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ESENTA ABORDARII SISTEMICE  THE ESSENCE OF THE SYSTEMIC
S| EVIDENTIEREA PROBLEMELOR APPROACH AND THE HIGHLIGHTING OF
SISTEMULUI FARMACEUTIC PHARMACEUTICAL SYSTEM PROBLEMS

Stela Adauiji, Vladimir Safta
Catedra de farmacie sociala , Vasile Procopisin”,
Universitatea de Stat de Medicina si Farmacie .Nicolae Testemitanu” din Republica Moldova

Autor corespondent: stela.adauji@usmf.md

Summary. The article presents the synthesis of the basic characteristics of the systemic methodology and highli-
ghts the place, essence and practical applicability of the systemic approach. Based on the principles of the systemic
approach, a number of problems faced today by the pharmaceutical system of the Republic of Moldova have been
highlighted. The highlighted issues can serve as strategic research directions in order to strengthen the functiona-
lity of the pharmaceutical sector aimed at obtaining benefits for human health.

Keywords: system, systemic approach, pharmaceutical system, problems.

Rezumat. In articol se prezinta sinteza caracteristicelor de baza ale metodologiei sistemice si se evidentiaza locul,
esenta si aplicabilitatea practica a abordarii sistemice. In temeiul principiilor abordarii sistemice au fost scoase in
evidenta un sir de probleme cu care se confrunta astazi sistemul farmaceutic al Republicii Moldova. Problemele
evidentiate pot servi ca directii strategice de cercetare in scopul fortificarii functionalitatii sectorului farmaceutic
orientate spre obtinerea beneficiilor pentru sanatatea omului.

Cuvinte cheie: sistem, abordare sistemica, sistem farmaceutic, probleme.

INTRODUCERE

Incd in a.1994, liderii managementului pe atunci
M. Meskon, M. Albert si F. Hedouri considerau ca in baza
abordarii sistemice vor fi sintezate noi cunostinte si te-
orii, care se vor elabora si se vor manifesta in viitor [9].
Tindnd cont de domeniile in cercetarea caror astazi se
aplica abordarea sistemic3, se poate afirma cu certitudine
ca acel viitor, la care se refereau cei trei autori mentionati
mai sus, a sosit. Atingerea acelor pronosticuri se datorea-
za, ca tot mai multi cercetatori contemporani constien-
tizeaza ca orice obiect de studiu care reprezinta sistem
sau parte componentd, element al unui sistem, poate si
trebuie sa se bazeze pe abordarea sistemica.

SCOPUL LUCRARII

Analiza sistemica a esentei abordarii sistemice, prin-
cipalelor ei caracteristici si, in temeiul principiilor acestei
metodologii a stiintei - evidentierea unor probleme ale
sistemului farmaceutic al Republicii Moldova.

MATERIAL $1 METODE

Drept material a servit literatura de specialitate, le-
gislatia farmaceutica a Republicii Moldova si continutul
sistemului farmaceutic, iar in calitate de metode au fost

utilizate cea de content-analiza, analiza istorica, analiza
logica, decompozitia, analiza functionalitatii.

REZULTATE

Fondatori ai teoriei generale a sistemelor (TGS) si a
abordarii sistemice sunt considerati Al. Al. Bogdanov
(1873-1928), care a pus temelia teoriei generale a or-
ganizarii ca stiintd despre reorganizarea structurald a
sistemelor si Karl Ludwig von Bertlanffy (1901-1972), bi-
olog austriac, care, in a. 1920, pentru prima data in isto-
ria stiintei a initiat cercetarea ,studiul organismelor ca
sisteme”. La dezvoltarea TGS si a conceptului abordarii
sistemice si-au adus aportul un sir de savanti (aa. 30-90
ai sec XX), inclusiv: A. Bogdanov, G. Saimon. P. Druker,
N. Viner, A. Ceandler, I. Blauberg, E. ludin, A. Sala, R. Fei-
jin, V. Sadovski, C. Churchman, P. Kaliu, P. Gluscov et al.
in Republica Moldova, cercetari cu aplicarea principiilor
abordarii sistemice au fost realizate pentru prima data de
catre V.I. Kant si V.I. Procopisin (1973), V.N. Safta (1980,
1998) [5. 10, 12, 16, 22, 23].

In figura 1 se demonstreaza locul abordarii sistemice
si a altor notiuni utilizate in cercetari ce se realizeaza cu
aplicarea metodologiei sistemice [2, 3, 8, 11, 21, 22].
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Figura 1. Locul abordarii sistemice (sistemismului) in metodologia sistemica

Dupa cum se observa din aceasta schema, abordarea
sistemica, de rand cu alte notiuni caracteristice metodo-
logiei sistemice, este parte componenta a acestei meto-
dologii. Trebuie mentionat faptul cd metodologia siste-
mica contine doua parti componente de baza, si anume:
TGS si Filozofia sistemelor. Afara de aceasta, in cercetarea
sistemelor se folosesc pe larg astfel de notiuni ca: Analiza
sistemicd, Principiul sistemicitdtii, Analiza factoriald, Cer-
cetare sistemicd, Analiza sistemico-functionald si altele.
Aceasta se referd la teorie. Cat priveste aplicabilitatea
practica, toate aceste notiuni, inclusiv Metodologia siste-
micd, TGS, Filozofia sistemelor si altele, sunt inglobate sau
chiar substituite de notiunea ABORDARE SISTEMICA sau
SISTEMISM.

Evident ca teoria nu poate fi ignoratd. TGS este ne-
cesara pentru formarea bazelor teoretice generale ale
cunoasterii sistemice si a metodologiei sistemice. Astfel,
TGS include urmatoarele 4 componente de baza [4]:

= Ontologia sistemicd - teoria generala a constructiei,
functionarii si dezvoltarii sistemelor;

= Gnoseologia sistemicd - teoria generala a cunoasterii
sistemelor;

= Praxiologia sistemicd - teoria generald a organizarii
sistemelor;

= Metasistemologia - metodologia dezvoltarii TGS si a
transpunerii rezultatelor ei in diverse domenii ale sti-
intei si practicii

Reiesind din cele 4 componente de baza ale TGS, esen-
ta abordarii sistemice consta in descrierea si controlul
complexitatii sistemului, fapt ce poate fi realizat datorita
fortei cognitive ale celor 4 postulate ale sistemismului si
anume:

= Postulatul pertinentei: valentele oricarui fenomen,
oricarei relatii, eveniment sau obiect se definesc prin
raportarea la intentiile implicite sau explicite ale ana-
listului;

= Postulatul globalitétii: recomanda a considera intot-
deauna obiectul sau realitatea ce trebuie cunoscute
ca parti integrante si active in cadrul unui ansamblu
mai cuprinzator;

= Postulatul teleologic: presupune a interpreta obiectul
nu prin el insusi, ci prin comportamentul sau;

= Postulatul agregativitdtii: conform caruia orice re-
prezentare, explicatie sau analizd este partizana,
(adicd este sustinutd de cineva) fiind necesara, in
consecinta, examinarea unor solutii susceptibile de
a dirija selectarea agregatelor considerate pertinente
si excluderea iluziei ca este posibila analiza exhausti-
va a elementelor considerate [1].

Tinadnd cont de aspectele mentionate, se contureaza
urmatoarea definitie a abordarii sistemice: ,Abordare sis-
temica - directie a filozofiei si a metodologiei stiintei, a
cunoasterii stiintifice speciale si a practicii corespun-
zdtoare, la temelia cdrei se afla cercetarea obiectelor
ca sisteme” [16, 15, 24, 21, 18]. Ce fel de sisteme? - di-
verse: sociale, naturale, politice, mecanice, economice, de
sdndtate, de gdndire, electronice etc, etc.

Definitia abordarii sistemice sugereaza cercetatorului
unui sistem sau a unei parti componente ale unui sistem
sa abordeze urmatoarele 8 aspecte:

= aspectul elemento-sistemic si al sistemo-complexi-
tatii: care sunt elementele sistemului si complexita-
tealor;

= aspectul sistemo-structural: se reduce la evidentie-
rea relatiilor din interiorul sistemului;

= aspectul scopului sistemic: stabileste necesitatea ar-
gumentarii stiintifice a scopului general si a sarcinilor
cerezulta din el;

= aspectul sistemo-functional: pune in evidenta func-
tiile sistemului si orientarea lor la scopul final;

= aspectul resurselor sistemice: de ce resurse are ne-
voie sistemul pentru asigurarea bunei functionalitati;

= aspectul sistemo-integrational: determina totalita-
tea capacitatilor calitative care asigura integritatea
sistemului;

= aspectul sistemo-comunicational: care permite evi-
dentierea relatiilor externe ale sistemului;

= aspectul sistemo-istoric: permite precizarea condi-
tiilor de formare a sistemului, etapele dezvoltarii Iui,
starea actuala, precum si perspectiva dezvoltarii [14,
17, 20, 23].

Pot fi abordate toate aceste 8 aspecte, dar poate fi su-
pus cercetarii doar un aspect sau cateva, aceasta depinde
de scopul pe care si |-a pus cercetatorul.

Avand in vedere cele mentionate pana acum, putem

5
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afirma ca o cercetare bazata pe AS se caracterizeaza prin
urméatoarele 4 particularitati [4, 8]:

= complexitatea obiectelor de studiu;

= dificultati de structurizare si formalizate a obiectului
de studiu;

= accent pe sinteza, pe reflectarea obiectului complex;

= rezolvarea problemelor sistemului in baza analizei
multioptionale.

Asa dar, in ce consta inovatia abordarii sistemice in ra-
port cu metodele traditionale ale cunoasterii?

In primul rénd notiunile si principiile abordarii sistemi-
ce evidentiaza o realitate mai ampla in comparatie cu me-
todele traditionale.

In al 2-lea rand, abordarea sistemica contine o nou
schema care ldamureste realitatea, la baza carei sta cau-
tarea de mecanisme ce explica integritatea obiectelor si a
tipologiei relatiilor intre partile componente.

Siin al 3-lea rdnd, este posibild demonstrarea integri-
tatii obiectelor, a structurii si dinamicii lor [6].

In ultimele decenii abordarea sistemica tot mai des se
aplica in cercetarea farmaceutica.

Directiile domeniului farmaceutic, cercetarea caror se
bazeaza pe abordarea sistemica sunt:

1. Medicamentul si consumatorul lui. E notoriu faptul,
ca organismul uman este cel mai complicat sistem
biologic. Aplicarea medicamentului ca factor extern
asupra acestui sistem, il transforma in mod inevitabil
in obiect al cercetarii cu aplicarea abordarii sistemice.

2. Sistemul farmaceutic ca parte componenta a siste-

mului de sanatate.

. Legislatia farmaceuticd ca parte componenta a sis-
temului de drept.

. Organizatia/intreprinderea farmaceuticd.

. Resursele umane in domeniul farmaceutic.

. Securitatea farmaceuticd.

Determinarea necesarului de medicamente.
Abordarea sistemica ca metodologie se bazeaza pe
un sir de principii (la moment - peste 30) [7, 12, 13, 19]. In
prezenta cercetare, pentru evidentierea problemelor sis-
temului farmaceutic al RM, au fost enumerate doar acele
principii, care la viziunea autorilor, sunt cele mai actuale
pentru analiza sistemului farmaceutic al Republicii Mol-
dova. Acestea sunt principiile: Scopului final; Integritatii;
Optimizdrii; Functionalitdtii; Unicitdtii; Dualitétii; Descen-
tralizdrii; Informatizdrii; Legalitatii; Profesionalismului si
al Organizadrii.

Principiul scopului final. Scopul final al sistemului de
sanatate, parte componentd a carui este sistemul farma-
ceutic, este expus in documente de politici si este formu-
lat astfel: ,Crearea conditiilor optime pentru realizarea
maximd a potentialului de sdndtate al fiecdrui individ pe
parcursul intregii vieti si atingerea unor standarde adec-
vate de calitate a vietii populatiei”.

Totodata, scopul sistemului farmaceutic, formulat in
Politica de Stat a Medicamentului, nu este orientat spre
realizarea scopului final al sistemului de sanatate. Condu-
candu-ne de cerinta privind absenta contradictiilor in ca-
drul sistemului, scopul final al sistemului farmaceutic poa-

[$N]
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te fi: ,Contributii la realizarea scopului final al sistemului
de sdndtate prin asigurarea procesului de medicatie a
fiecdrui individ cu medicamente si alte produse medi-
co-farmaceutice necesare, eficiente, inofensive, de cali-
tate conformd si accesibile.” Principiul scopului final este
interdependent cu principiul dualitatii, deoarece sistemul
farmaceutic, fiind subsistem al sistemului de sanatate,
totodata este un sistem ce consta din mai multe subsis-
teme si fiecare din aceste subsisteme isi are scopul sau, la
fel orientat spre scopul final al sistemului farmaceutic, iar
in consecinta - si al sistemului ierarhic superior - sistemul
de sanatate.

Principiul unicitatii si cel al integritdtii. in RM aces-
te principii ar putea fi numite principiile lui PROCOPISIN.
De ce? Fiindca profesorul Vasile Procopisin pentru prima
data in istoria farmaciei a folosit si a descris aceste prin-
cipii, aplicandu-le in amplasarea farmaciilor in localitatile
rurale din Republica Moldova. Reglementarile la acest ca-
pitol sunt:

1. Farmacia este o intreprindere farmaceutica - parte
componenta a sistemului de sanatate (Art. 19 al Legii
1456/1993 si pct. 3.6 al Politicii de Stat in domeniul
Medicamentului (PSM) HP 1352/2002).

2. Activitatea farmaceutica - domeniu stintifico-prac-
tic al ocrotirii sanatatii... (Art. 1 al Legii 1456/1993).

Dar aceasta nu trebuie s& fie doar o declaratie. in re-
alitate, in ultimii ani, a disparut colaborarea medic - far-
macist, intreprindere farmaceuticd - institutie medi-
co-sanitara, activitatea caror trebuie s fie orientata spre
obtinerea beneficiilor de sanatate pentru pacient.

Principiul ierarhizdrii. Acest principiu presupune
necesitatea respectarii relatiilor de subordonare in ca-
drul unui nivel ierarhic: AMDM - Subordonata MSMPS, iar
MSMPS - Guvernului (figura 2).
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Figura 2. Principiul ierarhizarii

Care este situatia de factoin acest, domeniu? incepand
cu 6 aprilie 2017, prin Legea nr.63, AMDM este subordona-
t& direct Guvernului. In aceast? situatie s-au intensificat
disfunctionalitatile din cadrul sistemului farmaceutic:
= in acte normative farmaceutice tot mai des apare ..co-

mertul”;
= legile 236 si 240 din 16.12.2020 sunt niste norme im-

potriva sanatatii;
= concurenta neloiald acceptata tacit de organismele
competente etc.

Principiul decentralizarii este unul interdisciplinar.
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Totodata este si 0 normé constitutionald (Art. 109, alin.(1),
CRM) si un principiu al conducerii si unul al democratiei,
precum si de organizare si functionare a administratiei
publice. Aici trebuie de mentionat faptul existentei unei
neconformitati cu PSM: absenta retelei farmaceutice de
stat. Deci, nu e retea - nu e decentralizare. Astazi exista o
centralizare excesiva a coordonarii cu sistemul farmaceu-
tic. Existenta acestei probleme genereazd multiple incal-
cari ale legislatiei, ineficienta controlului farmaceutic etc.

Tn temeiul altor principii ale abordérii sistemice, cum ar
fi: al functionalitatii, legalitdtii, profesionalismului, optimi-
Zz@rii, informatizdrii etc., suplimentar, au mai fost puse in
evidenta inca un sir de probleme ale sistemului farmaceu-
tic al Republicii Moldova, inclusiv:

= implicarea personalului necalificat in activitatea far-
maceutica;

= concurenta neloiala pe piata farmaceutica;

» ignorarea dezvoltarii farmaciei clinice;

= reglementare neconforma/insuficientd a unor domenii;

= blocarea promovarii GPP;

= ignorarea medicatiei individualizate (partial);

= ineficienta controlului farmaceutic (cazuri);

= asigurarea informationald insuficienta a SF;

= minimizarea rolului AFRM in activitatea practica;

= pasivitatea activitatii AFRM;

= absenta statisticii farmaceutice;

= ignorarea principiilor eticii si deontologiei profesionale;

= ignorarea normelor privind asigurarea transparentei
decizionale;

= informatizarea insuficientd a societatii.

Mai sunt si alte neconformitati, cum ar fi: ignorarea
principiului dezvoltarii strategice (la moment strategia
dezvoltarii sistemului farmaceutic este absenta), cazuri
de ignorare a conceptului utilizarii rationale a medicamen-
telor etc.

CONCLUZIE

Abordarea sistemica este acea metodologie a cer-
cetarii farmaceutice care asigura: punerea in evidenta
a realitatii; consolidarea si eficientizarea functionalitatii
sistemului farmaceutic; buna calitate a produselor, pro-
ceselor si serviciilor; inlaturarea situatiilor de risc, esec,
soc a sistemului; dezvoltarea ulterioara corecta, orienta-
ta spre realizarea eficienta a scopului final al sistemului
farmaceutic si a celui ierarhic superior - al sénatatii.
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CU ACTIUNE ANTIFUNGICA.
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Summary. Fungal infections are an important chapter of infectious pathology, their incidence increasing conside-
rably due to the widespread use of antibiotics, cytostatics and immunosuppressants.

The study of the structure-activity relationship showed that the presence of 2,4-CI-C6H4 as R1 substituent and
4-N0O2-CéH4 as R2 substituent is beneficial for antifungal activity. Nitrotriazon also possesses antibacterial acti-
vity, so the 1,2,4-triazole portion can influence physicochemical parameters, such as hydrogen binding, fat solubi-
lity, polarity, can influence pharmacodynamics, pharmacokinetics and toxicity. 1,2,4-Triazoles act as pharmacop-
hores by interacting with high affinity biological receptors due to their dipole character, hydrogen binding capacity,
rigidity and solubility. Hybridization of 1,2,4-triazole derivatives with other pharmacophores has a high potential to
develop new drugs.

Key words: Nitrotriazon, 1,2,4-triazole, antifungal, structure-activity

Rezumat. Infectiile fungice reprezinta un capitol important al patologiei infectioase, incidenta acestora crescand
considerabil ca urmare a utilizarii pe scara larga a antibioticelor, citostaticelor siimunosupresoarelor. Studiul relatiei
structura-activitate a demonstrat ca prezenta a 2,4-CI-C6H4 ca substituent R1 si 4-NO2-C6H4 ca substituent R2
este benefica pentru activitatea antifungica. Nitrotriazonul poseda si activitate antibacteriana, astfel portiunea
1.2,4-triazol poate influenta parametrii fizico-chimici, cum ar fi legarea hidrogenului, liposolubilitatea, polaritatea,
pot influenta farmacodinamica, farmacocinetica si toxicitatea. 1,2,4-triazolii actioneaza ca farmacofori prin inter-
actiunea cu receptorii biologici cu afinitate ridicata datorita caracterului lor dipol, capacitatii de legare a hidrogenu-
lui, rigiditatii si solubilitatii. Hibridizarea derivatilor 1,2,4-triazolului cu alti farmacofori prezinta un potential ridicat
de a dezvolta noi medicamente.

Cuvinte cheie: Nitrotriazon, 1,2,4-triazol, antifungic, structura- activitate

INTRODUCERE de dificultati de diagnostic, de tratament si de o rata de

Infectiile fungice reprezintd un capitol important al
patologiei infectioase, incidenta acestora crescand consi-
derabil ca urmare a utilizarii pe scara larga a antibioticelor,
corticosteroizilor, citostaticelor si a medicamentelor imu-
nosupresoare. Aceste infectii sunt, in prezent, o problema
din ce in ce mai frecventa si mai dificil de gestionat, mai
alesin sectiile de terapie intensiva, fiind grevate de o serie

mortalitate foarte ridicata [1].

Din punct de vedere clinic, candidoza si aspergiloza re-
prezinta 80%-90% din infectiile fungice sistemice la paci-
entii imunocompromisi. In timp ce cercetarea antifungica
este in principal axata pe infectii fungice sistemice, der-
matomicozele sunt printre cele mai raspandite si comune
infectii fungice umane superficiale si cutanate [2].
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Mai mult de 90% din decesele raportate asociate fun-
gice rezulta din specii apartinand a trei genuri: Crypto-
coccus, Candida si Aspergillus, insa exista rapoarte tot
mai mari de infectii cu agenti patogeni rari / emergenti,
inclusiv candida non-albicans species, ciuperci oportu-
niste asemanatoare drojdiei (de exemplu, Trichosporon
si Rhodotorula spp.), non-fumigatus Aspergillus spp.,
zigomicete si mucegaiuri hialine (de exemplu, Fusarium
si Scedosporium spp.). Ciuperci dimorfice precum Blas-
tomyces dermatitidis, Histoplasma capsulatum si Sporo-
thrix schenckii au fost, de asemenea, asociate cu infectii
fungice grave la gazda imunocompromisa [3, 4].

Agentii antifungici de triazol, joaca un rol important in
tratamentul infectiilor fungice sistemice datorita spectru-
lui larg si profilului de siguranta imbunatatit [5]. Avand in
vedere ca terapia pe termen lung cu azoli are ca rezultat
- rezistenta, este nevoie de noi agenti antifungici cu mai
putine efecte adverse pentru a trata aceste infectii fun-
gice care ameninta viata [2, 6], ceea ce i-a impulsionat pe
cercetatori de a dezvolta noi triazoli cu spectru larg, cu
impact ridicat, usurintd de administrare si toxicitate sca-
zutd pentru a invinge rezistenta [7].

REZULTATE SI DISCUTII

Majoritatea medicamentelor contin derivati de com-
pusi heterociclici ca componente active. Printre aces-
tea, un loc special este ocupat de compusii heterociclici
cu cinci membri contindnd azot, in special 1,2,4-triazolii.
Antifungicele din clasa triazolilor au un spectru mult mai
larg de aplicatii in comparatie cu imidazolii, ceea ce face
ca aceasta clasa de azoli sa fie obiectivul principal al nu-
meroase entitati farmaceutice [8].

Azolii si derivatii lor s-au dovedit a fi medicamente-
le alese pentru tratamentul infectiilor fungice sistemice
precum Candidoza, Cryptococoza si Aspergiloza, datorita
spectruluilor larg si potentialului ridicat. Cu toate acestea,
activitatea impotriva Zygomycetes, Fusarium si Scedos-
porium spp. este mai limitata. Azolii au activitate fungis-
tatica impotriva Candida si activitate fungicida impotriva
Aspergillus, cu toate acestea, concentratia necesara pen-
tru a inhiba cresterea depinde de natura speciilor infec-
tante [3, 9].

Heterociclii au o importanta deosebita in descoperirea
medicamentului, deoarece heteroatomii prezentiin ei fac
legaturi de hidrogen cu receptorii prezenti in organism si,
astfel, actiunile lor farmacologice sunt semnificative. Tri-
azolul, cunoscut si sub denumirea de pirodiazol, este unul
dintre clasele de compusi heterociclici organici care con-
tine un inel cu cinci membri di-nesaturati compus din trei
atomi de azot si doi atomi de carbon in pozitii care nu sunt
adiacente avand formula molecularéd CH,N, Cei doi izo-
meri de triazol sunt 1,2,4-triazolul si1,2,3-triazolul, care au
un numar de cinci membri, inel de doi atomi de carbon si
trei atomi de azot [10].

1.2,4-triazolul actioneaza ca izoster al amidei, este-
rului si acidului carboxilic. Poate fi derivat format din pi-
razol prin substitutia unui atom de carbon in pozitia 4 cu
atom de azot. 1,2,4-triazolul exista in doua forme tauto-
mere: 1H-1,2,4-triazol este mai stabil decat 4H-1,2,4-tri-
azol [7, 10].

Medicamentele antifungice triazole actioneaza puter-
nic prin inhibarea activitatii enzimei care depinde de cito-
cromul P450, lanosterolul 14-a-demetilaza (CYP51), care
este enzima cheie in biosinteza ergosterolului ciupercilor,
componenta semnificativa a membranei celulare fungice,
care mentine fluiditatea membranei, avind rolul unei bari-
ere de permeabilitate [7, 11].

1.2,4-triazolii actioneaza ca farmacofori importanti prin
interactiunea cu receptorii biologici cu afinitate ridicata
datoritad caracterului lor dipol, capacitatii de legare a hi-
drogenului, rigiditatii si solubilitatii. Acest motiv face parte
integranta dintr-o varietate de medicamente disponibile
in terapia clinica, inclusiv antifungice, anxiolitice, anticon-
vulsivante si hipnotice, antiplachetare, antidepresive, an-
ticancer, antivirale, anticonvulsivante si altele [7]. Derivatii
de 1,2,4-triazol au 0 gama larga de activitati farmacologice
diferite, care depind in principal de natura substituentilor
[12]. S-a dovedit ca compusii de triazol care contin unul
sau mai multe inele 1,2,4-triazol contin unele dintre cele
mai puternice proprietati antifungice [13].

Inacest studiu este cercetatun nou derivat de 1,2,4-tri-
azol: 1-(2,4-diclorofenil)-3-(4-nitrofenil)-2-(1H-1,2,4-tri-
azol-1-ilJprop-2-en-1-one (Nitrotriazon, C_H,C,N,0,).
sintetizat in Laboratorul de sinteza organica a Institutului
de chimie. Nitrotriazonul are masa molara M=389 g/mol, si
formula de structura prezentata in (Figura 1).

Cl O

Figura 1. Formula de structura a Nitrotriazonului

Opt derivati de triazol, printre care si Nitrotriazonul,
au fost evaluati pentru activitatea antimicrobiana (Figu-
ra 2). Toti compusii testati au prezentat o buna capacita-
te de inhibare a bacteriilor si ciupercilor. Studiul relatiilor
structura - activitate a Nitrotriazonului, a demonstrat ca
prezenta 2,4-CI-CH, ca substituent R, si 4-NO,-C,H, ca
substituent R, este benefica pentru activitatea antifungi-
ca. Inlocuirea Me,CHCH,(2h) cu 2,4-Cl- C,H, si4-NO,-CH,
inR, cu 3,5 (Bu) 2-4-0H-C,H, a condus la compusul 2g cu
activitate scazuta. Activitatea a scazut mai mult cu pre-
zenta gruparii 2-naftil ca substituent R, si gruparii 4-di-
metilaminofenil ca substituent R, (2d), in timp ce prezenta
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gruparii fenil ca R, si 3-hidroxi fenil ca substituent R, este
daunatoare pentru activitatea antifungica.

R RLGHO
i pipendinalAcDH [l
o S - o
N A AA— M
W 60-70% .
M- ]
Ta R =gk, In R'=CH, n-‘-:-utn.:,u,
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Figura 2. Sinteza generala a compusilor
derivati de 1,2,4-triazol

Nitrotriazonul, derivat de 1,2,4-triazol, poseda si acti-
vitate antibacteriana, astfel portiunea 1,2,4-triazol poate
influenta parametri fizico-chimici importanti, cum ar fi
legarea hidrogenului, liposolubilitatea, polaritatea, pot in-
fluenta farmacodinamica, farmacocinetica si toxicitatea.
De mentionat, ca portiunea 1,2,4-triazol, imbunatateste
activitatea principalului farmacofor antibacterian intr-o
moleculd hibrida.

Studiul relatiilor structurad - activitate a aratat ca pre-
zenta Me,CHCH, ca substituenti R, si 4-NO,-C,H, (2h)
este beneficd pentru activitatea antibacteriana. inlocui-
rea Me,CHCH, (2h) cu 4-CI-C,H,, a condus la o activitate
scazuta. Introducerea al celui de-al doilea atom de clor in
R, precum si inlocuirea 4-NO,-C,H, in R, prin substituent
voluminos 3,5 (Bu) 2-4-OH-C6H2 a scazut activitatea mai
mult intrucét prezenta gruparii 2-naftil ca substituent R, si
gruparea 4 -dimetilamino-fenil ca substituent R, (2d) a fost
defavorabild pentru activitatea antibacteriana. Se pare ca
electronul grupului de retragere ca substituent R, (4-NO2)
are o influentd pozitivd asupra activitatii antibacteriane
(2h, 2f, 2c) in timp ce prezenta donarii de electroni a grupu-
lui (NMe,) ca substituent R, joaca un rol negativ [14].

Derivatii de triazol sunt considerati ca o noua clasa de
candidati eficienti anti-TB. Astfel, moleculele care contin
fragment de triazol pot prezenta activitati anti-TB pro-
mitatoare in vitro si in vivo si pot preveni medicamentul
rezistent intr-o anumita masura [15]. Derivatii de 1,2,4-tri-
azol poseda si o activitate anticanceroasa promitatoare in
vitro si in vivo, astfel Nitrotriazonul derivat de 1,2,4-tri-
azol, dezvaluie un potential in dezvoltarea de noi agenti
anticancerosi [16].

O serie de compusi 1-substituiti ai 1,2,4-triazolului au
fost proiectati si sintetizati de Sun et al si au fost testati
impotriva a 6 ciuperci patogene umane. Compusul din (Fi-
gura 3), a aratat o activitate ridicata faté de Candida albi-
cans, Candida parapsilosis si Candida krusei in comparatie
cu fluconazolul. [17].
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Figura 3. Compus 1H-substituit al 1,2,4-triazo-
lului

Heterociclii care contin sulfuri reprezinta un grup im-
portant de compusi cu sulf, care sunt promitatori pentru
utilizare in aplicatii practice. Printre aceste heterocicluri,
sistemele de inele 1,2,4-triazol substituite de mercapto si
de tio A-C (Figura 4) au fost bine studiate si panain prezent
au fost raportate o varietate de activitati biologice pentru
un numar mare de derivati ai acestora, cum ar fi proprietati
antibacteriene, antifungice, antituberculare, antimicobac-
teriene, anticancer, diuretice si hipoglicemice [18].

CONCLuzII

Studiul relatiilor structura - activitate a Nitrotriazonu-
lui, a demonstrat ca prezenta 2,4-CI-CH, ca substituent
R, si 4-NO,-CH, ca substituent R, este benefica pentru
activitatea antifungica.

Nitrotriazonul, poseda si activitate antibacteriana, ast-
fel portiunea 1,2,4-triazol poate influenta parametrii fizi-
co-chimiciimportanti, cum ar fi legarea hidrogenului, lipo-
solubilitatea, polaritatea, pot influenta farmacodinamica,
farmacocinetica si toxicitatea.

- R2 H
- TN 1-N 1-N
N-N N-N N HN
I\ | >=s >=s
R R R R
A B C

R =H, alkyl, aryl R =R!=R?=alkyl, aryl
Figura 4. Sisteme de inele 1,2,4-triazol
substituite de mercapto si tio

Derivatii de 1.2,4-triazol poseda si o activitate anti-
canceroasa promitatoare in vitro siin vivo, astfel derivatii
de 1.2,4-triazol, dezvaluie un potential in dezvoltarea de
noi agenti anticancerosi. Moleculele care contin fragment
de triazol pot prezenta si activitati anti-TB promitatoare
si pot preveni medicamentul rezistent intr-o anumita ma-
sura.

Infectiile fungice sunt mereuin crestere, deoarece nu-
marul pacientilor cu sisteme imunitare compromise con-
tinua sa creasca. Nevoia de antifungice mai sigure si mai
eficiente a dus la cdutarea de noi clase de medicamente si
la modificari la cele existente, cu scopul de a-siimbunatati
spectrele antifungice si potenta
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Rezumat. Aceasta lucrare este dedicata obtinerii particulelor de ciclodextrine incarcate cu Juglona in calitate de
compus antimicobacterian. Au fost descrise metoda de preparare si morfologia particulelor obtinute. Sunt prezen-
tate datele privind activitatea antimicobacteriana a sistemelor obtinute. S-a detectat, ca sistemele de particule de
ciclodextrine incarcate cu Juglona sunt la fel de eficiente ca Juglona pura aplicata in doze mai mari.

Cuvinte cheie: Juglone; B-ciclodextrina; (2-Hidroxipropil) -B-ciclodextrind; Sare de sodiu sulfobutil-beta-ciclo-

dextrina

Abstract. This paper is dedicated to obtaining of cyclodextrins particles loaded with Juglone as antimycobacterial
compound. Method of preparation and morphology of the obtained particles have been described. The antimyco-
bacterial activity data of the obtained systems is presented. It has been detected that cyclodextrins particulate
systems loaded with Juglone are as effective as pure Juglone applied in higher dosages.

Keywords: Juglone; B-cyclodextrin; (2-Hydroxypropyl)-B-cyclodextrin; Sulfobutyl-beta-Cyclodextrin sodium salt.

INTRODUCERE

Tratamentul antituberculos, considerat ca una din
metodele principale de prevenire a raspandirii infectiei,
tot mai des in ultima perioada nu se soldeaza cu rezultate
asteptate si unul din motivele de baza a ineficacitatii tera-
peutice este rezistenta M.tuberculosis fata de preparatele
antituberculoase. Extinderea nivelului rezistentei primare
si acumularea unui numar tot mai mare de tulpini de M.
tuberculosis rezistente la preparatele antituberculoase a
devenit o problema majora in controlul acestei infectii la
etapa actualad. Urmare a acestui fenomen este cresterea
numarului de esecuri terapeutice si a numarului de bolnavi
cronici. Este o problema destul de alarmanta, deoarece in
viitor pot aparea tot mai frecvent forme de tuberculoza
incurabila, ori, alte preparate antituberculoase noi nu se
elaboreaza prea des [9].

Rezistenta M.tuberculosis fata de preparatele antitu-
berculoase strategice, utilizate pe larg la etapa actuala in
tratamentul acestei infectii a atins cifre extrem de peri-
culoase. Dupa datele studiului national de supraveghere
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a rezistentei medicamentoase (2020), realizat de catre
Laboratorul National de Referinta in microbiologia tuber-
culozei al Institutului de Ftiziopneumologie “Chiril Draga-
niuc”, demonstreaza un nivel extrem de mare a tubercu-
lozei multirezistente (TBMDR) la preparatele strategice
utilizate in tratamentul tuberculozei (Izoniazida si Rifam-
picind). TB MDR a fost determinata la 24.9% din pacientii
cu tuberculoza pulmonara caz nou examinati, iar printre
cazurile cu re-tratamente - 54,3%. Un nivel inalt al re-
zistentei micobacteriilor tuberculozei fatd de remediile
specifice se observa nu numai in regiunile cu incidenta
sporita a acestei infectii, dar si in tarile, unde incidenta
tuberculozei este joasa. Organizatia Mondiala a Sanatatii
a declarat tuberculoza o urgenta globala, iar fenomenul
in cauza de o importantd primordiala si recomanda ca
cercetarile efectuate in domeniul elaborarii unor remedii
noi, mai efective in tratamentul cazurilor de tuberculoza
cu rezistentd multipla la medicamente, sa fie apreciate ca
directie de studiu prioritar.

Tratamentul diferitor forme de tuberculoza este unul
complex, cu utilizarea preparatelor din diverse grupe
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farmacoterapeutice. Studierea unor substante noi cu
activitate antituberculoasa si elaborarea unor noire-
medii, care ar putea largi arsenalul preparatelor antitu-
berculoase si influenta esential la eficacitatea tratamen-
tului cazurilor de tuberculoza multirezistenta, este de o
importanta majora, atat din punct de vedere stiintific, cat
si pentru domeniul sénatatii publice.

Studierea activitatii antituberculoase a unor substan-
te noi sintetizate - particule de ciclodextrind incarcate
cu juglona - cu perspectiva elaborarii unor noi remedii,
este o directie de cercetare promitatoare, care ar aduce
contributii noi la eficientizarea tratamentului cazurilor de
tuberculoza multirezistenta.

Juglona (5-hidroxi-1,4-naftochinona) 1 este o sub-
stantd organica naturald din clasa naftochinonei, care
se prezinta sub forma de glucozid 1,4,5-trihidroxinafta-
linului in frunze, radacini, coji, fructe (pericarp) si scoarta
de plante din familia Juglandanceae. Juglona are actiu-
ne antimicrobiana, antifungica, antimicobacteriana, an-
tihelmintica, antiproliferativa. Aceasta substanta este si
un agent nespecific pentru tratamentul bolilor de piele
provocate de infectii stafilococice si streptococice, a bo-
lii parodontale si a tuberculozei cutanate [1-6].

Ciclodextrinele sunt o clasa de oligozaharide ciclice,
compuse din resturi de D-glucopiranoza legate prin lega-
turi a-1,4-glicozidice. Forma moleculei de ciclodextrina
seamana cu un con trunchiat gol, unde cavitatea interi-
oara este hidrofoba, iar suprafata exterioara este hidro-
fild. Datoritd acestui fapt, ciclodextrinele sunt capabile
s& formeze clatrati (complexe de incluziune) cu diverse
substante biologic active. Astfel de clatrati se caracte-
rizeaza prin solubilitate ridicata, stabilitate si toxicitate
scazuta.

Scopul acestei lucrari este de a obtine complexe de
juglona cu B-ciclodextrina, cu hidroxipropil-B-ciclodex-
trina, cu sare de sodiu a sulfobutil-B-ciclodextrinei si de
a studia activitatea lor anti-tuberculoasa.

MATERIALE S| METODELE DE CERCETARE

Juglona 1a fost obtinuta din materie prima autohtona,
si anume din frunze de nuc (Juglans regia L.), prin extrac-
tie cu cloroform, cu separarea ulterioarad de alte compo-
nente ale extractului prin cromatografie pe coloana. In
calitate de al doilea component pentru studiu s-a utilizat
B-ciclodextrind sau derivatii ei: hidroxipropil-p-ciclodex-
trind (producator - CycloLab R&D Ltd., Ungaria) si sarea
de sodiu al sulfobutil-p-ciclodextrinei (producator - Cy-
Dex Inc., SUA).

