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INFLUENCE OF CARBOPOL 971P NF ON FLOW RATE AND SWELLING PARAME-

TERS IN ANTIFUNGAL TABLETS (Abstract): The purpose of this research laid in develop-

ing oromucosal bioadhesive tablets with miconazole nitrate based on hydrophilic bioadhesive 

polymers, Carbopol 971P NF, capable to form a good adhesion to prolong the duration of the 

active ingredient action for several hours.  The aim is to observe the correlation between the 

disintegration time, the swelling index and the amount of polymer used in mucoadhesive tab-

lets. Material and methods: The tablets were made using direct compression method, the mu-

coadhesive tablets differing in the amount of Carbopol 971P NF. The first proposed formula 

(FI) contains 40 mg polymer and the second one (FII) contains 10 mg polymer. After the for-

mulation and development of mucoadhesive tablets using different grades of polymer, physico-

chemical parameters such as surface area, thickness, diameter, friability, hardness, disintegra-

tion time and swelling index were determined. Results: Both proposed formulas have an opti-

mal disintegration time of 75 and 98 minutes. The swelling index for FI (18% polymer) is 

0.4435 and for FII (4.5% polymer) is 1.0316. Conclusions: Considering that the mucoadhesive 

tablets imply a swelling index over 1 and a longer disintegration time, the FII formula, with 10 

mg carbomer, can be considered optimal. Keywords: CARBOPOL 971P NF, MUCOAD-

HESIVE TABLETS, ANTIFUNGAL TABLETS, MICONAZOLE NITRATE. 

The proliferation of stressful conditions, 

as a result of the diversification of new 

activities in human society with the ap-

pearance of the corresponding noxious 

substances, as well as the diversification of 

microbial species, mainly due to the rapid 
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movement of large numbers of people 

around the globe, has led to the emergence 

and intensification of fungal infections. 

Many fungi have low virulence and on-

ly cause superficial infections of the outer 

layers of the skin, where antibodies and 

immune cells cannot reach. Although these 

infections are not serious, they are very 

common. These infections are usually 

chronic or recurrent if the underlying cause 

has not been eliminated and can become 

very stressful for patients. 

Increased susceptibility to infection has 

been reported in people whose immune 

systems are physiologically impaired or as 

a consequence of a disease or treatment, or 

whose natural defenses and normal micro-

bial flora have been affected. The incidence 

of fungal infections in immunocompetent 

organisms with a severely compromised 

immune system has also been observed. 

It is now noted that the most common 

fungal infections in humans are urinary, 

vaginal and oromucosal. In recent years, 

their etiology is changing. If a decade ago 

they were produced almost exclusively by 

Candida albicans (85-90%), today non-

albicans strains of Candida are increasingly 

involved (1, 2). 

Miconazole nitrate is a topical antifun-

gal agent used for local treatment of vagi-

nal, skin and nail infections due to yeasts 

and dermatophytes, being active against 

Candida spp., Trichophyton spp., Epider-

mophyton spp., Microsporum spp. Howev-

er, oral administration of drugs has disad-

vantages, such as metabolism of the first 

hepatic passage and enzymatic degradation 

within the gastrointestinal tract. These 

disadvantages may limit or prevent the oral 

administration of certain drugs, especially 

peptides and proteins, when they are insert-

ed into special colon administration sys-

tems (3). These limitations have led to the 

exploration of other mucous membranes as 

potential locations for drug absorption (4). 

The mucosal routes of drug administration 

(e.g., mucosa of the nasal, rectal, vaginal, 

ocular and oral cavities) offer various ad-

vantages over oral administration of drugs 

(5, 6). These benefits include possible al-

ternative pathways for the first-pass effect 

and avoidance of presystemic elimination 

within the gastrointestinal tract (7, 8). 

Strategies for oral administration of 

drugs are represented by the new oral dos-

age forms, which consist mainly of sus-

tained release systems for oral administra-

tion, designed to deliver the drug over a 

period of time (9, 10). 

Mucoadhesive tablets are widely used 

in the formulation and preparation of topi-

cal antifungal products for prophylactic or 

curative purposes in infections of the oral 

and pharyngeal mucosa, such as acute oral 

candidiasis. This oral candidiasis is a major 

problem for patients with long-term HIV 

infection, with corticosteroid, antibiotic, 

anti-inflammatory agents treatment (8).  

