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Po~ituvani,
 Ve izvestuvame deka Makedonski farmacevtskibilten, spisanieto na Makedonskoto farmacevtskodru{tvo, }e pe~ati trudovi na angliski i na make-donski jazik, i toa originalni nau~ni trudovi, kusisoop{tenija i pregledi na angliski jazik, a stru~nitrudovi na makedonski ili na angliski jazik. Trudo-vite }e bidat podlo`eni na dvojna recenzija od vrv-ni stru~waci od soodvetnite oblasti od zemjata i odstranstvo. Vo tek se aktivnostite za regulirawe nastatusot na Spisanieto vo bazata Chemical Abstracts iza permanentno citirawe vo nego.
 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 soprilo`uvawe na Va{i trudovi, podgotveni vo so-glasnost so propoziciite na Spisanieto koi }e ginajdete na poslednite stranici od ova spisanie.
 Ureduva~ki odbor
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Introduction
 Anxiolysis with drugs and psychoprophylaxis are both recognizedmethods of preoperative preparation. Benzodiazepine Diazepamis used for sedation. However, the short-acting benzodiazepineMidazolam has potential advantages over Diazepam. Due toits unique chemical structure (1,4-benzodiazepine derivative)depending on environmental pH, the drug can produce highlywater-soluble salts (pH less than 4) or exist in lipophylicdiazepine ring-closed form (pH greater than 4). The pHdependence of the opening or closure of a ring in Midazolam’s
 molecular structure suggests a pH dependence of the mucosalabsorption. Thus, a significant amount of orally administeredMidazolam may be absorbed by the mucosal membranes in theoral cavity, esophagus, and the stomach (1). This contributes toa rapid onset of action and to good clinical tolerance. After bothoral and intramuscular administration, Midazolam has a fastabsorption rate and is rapidly excreted, with a half-life of onlyabout 2 hours. A reasonably good correlation has been foundbetween plasma levels and clinical effects, indicating a fast,but brief response. In anesthesiology, Midazolam appears to be a useful, short-acting, sedative-anxiolytic and amnesic premedication after both oral and parenteral administration. Itsadvantages include good cardiovascular stability, transient andmild respiratory depression, low frequency of venous irritation,
 Macedonian pharmaceutical bulletin, 47 (1,2) 3-8 (2001)ISSN 1409 - 8695
 UDC: 015.911: 615.451.21
 Original scientific paper
 *[email protected]. + 389 02 126 032; 119 694; fax: + 389 02 123 054
 Abstract
 Due to its pharmacokinetic and pharmacodynamic properties (sedation, amnesia and relief of anxiety) Midazolam has become a commonlyused agent for conscious sedation of children before diagnostic or therapeutic procedure or before induction of anesthesia. Considering theadvantage of oral administration to avoid the additional trauma of starting an IV in the child, and the fact that there is no adequate dosage form(Midazolam - Syrupus) on the drug market in our country, the aim of the presented work was to formulate syrupus using syrupus base/aqueoussolution of viscosity enhancer - HPMC, in combination with suitable sweetener, flavor, and preservatives, and to evaluate its quality and stability.The pharmacodynamic efficacy/sedative effect of Midazolam HCl - Syrupus formulation was evaluated in 33 pediatric patients comparing thiswith the efficacy of intramuscularly administered Midazolam HCl (35 pediatric patients) in accordance with the Ramsay scale for analgosedation.
 The formulation manifested good quality in respect to physical properties, physico-chemical parameters (pH value, relative density, drug content, ingredients content) antimicrobial efficacy and microbiological quality according to Ph Eur 3. In the conditions characteristic of the second (II) climate zone, the dosage form was stable for four months. The sedative effect of orally administered Midazolam was manifested in aperiod necessary for surgical premedication (30 - 45 min). The majority of patients (71%) entered the second phase on the Ramsay scale, whenMidazolam was administered in a dose of 0.40 mg/kg.
 Key words: Midazolam, syrupus, formulation, quality control, sedative efficacy
 Midazolam-sirupus, formulation and pharmacodynamic efficacy
 K. Goracinova1*, K. Mladenovska1, O. Gelevska1, E. Fredro-Kumbaradzi1, M. Glava{-Dodov1, J. Nanceva2
 1Institute of Pharmaceutical Technology, Department of Biopharmacy, Faculty of Pharmacy, SS Cyril and Methodius University, Vodnjanska 17, 1000 Skopje, Republic of Macedonia
 2Clinic for Orthopedic Diseases, Clinical Center at the Faculty of Medicine, SS Cyril and Methodius University, Vodnjanska 17, 1000 Skopje, Republic of Macedonia
 Received November 2001; accepted March 2002
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 production of anterograde amnesia and short duration ofaction in comparison with other benzodiazepines (2 - 3).
 Until recently, only the intravenous form of the drug was available. Environment or frightened parents together with additional trauma of starting an IV in the child were overwhelming for the child. Many practitioners used the IVpreparation for oral administration to avoid the additional trauma. However, the liquid was very bitter even with addedflavoring. So, one of the methods of reducing anxiety for apediatric patient was oral Midazolam (4).
 A comparative study of heart rate (HR), blood pressure (BP)and norepinephrine, epinephrine and cortisol levels in twogroups of children, one receiving psychological treatment only,and the other receiving 0.2 mg/kg Midazolam orally, showedthat HR, BP, as well as humoral stress parameters indicate thatMidazolam in a recommended dose is sufficient to reduce preoperative stress in children (5). Comparing the preoperativesedative effects and the postoperative recovery profiles of twooral premedicants: Midazolam (0.5 mg/kg) and a combination0.2 ml/kg of Meperidine (6 mg/ml), Atropine (0.08 mg/ml),and Diazepam (0.6 mg/ml), it was concluded that the majorityof children in both groups achieved acceptable separation andinduction scores. However, the Midazolam subjects showedsignificantly better improvement in scores at both separationand induction (6).
 The research activities of Tolksdarf, Eick and Riva et al. (7 - 8) considering the efficacy of Midazolam administered rectally, orally and nasally in pediatric patients confirmed thatoral administration is well accepted and more effective than other ways of administration. Special consideration should be takenonly in respect to the adverse effects. The nasal administrationof Midazolam should be avoided as a routine in premedicationof pediatric patients because of legal acceptability.
 In November 1998, the FDA approved Versed Syrup, a flavored liquid that contains an artificial bitterness modifier.Syrup is indicated for use in pediatric patients for sedation,anxiolysis and amnesia prior to diagnostic, therapeutic or endoscopic procedures or before induction in anesthesia. Therecommended dose for children is a single dose of 0.25 to 0.5mg/kg to a maximum dose of 20 mg. Younger children (6 monthsto less than 6 years) and less cooperative children may requirea higher dose of up to 1 mg/kg. In obese children the doseshould be calculated based on ideal body weight. The doseshould be individualized for the patient's age, level of anxietyand medical need. The time of onset is usually within 10 to 20minutes. The relationship between plasma concentration andsedation and anxiolysis scores of oral Midazolam syrup (single oral doses from 0.25 - 1.0 mg/kg) in three age groups(6 months to < 2 yrs, 2 to < 12 yrs, and 12 to < 16 yrs) showed
 that the mean Midazolam plasma concentration as well as the mean of Midazolam plus alpha - hydroxymidazolam (pharmacologically active metabolite) plasma concentrationfor those patients with a sedation score of 4 (asleep but responsive to mild shaking) is significantly different from themean concentrations for those with a sedation score of 3(drowsy), which is significantly different from the mean concentrations for patients with a sedation score of 2(awake/calm). The statistical analysis indicated that the greaterthe Midazolam, or Midazolam plus alpha-hydroxymidazolamconcentration, the greater the sedation score for pediatricpatients. No such trend was observed in anxiolysis, which is amore variable surrogate measurement of clinical response.
 Several investigators have worked on formulation and stability evaluation of Midazolam-Syrupus using Midazolamfor IV administration. Steedman and co-workers (9) haveresearched the stability of a peroral solution of Midazolam prepared from IV taste-modified Midazolam formulation andstored at different temperatures. All the examined parameters(physical, physico-chemical, microbiological, drug content)showed stability at a decreased and increased temperature. A similar formulation prepared by Walker et al. (10) showed stability over 102 days under similar conditions.
 Considering the advantages of Midazolam and of oraladministration in the form of syrup, also, and the fact that nosuch formulation is available on the market in our country, asan aim of the study we formulate Midazolam Syrupus using acontemporary approach in designing the syrup preparations. In other words, an aqueous solution of hydroxypropyl methylcellulose was used as a syrup base due to its adequateviscosity. The characterization of the formulation includesphysical and physico-chemical parameters, microbiologicalquality and the antimicrobial efficacy of the preservative used.The stability of the formulation was also periodically evaluatedthrough the physical and physico-chemical parameters andmicrobiological quality. The effectiveness of this formulationas a premedicant to sedate and calm pediatric patients prior toinduction of general anesthesia was evaluated in a randomized,double-blind, parallel-group study comparing an other group,in which Midazolam was intramuscularly administered.
 Materials and methods
 MaterialsThe following materials were supplied from commercial
 sources: Midazolam (Roche, USA), Sodium benzoas p.a.(Alkaloid, Macedonia), Saccharin Sodium (Merck, Germany),Hydroxypropyl methylcellulose (HPMC)-Metocel E15(Hercules, USA).
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 Midazolam-sirupus, formulation and pharmacodynamic efficacy 5
 Midazolam-Syrupus formulationThe contemporary approach in formulating the syrup
 includes the following materials and steps:
 Midazolam 0.10Sodium benzoas 0.22Saccharin Sodium 0.18Flavor-banana 0.10HPMC (aqueous sol. 3 % w/V) ad 100.00 ml
 Midazolam is solubilized in an aqueous medium with a presence of 0.1 mol/L HCl to form a solution in which each ml contains Midazolam HCl equivalent to 1 mg Midazolam.The presence of 0.1 mol/L HCl induces acidity in a range of 3.90 - 3.95 in which an equilibrium between diazepine ring-closed and ring-opened form exists (reversible forming) dueto the acid catalyzed opening of 4,5 double force of diazepinering. Bioavailability studies (1) of commercially availableMidazolam syrupus for oral administration with a pH of 2.8 to 3suggest that the absorption from the syrup may be significantlyimproved by slightly increasing the pH. In a physiological pHopen-ring form transforms into physiologically active lypophilicclosed-ring form.
 Such a solution, together with Sodium benzoas, SaccharinSodium and flavor are added to a previously prepared aqueoussolution of HPMC (3 % w/V). Sodium benzoas as a preservativeis active in a pH range of 2 - 5.
 Physico-chemical characterization of Midazolam-SyrupusPhysical properties, such as color, odor, taste and transparency
 were tested. For determining the color changes semiquantitativeanalysis was performed using spectrophotometry in visiblewavelength.
 pH value was determined according to the method proposedby Ph. Eur. 3 (potentiometric determination, pH meter MA5705, Iskra-Kranj).
 The viscosity was determined using a Brookfield rotating viscometer, according to the method proposed by Ph. Eur. 3 (50rpm Brookfield model P1.2M. 2010 Shanon Ireland).
 The relative density was also determined according to themethod proposed by Ph. Eur. 3 (pycnometric).
 Drug content in Midazolam-SyrupusMidazolam content was determined using the HPLC tech-
 nique (Perkin Elmer, pump: Serie 200LC, auto sampler: ISS-200, Detector: 785A UV/VIS) with acetonitrile and buffer-potassium dihydrogen phosphate (70:30) as mobile phase (2.0ml/min at 35 0C and 275 nm for Midazolam). The contents of
 other ingredients, such as Sodium Benzoas and SaccharinSodium, were also determined using the same technique.
 Microbiological analysis of Midazolam-SyrupusThe method proposed in Ph. Eur. 3 for the microbiological
 quality of a non-sterile preparation was used in determining themicrobiological quality of Midazolam Syrupus formulation.Adequate microbiological methods were used for the detectionand quantifying of the following bacteria: Salmonella,Pseudomonas aeruginosa, Escherichia coli, Staphylococcusaureus, fungus and mold. According to the Ph. Eur. 3 regulations,1 ml of the sample may contain 104 aerobic bacteria, 102 fungusand 102 other enterobacteria. The presence of the above-mentionedbacteria is not allowed.
 Antimicrobial efficacy of the preservative, Sodium benzoate, used in Midazolam-Syrupus formulationThe evaluation of antimicrobial efficacy of the preservative
 was made according to the method proposed by Ph. Eur. 3 usingstandard inoculums of separate suspensions of Pseudomonasaeruginosa and Candida albicans (108/ml micro-organismsaccording to the Mc Farland standard). 10 ml of the preparationwere inoculated with 0.1 ml bacterial suspension and the numberof microorganisms was counted in blood-agar medium over aperiod of 14 and 28 days.
 Stability evaluation of Midazolam SyrupusStability evaluation was performed by maintaining
 the formulation at temperatures of 2 - 8 0C and 26 + 0.5 0Cover a period of 4 months, while at 37 0C the preparation wasmaintained over a period of one month. Physical and physico-chemical parameters, drug content, ingredients contents andthe microbiological quality were determined periodically inthe 1st, 3rd and 4th month of syrup preparation.
 Sedative efficacy of Midazolam-SyrupusThe dynamic and quality of sedation of Midazolam
 (intramuscularly and perorally administered) were investigated in 68children (ASA Physical Status 1 and 2; aged 1 - 13 yrs) submittedto orthopedic operative treatment at the Clinic for OrthopedicDisease at the Clinical Center in Skopje. The first group of 35children (Group 1) was treated with Midazolam intramuscularlyadministered in a dose of 0.15 - 0.2 mg/kg, while to the secondgroup of 33 children (Group 2) Midazolam was administered perorally in a form of prepared syrup and in a dose of 0.4 mg/kg.
 The sedative efficacy was followed according to the Ramsayscale of analgosedation (1. frightened, agitated; 2. slightlysedated, oriented; 3. response to commands only; 4. promptresponse to slight stimulation; 5. delayed response to slight
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stimulation; 6. no response to stimulation) within 10, 20, and 30minutes of administration considering the time necessary forpreoperative treatment (30 - 45 minutes).
 Results and discussion
 The Midazolam-Syrupus prepared is a clear, colorless, bananaflavored liquid that contains Saccharin Sodium as an artificial bitterness modifier. The Syrupus contains 1 mg Midazolam per 1ml. The results conserning the physico-chemical parameters atthe time of preparing the formulation are presented in Table 1.
 In respect to the microbiological quality and preservative activity of Sodium benzoate the formulation is in accordanceto the standards proposed by the Ph. Eur. 3. The formulationprepared contains less than 104 aerobic bacteria, 102 fungusand 102 other enterobacteria. The presence of Salmonella,Pseudomonas aeruginosa, Escherichia coli, Staphylococcusaureus was not registered.
 The criterion of acceptance of the preservative efficacy wasthe reduction of living microorganisms (log value) regardingtheir total number in inoculums. The following log values areadequate for the microorganisms of interest according to thePh. Eur. 3 (3 for bacteria and 1 for fungus during 14 days without increase in their growth during the 28 days).Considering the Midazolam-Syrupus formulation, the criteriafor the success of preservative used, Sodium benzoate, weresatisfied.
 There were no changes in the physical properties of theMidazolam-Syrupus over the 4 months at the temperaturesinvestigated; 2 - 8 0C and 26 + 0.5 0C. The physical status of theformulation was not changed, either, after 1 month of maintaining at 37 0C. Due to the instability of flavor under theconditions of the stability test, its evaluation was performed atroom temperature.
 As Table 2 shows there are no significant changes in thephysico-chemical properties of the Midazolam-Syrupus formulation in a period of 1 month after maintaining the formulation at 2 - 8 0C and 26 + 0.5 0C. There are not any changes in
 the microbiological quality of this preparation, either, in the sameperiod at all temperatures investigated. By maintaining the formulation at a temperature of 37 0C, significant changes inMidazolam HCl content can be observed in the same period ofstudy. This indicates the necessity of providing the conditions formaintaining the quality of the preparation if the temperaturedeviates from the middle temperature for the 2nd climate zone (25 0C).
 As Table 3 indicates there are not any significant changes inthe physico-chemical properties of the Midazolam-Syrupusformulation after 4 months of studies after maintaining the formulation over a period of 4 months at 2 - 8 0C and 26 + 0.5
 0C. The microbiological quality of the formulation was also inaccordance to the standards proposed by the Ph. Eur. 3.
 The majority of patients receiving Midazolam in the formof Syrupus entered the 2nd phase of the Ramsay scale in a period of 20 - 30 minutes, by which the basic principles ofsurgical premedications are fulfilled. Although intramuscular application causes faster (15 - 20 minutes) and more intensiveclinical response (percent of patients entering the 2nd phase ofthe Ramsay scale is higher; 80 vs. 71%), oral premedicationcan successfully replace intramuscular administration (Fig. 1).Considering the percentage of patients, who did not enter thesecond phase of the Ramsay scale (20 % in Group 1, and 29 %in Group 2) it can be concluded that the quality and dynamicof sedative efficacy are strictly individual and depend on thegeneral condition of the patient and level of anxiety, which isespecially emphasized in pediatric patients.
 Maced. pharm. bull., 47 (1,2) 3-8 (2001)
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 Physico-chemical parameter Midazolam -Syrupus + SD (n = 3)
 pH 3.96 + 0.06 Relative density (kg/m3) 1.00 + 0.03 Viscosity (mPa • s) 38.00 + 0.07 Midazolam content (%) 101.30 + 0.07 Sodium Benzoas content (%) 99.80 + 0.05 Saccharin Sodium content (%) 100.00 + 0.08
 Measured parameters of different temperature of storage of Midazolam-Syrupus + SD (n = 3) Physico-chemical parameter
 2 - 8 0C 26 + 0.5 0C 37 0C pH 3.95 + 0.04 3.94 + 0.05 3.96 + 0.05 Relative density (kg/m3) 1.00 + 0.05 1.00 + 0.05 1.00 + 0.07 Viscosity (mPa . s) 38.00 + 0.08 38.00 + 0.07 38.00 + 0.06 Midazolam content (%) 100.00 + 0.07 101.30 + 0.08 86.00 + 0.06 Sodium Benzoas content (%) 99.70 + 0.05 98.98 + 0.06 99.00 + 0.08 Saccharin Sodium content (%) 98.85 + 0.08 98.85 + 0.08 98.93 + 0.09
 Table 2. Physico-chemical parameters of Midazolam-Syrupus formulation after 1 month of stability studies
 Table 1. Physico-chemical parameters of Midazolam-Syrupus formulation
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 No adverse effects, such as respiratory depression, airwayobstruction, oxygen desaturation or apnea occurred during theclinical study with Midazolam- Syrupus at the dose administered.