Complexele de incluziune au fost obtinute prin metoda
de macinare, cu adaos de apa si prin metoda coevaporarii
conform metodei descrise in literatura [7].

Raportul molar al componentelor din sistemele juglona
- B-ciclodextrina 2, juglona - hidroxipropil-#-ciclodextrina
3, juglona - sare de sodiu a sulfobutil-B-ciclodextrinei 4 a

fost 1:1,in timp ce in sistemele juglona - B-ciclodextrind 5,
juglona - hidroxipropil-B-ciclodextrina 6, juglona - sare de
sodiu a sulfobutil-B-ciclodextrinei 7 a fost 1: 2.

La utilizarea metodei de macinare, s-au adaugat la
mojar portiuni cantarite de ciclodextrina si juglona (0,03
mmol de fiecare substanta), apoi s-a addugat apa disti-
lata, intr-o cantitate suficientd pentru a forma o pasta.
Amestecul rezultat a fost macinat intr-un mojar cu pistil
timp de 90 de minute: primele 60 de minute cu adaugarea
periodicd de apa distilatd (pentru a asigura consistenta
unei paste), ultimele 30 de minute amestecul a fost tritu-
rat pana la uscare pentru a forma o pulbere fina. Sistemele
rezultate au fost depozitate in flacoane inchise ermetic
pentru a preveni absorbtia umezelii atmosferice.

Substantele incluse in studiu au fost testate prin me-
toda fenotipica de testare a sensibilitatii la M. tuberculosis
pe medii nutritive solide si lichide. A fost utilizatd metoda
concentratiilor absolute pe mediile de culturd Lowenste-
in-Jensen (LJ) si metoda proportiilor (mediul Middlebrook
7H9). Activitatea bactericida si bacteriostatica a fost de-
terminata utilizadnd tulpina de referintad H, Rv, precum si
tulpini de M.tuberculosis ,salbatice”, izolate de la bolnavi
de tuberculoza pulmonara aflati la tratament in clinica In-
stitutului de Ftiziopneumologie ,Chiril Draganiuc”. Inves-
tigatiile in cauza au fost realizate in Laboratorul National
de Referinta in microbiologia tuberculozei. S-a determinat
concentratia minima de inhibitie (CMI) .in vitro” a sub-
stantelor sintezate catre M.tuberculosis.

Pregatirea suspensiei de M.tuberculosis
complex.

Au fost utilizate tulpinile de referinta H, Rw, precum si
tulpini de M.tuberculosis ,salbatice”, izolate de la pacienti
cu tuberculoza pulmonara cu termenul de izolare pana la
2 saptamani. Suspensia micobacteriana a fost pregatita
pe apa distilata sterild dupa standardul de turbiditate de
5.0 UFC.

Studierea activitatii antituberculoase
bactericide a substantelor sintezate.

Pentru studierea activitatii antituberculoase bactericide,
substantele sintezate in acest studiu au fost dizolvate
initial in dimetilsulfoxid (DMSO). Dilutiile ulterioare au fost
efectuate pe apa distilata sterild. Au fost pregatite solu-
tille preparatelor studiate cu urmatoarele concentratii:
500ug/ml, 100 pg/m si 50 pg/ml. Au fost utilizate 3 ex-
pozitii - 60 minute, 240 minute si 24 ore. Suspensia de
M.tuberculosis complex (0.2 ml) a fost inoculatd cu 2.0
ml solutia de substante studiate la diferite concentratii si
pentru diferite expozitii. Dupa fiecare expozitie se centri-
fuga 10 min. la 3000 rotatii, dupa care se varsa superna-
tantul si la sediment se adduga 1,0 ml apa distilata sterila.
Concentratiile si expozitiile utilizate pentru studierea ac-
tivitatii antituberculoase bactericide a substantelor sinte-
zate sunt redate in tabelul 1.

13

2021



(vol. 45)

NT. 1

REVISTA FARMACEUTICA A MOLDOVEI

Tabelul 1. Studierea activitatii antituberculoase bactericide a substantelor sintezate

Tulpina M.tuberculosis M.tuberculosis**

500 pg/ml 60 minute 240 minute 24 o0re 60 minute 240 minute 24 ore
100 pg/ml 60 minute 240 minute 24 o0re 60 minute 240 minute 24 ore
50 ug/ml 60 minute 240 minute 24 o0re 60 minute 240 minute 24 ore

Control 1- Suspensie M.tuberculosis complex 0.2 mi+2.0ml apd sterild;

Pentru determinarea activitatii bactericide, substan-
tele au fost a fost inoculat pe medii lichide in conditiile
expuse in tabel si incubate in sistemul BACTEC MGIT 960
si pe medii solide Lowenstein-Jensen.

Studierea activitatii antituberculoase bacte-
riostatice a substantelor sintetizate

Pentru studierea activitatii bacteriostatice fata de M.
tuberculosis initial au fost pregatite mediile nutritive lichi-
de si solide cu 3 concentratii de substante sintetizate: 200
pg/ml, 100 pg/ml si 50 pg/ml.

Inocularea.

Pentru insdméantare sa-u fost utilizat cate 0,2 ml sus-
pensie H,.Rv si suspensie tulpina salbatica cu turbiditate 5
UFC la fiecare concentratie a substantei studiate (200 ug/
ml, 100 ug/ml si 50 ug/ml). In calitate de control a fost uti-
lizate: tubul cu mediu de cultura fara substanta (placebo),
tubul mu mediu L3J cu o concentratie de 40 pg/ml Rifam-
picina si mediu lichid Middlebrook 7H9 cu concentratie de
1,0 pg/ml Rifampicina.

Citirea rezultatelor.

Controlul tuburilor inoculate s-a efectuat in sistemul
automat BACTEC MGIT 960 la fiecare 60 minute de in-
cubare si pe mediile solide la fiecare a 7a zi de incubare la
termostat.

Controlul eficacitatii testarii.

In calitate de control a fost utilizat tubul placebo si
tubul cu concentratii de Rifampicina de 40 ug/ml pentru
mediile solide si de 1.0 pg/ml pentru mediile lichide.

REZULTATE

Analiza fizico-chimicd

Pentru studierea activitatii bactericide au fost efec-
tuate mai multe experiente la date diferite in dinamica.
Astfel, au fost montate 11 testari, utilizand la fiecare tes-
tare tulpina de referintd H, Rv si de la 2 pana la 5 tulpini
salbatice la fiecare concentratie. Fiecare substanta a fost
testata la trei concentratii si trei expozitii diferite. Astfel,
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*Tulpind de referintd - H, Rv;

**Tulpind sdlbaticd M.tuberculosis, izolatd de la pacienti TB.

au fost efectuate 384 testari la diferite concentratii si ex-
pozitii pe medii lichide (BACTEC MIGIT) si medii solide (LJ).
Rezultatele testarilor au demonstrat, ca substantele cer-
cetate nu poseda activitate bactericidd in concentratii
dela’50 pg/ml pana 500 ug/ml si expozitie de la1ora pana
la 24 ore.

Totodata, testarea activitatii bacteriostatice a demon-
strat alte rezultate. La analiza cresterii pe medii lichide
(BACTEC MIGIT), utilizand programa BD EpiCenter™ TB-
eXiST, s-a constat, ca o parte din substante au demon-
strat activitate bacteriostatica inhibitorie la toate con-
centratiile si expozitiile utilizate a substantelor testate.
Aceasta activitate se exprima prin stoparea cresterii colo-
niilor de microorganisme in cazul acestor substante, fata
de testele control.

Studierea activitatii bacteriostatice ..in vitro” a noilor
agenti antimicrobieni din Juglone 1pe medii solide LJ s-a
efectuat prin metoda concentratiilor absolute. Astfel, au
fost testate 7 substante a cate trei concentratii fiecare
(50 pug/ml, 100 pg/ml si 200 pg/ml). Rezultatele testarii au
fost evaluate dupa 2 luni de incubare la 37°C. Toate sub-
stantele cercetate au demonstrat actiune bacteriostatica
in concentratie de 200 pg/ml pe mediu solid LI fata de
tulpina de referinta H, Rv si tulpinile salbatice de M.tuber-
culosis luate in studiu.

Rezultatele studierii activitatii antituberculoase bac-
teriostatice a substantelor sintezate 2-7 sunt demonstra-
te in tabelul 2.

In tabel sunt date abreviatiile substantelor studiate si
concentratia minimé inhibitorie (CMI) la care sa constatat
activitate bacteriostatica (um/ml).

DISCUTII

Rezultatele obtinute in acest studiu argumenteaza
necesitatea cercetarii permanente a componentilor pro-
duselor medicamentoase mai efective, care sa posede o
activitate biologica inalta, au o arie larga de utilizare si to-
xicitate joasa.

Studierea activitatii bactericide .in vitro” a noilor
agenti antimicrobieni din Juglone 1 pe medii solide si li-
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chide in majoritatea cazurilor nu au demonstrat careva
actiune bactericida fata de tulpina de referinta H,,Rv sau
fata de tulpinile salbatice de M.tuberculosis.

In acelasi timp, toate aceste substante sintezate 1-7

au demonstrat activitate bacteriostaticd inhibitorie in
concentratii de 200 pg/ml fata de tulpina de referinta si
tulpini salbatice de micobacterii, pe medii de cultura lichi-
de si solide.

Tabelul 2. Rezultatele studierii activitatii antituberculoase bacteriostatice a substantelor sintezate

din Juglone 1

Continutul juglonei
Substanta Raportul componentelor in probi de 200 pg CMI um/mL
1 200 115

Juglone
2 Juglone- hidroxipropil-B-ciclodextrina (1:1) 20.3 0117
3 Juglone - B- ciclodextrina (1:1) 26.8 0.153
4 J}ngone - sare de sodiu a sulifobutil -p- 155 0.089
ciclodextrinei (1:1)
5 Juglone- hidroxipropil-B-ciclodextrina (1:2) 15.3 0.088
6 Juglone - B-- ciclodextrina (1:2) 10.69 0.061
7 Juglone - sare de sodiu a sulifobutil -3- 747 0.043

ciclodextrinei (1:2)

Astfel, sunt necesare cercetari ulterioare pentru determina concentratiile inhibitorii mai joase a noilor agenti anti-
microbieni 6 si 7. De asemenea este necesar de studiat si toxicitatea substantelor voi, studiate in acest studiu.

CONCLuzII

Majoritatea compusilor din Juglone manifesta activi-
tate bacteriostatica fata de M.tuberculosis in concentra-
tie de 0.089-0.043 um/ml.

Datele experimentale obtinute indica la perspectiva
studierii in continuare a substantelor cu activitate anti-
tuberculoasa din Juglone 1 pentru elaborarea unor noi re-
medii medicamentoase impotriva tuberculozei.

Lucrarea a fost realizata in cadrul proiectelor cu cifru
20.80009.5007.17 si 20.80009.8007.14 ale Agentiei Nati-
onale pentru Cercetare si Dezvoltare din Moldova (ANCD).
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Rezumat. in Moldova nu existé precedent in producerea biosimilarelor. Elucidarea structurii biochimice si clonarea
genei hormonului de crestere uman (hGH) au dus la dezvoltarea farmaceuticé a rhGH la mijlocul anilor 1980 in SUA.
Odata cu expirarea perioadei de protectie a brevetului pentru hGH de referintd, a aparut oportunitatea dezvoltarii
produselor medicamentoase biosimilare. Proiectul de inovare si transfer tehnologic ..Procedeu de cultivare a ma-
teriei prime pe baza de Pichia pastoris cu expresia hormonului de crestere” a demarat in ianuarie 2021, in cadrul
Universitatii de Stat de Medicina si Farmacie ,.Nicolae Testemitanu”, Centrul Stiintific al Medicamentului din Repu-
blica Moldova. Proiectul este finantat de Agentia Nationala pentru Cercetare si Dezvoltare din Moldova, iar cofinan-
tator este intreprinderea Farmaceuticd Balkan Pharmaceuticals. Scopul proiectului este transferul tehnologic al
procedeului de cultivare a vectorului Pichia pastoris cu expresia hGH: crearea bancii de celule de lucru, prepararea
inoculului si cresterea culturii Pichia pastoris, precum si elaborarea documentatiei aferente acestor activitati. Fa-
bricarea autohtona a rhGH ofera un avantaj farmacoeconomic deosebit fata de concurentul existent astazi pe piata
Republicii Moldova - Saizen® pulbere pentru solutie injectabila, Ares Trading SA, Elvetia (producator Merck Serono
SPA, Italia).

Cuvinte cheie: biosimilar, rhGH, transfer tehnologic, cultura Pichia pastoris, banca de celule de lucru.

Summary. In Moldova there is no precedent in biosimilars production. Elucidation of the biochemical structure
and cloning of the hGH gene led to the pharmaceutical development of rhGH in the mid-1980s in the USA. With
the expiry of patent protection period of the reference hGH, the opportunity arose for the development of biosi-
milar medicinal products. The project for innovation and technology transfer “Cultivation process of raw material
based on Pichia pastoris with the expression of growth hormone” has started in January 2021, within the State
University of Medicine and Pharmacy “Nicolae Testemitanu”, the Scientific Center of Medicine from Republic of
Moldova. The project is funded by the National Agency for Research and Development from Moldova and co-fi-
nancier is the Pharmaceutical Enterprise Balkan Pharmaceuticals. The overall goal of the project is the technology
transfer of cultivation process of the vector Pichia pastoris with the expression of hGH: creation of working cell
bank, preparation of inoculum and growth of Pichia pastoris culture, and elaboration of documentation related to
these activities. The local manufacture of the rhGH offers an incomparable pharmacoeconomic advantage over
the competitor existing today on the market of Republic of Moldova - Saizen® powder for injection solution, Ares
Trading SA, Switzerland (manufacturer Merck Serono S.P.A., Italy).

Keywords: biosimilar, rhGH, technological transfer, Pichia pastoris culture, working cell bank.

INTRODUCTION

The EMA defines a biosimilar as “a biological medicinal
product that contains a version of the active substan-
ce of an already authorized original biological medicinal
product (reference medicinal product) in the European
Economic Area (EEA). Similarity to the reference medici-
nal product in terms of quality characteristics, biological
activity, safety and efficacy based on a comprehensive
comparability exercise needs to be established”. The pio-
neer of this drug class is Omnitrope® (Somatropin) and it
was approved by the European Medicines Agency (EMA)
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in 2006. Since 2006, several general and product-speci-
fic biosimilar guidelines were developed by the EMA and
it is mandatory to mention that EU was the first region
in the world to develop a legal, regulatory, and scientific
framework for approving biosimilar medicines. In compa-
rison the first biosimilar was approved in the USA only in
2015. To date, EMA has recommended the approval of 77
biosimilars within the product classes of: 1) human growth
hormone; 2) granulocyte colony-stimulating factor; 3)
erythropoiesis stimulating agent; 4) insulin; 5) follicle-sti-
mulating hormone (FSH); 6) parathyroid hormone; 7) tu-
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mour necrosis factor (TNF)-inhibitor; and 8) monoclonal
antibodies [1].

Pharmaceutical enterprises worldwide have at least
three good reasons to move to a biologics-oriented in-
dustry. Firstly, the distinctive capability of biologics to
bind with target sites that are difficult to achieve or even
inaccessible to small molecule drugs which is mainly due
to protein-protein interactions that involve flat surfaces
with fewer charged regions. Secondly, another attractive
feature of biologics consists in its most auspicious com-
mercial potential [2]. It is estimated that around $194 bi-
llion worth sales of biologics are at risk in the period be-
tween 2017 and 2022. This anticipates the beginning of
another patent cliff era of blockbuster biologic drug pro-
ducts being challenged by biosimilars. Thirdly, the overall
economic return assured by biologics is significantly hi-
gher than that of small molecule drugs.

The expiration of the term of patent protection (gene-
rally this period is 20 years from the date of filing the rele-
vant patent application) of the original biosimilar products
is a key factor in the decision of companies to develop
biosimilars [3]. Most innovators also depend on supple-
mentary protection certificates (SPCs), that represents
the intellectual property right that serves as a five years’
extension to the patent right, and data exclusivity to ex-
tend the term of protection. The European Commission
recently issued a proposal to amend the rules on SPCs to
include "Waiver of export production” to third parties for
patented products, in order to promote the competitive-
ness of generic and biosimilar industries in global markets.
This change may encourage the expansion of the market
and the export of locally manufactures biosimilars [4].

Because it is by definition easier to reproduce than
to generate a product de novo, biosimilar has a higher
chance of conquering the market and denotes fewer
pharmacoeconomic risks than the reference biological
products. In addition, investments in original biologic pro-
ducts are incomparably higher than in the case of biosi-
milar products, with a much lower chance of success [5].
Reports from the research and development departments
of pharmaceutical companies show that about 95% of all
drug projects never reach the market. The investments
needed to develop and market a biosimilar is considerably
larger than the amount between $ 1 million and $ 4 million
attributable to generic drugs [6]. Between 7 and 8 years at
a cost of between 100 and 250 million dollars is needed to
develop a biosimilar. However, IMS Health estimates that
the use of biosimilars has resulted in savings of up to €
100 billion in the United States (US) and the five major Eu-
ropean Union (EU) countries by 2020.

DISCUSSIONS

Biologics manufacture involves a fundamentally diffe-
rent approach from traditional chemical synthesis. Invol-
ving living systems makes nearly impossible following an
exact science as chemistry. The design of complex mul-
tistep processes utilizing mammalian and microbial cell
cultures brings to life the paradigm of the biologic manu-

facturing process “The process is the product”. Conven-
tional preparation process of biologics assumes sequen-
tial steps like desired gene isolation, insertion into vector,
expression of host cell, cell culture, cell bank creation
and characterization, production of protein, purification
of protein, analysis and finally formulation. The biosimilar
development process unfolds based on several strategic
considerations [7]:

(1) Defining the target—This involves detecting any
variability in the reference target molecule and any
corresponding changes in qualitative properties of
the drug.

(2) Development based on target—The engineering
process of the biosimilar is designed to match the
criteria of the reference, including factors like cho-
ice of cell line, biological processes, and others.

(3) Similarity confirmation of the biosimilar—Degree of
biosimilarity with the reference assessed via phy-
sical, chemical, and biological analyses of the bio-
similar.

(4) Regulatory authorization—Co-operating with re-
levant regulatory authorities to determine the mi-
nimum amount of clinical information required for
biosimilarity approval.

(5) Clinical assessment—Conducting clinical trials to
confirm biosimilarity and compiling any other in-
formation required for commercialization of the
biosimilar.

Biosimilars face a more stringent regulatory assess-
ment than generics, including the need for clinical trials,
which significantly increases costs and timelines to mar-
ket entry of biosimilars. Establishing appropriate standar-
ds for biosimilarity remains one of the main and the most
prolific topics for scientific, legislative, and regulatory
debate. There are five generally accepted starting points
fundamental to the assessment of biosimilar products:

(1) we cannot try on the generics template for biosi-
milars, therefore the approach should be individual
and specific to this drug class;

(2) similarity should be assessed in terms of quality,
safety, efficacy;

(3) a step-wise comparability approach that proves
the similarity of the similar to reference product in
terms of quality is a prerequisite for the reduction
of nonclinical and clinical data submitted;

(4) the assessment of each biosimilar is based on a ca-
se-by-case approach;

(5) the importance of pharmacovigilance is stressed.

At first sight, the process of assessing the biosimilarity
of products is similar to that of assessing bioequivalence
for generic medicinal products. If the development of a
generic focuses on the demonstration of bioequivalence,
thenin order to demonstrate biosimilarity, a series of com-
parability studies are carried out aiming at juxtaposition
of each characteristic of the biosimilar medicinal product
with that of the reference medicinal product. The process
includes endpoint selection; biosimilarity criteria; study
design; statistical methods for data analysis [8]. Biosimilar
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products are obtained from living cells or organisms with
mixed, complicated structures that are difficult, if not im-
possible, to fully characterize. Thus, standard methods
for assessing the bioequivalence of generic small mole-
cule medicinal products cannot be properly and directly
applied to assess biosimilarity.

The studies performed for demonstrating pharmace-
utical quality must provide detailed data on: structural
characterization and other physicochemical properties;
purity (traces of residues resulting from the manufac-
turing process must be controlled and must not exce-
ed acceptable levels); biological activity; excipients and
raw materials; concentration and pharmaceutical form;
control of the manufacturing process (in order to ensure
compliance of the active substance and the finished me-
dicinal product within the accepted intervals for the tech-
nical specifications);the stability of the active substance
and the finished medicinal product during the shelf life,
under the defined storage conditions [15]. Itis known that
biosimilar products are sensitive to environmental fac-
tors, such as light and temperature, and a minor change
or variation in any critical stage of the manufacturing pro-
cess could lead to a drastic change in clinical outcomes.

Factors influencing the number and types of clinical

trials to be performed include: molecule complexity and
available comparability data, availability of a final efficacy
pharmacodynamic evaluation criterion, safety profile of
the reference drug or pharmacological class, potential for
immunogenicity, the possibility of extrapolation to other
indications.
In case the originally authorized medicinal product has
more than one indication, the efficacy and safety of bi-
osimilar must be justified or demonstrated separately
for each of the therapeutic indications [14]. At least one
comparative trial (efficacy and safety) in a “sensitive” po-
pulation with relevant clinical endpoints should be held.
It is possible the extrapolation to other indications of the
reference product, not studied during the development of
biosimilar, based on the overall evidence of comparability.
The acceptance of indications extrapolation is decided on
a case-by-case basis, depending on the strength of sci-
entific demonstration of comparability.

Although doctors can confidently use biologics in all
their approved indications, assuming that they are given
based on scientific evidence, the reference to the princi-
ple of extrapolation can only be made after sound com-
parability studies. Comparability is designed as a step-
by-step process, tailored to each drug; stage 1 comprises
the knowledge gained from initial quality comparability
studies that are used to determine the extent and type of
non-clinical (stage 2) and clinical (stage 3) studies requ-
ired in the next stage of development, always aiming to
rule out clinical performance differences between the bi-
osimilar and the reference medicine.

In terms of interchangeability, the intervention of both
medical practitioners and healthcare authorities is nee-
ded. Interchangeability refers to the possibility of repla-
cing one drug with another that is expected to have the
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same clinical effect [9]. The decision to allow interchan-
geable use and substitution of the reference biological
medicine with the biosimilar one shall be taken at natio-
nal level. Starting from the existing legal framework, the
respective regulations, guidelines and recommendations
are issued. As with any medication, healthcare professio-
nals must choose carefully when prescribing, considering
the patient’s medical history. Therefore, any decision to
replace a medicinal product with another medicinal pro-
duct that has the same indication should be taken by the
physician in consultation with the patient considering
possible national policies on the prescription and use of
biologic medicinal products. Reimbursement of biosimi-
lars instead of originators, more national bodies dedicated
to biosimilars, the reassuring data from switching studies,
increased awareness of health professionals, a growing
number of publications confirming the clinical similarity
of biosimilars with originators and finally the accumulated
positive clinical experience with biosimilars speak in favor
of the increasing confidence in biosimilars [10].

In Moldova there is no precedent in biosimilars pro-
duction. In March 2013, the order on the introduction of
good manufacturing practice (GMP) came into force. As
a result, only 16 of the 28 existing pharmaceutical com-
panies remained. Currently Moldovan manufacturers pro-
duce over 400 generic drugs, it is the main and in fact the
only focus of the domestic pharmaceutical industry. The
local manufacture of the biosimilars obviously would offer
an incomparable pharmacoeconomic advantage over all
the existing and potential competitors.

Local biosimilars production involves reducing the
time and costs for developing internal know-how and the
prospect of creating contagion effects in other areas, in-
cluding access to wider distribution networks and new
business opportunities [13]. Consistent is the reduction of
state budget expenditures for the acquisition of biosimi-
lars and the redirection of resources to the development
and implementation of national health programs. Broa-
dening the profile of local pharmaceutical plants implies
the emergence of new jobs. An inconceivable advantage
is the increase of the production volume and the turnover
of the national pharmaceutical industry through the ex-
port of biosimilars, the increase of the sales market. Ma-
nufacturing biosimilars in Republic of Moldova represents
an excellent opportunity for increasing the operating pro-
fit margin for local manufacturers, for traditional generic
drugs it's roughly 20, but for biosimilars around 30. That
goes without saying that reputational benefits cannot be
ignored.

Somatropin is a polypeptide consisting of 191 amino
acids, by composition and chemical structure it is iden-
tical to human growth hormone of pituitary origin in ter-
ms of consistency and composition, as well as the map
of peptides, isoelectric point, molecular mass, isomeric
structure and biological activity. The first data confirming
the effectiveness of human growth hormone (rhGH) were
obtained in 1958, just 2 years after its isolation from the
human pituitary gland. However, before the development
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of recombinant DNA technology, hGH for the purpose of
substitution therapy could only be obtained by extraction
and purification from human cadaveric pituitary glands.
Therefore, the market supply was very low and hGH re-
placement therapy was reserved only for the most severe
cases of growth hormone deficiency (GHD). Elucidation
of the biochemical structure and cloning of the hGH gene
led to the pharmaceutical development of recombinant
human growth hormone (rhGH) in the mid-1980s in the
United States. With the expiry of the period of protecti-
on of the reference medicinal product on the market, the
opportunity arose for the development of biosimilar me-
dicinal products.

Omnitrope® (biosimilar rhGH; Sandoz, Kundl, Austria)
approved by EMA in 2006, has since been approved worl-
dwide, including in the US, and the product is now avai-
lable in over 50 countries. Since its launch, more than
40.000 patients have been treated with biosimilar rhGH,
generating a total experience of almost 107 million days
of inpatient treatment [11]. The appearance of an abun-
dant amount of rhGH allowed the treatment of several
children, later and adults, as well as the extension of the
area of therapeutic indications. RhGH is currently indi-
cated in growth retardation in children due to reduced
or lack of secretion of endogenous growth hormone or
chronic renal failure, in case of gonadal dysgenesis (Tur-
ner syndrome), growth disorders in children born small for
gestational age (SGA), and in adults in the accentuated
growth hormone deficiency, also in severe burns. 14 years
on the European market for the first biosimilar rhGH may
be characterized by the absence of unexpected or unique
adverse events, the absence of signs of increased risk of
cancer or glucose homeostasis disorder compared to the
reference biological medicine and other rhGH products,
and the immunogenicity of biosimilar rhGH is, also similar
to that of other products in that class [12].

Currently on the market of Republic of Moldova only
one medicinal product from the group of anterior pituitary
lobe hormones is authorized, namely Saizen®, powder and
solvent for injection solution, 8 mg, marketing authoriza-
tion holder Ares Trading SA, Switzerland, manufacturer
Merck Serono S.P.A., Italy. Thus, we can conclude that the
domestic pharmaceutical market does not face the phe-
nomenon of competition regarding medicinal products
from the ATC group HO1ACO1. Because rhGH medical
therapy usually has a recommended duration of several
years and an individualized dosing regimen with a dose
calculation based on the patient’'s body weight, a priority
issue is to increase patient adherence and adherence to
treatment.

The project for innovation and technology transfer
“Cultivation process of raw material based on Pichia pas-
toris with the expression of growth hormone”, with re-
gistration number 21.80015.8007.244T has started in Ja-
nuary 2021, within the State University of Medicine and
Pharmacy “Nicolae Testemitanu”, the Scientific Center of
Medicine from Republic of Moldova. The project is funded
by the National Agency for Research and Development

from Republic of Moldova and co-financier is the Pharma-
ceutical Enterprise Balkan Pharmaceuticals, Republic of
Moldova.
The project has the following objectives:
= perform the technological transfer for the manufac-
turing process of a new biosimilar rhGH product and
improve the innovation capacity of pharmaceutical
manufacturer Balkan Pharmaceuticals;

= obtain scientific results during the technological

transfer process;
= improve the collaboration among the co-financier
Pharmaceutical manufacturer Balkan Pharmaceuti-
cals, the scientific research institutes and the Nati-
onal Agency for Research and Development of the
Republic of Moldova;

= increase the capacity of assimilation into manu-
facturing process of the research results obtained
during the project;

= create the WCB (working cell bank) of Pichia pastoris

culture for short and long term storage, with sub-
sequent inoculum preparation and growth of Pichia
pastoris culture with rhGH expression.

The final result of the projectis the technology transfer
of cultivation process of the vector Pichia pastoris with
the expression of rhGH: creation of working cell bank, pre-
paration of inoculum and growth of Pichia pastoris cul-
ture, and elaboration of documentation related to these
activities.

The excellence of the project consists not only in the
manufacture of the first biosimilar in the Republic of Mol-
dova - an exhaustive goal in itself, but also in the unpre-
cedented production of recombinant human growth
hormone (rhGH) in Republic of Moldova. This ensures
the empirical exploration of the most promising segment
of the global pharmaceutical industry with the fastest
growth rate. The realization of the project will involve the
endowment of the local plant with appropriate equipment
and machinery and improving the manufacturing facili-
ties, implementing
highly performant analytical and control methods as well
as increasing employees’ qualification. Per se the field of
biosimilars is eminently boundless for various local and in-
ternational scientific researches in the huge range of the
disciplines of medicine and pharmacy.

The relevance of the project “Cultivation process of
raw material based on Pichia pastoris with the expression
of growth hormone” is ensured by:

= strengthening the innovation capacity of the bene-
ficiary economic agent (project co-financier) and in-
creasing the product portfolio;

= obtaining in perspective a new biosimilar product,
corresponding to regulation requirements in the
field of biological medicinal products for human use;

= the implementation of a biosimilar rhGH in the ma-
nufacturing of the project co-financier who is at the
same time the beneficiary of the results obtained
from the research activity;
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= the novelty resulting from the complexity of biosi-
milar cultivation methods, and complex analytical
testing, using high performance methods and hi-
gh-technological equipment for Pichia pastoris cul-
ture;

= obtaining a working cell bank and the cultivation of
Pichia pastoris with the expression of rhGH for the
first time in Republic of Moldova;

= partners who have specialists and necessary equip-
ment for the documentation works and implemen-
tation into manufacturing process of the new elabo-

rated technologies.

The implementation of the project “Cultivation pro-
cess of raw material based on Pichia pastoris with the ex-
pression of growth hormone” involves the development
of activities in the frontier fields: biochemistry, genetics,
pharmaceutical chemistry, pharmaceutical technology,
pharmacology, clinical medicine. The activities in the pro-
ject are supported by the partnership with a university
and a research center, involving specialists in several fiel-
ds: chemistry, biology, genetics, biochemistry, pharmacy,
medicine, computer science. The results of the interdisci-
plinary collaboration will be documentation works, scien-
tific research, cultivation and conditioning technologies,
genetic studies, technological production regulations,
compartments of the authorization documentation, whi-
ch will demonstrate the multidisciplinary character of the
proposed topic.

The local manufacture of the rhGH obviously offers an
incomparable pharmacoeconomic advantage both over
the only competitor existing today on the market of Re-
public of Moldova - Saizen® and over the potential ones.

Given that recombinant human growth hormone
(rhGH) is purchased from the state budget according to
the criterion - at the lowest price without VAT, in accor-
dance with all requirements, including national registrati-
onin the State Nomenclature of Medicines of the Republic
of Moldova, the priority of the domestic product is obvious
based only on the classic formula of price calculation by
summing the cost price and the manufacturer’s margin.

The realization of the project “Cultivation process of
raw material based on Pichia pastoris with the expression
of growth hormone” involves the establishment of part-
nership and collaboration relations with the most impor-
tant and promising players worldwide on the biosimilars
market.
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Rezumat. Conform studiilor recente, una dintre cele mai raspandite cauzele a hipertensiunii arteriale este un con-
sum ridicat de sare (clorura de sodiu) si un aport scazut de potasiu (K+). Cresterea aportului de potasiu de 1,64 g
poate reduce riscul de accident vascular cerebral cu 21% (p = 0,0007) si a bolilor cardiovasculare. In Republica Mol-
dova exista produse medicinale cu diferitele saruri de K+ care pot fi utilizate ca supliment mineral pentru tratarea
deficientei de K+ (hipopotasemie). Astfel, a fost necesar sa se stabileasca unor parametri pentru a elabora medica-
mentul cu cea mai inalta biodisponibilitate. Datele obtinute vor fi utilizate pentru a selecta compozitia produsului
medicamentos combinat cu cea mai mare biodisponibilitate, eficacitate si siguranta.

Cuvinte cheie: HIPOPOTASEMIE, POTASIU, SPIRONOLACTONE, ASPARTAT DE POTASIU, BIODISPONIBILITATE
Summary. According to recent studies, one of the widely-spread causes of the arterial hypertension is a high con-
sumption of salt (sodium chloride) and a low potassium (K*) intake. An increase in potassium intake of 1.64 g may
reduce the risk of stroke by 21% (p=0.0007) and cardiovascular disease. There were found the different salts of K*,
which can be used as a mineral supplement to treat K*-deficiency (hypopotassemia) in the Republic of Moldova.
Thus, it was necessary to establish some parameters in order to find the medicine with the highest bioavailability.
The obtained data will be used in order to select the composition to create the fixed-dose drug combination with
the highest bioavailability, efficacy and safety.

Keywords: HYPOPOTASSEMIA, POTASSIUM, SPIRONOLACTONE, POTASSIUM ASPARTATE, BIOAVAILABILITY

INTRODUCTION disease [8]. Recent estimates have suggested the number

Arterial hypertension (AH) is a major public health pro- of patients with hypertension could increase as much as
blem due to its high prevalence all around the globe [1, 2 by 15 to 20%, which could reach close to 1.5 billion adults

3, 4]. Around 7.5 million deaths or 12.8% of the total of all  With AH by 2025 [9].

annual deaths worldwide occur due to high blood pressu- It is well-known relationship between AH and highly
re [5]. sodium intake. According to recent studies, one of the wi-

According to the obtained data from National Bank of ~ dely-spread causes of the AH s a high consumption of salt
Statistics of the Republic of Moldova it was established 23~ (Sodium chloride) and a low potassium (K') consumption.
386 deaths caused by cardiovascular disease (CVD)in the ~ 1nerefore, the World Health Organization (WHO) currently
Republic of Moldova [6]. High blood pressure is the cause ~Fécommends for adults a consumption not higher than 5
of about 62% of strokes and 49% of acute heart events, 9 Of potassium salt daily [10]. The ratio of sodium and po-
complications that could be prevented by proper blood tassmm in t.he urine in AH exceeds 5.7 [11]. Unlike SOdIL.Jm,
pressure control. [7]. Arterial hypertension is a major risk Potassium increases blood flow and promotes vasodila-
factor for cardiovascular disease (CVD), including stroke, tation as a result of hyperpolarization of vascular smooth
heart attack, heart and kidney failure, and aneurysm. More ~ Muscle cell membranes by ?gtwatlon of Na*/K* - ATP-ase
than one billion adults worldwide have hypertension with ~ @nd potassium channels. K* ions are also released by en-
up to 45% of the adult populace being affected with the dothelial cells in response to neurohumoral mediators and
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contribute to the process of endothelium-dependent vascular relaxation, being a component of endothelium-derived
hyperpolarization factor-mediated responses [12, 13].

Moderate intake of potassium with food reach in K* or over-the-counter medicines (OTC) can lead to decrease in
blood pressure (BP) in individuals with hypertension, especially in the absence of drug therapy. In contrast to sodium,
dietary potassium has beneficial effects on BP and cardiovascular health [14, 15, 16]. An increase in potassium intake of
1.64 g may reduce the risk of stroke by 21% (p=0.0007) and CVD in general. Increasing the concentration of potassium
in the blood plasma improves ventricular repolarization and reduces the risk of arrhythmia in patients with hyperten-
sion taking non-potassium-sparing diuretics, which can disrupt glucose tolerance and increase the risk of developing
type 2 diabetes mellitus (DM2) by reducing insulin secretion in response to glucose loading [17, 18]. The administration
of potassium supplements with thiazide diuretics avoids impaired insulin secretion in response to glucose loading [19].

Most patients with AH are effectively treated with diuretics. Antihypertensive therapy with diuretics such as loop
(furosemide, torasemide, ethacrynic acid) and thiazides (hydrochlorothiazide, indapamide) lead to electrolyte abnor-
malities in particularly hypopotassemia. Hypopotassemia is present in up to 20% of hospitalized patients, 40% of
patients taking diuretics, and 17% of patients with cardiovascular conditions [20]. Because loop and thiazide diuretics
increase sodium delivery to the distal segment of the distal tubule, this increases potassium loss (potentially causing
hypopotassemia) because the increase in distal tubular sodium concentration stimulates the aldosterone-sensitive
sodium pump to increase sodium reabsorption in exchange for potassium and hydrogen ion, which are lost to the urine.
The increased hydrogen ion loss can lead to metabolic alkalosis [21].

Unlike loop and thiazide diuretics, potassium-sparing diuretics (spironolactone) inhibit the actions of aldosterone
(aldosterone receptor antagonists) at the distal segment of the distal tubule, therefore less potassium and hydrogen
are lost to the urine [21]. Thus, potassium-sparing diuretics do not produce hypopotassemia as the loop and thiazide
diuretics. Due to this they are called potassium-sparing diuretics and are widely-spread in medical practice.