To improve the bioavailability of active 

substances in the oral cavity, various bio-

adhesive tablet systems have been devel-

oped in recent years with different active 

substances. Oral tablets can be applied in 

the oral cavity, for example in the palate, 

the mucous membrane of the cheeks, and 

the upper lip and the gums. They soften 

and adhere to the mucosal substrate is re-

tained in the fixed position until complete 

dissolution and/or complete release. After a 

while, the patient no longer feels the tablet 

in his mouth. The location of the tablet in 

the mouth seems to have a big impact on 

tolerance and retention time. Depending on 

the location, either palatal or gingival, the 

retention time varies from 20-40 minutes to 
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7-12 hours. 

It is important that excipients for the 

development of tablets do not stimulate 

salivation, as in this case much of the drug 

may reached the gastric level, instead of 

being available locally and absorbed. Thus, 

the main characteristic of bioadhesion is 

the force of the attachment of the pharma-

ceutical form to the biological tissue and 

this is obtained by using polymers that 

adhere to the mucin-epithelial surface. Oral 

mucoadhesive tablets are modern modified-

release pharmaceutical forms used in cur-

rent therapy, to achieve a controlled release 

of the active substance at the site of appli-

cation as a result of maintaining the phar-

maceutical preparation at this level. The 

principle of formulation of modified re-

lease bioadhesive tablets is to disperse the 

active substance in various hydrophilic 

polymeric matrices. 

Many oral products on the pharmaceuti-

cal market use carbomers as polymers for 

bioadhesion due to the benefits of this kind 

of formulation (11). Carbopol-type poly-

mers have different rheological properties, 

influenced by particle size and molecular 

weight. The rheological properties can be 

related/correlated with the molecular 

weight of the polymer. Carbopol 940, 941, 

971 and 934 are types of polymers very 

well tolerated by the body without toxic 

effects. The resulting levels should be low 

those shown to have no risk to human 

health. For example, in a toxicology study 

of Carbopol
®

 974P NF polymer with dogs, 

the no observed adverse effect level was 

50,000 ppm (12). Carbopol
®

 971P NF pol-

ymer (tab. I) is used in oral and mucosal 

applications such as extended/controlled 

release tablets, oral liquids, and suspension 

and bioadhesive formulations (13). 

 

TABLE I. 

Physico-chemical properties of Carbopol 971P NF 

 

Appearance white power 

 

Density 208 kg/m3 

Specific weight 1.41 

Humidity 2.0% maximum 

pKa 6.0 ± 0.5 

 

pH value (1% solution at 25°C) 2.5 - 3.0 

pH value (0.5% solution at 25°C) 2.7 - 3.5 

Equivalent weight 76 ± 4 

Ash content 0.009 ppm  (average) 

Glass-transition temperature 100-105º C 

 

The research was focused on the devel-

opment of solid pharmaceutical forms, such 

as oral mucoadhesive tablets with micona-

zole nitrate, and the changes that occur 

regarding the disintegration time and swell-

ing index using different excipients. 
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MATERIAL AND METHODS 

The following substances were used to 

develop mucoadhesive tablets: miconazole 

nitrate 99% (Sigma Aldrich, Germany), 

Carbopol 971P NF (Lubrizol, USA), man-

nitol (East Chemical, China), aerosil (De-

gussa, Germany), and magnesium stearate 

(Sigma Aldrich, Germany). Miconazole 

nitrate was used as an antifungal active 

substance of mucoadhesive tablets, which 

were prepared according to table II in two 

formulations. 
 

TABLE II. 

Formulation of  mucoadhesive tablets with miconazole nitrate 

Ingredients (mg/tablet) F I F II 

 

Miconazole nitrate 50 50 

Carbopol 971P NF 40 10 

Mannitol 122 152 

Aerosil 6 6 

Magnesium stearate 2 2 

Total weight (mg) 220 

 

Determining the flow rate and com-

pressibility parameters of powder mixtures 

There were monitored the typical pa-

rameters: flow rate (t), friction coefficient 

(tg ɑ), repose angle (α), Hausner ratio (HR) 

and Carr index (CI). 

