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Po~ituvani,
 Ve izvestuvame deka Makedonski farmacevtskibilten, spisanieto na Makedonskoto farmacevtskodru{tvo, pe~ati trudovi na angliski i na makedonskijazik, i toa originalni nau~ni trudovi, kusi soop{te-nija i pregledi na angliski jazik, a stru~ni trudovina makedonski ili na angliski jazik. Trudovite se po-dlo`eni na dvojna recenzija od vrvni stru~waci odsoodvetnite oblasti od zemjata i od stranstvo. Vo tekse aktivnostite za regulirawe na statusot na Spisa-nieto vo bazata Chemical Abstracts i za permanentno ci-tirawe vo nea.
 Ve pokanuvame da pridonesete vo podigaweto nanau~noto i na stru~noto nivo na edinstvenoto spisa-nie od oblasta na farmacijata od na{ata zemja so pri-lo`uvawe na Va{i trudovi, podgotveni vo soglasnostso propoziciite na Spisanieto koi }e gi najdete naposlednite stranici od ovoj broj.
 Ureduva~ki odbor
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Introduction
 Glycyrrhizinic acid (GA) is a saponin extracted fromGlycyrrhiza glabra root. According to its chemical struc-ture, it belongs to penthacyclical triterpenoid saponins,products of β-amyrin (1). GA and its aglycon 18β gly-cyrrhetinic acid are widely used against bacterial and virusinfections, also as antiflogistics, expectorants, corrigensand as components with mineralocorticoid effect (2).
 Many analytical methods have been employed for thedetermination of GA, such as: chromatographic techniques(high-pressure liquid chromatography, thin-layer chroma-tography, micellar electrokinetic chromatography, gaschromatography) (3-10); electrochemical techniques(oscillopolarography, single-sweep polarography) (11, 12);spectroscopic methods (13, 14). Immunoassays (ELISAand RIA techniques) were also used for determination ofthe glycyrrhizinic acid (15).
 The general purpose of the work was to develop simple,precise and accurate methods for quantification of glycy-rrhizinic acid in pharmaceutical dosage forms.
 Adsorptive stripping voltammetry is a valuable andwell-known analytical method for trace analysis ofelectroactive compounds capable to adsorb onto the work-ing electrode surface (16).
 In the family of pulse techniques square-wave voltamme-try appears to be one of the most advanced electroanalyticaltechniques (17). This technique is attributed with uniqueadvantages, such as: high frequency and amplitude, solitaryapproach in the current-sampling procedure, as well as theeffective ability to discriminate the capacity current. Thus, fordeveloping a particular absorptive stripping voltammetricmethod for determination of miscellaneous species, square-wave voltammetry is most frequently a technique of choice.
 In addition to the current voltammetric method, the paperalso describes a new chromatographic method for determi-nation of GA serving mainly for comparison and conforma-tion of the results obtained with the voltammetric method.
 Macedonian pharmaceutical bulletin, 48, (1,2) 3-8 (2002)ISSN 1409 - 8695
 UDC: 615.281.074 : 543.54/.55
 Original scientific paper
 * e-mail:[email protected]: 126 024; Fax: 123 054
 Abstract
 Novel adsorptive stripping square-wave voltammetric method as well as a new high-pressure liquid chromatographic method for directdetermination of glycyrrhizinic acid in dosage pharmaceutical preparation, used against virus infections, have been developed. Glycyr-rhizinic acid is an electrochemically active compound, which undergoes irreversible reduction on a mercury electrode surface in an aque-ous medium. Its redox properties were studied thoroughly by means of square-wave voltammetry, as one of the most advanced electro-analytical technique. The voltammetric response depends mainly on the pH of the medium, composition of the supporting electrolyte, aswell as the parameters of the excitement signal. It was also observed that the voltammetric properties strongly depend on the accumula-tion time and potential, revealing significant adsorption of glycyrrhizinic acid onto the mercury electrode surface. Upon this feature, anadsorptive stripping voltammetric method for quantitative determination of glycyrrhizinic acid was developed. A simple, sensitive andprecise reversed phase HPLC method with photodiode array UV detection has also been developed, mainly for comparison and confor-mation of the results obtained with the voltammetric method.
 Key words: Glycyrrhizinic acid, square-wave voltammetry, high-pressure liquid chromatography
 Quantitative determination of glycyrrhizinic acid by square-wavevoltammetry and high-pressure liquid chromatography
 Aneta Dimitrovska1*, Valentin Mircevski2, Svetlana Kulevanova1
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 Experimental
 The analyzed sample was a pharmaceutical dosage in aform of spray. As declared by the manufacturer, the sam-ple contains 0.1 % (w/w) glycyrrhizinic acid, while othercomponents are maleic acid, fumaric acid, ascorbic acid,folic acid, polysorbate 80, propylen glycol and purifiedwater. Glycyrrhizinic acid, standard substance, was aproduct of "Chemonova International, S. A." from Spain.
 Voltammetric methodAll used chemicals were of analytical reagent grade. KI,
 Na2SO4, NaNO3, KClO4, KBr, citric acid, and Na2HPO4
 were all Merck products. Double distilled water wasused. The buffer solutions were prepared by mixing ofappropriate quantities of citric acid and Na3PO4. Thestock solution of glycyrrhizinic acid was prepared bydissolving in redistilled water.
 The oxygen removal from the electrolyzed solutionswas performed by purging with highly purified nitrogenfor ten minutes prior each measurement, and a nitrogenblanket over the solution was maintained thereafter. Themeasurements were carried out at room temperature.
 All voltammograms were recorded with multi-modepolarograph Princeton Applied Research Model 384 Bequipped with static mercury drop electrode ModelPAR 303A. The reference was Ag/AgCl (sat. KCl) anda platinum wire was used as a third electrode. A smallmercury drop with a surface of 0.0147 cm2 was used asa working electrode.
 The other experimental conditions are indicated inthe caption of the figures.
 HPLC methodAll used chemicals were HPLC grade. The chromato-
 grams were recorded on Waters HPLC system, equippedwith Pump Waters 600 E, sample injector Rheodyne 7725iwith 20 µl loop, Photodiode Array Detector 996 and col-umn oven. Glycyrrhizinic acid was separated on a 5 mmSymmetry C18 column (25 cm x 4.6 mm i.d.) operated at35 0C, using 25 mM potassium dihydrogen phosphate (pH 2.2) / acetonitril (60: 40 v/v) as a mobile phase (andsolvent) at a flow rate of 1.6 ml/min and detection at 251nm. The chromatographic system was controlled by soft-ware program Waters Millennium 32.
 Results and discussion
 Determination of glycyrrhizinic acid by voltammetric method
 Glycyrrhizinic acid is both electroactive and surface-active compound. Its undergoes totally irreversible reduc-
 tion onto the mercury electrode surface. Under conditionsof square-wave voltammetry, the response consists of asingle well-defined peak at potential of about -1.50 V asrepresented in Fig. 1. The SW voltammograms were ana-lyzed for the peak position, height, and half-peak width.All these properties of the voltammetric responses arestrong function of pH and chemical composition of themedium, accumulation time and potential, as well as theparameters of the excitement signal.
 The redox reaction of GA could be measured onlywithin the pH interval from 2.0 to 8.0. Beyond theseboundaries, no voltammetric response could be detect-ed. In strong acidic medium pH ≤ 2, the hydrolysis ofGA occurs at appreciable rate (18) preventing its elec-trochemical detection. As pH increases from 2.0 to 4.9,the SW peak shifts slightly towards potential that ismore negative (see data in Table 1). At the same time,the peak current depends non-linearly on pH, crossingthrough maximum value at about pH = 3.8. Within theinterval 5.4 ≤ pH ≤ 7.5, the SWV response of GA splitsin two peaks indicating existence of two different redoxreactions. For analytical purposes, this phenomenon isstrongly unfavorable.
 The complexity of the pH effect upon the voltammet-ric response arises from the complexity of the redox reac-tion of GA as well as the complexity of its adsorptionprocess onto the working electrode surface. Nevertheless,the electrolyte solution with 3.8 ≤ pH ≤ 5.0 provides asave medium for analytical application, as the SWVresponse in those solutions consists of a well-defined sin-gle peak. Moreover, the ratio Ip/∆Ep/2 (where Ip and ∆Ep/2
 is a peak current and half-peak width, respectively)should serve as a main criterion for selecting an optimalresponse for analytical purposes. This quantity reaches amaximum value for pH = 4.7 revealing that this mediumis the most suitable for quantitative determination of GA.
 Fig. 1. Square-wave voltammogram of 1 × 10-5 mol/Lglycyrrhizinic acid solution recorded in 0.1 mol/L KI electrolyte solution buffered to pH 4.7. Other experimental conditions are: initial potential Es = -0.3 V, final potential Ef = -1.7 V, accumulation time tacc.= 100 s, accumulation potential Eacc. = -0.3 V, SW frequency f = 100 Hz, SWamplitude Esw = 25 mV and increment dE = 4 mV
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 Quantitative determination of glycyrrhizinic acid by square-wave voltammetry and high-pressure liquid chromatography 5
 Generally speaking, the adsorption of an electroactivecompound onto the electrode surface is affected prima-rily by the chemical composition of the medium and theaccumulation potential (16). The accumulation of GAon the mercury electrode surface was studied in fourdiverse supporting electrolytes. The results for the peakcurrents are listed in Table 2.
 As it can be seen, the highest currents were obtainedin 0.1 mol/L solution of KI indicating that in this medi-um the adsorption occurs at highest rate. Keeping inmind that the iodide ions are themselves adsorbed onthe electrode surface, one can conclude that GA exhibitssubstantial tendency for adsorption. The data presentedin Fig. 2 support this assumption. The Figure 2 illus-trates the effect of the accumulation time upon the peakcurrents of GA investigated at various concentrations ofthe analyte. By increasing the accumulation time, thepeak current becomes higher and the entire Ip-tacc rela-tionship obeys a low of an isotherm. The appear plateaus
 of the curves 1 and 2 corresponds to the saturation ofthe electrode with electroactive material. For analyticalpurposes, the electrode should be covered by a mono-molecular layer of deposited GA molecules, which isfulfilled within the linear portions of the isotherms.
 The influence of the accumulation potential on thepeak current is presented in Fig. 3. The accumulationpotential affects considerably the entire accumulationprocess through its influence upon the structure of theelectric double layer adjacent to the electrode surface(16). The peak current depends sigmoidally on the accu-mulation potential in a form of a pseudopolarogram.
 Table 1. Dependence of peak potential and peak current of thevoltammetric response of 5 × 10-6 mol/L glycyrrhizinic acid solutionon pH recorded in citrate buffers. The other experimental conditionswere: f = 100 Hz, Esw = 25 mV, dE = 2 mV, Es = -0,8 V and Ef = -1.7.
 Table 2. Dependence of peak current of 5 × 10-6mol/L glycyrrhizinic acid solution on the accumulation time recorded in diverse supportingelectrolytes. Experimental conditions were: f = 100 Hz, Esw = 25 mV, dE = 2 mV, Eacc = -0.8 V. All supporting electrolytes were buffered withcitrate buffer to pH = 4.7.
 Ip/nA Ip/nA Ip/nA Ip/nA Ip/nA Ip/nA
 tacc./s Na2SO4 NaNO3 KClO4 KI KBr Citrate buffer
 0 431.9 395.5 436.4 562.9 425.9 446 50 2323 60 2329 2099 2272 2839 2485
 100 3298 120 3396 3190 3264 3862 3272
 pH Ep,1/V Ep,2/V Ip,1/nA Ip,2/nA
 2.0 No voltammetric response 3.6 -1.476 603.7 3.8 -1.478 1183 4.1 -1.486 343.4 4.3 -1.476 443.6 4.5 -1.502 255.5 4.7 -1.496 309.5 4.9 -1.506 372.4 5.4 1.414 -1.494 556.7 773.7 6.1 -1.37 -1.45 159 172 6.8 -1.358 -1.464 273.7 306.4 7.5 -1.382 -1.456 144.6 153.9
 8.0 No voltammetric response No voltammetric
 response
 0
 500
 1000
 1500
 2000
 2500
 3000
 3500
 4000
 4500
 0 100 200 300 400 500 600 700 800
 t acc /s
 I p/nA
 (1)(2)
 (3)(4)
 Fig. 2. Dependence of the peak currents on the accumulation time for different glycyrrhizinic acid concentration recorded in 0.1 mol/L KI buffered to pH = 4.7. Experimental conditions were: Eacc = -0.8 V, f = 100 Hz, Esw = 25 mV, dE = 2 mV and c (glyc.) = 5 × 10-7 (1), 1 × 10-6 (2), 5 × 10-6 (3) 1 × 10-5 mol/L (4).
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 The peak current decreases considerably as the accumu-lation potential becomes more negative than -1.0 V. Themost effective accumulation was observed under accu-mulation potential of about Eacc = - 0.80 V and hence, thisvalue was used in the further measurements.
 As mentioned previously, the sensitivity of the methoddepends markedly on the properties of the potentialwaveform applied in the course of the stripping step.Accordingly, an attempt was made to optimize the prop-erties of the SW excitement signal such as SW amplitudeEsw (the height of the potential pulses), SW frequency f(the duration of single potential pulse), and scan incre-ment dE (the step of the staircase potential ramp at whichpotential pulses of square shape are superimposed).
 The peak current increases strongly by increasing theSW amplitude from 2 to 50mV. This phenomenon hasalready been predicted by the theory of SWV regardinga totally irreversible redox process, which proceedsfrom an immobilized state of the reactant.
 As the amplitude becomes higher than 50mV, thepeak current reaches a maximum value forming aplateau on the Ip-Esw function (see curve 1 in Fig. 4).The peak potential shifts in positive direction within theinterval 2mV ≤ Esw ≤ 150mV. However, the amplitudealso influences the shape of the voltammetric response,causing the SW peak to widen by the increase of theamplitude. The ratio Ip/∆Ep/2 gains a maximum value forEsw = 25mV, consequently this value was selected asan optimal for analytical measurements.
 The signal frequency was varied over the intervalfrom 10 to 120 Hz. It was observed that the frequency
 affects both the position and height of the SW response.A linear relationship between Ep (peak potential) andlogarithm of the frequency was observed with a con-stant slope of ∆Ep/∆log(f) = - 30.1 mV. At the same time,the peak current increases linearly with the SW frequen-cy, which is typical for redox reaction occurring on theelectrode surface via adsorbed reactant. The half-peakwidth is insensitive on the signal frequency. Thus, SWfrequency of f = 120Hz was considered as an optimalvalue for further quantitative analysis.
 The scan increment exhibits rather similar effect tothe voltammetric response as that of SW amplitude andconsequently those results will be not repeated here-after. The value of dE = 8 mV was selected as most rel-evant for quantitative measurements.
 Therefore, the following set of experimental condi-tions are proposed for quantitative determination of GA:supporting electrolyte 0.1 mol/L KI buffered with citratebuffer to pH = 4.7, deposition potential Eacc = -0.8 V, SWfrequency f = 120 Hz, SW amplitude Esw = 25 mV, andscan increment dE = 8 mV. The duration of the depositionstep depends on the analyte concentration range.
 A calibration curve of GA was recorded in 0.1 KIbuffered to pH = 4.7, over the concentration range from5 × 10-7 mol/L to 7 × 10-6 mol/L. The other experimentalconditions were: f = 100Hz, dE = 8mV, Esw = 25 mV, Eacc= -0.8V and tacc = 15s. The line is associated with a linearregression correlation coefficient of R = 0.9992.
 To estimate the accuracy of the proposed adsorptivevoltammetric method, a recovery analysis was under-taken and the corresponding results are listed in Table 3.
 Fig. 3. Dependence of the peak current of glycyrrhizinic acid on the deposition potential. Experimental conditions were: f = 100 Hz, Es = -0.8 V, Esw = 25 mV, tacc = 15 s, dE = 2 mV, c (glyc.) = 5 × 10-6 mol/L, supporting electrolyte 0.1 mol/L KIbuffered to pH 4.7.
 Fig. 4. Dependence of the peak currents (curve 1) and peak potentials (curve 2) on the signal amplitude. Experimental conditions were: f = 100 Hz, dE = 2 mV,Eacc = -0.8 V, tacc = 15 s, c (glyc.) = 5 × 10-6 mol/L, supporting electrolyte 0.1 mol/L KI buffered to pH 4.7.
 0
 500
 1000
 1500
 2000
 2500
 3000
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 4000
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Quantitative determination of glycyrrhizinic acid by square-wave voltammetry and high-pressure liquid chromatography 7
 For recovery analysis, the standard addition methodand the Hon equation were utilized. The Hon formulafor determination of the sample concentration reads:
 where cs is sample concentration, cst is concentration ofthe standard addition, Vst is volume of the standardaddition, Ip,s is current associated with the sample, Ip,stis current of the standard addition, and Vcell is volumeof the electrolyzing solution.
 Determination of glycyrrhizinic acid by HPLC methodA reversed phase HPLC procedure was developed as
 a comparative method for determination of GA in phar-maceutical preparation. GA was well resolved from theother formulation components using the previous estab-lished selective chromatographic conditions. The reten-tion time of glycyrrhizinic acid was found to be approx-imately 4.8 minutes (Fig. 5).
 Peak purity of glycyrrhizinic acid in the sample hasbeen established with software program Waters Mille-nnium 32 by comparing the purity angle (0.119) withpurity threshold (0.269).
 The dependence of the GA peak area on the concen-tration of the injected solution was linear over the inves-tigated range of 10 to 500 µg/ml with a linear regressioncorrelation coefficient of R = 0.9994.
 The accuracy of the chromatographic procedure wasconfirmed by the method of standard addition (Table 4).
 The recovery values of GA determinations rangefrom 99.1 to 101.77 % confirming that HPLC method isboth quantitative and accurate.
 The results of GA determination in pharmaceuticalpreparation obtained by square-wave voltammetry andhigh-pressure liquid chromatography are given in Table 5.
 As it can be seen, the results obtained by voltammetricand HPLC method are precise, accurate and reproducible.
 Maked. farm. bilt., 48 (1,2) 3-8 (2002)
 Fig. 5. Chromatograms of: I - glycyrrhizinic acid, standard substance (100 µg/ml), II – sample (glycyrrhizinic acid ~ 100 µg/ml).
 Table 3. Results of recovery analysis obtained by standard additionmethod. Experimental conditions were: f = 100 Hz, Esw = 25 mV,dE = 2 mV, supporting electrolyte 0.1 mol/L KI buffered to pH 4.7.
 Table 4. Results of glycyrrhizinic acid determination by method ofstandard addition, for estimating the accuracy of the HPLC method
 Sample Added (mol/L) Found (mol/L) Recovery (%)
 Glycyrrhizinic acid - 4.97 × 10-6 4.80 × 10-6 96.58
 spray 5.9 x 10-6 6.06 x 10-6 102.71
 9.95 × 10-6 10.40 × 10-6 104.50
 I
 Gly
 cyrr
 hizi
 nic
 acid
 Sample Added (mg/ml) Found(mg/ml) Recovery (%)
 - 0.9953 -
 Glycyrrhizinic acid -
 0.25 1.2341 99.10
 spray 0.50 1.4733 98.53
 1.00 2.0306 101.77
 Method Declared (mg/ml)
 Determined (mg/ml)
 RSD (%)
 Recovery (%)
 SWV 1.0 1.037 4.84 103.7
 HPLC 0.993 1.54 99.3
 Table 5. Results of glycyrrhizinic acid determination in sample (spray)by square-wave voltammetry and high-pressure liquid chromatography
 ( ) cellsp,stcellstp,
 sp,ststs VIVVI
 IVcc
 ⋅−+⋅⋅⋅
 = II
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8 Aneta Dimitrovska, Valentin Mircevski, Svetlana Kulevanova
 Conclusion
 A new adsorptive stripping square-wave voltammetricmethod for quantitative determination of glycyrrhizinicacid in pharmaceutical preparations is proposed. Themethod is simple, fast and precise. The voltammetricmeasurement itself takes a few seconds. Moreover, it isimportant to emphasize that the proposed method couldbe applied without previous treatment of the originalpreparation. The proposed method is also attractive due tothe low cost of the electrochemical instrumentation. Theconditions for quantification of GA applying high-pres-sure liquid chromatography are also established. The pre-cision, accuracy and reproducibility of the voltammetricmethod are comparable to those of HPLC method andboth may be applied for routine analysis and determina-tion of glycyrrhizinic acid in pharmaceutical formulations.
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 Rezime
 Kvantitativno opredeluvawe na glicirizinska kiselina so kvadratno-branova voltametrija i te~na hromatografija
 pod visok pritisokAneta Dimitrovska1, Valentin Mir~evski2, Svetlana Kulevanova1
 1Farmacevtski fakultet, Univerzitet ,,Sv. Kiril i Metodij”, Vodwanska 17, 1000 Skopje, Makedonija2Institut za hemija, Prirodno matemati~ki fakultet, Univerzitet ,,Sv. Kiril i Metodij”,
 Arhimedova 5, P.O. Box 162, 1000 Skopje, Makedonija
 Klu~ni zborovi: glicerizinska kiselina, kvadratno-branova voltametrija, te~na hromatografija pod visok pritisok
 Razvien e metod na kvadratno-branova voltmetrija i te~na hromatografija pod visok pritisok za direktnoopredeluvawe na glicirizinskata kiselina vo doziran farmacvetski preparat, {to se koristi protiv virusniinfekcii. Glicirizinskata kiselina e elektrohemiski aktivna susptancija, {to podle`i na ireverzibilnaredukcija na povr{inata na `ivinata elektroda, vo voden medium. Redoks svojstvata na glicirizinskata kise-lina bea celosno prou~eni so primena na kvadratno-branovata voltametrija, kako edna od najefikasnite elek-troanaliti~ki tehniki. Voltametriskiot odgovor glavno zavisi od pH na sredinata, sostavot na osnovniot elek-trolit, kako i od parametrite na ekscitira~kiot signal. Isto taka, utvrdeno e deka voltametriskiot odgovore silno zavisen od vremeto na akumulacija i od potencijalot, koi uka`uvaat na zna~itelna adsorpcija na glici-rizinskata kiselina na povr{inata na `ivinata elektroda.
 Metodot na reverzno-fazna te~na hromatografija pod visok pritisok be{e razvien, glavno za sporedba i po-tvrduvawe na rezultatite dobieni so voltametriskiot metod.
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Introduction
 There is a body evidence which suggests that theabsorption of orally administered antigen in the intestinesstimulate particular cells in the gut-associated lymphoidtissue (GALT), especially in the Peyer’s patches (PP) lead-ing to dissemination of B and T cells to mucosal effectortissues for subsequent antigen-specific secretory IgAresponses. Anumber of potential delivery systems, includ-ing sustained-antigen releasing polymer based micropar-ticulated carriers have been used for targeting the PP andprotecting the antigen of interest from the harsh environ-ment of the GIT (1-2). Among the natural polymers form-ing the particles, gelatin is known for its excellent bio-
 compatibility due to low toxicity and poor immunogenicreaction (3). Furthermore, gelatin microspheres proved toevoke the immune response at the genito-urinary mucosa,suggesting the possibility to develop an oral vaccine (4).The strong adjuvant effect is considered to be derivedfrom, at first, their function as carriers in the GIT to deliv-er antigens to the immuno-inductive site (PP), protectingthem from enzymatic degradation. Gelatin microspherestaken up by PP gradually release the antigens, which arethen recognized as infectious substances by B cells in theGALT. It is also possible to consider that the function ofgelatin itself as an accelerator of macrophagocytosis mightrelate to the strong adjuvant effect of gelatin microspheres.