Dietary supplementation of potassium can lower blood pressure in normal and some hypertensive patients. Again,
in contrast to NaCl restriction, the response to potassium supplementation is slow to appear, taking approximately 4
weeks. Such supplementation reduces the need for antihypertensive medicines. “Salt-sensitive” hypertension res-
ponds particularly well, perhaps, in part, because supplementation with potassium increases the urinary excretion of
sodium chloride. Potassium supplementation may even reduce organ system complications (e.g., stroke) [22].

The use of moderate doses of potassium with food does not cause severe hyperpotassemia or deterioration of
kidney function in people with normal kidney function, even against the background of renin-angiotensin-aldosterone
system blockers. Special care should be taken only in patients with severe renal impairment [23]. Increased potassium
intake is recommended for patients without impaired renal potassium metabolism to control elevated blood pressure
and prevent stroke [24, 25].

Due to intensive development of the pharmaceutical industry, there is a great variety of medicines reach in potas-
sium salt for oral administration. The absence of domestic effective product for the correction of potassium deficiency
is disappointing. From a pharmacoeconomical point of view, they are planned to be more affordable than foreign ana-
logues for patients. Due to this, it could provide people with the most efficient and least expensive medicines. At the
same time, it had to lead to efficient health care and had to improve the quality of an individual's life. Therefore, the
creation of domestic effective products containing potassium is very actual and important aim for our country. Con-
sequently, this product has to comply with high bioavailability and good tolerability with long-term use.

MATERIAL AND METHODS

It was applied the widely complex study of using the next databases: PubMed, Medline, Scopus, HINARI, SciSearch
© The Thomson Corporation. In this present work 32 articles were analyzed. It was found the different salt of potassi-
um, which is a source of potassium and is used as a mineral supplement to treat potassium deficiency. They are used
as a transporter that carries potassium into the cells. According to the Nomenclature of the Republic of Moldova (RM),
potassium medicines and supplement used to prevent and to treat low potassium is found in the various form of salts,
such as: chlorides, aspartate, orotate and others, as noted in table 1.

Due to the different route of administration and the dose of medicine, they can be used in patients with hypopo-
tassemia on the different levels. Hypopotassemia is classified as mild (serum potassium, greater than 3 to 3.5 mEq/L),
moderate (serum potassium, 2.5 to 3 mEq/L), or severe (serum potassium, less than 2.5 mEq/L) [26]. Most cases of
mild-to-moderate hypopotassemia may be corrected with oral potassium supplements and medicines (table 1).

Potassium chloride is should be given by intravenous route strictly, because large amounts for long-term admi-
nistration cause damage to the small intestine, where absorption occurs 90% potassium. Potassium iodide is used as
a source of lodine (1,) and as a mineral supplement to prevent and to treat |, deficiency. In addition, potassium iodide
can block absorption of radioactive iodine by the thyroid gland through flooding the thyroid with non-radioactive io-
dine and preventing intake of radioactive molecules, thereby protecting the thyroid from cancer causing radiation.
Moreover, salt iodization is the preferred policy to prevent iodine deficiency and associated disorders in the Republic of
Moldova, due to nuclear accident that occurred in the North of Ukraine, Chernobyl. [27].
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Table 1. Oral potassium medicines and supplement used in the different salts

. . . Pharmaceutical Potassium Elemental
Medicine name Potassium salt .
form salt dose Potassium dose

lodomarin Potassium lodide tablet 100 pcg 23 pucg
200 pcg 47 pcg
Panangin Potassium Aspartate 158 mg 36 mg

Magnesium Aspartate tablet 140 mg (0.92 mEq)
Potassium Aspartate 316 mg 72 mg

Panangin® Forte Magnesium Aspartate tablet 280 mg (1.8 mEq)
Miostenil Potassium Aspartate 250 mg 57 mg

Magnesium Aspartate tablet 250 mg (1.45 mEq)
Potassium oro- Potassium Orotate tablet 500mg 100 mg

tate (2.5 mEq)
750mg 393mg

KClI Potassium Chloride tablet retard (10 mEq)
1000mg 524mg

(13.4 mEq)
1500mg 786mg

(201 mEq)
Potassium Citrate 2170mg 246mg

Kalinor monohydrate tablet efferv. (6.3 mEq)
Potassium Hydrocar- 2057mg 803mg

bonate (20.5 mEq)

Potassium aspartate is active in the form of the levo-
rotatory stereoisomer compared to dextrorotatory. It was
proved by clinical trials in patients receiving furosemide
and digoxin concomitantly. They were provided for 14 days
with L-aspartic acid potassium and magnesium salt (K-Mg
L-aspartate), D-aspartic acid potassium and magnesium
salt (K-Mg-D-aspartate) and DL-aspartic acid potassium
and magnesium salt (K-Mg-DL-aspartate). Applying ato-
mic emission spectroscopy to analyze the blood, it was
shown that L-aspartic acid potassium and magnesium
salt compensated the most for the potassium deficiency
compared to other aspartate stereoisomers [28].

Thus, various salt of potassium for oral route of ad-
ministration have the different rate and active fraction of
the initial dose of a medicine that successfully reaches
the systemic circulation in a chemically unchanged form
(bioavailability). Bioavailability, the “term” used is “F", is
defined as the active fraction of drug from its pharmace-
utical dosage form administered that gains access to the
central circulation, i.e., the circulating post-portal venous
blood. Bioavailability, F, refers to the extent a substance
or medicine becomes completely available to its inten-
ded biological destination. More accurately, F is a mea-
sure of the rate and fraction of the initial dose of a drug
that successfully reaches either; the site of action or the
bodily fluid domain from which the medicine’s intended

targets have unimpeded access [29, 30, 31]. Therefore, F
for a medicine administered intravenously is 100%. An F
of 1.00 is equivalent to a bioavailability of 100%. Unlikely
IV, just a part of a dose administered orally is “available”
to the target sites of action. It is due to the number of
factors, such as: the passage through the gastrointestinal
(GI) system and hepatic first-pass metabolism. Therefore,
the influence of oral pharmaceutical form on medicine’s
bioavailability is generally in the following order: Solution
> Emulsion > Suspension > Powder > Capsule > Tablet [32].

It was applied a Lipinski Rule of Five states, which is
used in order for the medicine to be orally active it must
have: Not more than 5 hydrogen bond donors (OH and NH
groups); Not more than 10 hydrogen bond acceptors (no-
tably N and 0); A molecular weight under 500 g/mol; A
partition coefficient log P less than 5. Therefore, the diffe-
rent salt of potassium used in hypopotassemia have been
analyzed, as noted in table 2.

F is usually assessed by determining the area under
the plasma concentration-time curve, as noted in figure.
By plotting plasma concentrations of the medicine versus
time, we can measure the area-under-the-curve (AUC).
This curve reflects the extent of the medicine absorption.
F of the medicine administered orally is the ratio of the
area calculated for oral administration compared with the
area calculated for IV injection (as noted in equation 1).
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Table 2. Characteristic values of medicines used in hypopotassemia

Name Value K*Aspartate | K*Orotate |k*Chioride| k'Citrate | <'Bicar | Spirono-
bonate lactone

Molecular Weight, g/mol 209.28 19419 74.55 306.39 100.115 416.6
Hydrogen Bond Donor Count 1 2 0] 1 1 (0]
Hydrogen Bond Acceptor Count 5 4 1 7 3 5
Rotatable Bond Count 1 1 (0] 2 0] 2
Topological Polar Surface Area 106 A2 98.3 A2 0 A2 141 A2 60.4 A2 85.7A2
Formal Charge 0 0 0] 0 0 0
(D;E:fd Atom Stereocenter 1 0 0 0 0 7
Covalently-Bonded Unit Count 3 2 2 4 2 1

Note: Data deposited in or computed by PubChem < https://pubchem.ncbi.nim.nih.gov >

Key measurements are examined: AUC, ., is defined
as the area under the concentration-time curve from do-
sing (time 0) to the time of the last measured concentra-
tion; Maximum concentration (C__ ) is defined as the ma-
ximum observed medicinal concentration observed in the
blood, reported in units of ng/mL; Time of maximum con-
centration (t__ ) is defined as the time at which the Cmax
occurs, reported in units of h. AUC is directly proportional
to the total amount of unchanged drug that reaches sys-
temic circulation [30].

Plasma drug concentration increases with extent of
absorption; the maximum (peak) plasma concentration
is reached when drug elimination rate equals absorpti-
on rate. Bioavailability determinations based on the peak
plasma concentration can be misleading because drug
elimination begins as soon as the drug enters the bloo-
dstream. It has been established that 10% of the dose of
the potassium orotate taken orally is absorbed. It is con-
verted into orotidine-5-phosphate in the liver and is ex-
creted in the urine (30% as metabolites). The main route
of elimination of potassium aspartate is renal (about 90%
of potassium is excreted by the kidneys daily). The remai-
ning 10% are excreted through the digestive tract.

Diuretic use is a common cause of renally mediated
hypopotassemia [33]. The widely spread using of the
diuretics such as loop (furosemide, torasemide, etha-
crynic acid) and thiazides (hydrochlorothiazide, inda-
pamide) is more likely to induce hypopotassemia than
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F=(AUC__/AUCparenteral)*100% (1)

oral
spironolactone. Unlikely loop and thiazide diuretics, spi-
ronolactone is potassium-sparing diuretics that blocks
the aldosterone receptors due to similar chemical struc-
ture with aldosterone. Thus, it helps make more urine
and to lose excess water from the human body with less
K* lost to the urine [21].

Recently, it was demonstrated that after a single
oral dose of spironolactone, 7 alpha-thiomethylspirolac-
tone is the main metabolite and that unchanged spirono-
lactone reaches maximum serum concentrations which
are in the same order of magnitude as canrenone (see
figure 2) [34]. Both spironolactone and 7 alpha-thiome-
thylspirolactone are known to possess anti-mineralocor-
ticoid activity, and they may be mainly responsible for the
activity of spironolactone. The uptake from the gastroin-
testinal tract is at least 70%. The protein binding avera-
ges 98%. The half-life is 18 to 20h after doses of 100 to
400m.g. It is eliminated as metabolites via the urine and
the bile.

RESULTS AND DISCUSSIONS

The last few decades have witnessed an increase of
importance of medicines bioavailability. It was shown that
aspartate and orotate of potassium salt are more efficient
than other in oral pharmaceutical form. First of all, the-
se organic salts play some important roles: as a source of
potassium and as a transporter that carry potassium into
the cells, and other benefits are specific for these acids.



REVISTA FARMACEUTICA A MOLDOVEI 2021

Thus, orotic acid exhibits antioxidant properties, since it is a key intermediate in the biosynthetic pathway of pyrimi-
dines that promotes the synthesis of enzymes which act as free radical scavengers. Also, aspartic acid serves as a
neurotransmitter and takes a part in the synthesis of other amino acids (Arginine, Lysine, Methionine, Isoleucine) and
some nucleotides. It was established, that the L-aspartic acid potassium salt is the more bioactive form than its dex-
trorotatory stereoisomers. Due to combination with spironolactone (potassium-sparing diuretic), it could achieve the
successful result in patient with hypopotassemia. Therefore, the creation of domestic effective medicines with the salt
of potassium and spironolactone for the correction of potassium deficiency, which have high bioavailability and good
tolerability with long-term use, is an urgent problem.
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Figura 1. Spironolactone metabolism in humans.
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Abstract. From therapeutic point of view, propolis is one of the most valuable bee products, which proves its use
in various pharmaceutical forms, and further research of this product worldwide. However the complex and diverse
composition requires a complex study of both propolis and the factors that lead to the modification of the com-
position and respectively inevitably to the change of the therapeutic properties. This paper is a synthesis of the
effects of the use of herbicides and insecticides on the composition and therapeutic properties of propolis. It was
established that the presence of certain herbicides and insecticides propolis samples collected in different geogra-
phic areas, as is concluded to decrease the effect of the presence of the therapeutic properties of propolis in the
presence of polluting factors mentioned above.

Keywords: Propolis, herbicides, insecticides, free radicals, therapeutic potential.

Rezumat. Din punct de vedere terapeutic, propolisul reprezintd una dintre cele mai valoroase substante biologic
active apicole, fapt dovedit de utilizarea Iui tot mai larga in diverse prescriptii si forme farmaceutice, si studiul lui
centrat, reluat in pandemie, la nivel mondial. Compozitia complexa si diversa, necesita un studiu la fel de complex,
atat al propolisului, cat si al factorilor ce pot duce la modificarea compozitiei, si respectiv, la schimbarea potenti-
alului terapeutic. Lucrarea reprezinta o sinteza prioritar axata pe rezultatele studiilor efectelor utilizarii erbicidelor
si insecticidelor asupra compozitiei si potentialului terapeutic al propolisului. Astfel, prezenta unor erbicide si in-
secticide in mostrele de propolis colectat in diferite zone geografice si climacterice, influenteaza direct compozitia

propolisului, conditiondnd diminuarea substantiala a potentialului lui terapeutic.
Cuvinte cheie: Propolis, erbicide, insecticide, radicali liberi, potential terapeutic.

INTRODUCERE

Comunitatile stiintifice din intreaga lume atesta feno-
menul tot mai agresiv de poluare al mediului. Un factor
semnificativ al poluarii este determinat si de utilizarea ma-
siva, irationald a erbicidelor si insecticidelor sintetite. Im-
pactul lor asupra vietii si sanatatii este unul foarte mare,
indiferent, ca se consuma produse native sau procesate,
poluate direct sau indirect cu erbicidele si insecticidele
utilizate in agricultura. Printre produsele indirect poluate
se numara si produsele apicole, in special mierea, polenul,
propolisul, poluate. Propolisul reprezintad un produs apicol
cu proprietati biologice si terapeutice dovedite antibac-
teriane, antivirale, antitumorale, antifungice, antioxidan-
te, imunomodulatoarec etc. [5]. Cat priveste compozitia
lui chimica complexa, preponderent este reprezentata de
flavonozide, alte substante, precum aldehidele aromatice,
acizii fenolici, acizii organici, minerale, vitamine si ami-
noacizi, continutul lor fiind determinat de mai multi fac-
tori: flora specifica, conditiile climacterice, gradul de polu-
are a zonei geografice in care albinele activeaza.

SCOPUL LUCRARII

Studiul realizarilor in domeniul cunoasterii influentei
utilizarii erbicidelor si insecticidelor asupra compozitiei
si potentialului terapeutic al propolisului, cu specificarea
particularitatilor specifice (colectare, depozitare, proce-
sare) si influentei si interactiunii lor in asigurarea efectului
terapeutic.

MATERIALE S| METODE

Analiza sistematicad bazatd pe interogarea bazei de
date PubMed, motorului de cautare Google Scholar Aca-
demic research, literaturii de specialitate, utilizand cuvin-
te cheie adecvate studiului si evaluarea manuala a arti-
colelor returnate. La baza acestui studiu sta metodologia
de cercetare prin abordare sistemica, care permite deter-
minarea factorilor si mijloacelor de descriere si reprezen-
tare a obiectului studiat, obiectivele de analizat conside-
randu-le ca un set de elemente, a caror relatie determina
proprietatile obiectului cercetarii - propolisului, ca un tot
intreg si total interdependent de conditiile mediului.
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Savantii din domeniu din toatd lumea anual publica si
descriu diverse rezultate ale studiilor produselor apicole,
propolisului. Cele mai multe publicatii stiintifice in acest
domeniu revin Braziliei, Argentinei, Peru, Cili, Boliviei, SUA
s.a. Astfel, cercetatorii brazilieni, au analizat patru tipuri de
propolis (maro, verde, rosu si galben) in total 19 probe, si
au fixat concentratiile de glifosat, acid aminometilfosfonic
(AMPA), picloram si atrazina in diferite tipuri de propolis
brut din Brazilia [3] utilizand ca metoda de analiza croma-
tografia lichidé de inalté performanta (HPLC). Din totalul
probelor de propolis, 47% au dat rezultate pozitive pen-
tru erbicidele cu continut de atrazina de la 5 pug/g pana la
17,4 ug/g si AMPA de 10,2 ug/g péana la 11,3 ug/g. nu s-au
identificat probe pozitive pentru glifosat; totusi, prezenta
acidului aminometilfosfonic (AMPA) dovedeste existen-
ta sa. La fel in cadrul altor studii sau analizat reziduuri de
pesticide in propolisul brut colectat din Spania si Chile [1],
componentele au fost detectate si cuantificate de catre
cercectatori utilizand spectrometria de masa prin croma-
tografie in faza gazoasa obtindnduse urmatoarele rezulta-
te: triamidefon prezent in 70,1% din probe cu concentratii
cuprinse intre 0,35 si 42,17 mg/kg si dicofol detectat in
7,5% din probe cu concentratii intre 0,39 si 2,83 mg/kg.
Diclorofluanid, procimidona, folpet, propam si metazaclor
au fost, de asemenea, detectate, dar intr-un numar mic de
probe. Reziduurile de pesticide si metale grele in propolisul
procesat comercial (Fig Nr. 2) la fel au fost studiate, astfel
utilizdnd cromatografia gazoasa-spectrometrie de masa
(GC-MS) au fost cuantificate, [2][8] unde triadimefonul a
fost principalul pesticid detectat si cuantificat intre 0,32
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mg/kg si 2,68 mg/kg fiind prezent in 65% din probe. Cele-
lalte pesticide care s-au identificat, dar intr-o masura mai
micad, sunt quintozenul 0,91-1,06 mg/kg, procimidona 0,11
mg/kg, metazaclor 0,63-6,09 mg/kg, folpetul pana la 11,31
mg/kg. diclofluanid pana la 0,29 mg/kg si clorfenson 1,05
mg/kg. Rezultatele au mai aratat prezenta elementelor
minerale grele, cum ar fi Cr, Ni, Cu, Zn si Pb, precum si rezi-
duuri de pesticide precum fungicide, erbicide si acaricide,
in treizeci si una de capsule de propolis, tablete, tincturi,
bomboane si siropuri comercializate in Spania, Portugalia,
Belgia, Anglia, SUA si Chile.

Pesticidele induc stres oxidativ, provocand generarea
radicalilor liberi si alterarea sistemul enzimatic de elimi-
nare al antioxidantilor sau a radicalilor liberi ai oxigenului.
Analizénd studiul realizat pentru a investiga toxicitatea
orala a clorpirifosului (insecticid utilizat pe scara larga in
agriculturd) fatd de sobolanul mascul, observand stresul
oxidativ al dozei subletale de clorpirifos (9 mg/kg; 1/25
LD50) observand nivelul peroxidarii lipidelor (LPO), con-
tinut redus de glutation (GSH) si nivelul urmatoarelor en-
zime antioxidante : activitati catalazice (CAT), superoxid
dismutaza (SOD), glutation peroxidazd (GPx) si glutati-
on-S-transferaza (GST) ale tesutului testicular[6]. De ase-
menea s-au investigat efectele protectoare ale extractu-
lui de propolis (50 mg/kg m.w.) singur, sau in combinatie
cu clorpirifos. Analizand figura nr.1, putem concluziona
ca efectul antioxidat al propolisului administrat este mai
mare ca in cazul utilzarii concomitente al propolisului si
clorpirifosului, astfel se dovedeste micsorarea efectului
antioxidat al propolisului din motivul prezentei insectici-
dului.
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Figura 1. Parametrii oxidativi-antioxidativi Figura 2. Forme comerciale cu propolis

Concluzii

Conform Legii apiculturii Nr. 70 din 30-03-2006, [7]
Articolul 12 Asigurarea conditiilor pentru activitatea in
apiculturd, Articolul 13 Protectia albinelor, se interzice
utilizarea pesticidelor si insecticidelor pentru prelucrarea
cimpuirilor, fisiilor forestiere si a plantatiilor de arbusti in
perioada infloririi plantelor nectaro-polenifere. La fel se
impune o conlucrare al apiciltorilor si fermierile in monito-
rizare riguroasa a utilizarii erbicidelor si insecticidelor, din
pacate conform avizelor Asociatiei Nationare de Apicul-
turd din Republica Moldova sunt identifcate numeroase
cazuri de utilizare irationalad al acestora si contaminarea
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coloniilor si respectiv produselor apicole cu erbicide si in-
secticide.

In concluzie, analizand rezultatele, ce ne dovedesc
efectele ddunatoare si diminuarea efectului terapeutic al
propolisului in urma contaminarii acestuia cu erbicide si
insecticide. La fel din cauza, ca a fost depistata poluarea
in diferite regiuni geografice ne permite sa presupunem
ca acest produs apicol utilizat pe larg in scopuri terape-
utice atat in terapia clasica cat si in medicina populara, e
posibil sa fie contaminat cu erbicide si insecticide siin Re-
publica Moldova, fapt ce denotd necesitatea unui studiu
practic aprofundat a problemei in cauza.
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Abstract. Theophylline, administered in appropriate doses and in a regular way is a very effective remedy in the
treatment of asthma, chronic obstructive pulmonary disease in moderate or severe forms. The formulation of drugs
with sustained, prolonged, controlled release significantly influences not only the therapeutic profile and efficacy,
but also the compliance of medicament users by reducing the dose and frequency of the drug administration, en-
suring the maintenance of blood levels, the possibility of diminishing both the irritating effect of the drug on the
gastrointestinal tract and the manifestation of the main side effects.

Keywords: theophylline retard tablets, formulations, manufacturing technology, medicines.

Rezumat. Teofilina, administrata in doze adecvate si in mod regulat este un remediu foarte eficient in tratamentul
astmului bronsic, bolii pulmonare obstructive cronice in forma moderata sau severa. Formularea medicamentelor
cu eliberare (cedare) sustinuta, prolongata, controlata influenteaza semnificativ nu numai profilul si eficienta lor te-
rapeutica, dar in egala masura si complianta pacientilor consumatori de medicamente prin posibilitatea de a reduce
doza si frecventa administrarii medicamentului, asigurarea mentinerii nivelului concentratiei in sange, posibilitatea
de a diminua atat efectul iritant al medicamentului asupra tractului gastro-intestinal, cat si manifestarea principa-

lelor efectelor secundare.

Cuvinte cheie: comprimate retard cu teofilina, formulare, tehnologie de fabricare, medicament.

ACTUALITATE

Conform OMS (Organizatia Mondiald a Sanatétii) circa
235 de milioane de oameni pe glob sufera de astm bronsic,
peste 65 de milioane de oameni sufera de boala pulmo-
nara obstructiva cronica in forma moderatad sau severa.
Astmul este cea mai frecventa boalad cronica si la copii.
Teofilina, administrata in doze adecvate si in mod regulat
este una dintre cele mai eficiente substante medicamen-
toase in tratamentul acestor maladii.

Formularea medicamentelor cu eliberare (cedare) sus-
tinuta, prolongata, controlatd influenteazd semnificativ
eficienta lor terapeutica Eliberarea, cedarea substantei
active in cantitate adecvatd stabileste concentratia ini-
tiald sanguind necesarad (doza terapeutica) raspunsului
terapeutic dorit, apoi, la intervale egale de timp, canti-
tati suplimentare eliberate cu viteza si rata care asigura
mentinerea nivelului sanguine constant (concentratia
de intretinere) constituie, credem, obiectivul principal al
formularii unor astfel de medicamente. Mai mult ca atéat,
aceste forme au fost concepute special pentru a ceda,
elibera substanta activéa lent, pina la cateva ore, cu dublu
scop: pentru a proteja substantele medicamentoase de
mediul agresiv acid din stomac si, deseori invers, pentru
a proteja mucoasa stomacala de efectele iritante ale sub-
stantelor medicamentoase. Avantajele cheie dovedite ale
acestor forme si tehnici farmaceutice sunt: toxicitate re-
dusa, prolongarea actiunii si efectului terapeutic, diminu-
area prizelor, dozelor administrate, a efectelor secundare
severe.
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Utilizata, majoritar, in forme farmaceutice orale solide,
in special cu eliberare lenta, teofilina reprezinta un bron-
hodilatator eficient care faciliteaza respiratia, relaxand si
deblocand pasajele de aer catre plamani. Denumirea com-
primatelor cu eliberare prelungita contine de obicei prefi-
xul ,long”, .depo” sau ,retard”. Ca siin cazul altor medica-
mente cu indice terapeutic ingust (ITl), cele cu teofilina,
pentru a evita efectele adverse severe, necesitd monito-
rizarea continua, in dinamica a concentratiilor plasmatice
(serice).

Scopul lucrarii. De a pune in atentie abordarile si pro-
gresul in fabricarea comprimatelor retard cu teofilina, cu
specificarea particularitatilor influentei excipientilor spe-
cifici asupra formulei, tehnologiei de fabricare, calitatii,
a interactiunii in asigurarea prompta al mecanismului lor
lent de actiune.

MATERIALE SI METODE

Analiza sistematica bazatad pe interogarea bazei de
date PubMed, motorului de cautare Google, Google Sc-
holar recherche académiques, reviste stiintifice, cum ar fi
«International Journal of Pharmaceutics”, ,Pharmaceuti-
cal Chemistry Journal” s.a., utilizadnd cuvinte cheie adec-
vate studiului si evaluarea manuala a articolelor returnate.
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Despre frecventa si accesibilitatea utilizarii teofilinei in
studiile fundamentale medicale si farmaceutice vorbesc
rezultatele interogarii: motorului de cautare - Google care
identifica aproximativ 1.060.000 rezultate (0,41 secunde)
despre teofilina, apoximativ 37.700 surse rezultate despre
preparate, remedii cu continut de teofilina, PubMed des-
chide accesul la 33,455 results despre teofilina si 4,995
results despre medecines with teofilina, iar Google Sc-
holar recherche académiques - environ 14 600 résultats
(0,05 s) despre teofilind si - environ 5 440 résultats (0,11
s) despre medecines with teofilina.

Pentru a realiza eliberarea controlatd a medicamen-
telor au fost utilizate tehnici si tehnologii diferite cum ar
fi: tip-matrice din substante si materiale insolubile in apa,
cum ar fi, spre exemplu, etilceluloza. Alt mecanism, diferit
de cel mentionat, se atesta la Eudragit®, care este capabil
sa incetineasca vizibil difuzia substantelor medicamen-
toase din contul proprietatii sale de gonfiare si permeabi-
litatii sporite. [1]

Alt mod de a realiza formulari cu eliberare prelungita,
in industrie, este acoperirea comprimatelor cu invelisuri
- fiind printre cele mai eficiente metode moderne utili-

zate pentru eliberarea controlatd, sustinutad a dozei de
substantd medicamentoasa. In acest scop, servesc dife-
riti polimeri, ca de exemplu, ceara de albine. Acoperirea
comprimatelor cu ceara poate fi realizat, fie la rece, prin
aplicare dupa dizolvarea ei intr-un solvent adecvat, fie, la
cald, prin acoperire cu un strat fin de ceara topita. Alte re-
zultate, denota ca Eudragit RS si RL sunt polimerii adec-
vati fabricarii microcapsulelor cu teofilind cu eliberare
sustinuta, obtinute prin metoda de coacervare, utilizate in
raport de 1: 1, solventul de spalare utilizat fiind hexanul. [2]

Formularea comprimatelor retard cu teofilind a constat
din mai multe etape de selectare si analizate in functie
de proprietatile cerute de prescriptie a listei substante-
lor auxiliare, in care se aflau: amidon, celuloza microcris-
talina MCC 102, talc, stearatul de magneziu, s.a. Pentru
a controla si a asigura eliberarea teofilinei in compozitia
comprimatelor a fost inclus polimetil metacrilatul ( Eudra-
git L100-55), aprobat si utilizat pe scara largé in industria
farmaceutica. [3]

Formula elaborata finala si reprezentarea cantitativa a
substantelor auxiliare in compozitia comprimatelor retard
include lista din 5 substante auxiliare asociate cu teofilina
(tabelul 1).

Tabelul 1. Compozitia comprimatelor retard cu teofilina

API/Excipient %

Theophylline anhydrous
Eudragit L100-55
MCC 102
Talc
Mg St
Methanol
TOTAL

Procesul tehnologic de fabricare al comprimatelor re-
tard cu teofilina a inclus 9 principale etape tehnologice:

1) Pregatirea materiilor prime,

2) Dizolvare (Eudragit L100-55 + metanol),

3) Amestecare (teofilina a/h + MCC),

4) Granularea umeda (teofilina a/h + MCC + Eudragit
L100-55),

5) Uscare granule,

6) Uniformizarea si pudrarea granulelor (sita cu d=0,8
MM + talc + Mg stearat),

7) Presare (matrita cu d=12 ™, P= 9 kN/cm2),

8) Controlul calitatii,

9) Ambalare.

Procesul de fabricare si control al calitatii comprima-

A109 80
EX034 10
EX003 6
EX024
EX018 1
EX027 -

100

telor retard cu teofilind include mai multe puncte si etape
de control al proceselor si operatiilor tehnologice. Astfel,
uniformizarea si pudrarea granulelor a fost realizatad cu
ajutorul unei site cu d=0,8 MM, presarea a avut loc in ma-
trita cu d=12 Mm, cu diferite valori ale fortei de presare P =
6. 9. 14 kN/cm? Masa medie, rezistenta mecanica, deza-
gregarea si testul de dizolvare in mediul acid (stomach),
neutru (duoden) si alcalin (intestin) au fost efectuate con-
form metodelor si tehnicilor descrise in BPh 2020. Rezul-
tate selective ale acestor determinari sunt prezentate in
tabelul 2.

Simultan au fost petrecute teste de control si verifica-
re a timpului de eliberare (cedare) a teofilinei din trei for-
mulari testate de comprimate retard cu teofilina (figura 1).
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Tabelul 2. Rezultate selective ale testelor de calitate si timp de dizolvare

. . Masa per Forta de %
API si numarul . ’
S LIRS inHClL pH=12 T solutie-tampon, pH=6.8
experiment 2
mg Kg/cm 1ora 2ore 4o0re bore 8ore
Teofilina 400mg 500 6 15.4 28.3 35.6 53.5 627
Exp. 1
Teofilina 400mg 500 14 18.3 30.4 55.4 69.4 82.8
Exp. 2
Teofilina 400mg 500 9 251 342 566 700 934
Exp. 3
100
80
60
)
20
Exp. 3
0 Exp. 2
Tora Jore
4 ore 2
6ore
8ore
=Exp. 1 Exp.2 =Exp3

Figura 1. Timpul si intervalul de eliberare (cedare) a teofilinei din trei formulari

de comprimate cu eliberare sustinuta

CONCLuzIl

Formularea comprimatelor retard cu teofilina include
5 substante auxiliare asociate si compatibile cu teofilina
a/h. Eliberarea (cedarea) prelungita eficienta a teofilinei
este asiguratd in comprimate de prezenta polimerului
polimetil metacrilat (Eudragit L100-55). Procesul de fa-
bricare al comprimatelor retard cu teofilind se realizeaza
prin metoda de granulare umeda, si include 9 etape teh-
nologice. Important este, ca timpul de eliberare (cedare) a
teofilinei din comprimate este direct proportionalad canti-
tatii polimerului polimetil metacrilat (Eudragit L100-55) si
excipientilor utilizati.
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Summary. The rational use of drugs, including beta-adrenoblockers, requires a connection between pharmacoki-
netic, pharmacogenetic and pharmacodynamic features that will ensure an individualized selection of preparations
in accordance with the principles of evidence-based medicine. Carvedilol, the third generation beta-adrenoblocker
with beta- and alpha-adrenoblocking action, which determines antihypertensive, antiarrhythmic, antianginal and
antiischemic properties. The drug, due to its physico-chemical properties, the presence of specific groups (car-
bosolic, etc.), the interaction with membrane phospholipids, manifest antioxidant, antiapoptotic, antiproliferative,
anti-inflammatory, antiplatelet and benefic effects on carbohydrate and lipid metabolism. The pharmacogenetic
features of metabolism with the participation of cytochrome P-450 isoenzymes (CTP 2Dé, 2C9,2C19, 3A4) and
glucuronyltransferases ensure the efficacy and harmlessness of carvedilol in patients with cardiovascular disease
and/or comorbidities.

Keywords: beta-adrenoblockers, carvedilol, CYP isoenzymes, genetic polymorphism.

Rezumat. Utilizarea rationala a medicamentelor, inclusiv a beta-adrenoblocantelor, presupune o conexiune intre
particularitatile farmacocinetice, farmacogenetice si farmacodinamice ce va asigura o selectare individualizata a
preparatelor in conformitate cu principiile medicinii bazate pe dovezi. Carvedilolul, beta-adrenoblocant de generatia
a lll cu actiune beta- si alfa-adrenoblocanta, ce determina prorpietati antihipertensive, antiaritmice, antianginoa-
se si antiischemice. Preparatul, datorita proprietatilor fizico-chimice, prezentei unor grupari specifice (carbozolica
etc.), interactiunii cu fosofolipidele membranare, manifesté actiune antioxidanta, antiapoptotica, antiproliferativa,
antiinflamatoare, antiagreganta si efecte benefice asupra metabolismului glucidic si lipidic. Particularitatile farma-
cogenetice ale metabolismului cu participarea izoenzimelor citocromului P-450 (CTP 2D6, 2C9,2C19, 3A4) si glucu-
roniltransferazelor asigura eficacitatea si inofensifitatea carvedilolului la paceintii cu maladii cardiovasculare si/sau
comorbiditati.

Cuvinte cheie: beta-adrenoblocante, carvedilol, izoenzime CYP, polimorfism genetic.

INTRODUCERE

Beta-adrenoblocantele (BAB) constituie o grupa prin-
cipald de medicamente utilizate in cardiologie in trata-
mentul hipertensiunii arteriale, cardiopatiei ischemice,
aritmiilor cardiace si insuficientei cardiace cronice. Selec-
tarea preparatelor pentru farmacoterapia acestor maladii
poate fi determinata de proprietatile fizico-chimice, lipofi-
litate si/sau hidrosolubilitate, particularitatile de absorb-
tie, distributie, metabolizare si eliminare, care la randul lor
vor influenta efectele farmacodinamice. Beta-adrenoblo-
cantele, sub forma de preparate active sau promedica-
mente, sunt inactivate si/sau transformate in metaboliti
activi preponderent prin procesele metabolice de faza |
cu participarea enzimelor citocromului P-450 izoenzime-
le CYP2D6, CYP2C9, CYP2C19, CYP1A2, CYP 3A4, dintre
care CYP2Dé in revine rolul principal. Majoritatea izoenzi-
melor implicate in metabolismul beta-adrenoblocantelor
prezinta polimorfism genetic, care poate influenta rezul-
tatele tratamentului si probabilitatea reactiilor adverse in

functie de patologia cardiovasculara si maladiile conco-
mitente. In acelasi timp, grupul BAB este divers si repre-
zentantii sai individuali difera semnificativ intre ei privind
mecanismele de actiune, domeniul de aplicare, siguranta
si suportabilitatea. Carvedilolul, BAB din a treia generatie,
manifesta un sir de proprietati farmacocinetice, farmaco-
genetice si farmacodinamice ce ii confera anumite parti-
cularitati de utilizare clinica. Preparatul, datorita liposo-
lubilitatii inalte, se absoarbe rapid si complet (circa 90%),
se supune unui metabolism presistemic la primul pasaj
hepatic (pana la 80%), formeaza metaboliti activi si are o
perioada de injumatatire lunga [1, 4, 10, 11, 13, 21, 22, 24].

MATERIALE S| METODE

S-a efectuat un studiu bibliografic cu selectarea si
analiza a 25 surse bibliografice stiintifice din bazele de
date Pubmed si revistele de specialitate referitor la pro-
prietatile fizico-chimice, particularitatile farmacocinetice,
farmacogenetice si farmacodinamice ale carvedilolului.
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REZULTATE $I DISCUTII

Carvedilolul reprezinta un antagonist concurent al
beta-1, beta-2 si alfa-1-adrenoreceptorilor fara activitate
simpatomimetic3 intrinseca. In formele medicamentoase
este prezent sub R(+) si S(-) enantiomeri care determina
actiunea alfa-1-adrenoblocants, iar S(-) forma pe cea be-
ta-adrenoblocanta [5, 7, 15, 17, 18, 23].

Carvedilolul este metabolizat in principal de izoen-
zima CYP2D6 si, partial, de CYP3A4, CYP2C9, CYP1A2 si
CYP2E1. S(-)-carvedilolul este metabolizat de CYP2Dé,
iar R(+)-izomerul de CYP2C9. Se stie ca farmacocineti-
ca carvedilolului este influentatad de variatia genetica a
CYP2Dé, dar nu exista date pentru CYP2C9. Se presupu-
ne ca persoanele care au doua copii non-functionale ale
genei CYP2D6 sunt metabolizatori lenti CYP2D. Concen-
tratiile plasmatice de R(+)-carvedilol sunt de 2-3 ori mai
mari la metabolizatorii lenti, iar nivelurile de S(-) - carve-
dilol sunt crescute cu aproximativ 20% - 25%, comparativ
cu metabolizatorii normali. Timpul de injumatatire biologic
al carvedilolului va fi prelungit la pacientii cu functie he-
patica afectata. La metabolizatorii lenti ai carvedilolului,
metabolizarea izomerului R(+) este inhibata, ceea ce duce
la cresterea marcata a activitatii alfa-adrenoblocante, in
timp ce activitatea beta-adrenoblocanta ramane neafec-
tata. Metabolismul particular al carvedilolului ar putea
contribui la activitatea sa de blocare a beta-adrenorecep-
torilor pe termen lung. S-a raportat ca la pacientii cu in-
suficienta cardiaca cronica, nivelele plasmatice ale carve-
dilolului si enantiomerilor sai au fost crescute in stare de
echilibru. S-a descris glucuronoconjugarea stereoselecti-
va a carvedilolului prin UDP-glucuroniltransferaza in ficat
si in microzomi intestinali la folosirea carvedilolului race-
mic si enantiomerilor sai. Analiza retrospectiva a efectelor
adverse din studiile clinice a aratat ca indivizii care sunt
metabolizatori lenti CYP2D6 au avut o ratd mai mare de
ameteli datoritd efectelor vasodilatatoare prin blocarea
alfa-receptorilor determinate de concentratiile de 2-3 ori
mai mari ale R(+)-enantiomerului. Variatia in CYP2D6 nu
pare a fi asociatd cu o modificare a raspunsului terape-
utic la carvedilol, posibil, datorita faptului ca alte enzime
CYP450 pot converti carvedilolul in metabolitul sau activ.
Unele studii au raportat ca exista diferente semnificative
specifice alelei CYP2D6 in farmacocinetica carvedilolului,
dar genotipul CYP2D6 nu a avut niciun efect asupra FCC,
tensiunii arteriale sau efectelor adverse [3, 5, 14].