 Conclusion
 The Midazolam-Syrupus formulation manifested good quality in respect to physical and physico-chemical parameters(pH value, relative density, drug content, ingredients content),antimicrobial efficacy and microbiological quality according toPh. Eur. 3. In the conditions characteristic of the second (II)climate zone, the dosage form was evaluated over 4 monthsand maintained stability during this period of study. If the temperature deviates from the middle temperature of the second(II) climate zone it is necessary for adequate storage conditionsto be provided.
 Oral premedication can successfully replace intramuscularlyadministration in pediatric patients; special considerationshould be taken in respect to the general condition of thepatient and the level of anxiety; thus the doses should be individually adjusted. The recommended dose is in a range of0.25 to 1.0 mg/kg for preprocedural sedation and anxiolysis inpediatric patients. It should be used only in hospital or ambulatorycare settings, including physicians' and dentists' offices, thatare equipped to provide continuous monitoring of respiratoryand cardiac function.
 References:
 1. J. Zhang, S. Nin, H. Zhang and J.B. Streisand, J Pharm Sci 91 (4) 980-2 (2002)
 2. J.J. Horgesheimer, Pediatr. Dent. 23 (6), 491-4 (2001)3. J.H. Kanto, Pharmacotherapy 5 (3), 138-55 (1985) 4. J. Walker, Accident&Emergency Nursing. 4 (3), 110-3 (1996)5. U. Burkhardt, L. Wild L, B. Vetter and D. Olthoff, Anesthesist.
 46 (10), 850-5 (1997)6. C.A. Pywell, YJ. Hung and J. Nagelhout, AANA Journal. 63 (2),
 124-130 (1995)7. W. Tolksdof and C. Eick, Anaethesist vol 40, Jss 12, 661-667 (1991)
 8. J. Riva, G. Jejbusiewicz, M. Papa, C. Jauber, W. Kohn and M. Da Fonte, Paediatric Anaesthesia 7 (3), 191-6 (1997)
 9. S.I. Steedman, J.R. Koonce, J.E. Wynn and N.H. Brahen, Am. J. Hosp.Pharm. 49 (3), 616-618 (1992)
 10. S.E. Walker, H.A. Grad, D.A. Naas and A. Mayer, Anesth. Prog. 44 (1), 17-22 (1997)
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 Fig. 1. Sedative efficacy of Midazolam, administered intramuscularly (Group 1) and perorally (Group 2)
 Measured parameters of different temperature of storage of Midazolam-Syrupus + SD (n = 3)
 Physico-chemical parameter 2 - 8 0C 26 + 0.5 0C
 PH 3.96 + 0.04 3.99 + 0.05 Relative density (kg/m3) 1.00 + 0.06 1.00 + 0.05 Viscosity (mPa . s) 38.00 + 0.07 38.00 + 0.06 Midazolam content (%) 99.30 + 0.09 98.38 + 0.08 Sodium Benzoas content (%) 98.30 + 0.05 99.00 + 0.06 Saccharin Sodium content (%) 93.36 + 0.08 98.81 + 0.07
 Table 3. Physico-chemical parameters of Midazolam-Syrupus formulation after 4 months of stability studies
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 Rezime
 Midazolam sirup, formulacija i farmakodinamsko dejstvuvawe1K. Gora~inova, 1K. Mladenovska, 2O. Gelevska, 1E. Fredro-Kumbaraxi, 1M. Glava{-Dodov, 2J. Nan~eva
 1Institut za farmacevtska tehnologija, Katedra za biofarmacija, Farmacevtski fakultet, Vodwanska 17, 1000 Skopje, R. Makedonija
 2Klinika za ortopedski bolesti, Klini~ki centar, Medicinski fakultet, Vodwanska 17, 1000, Skopje, R. Makedonija
 Klu~ni zborovi: midazolam, sirup, kontrola na kvalitet, sedativen efekt
 Midazolamot kako sredstvo za premedikacija pri hirur{ki intervencii, bolni dijagnosti~ki i terapevtski proceduri se koristikaj pacienti koi pripa|aat na razli~ni vozrasni grupi. Osobeno kaj pedijatriskite pacienti e povolna neinvazivna primena priopi{anite indikacii. Lekovitite supstancii nameneti za sedacija inkorporirani vo soodveten doza`en oblik treba efikasno dadejstvuvaat i da go svedat na minimum negativniot psiholo{ki odgovor, fizi~kata nelagodnost i bolkata. Imaj}i go ova predvid, kako inepostoeweto te~na dozirana forma/sirup na midazolam vo na{ata zemja, postaveni bea slednive celi: formulirawe sirup (preveduvawena midazolamot vo rastvorliva forma za postignuvawe na potrebnata koncentracija vo preparatot, pri {to kako sirupna baza be{ekoristen voden rastvor na sredstvo za zgolemuvawe na viskoznosta − HPMC, vo kombinacija so ve{ta~ki zasladuva~i i konzervansi);kontrola na kvalitetot (fizi~ki i fizi~ko-hemiski parametri, mikrobiolo{ki kvalitet, antimikrobna efikasnost na konzervansot,stabilnost) i ispituvawe na farmakodinamskata efikasnost na sirupot so midazolam hidrohlorid (sledena kaj 33 pedijatriski pacientivo sporedba so efikasnosta na intramuskulno apliciraniot midazolam hidrohlorid kaj 35 pacienti so koristewe na Ramsay skalata zaanalgosedativniot efekt).
 Formulacijata poka`a zadovolitelen kvalitet vo odnos na fizi~kite svojstva, na fizi~ko-hemiskite parametri (rN, indeks narefrakcija, relativna gustina, kvantitativna sodr`ina) i mikrobiolo{kiot kvalitet vo soglasnost so Ph. Eur. 3. Preparatot e ispitu-van i stabilen e vo tekot na ~etiri meseci na niski temperaturi (2 - 8 0S) i vo uslovi na vtorata klimatska zona (26 ± 0,50S). Sedativniotefekt po aplikacijata na sirupot se javuva vo periodot potreben za hirur{ka premedikacija (30-45 minuti), postignuvaj}i go efektot navtorata faza na Ramsay skalata vo dozi od 0,40 mg/kg.

Page 9
                        

Macedonian pharmaceutical bulletin, 47 (1,2) 9-14 (2001)ISSN 1409 - 8695
 UDC: 582.929.4:547.9720..497.71
 Original scientific paper
 Determination of flavones in species of Thymus L. (Lamiaceae)from Macedonian flora
 Svetlana Kulevanova1*, Marina Stefova2, Tatjana Kadifkova Panovska1,Jasmina Tonic1, Trajce Stafilov2
 1 Faculty of Pharmacy, Vodnjanska 17, 1000 Skopje, R Macedonia2 Instute of Chemistry, Faculty of Science, P. O. Box 162, 1000 Skopje, R Macedonia
 Received October 2001; accepted March 2002
 Introduction
 Certain biological and pharmacological effects of the Thymusspecies have been experimentally proved, such the expectorant(1), spasmolytic (1-3), antibacterial (1,4), antifungal (5),antioxidant (6-9), etc. These activities are due to the specificcomposition of the essential oils (1, 4-9), flavonoids (1-3, 9),phenolic acids (4) and other chemical constituents of Thymus.
 Beside the data concerning the composition of the essentialoils, a lot of literature data about Thymus also consider information about the flavonoids present in this species. A very comprehensive work is presented in the papers ofSpanish authors where the distribution of flavone aglyconesin a number of Thymus species is given (10-15). The flavonoidshave also been investigated in representatives of Macedonian
 Thymus species, and luteolin, apigenin, diosmetin, eriodyctioland naringenin were identified as free flavonoid aglycones inmany of them (16-18).
 In respect to the literature data, a lot of information on theidentification and isolation of flavonoids is available, whichcannot be said for quantitative data on these components ofThymus. Determination of their content could be importantbecause the flavonoids are involved in spasmolytic, antioxidantand other activities of Thymus sp. The aim of the present studyis to establish methods for determining the total flavonoid content as well as the content of the main flavone aglycones inMacedonian Thymus species.
 *e-mail: [email protected]: 126-032, fax: 123-054
 Abstract
 Assay of flavonoids in extracts of seven Thymus L. (Lamiaceae) species from Macedonia including identification and quantification was performed.Extracts obtained after hydrolysis of air dried samples (A1) were analyzed by thin layer chromatography (TLC) and high performance liquid chromatography (HPLC). Luteolin and apigenin were identified in comparison to authentic standard substances. The content of total flavonoids in plantsamples determined by UV-Vis spectrometry (with AlCl3) ranged from 0.05-0.13 %. Two other extracts were prepared by extraction with a mixture ofethanol:water (7:3, V/V), evaporation until only water remained and extraction first with diethylether (A2) and secondly with ethyl acetate (A3). The contentof flavonoids in diethyl-ether and ethyl acetate extracts ranged from 52.5-244.4 mg·ml-1 and 48.7 -117.5 mg·ml-1, respectively. For quantification of luteolinand total flavonoids the HPLC method was applied, using reverse phase column C18, mobile phase consisting of 5% acetic acid and methanol in gradientelution mode and column temperature set to 40 oC. The content of luteolin in the plant samples ranged from 0.23-0.48 % (m/m), while the content of totalflavonoids was found to be 0.26-0.52 %.
 Key words: Thymus, flavones, identification, determination, HPLC analysis

Page 10
                        

Experimental
 Plant materialAerial parts of the plant were collected in the flowering season
 during summer 1997 and 1998 in different parts of Macedonia.The material was air dried, packed in paper bags and kept in adark and cool place until analysis. The identity of plant specieswas verified by Prof. Dr. V. Matevski from the Institute ofBiology, Faculty of Science in Skopje as follows:
 1. Thymus tosevii ssp. tosevii var. tosevii Vel.; Kichevo, western Macedonia, 1997
 2. Thymus tosevii ssp. tosevii var. longifrons Ronn.; Mavrovo, western Macedonia, 1997
 3. Thymus tosevii ssp. tosevii var. degenii Ronn.; Lazaropole, western Macedonia, 1998
 4. Thymus macedonicus (Deg. et Ur.) Ronn.; Berovo, eastern Macedonia; 1998
 5. Thymus moesiacus Vel.; Shar Planina, northern Macedonia, 1997
 6. Thymus alsarensis Ronn.; Kozjak Mountain, southern Macedonia, 1998
 7. Thymus longidens var. lanicaulis Vel.; Skopje, central Macedonia, 1998
 Reagents and authentic samplesThe reagents used were of highest purity (>99.95 purity),
 methanol HPLC grade, glacial acetic acid (Merck, Darmstadt,Germany) and authentic samples of apigenin, luteolin, naringenin, eriodyctiol, chrysoeriol and diosmetin (Extrasynthese,Lyon, France).
 ApparatusA Perkin-Elmer UV-Vis spectrometer Lambda 16 for
 spectrometric measurements and a Varian HPLC system equippedwith a ternary pump Model 9012 and UV-diode-array detectorModel 9065 for liquid chromatography measurements were used.
 Extraction procedureExtract A1. Plant material (1 g) was extracted with 60 ml
 acetone and 2 ml 25 % HCl in an erlenmeyer flask (with condensator) on a water bath with continuous mixing, 40 min.The mixture was then cooled, filtered and transferred to a 100ml volumetric flask and the operation was repeated with 40 mlacetone, 20 min. After filtration in the same flask, it was filledwith acetone to volume. 40 ml of the solution was transferredinto a separating funnel, 50 ml of water was added and theextraction was repeated twice with 20 ml and a third time with15 ml ethylacetate. The ethylacetate fractions were collectedand washed three times with 50 ml of water each, then dried withanhydrous Na2SO4 for 30 min, filtered into a 50 ml volumetricflask and filled with ethylacetate to volume.
 Extracts A2 and A3. 10 g of plant material were extracted withan ethanol : water mixture (7:3, V/V) at room temperature, with
 continuous mixing for 24 h. After filtration the solution wasevaporated under low pressure until water remained only. Thewater phase was transferred into a separating funnel and extractedfirst with ether and then with ethylacetate. The obtained extracts,in ether and in ethylacetate, were evaporated to dryness and theresidues were dissolved in 10 ml of methanol, giving theextracts marked A2 and A3, respectively.
 The extracts A1, A2 and A3 were used for identification (TLC)and determination of total flavonoids (by spectrophotometry).
 Extract B: Plant material (2.0 g) was extracted with acetoneand 2 ml 25 % HCl using the same procedure as described forextract A1. A 25 ml portion of this acetone extract was transferredto a separating funnel. 50 ml of water was added and extractionwith ethylacetate was repeated until a negative reaction onflavonoids was obtained (test with TLC in system S1). The ethylacetate extracts were collected and washed three times with100 ml of water, dried with anhydrous Na2SO4 for 30 min, filteredand evaporated to dryness under low pressure. The residue wasdissolved in 10 ml of methanol and the solution was used foridentification and determination of flavone aglycones by HPLC.
 Identification of flavonoidsFlavone aglycones were identified by TLC and HPLC
 methods compared to authentic samples of flavonoids. TLC. Commercial TLC aluminium sheets with Silica HF254
 and the following mobile phases were used: S1: Toluene:EtAcO:HCOOH = 58:33:9 (V/V); S2: CHCl3:MeOH = 97:3 (V/V); S3: Benzene:dioxane: AcOH = 90:25:4 (V/V). The visualization of the spots was performed under UV light
 at 254 and 366 nm before and after spraying with AlCl3 solution.HPLC. A reverse phase column C18 (250 x 4.6 mm, 5 mm
 particles) was used. The mobile phase consisted of two solvents:5 % CH3COOH (A) and CH3OH (B) and the elution program forscreening the extracts was the following: 0-5 min 70 % A; 10-15min 60 % A; 20-25 min 50 % A; 30-35 min 40 % A and 40-45min 20 % A. The flow rate was 1.3 ml/min and the temperaturewas set to 30 ºC. The elution was monitored at 254 and 348 nm.
 Determination of flavonoids Spectrophotometry: UV-Vis spectrophotometry was used
 for determination of total flavonoids. Luteolin was used for theconstruction of the calibration curve in the concentration rangefrom 1.0-10.0 mg·ml-1. 10 ml of extract A1 was transferred intoa 25 ml volumetric flask, 1 ml 2% AlCl3 was added and the solution was filled to volume with methanol-acetic acid. After30 min the absorbance was measured at 390 nm against thesame solution without AlCl3 being blank.
 The contents of flavonoids were determined in extracts A2
 and A3. The whole procedure for obtaining the hydrolyzed
 10 Svetlana Kulevanova, Marina Stefova, Tatjana Kadifkova Panovska ,Jasmina Tonic, Trajce Stafilov
 Maced. pharm. bull., 47 (1,2) 9-14 (2001)
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Determination of flavones in species of Thymus L. (Lamiaceae) from Macedonian flora 11
 extracts (described for A1) was repeated taking 1 ml of the corresponding extracts, instead of 1 g of plant material.
 HPLC. The experimental conditions were the same as thosedescribed for the identification. The same stationary and mobilephases were used, but the elution program for quantifying
 luteolin in the extracts was much shorter, as follows: 0-15 min45 % A and 20-30 min 20 % A. The flow rate was 0.8 ml·min-1and the temperature was set to 40 ºC. The data acquisition wasmade at 348 nm. Calibration was made in the concentrationrange of 0.05-1 mg·ml-1 luteolin in methanol, or expressed interms of mass of luteolin injected into the column from 1-20 μgluteolin (sample loop 20 μl).
 Results and discussion
 Identification of flavonoids
 The flavone aglycones were identified in the extractsobtained after hydrolysis of flavone glycosides in drugs usingHCl. The results of TLC and HPLC qualitative analysis arepresented in Table 1.
 Two dark violet spots were recognized under UV light (366nm), which become clear yellow to orange-yellow after sprayingwith AlCl3 solution. The Rf values of these spots in different solventsystems were very close to the ones obtained for authenticsamples of luteolin and apigenin. The third light blue spot beforeand after spraying with AlCl3 was identified as caffeic acid. TheHPLC screening method confirmed the presence of a significantquantity of luteolin and a much smaller quantity of apigenin,which were identified according to the retention times and the UVspectra, compared to those for authentic samples (Fig. 1).
 Determination of total flavonoids by spectrophotometry
 The method is based on the formation of stable complexes ofAl3+ ions with OH-groups in C-3 or C-5 position together with thecarbonyl group in the γ-pirone ring of flavones and flavonols in a
 S1* S2* S3* tR/ min (HPLC) Extracts Thymus tosevii ssp. tosevii var. tosevii Vel. 0.28; 0.52; 0.63 0.32; 0.47; 0.58 0.38; 0.52; 0.73 4.10; 8.90; 15.43 Thymus tosevii ssp. tosevii var. longifrons Ronn. 0.28; 0.51; 0.62 0.32; 0.48; 0.58 0.38; 0.52; 0.72 4.15; 8.90; 15.50 Thymus tosevii ssp. tosevii var. degenii Ronn. 0.28; 0.52; 0.63 0.32; 0.46; 0.59 0.38; 0.52; 0.72 4.08; 8.72; 15.48 Thymus macedonicus (Deg. et Ur.) Ronn. 0.27; 0.51; 0.63 0.32; 0.47; 0.58 0.38; 0.51; 0.73 4.07; 8.90; 15.40 Thymus moesiacus Vel. 0.28; 0.52; 0.63 0.32; 0.46; 0.57 0.38; 0.50; 0.73 4.10; 8.93; 15.60 Thymus alsarensis Ronn. 0.26; 0.50; 0.61 0.32; 0.47; 0.59 0.38; 0.51; 0.72 4.12; 8.91; 15.50 Thymus longidens var. lanicaulis Vel. 0.27; 0.52; 0.62 0.32; 0.47; 0.58 0.38; 0.50; 0.72 4.10; 8.75; 15.40 Standard substances Luteolin 0.52 0.33 0.51 8.86 Apigenin 0.62 0.58 0.73 15.51 Diosmetin 0.58 0.61 0.85 17.22 Chryseriol 0.60 0.67 0.85 - Caffeic acid 0.27 0.46 0.38 3.20
 * Rf values of the spots; S1: Toluene:EtAcO:HCOOH = 58:33:9; S2: CHCl3:MeOH = 97:3; S3: Benzene:Dioxane:AcOH = 90:25:4 (V/V).