 Variations in particle size can control particle uptakeinto mucosa subepithelial regions, while the control ofmechanical characteristics as well as degradation kinetics
 Macedonian pharmaceutical bulletin, 48, (1,2) 9-14 (2002)ISSN 1409 - 8695
 UDC: 615.37.015.4
 Original scientific paper
 BSA - loaded gelatin microspheres: Comparative studies on biodegradation and drug release in
 presence of collagenase and trypsin
 Kristina Mladenovska1*, Emilija Janevic2, Marija Glavas-Dodov1, Renata Slavevska-Raicki1, Maja Simonoska1, Katerina Goracinova1
 1Institute of Pharmaceutical Technology, Faculty of Pharmacy, University “Ss. Cyril and Methodius”, Vodnjanska 17, 1000 Skopje, Republic of Macedonia
 2Institute of Pathophysiology and Nuclear Medicine, Faculty of Medicine, University “Ss. Cyril and Methodius”, Vodnjanska 17, 1000 Skopje, Republic of Macedonia
 Received June 2003; accepted August 2003
 Abstract
 Certain variations in the process parameters (emulsification time, surfactant concentration) were performed in order to prepareBSA-loaded gelatin microspheres with particle size ranging from 1 to 10 µm and high loading efficiency using a procedure origi-nally employed by Tabata and Ikada. In vitro degradation and drug release studies in the presence of trypsin and collagenase,respectively, were performed in order to evaluate the potential of gelatin microspheres as regulated and sustained release systemsfor oral vaccination. Degradation data showed that the preparation procedure had provided prolonged degradation in the presenceof both enzymes, suggesting complete in vivo degradation. Exponential dependence of the amount of drug released on time wasevidenced. The diffusion coefficients were superior to 0.5 indicating the Case II anomalous Fickian diffusion, except for the par-ticles smaller than 5 µm where in the presence of collagenase the transition to Super Case II transport was observed due to thehigher rate of polymer degradation and BSA diffusion through the matrix. The mathematical modeling of drug release showed abiphasic release pattern in the presence of both enzymes, where the rate constants for the initial time release confirmed the influ-ence of the particle size and/or enzymatic degradation rate on the drug release rate.
 Key words: Gelatin microparticles, BSA, controlled release, trypsin, collagenase
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 via gelatin cross-linking could be achieved (5-6). Thetreatment of gelatin by glutarldehyde (GTA) gives rise tothe formation of scarcely or non-soluble products whichcan slow down the release of the encapsulated drug.Cross-linking is optimal at neutral pH and requires freenon-protonated ε-amino groups of lysine and hydroxyly-sine to form imines. GTA reacts not only with aminogroups, but with carboxylic, amide and other groups ofproteins, as well. Additional polymerization by aldol con-densation results in covalent intramolecular cross-linksconnecting distant gelatin molecules.
 Gelatin degradation by all cell types can occur eitherafter phagocytosis or by extracellular protease acting ateither neutral or acid pH. At neutral pH only specific col-lagenases simply attacks the Gly-X-Y sequence and arecapable of cleaving the triple helix at multiple sites.Collagenase binds tightly to triple-helices at or near sur-face, whereas molecules in the interior become accessibleto enzymes in the course of the progressive degradationfrom the outside (6). After the triple-helix is cracked, fur-ther degradation is facilitated by enzymes such as gelati-nases and non-specific proteinases that cleave the primaryfragments into small peptides and amino acids. Compa-ring to other neutral proteinases, trypsin appeared the mostspecific enzyme for gelatin microparticle degradation (7).
 BSA-loaded gelatin microspheres were prepared byemulsification of aqueous solution of gelatin and BSA, intothe particles in an oil (8-9). FTIR-ATR spectroscopic stud-ies have confirmed that, during the preparation process andfreeze-drying procedure, only minor conformationalchanges of protein (α-helix and β-sheet content) wereinduced, owing to the effective preservation provided bythe presence of sorbitol (10-11). Variations in the formu-lation and process parameters were performed in order toprepare microspheres with high loading efficiency and anoptimal size for uptake into subepithelial mucosa 1-10 µm.It was previously shown that microspheres with diameterfrom 5 to 10 µm remained in the PP, where they inducedmucosal immunity, whereas the microspheres smaller than5 µm in diameter passed through the PP within macro-phages to stimulate systemic immunity (2, 12-13). “Model”protein, BSA, facilitated the understanding of the releasekinetics. A key parameter appeared to be the particle size,so the correlation between the biodegradation and drugrelease rates in the presence of collagenase and trypsin,respectively and drug and polymer particle size was estab-lished as an object of this research.
 Materials and Methods
 MaterialsGelatin was purchased from Merck (Germany), bovine
 serum albumin, glutaraldehyde and sorbitan monooleate(SPAN 80) from Sigma Chemical Co. (Germany), while
 sorbitol from Merck (Germany). Radiolabelling of BSAwas performed by 131I obtained from Biointernational(France). Collagenase (EC 3.4.24.3.) from Clostridiumhistoliticium lyophilised and Trypsin, EC 3.4.21.4. werekindly donated by Varus (Representative office of Merck,Germany for Macedonia).
 Preparation of microspheresThe microspheres were prepared by emulsification of
 aqueous solution of gelatin and radiolabelled 131I-BSAinto the particles in an organic phase (9). In short, 0.2 mlgelatin aqueous solution (10 w/v %) with 5 mg BSA (2.5w/v % in feed) was emulsified in a mixture of toluolumand chloroform (1:1) containing sorbitan monooleate(SPAN 80) in adequate concentration. The resultingemulsion was quickly poured into precooled mixture oftoluolum and chloroform (1:3) containing 5% m/V SPAN80. The gelatin was cross-linked with GTA-saturatedtoluene (0.05 mg mg-1 gelatin) in the emulsion at 00C for4 hours. The resulting microspheres were successivelywashed with isopropanol, purified water, and then freeze-dried at 200 Pa and - 40 0C (Christ α 2-4, Bioblock,Scientific, France) in the presence of sorbitol as a lyopro-tectant of protein structure. Variations in the formulationand process parameters, surfactant concentration andtime of emulsification (Table 1) were performed in orderto prepare microspheres with high microencapsulationefficacy and size ranging from 1 to 10 µm.
 Maced. pharm. bull., 48 (1,2) 9-14 (2002)
 Type of microspheres
 SPAN 80 concentration in emulsion, w/v%
 Time of emulsification,
 minutes
 A 5 A-1 15 A-2 30 A-3 45
 B 8 B-1 15 B-2 30 B-3 45
 C 10 C-1 15 C-2 30 C-3 45
 D 12 D-1 15 D-2 30 D-3 45
 Table 1. Formulation and process variables of gelatin microsheres
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 Microspheres size measurementThe mean diameter of the population of gelatin micro-
 spheres in aqueous dispersions was determined usinglaser diffractometry (Particle size analysette D LAB/22,Fritsh, Germany). The spherical form was based on opti-cal micrographs of gelatin microspheres (camera NikonE-800, Japan) using technique of phase contrast.
 Determination of drug loadingThe content of radiolabelled 131I-BSA entrapped in
 gelatin matrix was calculated as a percent of total radio-activity present in the supernatant and in the filtrate aftermicrosphere isolation (“well” counter Scaler Type N 529 D,EKCO Electronics, UK).
 In vitro degradation of gelatin microspheresIn vitro degradation in the presence of collagenase.
 Gelatin microspheres (0.5 mg ml-1) were suspended in calci-um (0.05 mg ml-1 CaCl2) containing PBS with collagenase(0.5 mg ml-1). In vivo conditions (37 0C, 75 Str. min-1) weresimulated in a horizontal shaker (Haake SWB 20, Fisons,Germany). At regular time intervals, the dispersion wascentrifuged at 8000 rpm for 15 min (Jouan MR 22i Cent-rifuge, France) and the amount of gelatin in the sedimentwas determined according to a ninhydrin method (14).
 In vitro degradation in a presence of trypsin. Aqueousdispersion of microspheres (1.5 mg ml-1) was used todetermine in vitro enzymatic degradation rate in the pres-ence of trypsin (0.4 mg ml-1) according to the methodproposed by Roser and Kissel (7). Turbidity was meas-ured at the beginning and during regular time intervals bythe absorbance at 546 nm (UV/VIS Lambda 16, PerkinElmer Spectrophotometer, USA).
 In vitro release of BSA from gelatin microspheresThe amount of BSA released from gelatin microspheres
 in the presence of collagenase and trypsin, respectively,was determined by measuring the radioactivity present inthe supernatants in regular time intervals. To simplify theanalysis of controlled release data, the empirical, expo-nential equation was used (11):
 Mt/Mo = ktn
 where Mt/Mo is the fraction of drug released; t is the releasetime, n is a diffusional exponent characteristic of the rele-ase mechanism, and k denotes properties of the polymerand the drug. This equation applies until 60% of the totalamount of drug is released. It predicts that the fractionalrelease of drug is exponentially related to the releasetime and it adequately describes the release of drug fromswellable and non-swellable polymer devices of vary-ing geometry. For swellable controlled release systems, the
 slope (n) of the log (drug released) vs. log (time) plot is 0.45for pure Fickian diffusion. An anomalous non-Fickian dif-fusion pattern (0.45-0.89) is observed when the rates of thesolvent penetration and drug release are in the same trans-port (n > 1) is observed when drug diffusion is rapid com-pared to the constant rate of solvent induced relaxation andswelling in the polymer (15-17). In order to determin theinitial and late time drug release rate, the in vitro release pro-files from microspheres were described using biexponen-tial function: M∝-Mt/M∝ = Ae-αt + Be-βt, where α and β arethe rate constants for the initial and late time releases (18).
 Results and Discussion
 Effect of formulation and procedure parameters onmicrospheres size and loading efficacy
 The mean diameter of microspheres prepared in thisstudy was in the range from 1.20 (+1.96) to 7.03 (+1.23)µm, which is in the frame of optimal size for uptake intoGALT and systemic immunoresponsive organs. Byextending the time of emulsification and increasing thesurfactant concentration, particle size decreased in allseries of the gelatin microspheres. Two-factorial analysisof variance (α=0.05) confirmed that the time of emulsi-fication dominantly influenced the microspheres size atall surfactant concentrations.
 During the preparation procedure, due to the manyfunctional groups BSA could be entrapped in the gelatinmatrix not through the cross-linking reaction, only, butalso by non-covalent bonding forces. High percentageof encapsulation is an important parameter to be con-sidered in order to reduce the amount of administeredmicrospheres to obtain in vivo activity. Considering thedrug loading data, a very high percentage of encapsula-tion was achieved; from 80 to 95 % (Fig. 1).
 Maked. farm. bilt., 48 (1,2) 9-14 (2002)
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 Fig. 1. BSA loading of gelatin microspheres (%) as a function of mean particle diameter;7.0 µm (A-1); 5.9 µm (B-1); 4.6 µm (D-1); 3.2 µm (A-2); 2.2 µm (C-2); 1.2 µm (D-3)
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 In vitro biodegradation studies of gelatin microspheres Degradation data of gelatin microspheres in the pres-
 ence of both enzymes showed that the GTA cross-link-ing degree, as well as additional cross-linking due to thefreeze-drying procedure provided prolonged enzymaticdegradation in all series of gelatin microspheres, sug-gesting complete in vivo degradation. For e.g., during 72 hat 370C between 84 and 90% of gelatin microsphereswere degraded in the presence of collagenase (Fig. 2a).Similarly, between 80 and 91 % of microspheres weredegraded during 96 h in the presence of trypsin (Fig. 2b).The difference in the degradation rate between the twoenzymes suggests a degree of enzyme specificity. Theseresults are in agreement with the data reported in the lit-erature for collagen nanoparticles (19) and for gelatinnanoparticles where comparing to protease and α-chy-motrypsin, trypsin appears to be the most suitable enzy-me for gelatin nanoparticle degradation (7). The statisti-cal analysis confirmed statistically significant differenceat α = .05 in degradation rate among the series with dif-ferent particle size in the presence of both enzymes.
 In vitro release studiesIn all series of gelatin microspheres, regardless the enzy-
 me present, the BSArelease profiles showed a biphasic mod-ulation characterized by an initial relatively rapid release, fol-lowed by a continuous much slower release that decreasedprogressively until complete release of BSA. If such a rele-ase profile is reproduced in vivo, the drug effect will beobtained in a relatively short period to obtain therapeutic effectand the slow release period will serve to maintain this effect.
 The BSA release followed the swelling behavior andenzymatic erosion of gelatin microspheres. Thus, the rele-ase kinetics was determined not only by the rate of enzy-matic degradation, but also by the rate of water uptakeand the rate of drug dissolution, associated with the move-ments of the swelling front, erosion front and diffusionfront. Concerning the last one, termed also as undissolveddrug front it should be emphasized that it is a function ofdrug solubility and loading. In addition, C-C bonds ofcross-linked natural polymers, such as gelatin, are char-acterized with relatively high capability to overcome thepotential energetic barrier for rotating when the polymeris in a rubbery state. Such freedom results in a series ofchanges in flexibility and conformation of polymerchains that influence on the drug liberation. Whereas inter-action between water, polymer and drug are the primaryfactors for release control, various formulation parame-ters, such as polymer grade, drug/polymer ratio and drugand polymer particle size can influence on the drug rele-ase rate to greater or lesser degree, also. Concerning allthese parameters strictly linked to the drug release kinet-ics, the differences in BSA release rate were observed inthe series of gelatin microspheres with different particlesize, and also, between the series of gelatin microspherestreated with both enzymes, separately.
 “Lag” phase of very low release was observed duringthe first hours of the study (1-3 h) depending on particlesize and enzyme present. Namely, during the 1st hour ofthe study between 5 and 10%, of BSA were released in apresence of collagenase, while the same amount of BSAwas released in a period of 3 h when trypsin was present.The time necessary for the dissolution medium to pene-trate into the gelatin matrix and enzymatic complex withthe polymeric particles to be formed can explain the delayedinitial release of BSA, while the low release in a “lag” phasecan be explained by the release of poorly entrapped andsurface associated BSA.
 The initial release of BSA was between 80 and 93% ina period of 24 h in the presence of collagenase, while inthe same initial period nearly 67 to 85% of the entrappedBSA was released from gelatin microspheres treated withtrypsin. At the same, in vitro conditions the faster waterpenetration into the spheres supported by the faster enzy-matic degradation and thus, more free drug liberationresulted in a higher percent initially released in the seriesof gelatin microspheres with lower mean diameter. Oncontrary, increase in particle size decreased the biodegra-dation rate and increased the polymer relaxation timeresulting in an extended duration of drug release. So, thehigh correlation between the particle size and the drugrelease rate in presence of both enzymes was observed.
 Maced. pharm. bull., 48 (1,2) 9-14 (2002)
 Fig. 2. Degradation profiles of gelatin microspheres in the presence of collagenase (a) and trypsin (b); particle size between 7.03 µm (A-1) and 1.20 µm (D-3)
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 Namely, in the series of gelatin microspheres with meandiameter smaller than 4 µm, between 40 and 55 % oftotal drug was released during 3 h in the presence of col-lagenase. The same percent of total drug (~ 37 %) in theseries of gelatin microspheres with mean diameter higherthan 4 µm was ~ 6 h (Fig. 3a). Similarly, in the presenceof trypsin during 9 h between 40 and 80% of BSA werereleased from particles with mean diameter between 7.03µm and 1.20 µm (Fig. 3b). These data are in correlationwith degradation data in which trypsin and collagenaseshowed different degree of specificity. Namely, it is wellknown that the action of trypsin is restricted to peptide linksinvolving the carboxylic groups of lysine and arginine. Thehydrolytic reaction is slowed down when ε-amino groupsof lysine residues are substituted; the splitting actionbeing restricted to arginyl bonds (7).
 Exponential dependence of the amount of BSA rele-ase on time was evidenced; the diffusion exponents inthe presence of trypsin were superior to 0.45 (0.58-1.04)indicating the influence of polymer relaxation and dif-fusion through the matrix in BSA release. Consideringthe exponential dependence of BSA released on time inthe presence of collagenas was observed indicatingcomplete water penetration into the spheres supportedby the faster enzymatic degradation and thus, more freedrug liberation (Table 2).
 Literature data (14, 17) confirmed that such a bipha-sic modulation of drug release is typical for swellablepolymer matrices regardless their shape, particle sizeand drug loading. Considering this, the constants for theinitial (α) and late time release (β) were determinedusing biexponential function that includes degradation,swelling and diffusion rate (Table 3).
 Conclusion
 With the aim of obtaining cross-linked gelatin-basedmicroparticles as potential adjuvant in oral immuniza-tion the resistance to enzymatic degradation and controlof drug release rate in the presence of collagenase andtrypsin was evaluated. The diffusional exponents (n)according to the general exponential release equationindicate anomalous (non-Fickian) and Case-II transportmechanism in BSA release from swellable gelatin ma-
 Maked. farm. bilt., 48 (1,2) 9-14 (2002)
 Fig. 3. BSA released (%) from gelatin microspheres in the presence of collagenase (a) and trypsin (b); particle size between 7.03 µm (A-1) and 1.20 µm (D-3)
 Table 3. Rate constants for the initial (α) and late time releases (β) according to the biexponential function
 Table 2. Exponential dependence of the amount of BSAreleased on time
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 Series of gelatin microspheres d, µm
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 Microspheres treated with
 trypsin n r n r
 A-1 (7.03) 0.99 0.991 1.02 0.987 B-1 (5.89) 1.05 0.997 1.04 0.975 D-1 (4.63) 1.17 0.990 1.03 0.962 A-2 (3.20) 1.15 0.994 1.04 0.962 C-2 (2.19) 1.18 0.980 0.79 0.978 D-3 (1.20) 1.33 1.000 0.58 1.000
 Kinetic parameters according to biexponential function Series of gelatin microspheresd, µm Microspheres treated with collagenase Microspheres treated with trypsin
 r1 α ,h−1 r2 β, h−1 r1 α, h−1 r2 β, h−1 A-1 (7.03) 0.977 0.058 0.930 0.066 0.967 0.050 0.997 0.012 B-1 (5.89) 0.999 0.081 0.957 0.071 0.986 0.094 0.948 0.012 D-1 (4.63) 1.000 0.151 0.998 0.072 0.991 0.114 0.966 0.012 A-2 (3.20) 1.000 0.155 0.948 0.072 0.997 0.129 0.981 0.012 C-2 (2.19) 1.000 0.248 0.963 0.074 0.988 0.136 0.937 0.012 D-3 (1.20) 1.000 0.321 0.938 0.078 0.999 0.289 0.989 0.013
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 trices. At the same cross-linking degree, the particle sizehas an impact on the drug release rate through the poly-mer relaxation time, diffusive processes and degradationrate. The difference in enzymatic specificity in degrada-tion rate reflects the BSA release, so the higher releaserates in the presence of collagenase were observed. Thefaster water uptake into the spheres supported by thefaster enzymatic degradation in the presence of collage-nase resulted in more free drug liberation in the series ofgelatin microspheres with lower mean diameter where atransition toward Super-Case II transport in BSA releasewas observed.
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 @elatinskite mikrosferi kako potencijalni nosa~i na antigeni:komparativni ispituvawa na brzinata na degradacija i
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 Klu~ni zborovi: `elatinski mikrosferi, albumin, kontrolirano osloboduvawe, kolagenaza, tripsin
 Podgotveni se `elatinski mikrosferi vo koi e inkorporiran albumin so koristewe na metodot na Tabata iIkada. So varijacii vo proizvodnite i vo formulaciskite parametri podgotveni se ~esti~ki so visoka efikasnostna inkorporirawe i golemina pome|u 1 i 10 µm. So cel da se oceni potencijalot na `elatinskite mikrosferi kakonosa~i za kontrolirano i naso~eno osloboduvawe antigeni po oralna primena sledeni se brzinata na degradacija ibrzinata na osloboduvawe na albuminot vo prisustvo na enzimite tripsin i kolagenaza. Eksponencijalnata zavis-nost na koli~inata na osloboden albumin vo vreme upatuva na Case II vidoizmeneta Fick-ova difuzija, osven kaj~esti~kite so dijametar pomal od 5 µm vo koi vo prisustvo na kolagenaza se zabele`uva premin kon Super Case IItransport poradi pogolemata brzina na degradacija i difuzija na albuminot niz matriksot. Ovie rezultati se vosoglasnost so biodegradacijata na ~esti~kite, pri {to se zabele`uva odredena razlika vo specifi~nosta na dejstvu-vaweto na soodvetnite enzimi. Matemati~kata obrabotka na rezultatite na osloboduvawe na albuminot poka`uvabifazna modulacija, pri {to konstantite za inicijalnoto, odnosno odlo`enoto osloboduvawe go potvrduvaat vli-janieto na goleminata i/ili brzinata na degradacija na ~esti~kite vrz brzinata na osloboduvawe na albuminot.
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Introduction
 Cholera is caused by Vibrio cholerae strains belongingto two serogroups, O1 and O139, based on their LPS struc-ture. Serogroup O1, which is responsible for the seventhcholera pandemic, is divided into three serotypes, Inaba,Ogawa and Hikojima (1). In the year 2002, World HealthOrganization (WHO) estimated that over 220,000 peoplewere stricken with cholera each year. Natural infection andcurrently available vaccines offer incomplete protection ofrelatively short duration. The long-term control of choleradepends on good personal hygiene, uncontaminated watersupply and appropriate sewage disposal. However, theimprovement of hygiene is a distant goal for many coun-tries. Thus, the availability of an effective cholera vaccine
 is important for the prevention of cholera in these coun-tries. The only vaccines recommended from WHO for mas-sive immunization of population in cholera epidemicregions is WC/rBS per oral cell vaccines. The vaccinesCVD 103-HgR is used mainly for immunization of peoplewho travel in cholera epidemic regions.
 A conjugate vaccine composed of the detoxified LPS ofV. cholerae O1 serotype Inaba bound to cholera toxin elicitsvibriocidal antibodies against both Ogawa and Inabaserotypes (2,3). The Ogawa and Inaba serotypes of V.cholerae O1 differ only by a 2-O-methyl group that is pres-ent in the non-reducing terminal sugar of the Ogawa O-spe-cific polysaccharide (O-SP) of the LPS, but is absent fromthe Inaba O-SP (4,5,6). It is thus most likely that the protec-tion induced in vaccine trials by Ogawa whole-cell vaccinesis due to the induction of antibodies recognizing only thisserotype-specific antigenic determinant.
 Abstract
 Cholera is toxin-mediated enteroinfection, with epidemic character and there are approximately 120000 death cases per yearworldwide. Protection against cholera has not been accomplished due to deficiencies in the licensed vaccines. Serum vibriocidalactivity mediated by LPS antibodies is the only immune segment correlated with the resistance of cholera.
 On the basis of literature data (Robbins JB, 1990; Ogawa Y, 1996) we synthesized glucoconjugates, composed of detoxifiedLPS from Vibrio cholerae and protein carriers. Conjugate vaccines were prepared by binding acetic acid and hydrazine-treatedlipopolysaccharide (LPS) from Vibrio cholerae O1, serotype Inaba, to cholera toxin B-subunit (CT-B) and bovine serum albumin(cBSA). Adipic acid dihydrazide was used for derivatization of oligosaccharides and 1-ethyl-3-(3-dimethylaminopropyl) carbodi-imide (EDC) as conjugating agent. SDS-PAGE, glycoprotein detection and TLC dot-blot were used for physical and chemicalanalysis of the prepared four types of conjugates. Safe level of endotoxins, measured by LAL assay was detected in all conjugates.The synthesized conjugates can be used for monitoring immunization schemes on experimental animals. It is to be expected thatconjugated vaccines are safe and efficient and that will have high immunogenic and T-dependant characteristics with long immuneprotection against cholera.
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 The new method in design of vaccines for Gram-nega-tive bacteria is trough synthesis of glycoconjugates struc-tures. The concept of the conjugates is linking the polysac-charides from bacteria with protein carrier. Immuneresponse to conjugates with sugar ligand can be MHC-I/T-dependent or T-independent (7). It is to be expected thatT-dependent carbohydrate antigens with peptide carriersto induce T-dependant humoral immunity towards carbo-hydrate determinants. Development of glycoconjugatevaccines is expected to provide protection from otherhuman bacterial pathogens with the utilization of capsularpolysaccharides, LPS oligosaccharides and other carbohy-drate determinants (8).
 The new method in the synthesis, linkage and use ofnew protein carriers and better characterization of the con-jugate vaccines will allow understanding of the mecha-nism of induction of immunity and will help in the ration-al design of high immunogenic and efficient vaccines.
 Study designThe chosen model of design for synthesis of glycocon-
 jugate immunogens is trough conjugation of carbohydratecomponent of bacterial lipopolysaccharide from Vibriocholerae 01 serotype Inaba with two different protein car-riers. This design should provide production of immuno-genic molecule with carbohydrate antigen determinant andpeptide hapten carrier. LPS as main bacterial antigendeterminant with immunogenic characteristics will beused for synthesis of glycoconjugates. Because of the hightoxicity of lipopolysaccharide molecule, detoxification forelimination of the toxic Lipid A is done with acetic andhydrazine hydrolysis of the LPS. The obtained oligosac-charides will still have immunogenic characteristics of theLPS (9,10). For multiple points linkage between carbohy-drate and protein molecule adipic acid derivatization isused (11). Bacterial B-subunit of cholera toxin (CT-B) andbovine serum albumin (BSA) are chosen as protein carri-ers. Cholera toxin is strong virulent determinant with anti-genic characteristic, and with adjuvant properties in theconjugate. The use of B-subunit is because of its nontoxic-ity and adherent character. BSA is neutral antigen proteinin the design concept of the glycoconjugates, and a haptencarrier (12).