Carvedilolul, administrat oral la subiectii sanatosi, su-
fera un metabolism stereoselectiv la prima trecere prin fi-
cat, iar concentratia plasmatica a enantiomerului R(+), cu
efect al-adrenoblocant, este de 2-3 ori mai mare decat
cea a enantiomerului S(-), cu activitate p-adrenoblocanta.
Carvedilolul este metabolizat in principal in ficat in diversi
metaboliti activi de catre enzimele CYP2D6 si CYP2CS9. In
metabolismul carvedilolului sunt implicate enzimele de
faza | (izoenzimele CYP1A2, CYP2C9, CYP2D6, CYP3A4
etc.) si faza Il (UDP-glucuroniltransferaze, sulfataze). Pre-
paratul este metabolizat prin reactii de oxidare de faza |
a gruparii hidroxil din lantul lateral, mediate in principal
de CYP2D6 si, intr-o masura mai mica, de CYP2C9. Aces-
tea sunt urmate de reactii de conjugare in faza Il, precum
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glucuronoconjugare (metaboliti hidrofili, eliminati prin
rinichi si sulfatare (metaboliti lipofili cu eliminare hepati-
ca/biliara). Metabolitii activi ai carvedilolului identificati
la om sunt O-desmetil carvedilol ( ODMC), 4'-hidroxifenil
carvedilol (40HC) si 5'-hidroxifenil carvedilol (50HC) (Fi-
gura 1). Dintre acesti metaboliti activi, doar 40HC pare
sa aiba activitate p-adrenoblocanta. Mai multe studii au
aratat ca polimorfismele CYP2Dé induc variatii individuale
ale capacitatii de metabolizare a carvedilolului. Studiile au
demonstrat ca clearance-ul (CL) si volumul de distributie
(vd) la subiectii japonezi cu alela CYP2D6*10 (genotipu-
rile CYP2D6*1/*10, *2/*10, *10/*10) au fost semnificativ
mai mici decat cele ale subiectilor japonezi cu genotipu-
rile CYP2D6 *1/*1 sau *1/*2, ce denotd ca metabolismul
carvedilolului in ficat este semnificativ mai mic la persoa-
nele japoneze cu alela CYP2D6*10. Date similare au fost
raportate si la pacientii japonezi cu insuficienta cardiaca
cronica, la care valorile clearance-ului pentru carvedilol
au fost semnificativ mai mici la pacientii cu genotipuri
CYP2D6 *1/*5, *5/*10 si *10/*10 comparativ cu cei cu
CYP2D6 *1/*1, *1/*10. Alelele CYP2D6*1,*2 si *10 sunt cele
mai frecvente printre metabolizatorii extensivi si metabo-
lizatorii intermediari ai carvedilolului in populatiile asiatice,
in timp ce metabolizatorii lenti ai carvedilolului cu alelele
CYP2D6*5 cuprind mai putin de 1% din populatia asiatica
[7.11,13,15].

Carvedilolul este un ligand cunoscut pentru P-glico-
proteind, care afecteazad negativ absorbtia intestinala
a medicamentului, dar si un puternic inhibitor al acestui
transportor de membrana plasmatica, ce determinad mai
multe interactiuni potential semnificative ale preparatului
cu alte medicamente substraturi majore ale P-glicoprote-
inei, precum ciclosporina, doxorubicina, digoxina. Aceste
interactiuni pot fi relevante la pacientii cu insuficienta
cardiacé cronica [11, 21, 24].

S-a raportat ca exista diferente in proprietatile far-
macodinamice ale carvedilolului in functie de genotipu-
rile CYP2D6 prezente. Modificarea frecventei contractii-
lor cardiace (FCC) la metabolizatorii lenti si extensivi cu
CYP2D6 nu a fost semnificativa in comparatie cu valoarea
initialad, dar tensiunea arteriala sistolica la EM a fost scazu-
ta semnificativ in comparatie cu cea a PM dupa adminis-
trarea de doze multiple de carvedilol la subiectii caucazieni
sanatosi. Un studiu de cohorta la pacientii cu insuficienta
cardiaca cronica a aratat ca genotipurile CYP2D6 nu au
avut niciun efect semnificativ asupra eficacitatii clinice a
carvedilolului [7, 8].

Figura 1. Structura carvedilolului si metaboliti-
lor [7. 15]
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Carvedilolul este metabolizat prin citocromul P450 2Dé
(CYP2D6), care este extrem de polimorf si determiné o va-
riabilitate fenotipica de 4 tipuri de metabolizatori: ultra-ra-
pid, extensiv, intermediar si lent (UM, EM, IM si PM), starea
genetica a CYP2D6 poate fi un factor determinant al tole-
rabilitatii BAB. Polimorfismele functionale ale CYP2D6 sunt
frecvente, cu scaderea functiei alelei CYP2D6*10 prezente
la aproape 40% dintre pacientii asiatici si CYP 2D6 6*4 alele
non-functionale prezente la aproape 20% dintre pacientii
europeni [10, 12].

Efectele farmacodinamice ale carvedilolului sunt: efec-
tul antihipertensiv, antianginos, antiaritmic si vasodilata-
tor; intensificarea fluxului renal; ameliorarea functiei endo-
teliale; majorarea nivelului factorului endotelial de crestere;
micsorarea nivelului IL-6 si TNFalfa; actiunea antioxidanta,
antiproliferativa, antiapoptoticd si antiinflamatoare. Car-
vedilolul manifesta actiune antiproliferativa prin preintam-
pinarea hipertrofiei si remodelarii miocardului, proliferarii
musculaturii netede a vaselor si ameliorarea functiei endo-
teliului, ce poate determina profilaxia progresiei remodelarii
vasculare cauzata de dereglarile hemodinamice la pacientii
cuinsuficineta cardiaca cronica. Preparatul prin diminuarea
surplusului radicalilor liberi si a stresului oxidativ exercita
actiune antioxidanta. Actiunea antiproliferativa si antioxi-
danta potenteaza activitatea antiischemica si antiaritmica
a carvedilolului [16, 17, 18, 19, 23].

Beta-adrenoblocantele ocupa un rol important in tra-
tamentul insuficientei cardiace cronice, iar carvedilolul
printre cele neselective determinad un sir de efecte be-
nefice. Blocada alfa-1-adrenoreceptorilor prin carvedilol
determina vasodilatatie arteriald cu reducerea rezistentei
vasculare periferice si respectiv a postsarcinii cu un eflux
mai complet a sangelui din ventriculul stang. Prin rela-
xarea arterelor renale creste fluxul renal cu o diminuarea
a presiunii in glomeruli datorita dilatarii arterelor glome-
rulare eferente si micsorarii reabsorbtiei sodiului in tubii
proximali. Vasodilatarea arteriala, de asemenea, reduce
activarea vasoconstrictiei neurohormonale. La bolnavii
cu insuficienta cardiaca cronica decompensata se reduce
raportul beta1/beta2-adrenoreceptorilor, prin micsorarea
numarului beta-1-adrenoreceptorilor in miocard fara a se
modifica cel al beta-2-adrenoreceptorilor, ce determina
accentuarea simptomelor clinice. Concomitent creste
densitatea alfa-adrenoreceptorilor cu vasoconstrictie.
Carvedilolul in aceste conditii inlaturd aceste mecanisme
patogenetice cu ameliorarea insuficientei cardiace cro-
nice. S-a demonstrat, ca carvedilolul poate preintdmpina
dezvoltarea hipokaliemiei prin blocarea influxului potasi-
ului in hepatocite si eritrocite si dezvoltarea fibrilatiei prin
blocarea concomitentd a beta-1 si beta-2-adrenorecep-
torilor [16, 17, 18].

Beta-adrenoblocantele in functie de doza si selecti-
vitate pot influenta in mod diferit agregarea plachetara.
Astfel, in doze mici, necesare pentru realizarea actiunii
beta-adrenoblocante, pot stimula, iar in doze mari, inhi-
ba agregarea trombocitelor. Studiul agregarii plachetare
prin diferiti computi (adenozin difosfat, trombina, adre-
nalind, calciu) a estimat ca efectul antiagregant al BAB,

posibil, este determinat nu atat de actiunea beta-adreno-
blocanta, ci de interactiunile nespecifice cu componen-
tii membranelor celulare cu modificarea arhitectonicii si
fluiditatii stratului bilipidic, geometriei moleculelor pro-
teice ce formeaza canalele ionice si sistemele de trans-
ductie a semnalelor intracelulare. Aceste caracteristici
pot fi determinate de proprietatile fizico-chimice, precum
momentul dipol, masa si structura nelineard a moleculei.
Lipofilitatea inaltd contribuie la o incorporare mai rapida
si mai marcata in stratul bilipidic, iar dimensiunile si rami-
ficarea mai mare determind o dezorganizare mai accen-
tuata a arhitectonicii membranei celulare. Carvedilolul, in
comparatie cu propranololul si atenololul, are un moment
dipol mai mic, o masa moleculara mai mare si o structura
3D-netriviala. Fragmentul carbozolic al carvedilolului are
rolul principal in interactiunea cu stratul bilipidic, in timp
ce interactiunea cu beta-adrenoreceptorii este asigurata
de alte sectoare ale moleculei carvedilolului. Carvedilolul
influenteaza agregarea plachetara prin inhibarea casca-
dei acidului arahidonic relevata prin diminuarea sintezei
tromboxanului B, metabolitul stanil al tromboxanului A,
Preparatul, ca o molecula cationica amfifila, diminuie acti-
vitatea fosfolipazei A, atat prin cuplarea nemijlocita, cat si
prin formarea unui complex cu fosfolipidele membranare
si dislocarea calciului. Se considera, ca carvedilolul influ-
enteazd agregarea plachetara prin mecanismele implicate
in realizarea proprietatilor antiapoptotice si antioxidante,
efecte caracteristice indeosebi metabolitului sau. S-a de-
monstrat, cad carvedilolul inhiba agregarea trombocitelor
indusa de adenozin difosfat, colagen, trombina si adre-
nalina In concentratii micromolare dozodependente spre
deosebire de cele nanomolare pentru actiunea beta-adre-
noblocanta [25].

Carvedilolul este un - al-adrenoblocant neselectiv de
generatie a Ill care amelioreaza functia miocardica, inhi-
ba remodelarea distructiva in insuficienta cardiaca, scade
tensiunea arteriald (TA) prin reducerea rezistentei vas-
culare periferice si vasodilatatiei si nu manifesta efecte
nefavorabile caracteristice altor reprezentanti ai grupei.
0 parte semnificativa a efectelor favorabile ale carvedi-
lolului este asiguratd de proprietatile sale metabolice,
antioxidante, antiinflamatorii si anti-apoptotice. Aceste
proprietati ale carvedilolului sunt similare si se suprapun
cu cele ale lipoproteinelor cu densitate mare (HDL) si pa-
raoxonazei 1(PON-1). Proprietatile antiaterogene ale HDL
sunt atribuite absorbtiei de lipide din peretii vaselor si
unui spectru larg de functii antioxidante si antiinflama-
torii. Aceste functii benefice sunt mediate de proteine si
enzime care se gasesc in mod natural in HDL. Paraoxona-
za 1 este 0 enzima care se gaseste exclusiv in structura
HDL si manifesta capacitati de a elimina speciile oxidate
de lipide din structura lipoproteinelor cu densitate mica
(LDL). Nivelul PON1 din ser coreleaza invers cu riscul dez-
voltarii CAD si este recunoscut in prezent ca biomarker in
prezicerea probabilitatii bolilor vasculare. HDL faciliteaza
secretia PON1 si oferd un mediu hidrofob pentru legarea
si activitatea PON1, iar prin activitatea sa lactonazica si de
a inhiba fosfolipaza prezinta efecte antioxidante si anti-
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inflamatorii. Nivelul PON1 din ser se coreleaza invers cu
riscul dezvoltarii hipertensiunii arteriale sistolice si este
recunoscut in prezent ca biomarkerin prezicerea probabi-
litatii bolilor vasculare. Tratamentul cu carvedilol a scazut
tensiunea arteriala sistolica si diastolica pana la patruzeci
si respectiv 16 mmHg, a crescut nivelul HDL si colestero-
lului total, precum si a diminuat activitatea serica a PON-1
cu reducerea continutului dialdehidei malonice. Concomi-
tent carvedilolul nu a modificat semnificativ nivelul trigli-
ceridelor, LDL, apoproteinei A-I si B [2].

Carvedilolul prin blocarea al-receptorilor produce
vasodilatatie, faciliteaza absorbtia glucozei si lipidelor de
catre muschii scheletici, in ficat moduleaza glicogeno-
liza si gluconeogeneza si diminueaza efluxul TG si sinte-
za colesterolului, ceea ce imbunatateste legarea LDL de
receptorii sai hepatici. Majorarea HDL, pe fundalul unui
nivel nemodificat al apoproteinei Al, si cresterea acti-
vitatii PON-1, sugereaza despre cresterea functiei HDL.
HDL joaca roluri antioxidante, elimina lipidele oxidate din
membrana celulara si particulele de lipoproteine, scade
stresul oxidativ si inhiba raspunsurile pro-inflamatorii in
care PON-1joaca un rol substantial. S-a concluzionat, ca
proprietatile antioxidante ale carvedilolului pot fi partial
mediate prin reglarea ascendentd a PON-1. Carvedilolul
ca antagonist al a1/B-adrenoceptorilor scade tensiunea
arteriala cu reglarea descendenta a sistemului renind-an-
giotensina, NADPH oxidazei si producerea de superoxizi.
Astfel, carvedilolul prezinta efecte antioxidante si antiin-
flamatoare directe si indirecte. Carvedilolul, spre deose-
bire de B-adrenoblocantele conventionale, nu are efecte
secundare negative asupra profilului lipidic si a determinat
efecte metabolice benefice prin cresterea activitatii HDL
si PON-1si antioxidante [2].

Carvedilolul manifesta efect nefroprotector prin ac-
tiunea alfa-adrenoblocantd ce amelioreaza perfuzia si
functia rinichilor. Comcomitent, blocada alfa-receptorilor
amelioreaza fluxul sanguin in muschii scheletici cu cres-
terea utilizarii glucozei si sensibilitatii la insuling, efecte
benefice la pacientii cu afectiuni renale in sindromul me-
tabolic, obezitate, diabet zaharat, hipertensiune arteriala.
Actiunea vasodilatatoare poate fi cauzata si de inhibarea
secretiei endotelinei, o substantd endogend vasocon-
strictoare. Grupa carbozolica a carvedilolului se conside-
ra responsabild de cuplarea radicalilor liberi si dezvolta-
rea actiunii antioxidante si protectoare a organelor-tinta.
Carvedilolul inhiba producerea de anioni de catre neutrofi-
lele activate, expresia moleculelor de adeziune cu diminu-
area migrarii locale a neutrofilelor cu dezvoltarea efectului
antiinflamator. La utilizarea de durata a carvedilolului, se
inhiba secretia factorului de necroza tumorald (TNFalfa)
cu dezvoltarea efectului antiapoptotic. intr-un sir de studii
s-a demonstrat actiunea inhibitoare a preparatului asupra
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expresiei moleculelor de adeziune, IL-6 si altor citokine,
iar la pacientii cu insuficienta cardiaca cronica a IL-1beta
si IL-6. Consecinte benefice asupra functiilor renale vor
avea si ameliorarea parametrilor metabolismului lipidic si
preintdmpinarea activarii sistemului renina-angiotensi-
na-aldosteron, responsabile de dezvoltarea nefrosclero-
zei si disfunctiei tubulare. Astfel, efectul nefroprotector al
carvedilolului este determinat de actiunea vasodilatatoa-
re (blocarea alfa-receptorilor, micsorarea endotelinei), an-
tioxidanta (captarea radicalilor liberi, inhibarea peroxidarii
lipidelor), antiapoptoticd si antiinflamatoare (reducerea
IL-1beta, IL-6, TNFalfa, moleculelor de adeziune), precum
si efectelor benefice asupra metabolismului glucidic si li-
pidic [18, 20].

Beta-adrenoblocantele sunt utilizate la pacientii cu
ciroza hepatica si hipertensiune portala. Carvedilolul, s-a
dovedit a fi mai eficient decat propranololul in reducerea
presiunii portale, posibil prin actiunea vasodilatatoare al-
fa-adrenoblocanté cu reducerea rezistentei vasculare in-
trahepatice Preparatul ar putea avea un efect benefic la
pacientii cu ciroza avansata prin proprietatile antioxidan-
te, antifibrotice si antiinflamatoare. Efectul hemodinamic
al carvedilolului este dependent de doz3, iar o crestere a
dozei de carvedilol de la 6,25-12,5 la 25-50 mg/zi a scazut
semnificativ tensiunea arteriala sistemica fara un efect
suplimentar asupra hipertensiunii portale. E necesar de
retinut, cad efectul vasodilatator poate avea restrictii la
pacientii cu ciroza hepaticd decompensata si ascita re-
fractarad din cauza hipotensiunii sistemice cu reducerea
perfuziei renale. Unele studii au demonstrat ca carvedilo-
lul poate fi mai eficient decat BAB traditionale (proprano-
lol etc.) in prevenirea hemoragiilor variceale la pacientii cu
ciroza, desi o meta-analiza recenta a concluzionat ca car-
vedilolul nu este la fel de eficient in reducerea mortalitatii,
sangerarilor variceale si efectelor adverse grave [6, 9].

CONCLUzII

Carvedilolul sub forméa de racemat prin prezenta R(+)
si S(-) enantiomerilor manifesta proprietati beta- si al-
fa-adrenoblocante ce determina unele particularitati de
utilizarea clinica. Lipofilitatea inaltd determinad caracte-
ristici farmacocinetice avantajoase si aspecte farmaco-
genetice certe in procesul de metabolizare. Polimorfismul
genetic al CYP2D6 mai putin influenteaza eficacitatea si
inofensivitatea carvedilolului, in comparatie cu alte be-
ta-adrenoblocante, datorita implicarii in procesul de me-
tabolizare a altor izoenzime CYP2C9, CYP2C19, CYP3A4,
precum si a glucuroniltransferazei, enzima de faza a ll-a
a metabolismului. Prezenta grupei carbozolice determina
un sir de efecte farmacologice precum antioxidant, anti-
apoptotic, antiproliferativ, antiinflamator, antiagregant si
nefroprotector.
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Summary. The components of the renin-angiotensin-aldosterone ocular system are involved in regulating the pro-
duction and drainage of aqueous humor and intraocular pressure, respectively, as well as the degenerative proces-
ses of retinal ganglion cells. Angiotensin receptor blockers by inhibiting the effects of angiotensin Il may influence
the pathogenetic links of glaucoma and provide a promising therapeutic target. The pharmacokinetic and phar-
macodynamic properties of angiotensin receptor blockers may allow local and / or systemic use that will ensure
effective concentrations in ocular fluids and tissues, important conditions for achieving the therapeutic effect.
Internal administration may provide an increase in patient confidence in treatment and a priority in the presence of
comorbidities (hypertension, diabetes, etc.).

Keywords: angiotensin receptors, glaucoma, blockers.

Rezumat. Componentele sistemului renind-angiotensina-aldosteron ocular sunt implicate in reglarea producerii
si drenajului umorii apoase si respectiv a presiunii intraoculare, precum si a proceselor degenerative ale celulelor
ganglionare ale retinei. Blocantele receptorilor angiotensinici prin inhibarea efectelor angiotensinei Il pot influenta
verigile patogenetice ale glaucomului si oferi o tinta terapeutica de perspectiva. Proprietatile farmacocinetice si far-
macodinamice ale blocantelor receptorilor angiotensinici pot permite utilizarea locala si/sau sistemica ce va asigura
concentratii eficiente in lichidele si tesuturile oculare, conditii importante pentru realizarea efectului therapeutic.
Administrarea interna poate oferi o crestere a compliantei pacientilor la tratament si o prioritate in cazul prezentei
comorbiditatilor (hipertensiunii arteriale, diabetului zaharat etc.).

Cuvinte cheie: receptori angiotenzinici, glaucom, blocante.

INTRODUCERE

Sistemul renind-angiotensina-aldosteron (SRAA),
descoperit cu circa 120 ani in urma, prin intermediul en-
zimelor, peptidelor si receptorilor joaca un rol important
in fiziologia si fiziopatologia unui sir de maladii si stari pa-
tologice. S-a constatat, ca nu numai SRAA sistemic, dar si
cel local in organe si tesuturi, pot duce la evenimente pa-
tologice. Unele sisteme locale se bazeaza pe SRAA siste-
mic, in timp ce altele functioneaza independent de SRAA
sistemic, producand propriile componente la nivel local.
Astfel, SRAA poate fi considerat un sistem proteolitic
cheie care poseda functii intracrine, autocrine, paracrine,
precum si endocrine in corpul uman. Actualmente toate
componentele cheie ale SRAA, cu exceptia angiotensinei
IV si receptorilor angiotensinici tip 4, au fost identificate
atatin structurile retiniene, cat siin cele non-retiniene ale
ochiului uman. Elucidarea rolului SRAA sistemic si local
in patogeneza maladiilor, inclusiv oculare, va determina
studiul si elaborarea unor medicamente noi. Complexita-
tea cascadei SRAA (Figura 1) se axeaza pe studiul compo-
nentelor cheie (peptidaze, protease, peptide, receptori) si
interactiunii lor cu alte sisteme, inclusiv kalikrein-kininic
[1.3.4,6,7,9].

Descoperirea SRAA ocular local a initiat studii experi-
mentale si clinice in vederea elucidarii rolului acestuia in
etiologia si patogeneza afectiunilor oculare, precum gla-
ucom, retinopatia diabetica, degenerescenta maculara le-
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gata de varsta, retinopatia premature etc. Glaucomul, cu
numeroasele sale subtipuri, este o patologie responsabild
de afectarea neurodegenerativa a nervilor optici si axo-
nilor celulelor ganglionare a retinei cu orbire ireversibila.
Se considera, ca glaucomul afecteaza la nivel global circa
80 de milioane de oameni in 2020, dar numarul acesto-
ra este probabil mult mai mare datorita faptului ca boala
poate fi asimptomatica pentru o lunga perioada de timp.
Etiologia multifactoriald (varsta, rasa, istoricul familial,
diabetul, pseudoexfolierea, miopia) si patogeneza com-
plexad (cresterea presiunii intraoculare, leziunile struc-
turilor nervoase) a glaucomului necesitd dezvoltarea de
noi terapii eficiente in incetinirea progresiei bolii, inclusiv
pentru controlul presiunii intraoculare (PIO) si elaborarea
agentilor neuroprotectori. S-a sugerat cd SRAA ocular
joaca un rol in reglarea PIO, deoarece poate modifica di-
namica umorii apoase (UA). In acest context, preparatele
cu influentd asupra SRAA, inclusiv inhibitorii enzimei de
conversie a angiotensinei (IECA) si blocantele receptorilor
angiotensinici (BRA), prezinta un interes deosebit in cazul
dezvoltarii glucomului pe fundalul maladiilor cardiovascu-
lare, diabetului zaharat. S-a estimat, ca administrarea sis-
temica si topica a medicamentelor antihipertensive cu ac-
tiune asupra SRAA, IECA si BRA, pot reduce PIO [3, 4, 6,7].

Prezenta si transcrierea activa a genelor care codifica
proteinele SRAA, in cadrul diferitelor tipuri de tesut ocular,
sunt dovezi suplimentare ale unui astfel de sistem local in
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ochi. Un sir de studii au demonstrat o expresie puternica a
ARNm si proteinelor SRAATn tesuturile uveale siretiniene,
in raport cu stratul corneoscleral. Aceasta constatare are
implicatii importante in bolile uveo-retiniene, deoarece
aceste tesuturi sunt mai susceptibile sa produca angio-
tensina in cantitati mari. Proprietéatile proinflamatorii, pro-
fibrotice, mitogene si vasoconstrictoare ale angiotensinei
I, care contribuie la boala vasculara si inflamatorie prin
modificarea tonusului vascular, remodelarea structurala
si disfunctia endotelialda sunt probabil aceleasi mecanis-
me care promoveaza multe boli asociate SRAA. Aproape
toate straturile retinei au fost pozitive pentru proteinele
SRAA, ceea ce coreleaza cu descoperirile anterioare des-
pre rolul neuromodulator sau posibil neurotransmitator al
angiotensinei Il in retina. Modularea generatiei de specii
de oxigen reactiv (SRO) prin intermediul unui mecanism

mediat de receptorii AT ,au demonstrat in modele de glau-
com in vitro ca exploziile SRO sunt implicate ca mecanism
declansator pentru cascadele apoptotice la nivelul ochiu-
lui si nervului optic [10].

MATERIALE S| METODE

S-a efectuat o selectare si analizd a 11 surse biblio-
grafice din baza de date PubMed si din revistele de speci-
alitate prin aplicarea cuvintelor-cheie ,renin-angiotensin
system”, glaucom, “angiotensin Il type 1 receptor (AT1-R)
blocker”. Au fost incluse datele contemporane referitor la
aspectele experimentale si clinice de utilizare a blocan-
telor receptorilor angiotensinici in dezvoltarea si evolutia
glaucomului.
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Figura 1. Sistemul renina-angiotensina-aldosteron [7].

REZULTATE SI1 DISCUTII

Componentele SRAA au fost identificate in structuri-
le oculare implicate in formarea si drenajul umorii apoase
(UA). Cercetarile experimentale si studiile clinice au adus
dovezi cad medicamentele care inhibd SRAA ar putea fi po-
tentiale medicamente antiglaucomatoase, deoarece |[ECA,
BRA si inhibitorii reninei sunt capabili s& amelioreze de-
bitul UA cu micsorarea PIO. S-a demonstrat, ca blocarea
receptorilor AT, prin administrarea interna a losartanului
(50 mg) la pacientii cu glaucom primar cu unghi deschis
cu sau fara hipertensiune arteriala (HTA) a crescut sem-

nificativ fluxul UA si a scazut cu 16% PIO la toti pacientii,
chiar daca reducerea tensiunii arteriale (TA) a fost eviden-
ta doar la subiectii cu hipertensiune arteriala. Angiotensi-
na Il (Angll) exercita in principal efecte negative asupra
ochiului uman, desi unele rezultate sunt controversate. La
iepuri si maimute, injectiile intracamerale de Ang Il s-au
dovedit a reduce fluxul UA, efect care a fost blocat prin
tratamentul cu un antagonist al receptorilor AT, dar nu
cu un antagonist AT,. Injectiile intracamerale la iepuri ale
unui antagonist al receptorilor AT, au crescut fluxul uve-
oscleral cu 24% [4, 7].
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Efectul benefic al BRA s-a estimat a fi cauzat de cres-
terea fluxului uveoscleral, precum si de preintdmpinarea
degenerarii celulelor ganglionare ale retinei independent
de proprietéatile lor de scadere a PIO. S-a demonstrat ca
candesartanul, administrat oral, protejeazd si previne
pierderea progresiva a mortii celulelor ganglionare reti-
niene la soarecii cu glaucom normotensiv si la sobolanii
cu glaucom cronic. Tratamentul cu losartan a fost descris
pentru a exercita efecte neuroprotectoare asupra celule-
lor ganglionare ale retinei la soarecii cu PIO crescuté. In-
tr-un studiu experimental s-a constatat ca administrarea
sistemica a losartanului, irbesartanului si telmisartanului
a micsorat TA, in timp ce PIO a fost semnificativ redusa
de irbesartan si telmisartan, dar nu de losartan, probabil
din cauza dozelor non-echipotente. Un alt studiu imuno-
histochimic a demonstrat, ca doar telmisartanul a redus
fluorescenta in stratul celular ganglionar retinal. Conco-
mitent s-a dovedit, cd administrarea sistemica a aldos-
teronului a provocat o pierdere progresiva dependenta
de doza a celulelor ganglionare ale retinei, iar utilizarea
spironolactonei, a imbunatatit supravietuirea celulelor
ganglionare retiniene, independent de orice efecte asu-
pra PIO. Capacitatea dubla a BRA de a reduce PIO si de
a actiona ca agenti neuroprotectori este promitatoare in
tratamentul glaucomului [5, 6, 71.

Blocantii receptorilor angiotensinici administrati oral
scad PIO. Administrarea topica poate reduce efectele se-
cundare sistemice si poate fi eficientd pentru tratamentul
glaucomului. Studiile exeprimentale au demonstrat, ca
administrarea irbesartanului si candesartanului sub for-
ma de picaturi oftalmice a creat concentratii suficiente
in segmentul anterior al ochiului cu micsorarea PIO, efect
similar cu timololul, beta-adrenoblocant. Autorii au con-
cluzionat, ca BRA pot fi considerate o noua clasa de pre-
parate antiglaucomatoase [8].

S-a constatat, ca reglarea receptorilor AT, este asoci-
ata cu cresterea PIO, iar blocarea semnalizarii receptorilor
AT, cu candesartan previne eficient moartea neuronala
a retinei. Candesartanul in doza de 1 mg/kg/zi, in mode-
lul experimental de glaucom, a demonstrat efecte neu-
roprotectoare impotriva ischemiei retinei. S-a aratat ca
candesartanul provoaca o scadere a PIO timp de 5 ore la
subiecti sanatosi fara a influenta TA. Concomitent prepa-
ratul micsora TA doar la persoanele hipertensive, rezultate
ce sugereaza ca mecanismul nu este mediat de o scadere
a TA, ci mai degraba este mai specific. Astfel, s-a ajuns la
concluzia ca tratamentul cu candesartan ofera un efect
neuroprotector independent de reducerea PIO [11].

S-a constatat, ca activarea receptorilor AT, stimulea-
za transductia semnalului factorului de crestere trans-
formator-beta (TGFB) cu intensificarea formarii matricii
extracelulare, ce contribuie la patogeneza glaucomului.
Blocantele receptorilor angiotensinici inhiba aceasta ac-
tivare, ce contribuie la micsorarea PIO si neuroprotectie.
Proprietatile farmacologice ale BRA, precum si afinitatea
fata de receptori, reducerea ratei receptorilor si agonismul
invers, ar putea determina eficacitatea in tratarea glauco-
mului [4, 5].
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Administrarea sistemica a BRA a determinat concen-
tratii relevante de losartan, irbesartan si telmisartan in
ochi, creier si plasma. Toate BRA au redus TA, iar PIO a
fost micsoratd semnificativ de irbesartan si telmisartan,
dar nu de losartan. Telmisartanul a demonstrat capacitati
de a reduce semnalizarea TGFB. Reducerea semnalizarii
TGFp observata in stratul celulelor ganglionilor retinei su-
gereaza ca BRA pot traversa bariera hemato-retiniana cu
realizarea de efecte neuroprotectoare. Astfel, s-a conclu-
zionat, ca telmisartanul, BRA cu efecte duale de micsorare
a P10 si a TGFB, poate fi considerat ca terapie patogeneti-
cain tratamentul glaucomului[4].

Variatiile proprietatilor farmacologice ale BRA pot
duce la diferente in efectele fiziologice. Irbesartanul are
cea mai mare afinitate pentru receptorii AT, comparativ
cu losartanul, iar telmisartanul este cel mai lipofil BRA cu
cel mai mare potential de distributie in tesuturi. Studiile
comparative au constatat, cd concentratiile tisulare ale
telmisartanului, inclusiv in ochi, au fost cu un ordin mai
mare decéat celelalte BRA. Acest lucru este in concordanta
cu lipofilitatea compusului, care poate facilita patrunde-
rea barierelor de sange/retina si sange/UA si poate atinge
concentratii mari si poate explica eficacitatea telmisarta-
nului atat la scaderea PIO, cat si la interactiunea cu celu-
lele ganglionare ale retinei. Pacientii cu glaucom ar putea
fi tratati cu doze orale de BRA, o comoditate care poate
duce la 0 mai buna complianta a pacientului in comparatie
cu picaturile pentru ochi. Alternativ, intr-o abordare me-
dicalad personalizata, pacientii cu hipertensiune sistemica
si glaucom ar putea alege BRA in loc de sau in asociere cu
IECA pentru tratarea hipertensiunii arteriale in timp ce pri-
mesc beneficii suplimentare pentru tratarea glaucomului
[4,5].

Presiunea intraoculara este controlatd de echilibrul
dintre secretia si drenajul UA, iar drenarea este realizata
de celulele trabeculare umane (CTU), situate in unghiul
iridocorneal. Cresterea PIO se crede ca se bazeaza pe dis-
functia sau rezistenta crescutd a CTU la scurgerea UA.
Modificarile citopatologice cauzate de expresia si activi-
tatea factorilor de stres oxidativ, disfunctia normald a CTU
poate duce la o crestere a PIO. S-a raportat ca reteaua tra-
beculara are niveluri ridicate de metaboliti ai peroxidarii li-
pidelor si un numar mare de aducti ai ADN-ului. Oxidarea si
deteriorarea biomoleculara a CTU au fost considerate ca-
uza obstructiei fluxului UA. In fibroza pulmonars, epilepsia,
hipertensiunea arteriala, ateroscleroza, boala Parkinson si
moartea subita, stresul oxidativ joaca un rol important si
se crede, de asemenea, ca este asociat cu multe tulburari
oftalmice, cum ar fi degenerescenta maculara legata de
varsta, cataracta si glaucom. In mai multe celule oculare,
inclusiv celule epiteliale corneene, CTU, celule epiteliale
pigmentare retiniene si celule ganglionare retiniene, poa-
te surveni stresul oxidativ. Disfunctia indusa de stresul
oxidativ al CTU poate suprima scurgerea UA, poate duce
la cresterea patologica a PIO si glaucom. Progresia glau-
comului a fost legata de stresul oxidativ, care poate rezul-
ta din scaderea expresiei si activitatii proteinelor antioxi-
dante. In ultimii ani mai multe publicatii au documentat c&
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depozitele crescute de matrice extracelularad in CTU sunt
responsabile pentru cresterea PIO. Speciile reactive de
oxigen (SRO) modifica functia fiziologica a retelei trabe-
culare si sunt responsabile pentru semnalizarea celulara,
inclusiv TGF-f cu diferite citokine si factori de crestere.
S-a aratat ca TGF-f sunt prezenti in mediul ocular al oa-
menilor, iar continutul de TGF-f creste in UA in timpul Tm-
batranirii si glaucomului [2].

Concluzii

Sistemul renina-angiotensina-aldosteron sistemic si
ocular prin proteinele, proteazele si receptorii specifici
joaca un rol primordial in dezvoltarea si progresia mala-
diilor oculare, inclusive glaucom. Blocantele receptorilor
angiotensinici (losartan, irbesartan, candesartan, telimi-
sartan etc.) pot manifesta efecte benefice in tratamentul
glaucomului in functie de proprietatile farmacocinetice
(lipofilitate, distributie) si farmacodinamice (afinitatea
fata de receptori). Preparatele, de rdnd cu reducerea pre-
siunii intraoculare, manifestd efecte neuroprotectoare
faté de celulele ganglionare ale retinei cu preintampina-
rea progresiei proceselor neurodegenerative in glaucom.
Administrarea sistemica si/sau locald a blocantelor re-
ceptorilor angiotensinici poate fi considerata ca o terapie
antiglaucomatoasad de persepectiva datoritd capacitatii
preparatelor de a crea concentratii efective in mediile si
tesuturile oculare.
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Rezumat. Studiul proprietatilor gastroprotectoare ale partilor aeriene de Epilobium angustifolium a fost efectuat
pe un model al leziunilor mucoasei gastrice a sobolanilor printr-o singura administrare intragastrica de etanol (1 ml
de etanol 96%). Administrarea profilactica intragastrica a extractului din parti aeriene de Epilobium angustifolium in
doza de 500 mg/kg a contribuit la o crestere semnificativa a rezistentei mucoasei gastrice a sobolanilor la efectul
nociv al etanolului. Activitatea antiulceroasa a produsului vegetal investigat a fost de 3,18, ce a depasit rezultatele
grupului de comparatie.

Cuvinte cheie: fitoterapie, afectiuni ale aparatului digestiv, plante medicinale, ulcer peptic, Epilobium angustifolium
L., produse vegetale.

Abstract. The study of the gastroprotective properties of the herb Epilobium angustifolium was carried out on an
ethanol model of lesions of the gastric mucosa of rats by a single intragastric introduction of ethanol (1 ml of 96%
ethanol). Preventive intragastric administration of decoction at dose 500 mg / kg led to a significant increase in
resistance of the gastric mucosa of rats to the damaging effect of ethanol. The anti-ulcer activity of the studied
medicinal plant raw materials was 3.18, which exceeds the results of the standard group (2.06).

Keywords: phytotherapy, diseases of digestive system, medicinal plants, peptic ulcer, Epilobium angustifolium L.,

herbal materials.

