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I. STADIUL ACTUAL AL CUNOASTERII

Inhibitorii enzimei de conversie a angiotensinei (ECA) reprezintd, fara dubiu, o piatra de
hotar in terapia patologiei cardiovasculare. Acesti compusi actioneaza asupra sistemului renina-
angiotensina-aldosteron, element cu rol-cheie in reglarea presiunii arteriale si in homeostazia
hidroelectrolitica [1].

Inhibitorii ECA s-au dezvoltat ca substante medicamentoase antihipertensive, insa, in
prezent, si-au dovedit eficacitatea si in alte afectiuni precum: insuficienta cardiacd congestiva,
infarctul miocardic, boala vasculara aterosclerotica, nefropatia diabetica [1,2].

Prima parte a lucrdrii cuprinde trei capitole. Tn primul capitol se realizeazi o prezentare
succintd a sistemului renind-angiotensind-aldosteron, a rolului acestuia in patologia cardiovasculara



si se mentioneaza clasele de substante medicamentoase care actioneaza la acest nivel.

Studiul bibliografic, prezentat in urmatoarele doua capitole ale lucrarii, capitolul II si 11l s-a
realizat asupra a trei substante reprezentative din aceasta clasa: lisinopril (LIS), fosinopril (FOS) si
zofenopril (ZOF), prezentand in structura lor, ca si grupari farmacofore care realizeaza legaturi cu
Zn?* din structura ECA, restul carboxil, fosfinic si sulfhidril. Studiul reprezinti o sinteza a datelor
din literatura referitoare la caracteristicile fizico-chimice, profilul farmacologic, proprietatile
analitice, factorii care influenteaza stabilitatea acestor substante, precum si metodele utilizate n
auxiliare utilizate in procesul de conditionare.

Cercetarea substantelor acestei clase este in plind desfasurare si acest lucru este evidentiat
de numarul mare de studii de identificare, de cuantificare a acestora din materii prime, forme
farmaceutice sau medii biologice, de stabilitate si de compatibilitate mentionate in literatura de
specialitate. Tehnicile analitice utilizate in aceste scopuri pornesc de la spectrofotometria in UV
[3,4] si ajung la cromatografia de lichide de inalta performanta cu detectie in UV [5-8] sau cuplata
cu spectrometriec de masa [9-11]. Studiile de stabilitate ale acestor substante se axeaza pe
mecanismele degradarii lor [12] si interactiunea lor cu substante medicamentoase si excipienti

[13,14].
I1. CONTRIBUTII PERSONALE

Studiile efectuate in cadrul stagiului de doctorat, inserate de-a lungul a patru capitole, au
urmarit patru directii de cercetare: (1) elaborarea de metode analitice pentru determinarea
substantelor studiate din forma farmaceutica, (2) caracterizarea complecsilor de incluziune ai celor
trei substante cu B-ciclodextrina si cu derivatii acesteia: hidroxipropil-pB-ciclodextrina si [3-
ciclodextrina metilatd aleator, (3) efectuarea de studii privind stabilitatea fosinoprilului in conditii
de testare accelerata si (4) efectuarea de studii de compatibilitate ale sistemelor binare lisinopril/f-
ciclodextrina cu lactoza si fosinopril/hidroxipropil-B-ciclodextrina cu trei excipienti.

1. ANALIZA PRIN METODE SPECTRALE A UNOR IECA

In capitolul 1V al prezentei lucriri s-au dezvoltat si validat, conform ghidurilor ICH, doua
metode spectrofotometrice in VIS pentru cuantificarea lisinoprilului ca atare si din forma
farmaceuticad §i o metoda spectrofotometrica iIn UV pentru determinarea zofenoprilului substantd
pura si din comprimate.

