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Abstract
The study evaluated the efficacity of the eye-drops containing rifampicine in eradicating conjunctival bacteria. In this regard, there were obtained β-cyclodextrin inclusion complexs with rifampicine and rifampicine/povidone-coprecipitate. After determination of drug loading and establishing structure of these compounds, two types of eye-drops solutions with 1% rifampicine are preparared. The physico-chemical properties of these solutions, the antimicrobial activity, the release rates of drug, as well as their physiological tolerance were studied “in vivo” on guinea pigs.

The release profiles of rifampicine from eye-drops is increased by povidone (PVP) but the antimicrobial activity of the drug, is increased by β-cyclodextrin (β-CD) with enhanced penetration through the cellular membrane. The tolerance of the preservative agent, benzalkonium chloride, is higher when the solution contains PVP. At the same time, the polimer develops the residence time on the ocular surface of drugs and thereby increases their bioavailability.

Rezumat

În această lucrare s-a studiat eficacitatea rifampicinei în infecţiile bacteriene de la nivel conjunctival. În acest scop s-au preparat colire cu rifampicină sub formă de complex de incluziune cu β-ciclodextrina şi sub formă de coprecipitat cu povidona, datorită solubilităţii scăzute în apă şi a stabilităţii reduse a acestui antibiotic.

S-au determinat proprietăţile fizico-chimice ale colirelor preparate, activitatea antimicrobiană, precum şi toleranţa fiziologică in vivo. S-a constatat că activitatea antimicrobiană este îmbunătăţită în cazul colirului care conţine rifampicina sub forma complexului de incluziune cu β-ciclodextrina, dar şi o creşterere a penetraţiei prin membrana celulară.
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Introduction
The aim of this study was to evaluate in vitro and in vivo, the release of rifampicine from eye drops. Rifampicine was the most effective antibiotic for the eradication of gram positive and gram negative microorganisms [1-3]. Rifampicine is a sparingly water soluble and instable drug, therefore rifampicine eye drops are preparared in pharmacy ex-tempore [4]. For the increase the solubility and stability of this active substance we prepared an inclusion complex of rifampicine with β-cyclodextrin and we also coprecipitated the drug with povidone (PVP).

Materials and methods
Materials. The following materials were used: Rifampicine (Antibiotice S.A. Iasi–Romania), β-cyclodextrin (β-CD) Chinoin Chemical and Pharmaceutical Works– LTD Hungary and povidone (PVP) (BASF– Germany).

Preparation of the active substance complexes

Due their structure, β-CDs form inclusion complexes with different molecules depending on their size and affinity. This process is used to solubilize pharmaceuticals and to stabilize them in aqueous solution [5]. 

The rifampicine/β-CD inclusion complex was obtained by mixing an aqueous solution of β-CD with an ethanolic solution of rifampicine (3:1 ratio) under stirring at 50 rot/min for 8 hours at 40-50 ºC. After stabilisation at room temperature for two days, the suspension was filtered and the filtrate was dried in vacuum. The dried material was powdered.

Rifampicine/PVP coprecipitate was prepared in 1:6 ratio in ethanol, under stirring at 50 rot/min at 40-50ºC for 6 hours. The filtrate was dried in vacuum. Both rifampicine/β-CD inclusion complex and rifampicine/PVP coprecipitate were investigated using IR spectroscopy (fig. 1, 2), thermogravimetric analysis (fig. 3) and by determining the melting points of these conjugates (table I). 

The amount of active substances within these conjugates were determined using UV spectrophotometry at 422 nm and 427nm, respectively, in phosphate buffer solution (pH = 7.4), compared with an ethanolic solution of 0.002% rifampicine.

Table I

Melting points of rifampicine complexes

	Substance
	
	
	Melting points ºC
	
	

	Rifampicine
	183-188
	-
	-
	-
	-

	β-CD
	-
	310
	-
	-
	-

	PVP
	-
	-
	305
	-
	-

	Rifampicine/βCD


	-
	-
	-
	340
	-

	Rifampicine/PVP
	-
	-
	-
	-
	205 -210


Eye drops preparation

The ocular residence of topically applied formulations is strongly affected by precorneal losses due to lachrymal flow and palpebral blinking. Polymers are incorporated into ophthalmic drug delivery preparations in order to increase the residence time on the ocular surface and thereby increase drug bioavailability (6, 7). The two collyria were prepared using 1.84% rifampicine/β-CD inclusion complex (Formula I) and 7% rifampicine/PVP coprecipitate (Formula II) (table II). The two experimental ophthalmic solutions were investigated in regard to their physico-chemical parameters (pH, density, refraction index, viscosity, conductivity and surface tension) compared to eye drops “Rifamycine Chibret”® (Merck) (table III) [noted as R].

The physico-chemical parameters of the experimental eye drops with rifampicine are presented in table III and showed that povidone is very suitable for ophthalmic solutions.

