R, Ph
Ph M 571
ah (1R,2R,4R)-1,7,7-trimethyl-N-(4-ethylphenyl) Ph 1/100 (3)
bicycle[2.2.1]heptane-2-amine QK 1/30 (9)
ur R R Ph 1/10 (26)
Ph 259.39
4i (1R,2R,4R)-1,7,7-trimethyl-N-(2-methoxyphenyl) PR 1/100 (3)
! bicyclo[2.2.1.1]heptan-2-amine QK 1/30(9)
“rR R R Ph RPh 1/10 (26)
RPh
(1R,2R,4R)-1,7,7-trimethyl-N-(2,5- Ph i?f;(‘)l(s)
4j dimethoxyphenyl)bicyclo[2.2.1.1]heptan-2- Ph 1/30 (10)
amine K 1/10 (29)
“rR R R Ph RPh
In the reduction process of the obtained high yield of the target compounds was accompanied by

intermediates, a special attention was paid to the
proper selection of the hydrogenating agent and to
the identification of limitations to the application
of the technique in terms of steric factors hindering
hydrogenation. The competition manifests itself in the
form of an activating action of donor substituents in
the aromatic ring depending on their structure, amount
and location relative to the exocyclic nitrogen atom. A

Tom 12, Beinyck 4, 2024

obtaining a by-product of the aromatic ring reduction,
so the most effective method of the target compounds
isolation was the method of column chromatography.
The nature and location of the substituent in the aromatic
ring also influenced the activity of the compounds. All the
studied camphor aromatic amines, except for substance
4a, contained donor substituents represented by lower
alkyl and alkoxyl groups. A high activity expected from
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alkoxy-substituted aromatic amines was not justified,
and the substituted derivatives 4c and 4f were the most
active. In both cases, the ethyl substituent located in
positions providing a coordinated orientation with the
exocyclic nitrogen, led to an increase in the activity of
the substances. However, the shielding effect of the
ethyl substituent in the ortho-position slightly reduced
the activity of the amine, whereas the para-ethyl
substituted product showed the highest activity.

According to the results of the biological activity
study, compound 4f should be singled out in the Elevated
plus maze (EPM) test (significantly longer dwell time in
the open arms compared to the animals of other groups,
including the control group). In the Vogel conflict test,
the animals receiving the same compound made more
approaches to punished water draws than the animals of
the control group. In the Tail suspension test, the animals
administered with compound 4f recorded a shorter
period of immobilization, and in the Extrapolation
test, active behaviour and a rapid task solution of
getting rid of the aversive environment indicated an
antidepressant effect. The animals receiving compound
4f performed better in the Novel Object Recognition
and the Extrapolation tests and, respectively, in the
first and second tests, learnt more about the novel
object and were quicker to dive under the lower edge
of the cylinder and get rid of the aversive environment,
reflecting good attention, short-term memory and quick
decision making. In the Tightrope suspension test, the
animals held on longer in comparison with the animals
of the control group, and at a dose of 26 mg/kg, and
longer than the animals receiving the reference drug
phenotropil. Thus, the performed study made it possible
to obtain substance 4f ((1R,2R,4R)-1,7,7-trimethyl-N-
(4-ethylphenyl)bicyclo[2.2.1.1]heptan-2-amine) with
pronounced anxiolytic, antidepressant and nootropic
actions in a series of camphan derivatives and possibly
performance. Compound 4f is
promising for a further in-depth study of its psychotropic
properties.

increasing physical

Study limitations

The study was conducted on a relatively small group
of animals, which can reduce a statistical power and
make it difficult to identify rare or weak effects. The
experiment covered a limited period of time, which
makes it impossible to assess long-term effects of the
substances.

CONCLUSION

In the OF test, compounds 4c with an ethyl
substituent in the second position of the phenyl ring
and 4i, having two methoxy groups in the phenyl ring,
increased a motor activity, and in the Elevated plus maze
(EPM) test, the animals made more transitions between
the arms, indicating their psychostimulant effect.

Compound 4f in the Elevated plus maze (EPM)
test increased the time spent in the open arms, and in
the Vogel conflict test, there was a greater number of
attempts of punished water draws than in the animals
of the control group, but fewer than in the animals
receiving the comparison drug diazepam.

The 4f substance insignificantly decreased the
immobilization time in the Tail suspension and
Extrapolation tests compared to the control. When
assessing the effects of the substance on the cognitive
function, an increase in the time to explore an
unknown object and a decrease in the time to solve
an extrapolative escape were noted, which can be
regarded as an improvement in the cognitive function.
In the Tightrope suspension test, a significantly longer
retention of the animals was observed.

The presented data indicate that compound 4f
had a moderate anxiolytic effect without myorelaxant,
amnesic and, at the same time, antidepressant effects.
The presented data indicate the prospect of a further
search for substances with psychotropic properties in
the range of camphan derivatives and the expediency
of in-depth study of specific activities and an action
mechanism of the compound (1R,2R,4R)-1,7,7trimethyl-
N-(4-ethylphenyl)bicyclo(2,2,1,1)heptan-2-amine (4e).
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The revival of production pharmacies in Russia began in 2022. To effectively use the capabilities of compounding pharmacies,
it is necessary to take into account the importance of eliminating the risk of infringement of intellectual property rights.
The aim. The study of the foreign practice of compounding pharmacies in terms of infringement of exclusive rights, as well as
the position of foreign patent offices and the World Intellectual Property Organization (WIPO).

Materials and methods. A key aspect of the research was the study of the foreign practice of violating the exclusive rights
to original medicines. An information search was conducted for publications related to the activities of compounding
pharmacies in the world, as well as issues related to the regulation of the relationship between their activities and legislation
in the field of intellectual property.

Results. The article analyzes foreign judicial practices and positions of patent offices, summarized by WIPO, on this issue. The
results and discussion are based on the consideration of foreign court cases and legislative norms related to the production
of patented drugs in compounding pharmacies. The examples of court cases that raise issues of violations of exclusive rights
are given.

