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INTRODUCERE

Insuficienta cardiaca si hipertensiunea arteriald fac parte din cauzele care
mentin bolile cardiovasculare pe primul loc in privinta morbiditatii si mortalitatii.

Medicatia simpatomimetica este deosebit de valoroasa in tratamentul
insuficientiei cardiace acute in administrare injectabild intravenoasa.

Unele dintre principiile active foarte cunoscute din clasa
simpatomimeticelor sunt dopamina si dobutamina. Aceastea au o larga utilizare n
tratamentul de urgenta al insuficientiei cardiace.

Dopamina are efect inotrop pozitiv datorat in principal stimularii
receptorilor B; adrenergici cu stimularea consecutiva a adenilat ciclazei si cresterea
cantitatii de AMPc.[

In atentia cercetarilor actuale privind optimizarea calititii medicamentelor

se intdlnesc obiective precum relatii structurd chimica — proprietdfi biologice,



investigarea starii solide a substantei active, implicarea structurii cristaline asupra

Evidentierea interactiunilor intre substante medicamentoase si intre
substanfe medicamentoase si substante auxiliare constituie o problema
fundamentald a cercetarii farmaceutice, care se realizeazd astdzi prin studii
aprofundate cu ajutorul unor metode fizico — chimice de inalta performanta in

o0 w0

vederea optimizdrii formulelor farmaceutice sub aspectul disponibilitatii

oo v, 0

Ipoteza cercetarii

Numarul mare al medicamentelor utilizate in urgentele cardiovasculare si
diversitatea chimicd a compusilor cu utilizati in acest scop asigurd un spatiu larg
pentru noile cercetari, atat in domeniul farmacologic, tehnologic, cat si in
domeniul controlului analitic al calitatii. Studiul acestor produse ridica unele
dificultati in ceea ce priveste determinarea lor calitativa si cantitativa.

Industria farmaceutica este una dintre cele mai strict reglementate ramuri
industriale, aceste reglementari referindu-se si la activitatea laboratoarelor
analitice de dezvoltare si control. Astfel, se acordd o atentic deosebita
reconsiderdrii si optimizarii metodologiilor analitice in concordantd cu progresele
tehnologice privind aparatura si automatizarea operatiunilor. Metodele folosite
trebuie sa ofere informatii precise, sa fie simple si cat mai rapide, acest lucru fiind

asigurat prin validarea procedurilor analitice utilizate.



in zilele noastre, majoritatea laboratoarelor de control se confrunti cu lipsa
de timp, fiind necesara o mare cantitate de date analitice pentru inregistrarea unui
produs, date care trebuie sa fie disponibile intr-un timp cat mai scurt pentru ca
produsul sa ajungd pe piatd in timp util. Generarea datelor necesitd resurse
economice si umane considerabile. Din acest motiv, un alt aspect in alegerea
metodelor analitice folosite in cadrul laboratoarelor de control este ca aceste

metode sd fie cat mai simple, cat mai scurte si cat mai economice.

Obiectivul lucrarii este elaborarea si validarea unor metode analitice
fizico-chimice ale celor doua substante si am optat pentru metode cromatografice
(HPLC) st spectrale (in UV), metode care au facut posibild analiza acestor
substante active sub aspectul identificarii, separarii, dozarii, determinarii
stabilitatii fizico-chimce.

De asemenea pentru analiza solventilor reziduali din materiile prime care au
stat la baza prepararii formelor farmaceutice cu dobutamind si dopamina si a
solventilor reziduali din formele farmaceutice, am adoptat o metoda gaz
cromatografica cu detector de ionizare in flacara si head-space.

De asemenea am utilizat metode moderne de elucidare a structurii

compusilor studiati.

Elucidarea structurii

Elucidarea structurii unei substante medicamentoase este un pas obligatoriu

in identificarea sa. Am efectuat determinari spectrale in infrarosu si ultarviolet



pentru dobamina si dobutamina. De asemeni am efectuat determinari RMN pentru

ambele substante.

Controlul de calitate al substantelor medicamentoase

Calitatea unei substante farmaceutice trebuie sa corespunda unei farmacopei
in vigoare. Substantele active dopamina si dobutamina sunt descrise in

Farmacopeea Europeana si cea Americana.

Analiza solventilor organici reziduali.

Pentru determinarea solventilor reziduali, respectiv al etanolului (solvent
care se utilizeaza in sinteza ambelor substante studiate) am abordat o metoda gaz

cromatografica in urmatoarele conditii:

Coloana capilara CHROMOPACK CP +, SIL-19-CB sau echivalent (7 %
cianopropil, 7 % fenil, 85 % metil, 1 % vinil polisiloxane)

Lungimea coloanei 25 m

Diametrul coloanei 0,32 mm

Grosimea filmului 1,2 pm

Temperatura coloanei = 40°C izoterm timp de 6 minute

40°C —220°C cu 10°C/min

Temperatura injectorului 180°C.