INTRODUCTION

Diseases of the gastrointestinal tract are among the
most common diseases in the world. It is known, that 30%
of total number of gastrointestinal diseases is peptic ulcer
disease. Peptic ulcer disease affects people of the most
active, working age, causing temporary and sometimes
permanent disability [1]. There are several types of peptic
ulcer disease:

1) Peptic ulcers caused by Helicobacter pylori infection:;

2) Symptomatic (acute) - medicinal, stressful, etc.;

3) Ulcers resulting as a complication fromdiseases of
the internal organs (Cushing ulcers, etc.).

The signs of acute damage of the stomach wall are
necrosis, inflammatory exudate, and immature granular
tissue. Their characteristic feature is rapid occurrence
with frequent development of complications, and almost
as rapid healing after elimination of etiological factors. If
earlier acute ulcer was described as a rather rare patho-
logy, then in recent years many authors report hundreds
of observations [2]. Some of the main causes of gastric
ulcers include continual use of alcoholic beverages and
anti-inflammatory drugs, long time stress.

The large number of synthetic drugs have been used
in conservative treatment of peptic ulcer disease, which
can have a toxic effect on the human body. And also, due

42

to the impossibility, in some cases, to eliminate the etiolo-
gical factors and the high frequency of relapses and com-
plications, it is recommended to use preventive measures
and improve the methods of complex therapy.

It is important to use herbal medicines as a means of
prevention, which is associated with low toxicity during
long-term use and the availability of medicinal plant raw
materials [3].

A promising object of research is Epilobiumangusti-
folium L., which is used in traditional medicine and has
large raw materials reserves on the territory of the Re-
public of Belarus. Herb contains an extensive complex of
biologically active compounds (tannins (up to 10%), poly-
saccharides (up to 15%), flavonoids (up to 10%), vitamin C
(320 mg%), etc.) [4].

Thus, the purpose of our trial was to study the gas-
troprotective properties of decoction of Epilobiumangus-
tifoliumL..

MATERIALS AND METHODS

Plant material. E. angustifolium herbwas collectedin
the Minsk region of the Republic of Belarus in 2019. The
plant material was identified and a herbarium was submit-
ted to Department of Organization of pharmacy, BSMU,
Minsk (Belarus). The drying of raw materials was carried
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out in a natural air-shadow way. The plant material was
dried in shade and powdered. A decoction was prepared
according to the article “Infusions and decoctions” of the
State Pharmacopoeia of the Republic of Belarus [5].

Ethanol induced ulcer. The study of the gastroprotec-
tive properties of E. angustifoliumherb was carried out in
accordance with the existing requirements of Good Labo-
ratory Practice (GLP) and generally accepted recommen-
dations for this type of research [6, 7]. 24 female white
rats (260-320g) were selected, housed and divided into
three groups.Each group contained of eight animals under
standard laboratory conditions of temperature (25+2 OC).
The animals had free access to food and water. Before
experiment, a daily examination of the external condition
was carried out for minimum 10 days. The Belarusian State
Medical University, Animals Ethics Committee approved
all experimental protocol. The control group was given
only water purified, test group were given decoction (500
mg/kg. p.o.). Standard group was given “Plantagluscid” in
dose 500 mg/kg, p.o.. Active ingredients of “Plantaglucid”
is common plantain dry leaf extract.

Rats were fasted for 24hrs prior receiving first do-
ses.The solutions was administered intragastrically with
a special metal probe in a 7-day course before modeling
an "acute” ulcer. The ulcer was induced using 1 ml of 96%
ethyl alcohol by administered orally to each animal. Af-
ter 24 hours, the rats were removed from experiment by
cervical dislocation. The macroscopic observation of sto-
mach was recorded for ulcer scoring after removal of sto-
mach. Allstomachs were gently rinsed with water to re-
move the gastric contents and blood clots and examined
for lesions: the number of small (point) (less than 2 mm),
large (more than 2 mm), band-shaped ulcers was coun-
ted and the severity of hyperemia was recorded. Then the

percentage of animals with ulcers in each group was cal-
culated [8]. The study of the effect of decoction on the
motor-evacuation function of the gastrointestinal tract
was carried out using the method of “tags”. As a” tag” was
used activated carbon [9]. The integral index of the num-
ber of destructions was determined:
IP=(NxK) /100,

where N - is the average number of destructions per

1animal,

K - is the percentage of animal lesions in the group.

The anti-ulcer activity was determined as the ratio of
the values of the integral index in the control group to the
value in the experimental group and expressed in relative
units. The test agent was considered active if the anti-ul-
cer activity was 2 or more units [9, 10].

RESULTS AND DISCUSSIONS

The preventive intragastric administration of decoc-
tion of herb Epilobiumangustifolium L.at dose 500 mg/kg
led to a significant increase of resistance of the gastric
mucosa of rats to the damaging effect of ethanol.

The introduction of decoction and “Plantaglucid” led
to a significant improvement in the condition of the ani-
mals. Macroscopic examination of the stomachs of rats of
these groups showed the absence of bloating, folding and
color of the gastric mucosa almost did not differ from the
same characteristics in the group of intact animals.

There was a statistically significant decrease in the
average number of ulcers in test group (by 1.8 times) due
to a 2.8-fold decrease of number of point destructions
and the absence of band-shaped ulcers relative to similar
values in group of untreated animals (Table 1). The absen-
ce of hyperemia also indicates the presence of a gastro-
protective effect.

Table 1. Effect of decoction of herb E. angustifolium on the formation of lesions in ethanol induced

model in rats, (Mtm)

Band-shaped .
I [ e o

Number of ulcerations per animal

Control group

ified wat
(purified water) 3.75%1.40

10.2541.72
213+0.83

Expressed
413+1.92

Number of ulcerations per animal

Standard group

“Plantaglucid”, 500 mg/k
(*Plantagluci mg/kg) 3.29+0.70

6.43+0.98*
3.14+0.83 0

Absenced

Number of ulcerations per animal

Test group

E. tifolium, 500 k
(E. angustifolium mg/kg) PE—

5.67+2.06*
4.83+2.04 0]

Absenced

* Calculations were performed for those animals, that were found to have ulcerative lesions

The preventively introduction of decoction at dose
500 mg/kg led to decrease in number of small ulcers (less
than 2 mm) by 2.5 times compared to the drug “Plantaglu-
cid”, however, in the standard group, there was a smaller
number of large ulcers by 1.53 times compared to the ex-
perimental group.

The ability of the studied plant to enhance the mo-
tor-evacuation activity of the gastrointestinal tract is an
important aspect of anti-ulcer activity. In the control and
test group was an acceleration of the motility of the gas-
trointestinal tract by 49% and 61%, respectively (Table 2).
Violation of this function leads to an increase in the time
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of exposure to ulcerogen and gastric juice on the gastric
mucosa, the throwing of the contents of the duodenum
into the stomach, which can reduce the resistance of the
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mucous membrane to the effects of irritating factors and
contribute to damage to the gastric mucosa [11].

Table 2. Effect of decoction of herb E. angustifolium onmotor-evacuation function of the gastroin-

testinal tract

Filling the intestines
with carbon, %

Control group (purified water)
Standard group (“Plantaglucid”, 500 mg/kg)
Test group (E. angustifolium, 500 mg/kg)

The gastroprotective effect of the studied plant was
confirmed by a statistically significant decrease in the nu-
mber of animals with ulcers in test group. So, in the con-
trol group, pre-treated with a 7-day course water purified,

Acceleration

of motorfunction, %

35.31+1.76 =
52.5+2.03 49
56.7+1.89 61

founded damage of the mucous membrane of all rats, in
the standard group 87.5% of animals were affected, in the
experimental group - 75% (table 3).

Table 3. -Anti-ulcer activity of preventively introduction of E. angustifoliumherb (500 mg/kg)

Control group (purified water)
Standard group (“Plantaglucid”, 500 mg/kg)
Test group (E. angustifolium, 500 mg/kg)

The results obtained showed that the course appli-
cation has a positive result. The anti-ulcer activity of the
studied extract of E. angustifolium was 3.18, which exce-
eds the results of the standard group, where the animals
received “Plantaglucid”. The analysis of the composition
of biologically active compounds of E. angustifoliumherb
supposes that substances of polyphenolic nature (tan-
nins, flavonoids, phenolic acids) cause gastroprotective
activity. This group of compounds stabilizes mast cells,
helping to maintain an optimal level of microcirculation
in damaged tissues, reduces the production of histami-
ne and weakens the damaging effect of ulcerogen [12]. In
previous studies, we established a pronounced anti-in-
flammatory effect of the herb E. angustifoliumin an in
vivo experiment on a model of carrageenan inflammation
[13]. In case of peptic ulcer the activity of the enzyme and
non-enzyme antioxidant systems decreases, resulting in
a weakening of the antioxidant defense and an increase
in the processes of lipid peroxidation. Biological oxidati-
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Animals with
ulcers (%)

Integral index Anti-ulcer
activity

100% 1013
87,5% 4,92 2,06
75% 319 3,18

on reactions lead to the formation of free radicals, which
have a high chemical activity. They react with unsatura-
ted fatty acids of the membranes, disrupting their struc-
ture [14]. In previous studies, we found that studied plant
has a pronounced antioxidant activity and the content of
phenolic compounds is directly proportional to the degree
of inhibition of free radicals [15].

CONCLUSIONS

The medicinal plant raw materials with anti-inflam-
matory and antioxidant activity can be used in case of
gastric ulcer disease. Experimental data characterize the
decoctionof herb E. angustifolium at dose of 500 mg/kg
as an effective gastroprotective agent. Biologically acti-
ve compounds of studied plant are mainly substances of
a polyphenolic nature, which havean anti-inflammatory
and wound-healing effect due to the inhibitory effect on
prostaglandin synthetase and lipoxygenase.
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Abstact. Species of the genus Galium (Rubiaceae family) bloom at the summer solstice and have a special role in
the traditions and spirituality of our people. Although, some species have been used for hundreds of years in tra-
ditional medicine, their therapeutic qualities are still little highlighted, and in the Republic of Moldova they are not
studied until the present. Of the more than 600 species of g. Galium, two of them - G.verum and G. mollugo have
a diverse chemical composition and are considered to be medicinal plants. Previous pharmacological studies have
shown that species of g. Galium possess antioxidant, diuretic, spasmolytic, cytotoxic, antimicrobial, endocrine and
protective effects [3,8]. Chemical compounds identified in species of g. Galium are: iridoids, phenolic compounds,
flavonoids, phenolic acids, tannins, essential oils, coumarins, anthracene derivatives, etc.

Keywords: G. verum, G. mollugo, chemical compounds, pharmacological action.

Rezumat. Speciile genului Galium (familia Rubiaceae) infloresc la solstitiul de vara si au un rol aparte in traditiile
si spiritualitatea poporului nostru. Desi, unele specii sunt utilizate de sute de ani in medicina traditionala, calitatile
terapeutice ale acestora sunt inca putin puse in evidenta, iar in Republica Moldova nu sunt studiate pana in prezent.
Dintre cele peste 600 de specii ale g. Galium, doua din ele - G.verum si G. mollugo au o compozitie chimica diversa si
sunt considerate a fi plante medicinale. Studiile farmacologice anterioare au aratat ca, speciile din g. Galium poseda
efecte antioxidante, diuretice, spasmolitice, citotoxice, antimicrobiene, endocrine si protectoare [3,8 ]. Compusi
chimici identificati in speciile g. Galium sunt: iridoide, compusi fenolici, flavonoide, acizi fenolici, substante tanante,
uleiuri volatile, cumarine, derivati de antracen.

Cuvinte cheie: G. verum, G. mollugo, compusi chimici, actiune farmacologica.

INTRODUCERE

Dintre toate sarbatorile, sanzienele au un farmec
aparte, ce dau nastere unui spectaculos ceremonial ma-
gic in noaptea de 23 spre 24 junie. Cunoscute si ca florile

Republica Moldova nu sunt studiate pana in prezent, fapt
ce ne-a incurajat sa ludm aceste specii in studiu. In flora
mondiala g. Galium L. cuprinde 600 specii, preponderent
plante perene, specifice zonei temperate ale ambelor emi-

solstitiului de vara, in aceasta zi se culeg sanzienele, iar
noaptea este una cu adevarat magica, in care se aprind
focuri de vara si se fac ritualuri. Din perspectiva mistica,
se spune ca in noaptea de 23 iunie portile cerului se des-
chid si orice muritor, care bate la vamile nevazutului poate
sa intre doar daca poarta o coronita galbena de flori sau
duce un fir de sanziana. in Moldova, Muntenia si Dobro-
gea sarbatoarea se numeste Dragaica, iar fetele impletesc
dragaici (cununi de sanziene). In ziua de sanziene, fetele si
femeile care poarta in par cununi sau isi pun flori de san-
ziene in san, vor deveni mai atragatoare. in alte zone ale
Romaniei (Maramures) se sarbatoreste noaptea focurilor
de vara, cand dupa caderea intunericului, barbatii se adu-
na pe dealuri tinand faclii aprinse din care sar scantei, iar
fetele danseaza asemeni facliilor [33].

Astfel, mitologia poporului roméan a perpetuat credinte
strdvechi mostenite din religiile primitive ale primelor ci-
vilizatii europene, iar obiceiurile populare abunda in multe
tari si regiuni. Cu toate cd speciile g. Galium sunt utilizate
de sute de aniin medicina traditionala, calitatile medicina-
le ale acestor plante suntinca putin puse in evidenta, iar in
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sfere nordice si sudice [1, 8], in Romania, g. Galium include
38 specii, ce au ca habitat pajisti cu o calitate ecologica
medie, rdspandita de la ses pana la zona subalpini [23]. Tn
flora Republicii Moldova cresc 20 specii ale g. Galium.
Scopul lucrarii a fost evaluarea studiilor stiintifice pri-
vind compozitia chimica a speciilor G. verum si G. mollu-
go in vederea identificarii compusilor chimici cu potential
farmacoterapeutic pentru valorificare fitoterapeutica.

MATERIALE S1 METODE

Pentru realizarea scopului trasat au fost identificate si
evaluate publicatiile stiintifice privind compozitia chimica
a speciilor G. verum si G. mollugo de pe platformele: Pub-
Med, Google Scholar, Hinari, CrossRef, EduAcademia etc.
Analiza studiilor stiintifice a fost efectuata prin urmatoa-
rele criterii: corologia speciilor, traditii de utilizare, profilul
chimic, metode chimice de izolare, analiza si particularitati
farmacoterapeutice.

REZULTATE

Descrierea botanica. Dintre cele peste 600 de specii
ale g. Galium (familia Rubiaceae), raspandite in flora mon-
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diala, doua din ele - G. verum si G. mollugo au o compozitie chimica diversa, sunt maistudiate si considerate a fi plante
medicinale. Extractele obtinute din parti aeriene sunt bine tolerate si se incadreaza in clasa de toxicitate 4, fiind practic
inofensive [12]. Partile aeriene ale speciilor Galium intra in componenta unor ceaiuri medicinale sau fitopreparate cu
efecte analgezice, antireumatice si antipsoriatice (Sciargo Herb, Tabritis, Gerard House Buchu compound tablets,
Psorasolv ointment).

Galium verum L. (dragaica, sanziene-galbene, floarea-sfantului-loan) este o planta erbacee. Are tulpina erecta sau
ascendents, tetra-muchiata, rigida, pubescentd, in partea superioara se ramifica, iar la maturitate lemnifica si ajunge
pana la 60-120 cm inaltime. Frunzele, dispuse cate 8-12 in verticil, au 1-3 cm lungime si 2 cm latime, sunt de culoare
verde-inchis, liniare, cu margini rasucite, glabre pe fata, iar pe partea dorsald tomentoase, acoperite cu peri scurti moi,
cu nervuri proeminente. Florile sunt mici, diametrul de 4-7 mm, cu 4 petale unite la baza, de culoare galbena-aurie,
placut mirositoare, cu lobii corolei obtuzi, formand cime. Fructele sunt mici, glabre si netede de tip achena, impartite in
doua mericarpe.

Sunt plante cu o raspandire larga in Europa, Africa de Nord si Asia, din Israel si Turcia pana in Japonia si peninsula
Kamchatka [5, 22].

Este consideraté o planta invaziva ce vegeteaza prin fanete, tufisuri, livezi, pasuni, margini de paduri si poieni [8,29].

Partile aeriene de G.verum sunt recomandate in boli cutanate (rani, furuncule, acnee, psoriazis, eruptii tegumen-
tare) prin prorpietati regenerative, cicatrizante, sub forma de suc proaspét din parti aeriene, care se picura pe plagi
cutanate de 2-3 oriin zi sau sub forma de decoct (100 g de produs vegetal maruntit si uscat la un litru de apa) folosit
sub forma de bai locale, spalaturi in afectiuni ale pielii si in reumatism.

Datorita mirosului dat de cumarine planta este folosita ca repelent. in Scotia planta este utilizatd pentru coagularea
laptelui si colorarea produselor lactate, printr-un colorant galben. O bautura specifica pe baza de alcool este preparata
in Danemarca, iar popoarele scandinave o folosesc pentru efectul sedativ [33].

Galium mollugo L (sénziene-albe) este o specie erbacee cu tulpina subtire, prostrata sau ascendenta, rar erecta, te-
tra-muchiata, glabra sau slab pubescenta, cu inaltimeaintre 15 si 100 cm. Frunzele dispuse cate 8 in verticil, sunt liniare
pana la lanceolate sau obovat-lanceolate, de obicei mai largi de 1,5 mm, cu varful ascutit, pe margine cu asperitati di-
rectionate inainte. Florile cu caliciul cu 4 diviziuni scurte si corola alba, plan-rotacee sunt dispuse in panicule terminale.
Tnﬁore§te din luna mai pana in septembrie. Fructul de tip achena este format din 2 mericarpe aderente.

Planta creste pe marginea drumurilor, in fanete, poieni si pasuni.

Partile aeriene de G.mollugo L. sunt intrebuintate ca antispasmolitic, diuretic, calmant [3, 9].

Recoltarea produselor vegetale: partile aerine de G. verum si G. mollugo se recolteaza in perioada lunilor iunie-sep-
tembrie, pe timp frumos, cu soare, se usuca in straturi subtiri, se pastreaza in incaperi bine aerisite, in ambalaj etichetat
[6,14].

Compusi chimici. Multi autori in publicatiile stiintifice [ 8, 20, 29] indica cé plantele produc metaboliti secundari,
care sunt derivati din metabolitii primari si constituie o sursa importanta de produse fitoterapeutice. Pana in prezent
au fost izolate mai multe grupe de compusi chimici din speciile g. Galium: G. verum si G. mollugo. in baza investigatiilor
si studiilor fitochimice efectuate au fost puse in evidenta: glicozide iridoidice, compusi fenolici, flavonoide, acizi feno-
lici, derivati de antracen, ulei volatil, precum si substante tanante, saponozide si cumarine, in cantitati mai mici [3, 32].

Glicozide iridoidice. Atat G. verum, cét si G. mollugo sunt plante bogate in iridoide (Tabelul 1), asperulozida, acidul
asperulozidic si diacetil-asperulozidic, monotropein scandozid, dafilozid, acetil-dafilozid, fiind identificate Th amabe-
le specii, atunci cand_secogaliozidul, marcat ca un marker chimiotaxonomic important, ce stimuleaza functia glandei
tiroide, a fost identificat doar in partile aeriene de G.mollugo [20]. Evaluarea concentratiei asperulozidei in produse ve-
getale, pe intreaga perioada de vegetatie, indica un continut maxim in perioada infloririi, cu cea mai mare concentratie
de asperulozida in inflorescentele de G.verum [4, 17]. Asperulozida poate fi transformata in prostaglandine, ce poate fi
de interes pentru industria farmaceutica [10, 17]. Extractele din parti aeriene de G. verum si G. mollugo se administreaza
persoanelor cu noduli tiroidieni, sub forma de tinctura (1:10), doar dupa controlul dimensiunilor acestora si efectuarea
analizelor hormonale, tratamentul fiind respectat conform indicatiei specialistului endocrinolog [4, 30].

Compusi fenolici. Studiile fitochimice prezintad un spectru larg de compusi fenolici in extracte etanolice din parti
aeriene de G. verum si G. mollugo, pentru diferite concentrati de alcool etilic (30, 50, 60 si 70%) [16]. Rezultatele indica
ca totalului de polifenoli, exprimat in acid galic, depinde, atat de natura si concentratia solventului, cat si de tehnica de
extractie aplicata, cu diferente mari, de la (2,44-5,16) mg/g in produsul vegetal uscat de G. verum, recoltat in Serbia
[14], pana la 75,3 mg/g in extractul metanolic de G. verum [13]. In ceea ce priveste aplicarea diferitor tehnici de extrac-
tie: cu ultrasunet, prin macerare, la reflux, s-a demonstrat ca cea mai mare cantitate de compusi fenolici a fost obtinuta
prin aplicarea metodei de extractie prin reflux [25]. Autorii [8, 31] indica, ca prin extragerea cu apa si cu solutii hidroa-
Icoolice in concentratii joase are loc oxidarea si degradarea unor compusi bioactivi de natura fenolica, iar solubilitatea
polifenolilor si flavonoidelor creste odata cu aplicarea temperaturilor mai inalte.
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Un grup de autori din Romania [8, 21, 29] prin aplica-
rea metodei cromatografice de inaltd performanta (HPLC)
determind 19 compusi fenolici in extracte etanolice obti-
nute din parti aeriene de G. verum si G. mollugo, cu repar-
tizarea lor pe grupe: 8 acizi fenolici, 4 glicozide ale quer-
cetinei si 7 flavonoide (agliconi de flavonol si flavone),
mentionate in tabelul 1. Vlase L. si colaboratorii [29] indi-
ca, ca tehnica HPLC permite o analiza simultana a diferi-
tor clase de polifenoli printr-o singura coloana de trecere,
cu separarea tuturor compusilor examinati, metoda fiind
efectuata pana la 35 de minute.

In extractul etanolic din parti aeriene de G.verum se
pun in evidentad flavonozidele: rutozida, componentul
identificat in cea mai mare cantitate, urmata de kaem-
pferol, quercitring, quercetina, apigenina, atunci cand ci-
narozida, palustrozida si astragalina au fost detectate in
cantitati minore. Din acizii fenolici: in cantitati mai mari a
fostidentificat acidul galic, clorogenic si cafeic, in timp ce
acidul p-coumaric si ferulic au fost identificati in concen-
tratii prea mici pentru a putea fi cuantificate [8, 29].

In extractul etanolic din parti aeriene de G. mollugo au
fost identificate din flavonozide: rutozida -in cantitati mai
mari, urmata de izorutozida si quercetina, iar izoquerce-
tina si luteolina - in concentratii prea mici pentru a putea
fi cuantificate (<0,2 mg/100 g). in ceea ce priveste acizii
fenolici, acidul galic si p-coumaric a fost gasit in cea mai
mare cantitate, urmati de acidul cafeic, clorogenic, ferulic,
in concentratii prea mici pentru cuantificare (<0,2 mg/100
g) iar acidul vanilic si ursolic - in cantitati infime. Mentio-
nam, ca prezenta luteolinei in extractul din G. mollugo ar
putea servi ca un marker important chimiotaxonomic care
ar putea evita impuritatile cu taxoni de G. verum [28, 29].
Alt studiu efectuat in Romania de profesorul Tamas M.
referitor la dozarea flavonoidelor prin metoda spectrofo-
tometrica si cromatografie de inaltd performanta, indica
ca totalul de flavonoide este de cca trei ori mai mare in
extractele etanolice de G. verum (6,4 mg/g)in comparatie
cu G. mollugo (2,2 mg/g) [28]. Lianrong D. si colaboratorii
[15] pun in evidenta rolul diosmetinei din extractele de G.
verum si valorile activitatii acesteia in tromboza venoa-
sa, actiune confirmata prin studii preclinice pe sobolani, in
scopul identificarii de noi substante cu actiune tromboliti-
ca. Diosmetina (mono-metoxiflavona) se prezinta in con-
cetratii mai mari in extracte de G. verum (1,5- 2,1), urmate
de G.mollugo (0,8-1,3).

Substante tanante. Continutul de substante tanante
se prezinta in produse vegetale de Galium dupd extra-
gere prin macerare cu acetona timp de 24 ore si in solutii
hidroalcoolice de 30% la temperatura de 60°C timp de 2
ore. Rezultatele indica un continut de zeci de ori mai inalt
in extractul acetonic, atat pentru taninuri, cat si pentru
actiunea antioxidanta a taninurilor izolate din produsele
vegetale, solutia de acetona si metoda de macerare, fiind
optime pentru extragerea substantelor tanante din spe-
ciile g. Galium [7]. Continutul de epicatehina in G. verum
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constituie 0,08%, urmat de un continut mai scazut in G.
mollugo (0,03-0,06%) [4].

Derivatii antracenici. Se indica ca derivatii antrace-
nici se acumuleaza in vacuole pentru specia G. mollugo
[9]. In plus, a fost demonstrats, de asemenea, prezenta
a 1.3-dihidroxi-2-metilantraquinon; 2-hidroxi-1,3-dime-
toxiantraquinon; 2,5-dihidroxi-1,3-dimetoxiantraquinon
in extracte de G. verum [2]. Constatam, ca, datele privind
prezenta antrachinonelor in speciile g. Galium sunt limi-
tate, sugerand si ideea ca sunt prezente intr-o cantitate
mult mai mica in comparatie cu alti compusi chimici cu
valoare farmacologica.

Saponozide triterpenice. Datele indicd prezenta
saponozidelor triterpenice pentru speciile g.Galium. In
partile aeriene de G. verum s-au identificat: 2 glicozide
monoterpene, cum ar fi betulalbusida si (2e)-2,6-dime-
til-2,7-octadien-1,6-diol-6-0-B-glucopiranozid; triter-
pene ursane (acid ursolic, euscafic, tormentic, uvaolic);
oleanane si lupine [24].

Ulei volatil. Mirza M. si colaboratorii [19] au constatat
ca uleiul volatil obtinut prin hidrodistilare din partile aerie-
ne de G. verum recoltate din Iran a atins 1,3% in produsul
vegetal uscat, cu identificarea a peste 20 de componen-
te, dintre care cele majore sunt cariofilenul (26%), oxidul
de cariofilen (16,2%) si germacrenul D (11,3%), atunci cand
Soleimani si Ali Zade au identificat 25 de componenti din
uleiul volatil din G. verum cu mentionarea componentelor
majore: fitol (9.3%), tetradecan (11.8%), hexadecan (12.3%),
n-tetradecan (17.9%) [26]. Analiza chimicé a constituenti-
lor extrasi din G. verum (China), indica 11 compusi identi-
ficati, unde in cantitati mai mari se mentioneaza: [+]- pi-
noresinol, epipinoresinol; [+] -medioresinol, izoramnetin
[32]. Astfel, componentii uleiului volatil depind de calita-
tea produsului vegetal si de metoda de extragere, in mare
parte fiind aplicata extragerea prin distilare [11, 19].

Fitosteroli. Se gasesc in membranele celulare ale
plantelor si au fost identificati in ambele specii, fiind cu-
noscuti ca steroli vegetali similari din punct de vedere al
colesterolului, au importanta in biosinteza hormonilor ste-
roidici, a vitaminei D, cat si in mentinerea nivelului de co-
lesterol in organismul uman. Se indica ca G. mollugo con-
tine B-sitosterol (19,1 ug/g) si campesterol (15,0 ug/g), iar
G. verum (85,5 mg/g) - B-sitosterol si (9.8 mg/g) -cam-
pesterol, cu un continut mai inalt de B-sitosterol pen-
tru G. verum, atunci cand campesterolul prevaleazain G.
mollugo [27, 29].

Cumarine. Partile aerine proaspete recoltate de G. ve-
rum contin melilotozida, care se transforma in cumarina
in timpul uscarii produsului vegetal, a carei concentratie
poate ajunge pana la 1%. Prin mirosul puternic dat de cu-
maring, specia este folosita ca repelent, protejeaza de in-
tepéaturile de insecte [3, 8].

Minerale. Ambele specii (G. verum si G. mollugo) ser-
vesc ca surse de saruri minerale naturale, precum potasiu,
calciu si magneziu. Evaluarea compozitiei mineralelor in
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extractele alcoolice obtinute din flori de G. mollugo, prin
macerare, extractie la reflux si extractie cu ultrasunet,

Tabelul 1. Compusi chimici in speciile G. verum si G. mollugo

G.mollugo | Referinte bibliografice

Glicozide iridoidice

Asperulozida

Acid asperulozidic

Acid diacetil- asperulozidic
3,4-dihidro-3-metoxi-asperulozida
Monotropeina

Dafilozida

Acetil-dafilozida

Scandozida

Secogaliozida

Compusi fenolici

Epipinoresinol, (+) -medioresinol, izoramnetin,
isoramnetin 3-0-alfa-L-ramnopiranozil- (1-beta-
D-glucopiranozid

1- (4-hidroxifenil) -etanol, (+) - pinoresinol
4,4'-0-bis-beta-D-glucopiranozida,
epipinoresinol

Astragalin (kaempferol 3-0-3- glucoiranozid-
liltin (quercetin 3-o0- rutinozid

(2E)-2,6-dimetil-2,7octadien-| ,6-diol-6-0-
p-glucopiranozid

Betulalbuzid A
Flavonoide

Rutozida
Izorutozida
Quercetina
Izoquercetina
Quercitrina
Apigenina
Luteolina
Kaempferol
Cinarozida
Palustrozida
Astragalina
Diosmetina
Diosmetin 7-0O-beta-D-glucopiranozida

+ + + + + + + +

25,3- 75,3
mg/g

+

+
+
6,3-10,7 mg/g

2,64
1.23
215
1.33
2,46
2,08

2.50

+ + + + + + + +

+

4.57-516
mg/g

DR
mg/g

0,72

0.54

0,33
0.2

0,61

Mathe I. et al., 1984

Vadasz A., 1984
Hetenyi L,

Mitova M., 2002

lavarone C., 2003

Layali |, 2016
Lakis N., 2010

Ebrahimzadeh M, 2016

Tamas M., 2006
Matei A., 2015
Mocan A., 2016
Vlase L., 2016

Lianrong D., 2010

Tamas M., 2006
Matei A., 2015
Mocan A., 2016
Vlase L., 2016
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indica ca cel mai mare randament de calciu si magneziu
poate fi realizat la extragerea cu ultrasunet [18].
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G.mollugo | Referinte bibliografice

Cafeic 2,96 <0,2 mg

Clorogenic 3,22 <0,2 mg

p-coumaric 0,98 0,68

Ferulic 0.84 <0,2 mg

Galic 5, 16% 4,57%

Rubifolic + +

Vanilic = +

Ursolic +

Taninuri catehice Gaamoune S., 2014
. . Demirezer 0., 2006

Epicatehina 0.08% 0.03-0,06% Hanganu D, 2018

Uleiuri volatile 1.3-1,8% 0.8-1.2%

Cariofilen 26% 12.4% Mirza M 2004

Oxid de cariofilen 16,2% - 22;’2%%3884

Germacren D (flores) 1-27% -

2-metilbenzaldehid (folia) 11.5-26.3%

Fisciona

1.3-dihidroxi-2metilantraquinon
2-hidroxi-1.3-dimetoxiantraquinon

2,5 - dihidroxi-1.3-dimetoxiantraquinon
Saponozide

Ursane (acid ursolic, euscafic, tormentic, uvaolic)
Oleanane ( acid oleanolic)

Lupane (betulin, lupeol)

Betulalbusida

(2e)-2,6-dimetil-2,7-octadien-1,6-diol-6-0-p-
glucopiranozid

Fitosteroli
p-sitosterol
Campesterol

Studiile recente indica prezenta unui spectru larg de
compusi chimici, inlusiv unii noi, care n-au fost descrisi
anterior in literatura stiintific de specialitate. In extrac-
tele etanolice din parti aeriene de G. verum, prin aplicarea
tehnicilor analitice moderne ca spectrometria de masa si
cromatografia de lichide de inaltd performanta din gru-
pul terpenelor (dihidroactiniolidelor), au fost identificati:
5,6,7,7a-tetrahidro-4,4,7a-trimetil-2(4h)-benzofurano-
na; acid tetradecanoic; 3-metil-1-butanolbenzoat; ftalat
dibutilic; acid octadecanoic. Astfel, studiile numeroase
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+
+
+
+
+ +
+ Salvadore D., 2000,
Esmail A., 2002,
- Bradic J., 2018
+
+
Matei A., 2015,
85.5mg/g  19149/9  grican 6., 2015
9.8 mg/g 15,0 pg/g

confirma ca speciile G. verum si G. mollugo au o compozi-
tie chimica diversa, iar multi compusi chimici au potential
terapeutic ridicat, care urmeaza sa fie explorat farmace-
utic.

CONCLuUzII

Studiile stiintifice evaluate denota ca speciile G. verum
si G.mollugo, utilizate cu success in medicina traditionala
a multor popoare, sunt bogate in diferite clase de com-
pusi chimici valorosi cu potential inalt farmacoterapeutic.
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Speciile G.verum si G.mollugo sunt frecvente in habitatele
naturale din flora Republicii Moldova si necesita a fi stu-
diate prin abordari complexe (biologice, farmacognostice,
farmacologice etc.) pentru a putea fi valorificate in scop
farmaceutic in industria farmaceutica nationala.
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IN VITRO DISSOLUTION PROFILE OF TRANSDERMAL | PROFILUL DE DISOLUTIE IN VITRO AL MATRICELOR
MATRIX IBUPROFEN PATCHES | TRANSDERMALE EMPLASTURI CU IBUPROFEN
USING PADDLE METHOD | UTILIZAND METODA PADEL

Natalia Golyak, Svetlana Malchenkova

Belarusian State Medical University, Minsk, Republic of Belarus

Rezumat. Hidrogelul de poli(vinil pirolidona) cu greutate moleculara mare (PVP) si poli(etilen glicol) 400 cu greutate
molecularad mica (PEG 400) a fost utilizat ca matrice adeziva a sistemului de livrare transdermica a foribuprofenu-
lui. Au fost elaborate cinci plasturi, fiecare continand 0,2 ibuprofen. Testul de dizolvare a plasturilor transdermici a
confirmat eliberarea ibuprofenului din matricea tuturor plasturilor si a determinat fluxul de ibuprofen. Fluxul mediu
constant de ibuprofen a fost de 1,4 pg/cm?h pentru doi plasturi, 1,5 pg/cm?2h pentru doi plasturi si 1.3 pg/cm?h pen-
tru un plasture.

Cuvinte cheie: ibuprofen, plasture transdermic, PVP: hidrogel PEG.

Abstract. The hydrogel ofhigh molecular weight poly(vinyl pyrrolidone) (PVP) and low molecular weight poly(e-
thylene glycol) 400 (PEG 400) was used as adhesive matrix foribuprofen transdermal delivery system. Five patches
were made, each containing 0,2 ibuprofen. The dissolution test for transdermal patches confirmed the release of
ibuprofen from the matrix of all patches and determined the ibuprofen flux. The average constant ibuprofen flux

was 1.4 ug / cm? h for two patches, 1.5 ug/cm? h for two patches, and 1.3 ug/cm? h for one patch.
Keywords: ibuprofen, transdermal patch, PVP: PEG hydrogel.

INTRODUCTION

Transdermal drug delivery systems (TDDS) serve to
deliver active pharmaceutical ingredients through intact
skin into the bloodstream.Non-steroidal anti-inflamma-
tory drug (NSAID) patches are used to create concentra-
tions of NSAIDs in the local circulation. Modern TDDS with
ibuprofen (Voltaren), ketoprofen (Ketoplastin), diclofenac
(Flector) are matrix systems. The matrix consists of one or
a mixture of polymers with a dissolved or dispersed active
substance [1, 2]. Polymer matrix (acrylic, silicone, rubber,
block copolymer, etc.) has the property of the pressure-
sensitive adhesive for which the skin is a substrate [3].
The hydrogel, which is formed by mixing high molecular
weight PVP and PEG 400, also has persistent adhesive
properties, although individually these polymers are not
tacky. The composition with 36% PEG shows the best
adhesion properties.In a PVP: PEG 400 gel, PEG 400 oligo-
meric chains crosslink PVP strands. The terminal hydro-
xyls of PEG 400 form hydrogen bonds with the carbonyl
groups of PVP [4].

The difference in the concentration of a substance be-
tween the matrix of the patch and the skin forms a tran-
sdermal flow described by Fick's first law for the diffusion
of substances through a semipermeable membrane [5].
The skin is presented in the form of a semi-permeable
membrane, which in laboratory conditions can be imita-
ted by an artificial semi-permeable film. In accordance
with the State Pharmacopoeia of the Republic of Belarus,
the “Dissolution” test for transdermal patches is carried
out to confirm the release of the active substance. The
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use of a semi-permeable membrane is allowed [6].
Thepurpose - confirm the release of ibuprofen from
the PVP: PEG 400 matrix and determine its in vitro flux.

MATERIALS AND METHODS.

Preparation of transdermal ibuprofen patches.lbu-
profen patches were made using the irrigation-drying
method. The backing for the plaster was Dupont (China)
polyester fiber with a moisture-proof coating. Compositi-
on for adhesive base TTS with ibuprofen per patch:

Ibuprofen - 0,20

PEG 400- 0,36

PVP - 0,64

Ethanol 96% - 7,00 ml

Ibuprofen was mixed in a 7 ml Ethanol 96%. PVP was
poured with this solution and left for 12 hours to swell
and dissolve. Then PEG 400 was added. The mass was
stirred and left for 2-3 hours to naturally remove air bu-
bbles.PEG 400 was then added. The adhesive mixture
was poured onto a 25 cm? nonwoven baking and left to
dry for 48 hours.