Conclusion. In Russia, the possibility of one-time compounding of drugs using the invention in pharmacies according to
doctors’ prescriptions is fixed at the legislative level. However, this permission only applies to a “specific recipe”. One possible
way to reduce the severity of the problem may be to directly allow pharmacies to use contractors to fulfill a specific request.
The concept of “one-time compounding” also requires disclosure, which may expand the capabilities of pharmacies. The
results obtained can be used in the framework of legislative regulation of the compounding of medicines in a pharmacy.
Keywords: drugs; compounding pharmacies; patent; invention; intellectual property; exclusive right
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B Poccum ¢ 2022 roga Ha4yanocCb BO3POXKAEHWE MPOM3BOACTBEHHbLIX anTek. Ana 3QEKTUBHONO WCNOAb30BaHUSA
BO3MOMHOCTEM TaKMX anTek TpebyeTcA y4yecTb BAXKHOCTb WCK/AOYEHWA PUCKA HapyweHWs npaB Ha pe3ynbraTbl
WHTENNIEKTYaIbHON [eATeNbHOCTH.

Lienb. M3yyeHne 3apybeKHON NPAKTUKU NPOM3BOACTBEHHbIX aNTEK C TOUYKM 3PEHWUA HAPYLUEHUA UCKNHOUYUTENbHbIX NPaB, a
TaKXe No3nunm 3apyberkHbIX MaTEeHTHbIX BEAOMCTB U BCEMMPHOM opraHn3aumm MHTeNNeKTyanbHon cobcTBeHHocTH (BOUC).
Matepuanbl U metoabl. Kno4eBbIM acNekToM MUCCNefOBaHWUA CTaNo M3yvyeHue 3apybexkHOW NPaKTUKM HapyLlleHWi
UCK/IOYUTENbHBIX MPAB Ha OPUIMHANbHbIE JIeKAaPCTBEHHbIe npenapaTbl. MpoBeaéH MHOOPMALMOHHBIN NOUCK Ny6AMKALMIA,
KacaloLMXCcA AeATe/bHOCTM MPOM3BOACTBEHHbIX anTeK B MMpPe, a TaKKe BOMPOCOB PeryIMpoBaHWA B3aMMOCBA3U WX
[eATeNbHOCTU U 3aKOHOAATeIbCTBa B 06/1aCTU UHTENNEKTYaIbHOW COBCTBEHHOCTY.

Pe3ynbraTtbl. B cTaTbe NpoaHann3mMpoBaHbl 3apybeskHble cyaebHble MPaKTUKM U NO3ULMMN MATEHTHbIX BEAOMCTB, 0606LeHHble
BOWC, oTHOCUTENbHO AAHHOrO BOMpoca. Pe3ynbTaTbl M 06Cy:KAeHMe OCHOBaHbI HAa PAaCCMOTPEHMM 3apybeskHbIX CyaebHbIX Aen v
3aKOHOZATeIbHbIX HOPM, KacatloLwmMXca NPOM3BOACTBA 3aNaTEHTOBAHHbIX 1IEKAPCTBEHHbIX MPenapaToB B NPOU3BOACTBEHHbIX
anTekax. MpeactaBneHbl Npumepbl cyaebHbIX gen, NOAHUMAIOLWMX BONPOChI HAPYLIEHWIN UCKAOUYUTE/IbHBIX NPaB.
3akntoueHune. B Poccum Ha 3aKoHOZATENbHOM YPOBHE 3aKpernsieHa BO3MOXKHOCTb pPa3oBOro M3roToB/JEHMA B anTeKkax no
peLenTam Bpayei npenapaToB ¢ NCNOb30BaHMEM N306peTeHnA. O4HAKO 3TO pa3pelleHne KacaeTca TONIbKO «KOHKPETHOro
peuenta». OLHUM U3 BO3MOXKHbIX BapPUAHTOB CHUXKEHUA OCTPOTbI NPob6aeMbl MOXKET BbiTb MPAMOE paspelleHne anTekam
MUCMOMb30BaTb MNOAPAAYMKOB ANA BbINONHEHMSA KOHKPETHOro 3anpoca. Takke TpebyeT pacKpbiTUA MOHATME «Pa30BOro
WU3roTOBNEHMUA», YTO MOXKET PACLLUMPUTL BO3MOXKHOCTM anTeK. Moy4yeHHble pe3y/bTaTbl MOryT 6bITb MCNO/Ib30BAHbI B paMmKax
33aKOHOAATeNIbHOTO PeryIMpoBaHNA U3rOTOBNEHMUA IeKaPCTBEHHbIX CPEACTB B anTeYHOM OpraHM3auuu.

KnioueBble cnoBa: /IeKapCTBEHHbIE CPeACTBa; MPOWM3BOACTBEHHbIE AMTEKW; MATEHT; U306peTeHWe; MHTeNNeKTyasnbHan
CcO6CTBEHHOCTb; UCKOUYUTEIBHOE NPABO

Cnucok cokpaweHumit: J/IC — nekapcteeHHoe cpeacTso; MK PO — lpasxkaaHckuii Kogeke Poccuiickon ®epepaumm; EAMNK —
EBpasuiickasa MNateHTHas KoHseHuus; EAMNB — EBpasuiickoe nateHTHoe BepomcTtso; BOMC — BcemupHaa opraHusaums
WUHTENNEeKTyaNbHOW cobcTtBeHHOCTH; BTO — BcemupHoOW ToproBow opraHu3aumu; NCBI — HauMOHaNbHbIN LEeHTP
buotexHonornyeckon MHpopmauumn, FDA — YnpaBneHue No KOHTPOO KA4yecTBa NULLEBbLIX MPOAYKTOB U NEKAPCTBEHHbIX
cpeacts CLUA; MKMM — MNocTosHHbIN KOMUTET No naTeHTHoMy npasy, EPO — EBponelickas naTeHTHas opraHu3aums.
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INTRODUCTION decided to study the foreign practice of such pharmacies