Temperatura detectorului 220°C

Carrier — heliu la P= 40 Kpa

Baie termostatd — temperatura 90°C, timp de 30 min



Volumul de injectare — 1ml faza de vapori

Timp cromatografic — 15 min

Mod de lucru

Solutia de referinta.

Se transferd 127 ul alcool absolut intr-un balon cotat si se dizolva Intr-un

litru de apa. Se transfera 5 ml din aceasta solutie in 5 fiole de 10 ml si se sigileaza.

Solutia blanc.

Se pun 5 ml de apa intr-o fiola de 10 ml si se sigileaza.

Solutia probei.

Se dizolva 1 g de proba, exact cantarita in 5 ml apa intr-o fiola de 10ml si se

sigileaza.

Se pun fiolele in instrumentul baii termostate si se obtin cromatogramele.

Evaluari. Rezultatele obtinute se regasesc in tabel.

Tr, LOD si LOQ pentru etanol

Solvent Timp de Limite de Limita de
retentie detectie cuantificare
Etanol ~ 3,88 minute 3ppm 9ppm
Calcule:

Etanol (ppm) = (As/ ASTD)x 500 x (1000/W )

Unde: As = raspunsul mediu al etanolului din proba

ASTD = raspunsul mediu al etanolului in solutia de referinta

W = masa probei (in mg)




Validarea metodei de determinare a solventilor reziduali.

Farmacopeia europeana (EP), americana (USP) si japoneza (JP) includ gaz
cromatografia cu head-space ca o metoda performanta de determinare a solventilor
reziduali, atat din substantele farmaceutice active, cat si din formele farmaceutice.
Limitele edmise pentru solventii reziduali, in acord cu gradul de toxicitate al
fiecaruia, variaza de la cateva ppm la mii de ppm .

Un solvent rezidual frecvent intalnit in practica farmaceuticad este etanolul.
Acesta face parte din clasa 3 dupa ICH, solvent cu potential toxic scazut. Etanolul
este urmarit atat ca solvent rezidual din substantele active (provenind din etapele
de purificare ale acesteia) cat si din formele farmaceutice (provenit din procesul
tehnologic de preparare a formei farmaceutice respective).

Dopamina este un important agent simpatomimetic de la nivelul sistemului
nervos central, cu efecte directe si indirecte. Preparatele farmaceutice care includ
aceasta substanta sunt binecunoscute de multi ani. Un solvent frecvent utilizat in
purificarea clorhidratului de dopamina este etanolul.

In aceastd lucrare se descric validarea unei metode analitice GC-HS utilizati

pentru dozarea etanolului din clorhidratul de dopamina.

Dozare cromatografica a clorhidratului de dopamina

Dopamina este un important agent simpatomimetic de la nivelul sistemului
nervos central, cu efecte directe si indirecte, utilizat frecvent in soc cardiogen,
traumatic, hipovolemic, toxic si septic, in special in cazurile In care pacientii
prezinta oligurie si rezistenta periferica normald sau scazuta. De asemeni, poate fi

utilizatd in hipotensiune arteriala marcanta, sindrom de debit cardiac scazut.



Preparatele farmaceutice care includ aceasta substanta sunt binecunoscute de multi

ani. Metodele de dozare ale clorhidratului de dopamina din forme farmaceutice

includ metode titrimetrice, spectrofotometrice ,cromatografice si voltametrice
Preparatele injectabile cu clorhidrat de dopamina existente pe piata

farmaceutica romaneasca contin concentratie de 5 mg/ml.

In aceastd lucrare se descrie validarea unei metode analitice HPLC utilizata pentru

dozarea clorhidratului de dopamina din preparate injectabile.

Studiile de stabilitate

Studiile de stabilitate in conditii normale efectuate pe loturi diferite de
produs finit ce contine clorhidrat de dopamina si clorhidrat de dobutamina s-au
desfasurat conform ghidurilor ICH in vigoare.

Rezultatele au aratat o buna stabilitate a substantelor medicamentoase studiate, din
forme farmaceutice injectabile. Produsele finite au prezentat o buna stabilitate pe

toatd perioada studiata .

CONCLUZII GENERALE

Industria farmaceutica este una dintre cele mai strict reglementate ramuri
industriale, aceste reglementari referindu-se si la activitatea laboratoarelor
analitice de dezvoltare si control. Astfel, se acordd o atentic deosebita
reconsiderdrii si optimizarii metodologiilor analitice in concordantd cu progresele
tehnologice privind aparatura si automatizarea operatiunilor. Metodele folosite
trebuie sd ofere informatii precise, sd fie simple si cat mai rapide, acest lucru fiind

asigurat prin validarea procedurilor analitice utilizate.