Flow rate (t) the time needed for 100 g 

of formulation to flow through a funnel 

with a 10 mm orifice; 

Friction coefficient (tg α) – dynamic 

method, according to the equation: 

tg α = h/r 

where: h = height and  

r = radius of the cone  

Repose angle (α) – dynamic method; 

Haussner ratio (HR) – calculated by de-

termining the density before and after set-

tling, according to the equation: 

HR = pt/pi 

where: pt = density after settling and  

pi = initial density 

Carr index (Ci) – identical determina-

tions and recordings with the ones present-

ed in Haussner ratio, but calculated accord-

ing to the equation: 

CI= (pt-pi/pt)x100 

Preparing the oromucosal bioadhesive 

tablets with miconazole nitrate 

Mucoadhesive tablets were made by us-

ing the method of direct compression of the 

powder mixture with a Korsch tablet 

equipment double-sided press (size of up-

per punch φ = 9 mm) to a compression 

pressure of 5 – 6 kN, for 30 seconds. 

Characterization of the oromucosal bi-

oadhesive tablets with miconazole nitrate  

Dimensional characteristics. The di-

mensions of the tablets: diameter (d
2
) in 

mm and height (h) in mm were determined 

using the automatic device PHARMA-

TEST, Germany, on a number of 10 tablets 

and the average was calculated. The sur-

face area of the tablets was then calculated 

according to the formula: 

S=π*d
2 

/4 

Resistance to crushing. The resistance 

to crushing of mucoadhesive tablets was 

also automatically determined in PHAR-

MA-TEST device. 

Friability. Also called tablet wear, it is 

obtained after exposure to rolling the tablet. 

Due to the phenomenon of rolling some of 
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the particles of the tablet fall off. The phe-

nomenon is also known as an abrasion and 

is expressed as a percentage. The friability is 

calculated according to the formula: 

Friability =(Initial weight −

Final weight)/ Initial weight x 100 

 

Disintegration. According to USP 32 

method A, the test was carried out on a 

number of 6 tablets of each formula. The 

Pharmacopoeia provides the determination 

on 6 tablets which are placed in a 500 mL 

conical vessel with 300 mL of water main-

tained at a temperature of 35-39°C. During 

the determination, the vessel is shaken 

gently twice a minute. After four hours, the 

contents of the vessel is filtered through a 

0.8 mm mesh sieve, the vessel is washed 

with 300 mL of water at 37±20°C, which is 

brought over the remaining particles from 

the disintegration. It is allowed to remain 

on the sieve particles, which when lightly 

pressed with a flattened wand at one end 

pass through the sieve. If the result of the 

determination is negative, the test is re-

peated twice with 6 tablets each, establish-

ing the duration of disaggregation for both 

determinations. The product is considered 

suitable if the average of these two deter-

minations does not exceed the expected 

time by more than 20%. The disintegration 

test determines the time required to turn the 

tablets into fine particles or the time re-

quired to release the contents of the capsule 

wrapper when they are placed in a liquid 

medium under specific working conditions. 

 

Swelling index 

The swelling index (SI) of a mucoad-

hesive preparation is an important parame-

ter for evaluating the prolonged release of 

the drug and the adhesive action. The 

swelling index of the mucoadhesive tablets 

has been determined by weighing only one 

of the two formulas and recording the 

weight before placing them separately in 

Petri dishes. The individual initial weight 

was marked with (W1). In each dish, we 

added 15 mL of phosphate buffer (pH=6.8) 

and the temperature was thermostatically 

maintained at 37°±0.5°C. At regular inter-

vals (60 minutes, 120 minutes), the tablets 

were extracted, and excess surface water 

was removed, carefully and weighed again 

(W2).  

The swelling index was calculated for 

each formulation, using the formula: 

SI = (W2-W1)/W1 x 100 

where: W1 = the initial weight of the 

tablet and W2 = the weight of the tablet 

after 60, 

respectively, 120 de minutes at 37ºC in 

phosphate buffer solution. 

Statistical data analysis  

Statistical analysis of the data was per-

formed using IBM SPPS 20 software. 

 

RESULTS AND DISCUSION 

Determining the flow rate and com-

pressibility parameters of powder mixtures 

The first parameter that was determined 

for the flow behavior of the powders ac-

cording to the cohesive material was the 

value of the repose angle. If a particle is 

temporarily outside this limit angle, it can 

slide to the adjacent surface under the in-

fluence of gravitational force until the 

shape of gravity is balanced by the friction 

between the particles. The lower the repose 

angle value, the lower the powder flow 

rate. Thus, a value of the angle below 20 

indicates an excellent flow and a value 

between 20-30 indicates a good flow and 

up to 40 a poor flow rate. FI formulation 

contains 40 mg polymer compared to 10 

mg of polymer in FII, and this matrix-
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forming polymer makes it difficult for the 

powder to flow even if it contains aerosol 

and magnesium stearate (tab. III). 