 Table 1. TLC and HPLC identification of flavonoids in different Thymus species, after hydrolysis
 5.0 7.5 10.0 12.5 15.0 17.5 tR/min
 0
 1.0
 A
 0
 2.0
 1 6 5 4
 3 2
 200 250 300 350 λ/nm
 0
 50
 100
 150
 200
 250
 A
 luteolin
 apigenin
 2.5
 a
 g
 f
 e
 d
 c
 b
 Fig 1. HPLC chromatograms of: mixture of standard substances and hydrolysed extracts of: a. Thymus longidens var. lanicaulis; b. Thymus alsarensis; c. Thymus moesiacus; d. Thymus toseviivar. degenii; e. Thymus tosevii var. longifrons; f. Thymus macedonicus, g. Thymus tosevii var. tosevii, with the UV-spectra of the dentified flavones luteolin and apigenin. (1-caffeic acid, 2-eriodyctiol, 3-luteoilin, 4-naringenin, 5-apigenin, 6-diosmetin)
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acidic medium. The products of the reaction have maximalabsorption at 425 nm in the case of flavonols and at 390 nmwhen flavones are present (19, 20). In our examination luteolinwas used for the construction of a calibration curve in the concentration range from 1.0-10.0 μg·ml-1. In this concentrationrange luteolin obeys Lambert-Beer's law with the followingregression equation: A = 0.18c - 0.003 (r = 0.9999). The contentof total flavonoids, estimated as luteoiln, was determined inthe samples of herbal drugs as well as in ether and ethylacetateextracts of wild Thymus species. The obtained results are presented in Table 2.
 Low contents of total flavonoids can be noticed in each of theexamined samples, ranging from 0.05 to 0.13 % (m/m). Thefraction of flavonoids that passed into ether or ethylacetateextract is variable, but for most of the samples ether extractscontain a larger quantity of flavonoids (except for T. tosevii var.longifrons). This is probably due to the fact that MacedonianThymus species contain many more free flavone aglycones incomparison to the content of glycosides.
 HPLC determination of luteolin and total flavonoids
 The HPLC screening analysis of extracts obtained afterhydrolysis (extract B) showed that the main flavone componentin the samples of Thymus is luteolin (Fig. 1). As for the othercomponents having UV spectra of flavonoids, the peaks due toapigenin had a significantly smaller area compared to thatobtained for luteolin. The previously developed and validatedprocedure for determination of luteolin (21) was adopted forquantitative analysis of luteolin in Thymus extracts, as well.The calibration curve of luteolin was made in the concentrationrange of 0.05-1 mg·ml-1, or expressed in terms of mass of luteolininjected into the column, from 1-20 μg luteolin. The lineardependence of the mass of luteolin injected in the column wasestablished in the whole range. The linear regression equationsobtained at 348 nm with the corresponding RSD values and the
 coefficient of correlation are the following: area = 3.6884·105
 m(luteolin), RSD = 3.67 %, r = 0.9991. The accuracy of themethod was checked by the method of standard additionswhich showed a satisfactory accuracy (21), whereas the sensi-tivity of the method was determined by construction of a cali-bration curve in the low concentration region (0.1-1.0 μg)approximated as a detection and quantification limit. Theregression equation of this curve was: area = 4.1182·105 m(luteolin) with SD = 10802 and r = 0.9979.The limit of detection calculated as three times the ratio betweenthe SD and the slope of the low concentration curve (DL =
 3·SD/slope) was found to be 0.09 μg, whereas the limit ofquantification calculated as ten times the same ratio (QL =10·SD/slope) (22) was found to be 0.26 μg of luteolin.
 The results from the determination of luteolin in samplesof wild Thymus spp. from different regions from Macedoniaare presented in Table 3. The content of luteolin as well as thecontent of total flavonoids in air dried material is found to be0.23-0.48 % (m/m) and 0.26-0.52 % (m/m), respectively.
 Comparing the HPLC results to those obtained by spectrophotometry, significant differences in the obtained datacan be noticed. These results imply that the spectrophotometricdetermination of total flavonoids achieves only 16-27 % of thetotal amount of flavonoids obtained by the HPLC method. Thismakes the spectrophotometric method with AlCl3 unfavorablefor use in the determination of total flavonoids in Thymusspecies. The present work offers a HPLC method for the determination of luteolin content in the herbs of wild Thymus,which can be used in routine analysis of the drug. If otherflavonoids are present, they can be quantified as individual, oras total flavonoids. The proposed method is the more importantbecause of the lack of methods for quantification purposes inthe available literature.
 12 Svetlana Kulevanova, Marina Stefova, Tatjana Kadifkova Panovska, Jasmina Tonic, Trajce Stafilov
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 Sample A1 (%) A2 (mg·ml-1) A3 (mg·ml-1)
 1. Thymus tosevii ssp. tosevii var. tosevii Vel. 0.07 201.3 117.5 2. Thymus tosevii ssp. tosevii var. longifrons Ronn. 0.08 52.5 91.25 3. Thymus tosevii ssp. tosevii var. degenii Ronn. 0.10 128.8 52.5 4. Thymus macedonicus (Deg. et Ur.) Ronn. 0.11 101.3 71.88 5. Thymus moesiacus Vel. 0.08 244.4 64.6 6. Thymus alsarensis Ronn. 0.13 240.6 48.7 7. Thymus longidens var. lanicaulis Vel. 0.05 164.4 84.4
 (n=5)
 Table 2. The content of total flavonoids in different samples of Thymus determined by spectrophotometry: drug samples (A1); diethyl-ether extracts (A2) and ethylacetate extracts (A3)
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Conclusion
 Two methods for the determination of flavonoids in wildThymus species from Macedonian flora were applied: spectrophotometric with AlCl3 and HPLC. The content of totalflavonoids in air dried plant material determined by spectrophotometric method ranged from 0.05-0.13 %, calculatedas luteolin. The content of total flavones, expressed as luteolinas the main flavone present, determined by HPLC ranged from0.26-0.52 %. According to the obtained results, UV spectrometricdetermination achieved only 16-27 % of the total amount offlavonoids obtained by HPLC. That makes the HPLC methodhighly recommended for use in the determination of flavonoidsin Macedonian Thymus species.
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 Samples ω (luteolin) ω (total flavonoids)
 1. Thymus tosevii ssp. tosevii var. tosevii Vel. 0.39 0.47 2. Thymus tosevii ssp. tosevii var. longifrons Ronn. 0.43 0.47 3. Thymus tosevii ssp. tosevii var. degenii Ronn. 0.37 0.40 4. Thymus macedonicus (Deg. et Ur.) Ronn. 0.48 0.52 5. Thymus moesiacus Vel. 0.44 0.50 6. Thymus alsarensis Ronn. 0.48 0.49 7. Thymus longidens var. lanicaulis Vel. 0.23 0.26
 (n=3)
 Table 3. The content of luteolin and total flavonoids in samples of wild growing Thymus determined by HPLC (in %)
 Maked. farm. bilt., 47, (1,2) 9-14 (2001)
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 Rezime
 Opredeluvawe flavoni vo Thymus vidovi (Lamiaceae )od florata na R. Makedonija
 Svetlana Kulevanova1, Marina Stefova2, Tatjana Kadifkova Panovska1, Jasmina Toni}1, Traj~e Stafilov2
 1Farmacevtski fakultet, Vodwanska 17, Skopje, R. Makedonija2Institut za hemija, Prirodno-matemati~ki fakultet, Skopje, R.Makedonija
 Klu~ni zborovi: Thymus, flavoni, identifikacija, opredeluvawe, HPLC analiza
 Izvr{ena e analiza na flavonite vo ekstrakti dobieni od sedum Thymus vidovi (Lamiaceae) od Makedonija, koja opfa}a nivnaidentifikacija i kvantitativno opredeluvawe. Ekstrakti dobieni so postapka na hidroliza na suvi nadzemni delovi na ras-tenijata se analizirani so hromatografija na tenok sloj (TLC) i te~na hromatografija pod visok pritisok (HPLC). Luteolinoti apigeninot se separirani i se identifikuvani vo sporedba so soodvetni avtenti~ni standardni supstancii. Sodr`inata navkupni flavonoidi vo drogite, opredelena so UV-Vis spektrometrija, koristej}i AlCl3, se dvi`i vo granici od 0,05-0,13 %.Sodr`inata na flavonoidite vo eternite ekstrakti se dvi`i od 52,5 do 244,4 mg/ml, dodeka vo etilacetatnite ekstrakti e vo gra-nici od 48,7-117,5 mg/ml. Za kvantifikacija na luteolinot upotreben e prethodno razvien i validiran HPLC metod, koristej}i re-verzno fazna kolona C18, mobilna faza sostavena od 5 % ocetna kiselina i metanol so gradientno eluirawe i temperatura nakolonata od 40 °C. Sodr`inata na vkupniot luteolin vo drogite e vo granici od 0,23-0,48 % (m/m), dodeka sodr`inata na vkupniflavonoidi e 0,26-0,52 %.
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Introduction
 The estimation of stability is an important segment of theprocess of development of pharmaceutical dosage forms. Thechoice of optimal formulation is supported by good stabilityperformance. Also stability tests are required for defining theexpiry period and storage conditions (1,2).
 Tetracaine hydrochloride, as a local anaesthetic agent, is indi-cated in ophthalmology for diagnostic purposes as well as forsurgery and post surgery treatment (3). Eyedrop formulationscontain 0.25-1%(w/v) of tetracaine hydrochloride in aqueousmedia. It should be prepared with respect of adjusting pH.
 The pH value is a critical formulation parameter not onlybecause of the physiological tolerance of the eye (4), but alsobecouse of the pH-dependent stability of tetracaine hydrochloride(5,6). Due to its ester structure, tetracaine hydrochloride is stable at a lower pH (7). As an ester-type compound, tetracainehydrochloride undergoes hydrolysis, which results in the formation of n-buthyldimethylaminobenzoic acid anddimethylaminoethanol (5,8,9).
 Different buffer systems could be used for adjusting the pHvalue of aqueous solutions of tetracaine hydrochloride intendedto be used as eyedrops in a range from 3.7 to 6.5 (5). Generally,the selection of buffer agent should be made with respect notonly to adjusting and maintaining the pH of the solution, butalso to the type and concentration of buffer agent. Since thehydrolytic degradation of the drug is acid and base catalysed, itis obvious that the buffer concentration should be kept as lowas possible to diminish this catalytic effects (1,10). Therefore, inthe development stage of the liquid pharmaceutical dosage form,it is necessary to evaluate the stability of the drug substance indosage form in terms of the catalytic effect of the buffer system.For this purpose, the drug degradation rate should be followedas a function of the type of buffer system in the formulation,while the pH and ionic strength are kept constant.
 The aim of this study was to determine whether the type of buffer system (phosphate, acetate, and borate) affects the stability of tetracaine hydrochloride in 0.5%(w/v) eyedrop formulation with pH 5.4 and a buffer concentration of 0.06M.
 Effect of the buffer system on stability of tetracaine hydrochloride 0.5% eyedropsEmilija Fredro-Kumbaradzi1*, Tanja Milenkoska2, Marija Glavas-Dodov1, Katerina Goracinova1,
 Kristina Mladenovska1
 1Institute of Pharmaceutical Technology, Faculty of Pharmacy, .Ss.Cyril and Methodius University, Skopje2Center for Military Health Services, Military Pharmacy, Skopje
 Received October 2001; accepted April 2002
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 Abstract
 The effect of the buffer system on the stability of tetracaine hydrochloride in eyedrop formulation was evaluated. Eyedrop formulations containingtetracaine hydrochloride 0.5%(w/v) were prepared using different buffer systems (acetate, phosphate and borate buffer) under a constant pH of 5.4, anda buffer concentration of 0.06M. Long-term tests at 26 oC and accelerated stability tests at elevated temperature (45, 50, 60 oC) over a period of 168 dayswere carried out by following the macroscopic view, pH, sterility, content of tetracaine hydrochloride and detection of the degradation products. Also,values of the constant of degradation rate at different temperatures and t90% were calculated. The phosphate and acetate buffers provided satisfactory stability of tetracaine hydrochloride eyedrops, while borate buffer was not sufficient to maintain the pH value of the solution.
 Key words: stability, tetracaine hydrochloride, eyedrops, buffer
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Experimental
 Eyedrop formulationEyedrops containing 0,5% (w/v) tetracaine hydrochloride
 were prepared using different buffer systems: phosphate,acetate or borate (pH 5,4; 0,06M). Sodium chloride was usedfor isotonisation. No microbial preservative was added.Solutions were sterilised by use of bacteriological filtration.Formulations are given in table 1.
 Stability testingLong-term testing at 26 0C (II climate zone ) (2) and short-term,
 accelerated tests at three elevated temperatures 45, 50 and 60 0Cwere used. Macroscopic evaluation (Ph.Eur.3), pH (Ph.Eur.3),sterility (Ph.Eur.3) and drug content (USP XX) were followedat certain time intervals over a period of 168 days. The obtaineddata were statistically processed. One way analysis of varianceand the Scheffe method were used for processing of pH data. Rateconstants of hydrolytic degradation of tetracaine hydrochlorideat each temperature, the influence of temperature on the rateconstant, as well as the t90% at 26 0C were estimated (1,2):
 lnc = -kt + ln co
 ln k = ln A - Ea/RTt90% = 0.105/k
 where
 co − initial drug concentration (t=0)c − drug concentration at time tk − rate constant of the reaction of degradation (time -1)t − timeA − constantEa − activation energy R − gas constantT − absolute temperaturet90% − time required for degradation of 10% of drug.
 In order to detect the degradation products, a HPLCmethod in accordance to the tetracaine hydrochloride eyedropsmonograph (USPXXIII) was applied.Results and discussion
 Stability studies on prepared eyedrop formulations oftetracaine hydrochloride 0.5% (w/v) indicated certainchanges in the parameters followed.
 The long-term study at 26 0C, did not show any macroscopicchange in all three eyedrops formulations over a period of 168days. Exposure to an elevated temperature (accelerated stabilitytests) caused very slight red-brownish colouring of the solutions(table 2). The coloration of formulation 1, containing phosphate
 buffer, was registered after 84 days of storage at 50 0C and 56 daysat 60 0C, while in the presence of acetate buffer it was noticed after56 days (45 0C), 28 days (50 0C) or 14 days (60 0C). Formulation3, prepared using a borate buffer, showed slight coloration onlyat the highest temperature of 60 0C after 56 days. The red-browncolour is probably a result of decomposition of n-buthy-laminobenzoic acid, induced by extreme temperature (5,11).
 The follow up of the pH value is an important parameter
 since the decomposition of tetracaine hydrochloride results inpH decrease. Table 3 shows the statistical parameters obtainedfrom pH data by use of one way analysis of variance and theScheffe method. A statistically significant change of pH valuewithin a storage period of 168 days at 26 0C was registered onlyin the eyedrop solution containing borate buffer. Exposure to anelevated temperature facilitated the pH changes in all samples.During the accelerated stability tests, acetate buffer provided themost stable pH value. Taking into consideration the correspondingbuffer capacities of the three buffer systems used (table 4), the0.06M borate buffer has a very low buffer capacity (10-6 M HCl),while the same molarity of acetate or phosphate buffer provideshigher buffer capacities (10-2 and 10-4 M HCl respectively).Therefore, an acetate buffer enables the most efficient maintainingof the pH value, while the buffer capacity of borate buffer wasinsufficient.
 Changes in the content of tetracaine HCl during the stabilitytesting is presented in figure 1. Table 5 shows the rate constantsof hydrolytic degradation of tetracaine hydrochloride at eachtemperature, as well as the t90% at 26 0C.
 As can be seen, the slowest rate of hydrolytic degradation ateach temperature occurred in the sample containing boratebuffer (table 5). The time required for degradation of 10% ofdrug substance (t90%) at 260C was 318 days. This could beexplained by: (a) an insufficient buffer capacity of borate buffer(table 4) that allowed a decrease of pH value and (b), anincreased stability of tetracaine hydrochloride at a lower pH onthe other hand. The stability of tetracaine hydrochloride in formulations containing phosphate and acetate buffer is similar
 16 Emilija Fredro-Kumbaradzi, Tanja Milenkoska, Marija Glavas-Dodov, Katerina Goracinova, Kristina Mladenovska
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 formulation components 1 2 3 tetracaine hydrochloride 0.5 g 0.5 g 0.5 g sodium chloride 0.471 g 0.479 g 0.617 g phosphate buffer 0.06 M, pH 5.4 ad 100ml acetate buffer 0.06 M, pH 5.4 ad 100ml borate buffer 0.06 M pH 5.4 ad 100ml
 Table 1. Tetracaine hydrochloride eyedrop formulations
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(t90% on 260C was 181 and 157 days respectively). The degradationrate constant k versus temperature plots for all three formulationsare shown comparatively in figure 2. A significant increase in thedegradation rate by increasing the temperature is obvious. Forphosphate and acetate buffer, by increasing the temperature,k values (day-1) have been changed from 10-4 order (26 0C) to 10-2 (60 0C).