 The linker used for conjugation should provide separa-tion of the two main glycoconjugate components, makingthem available for recognition and interaction with the ele-ments of the immune system. With carboimide conjugationand use 1-etil-3, 3-dimetilaminopropil carboimid (EDC)this need is accomplished. EDC conjugation is very effec-tive one step method for production of a large number ofpeptide-carrier immunogens (13).
 Experimental
 Materials. - Anhydrous hydrazine, adipic acid dihy-drazide (ADH); cianogenbromide (CNBr); Cholera toxinB-subunit (CT-B) from V. cholerae 569B, biotype classical,serotype Inaba; LPS was of V. cholerae O1 569B, biotypeclassic, serotype Inaba, lot VC12-19, 1-Ethyl-3-(3-dimethyl-aminopropyl) carbodiimide (EDC) and agarose were fromSigma Chemical Co., St. Louis, Mo.; Sepharose CL-4B,Sephadex G-25 and G-50 were from Pharmacia AB,Uppsala, Sweden; bovine serum albumin (BSA) standardsolution, Coomassie blue protein assay reagent, and triethy-lamine (TEA) were from Pierce, Rockford, Ill.; Limulusamebocyte lysate pyrogen was from BioWhittaker, Inc.,Walkersville, Md.; Cellular cholera vaccine was obtainedfrom Frank McCarthy, Wyeth-Ayerst Laboratories,Marietta, Pa.
 Derivatisation of the protein carrier BSA. - Native BSAis with acid character (pI 4,5-5,1). For decreasing the acid-ity cationisation is done, which makes the protein mole-cule of BSA suitable for linkage with carbohydrate ligand(14). Cationisation is done with 1,8 g EDC on 5 g nativeBSA with addition of 350 ml a.d. and mixed for 2 hours.The reaction is stopped with addition of 30 ml aceticbuffer. The product is dialyzed for 70 hours, lyophilisedand named cationic BSA (cBSA). The protein carrier CT-B is used in its native form.
 Detoxification of oligosaccharides. - LPS was detoxifiedby two methods. For acid hydrolysis 10 mg of LPS was sus-pended in 10 ml of 1% acetic acid, and was heated at 100°C for 90 min. The reaction mixture was ultracentrifuged(60,000 rpm, 10°C, 5 h), dialyzed against water and passedthrough a sterile 0.25-µm pore-size membrane and freezedried. The product was designated as O-SP and stored at -20°C. For hydrazine hydrolysis, LPS 800 mg was suspend-ed in 80 ml of anhydrous hydrazine and placed in a 37°Cwater bath for 2 h with stirring. The resultant precipitatewas washed with cold 90% acetone, centrifuged (35,000rpm, 10°C, 5 h), and passed through a 2.5- by 50-cm col-umn of G-50 Sephadex in pyrogen-free water; the void vol-ume fractions were sterile filtered through a 0.25-µm pore-size membrane and freeze dried. The product was designat-ed as deacylated LPS (DeA-LPS) and stored at -20°C.
 Derivatisation of oligosaccharides. - O-SP and DeA-LPS (10 mg/ml) activated at pH 10.5 with CNBr andbound to adipic acid dihydrazide (ADH) at pH 8.5 weredesignated as O-SP-ADH and DeA-LPS-ADH, respective-ly. The extent of derivatization was determined by 2,4,6-trinitrobenzene sulfonic acid assay (Pierce, Rockford, Ill.)using ADH as a standard.
 Maced. pharm. bull., 48 (1,2) 15-20 (2002)
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 Conjugation of oligosaccharides with protein carriers.- cBSA or CT-B were mixed with OS-P-LPS-ADH andDeA-LPS-ADH in pyrogen-free saline in equal weight,and 450 mg of 1-ethyl-3-3-dimethylaminopropyl carbodi-imide was added. The reaction mixture was maintained atpH 5.5 to 5.7 for 2 h and passed through a 2.5- by 90-cmcolumn of G-50 Sephadex in 0.2 M NaCl-0.005 M sodi-um phosphate (pH 7.3). Fractions containing protein andpolysaccharide were pooled, thimerosal was added to0.01%, and the preparations were sterile filtered and des-ignated as O-SP-cBSA and DeA-LPS-cBSA conjugateswith cBSA as carrier, and O-SP-CT-B and DeA-LPS-CT-Bconjugates with CT-B as carrier, respectively.
 Determination of physical and chemical characteristics of conjugates
 Using electrophoretic separation with PAGE-SDS, glyco-protein detection of the carbohydrate parts of the conjugateand determination of the free unbound oligosaccharides withthin layer chromatography, characterization of the chemicaland physical characteristics of the glycoconjugates was done.
 SDS-PAGE analysis: LPS, oligosaccharides and synthe-sized conjugates (in concentration 50 mg proteins per well)were analysed using polyacrylamide gel-electrophoresis insodium-dodecyl sulfate (PAGE-SDS) on a 10-15% runninggel and a 4% stacking gel (Bio-Rad). Conditions for PAGE-SDS were standard (start:100-200V 4 oC, final:200-300V12-14 oC). Synthesized glycoconjugates after PAGE-SDSwere visualized with two staining methods with differentsensitivity and affinity to protein and carbohydrate compo-nents of the conjugates. Coomassie brilliant blue has highaffinity and microgram detection to proteins but highly glu-colised proteins are hard to be identified with this dye.Because of its sensitivity to carbohydrate fractions (0,1ng/ml),a silver staining is done after the Coommassie brilliant blue(15) using Silver stain kit (Bio-Rad Labaratories).
 Glycoprotein detection of the carbohydrate componentin the synthesized glycoconjugates. - We have used biotinenzymatic reaction for detection of glycoproteins and
 visualization was done with streptavidin-alcaline phos-phatase. Using dot-blot method, detection of the carbohy-drate part of the glycoproteins is done (Immun-Blot Kitfor glycoprotein detection, Bio-Rad Laboratories). Thesamples are immobilized an nitrocellulose membrane (20mg/ml per sample), the membrane is incubated with bio-thynilated solution, washed with PBS twice and treatedwith 5 ml streptavidin alkaline phosphatase.
 Determination of present impurity in synthesized glyco-conjugates using thin layer chromatography. - TLC is usedto detect the impurity from eventually present LPS or freeunbound oligosaccharides of O-SPLPS and DeALPS in thesynthesized glycoconjugates through specific coloring withsulfuric acid. The samples in concentration of 50 mg/mlare immobilized on chromatographic plate (TLC silica gelplate 60 F254, 20x20 cm), in mobile phase (ethanol/methanol).The plate is sprayed with “CHAR” (sulfuric acid solution)reagent and determination of the carbohydrate is in form ofdark spots on the plate.
 Bioassays The LPS concentration, assayed by the Limu-lus amebocyte lysate (LAL) assay done under standard pro-cedure recommended by the kit manual (Bio-Whittaker), isexpressed in endotoxin units relative to the US standard (16).
 Results and discussion
 Chemical characterization of conjugatesThe extents of derivatization of O-SP and DeA-LPS with
 ADH are shown in Table 1. The extent of derivatization of DeA-LPS and O-SP with
 ADH is very similar (1,14% and 1,33%). The carbohy-drate/protein ratio (wt/wt) ranges from 0,67 for O-SP-cBSAto 1,30 for DeA-LPS-CT-B. The yield for all of the con-jugates was approximately 80%, as calculated by therecovery of saccharides in the conjugates comparedwith the derivative polysaccharide. The results obtainedfrom derivatization of oligosaccharides and determina-tion of protein composition of the conjugates, suggestedthat satisfactory level of conjugation between oligosac-charides and proteins was accomplished.
 Maked. farm. bilt., 48 (1,2) 15-20 (2002)
 Composition of the conjugates (mg/ml) Conjugate ADH / OS*
 (wt/wt) ADH/ protein
 (wt/wt) OS/ protein
 (wt/wt) Yield (%)
 protein OS
 O-SP-cBSA
 O-SP- CT-B
 DeA-LPS- cBSA
 DeA-LPS-CT-B
 1,21
 1,14
 1,30
 1,33
 8,6
 7,8
 8,1
 8,7
 0,67
 0,60
 0,75
 1,30
 88
 75
 79
 88
 1,8
 1,0
 0,35
 0,9
 1,22
 0,55
 0,25
 1,45
 * oligosaccharides (O-SP and DeA-LPS)
 Table 1. Characterization of V.cholerae O-SP and DeA-LPS protein conjugates
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 Determination of the electrophoretical mobility of the syn-thesized glycoconjugates with polyacrilamide gel elec-trophoresis
 Synthesized conjugates analyzed with reductive PAGE-SDS are stained with two different colors with differentsensitivity and affinity towards protein and carbohydratepart of the glycoconjugates. Electrophoretic mobility ofthe conjugates are determinate corresponding to proteinstandard (SDS-PAGE Standard Broad range 6-200 kDa)and to CT-B, cBSA, O-SPLPS, DeA-LPS and LPS.
 Coomassie Brilliant blue staining
 After Coomassie staining, the electrophoretic mobilitywas determinate for the following proteins and glycopro-teins: protein carrier CT-B showed molecular weight ofapproximately 12 kDa, protein molecule of cBSA had 60kDa, conjugates with protein carrier of cBSA had molecu-lar weight more than 60 kDa, while conjugates with pro-tein CT-B had molecular weight of 12 kDa.
 Samples from O-SP, DeALPS and LPS did not show sig-nal, because of selective staining only of the proteins withCoomassie brilliant blue. The carbohydrates present in theglycoconjugates are decreasing the mobility of the conjugatesdue to the increasing of molecular weight of 1,5 -2 kDa, whichis difficult to detect in respect to unbound cBSA and CT-B.
 Silver staining
 Using this staining method after the Coomassie stain,except for the bands of ~12 kDa (DeA-LPS-CT-B and O-SP-LPS-CT-B) and ~60 kDa (DeA-LPS-cBSAand O-SP-LPS–cBSA)
 of the synthesized conjugates, the bands from oligosaccha-rides and LPS are also detected. O-SP had molecular weightof 6 kDa, DeALPS of ~8 kDa and LPS of ~13 kDa.
 Glycoprotein detection of the carbohydrate component inthe synthesized glycoconjugates
 Glycoprotein detection of the carbohydrate componentin the synthesized glycoconjugates is done using dot-blotimmobilization of the samples on nitrocellulose mem-brane. The samples are applied in duplicates in concentra-tion of 20 mg/ml. Protein carriers CT-B and cBSA are usedas negative control, and LPS, O-SP and DeA- LPS as posi-tive control.
 Positive signal is detected in all conjugates and in car-bohydrate components LPS, O-SP and DeA-LPS ,whileprotein controls from cBSA and CT-B did not show sig-nal. The positive signal in synthesized glycoconjugates isconfirmation of the conjugation between carbohydrate andprotein components in the conjugates.
 Determination of present impurity in synthesized glyco-conjugates
 Using TLC and specific “CHAR” reagent, the eventuallypresent impurity from present LPS or free unbound oligo-saccharides of O-SPLPS and DeALPS in the synthesized gly-coconjugates is detected. LPS, O-SP-LPS and DeA-LPS areidentified on the starting place of application and are notmobile in the used mobile phase. In all conjugates the car-bohydrate component is detected, but single bands fromLPS, O-SP-LPS and DeALPS are not present which points tohigh purity of the synthesized glycoproteins.
 Maced. pharm. bull., 48 (1,2) 15-20 (2002)
 Fig.1 Comassie brilliant blue staining of SDS-PAGE gel 1. DeA-LPS-cBSA; 2. O-SP- LPS -cBSA; 3. cBSA; 4. DeA-LPS-CT-B; 5. O-SP-LPS-CT-B; 6. CT-B; 7. O-SP; 8. DeA-LPS 9. LPS
 Fig. 2 Silver staining of SDS-PAGE gel 1. DeA-LPS-cBSA; 2. O-SP-LPS-cBSA; 3. cBSA; 4. DeA-LPS-CT-B; 5. O-SP-LPS-CT-B; 6. CT-B; 7. OS-P; 8. DeALPS ; 9.LPS
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 Determination of the concentration of the endotoxins pres-ent in the synthesized glycoconjugates
 Concentration of bacterial endotoxins is determined inall synthesized conjugates and oligosaccharides. The con-jugate DeA-LPS-CT-B had a higher endotoxin level (20EU/mg). This value is in the rang of the approved concen-tration for parenteral preparations for human use (16). Vaccines are the most cost-effective way of preventing andcontrolling infectious diseases caused by microorganisms.The success of the Hib conjugate vaccine and promisingresults obtained from clinical trials of meningococcal andpneumococcal vaccines have assured an exciting futurefor glycoconjugate vaccines. Glycoconjugates can be pre-pared, using a variety of coupling strategies, from surfacecarbohydrates such as capsular polysaccharides, lipopoly-saccharides from bacteria or synthetic saccharides.Progress will be made in the development of novel vac-cines to protect against a wide variety of other human andanimal bacterial pathogens based on surface carbohydratessuch as capsular polysaccharides, LPS saccharides andless common saccharides.
 Conclusions
 We have synthesized glycoconjugates composed of car-bohydrate component from oligosaccharide specific poly-saccharide and deacetyled lipopolysaccharide of Vibriocholerae 01 serotype Inaba and protein carrier cationicbovine serum albumin and B-subunit of cholera toxin. Thesynthesized glycoconjugates DeALPS-CT-B, O-SP-CT-B,DeALPS-cBSA and O-SP-cBSA have been analyzed withglycoprotein detection method, and conjugation betweenthe carbohydrate and protein part in the glycoconjugates isconferred. The presents of impurity from the free unboundoligosaccharides and lipopolysaccharides in the synthe-
 Maked. farm. bilt., 48 (1,2) 15-20 (2002)
 Immunogen Concentration of Endotoxins (EU/µg)
 O-SP 2
 DeA-LPS 3
 O-SP-cBSA 5
 O-SP-CT-B 5
 DeA-LPS-cBSA 10
 DeA-LPS-CT-B 20
 Table 2. Concentration of endotoxins (EU/mg) in the synthesized conjugates
 Fig. 3 Dot-blot analysis in duplicates of the synthesized glucoconjugates and their protein and carbohydrate components 1. LPS; 2. O-SP ; 3. DeA- LPS; 4. CBSA; 5. CT-B; 6. O-SP- LPS -CT-B; 7. O-SP- LPS -cBSA; 8. DeA- LPS - CT-B ; 9. DeA- LPS - cBSA
 Fig. 4. TLC profile of the synthesized glycoconjugates 1. DeA-LPS-CT-B; 2. O-SP- LPS -CT-B; 3. DeA-LPS- cBSA; 4. O-SP-LPS- cBSA; 5. LPS; 6. OS-P; 7. DeA-LPS
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 sized glycoconjugates were not detected using TLC analy-sis. Electrophoretic separation and determination of themolecular weight of glycoconjugates was done usingSDS-PAGE and two different staining. Concentration ofbacterial endotoxins in all synthesized conjugates andoligosaccharides is determined using LAL test. Low levelof endotoxin concentration found in all conjugates is proofthat synthesized glycoconjugates are safe and can be usedfor future immunization of experimental animals. Theadvances in synthetic methodology, coupling technology,introduction of novel carrier proteins and better character-ization of conjugate vaccines will permit greater under-standing of the mechanisms by which these vaccinesinduce protective responses and facilitate the rationaldesign of highly immunogenic and protective vaccines.
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 Rezime
 Dizajnirawe, sinteza i opredeluvawe na fizi~ko-hemiskite karakteristiki na glikokonjugatni strukturi kako model
 na oligosaharidni vakcini na Vibrio CholeraeGrozdanova Aleksandra*, Poceva Ana, Milenkova Katerina, [uturkova Qubica
 Institut za Farmacevtska hemija, Katedra za Imunologija so imunohemija,Univerzitet “Sv. Kiril i Metodij”, Vodwanska 17, 1000 Skopje, Makedonija
 Klu~ni zborovi: vakcini, glikokonjugati, Vibrio cholerae,LPS, kolera toksin
 Kolerata e toksin posreduvana enteroinfekcija, so epidemi~ni razmeri i so pribli`no 120 000 smrtni slu~ai godi{novo svetskata populacija. Za{tita od kolera ne e postignata zaradi ograni~uvawata na dostapnite vakcini. Koristej}isoznanija od literaturata (Robbins JB. 1990; Ogawa Y, 1996) sintetiziravme glikokonjugatni imunogeni so {e}erna kom-ponenta od detoksiciran LPS od Vibrio cholerae i proteinski nosa~i. Konjugatite bea pripremeni preku vrzuvawe nalipopolisaharidot od Vibrio cholerae O1, serotip Inaba tretiran so kisela i hidrazinska hidroliza (O-SP and DeALPS)i kolera toksin B-subedinica (CT-B) i govedskiot serum albumin (cBSA). Dihrazidot od adipinska kiselina be{e ko-risten za derivatizacija na oligosaharidite, a kako konjugira~ko sredstvo go koristevme 1-ethil-3-(3-dimethilaminopropil)carbodiimide (EDC). So reduktivna SDSPAGE, glikoproteinska detekcija i TLC dot-blot analiza izvr{eno e fizi~ko-he-misko profilirawe na dobienite konjugati. Bezbedna koncentracija na endotoksini be{e utvrdeno kaj site konjugati,koristel}i LAL test. Vaka sintetiziranite glikokonjugati mo`e da se koristat za sledni imunizacii na eksperimen-talni `ivotni. Se o~ekuva konjugatnite vakcini da se sigurni i efikasni i da poka`at visoka imuno genost i T-kleto~no zavisni svojstva obezbeduvaj}i dolgotraen za{titen imunitet kon kolerata i mo`nost za razjasnuvawe namehanizmot za pojava na bolesta.
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Introduction
 In recent years liposomes (phospholipid bilayer vesicles)have attracted increasing attention as a novel drug deliverysystem for a variety of drugs such as anticancer, antifungal,anaesthetic and antibiotic agents (1-3). With regard to thetopical application, liposomes may serve as rate-limitingmembrane barriers for modulation of systemic absorption,penetration enhancers or microreservoirs for sustained andcontrolled release of encapsulated drug (4-8). Topical lipo-some formulations (as dispersions or hydrogels) could bemore effective and less toxic than the conventional topicalformulations (9, 10). This potential advantage is especiallyof great interest in topical application of highly toxic drugs,such as antineoplastics.
 5-fluorouracil is one of the most effective antineoplasticagent used for treatment of variety of tumours in many
 organs. Also, it is used topically in the treatment of differ-ent skin carcinomas (11, 12). Having in mind that lipo-somes as drug carriers may provide controlled drug release,site-directed and site-avoiding delivery (13), the encapsu-lation of 5-FU in topical liposome formulation is a reason-able approach for improvement of drug effectiveness andreduction of the side - effects.
 Considering the above-mentioned, the aim of our studywas to prepare and evaluate liposome formulations with 5-fluorouracil intended for topical application. The effect ofthe hydration conditions on the physical and biopharmaceu-tical properties of the prepared formulations has also beenconsidered. In order to determine physical properties of theprepared liposomes as a function of different hydration con-ditions, microscopic study, particle size analysis and deter-mination of the encapsulation efficiency were carried out.Also, drug release studies from liposome dispersions andcorresponding liposome gel formulations were performedto follow the effect of hydration conditions and the influ-ence of gel matrix over the release profile of 5-fluorouracil.
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 Abstract
 Liposome dispersions and liposome gel formulations for topical administration were evaluated as modified release delivery systemsfor 5-fluorouracil. Drug substance has been entrapped in the internal aqueous compartment of liposomes during the preparation. Theconcentration of 5-fluorouracil in the hydration medium was varied and the effect on the liposome characteristics was considered.Liposome gel formulations were prepared by incorporation of liophylized liposomes into a structured vehicle of chitosan. The decreaseof the amount of aqueous phase bearing total drug quantity (drug/aqueous phase ratio from 1:100, 1:60, 1:40) led to an increase of thepercentage of liposome-entrapped drug, and decreased percentage of drug release, while particle size analysis showed no changes invesicle size. Liposome gel formulations showed initially a higher drug release rate in comparision with liposome dispersions, whichcould be related to the release of “free” 5-fluorouracil, leaked from liposomes due to the process of liophylization. This was followedby slower release (after 1.5 hour) as a result of the influence of the viscosity of the gel matrix.
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 Materials and methods
 MaterialsFor the preparation of liposomes and topical gel formula-
 tions, the following materials were used: Phospholipon 90H- gel state (PL 90H, Natterman Phospholipid, Germany),cholesterol (CHOL, Galenika, Yugoslavia), 5-fluorouracil(5-FU, Ebewe Arzneimittel, Austria), chitosan (KatakuraChikkarin, Japan) and saccharose (Merck, Germany). Allother used chemicals were of analytical grade.
 Preparation and characterization of liposomesLiposomes containing 5-FU were prepared by the mod-
 ified lipid film hydration method (14). The lipid compo-nents, PL 90H and CHOL, were dissolved in chloroformand the organic solvent was removed by evaporationunder vacuum (65 0C). Afterwards, the dried lipid film washydrated with different quantities of aqueous phase bear-ing total drug quantity (5-FU in phosphate buffer pH 7.4),samples LD1, LD2 and LD3, respectively (Table 1).
 After 24 h, in order to remove an unentrapped portion ofthe drug substance, liposomes were washed with phosphatebuffer pH 7.4 and ultracentrifuged (20000 rpm, 45 min.,3 times; Ultracentrifuge MLW K24D, Yugoslavia).Liposomes were lyophilized (temperature -400C, pressure 200 Pa; Crist alpha 2-4, Bioblock, Scientific, France) usingsaccharose as a cryoprotector, incorporated on both sides ofthe phospholipid lamellae (lipid phase:saccharose = 1:1.25).
 Liposome gel formulations (LG1, LG2, LG3) intendedfor topical application, were prepared by incorporation oflyophilized liposomes (series LD1, LD2 and LD3) in struc-tured vehicle of chitosan (1% m/m) in ratio 1:3.
 Photomicrographs (standard microscope with cameraNikon, Japan; method by Nomarsky, magnification x600)were taken immediately after the preparation, after dilutionwith phosphate buffer pH 7.4 (1:1). Particle size analysiswas carried out by use of laser difractometry (Fritsch particlesize analysette D LAB/22, France).
 The encapsulation efficiency of 5-FU in liposomes wasquantified UV spectrophotometrically (266 nm; PerkinElmer, Lambda 16, USA) after dissolving of liposomes inchloroform:methanol mixture.
 In vitro dissolution studiesRelease of the drug substance from freshly prepared
 liposome dispersions and liposome gel formulations wasfollowed in vitro using dialysis through hydrophilic mem-brane of regenerated cellulose against phosphate buffer pH7.4 at 37 0C. Quantity of the released 5-FU in dialyzingmedium, within a period of 8 h, was analysed spectropho-tometrically. All experiments were carried out in triplicateand average values are presented. To deduce the mecha-nism of the drug release from the prepared formulations,the release data were mathematically processed.
 Maced. pharm. bull., 48 (1,2) 21-24 (2002)
 Samples LD1 LD2 LD3
 Lipid phase composition PL 90H : CHOL
 12:1
 12:1
 12:1
 Hydration conditions Mass ratio lipid/aqueous phase
 PL 90H-CHOL/phosphate buffer pH 7.4
 1:31.3
 1:18.8
 1:12.5
 Mass ratio drug/aqueous phase 1:100 1:60 1:40 1 % Chitosan gel base LG1 LG2 LG3
 Table 1. Formulations of liposomes
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 Fig. 1. Particle size-frequency distribution curves and cumulative distribution plots for samples LD1, LD2 and LD3
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 Results and discussion
 Characterization of liposomesMicroscopic observations confirmed formation of
 spherical vesicles with average size of 5 µm. The size-fre-quency distribution curves and cumulative distributionplots for the prepared formulations are presented in Fig. 1.
 By varying the drug/aqueous phase mass ratio during thepreparation of liposomes, different efficiency of 5-FUencapsulation has been achieved. Lower concentration of the drug substance in the hydration medium resulted in lower incorporation efficiency. At a concentration of 10 mg/ml, 16.66 mg/ml and 25 mg/ml of 5-FU in hydrationmedium (samples LD1, LD2, LD3), the efficiency of 5- FUencapsulation was 5.2, 9.4 and 15.4 %, respectively (Fig.2). The encapsulation of hydrophilic drug substance into
 liposomes bears relationship to the overall volume of aque-ous phase that is encapsulated during liposome formation(15). Having in mind that the prepared vesicles are of similar size (mean geometric diameters were 5.04 (± 2.01), 4.53 (± 2.02) and 4.75 µm (± 1.89) for samples LD1, LD2and LD3 respectively), higher encapsulation efficiency of5-FU into liposomes could be related to the higher drug con-centration in the hydration medium.