In 2022, Federal Law No. 502-FZ of December 5,
2022, “On Amendments to Article 56 of the Federal
Law «On the Circulation of Medicines»®,” regulating
the revival of compounding pharmacies in Russia (RF),
was adopted. This initiative is not a novelty introduced
exclusively in the Russian Federation. Compounding
medicines in a pharmacy is an integral part of providing
prompt individual pharmaceutical care to patients
when there are no suitable medicines on the market
or when a specific dosage form is required [1-3]. Since
2023, pharmacies have been able to produce medicines
according to individual prescriptions from doctors, using
existing medications in the necessary dosages [4—6]. Due
to the lack of a register of compounding pharmacies, it is
difficult to reliably assess the dynamics of their opening
since the adoption of legislative changes. According
to expert estimates?, there are currently about 460
compounding pharmacies operating in the Russian
Federation, and about 2 000 pharmacies have licenses
for production activities. A large-scale project within the
framework of the revival of compounding pharmacies
was the creation of a pilot industrial production facility
for the manufacture of “orphan” drugs, announced in
2024. It will operate on the principle of a compounding
pharmacy. The project is being implemented on the
Federal Territory of Sirius (Russia)®. Its opening is
scheduled for 20254,

The activities of compounding pharmacies, which
allow for the prompt replacement of emerging drug
shortages, taking into account the individual needs of
patients, are closely related to intellectual property,
with the turnover of rights to the results of intellectual
activity in the area under consideration, namely, with
exclusive rights to the original (or reference) drug that
is reproduced by pharmacies. In the Russian Federation,
compounding pharmacies are only beginning to develop,
while similar pharmacies have been operating in
European countries [7-9] and the USA [10] for decades.
In order to minimize the risks associated with the
operation of such pharmacies, the authors of the article

! Federal Law No. 502-FZ dated 05.12.2022 “On Amendments
to Article 56 of the Federal Law “On the Circulation of Medicines”.
Available from: http://publication.pravo.gov.ru/Document/
View/0001202212050043. Russian

2 Nevinnaya I. The expert explained the importance of manufacturing
pharmacies for orphan patients. Projects of Russia. Available
from: https://rg.ru/2024/08/17/ekspert-obiasnila-vazhnost-
proizvodstvennyh-aptek-dlia-orfannyh-pacientov.html. Russian

3 An innovative pharmacy for the manufacture of orphan drugs will
appear in Sirius in 2024. Available from: https://sirius.gov.ru/tpost/
innovatsionnaya-apteka-dlya-izgotovleniya-orfannykh-preparatov-
poyavitsya-v-siriuse-v-2024-godu?ysclid=m38Iwj36gi311746142

4 A pharmacy for the creation of rare medicines will be launched in
Sirius in 2025. Kommersant. Available from: https://www.kommersant.
ru/doc/7283342?ysclid=m38ouybksd859117313
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from the point of view of violations of exclusive rights,
as well as the position of foreign patent offices and the
World Intellectual Property Organization (WIPO). The
importance of understanding this aspect is explained
by the fact that the production of medicines is closely
related to the existence of exclusive rights to them
and their components, granted by a patent. Violation
of exclusive rights entails lawsuits from the manufacturer
of the original drug against the infringer, which in this
case may be a compounding pharmacy.

THE AIM. Analysis of the development of
compounding pharmacies in the prism of possible risks
of infringement of exclusive rights to original medicines
protected by a patent for invention and a trademark
certificate.

MATERIALS AND METHODS

Aninformation search of publications was conducted
regarding the presence of compounding pharmacies
in various countries, as well as issues of regulating the
relationship between their activities and legislation in the
field of intellectual property. The search was conducted
in databases such as: World Intellectual Property
Organization (WIPO), National Center for Biotechnology
Information (NCBI), ScienceDirect, U.S. Food and Drug
Administration (FDA), elibrary.ru. The search results also
included publications found through the Google Scholar
service. In addition, the scope of the search included
regulatory legal bases of the Russian Federation, foreign
countries and international communities related to
the manufacture and introduction of drugs into civil
circulation.

The search was carried out using the following
keywords and phrases: “intellectual property”,
“compounding pharmacy”, “law”, “patent”, “drugs”,
“extemporaneous compounding”, as well as their
Russian-language  analogues:  “nHTenneKTyanbHas
cobCcTBEHHOCTL”, “NPon3BOACTBEHHbIE anTekn”, “3aKkoH”,
“natent”, “npenapat’, “nekapcTBeHHoe cpeacTso”,
“3KcTEMMnopasbHOE NPOU3BOACTBO”.

The period of studied publications was from
November 2024 to January 2025; the search period was
20 years.

A search conducted using keywords in English in the
ScienceDirect database revealed 954 thematic works.
After screening out publications related to the patenting
of pharmaceutical inventions and the activities of
compounding pharmacies (n=895), as well as articles
similar in content (n=31), 28 scientific articles were
included in the review.

A search conducted using keywords in Russian in the
scientific elibrary.ru revealed 213 works; after excluding
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articles similar in content (n=191), 22 scientific articles
were included in the review.

RESULTS

Problem statement

Pharmacies appeared many centuries ago and
have since played an important role in society. The first
pharmacy is believed to have opened in the 8th century
in Baghdad, and in Russia only in 1581 [11], and since
its creation, the state has always paid great attention
to them. For a long time, pharmacies were the main
institution for the manufacture of medicines, and only
with the development of mass industrial pharmaceutical
production they began to pay less attention to them.
Currently, pharmacy institutions, in addition to retail
trade also provide the compounding of drugs for their
clients. It is the individual orientation of the production
activities of pharmacies that characterizes it in the
system of providing society with drugs [12-14]. Until
recently this meant that pharmacies were practically not
engaged in the compounding of complex modern drugs,
today the situation is changing significantly. Pharmacies
are able to fill the shortage of certain medicines on the
market, ensure the compounding of drugs focused on
rare diseases, etc. It is quite clear that the legislator
cannot leave this area unattended.