Metoda spectrofotometrica in VIS prezentatd in subcapitolul IV.1. are la bazd reactia
chimica dintre lisinopril si ninhidring, in prezenta hidroxidului de potasiu in mediu alcoolic, prin
incdlzire la 95 + 2 °C timp de 10 minute, conditii in care se formeaza un compus indaminic colorat
violet, care prezinta absorbantd maxima la 567 nm. Metoda prezintd liniaritate in domeniul de
concentratii 10-30 pg/ml, este selectiva in prezenta matricei formei farmaceutice, iar sensibilitatea
ei e certificatd de valoarea absorbtivititii molare 7.98 x 10° 1/(mol-cm). Acuratetea si precizia
metodei sunt atestate de valoarea erorii relative a mediei regasirilor situata in intervalul 0.269% -
1.126% si de valoarea coeficientului de variatie mai mica de 1.982%. Aplicarea acestei metode la
cuantificarea lisinoprilului din comprimatele a 4 specialititi comerciale a relevat un continut de
substanta activa care se incadreaza in intervalul 99.306% - 106.535%, in acord cu prevederile
farmacopeilor in vigoare.

Cea de-a doua metoda spectrofotometrica in VIS, prezentata in subcapitolul 1V.2., vizeaza
derivatizarea lisinoprilului cu sulfat de cupru, cand se formeaza un complex colorat albastru, care
prezintd absorbantd maxima la 740 nm. Raspunsul analitic al dependentei absorbantei de



concentratia analiticd a lisinoprilului corespunde unei ecuatii polinomiale de ordin 2 si este expresia
caracterului reversibil al procesului de complexare. Analiza datelor spectrofotometrice prin
procedee matriceale releva formarea unui singur produs de reactie cu manifestare dominanta in
domeniul spectral vizibil. Metoda a fost aplicata cu succes la determinarea lisinoprilului din
comprimate, iar rezultatele obtinute sunt in concordanta cu prevederile farmacopeilor in vigoare.

In scopul determindrii cantitative a zofenoprilului din comprimate s-a elaborat si validat o
metoda spectrofotometrica in UV, bazatd pe absorbanta maxima, la lungimea de unda 248 nm, a
solutiei apoase de zofenopril calcic, care este prezentata in subcapitolul 1V.3. Intervalul de
liniaritate al metodei este reprezentat de domeniul de concentratii 2-70 pg/ml, iar acuratetea si
precizia sunt atestate de intervalul de incredere al mediei calculat la un grad de siguranta oigse
cuprins in domeniul 98.811 — 101.005% (RSD 1.046) si de valoarea coeficientului de variatie mai
mica de 1.762%. Selectivitatea metodei, evaluatd prin metoda aditiei standard, este confirmatd de
regasirea procentualda a substantei pure cuprinsa in intervalul 98.088% - 101.988%, iar aplicarea
metodei la cuantificarea zofenoprilului din produsele comerciale existente a avut ca rezultat un
continut in substantd activa care se Incadreaza in intervalul 98.987% - 100.003%, in concordanta cu
prevederile farmacopeilor in vigoare.

Pentru verificarea identitatii si puritatii materiilor prime, in subcapitolul 1V.4. s-a recurs la
spectrul IR. Au fost puse in evidentd benzile de absorbtie corespunzatoare vibratiilor caracteristice
principalelor grupari functionale ale fiecdrei substante studiate si s-au comparat spectrele
lisinoprilului si fosinoprilului obtinute in conditiile proprii laboratoarelor noastre cu cele existente
in literatura.

2. ANALIZA FOSINOPRILULUI PRIN CROMATOGRAFIE DE LICHIDE DE INALTA
PERFORMANTA

Capitolul V prezinta 0 metoda HPLC-UV pe fazd inversd, cu elutie izocratica, de
cuantificare a fosinoprilului sodic din materia prima si din forma farmaceutica, cu un timp de
analiza sub 15 minute. Faza mobila este reprezentatd de amestecul metanol:apa (80:20 v/v) cu pH-
ul 3.4 adus la aceastd valoare cu acid formic 80%. Metoda elaboratd s-a dovedit a Tndeplini
cerintele impuse validarii metodelor analitice §i este caracterizata de selectivitate, liniaritate,
precizie si acuratete pe domeniul de concentratii 200-1000 pg/ml. La analiza a doud produse
comerciale prin aceasta metoda, s-a obtinut un continut in substantd activa care se incadreaza in
intervalul 100.733% - 101.020%, respectand prevederile farmacopeilor in vigoare. Metoda a fost de
asemenea aplicata la studiul stabilitdtii substantei medicamentoase, in conditii de testare acceleratd,
ca atare si sub influenta ambalajului primar.