 Drug release from liposome dispersions and liposome gel formulations
 Drug releases from liposome dispersions are presentedin Fig. 3a. As it can be seen, by increasing the drug/aque-ous phase mass ratio (from 1:100, 1:60, 1:40), the releaserate of 5-FU decreased. Bearing in mind the percentage ofliposome-encapsulated 5-FU, it is obvious that formula-tions with higher percentage of encapsulated drug showedslower release rate. This may suggest that liposome bilay-er acts as a rate-limiting membrane barrier for the releaseof encapsulated drug substance.
 The release of 5-FU from liposome gel formulations wasfound to be a function of liposome characteristics and prop-
 erties of the gel matrix. Gel liposome formulations (Fig. 3b)showed initially faster release rate (first 1.5 hours) com-pared to corresponding liposome dispersions, followed by acontinuous much slower release rate. The release patternduring the first 1.5 hour could be related to the portion ofdrug substance that leaked out of liposomes during theprocess of lyophilization (1, 16). Slower release rate after1.5 hour correlates to the release of liposome entrapped 5-FU and the influence of the viscosity of the gel matrix.
 To examine the mechanism of the release of 5-FU fromliposome dispersions and liposome gel formulations, theHiguchi diffusion model and zero order kinetic were applied.Kinetic data indicated that the release of 5-FU followed the dif-fusion model of Higuchi (rate constant k = 8.55 – 14.47 %h-1/2
 Maked. farm. bilt., 48 (1,2) 21-24 (2002)
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 for liposome dispersions and k = 11.61 – 11.90 %h-1/2 for lipo-some gel formulations), while the release rate after 1.5 hourobeyed the zero order kinetic (rate constant k = 2 – 3.29 %h-1
 for liposome dispersions and k = 2.85 - 2.89 %h-1 for lipo-some gel formulations) (Table 2). This may suggest that lipo-some vesicles act as a reservoir system for controlled releaseof encapsulated drug substance 5-FU.
 Conclusion
 As a conclusion, incorporation of aqueous solution of5-FU into a lipid mixture of phospholipid PL 90H andcholesterol under the proposed hydration conditions,enable formation of liposomes with a potential use as asustained release depot. Incorporation of liposomes bear-ing 5-FU into a structured vehicle of chitosan providedformulations suitable for topical application.
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 Biofarmacevtska karakterizacija na lipozomi so enkapsuliran 5-fluorouracil za dermalna primena
 Marija Glava{-Dodov1, Emilija Fredro-Kumbaraxi1, Sema ^alis2, Katerina Gora~inova1, Kristina Mladenovska1, Maja Simonoska1, Atila A. Hinxal2
 1Farmacevtski fakultet, Univerzitet ,,Sv. Kiril i Metodij”, Vodwanska 17, MK-1000 Skopje, Republika Makedonija
 2Farmacevtski fakultet, Haxitepe Univerzitet, Ankara, Turcija
 Klu~ni zborovi: lipozomi, uslovi na hidrirawe, dermalna primena, osoboduvawe na lekovitata supstancija.
 So koristewe na modificirana tehnika na hidrirawe na lipiden film podgotveni bea razli~ni formulacii na
 lipozomski disperzii so vgradena hidrofilna lekovita supstancija 5-fluorouracil. So cel da se sogleda vlijanieto
 na razli~nite pristapi vo podgotovkata na lipozomite, kako i da se opredeli nivnata potencijalna primena kako
 depoa za prodol`eno osloboduvawe na vgradenata lekovita supstancija, formulaciite bea podgotveni pod razli~ni
 uslovi na hidrirawe na lipidniot film (odnos lek/vodena faza) i bea inkorporirani vo citozanski gel matriks.
 So varirawe na koli~inata na vodena faza vo koja e rastvorena lekovitata supstancija be{e postignata razli~na
 efikasnost na enkapsulacija na 5-fluorouracilot, pri {to namaluvaweto na koli~estvoto na vodena faza vo koja e
 rastvoren 5-fluorouracilot (masen odnos lek/vodena faza), rezultira{e so povisoka efikasnost na enkapsulacija.
 In vitro sledeweto na brzinata na osloboduvawe na lekovitata supstancija od lipozomskite disperzii i gel lipozom-
 skite formulacii poka`a deka gel lipozomskite formulacii vo sporedba so soodvetnite lipozomski disperzii davaat
 pogolem procent na inicijalno oslobodena lekovita supstancija. Ova mo`e da se pripi{e na procesot na liofil-
 izacija na lipozomite, koja neminovno doveduva do o{tetuvawe na del od vezikulite, prosledeno so izleguvawe na del
 od lekovitata supstancija nadvor od vezikulite. Vo ponatamo{niot tek na osloboduvaweto, brzinata na osloboduvawe
 na 5-fluorouracil od gel lipozomskite formulacii ne poka`a pogolemi razliki vo odnos na lipozomskite disperzii.
 Matemati~kata obrabotka na rezulatatite od osloboduvaweto na vgradenata lekovita supstancija od lipozomskite
 disperzii i gel lipozomskite formulacii poka`aa deka osloboduvaweto go sledi modelot na difuzija. Istovremeno
 po 1.5 ~asa, osloboduvaweto ja sledi kinetikata od nulti red {to ja potvrduva mo`nosta na lipozomskite vezikuli da
 funkcioniraat kako depoa na lekovitata supstancija od kade taa mo`e kontrolirano i usporeno da bide oslobodena.
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Introduction
 A lot of commonly used herbal drugs are appreciated inphytotherapy because of their flavonoid pattern. Flavonoidshave showed wide range of pharmacological activities,including antioxidant, antimicrobial, spazmolytic, diuretic,capilary protection, citostatic, etc (1-3). Quercetin is themost important flavonol and many of the above mentionedactivities are due to its presence (1-6). Besides quercetin,kaempferol and myricetin are also widely spread in theplant kingdom (7).
 The content of total flavonoids in plant materials hasbeen usually determined by spectrophotometric methodwith AlCl3 (8). The reaction between flavonoids with OH-group at C-3 and/or C-5 positions and Al3+ ions was
 used for establishing a spectrophotometric method fordetermination of total flavonoids in Betulae folium (9).The same method can be used for analysis of totalflavonoids in Sambuci flos or Tiliae flos (5). For the otherherbal drugs, it is recommended to check the accuracy andreproducibility of the method.
 Nowadays, high performance liquid chromatography(HPLC) with spectrophotometric or electrochemicaldetection is the method of choice for identification andquantification of flavonoids. Besides other advantages, themethod gives the opportunity of simultaneous identifica-tion and determination of flavonoids in plant extracts.Some of recently published data considering HPLC meas-urements of flavonols in fruits, vegetables, beverages (10-13) and berry wines (14, 15) confirm the wide range ofpossibilities of HPLC in flavonoid analysis in differentkinds of natural materials.
 Macedonian pharmaceutical bulletin, 48, (1,2) 25-30 (2002)ISSN 1409 - 8695
 UDC: 615.322.074 : 543.544.5
 Original scientific paper
 HPLC identification and determination of myricetin, quercetin,kaempferol and total flavonoids in herbal drugs
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 Abstract
 A new and rapid HPLC method for identification and determination of myricetin, quercetin, kaempferol and total flavonoids in tenherbal drugs of Macedonian origin is presented. Preparation of samples (Uvae ursi folim, Pruni spinosae flos, Sambuci flos, Betulaefolim, Primulae flos, Herniariae herba, Centaurii herba, Tiliae flos, Robiniae pseudoacaciae flos, Bursae pastoris herba) includedhydrolysis of glycosides and extraction of total aglycones with ethyl acetate. HPLC analysis with UV-diode array detection was carriedout on RP C18 column, using 5% acetic acid and acetonitrile in agradient elution mode and column temperature of 30 oC. The moni-toring of the elution is performed in the whole UV-range and the acquisition of data for quantitative analysis at 367 nm. Screening ofthe extracts showed presence of quercetin in nine, kaempferol in seven and myricetin in only one sample. The quantitative analysisshowed that the content of quercetin ranged from 0.026-0.506 % (m/m), while for kaempferol it was from traces to 1.246 %. Uvae-ursi folium and Pruni spinosae flos were rich in content of quercetin (0.482 % and 0.506 %, respectively), while Pruni spinosae flosand Robiniae pseudoaccaciae flos contained the highest amounts of kaempferol (1.246 % and 0.892 %, respectively). Myricetin wasidentified and determined only in Betulae folium (0.102 %). The content of total flavonoids in the investigated samples expressed interms of quercetin ranged from 0.040 to 1.680 %. The proposed HPLC method is convenient for use in routine analysis of myricetin,quercetin and kaempferol, as well as for estimation of total flavonoids content in herbal drugs.
 Key words: flavonols, quercetin, kaempferol, HPLC, determination
 * e-mail: [email protected]: 389 02 126-032 Fax 389 02 123-054

Page 27
                        
                        

26 Svetlana Kulevanova, Marina Stefova, Tatjana Kadifkova Panovska Trajce Stafilov
 Examination of flavonoids in Macedonian medicinalplants was recently made for Helychrisum plicatum,Hypericum perforatum, a large number of wild Thymusspecies, etc. (16-18). Continuing our work on flavonoids in medicinal plants, several herbal drugs used in Macedonianfolk medicine as spazmolytic, diuretic, antimicrobial anddiaphoretic agents (19) were chosen for further examina-tion. According to literature data, determination of totalflavonoids with the above mentioned spectrophotometricmethod is recommended for some of them (5, 8, 9). Forthe other specimens no method for determination offlavonoids has been suggested until now. The presentwork is a contribution to the research of developing meth-ods for identification and quantification of flavonoids indifferent herbal drugs using HPLC method.
 Experimental
 MaterialsPlant material: parts of plants (leaves, herbs, flowers)
 were collected in the blooming season during summer1999 and 2000 at different locations throughout the wholeterritory of Macedonia. The materials were air-dried,milled, packed in paper bags and kept in a dark and coolplace until analysis. The following specimens were inclu-ded in the investigation: Uvae ursi folim, leaves of Arcto-staphylos uva-ursi (L.) Spreng; Pruni spinosae flos, flowersof Prunus spinosa L.; Sambuci flos, flowers of Sambucusnigra L.; Betulae folim, leaves of Betula pendula Roth.;Primulae flos, flowers of Primula veris L., Herniariae her-ba, herbs of Herniaria glabra L.; Centaurii herba, herbs ofErythraea centaurium (L.) Pers.; Tiliae flos, flowers of Tiliaplatyphyllos Scop.; Bursae pastoris herba, herbs of Capselabursa pastoris (L.) Med., and Robiniae pseudoacaciae flos,flowers of Robinia pseudoacacia L.
 Reagents and authentic samples: The applied reagentswere of the highest purity (>99.95), acetonitrile HPLCgrade and glacial acetic acid (Merck, Darmstadt, Germany),authentic samples of myricetin, quercetin, and kaempferol(Extrasynthese, Lyon, France).
 Extraction procedure Milled plant material (2 g) was extracted twice with 50
 ml of acetone, 2 ml of concentrated HCl and 1 ml of 1 %solution of urotropine in water, each time. The extractionwas performed in an Erlenmeyer flask with reflux on aboiling water bath for 30 min. The extract was thencooled, filtered and filled to volume with acetone (100 ml).Then 25 ml of this extract were transferred to a separatingfunnel, 50 ml of water was added and extraction with eth-yl acetate was repeated 3 times with 15 ml each. The eth-ylacetate fractions were collected and washed three timeswith 50 ml of water each, then dried with anhydrous
 Na2SO4, filtered and evaporated to dryness under lowpressure. The residue was dissolved and filled to 10 mlwith methanol and this solution was used for identificationand quantification of flavonols by HPLC.
 HPLC analysisA Varian HPLC system equipped with a ternary pump
 Model 9012 and UV-Diode Array detector Model 9065 anda reverse phase column C18 (250 x 4.6 mm, 5 mm particlediameter) were used. The mobile phase consisted of twosolvents: 5 % CH3COOH (A) and CH3CN (B) and the elu-tion program was the following: 0-10 min 70% Asocratic,10-20 min gradient to 40 % Aand then 20-30 min 40 %A isocratic again. The flow rate was 1.0 ml/min and thetemperature was set to 30 ºC. The elution was monitoredin the UV range and the acquisition of data for quantita-tive analysis was performed at 367 nm.
 Calibration was made in the concentration range of0.049-0.490 mg/ml myricetin; 0.086-0.860 mg/mlquercetin and 0.094-0.940 mg/ml kaempferol. The limitof detection (LOD) and limit of quantification (LOQ) wereestablished by construction of a calibration curve in the lowconcentration region (0.005-0.05 mg/ml) for quercetin.
 Results and discussion
 The results from the screening HPLC analysis of theextracts obtained after hydrolysis showed that the mainflavonol component in the majority of samples was querce-tin, followed by kaempferol. Identification of flavonols
 Maced. pharm. bull., 48 (1,2) 25-30 (2002)
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 Fig. 1. Chromatograms obtained for a mixture of authentic samples of myricetin (M), quercetin (Q) and kaempferol (K) and from the extracts numbered from 1-10 as in Table 2,with detection at 367 nm (X is the unknown flavonol component) together with the UV-spectra of the flavonoidcomponents
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 was performed by comparing the chromatograms obtainedfrom the samples to the one obtained for the mixture of theauthentic samples of myricetin, quercetin and kaempferol(Fig. 1, Table 1), using the retention times together with theUV-spectra of the studied flavonols. The retention timesobtained for myricetin, quercetin and kaempferol were 5.4;9.4 and 16.3 min, respectively. This elution sequence isdirected by their structural characteristics. All threeflavonols have the same substitution pattern in the Aflavone ring. Consequently, their elution pattern dependsonly on the substitution in the B ring, which is as follows:kaempferol has one OH-group in position 4’, quercetin twoOH-groups at 3’, 4’ and myricetin three OH-groups at 3’,4’, 5’ in the B-ring. As expected, the retention is affectedby the number of OH-groups and the order of elution fromthe reverse phase column follows the rule: more polar (OH)groups » less retention on the reversed phase (non-polar)column » shorter retention time.
 Screening of the extracts showed that quercetin is themost abundant flavonol in Uvae ursi folium, Pruni spinosaefolium, Sambuci flos and Betulae folium, lesser amount wasfound in Primulae flos, Herniariae herba, Centaurii herba,Tiliae flos and Bursae pastoris herba, and only traces inRobiniae pseudoacaciae flos. Kaempferol was found to bemost abundant in Pruni spinosae flos, Robiniae pseudoaca-ciae flos and Tiliae flos, whereas myricetin was identifiedonly in Betulae folium. An unknown flavonoid componentwas found in the extracts of Primulae flos, Herniariae her-ba, Sambuci flos and Pruni spinose flos. Its UV-spectrum,which is almost identical to the one of quercetin, and reten-tion time close to kaempferol suggests that this is mostprobably quercetin with one methylated OH-group (20).
 The HPLC method used for screening analysis was thenemployed for quantitative analysis of myricetin, quercetin
 and kaempferol. 367 nm was selected as optimal wave-length for taking the areas of the peaks for quantificationbecause of the better selectivity for all three componentsand the better sensitivity for myricetin and kaempferolcompared to 254 nm (for quercetin no significant differ-ence in sensitivity was observed). The linear dependenceof the mass concentration of myricetin, quercetin andkaempferol injected in the column was established in theexamined ranges and the linear regression equations,obtained at 254 and 367 nm, with the corresponding coef-ficients of correlation are the following:
 myricetin
 254 nm: area = 6,4198·106 γR2 = 0,9995
 367 nm: area = 7,2800·106 γR2 = 0,9989
 quercetin
 254 nm: area = 8,8234·106 γR2 = 0,9995
 367 nm: area = 8,7838·106 γR2 = 0,9992
 kaempferol
 254 nm: area = 6,7326·106 γR2 = 0,9989
 367 nm: area = 8,0530·106 γR2 = 0,9999
 The sensitivity of the method was determined forquercetin by construction of a calibration curve in the con-centration region approximated as a detection and quan-
 Maked. farm. bilt., 48 (1,2) 25-30 (2002)
 Plant material Myricetin (M)
 tR-5.4 Quercetin (Q)
 tR-9.4 Kaempferol (K)
 tR-16.3 Unknown (X)
 tR-16.9
 1 Tiliae flos - + +++ - 2 Uvae ursi folium - +++++ + - 3 Pruni spinosae flos - +++++ +++++ + 4 Sambuci flos - ++++ + ++ 5 Betulae flos + ++++ - - 6 Primulae flos - +++ ++ ++++ 7 Herniariae herba - ++ traces ++ 8 Centaurii herba - ++ ++ - 9 Robiniae pseudoacaciae flos - traces +++++ -
 10 Bursae pastoris herba - + + -
 * not found in the extract; ** relative quantity approximated in relation to peak area at 367 nm.; tR - retention time in min
 Table 1. Results of the qualitative analysis of flavonols in plant extracts after hydrolysis
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 tification limit (550 mg/ml). The regression equation or the low concentration curve for quercetin is: area= 8.7913·106 g (quercetin), SD = 11278, R2 = 0.9980.
 The limit of detection was calculated as three times theratio between the SD and the slope of the low concentra-tion curve (LD=3·SD/slope) and the limit of quantificationas ten times this ratio (LQ=10·SD/slope) (21). For quercetinthe LD and LQ were found to be 0.004 mg/ml and 0.013mg/ml, respectively. Having in mind the comparablecharacteristics of these three compounds, the values forLD and LQ for myricetin and kaempferol were estimatedaccording to the ratio of the slopes of the calibrationcurves for quercetin and the other two flavonols. In thisway the LD for myricetin and kaempferol was estimatedas 0.005 and 0.004 mg/ml, and the LQ as 0.016 and0.014 mg/ml, respectively.
 The content of myricetin, quercetin and kaempferol ininvestigated herbal drugs were determined in the extractsobtained after acid hydrolysis of the plant material andextraction of aglycones with ethylacetate. The results arepresented in Table 2. The content of total quercetin rangedfrom 0.026 % in Bursae pastoris herba to 0.506 % in Prunispinosae flos, while the content of total kaempferol rangedfrom 0.026% in Uvae ursi folium to 1.246 % in Pruni spinosaeflos. 0.102 % myricetin was determined in Betulae folium.
 According to the obtained chromatograms, only theinvestigated three flavonols together with the one markedas X were identified as flavonoid compounds. They all havesimilar UV-spectra (especially myricetin, quercetin and X)which justifies the introduction of a method for estimatingthe quantity of total flavonols in terms of quercetin as themost readily available of all flavonoids. This methodinvolves summation of the areas of the peaks attributed toflavonols (according to UV-spectra) obtained at 367 nm and
 calculating the content of total flavonols expressed in termsof quercetin. The results from application of this approachare presented in the last column of Table 2, where accord-ing to this criterion the flavonol content ranges from 0.040to 1.680 % for Pruni spinosae flos which is the richestsample in content of flavonols.
 It is well known that Betulae folium and Sambuci flos areappreciated in phytotherapy because of their flavonoid con-tent. Among other measurements, quality control of theseherbal drugs includes spectrophotometric determination oftotal flavonoids with AlCl3 (5). Thus the content of totalflavonoids in Betulae folium should not be less than 1.5 %expressed as hyperozid, as well as 0.8 % for Sambuci flos,calculated as isoquercitrin (5). In quality control of Tiliaeflos determination of the swelling index is accepted as aquantitative standard although it is well-known thatflavonoids are probably the most important active compo-nents in this drug. Other specimens, such as Primulae flos,Pruni spinosae flos and Robiniae pseudoacaciae flos, con-tain predominantly quercetin and kaempferol as flavonolcomponents (1-5). No method for quantitative determina-tion of these components was suggested until now. On theother hand, in quality control of Uvae ursi folim determina-tion of arbutin was accepted as quantitative standard.Among other investigations, bitterness index for Centauriiherba and hemolytic index for Herniariae herba wereaccepted as tests for evaluation of their quality, as well.
 The present work offers a new and rapid HPLC methodfor assay of flavonols and determination of myricetin,quercetin, kaempferol and total flavonoids in herbal drugs,which can be used in routine analysis of these plant mate-rials. The method is particularly recommended for theherbal drugs for which no method for quantitative stan-dardization has been proposed yet.
 Maced. pharm. bull., 48 (1,2) 25-30 (2002)
 Plant material Myricetin ω / %
 Quercetin ω / %
 Kaempferol ω / %
 Total flavonoids (in quercetin)* ω / %
 1. Tiliae flos − 0.046±0.002** 0.194±0.004 0.238
 2. Uvae ursi folium − 0.482±0.004 0.026±0.001 0.520
 3. Pruni spinosae flos − 0.506±0.010 1.246±0.020 1.680*
 4. Sambuci flos − 0.281±0.008 0.028±0.002 0.388*
 5. Betulae flos 0.102±0.002 0.312±0.014 − 0.410
 6. Primulae flos − 0.197±0.008 0.122±0.002 0.606*
 7. Herniariae herba − 0.102±0.002 traces 0.226*
 8. Centaurii herba − 0.092±0.008 0.072±0.002 0.182
 9. Robiniae pseudoacaciae flos − 0.047±0.002 0.892±0.016 0.842
 10. Bursae pastoris herba − 0.026±0.002 traces 0.040
 * the flavonol X is also considered; ** mean average content ±SD (n=3).
 Table 2. Results from determination of myricetin, quercetin, kaempferol and total flavonoids in air dried plant material (in %)
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 Conclusion
 HPLC analysis of flavonols in 10 herbal drugs ofMacedonian origin, showed that quercetin is the mostabundant flavonol in Uvae ursi folium and Pruni spinosaeflos. Kaempferol was most abundant in Pruni spinosae flosand Robiniae pseudoacaciae flos, whereas myricetin wasidentified only in Betulae folium. The content of quercetinranged from 0.026-0.506 %, while for kaempferol it wasfrom traces to 1.246 %. The proposed HPLC method foridentification and determination of myricetin, quercetin,kaempferol and total flavonoids is rapid and suitable foruse in routine analysis of flavonols in herbal drugs.
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 Rezime
 HPLC identifikacija i opredeluvawe miricetin, kvercetin, kemferol i vkupni flavonoidi vo rastitelni drogi
 Svetlana Kulevanova1*, Marina Stefova2, Tatjana Kadifkova Panovska3 Traj~e Stafilov2
 1Institut za farmakognozija, Farmacevtski fakultet, Vodwanska 17,1000 Skopje, R Makedonija2Institut za hemija, Prirodno-matemati~ki fakultet, p. fah. 162, 1001, Skopje, R Makedonija1Institut za toksikologija, Farmacevtski fakultet, Vodwanska 17, 1000 Skopje, R Makedonija
 Klu~ni zborovi: flavonoli, kvercetin, kempferol, HPLC
 Vo trudot e pretstaven nov i brz HPLC metod so spektrofotometriska detekcija za identifikacija i opredelu-vawe kvercetin, kemferol, miricetin i vkupni flavonoidi vo deset rastitelni drogi od makedonsko poteklo.Podgotovkata na rastitelniot materijal (Uvae ursi folim, Pruni spinosae flos, Sambuci flos, Betulae folim, Primulae flos,Herniariae herba, Centaurii herba, Tiliae flos, Bursae pastoris herba) vklu~uva hidroliza na heterozidnite oblici naflavonoidite i ekstrakcija na vkupnite flavonski aglikoni so etil acetat. Vo HPLC analizata e koristenareverzno fazna kolona C18, gradientno eluirawe so sme{a od 5% ocetna kiselina i acetoniril i temperatura nakolona 30 oC. Kvalitativnata analiza na flavonoidite poka`a prisustvo na kvercetin vo devet ispituvani prime-roci, dodeka kemferolot be{e najden vo sedum. Kvantitativnata analiza poka`a deka kvercetinot e zastapen vokoli~estvo od 0,03-0,51 %, a kemferolot od tragi do 1,25 %. Uvae ursi folium (0,49 %) i Pruni spinosae flos (0,51 %) sesurovini najbogati so kvercetin. Surovini bogati so kemferol se Pruni spinosae flos (1,25 %) i Robiniae pseudoacacieflos (0,89 %). Predlo`eniot HPLC metod e pogoden za rutinsko opredeluvawe kvercetin, kempferol, miricetin ivkupni flavonoidi vo navedenite rastitelni drogi.