 In order to register the products of degradation of tetracainehydrochloride, HPLC studies were carried out. A decrease of the
 Effect of the buffer system on stability of tetracaine hydrochloride 0.5% eyedrops 17
 26 oC sample Ft F F-ratio for F'
 x0 and x28 x0 and x56 x0 and x84 x0 and x168 1 3.46 - - - - 2 3.48 3.37 - - - - 13.92 3 113.82 9.64 17.14 213.34 289.74
 45 oC sample Ft F F-ratio for F'
 x0 and x28 x0 and x56 x0 and x84 1 116.48 31.50 87.60 330.30 2 4.07 5.19 5.13 10.05 13.13 12.21 3 173.05 217.56 342.25 425.39
 50 oC sample Ft F F-ratio for F'
 x0 and x28 x0 and x56 x0 and x84 1 73.79 46.88 142.24 181.51 2 4.07 18.47 8.96 26.74 50.07 12.21 3 209.93 244.45 412.58 522.16
 60 oC sample Ft F F-ratio for F'
 x0 and x14 x0 and x28 x0 and x56 1 110.82 129.94 211.76 280.06 2 4.07 22.58 11.88 32.06 62.06 12.21 3 287.90 330.67 599.76 689.05
 Table 3. Statistical analysis of pH value data - one way analysis of variance and Scheffe method
 buffer βfor acid (M HCl) phosphate buffer (0.06M pH 5.4) 8.41 x 10-4 acetate buffer (0.06M pH 5.4) 3.05 x 10-2 borate buffer (0.06M pH 5.4) 7.74 x 10-6
 Table 4. Calculated values of buffer capacities
 temperature 26oC 45 oC 50 oC 60 oC time (days) 0 - 168 0 28 56 84 0 28 56 84 0 14 28 56 sample 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ + ⎯ ⎯ ⎯ + sample 2 ⎯ ⎯ ⎯ + + ⎯ + + + ⎯ + + + sample 3 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ +
 + macroscopic changes - no changes
 Table 2. Macroscopic changes of samples 1-3 exposed to different temperatures
 Sample k(day -1) t90%(days) 26 oC 45 oC 50 oC 60 oC 26 oC 45 oC 50 oC 60 oC 1 5.80 ⋅ 10-4 3.31 ⋅ 10-3 4.63 ⋅ 10-3 1.51 ⋅ 10-2 181 31.7 22.7 6.9 2 6.70 ⋅ 10-4 4.60 ⋅ 10-3 6.84 ⋅ 10-3 2.04 ⋅ 10-2 157 22.8 15.3 5.1 3 3.30 ⋅ 10-4 1.18 ⋅ 10-3 1.98 ⋅ 10-3 4.07 ⋅ 10-3 318 89.0 53.0 25.8
 Table 5. Degradation rate constant (k) and t90% of tetracaine hydrochloride in eyedrop formulations 1-3 at different temperatures
 Maked. farm. bilt., 47, (1,2) 15-20 (2001)
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tetracaine hydrochloride quantity in aged samples was accompanied by the appearance of two new peaks in all threeformulations. Figure 3 represents comparatively the HPLCchromatograms of sample 1 freshly prepared (a), stored for 56days at 60 0C (b) and standard of PABA (c). Comparison of thechromatograms clearly indicates a decrease in the concentrationof tetracaine hydrochloride (retention time Rt1 4.33±0.03) duringageing and the appearance of two new peaks in aged samples(Rt2 2.42±0.02; Rt3 3.12±0.01), which could be related to thedegradation products (5,9). Since the retention time of standardof PABA (2.41±0.01), proposed as a standard for the detectionof related substances (BP99, Tetracaine hydrochloride eyedrops
 monograph), corresponds to Rt2, this peak is related to then-buthyldimethylaminobenzoic acid.
 Regarding the sterility of eyedrop solutions, all three samplesremain sterile within a stability testing period of 168 days.
 18 Emilija Fredro-Kumbaradzi, Tanja Milenkoska, Marija Glavas-Dodov, Katerina Goracinova, Kristina Mladenovska
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 Fig 3. HPLC chromatograms of sample 1: freshly prepared (a), stored for 56 days at 60 0C (b)a nd standard of PABA (c).
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Effect of the buffer system on stability of tetracaine hydrochloride 0.5% eyedrop 19
 Conclusion
 The stability of the tetracaine 0,5%(w/v) eyedrop solutionwith pH 5,4 and a constant buffer concentration of 0.06M is a function of the buffer system used in formulation.Incorporation of a phosphate or acetate buffer 0.06M with pH5.4 in formulation of 0,5%(w/v) tetracaine hydrochloride eyedrops provided satisfactory stability (t90% 181 and 157 daysrespectively). Although the degradation rate of tetracainehydrochloride in the formulation containing 0,06M of boratebuffer was twice as slow (t90% 318 days), this formulation is notacceptable because its poor buffer capacity was insufficient tomaintain the pH value.
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 Efekt na puferskiot sistem vrz stabilnosta na kapki za o~i so 0,5% tetrakain hidrohlorid
 Emilija Fredro-Kumbaraxi1, Tawa Milenkoska2, Marija Glava{-Dodov1, Katerina Gora~inova1, Kristina Mladenovska1
 1Institut za farmacevtska tehnologija, Farmacevtski fakultet, Univerzitet „Sv. Kiril i Metodij“, Skopje2Voena apteka, Centar za voenozdravstveni uslugi, Skopje
 Klu~ni zborovi: stabilnost, tetrakain hidrohlorid, o~ni kapki, pufer
 Ispituvan e efektot na puferskiot sistem vrz stabilnosta na tetrakain hidrohloridot vo o~ni kapki. Prigotveni se tri formulacii nao~ni kapki so 0,5% tetrakain hidrohlorid vo koi e upotreben razli~en pufer (fosfaten, acetaten ili boraten) vo koncentracija 0,06M i pHvrednost 5,4. Stabilnosta e ispituvana so primena na dolgotrajni testovi (26 0S) i zabrzani testovi za sledewe na stabilnosta (45, 50, 60 0S) votek na period od 168 dena. Sledeni se parametrite: makroskopski izgled, pH sodr`ina na tetrakain hidrohlorid i degradacioni produkti isterilnost. Opredeleni se konstantite na brzina na razgradba na tetrakain hidrohloridot na razli~ni temperaturi, kako i vremeto na razgrad-ba na 10% od aktivnata komponenta t90%. Fosfatniot i acetatniot pufer obezbedija zadovolitelna stabilnost na o~nite kapki so tetrakainhidrohlorid, dodeka boratniot pufer poradi niskiot puferski kapacitet ne be{e vo mo`nost da ja odr`i pH vrednosta na kapkite za o~i.
 Maked. farm. bilt., 47, (1,2) 15-20 (2001)
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Introduction
 Proteins are essential components of the diet needed for thesurvival of animals and humans. Proteins’ basic function innutrition is to supply adequate amounts of necessry amino acids.The protein quality, an important part of the nutritional ornutritive value of a food, depends on its amino acid content.Most literature data consider edible mushrooms as a source ofgood quality proteins (1,2). In Macedonia many kinds of wildBoletaceae mushrooms have acquired popularity as commonfood in addition to their usual use as condiments. No informationis available so far on the protein content and quality of a greatnumber of the wide-spread wild edible species in question. Inorder to establish the protein quality of Macedonian edibleBoletaceae mushrooms, it is desirable to determine their protein
 content as well as to estimate the concentration of the aminoacids present in their proteins. In this way this report will provideinformation on these mushrooms from Macedonia, distinguishedfor their protein content and great nutritional value.
 Experimental
 SamplesThe present study comprised fifteen species of Macedonian
 edible mushrooms from the Boletaceae family (of the Boletus,Suillus and Leccinium genera). All the samples were field collected in different areas of Macedonian in the course of1997/99. Identification (3) of the samples was confirmed byDr. M. Karadelev and voucher specimens were deposited atthe Macedonian collection of mushrooms which belongs tothe Institute of Biology at the Faculty of Natural Sciences inSkopje. After collecting, dry matter content was determinedimmediately by drying at 105 0C and the remaining part was stabilized, dried and milled to pass through a 0.2 mm screen. All
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 The nutritional quality of mushroom protein varies and is strongly affected by the relative proportion of each amino acid. Thus, the purpose of thisstudy was to estimate the concentration of the amino acids present in mushroom proteins in order to evaluate the protein nutritional value. In thisinvestigation fifteen field-collected mushroom samples of the Boletaceae family from various parts of Macedonia were included. After acid hydrolysisand pre-column derivatisation with phenyl isothiocyanate (PITC) determination of seventeen amino acids was carried out by the HPLC method.Tryptophan was determined spectophotometrically in the alkaline hydrolysates. The dietary protein quality of the investigated mushrooms was evaluatedby comparison of the essential amino acid content with the reference FAO/WHO pattern. Essential amino acids made up 47-75 % of all determinedamino acids depending on the origin and the species of the fruit body. Lysine was the most often found limiting amino acid in the investigated mushroomssamples. The nutritional value of proteins calculated by biological value, protein ratio, chemical score and essential amino acid index was very high inthe majority of mushrooms studied. The biological value of the mushroom protein varied from 51.3 to 78.9 %. Protein amino acids accounted forabout 66.7 % of the total nitrogen, suggesting that a practical nitrogen to protein conversion factor for this Macedonian edible Boletaceae mushroommay be considered to be about 4.17 on average.
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the samples represent the whole mushrooms and were analyzed intriplicate for the determinations.
 Protein determinationThe level of total nitrogen was determined by the micro
 -Kjeldahl method (960.52, AOAC, 16th edition, 1995)(4), and percent protein was calculated as % N x 6.25. By substractionof the water released during the amino acid condensation fromthe protein from the total sum, the net (pure) protein contentwas calculated (5).
 Amino acid analysisSeventeen amino acids were determined by HPLC after acid
 hydrolysis with constant boiling hydrochloric acid and pre-columnderivatisation with phenyl isothiocyanate (PITC) (6,7). A PerkinElmer (USA) HPLC equipped with Binary LC Pump (model250), UV diode array detector (model 235) set at 254 nm andWaters (USA) Pico-Tag column was used. A Mistral thermostatedoven (type 880, Spark Holland, The Netherlands) was used formaintaining the constant column temperature at 38±10C. Theamino acid content was calculated upon the standard curve ofamino acid standard H (Pierce I, USA). Amino acid standard Hwas prepared and derivatised simultaneously with the samples.
 The mobile phase consisted of aqueous buffer (0.14 mol L-1
 sodium acetate, 0.5 mL L-1 triethylamine and titrated to pH 6.4with glacial acetic acid) (Solvent A) and 60 % acetonitrile inwater (B) and the flow rate was 1.0 mL min-1. The gradient usedfor the separation consisted of 10 % B traversing to 51 % B ina ten-minute use of a convex curve ( No. 5 ). A washing step wasthen programmed to 100 % B in order to clean any residualsample components from the column.
 Tryptophan was determined spectrometrically (Perkin -Elmer UV/VIS Lambda 16 spectrometer), after hydrolysiswith 5 mol L-1 NaOH according to Spies’ and Chambers’method (8) modified by Shamanthaka (9).
 Protein qualityThe dietary protein quality of the investigated mushrooms
 was evaluated by comparison of the essential amino acidcontent with the reference FAO/WHO pattern of amino acidrequirements for pre-school children (two to five years) (10).The lowest essential amino acid being deficient is marked as thelimiting amino acid.
 Statistical analysisStatistical data processing was carried out on STAT-
 GRAPHICS V. 4.0 and Microsoft Excel 97 softwares.
 Results and discussion
 The Kjeldahl nitrogen content, protein data and dry mattercontents of the fifteen Macedonian edible Boletaceae mushroomsexpressed as a percentage on a dry mass basis are listed in Table1. The dry matter content in the investigated Macedonian edibleBoletaceae mushrooms, ranging from 6.5 (Suillus granulatus,Shtip) to 17.6 % (Boletus edulis, Kavadarci), is relatively lowwhen compared to other foods (11). The average dry mattervalue of 10.6 is comparable with the theoretical value of 10 %dry matter in mushrooms, which is always used in the literaturedata when this investigation is not done. Kjeldahl nitrogen variedfrom 3.6 (Suillus granulatus, Probishtip) to 6.6 % (Boletus edulis,Kavadarci) which multiplied with the conversion factor 6.25 forproteins amounts to a 22.3-41.3 % protein. The fruiting bodiesof the mushrooms contain a number of unusual nitrogenouscompounds which may interfere with the commonly usedKjeldahl nitrogen analysis and imply higher protein contentvalues for mushrooms than given in the literature. The net (true)protein values were lower (14.4-26.3 %), even though theobtained protein content was still higher than that of most natu-ral products. Boletus edulis samples collected from Krushevo(26.3 %) and Vratnica (25.5 %) contained the highest net proteins levels, whereas Suillus granulatus from Probishtip andLeccinium aurantiacum from Delchevo were the poorest in netproteins (14.4-16.6 %). Net protein nitrogen value comparedwith total nitrogen content was apparently different betweenspecies and ranged between 62.9 and 72.7 %. Since the Kjeldahlmethod does not distinguish between protein and non-proteinnitrogen, the average value of 66.7 % and a practical nitrogen-protein conversion factor 4.17 might be used for evaluation ofthe net protein content in the Macedonian edible Boletaceaemushrooms. This coincides with Ogawa’s (12) results of 65 %protein nitrogen in mushrooms from Japan and Stankeviciene’s(13) value of 69.8 % protein nitrogen for Lithuanian mushrooms.
 The dry matter content in the investigated mushrooms samples is not significantly correlated with the total nitrogen(p>0.05; t=1.66) and net proteins content (p>0.05; t=1.57).
 The amino acid composition of the fifteen investigatedMacedonian edible mushroom samples from the Boletaceaefamily is presented in Tables 2 and 3. All of the eighteeninvestigated amino acids, including the essential ones, werepresent in all mushroom proteins. Among amino acids, threonine,alanine, arginine, cysteine and aspartic acid predominated.These data coincide with Fujita’s (14) assumption that asparticacid and alanine are the most abundant amino acids constitutiveof mushroom proteins. Among amino acids, tryptophan waspresent in the lowest amount, but still meeting the tryptophanrequirements. Some authors (15) state that mushrooms are
 22 Biljana Bauer Petrovska
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good sources of this amino acid and report the value of 11-20 gkg-1 protein, which is in agreement with our average tryptophanvalue of 10.56 g kg-1 protein. The lowest concentration of totalamino acids of 16.7 % was found in Suillus granulatus fromProbishtip and the highest amino acids concentration of 30.6 %was found in Boletus edulis from Krushevo. The amino acidpattern was different in all studied samples, but the quantitativeratios were identical in mushrooms of the same genus. Thecontent of aromatic amino acids in all investigated samples wasconsistent at about 4.2 % (Leccinium aurantiacum, Delchevo)to 14.6 % (Boletus edulis, Vratnica) of the total amino acids.The average value of 8.7 % aromatic acid found in this reportwas lower than that reported by Vetter (16) in mushrooms ofvarious Russula and Agaricus species (10.8 % on average). Theaverage sulphur amino acids content of 11.60 % of the totalamino acids in the mushrooms analyzed was higher if compared with the average value of 4.6 % found by Vetter (16).Acid amino acids accounted for 5.3 % of total amino acids inBoletus edulis from Vratnica to 20.6 % in Suillus granulatusfrom Probishtip. The content of heterocyclic amino acids variedin concentration limits from 3.3 % (Boletus edulis, Vratnica) to10.4% (Leccinium aurantiacum, Delchevo). Aliphatic monoaminomonocarbonic amino acids proved to be more abundant thanother investigated amino acids and were present in 48.8% onaverage. Overall differences in regard to the content of eachamino acid per net protein (Table 3) could be noticed in differentinvestigated samples. This confirmed the fact that amino acidcontent depends on botanical origin. Comparison with other foodproteins (17) of vegetable (wheat, potato, tomato, banana) andanimal (beef, milk) origin indicated that mushroom proteinshave a higher proportion of glycine, arginine, threonine, alanine,tyrosine, methionine, cysteine and isoleucine and a lower proportion of serine, phenylalanine and lysine. An increase in the proportion of eight amino acids in comparison the adecreased proportion of three amino acids still reflects the highnutritive value of mushroom proteins. The average net proteinvalue of 20.8 % in Macedonian edible Boletaceae mushrooms(Table 1) was higher than that in vegetable food (3.9 % banana,12.4 % tomato) and lower than that in food of animal origin(24.9 % milk, 70.0 % beef meat).
 By comparing the obtained amino acid values from fifteenspecies of Macedonian edible mushrooms from theBoletaceae family with the proposed reference FAO/WHOprotein pattern (10), the following parameters were calculatedand are presented in Table 4: E:N (ratio of essential to non-essential amino acid), E:T (ratio of essential to total aminoacids), BV (biological value), PER (protein efficiency ratio),A/T (chemical score), EAAI (essential amino acid index),LAA (limiting amino acid) and X (percent limiting amino
 acid storage). The results show that E:N, E:T and E:P ratioswere highest in Boletus luridus from Probishtip and lowest inBoletus edulis from Kavadarci. The biological value of theinvestigated mushrooms fluctuated from 51.3 % (Boletusedulis, Delchevo) to 78.9 % (Suillus granulatus, Probishtip).Compared to the recent FAO reference pattern (10), lysinewas the most limiting essential amino acid in the Macedonianedible Boletaceae mushrooms. According to the PER value,two Boletus edulis samples from Krushevo and Ograzden andone Suillus granulatus sample from Probishtip could serve asa source of high-quality proteins. Six samples of Boletusedulis (from Radovish, Veles, Gostivar, Vratnica, Kavadarciand Probishtip) and samples of Suillus granulatus (Shtip) andLeccinium aurantiacum (Delchevo) have medium-qualityproteins. Low-quality proteins were estimated in two samplesof Boletus edulis (from Kichevo and Delchevo) and in boththe Boletus luridus samples (from Ljuboten and Probishtip).Nutritional value parameters (10) for some other proteins suchas that for 70-80 % wheat flour, soybean and beef meat, wereused comparatively (Table 4). According to the BV parameter,the data indicated that eight of the fifteen investigated mushroomproteins were of higher quality than the soybean protein, whichis in all literature reports marked as having a nutritional valuesimilar to that of animal proteins (2). However, this did notapply to the EAAI value. Suillus granulatus from Probishtipshowed the highest biological value, but the EAAI value isnot highest because the EAAI calculations include all theessential amino acids ratios compared to BV' while only thelowest amino acid ratio is included. The EAAI values showedthat in the investigated wild Macedonian edible Boletaceaemushrooms, all the essential amino acids, except the limitingone, were present in quantities meeting dietary requirements.