Apparatusandsoftware.The dissolution test was
carried out in an automatic dissolution tester Erweka, DH
2000, Germany. Since a hydrophilic base was used for the
manufacture of TTS with ibuprofen, for the dissolution
test, a semipermeable cellulose membrane Visking dialy-
sis tubing, MWCO 12000-14000 with a pore diameter of 25
A (Serva, Germany) was applied to each patch from the
side of the removed film and was attached to the patch
with the reverse sides with waterproof tape. The disso-
lution medium is a mixture of phosphate buffered saline
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solution pH 7.4 and alcohol 96% in a 1: 1 ratio, 250 ml, T 32
+0.5° C. Samples with a volume of 5 ml were taken every
hour with the return of the sampled volume to the tester’s
workstation. The dissolution test lasted 8 hours.

The amount of released ibuprofen was determined by
UV spectrophotometry at a wavelength of 1 264 nmon a
UV-Visible Spectrophotometer, Varian, Cary 50. The data
were processed using the Cary WinUV computer program,
Scan Application, 5.0.0.999.

To calculate the concentration of ibuprofen in the dis-
solution medium, a calibration graph of the dependence
of optical density on the concentration of ibuprofen was
constructed (Figure 1). So a series of solutions with a con-
centration of ibuprofen from 40 ug / ml to 360 pg / ml
was obtained, for each of which the optical density was
measured.

RESULTS AND DISKUSSIONS

Analysis of the data reveals that the lag teim of ibu-
profen for four of the five patches was 2 hours, for one the
flow of ibuprofen was recorded already in the second hour
of the test (Figure 2).

TIMEM

Figure 1. The calibration curve of the absorban-
ce of the concentration of ibuprofen
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Figure 2.In vitro release profiles of ibuprofen
from patches 1-5

For each patch, an average of 148.1 ug of ibuprofen
was released during the 8 hours of the test (Table 1).

Table 1. In vitro ibuprofen release from patches
1-5 (ng)

Patches

2 = = = 75,60 =

3 94,10 89.80 83,50 1341 88,80

4 138,3 1341 137,2 148,3 133,5

5 181.9 186,7 170.4 159.3 2177

6 206,7 213,0 193,0 1914 233,5

7 264.,6 246,2 2304 260,9 258,3
293,0 296,2 254 279.8 328,3

On average, the transfer of ibuprofen through the se-
mipermeable membrane increased at each hour of the
test by 37.3 ug (Table 2).

Table 2. In vitro ibuprofen release from patches
for each hour of the test 1-5 (ug)

Time
(h)

1 2 3 4 5
1 - - - - -

2 = = = 75,6 =

3 941 89.8 83,5 58,5 88,8

4 44,2 44,3 53,7 58,5 44,7

5 43,6 52,6 33,2 14,2 84,2

6 24,8 26,3 22,6 1.0 15.8

7 57.9 33,2 374 321 24,8
50,0

The advantage of transdermal systems is their ability
to form a constant flow of the active substance, which
means that during the period when TTS is on the skin, the
blood plasma maintains a constant level of the drug [7].
The flux (ug / cm? h), that is, the mass of ibuprofen relea-
sed per unit area of the patch 1cm? per unit time (1 hour)
was calculated by the formula: 3 = m / St, where m is the
mass of ibuprofen (ug) released from the patch area S (25
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cm?) for time t (h). On average, 1cm? of a patch through a
semipermeable membrane is 1.4 ug of ibuprofen per hour
(Table 3).

Table 3. In vitro ibuprofen fluxfrom patches
1-5(ug / em2 h)

Time

| Patohes |
W v 2 3 4 s

1
2 = = = 1.5 =
3 13 1,2 11 1.8 1,2
4 14 1.3 14 15 13
5 1.5 1.5 1.4 1.3 1.7
6 14 14 13 13 1.6
7 1.5 14 1.3 1.5 1.5
8 1.5 1.5 13 1.4 1.6
Mean 1.4 1.4 1.3 1.5 1.5

CONCLU SIONS

The hydrogel based on high molecular weight PVP and
oligomeric PEG 400 is capable of releasing active sub-
stances and can serve as a basis for matrix of transder-
mal systems.The properties of the membrane can possi-
bly influence the flux rate of ibuprofen.Despite the fact
that the semipermeable membrane does not fully mimic
the skin, it can still be considered as the same barrier to
the release of ibuprofen as human skin. The in vitrorelease
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profile of ibuprofen shows that the increase in the amount
of ibuprofen in the dissolution medium was more or less
uniform, which indicates a plateau of ibuprofen. The ibu-
profen flux for each of the five patches differed slightly
and averaged 1.4 ug / cm? h.
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Abstract. Hypericum perforatum L. is one of the most consumed in the world medicinal plants. The plant has a
wide range of land uses in folk medicine, used to treat wounds, eczema, burns, ordinary colds, migraine, digestive
tract diseases, is used in lightweight and moderate depression. H. perforatum L. presents great interest in antide-
pressant activity in mild and moderate depression. Due to the chemical composition, the plant possesses various
pharmacological properties: antifungal, antibacterial, antiviral, anticonvulsive, anti-inflammatory, analgesics and
photodynamic effect. In this article are presented scientific results about the pharmacological effects of biologically
active compounds from St. John's wort, studied in vitro and in vivo.

Keywords: pharmacological effects, chemical compounds, Hypericum perforatum

Rezumat. Hypericum perforatum L. este una dintre cele mai consumate in lume plante medicinale. Planta are o
gama larga de utilizari in medicina populara, folosita pentru tratarea ranilor, eczemelor, arsurilor, racelii obisnuite,
migrenei, bolilor tractului digestiv. H. perforatum L. prezinta mare interes pentru activitatea antidepresiva in depre-
sie usoara si moderata. Datoritd compozitiei chimice planta poseda diferite proprietati farmacologice: antifungice,
antibacteriene, antivirale, anticonvulsive, antiinflamatoare, analgezice si efect fotodinamic. In acest articol sunt
prezentate rezultatele stiintifice despre efectele farmacologice a compusilor biologic activi din sunatoare, studiate

in vitro si in vivo.

Cuvinte cheie: efectele farmacologice, compusi chimici, Hypericum perforatum

INTRODUCERE

Actiunea antiinflamatoare a produselor vegetale si
preparatelor fitoterapeutice din sunatoare se datorea-
za prezentei flavonoidelor, uleiului volatil si substantelor
tanante, atunci cand derivatii antracenului determina
actiunea fotosensibilizanta. Flavonoidele - quercetolul si
hiperozida, sunt componenti activi din tinctura de suna-
toare, care raspund de efectul antihipnotic. Activitatea
acestor compusi este mai inaltd comparativ cu hiperfo-
rina, deoarece efectul mentionat se manifestd in doze
mai mici [1]. Tinctura din sunatoate stimuleaza sistemul
nervos central prin actiunea neurotropa. Extractul uscat
din partile aeriene de sunatoare are actiune diuretica si
natriuretica [2]. Stiintific a fost dovedit ca tinctura si ex-
tractul uscat din sunatoare poseda actiune antidepresiva
si anxiolitica [3,4]. Mai multe studii au demonstrat actiu-
nea antioxidanta a extractelor polifenolice din H. perfora-
tum L. prin captarea radicalilor liberi. Extractele hi-
droalcoolice, obtinute din partile aeriene de H. perforatum
L., contin sase grupe majore de compusi chimici: naftodi-
antrone, floroglucinoli, flavonoide, biflavone, compusi fe-
nilpropanici, proantocianidine. De asemenea, in produsul
vegetal proaspat si uscat de H. perforatum L. se contin
substante tanante si cantitati mici de xantone, ulei volatil,
aminoacizi [5, 6].

Scopul lucrérii a fost revizuirea surselor bibliografice
despre compozitia chimica si proprietatile farmacologice
a compusilor biologic activi din Hypericum perforatum L.

MATERIAL SI METODE

Au fost analizate sursele bibliografice de specialitate,
utilizand urmatoarele baze electronice: Medline, Pubmed,
Hinari, Google Scholar.

REZULTATE

Peste 70 de ani au trecut de la prima izolare a naftodi-
antronelor (hipericinei si pseudohipericinei) din H. perfo-
ratum L. Pana in prezent, aceasta grupa ramane cea mai
promitatoare din polifenoli, deoarece compusii ei fasci-
neaza cu proprietatile fizice, chimice si biologice [7]. Con-
tinutul de compusi naftodiantronici in H. perforatum L.
variaza de la 0,05 pana la 0,30%. In planta de asemenea se
contin protohipericina, protopseudohipericina si ciclopse-
udohipericina. Acesti compusi au fost identificatiin partile
inflorite ale plantei si se localizeaza mai mult in pungi pig-
mentate. Protohipericina si protopseudohipericina sunt
considerate precursori ai hipericinei si pseudohipericinei,
care respectiv, se obtin dupd expunere la lumina. Se cu-
noaste ca pseudohipericina poate fi transformata in ciclo-
pseudohipericina. Protohipericina, protopseudohipericina
si ciclopseudohipericina sunt determinate in concentra-
tii mai mici si sunt incluse in termenul analitic ,hiperici-
ne totale” sau ,totalul de naftodiantrone”. Continutul de
pseudohipericina (0,03-0,34%) este mai mare decét cel al
hipericinei (0,03-0,09%) de la doua pana la patru ori [7].

Hipericina si derivatii ei sunt studiati pentru propri-
etatile antitumorale, antivirale si antidepresive. Trebuie

55



(vol. 45)

NT. 1

remarcat faptul, ca hipericina este unul dintre cei mai pu-
ternici agenti fotodinamici naturali. Proprietatile fotodi-
namice prooxidante a hipericinei au fost folosite pentru
tratarea cancerului. Hipericina in combinatie cu lumina
foarte eficient induce apoptoza si necroza celulelor can-
ceroase. Cercetarile efectuate in ultimii ani in vitro au
demonstrat ca hipericina inhiba citomegalovirusul uman;
inhibd capacitatea absorbtiva a virusului febrei aftoase
[7]. Hipericina manifesta o activitate semnificativa antide-
presiva prin inhibarea enzimei monoamino-oxidaza (MAQ)
[5.8]. Majoritatea preparatelor antidepresive duc la cres-
terea disponibilitatii sinaptice a noradrenalinei si serotoni-
nei, sau inhiba recaptarea monoaminelor. Anterior, a fost
demonstrat efectul inhibitor al extractului din H. perfora-
tum L. asupra absorbtiei sinaptozomale a monoaminelor.

Feyzioglu B. et al. au studiat efectul antibacterian al
hipericinei. Studiul a fost efectuat in doua conditii diferi-
te: expunerea la lumina naturala si la intuneric. Concen-
tratia de hipericina de 64 mg/ml a inhibat cresterea Sta-
phylococcus aureus (ATCC 29213) si S. epidermidis (ATCC
12228) in conditii fara lumina [9].

Derivatii de floroglucinol sunt larg raspanditi in genul
Hypericum. Doi compusi inruditi hiperforing (2,0-4,5%)
si adhidorforina (0,2-1.9%) sunt gasiti in H. perforatum L.
Acesti compusi chimici se gasesc numai in partile repro-
ductive (aproximativ 2% in flori, 4,5% in fructe imature si
4,4% in fructe mature) [5, 6].

S-a demonstrat in vitro ca hiperforina inhiba sau mo-
duleazd mai multe sisteme de neurotransmitatoare [5].
Mecanismul activitatii sale antidepresive este considerat
inhibarea recaptarii sinaptice a neurotransmitatorilor. Hi-
perforina este un inhibitor puternic al captéarii serotoni-
nei (5-HT), dopaminei (DA), norepinefrinei (NE) si acidului
gamma-aminobutiric (GABA) [9]. Hiperforina nu inhiba
MAO-A si MAO-B [9]. Kurkin et al. au demonstrat actiunea
antidepresiva a hipericinei si hiperforinei, pentru ultimul a
fost demonstrata si actiunea neurotropica [3,4].

Silva et al. au demonstrat ca hipericinele si hiperfori-
nele nu au contribuit semnificativ la proprietatile antioxi-
dante ale extractului etanolic din H. perforatum L. [8].

Pentru a demonstra proprietatile antidepresive a com-
pusilor individuali sau a produselor extractive din plante
medicinale, cercetatorii creaza deferite modele de stres:
testul inotului fortat (FST - forced swimming test ), tes-
tul de suspendare a soarecelui de coada (TST - tail sus-
pension test). Totalul de flavonoide din H. perforatum L, in
dependenta de doza, micsoreaza timpul nemiscarii a soa-
recilor in FST. Wan et al. au comparat efectul antidepresiv
a extractelor alcoolice din Hypericum sampsonii Hance,
Hypericum faberiR. Keller si H. perforatum L., supuse tes-
telor FST si TST. S-a constatat ca toate trei extracte pot
scurta timpul nemiscarii si rezistenta depresiva la soa-
reci, iar H. perforatum L. a fost in mod evident mai efici-
ent decat H. faberi R. Keller. Néldner si al. au extras o serie
de flavonoide din H. perforatum L., cum ar fi hiperozida,
izoquercitrina si quercetin-3-0-miquelianin, toti compusii
au demonstrat activitate antidepresiva evidenta. Actiu-
nea antidepresiva a hiperozidei a fost demonstrata si de
cercetatori din Federatia Rus3 [3]. In literaturd sunt date

56

REVISTA FARMACEUTICA A MOLDOVEI

despre influenta flavonoidelor asupra aminelor biogene
(neurotransmitatori monoaminici - NE, 5-HT si DA). Fla-
vonoidele exercita efectul lor antidepresiv, prin cresterea
continutul de bioamine, imobilizand astfel reabsorbtia lor
de catre sinaptozomi, in afara de aceasta ei blocheaza ac-
tivitatea MAO [10, 12].

Unele flavonoide, precum hiperozida, quercetrina,
izoquercetrina si amentoflavona pot provoca un efect se-
dativ, care ar putea implica atat benzodiazepinele cat si
agonistii receptorilor GABA [11, 12]. Silva B. et al. au studi-
at efectele compusilor fenolici prezentiin H. perforatum L.
asupra excitotoxicitatii neuronale si disfunctiei mitocon-
driale. Quercetolul, kaempferolul si biapigenina au redus
semnificativ moartea neuronilor cauzata de acidul cainic.
Actiunea neuroprotectoare a fost corelatd cu prevenirea
dereglarii calciului intarziat si cu mentinerea potentialului
electric transmembranar al mitocondriilor. Kaempferolul in
combinatie cu quercetina si biapigenina reduc peroxidarea
lipidelor mitocondriale si pierderea potentialului electric
transmembranar, cauzat de stresul oxidativ indus de ADP
(adenozindifosfat) si fier. Activitatea neuroprotectoare a
kaempferolului este mediata prin efectul antioxidant [8].

In literatura de specialitate sunt ilucidate date des-
pre activitatea antibacteriand a compusilor chimici din
clasa flavonoidelor Tnpotriva bacteriilor gram-pozitive si
gram-negative. Sursele bibliografice ofera date interesan-
te privind mecanismul de actiune a doi compusi (derivatii
flavonoluri): kaempferol si quercetol. Sa demonstrat ca
quercetolul creste permeabilitatea membranei citoplas-
mice a Streptococcus pyogenes care a dus la influenta
inhibitoare asupra acestei bacterii gram-pozitive. A fost
observat efectul sinergic al quercetolui cu antibioticul
ceftazidim [13]. Extractele polifenolice din H. perforatum
L., obtinute cu diversi solventi, au demonstrat activitate
antibacteriand impotriva Pseudomonas aeruginosa ATCC
27853, Escherichia coli ATCC 25922, Staphylococcus au-
reus ATCC 25923, Bacillus subtilis ATCC 6633, Candida
albicans ATCC 10231 si Candida krusei ATCC 4243 [14].
Uleiul volatil din specia H. perforatum L. poseda propri-
etati antibacteriene catre: Agrobacterium tumefaciens,
Bacillus cereus, Escherichia coli, Micrococcus luteus, Pro-
teus mirabilis, Pseudomonas aeruginosa, Pseudomonas
tolaasii, Salmonella enteritidis, Salmonella typhimurium,
Staphylococcus aureus, Staphylococcus epidermidis, iar
activitate antifungica catre: Aspergillus niger, Candida al-
bicans, Cladosporium cladosporioides, Penicillium funicu-
losum, Trichoderma viride [15].

Biflavonele sunt un grup de flavone dimere rar gasite
in regnul vegetal. Trei compusi din acest grup: 3',8"-bia-
pigenina (0,1-0,5%), amentoflavona si 6',8"~diquercetina
[1] au fost identificate in H.perforatum L. Cu toate aces-
tea, s-a demonstrat in vitro cd amentoflavona se leaga
cu receptorii benzodiazepinici ale creierului, dar nu pene-
treaza bariera hemato-encefalica. Anterior a fost raportat
ca unele biflavonoide, inclusiv amentoflavona manifesta
efect inhibitor asupra activitatii fosfolipazei A2 din grupa
ll. S-a constatat cd amentoflavona inhiba ciclooxigenaza
din epiderma fard a afecta lipoxigenaza (rezultate obti-
nute in urma cercetarilor efectuate pe cobai). Activitatea
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antiinflamatoare si analgezicd a amentoflavonei, a fost
confirmata la administrarea intraperitoneald prin amelio-
rarea edemului urechii soarecelui, indus cu ulei de croton.
De asemenea, s-a demonstrat activitatea antiinflamatoa-
re puternica in modelul edemului labutei sobolanului indus
de caragenan (ED, ;=42 mg/kg) comparativ cu efectul an-
tiinflamator a prednisolonului (35 mg/kg) si a indometaci-
nei (10 mg/kg). Totodata, amentoflavona nu a prezentat
activitate inhibitoare semnificativa impotriva artritei cro-
nice induse la sobolani, dar a manifestat activitate anal-
gezica puternica in testul crampelor induse cu acid acetic
(ED,, = 9.6 mg/kg). comparativ cu efectul antiinflamator a
indometacinei (3,8 mg/kg) [5]. A fost demonstraté actiu-
nea antidepresiva si anxiolitica pentru biapigenina [3, 4].

In H. perforatum L. se contin taninuri condensate (de-
rivatii de catecol si leukoantocianidine), concentratia ca-
rora variaza de la 4,94-5,10% pana la 10-12%, cu actiune
astringentd, antimicrobiana si antiinflamatoare. Proanto-
cianidinele prezintd multe efecte biologice, inclusiv anti-
oxidante, antivirale, antimicrobiene, vasoprotectoare si
altele, dar nu a fost raportat nici intr-o sursa bibliografica
despre efectul antidepresiv [5].

Xantonele au fost gasite in toatad planta la mai multe
specii ale genului Hypericum. In H. perforatum L. se contin
1,3,6,7-tetrahidroxixantona si kielcorina C la o concentra-
tie de aproximativ 0,01% [5]. Xantonele gasite in partile
aeriene de H. perforatum L. de asemenea au demonstrat
actiune antidepresiva. Analiza fitochimica efectuata pe
produsele vegetale de H. perforatum colectate din flora
spontana a demonstrat ca radacinile sunt principalele or-
gane de acumulare a xantonelor. Contributia xantonelor
la activitatile farmacologice ale H. perforatum L. nu a fost
luatad in considerare din cauza faptului ca aceasta clasa
de compusi se regaseste sub forma de urme in Hyperici
herba. Dar totusi, acumularea xantonelor in raddacinile de
H. perforatum a fost corelatd cu activitatea antifungica
impotriva agentilor patogeni vegetali si umani [16].

CONCLUzII

In ultimii ani, numeroase studii in vitro si in vivo au
demonstrat eficacitatea produselor extracte de H. perfo-
ratum L. in tratamentul depresiei, infectiilor bacteriene si
virale, tulburarilor neurologice etc. Aceste rezultate tera-
peutice se datoreaza efectelor farmacologice ale acestei
plante: antiseptice, antispastice, tonice, antioxidante, an-
tidepresive si anestezice. In ciuda zecilor de studii clinice
efectuate asupra proprietatilor medicinale ale sunatoarei,
totusi raman intrebariin ceea ce priveste valoarea terape-
utica, mecanismele de actiune si reactiile adverse.
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DYNAMICS OF THE ACCUMULATION OF PHENOLIC
COMPOUNDS IN TARAXACUM OFFICINALE ROOTS,
LEAVES AND FLOWERS

DINAMICA ACUMULARII COMPUSILOR FENOLICI
IN RADACINI, FRUNZE SI FLORI
DE PAPADIE

Viktoryia Tsiarletskaya, Raman Lukashou

Belarusian State Medical University, Minsk, Republic of Belarus

Rezumat. A fost cercetatd dependenta continutului de compusi fenolici din radacini, flori si frunze de Taraxacum
officinale de perioada de colectare a materiei prime. Cel mai mare continut de compusi fenolici a fost inregistrat in toate
organele de T. officinale in fazele de inceput si de inflorire in masé (sfarsitul lunii aprilie - inceputul lunii iunie). Aceasta
perioada este recomandata pentru colectarea intregii plante. Acest lucru va face posibila obtinerea materiilor prime cu
un continut ridicat de compusi fenolici si va asigura prelucrarea fara deseuri a materiilor prime.

Cuvinte cheie: Taraxacum officinale, compusi fenolici, dinamica acumularii.

Abstract. The dependence of the content of phenolic compounds in the roots, flowers and leaves of Taraxacum offi-
cinale on the period of raw material procurement has been investigated. The highest content of phenolic compounds
was recorded in all organs of T. officinale in the phases of the beginning and mass flowering (late April - early June).
This period is recommended for harvesting the entire plant. This will make it possible to obtain raw materials with a high

content of phenolic compounds and ensure waste-free processing of raw materials.
Keywords: Taraxacum officinale, phenolic compounds, accumulation dynamics.

INTRODUCTION

The phenolic compounds of the Taraxacumofficinale
include flavonoids (quercetin, isorhamnetin, luteolin and
their glycosides), phenolic acids (chlorogenic, caffeic,
chicory, gallic acids), leukoanthocyanidins, catechins [1],
coumarins (esculetin, cichoriin) [2].

This group of substances exhibits a variety of biologi-
cal activities. Extracts from Common dandelion flowers,
containing luteolin and cynaroside, absorb DPPH radicals
and protect DNA from damage by hydroxyl radicals [3].
Extracts of the aerial part of plant with a high content
of phenolic compounds exhibit anticoagulant activity
and inhibit lipid peroxidation in platelets [4]. Dandelion
polyphenols protect against acetaminophen-induced he-
patotoxicity in mice [5]. In studies on rats, extracts en-
riched with phenolic acids have been shown to reduce
triglyceride and total cholesterol levels in the blood [6].
The hypoglycemic effect of T.officinale is associated with
chlorogenic acid [3]. In vitro experiments established the
effectiveness of phenolic compounds of dandelion again-
st Herpes simplex virus 1[2]. The inhibition of the growth
of S. aureus, K. pneumoniae, E. coli, P. mirabilis in vitro is
associated with the presence of phenolic compounds in
the extracts [7].

It is known that the content of phenolic compounds
in T.officinale depends on the place and year of harves-
ting [7]: however, there is no information on the dynamics
of their accumulation in various plant organs during the
growing season. This does not allow us to determine the
optimal harvesting time for obtaining raw materials with a
high content of biologically active substances.
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MATERIALS AND METHODS

The roots, leaves, flowers of T. officinale were harves-
ted from mid-April till mid-October every two weeks (ex-
cept for flowers) and then subjected to air-shadow drying.

A sample of crushed raw materials weighing 0.200 g
was extracted with ethyl alcohol with a concentration of
70% by volume for 120 minutes in a water bath at a tem-
perature of 60°C and a ratio of raw materials and extrac-
tants of 1to 50.

The content of phenolic compounds was determined
by spectrophotometry. To 0.1 ml of the extract was added
0.15 ml of the Folin-Chocalteu reagent and 4.75 ml of 10%
sodium carbonate solution, brought to 10.0 ml with pu-
rified water. After 30 minutes, the optical density of the
solution was measured on a Solar spectrophotometer at a
wavelength of 760 nm. A solution of 0.15 ml of Folin-Cho-
calteu’s reagent, 4.85 ml of sodium carbonate, made up to
10.0 ml with purified water, was used as a compensation
solution.

The recalculation was carried out by the method of the
calibration graph for chlorogenic acid, which is the domi-
nant phenolic compound of T.officinale [1].

RESULTS AND DISCUSSIONS

The content of phenolic compounds in the roots, lea-
ves and flowers of T.officinale depends on the growing
season.

The dynamics of the accumulation of phenolic com-
pounds in the roots has a wave-like character (Figure 1).
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Figure 1. Dynamics of accumulation of phenolic compounds in roots

The highest value was recordedon May 9 - 1.05% (mass flowering), the minimum values -inJune 20 and August 15
- 0.46%. Harvesting during the withering away of the aboveground part in October, as is traditionally accepted, leads
to a decrease in the content of phenolic compounds by 2.3 times on comparable withmass flowering (Table 1). After the
main maximum during flowering, the content of phenolic compounds fluctuates slightly (from 0.46 to 0.73).

Table 1. Themiddle content of phenolic compounds in the roots

1.05 0.60 0.73 0.46 0.59 0.67 0.46 0.49

Content, % 0.84

The variability of the content of phenolic compounds in the leaves, as in the roots, has a wavy appearance with a
decrease towards the end of the growing season (Figure 2). The maximum at the beginning of plant development is due
to the fact that phenolic compounds are synthesized in the aerial part, which is actively developing during this period.
The content of phenolic compounds in the leaves remained at a high level (more than 5%) throughout the spring and
the first half of summer.
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Figure 2. Dynamics of accumulation of phenolic compounds in leaves
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The highest content of phenolic compounds was no-
ted in the budding phase (April 30 - 6,95%), the minimum
- in the dying off of the aboveground part (September 13
- 1.21%, September 26 - 1.30%). By the end of the growing
season, the content of phenolic compounds in dandelion
leaves decreased 5.5 times. If dandelion leaves are har-
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vested before flowering, rather than traditionally during
or after flowering, the content of phenolic compounds will
increase by 1.3 times (Table 2). In the course of plant de-
velopment, a gradual decrease in the content of phenolic
compounds in the leaves is observed with the formation
of a plateau.

Table 2. The middlecontent of phenolic compounds in the leaves

30-April 4-Jule  18-Jule

9-May

24-May 6-June 20-June 15-August  3-September 13-September 26-Septemder

Content, % 6.95 6.29 6.49 5.46 6.06 5.78 4.55 4.56 3.85 1.21 1.30

Dandelion flowers were harvested in April and May. The content of phenolic compounds gradually increased from
the budding phase to the mass flowering phase, after which it began to decrease (Figure 3).

The maximum value was noted in early May (4.65% on May 9), the minimum -in mid-April (23% on April 23). By the
period of mass flowering, the content of phenolic compounds in flowers increased by 1.25 times (Table 3).
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Figura 3. Dynamics of accumulation of phenolic compounds in flowers

Table 3. The middlecontent of phenolic compounds in flowers

30-April

Content, % 3.72 4.27 4.47 4.65 4.56 4.40

The highest content of phenolic compounds is shown by dandelion leaves at the budding phase- 6.95%, which is 1.6
times more than the maximum content in flowers and 6.9 times more than the maximum content in the roots.

Redistribution of phenolic compounds between underground and aboveground parts is observed during the har-
vesting period. The maxima of the content of phenolic compounds in the aboveground part of the dandelion coincide
with the minima in the underground part and vice versa. Thus, an increase in the content of phenolic compounds in the
leaves on May 24, June 20, and August 15 was accompanied by its decrease in the roots. An increase in the content
in the roots on May 9, June 6, and July 18 occurred simultaneously with a decrease in the concentration of phenolic
compounds in the leaves (Figura 4). The maximum content in flowers falls on the minimum in the leaves.
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Figure 4. Commondynamics of accumulation of phenolic compounds in roots, flowers and leaves

In general, the roots, leaves and flowers of T.officinale
contain the most phenolic compounds during the mass
flowering (9 May), the budding phase (30 April) and mass
flowering (9 May).

CONCLUSIONS

The highest content of phenolic compounds was
shown by roots (1.05%) and flowers (4.65%) harvested in
early May (mass flowering); leaves (6.95%), harvested at
the end of April (the budding phase). By the end of the
growing season, the content of phenolic compounds in
the leaves decreased 5.5 times, in the roots - 2.3 times.
The richest source of phenolic compounds are leaves: the
content is 1.6 times higher than in flowers and 6.9 times
higher than in roots.Thus, the period with the highest
phenolic content in dandelion differs significantly from
the traditional harvesting period. Concerning, it is neces-
sary to revise its harvesting time.
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ANTIOXIDANT ACTIVITY OF PURPLE CONEFLOWER | ACTIVITATEA ANTIOXIDANTA A EXTRACTELOR DIN
HERB EXTRACTS, DEPENDING ON THE COMPOSITION OF | PARTI AERIENE DE ECHINACEA PURPURIE, IN FUNCTIE
THE EXTRAGENT | DE COMPOZITIA EXTRAGENTULUI

Dzianis Novash, Raman Lukashou

Belarusian State Medical University, Minsk, Republic of Belarus

Rezumat. S-a cercetat dependenta efectului antioxidant fata de concentratia acizilor hidroxicinamici din extractele
din parti aeriene de Echinacea purpurea, obtinute la utilizarea extragentilor de diferitd compozitie. Extractele obti-
nute pe baza de propan-2-ol 20%, etanol 20%, metanol 40%, acetona 40%, propilenglicol 40% si dimetilsilfoxid 40%
in calitate de extragenti, au prezentat o activitate antioxidanta ridicata in combinatie cu un continut ridicat de acizi
hidroxicinamici. Acesti solventi pot fi folositi la elaborarea formelor farmaceutice.

Cuvinte cheie: Echinacea purpurea, activitate antioxidanta, acizilor hidroxicinamici.

Abstract. The dependence of the antioxidant effect on the concentration of hydroxycinnamic acids in extracts
from Echinacea purpurea herb obtained with the use of extractants of different composition was investigated. Ex-
tracts obtained using 20% propan-2-ol, 20% ethanol, 40% methanol, 40% acetone, 40% propylene glycol and 40%
dimethyl sylfoxide as an extractant have high antioxidant activity in combination with a high content of hydroxy-
cinnamic acids. These solvents can be offered for preparing dosage forms.

Keywords: Echinacea purpurea, antioxidant activity, hydroxycinnamic acids.

INTRODUCTION

Echinacea purpurea herb is characterized by the pre-
sence in its composition of caffeic, caftaric, chicory, chlo-
rogenic, ferulic, para-hydroxycumaric and other acids be-
longing to the hydroxycinnamic group [1,2].

This group of substances has a wide spectrum of phar-
macological action. There are studies carried out in vitro,
illustrating antiviral, immunomodulatory [1], anti-inflam-
matory [3] antitumor [4] and well-expressed antioxidant
[1] activity of the hydroxycinnamic acid group in extracts
and juices from Echinacea purpureaherb. The spectrum
of activity of Echinacea purpurea herb is even wider due
to other groups of biologically active substances (poly-
saccharides, alkylamides, etc.), which determines the
widespread use of this type of plant raw material for the
production of medicines and biologically active food ad-
ditives [5].

Now, due to the coronavirus pandemic, interest in this
plant has increased, because there are data linking the
biologically active substances, namely chlorogenic and
caffeic acids, which belong to the group of hydroxycin-
namic acids (HCA), with the ability to inhibit the angio-
tensin-converting enzyme, thereby preventing excessive
inflammation, especially in the kidneys and the cardiovas-
cular system, which occurs as a result of binding surface
spike S of SARS-CoV-2 virus with angiotensin-converting
enzyme 2 [6].

For the most complete processing of the medicinal
plant raw materials of Echinacea and maximizing the effi-
ciency of its use in medicine, organic solvents of various
nature and their aqueous solutions are used, which pro-
vide the most complete extraction of hydroxycinnamic
acids from medicinal plant materials. For the production
of drugs based on Echinacea, only ethanol and its aqu-

62

eous solutions are used, although a number of literate
sources use methanol, ethyl acetate, acetone and other
solvents to obtain dry extracts. Therefore, it is advisable
to expand the list of studied extractants: volatile - for
obtaining dry extracts, viscous and / or non-volatile - for
the development of medicines for local and external use.

Since hydroxycinnamic acids are powerful antioxi-
dants capable of breaking free radical oxidation chain re-
actions by trapping radicals [7], it is rational to research
the antioxidant activity (AOA) of the obtained extracts in
the study of extraction and compare them with each other
and with the standards of caffeic and ascorbic acids.

MATERIALS AND METHODS

The object of our research was Echinacea purpurea
herb produced by «Biotest» - pharmaceutical company
of Belarus (series 020718).

The following solvents were selected for the work:
methanol, ethanol, propan-1-ol, propan-2-ol, ethyle-
ne glycol, propylene glycol, glycerin, dimethyl sulfoxide
(DMSO0), acetonitrile, acetone and their agueous solutions
with a volume fraction of the organic component 20%,
40%, 60%, 80%, and 100%, water, and standards of caffeic
and ascorbic acids.

The analysis was carried out on a Solar PB2201 series
spectrophotometer using the built-in computer program
for constructing and analyzing absorption spectra.

For extraction, the plant raw material weighing 0.100
+ 0.005 g (accurately weighed) and 5.00 # 0.01 ml of the
given composition solvent was taken. The extraction pro-
cess was carried out in a water bath at a temperature
of 60 °C for 1.5 hours. The resulting extract was filtered
through cotton wool.

To determine the antioxidant activity, we used a spec-
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trophotometric method with 2,2-diphenyl-1-picrylhydra-
zyl (DPPH), which is reduced upon contact with an antio-
xidant, as a result of which the color intensity decreases
[8]. The test solution is prepared by adding to 0.600 #
0.001 ml of the obtained extract 4.20 + 0.01 ml of 0.01%
DPPH solution in methanol. The reaction time is 30 minu-
tes. Methanol is used as a reference solution. Also, for this
technique, it is necessary to measure the optical density
(A,) of a solution without antioxidants, prepared by ad-
ding 0.600 * 0.001 ml of methanol to 4.20 + 0.01 ml of
0.01% DPPH solution.

Measurement of optical density is carried out at a wa-
velength of 517 nm.

Antioxidant activity of extracts (AOA) in percent s cal-
culated by the formula:

AOA=(A,-A)*100/A;

100

when A - optical density of DPPH solution without
antioxidants;
A, - optical density of the test solution.

Data on the efficiency of extraction with aqueous or-
ganic solvents of hydroxycinnamic acids were taken from
early publications. [9,10].

The results were processed using the Microsoft Office
Excel 2015 computer program, the Data Analysis package.
The results are presented as mean values % half-width of
the confidence interval (p<0,05).

RESULTS AND DISCUSSIONS

In Figure 1 shows the results of measuring the antio-
xidant activity in the obtained aqueous-organic extracts.

The table 1 below shows the numerical data obtained
from the experiment.
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Figura 1. The graph of the dependence of the degree of AOA (%) on the nature and volume fraction

of solvents (%)

Table 1. AOA of aqueous-organic extracts

Volume fraction Methanol Ethanol Propan-2-ol Propan-1-ol Propyleneglycol

20% 90,39% 89.92% 88,78% 90,36% 81,34%
40% 91.29% 87.75% 92,10%1,66% 91.20% 85.51%
60% 91.84% 92,21+1,06% 91.57% 93,02+0,94% 86.67%
80% 92,67%1,96% 91,.37% 91,40% 92,66% 88,63%0,27%
100% 64,06% 42,47% 43,30% 40,84% 52,69%
| Volume fraction | Ethyleneglycol | _Glycerol | Acstonitrie | DMSO___| __Acetone
20% 82,35% 81.81% 84,03% 84,25% 84,23%
40% 84,05% 82,51% 86.05% 85,93% 86,96%
60% 84,58% 83.22% 88,21% 86,79% 88,78%
80% 84,72+0,44% 85,06%1,73% 89,13%1,23% 88,47+0,02% 89,49+0,46%
100% 50,65% 27,51% 62,73% 70,29% 21,32%
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From the above data, it follows that water-organic
extracts have a high antiradical activity (the degree of
antioxidant activity ranges from 81.34% to 93.02%). When
using pure organic solvents as an extracting agent, the
degree of antioxidant activity decreases by 1.26-4.20 ti-
mes. Such a sharp decline in activity can be associated
with a decrease in the extracting capacity of absolute or-
ganic solvents in relation to hydroxycinnamic acids. Below
is a graph illustrating the extraction capacity of solvents
for hydroxycinnamic acids (the data for the constructi-
on were taken from our two earlier publications [9,10]).
Despite the poor extracting ability of absolute organic
extractants, the antioxidant activity still remains relative-
ly high (probably due to the antioxidant action of other
classes of phenolic compounds that fall into the extrac-
tion due to the low selectivity of the extraction process).
From the above results, it follows that the antioxidant
activity of water-organic extracts does not statistically
differ from each other, in contrast to the antiradical pro-
perties of organic extracts. They differ significantly, and
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these differences are statistically significant. This allowed
us to obtain a number of absolute solvents in order of in-
creasing AOA degree: acetone = glycerin <propan-1-ol =
propan-2-ol = ethanol <ethylene glycol = propylene glycol
<methanol = acetonitrile <DMSO.