The most important arising problem is the need to
protect intellectual property while ensuring the interests
of society in the production of medicines. The general
rule established by intellectual property law is that the
use of an object of protection is allowed only with the
consent of the copyright holder, except in cases provided
for by law®. Obviously, a pharmacy institution cannot
obtain a license from the copyright holder for a one-
off production of medicines, therefore, national laws,
as a rule, provide for the permission of such actions
without the consent of the copyright holder and without
payment of remuneration. However, the widespread
use of this opportunity by pharmacies (for example,
with the development of the concept of compounding
pharmacies) can cause certain problems for copyright
holders. In this regard, it is important to assess how real
these problems are and whether the current legislation
needs adjustments.

International aspects of regulation of the drugs’

compounding by pharmacy institution

At the 36th session of WIPO, held in Geneva on
October 14-18, 2024, within the work of the Standing
Committee on Patent Law (SCP), the issue of the attitude

5 Paragraph 1 of Article 1229 of the Civil Code of the Russian
Federation. “Exclusive right.” Available from: http://pravo.gov.ru/
proxy/ips/?docbody=&nd=102110716
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of national and regional patent offices to the one-time
preparation of medicines in pharmacies, including in
judicial practice, was discussed®.

The legislation of 85 countries (including the Russian
Federation, Canada, Brazil, Japan, France, the Republic of
Korea, Spain, Sweden, Switzerland, the United Kingdom,
etc.) related to the circulation of rights to the results of
intellectual activity provides for an exception regarding
the one-off (extemporaneous) production of drugs. This
complies with international law. Thus, Article 30 of the
Agreement on Trade-Related Aspects of Intellectual
Property Rights (TRIPS Agreement) lists the principles
that govern exceptions to rights established by members
of the World Trade Organization (WTO). In particular, the
article states that WTO members may introduce limited
exceptions to the rights granted by a patent if “such
exceptions do not unreasonably conflict with the normal
exploitation of the patent and do not unreasonably
prejudice the legitimate interests of the patent owner,
taking into account the legitimate interests of third
parties.””

This formula allows the introduction of new rules
on the drugs’ compounding by pharmacies into national
legislation, expanding their capabilities, but up to a
level where copyright holders will be infringed in their
commercial plans and cause damage to the possibility of
selling their products.

According to the countries positions presented
in WIPO regarding the issue, the aims of the exclusion
from the list of actions qualifying as a violation of the
exclusive rights of the copyright holder are:

1. Ensure a balance of rights, which is necessary
when respecting the rights of patients to health
protection and free access to medicines while
respecting the rights of the patent holder of
pharmaceutical innovations (for example, this is
the point of view of Brazil)8.

2. Maintenance of public awareness of protecting
people’s health. Thus, pharmacists should be
able to produce prescription drugs, guarantee
medical care to patients and being fearless of
violating patent rights (these are the positions of
the Republic of Korea and the Czech Republic)9.

3. Facilitate the work of doctors and pharmacists.
Doctors should prescribe medicines without

5 WIPO. Standing Committee on the Law of Patents. Available from:
https://www.wipo.int/meetings/en/details.jsp?meeting_id=80917
7WIPO. World Trade Organization (WTO). Agreement on Trade-Related
Aspects of Intellectual Property Rights. Available from: https://www.
wipo.int/wipolex/en/text/379915

8 WIPO. Questionnaire on Exceptions and Limitations to Patent Rights.
Available from: https://www.wipo.int/scp/en/exceptions

° WIPO. SCP Electronic Forum: Comments and Documents (SCP/36).
Available from: https://www.wipo.int/scp/en/meetings/session_36/
comments_received.html
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regard to restrictions that may arise due to the
exercise of exclusive rights.

The WIPO concept supports objectives encouraging
innovation in various fields, including medicine, and
does not restrict ways to meet the needs of patients
using personalized medicines according to individual
prescriptions from doctors.

As part of the work of the Standing Committee
on the Law of Patents, issues of interpretation of the
exception in question were discussed, namely, which
specific pharmacies can use this rule, and who should
prepare the drug according to an individual prescription.
It is interesting to note that the surveyed states
interpret the rule very broadly in terms of the type of
place where and by whom the drug will be prepared.
In particular, according to the position of the European
Patent Office (EPO), the preparation should be carried
out in pharmacies, including hospital pharmacies, and
not only a pharmacist, but also support personnel can
prepare the drug. EPO representatives also believe
that this exception also applies to the veterinary field.

In addition, it was mentioned that the exception
does not apply to the production of drugs for storage,
but only applies to the compounding of a drug for a
specific patient.

As mentioned above, the issue of the manufacture
of prescription drugs by pharmacists was discussed by
representatives of the patent offices of 85 countries, as
well as experts from the Eurasian Patent Office (EAPO)
and the EPO. They came to the conclusion that in the
field of drug manufacturing in pharmacies, there is still
no stable judicial practice regarding violations of the
exclusive rights of manufacturers of original drug. Only
a few court cases were noted.

Thus, one of such cases was a dispute between
the corporations Sanofi-Aventis Farmaceutica Ltda and
Farma Ltda. It concerned the patented active substance
“rimonabant”, used for the treatment of obesity and
cardiovascular diseases (Sanofi-Aventis Farmaceutica
Ltdav. Sp Farma Ltda, Court of the State of Sdo Paulo, April
18, 2013, case No. 0158190-77.2008.8.26.0100, Brazil).
A representative of Sanofi-Aventis Farmaceutica Ltda
argued that the defendant was violating the company’s
rights to the patented invention by importing and selling
rimonabant in Brazil. According to the plaintiff, the
defendant’s actions do not fall under the exceptions,
since Farma Ltda does not manufacture medicines
according to individual prescriptions, but only supplies
the substance to pharmacies. In turn, compounding
pharmacies without having the appropriate permission
to do so, which violates the plaintiff’s rights. As a result,
on April 18,2013, the court in Sdo Paulo decided that the
supply of rimonabant to pharmacies that manufacture

Tom 12, Beinyck 4, 2024

medicines based on it falls under paragraph Il of Art.
43 of the Law on Industrial Property of Brazil®®. The
document states: «43. The provisions of the previous
article do not apply: [...] lll. to the preparation of a drug
according to a doctor’s prescription for individual cases,
performed by a qualified specialist, as well as to a drug
prepared by this way». Thus, the court considered that
the defendant acted in the interests of specific patients,
importing rimonabant for pharmacies, which is used for
the preparation of individual prescription drugs. In this
regard, the court did not see a patent infringement. It
also concluded that the defendant’s advertising aimed
at attracting new customers is not a violation of patent
rights. This case is important because it showed the need
for a broad interpretation of the usual restriction of the
exclusive right provided for pharmaceutical institutions.