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Introduction
 Existing scientific data show that from approximately1000000 analysed chemical substances that are in a pre-clinical trial phase, performed in a scientific research anddevelopment institutions in the world, only one or two arewith physic-chemical, pharmacological and safety charac-teristics, suitable for further development and modificationwith the final target of producing active substance withdesired therapeutic effects (1). Having these facts as a back-ground, most of the pharmaceutical companies are orientedto design a new pharmaceutical form, instead of researchand design of new drug products. Targeting drugs today’sthrough carrier system is a central theme of pharmaceuticaldevelopment and accent is paid on the use of the existingpotential resource of marketed and patented drug substanceswith known therapeutic effect and modification of theirpharmaco-therapeutic characteristics (2). Improvement intheir pharmaco-therapeutic characteristics is achieved with
 decreasing/minimizing their side effects through chemicalmodification of drug substance and further incorporation insuitable drug system-carriers. Colloidal drug carriers asliposomes and nanoparticles can be used to improve thetherapeutic characteristics of marketed and new drugs, by modifying their distribution and increasing their effica-cy/safety and by reducing their system toxicity (3). Designof the liposome carrier concept in order to achieve a phar-maceutical level and development of liposomes as poten-tial drug carrier for therapeutic agents took more than 2 decades (4). In recent years, liposomes are widely usedas carrier systems for many drugs, including small molecu-lar weight drugs, therapeutic proteins, chemotherapeuticagents, antigens, immunomodulators, chelating compounds,haemoglobin, diagnostic agents etc.
 5-fluorouracil is inactive, pyrimidine “prodrug”, widelyused as an antineoplastic agent in the treatment of commonmalignacies, in the form of injection, cream, topical solution,tablets etc. Due to the various side effects of 5-fuorouracil,use of liposomes as a drug delivery system gives a site-spe-
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 Irena Stojanovska1, Suzana Trajkovic-Jolevska2*, Aneta Dimitrovska2
 1Novo Nordisk A/S Representative Office Macedonia, 1000 Skopje, Republic of Macedonia2Faculty of Pharmacy, Vodnjanska 17, 1000 Skopje, Republic of Macedonia
 Received March 2003; accepted August 2003
 Abstract
 5-fluorouracil is used as an antineoplastic agent in the treatment of several malignant neoplasm, alone or in a combination with other anti-neoplastic drugs. Due to the difficulties in delivery of antineoplastic drugs on the target place, serious adverse events and hazardous effects,recent advanced researches are focused on the topical colloidal systems as drug carriers for the chemical substance. Colloidal drug carriers, asliposomes, can improve the therapeutic effects of the chemical substances by modifying their distribution and increasing their efficacy.
 The aim of this study was to develop HPLC method for quantitative determination of encapsulated 5-fluorouracil in lyophilized liposomes.HPLC method was developed using the following chromatographic conditions: column- LiChrospher 60, RP Selected B, 125 x 4 mm,
 5 µm; mobile phase - 0.02 M phosphate buffer pH 4.7; flow rate of 1.0 ml/min; column temperature 20 ºC; UV - detection at 266 nm; injectionvolume - 20 µl. Linear relationship was obtained in the concentration range of 10-100 µg/ml, r=0.9999. Accuracy of the method was confirmedby standard addition method. Determination of encapsulated 5-fluorouracil in lyophilized liposomes was carried out with RSD of 0.71 %.
 The proposed method could be used for rapid and precise quality control of lyophilized liposomes with 5-fluorouracil, used as drugdelivery system, prepared for further incorporation in pharmaceutical dosage form-gel.
 Key words: 5-fluorouracil, liposomes, quantitative determination, HPLC
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 cific delivery of the active substance and increased durationof action with increased therapeutic efficacy. Furthermore,incorporation of liposomes with 5-fluorouracil in pharma-ceutical dosage form, for example gel, gives more comfort-able way of administration to the patients (5).
 The official monographs of 5-fluorouracil in USPXXIV and Ph. Eur. 2000, prescribe quantitative determi-nation of 5-fluorouracil with titrimetry technique using 0.1N tetrabutylammonium hydroxide in a presence of thymolblue as indicator solution (6,7).
 USP XXIV prescribed UV-spectrophotometric determi-nation of 5-fluorouracil in injection, cream and topicalsolution at 266 nm, using phosphate buffer pH 4.7 as a sol-vent (6). Previous treatment of the samples for cream andtopical solution included multiple extraction procedureusing ethyl ether and chloroform.
 Several methods based on high-performance liquid chro-matography (HPLC) have been developed for assay of 5-fluorouracil (8-10). Reported reversed-phase HPLC meth-ods are used for quantitative determination of 5-fluorouracilin various material as serum, plasma and solid pharmaceuti-cal dosage forms. Mobile phases used in these methods are0.02 - 0.05 M phosphate buffers pH 4.7 and UV detection at266 nm. Ion pair HPLC method has been reported for thedetermination of 5-fluorouracil in human serum (11) usingmobile phase, which was a combination of tetrabuthylam-monium bromide, tetrabutylammonium hydrogen sulfate,methanol, sodium acetate and phosphate buffer and UVdetection at 266 nm. Another ion pair HPLC method wasused for separation of 5-fluorouracil from its related sub-stances uridin and uracil in plasma (12). The methodemploys the use of internal standard and organic extractionprocedure. A sensitive reversed-phase HPLC method wasdeveloped for quantitative determination of 5-fluorouraciltraces on vials (13). Mobile phase used in this method is0.05% phosphoric acid pH 2.5 and UV detection at 266 nm.
 The aim of our study was to develop HPLC method forquantitative determination of encapsulated 5-fluorouracilin lyophilised liposomes used as drug delivery system,formulated for further incorporation in pharmaceuticaldosage form - gel.
 ExperimentalI. Preparation of liposomes with 5-fluorouracil Liposome formulation containing 5-fluorouracil were
 prepared at the Institute of Pharmaceutical Technology atthe Faculty of Pharmacy, Skopje, using film hydrationtechnique (14). Optimized formula for the preparation ofliposomes, which gives the highest % of encapsulation of5-fluorouracil of approximately 25% was used for thepreparation of the sample (Phospholipon 90H/cholesterol=15:1 and drug/aqueos phase = 1:40) (15).
 Lipid components were dissolved in chloroform and thesolvent was evaporated under reduced pressure at 65°Cuntil no chloroform odour could be detected in the vessel.An aqueous phase was prepared separately by dissolving5-fluorouracil in phosphate buffer pH 7.4. Lipid film washydrated with aqueous phase and unentrapted drug wasremoved by washing the liposomes with phosphate bufferpH 7.4 and ultracentrifugation (25 000 rpm, 20 min, threetimes). Phosphate buffer was used for reconstitution ofpellets and for lyophilization.
 Empty liposomes (without active substance 5-fluo-rouracil) were prepared in the same manner and same timeas liposomes with 5-fluorouracil.
 II Quantitative determination of encapsulated 5-fluo-rouracil in lyophilized liposomes
 Standard solutionThe stock standard solution with 5-fluorouracil (1 mg/ml)
 was prepared in phosphate buffer pH 4.7. Standard solu-tions for the construction of the calibration curve (in therange of 10-100 µg/ml) and working standard solution (40 µg/ml) were prepared with further appropriate dilu-tions with phosphate buffer pH 4.7.
 Sample solution Quantity of lyophylized liposomes of approximately 0.8 g
 (accurately weighed) was transferred to the volumetric flaskof 50 ml, 20 ml chloroform was added and the flask wasplaced in the ultrasonic bath for 15 min, with slightly heating.After cooling at the room temperature, the flask was filledwith phosphate buffer pH 4.7 to the volume. The sample wascentrifugated on 3000 rpm for 25 min. 1.0 ml of the clear cen-trifugate was transferred to the volumetric flask of 10.0 mland filled with phosphate buffer pH 4.7 to the volume.
 Sample solution of empty lipsomes was preparedaccording to the same procedure.
 All solutions were filtered through 0.45 µm membranefilter, before injection.
 III. Apparatus A Waters HPLC equipped with Waters 600 E pump,
 Rheodyne 7725i manual injector and Photodiode ArrayDetector 996 was used. Column used was LiChrospher
 60, RP Selected B, 125 x 4 mm, 5 µm. The mobile phasewas 100 % 0.02 M phosphate buffer pH 4.7. Chroma-tographic condition set for this method was: flow rate 1.0 ml/min; column temperature 20°C; UV detection at266 nm; injection volume 20 µl.
 Results and Discussion
 Determination of the content of encapsulated 5-fluo-rouracil in lyophilized liposome formulation involvesusage of organic solvent capable to destroy lipid structure,
 Maced. pharm. bull., 48 (1,2) 31-34 (2002)
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 to release encapsulated 5-fluorouracil and to extract thereleased active substance in suitable solvent. 5-fluo-rouracil is sparingly soluble in water, slightly soluble inalcohol and practically insoluble in ethyl ether and chloro-form. In the manufacturing procedure, chloroform wasused as a solvent for the preparation of the lipid film. Inthe analytical procedure, chloroform was also used as asolvent for lyophilized liposomes and the extraction of thereleased 5-fluorouracil was carried out with phosphatebuffer pH 4.7. Phosphate buffer pH 4.7 was suitable sol-vent because it was used as mobile phase as well.
 Under the proposed chromatographic conditions, theretention time of approximately 2.4 min for 5-fluorouracilwas obtained. The chromatograms of standard solution(a), empty liposome sample solution (b) and liposomesample solution (c) are presented in Fig. 1.
 Linear relationship over the concentration range of 10 – 100 µg/ml of 5-fluorouracil was obtained. The cali-bration curve was constructed by the results obtained forthe peak areas versus concentration. The linear regres-sion equation obtained by a least-squares method was y = 1.0517 + 0.3392 c; r = 0.9999.
 Precision of the method was confirmed by determina-tion of:
 - Repeatability of the system with 6 successive injec-tion of standard solutions at working concentration withRSD value 0.22 % and
 - Repeatability of the method with 6 successive injec-tions of sample solutions at working concentration withRSD value 0.71 %.
 The results of the determination of encapsulated 5-fluo-rouracil in a lyophilized liposomes are presented in Table 1.
 The results obtained have shown that the encapsulatedamount of 5-fluorouracil in a lyophilized liposomes pre-pared with the lipid film hydration technique is 25.47 %.These results are in accordance with the latest literaturereported data indicating that the highest % of encapsula-tion of active substance in liposomes prepared accordingto this technique is up to 30 % (14).
 Accuracy of the method was confirmed by the standardaddition method performed by adding 5-fluorouracil stan-dard solution in amount of 50, 75 and 100% over thedetermined encapsulated content in lyophilized liposomesand results are shown in Table 2.
 The obtained recovery values of 96.74 – 98.22 % indi-cated that the proposed method is quantitative and accurate.
 Detection limit and quantification limit were deter-mined with the method based on the calibration curvestudied using samples containing an analyte in the rangeof approximate DL and QL. The obtained values for DLand QL were 0.24 µg/ml and 0.78 µg/ml, respectively.
 Maked. farm. bilt., 48 (1,2) 31-34 (2002)
 Fig. 1a. Chromatogram of standard solution of 5-fluorouracil(40µg/ml)
 Table 1. Results of the determination of encapsulated 5-fluorouracil in lyophilized liposomes*
 Fig.1b. Chromatogram of the empty liposomes solution
 Fig. 1c. Chromatogram of the sample solution of 5-fluorouracil (40 mg/ml)
 Measured mg/g*
 Encapsulated mg/g*
 SD mg/g*
 RSD %
 100 25.47 0.18 0.71
 *prepared according to the optimized formula (15) using film hydration method: drug/lipid phase = 1:3.2; drug/aqueous phase = 1:40
 Table 2. Results of 5-fluorouracil determination in lyophlized liposomes by standard addition method*
 Encapsulated mg/g*
 Added mg/g*
 Calculated mg/g*
 Determined mg/g*
 Recovery %
 12.00 37.47 37.17 99.22
 18.00 43.47 42.05 96.74 25.47
 24.00 49.47 48.18 97.40
 drug/lipid phase = 1:3.2; drug/aqueous phase = 1:40
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 Conclusion
 A simple and rapid reversed-phase HPLC method forquantitative determination of 5-fluorouracil in lyophilizedliposomes was developed. The proposed method is precise,accurate and reproducible. The content of encapsulated 5-flu-orouracil in lyophilized liposomes determined by the pro-posed HPLC method was found to be 25.47 % which is inaccordance with the reports in the literature indicating maxi-mum 30% encapsulation of active component in liposomesusing lipid film hydration technique for their preparation (14).
 The method could be also used for determination of theactive substance in the pharmaceutical dosage forms (gel)prepared with incorporation of 5-fluorouracil loaded lipo-somes, as well as in-process quality control of a previousprepared intermediate product (liposome dispersion).
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 HPLC opredeluvawe na enkapsuliran 5-fluorouracil vo liofilizirani rastvori
 Irena Stojanovska1, Suzana Trajkovi}-Jolevska2, Aneta Dimitrovska2
 1Novo Nordisk A/S Pretstavni{tvo za Makedonija, 1000 Skopje, R. Makedonija2Farmacevtski fakultet, Vodwanska 17, 1000 Skopje, Republika Makedonija
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 5-fluorouracil se upotrebuva kako antineoplasti~en agens pri lekuvawe na pove}e maligni neoplazmi, sam ilivo kombinacija so drugi antineoplasti~ni lekovi. Poradi pote{kotiite vo ispora~uvaweto do celnoto mesto, kakoi poradi mnogute nesakani dejstva na antineoplasti~nite lekovi, najnovite istra`uvawa se odnesuvaat na upotre-bata na koloidni sistemi kako nositeli za aktivnata supstancija. Koloidni nositeli, kako lipozomite, mo`at dago podobrat terapevtskiot efekt na hemiskite supstancii preku modifikuvawe na nivnata distribucija i zgole-muvawe na terapevtskata efikasnost.
 Celta na ovoj trud be{e da se razraboti HPLC metod za kvantitativno opredeluvawe na enkapsuliran 5-fluoro-uracil vo liofilizirani lipozomi. Razraboten e HPLC metod so upotreba na reverzno fazna kolona LiChrospher
 60 RP B selected, 125 x 4 mm, 5µm; kako mobilna faza be{e koristen 0,02M fosfaten pufer pH 4,7; protok od 1,0 ml/min;temperatura na kolona 20 oS; UV-detekcija na 266 nm i volumen na injektirawe 20 µl. Linearnosta na metodot be{eispitana i utvrdena vo opsegot na koncentracii od 10-100 µg/ml, r=0,9990. To~nosta na metodot be{e potvrdena sometodot na standardni dodatoci. Sodr`inata na enkapsuliran 5-fluorouracil vo liofoliziranite lipozomi be{eopredelena so vrednost na RSD od 0,71%.
 Predlo`eniot HPLC metod mo`e da bide upotreben za brza i precizna kontrola na kvalitet na liofiliziranilipozomi so 5-fluorouracil, kako sistem za isporaka na lekovita supstancija, podgotveni za ponatamo{no vgradu-vawe vo doziran farmacevtski oblik-gel.
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Introduction
 The renal tubular system consists of several segmentswith special functions. It is known that various pathologi-cal processes and toxins influence on specific parts of thesystem, initially very fast, leaving the others undamaged(1). Therefore, diagnosis of processes affecting specificsegments of the tubular system requires complementarymethods specific for different portions of the nephron.Urinary enzymes and specific proteins in urine have beenrecommended as useful markers for the detection ofchanges in the kidney tissue in cases with acute renal fail-ure, acute tubular necrosis, acute rejection episode andnephrotoxicity in cases after transplantation (1,2).
 The most common and potential limiting consequenceof Cyclosporine therapy is renal dysfunction (3). Coupledwith renal pathological changes and systemic hyperten-sion, this adverse effect can lead to chronic and even end-stage kidney failure (4).
 Cyclosporine is a neutral, cyclic polipeptide with 11amino acids, which is extremely hydrophobic. This is relat-ed partialy to its wide volume of distribution and high con-centration in fat, liver and pancreas.The kidney does notpreferentially accumulate extentsive tissue stores of cyclop-sporine. Cyclosporines is highly bound to red cells andlipoproteins in blood, and in fact, only 5-10% of the drugremains “free”. Therefore, variation in lipoprotein andhematocrit values may affect therapeutic efficacy and toxic-ity. Due to limited excretion of unchanged cyclosporine orits metabolites by the kidney, no dosage adjusments arerequired for patients with pre-existing renal dysfunction (3).
 Throughout the extensive metabolism, cyclosporine ismetabolized to multiple metabolites by hepatic cytochromeP-450, mixed-function-oxidase enzymes. This leads to clini-cal relevant drug interactions. Drugs that inhibit cytochromeP-450 enzymes increase concentration of parent cyclo-sporine and may cause nephrotoxicity, hypertension and oth-er side-effects. Conversely, drugs that induce these enzymesreduce parent cyclosporine concentration and lead to reduc-tions in the drugs immunosuppressive to the unchanged drug.
 Abstract
 The introduction of cyclosporine A (CsA) into the clinical practice has resulted in a major improvement in the short-term outcomes ofsolid organ transplantation and treatment of autoimune diseases. Chronic ScA nephrotoxicity has been described in kidneys of recepientsof renal and other organ allografts. However, the exact mechanism underlying the development of fibrosis in chronic CsA nephrotoxici-ty has remained poorly understood. Evaluation with the validation data set showed that noninvasive urine protein differentiation might bea useful diagnostic strategy in nephrology. Over the past decade numerous studies in patients after transplantation have demonstrated thatrenal tubular cell injury after a toxic insult, results in sloughing of tubular debris and cell into the tubular lumen with eventual obstructionof tubular flow, increased intratubular pressure and backleak of glomerular filtrate out of the tubule. Urinary enzymes and low molecularproteins have been recommended as useful markers for the detection of changes in the kidney tissue in cases after renal transplantation.
 The aim of our study was to monitor the concentration and eventual nephrotoxic effect of Cyclosporine A using the concentration of lowmolecular proteins α-1-microglobulin and β−2-microglobulin, serum Cystatin C, as well as the concentration of isoform of GST-α and π.
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 Cyclosporine (CsA) has improved one-year allograftsurvial in renal, liver, heart and pancreas transplantation, andhas lately also been advocated as a promising treatment forsome autoimmune diseases (3). However, the use of CsA isassociated with major nephrotoxicity, very likely being a con-sequence of its toxic effect on vascular endothelium, consis-tently documented in experimental animals and humans.Evidence is now available that in kidney transplant recipients,each oral dose of CsA if followed by a transient reduction inrenal plasma flow and glomerular filtration rate that resultsfrom a form of acute reversible renal hypoperfusion (5).
 The aim of our study was:To select the urinary enzymes and low molecular uri-
 nary proteins which have diagnostic and predictive valuefor rejection after renal transplantation
 To point out the diagnostic and clinical importance offollow-up study of glomerular and tubular proteins aftertransplantation
 The present investigation is focused especially onpointing out the differences between acute rejectionepisode (ARE) and CsA nephrotoxicity, using specific uri-nary enzymes and proteins as markers. It also aims at cre-ating diagnostic laboratory background for the clinicians,and to providing helpful information for identifying thedifferences between the relevant different complicationsprior to clinical symptoms, without expansive and danger-ous invasive investigation.
 Exprimental
 The control group comprised 30 healthy individuals,with no cardiac, liver or renal diseases or hypertension andwith normal urine analysis and normal serum urea, creati-nine and Cystatin C concentration.
 Urine samples were collected and evaluated from 48patients after renal transplantation during a period of 24hat room temperature, and their volume was measuredsometimes second morning urine was also used.
 Patients with transplants were classified in two groupsdue to their clinical diagnosis:
 Patients with normal graft function (NGF), N=28, withspontaneous decrease in serum creatinine or Cystatin Clevel immediately after transplantation
 Patients with acute rejection episode (ARE), N=20,characterized with increasing serum creatinine, Cystatin Cconcentration, diminished daily urine volume, graft ten-derness and enlargement, and nephrotoxic effects ofimmunosuppressive therapy (Cyclosporine A)
 The concentration of α-1-microglobulin, β-2-micro-globulin, IgG, albumin in urune, Cystatin C and β-2-micro-globulin in serum were determined using immunoturbidi-
 metric method according to DAKO-Instruction cataloque(mg/l) (6). Urinary enzyme activities of N-acetyl-β-d-glu-cosaminidase (β-NAG) (7), alanin aminopeptidase (AAP),(U/mmol creatinine) α/π GST(ng/l) were determined withstandard validated methods (8).
 Results and disscusion
 The activity of urinary enzymes (β, NAG, AAP, α/pi GST)and concentration of low molecular proteins are presentedin Table 1. The results showed that the obtained values(SD) were in close correlation with the already publishedones (4,9,10,11).
 The excretion of urinary enzymes β-NAG and AAP hascontroversial diagnostic value 2-7 postoperative days,although these enzymes can indicate the ability of the graftto regenerate. In significant enzymuria in the early postoper-ative period, the values decrease to the normal range for 3-5days. It is important to note that mean values of the investi-gated enzymes were lower that those of the control group(Fig.1), and they reached the reference values after 6-7 days(AAP 1.38 + 0.18, β-NAG 0.68 + 0.35 U /mmol creatinine).
 At the same time, monitoring the concentration ofCystatin C in serum, the new biomarker of glomerular fil-tration rate, our results have shown that it decreased morerapidly than creatinine (Fig.2).
 Maced. pharm. bull., 48 (1,2) 35-38 (2002)
 N X SD Min-Max
 α-1- Microglobulin urine,mg/l 50 10.0 2.0 8.0-14.0
 Albuminuria Mg/l 50 12.0 6.0 6.0-20.0
 β-NAG- U/mmol creatinine 50 0.72 0.5 0.2-1.20
 β-2 Microglobulin serum mg/l 50 1.65 0.66 0.65-2.75
 á -GST ng/l 50 3.7 2.3 1.4-6.0
 π-GST ng/l 50 13.4 5.3 8.1-18.7
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 Fig.1. Activity of AAP and β-NAG in patients with stable graft function
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 The ability (capacity) to detect a reduction in GFR was alsoshown to be better for serum Cystatin C, than for serum crea-tinine. Similar results were obtained by Bricon group (12).
 In cases of acute rejection episode induced by Cyclo-sporine A, toxicity changes of Cystatin C concentration ishigher compared with creatinine concentration (Fig.3).
 The changes of α-1 microglobulin concentration haveconfirmed that this low molecular protein is a very sensi-tive marker of Cyclosporine A toxicity (Fig.4).
 Results of the correlation between ARE and CysA toxici-ty showed high significante elevation in the first two daysafter transplantation. These results revealed early proximal
 tubular dysfunction. Similar results were shown by Hoffmanet al. (13) with application of Urinary Protein expert system(UPES) in the differential diagnosis of kidney diseases.
 In case of tubular dysfunction, the measurement ofplasma protein β-2 microglobulin have to provide themost sensitive induction of tubular damage (Fig.5).
 Gluthatione S transferases (α/pi isoforms) are present-ed in many different tissues and play a central role in thebiotransformation of drugs and toxic chemicals. High con-centration of these isoforms can indicate toxic damages(cyclosporine, aminoglycosides), tubular necrosis andrejection of the transplant.
 In case of acute rejection, in the early stages of CsA-induced nephrotoxicity, a significant amount of GST-α isexcreted into the urine (Fig.6).
 In this case no significant elevation of urinary GST-π wasnoticed.These infindings are in agreement with the under-standing that in the initial phase of such toxicity, only theproximal tubules are damaged, the distal portion beingaffected only at a later stage. There two explanations for theappearance of GST-transferases in the urine: excretion fromplasma by glomerular filtation or release from damagedcells in the proximal tubular epithelium (14). CsA inducednephrotoxicity in human renal transplant was accompanied
 Maked. farm. bilt., 48 (1,2) 35-38 (2002)
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 Fig. 2. Concentration of Cystatin C in serum in patients with stable graftfunction
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 Fig.3. Concentration of creatinine and Cystatin C in transplantedpatients with normal graft function and acute rejection episodeinduced by high doses of Cyclosporine A.
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 by high recipients release of α−GST (p<0.001) and low sig-nificant values of π−GST (p < 0.05) in urine indicating tox-ic effect of the drug in the proximal tubular system.