 Conclusion
 Due to their botanical origin, the amino acid content andprotein nutritional parameters of the investigated wildMacedonian edible Boletaceae mushrooms showed considerabledifferences.
 Macedonian edible mushrooms, when compared to otherfood sources, contain greater protein quantity and representa good protein food source.
 A nitrogen to protein converting factor of 4.17 was obtainedfor the investigated Macedonian edible Boletaceae mushrooms.
 An evaluation of the protein quality of some macedonian edible Boletaceae mushrooms 23
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 Sample (location) Dry matter Nitrogen Crude protein (N x 6.25)
 Net protein
 Boletus edulis s.l. Bull.: Fr. (Radovish) 10.99 4.52 28.25 17.78
 Boletus edulis s.l. Bull.: Fr. (Veles) 13.04 5.11 31.94 21.52
 Boletus edulis s.l. Bull.: Fr. (Kitchevo) 13.93 5.38 33.62 23.76
 Boletus edulis s.l. Bull.: Fr. (Krushevo) 12.31 6.61 41.31 26.35
 Boletus edulis s.l. Bull.: Fr. (Gostivar) 12.47 5.44 34.00 22.40
 Boletus edulis s.l. Bull.: Fr. (Delchevo) 17.59 5.60 35.00 22.42
 Boletus edulis s.l. Bull.: Fr. (Vratnica) 15.63 5.62 35.12 25.50
 Boletus edulis s.l. Bull.: Fr. (Ograzden) 14.32 5.19 32.44 22.72
 Boletus edulis s.l. Bull.: Fr. (Kavadarci) 17.18 4.11 25.69 17.82
 Boletus edulis s.l. Bull.: Fr. (Probishtip) 15.29 5.34 33.37 21.64
 Boletus luridus Schiff.: Fr. (Ljuboten) 9.82 4.52 28.25 19.75
 Boletus luridus Schiff.: Fr. (Probishtip) 13.29 4.87 30.44 20.24
 Suillus granulatus (L.:Fr.) O.Kuntze (Shtip) 6.46 4.33 27.06 19.67
 Suillus granulatus (L.:Fr.) O.Kuntze (Probishtip) 10.79 3.57 22.31 14.36
 Leccinium aurantiacum (Bull.) S.F.Gray (Delchevo) 9.46 4.15 25.94 16.58
 Table 1. Dry matter, Kjeldahl nitrogen, crude and net protein content in the investigated mushrooms samples (% dry mass)
 Sample (location) E:N E:T E:P BV PER A/T EAAI LAA X Boletus edulis s.l. Bull.: Fr. (Radovish) 1.64 0.62 0.72 58.05 1.54 30.68 0.78 Leu 69.32
 Boletus edulis s.l. Bull.: Fr. (Veles) 0.98 0.49 0.58 61.44 1.71 36.03 0.68 Lys 63.96
 Boletus edulis s.l. Bull.: Fr. (Kitchevo) 1.03 0.51 0.59 55.65 1.42 26.90 0.52 Lys 73.10
 Boletus edulis s.l. Bull.: Fr. (Krushevo) 1.65 0.62 0.72 69.32 2.11 48.45 1.35 Lys 51.55
 Boletus edulis s.l. Bull.: Fr. (Gostivar) 1.03 0.51 0.59 61.55 1.72 36.21 0.73 Lys 63.79
 Boletus edulis s.l. Bull.: Fr. (Delchevo) 1.32 0.57 0.66 51.28 1.20 20.00 0.89 Lys 80.00
 Boletus edulis s.l. Bull.: Fr. (Vratnica) 1.55 0.61 0.70 59.15 1.60 32.41 1.30 Lys 67.59
 Boletus edulis s.l. Bull.: Fr. (Ograzden) 1.31 0.57 0.66 76.64 2.49 60.00 1.22 Leu 40.00
 Boletus edulis s.l. Bull.: Fr. (Kavadarci) 0.88 0.47 0.54 59.06 1.59 32.27 0.51 Leu 67.73
 Boletus edulis s.l. Bull.: Fr. (Probishtip) 0.89 0.47 0.54 62.87 1.79 38.27 0.81 Lys 61.72
 Boletus luridus Schiff.: Fr. (Ljuboten) 1.50 0.60 0.70 55.12 1.40 26.06 0.85 Leu 73.94
 Boletus luridus Schiff.: Fr. (Probishtip) 3.05 0.75 0.87 55.22 1.40 26.21 0.92 Leu 73.79
 Suillus granulatus (L.:Fr.) O.Kuntze Shtip) 2.27 0.69 0.81 64.44 1.87 40.79 1.31 Leu 59.24
 Suillus granulatus (L.:Fr.) O.Kuntze (Probishtip) 1.28 0.56 0.65 78.94 2.60 63.63 0.91 Lys 36.36
 Leccinium aurantiacum (Bull.) S.F.Gray (Delchevo) 1.40 0.58 0.68 61.01 1.69 35.36 0.72 Lys 64.64
 beaf meat 70-80 % wheat flour soybean
 85.00 57.50 59.90
 2.90 1.50 1.60
 73.20 29.80 33.50
 26.80 70.20 66.50
 *E:N (ratio of essential to non-essential amino acid), E:T (ratio of essential to total amino acids), BV (biological value), PER (protein efficiency ratio), A/T (chemical score), EAAI (essential amino acid index), LAA (limiting amino acid) and X (percent limiting amino acid storage)
 Table 4. Protein nutritional parameters
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 Rezime
 Ocenka na kvalitetot na proteinite na nekoi makedonski jadlivi gabi od familijata Boletaceae
 Biljana Bauer Petrovska
 Farmacevtski fakultet, Vodwanska 17, 1000 Skopje, R. Makedonija
 Klu~ni zborovi: Boletaceae, gabi, proteini, aminokiselini, HPLC
 Hranlivata vrednost na proteinite na site jadlivi gabi ne e ednakva i e zavisna od relativniot udel na sekoja aminokiselina. Spored toa,celta na ovaa studija be{e da se odredi koli~estvoto na pooddelnite aminokiselini vo vkupnite proteini, so {to }e se ovozmo`i utvrduvawevrednosti na parametri za ocenuvawe na hranlivata vrednost na proteinite na jadlivite gabi i nivno vrednuvawe kako proteinski namirnici.Vo ova ispituvawe bea vklu~eni 15 primeroci na samoniknati vidovi jadlivi gabi od familijata Boletaceae, sobrani od razli~ni podra~ja naMakedonija. Po pretkolonska derivatizacija na aminokiselinite vo kiseli hidrolizati so fenilizotiocijanat (PITC) so HPLC metod e oprede-luvana sodr`inata na 17 aminokiselini. Triptofanot e opredeluvan so spektrofotometriski metod vo bazni hidrolizati. Hranlivata vrednostna proteinite vo ispituvanite gabi oceneta e vrz osnova na sodr`inata na esencijalnite aminokiselini vo odnos na istite aminokiselini vopredlo`eniot model od FAO/SZO. Vo zavisnost od potekloto i od vidot na plodonosnite tela na ispituvanite primeroci jadlivi gabi, esenci-jalnite aminokiselini se zastapeni od 47-75 %. Naj~esto najdena limitira~ka aminokiselina e lizinot. Pove}eto od ispitanite vidovi jadlivigabi od familijata Boletaceae imaat visoka biolo{ka vrednost, visok indeks na efikasnost i visoko mesto vo hemiskata skala na proteini.Biolo{kata vrednost na proteinite na ispituvanite primeroci jadlivi gabi se dvi`i vo granica od 51,3 do 78,9 %. Vkupnite prisutniaminokiselini zastapeni okolu 66,7 % vo vkupniot azot na ispituvanite primeroci, ja nametnuvaat potrebata od namalena vrednost (4,17) na pro-teinski konverzacionen faktor za ovie vidovi makedonski jadlivi gabi.
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Introduction
 The primary containers used for packing of pharmaceuticalpreparations should provide a physically, chemically andmicrobiologically stable, therapeutically effective and non-toxicproduct within the date of expiry.
 The material used for the production of containers forpharmaceutical preparations should comprise one or morepolymers, including some additives (lubricants, stabilizators,plastificators, anti-oxidants, colors and pigments, anti-staticagents, etc.)
 The most widely used polymers include: polyethylene (low and high density), polypropylene, poly(vinyl chloride),poly(ethylene tereftalate) and ethyl-vinyl acetate copolymer (1).The polymer of choice used for the packaging of water solutions for intravenous infusion and packaging for blood andblood elements of human origin, is plastificated poly(vinylchloride).
 Physico-chemical methods and separative techniques arewidely used for the evaluation of the quality of pharmaceuticalcontainers (2). Among the spectroscopic methods, infrared spectroscopy is the method of choice for the identification ofthe components that comprise the contents of the containers inquestion; ultraviolet spectroscopy for the identification and thequantitative determination of extractive additives that containconjugated double bonds and aromatic rings; and atomicabsorption spectroscopy for the determination of trace metals.Among the separative techniques, thin-layer chromatographyis most often used for identification; high-pressure liquid chromatography for the separation of the main polymer of theadditives, their identification and determination, and gas chromatography for the determination of some monomers asimpurities, for example vinyl chloride (2).
 The aim of this study is to determine the quality of PVC containers for pharmaceutical preparations using selectedparameters, grouped as physical, chemical and biological tests.An overview and comparison of the parameters prescribed forthis type of containers in Ph. Eur., DIN and DIN ISO standardswill be carried out for a more detailed assessment of the qualityof PVC containers.
 Parametars for the evaluation of the quality of PVC containers for pharmaceutical preparations
 Aneta Dimitrovska1*, Liljana Ugrinova1, Suzana Trajkovic-Jolevska1, Slavica Tanceva2
 1Institute of Drug Quality Control, Faculty of Pharmacy, Sts. Cyril and Methodius University,Vodnjanska 17, 1000 Skopje, Macedonia, 2OHIS A.D., 1000 Skopje, Macedonia
 Received April 2001; accepted March 2002
 Abstract
 An overview of the parameters for the evaluation of the quality of poly(vinyl chloride) (PVC) containers for pharmaceutical preparations is made. Therequirements for the quality of PVC containers regulated by Ph. Eur., DIN and ISO standards differ in the prescribed parameters for physical, chemical andbiological examination. Different ranges of tolerance for certain parameters also exist. The comparison of the parameters prescribed for these types ofcontainers in Ph. Eur., DIN and ISO standards is made for a more detailed evaluation of PVC container quality.
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 * e-mail:[email protected]: 126 024 Fax: 123 054
 Macedonian pharmaceutical bulletin, 47 (1,2) 27-36 (2001)ISSN 1409 - 8695
 UDC: 615.014.8 : 678.743
 Proffesional paper

Page 28
                        

Experimental
 MaterialsPoly(vinyl chloride) bags for aqueous solutions for
 intravenous infusion (500 ml), (sample 1) and sterile containersof plasticised poly(vinyl chloride) for human blood containingan anticoagulative solution (450 ml) (sample 2).
 MethodsFor the evaluation of the quality of the material in question,
 physical, chemical and biological studies were conductedaccording to the steps outlined in:
 − Ph. Eur.− DIN 53 363-15 - Infusion bags and bottles made of
 plastic (sample 1)− DIN ISO 3826 - Plastics collapsible containers for
 humanblood and blood components (sample 2)− Internal procedures for the determination of the content
 of a PVC polymer; plastificator and liquid stabilizators,fillers and solid stabilizators and vinyl chloride content.
 Preparation of the test solution and blank for the chemicaland biological tests was done according to the steps outlined inPh. Eur. (by autoclavation at 110 0C for 30 minutes with distilledwater and sterile apirogen 0.9 % solution of NaCl for chemicaland biological test, respectively).
 Results and discussion
 Physical testsThe physical tests of the PVC containers include examination
 of appearance, dimensions, thickness of the walls, resistance totemperature, pressure and sealing, resistance to centrifugationand leakage, stretching, with the goal of evaluating the physicalcharacteristics of the packaging.
 The thickness of the wall of the plastic containers shouldprovide the packaging to be non-permeable to gases, moistureand microorganisms, thus ensuring the quality of the pharmaceutical preparation until the expiry date. Permeabilityfor gases, moisture and microorganisms decreases withincreased thickness of the wall of the containers. The thinnestplastic packaging should be 0.1 mm. Double this thickness(0.2 mm) decreases the permeability for gasses by 70 %. Themanufacturers of different plastic containers for pharmaceuticalpreparations suggest that the thinnest wall should be 0.3 mm,which would ensure the quality of the plastic containersregarding permeability. However, the walls of the plastic containers should not be abnormally thick because the plasticpackaging should posses a certain flexibility that allows easyand complete filling and emptying, ensuring a correct way ofadministering the medication.
 28 Aneta Dimitrovska, Liljana Ugrinova, Suzana Trajkovic-Jolevska, Slavica Tanceva
 Maced. pharm. bull., 47 (1,2) 27-36 (2001)
 Parameters Results Standards and Limits
 Sample 1 Ph. Eur. DIN 58 363 - 15
 Resistance to temperature, pressure and sealing compliesDIN /* - 25 0C to 50 0C for 24 hours internal pressure:
 20 kPa for 10 min.
 Resistance to fall compliesDIN /* Fall from 2 m on hard base
 Vapor permeability compliesDIN /* T = 20 ± 5 0CRH ≤ 60 % for 21 days Loss in mass is not greater than 5 % for the shelf life of a plastic container
 Transparency compliesPh Eur Primary opalescent suspension diluted 1 in 400 Primary opalescent suspension (1 : 100)
 Attaching to plastic bag compliesDIN /* Part intended for attachment required to stand force from 25 N for 60 min.
 Permanence of labeling compliesDIN /*
 The printing on the label remains legible and the label shall not separate from the container after removal from water if plastic container is submerged in water at a temperature 20 ± 1 0C for 24 hours
 Appearance complies Internal specification Dimensions complies Internal specification Thickness of wall (mm) 0.35 Internal specification
 n = 6; /* parameter is not prescribed for examination
 Table 1. Physical tests on PVC containers for aqueous solutions for intravenous infusion
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The thickness of the wall of the tested PVC bags for water solutions for intravenous infusion and blood and blood productsvaries within the range of 0.33-0.38 mm, declared by the manufacturer. The tested PVC bags also meet the other physicalrequirements important for the quality of the containers(Table 1 and 2).
 Parameters such as resistance to centrifugation, leakage,empting under pressure, speed of filling are specific for assessmentof the quality of the PVC containers for human blood. ThesePVC bags also meet the requirements for resistance to stretchingthat is important for the containers’ quality. Among the testedcontainers, there were no examples of tearing or prolongeddeformation of the material during the application of a force of20 N, due to the elastic properties of the plastic containers. A larger percentage of stretching, without tearing or prolongeddeformation of the material, implies better elastic properties.
 Chemical testsThe identification of the main polymer, poly(vinyl chloride)
 and the corresponding plastificator for PVC containers,
 di(2-ethylhexyl) phthalate (DEHP), was done using IR spectroscopy, in comparison with the referent IR spectra (3)and the IR spectra of the standard substances.
 After the separation of the plastificator DEHP and PVC(extraction with diethyl ether in an apparatus by Soxlet) in theappropriate PVC packaging, they were re-identified by the IRmethod, which confirms their presence. A thin layer of thesample in tetrahydrofuran was applied to a NaCl plate and thespectra were recorded in the range from 4000 to 600 cm-1. Theresulting IR spectra are shown in Fig. 1.
 The results of the chemical tests on investigated PVC bagsare given in Table 3 and 4.
 The requirements for the quality of the PVC packaging areregulated by Ph. Eur., DIN and ISO standards. In order to makea complete evaluation of the investigated PBC bags' quality, allthe parameters prescribed in these standards were included.
 The requirements for the physical parameters of plastic bagsfor water solutions for intravenous infusion, except for itstransparency, are not specified by Ph. Eur., unlike the DINstandard, which sets out exact regulations; the confirmation of
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 Parameters Results Standards and Limits Sample 2 Ph. Eur. DIN ISO 3826
 Resistance to centrifugation compliesPh Eur
 5000 g for 10 min. no leakage perceptible and no permanent distortion occur
 5000 g for 30 min. T = 4 0C and T = 37 0C no leakage perceptible and no permanent distortion occur
 Resistance to stretch (%) 3.82Ph Eur 20 N 20 N Leakage compliesPh Eur Internal pressure: 100 kPa for 10 min. Internal pressure:
 67 kPa for 10 min.
 Vapor permeability compliesPh Eur T = 5 ± 1 0C RH = 50 ± 5 % for 6 weeks Loss in mass: max 2 %
 T = 5 ± 1 0C RH = 50 ± 5 % for 21 days Loss in mass: max 1 %
 Emptying under pressure compliesPh Eur Internal pressure: 40 kPa
 The container empties in less than 2 min. Internal pressure: 40 kPa The container empties in less than 2 min.