It is important to note that the document published
by the Secretariat of the Standing Committee on the Law
of Patents (WIPO, Geneva) following the discussion on
October 14-18, 2024 of exceptions — does not contain
the position of the United States. Though it is in the
United States that compounding pharmacies (in the
United States they are called compounding pharmacies)
have been developing in recent decades and there is
extensive judicial practice.

Attitude of drug manufacturers to the activities
of compounding pharmacies in the USA
and the position of the FDA
According tothe FDAY, doctorsin hospitals and other
medical facilities have the right to give a prescription for
a compounded drug that has not been approved by the
FDA [15]. It is possible in two cases:
1. An FDA-approved drug cannot be used for
a specific patient in case of possible allergic
reaction to certain components or due to the
unavailability of the required form of the drug,
as in the case when a patient cannot swallow a
tablet or capsule due to age and needs to take
the drug in another form, for example, as a
suspension.
2. The drug is on the shortage list at the time of
prescription to the patient.
The fact that a compounded drug is not FDA-
approved, meaning it has not been tested for safety and
efficacy, is the most common primary argument used by

1 Article 43 (lll) of Law No. 9.279 of May 14, 1996, Industrial
Property Law as amended by Law No. 14.200 of September 2, 2021,
Brazil. Available from: https://www.wipo.int/wipolex/ru/legislation/
details/515

% U.S. Food and Drug Administration. Compounding and the FDA:
Questions and Answers. Available from: https://www.fda.gov/drugs/
human-drug-compounding/compounding-and-fda-questions-and-
answers#:~:text=What%20is%20compounding%3F,drugs%20are%20
not%20FDA%2Dapproved
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pharmaceutical manufacturers of original drugs against
the activities of compounding pharmacies. In their
opinion, prescription drugs compounded in a pharmacy
put patients at risk of health loss [16—18], as the lack
of control over the compounding process of such a drug
can lead, for example, to a low or, conversely, excessively
high dose of the active substance [8, 19, 20].

However, in the United States, the FDA regulatory
document contains rules governing the compounding
of drugs in compounding pharmacies® (in Russian
legislation, the analogue of the concept of “compounding
pharmacies” is manufacturing pharmacies). Thus,
sections 503A and 503B of the FDA mainly concern
the compounding of drugs. Section 503A® applies to
the compounding of drugs for humans by a licensed
pharmacist in a state-licensed pharmacy or federal
facility, or by a licensed physician who is not registered
with the FDA as an outsourcing facility’®. Section 503B
applies to the compounding of drugs for patients in
an outsourcing facility. Outsourcing institutions are
a category of drug manufacturers created in 2013
by the Drug Quality and Security Act. Outsourcing
facilities are inspected by the FDA™.

Thus, the activities of both licensed pharmacies
and outsourcing facilities are regularly monitored and
inspected.

It is worth noting that biologicals cannot be
compounded according to sections 503A and 503B of
the Drug Act®. The term “biologicals” is explained in
section 351(i)(1) of the Public Health Service Act (PHS).
The definition of this term includes a vaccine, virus,
toxin and antitoxin, therapeutic serum, blood and its
components, allergenics, as well as a protein (excluding
a chemically synthesized polypeptide) or similar
product, or arsphenamine, or arsphenamine derivative
(any other trivalent organic arsenic compound) used for
the prevention and treatment of a patient’s disease or
condition. Section 351(a)(1) of the PHS Act prohibits the

2.U.S. Food and Drug Administration. FD&C Act Provisions that Apply
to Human Drug Compounding. Available from: https://www.fda.gov/
drugs/human-drug-compounding/fdc-act-provisions-apply-human-
drug-compounding

3 U.S. Food and Drug Administration. Section 503A of the Federal
Food, Drug, and Cosmetic Act. Available from: https://www.fda.gov/
drugs/human-drug-compounding/section-503a-federal-food-drug-
and-cosmetic-act

% U.S. Food and Drug Administration. Text of Compounding Quality
Act. Available from: https://www.fda.gov/drugs/human-drug-
compounding/text-compounding-quality-act

% U.S. Food and Drug Administration. Compounding and the FDA:
Questions and Answers.

% U.S. Department of Health and Human Services, Food and Drug
Administration, Center for Drug Evaluation and Research (CDER),
Center for Biologics Evaluation and Research (CBER). Mixing, Diluting,
or Repackaging Biological Products Outside the Scope of an Approved
Biologics License. Application Guidance for Industry. Available from:
https://www.fda.gov/media/90986/download?attachment
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introduction into commerce of any biologicals unless
“a license... is not valid for the biologicals.” In order
that the FDA approve such a product, it must contain
data demonstrating safety, purity and efficacy, as well
as data that the facility in which the biologicals will be
manufactured, processed, packaged or stored meets
standards developed to ensure that the biological
product continues to be safe, pure and effective
(section 351(a)(2)(C) of the PHS Act). All this is quite
difficult to comply with in the context of compounding
drugs [21-23].

Although American law regulates attentively the
activities of institutions entitled to dispense drugs
by prescription, there are many publications about
litigation concerning the dispensing of drugs
compounded this way.