3. STUDIUL INTERACTIUNII UNOR IECA CU CICLODEXTRINE

In scopul imbunatitirii unor proprietiti fizico-chimice si biofarmaceutice ale substantelor
studiate s-au obtinut complecsi de incluziune ai acestora cu B-ciclodextrina (B-CD), iar in cazul
fosinoprilului si cu hidroxipropil-p-ciclodextrina (HPBCD) si B-ciclodextrina metilata aleator
(RAMEB). Complecsii de incluziune au fost obtinuti folosind metoda pastei, in raport molar al
componentelor de 1:1 si au fost analizati, In fazd solidd, utilizand cromatografia pe strat subtire,
metodele termice de analizd, difractia de raze X pe pulbere, spectrofotometria FTIR si in faza
lichida, prin metoda solubilitatii de faza. Caracterizarea complecsilor de incluziune obtinuti este
prezentata in capitolul VI al lucrarii.



Studiile cromatografice releva faptul ca sistemele binare prezinta un comportament
cromatografic diferit de cel al substantelor individuale, valoarea hR¢ a complecsilor de incluziune
fiind mai mica comparativ cu cea a substantelor active oaspete.

Evaluarea complecsilor de incluziune prin tehnicile termoanalitice a evidentiat deplasarea
catre alte valori de temperatura a fenomenelor termice caracteristice substantelor active, precum si
reducerea ariei picurilor lor si/sau disparitia lor in sistemele binare, comparativ cu substantele pure.
De asemenea, pentru toti compusii de incluziune, se noteazd si deplasdri ale picurilor
corespunzatoare deshidratarii ciclodextrinelor spre valori mai mici de temperatura.

Analiza complecsilor de incluziune prin difractie de raze X indica, in situatia complecsilor
de incluziune ai B-CD, o reducere a gradului de cristalinitate a sistemelor binare comparativ cu
substantele oaspete (cristaline), in timp ce compusii binari ai HPBCD si RAMEB evidentiaza o
structura amorfa, similard ciclodextrinei. Acest fenomen demonstreazd formarea unei noi Stari
solide si atestd existenta interactiunii dintre substantele medicamentoase si ciclodextrine.

Analiza prin spectrofotometrie FTIR a substantelor medicamentoase studiate, a
ciclodextrinelor si a produsilor binari inhibitori ECA/CD evidentiaza diferente semnificative in
spectrele IR ale compusilor binari in comparatie cu cele ale substantelor pure: (1) reducerea
marcata a intensitatii benzilor caracteristice substantelor medicamentoase in spectrele compusilor
binari, (2) disparitia unora dintre benzile caracteristice substantelor active in spectrele compusilor
binari si (3) deplasari ale benzilor de absorbtie ale substantelor active spre frecvente diferite n
spectrele compusilor supramoleculari. Aceste rezultate sustin ipoteza formarii de noi compusi, cu
benzi de absorbtie diferite si demonstreaza formarea complecsilor de incluziune intre substantele
active si ciclodextrine.

Studiul solubilitatii de faza, realizat conform metodei descrise de Higuchi si Connors [14],
evidentiazd o crestere a solubilitatii fosinoprilului si zofenoprilului in prezenta ciclodextrinelor
studiate, diagramele solubilitdtii de faza fiind de tip Bs pentru complecsii fosinoprilului si
zofenoprilului cu B-CD si de tip AL in cazul complecsilor fosinoprilului cu HPBCD si RAMEB.

Rezultatele obtinute, prin tehnicile analitice utilizate pentru caracterizarea sistemelor binare,
demonstreaza cu claritate faptul ca proprietatile fizico-chimice ale produsilor binari sunt diferite in
raport cu substantele active constitutive si confirma formarea complecsilor de incluziune atat in
faza solida cat si in faza lichida.