Table II

Eye drops composition

	Contents
	
	Quantity (g)
	

	
	I
	II
	“Rifamycine Chibret”® (Merck) (R)

	Rifampicine/βCD
	1.84
	-
	-

	Rifampicine/PVP
	-
	7
	-

	Rifamycine SV
	-
	-
	1

	Ascorbic acid
	0.05
	0.05
	0.5

	EDTA –sodium
	0.01
	0.01
	0.01

	Kalium metabisulfit
	0.1
	0.1
	0.1

	Benzalkonium chloride
	0.01
	0.01
	-

	Sodium merthiolate
	-
	-
	0.005

	Boric acid
	1.22
	1.22
	-

	Sodium tetraborate
	0.13
	0.13
	-

	Water to
	100
	100
	-

	Phosphate buffer to
	-
	-
	100


Table III

Physico-chemical parameters of the experimental eye drops with rifampicine

	Formulas
	Physico-chemical parameters

	
	pH
	Density (g/cm3)
	Refraction index
	Viscosity (mPa. S)
	Conductivity

(ms.cm-1)
	Surface tension (dyn /cm)

	I
	6.8
	1.0364
	1.34
	1.1513
	3.424
	37.62

	II
	6.7
	1.0215
	1.3475
	3.6931
	3.87
	35.65

	R
	5.6
	1.037
	1.352
	4.1878
	1.503
	37.74

	Lachrymal flow
	7.1-7.6
	1.004-1.005
	1.336-1.357
	1.3-5.9
	5.00
	40-50


The release rate studies
The release of the active substances from the complexes was determined with Enhancer cell using semipermeable Fisher cellulose membrane (spectrophotometrical method at 421 nm for rifampicine) and also using the microbiological method (table IV).

Physiological tolerance of eye drops with rifampicine complexes was determined on guinea pigs using “Ballantyne and Swanson” DW score (table V). (“Ballantyne and Swanson” DW score = media number of blinking over 1 minute/number of testing eyes).

Table IV

Antimicrobial activity of the experimental eye drops with rifampicine

	Sample
	Gram(+) flora

Inhibition diameter (mm)
	Gram(–) flora

Inhibition diameter (mm)

	Nr.
	ml
	S. aureus ATCC
	S. saproph
	B. cereus
	B. subtilis
	Sarcina lutea
	Ps. aerug 34
	Ps. aerug 1714
	E. coli

ATCC

	1
	0.01
	30
	32
	26
	29
	26
	17
	21
	30

	2
	
	25
	30
	25
	26
	22
	13
	12
	19

	3
	
	25
	30
	26
	27
	25
	17
	21
	30

	4
	
	25
	30
	20
	23
	22
	14
	18
	27

	1
	0.05
	31
	33
	27
	31
	26
	21
	25
	32

	2
	
	28
	31
	24
	28
	24
	15
	12
	20

	3
	
	30
	32
	27
	29
	25
	21
	22
	32

	4
	
	25
	30
	24
	25
	25
	19
	20
	30

	1
	0.1
	33
	50
	30
	33
	32
	21
	26
	31

	2
	
	30
	46
	26
	29
	30
	15
	10
	20

	3
	
	33
	48
	28
	31
	32
	17
	22
	30

	4
	
	32
	40
	23
	28
	35
	17
	16
	28

	Rifampicine microtablet
	25
	40
	17
	23
	25
	12
	12
	22

	1 – Ist formula

2 – Rifamycine Chibret® (Merck) [R]

3 – IInd formula

4 – Rifampicine (Antibiotice S.A. Iasi, Romania)


Table V

Physiological tolerance of the experimental eye drops with rifampicine

	Sample
	“Ballantyne and Swanson”  score

	I
	5.1/10

	II
	4.3/10

	R
	4.6/10

	Natrii chloride solution
	0.3/10


Results and discussion
The infrared spectra for rifampicine/β-CD inclusion complex and rifampicine/PVP coprecipitate (fig. 1, 2) showed that the inclusion complex and coprecipitate were formed. Wavelengths differences, proved the interaction between the rifampicine and inclusion complex (fig.1) and, by the other side, between the rifampicine and coprecipitate (fig.2).
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	a)                                                                             b)
Figure 1

IR spectrophotometric studies of a) rifampicine b)inclusion complex
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Figure 2

IR spectrophotometric studies of rifampicine/PVP

There was used MOM Budapest Paulik-Paulik-Erdey device for thermogravimetric analysis and 50 mg samples; the weight loss was registration on 60 – 413 ºC, with 12 ºC/min rate.

The thermogravimetric study (TDA) showed that rifampicine/CD inclusion complex and rifampicine/PVP coprecipitate develop specific reactions, also proved by the IR spectra (fig. 3).
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Figure 3
TDA studies of rifampicin complexes (a. rifampicine/β-CD; b. rifampicine/PVP)

The amount of rifampicine within the complexes was determined using the following formula: Cp = Ep x Cet / Eet and represent 54.36%, respectively, 100% rifampicine from these conjugates.

The release profiles of rifampicin from the experimental eye drops are increased by povidone. The antimicrobial activity of the drug is increased by β-CD, which enhances the penetration through a cellular membrane. These results were in the concordance with literature data [5,8,9] (fig. 4).

The tolerance tests proved that benzalkonium chloride was more irritant than sodium merthiolate, but the presence of the polymer (povidone) increased the physiological tolerance of the ophthalmic solution.
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Figure 4
Rifampicine release

Conclusions
β-cyclodextrin and povidone proved very useful in modifying the release characteristics of rifampicine, a sparingly water soluble drug. In the same time the solubility, the stability and the permeation of rifampicine is enhanced by β-cyclodextrins, whereas the ophthalmic residence and the physiological tolerance is enhanced by povydone. In conclusion, the rifampicine inclusion complex may be used in developing an ophthalmic solution with viscous carrier – 6% PVP.
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