 It appears that the assay of different proteins and enzy-mes in urine and their determination can be used as power-ful tool in renal diagnosis in the future, since direct methodslike needle biopsy, are relatively complicated and veryinvasive. Further studies in order to determine to whatextent these tests are useful in identifying differencesbetween glomerular and tubular diseases are also needed.
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 Rezime
 Efekt na ciklosporinskata terapija kaj transplantirani pacienti - dijagnosti~ko zna~ewe na tubularnite markeri
 Todor Gruev1*, Lidija Petru{evska-Tozi 2 Ko~o ^akalarovski 3,Ninoslav Ivanovski 3,
 1Institut za klini~ka biohemija, 2Farmacevstki fakultet, 3Klinika za Nefrologija, Skopje, Makedonija
 Klu~ni zborovi: ciklosporin A, nefrotoksi~nost, α-1 mikroglobulin, β-2 mikroglobulin, Cistatin C, α/π GST, NAG
 Primenata na ciklosporin A vo klini~kata praktika kaj pacienti so izvr{ena bubre`na transplantacija rezulti-ra so naru{uvawa vo funkcijata na bubrezite, doveduvaj}i do komplikacii, kako akutna nefrotoksi~nost, hroni~natubulointesticijalna fibroza i pojava na hemoliti~ki uremi~en sindrom. So upotrebata na relevantni t.n. tubularnii glomelularni markeri postignat e napredok vo sledeweto na sostojbata na bubre`nata funkcija vo prvite denovi potransplantacijata. Sledeweto na koncentracijata na ciklosporin A vo serum , kako i tubularnite markeri vo urinakako : α-1 mikroglobulin, β-2 mikroglobulin, α/pi Glutation S transferasa, NAG, AAP kako i Cystatin C (nov biomark-er za glomerularnata filtraciona brzina) vo golema mera ja dopolnuvaat klini~kata slika kaj ovie pacienti.
 Celta na ovaa studija e da se uka`e na osetlivosta i na ranite promeni na biohemiskite markeri za navremenouka`uvawe na lokalizacijata i stepenot na bubre`noto o{tetuvawe pod vlijanie na nefrotoksi~ni agensi. Vrz osno-va na dobienite rezultati, obraboteni so pomo{ na UPES (urinary protein expert system), se dobiva kompletna bio-hemisko-klini~ka slika za momentalnata sostojba na transplantantot (stabilna faza, faza na po~etna reakcija,akutna reakcija na otfrluvawe, odnosno nefrotoki~nost predizvikana od imunosupresivnata terapija).
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Voved
 Mikrobiolo{kata ~istota kako parametar kajcvrstite farmacevtski formi poka`uva prisust-vo na dozvolen broj od nekoi nepatogeni mikro-organizmi {to ne go zagrozuvaat zdravjeto nakorisnicite, a isto taka nemaat negativno vli-janie na kvalitetot na farmacevtskiot preparati otsustvo na patogeni mikroorganizmi (1, 6).
 Pogolem broj nepatogeni mikroorganizmi oddozvoleniot mo`e da dovede do pojava na nesakaniefekti kaj pacientite, dodeka prisustvoto napatogeni mikroorganizmi mo`e da bide vistins-ka opasnost po zdravjeto na korisnicite. Mikro-biolo{kata ~istota e zna~aen parametar ne samovo momentot na proizvodstvo, tuku i do rokot naupotreba na preparatot. Ako po~etnite vrednos-ti za mikrobiolo{ka ~istota ne soodvetstvuvaat
 mo`e da se o~ekuva deka do deklariraniot rok natraewe nivniot broj }e se zgolemi. Mikroorgani-zmite preku svoite enzimi i metaboliti, mo`atda stimuliraat i da predizvikaat razli~ni pro-cesi kako oksidacija, hidroliza, redukcija i sl.Toa mo`e da dovede do pojava na nesakani fizi~kii hemiski promeni kaj preparatite kako promenana boja, pojava na nesakan miris, opa|awe na tvrdi-nata, opa|awe na sodr`inata na aktivnata kompo-nenta, pojava na razgradni produkti.
 Nesoodvetna kontaktna ambala`a mo`e da do-vede vo uslovi na nesoodvetno ~uvawe na farmacev-tskite preparati do inicirawe rast na mikroorga-nizmi i kako posledica na toa mo`at da se slu~atprocesi na intenzivna degradacija, iako prepa-ratite vo momentot na proizvodstvo gi zadovolu-vale kriteriumite za mikrobiolo{ka ~istota.
 Zatoa e mnogu va`no pri ispituvawe mikrobio-lo{ka ~istota metodolo{kata postapka da e validi-rana, da se koristat hranlivi mediumi na koi pred-
 Apstrakt
 Izvr{ena e validacija na metodot za opredeluvawe mikrobiolo{ka ~istota na Kafetin® tableti. Za taa cel kori-steni se test-mikroorganizmi: Escherichia coli, Pseudomonas aeruginosa ,Staphylococcus aureus, Candida albicans i Aspergillus niger,od kolekcijata ATCC. Upotreben e nespecifi~en hranliv medium za aerobni mikroorganizmi i specifi~ni hran-livi mediumi za soodvetni test mikroorganizmi: ENDO, Cetrimid, Baird-Parker i Sabouraud hranliv agaren medium.Koristeni se dva na~ina na izveduvawe na metodot: direktna inokulacija vo hranliv medium i membranska fil-tracija. Pritoa e koristen testot na predizvik (Challenge test) i testot na broewe na porasnati kolonii (CFU/ml).Vr{ena e presmetka na faktorot {to pretstavuva odnos pome|u porasnati mikroorganizmi na inokuliran hranlivmedium, bez i so dodavawe na ispituvaniot preparat, kako kriterium za prifatlivost na dobienite analiti~kirezultati. Dobienite vrednosti za faktorot kako kriterium za prifatlivost poka`aa zadovolitelni vrednosti.Toa uka`uva deka metodot so koj se raboti mo`e da se upotrebuva za opredeluvawe na mikrobiolo{ka ~istota kajKafetin® tableti.
 Klu~ni zborovi: mikrobiolo{ka ~istota, validacija na metod, Kafetin® tableti
 *Hristina BabunovskaTel: 389 2 104 065 Fax: 389 2 104 014e-mail: [email protected]
 Macedonian pharmaceutical bulletin, 48, (1,2) 39-46 (2002)ISSN 1409 - 8695
 UDC: 615.212.076
 Stru~en trud
 Validacija na metod za opredeluvawe mikrobiolo{ka~istota na Kafetin® tableti
 Dragi Todorovi}, Ana Sokolovska, Hristina Babunovska*
 Farmacevtska, hemiska i kozmeti~ka industrija“Alkaloid“ a.d. - Skopje“Aleksandar Makedonski” 12, 1000 Skopje, Makedonija
 Received March 2003; accepted September 2003

Page 41
                        
                        

40 Dragi Todorovi}, Ana Sokolovska, Hristina Babunovska
 hodno im e ispitan fertilitetot i da bidat zadov-oleni uslovite na DPP/DLP vo mikrobiolo{katalaboratorija vo koja {to se izveduva testot (5).
 Opredeluvawe mikrobiolo{ka ~istota naKafetin® tableti se izveduva spored monografi-ite vo sovremenite farmakopei. Pritoa, kakoprifatlivi se zemaat kriteriumite:
 – vkupen broj aerobni bakterii - dozvolen li-
 mit 103 - maksimalno prifatliv limit 5 x 103
 – vkupen broj fungi - dozvolen limit 102 - mak-simalno prifatliv limit 5 x 102
 Escherihia coli - da ne bide prisutna (2).
 Za taa cel koristeni se liofilizati od test-mikroorganizmi so deklariran broj koloniform-ni edinici (okolu 100 CFU/ml). Upotrebeni se di-rektna inokulacija na cvrst hranliv medium iparalelna upotreba na membranska filtracijakako potvrda na validacija na metodot. Pritoa ekoristen testot na predizvik (Challenge test) i tes-tot na broewe na plo~a (3). Faktorot kako krite-rium na prifatlivost e propi{an vo farmakopeitei toj ne smee da bide pogolem od faktor pet (2). Koganekoj preparat se raboti prv pat za ~ii ekscipien-ti i aktivni komponenti nema potpolni liter-aturni podatoci za nivnoto antimikrobno dejstvo,kako prethodno ispituvawe se pravi test na anti-mikrobno dejstvo na preparatot (4).
 Eksperimentalen del
 Materijali
 Standardna aparatura i pribor vo mikrobio-lo{ka laboratorija ;
 Puferen rastvor na pepton so natrium hlorid ;
 Hranlivi mediumi: Trypcase soy agar (TSA),Cetrimide agaren medium,Baird Parker agaren medium,ENDO agaren medium,Sabouraud agaren medium.
 Test-mikroorganizmi so deklariran broj na CFU/ml:
 Escherichia coli ATCC 8739,Pseudomonas aeruginosa ATCC 9027,Staphylococcus aureus ATCC 6538,Candida albicans ATCC 10231,Aspergillus niger ATCC 16404 iBacillus subtilis ATCC 6633
 Suspenziite na test-mikroorganizmi od lio-filizati prigotveni se spored upatstvoto naproizvoditelot na test-kulturite.
 Opredeluvawe antimikrobno dejstvo na Kafetin® tableti
 Za ovaa cel se podgotveni vo duplikat petrievisadovi vo koi e apliciran podgotveniot preparat{to se ispituva. Izvr{ena e inokulacija so Bacil-lus suptilis,Candida albicans i Aspergillus niger i pre-lieni se so soodvetni hranlivi mediumi. Inkubi-rani se 48-72 ~asa i ot~itani se rezultatite zavkupen broj bakterii i fungi.
 Za opredeluvawe na antimikrobnoto dejstvo sospecifi~ni test mikroorganizmi podgotvena esuspenzija od puferen rastvor na pepton so ispi-tuvaniot preparat i test mikroorganizmi: Staphy-lococcus aureus, Escherichia coli i Pseudomonas aerugi-nosa. Od vaka podgotvenite suspenzii inokulirane del vo prethodno podgotveni hranlivi mediumivo petrievi sadovi vo duplikat. Inkubirani se 48~asa i ot~itani se rezultatite za specifi~nitetest mikroorganizmi.
 Faktor na prifatlivost pri opredeluvawemikrobiolo{ka ~istota kaj Kafetin® tableti
 Koristeni se pet vidovi test-mikroorganizmi:Escherichia coli ATCC 8739,Pseudomonas aeruginosaATCC 9027, Staphylococcus aureus ATCC 6538, Candidaalbicans 10231 i Aspergillus niger ATCC 16404.
 Vo 90,0 ml puferen rastvor od peptonska voda sorN 7,2 suspendirani se 10,0 g Kafetin® tableti.
 Vo pet sterilni epruveti (so kapak za zavrtu-vawe), so sterilna pipeta, prefrlen e del od suspen-zijata na Kafetin® tableti.
 Vo sekoja epruveta so suspenzija od Kafetin®
 tableti, so sterilna pipeta, inokuliran e del odsuspenzija na test mikroorganizam (vo sekoja epru-veta po eden od test mikroorganizmite).
 Sodr`inata od sekoja epruveta (dobro zatvo-rena) e homogenizirana so me{alka.
 Za potvrda na dobienite rezultati koristenise dva na~ina za izvedba na testot.
 Direktna inokulacija vo hranliv medium
 Metodot e izveden vo soglasnost so navedenitepodatoci:
 Membranska filtracijaOd epruvetata so suspenzija od Kafetin® ta-
 bleti i soodveten mikroorganizam po dobra homo-genizacija, so sterilna pipeta, aplicirana e odre-
 Maced. pharm. bull., 48 (1,2) 39-46 (2002)
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 dena koli~ina vo eden dr`a~ za filter od siste-mot za filtracija, vo koj ve}e e postaven membran-ski filter so mre`a i golemina na pori od 0,45µm.Po izvr{ena filtracija, filterot e promien sotri porcii od po 100ml puferen rastvor od pep-ton. So sterilna pinceta filterot e prenesen vopetriev sad so hranliv medium.
 Hranlivite mediumi, temperaturata i vreme-traeweto na inkubacijata se isti kako i pri di-rektna inokulacija.
 Rezultati i diskusija
 Spored prika`nite rezultati vo Tabela 1,aktivnite komponenti i ekscipientite vo Kafe-tin® tableti ne poka`aa inhibira~ko dejstvo vrzispituvanite test mikroorganizmi poradi {tonema potreba od inaktivacija.
 Rezultatite prika`ani na Tabelata 2 poka`aadeka faktorot na prifatlivost se dvi`i od 1,71 do2,12 pri direktna inokulacija vrz hranliv mediumili 1,50 do 1,75 so membranska filtracija, {to evo ramkite na kriteriumot na prifatlivost.
 Rezultatite prika`ani na Tabelata 3 poka`aadeka faktorot na prifatlivost se dvi`i od 1,30 do2,26 pri direktna inokulacija vrz hranliv mediumili 1,53 do 3,22 so membranska filtracija, {to evo ramkite na kriteriumot na prifatlivost.
 Rezultatite prika`ani na Tabelata 4 poka`aadeka faktorot na prifatlivost se dvi`i od 2,25 do2,50 pri direktna inokulacija vrz hranliv mediumili 1,5 do 2,00 so membranska filtracija, {to e voramkite na kriteriumot na prifatlivost.
 Rezultatite prika`ani na Tabelata 5 poka`aadeka faktorot na prifatlivost se dvi`i od 1,25 do1,48 pri direktna inokulacija vrz hranliv mediumili 1,24 do 1,37 so membranska filtracija, {to evo ramkite na kriteriumot na prifatlivost.
 Rezultatite prika`ani na Tabelata 6 poka`aadeka faktorot na prifatlivost se dvi`i od 0,92 do1,02 pri direktna inokulacija vrz hranliv mediumili 0,65 do 0,74 so membranska filtracija, {to evo ramkite na kriteriumot na prifatlivost.
 Rezultatite vo Tabela 7 poka`uvaat deka fak-torite na prifatlivost za pette test mikroorga-nizmi, pri validacija na metodot za mikrobio-lo{ka ~istota kaj Kafetin® tableti so direktnainokulacija se dvi`at od 0,92 do 2,26, a so mem-branska filtracija od 0,65 do 3,22 i se vo ramkitena kriteriumot na prifatlivost.
 Maked. farm. bilt., 48 (1,2) 39-46 (2002)
 Preparat so mikroorganizam Hranliv medium Temperatura za inkubacija (oC) Period na inkubacija
 Kafetin® tableti/ Echerichia coli TSA i ENDO 44– 2 Pet dena
 Kafetin® tableti/ Pseudomonas aerug. TSA i Cetrimide 32-35 Pet dena
 Kafetin® tableti/ Staphylococcus aureus TSA i Baird Parker 32-35 Pet dena
 Kafetin® tableti/ Candida albicans Sabouraud 22-25 Sedum dena
 Kafetin® tableti/ Aspergillus niger Sabouraud 22-25 Sedum dena
 mikroorganizam vo suspenzija od preparat
 hranliv medium
 I petriev sad
 II petriev sad
 Kontrolen petriev sad (bez preparat)
 Escherichia coli ENDO + + +
 Bacillus subtilis TSA + + +
 Staphylococcus aureus Chapman + + +
 Pseudomonas aeruginosa Cetrimid + + +
 Candida albicans Sabouraud + + +
 Aspergillus niger Sabouraud + + +
 - nema porast na kolonii; ! slab porast na kolonii; + dobar porast na kolonii;
 Tabela 1. Opredeluvawe antimikrobno dejstvo na Kafetin® tableti
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 direktno nanesuvawe na hranliv medium
 test - materijal
 vid na medium
 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu F
 I 1,0ml na TSA 161 169 170 170 173 II 1,0ml na TSA 170 171 175 175 175 I 1,0ml na Cetrimid 19 120 122 125 125
 peptonska voda + suspenzija od
 Pseudomonas aeruginosa II 1,0ml na Cetrimid 43 153 160 162 165
 I 1,0ml na TSA 117 127 128 133 133 1,30 II 1,0ml na TSA 113 128 130 132 132 1,32 I 1,0ml na Cetrimid 0 78 80 88 88 1,42
 suspenzija od Kafetin® tableti
 + suspenzija od Pseudomonas aeruginosa II 1,0ml na Cetrimid 0 64 73 73 73 2,26
 membranska filtracija test - materijal
 vid na medium 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu F
 I 1,0ml na TSA 160 162 166 166 spoeni II 1,0ml na TSA 154 154 155 155 spoeni I 1,0ml na Cetrimid 0 63 63 63 63
 peptonska voda + suspenzija od
 Pseudomonas aeruginosa II 1,0ml na Cetrimid 0 44 45 46 46
 I 1,0ml na TSA 70 70 72 72 72 2,30 II 1,0ml na TSA 34 47 48 48 48 3,22 I 1,0ml na Cetrimid 0 33 33 33 33 1,90
 suspenzija od Kafetin® tableti
 + suspenzija od Pseudomonas aeruginosa II 1,0ml na Cetrimid 0 29 30 30 30 1,53
 F - faktor na prifatlivost I - prv petriev sad II - vtor petriev sad
 Tabela 3. Faktor na prifatlivost pri opredeluvawe mikrobiolo{ka ~istota na Kafetin® tableti so suspenzija odPseudomonas aeruginosa ATCC 9027
 Tabela 2. Faktor na prifatlivost pri opredeluvawe mikrobiolo{ka ~istota na Kafetin® tableti so suspenzija odEscherichia coli ATCC 8739
 direktno nanesuvawe na hranliv medium test - materijal
 vid na
 medium 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu F
 I 1,0ml na TSA 17 17 19 20 24 II 1,0ml na TSA 9 11 17 17 17 I 1,0ml na ENDO 7 9 11 11 12
 peptonska voda + suspenzija od Escherichia coli
 II 1,0ml na ENDO 8 11 12 14 14 I 1,0ml na TSA 13 13 14 14 14 1,71 II 1,0ml na TSA 5 7 8 8 8 2,12 I 1,0ml na ENDO 3 5 5 6 6 2,00
 suspenzija od Kafetin® tableti
 + suspenzija od Escherichia coli II 1,0ml na ENDO 0 4 8 8 8 1,75
 membranska filtracija test - materijal
 vid na medium
 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu F
 I 1,0ml na TSA 3 7 13 13 14 II 1,0ml na TSA 0 3 6 7 11 I 1,0ml na ENDO 0 0 6 7 7
 peptonska voda + suspenzija od Escherichia coli
 II 1,0ml na ENDO 0 2 5 6 6 I 1,0ml na TSA 0 3 5 8 8 1,75 II 1,0ml na TSA 0 3 3 5 7 1,57 I 1,0ml na ENDO 0 1 4 4 4 1,75
 suspenzija od Kafetin® tableti
 + suspenzija od Escherichia coli II 1,0ml na ENDO 0 0 3 4 4 1,50
 F - faktor na prifatlivost I - prv petriev sad II - vtor petriev sad
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 Tabela 4. Faktor na prifatlivost pri opredeluvawe mikrobiolo{ka ~istota na Kafetin® tableti so suspenzija od Staphylococcus aureus ATCC 6538
 Tabela 5. Faktor na prifatlivost pri opredeluvawe mikrobiolo{ka ~istota na Kafetin® tableti so suspenzija odCandida albicans ATCC 10231
 direktno nanesuvawe na hranliv medium test- materijal
 vid na medium
 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu F
 I 1,0ml na TSA 23 25 25 27 27 II 1,0ml na TSA 22 22 22 24 25 I 1,0ml na B-Parker 0 18 20 20 22
 peptonska voda + suspenzija od
 Staphylococcus aureus II 1,0ml na B-Parker 0 15 18 19 21
 I 1,0ml na TSA 0 9 11 11 12 2,25 II 1,0ml na TSA 0 7 9 10 10 2,50 I 1,0ml na B-Parker 0 7 7 8 9 2,44
 suspenzija od Kafetin® tableti
 + suspenzija od Staphylococcus aureus II 1,0ml na B-Parker 0 5 7 7 9 2,33
 membranska filtracija test- materijal
 vid na medium
 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu F
 I 1,0ml na TSA 11 13 13 16 17 II 1,0ml na TSA 13 13 14 14 14 I 1,0ml na B-Parker 0 11 11 12 12
 peptonska voda + suspenzija od
 Staphylicoccus aureus II 1,0ml na B-Parker 4 8 8 9 9
 I 1,0ml na TSA 10 11 11 11 11 1,54 II 1,0ml na TSA 0 5 7 7 7 2,00 I 1,0ml na B-Parker 5 7 7 7 7 1,71
 suspenzija od Kafetin® tableti
 + suspenzija od Staphylococcus aureus II 1,0ml na B-Parker 3 4 5 5 5 1,80
 F - faktor na prifatlivost I - prv petriev sad II - se raboti prv pat nekoj preparat vtor petriev sad
 direktno nanesuvawe na hranliv medium test – materijal
 vid na medium 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu
 sedum dena cfu F
 I 1,0 ml na Sabouraud 0 48 120 160 spoeni spoeni peptonska voda + suspenzija od Candida albicans II 1,0 ml na Sabouraud 0 70 86 190 190 spoeni
 I 1,0 ml na Sabouraud 0 27 128 128 128 128 1,25 suspenzija od
 Kafetin® tableti + suspenzija od Candida albicans II 1,0 ml na Sabouraud 0 26 44 128 128 128 1,48
 membranska filtracija test - materijal
 vid na medium
 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu
 sedum dena cfu F
 I 1,0 ml na Sabouraud 0 15 37 37 37 37 peptonska voda + suspenzija od Candida albicans II 1,0 ml na Sabouraud 0 20 31 31 31 spoeni
 I 1,0 ml na Sabouraud 0 11 23 27 27 27 1,37 suspenzija od
 Kafetin® tableti + suspenzija od Candida albicans II 1,0 ml na Sabouraud 0 11 24 25 25 25 1,24
 F - faktor na prifatlivost I - prv petriev sad II -vtor petriev sad
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 Zaklu~ok
 Kafetin® tabletite ne poseduvaat antimikro-bno dejstvo i pri opredeluvawe na mikrobio-lo{kata ~istota nema potreba od inaktivacija.
 Metodot {to e primenet za opredeluvawe namikrobiolo{kata ~istota na Kafetin® table-
 tite e soodveten i odgovara na baranite perfor-mansi za mikrobiolo{ka ~istota na cvrsti far-macevtski preparati.
 Test mikroorganizmite i hranlivite mediumi{to se koristeni pri validirawe na metodot po-ka`uvaat soodvetnost so barawata na sovremeni-te farmakopei.
 Site rezultati vo trudot poka`aa deka fak-torot na prifatlivost se dvi`i vo ramkite nakompatibilnosta, da ne e pogolem od faktor 5,{to zna~i deka metodite {to se koristat za opre-deluvawe na mikrobiolo{kata ~istota, se vali-dirani spored va`e~kite kriteriumi za farma-cevtsko proizvodstvo.
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 direktno nanesuvawe na hranliv medium test- materijal
 vid na medium 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu
 sedum dena cfu F
 I 1,0 ml na Sabouraud 0 35 35 35 spoeni spoeni peptonska voda + suspenzija od Aspergillus niger II 1,0 ml na Sabouraud 0 35 35 36 spoeni spoeni
 I 1,0 ml na Sabouraud 0 38 38 38 spoeni spoeni 0,92 Suspenzija od Kafetin® tableti
 + suspenzija od Aspergillus niger II 1,0 ml na Sabouraud 0 34 35 35 spoeni spoeni 1,02
 membranska filtracija test – materijal
 vid na medium 24h cfu
 48h cfu
 72h cfu
 96h cfu
 pet dena cfu
 sedum dena cfu F
 I 1,0 ml na Sabouraud 0 21 25 25 spoeni spoeni peptonska voda + suspenzija od Aspergillus niger II 1,0 ml na Sabouraud 0 23 23 23 spoeni spoeni
 I 1,0 ml na Sabouraud 0 38 38 38 spoeni spoeni 0,65 Suspenzija od
 Kafetin® tableti + suspenzija od Aspergillus niger II 1,0 ml na Sabouraud 0 31 31 31 spoeni spoeni 0,74
 F - faktor na prifatlivost I - prv petriev sad II - vtor petriev sad
 Tabela 6. Faktor na prifatlivost pri opredeluvawe mikrobiolo{ka ~istota na Kafetin® tableti so suspenzija odAspergillus niger ATCC 16404
 Tabela 7. Sporedba na faktorite na prifatlivost za test mikroorganizmite za Kafetin® tableti na TSA i Sabouraud hranliv medium so direktna inokulacija i so membranska filtracija
 direktna inokulacija
 membranska filtracija
 test-mikroorganizam F F I 1,71 1,50
 Escherichia coli II 2,10 1,75 I 1,30 1,47
 Pseudomonas aeruginosa II 2,26 1,53 I 1,54 3,22
 Staphylococcus aureus II 2,00 2,50 I 1,25 1,37
 Candida albicans II 1,48 1,24 I 0,92 0,65
 Aspergilus niger II 1,02 0,74
 F- faktor na prifatlivost I - prv petriev sad II -vtor petriev sad
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 Summary
 Validation of the method for determination of microbiological purity of the Caffetin® tablets
 Todorovic Dragi, Sokolovska Ana, Babunovska HristinaPharmaceutical, chemical and cosmetic industry “Alkaloid“ Skopje
 “Aleksandar Makedonski” 12, 1000 Skopje, Macedonia
 Key words: microbiological purity, validation of the method, Caffetin® tablets.