4. STUDII DE STABILITATE

Tn cadrul studiilor de stabilitate, prezentate Tn capitolul VII al prezentei lucrari, s-a analizat
comportamentul fosinoprilului Th conditii de testare accelerata si stabilitatea acestuia sub influenta
ambalajului primar. S-a evaluat, de asemenea, comportamentul termic al fosinoprilului, al
complexului de incluziune al acestuia cu HPBCD, compatibilitatea sistemului binar FOS/HPBCD
Cu excipienti, si s-a testat stabilitatea complexului de incluziune al lisinoprilului cu B-ciclodextrina
in prezenta lactozei.

Studiul fosinoprilului sodic in conditii de testare accelerata (temperatura 40 + 2 °C si UR 75
+ 2% ) evidentiaza o reactie de degradare a acestuia de ordin aparent zero, atat in cazul expunerii la
lumind cat si in absenta ei si constituie subiectul subcapitolului VII.1. Procentul substantei
degradate, dupa 6 luni de pastrare in conditiile mentionate, a fost de 21.901% si de 22.289% in
absenta, respectiv prezenta luminii.

Rezultatele studiului stabilitatii fosinoprilului sodic sub influenta ambalajului primar
aluminiu/policlorura de vinil-strat dublu de policlorura de vinil (AlI/PVC-PVDC) si
aluminiu/policlorurad de vinil-poliamida/aluminiu (Al/PVC-PA/AI), in conditii de testare accelerata,



in absenta luminii, pe o perioada de 6 luni, au evidentiat o stabilitate mai bund a comprimatelor in
ambalajul primar Al-PVC-PA/AL, in conditiile experimentale date (subcapitolul VI1I.2).

Studiile termoanalitice si spectrofotometrice FTIR ale complexului de incluziune LIS/B-CD
sistemul binar si excipient. Includerea lisinoprilului in cavitatea 3-CD are ca rezultat impiedicarea
interactiunii chimice dintre substanta medicamentoasa si excipient si permite folosirea lactozei ca si
excipient in formuldrile contindnd aceastd substantd activa. Acest studiu evidentiaza stabilizarea
lisinoprilului Tn raport cu lactoza prin formarea sistemului de tip gazda-oaspete.

Studiile cinetice in conditii neizoterme, prin metodele izoconversionale integrale Kissinger-
Akahira-Sunose si Flynn-Wall-Ozawa, au fost utilizate pentru calcularea energiei de activare a
procesului de descompunere a fosinoprilului din intervalul de temperatura 120-250 °C. De
asemenea, analiza cinetica in conditiile mentionate s-a utilizat si pentru studiile de compatibilitate
ale sistemului binar FOS/HPBCD cu excipienti, sistematizate in subcapitolul VI1.4.

Analiza cinetica a amestecului FOS-stearat de magneziu releva 0 valoare a energiei de
activare (E,) semnificativ mai mica in comparatie cu cea a fosinoprilul. Incompatibilitatea dintre
cele doua substante, raportatd in literaturd si confirmata de valoarea E, a amestecului, este
inlaturata prin includerea FOS in cavitatea HPBCD, fapt sustinut de analiza spectroscopica FTIR si
de studiile cinetice, care releva o valoare a E, a amestecului FOS/HPBCD-stearat de magneziu
foarte apropiata de cea a sistemului binar FOS/HPBCD. Prin urmare, studiul cinetic demonstreaza
stabilizarea fosinoprilului in prezenta stearatului de magneziu prin includerea lui Tn cavitatea
ciclodextrinei. Evaluarea stabilitatii complexului de incluziune FOS/HPBCD in prezenta talcului si

eqge v,

sistemul binar.
CONCLUZII GENERALE

1. In lucrarea de fati s-au elaborat si validat, conform ghidurilor ICH, doui metode
spectrofotometrice in VIS exacte, precise si selective pentru cuantificarea lisinoprilului din
forma farmaceutica.

2. S-a dezvoltat o metoda spectrofotometrica in UV simpla, rapida si necostisitoare pentru
determinarea zofenoprilului ca atare si din comprimate, caracterizatd de liniaritate, acuratete,
precizie, sensibilitate si selectivitate pe domeniul de concentratii 2-70 pg/ml.

3. S-a efectuat studiul spectral in domeniul IR al celor trei substante studiate si s-au pus in
evidenta benzile de absorbtie corespunzatoare vibratiilor caracteristice principalelor grupari
functionale.