In particular, the increase of lawsuits is noted,
which is due to the prevalence of the practice of
compounding drugs by prescription. Lawsuits are filed
by pharmaceutical companies and related to the area
of violation of exclusive rights. Lawsuits mainly contain
claims based on:

1. Violation of laws on fraudulent and unfair trade
practices, violation of patent rights, violation of
the Lanham Act (US Federal Trademark Act'®)
due to false statements in product advertising,
as well as violation of trademark rights.

2. Violation of the principles of patient safety
due to the fact that compounded drugs do not
undergo pre-sale testing for safety, efficacy or
quality. Drugs compounded in pharmacies are
not evaluated by the FDA for safety or efficacy,
do not have standard labelling or information on
use, and are not required to report side effects
to the FDA, unlike FDA-approved drugs. Product
quality is assessed inconsistently, and testing is
carried out inconsistently.

3. Patentviolation, as they confirm exclusive rights
to manufacture, use, and sell a patented product.
According to pharmaceutical manufacturers?®,
only pharmacies engaged in compounding
drugs by prescription, and not their suppliers
(i.e., manufacturers of substances), are exempt
from patent infringement.

According to the analysed articles, patent

infringement may be recognized if the compounded

7 Compounding Pharmacies in the US — Market Research Report
(2014-2029). Available from: https://www.ibisworld.com/united-
states/industry/compounding-pharmacies/5706/

8 Intellectual Property Challenges for 503A Pharmacy Compounding.
Available  from:  https://www.frierlevitt.com/articles/intellectual-
property-challenges-for-503a-pharmacy-compounding/

¥ U.S. Food and Drug Administration. Compounding and the FDA:
Questions and Answers.
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drug is “essentially a copy” of a commercially available
drug at the time it is prescribed to the patient?°.

Regarding trademark infringement, most
cases against pharmacies are initiated due to the
compounding of semaglutide?!. Pharmacies are accused
of trademark infringement and unfair competition,
as well as false and misleading advertising. The main
argument in lawsuits is that pharmacies “substitute”
their unapproved compounded drugs, containing
semaglutide, as “Ozempic” or “Wegovy,” or in some
cases promote their products under the guise of these
branded products (Novo Nordisk v. A/S v. Effinger Health
PA Tallahassee Clinic, Case No. 4:23-cv-00265 (D.C. N. D.
June 21, 2023). Specifically, the allegations are that
compounding manufacturers use the brand name
drug in their advertising and promotion on their
website, and that when viewing it, patients wishing
to obtain the original drug are misled by the use of
the trademark on such a site. Another accusation
against pharmacies compounding semaglutide is the
production of unsafe counterfeit “Ozempic”?* [20].
Bloomberg?® describes cases where in Louisiana, one
pharmacy produced nearly 300 vials of injectable

weight loss drug without proper testing for
ontaminants, and in Arizona, a pharmacy mixed
drugs in non-sterile conditions. It led to the development
of side effects in patients.

The problems outlined here show that granting
pharmacies the right to compound drugs entails very
diverse, though very related, issues.

Despite the existence of litigation in foreign
jurisdictions regarding the activities of compounding
pharmacies, numerous articles of foreign authors, it
is noted that dispensing drugs according to doctors’
prescriptions is one of the effective ways to address
the acute drugs shortages?. Licensed pharmacists can
create drugs that are not commercially available due
to production shutdowns, shortages, or other supply
chain issues. Compounding pharmacies serve small
local groups of patients and doctors, locally addressing

2 |bid.

21 Why millions are trying FDA-authorized alternatives to Big Pharma’s
weight loss drugs // Popular Science. Available from: https://
www.popsci.com/health/glpl-compounding-pharmacies-wegovy-
zepbound-copycat-drugs-shortages/

2 Unsafe Ozempic Knockoffs Are Flooding the Market //
Bloomberg. Available from: https://www.bloomberg.com/news/
articles/2024-07-22/ozempic-wegovy-knockoffs-for-weight-loss-are-
flooding-market

2 Unsafe Ozempic knockoffs are flooding the market // BNN Bloomberg.
Available from: https://www.bnnbloomberg.ca/business/2024/07/22/
unsafe-ozempic-knockoffs-are-flooding-the-market/

2 Kumar S. Compounding Inequities Through Drug IP and Unfair
Competition (February 26, 2024). Shweta K., Compounding
Inequities Through Drug IP and Unfair Competition, 102 Wash.
U. L. Rev. (forthcoming 2024), Available from: https://ssrn.com/
abstract=4739356
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shortage issues. Another advantage of compounding
drugs prescription is a personalized approach to
patient treatment? compounding an individual
dose of the drug, an individual compounding of the
drug, an individual dose form of the drug [24, 25].

Development of compounding pharmacies

in Russia as of 2024 in the context of patent law

The legal status of pharmacies in our country is
defined by Federal Law No. 61-FZ of April 12, 2010 “On
the Circulation of Medicines,” which establishes that a
pharmacy organization (pharmacy) is “an organization,
a structural subdivision of a medical organization,
engaged in retail trade of medicines, including remote
sale, storage, transportation, compounding and selling
of medicines for medical use in accordance with the
requirements of this Federal Law?.” Thus, the possibility
of  pharmacies  compounding  drugs initially
stems from the functional characteristics of this
organization. However, carrying out their functions,
pharmacies must act in compliance with intellectual
property law.

The general principle established by the Civil
Code of the Russian Federation is that persons other
than the right holder may not use the relevant result
of intellectual activity or means of individualization
without the consent of the right holder, except in cases
provided for by this law?’.

It is worth noting that a drug consists of
pharmaceutical substances, which may be separately
protected by a patent. According to Article 1358 of the
Civil Code of the Russian Federation, the patent holder
has the exclusive right to use the invention any way
that does not contradict the law. Use of the invention
means — importation into the territory of Russia,
manufacture, further use, including offering for sale, the
sale itself and other introduction into civil circulation
or storage of the product in the creation of which the
invention, utility model or industrial design was used.
Accordingly, to manufacture a drug, it is necessary
either to obtain the consent of the right holder or
to take advantage of one of the exceptions established
by the Civil Code of the Russian Federation.