 A validation of the method for determination of the microbiological purity of Caffetin® tablets has been done. For this purpose thetest microorganisms: Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Candida albicans and Aspergillus niger fromthe collection ATCC have been used. A non-specific nutritious medium for aerobic microorganisms and specific nutritious media foradequate test microorganisms: ENDO, Cetrimid, Baird-Parker and Sabouraud nutritious agar medium have been used. The method wasperformed in two modes: a direct inoculation into a nutritious medium and a membrane filtration. At the same time, a Challenge testwas as well used the test of counting the growing colonies (CFU/ml). A calculation of the factor has been done, which represents rela-tionship between growing microorganisms of the inoculated nutritious medium with and without adding to the examined preparation, asa criterion for acceptance of the achieved analytical results. The achieved values for the factor as a criterion for acceptance have shownsatisfying values. It can be concluded that this method can be used for determination of the microbiological purity of Caffetin® tablets.
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Voved
 Intenzivnite oksidativni procesi vo organi-zmot doveduvaat do pojava na t.n. oksidativen streskoj e posledica na oksidativni o{tetuvawa na tki-vata i pojava na nivna patofiziolo{ka funkcija.^ovekoviot organizam poseduva t.n. antioksida-tiven odbranben sistem za neutralizacija na slo-bodnite kislorodni radikali i spre~uvawe nao{tetuvawata {to tie mo`e da gi predizvikaat.Va`en del vo toj sistem zazema selenot. Namaluva-weto na kapacitetot i funkcijata na antioksi-dativniot sistem doveduva do zabrzano stareewe naorganizmot, namaluvawe na prirodniot imuniteti pojava na golem broj zaboluvawa, vklu~uvaj}i ja ikarcinogenezata (1, 2).
 Selenot pretstavuva esencijalen oligoelement.Najgolem del od dnevnite potrebi koi za vozrasniiznesuvaat 50-200 µg se zadovoluvaat preku ishra-nata. Imaj}i go predvid antioksidativnoto dej-stvuvawe kako i ulogata vo prevencijata na dege-nerativni i maligni zaboluvawa, se po~esta eprimenata na selenot vo oblik na preparati {tose koristat kako dodatoci vo ishranata ili kakopomo{ni lekoviti sredstva (3, 4).
 Spored literaturnite podatoci, kvantitativ-noto opredeluvawe na selen mo`e da se vr{i soprimena na atomskata apsorpciona spektromet-rija, (5-9), so primena na spektrofotometriskimetod (10-12), so visokoefikasna te~na hromato-grafija (13-15) ili so primena na kapilarna elek-troforeza (16, 17).
 Opredeluvawe selen vo pomo{ni lekoviti sredstva soprimena na AAS
 Rumenka Petkovska1*, Biljana Manevska2, Lidija Petru{evska-Tozi1,Aneta Dimitrovska 1
 1Farmacevtski fakultet, Univerzitet “Kiril i Metodij”, Skopje, R. Makedonija2JZO - Republi~ki Zavod za zdravstvena za{tita, Skopje, R. Makedonija
 Received March 2003; accepted August 2003
 Apstrakt
 Opredeluvaweto selen vo pomo{ni lekoviti sredstva be{e izvr{eno so atomska apsorpciona spektrometrija soprimena na grafitna pe~ka i hidriden sistem.
 Podgotovkata na primerocite be{e napravena so mikrobranovo razoruvawe. Za grafitna tehnika e koristenasmesa od modifikatori {to sodr`i rastvori na Pd(NO3)2 so masena koncentracija 1,5 g/l i Mg(NO3)2 so masena kon-centracija 1g/l vo rastvor na HNO3 so koncentracija 2,3 mol/l. Za hidridniot sistem koristen e rastvor na NaBH4 somasen udel 1,5% vo rastvor od NaOH so masen udel 0,5%. Metodot be{e validiran preku opredeluvawe: linearnost(vo koncentraciono podra~je od 15 do 75 µg/l za grafitna tehnika i 5 do 25 µg/l za hidriden sistem), to~nost, pre-ciznost, limit na detekcija (4 µg/l za grafitna tehnika i 1 µg/l za hidriden sistem) i kvantifikacija (13 µg/l zagrafitna tehnika i 3 µg/l za hidriden sistem). Metodot be{e primenet za opredeluvawe selen vo tri preparati vokoi selenot e vo kombinacija so: cink, bakar i vitaminite A, S i E. Dobienite rezultati poka`uvaat deka pred-lo`enite metodi za opredeluvawe selen vo farmacevtski preparati se osetlivi, precizni, to~ni i reproducibilni.
 Klu~ni zborovi: selen, elektrotermi~ka atomska apsorpciona spektrometrija, atomska apsorpciona spektrometrijaso hidriden sistem
 e-mail: [email protected]. (+) 389 2 3126 032, faks: (+) 389 2 3123 054
 Macedonian pharmaceutical bulletin, 48, (1,2) 47-52 (2002)ISSN 1409 - 8695
 UDC: 615.45 : 546.23] : 543.422
 Stru~en trud
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 Za primena na spektrofotometriskiot metod,visokoefektivnata te~na hromatografija i kapi-larnata elektroforeza neophodno e kompleksir-awe na selenot so soodvetni kompleksira~ki orga-nski molekuli: 2,3-diaminonaftalen, 3,3-diamino-benzidin, 1,2-diamin-4-nitrobenzen i dr. (10-17).
 Celta na ovoj trud e razvivawe metod za kvanti-tativno opredeluvawe na selen vo dozirani far-macevtski formi, tableti i kapsuli, {to spa|aatvo grupata na pomo{ni lekoviti sredstva so atom-ska apsorpciona spektrometrija (AAS) so prime-na na grafitna tehnika (ETAAS) i so hidridensistem (HGS).
 Eksperimentalen del
 Ispituvani preparati Opredeluvaweto na selen e vr{eno vo dozirani
 farmacevtski formi {to pretstavuvaat kombi-nacija selen so vitaminite A, S i E, i toa: kap-suli so sodr`ina na selen (kompleks so kvasec) od50 i 100 µg/kapsula i vo efervescentni tableti{to se kombinacija na vitamini i na oligoele-menti so sodr`ina na selen od 25 µg/tableta.
 Elektrotermi~ka atomska apsorpciona spek-trometrija (ETAAS)
 Aparatura: Koristen e Perkin Elmer AAS 4100sistem opremen so grafitna pe~ka HGA 700, avto-sempler AS - 70, EDL Se -lamba i kontinuiran deu-teriumov korektor na zra~eweto na fonot. AASsistemot e kontroliran preku softverska progra-ma AAWin Lab.
 Podgotovka na standardni rastvori: Za pod-gotovka na standardnite rastvori koristen e stan-darden rastvor na selen, 1000 mg/l-Merck i 5%HNO3-Merck- trace pure.
 Za konstruirawe na kalibracioniot dijagram zaopredeluvawe selen koristena e serija od rabotnistandardni rastvori na selen so koncentracija od
 15-75 µg/l, a za utvrduvawe na limitot na detekcijai kvantifikacija serija od rabotni standardnirastvori so koncentracija od 4-12 µg/l. Rabotnitestandardni rastvori se prigotveni so dodavaweHNO3 taka {to nejzinata koncentracija da iznesu-va 2,3 mol/l.
 Podgotovka na primerocite: Mineralizaci-jata na primerocite e vr{ena vo mikrobranovape~ka PAAR – PHYSICA. Opredelena masa od ispi-tuvaniot primerok {to odgovara na edno prose~nopolnewe (kapsuli), odnosno edna prose~na masa(tableti) e mineralizirana so dodatok na 2,0 ml30% H2O2-Merck-trace pure i 4,0 ml 65% HNO3-Merck-trace pure. So razreduvawe na mineraliziraniotprimerok podgotveni se rabotni probni rastvorivo 2,3 mol/l HNO3 so koncentracija 50 µg/l.
 Kako slepa proba koristen e rastvor na HNO3so koncentracija 2,3 mol/l.
 Smesata na modifikatori sodr`i Pd(NO3)2 somasena koncentracija od 1,5g/l i Mg(NO3)2 so masenakoncentracija 1g/l. vo rastvor na HNO3 so koncen-tracija 2,3 mol/l. Za podgotovka na smesata koristene rastvor na Pd(NO3)2 so masena koncentracija 10g/l,Merck- trace pure i rastvor na Mg(NO3)2 so masenakoncentracija 10g/l, Merck- trace pure.
 Metod na standardni dodatoci: Probite kori-steni za metodot na standardni dodatoci se dobieniso dodavawe standarden rastvor na selen vo ispi-tuvanite preparati pred mineralizacija vo koli~e-stva od 40%, 60% i 100% od deklariranata masa naSe (25 µg Se/tableta); 30%, 60% i 100% od deklari-ranata masa na Se (50 µg Se/kapsula) i 25%, 50% i75% od deklariranata masa na Se (100 µg Se/tableta).
 Hidriden sistem (HGS)Aparatura: Koristen e Perkin Elmer AAS 372
 sistem opremen so MHS - 10 i EDL lamba.
 Podgotovka na standardni rastvori: Za pod-gotovka na standardnite rastvori koristen estandarden rastvor na selen (1000 mg/l Merck).
 Maced. pharm. bull., 48 (1,2) 47-52 (2002)
 Rabotni uslovi: branova dol`ina: 196 nm otvor na procepot: 2,0 nm ja~ina na struja vo lambata:
 310 mA
 temperatura na predatomizacija:
 1100 oC
 temperatura na atomizacija: 2100 oC
 volumen na injektirawe:
 20 µl (standard, analiza) 10 µl modifikator
 Rabotni uslovi branova dol`ina: 196 nm otvor na procepot: 2,0 nm smesa na gasovi: acetilen/vozduh integraciono vreme: 15 sekundi
 volumen na injektirawe: 10 ml
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 Za kalibracioniot dijagram na selen koristenae serija od rabotni standardni rastvori na selenso koncentracija od 5-25 µg/l, a za utvrduvawe nalimitot na detekcija i kvantifikacija serija odrabotni standardni rastvori so koncentracija od0,5-4,5 µg/l. Rabotnite standardni rastvori seprigotveni so demineralizirana voda.
 Metod na standardni dodatoci: Rastvoritekoristeni za metodot na standardni dodatoci seprigotveni na ist na~in opi{an vo delot za gra-fitna tehnika.
 Podgotovka na primerocite: Mineralizacija-ta na primerocite e vr{ena na ist na~in opi{anvo delot za ETAAS. So razreduvawe na minerali-ziraniot primerok so demineralizirana vodaizraboteni se rabotni probni rastvori so kon-centracija od 15µg/l.
 Prigotvenite rabotni rastvori pred vovedu-vawe vo uredot za generirawe na hidrid se zakise-luvaat so 37 % HCl, taka {to nejzinata koncen-tracija iznesuva 1,2 mol/l.
 Za slepa proba koristen e rastvor na HCl sokoncentracija 1,2 mol/l.
 Rastvor na natrium tetrahidroborat: rastvorna NaBH4 so masen udel 1,5% i na NaOH so masenudel 0,5%. Za negova podgotovka koristeni seNaOH (Merck trace pure), NaBH4 (Merck trace pure).
 Rezultati i diskusija
 Opredeluvawe selen so elektrotermi~ka atoms-ka apsorpciona spektrometrija (ETAAS)
 Primenata na elektrotermi~kata apsorpcionaspektrometrija za kvantitativno opredeluvawena selen e limitirana od fizi~kite svojstva naovoj element. Toa, pred sè se odnesuva na niskatatemperatura na vriewe na Se i negovite soedi-nenija. Poradi toa e neophodna primena na modi-fikatori na matriksot {to go preveduvaat sele-not vo selenid (18).
 Izborot na modifikatorot pretstavuva eden odnajzna~ajnite momenti za kvantitativna atomiza-cija na ispituvaniot element. Spored literaturni-te podatoci za opredeluvawe selen, kako modifika-tori se koristat Ni(NO3)2, Cu(NO3)2, Pd(NO3)2 iMg(NO3)2, poedine~no ili vo smesa (18-20). Vo na-{iot trud e koristena smesa od Pd(NO3)2 i Mg(NO3)2vo rastvor na HNO3 so koncentracija 2,3 mol/l, somasena koncentracija 1,5 g/l Pd(NO3)2 i Mg(NO3)2 so
 masena koncentracija 1g/l. Smesata na modifika-tori obezbeduva celosno preveduvawe na selenotvo soodvetni selenidi. Toa ovozmo`uva primena natemperatura na predatomizacija od 1100 oC, name-sto 350 oC koja voobi~aeno se koristi za selen, bezda nastanat gubitoci zaradi isparuvawe (19).
 Vo eden od ispituvanite primeroci, od oligo-elementite, pokraj selen se prisutni i cink i ba-kar. Branovata dol`ina na maksimalna apsorpcijana bakarot e 324,8 nm, a na cinkot 213,9 nm. Viso-kata temperatura na predatomizacija na selenotovozmo`uva eliminacija na cinkot vo ovaa faza,bidej}i negovata temperatura na predatomizacija e700 oC. So toa se otstranuvaat mo`nite interfe-rencii od strana na cinkot vo fazata na atomizaci-ja. Temperaturata na predatomizacija na bakarot ebliska so onaa na selenot (1300 oC), me|utoa postoizna~itelna razlika vo branovata dol`ina na mak-simumot na apsorpcija (21).
 Selenidite na paladium i magnezium se neras-tvorlivi vo voda, a se dobro rastvorlivi vo kise-lina. Kako rastvoruva~ naj~esto se koristi HNO3
 (18-20). Na{eto eksperimentalno iskustvo poka`adeka primenata na 2,3 mol/l HNO3 kako medium zarastvorawe na mineraliziraniot primerok ovo-zmo`uva kompletno rastvorawe na selenidite.
 AAS opredeluvawe selen so atomizacija sohidriden sistem
 AAS metodot so primena na hidriden sistem sebazira na svojstvoto na selenot vo oksidacionenbroj +4 vo kisela sredina i prisustvo na NaBH4 dagradi lesno isparlivi hidridi. Hidridite obrazu-vani od selen vo oksidacionen broj +6 davaat re~i-si nemerlivi signali. Poradi toa hlorovodorod-nata kiselina prisutna vo rastvorot ima dvojnafunkcija: ovozmo`uva redukcija na Se(IV) i obezbe-duva kisel medium za odvivawe na hemiskata reak-cija (21). Pri na{ata rabota koristen e medium naHCl so koncentracija od 1,2 mol/l.
 Koncentracijata na rastvorot na NaBH4 e vtorzna~aen moment. Spored literaturnite podatoci,koncentracijata varira zavisno od o~ekuvanatakoncentracija na Se4+ vo rastvorot (18, 19, 21). Odizvr{enite ispituvawa be{e utvrdeno deka ras-tvor na NaBH4 so masen udel 1,5% vo rastvor odNaOH so masen udel 0,5%, protok od 10 ml/minuta iintegraciono vreme od 15 sekundi obezbeduva kva-ntitativno preveduvawe na selenot od ispituvan-iot rastvor vo selen hidrid.
 Maked. farm. bilt., 48 (1,2) 39-46 (2002)
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 Predlo`enite metodi za opredeluvawe na se-len so ETAAS i AAS so sistem za hidridno generi-rawe se validirani preku ispituvawe na linear-nost (Tabela 1), limit na detekcija i kvantifi-kacija( Tabela 2), to~nost i preciznost.
 Limitot na detekcija i kvantifikacija na se-len bea opredeleni so analiza na kalibracionitedijagrami vo podra~jeto na aproksimativniot kva-ntifikacionen i detekcionen limit.
 Limitot na detekcija i limitot na kvantifi-kacija za selen so primena na ETAAS iznesuva:
 LD = 3,3 x SD/b LD = 3,3 x 0,005238/0,003942 = 4,38 µg/l ≈ 4,0 µg/l
 LK = 10 x SD/b LK = 10 x 0,005238/0.003942 = 13,28 µg/l ≈ 13,0 µg/l
 Limitot na detekcija i limitot na kvantifi-kacija za selen so primena na AAS so hidridensistem iznesuva:
 LD = 3,3 x SD/b LD = 3,3 x 0,0130/0.0377 = 1,13 µg/l ≈ 1,0 µg/l
 LK = 10 x SD/b LK = 10 x 0,0130/0.0377 = 3,44 µg/l ≈ 3,0 µg/l
 (SD– standardna devijacija na slepa proba, b - naklon na regresiona prava)
 To~nosta i preciznosta na dvata metoda (ETAASi AAS so sistem za hidridno generirawe) se utvr-deni preku opredeluvawe na sodr`inata na selenvo ispituvanite preparati (Tabela 3), a se potvr-deni so metodot na standardni dodatoci (Tabela 4).
 Dobienite vrednosti za relativnata standard-na devijacija, 0,96-3,40% za ETAAS i 1,06-3,85% zaAAS so hidriden sistem i vrednostite za analiti-~ki prinos, 100,32-102,8% za ETAAS i 99,42-102,38%za AAS so hidriden sistem, uka`uvaat deka prime-nata na dvete tehniki ovozmo`uva visok stepen napreciznost, reproducibilnost i to~nost na re-zultatite dobieni od opredeluvaweto selen vofarmacevtskite preparati. Vrednota na t-koefi-cientot dobiena so “STUDENT t-test” poka`uva de-ka ne postoi statisti~ki zna~ajna razlika me|urezultatite dobieni so primena na dvete tehniki.
 To~nosta na metodot so primena na dvete teh-niki be{e potvrdena so metodot na standardnidodatoci.
 Dobienite vrednosti za analiti~ki prinos odmetodot na standardni dodatoci, 98,93-102,32% zaETAAS i 98,94-102,10% za AAS so hidriden sistemgo potvrduva faktot deka metodite so primena naETAAS i so primena na AAS so hidriden sistem sekvantitativni i to~ni.
 Maced. pharm. bull., 48 (1,2) 47-52 (2002)
 ETAAS HGS
 konc. oblast (µg/l) 15 – 75 5 – 25
 a* 0,0093 0,0132
 b* 0,0039 0,0354
 SD*(a) ±3,4x10-3 ±6,4x10-3
 SD*(b) ±8,9x10-4 ±1,9x10-3
 r2 * 0,9998 0,9998 *a–presek, b–naklon na regresiona prava, SD–standardna devijacija, r*–koeficient na korelacija
 Tabela 1. Parametri na kalibracionite dijagrami za utvrduvawe linearnost na metodite so ETAAS i AAS so hidriden sistem
 Tabela 2. Parametri na kalibracionite dijagrami za utvrduvawe limit na detekcija i limit na kvantifikacija na metodite so ETAAS i AAS so hidriden sistem
 ETAAS HGS
 konc. oblast (µg/l) 4 - 12 0,5 - 4,5
 a* 0,0003 0,0013
 b* 0,0046 0,0377
 SD*(a) ±4,8x10-3 ±5,4x10-3
 SD*(b) ±7,3x10-4 ±6,0x10-2
 r2 * 0,9996 0,9996 *a - presek, *b - naklon na regresiona prava, SD* - standardna devijacija, r* - koeficient na korelacija
 Farmacevtski oblik Metod 0 (µg/dozirana edinica)
 Analiti~ki prinos (%) RSD (%) t
 Tableti ETAAS 24,45 92,72-100,12 3,40 25 µg Se HGS 24,29 92,08-100,52 3,85 0,2857 Kapsuli ETAAS 50,13 98,26-100,86 1,31 50 µg Se HGS 50,19 97,06-103,96 2,80 0,0862 Tableti ETAAS 101,43 100,32-102,08 0,96 100 µg Se HGS 101,54 99,42-102,38 1,06 0,1691
 Tabela 3. Statisti~ka procena na dobienite rezultati pri opredeluvaweto na sodr`inata na selen vo farmacevtski preparatiso primena na ETAAS i hidriden sistem (HGS)

Page 52
                        
                        

Opredeluvawe selen vo pomo{ni lekoviti sredstva so primena na AAS 51
 Maked. farm. bilt., 48 (1,2) 39-46 (2002)
 Zaklu~ok
 Predlo`enite metodi za opredeluvawe selenso elektrotermi~ka AAS i AAS so sistem za hid-ridno generirawe se brzi, ednostavni, to~ni i re-producibilni i mo`at da se primenat za rutins-ki analizi pri opredeluvaweto selen vo doziranfarmacevtski preparat.
 AAS metodot so primena na atomizacija so hid-riden sistem e specifi~en za opredelena grupahemiski elementi (As, Se, Bi, Sb, Sn, i Te) od koiedinstveno selenot se sre}ava kako aktivna kom-ponenta vo golem broj pomo{ni lekoviti sred-stva. Metodot se karakterizira i so pogolemaosetlivost. Toa dava mo`nost da mu se dade pred-nost na ovoj metod vo odnos na grafitnata tehnikaza kvantitativno opredeluvawe selen vo pomo{nilekoviti sredstva vo koi e prisuten vo niski dozii vo kombinacija so drugi oligoelementi.
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 Tabela 4. Rezultati od metodot na standardni dodatoci (n=6)
 Metod Deklarirano
 (µg/dozirana edinica) Presmetano
 (µg/dozirana edinica) Opredeleno
 (µg/dozirana edinica) Analiti~ki prinos (%)
 25 - 23.99 -
 33,99 33,87 99,67
 38,99 39,31 100,84
 48,99 44,89 99,78
 50 - 49,86 -
 64,86 64,69 99,75
 ETAAS 79,86 80,93 101,35
 99,86 98,79 98,93
 100 - 101,88 -
 126,88 129,30 101,91
 151,88 155,40 102,32
 176,88 179,09 101,25
 25 - 23,80 -
 33,80 33,73 99,82
 38,80 39,32 101,35
 48,80 48,28 98,94
 50 - 48,95 -
 HGS 63,95 64,68 101,15
 78,95 78,57 99,53
 98,95 99,75 100,81
 100 - 101,15 -
 126,15 128,28 101,69
 151,15 154,32 102,10
 176,15 177,75 100,91
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 20. D. A. Skoog and J. J. Leary, Principles of Instrumental Analysis,4th Edition, Saunders College Publishing, 1992, p.p. 211-223
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 Summary
 AAS method for determination of selenium in therapeutical nutritionsRumenka Petkovska1*, Biljana Manevska2, Lidija Petrushevska-Tozi1, Aneta Dimitrovska1,
 1Faculty of Pharmacy, University “Ss Cyril and Methodius”, Skopje, R.Macedonia2Republic Institute of Public Health, Skopje, R.Macedonia
 Key words: selenium, therapeutical nutrition, graphite furnace atomic spectrometry, atomic spectrometry with hydride system
 An AAS method with graphite furnance and hydride system was developed and validated for determination of selenium in pharma-ceutical dosage forms used as therapeutical nutritions. The method was applied for determination of selenium in three therapeutical nutritions after microwave digestion. Acid samples with Pd/Mg nitrate as a modifier were used for graphite furnace and acid samples withsodium borhydride alkaline solution for hydride system. Validation of applied method was carried out by determination of linearity (inconcentration range from 15 to 75 µg/l for graphite furnace technique and from 5 to 25 µg/l for hydride system) as well as accuracy, precision, detection and quantification limit. The results obtained have shown that the proposed AAS method with graphite furnace andhydride system for determination of selenium in therapeutical preparations are sensitive, accurate and reproducible.
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Voved
 Histotoksi~nite reakcii na tireoidnata `lez-da kako rezultat na vlijanieto na razli~ni lekovii nivnite metaboliti vrz nea go anga`irale vni-manieto na mnogu avtori koi na problemot mu pri-o|ale od razli~ni aspekti: histopatolo{ki, fizio-lo{ki, farmakolo{ki, biohemiski.