4. Tn stabilirea identititii substantelor prin spectrofotometrie IR s-a avut in vedere perspectiva pe
care aceastd tehnicd o deschide asupra caracterizarii si interpretarii fenomenului de interactiune
prin incluziunea substantelor medicamentoase in cavitatea ciclodextrinelor.

5. S-a dezvoltat o metoda HPLC-UV pe faza inversa, cu elutie izocraticd, de cuantificare a
fosinoprilului sodic din materia prima si din forma farmaceuticd, cu un timp de analizd sub 15
minute, metoda caracterizatd de selectivitate, liniaritate, precizie si acuratete pe domeniul de
concentratii 200-1000 pg/ml.

6. S-au obtinut si caracterizat, prin cromatografie pe strat subtire, metode termoanalitice, difractie
de raze X, spectroscopie FTIR si metoda solubilititii de faza, complecsii de incluziune ai
substantelor studiate cu B-CD si ai FOS cu HPBCD si RAMEB.

7. Obtinerea sistemelor binare inhibitor ECA/ciclodextrine a determinat cresterea solubilitatii, cu

incluse Tn cavitatea ciclodextrinelor.
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Studiul fosinoprilului sodic in conditii de testare accelerata (temperatura 40 = 2 °C si UR 75 +
2%) evidentiaza o reactie de degradare a acestuia de ordin aparent zero, atat in cazul expunerii
la lumina cat si in absenta ei.

Studiile cinetice in conditii neizoterme, prin metodele izoconversionale integrale Kissinger-
Akahira-Sunose si Flynn-Wall-Ozawa indica o energie de activare (E,) a procesului de
descompunere a fosinoprilului din intervalul de temperatura 120-250 °C in valoare medie de
206.433 kd/mol.

Evaluarea, prin studii cinetice, a stabilitatii complexului de incluziune FOS/HPBCD in prezenta

Studiile intreprinse in cadrul acestei teze si rezultatele obtinute pot constitui punctul de plecare
al cercetarilor in directia dezvoltarii unor noi formulari ale fosinoprilului, cu biodisponibilitate
superioara.
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I. CURRENT STAGE OF KNOWLEDGE

Angiotensin-converting enzyme (ACE) inhibitors undoubtedly represent a milestone in
cardiovascular diseases therapy. These compounds act on the renin-angiotensin-aldosterone system,

which is known as a key element in the adjustment of the blood pressure and hydro-electrolyte

homeostasy [1].

ACE inhibitors were developed as antihypertensive substances, but nowaday, they have
proved their efficiency in other cardiovascular diseases such as: congestive heart failure,
myocardial infarction, atherosclerotic vacular disease and diabetic nephropathy [1,2].



The first part of this thesis contains three chapters. In the first chapter, a succint
presentation of the renin-angiotensin-aldosterone system and of its role in the cardiovascular
pathology is displayed. Also, mention is made of the groups of drug substances which act at this
level.

The bibliographical study, developed in the next two chapters, Chapter Il and 111, has been
performed on three key substances of the class of ACE inhibitors: lisinopril (LIS), fosinopril (FOS)
and zofenopril (ZOF), having in their molecule carboxyl, phosphinic and sulphydryl remains, as
functional groups that create links with Zn** ions of ACE. The study presents a synthesis of the
literature data about physicochemical characteristics, farmacological profile, analytical properties,
the factors which influence their stability and also the methods used in assessing their stability and
compatibility with other drug substances or auxiliar substances used in the formulation process.

The research of the ACE inhibitors is a developing process emphasized by the great number
of studies regarding identification, quantification of these substances from raw materials,
pharmaceutical formulation and biological enviroments, stability and compatibility, reported in the
literature. The analytical methods used for these purposes range from UV spectrophotometry [3,4]
to high performance liquid chromatography with UV detection [5-8] or coupled with mass
spectrometry [9-11]. The stability studies of these substances are based on their degradation
machanisms (pathways) [12] and their interaction with drug substances and excipients [13,14].