 

TABLE III. 

Flow rate and compressibility parameters for FI and FII formulations 

Formulation 
Parameter 

𝜶 (º) tg 𝜶 HR CI (%) 

FI 41.9 0.90 0.8800 13.99 

FII 36.80 0.73 0.8300 18.65 

 

The Haussner ratio is the ratio of the 

density of the final powder bed to compac-

tion and is based on the friction between 

the particles which demonstrates a good or 

less good yield. Thus, in all formulations 

the result of the Haussner ratio is below 1.2 

which indicates a slight flow. We can see a 

better flow in the FII formula with a small-

er amount of polymer (tab. III). 

The Carr index, also called the com-

pressibility index, is closely related to the 

Haussner ratio, which is another parameter 

of the fluidity of the powder mixture that 

indicates the need to add a thinner or not. 

According to specialized monographs, CI 

with a value between 5-12 means an excel-

lent flow of the powder and between 12-16 

a good value for flow. Compressibility is 

the ability of a powder to decrease its vol-

ume instantly, under a pressure applied 

vertically (14-21). 

Characterization of the oromucosal  

bioadhesive tablets 

The macroscopic characteristics of the 

mucoadhesive tablets made have flat, uni-

form, flat-rimmed, flat-surface lenticular 

discs, which means that these pharmaceuti-

cal forms are suitable both in terms of Ro-

manian Pharmacopoeia X
th

 edition (FRX) 

and optimal for administration to the oral 

mucosa. The diameter and thickness are 

suitable for mucoadhesive administration, 

the deviations varying within the limits of 

the size of the punch chosen for compres-

sion. The diameter obtained is ideal for this 

type of administration because the gum 

above the canine has a maximum size of 

12-13 mm and a thickness greater than 4 

mm would change compliance. 

The tablets are white, uniform, without 

spots, without odor, slightly bitter taste 

diminished due to the mannitol added as a 

sweetener. The value of the friability test is 

according to the accepted parameters, a 

value of less than 1% for both proposed 

formulas (tab. IV). 

All values of the mechanical strength 

parameter are within the corresponding 

limits, respectively between 30-90 N. Dis-

integration time is an extremely important 

parameter because the product must be 

released gradually in the oral mucosa (21). 

A rapid disintegration can lead to an inef-

fective antifungal. The longer the tablets 

stay in the mucous membranes, the longer 

the effect lasts and the longer the antifun-

gal has time to act. The disintegration time 

of the proposed formulas is closely related 

to the amount of polymer used. In the case 

of the FI formula, which contains 40 mg 

carbopol, the disintegration time is 75 

minutes and in the case of the FII formula, 

which contains 10 mg polymer, the disinte-

gration time is 98 minutes. A smaller 

amount of polymer can soak with water 

forming a gel around the tablet (tab. IV). 

Thus, this gel slows down the disintegra-

tion of the tablet. 
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TABLE IV. 

Physical properties of mucoadhesive tablets with miconazole nitrate 

Formulation 
Thickness 

(h) (mm) 

Diameter 

(mm) 

Surface 

area mm2 

Hardness 

(N) 

Friability 

% 

Disintegration 

time (min) 

FI 3.280 9.260 66.75 50.29 0.8965 75 

FI-SD ±0.057 ±0.174 ±3.376 ±7.601 ±0.515 ±4.393 

FII 4.109 9.398 71.67 61.10 0.9100 98 

FII-SD ±1.02 ±0.981 ±2.342 ±10.245 ±3.456 ±5.601 

 

Swelling index 

The swelling index was calculated ac-

cording to time (tab. V). When performing 

this test on sample for swelling, the 

weight changed with the swelling of the 

polymers in an aqueous solution. The 

swelling rate increased as the weight of 

these tablets increased in proportion to the 

rate of hydration up to two hours and then 

gradually decreased as a result of disinte-

gration in the dissolution medium. It has 

been observed that total release is 

achieved when a lower concentration of 

polymer is added to the formula. The rea-

son for this is the erosion of the gel layer 

in tablets containing smaller amounts of 

polymer. The higher the swelling index, 

the better the tablet will adhere to the oral 

mucosa, gradually releasing the amount of 

antifungal. 

 

TABLE V. 