In Russia, the possibility of one-time compounding of
drugs in pharmacies according to doctors’ prescriptions
using an invention is enshrined at the legislative level

% Health Dimensions Clinical Pharmacy. Compounding pharmacy vs
retail pharmacy: Top 5 ways they’re different. Available from: https://
www.hdrx.com/general/compounding-pharmacy-vs-retail-pharmacy-
top-five-ways-theyre-different/

% Clause 35 of Article 4 of Federal Law No. 61-FZ dated April 12, 2010
“On the Circulation of Medicines”. Available from: http://pravo.gov.ru/
proxy/ips/?docbody=&nd=102137440&ysclid=m720ikunte627102595
27 Paragraph 1 of Article 1229 of the Civil Code of the Russian
Federation. “Exclusive right.” Russian
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(subparagraph 5, paragraph 1, Article 1359 of the
Civil Code of the Russian Federation?). Such action is
not considered a violation of patent rights. It is worth
noting that the resurgence of compounding pharmacies
in Russia began in 2022. Since 2023, pharmacies have
again begun to compound drugs according to doctor’s
prescriptions with individual dosages. However, to date,
the practice of litigation concerning violations of the
exclusive rights of substance or drug owners has not yet
been developed.

There are very few articles on the objective,
interpretations of the specified norm of the Civil Code
of the Russian Federation. At the same time, it is
worth mentioning the following comment of Russian
specialists in the field of patent law?: “...5. Subparagraph
4 of paragraph 1 of the commented article further limits
the scope of the exclusive right of the patent holder,
preventing its extension to personal, family, household
or other needs not related to entrepreneurial activity, if
the purpose of such use is not to obtain profit (income).
On the one hand, this approach reflects the legislator’s
desire to establish a balance of interests between both
the patent holder and society. On the other hand, we are
talking about a sphere in which the number of persons
using an invention, utility model, industrial design can
be so large, and the scale of use by each of them is so
small that the realization of the patent holder’s rights
and the protection of his interests by the state become
practically impossible. 6. The provision contained in
subparagraph 5 of paragraph 1 of Article 1359 is due
to reasons similar to those listed in the commentary to
subparagraph 4.”.

Thus, one of the reasons for the existence of
this rights’ limitation is the practical impossibility of
prohibiting such a variant of using the relevant objects
of patent law.

At the same time, it is very important that there
is no introduction of the obtained products into civil
circulation in this case: “Contrary to popular belief,
in this case there is no need for a special indication
that for the free use of medicines it is not enough to
manufacture it, it is also necessary to sell it, i.e. put it
into circulation. There is no “sale” here: the medicine
is made for a fee, but at the request of the person
presenting the prescription, i.e. there is a contract. So,
the mentioned process does not allow the introduction
of the compounded drug into circulation (the sale of the

28 Paragraph 1 of Article 1229 of the Civil Code of the Russian
Federation. “Exclusive right.” Russian

2 Gorlenko SA, Kalyatin VO, Kiriy LL, Kozyr OM, Korchagin AD,
Orlova VV, Pavlova EA, Sinelnikova VN, Stepanov PV,
Trakhtenherts LA, Shilokhvost OYu. “Commentary to the Civil Code
of the Russian Federation (Part four) (article-by-article)”. Moscow:
Infra-M Publishing House, 2016. Russian
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manufactured drug by the customer will be a violation
of the exclusive right)®°.”

Thus, the danger of such actions is minimal for the
interests of the right holder, and the social significance is
very high. It should be noted that this norm of the Civil
Code of the Russian Federation concerns only the direct
compounding of drugs, but not preparatory actions. This
means that the pharmacy must purchase pharmaceutical
substances that have been put into civil circulation.

At the same time, the storage of drugs compounded
in accordance with this norm of the Civil Code of the
Russian Federation does not require the author’s
permission. This general rule, which operates in the field
of intellectual property [26], was clearly expressed by
the Supreme Court of the Russian Federation in relation
to copyright objects: “The storage of a material carrier
in which a copyright object is expressed, without the
purpose of introducing it into civil circulation, is not an
independent way of using the work, and therefore such
storage does not require special consent of the copyright
holder3t”

It is obvious that a drug compounded on the basis
of a prescription can be used repeatedly by one patient.
Or a doctor can use the same prescription for several
patients. But it is important to note that “it is not the
production of drug by the pharmacy in advance for sale,
but the compounding of drugs in each individual case —
upon receipt of a doctor’s prescription from the buyer.
At the same time, the indication “one-off production”
refers only to the actions of the pharmacy; the doctor’s
prescriptions are not limited in their number.” Therefore,
the pharmacy cannot produce the drug in advance - in
anticipation of a request from potential customers, it
must always respond to a specific prescription.

It is obvious that pharmacists should have possibility
to compound specific drugs according to doctors’
prescriptions without risking being accused of infringing the
rights of patent holders. This will facilitate access of the
population to drugs, especially in critical situations (for
example, temporary absence of a certain form or dosage
of the medicine on the market) [27-29].

Russian legislation generally allows pharmacies to
carry out their functions, but limiting the permit to only
a “specific prescription” makes it difficult to compound
drugs that require a long and complex process. Since
“make-to-stock” is not allowed for pharmacies, the

30 Article-by-article commentary to the Civil Code of the Russian
Federation, Part Four; Valeeva NG, Vsevolozhsky KV, Gongalo BM, et al.;
edited by Krasheninnikov PV; Moscow: Statute; 2011. Russian

31 Paragraph 92 of the Resolution of the Plenum of the Supreme
Court of the Russian Federation dated 04/23/2019 No. 10 “On the
application of Part Four of the Civil Code of the Russian Federation”.
Available from: https://www.consultant.ru/document/cons_doc_LAW
_323470/?ysclid=m72140z5gy36622264. Russian
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production process must begin only after receiving
a prescription from the client, which means that the
client may receive the required drug very soon. One
possible way to reduce the severity of this problem
could be to allow pharmacies directly use contractors
to fulfill a specific request (and not just produce drugs
themselves). However, this will not completely eliminate
the issue; it is clear that it requires discussion in order
to find a mutually acceptable option for regulating the
activities of pharmacies. It also requires disclosure (for
example, at the level of documents of the Supreme
Court of the Russian Federation) of the concept of one-
time manufacturing, which may expand the capabilities
of pharmacies. Perhaps some completely new solution
is also needed.