1. PERSONAL CONTRIBUTIONS

The studies performed during the doctoral stage, inserted along four chapters, have followed
four research directions: (1) the development of analytical methods for the quantitative
determination of the studied substances in pharmaceutical dosage forms, (2) the characterization of
the inclusion complexes between the three substances and PB-cyclodextrin and its derivative:
hydroxypropyl-B-cyclodextrin and randomly methylated B-cyclodextrin, (3) the performance of
studies regarding fosinopril’s stability in accelerated testing conditions and (4) the performance of
compatibility studies of binary systems lisinopril/B-cyclodextrin  with lactose and
fosinopril/hydroxypropyl-B-cyclodextrin with three excipients.

1. ANALYSIS OF SOME ACE INHIBITORS USING SPECTRAL METHODS

In Chapter IV of this thesis, two VIS spectrophotometric methods for quantitative
determination of lisinopril in pure and pharmaceutical formulation and an UV spectrophotometric
method for quantification of zofenopril from raw materials and dosage forms have been developed
and validated according to ICH guidelines.

The VIS spectrophotometric method described in subchapter 1V.1. is based on the chemical
reaction between lisinopril and ninhydrin, in the presence of potassium hydroxide in ethanolic
medium, by heating at 95 + 2 °C for 10 min. The end product, purple colored, formed in these
reaction conditions exhibits maximum absorbance at 567 nm. The method presents linearity in the
concentration range of 10-30 ug/ml and selectivity in the presence of the pharmaceutical
formulation matrix. The sensitivity of the proposed method is certified by the value of the molar
absorptivity of 7.98 x 10° I/(mol-cm), and the accuracy and precision by the value of the relative
error in the recovery average of 1.126% and by the value of the variation coefficient smaller than
1.982%. The application of this method to the quantification of 4 marketed products containing
lisinopril has revealed an amount of drug substance which falls within the range of 99.306% -
106.535%, accepted by the pharmacopoeias.



The second VIS spectrophotometric method, presented in subchapter 1V.2., has used the
derivatization of lisinopril with copper sulphate, when a blue complex, with maximum absorbance
at 740 nm, is formed. The analytical response of the optical absorbance dependence on the
lisinopril concentration meets a 2™ order polynomial equation and represents the expression of the
reversible nature of the complexation process. The analysis of the spectrophotometric data by
means of matrix procedures reveal the formation of a unique reaction product which presents
absorbance in the visible spectral field. This method was succesfuly applied to the determination of
lisinopril in dosage form and the obtained results are in ageement with pharmacopoeia
specifications.

An UV spectrophotometric method for the quantification of zofenopril in pharmaceutical
formulations was developed and validated. The method is based on the maximum absorbance of an
aqueos solution of zofenopril calcium salt at the wavelength of 248 nm and it is enlarged in
subchapter 1V.3. The linearity domain of the proposed method is in the concentration range of 2-70
pg/ml and the accuracy and precision are certified by the confidence interval of the average over
the safety degree agsy, Within the range of 98.811 — 101.005% (RSD 1.046) and by the value of the
coefficient of variation smaller than 1.762%. The selectivity of the procedure, assessed by standard
addition method, is confirmed by the percentage recovery of the pure substance in the range of
98.088% - 101.988%. The application of the method to the determination of zofenopril from the
existing marketed products has shown an amount of substance which falls within the range of
98.987% - 100.003%, accepted by the pharmacopoeias.

In order to assess the identity and purity of the raw materials, in subchapter 1V.4., IR spectra
were recorded. There were highlighted in the IR spectra of studied substances the absorbtion bands
corresponding to the vibration of the main functional groups of the substances. The IR spectra of
lisinopril and fosinopril obtained in the specific conditions of our laboratories were compared with
those existing in the literature.

2. QUANTITATIVE ANALYSIS OF FOSINOPRIL BY HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY

Chapter V presents a reversed phase HPLC-UV method with isocratic elution for the
determination of fosinopril sodium in pure and in tablets with a chromatographic analysis run-time
under 15 minutes.The mobile phase consists of a mixture of methanol:water (80:20 v/v) with pH
value of 3.4 adjusted using 80% formic acid. The proposed procedure meets the validation
requirements of analytical methods and is characterised by selectivity, linearity, precision and
accuracy in the concentration range of 200-1000 pg/ml. The application of this method to the
analysis of two commercial products containing fosinopril leads to an amount of drug substance
between 100.733% and 101.020%, accepted by the pharmacopoeias. The method was also used for
the stability study of fosinopril in accelerated testing conditions and under the influence of the
elementary package.