Swelling index of mucoadhesive tablets 

 

Formula W1 initial (g) W2 at 60 minutes (g) W2 at 120 minutes (g) 

FI 

 

 
   

0.2390 0.3450 0.4700 

SI (%) 0.4435 0.9665 

FII 
   

0.2210 0.4490g 0.3200 

SI (%) 1.0316 0.4479 

 

A swelling index at 60 min is 1.0316% 

for formula FII, which contains 10 mg pol-

ymer. The amount of polymer used in the FI 

formula swelled in the presence of water, 

greatly increasing its volume. The swelling 

index is 55% lower, 0.4435% in the formula 
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FI, which contains 40 mg polymer. For pro-

longed-release tablets, the swelling index 

needs to be greater than 1 and a higher con-

centration of the polymer leads to a longer 

soaking time with an aqueous solution. A 

film is needed that is made on the outside of 

the tablet when it is positioned at the level 

of the oral mucosa. The higher the swelling 

index, the more effective the mucoadhesive 

tablet can be. A large amount of polymer in 

formula FI, 40 mg, did not have enough 

surface contact with water to have higher SI 

results. The polymer, being a network-type 

structure, needs time and large contact sur-

face with water to be able to soak water. The 

proposed mucoadhesive tablets have a small 

contact surface, 9 mm, and large amount of 

polymer does not allow interpenetration 

between the upper layers. A smaller amount 

of polymer, FII formula, evenly dispersed in 

the tablet may develop a higher SI. 

In the case of SI at 120 minutes, the val-

ues differ a lot. For FI formula, the SI at 120 

minutes is 0.9665%, about 50% more than 

the SI value at 60 minutes. In this case the 

large amount of carbopol had enough time 

to come into contact with water and to swell 

the polymer network. In the case of FII 

formula, the SI value at 120 minutes is 57% 

lower than the SI value at 60 minutes. If the 

polymer is in a lower concentration, it will 

be dispersed uniformly in 60 minutes, which 

conducts to a maximum water-soaked net-

work structure. At 120 minutes the SI value 

of FII decreases because the gel formed 

around the tablet is gradually released. 

CONCLUSIONS 

Given that the antifungal active sub-

stance should be released gradually, FII 

formula with 4.5% carbopol may be pro-

posed for future studies. The value of the 

swelling index and the disintegration time 

are important parameters for oral antifungal 

drugs in the form of mucoadhesive tablets. 

For FI formula, with 18% polymer, the 

swelling index is very small, being 132% 

lower than the FII formula with 4.5% pol-

ymer. Also, the disintegration time for FI 

formula is 30% shorter than the FII formu-

la. The swelling index provides information 

about the ability of the new pharmaceutical 

form to stand on the oral mucosa. By disin-

tegrating the tablet, the bioadhesive poly-

mer in the aqueous medium forms a gel as 

it disintegrates. Thus, the longer this gel 

stays on the oral mucosa, the more active 

substance is gradually released from the 

pharmaceutical form and the contact time 

between the mucosa and the active sub-

stance will increase, which can provide a 

better action of the pharmaceutical product. 

 

CONFLICT OF INTEREST  

AND FUNDING 

The authors declare that there is no con-

flict of interest, and they received no spe-

cific funding regarding this scientific re-

search. 

REFERENCES 

1. Accili D, Bonaucucina G, Menghi G. Mucoadhesion dependence of pharmaceutical polymers on 

mucosa characteristics. Eur J Pharm Biopharm 2004; 57: 133-143. 

2. Ahuja A, Ali J, Khar RK. Mucoadhesive drug delivery systems. Drug Develop Ind  Pharm 1997; 

23(5):  489-515. 

3. Pawar R, Raut DB, Karde V, Wadikar J, Jadhav AS, Chintale A. Mucoadhesive Buccal Drug Deliv-

ery System: A review. Research J Pharm and Tech 2015; 6(5): 506-515. 

https://europepmc.org/search?page=1&query=JOURNAL:%22Eur+J+Pharm+Biopharm%22&restrict=All+results


Influence of carbopol 971P NF on flow rate and swelling parameters in antifungal tablets  

 

451 

4. Stan CD, Stefanache A, Tataringa G, Dragan M, Tuchilus CG. Microbiological evaluation and pre-

servative efficiency of new mandelic acid derivatives in ointments. Farmacia 2015; 63(4): 577-580.  