DISCUSSION

The article provides an overview of modern
approaches to the operation of compounding
pharmacies and the connection of their activities with
the violation of the exclusive rights of manufacturers of
original drugs. This analysis examines the advantages
of compounding pharmacies for doctors, patients, and
the state. The current trend regarding the development
of compounding pharmacies in Russia is highlighted.
The key aspect of pharmaceutical compounding is the
possibility of an individualized approach to treatment,
as well as a quick response to drug shortages [29-31].

The review of foreign practices, on one hand,
demonstrates a neutral attitude towards the activities
of compounding pharmacies in most countries
(according to the position described in the WIPO final
document), and, on the other hand, shows that the
active development of such institutions, for example, in
the USA, correlates with the growth of litigation related
both to violation of patent rights and trademarks [29,
32, 33]. Due to the fact that the stage of formation of
compounding pharmacies is currently taking place in the
Russian Federation, it is advisable to take into account in
detail the judicial practice of foreign countries in which
such pharmacies are widespread when forming Russian
legislation [34-36]. This will allow to neutralize the risks
of violating both patient rights and the exclusive rights
of copyright holders of original drugs [37]. In the context
of discussing the risks of drug shortages, the experience
of Dutch scientists [38] is of interest, who in 2022, in
the context of a shortage of pilocarpine solution on
the market (used to diagnose such an orphan disease
as cystic fibrosis), conducted a comparative study of
the prepared solution in a compounding pharmacy
and the original drug. Thus, the study showed similar
levels in the concentrations of chloride obtained in the
two pilocarpine solutions. This allowed the authors of

Tom 12, Beinyck 4, 2024

the article to conclude that the use of compounding
pharmacies for the rapid replacement of drugs
unavailable on the market is promising and effective.
The issue of manufacturing specifically orphan drugs
within the framework of compounding pharmacies
and hospital pharmacies is increasingly being raised in
various countries [39-41]. The need for the availability
of such drugs for patients, the number of which is very
small, is being discussed. Compounding pharmacies can
meet this demand. However, this issue is closely related
to the interests of developers of original drugs, whose
exclusive rights, on one hand, should not be a barrier
to saving patients with orphan diseases, and, on the
other hand, should not prevent the creation of new
drugs as a result of the loss of a stimulating factor for
manufacturers [42, 43]. The last aspect is related to the
fact that the development of new drugs is a long research
process requiring financial costs. Often the result of such
research can be unpredictable. Granting exclusive rights
to manufacturers of original drugs is an important incentive,
allowing developers to be motivated and, thanks to a
temporary monopoly, to compensate for their costs®?
[44—-46].

It should be noted thatissues related to the activities
of compounding pharmacies in other countries [47, 48]
do not differ significantly from those arising in Russia.
In this regard, it is advisable to take into account the
above problems.

The rise of compounding pharmacies in the Russia
may lead to an increase in litigation relating, inter alia,
to infringement of the exclusive rights of copyright
holders. In this regard, it is advisable to pay attention
to the formation of regulatory legal acts governing the
activities of such pharmacies. On the one hand, they
should regulate the procedure for the activities of
such pharmacies that are permissible in terms of the
production of drugs according to a doctor’s prescription,
and, on the other hand, in the event of a legal dispute,
clarify the legal aspects of such activities.

CONCLUSION

In conclusion of this article, it can be noted that due
to the adoption of legislative changes in Russia, which
became an important step in the development of drug
compounding in pharmacies, it became necessary to
study foreign practice in this area, especially judicial
practice. The study of the development of compounding
pharmacies and possible risks of violation of exclusive
rights to drugs made it possible to better understand

32 The Role of Patents and Regulatory Exclusivities in Drug
Pricing (R46679). Available from: https://crsreports.congress.gov/
search/#/?termsToSearch=The%20Role%200f%20Patents%20and%20
Regulatory%20Exclusivities%20in%20Drug%20Pricing&orderBy=Relevance
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the positions of foreign patent offices, courts of various
jurisdictions, as well as WIPO.

The study also showed that the concept of WIPO and
most countries supports objectives aimed to encourage
innovation and does not limit ways to meet the needs
of patients through the use of personalized drugs
according to individual prescriptions. Conceptually, in
most countries, the law regarding intellectual property
in terms of the possibility of compounding a patented
drug in a pharmacy according to a doctor’s prescription
is formulated the same way — this is not a violation of
the exclusive rights of the patent holder of the original
drug. At the same time, according to practice, for
example, in the USA there is a number of legislative
norms regulating the control over the activities of such
pharmacies. However, the study revealed the existence
of lawsuits in this country regarding violations of the
exclusive rights of manufacturers of original drugs in the
field of their manufacture.

The resurgence of the practice of drugs
manufacturing in compounding pharmacies is a very
promising area, especially in the context of a constantly
emerging shortage. However, taking into account foreign
experience, in particular the experience of the United
States, it is advisable to work out in detail the issue of
legislative regulation of the activities of such pharmacies
and mechanisms for monitoring their activities, as well as
to work out the issue of measures to prevent pharmacies
from violating the exclusive rights of manufacturers of
original drugs. It is important to maintain a balance — on
the one hand, pharmaceutical patents should not restrict
the doctor’s freedom to prescribe drugs in the interests
of the patient’s health. On the other hand, thanks to
intellectual property, namely exclusive rights, which are
granted to developers, the creation of the very drugs
that support or restore the health of the population
is stimulated, subject to temporary compensation to
developers for costs.
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