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Introducere. Optimizarea preformularii farmaceutice reprezinta un pas esential in
dezvoltarea produselor medicamentoase eficiente si sigure. Picaturile auriculare sunt
utilizate frecvent in tratamentul afectiunilor otice, precum otitele, inflamatiile sau infectiile,
necesitand o formulare precisa pentru a asigura biodisponibilitatea optima a substantelor
active si o aplicare locala eficienta. Aplicarea designului factorial in etapa de preformulare
permite identificarea si optimizarea variabilelor critice ce influenteaza stabilitatea,
solubilitatea si eliberarea substantei active. Prin acest proces, se pot reduce numarul de
experimente necesare si se poate obtine o formulare robusta cu proprietati imbunatatite [1].

Scopul lucrarii. Optimizarea preformularii picaturilor auriculare cu continut de clorhidrat
de ciprofloxacing, nitrat de econazole si ulei volatile de busuioc.

Material si metode. cate trei serii experimentale pentru patru formuldri de picaturi
auriculare cu continut de clorhidrat de ciprofloxacing, nitrat de econazole si ulei volatile de
busuioc. Pentru optimizarea formulirii s-a aplicat un design-ul factorial complet 32 [1]. In
calitate de variabile independente s-au selectat continutul de PEG 400 si Polisorbat 20.
Parametrii utilizati In calitate de variabile dependente au fost: vascozitatea la cea mai mica
viteza de forfecare, la 25+0,10C si 37+0,10C, pH-ul formei farmaceutice si coeficientul de
difuzie a principiilor activi prin membrana biologica [2].

Rezultate. Vascozitatea formularilor a fost evaluata la cea mai mica viteza de forfecare, la
doua temperaturi distincte, 25°C si 37°C. Valorile obtinute au fost urmatoarele: Vascozitate la
25°C (cP x 10%): F1 - 2912,2; F2 - 3705,9; F3 - 3368,7; F4 - 2303,6; Vascozitate la 37°C (cP x
10%): F1 - 2721,9; F2 - 3354,1; F3 - 3011,1; F4 - 2294,2. Coeficientul de difuzie (D x 1073,
cm?/ora ) al substantei active dupd 45 de minute a fost, de asemenea, analizat pentru doud
substante active: CIP: F1 - 0,04623; F2 - 0,06726; F3 - 0,20319; F4 - 0,32277 si EC: F1 -
0,06841; F2 - 0,02615; F3 - 0,04562; F4 - 0,25742. Valoarea pH-ului formularilor a variat
astfel: F1 - 5,9; F2 - 6,37; F3 - 6,02; F4 - 5,3. Graficele reziduale ale raspunsurilor observate
comparativ cu cele prezise au indicat corelatii satisfacatoare, confirmand validitatea
modelului de predictie. Testul ANOVA a aratat ca toate rezultatele sunt semnificative din
punct de vedere statistic (p < 0,05). La 25°C, s-a observat ca PEG 400 a avut un efect pozitiv
asupra vascozitatii la cea mai mica viteza de forfecare, contribuind cu 48,358%, in timp ce PS
a avut o influenta negativa (contributie 0,3486%). La 37°C, contributia PEG 400 a scazut la
0,3001%, iar cea a PS la 0,0004%. Analiza suprafetelor de raspuns a aratat o crestere a
vascozitdtii odata cu cresterea concentratiei de PEG 400 si o scadere a acesteia odata cu
cresterea concentratiei de PS. In ceea ce priveste coeficientul de difuzie al CIP, s-a constatat o
influenta pozitiva din partea PEG 400 si una negativa din partea PS. PS a avut o contributie
majora la scaderea difuziei (85,22%), in timp ce PEG 400 a contribuit doar cu 4,86%. Difuzia
EC a fost influentata negativ de ambele variabile, cu PS avand o contributie de 31,78%, iar
PEG 400 de 2,02%. Suprafetele de raspuns au confirmat ca, pe masura ce creste concentratia
de PS, coeficientul de difuzie a CIP scade, iar PEG 400 determina o crestere usoara a difuziei.
Difuzia EC a avut o tendinta de scadere odata cu cresterea ambilor excipienti In toate
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formularile. S-a observat ca atat PEG 400 (contributie 37,9%), cat si PS (contributie 59,47%)
au avut o influenta pozitiva asupra pH-ului pe masura ce concentratiile acestora au crescut.
Acest aspect a fost confirmat si de analiza suprafetelor de raspuns.