5. Dragan M, Stan CD, Panzariu A, Profire L. Evaluation of anti-inflammatory potential of some new 

ferulic acid derivatives. Farmacia 2015; 64(2): 194-197. 

6. Lisa EL, Carac G, Barbu V, Robu S. The synergistic antioxidant effect and antimicrobial efficacity of 

propolis, myrrh and chlorhexidine as beneficial toothpaste components. Rev Chim 2017; 68(9): 2060-

2065 / https://doi.org/10.37358/RC.17.9.5822. 

7. Alexander A, Richardson SE, Sharma A, Campisi P. The increasing prevalence of clindamycin re-

sistance in Staphylococcus aureus isolates in children with head and neck abscesses. Can J Infect Dis 

Med Microbiol 2011; 2: 49-52. 

8. Andrews GP, Laverty TP, Jones DS. Mucoadhesive polymeric platforms for controlled drug delivery. 

Eur J Pharm Biopharm 2009; 71: 505-518.  

9. Bîrsan M, Cristofor AC, Antonoaea P, et al. Evaluation of miconazole nitrate permeability through 

biological membrane from dermal systems. Farmacia 2020; 68(1): 111-115. 

10. Bîrsan M, Cojocaru I, Stamate M, Teodor V, Tuchiluș C. Antifungal Action of Imidazole Derivates 

from New Pharmaceutical Forms on Various Strains of Candida. Rev Chim 2016; 67(7): 1385-1388. 

11. Hornof M, Bernkop SA, Ludwig A, Weyenberg W. Mucoadhesive ocular insert based on thiolated 

poly (acrylic acid): Development and in vivo evaluation in humans. J Control Rel 2003; 3(1): 419-

428. 

12. https://www.lubrizol.com/-/media/Lubrizol/Health/TDS/TDS, 328_Carbopol_971P_ 71G_ Regulato-

ry_PH_Version.pdf, accessed on 12.05.2022 

13. https://www.pharmaexcipients.com/product/carbopol-971p-nf-polymer/accessed on 12.05.2022. 

14. Popovici I, Lupuleasa D. Tehnologie farmaceutică. volume 2, Iași: Ed. Polirom, 2008: 202-206, 694-

697, 747, 779-782. 

15. Ciurba A, Hancu G, Cojocea LM, Sipos E, Todoran N. Development of new formulation and its 

evaluation by capillary electrophoresis of tablets containing tramadol hydrochloride and paracetamol. 

Pharm Dev Technol 2014; 19(7): 833-838. 

16. Williams AC. Topical and transdermal drug delivery. In: Aulton ME, Taylor K editors. Aulton’s 

Pharmaceutics: The Design and Manufacture of Medicines. 4th edition, Edinburgh: Churchill Living-

stone Elsevier, 2013: 675-698. 

17. Hancu G, Sasebeşi A, Rusu A, Kelemen H, Ciurba A. Study of the Electrophoretic Behavior of Ceph-

alosporins by Capillary Zone Electrophoresis. Adv Pharm Bull 2015; 5(2): 223-229. 

18. Muhammad A, Zahoor AF, Iqbal MS, et al. In vitro-Ex vivo Characterization of Agarose–Carbopol 

934® Based Buccal Mucoadhesive Tablets Containing Benzocaine and Tibezonium Iodide as Model 

Drugs. Lat Am J Pharm 2022; 41(5): 1-5. 

19. Koirala S, Nepal P, Ghimire G, et al. Formulation and evaluation of mucoadhesive buccal tablets of 

aceclofenac. Heliyon 2021; 7(3): e06439. 

20. *** Romanian Pharmacopeia. 2004 Supplement, București: Ed. Medicală, 2004: 238-239. 

21. *** Romanian Pharmacopeia. Xth edition, București: Ed. Medicală, 1993: 921-934, 864-866, 1026-

1029, 951-952, 1003-1005, 1220. 

https://www-webofscience-com.dbproxy.umfiasi.ro/wos/author/record/2073410
https://www-webofscience-com.dbproxy.umfiasi.ro/wos/author/record/1719536
https://www-webofscience-com.dbproxy.umfiasi.ro/wos/author/record/2720793
https://www-webofscience-com.dbproxy.umfiasi.ro/wos/author/record/1625636
https://www-webofscience-com.dbproxy.umfiasi.ro/wos/author/record/743275
http://www.ncbi.nlm.nih.gov/pubmed/22654925
http://www.ncbi.nlm.nih.gov/pubmed/22654925