 Vo svoite istra`uvawa avtorite notiraat ab-normalnosti vo funkcijata i vo citomorfologi-jata na tireoidnata `lezda vo zavisnost od eks-perimentalnite uslovi ili patolo{kite proce-si. [irokata primena na medikamenti koi{to vosebe sodr`at razli~ni koli~ini na jod, a se apli-ciraat za netireoidni zaboluvawa, potoa pri ra-zni dijagnosti~ki snimawa (kontrastnite sred-stva), nametnuva potreba da se prosledi tireoid-nata `lezda i mo`nite efekti vrz nea.
 Amjodaronot (Cordarone®) e antiaritmik {toima i antianginozno i antifibrilatorno dejstvo.Ovoj lek vo svojata struktura sodr`i dva atoma najod. Presmetano e deka e toa kvantitativno 75 mg,organski jodid (37%) na 200 mg aktivna supstanca-1
 tableta, a so tekot na biotransformacijata voorganizmot od taa koli~ina lek se osloboduvaat 6 mg sloboden jod.
 Histolo{ki kaj pacienti podlo`eni na tire-oidektomija zaradi AIT (amiodarone-induced thyro-toxicosis) (1) najdeni se involutivni promeni votireoidejata, degenerativni i destruktivni foli-kularni lezii, fibroti~ni lezii i nespecifi-~na hroni~na inflamacija so infiltracija odmakrofagi.
 Tireoidna histopatologija kaj obducirani pa-cienti prethodno tretirani so amjodaron bez pret-hodno evidentirano tireoidno zaboluvawe zabele-`ale Brenan et al. i Mulligan et al. (2,3).
 Amjodaronot se primenuva i pri lekuvawe mla-di pacienti-deca i adolescenti. Vo literaturatapostojat izve{tai za upotrebata na amjodaronotkaj ovie pacienti (4-6). Vo najekstenzivniot trud(4), avtorite izvestuvaat deka so amjodaron se le-kuvani preku sto pacienti na vozrast pod 16 godi-ni. Uspehot e ocenet kako mnogu povolen, no pri-sutni se i po~esti nuspojavi, vo zavisnost od doza-ta i na~inot na aplikacijata na lekot.
 Zaradi toa bevme motivirani da vospostavimesoodveten eksperimentalen model koj }e ni poslu-
 Apstrakt
 Ispituvano e tkivoto na tireoidnata `lezda na mladi Wistar staorci po triesetdnevna aplikacija na dvojno povi-soki dozi otkolku terapevtskite, na kardiotonikot amjodaron. Zaklu~ivme deka ovoj lek kaj pove}eto opitni ̀ ivot-ni predizvikuva destruktivni, degenerativni i involutivni promeni na tireoidnite folikuli, osobeno izrazenikaj mladite Wistar staorci. Folikularniot epitel i koloidot se podednakvo zasegnati so ovie procesi. Svrznototkivo razrasnuva vo intersticiskite prostori i go pritiska funkcionalniot parenhim na `lezdata.
 Klu~ni zborovi: tireoidna `lezda, Wistar staorci, amjodaron, histolo{ka analiza, svetlosna mikroskopija
 *Gracilija Kiroskatel: 02-214-294
 Macedonian pharmaceutical bulletin, 48, (1,2) 53-56 (2002)ISSN 1409 - 8695
 UDC: 615.222 : 611.44.086611.44.086 : 615.222
 Stru~en trud
 Sporedni efekti na amjodaron vrz strukturitena tireoidnata `lezda kaj mladi Wistar staorci
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 Institut za medicinska eksperimentalna i primeneta histologija i embriologija, SkopjeMedicinski fakultet, 50-ta Divizija br.6, Skopje
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 `i da gi ispitame,da gi utvrdime i da gi istaknemeeventualnite promeni vo strukturite na tireoidna-ta ̀ lezda pod vlijanieto na amjodaronot vrz staorci~ija{to vozrast odgovara na detskata kaj ~ovekot.
 Eksperimentalen del
 Kako opitni ̀ ivotni koristeni se ma{ki Wistarstaorci, ~ija{to vozrast na po~etokot na eksperi-mentot odgovara{e na detskata kaj ~ovekot.
 Amjodaron hlorid koristen vo eksperimentitee proizvod na firmata “Krka” Novo Mesto. Lekotbe{e rastvoruvan vo vodata za piewe ~ija{to ko-li~ina be{e odredena pred i vo tekot na eksperi-mentot strogo vodej}i smetka sekoj den da pre-ostane minimalno koli~estvo voda vo koja{to erastvoren lek. Wistar staorcite pieja 0,1% rast-vor (dvojno povisoka doza od terapevtskata) amjo-daron hlorid, ad libitum vo tek na 30 dena.
 Po `rtvuvaweto na staorcite tkivoto na tire-oidnata `lezda be{e podgotveno so voobi~aenitehistolo{ki tehniki i boewa za kvalitativna ana-liza so svetlosen mikroskop.
 Rezultati i diskusija
 Pri panorami~nata gletka vrz tireoidnata`lezda kaj ovie eksperimentalni grupi uo~livise dilatirani folikuli vo perifernite delovina `lezdata, ~ij izgled sugerira na raskinuvawena yidovite na sosednite folikuli i sozdavawekomunikacija pome|u niv (Sl.1).
 Folikularniot epitel, vo nepromenetite foli-kuli, vrasnuva vo vid na papili vo koloidot. Pove-}eto papili se so stroma od svrzno tkivo okolu ko-ja e oblo`en folikularniot epitel vo eden red na
 kletki ili vo pove}e redovi na kletki (Sl.2). Va-kvoto papilarno vrasnuvawe na epitelot prisutnoe kaj 30% na eksperimentalnite `ivotni.
 Kletkite na folikularniot epitel {to e so~u-van sodr`at granuli vo citoplazmata (Sl.3). Spo-red literaturata formiraweto na intracelular-ni koloidni kapki uka`uva na po~eten proces natireoidna hormonska sekrecija (7).
 Vo tireodnata `lezda kaj eksperimentalnite`ivotni prisutni se i folikuli so povr{no de-generiran folikularen epitel, pri {to deloviod negovite kletki i celi kletki otpa|aat vokoloidot. Ovie promeni naj~esto se lokalni - sesre}avaat na edno odredeno mesto vo yidot na fo-likulot kade {to se destruira i otpa|a foliku-larniot epitel se do bazalnata membrana (Sl.4).Na nekoi mesta od `lezdata ovie promeni stanu-vaat difuzni.
 Maced. pharm. bull., 48 (1,2) 53-56 (2002)
 Slika 1. Dilatirani folikuli vo perifernite delovi na`lezdata (400 x, Azan)
 Slika 2. Papila izgradena od stroma i epitel, vrasnata vokoloidot (400 x, Florentin)
 Slika 3. Granuli vo citoplazmata na tireocitite (1000 x, Florentin)
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 Degenerativni i destruktivni folikularnilezii, kako i fibroti~ni lezii se obemno raspro-straneti niz parenhimot na tireoidnata `lezdakaj 80% od mladite Wistar staorci (Sl.5).
 Vo perifernite delovi na `lezdata, a isto ta-ka i vo centralnite regii, postoi razrasnuvawe nasvrznoto tkivo (Sl.6).
 Patogenezata na zonite na fibroza i nivnatasodr`ina od izobli~eni folikuli i grupi od epi-telni kletki kaj amjodaron tretiranite grupi senejasni, me|utoa (1) go sugeriraat sledniov na~inna razvitok. Po promenlivata degeneracija i de-strukcija na eden do drug postavenite folikuli -nekoi totalno razru{eni, drugi delumno pogodeni,postoi osloboduvawe na koloid, likvefekacija iapsorpcija na produktite na celularnata degene-racija i postoi pre`ivuvawe na nekoi folikular-ni kletki. Muralnite lezii ~esto se pridru`eni
 so celularen infiltrat od plazma kletki ili hi-stiociti i limfociti lociran perifolikularno.Interfolikularno se sre}avaat zoni na fibroza.Kondenzacijata na fibrovaskularnata stroma giopkru`uva razru{enite folikuli ili individu-alnite folikularni kletki opfateni vo ovie po-liwa na fibroza koi mo`at da se rekonstituiraatkako folikuli ili da se regeneriraat i da formi-raat novi.
 Zaklu~ok
 Vo ovoj trud kon problematikata prijdovme odhistolo{ki aspekt. Pod navedenite eksperimen-talni uslovi, histolo{kiot naod uka`uva deka seatakuvani histocelularnite srukturni elementina tireoidnata `lezda.
 Konstatiranite efekti od aplikacijata naamjodaron-ot vrz strukturata na tireoidnata `le-zda sugeriraat neophodna pretpazlivost pri ordi-niraweto na lekot vo klini~kata praktika, predse, preku definirawe i sledewe na tireoidniotstatus pred i vo tek na terapijata so ovoj preparat.
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 Slika 4. Lokalna destruktivna promena(250 x, Florentin) Slika 6. Buewe na svrznoto tkivo vo centralnite delovi na`lezdata (40 x, H E)
 Slika .5. Degenerativni i destruktivni folikularni lezii i fibroti~ni lezii (100 x, Florentin)
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 Maced. pharm. bull., 48 (1,2) 53-56 (2002)
 Summary
 Side effects of amiodarone upon the structures of thyroid gland in young Wistar rats
 Gracilija KiroskaInstitute of Medical, Experimental and Applied Histology and Embryology,
 Medical Faculty,” Ss Cyril and Methodius University”, 50 Divizija 6, Skopje, Republic of Macedonia
 Key words: thyroid gland, Wistar rats, Amiodarone, histological analysis, light microscopy
 Thyroid gland tissue of young Wistar rats after the application of double more doses than therapeutic ones, of cardiotonic amio-darone in a 30 day period was examined.
 We concluded that amiodarone in most animals induced destructive, degenerative and involutive changes in thyroid follicles,particularly in young rats.
 The epithelium and the colloid were equally affected with these processes. Connective tissue grows in the interstitial space andmakes pressure upon the functional parenchymal tissue of the thyroid gland.
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 UPATSTVO ZA AVTORITE
 Makedonskiot farmacevtski bilten e ofici-jalno glasilo na Makedonskoto farmacevtskodru{tvo. Vo spisanieto se objavuvaat originalninau~ni trudovi, kusi soop{tenija, revijalni tru-dovi i stru~ni trudovi od site farmacevtski dis-ciplini i srodni podra~ja na rabota koi se odinteres za farmacijata (farmacevtska i medicin-ska hemija, imunologija so imunohemija, moleku-larna biologija, farmacevtski analizi, kontrolana lekovi, farmacevtska tehnologija, farmakoin-formatika, biofarmacija, farmakologija, prime-neta botanika, farmakognozija, toksikologija,klini~ka farmacija, hrana i ishrana, fizi~kafarmacija, organski sintezi, socijalna farmaci-ja, istorija na farmacija i dr.).
 Vo Makedonskiot farmacevtski bilten se obja-vuvaat i drugi prilozi (poraki i soop{tenija,izve{tai i kalendari na nau~ni i na stru~ni mani-festacii vo zemjata i vo stranstvo, pregledi na kni-gi). Sostaven del na Biltenot se i razni rubriki.
 Originalnite nau~ni trudovi gi sodr`at rezul-tatite na sopstveni, dotoga{ neobjaveni nau~niistra`uvawa koi pretstavuvaat zaokru`ena celi-na, a davaat pridones kon razvojot na soodvetnatanau~na oblast. Brojot na stranicite (zaedno so sli-kite i so tabelite) ne treba da bide pogolem od 15.
 Kusite soop{tenija sodr`at rezultati od na-~ni istra`uvawa prezentirani vo pomal obem,~ij broj na stranici ne treba da bide pogolem odpet (dozvoleni se edna tabela i edna slika).
 Pregledite se pi{uvaat na pokana od Uredu-va~kiot odbor, a pretstavuvaat poop{iren pri-kaz na istra`uvawata i soznanijata na pove}eavtori vo opredelena nau~na oblast, za koja kom-pentnosta na avtorot na pregledot e potvrdenapreku negovite objaveni istra`uvawa.
 Stru~nite trudovi izvestuvaat za korisni re-zultati koi ovozmo`uvaat podatocite od origi-nalnite nau~ni istra`uvawa da bidat primenetivo prakti~nata rabota. Stru~nite trudovi mo`atda se temelat i na obrabotka na teoretski podato-ci. Brojot na stranicite (zaedno so slikite i sotabelite) ne treba da bide pogolem od 10.
 Originalnite nau~ni trudovi, kusite soop{te-nija i pregledite treba da bidat napi{ani naangliski jazik, dodeka stru~nite trudovi i siteostanati prilozi mo`at da bidat napi{ani i namakedonski jazik.
 Prifa}aweto na trudovite za pe~atewe vo Bil-tenot gi obvrzuva avtorite istite rezultati da negi objavuvaat vo drugo spisanie.
 Podgotovka na rakopisot:
 Rakopisite treba da se dostavat vo tri prime-roci ispe~ateni na kompjuterski pe~ata~, edno-strano so prored od 1,5 so margina od 3,0 cm od se-koja strana, na hartija so format A4 na adresa naglavniot urednik:
 Prof. d-r Svetlana KulevanovaFarmacevtski fakultet, Vodwanska 17, 1000 Skopje,Republika Makedonija
 Stranicite i prilozite treba da bidat numeri-rani.
 Pri podgotvuvawe na rakopisot za pe~atewetreba da se vodi smetka toj da bide maksimalnokoncizen, bez nepotrebni povtoruvawa.
 Pri pi{uvawe na rakopisot zadol`itelna eupotreba na slednite edinici za: dol`ina (m, cm,mm, mm, nm, Å); masa (kg, g, mg, mg, ng, pg); volumen(l, ml, µl); vreme (s, min, h, d); temperatura (oC, K);radijacija (Bq, Ci, dpm, Gy, rad): koncentracija (M,mol/l, N, mg/ml, %, %(v/v), %(w/v), ppm).
 Imiwata na supstanciite treba da se vo soglas-nost so preporakite i pravilata dadeni od IUPACili, ako takvi ne postojat, spored praktikata naChemical Abstracts.
 Tabelite i slikite (fotografii, dijagrami iskici), kako i strukturnite formuli treba da bi-dat dadeni sekoja na oddelen list (vo tekstot da eobele`ano nivnoto mesto). Tabelite i slikite senumeriraat so arapski brojki (na pr. Tabela 1., Sl.1).
 Rakopisot treba da sodr`i: naslov, apstrakt,klu~ni zborovi, voved, eksperimentalen del, re-zultati i diskusija, zaklu~ok, blagodarnost (popotreba), literatura i rezime.
 Na naslovnata stranica treba da stoi naslovotna rakopisot. Vo posebni redovi treba da stoipolno ime i prezime na avtorite, naziv i adresana institucijata na avtorite. Koga avtoritepoteknuvaat od pove}e razli~ni institucii tre-ba da se ozna~i potekloto na sekoj avtor so 1, 2, 3....na krajot od negovoto ime. So yvezdi~ka treba dabide ozna~eno imeto na avtorot za korespodenci-ja. Vo dolniot lev agol od naslovnata stranica senaveduva negovata e-mail adresa, telefonskiotbroj i broj na faks.
 Maked. farm. bilt., 48 (1,2) 57 (2002)
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 Apstraktot treba da bide do 250 zbora (nau~nii stru~ni trudovi), odnosno do 100 zbora (kusisoop{tenija), a treba da gi sodr`i celta na rabo-tata, metodologijata i pozna~ajnite rezultati.Vo prodol`enie treba da bidat zastapeni tri do{est klu~ni zbora rasporedeni spored redosle-dot na va`nost.
 Vo vovedniot del treba nakuso da se navedat samonajva`nite podatoci od porane{nite istra`uva-wa povrzani so obrabotuvanata problematika ida se objasni celta i va`nosta na rabotata.
 Eksperimentalniot del treba da bide izdvoeni da sodr`i podatoci za upotrebuvanite materi-jali i opis na primenetite metodi na na~in {to}e ovozmo`i reproducirawe na postapkata, nobez detalno opi{uvawe na ve}e poznatoto.
 Trudovite {to se odnesuvaat na teoretski istra-`uvawa, namesto eksperimentalen del treba daimaat soodvetno poglavje so podnaslovi vo koe }ebidat izneseni podrobnosti neophodni za prover-ka na prezentiranite rezultati.
 Rezultatite i diskusijata treba da bidat dade-ni vo edno poglavje. Diskusijata treba da sodr`ianaliza na rezultatite i na zaklu~ocite {to pri-toa mo`at da se izvle~at.
 Zaklu~okot {to proizleguva od izlo`eniterezultati i diskusija se izdvojuva vo posebnopoglavje.
 Literaturata se naveduva vo posebno poglavje,pri {to bibliografskite edinici se numeriraatpo onoj red po koj se pojavuvaat vo tekstot. Ako votekstot se spomnuvaat avtori, se naveduvaat samoprezimiwata na avtorite (ako gi ima eden ili dva),a vo slu~aj na pove}e avtori se pi{uva, na primer,Vetter et al. (1).
 Statii od nau~ni spisanija se citiraat na ovojna~in:
 1. P. Premov and D. Dulanov, Maced. Pharm. Bull., 20,2-10 (2000).
 Kratenkite na spisanijata se naveduvaat spo-red Chemical Abstracts.
 Knigi se citiraat na ovoj na~in:2. A. Robert, M. Sporn, Progress in Organic Chemistry,
 3rd ed., Butterworths Scientific Publications, London,1998, pp 125-154.
 Knigi so urednik:3. J. Cook, in The retinoids, P. Cornwell, Ed., Academic
 Press, Orlando, 1996, pp 25-29.
 Trudovite napi{ani na angliski jazik na kra-jot treba da sodr`at rezime na makedonski jazik.Rezimeto treba da sodr`i naslov, polno ime i pre-zime na avtorot/avtorite, naziv na institucijatana avtorot/avtorite, klu~ni zborovi i tekstot naapstraktot. Stru~nite trudovi napi{ani na make-donski jazik na krajot treba da sodr`at rezime na-pi{ano na angliski jazik vo koe treba da se vklu-~eni istite podatoci.
 Primenite rakopisi Ureduva~kiot odbor giispra}a na recenzirawe. Recenziranite trudovi,zaedno so eventualnite zabele{ki i mislewa naUreduva~kiot odbor, se dostavuvaat do avtorite.Tie se dol`ni najdocna vo rok od 30 dena da giizvr{at neophodnite korekcii i finalnata ver-zija na rakopisot da ja dostavat do Ureduva~kiotodbor vo pe~atena forma i zadol`itelno i na PCformatirana disketa (Word; Times New Roman,Mac C Times, Macedonian Times i golemina nabukvi 11).
 Avtorite dobivaat 20 besplatni separati odsekoj trud objaven vo Biltenot.
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 INSTRUCTIONS FOR AUTHORS
 Macedonian Pharmaceutical Bulletin is an official pub-lication of the Macedonian Pharmaceutical Association.The journal publishes original scientific papers, shortcommunications, reviews and professional papers from allfields of pharmacyand corresponding scientific fields ofinterest for pharmacy (pharmaceutical and medicinalchemistry, immunology and imunochemistry, molecularbiology, pharmaceutical analyses, drug quality control,pharmaceutical technology, pharmacoinformatics, bio-pharmacy, pharmacology, applied botany, pharmacognosy,toxicology, clinical pharmacy, food and nutrition, physicalpharmacy, organical synthesis, social pharmacy, history ofpharmacy etc.).
 The Macedonian Pharmaceutical Bulletin, also, pub-lishes and other contributions (recommendations andannouncements, reports of meetings, important events anddates, book reviews, various rubrics).
 Original scientific papers should contain own unpub-lished results of completed original scientific research.The number of pages (including tables and figures) shouldnot exceed 15.
 Short communications also should contain completedbut briefly presented results of original scientific research.The number of pages should not exceed 5 (including onetable and one figure).
 Reviews are written at the invitation of the EditorialBoard. They should be surveys of the investigations andknowledge of several authors in a given research area, thecompetency of the authors of the reviews being assured bytheir own published results.
 Professional papers report on useful practical resultswhich are not original but help the results of the originalscientific research to be adopted into practical use.Professional papers might be based on the elaborating oftheoretical data. The number of pages should not exceed10 (including tables and figures).
 Original scientific papers, short communications andreviews should be written in
 English, while professional papers and all other contri-butions may be submitted in Macedonian.
 Acceptance for publication in the Bulletin obliges theauthors not to publish the same results elsewhere.
 Preparation of manuscripts:
 Manuscripts should be submitted in triplicate, typed (1½ spaced) on A4 paper with margins of 3.0 cm on eachside. It is recommended the manuscript be sent on the
 Editor-in-Chief address's:Prof. dr. Svetlana Kulevanova Faculty of PharmacyVodnjanska 171000 SkopjeRepublic of MacedoniaThe pages and appendices should be numbered. The papers should be written in the shortest possible
 way and without unnecessary repetition. Obligatorily, only the follow quantities and units must
 be used: length (m, cm, mm, mm, nm, Å); weight (kg, gmg, mg, ng, pg); volume (l, ml, µl); time (s, min, h, d); tem-perature (oC, K); radiation (Bq, Ci, dpm, Gy, rad); concen-tration (M, mol/l, N, mg/ml, %, %(v/v), %(w/v), ppm).
 The names of substances should be in accordance withthe IUPAC recommendations and rules or ChemicalAbstracts practice.
 Figures (photographs, diagrams and sketches) andstructural formulae should each be given on a separatesheet (the place to which they belong in the text should beindicated). The tables and the figures should be numberedin Arabic numerals (e.g. Table 1, Fig. 1).
 Manuscript should contain: title, abstract, key words,introduction, experimental, results and discussion, conclu-sion, acknowledgment (if desired) references and summary.
 Papers should be preceded by a title page comprising: thetitle, the complete name(s) of the authors, and the author'saffiliations (institution and address). When the authors affil-iated from various different institutions the origin of theeach author should be indicated with 1,2,3... at the end ofhis name. The correspodence author should be indicatedwith * and his e-mail address, telephone and fax number tobe supplied in the bottom left part of the title page.
 Each paper must begin with an Abstract which shouldnot exceed more than 250 (original scientific and profes-sional papers) or 100 (short communications) words. Theabstract should include the aim of the research, methodsand the most important results. A list of 3 to 6 key wordsarranged in the order according to their importance shouldfollow the abstract.
 In the introduction only the most important previousresults related to the problem in hand should be brieflyreviewed and the aim and the importance of the researchshould be stated.
 The experimental section should be written as a sepa-rate section and should contain a description of the materi-als used and methods employed in form which makes the
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 results reproducible, but without detailed description ofalready known methods.
 Manuscripts which are related to theoretical studies,instead of experimental, should contain a sub-heading andthe theoretical background where the necessary details forverifying the results obtained should be stated.
 It is often advantageous to combine Results and Discus-sion in one section. The discussion should contain an analy-sis of the results and the conclusions that can be drawn.
 Conclusion which is in consequence from the presentedresults and discussion should be given in the separate section.
 The list of references should only include works thatare cited in the text and that have been published oraccepted for publication. References should be numberedin the order in which they appear in the text and listed innumerical order in the reference list.
 The surname of one or two authors may be given in thetext, whereas in the case of more than two authors theyshould be quoted as, for example Vetter et al. (1).
 Papers from scientific journals should be cited as follows:1. P. Premov and D. Dulanov, Maced. Pharm. Bull. 20,
 2-10 (2000).The names of journals should be abbreviated as in
 Chemical Abstracts.Books should be cited as follows:2. A. Robert, M. Sporn, Progress in Organic Chemistry,
 3 rd ed., Butterworths Scientific Publications, London,1998, pp 125-154.
 Books with editor:3. J. Cook, in The retinoids, P. Cornwell, Ed., Academic
 Press, Orlando, 1996, pp 25-29.
 Manuscripts written in English should contain a sum-mary in Macedonian at the end of the paper. The summaryshould contain: title, author(s) full-name(s), surname(s),author's affiliations (institution and address), key wordsand abstract. Professional papers written in Macedonianshould contain a summary in English in which the samedata should be included.
 Papers received by the Editorial Board are sent to refer-ees. The suggestions of the referees and Editorial Boardare sent to the author(s) for further action. The correctedtext should be returned to the Editorial Board as soon aspossible but in not more than 30 days in a hard copy formand obligatorily on the PC formatted disk (Word; fontTimes New Roman, Mac C Times, Macedonian Timesand size 11).
 Twenty reprints of each paper are supplied free ofcharge to the author(s).
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