 Speed of filling compliesPh Eur
 Internal pressure: 9.3 kPa The volume of liquid which flows into the container in 8 min. is not less than the nominal capacity of the container
 Internal pressure: 9.3 kPa The volume of liquid which flows into the container in 8 min. is not less than the nominal capacity of the container
 Resistance to temperature variations compliesPh Eur T = - 80 0C for 24 hours
 T = 50 0C for 20 min. T = - 80 0C for 24 hours T = 50 0C for 12 hours
 Transparency compliesPh Eur Primary opalescent suspension (1 : 16) Primary opalescent suspension (1 : 16)
 Appearance complies Internal specification Dimensions complies Internal specification Thickness of wall (mm) 0.37 Internal specification
 n = 6
 Table 2. Physical tests on sterile containers of plasticised PVC for human blood containing an anticoagulant solution
 Maked. farm. bilt., 47, (1,2) 27-36 (2001)
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the presence of impurities such as SO42-, NH4
 +, and Cl-, as partof the chemical tests prescribed for PVC is not prescribed inPh. Eur. for PVC bags for water solutions for intravenous infusion, whereas such regulations are upheld by the DIN standard.Furthermore, Ph. Eur. does not require tests for the presence ofheavy metals in all types of plastic packaging, whereas DINand DIN ISO standards do require the test for heavy metals represented as Pb2+ or their individual determination, for example:Ba, Cr, Cu, Pb, Sn, Cd, and Al for plastic packaging for water
 solutions for intravenous infusions, and Ba, Pb, Sn and Cd forplastic packaging for blood and blood products. In contrast toPh. Eur., the DIN standard also requires testing for mechanical impurities in plastic bags for water solutions for intravenous infusions with the exact number and size of the particles.
 In addition, the allowed presence of Cl- as an impurity inPVC packaging for blood and blood products is 0.4 ppm and 4ppm according to Ph. Eur. and DIN ISO standards respectively.
 30 Aneta Dimitrovska, Liljana Ugrinova, Suzana Trajkovic-Jolevska, Slavica Tanceva
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 Fig. 1. IR spectra of PVC (a) and DEHP (b), standard substances; PVC (c) and DEHP (d) after their separation from sample 1
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The total content of the plastificator DEHP and the liquid stabilizators is determined by gravimetric means, after a 16-hourextraction period with diethyl ether in an apparatus by Soxlet. Thecontent of the PVC polymer is determined gravimetrically afterdissolving the residue, obtained from extraction, in cyclohexanonand its precipitation with methanol. The content of the fillersand solid stabilizators are represented by the undissolved part incyclohexanon, as dry residue.
 According to the specifications of Ph. Eur., the content of thePVC polymer in PVC primary containers intended for water
 solution for intravenous infusions and blood and blood productsshould be at least 55%. The determined content of the PVCpolymer in the samples is above the required minimum, and thenecessary elasticity of the PVC bags is obtained by the additionof a plastificator in content of max. 40 %, as specified in Ph. Eur.
 The content of extractive di(2-ethylhexyl)phthalate (DEPH),used as a plastificator, is also tested in order to determine thePVC containers' quality. Determination of the content of DEPHextracted from the solvent is accomplished through a calibrationgraph constructed by the absorbances of the solutions of
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 Parameters Results Standards and Limits
 Sample 1 Ph. Eur. DIN 58 363 - 15
 Appearance of solution clarity/color compliesPh Eur Clear and colorless solution Clear solution, not more opalescent
 than reference suspension
 Acidity or alkalinity compliesPh Eur
 max. 0.4 ml 0.01 mol/L NaOH or max. 0.8 ml 0.01 mol/L HCl / 4 % of the nominal capacity of the container
 max. 0.8 ml 0.01 mol/L NaOH or max. 0.8 ml 0.01 mol/L HCl / 20 ml
 pH (4.0 - 4.5) 5.56DIN 13098 /* /*
 Mechanical particles compliesDIN 58 363 -15 /*
 Particles ≥ 2 μm: max. 200/ml Particles ≥ 5 μm: max. 20/ml
 Absorbance (230 - 360 nm)
 0.020 Ph Eur (250 nm) max. 0.200 max. 0.250
 Oxidisable substances (mlA - mlSl) 0.002 mol/L KMnO4
 0.65 ml Ph Eur max. 1.5 ml max. 3.0 ml
 SO42- complies DIN 58 363-15 /* 10 ppm
 NH4+ compliesDIN 58 363-15 /* 0.8 ppm
 Cl- compliesDIN 58 363-15 /* 4 ppm
 Residue on evaporation (mg/100 ml) 2.57DIN 58363-15 /* 5.0
 Heavy metals (ppm)
 Pb = 0.00 Cd = 0.00 Sn = 0.00 (DIN 58 363-15)
 /*
 1. Pb2+: 1.6 ppm 2. AAS Ba, Cr, Cu, Pb: 1 ppm Sn, Cd: 0.1 ppm Al: 0.01 ppm
 n = 6; /* parameter is not prescribed for examination
 Table 3. Results of chemical tests on PVC containers for aqueous solutions for intravenous infusion
 Maked. farm. bilt., 47, (1,2) 27-36 (2001)
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32 Aneta Dimitrovska, Liljana Ugrinova, Suzana Trajkovic-Jolevska, Slavica Tanceva
 Maced. pharm. bull., 47 (1,2) 27-36 (2001)
 Parameters Results Standards and Limits
 Sample 2 Ph. Eur. DIN ISO 3826
 Appearance of solution compliesDIN ISO /* Clear solution, not more opalescent than reference suspension II
 Volume of anticoagulant solution compliesPh Eur ± 10 % from the stated volume of anticoagulant solution /*
 Spectrophotometric examination of anticoagulant sol. (250 - 350 nm)
 0.030Ph. Eur
 (280 nm) The absorbance at the maximum at 280 nm is not greater than 0.5 /*
 Acidity or alkalinity compliesPh Eur max. 0.4 ml 0.01 mol/L NaOH or max. 0.8 ml 0.01 mol/L HCl / 4 % of the nominal capacity
 max. 0.4 ml 0.01 mol/L NaOH or max.0.8 ml 0.01 mol/L HCl / 10 ml sol.
 Absorbance 230 - 360 nm
 no absorbancePh Eur
 max. 0.300 (230 – 250 nm) max. 0.100 (251 – 360 nm)
 max. 0.200
 Oxidisable substances (mlA - mlSl) 0.002 mol/L KMnO4
 0.45 ml Ph Eur max. 2.0 ml/8 % of the nominal capacity of the container max. 2.0 ml/20 ml sol.
 NH4+ (ppm) compliesPh Eutr 2 ppm 2 ppm
 Cl- (ppm) compliesPh Eutr 0.4 ppm 4 ppm
 Extractable di(2-ethylhexyl)-phthalate (DEHP) mg/100ml
 complies Ph. Eur (Table 4)
 10.0 mg/100 ml (volume: 300 – 500 ml) 13.0 mg/100 ml (volume: 150 – 300 ml) 14.0 mg/100 ml (volume to 150 ml)
 10.0 mg/100 ml
 Vinyl chloride complies* 1 ppm 1 ppm
 PVC complies (Table 3)* min. 55 % /*
 Plasticizers and liquid stabilizers complies (Table 3)* max. 40% /*
 Residue on evaporation (mg/100 mg) 0.2Ph Eur max. 3.0 mg/100 ml max. 3.0 mg/100 ml
 Heavy metals (ppm)
 Pb = 0.00 Cd = 0.00 Sn = 0.00
 (DIN ISO 3826)
 /*
 AAS Ba, Pb: 1 ppm Sn, Cd: 0.6 ppm
 Ash (mg/g) 0.1DIN ISO 3826 /* 1 mg/g n = 6 * - internal procedure; * - parameter is not prescribed for examination
 Table 4. Results of chemical tests on sterile containers of plasticised PVC for human blood containing an anticoagulant solution
 Sample PVC polymer (%) Plastificator* and liquid stabilizators (%) Fillers and solid stabilizators (%) Total (%)
 1 71.05 28.95 traces 100 2 63.66 36.44 traces 100
 *plastificator - di(2-ethylhexyl)phthalate (DEHP)
 Table 5. Results of determination of PVC polymer and additives in PCV bags
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DEHP, standard substance in the concentration range of 2 to 20mg/100 ml, at λ=272 nm. The regression line estimated by linearleast-squares regression analysis is represented by the equation:y = 0.0271 + 0.0231x, with a correlation coefficient of 0.9994. Thecontent of vinyl chloride in the PVC packaging is determinedby the method of gas chromatography (head space), FIDdetector and S/S column, ¼", 6 m (15% Diethylhexylsebacate/Chromosorb W DMCS, 80/100 mesh). The chromatogram ofvinyl chloride, standard substance, and the chromatograms ofvinyl chloride (VC) in PVC bags are given in Fig. 2.
 The retention time for vinyl chloride, standard substance is approximately 4 minutes. The absence of a peak which corresponds to the retention time of vinyl chloride, standard substance, is noticeable in the chromatograms obtained fromsamples 1 and 2, implying total polymerization of the vinylchloride - monomer in the process of production of the testedPVC containers. The concentration of the prepared standardsolution of vinyl chloride of 1 ppm, at the same time representsthe maximum allowed presence of VC in the PVC packaging, taking into consideration its toxicity and the possibility of itsmigration into the solution.
 Biological testsThe most widely used tests for the biological study of this
 type of containers are: the pyrogen test, abnormal toxicity, thetest for haemolysis and sterility (Ph. Eur.) and permeability ofmicroorganisms (DIN).
 The pyrogen test (4) is used to determine the presence ofpyrogen substances of non-microbiological origin, most oftenoriginating from the packaging material.
 The plastic masses are inert and do not show a toxic effectif the polymerization of the polymer is complete. If the finalproduct is not well purified it could contain a substance or anadditive which is not chemically bonded to the polymer. Themonomers, plastificators, stabilizators, catalysts, fillers andother additives, which are molecules with a small molecularweight, can easily migrate into the solution and display a toxic
 effect. Toxicity could also be a result of the migration of theglue and the ink used in the printing of the label into the solution.Beside the monomer and the additives, the presence of tin as a form of impurity could also lead to a hemolysis of the erythrocytes (5). Due to these, for the evaluation of plasticpackaging quality, the test for abnormal toxicity and the test forhemolysis are also conducted.
 A sterility test is prescribed only for sterile bags of plasticisedpoly(vinyl chloride) for human blood containing an anticoagulantsolution (sample 2), following the membrane filtration procedureoutlined in Ph. Eur.
 The plastic packaging should not be permeable to microorganisms, as a secondary contamination of the product.The permeation of microorganisms is controlled by the appropriate thickness of the walls of the plastic packaging. A thickness of the plastic wall of 0.04 mm, prevents the permeation of microorganisms into the solution. As the walls atthe joining points could be thinner, the thickness of the walls ofthe plastic packaging should be at least 0.1 mm.
 A cultivating medium where the samples (PVC bags) werekept during the examination was innoculated with Bacillussubtilis varieties Niger NCTC 10073. The cultivating mediumin the tested PVC bags stayed clear after the proposed time ofincubation, which indicates the impermeability of the plasticpackaging to the tested microorganism.
 The tested primary containers intended for pharmaceuticalpreparations is apyrogen, nontoxic, sterile, and does not causehaemolysis to the erythrocytes and it is impermeable to microorganisms.
 Parametars for the evaluation of the quality of PVC containers for pharmaceutical preparations 33
 sample 1 sample 2 vinyl chloride, standard (1ppm)
 Fig 2. Chromatograms of determination of vinyl chloride in tested PVC containers and vinyl chloride, standard substance (1 ppm) in N,N dimethylacetamid
 Table 6. Content of extractive DEPH, obtained by calibration graph
 Sample Absorbance, λ=272 nm
 Concentration (mg/100 ml) (max. 10 mg/100 ml)
 1. (bag with capacity of 500 ml) 0.1599 5.76
 2. (primary bag with capacity of 400 ml) 0.1506 5.36
 Maked. farm. bilt., 47, (1,2) 27-36 (2001)
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34 Aneta Dimitrovska, Liljana Ugrinova, Suzana Trajkovic-Jolevska, Slavica Tanceva
 Maced. pharm. bull., 47 (1,2) 27-36 (2001)
 Table 7. Results of biological tests on PVC bags
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ConclusionThe requirements for PVC container quality are regulated
 by Ph. Eur., DIN and DIN ISO standards. The specificationsshould encompass the parameters prescribed in Ph. Eur, DINand DIN ISO standards for a more detailed evaluation of PVCcontainer quality, and synchronize the allowed ranges of tolerancefor certain parameters, as well.
 References1. European Pharmacopoeia, 3rd Edition, Council of Europe, Strasbourg,19972. A. Kenneth, L. Herbert and L. Leon, Pharmaceutical Dosage Form:Parenteral Medications, Part 10: Use of Plastics for parenteral packaging, 2nd
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 Rezime
 Parametri za procena na kvalitetot na PVC ambala`a nameneta za farmacevtski preparati
 Aneta Dimitrovska1, Liljana Ugrinova1, Suzana Trajkovi}-Jolevska1, Slavica Tan~eva2
 1Institut za ispituvawe i kontrola na lekovi, Farmacevtski fakultet, Univerzitet „Sv. Kiril i Metodij“,
 Vodwanska 17, 1000 Skopje, Makedonija, 2OHIS A.D., 1000 Skopje, Makedonija
 Klu~ni zborovi: poli(vinil hlorid) ambala`a, farmacevtski preparati, procena na kvalitet
 Napraven e pregled na parametrite za procena na kvalitetot na poli(vinil hlorid) ambala`a nameneta za farmacevtski preparati. Barawataza kvalitet na PVC ambala`ata propi{ani spored Ph. Eur., DIN i DIN ISO standardite se razlikuvaat vo odnos na predvidenite parametrite zafizi~ki, za hemiski i za biolo{ki ispituvawa. Isto taka, propi{ani se i razli~ni granici na dozvoleno otstapuvawe na oddelni parametri.Sporedbata na parametrite propi{ani spored Ph. Eur., DIN i DIN ISO standardite za ovoj vid ambala`a e napravena so cel da se izvr{i pocelosnaprocena na kvalitetot na PVC ambala`ata.
 Maked. farm. bilt., 47, (1,2) 27-36 (2001)
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Apolipoproteinot A-1 e nose~kiot apolipopro-tein vo lipoproteinite so golema gustina (high densitylipoproteins HDL). Glavna uloga na apolipoproteinotA-1 e aktivacija na enzimot Lecithin cholesterol acyltransferase (LCAT) i otstranuvawe na slobodniot hole-sterol od ekstrahepatalnite tkiva. Spored toa, Apo A-1
 mo`e da se opi{e kako neaterogen, poka`uvaj}i inverz-na povrzanost so rizikot od koronarna arteriskabolest. Namaluvaweto na koncentracijata na Apo A-1vo serumot, sekoga{ prosledeno so namaluvaweto nakoncentracijata na HDL- holesterolot, zna~itelno gozgolemuva rizikot za ateroskleroza (1).
 Makedonski farmacevtski bilten, 47 (1,2) 37-42 (2001)ISSN 1409 - 8695
 UDK: 616.153.96(497.7)
 Stru~en trud
 Referentni intervali na Apo A-1, Apo B i soodnosot Apo B/Apo A-1 vo primerok na makedonska populacija
 Svetlana Cekovska*, Sowa Alabakovska, Katerina To{eska, Danica Labudovi}, Bojana Todorova
 Institut za medicinska i eksperimentalna biohemija, SkopjeMedicinski fakultet, 50-ta Divizija br. 6, Skopje.
 Primen oktomvri 2001, prifaten april 2002
 Apstrakt
 Naru{uvawata vo serumskite koncentracii na apolipoproteinite A-1 i B (Apo A-1 i Apo B), kako i soodnosot apolipoproteinB/apolipoprotein A-1 (Apo B/Apo A-1), se smeta deka pretstavuvaat nezavisni rizik faktori za koronarna srceva bolest. Se prepo-ra~uva sekoja laboratorija da opredeli sopstveni referentni intervali za serumskite koncentracii na Apo A-1 i na Apo B, kako i zasoodnosot Apo B/Apo A-1, bidej}i tie zavisat od geografskata lokacija. Za taa cel gi opredelivme serumskite koncentracii na Apo A-1i na Apo B i go presmetavme Apo B/Apo A-1 soodnosot kaj 122 zdravi individui od makedonska populacija (70 `eni i 52 ma`i) na vozrastod 18-60 godini. Pri opredeluvaweto koristevme komercijalen, standardiziran manuelen imunoturbidimetriski test (Randox).
 Izmerenite koncentracii (x ± SD) iznesuvaa: Apo A-1 = 1,39 ± 0,28 g/l vo ̀ enskata populacija i 1,42 ± 0,27 g/l vo ma{kata populacija,a Apo B = 0,95 ± 0,24 g/l vo `enskata i 1,00 ± 0,23 g/l vo ma{kata populacija. Presmetaniot Apo B/Apo A-1 soodnos iznesuva{e 0,70 ± 0,17kaj `enskata populacija i 0,72 ± 0,18 kaj ma{kata populacija. Studentoviot t-test poka`a deka ne postoi signifikantna razlika(r>0,05) vo srednite vrednosti za Apo A-1 i za Apo B, kako i za Apo B/Apo A-1 soodnosot, me|u `enskata i ma{kata podgrupa, odnosnodeka podelbata spored polot ne e potrebna od dijagnosti~ka gledna to~ka. Koncentraciite na Apo A-1 i na Apo B presmetani zame{anata grupa (N=122) iznesuvaa 1,40 ± 0,28 g/L i 0,97 ± 0,23 g/L. Soodnosot Apo B/Apo A-1 vo celata grupa iznesuva{e 0,71 ± 0,17.
 Tipot na distribucija na vrednostite za serumskite Apo A-1 i Apo B, kako i soodnosot Apo B/Apo A-1 be{e testiran preku opre-deluvawe na vrednostite na koeficientot na asimetrija (Skewness), na koeficientot na splosnatost (Kurtosis) i na standardnite devi-jacii na ovie dva koeficienti. Vrednostite na ovie koeficienti za site tri parametri poka`aa deka distribucijata na vrednostitee spored Gausovata (Gauss) kriva. Vo soglasnost so normalnata distribucija, referentnite granici za Apo A-1, za Apo B, kako i za ApoB/Apo A-1 soodnosot bea opredeleni parametarski (sredna aritmeti~ka golemina ± 2 standardni devijacii).