3. INTERACTION STUDY OF SOME ACE INHIBITORS WITH CYCLODEXTRINS

In order to improve some physicochemical and biopharmaceutical properties of the studied
substances, inclusion complexes with [-cyclodextrin, and in the case of fosinopril also with
hydroxypropyl-pB-cyclodextrin and randomly methylated B-cyclodextrin were obtained. The
inclusion complexes were prepared using the kneading method, in the molar ratio 1:1 and were
analysed in solid state by thin-layer chromatography, thermal methods, powder X-ray



diffractometry, FTIR spectroscopy and in solution by phase solubility method. The characterization
of the obtained inclusion complexes is presented in Chapter VI.

The chromatographic studies reveal that the binary systems have a chromatographic
behaviour which differs from that of the active substances, the hR¢ value of the inclusion complexes
being smaller than that of the guest molecules.

The assessment of the inclusion complexes using thermoanalytical techniques indicates the
shifting towards different temperature values of the thermal phenomena characteristic of the active
substances and also, the reduction of the peaks area and/or the peaks disappearance in the binary
systems in comparison with the pure substances. In the case of all inclusion complexes a shifting
was noticed to smaller values of temperature of the peaks corresponding to cyclodextrins
dehydration processes.

The X-ray diffractometry indicates, for the B-cyclodextrin inclusion compounds, a reduction
in their crystallinity in comparison with pure substances (crystalline), while the binary compounds
of HPBCD and RAMEB have shown an amorphous structure, similar to that of cyclodextrin. This
phenomenon demonstrates the formation of a new different solid state and confirms the existence
of the interaction between drug substances and cyclodextrins.

FTIR spectroscopy analysis of the studied drug substances, cyclodextrins and binary
products ACE inhibitors/CD reveal significant differences in the IR spectra of the binary
compounds compared to those of the pure substances: (1) the marked reduction of the intensity of
drug substances characteristic bands in the IR spectra of the binary compounds, (2) the
disappearance of some of the drug substances characteristic bands in the IR spectra of the binary
compounds and (3) shifting of the drug substances characteristic bands towards different frequency
in the IR spectra of the supramolecular compounds. These results support the hypothesis of the new
compounds formation with different spectroscopic bands and demonstrate the inclusion complex
formation between the drug substances and cyclodextrins.

Phase solubility study, performed according to the method reported by Higuchi and
Connors [14], hightlights an increase of fosinopril and zofenopril solubility in the presence of
studied cyclodextrins. The phase solubility diagrams are Bs-type for the inclusion complexes of
fosinopril and zofenopril with B-cyclodextrin and A -type diagram in the case of fosinopril
inclusion complexes with HPBCD and RAMEB.

The results obtained by different characterization techniques for the binary systems clearly
show that the physicochemical properties of the binary products were different in relation to the
constitutive drug substances and confirm the inclusion complexes formation in both solid and
liquid state.

4. STABILITY STUDIES

In the stability studies, presented in Chapter VII of the thesis, the behaviour of fosinopril in
accelerated testing conditions and its stability under the influence of elementary package was
analysed. The thermal behavoiur of fosinopril and its inclusion complex with HPBCD, the
compatibility of the binary system FOS/HPBCD with excipients were also assessed and the
stability of the inclusion complex of lisinopril with -cyclodextrin in the presence of lactose was
tested.

The fosinopril study in the accelerated testing conditions (temperature 40 + 2 °C and RH 75
+ 2%) highlights zero order kinetic decomposition reaction both in the case of light exposure and in
its absence and is presented in subchapter VII.1. The degradation rate, after six months of storage
in the mentioned conditions was 21.901% and 22.289% in the absence respectively presence of the
light.



The results of the fosinopril stability study under the influence of the elementary package
aluminium/vinyl polychloride-double layer vinyl polychloride (Al/PVC-PVDC) and aluminium/
vinyl polychloride-polyamide/aluminium (Al/PVC-PA/AI), in the accelerated testing conditions, in
the absence of the light, during the six months have indicated better stability of tablets in the
primary package of AI-PVC-PA/AI, in the given experimental conditions (subchapter V11.2).