Am elaborat si validat unele metode analitice performante sub aspectul
doua substante.

Am optat pentru metode cromatografice (HPLC) si spectrale (in UV),
metode care au ficut posibila analiza acestor substante active sub aspectul
identificarii, separarii, dozarii, determinarii stabilitatii fizico-chimce.

De asemenea pentru analiza solventilor reziduali din materiile prime care au
stat la baza prepararii formelor farmaceutice cu dobutamind si dopamina si a
solventilor reziduali din formele farmaceutice, am adoptat o metodd gaz
cromatografica cu detector de ionizare in flacara si head-space. Metoda abordata a
fost validata.

De asemenea am utilizat metode moderne de elucidare a structurii
compusilor studiati.

Am urmarit stabilitatea substantelor medicamentoase si1 a formelor
farmaceutice injectabile care le contin, conform ghidurilor internationale in

vigoare. Rezultatele au ardtat o buna stabilitate a acestora.
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INTRODUCTION

Heart failure and arterial hypertension belong to the causes that keep
cardiovascular diseases in the first place regarding morbidity and mortality.

The sympathomimetic medication is indeed valuable in the treatment of
acute heart failure by intravenous injection.

Some of the very known active principles from the sympathomimetic
category are dopamine and dobutamine. These have a wide use in the emergency
treatment of heart failure.

Dopamine has a positive inotropic effect mainly due to the B, adrenergic
receptors stimulation, combined with the consecutive stimulation of adenylate
cyclase and increase of the quantity of AMPc.[ .

In the focus of present-day researches concerning drug quality optimization,
objectives such as chemical structure-biological properties relations, the
investigation of the solid state of active substance, the involvement of the
crystalline structure in the biodisponibility of drugs, the evaluation of the optical
and chemical purity, are met.

Highlighting the interactions among medicamentary substances and
between medicamentary substances and auxiliary substances constitutes a
fundamental problem of the pharmaceutical research, realized today in thorough
studies with the help of high performance physico-chemical methods that seek the
optimization of pharmaceutical formulas in regard to their availability and the
biodisponibility of therapeutical activity.

The Research Hypothesis

The great number of drugs used in cardiovascular emergencies and the
chemical diversity of the compounds employed for this purpose create a wide
space for new researches, both in the pharmacological or technological domain
and in the domain of analytical quality control. The study of these products raises
many difficulties in what regards their qualitative and quantitative determination.

The pharmaceutical industry is one of the strictest regulated industrial
branches, these regulations concerning also the activity of development and
control analytical laboratories. Therefore, a special attention is given to the
reassessment and optimization of the analytical methodologies in accordance with
the technological advancement regarding the instruments and automation of
operations. The methods used should provide precise information, being simple
and employing the smallest amount of time, the latter being obtained through
validating the analytical procedures employed.



Nowadays, most of the control laboratories are confronted with the lack of
time, a great quantity of analytical data being mandatory for the registration of a
product, these should be available in the shortest time possible, allowing the
product to appear on the market in due time. Generating data requires notable
economic and human resources. Because of this, another aspect taken into account
when choosing the analytical methods to be used in control laboratories is their
simplicity, short duration and inexpensive character.

The objective of the thesis consists in the elaboration and validation of some
proficient analytical methods regarding their accuracy and specificity, taking into
account the physicochemical properties of the two substances. We chose
chromatographic methods (HPLC) and spectral methods (in UV), which made
possible the analysis of these active substances concerning their identification,
separation, dosage and determination of their physicochemical stability.

Also for the analysis of residual solvents from the raw substances
underlying the preparation of pharmaceutical forms with dobutamine and
dopamine and of the residual solvents from the pharmaceutical forms, we used a
gas chromatography method with flame ionization detector and head-space.

We also used modern methods of elucidation of the studied compounds’
structure.

Elucidating the Structure

Elucidating the structure of a medicamentary substance is a necessary step
taken for its identification. We made IR and UV spectral determinations for
dopamine and dobutamine. We also made RMN determinations for both
substances.

Quality Control of Medicamentary Substances

The quality of a pharmaceutical substance must correspond to an effective
pharmacopeia. Dopamine and dobutamine as active substances are described in
the European and American Pharmacopeia.



The Analysis of Residual Organic Solvents

For the determination of residual solvents, that is of ethanol (a solvent used
in the synthesis of both substances studied) we employed gas chromatography
method under the following conditions:

Capillary column CHROMOPACK CP +, SIL-19-CB or equivalent (7%
cyanopropyl, 7% phenyl, 85% methyl, 1% vinyl polysiloxane)

Length of column 25 m

Diameter of column 0,32 mm

Film thickness 1,2 um

Column temperature = 40°C 1sothermal for 6 minutes
40°C —220°C with 10°C/minute

Injector temperature 180°C.