Concluzii. Asa cum s-a observat din studiile de preformulare, In baza suprafetelor de
raspuns a planurilor experimentale, pentru o formulare optima este important sa se
determine cantitatile de PEG 400 si PS. Compozitia optimizata a picaturilor auriculare,
care include CIP, EC si UVB, a fost determinata folosind modulul de optimizare al
programului Design Expert 7.

Cuvinte cheie: preformulare, design factorial, suprafete de raspuns, optimizare.
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Introduction. The optimization of pharmaceutical preformulation is a crucial step in
developing effective and safe drug products. Ear drops are frequently used in the treatment of
otic conditions, such as otitis, inflammations, or infections, requiring a precise formulation to
ensure optimal bioavailability of active substances and efficient local application. Applying
factorial design during the preformulation phase allows for the identification and optimization
of critical variables that influence the stability, solubility, and release of the active ingredient.
This process helps reduce the number of necessary experiments and enables the development
of a robust formulation with improved properties [1].

Aim of the study. The optimization of the preformulation of ear drops containing ciprofloxacin
hydrochloride, econazole nitrate, and basil volatile oil.

Material and methods. Three experimental series were performed for four ear drop
formulations containing ciprofloxacin hydrochloride, econazole nitrate, and basil volatile oil. To
optimize the formulation, a full 3? factorial design was applied [1]. The independent variables
selected were PEG 400 and Polysorbate 20 content. The parameters used as dependent
variables were: viscosity at the lowest shear rate at 25 * 0.1°C and 37 * 0.1°C, the pH of the
formulation, and the diffusion coefficient of the active ingredients through the biological
membrane [2].

Results. The viscosity of the formulations was evaluated at the lowest shear rate at two distinct
temperatures, 25°C and 37°C. The values obtained were as follows: Viscosity at 25°C (cP x 10?):
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F1-2912.2; F2-3705.9; F3 - 3368.7; F4 - 2303.6; Viscosity at 37°C (cP x 10%): F1-2721.9; F2 -
3354.1; F3 - 3011.1; F4 - 2294.2. The diffusion coefficient (D x 1073, cm?/h) of the active
ingredient after 45 minutes was also analyzed for two active substances: CIP: F1 - 0.04623; F2
- 0.06726; F3 - 0.20319; F4 - 0.32277 and EC: F1 - 0.06841; F2 - 0.02615; F3 - 0.04562; F4 -
0.25742. The pH values of the formulations were as follows: F1 - 5.9; F2 - 6.37; F3 - 6.02; F4 -
5.3. The residual plots of the observed responses compared to the predicted responses
indicated satisfactory correlations, confirming the validity of the prediction model. ANOVA
testing showed that all results were statistically significant (p < 0.05). At 25°C, PEG 400 had a
positive effect on viscosity at the lowest shear rate, contributing 48.358%, while PS had a
negative influence (contribution of 0.3486%). At 37°C, PEG 400's contribution decreased to
0.3001%, and PS's contribution decreased to 0.0004%. The response surface analysis showed
an increase in viscosity with the rise in PEG 400 concentration and a decrease in viscosity with
the increase in PS concentration. Regarding the diffusion coefficient of CIP, PEG 400 had a
positive influence, and PS had a negative influence. PS had a major contribution to decreasing
diffusion (85.22%), while PEG 400 contributed only 4.86%. EC diffusion was negatively
influenced by both variables, with PS contributing 31.78% and PEG 400 2.02%. Response
surface analysis confirmed that as PS concentration increased, the CIP diffusion coefficient
decreased, while PEG 400 led to a slight increase in diffusion. EC diffusion showed a decreasing
trend with the increase of both excipients in all formulations. It was observed that both PEG
400 (contribution of 37.9%) and PS (contribution of 59.47%) had a positive influence on pH as
their concentrations increased. This was also confirmed by response surface analysis.

Conclusions. As observed from the preformulation studies based on the response surfaces of
the experimental designs, determining the optimal quantities of PEG 400 and PS is essential for
an optimized formulation. The optimized composition of ear drops, including CIP, EC, and UVB,
was determined using the optimization module of the Design Expert 7 software.
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