 Referentnite intervali za Apo A-1 iznesuvaa 0,84 - 1,96 g/l, 0,51 - 1,43 g/l za Apo B i 0,37 - 1,05 za soodnosot Apo B/Apo A-1.
 Klu~ni zborovi: Apo A-1, Apo B, soodnosot Apo B/Apo A-1, imunoturbidimetriski test, referentni intervali.
 *Svetlana Cekovska e-mail: [email protected]: 119-164; fax: 230-431

Page 38
                        

Apolipoproteinot B e glavna proteinska kompo-nenta na lipoproteinite so niska gustina (low densitylipoproteins LDL), poznati kako aterogeni lipoprotei-ni. Apo B, zaedno so Apo E e neophoden za reakcijata naLDL so B/E receptorite i e vklu~en vo transportot naholesterolot do periferijata (krvnite sadovi, peri-ferni tkiva). Rezultatite od pogolem broj studii(2,3,4) uka`uvaat na direktnata povrzanost me|u zgo-lemenite serumski koncentracii na Apo B i koronar-nata arteriska bolest.
 Rezultatite od golem broj epidemiolo{ki i klini-~ki studii (5,6,7) govorat vo prilog na toa deka naru-{uvawata na serumskite koncentracii na apolipo-proteinite, osobeno Apo A-1 i Apo B podobro koreli-raat so koronarnata arteriska bolest, otkolkudrugite lipidni i lipoproteinski parametri. Istotaka, rezultatite od pove}e prospektivni studii (4,8,9)uka`uvaat na zna~eweto na odreduvaweto na serum-skite koncentracii na Apo A-1 i Apo B, kako super-iorni markeri za procena na rizikot za razvitok nakoronarna arteriska bolest. Spored najnovite sozna-nija (4), Apo B e zna~aen diskriminira~ki faktor zapredviduvawe na rizikot za razvitok na aterosklero-zata kaj normolipidemi~ni individui. Zaradi toa, seprepora~uva analizite na lipidite, sekoga{ koga etoa indicirano, da se pro{irat i so opredeluvawe naserumskata koncentracijata na Apo A-1 i na Apo B.Nekoi avtori (10,11) go poso~uvaat koli~nikot me|userumskite koncentracii na Apo A-1 i na Apo B (ApoA-1/Apo B ili Apo B/Apo A-1) kako zna~aen parametarza procena na rizikot od koronarna arteriska bolest.Vo na{eto ispituvawe, nie go opredeluvavme soodno-sot Apo B/Apo A-1, koj mnogu dobro korelira so atero-geniot indeks LDL-holesterol/HDL-holesterol.
 Postojat pogolem broj metodi za opredeluvawe naserumskite koncentracii na Apo A-1 i na Apo B, od koipo~esto se koristeni imunoturbidimetriskite, nefe-lometriskite, radioimunoesejot (RIA) i metodot na ra-dijalna imunodifuzija (RID). Sekoj od ovie metodi sekarakterizira so razli~na osetlivost i preciznost (12),pa spored toa postojat i razliki vo vrednostite na ApoA-1 i na Apo B, opredeleni so razli~ni metodi. Od tiepri~ini, potrebno e metodot so koj }e se opredeluvaatserumskite koncentracii na Apo A-1 i Apo B vo edna la-boratorija da bide standardiziran.
 Rezultatite od edna studija, nare~ena SENECA (13)poka`aa deka kaj vozrasnite Evropejci postoi hetero-genost vo pogled na referentnite vrednosti na li-
 pidnite parametri, vklu~uvaj}i gi Apo A-1, Apo B i Apo B/Apo A-1 soodnosot, so poniski sredni vrednostizabele`ani kaj op{tata populacija na Portugalija, na[panija, na Grcija i na Italija, vo sporedba so zemji-te od severna i odsredna Evropa (Norve{ka, Danska,Holandija, Francija i [vajcarija). Razliki vo serum-skite koncentracii na Apo A-1, na Apo B i na Apo B/ApoA-1 soodnosot se zabele`ani i kaj op{tata populacijavo Amerika me|u belcite od evropsko i od latinoameri-kansko poteklo (14). Pogolem broj studii (4,15,16) po-ka`uvaat deka postojat i razliki me|u rasite, so povi-soki vrednosti za Apo A-1 i poniski vrednosti za Apo Bzabele`ani kaj crnata rasa, odnosno poniski referen-tni vrednosti za Apo A-1 i Apo B kaj `oltata rasa.
 [to se odnesuva do razlikite vo odnos na polot, sesre}avaat razli~ni podatoci vo razli~ni populacii,kaj nekoi se zabele`uvaat razliki me|u dvata pola voodnos na serumskite koncentracii na Apo A-1 i na ApoB, a kaj nekoi ne (15,17,18,19,20). Ispituvano e, isto ta-ka, i vlijanieto na vozrasta vrz serumskite koncentra-cii na Apo A-1 i na Apo B i na Apo B/Apo A-1 soodnosot.Rezultatite od istra`uvawata (17,19) poka`uvaat dekakaj vozrasnite individui od dvata pola se zabele`aninezna~itelni promeni vo serumskata koncentracija naApo A-1 so zgolemuvawe na vozrasta, dodeka i kaj dvatapola e utvrdena zavisnost na koncentracijata na Apo Bi na Apo B/Apo A-1 soodnosot od vozrasta.
 So ogled na golemiot broj faktori (pol, vozrast,geografski razliki), kako i izborot na metodot, koimo`at da vlijaat vrz referentnite vrednosti, po`el-no e sekoja laboratorija da opredeli sopstveni grani-ci na referentni vrednosti.
 Cel na na{ata studija be{e da se opredelat serum-skite koncentracii na Apo A-1 i na Apo B, kako i naApo B/Apo A-1 soodnosot kaj zdrava populacija, da seutvrdi tipot na distribucijata na vrednostite prekuispituvaweto na hipotezata za soglasuvawe so Gauso-vata distribucija i da se opredelat referentniteintervali na ispituvanite parametri.
 Eksperimentalen del
 Vo ispituvaweto bea opfateni 122 zdravi, normo-lipidemi~ni ispitanici, od koi 70 `eni i 52 ma`i navozrast od 18 do 60 godini. Kriterium za normolipi-demi~nost bea vrednostite za vkupen holesterol poni-ski od 6,5 mmol/l, trigliceridi poniski od 2,3 mmol/l ivrednosti za HDL-holesterol povisoki od 0,9 mmol/,
 38 Svetlana Cekovska, Sowa Alabakovska, Katerina To{eska, Danica Labudovi}, Bojana Todorova
 Maced. pharm. bull., 47 1,2 35-42 (2001)
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opredeleni spored li~ni iskustva vo rabota so make-donskata populacija.
 Kako materijal vo ispituvaweto koristevme serum,dobien so venepunkcija po 12-14 ~asa gladuvawe. Kon-centracijata na Apo A-1 i na Apo B be{e opredeluvanavedna{ ili serumskite primeroci bea ~uvani najmno-gu dve nedeli na +4 0C, odnosno dva meseca na - 20 0C, vre-me za koe ne nastanuvaat zna~itelni promeni vo kon-centraciite na Apo A-1 i na Apo B.
 Serumskite koncentracii na Apo A-1 i na Apo B beaopredeluvani so upotreba na komercijalen, standardi-ziran manuelen imunoturbidimetriski test (Randox).Metodot se temeli na reakcijata na Apo A-1, odnosno naApo B so specifi~ni antiserumi, pri {to doa|a do for-mirawe nerastvorliv kompleks, koj mo`e da se meriturbidimetriski na 340 nm (21). Ot~ituvaweto naapsorbenciite e napraveno na fotometar „Iskra“MA 9510. Koncentraciite na Apo A-1 i na Apo B voispituvanite primeroci serum bea ot~itani od pret-hodno konstruirana standardna kriva so upotreba naWHO/IFCC standardiziran kalibrator. Zaradi kon-trola na to~nosta paralelno so sekoja serija ispitu-vani serumi be{e opredeluvana i koncentracijata naApo A-1 i na Apo B vo kontrolni serumi so to~no poz-nata koncentracija na ispituvanite parametri. pre-ciznosta izrazena preku koeficientot na varijacija(KV) iznesuva{e pomalku od 3% za ista serija i poma-lku od 6% od den na den, i za dvata parametra.
 Statisti~kata obrabotka na podatocite be{e napra-vena so upotreba na programata Statistica for Windows 5.0.Podatocite od razli~nite grupi bea sporeduvani so po-mo{ na Studentoviot t-test. Spored preporakite na IFCC(Internacionalna federacija po klini~ka hemija),tipot na distribucija na vrednostite na Apo A-1 i naApo B be{e testiran preku opredeluvawe na vredno-stite na koeficientot na asimetrija (Skewnwss, Ks) i
 na koeficientot na splosnatost (Kurtosis, Kk) i nivnitestandardni devijacii. Vrz osnova na vrednostite naovie koeficienti, hipotezata za soglasuvawe na tipotna distribucijata so Gausovata distribucija se otfrlaako apsolutnata vrednost na dvata ili na eden od koe-ficientite e pogolema od nivnata standardna devija-cija pomno`ena so 2,6 (22).
 Rezultati i diskusija
 Serumskite koncentracii na apolipoproteiniteiznesuvaa: Apo A-1 ± 1,39 ± 0,28 g/l kaj `enskata pod-grupa i 1,42 ± 0,27 kaj ma{kata, a Apo B ± 0,95 ± 0,24 g/lkaj `enskata i 1,00 ± 0,23 g/l kaj ma{kata podgrupa.Presmetaniot Apo B/Apo A-1 soodnos iznesuva{e 0,70 ± 0,17 kaj `enskata podgrupa i 0,72 ± 0,18 kaj ma{-kata podgrupa. Rezultatite se prika`ani vo Tabela 1.
 Studentoviot t-test poka`a deka ne postoi stati-sti~ki signifikantna razlika (p>0,05) vo srednitevrednosti za Apo A-1 i na Apo B, kako i za Apo B/Apo A-1soodnosot, me|u `enskata i ma{kata podgrupa, odno-sno deka podelbata spored polot ne e potrebna od di-jagnosti~ka gledna to~ka. Koncentraciite na Apo A-1 ina Apo B presmetani za site ispitanici (N=122) iznesu-vaa 1,40 ± 0,28 g/l i 0,97 ± 0,23 g/l. Soodnosot Apo B/Apo A-1presmetan za celata grupa iznesuva{e 0,71 ± 0,17.
 Na sl. 1 i 2 se prika`ani distribuciite na dobieni-te vrednosti za serumskite koncentracii na Apo A-1 ina Apo B.
 Dobienite vrednosti za koeficientot na asimet-rija i za koeficientot na splosnatost, kako i nivni-te standardni devijacii za Apo A-1 (Ks= 0,34, Ss = 0,22;Kk = - 0,06, Ks = 0,44) dovedoa do zaklu~okot deka distri-bucijata na vrednostite za Apo A-1 e normalna, Gauso-vata distribucija (Slika 1).
 Vrednostite za koeficientot na asimetrija i za ko-
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 Tabela 1. Serumski koncentracii na Apo A-1 i na Apo B (g/L) i na Apo B/Apo A-1 soodnosot vo `enskata i vo ma{kata podgrupa ivo celata grupa (sredna aritmeti~ka golemina ± standardna devijacija)
 parametar N `enska podgrupa N ma{ka podgrupa N zaedno
 Apo A-1 70 1,39 ± 0,28 52 1,42 ± 0,27 t = 0,6; p > 0,05 122 1,40 ± 0,28
 Apo B 70 0,95 ± 0,24 52 1,00 ± 0,23 t = 1,16; p > 0,.05 122 0,97 ± 0,23
 Apo B/A-1 soodnos 70 0,70 ± 0,17 52 0,72 ± 0,18 t = 0,6; p > 0,05 122 0,71 ± 0,17
 N – broj na ispitanici; t - Studentov t-test ; p – signifikantnost na razliki me|u `enskata i ma{kata podgrupa
 Maked. farm. bilt., 47, (1,2) 37-42 (2001)
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 eficientot na splosnatost za Apo B (Ks = - 0,11, Ss = 0,22;Kk = - 0,90, Ks = 0,44 ) poka`aa deka i distribucijata navrednostite za Apo B e normalna (Slika 2).
 Isto taka, od dobienite vrednosti za koeficientite(Ks=-0,24, Ss =0,22; Kk = - 0,89, Ks = 0,44) za Apo B/Apo A-1soodnosot mo`e da se zaklu~i deka i ovaa distribucijae vo soglasnost so Gausovata distribucija.
 Vo soglasnost so normalnata distribucija na vred-nostite za Apo A-1, za Apo B i Apo B/Apo A-1 soodnosotreferentnite granici za ovie tri parametra bea opre-deleni parametarski (sredna aritmeti~ka golemina± 2 standardni devijacii).
 Referentnite intervali iznesuvaa:0,84 - 1,96 g/L za Apo A-1,0,51 - 1,43 g/L za Apo B,0,37 - 1,05 za Apo B/Apo A-1 soodnosot.
 Referentnite intervali za ovie tri parametra nebea standardizirani spored vozrasta, zaradi maliotbroj ispitanici vo oddelni vozrasni grupi.
 Apolipoproteinite A-1 i B se nao|aat vo fokusotna ponovite istra`uvawa, so ogled na faktot {to re-zultatite od golem broj prospektivni studii poka`aadeka Apo A-1, Apo B i nivniot soodnos Apo B/Apo A-1 sesuperiorni parametri za procena na rizikot od koro-narna arteriska bolest, vo sporedba so ostanatite li-pidni i lipoproteinski parametri.
 [to se odnesuva do referentnite intervali za ApoA-1 i za Apo B, kako i Apo B/Apo A-1 soodnosot, vo li-teraturata se sre}avaat razli~ni podatoci, bidej}itie zavisat od geografskata lokacija, a razliki pos-tojat isto taka i poradi razli~niot broj ispitanicikako i poradi razlikite vo upotrebeniot metod. Re-zultatite od na{eto ispituvawe nie gi sporedivme sorezultatite od studiite na evropskata populacija(13,17,18,19,20). Na{ite rezultati delumno se sovpa|aat sorezultatite dobieni so ispituvawe na {vedskata popula-cija (17), {to se dol`i na toa {to ovaa {vedska stu-dija vklu~uva ogromen broj ispitanici (N=147576).Studijata poka`a deka kaj {vedskata populacija pos-toi razlika me|u dvata pola za serumskite koncen-tracii na Apo A-1 i na Apo B, {to nie ne ja doka`av-me. Vo pogled na vlijanieto na vozrasta vrz serumski-te koncentracii na Apo A-1 i na Apo B, rezultatite odovaa studija poka`aa deka kaj vozrasni individui kon-centracijata na Apo A-1 i kaj dvata pola nezna~i-telno se menuva so vozrasta, dodeka vrednostite na
 Apo B se zgolemuvaat sé do vozrast od 60 godini kaj ma-`ite, odnosno do 70 godini kaj `enite.
 Dobienite granici na referentni vrednosti zaApo A-1 i za Apo B vo na{eto ispituvawe (0,84 - 1,96 g/lza Apo A-1 i 0,51 - 1,43 za Apo B) se sli~ni so onie opre-deleni na francuska populacija (1,04 - 2,24 g/l za Apo A-1i 0,43 - 1,39 g/l za Apo B), kako i so rezultatite od ispi-tuvawe na finskata populacija (19,20). Rezultatite odispituvaweto na populacijata vo Finska, za razlikaod na{ite, poka`aa razliki me|u ma`ite i `enite vopogled na srednite vrednosti za Apo A-1 i za Apo B.
 [to se odnesuva do referentnite vrednosti za Apo B/ApoA-1 soodnosot, vo literaturata se sre}a-vaat mal broj podatoci za referentnite intervaliza ovoj soodnos (23). Vo ovaa studija utvrdeni se sred-ni vrednosti za Apo B/Apo A-1 soodnosot od 0,56 do0,70. Na{ite rezultati za srednite vrednosti na ApoB/Apo A-1 soodnosot (0,71) se bliski so onie od spo-menatata studija.
 So ogled na zna~eweto na Apo A-1, Apo B i Apo B/ ApoA-1 soodnosot, kako superiorni parametri za procena
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 na rizikot od koronarna arteriska bolest, oddelni po-golemi laboratorii vo svetot, paralelno so oprede-luvaweto na referentnite intervali za ovie parame-tri, gi opredelile i t.n. prese~ni to~ki (cut off points),odnosno koncentraciite povrzani so zgolemen rizikod koronarna arteriska bolest (19,23). Taka, na pri-mer, Contois i sor. (24), vrz osnova na ispituvawe naop{tata populacija vo Soedinetite AmerikanskiDr`avi, ja utvrdile koncentracijata 1,20 g/l kakoprese~na to~ka (cut off) za Apo A-1 i Apo B, {to zna~ideka koncentraciite na Apo A-1 poniski od 1,20 g/l ikoncentraciite na Apo B povisoki od 1,20 g/l }e pret-stavuvaat osnova za identifikacija na lica so zgole-men rizik za koronarna arteriska bolest. Vakvi te-stirawa vo na{i uslovi sé u{te ne se praveni.
 Zaklu~ok
 Kako zaklu~ok na dosega iznesenoto, mo`e da seka`e deka vo na{eto ispituvawe opredeleni se re-ferentnite intervali za Apo A-1, za Apo B i za ApoB/Apo A-1 soodnosot kaj zdrava makedonska populaci-ja, so upotreba na standardiziran, manuelen imuno-turbidimetriski metod i ednostavna aparatura, do-stapna za sekoja laboratorija. Kako cel na na{ite po-natamo{ni ispituvawa si postavivme standardizi-rawe na referentnite intervali za ovie tri parame-tra spored vozrasta i opredeluvawe na prese~niteto~ki (cut off points) za ovie tri parametra {to }e pri-donese za podobro tolkuvawe na dobienite rezultativo klini~kata praktika.