Since the antioxidant activity of aqueous-organic ex-
tracts is at the same level, for further research we selec-
ted extractants that have the best extraction ability in re-
lation to HCA: DMSO (40%), acetone (40%), methanol 40%,
ethanol 20%, propane -2-ol 20%, propylene glycol 40%.
For these extractants, we studied the dependence of the
antioxidant effect on the dose in order to obtain and com-
pare the EC,, (the concentration that creates 50% of the
maximum antioxidant effect) with each other and with
solutions of antioxidant standards (ascorbic and caffeic
acids). The lower the EC,, the more pronounced antira-
dical properties the antioxidant has. Standardization of
extracts for the group of hydroxycinnamic acids (in terms
of caffeic acid in umol / L) was performed and published
earlier [9,10] (Figure 2).
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Figures 3 and 4 show graphs of the dependence of the antioxidant effect on the

concentration of caffeic acid.
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Figure 4. Graph of the dependence of the antioxidant effecton the concentration of caffeic acid

(S-shaped dependence)

In standard coordinates, the dependence is hyperbo-
lic; at high values of the concentration of caffeic acid, the
antioxidant effect reaches a plateau, taking on a maxi-
mum value. In semi-logarithmic coordinates, we observe
an S-shaped relationship through which we find the con-
centration of antioxidant that creates 50% of the maxi-
mum effect. Similar calculations were carried out for solu-
tions of the ascorbic acid standard and extracts obtained
using the extractants selected by us (tables 3 and 4).

Table 2. Concentrations of standard solutions
creating 50% of the maximum antio-
xidant effect

Antioxidant Standards
ECSD' umOI / I

Ascorbicacid 20,23

Caffeicacid 51,52

Table3. Concentrations of extracts producing
50% of maximum antioxidant effect

Extractant EC,, (in t_erms of caffeic acid
in umol / 1)

Methanol (40%) 17.29
Ethanol (20%) 18,95
Propan-2-ol (20%) 20,95
Propyleneglycol(40%) 19,23
DMSO (40%) 26,86
Acetone (40%) 27,76

From the data given in Tables 2, 3 and the results of
checking the statistical significance of differences in an-
tioxidant activity using a two-sample t-test with diffe-
rent dispersions, we see that ascorbic acid has 2.55 times
stronger antioxidant effect compared to caffeic acid, but

65

2021



(vol. 45)

NT. 1

the same as the obtained by us aqueous-alcoholic ex-
tracts. Extracts, for which 40% DMSO and 40% acetone
were used, have a slightly less strong antioxidant effect
compared to ascorbic acid (EC, is significantly higher in
extracts), but stronger than caffeic acid. They do not di-
ffer from each other.

Thus, we obtained a series of antioxidant activity of
the extraction in comparison with the antioxidant stan-
dards: ascorbic acid = methanol (40%) = ethanol (20%) =
propan-2-ol (20%) = propylene glycol (40%)> DMSO (40%)
= acetone (40%) >> caffeic acid.

The stronger antioxidant activity of the extracts in
comparison with caffeic acid can be explained by the
nonselectivity of the extraction, as a result of which other
classes of compounds (for example, other phenolic com-
pounds), also possessing AOA, got into the extract.

Thus, taking into account the high antioxidant activity
of the extracts and the good extracting ability (the HAC
content is more than 1%), we can offer 20% propan-2-ol,
20% ethanol, 40% methanol and 40% acetone, 40% pro-
pylene glycol and 40% DMSO for obtaining dosage forms.
In this case, the choice of a solvent will depend on the
resulting dosage form. For example, for the manufacture
of tablets, volatile extractants (propan-2-ol, ethanol, me-
thanol, acetone) are suitable, since a dry extract is needed
as the main component. Viscous propylene glycol or low
volatility DMSO can be used for the outer molds. The cho-
ice of solvent will also depend on the penetration of HCA
through biological barriers. Therefore, further research
will focus not only on increasing the level of extraction,
including through pretreatment of medicinal plant raw
materials, but also on the study of the penetration of HCA.

CONCLUSIONS

The antioxidant activity of water-organic extracts of
Echinacea purpurea herb ranges from 81.34% to 93.02%,
and when using absolute organic extractants, the anti-
oxidant activity decreases by 1.26-4.20 times. The an-
tioxidant properties of 100% organic extracts differ sig-
nificantly in contrast to hydroalcoholic ones. We have
obtained a number of absolute solvents in order of in-
creasing AOA degree: acetone = glycerol <propan-1-ol =
propan-2-ol = ethanol <ethylene glycol = propylene glycol
<methanol = acetonitrile <DMSO.

Based on the calculation of EC,, (concentration cre-
ating 50% of the maximum antioxidant effect), a number
of antioxidant activities of the extracts we selected were
obtained: ascorbic acid = methanol (40%) = ethanol (20%)
= propan-2-ol (20%) = propylene glycol (40%)> DMSO
(40%) = acetone (40%) >> caffeic acid. That is, the anti-
oxidant properties of the extracts are on a par with the
classic antioxidant (ascorbic acid).
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CAPACITATEA PENETRANTA
A FLAVOLIGNANILOR DIN SILYBUM MARIANUM IN VITRO

THE PENETRATING ABILITY
OF SILYBUM MARIANUM FLAVOLIGNANS IN VITRO

llya Soltan, Raman Lukashou

Belarusian State Medical University, Minsk, Republic of Belarus

Rezumat. in articol sunt prezintate rezultatele determinarii capacitatii de penetrare a flavolignanilor din armura-
riu, utilizdnd modele in vitro. Cea mai buna capacitate de penetrare a flavolignanilor este asigurata de combinatia
extractului uscat de armurariu cu suma saponinelor totale de lemn dulce (89,57% masa), standardului de silimarina
cu aceleasi saponine (85,75% masa), extractului uscat de armurariu cu lecitina de soia (84, 37% masa). La utilizarea
dodecilsulfatului de sodiu (SDS), are loc o diferentiere clara a curbelor de absorbtie, fapt ce permite utilizarea SDS
ca model pentru studierea absorbtiei flavolignanilor.

Cuvinte cheie: Silybum marianum, capacitate de penetrare, flavolignani.

Abstract. The article presents the results of determining the penetrating ability of milk thistle flavolignans using in
vitro models. The best penetrating abilityof flavolignans is provided by a combination of milk thistle dry extract with
the total licorice saponins (89.57% by weight), standard of sylimarinewith saponins (85.75% by weight), dry extract
with soy lecithin (84, 37% by weight). With the use of sodium dodecyl sulfate (SDS), a clear differentiation of the
absorption curves occurs, which may allow the use of SDS as a model for studying the absorption of flavolignans.

Keywords: Milk thistle, penetrating ability, flavolignans.

INTRODUCTION

Dosage forms based on milk thistle fruits are widely
represented on the modern pharmaceutical market and
are used for pharmacotherapy of liver diseases such as
alcoholic and non-alcoholic cirrhosis, drug liver pathology
(DIL), viral hepatitis. The antitoxic, antioxidant, anti-in-
flammatory and antifibrotic effects of silymarin and po-
sitive effect on the processes of cellular regeneration of
hepatocytes have been well studied.

Recent studies indicate the promise of using milk
thistle flavolignans in the treatment of iron overload cau-
sed by B-thalassemia major, where silymarin is used as an
adjuvant to standard iron chelators [1]. Research is also
underway regarding its use in the complex therapy of
prostate cancer [2].

The activity of silymarin against SARS-CoV-2 infection
is currently being studied. It has been proven to work on
multiple targets at once in the fight against COVID-19. Fir-
st, silibinin prevents the development of a cytokine storm
in severe disease by directly inhibiting STAT3. Secondly,
it is an inhibitor of RNA-dependent RNA polymerase,
allowing effective suppression of viral replication, thereby
reducing viral load [3]. Thirdly, during COVID-19 therapy,
drugs can be used that negatively affect the liver, which
justifies the use of silymarin as a hepatoprotector.

However, milk thistle flavolignans have low oral bioa-
vailability (the absolute bioavailability of silibinin is about
0.95%) [4]. Therefore, this work will consider methods for
increasing the bioavailability of silymarin and the nature
of the penetrating ability of flavolignans through semi-
permeable membranes in vitro.

MATERIALS AND METHODS
The objects of research were a dry extract based on

water-acetone extraction from crushed plant raw mate-
rials (Silybum marianum fructus manufactured by Biotest
Ltd), «Legalon® 140» capsules, and a standard sample of
silymarin for thin layer chromatography (TLC).

Dialysis membranes were used to study the penetra-
ting ability; Phosphate buffered saline with the addition
of ursodeoxycholic acid and pancreatin, pH = 7.4, soluti-
on volume 3.6 ml, was used to simulate the intestinal en-
vironment. For the model of systemic blood flow, a similar
buffer was used that did not contain bile acids and enzy-
mes, pH = 7.4, solution volume 18 ml.

Soy lecithin, sodium dodecyl sulfate (SDS), as well as
the total triterpene saponins obtained by extraction with
acetone and nitric acid (20: 1), followed by precipitation of
the totalsaponins with an aqueous solution of ammonia
from plant raw materials (Glycyrrhizae radices).

The incubation was carried out at 38.0 ° C for 6 hours.
Sampling for spectrophotometry was carried out after 30,
60, 90, 120, 180, 270 and 360 minutes.

The content of silymarin was determined spectrop-
hotometrically using the methodology of the State Phar-
macopoeia of the Republic of Belarus. The optical density
was measured at a wavelength of 289 nm. The concentra-
tion (mg / ml) of silymarin was calculated using the for-
mula obtained on the basis of the calibration graph:

AxDd—0oN017

%=

where A is the optical density of the test solution.
The data obtained was processed in Microsoft Office
Excel 2016, the Data Analysis package.

RESULTS AND DISCUSSIONS
Figure 1 shows the dependence of the concentration
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of penetrated flavolignans on the incubation time without
the addition of surfactants. The charts have two mini-
mums: at 60 and 120 minutes. At 90 minutes, a peak is
observed, then, starting from 180 minutes, the concen-
tration of penetrated silymarin increases, reaching its ma-
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ximum at 270 minutes, after which it reaches a plateau.

Table 1 shows the percentage of penetration of sily-
marin in the test samples. It follows from it that the grea-
test penetrating ability is possessed bylLegalon® 140
(69.83%).

P J— e

Sinmdam

Figure 1. Graphical dependence of the concentration (mg / ml)
of penetrated flavolignans from time (min)

Table 1. Mass fraction of flavolignans passed through the membrane

Initial weight of silymarin in
solution, mg

Dry extract 1.4523
Legalon® 140 0.6231
Standard 1.2289

Further, the stability of flavolignans in a buffer without
the use of a membrane was investigated. Figure 2 shows
the dependence of the concentration of flavolignans on
the incubation time. It follows from this that the concen-
tration of flavolignans decreases sharply at 60 minutes,
then increases again at 90 minutes and gradually decrea-
ses with further incubation.

Figure 3 shows the dependence of the concentration
of penetrated flavolignans on the incubation time after
adding 3% (by weight) soy lecithin to the test solutions,
followed by filtration. The penetration curves for the dry
extract and the standard of sylimarinhave the minimum
concentration values at the points corresponding to 30
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Peak mass of penetrated
flavolignans, mg

Percent
penetration

0.2748 18.92%
0.4351 69.83%
0.5430 4418%

minutes of incubation, then a peak is observed at 90 mi-
nutes, after which the concentration decreases again and
gradually reaches a plateau. Schedule forLegalon® 140
has a slightly different character. It is observed at least
at 30 minutes, however, in the time interval of 60-360
minutes, fluctuations in concentration indicators are in-
significant.

Table 2 shows the percentage of silymarin penetrati-
on in the test samples after the addition of soy lecithin.
It follows from it that the greatest penetrating ability is
possessed bydry extract (84.37%).

—o— Iy extract

Figure 2. Dependence of the concentration (mg / ml) of flavolignans on the incubation time (min)

68



REVISTA FARMACEUTICA A MOLDOVEI 2021

Coencetration, mgml

] 20 150 TED 210 249 270 IRl

al

0 J&0

Tinee, nain

—.—"I'}' exfract —.—l.E‘E:‘I!I:I!'IT 144 —a—Ntandard

Figure 3. Graphical dependence of the concentration (mg / ml) of penetrated flavolignans on the
time (min) after the addition of soy lecithin

Table 2. Mass fraction of flavolignans passed through the membrane after adding soy lecithin

Initial weight of silymarin in Percent
solution, mg penetration

Peak mass of penetrated
flavolignans, mg

Dry extract 0.7453 0.6289 84.37%
Legalon® 140 1.5602 0.7164 45.92%
Standard 0.7818 0.4905 62.74%

Figure 4 shows the dependence of the concentration
of penetrated flavolignans on the incubation time after
adding 3% (by weight) sodium dodecy! sulfate to the test
solutions, followed by filtration. The graphs have a mini-
mum concentration at 30 minutes, a peak is observed at
120 minutes, after which there is a slight decrease in con-
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centration with a subsequent increase. No plateau at 360
minutes is observed.

Table 3 shows the percentage of penetration of si-
lymarin in the test samples after the addition of sodium
dodecyl sulfate. It follows from it thatdry extract has the
greatest penetrating ability (15.93%).
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Figure 4. Graphical dependence of the concentration (mg / ml) of penetrated flavolignans versus
time (min) after the addition of sodium dodecyl sulfate (SDS)

Table 3. Mass fraction of flavolignans passed through the membrane after adding sodium dodecy!
sulfate (SDS)

Initial weight of silymarin Peak mass of penetrated Percent
in solution, mg flavolignans, mg penetration
Dry extract 1.7988 0.2865 15.93%
Legalon® 140 2.9530 0.0817 2.77%
Standard 2.3448 0.1905 8.13%
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Figure 5 shows the dependence of the concentration
of penetrated flavolignans on the incubation time after
adding 3% (by weight) of the totallicorice saponins to the
test solutions, followed by filtration. Penetration graphs
forLegalon® 140and standard have minimum concentra-
tion values at 60 and 120 minutes, a peak is observed at
90 minutes. Schedule fordry extract has a maximum con-
centration at 30 minutes, minimum - at 60. The depen-
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dence after 120 minutes for three samples is similar. At
first, an increase in concentration is observed up to 270
minutes, after which it decreases slightly.

Table 4 shows the percentage of silymarin penetration
in the test samples after adding total of the licorice sa-
ponins. It follows from it thatdry extract has the greatest
penetrating ability (89.57%).

Time, min
—a— Legalon® 140

—o—Standard

Figure 5. Graphical dependence of the concentration (mg / ml) of penetrated flavolignans on time
(min) after adding the total licorice saponins

Table 4. Mass fraction of flavolignans passed through the membrane after adding the sum of licorice

saponins

Initial weight of silymarin | Peak mass of penetrated Percent
in solution, mg flavolignans, mg penetration

Dry extract 3.4687
Legalon® 140 1.4277
Standard 2.4406

Table 5 shows the penetration rates (in percent) of
silymarin from pure samples and after the addition of va-
rious surfactants. It follows from this that the addition of
soy lecithin increases the penetrating ability of flavolig-
nans by an average of 45.20%, total licorice saponins - by

31068 89.57%
11879 83.20%
2.0927 85.75%

94.47% compared to the initial parameters. The addition
of sodium dodecyl sulfate, on the other hand, reduces the
passage of silymarin through the semipermeable mem-
brane by 79.82% compared to the initial one.

Table 5. Percentage of penetration of flavolignans through the membrane

No surfactant added 18.92%
With added soy lecithin 84.37%
With the addition of SDS 15.93%
With the addition of the total 89.57%

licorice saponins

70

69.83% 4418% 44.31%
45.92% 62.74% 64.34%
2.77% 8.13% 8.94%
83.20% 85.75% 86.17%



REVISTA FARMACEUTICA A MOLDOVEI

CONCLUSIONS

In the course of the work, it was experimentally found
that the addition of various surfactants to varying degrees
affects the penetrating ability of flavolignans in vitro.

The best penetrating power is provided by a combina-
tion of dry extract with the total licorice saponins (89.57%
by weight), standard of sylimarin with saponins (85.75%
by weight), dry extract with soy lecithin (84,37% by wei-
ght).

Samples with sodium dodecyl sulfate have the lowest
penetration rates. Legalon® 140, standart and dry extract
have penetration rates of 2.77%, 8.13% and 15.93% by
weight, respectively. The addition of SDS shifts the peaks
from 90 to 120 minutes, and there is also a clear differen-
tiation of the curves, which may allow the use of sodium
dodecyl sulfate as a model for studying the absorption of
silymarin.

The use of combined drugs based on milk thistle with
lecithin, or milk thistle with licorice saponins has two ra-
tionales. Firstly, it will help to increase the bioavailability
of silymarin in the gastrointestinal tract, which is rather
low due to the poor solubility of flavolignans in water. Se-
condly, glycyrrhizic acid in the total licorice saponins, as
well as phospholipids in lecithin, are themselves used for
the prevention and treatment of liver diseases, and the
combination of these substances can significantly incre-
ase the therapeutic effect of drugs based on them.

2021
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Rezumat. In acest articol sunt prezentate rezultatele elaborérii tehnicii de determinare cantitativa a flavonoidelor
din parti aeriene de coada soricelului. in urma realizarii studiului, s-a constatat c& optimal este adaugarea la extrac-
tul cercetat a unei solutii apoase de 4% de clorura de aluminiu intr-un volum de 200 pl pentru prepararea solutiei
proba si a acidului acetic glacial intr-un volum de 10 pl pentru prepararea atat a solutiei proba, cat si a solutiei de
compensare. Timpul optim de reactie intre flavonoide si clorura de aluminiu este de 60 de minute.

Cuvinte cheie: flavonoide, spectrofotometrie, Achillea millefolium, luteolin-7-0-glucozid, determinare cantitativa.
Abstract. This article presents the results of the technique choice for the quantitative determination of herb yarrow
flavonoids. As a result of the study, it was found that the optimal is the addition to investigate extract of a 4% aqu-
eous solution of aluminum chloride in a volume of 200 pl for the preparation of the test solution and glacial acetic
acid in a volume of 10 pl for the preparation of both the test solution and the compensation solution. The optimal
reaction time between flavonoids and aluminum chloride is 60 minutes.

Keywords: flavonoids, spectrophotometry, Achillea millefolium, luteolin-7-0-glucoside, quantitation.

INTRODUCTION

A number of pharmacological effects of the herb
yarrow are due to the presence of flavonoids, the predo-
minant among which are the 7-0-glucosides of apigenin
and luteolin [1]. However, in a number of national (Bela-
rus, Ukraine, Kazakhstan, Great Britain) and the European
Pharmacopoeias, it is proposed to standardize it only by
the content of essential oil. Based on this, the data obtai-
ned can be used in the development of a technique for
the quantitative determination of flavonoids in this plant
raw material.

MATERIALS AND METHODS

The object of the study was a yarrow herb harvested
during the period of mass flowering in places of natural
growth in 2020 in the vicinity of Baranovichi. Prior to re-
search, the plant raw materials were stored in paper bags.

For the extraction of flavonoids, we took a weighed
portion of 0,05 + 0,003 g of yarrow herb, preliminarily
crushed and sifted through a sieve with aperture size of
180 um. For work, we took a fraction that passed throu-
gh a sieve. For extraction, 80% methanol was used in an
amount of 5,00 + 0,250 ml. Extraction was carried outin a
water bath for 60 min at 80 °C in tightly sealed vials with
a screw cap. The above presented extraction parameters
were selected experimentally in previous studies [2, 3, 4].
After extraction, the obtained extract was filtered, the re-
sulting filtrate was used for the quantitative determinati-
on of flavonoids.

To prepare the test solution, 200+10,0-1400+70,0 ml
(with a step of 200410,0 ml) 1-5% (with a step of 1%) aqu-
eous aluminum chloride solution, as well as 10,0+0,500;
25,0+1,25; 50,0+2,50; 75,0+3,75 and 100+5,00 pl of glacial

72

acetic acid were added to 10025,00 pl of the extract and
made up to 5,00+0,250 ml with water.

To prepare a compensation solution, 10,0+0,500;
25,0+1,25; 50,0+2,50; 75,0+3,75 and 100+5,00 pl of glacial
acetic acid were added to 10015,00 ul of the extract, after
which the resulting mixture was brought to 5,00+0,250
ml with water. After 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90
and 100 min, the optical density of the test solution was
measured at 400 nm against the compensation solution.

The content of the sum of flavonoids (X, %) in terms of
luteolin-7-0-glucoside was calculated using the formula 1.1:

L% = (S x0,%m

13TM

(D

where A - is the optical density of the test solution;

m - is the mass of the sample of crushed raw mate-

rials, 9.

The obtained experimental data were processed using
Microsoft Excel 2016.

Tables 1 and 2 show the results of selecting the opti-
mal concentration and volume of an aqueous solution of
AICI,, respectively.

Based on the data obtained in tables 1 and 2, it can
be said that with an increase in the concentration of the
AICI, solution, the content of flavonoids increases and,
starting from a concentration of 4%, reaches a plateau.
No significant differences in the content of flavonoids
when using different volumes of AICI, are observed, whi-
ch is confirmed by the value of Student’s t-criterion be-
tween the content of flavonoids when adding 200 pl of
aluminum chloride solution and 1400 pl, which is equal
to0 0,41> 0,05.
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Table 1. Dependence of the content of flavonoids (%) on the concentration of the AlCI,
solution used in the quantitative determination of flavonoids

Concentration of an aqueous solution of AICI,, % Flavonoid content, %

3,569+0,180
3,69+0,180
3.57t0,179
3,780,189
3,760,188

a A NN -

Table 2. Dependence of the content of flavonoids (%) on the volume of the AICI,
solution used in the quantitative determination of flavonoids

Volume of added AICI,, solution, pl Flavonoid content, %

200 3,8210,191
400 3,780,189
600 3,870,194
800 3,730,187
1000 3,77+0,189
1200 3,61+0,181
1400 3,790,190

Thus, according to the results of this experiment, we can say that the optimal use for the quantitative determinati-
on of flavonoids is the use of a 4% aqueous solution of AICI, in a volume of 200 +10,0 pl.
Table 3 shows the results of the selection of the optimal volume of glacial acetic acid.

Table 3. Dependence of the content of flavonoids (%) on the volume of a solution of glacial acetic
acid used in the quantitative determination of flavonoids

Glacial acetic acid volume, ul Flavonoid content, %

200 4,85%0,243
400 4,39+0,220
600 3.82+0,191

800 3,89+0,195
1000 3,69+0,185

As can be seen from the data obtained, with an increase in the amount of added glacial acetic acid, the content of
flavonoids decreases, because acid is a stop agent in the reaction between flavonoids and aluminum chloride. Its use is
optimal in a volume of 10,0+0,500 pl.

Table 4 shows the results of the selection of the optimal reaction time between flavonoids and aluminum chloride.

Table 4. Dependence of the content of flavonoids (%) on the reaction time between flavonoids and aluminum chlori-

4,44+0,222 4,970,249
10 4,60%0,230 60 5,00+0,250
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15 4,700,235
20 4,760,238
30 4,86%0,243
40 4,93+0,247

Based on the results obtained, it can be seen that with
anincrease in the reaction time, the content of flavonoids
increases due to the formation of a larger amount of com-
plexes between flavonoids and aluminum chloride. The
peak in the percentage of flavonoids is observed at 60
minutes (5,00 + 0,250%), then it reaches a plateau. Stu-
dent’s t-test between the content of flavonoids at a reac-
tion time of 60 and 100 minutes is 0,30> 0,05, which in-
dicates that there is no statistically significant change in
the amount of flavonoids from 60 minutes to 100 minutes.

CONCLUSIONS

For the quantitative determination of yarrow fla-
vonoids, it is optimal to add, for the preparation of the test
solution, a 4% aqueous solution of aluminum chloride in a
volume of 200 £ 10,0 ul and glacial acetic acid in a volume
0f10,0 + 0,500 ul for the preparation of both the test solu-
tion and the compensation solution, the optimal reaction
time is between flavonoids and aluminum chloride is 60
minutes.
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PHYTOTHERAPY
IN TREATMENT OF GINGIVITIS

FITOTERAPIA
IN TRATAMENTUL GINGIVITEI

Nadezhda Krautsova-Kukhmar, Natallia Shakavets, Olga Mushkina, Tatyana Kidyasova

Belarusian State Medical University

Rezumat. Gingivita este cea mai frecventa boala a tesuturilor parodontale la copii. Medicamentele pe baza de plante
sunt adesea folosite pentru a trata aceasta patologie. Gelul cu continut de tinctura de frunze de arin negru reprezin-
ta unul dintre aceste medicamente. Scopul lucrdrii este de a evalua eficacitatea unui fitogel in tratamentul gingivitei
experimentale. Materiale si metode. 42 animale au fost selectate pentru a simula gingivita experimentala. Au fost
impartite aleatoriu in é grupuri dupa aparitia semnelor clinice de inflamatie. Gelul cu continut de tinctura de frunze
de arin negru si gelul ce contine metronidazol au fost utilizate pentru tratament in decurs de 2 si 4 zile. Toti sobolanii
au fost biopsiati pentru examinare histologica in a 8-a si a 10-a zi de la inceputul experimentului. Rezultate. Sem-
nele clinice ale inflamatiei au disparut in ambele grupuri in a 2-a zi. Semnele histologice ale inflamatiei din grupul
cu gel ce contin metronidazol au persistat in a 4-a zi. Regenerarea structurii gingiei din grupul cu gel care contine
tinctura de frunze de arin negru a fost determinata in a 4-a zi dupa aplicare. Concluzii. Gelul cu continut de tinctura
de frunze de arin negru este un medicament eficient in tratamentul gingivitei experimentale.

Cuvinte cheie: gingivita experimentala, gel cu continut de tinctura de frunze de arin negru, gel cu continut de me-
tronidazol.

Abstract. Gingivitis is the most common disease of periodontal tissues in children. Herbal drugs are often used to
treat this pathology. One of them is a gel containing tincture of black alder leaves. The aim of the work is to evaluate
the effectiveness of a phytogel in the treatment of experimental gingivitis. Materials and methods. 42 animals were
selected to simulate experimental gingivitis. Theywere randomly divided into 6 groups after the onset of clinical
signs of inflammation. A gel containing tincture of black alder leaves and a gel containing metronidazole were used
fortreatmentduring 2 and 4 days. All rats were biopsied for histological examination on the 8th and 10th day from
the beginning of the experiment. Results. The clinical signs of inflammation disappeared in both groups on the 2th
day. The histologicalsigns of inflammation in the group with gel containing metronidazole persisted on the 4th day.
The regeneration of the gum structure in the group with gel containing tincture of black alder leaves was determi-
ned on the 4th day after application. Conclusions. Gel containing tincture of black alder leaves is an effective drug
in the treatment of experimental gingivitis.

Keywords: experimental gingivitis, gel containing tincture of black alder leaves, gel containing metronidazole.

INTRODUCTION
Gingivitis is the most common pathology among in-

different age group sareable to use them with a minimum
number of side effects.

flammatory diseases of the marginal periodontium tissu-
es. Periodontal diseases are a set of common oral infecti-
ons caused by a variety of bacterial colonizers inside and
around the gingival tissues. Gingivitis is an early inflam-
matory response that is initiated by the bacterial toxins
in dental plaque. It occurs byredness and edema in the
gingival tissue without periodontal attachment loss.The
pathogenesis of gingivitis is a complex of microcircula-
tory and connective tissue reactions to damage to cells
and blood vessels by toxins produced by microorganisms
of dental plaque. Usually treatment of gingivitis consists
of professional oral hygiene and the usage of medicati-
ons. A gel containing metronidazole and chlorhexidine is
very often uses for gingivitis treatment in Belarus, but it
has limitations in its application in children [1].

The medicinal plants are widely used for the treatment
of various types of dental pathology. Biologically active
natural compounds are easily included into the metabolic
processes of the body, have a wide spectrum of therape-
utic action, a good tolerance and the low cost. People of

The abundant chemical composition of plants, including
various classes of compounds, determines their polyvalent
action and effects on the pathological process [2,3,4]. The
development of new effective and safe herbal medicines
that provide a comprehensive pharmacological effect on all
parts of pathogenesis is still relevant. Herbal drugs, accor-
ding their structure, have anti-inflammatory, hemostatic,
wound healing and antimicrobial effects in gingiva thera-
py. The drugs with black alder contain tannins, flavonoids,
phenol carboxylic acids. A decoction of fresh alder leaves,
bark and cones is used in treatment of stomatitis and gingi-
val bleeding in traditional medicine [1, 6]. Black alder leaves
are used as diaphoretic, as well as in skin diseases therapy
[5]. Experimental studies have confirmed the presence of
anti-inflammatory, antimicrobial and antioxidant proper-
ties of extracts from black alder leaves [7,8,9].

Taking into account the experience of traditional medi-
cine, the chemical composition and the results of studying
the pharmacological activity the tincture from the leaves
of black alder was used to obtain a soft dosage form-gel. It
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was used in experiment for the treatment of inflammatory
diseases of the marginal periodontium tissues.

The aim of the work is to evaluate the effectiveness
of a phytogel in the treatment of experimental gingivitis.

MATERIALS AND METHODS

The principles of bioethics were followed in accor-
dance with the regulatory documents during the expe-
rimental study: “International Recommendations (Code
of Ethics) for the conduct of biomedical research using
animals” [10], “European Convention for the Protection
of Vertebrate Animals used for Experimental and Other
Scientific Purposes “[11]," Rules for working with experi-
mental animals “(approved by the Academic Council of
the Moscow State Medical Institute on 04.24.1996) [12],"
Good laboratory practice “[13]. The research protocol was
approved at the ethical commission meeting of the Be-
larusian State Medical University before the experiment.

42 white Wistar rats aged 3 months were selected to
simulate experimental gingivitis. They were randomly
divided into 6 groupsafter the onset of clinical signs of
inflammation: group 1A - animals that were treated with
experimental gingivitis with a single application of a gel
containing tincture of black alder leaves for 2 days; group
2A - animals that were treated with experimental gingivitis
with a single application of a gel containing metronidazole
for 2 days; group 3A - animals with experimental gingivitis
(control group).group ‘B - animals that were treated with
experimental gingivitis with a single use of a gel contai-
ning tincture of black alder leaves for 4 days; group 2B -
animals treated with experimental gingivitis with a single
use of a gel containing metronidazole for 4 days; group
3B - animals with experimental gingivitis (control group).
In animals 1A-3A of groups a biopsy was taken on the 8th
day from the start of the experiment, in group 1B-3B on
the 10th day from the start of the experiment.

The animal was injected once in the region of central
incisors into the submucosal layer of gingiva with the drug
“Vipraxin” (an aqueous solution of viper venom) in a volu-
me of 0.2 mlto simulate experimental gingivitis. Therape-
utic drugs (a gel containing tincture of black alder leaves
and a gel containing metronidazole) were applied in a thin
layer to the area of inflammation after the appearance of
clinical signs of gingivitis (6 days from the beginning of
the experiment).

All animals were fed a standard diet.A biopsy was ta-
ken in the area ofthe right lower incisor sized 1.0 x 1.0 cm.
For histologymaterial was kept in 10% neutral formalin.La-
ter it was stained with hematoxylin and eosin. Micro pre-
parations were investigated using optical microscope and
photographed (digital camera Levenhuk).

RESULTS AND DISCUSSIONS

It was found that in the groups 1A and 2A clinical signs
of inflammation decreased by the 2nd day of the use of
drugs: in both groups there was only slight hyperemia of
the marginal gingiva of the central incisors without signs
of bleeding.
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Figure 1. Rat gingival mucosa on the 8th day from
the beginning of experiment. Vesiculation of stra-
tum basale cells cytoplasm. Disintegration of cells
of the stratum spinosum and stratum granulosum
of the epithelium. Intracellular focal edema of the
stratum granulosum of the epithelium. Vascular
fullness (venous). Microscopical examination, H&E
stain. Original magnification, x200.

In the histological preparations of gingiva in the group
1A (Figure 1) and the group 2A (Figure 2) was noted the
restoration of connective tissue layer, however, struc-
tural changes in the epithelial cells of the stratum basale
were preserved, while in the group 2A the number of such
cells was more. Also in this group was defined disinte-
gration of the cells of the stratum spinosum and stratum
granulosum. There was a decrease in the smoothness of
the papillae of the surface layer of the mucosal lamina
propria in both groups, which remained swelling, infiltra-
ted by single lymphocytes, mast and plasma cells. In the
group 1A isolated areas of defibration and fragmentation
of fibrous structures were determined, while in the group
2A the number of such changes was higher. Both groups
retained connective tissue vascular fullness.

Figure 2. Rat gingival mucosa on the 8th day from
the beginning of experiment. Vesiculation of stra-
tum basale cells cytoplasm. Disintegration of cells
of the stratum spinosum and stratum granulo-
sum. Edema and infiltration by lymphocytic cells.
Vascular fullness(venous). Microscopical exami-
nation, H&E stain. Original magnification, x400.
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In the 3A group where no treatment was performed
both clinical and histological signs of inflammation were
noted. Redness and swelling of the marginal gingiva and
gingival papilla, slight smoothness of the contour was vi-
sually preserved, bleeding was noted during touching. In
histological preparations of gingiva intracellular edema of
the stratum spinosum was determined, cell nuclei were
shifted to the periphery, marked smoothness of the pa-
pillae of the surface layer of the mucosal lamina propria,
edema, significant infiltration by cells of the lymphocytic
range was noted. Areas of defibration and fragmentation
of fibrous structures, numerous vascular fullness was de-
termined (Figure 3).

Figure 3. Rat gingival mucosa on the 8th day from
the beginning of the experiment. Smoothness of
the papillae of the mucosal lamina propria. Edema
and infiltration by lymphocytic cells. Defibration
of fibrous structures. Microscopical examination,
H&E stain. Original magnification, x400.

There was a complete disappearance of clinical signs
of inflammation after using of drugs for 4 days in the 1B
group and the 2B group: the gingiva had a gentle pink
color, without changing the shape and contour, bleeding
was absent.

In histological preparations of gingiva of animals from
group1Bthe complete restoration of the gum structure
was noted. The stratum basale was represented by layers
of short cells located in places in the form of a stocka-
de. The cells of the stratum spinosum were unbalanced
arranged, there was no swelling of the epithelium. The
mucosal lamina propria recovered completely and was
represented by a fibrous connective tissue with a large
amount of collagen and elastic fibers. Not numerous vas-
cular fullness was preserved (Figure 4).

2021

Figure 4. The mucous membrane of rat gingiva on
the 10th day from the beginning of experiment.
The stratum basale is represented by cells in the
form of a stockade. The mucosal lamina propria
is predominantly wide and low. Microscopical exa-
mination, H&E stain. Original magnification, x200.

In group2B intracellular edema of the epithelium of the
stratum spinosum was noted. The process of reparation
of connective tissue papillae of mucosal lamina propria
was determind but swelling and vascular fullness(venous)
persisted, endothelial cells were rounded, swollen. There
were cell infiltrations, but defibration of fibrous structures
decreased (Figure 5).

Figure 5. The mucous membrane of rat gingiva on
the 10th day from the beginning of experiment.
Slight edema and infiltration by lymphocytic ce-
lls. Vascular fullnes. Slight defibration of fibrous
structures. Microscopical examination, H&E stain.
Original magnification, x400.
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Only slight redness of marginal gingiva and smooth-
ness of its contour were noted during visual inspection of
the gingiva in group3B, bleeding was absent. All the signs
of the inflammatory process were preservedin histologi-
cal preparations: changes in epithelial cells of the stratum
basale, disintegration of cells of the stratum spinosum
and stratum granulosum. The smoothness of the mucosal
lamina propria papillae, edema and infiltration by lympho-
cytic cells were determined. There were defibration and
fragmentation of fibrous structures with the vascular full-
ness of numerous vessels of connective tissue (Figure 6).

Figure 6. The mucous membrane of rat gingiva on
the 10th day from the beginning of experiment.
Disintegration of stratum spinosum cells. Smoo-
thness of mucosal lamina propria papillae. Edema
and infiltration by lymphocytic cells. Fragmentati-
on of fibrous structures. Microscopical examinati-
on, H&Estain. Originalmagnification, x400.

CONCLUSIONS

It was found that after using a gel containing tinctu-
re of black alder leaves the restoration of gingival structu-
re occurred after 4 days, while the use of a gel containing
metronidazole did not lead to the disappearance of his-
tological signs of inflammation. Thus, the high efficiency
of the gel containing tincture of black alder leaves in the
treatment of experimental gingivitis was established.
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Rezumat. Acizii ursolic si oleanolic se gasesc pe scara larga in diverse plante sunt triterpenoide pentaciclice natu-

rale eficiente cu rol profilactic si terapeutic in diferite boli, precum scleroza multipla, tulburari metabolice, diabet si
diferite tipuri de cancer.

Acest reviu al literaturii prezinta cele mai recente rapoarte privind impoactul acizilor ursolic si oleanolic si mecanis-
mul biologic al activitatilor lor. Astfel reviul prezinta date care propun ca acizii ursolic si oleanolic sunt o alternativa
potentiald si complementara pentru tratamentul si managementul mai multor maladii.

Cuvinte cheie: Lavandula angustifolia, polifenoli, acid ursolic, acid oleanolic.

Summary. Ursolic and oleanolic acids are widely found in diverse plants and are natural effective pentacyclic triter-
penoids with prophylactic and therapeutic roles in various diseases suuch as multiple sclerosis, metabolic disorders,
diabetes and different cancers.

This review presents the latest reports on the impacts of ursolic and oleanolic acids and the biological mechanism
of their activities. Thus, this review presents data proposing that ursolic and oleanolic acids are potential alternative

and complementary therapies for the tratment and management of several diseases.
Keywords: Lavandula angustifolia, polyphenols, ursolic acid, oleanolic acid.