Thermoanalytical and FTIR spectrophotometric studies of the inclusion complex LIS/B-CD
in the presence of lactose, exposed in subchapter VII.3., have revealed the lack of incompatibility
between the binary system and the excipient. The inclusion of lisinopril into the cavity of B-CD
results in the prevention of the chemical interaction between the drug substance and the excipient
and allows the use of lactose as excipient in the lisinopril formulations. This study shows the
stabilization of lisinopril in relation with lactose due to the formation of the guest-host system.

The kinetic studies under non-isothermal conditions, using the isoconversional Kissinger-
Akahira-Sunose’s and Flynn-Wall-Ozawa methods have been performed in order to calculate the
activation energy of the fosinopril decomposition process within the 120-250 °C temperature range.
Also, the kinetic analysis in the above described conditions have been used for the compatibility
studies of the binary system FOS/HPBCD with excipients, presented in subchapter VII.4.

The Kkinetic analysis of the physical mixture FOS-magnesium stearate indicates an
activation energy value (Ey) significantly lower compared with that of fosinopril. The
incompatibility between the two substances, reported in the literature and confirmed by the E,
value of the mixture is prevented by the encapsulation of FOS into the HPBCD cavity. This fact is
supported by the FTIR spectroscopic analysis and the kinetic studies which reveal a value of E, for
the phisical mixture FOS/HPBCD-magnesium stearate very close of that of the binary system
FOS/HPBCD. Therefore, the kinetic study demonstates the stabilization of fosinopril in relation
with magnesium stearate due to its embedding into the cyclodextrin cavity. The stability assessment
of the inclusion compound FOS/HPBCD in the presence of talc and starch has indicated, by means
of the results of the kinetic studies, the lack of the incompatibility between the excipients and the
binary system.

FINAL CONCLUSIONS

1. In this thesis, two accurate, precise and selective VIS spectrophotometric methods for
quantitative determination of lisinopril in pharmaceutical formulation have been developed and
validated, according to ICH guidelines.

2. Asimple, rapid, inexpensive, accurate, precise and selective UV spectrophotometric method for
determination of zofenopril has been developed.

3. The IR spectral study of the three studied substances has been performed. The absorbtion bands
corresponding to the vibration of the main functional groups of the substances were highlighted.

4. The perspective this tehnique opens on the characterization and rendering of the interaction
phenomenon through the inclusion of the drug substances into the cyclodextrin cavity was take
into account in the identification process using IR spectrofotometry.

5. A reversed phase HPLC-UV method with isocratic elution for the determination of fosinopril
sodium in pure and in tablets with a chromatographic analysis run-time under 15 minutes has
been developed. The proposed method is characterised by selectivity, linearity, precision and
accuracy in the concentration range of 200-1000 pg/ml.

6. The inclusion complexes of the studied substances with B-CD and of FOS with HPBCD and
RAMEB have been obtained and characterized using thin-layer chromatography, thermal
methods, powder X-ray diffractometry, FTIR spectroscopy and phase solubility method.

7. The obtaining of binary systems ACE inhibitors/cyclodextrins have increased the solubility,
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with favorable consequences on the bioavailability of the drug, and the stability of drug
substances embedded into the cyclodextrin cavity.

The fosinopril study in accelerated testing conditions (temperature 40 = 2 °C and RH 75 * 2%)
highlights zero order kinetic decomposition reaction both in the case of light exposure and in its
absence.

The kinetic studies under non-isothermal conditions, using the isoconversional Kissinger-
Akahira-Sunose and Flynn-Wall-Ozawa methods indicate an average value of activation energy
(Ea) corresponding to fosinopril decomposition process within the 120-250 °C temperature
range of 206.433 kJ/mol.

The assessment of the inclusion complex FOS/HPBCD stability in the presence of excipients,
using kinetic studies, has indicated lack of incompatibility between the excipients and the
binary system.

The studies performed in this thesis and the results obtained herein can be a starting point of
further researches for the development of new formulations containing fosinopril, with
enhanced bioavailability.
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