Detector temperature 220°C

Carrier — helium at P= 40 Kpa

Therostatic bath — temperature 90°C, for 30 minutes

Injection volume 1 ml vapor phase

Chromatographic time — 15 min

Work Method

Reference solution.

127 ul absolute alcohol is transferred into a measuring balloon and
dissolved in one liter of water. 5 ml out of this solution is transferred in five 10 mi
vials and sealed.

Blank solution.

5 ml of water are injected in a 10 ml vial and then sealed.

Probe solution.

1 g of probe precisely measured is dissolved in 5 ml of water, in a 10 ml vial
and is then sealed.

Vials are put in the instrument of the thermostatic bath and chromatograms
are obtained.

Evaluations. The achieved results are to be found in the following table.

Tr, LOD and LOQ for ethanol



Solvent Retention time | Detection limits | Quantification

limit

Ethanol ~ 3,88 minutes | 3ppm 9ppm

Calculus:
Ethanol (ppm) = (As/ ASTD)x500x (1000/W )

Where: As = medium response of probe ethanol
ASTD = medium response of the reference solution
W = weight of probe (in mg)

Validation of the Determination Method of Residual Solvents

European Pharmacopeia (EP), American Pharmacopeia (USP) and Japanese
Pharmacopeia (JP) include gas chromatography with head-space as a efficient
method of determining residual solvents, both in active pharmaceutical substances
as in pharmaceutical forms. The limits admitted for residual solvents, consistent
with their degree of toxicity, vary from several ppm to thousands of ppm.

A residual solvent frequently encountered in the pharmaceutical practice is
ethanol. It belongs to the third class according to ICH, a solvent with low toxic
potential. Ethanol is monitored as residual solvent both in active substances
(derivate from their purification phases) and as in pharmaceutical forms (derivate
from the technological process of preparation of the respective pharmaceutical
form).

Dopamine is an important symphatomimetic agent at the level of the central
nervous system that has direct and indirect effects. Pharmaceuticals that contain
this substance are well known a lot of years ago. A solvent frequently used solvent
in purifying dopamine chlorhidrate is ethanol.

In this thesis the validation of a GC-HS analytical method used for the
dosage of ethanol from dopamine chlorhidrate is described.

Chromatographic Dosage of Dopamine Chlorhidrate



Dopamine is an important sympahtomimetic agent at the level of the central
nervous system, with direct and indirect effects, frequently used in cardiogenic,
traumatic, hypovolemic, toxic and septic shock, especially in cases in which the
patients present oliguria and normal or low peripheral resistance. Also, it can be
used in profound arterial hypotension, low cardiac output syndrome.
Pharmaceuticals that include this substance are well known a lot of years ago.
Dosage methods of dopamine chlorhidrate in pharmaceutical forms include
titrimetric, spectrophotometric, chromatographic and voltammetric methods.

The injectable pharmaceuticals with dopamine chlorhidrate present on the
Romanian pharmaceutical market contain a 5 mg/ml concentration.

In this thesis the validation of a HPLC analytical method used for the
dosage of dopamine chlorhidrate from injectable pharmaceuticals is described.

Stability Studies

Stability studies were conducted following the effective ICH guides in
normal conditions on different batches of finite product which contained dopamine
chlorhidrate and dobutamine chlorhidrate.

The results show a good stability of the studied medicamentary substances
from injectable pharmaceutical forms. The finite products presented a good
stability during the whole period of study.

GENERAL CONCLUSIONS

The pharmaceutical industry is one of the strictest regulated industrial
branches, these regulations concerning also the activity of development and
control analytical laboratories. Therefore, a special attention is given to the
reassessment and optimization of the analytical methodologies in accordance with
the technological advancement regarding the instruments and automation of
operations. The methods used should provide precise information and be simple
and as quick as possible, the latter being obtained through validating the analytical
procedures employed.

We elaborated and validated some proficient analytical methods regarding
their accuracy and specificity, taking into account the physicochemical properties
of the two substances.

We chose chromatographical methods (HPLC) and spectral methods (in
UV), which made possible the analysis of these active substances concerning their
identification, separation, dosage and determination of their physicochemical
stability.



Also for the analysis of residual solvents from the raw substances
underlying the preparation of pharmaceutical forms with dobutamine and
dopamine and of the residual solvents from the pharmaceutical forms, we used a
gas chromatography method with flame ionization detector and head-space. The
method was validated.

We also used modern methods of elucidation of the studied compounds’
structure.

We studied the stability of medicamentary substances and their injectable
pharmaceutical forms according to the effective international guides. The results
show a good stability.
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