INTRODUCTION

Medicinal plants play a major role in medicine as a pri-
me material for perfume industry, cosmetics, or phytothe-
rapy. Herbs contain many active compounds that exhibit
multidirectional phytotherapeutic activity and are used in
the treatment and prevention of cardiovascular, respira-
tory, gastrointestinal diseases, urinary infections, as well
as in chronic diseases of children and elderly people.

Considerable attention has been paid to the bioactive
compounds in herbs and spices in an
effort to reveal their potential contribution to health and
the preservation of food quality. Several previous studies
have suggested that polyphenols from natural sources
could be a potential alternative to the use of synthetic
antioxidants. Natural antioxidants from various botani-
cal sources have been regularly reviewed by focusing on
a single species, genus, origin, popularity, applications,
bioactivities, selected phytochemical groups of antioxi-
dants [1].

Lavender (Lavandula angustifolia Mill, family Lamia-
ceae) is a plant with a number of beneficial properties for
the human body. Besides its application in herbal treat-
ment, lavender is widely used in the cosmetic, perfume,
food, and aromatherapeutic industries. Plant contains es-
sential oil, polyphenols, ursolic and oleanolic acids, antho-
cyanins, phytosterols, coumarin and tannins [2,3].

Polyphenols are a large group of natural compounds
that are widely distributed in the plant kingdom, as con-

stituents of medicinal herbs and are integral part of the
human diet. Within the last few years extensive research
has revealed that including of certain fruits and vegeta-
bles rich in polyphenols in a diet can reduce the risk of
acquiring specific cancers [4]. Polyphenolic extracts are
attractive ingredients for pharmaceutical and cosmetic
industry due to their beneficial biological properties. The-
se compounds may reduce the risk of the development
of several diseases due to a complex effect but many
authors claim that some of their properties may be rela-
ted both to their antioxidant capacity and other biological
activities [5].

Ursolic (1) and oleanolic (2) acids are secondary plant
metabolites that are known to be involved in the plant de-
fence system against water loss and pathogens. Nowa-
days these triterpenoids are also regarded as potential
pharmaceutical compounds and there is mounting expe-
rimental data that either purified compounds or triterpe-
noid-enriched plant extracts exert various beneficial
effects, on model systems of both human or animal origin.
Some of those effects have been linked to the ability of
ursolic and oleanolic acids to modulate intracellular antio-
xidant systems and also inflammation and cell death-re-
lated pathways. Ursolic and oleanolic acids are common
phytochemicals naturally found in various plants, the wa-
x-like coatings of fruits and many medicinal herbs - la-
vender, rosemary, oregano in the form of free acids or
aglycones for triterpenoid saponins. For along time, these
compounds were considered to be biolog
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1 (Ursolic acid) 2 (Oleanolic acid)

ically inactive, but in recent years they have attracted the
interest of medical scientists because of their pharmaco-
logical effects combined with low toxicity.

Herb mixtures are widely used in traditional medicine
of many cultures and their clinical potential is well estab-
lished. Many of them contain ursolic, oleanolic acids and
their derivatives [6].

Ursolic acid (1) and its isomer oleanolic acid (2) share
many pharmacological effects, including neuroprotection,
antimicrobial, antifungal, antiulcer, antiparasitic, antican-
cer, sedation, hepatoprotection, anti-inflammation, an-
ti-oxidation and regulating blood glucose [7.8].

The aim of this work was bibliographic evaluation of
pharmaceutical properties and therapeutic potential of
ursolic (1) and oleanolic (2) acids in context of the phar-
maceutical revaluation of dried waste of Lavandula an-
gustifolia cultivated in Republic of Moldova.

MATERIALS AND METHODS

Generalization and analysis of bibliographic data, se-
lected from international databases: PubMed, Medline,
Environmental Issues & Policy Index, Google Scholar, etc.,
about chemical composition of Lavandula angustifolia
Mill species, important role of phenolic compounds, inclu-
sive of ursolic and oleanolic acids, active principles with
therapeutic potential and pharmacological activities.

RESULTS AND DISCUSSION

Anticancer potential. Ursolic acid was examined for
its ability to inhibit the breast cancer cells by modulating
different signaling cascades such as PI3K/Akt/mTOR-
. ERK- and EGFR-related signaling cascades. UA also
arrests BC cells by inhibiting tumor growth, metastasis
and angiogenesis, induces apoptosis, arrest cell cycle
thereby reducing the tumor size [9].

Prof. Sen A. et al. [10] evaluated anti-cancer effects
of oleanolic acid. The molecular mechanisms of this sub-
stance are diverse, such as inhibiting the proliferation of
cancer cells, preventing cancer cell migration and inva-
sion, restraining angiogenesis, and inducing autophagy
and apoptosis. Although a very large number of in vitro
studies have been carried out showing the inhibition of
carcinogenesis, only a few in vivo studies have confirmed
that oleanolic acid is promising anti-cancer agent.

Another research on anti-cancer effects of oleanolic
acid was evaluated. Prof. Ziberna et al. [11] studied oleano-
lic acid inducing both extrinsic and intrinsic apoptosis in
human lung cancer cells by multiple signaling pathways.
Oleanolic acid activated intrinsic apoptosis, as observed
by the up-regulation of caspase-3 and caspase-9, poly
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(ADP-ribose) polymerase (PARP) cleavage, release of cy-
tochrome c, as well as increase in Bax/Bcl-2 expression
ratio.

Anti-inflammatory potential. Prof. Kashyap et al. [2]
have determined the anti-inflammatory therapeutic po-
tential of ursolic and oleanolic acids.

The administration of oleanolic acid enhanced the de-
velopment of serum antibody immunoglobulin G in mice
and showed the marked inhibition of the hemolytic acti-
vity of the total complement by the classical pathway in
guinea pigs. In integration, the similar passive cutaneous
anaphylaxis in mice or rats and the degranulation of mast
cells of calvarial periosteum in rats was significantly obvi-
ated by oleanolic acid along with the reduction in capillary
permeability and type | allergic reaction. In a similar way,
the anti-inflammatory activity of ursolic acid was analy-
zed by utilizing different in vitro/in vivo inflammatory mo-
dels like croton oil-induced oedema in albino swiss mice.

Prof. Tsao et al. [12] evaluated the anti-inflammatory
effect of oleanolic acid on bronchial epithelial cells.

Cigarette smoke or particulate matter could stimulate
the release of hydrogen peroxide in airway epithelial cells,
which contributes to apoptotic, oxidative, and inflamma-
tory stress in those cells. In present study, pretreatment
with oleanolic acid markedly protected two human bron-
chial epithelial cell lines (16HBE and BEAS-2B cells) again-
st hydrogen peroxide induced oxidative and inflammatory
injury, which in turn enhanced cell survival. In addition, it
was found that this compound was able to mediate prote-
in expression of NADPH oxidase, COX-2, NF-kB, and MAPK
in these bronchial epithelial cells. Furthermore, this triter-
penic acid treatments alone, without hydrogen peroxide,
did not affect the growth of these test cells. These findin-
gs implied that oleanolic acid might be safe and benefit
respiratory epithelium stability and functions.

Antidiabetic potential. The triterpenoic acids were
examined for protective effects in diabetes type 2 by
Portuguese scientists [13]. The results of the experiment
show that ursolic and oleanolic acids reduce the absorp-
tion and uptake of glucose, lower endogenous glucose
production, increase insulin biosynthesis, secretion, and
sensitivity, and protect against diabetic complications.
These protective effects occur without noticeable hepa-
totoxicity, at the dose used in the experimental studies,
as indicated by the decreased values of aspartate ami-
notransferase and alanine aminotransferase measured.
This relevant fact is contrary to most currently used an-
tidiabetic drugs, including sulfonylureas, a-glucosidase
inhibitors, biguanides, and thiazolidinediones, which can
cause liver toxicity.

Antihypertensive potential. The anti-hypertensi-
ve effects of oleanolic and ursolic acids may be mainly
attributed to their potent anti-hyperlipidemic and anti-
oxidant effects, combined with diuretic, natriuretic, and
saluretic effects, mostly due to the inhibition of Na+ and
K+ reabsorption in the early portion of the distal tubule.
However, it was also reported that the anti-hypertensive
and antiatherogenic properties of these compounds may
also result from their effects on endothelium-dependent
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vasorelaxation. Impaired endothelial function, due to de-
creased bioavailability of NO (nitric oxide), is a hallmark
of atherosclerosis. In contrast, an increase in NO induces
vasorelaxation, preventing the development of atheros-
clerosis. In this context, ursolic acid displayed vasorela-
xing properties, mediated by an increase of NO release
and relaxation by activation of endothelial nitric oxide
synthase [7].

Neuroprotective potential. Mild to severe defects in
the nervous system typically result due to oxidative stress
and excitotoxicity. An imbalance in cellular homeostasis
may permanently reduce cognitive function and cause
brain damage, resulting in various brain diseases. Urso-
lic acid inhibits oxidative stress and excitotoxicity, sug-
gesting that it may play a protective role in various brain
diseases induced by oxidative stress and excitotoxicity.
In addition, suppresses apoptotic signaling and exerts
anti-inflammatory effects in the brain. Ursolic acid sig-
nificantly reduces free radical levels in rat neuronal cul-
tures. In addition, it attenuates reactive oxygen species
(ROS) levels in the brain. It was found that UA increases
the levels of antioxidant components, such as glutathione
(GSH)/oxidized glutathione (GSSH) ratio, catalase (CAT)
activity, and superoxide dismutase (SOD) activity in a rat
model of subarachnoid hemorrhage [14].

Despite the fact that triterpenoic acids have applicati-
ons in medicine and research, the obtaining and synthe-
sis of these compounds still remains a growing need. The
study of waste of Lavandula angustifolia can be a solu-
tion. Therefore, after obtaining the essential oil from La-
vandula angustifolia aerial parts, the waste may contain
an amount of some unknown compounds not studied yet.
In this context the study of the extracts obtained from
dried waste of Lavandula angustifolia especially for con-
tent of ursolic acid and oleanolic acid is substantial for the
production of new pharmaceutical preparations.

CONCLUSIONS

Being natural triterpene compounds existing in a vari-
ety of plants, ursolic (1) and oleanolic (2) acids exhibit wi-
despread pharmacological activities and can be included
in the treatment of some severe diseases - some types of
cancer, neurodegenerative, cardiovascular, diabetes.

Studies performed on the Lavandula angustifolia ex-
tracts have determined the content of polyphenols, fla-
vonoids, triterpenoic acids, which shows that these com-
pounds can be found in dry waste after oil extracting. The
valuation of Lavandula angustifolia dried waste contai-
ning ursolic acid (1) and oleanolic acid (2) also denotes an
economic potential in production of new pharmaceutical
preparations.
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Abstract. This study analyzed the diversity of secundary metabolites in the types of Hypericum L., widespread in
moderate and tropical zones around the world. St. John’s Wort (Hypericum perforatum L.) is used since ancient ti-
mes for its therapeutic properties. In the Republic of Moldova, it is used as a medicinal plant with antiinflammatory,
antibacterial and astringent properties. The diversity of use in scientific and popular medicine is determined by the
complex of chemical composition. Most scientific papers are dedicated to the phytochemical study of H. perfo-
ratum L., but currently new data appear on the chemical composition of other Hypericum species (H. maculatum
Crantz, H. tetrapterum L., H. hirsutum L., H. elegans Steph., etc.).

Keywords: chemical compounds, genus Hipericum, species of Hypericum

Rezumat. in acest studiu s-a analizat diversitatea metabolitilor secundari in speciile genului Hypericum L., raspan-
dite in zonele temperate si tropicale din intreaga lume. Sunétoarea (Hypericum perforatum L.) este utilizata din
cele mai vechi timpuri pentru proprietatile sale terapeutice. In Republica Moldova se utilizeaza ca plantd medicinald
cu proprietati antiinflamatoare, antibacteriene si astringente. Diversitatea intrebuintarii in medicina stiintifica si
populara este determinata de compozitia chimica complexa. Majoritatea lucrérilor stiintifice sunt dedicate studiu-
lui fitochimic al speciei H. perforatum L., dar in prezent, apar date noi privind compozitia chimica a altor specii de

Hypericum (H. maculatum Crantz, H. tetrapterum L., H. hirsutum L., H. elegans Steph., etc.).
Cuvinte cheie: compusi chimici, genul Hipericum, specii de Hypericum

INTRODUCERE

Genul Hypericum L. contine aproximativ 484 specii
divizate in 36 sectiuni taxonomice, raspandite la nivel
mondial in regiunile temperate, tropicale, subtropicale
si montane, cu exceptia Antarcticii. Peste 70 de specii
au fost investigate din punct de vedere fitochimic. Vari-
abilitatea proprietatilor farmacologice a speciilor genu-
lui Hypericum se atribuie compusilor chimici secundari:
floroglucinoli (hiperforina, adhiperforina), naftodiantroni
(hipericina, pseudohipericina), flavonoide (hiperozida, ru-
tozida, quercitrina, quercetol, kaempferol si biapigenina),
acizi fenilpropanici (cafeic, clorogenic, ferulic), ulei volatil,
taninuri, xantone, etc. Concentratia compusilor chimiciin
tesuturile vegetale variaza in dependenta de: faza fenolo-
gica, organul vegetativ, arealul de raspandire si conditiile
climatice [1].

Actualmente, creste interesul stiintific fatad de speci-
ile genului Hypericum, deoarece sunt surse de compusi
chimici cu un spectru larg de actiuni farmacologice: an-
timicrobiana, antifungica, antiinflamatoare, antidepresi-
va, antivirald si antioxidanta. Unile specii de Hypericum
sunt bine cunoscute pentru eficacitatea lor terapeutica si
utilizarea in medicina traditionala la tratarea ranilor, ecze-
melor, arsurilor, reumatismului, nevralgiei, gastroenteritei,
ulcerelor, enurezisului, isteriei si depresiei [2].

Scopul. Evaluarea datelor bibliografice cu privire la bi-
osinteza si acumularea compusilor chimici in speciile ge-
nului Hypericum in dependenta de faza fenologica, orga-
nul vegetativ, si conditiile climatice.
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MATERIALE S| METODE

A fost efectuata revizuirea literaturii stiintifice din pe-
rioada 2001-2020, utilizadnd urmatoarele baze electronice:
Medline, Pubmed, Hinari, Google Scholar.

REZULTATE

Plantele genului Hypericum sunt producatoare de
metaboliti secundari. In surse bibliografice cel mai mult se
relateaza despre prezenta si continutul hipericinei, care a
fost initial izolatad din Hypericum perforatum L. de Buch-
ner in 1830, fiind una dintre cele mai raspandite specii cu
istorie lunga de mai mult de 2400 ani si cunoscuta din se-
colul al V-lea . Hr. ca remedul in tratarea ranilor [1, 2].

S-a demonstrat ca biosinteza hipericinei si pseudohi-
pericinei se petrece in glandele colore localizate in diferi-
te organe vegetale ale speciei H. perforatum. Concentra-
tia acestor compusi nu depinde de localizarea glandelor in
plantd, dar numai de numarul lor [3]. Continutul hipericinei
in partile aeriene de H. perforatum variaza in dependenta
de arealul raspandirii: in Lituania de la 0,23 mg/g pana la
1,24 mg/g; in Germania de la 0, 69 mg/g pana la 0,85 mg/g;
in Austria intre 0,032-0,090%; in Statele Unite ale Americii
intre 0,0003-0,125% [4]. Pravdivteva O. si colab. au dozat
totalul de antracenderivati exprimat in hipericina in diferi-
te organe vegetative ale sp. H. perforatum L.: flori (0,81%),
fructe (0,084%), tulpini (0,091%), frunze (0,262%), partea
lignificata a tulpinii (0,01%), rizomi cu radacini (0,025%) siin
partile aeriene (0,506%) [5]. Kitanov G. a comunicat despre
continutul hipericinei si pseudohipericinei in 27 din cele 36
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specii de Hypericum cu o varietate de la 0,0009% (H. em-
petrifolium) pana la 0,512% in (H. boissieri) [6]. S-a relatat
despre concentratia hipericinei in partile aeriene a 7 specii
de Hypericum din flora Romaniei: H. perforatum L. (0,163
9%), H. maculatum Crantz ssp. immaculatum (0,211 g%). H.
maculatum Crantz ssp. typicum (0,496 g%), H. tetrapterum
L. (0,189 g%), H. hirsutum L. (0,096 g%) [7].

In prezent, este studiata pe larg hiperforina in produ-
sele vegatale a specie H. perforatum, un compus chimic
din grupa floroglucinolului, caruia i se atribuie actiunea
antidepresiva. Biosinteza hiperforinei cel mai mult se pe-
trece in flori de H. perforatum L., in special in pistiluri, apoi
in fructe si frunze. In péartile florilor continutul hiperfori-
nei si adhiperforinei constituie in: petale - 1,795%, sepale
- 2,255%, pistil - 7,105% [8]. Un grup de cercetatori a de-
monstrat ca continutul hiperforinei in bobocii florali este
6,9%, in fructe imature - 8,5%, in frunze - 1,5% [?]. Prin
HPLC/MS a fost determinata concentratia hiperforinei, in
partile aeriene ale speciilor de Hypericum din flora Jude-
tului Bihorn, Roménia si anume: H. perforatum (7,89%), H.
maculatum (0,077%), H. tetrapterum (0,103%) si H. hirsu-
tum (0,67%) [10]. Studiul efectuat de Smelcerovic A. si co-
lab. asupra speciilor rdsandite in flora spontana a Serbiei
a demonstrat continutul inalt de hiperforina in H. perfo-
ratum (3,55 mg/g), H. tetrapterum (0,25 mg/g). H. macu-
latum (0,18 mg/g). mai mic in H. hirsutum (0,05 mg/g) si
H. olimpicum (0,02 mg/g) [11]. Alti autori au raportat con-
tinutul hiperforinei in partile aeriene de H. perforatum din
flora spontana a Turciei - 5,46 mg/g; flora spontana a Ita-
liei - 4,55-24,26 mg/g, flora spontana a Indiei - 1,66-4,62
mg/g. In partile aeriene inflorite in masa de H. perforatum
cultivat in Slovacia continutul este 91,6-107,5 mg/g, iar in
bobocii florali de H. perforatum cultivate in Elvetia este
0,9-6,4 mg/g [12,13].

Din metaboliti secundari majori, care se contin in spe-
ciile genului Hypericum, fac parte si flavonoidele (2-4%.).
Continutul de flavonoide s-a dovedit a fi mai mare in in-
florescentele plantei, mai putin in frunze, tulpini si boboci
florali [13]. Repcak M. si Martonfi P. au studiat localizarea
si cantitatea metabolitilor secundari in flori de H. perfora-
tum L. Rutozida este prezenta in: petale (0,544%), sepa-
le (1,588%), stamine (0,370%), pistil (0,647); hiperozida si
izoguercitrina in: petale (2,345%), sepale (3,417%), stami-
ne (2,345%), pistil (1,676%), quercitrina este prezenta in
toate partile florii dar in cantitati mai mici; quercetolul in
petale (1,905%), sepale (3,598%), stamine (2,171%), pistil
(1,613%) [8]. Zimina L. si colab. prin HPLC, au dozat conti-
nutul de flavonoide in partile aeriene de H. perforatum L.
si au obtinut urmatoare rezultate: hiperozida - 2,5%, ur-
mata de rutozida - 1,05%; quercetol - 0,4% si biapigenina
-1,05% [14].

Biapigenina, a fost izolatd pentru prima data in 1986
[14] din boboci si flori de H. perforatum L. Continutul de
biapigenind creste progresiv pe parcursul dezvoltarii
bobocilor florali. Dupa ce florile se deschid continutul de
biapigenina scade, fiind localizata in polen [15]. In partile
aeriene continutul acestuia reprezinta 1,05% [14].

0 altad grupa de compusi chimici sunt xantonele, care

au fost identificati in unile specii de Hypericum [16]. In
sursele bibliografice, s-a raportat despre continutul de
kielcorina (0,01%) in radacini si urme de 1,3,6,7-tetrahidro-
xixanton in frunze si tulpini de H. perforatum L. [17, 18].

Procianidinele se considera dimeri, trimeri, tetrameri si
polimeri ale catechinei si epicatechinei, continutul carora
in Hyperici herba (produs vegetal uscat) este de 12%, [18].

Ciccarelli D. si colab. au efectuat studiul histochimic
al structurilor secretoare la specia H. perforatum L., care
a demonstrat ca uleiul volatil se contine in glande trans-
lucide si canale secretoare [19]. Cantitatea de ulei volatil
se diferentiaza in functie de arealul raspandirii [20]. Cer-
cetarile anterioare au constatat ca randamentul uleiului
volatil din partile aeriane de H. perforatum L. colectate
in Turcia (0,19%), Italia (0,07%), Grecia (0,28%), Serbia
(0,08%), Uzbechistan (0,1%) variaza considerabil [21, 22,
23]. Continutulde ulei volatil in partile aeriene a speciei H.
perforatum L. din diferite localitati ale sud-estul Frantei
constituie 0,03-0,12%, din flora Tadjikistanului 0,1-0,4%,
din Serbia 0,03-0,93%, Turcia, 0,04-0,5% si Kosovo 0,04-
0.26%. Randamentul uleiului volatil din speciile genului
Hypericum L. se schimba in functie de faza fenologica de
dezvoltare: vegetativa (0,07%), butonizare (0,082), inflo-
rire (0,092%), fructificare (0,058%). in organele vegetale
variatia cantitatii de ulei volatil este: in frunze - 0,33%, in
flori - 0,12%, in tulpini - urme de ulei volatil [24, 25, 26].
H. elegans Stephan ex Willd., colectat din flora spontana
a sud-est Serbiei in faza de inflorire, contine 0,08% ulei
volatil (in partile aeriene proaspat colectate) cu compo-
nentii majori: undecan (31,9%). a-pinen (16,7%) si nonan
(6,1%). Considerabil variaza continutul de ulei volatil in or-
ganele vegetative (produse uscate) ale H. elagans Steph.
colectat in estul Poloniei: in flori 0,05%, in frunze 0,20%, in
tulpini - urme de ulei volatil [21, 22].

CONCLuzIl

Studiul realizat a confirmat prin caracterizarea chimi-
ca a speciilor genului Hypericum, valoarea lor ca sursa de
metaboliti secundari cu proprietati diverse farmacologice.

Biosinteza si acumularea principilor active depinde
de arealul de raspandire, faza fenologicd de dezvoltare
a plantei, organul vegetativ si perioada de recolectare a
produselor vegetale.
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REVISTA FARMACEUTICA A MOLDOVEI

ANIVERSARI

EUGEN DIUG - PROFESOR, SAVANT, PEDAGOG SI FARMACIST ILUSTRU
LA CEI 50 ANI DE ACTIVITATE PROFESIONALA

.Un cap bun si 0 inima buna sunt intotdeauna o formidabila combinatie”

Domnul Profesor Eugen Diug, un nume notoriu in do-
meniul farmaceutic, doctor habilitat in stiinte farmaceuti-
ce, profesor universitar la Catedra de tehnologie a medi-
camentelor, reprezentant de elitd al comunitatii stiintifice
din Republica Moldova, inalt apreciat de colegii din tara si
de peste hotare, personalitate a dedicat 50 de ani de acti-
vitate in cadrul Universitatii de Stat de Medicina si Farma-
cie ,Nicolae Testemitanu”. Fiind multi ani la conducerea
Catedrei (1984-2020), a muncit si continua sa munceasca
cu multa daruire de sine in procesul de educatie si instrui-
re a tinerilor specialisti, domeniu deloc usor, acumuland si
manifestand capacitati manageriale de succes. Ca condu-
cator iscusit, cu capacitati profesionale si organizatorice
de talie inalta, DI Prof. Eugen Diug a acordat multa atentie
si timp pentru perfectionarea, integrarea si specializarea
procesului didactic la facultate si catedra, a valorificat po-
tentialul fiecarui membru al colectivului in care fiecare sa
se simta personalitate, iar rezultatele finale sa fie valoroa-
se pentru toti.

Fiind un om de stiinta remarcabil si un pedagog erudit,
este mereu la curent cu toate performantele din domeniul
farmaceutic, cu noutatile de la disciplinele de profil, iar pe
parcursul anilor desfasoara o activitate pedagogica si sti-
intifica rodnica.

Activitatea de cercetare stiintifica a Dlui Eugen Diug
este axatd pe elaborarea si cercetarea preparatelor me-
dicamentoase noi, tot odata analiza si studiul formelor
farmaceutice moderne- nanotehnologii, domeniu in care
a obtinut rezultate, publicate in reviste de prestigiu din

(Nelson Mandela)

tara si de peste hotare. Astfel, profesorul fondeaza noi di-
rectii stiintifice si didactice - biofarmacia si farmacocine-
tica, forme farmaceutice moderne, tehnologia produselor
homeopate, pune bazele domeniul sau, cu pregatirea ca-
drelor de farmacisti prin rezidentiat, masterat, doctorat si
perfectionare. Autor a peste 100 de publicatii stiintifice,
12 manuale si compendii, 16 brevete de inventie, 30 certi-
ficate de inovator, mai multe recomandari metodice pen-
tru studenti, rezidenti si farmacisti practicieni. Participant
activ al numeroaselor conferinte in domeniile stiintifice
de interes, la nivel national si international, cu comunicari
stiintifice prezentate la universitati si centre de cercetare
din diferite tari ale lumii, conducator a 11 teze de doctorin
stiinte si consultant stiintific la o teza de doctor habilitat
in stiinte farmaceutice.

Activitatea sa stiintifico-didactica este inalt apreciata,
de catre profesori si studenti, astfel bucurandu-se de o
prietenie si colegialitate impresionanta. Gratie implicarii
Domniei sale, avem o buna colaborare cu colegii din Uni-
versitatile de Medicina si Farmacie din Targu-Mures, lasi,
Sibiu, Cluj-Napoca, Harkov, Kiev si alte orase. Succesele
in cercetare au adus la realizarea mai multor proiecte na-
tionale inclusiv si a proiectului international bilateral Chi-
sindu- lasi: ,,Sisteme nanotransportoare topice pe baza
de silice mezoporoasa pentru terapia locald a cancerului
cutanat” finalizat cu succes cu partenerii si colegii de la
Universitatea de Medicina si Farmacie ,,Gr.T.Popa” si Uni-
versitatea ,,Alexandru loan Cuza”, lagi, Romania.

DI Prof. Eugen Diug este o persoana cu calitati incon-
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testabile de verticalitate, demnitate, corectitudine, per-
severentd, onestitate, modestie, ambitie, bunavointa, cu
dorinta si daruire fatd de munca, este exigent fata de sine
si colegii sai, un dascal atent si un prieten devotat, acest
ansamblu de calitati care il desemneaza ca personalitate.
Abilitatile stiintifice si profesionale pe care le imbina
profesorul Eugen Diug, stilul de munca, devotamentul si
profesionalismul raman ca exemplu la baza activitatii dis-
cipolilor si a colegilor care ii continua ideile in domeniul
stiintific si didactic. Toti discipolii, prietenii si colegii care
il cunosc pe distinsul savant, pot cu convingere sa pro-
nunte ca acesta isi dedica toate cunostintele si abilitatile
intelectuale in numele prosperarii stiintei farmaceutice.

REVISTA FARMACEUTICA A MOLDOVEI

Tot ce arealizat pe parcursul a celor 50 de ani de acti-
vitate si tot ce continua sa realizeze azi profesorul Eugen
Diug se datoreaza doar insistentei, pasiunii, dragostei fata
de oameni, de munca, de natura si de tot ce este frumos
in viata.

Stimate domnule Profesor, la acest frumos popas ani-
versar de activitate, suntem onorati sa Va transmitem
cele mai sincere urari de sanatate, mai mult ca nicioda-
ta valabile in aceasta perioada pandemica, pace in sufiet
si armonie, bucurie si fericire alaturi de cei dragi, dorin-
du-Va, totodatd, vigoare si perseverentd pentru multe
realizari notorii atat de importante in domeniul farmacieil

La Multi Ani de activitate prodigioasa, Domnule Profesor EUGEN DIUG!
Cu gratitudine, respect si admiratie Colectivul Catedrei de tehnologie a medicamentelor:
Nicolae Ciobanu, dr., conf. univ., Diana Guranda,
dr., conf. univ., Alexandru Znagovan, dr., conf. univ., Tamara Polisciuc,
dr., conf. univ., Cristina Ciobanu, dr., conf. univ., Rodica Solonari, dr., Mihail Anton, asist. univ.
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GHID PENTRU AUTORI
1. Tipurile de manuscrise

Revista Farmaceutica a Moldovei publica manus-
crise recenzate din orice domeniu al farmaciei.
Volumul lucrarilor nu trebuie sa depaseasca 10 pa-
gini. Numarul figurilor nu trebuie sa fie mai mare de
9 si numarul referintelor nu mai mare de 50. Ma-
nuscrisele vor fi recenzate de referenti anonimi.
Autorii pot sa sugereze numele recenzentului, dar
alegerea va ramane prerogativa redactiei.

2. Prezentarea manuscrisului
Articolele originale trebuie sa contina cercetari noi
(originale), rezultatele carora contribuie la acumu-
larea de noi cunostinte in domeniul publicat si cu
conditia ca rezultatele prezentate nu au mai fost
publicate inainte sau nu sunt depuse, in paralel, la
o alta revista, in vederea publicarii.

3. Structura manuscrisului
Manuscrisele trebuie sa fie prezentate doar in for-
ma electronica, in limba roméana sau engleza pe
numele:
= redactorului sef Vladimir Safta, dr. hab., prof.,
catedra Farmacia Sociala "Vasile Procopisin”,
Universitatea de Stat de Medicina si
Farmacie .Nicolae Testemitanu”, la e-mail:
vladimir.safta@usmf.md
= secretarului Cheptanari-Birta Nicoleta la
e-mail: nicoleta.cheptanari@usmf.md;
= tel. 022 205 434, 088205 432
Manuscrisele vor fi insotite de o scrisoare din nu-
mele autorului, responsabil pentru coresponden-
ta. Scrisoarea va contine afirmatia, ca toti autorii
sunt de acord cu continutul si ca materialele date
nu s-au publicat anterior.

4. Formatul Fisierelor
Se accepta urmatoarele formate de text pentru
manuscrisul principal: Microsoft Word (2003, 2007,
2010, 2011, 2013, 2019, 2021), “.doc”, “.docx” si ur-
matoarele formate pentru imagini: ...jpeg”, ...tiff .

5. Structura manuscrisului
Caracterele folosite vor corespunde urmatoarelor
cerinte: Times New Roman, marimea 12 la 1,5 in-
tervale si cu marginile 2 cm pe toate laturile. Ma-
nuscrisul trebuie s& contina urmatoarele compar-
timente:

TITLUL (ROMANA). Formulat laconic, relevant pen-
tru continutul manuscrisului, sa reflecte tipul (de-
sign-ul) studiului si sa nu depaseasca 25 de cuvin-
te. Nu se admit prezenta abrevierilor in titlu.

TITLUL (ENGLEZA)

Numele si prenumele complete ale autorilor
Institutia reprezentata
Autorul corespondent: nume.prenume@email.com

Rezumat. Se va prezenta obligatoriu in limbile roma-
na si engleza. Trebuie sa ofere un sumar concis al
scopului, obiectivelor, rezultatelor semnificative si
concluziilor studiului, in limitele la 350 de cuvinte.

Cuvinte cheie. Se vor prezenta obligatoriu in limbile
romana si engleza. Se enumeré 5-7 cuvinte cheie,
care sunt reprezentative pentru continutul arti-
colului. Pentru a usura gasirea articolului Dvs. de
catre motoarele de cautare ale bazelor de date,
folositi termeni recomandati din lista de titluri cu
subiect medical de pe https://www.nlm.nih.gov/

Introducere. Trebuie sa ofere informatii care sa de-
fineasca actualitatea problemei abordate si sa ex-
plice de ce aceasta este importanta

Materiale si metode. Trebuie sa fie descrise proce-
durile si metodele aplicate. Aici se vor mentiona
protocoalele detaliate privind metodele utilizate
precum si informatii justificative. Se vor include:
design-ul studiului, descrierea participantilor si
materialelor implicate, descrierea clard a tuturor
interventiilor si comparatiilor efectuate, precum si
testele statistice aplicate. Se vor specifica denu-
mirile generice de medicamente.

Rezultate si discutii. Autorii trebuie sa prezinte re-
zultate exacte, clar formulate si explicate. Se va
descrie impactul, relevanta si semnificatia rezulta-
telor obtinute. La necesitate se vor formula poten-
tiale directii viitoare de cercetare.

Concluzii. Aceasta sectiune trebuie sa& concluda la-
conic intregul studiu. In concluzii nu se vor oferi
informatii noi si nu se vor repeta cele prezentate
in sectiunea ,Rezultate”.

Referinte. Vor fi scrise si vor fi numerotate in ordi-
nea referintei in text. Stilul si punctuatia referinte-
lor vor corespunde reglementarilor (standardelor)
nationale de perfectare a referintelor.

Tabelele. Enumerarea tabelelor va fi consecutiva, cu
cifre arabe, in ordinea primei lor citari in text, scris
cu caractere grase (bold), alinierea - pe stanga,
deasupra tabelului.

Tabel 1. Denumirea tabelului

Legendele si notele explicative vor fi facute sub
Tabel.

Figurile. Figurile vor fi prezentate atat in manuscris,
cat siin fisiere separate. In manuscris, figurile vor fi
numerotate consecutiv, cu cifre arabe, in ordinea
citarii lor in text. Numerotarea va fi scrisa abreviat
(Figura 1), cu caractere grase (bold), alinierea - pe
stanga, sub figura.

Figura 1. Denumirea figurii
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GUIDE FOR AUTHORS

1. Types of manuscripts

The Pharmaceutical Journal of Moldova publishes
the reviewed manuscripts in any field related to
pharmacy. Manuscripts should not exceed 10 pa-
ges. The total number of figures should exceed 9
and the number of references should not exceed
50. Manuscripts will be reviewed by an anonymous
independent referee. Authors may suggest name
of expert reviewer, but selection remains the pre-
rogative of the Editors.

2. Criteria for publication
Original articles should contain new (original) re-
sults, which bring new knowledge in the field.
The submitted manuscripts should contain data
unpublished before and not submitted in parallel
for publication to another journal.

3. The structure of the manuscript

Manuscripts must be submitted only in electro-

nic form in Romanian or English. The manuscripts

should be sent to:

»  Editor-in- Chief Vladimir Safta, Pharm.
D, PhD, department of Social Pharmacy
“Vasile Procopisin”, State Medical and
Pharmaceutical University .Nicolae
Testemitanu”,

» e-mail: vladimir.safta@usmf.md

= Secretary Cheptanari-Birta Nicoleta, e-mail:
nicoleta.cheptanari@usmf.md;

= tel. 022 205 434, 088205 432

Manuscripts must be accompanied by a covering

letter from the corresponding author. The letter

should contain a statement that the manuscript

has been seen and approved by all authors and

the material is previously unpublished.

4. Files format
The following file formats for manuscript text are
accepted: Microsoft Word (2003, 2007, 2010, 2011,
2013, 2019, 2021), “doc”, “docx”. Pictures should
be submitted in one of the following formats: “.
jpeg”, ... tiff ".

5. Organisation of manuscript
The used font: 12 pt Times New Roman, 1,5 line
spacing, with 2 cm margins all around. The ma-
nuscript should comprise the following sections:

TITLE (ROMANIAN). Formulated succinctly, relevant
to the content of the manuscript, reflecting the
type (design) of the study and not exceeding 25
words. The presence of abbreviations in the title
is not allowed.

TITLE (ENGLISH)

Name and surname of authors
Represented institution
Corresponding author: name.surname@email.com

REVISTA FARMACEUTICA A MOLDOVEI

Abstract. It must be presented in Romanian and
English. The abstract should provide a concise
summary of the purpose, objectives, significant
results and conclusions of the study. The sum-
mary text should not exceed 350 words.

Keywords. They must be presented in Romanian
and English. List 5-7 keywords that are represen-
tative for the contents of the article. To make it
easier for database search engines to find your
article, use recommended terms from the list of
medical titles on https://www.nim.nih.gov/

Introduction. Introduction - should provide in-
formation that would define the actuality of the
addressed problem and explain why it is impor-
tant.

Materials and methods. The procedures and me-
thods applied must be described. Detailed proto-
cols on the methods used as well as supporting
information will be mentioned here. It will inclu-
de: the design of the study, the description of the
participants and the materials involved, the clear
description of all the interventions and compari-
sons performed, as well as the applied statistical
tests. Generic drug names will be specified.

Results and discussions. Authors must present re-
sults in a clear and accurate manner and descri-
be the impact, relevance and significance of the
obtained results for the field. If necessary, it could
be draw potential future research directions.

Conclusions. This section should laconicly include
the entire study. In the conclusions, no new in-
formation will be provided and those presented in
the ,Results” section will not be repeated.

References. They will be written and numbered in
the order of reference in the text. The style and
punctuation of the references will correspond to
the national regulations (standards) of writing re-
ferences.

Tables. Tables numbering will be done using con-
secutive Arabic numerals in the order of their fir-
st citation in the text; it should be written in bold,
align to left and place above the table.

Table 1. Table name
Legends and notes will be place under the table.

Figures. Figures will be included in the main ma-
nuscript, and also submitted as separate files. The
manuscript figures should be numbered consecu-
tively with Arabic numerals in the order of their ci-
tation in the text. Figure numbering will be written
abbreviated (Figure 1), using bold fonts, left align-
ment, and placed under the figure.

Figure 1. Figures name