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 Summary
 Reference intervals of Apo A-1 , Apo B and Apo B/Apo A-1 ratio in sample of macedonian population
 Svetlana Cekovska, Sonja Alabakovska, Katerina Tosheska, Danica Labudovic, Bojana Todorova
 Institute of medical and experimental biochemistry, Medical Faculty, Skopje, Macedonia
 Key words: Apo A-1, Apo B, Apo B/Apo A-1 ratio, immunoturbidimetric assay, reference intervals.
 The disorders of serum concentration of Apolipoproteins A-1 and B (Apo A-1 and Apo B), as well as of Apolipoprotein B/Apoliporotein A-1 ratio (Apo B/ Apo A-1)are considered to be independent risk factors for coronary heart disease. It is recommended that each laboratory should asign its own reference intervals for Apo A-1 andApo B, as well as for Apo B/Apo A-1 ratio, as these depend on the geographical location. For this purpose we determined the serum concentration of Apo A-1 andApo B and we calculated the Apo B/Apo A-1 ratio in 122 healthy individuals from Macedonian population (70 women and 52 men), aged 18-60 years. We used com-mercial, standardized manual immunoturbidimetric assay (Randox).
 The obtained concentrations (x ± SD) were: Apo A-1 = 1.39 ± 0.28 g/l in the female population and 1.42 ± 0.27 g/l in the male population, Apo B = 0.95 ± 0.24 g/l inthe female and 1.00 ± 0.23 g/l in the male population. The calculated Apo B/Apo A-1 ratio was 0.70 ± 0.17 in the female subgroup and 0.72 ± 0.18 in the male subgroup.Student's t-test detected no significant difference (p>0.05) in mean values for Apolipoproteins A-1 and B and for Apo B/Apo A-1 ratio between female and male subgroups,which lead to the conclusion that division according to sex is not necessary from diagnostic point of view. The Apo A-1 and Apo B concentrations estimated for the mixedgroup (N=122) were 1.40 ± 0.28 g/l and 0.97 ± 0.23 g/l. The Apo B/Apo A-1 ratio estimated for whole group was 0.71 ± 0.17.
 The type of distribution of values for Apo A-1, Apo B and Apo B/A-1 ratio was tested by calculating the values of coefficient of asymetry (Skewness), coefficient offlatness (Kurtosis) and standard deviations of these coefficients. The distribution of values was according to Gaussian curve for all three parameters. Therefore, accordingto the normal distribution reference intervals for Apo A-1, Apo B and Apo B/Apo A-1 ratio was estimated parametrically (mean ± 2 standard deviations).
 Reference intervals for Apo A-1 were 0.84 - 1.96 g/l, 0.51 - 1.43 g/l for Apo B and 0.37- 1.05 for Apo B/Apo A-1 ratio.
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Voved
 Evropskata farmakopea (1) plasti~nata ambala`anameneta za farmacevtski preparati ja definira kakoplasti~en proizvod {to sodr`i ili treba da sodr`ifarmacevtski preparat i e ili mo`e da bide vo direk-ten kontakt so nego. Zatvora~ot e del od ambala`ata.
 Materijalot od koj e napravena plasti~nata ambala-`a za farmacevtska upotreba, vo svojot sostav ne smee dasodr`i supstancii {to mo`at da bidat ekstrahirani odsodr`inata na ambala`ata vo koli~ina {to mo`e da japromeni efikasnosta i stabilnosta na farmacevtskiotpreparat ili da ja zgolemi negovata toksi~nost. Odr`u-vaweto na kvalitetot na lekot vo golem del zavisi i odkvalitetot na zatvora~ot i od na~inot na zatvorawe.
 Polietilenot (PE) so niska i so visoka gustina i po-lipropilenot (PP) glavno se koristat za proizvodstvona {i{iwa nameneti za ambala`a za vodeni rastvori za
 intravenski infuzii. Tie se lesni, fleksibilni, nekr{-livi, hemiski inertni, ne sodr`at plastifikatori, sodr-`at mal broj aditivi i ne se potpolno transparentni (2).
 Gumenite zatvora~i kako del od ambala`ata namene-ta za vodeni preparati za parenteralna upotreba, spo-red Evropskata farmakopea, se izrabotuvaat od materi-jali dobieni po pat na vulkanizacija na makromoleku-larni organski supstancii (elastomeri) so primena nasoodvetni aditivi. Elastomerite se proizveduvaat odprirodni ili od sintetski supstancii po pat na poli-merizacija, poliadicija ili polikondenzacija (1, 3).
 Celta na ovaa studija e da se izvr{i procena nakvalitetot na PE i na PP {i{iwa za vodeni rastvoriza intravenski infuzii, kako i na gumenite zatvora-~i preku izbor na parametri grupirani vo fizi~ki,vo hemiski i vo biolo{ki ispituvawa i da se napravipregled i sporedba na parametrite predvideni zaispituvawe i kontrola na ovoj vid ambala`a, propi-{ani vo Ph. Eur., DIN i so DIN ISO standardite.
 Makedonski farmacevtski bilten, 47 (1,2) 43-50 (2001)ISSN 1409 - 8695
 UDK: 615.014.8 : 678.743
 Stru~en trud
 Apstrakt
 Napraven e pregled na parametrite za procena na kvalitetot na polietilenska i na polipropilenska ambala`a i na gumenizatvora~i nameneti za farmacevtski preparati. Za procena na kvalitetot na ispituvaniot materijal bea izvr{eni fizi~ki, hemi-ski i biolo{ki ispituvawa spored postapkite dadeni vo Ph. Eur., DIN i spored DIN ISO standardite. Barawata za kvalitet naovoj vid ambala`a propi{ani spored Ph. Eur., DIN i DIN ISO standardite se razlikuvaat vo odnos na predvidenite parametri zafizi~ki, za hemiski i za biolo{ki ispituvawa. Isto taka, propi{ani se i razli~ni granici na dozvoleno otstapuvawe na oddelniparametri.
 Klu~ni zborovi: polietilenska i polipropilenska ambala`a; gumeni zatvora~i; farmacevtski preparati, procena na kvalitet
 * e-mail: [email protected].: 126 024; faks: 123 054
 Parametri za procena na kvalitetot na polietilenska i napolipropilenska ambala`a i na gumeni zatvora~i nameneti
 za farmacevtski preparatiLiljana Ugrinova1, Aneta Dimitrovska1*, Suzana Trajkovi}-Jolevska1,
 Todor Gavrilov2
 1Institut za ispituvawe i kontrola na lekovi, Farmacevtski fakultet, Univerzitet „Sv. Kiril i Metodij“, Vodwanska 17,
 1000 Skopje, Makedonija; 2OHIS A.D., 1000 Skopje, MakedonijaPrimen mart 2001, prifaten mart 2002

Page 44
                        

Eksperimentalen del
 Materijal− polietilensko (PE) {i{e za vodeni rastvori za
 intravenski infuzii (500 ml), (primerok br. 1);− polipropilensko (PP) {i{e za vodeni rastvori
 za intravenski infuzii (500 ml), (primerok br. 2);
 − gumeni zatvora~i od prirodna guma za polietilen- sko (PE) {i{e za vodeni rastvori za intravenskiinfuzii (500 ml), (primerok br. 3) i
 − gumeni zatvora~i od prirodna guma za polipropi-lensko (PP) {i{e za vodeni rastvori za intraven-ski infuzii (500 ml), (primerok br. 4).
 MetodiZa procena na kvalitetot na ispituvaniot materi-
 jal bea izvr{eni fizi~ki, hemiski i biolo{ki ispi-tuvawa spored postapkite dadeni vo:
 − Ph. Eur. 3;− DIN 53 363-15 - Infusion bags and bottles made of plastic (primerok br. 1, 2);
 − DIN ISO 8871- Elastomeric parts for aqueous parenteralpreparations (ovaa norma go sodr`i DIN 58 367 T1/T2)(primerok br. 3, 4).
 Podgotovkata na probnite rastvori i na slepite pro-bi za hemiskite i za biolo{kite ispituvawa be{evr{ena spored postapkata dadena vo Ph. Eur. (avtoklavi-rawe na: 100 0S, dva ~asa so destilirana voda za hemiski-te ispituvawa na primerok 1 i 2; 110 0S, 30 minuti so ste-rilen, apirogen 0,9 % rastvor na NaCl za biolo{kiteispituvawa na primerok 1 i 2; 121 0S, 30 minuti so desti-lirana voda za hemiskite ispituvawa na primerok 3 i 4).
 Rezultati i diskusija
 Fizi~ki ispituvawa
 Hemiskata struktura na polimernite molekuli(molekulara masa, stepen na kristalnost, sodr`inana aditivi) gi opredeluva fizi~kite, hemiskite i me-hani~kite svojstva na plastikata, kako i otpornostana temperatura.
 Propustlivosta na plasti~nata ambala`a kako fi-zi~ki parametar e funkcija od temperaturata i od de-belinata na sidot. So zgolemuvawe na temperaturata,propustlivosta se zgolemuva, a se namaluva so zgole-muvawe na yidot na ambala`ata. Proizvoditelite narazli~na plasti~na ambala`a nameneta za farmacev-
 tski preparati prepora~uvaat vrednost za najmala de-belina na yidot na plasti~noto {i{e od 0,3 mm, so{to so sigurnost se obezbeduva kvalitetot na ambala-`ata vo odnos na propustlivosta za gasovi, vlaga imikroorganizmi. Dobienite vrednosti za debelinatana yidot na plasti~nite {i{iwa nameneti za amba-la`a za vodeni rastvori za intravenski infuzii sedvi`at vo dozvolenite granici propi{ani od pro-izvoditelot i uka`uvaat na kvalitetot na plasti~na-ta ambala`a. Transparentnosta na plasti~nata amba-la`a za parenteralni rastvori e od golema va`nost.Taa treba da ovozmo`i da se zabele`at site organo-lepti~ki promeni na rastvorot, kako i prisustvotona mehani~ki one~istuvawa od organsko i od neorgan-sko poteklo. Ispituvanata ambala`a odgovara na para-metarot transparentnost, kako i na barawata za kva-litet na ostanatite fizi~ki parametri propi{anivo Ph. Eur. i DIN standardot (Tabela 1).
 Rezultatite od fizi~kite ispituvawa na gumenitezatvora~i se dadeni vo Tabela 2. Tvrdinata na ispitu-vanite gumenite zatvora~i se dvi`i vo dozvolenitegranici (45 ± 50 Shore A), propi{ani vo DIN ISO stan-dardot. Tvrdina po Shore pretstavuva otpor na gumatasprema igla so opredeleno optovaruvawe. Tvrdinata efunkcija od sostavot na gumenata formulacija i oduslovite koristeni vo procesot na proizvodstvo i mo-`e da se iskoristi kako pokazatel koj uka`uva na ste-penot na vulkanizacija.
 Ispituvanite gumeni zatvora~i za PE i za PP {i{e(primerok 3 i 4) odgovaraat i vo odnos na parametarotpenetrabilnost (silata so koja perpendikularot soigla go proboduva gumeniot zatvora~ ne e pogolema od10 N), kako i vo odnos na fragmentacijata, na samozat-voraweto i na otpornosta na sterilizacija, propi{a-ni vo soodvetnite propisi.
 Hemiski ispituvawa
 Identifikacijata na osnovniot polimer, poli-etilen i polipropilen, kako i na elastomerot vo gu-menite zatvora~i be{e izvr{ena so primena na IRspektroskopija vo sporedba so soodvetnite referen-tni IR spektri (4). Vo gumenite zatvora~i za PE i zaPP {i{e nameneti za vodeni rastvori za intraven-ski infuzii utvrdeno e prisustvo na elastomer odpoliizoprenski tip.
 Dobienite vrednosti od hemiskite ispituvawa na PEi na PP primarna ambala`a, kako i na gumenite zatvo-
 44 Liljana Ugrinova, Aneta Dimitrovska, Suzana Trajkovi}-Jolevska, Todor Gavrilov
 Maced. pharm. bull., 47, (1,2) 43-50 (2001)
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ra~i (Tabela 3 i 4) se dvi`at vo dozvolenite granicipropi{ani so soodvetnite specifikacii za kvalitet.
 Barawata za kvalitet na PE i na PP ambala`ata,kako i na gumenite zatvora~i propi{ani spored Ph.Eur., DIN i ISO standardite, se razlikuvaat vo odnos naoddelni parametri predvideni za fizi~kite i za he-miskite ispituvawa. Isto taka, propi{ani se i raz-li~ni granici na dozvoleno otstapuvawe na oddelni
 parametri.Fizi~kite ispituvawa na plasti~ni {i{iwa za vo-
 deni rastvori za intravenski infuzii ne se propi{anivo baraweto za kvalitet regulirano so propisite na Ph.Eur. Od hemiskite ispituvawa Ph. Eur. ne propi{uvaispituvawe na prisustvo na te{ki metali kaj ovoj vidprimarna plasti~na ambala`a za razlika od DIN i odDIN ISO standardite koi propi{uvaat ispituvawe na te-
 Parametri za procena na kvalitetot na polietilenska i na polipropilenska ambala`a i na gumeni zatvora~i nameneti za farmacevtski preparati 45
 Ispituvani parametri Rezultati Koristeni dozvoleni
 standardi i limiti
 Primerok 1 (PE) Primerok 2 (PP) Ph. Eur. DIN 58363-15
 Otpornost na temperatura, pritisok i zatalenost odgovaraDIN odgovaraDIN /* - 25
 0C do 50 0C za vreme od 24 h;
 vnatre{en pritisok: 20 kPa za 10 min.
 Otpornost pri pa|awe odgovaraDIN odgovaraDIN /* Pad od 2 m na cvrsta podloga
 Propustlivost na vodena parea odgovaraDIN odgovaraDIN /*
 T = 20 ± 5 0C RH ≤ 60 % za 21 den; zaguba na masa: najmnogu 5 % za vreme na rokot na upotreba na preparatot
 Transparentnost odgovara Ph.Eur. odgovaraDIN
 Primarna opalescen. suspenzija (1 vo 200)
 Primarna opalescentna suspenzija (1 vo 100)
 Pricvrstuvawe na infuziono {i{e odgovaraDIN odgovaraDIN /*
 Delot namenet za pricvrstuvawe na {i{eto treba da izdr`i sila od 25 N za vreme od 60 min
 Etiketirawe odgovaraDIN odgovaraDIN /*
 Etiketata treba da ostane jasno ~itliva i ne smee da se odlepi ako infuzionoto {i{e se potopi vo voda za vreme od 24 h na T= 20 ± 1 0C
 Izgled odgovara odgovara Interna specifikacija
 Dimenzii odgovara odgovara Interna specifikacija
 Masa na prazno {i{e 28 g (dozv. od 27-29 g)
 30,5 g (dozv. od 28,5-1,5g)
 Interna specifikacija
 Debelina na sidot (mm) 0,76 (dozv. min. 0,3)
 0,65 (dozv. od 0,35-0,90) Interna specifikacija
 n = 6; /*- parametarot ne e propi{an za ispituvawe
 Tabela 1. Rezultati od fizi~kite ispituvawa na PE i na PP {i{e za vodeni rastvori za intravenski infuzii
 Maked. farm. bilt., 47, (1,2) 43-50 (2001)
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{ki metali izrazeni preku Pb2+ ili nivno poedine~noopredeluvawe (AAS), na primer: Ba, Cr, Cu, Pb, Sn, Cd i Alza plasti~na ambala`a za vodeni rastvori za intraven-ski infuzii. Za razlika od Ph. Eur., DIN standardot pred-viduva i ispituvawe na mehani~ki one~istuvawa kajplasti~ni {i{iwa za vodeni rastvori za intravenskiinfuzii so to~no propi{an broj i golemina na ~e-sti~kite. Granicata za dozvoleno prisustvo na rastvor-liv cink kako parametar od hemiskite ispituvawa na gu-menite zatvora~i, spored Ph. Eur. iznesuva 5ppm, a sporedDIN ISO standardot 3 ppm; dozvolenata maksimalna vred-nost na apsorbancijata pri hemiskoto ispituvawe nagumenite zatvora~i iznesuva spored Ph. Eur. 0,200, a
 spored DIN ISO standardot 0,800 itn.
 Biolo{ki ispituvawa
 Biolo{kite ispituvawa, pokraj fizi~kite ihemiskite, pretstavuvaat zna~aen pokazatel za pro-cena na kvalitetot na primarnata ambala`a namene-ta za farmacevtski preparati.
 Ispituvanata primarna ambala`a, plasti~ni {i-{iwa od PE i od PP za intravenski infuzii, e apiro-gena, netoksi~na, ne predizvikuva hemoliza na eri-trocitite i e nepropustliva za mikroorganizmi.
 Za utvrduvawe na prisustvoto na pirogeni mate-
 46 Liljana Ugrinova, Aneta Dimitrovska, Suzana Trajkovi}-Jolevska, Todor Gavrilov
 Maced. pharm. bull., 47 (1,2) 43-50 (2001 )
 Ispituvani parametri Rezultati Koristeni
 dozvoleni standardi i limiti
 Primerok 3 (PE) Primerok 4 (PP) Ph. Eur. DIN ISO 8871
 Tvrdina 0 Shore A 43DIN ISO 42DIN ISO /* 45± 5 0 Shore A
 Penetrabilnost (N) 3,2 Ph. Eur. 9,83 Ph. Eur.
 Silata potrebna da se produp~i zatvora~ot so hipodermalna igla so dijametar od 0.8 mm, treba da iznesuva najmnogu do 10N
 /*
 Fragmentacija odgovara Ph. Eur.
 odgovara Ph. Eur.
 Najmnogu 5 ~esti~ki≤50 μm vidlivi so golo oko
 /*
 Samozatvorawe odgovara Ph. Eur.
 odgovara Ph. Eur.
 Sozdadenite otvori, koga gumeniot zatvora~ se produp~uva 10 pati so hipodermalna igla so dijametar 0,8 mm, treba potpolno da se zatvorat
 /*
 Otpornost na sterilizacija
 odgovara
 DIN ISO
 odgovara DIN ISO /*
 Zatvora~ot ne smee da gi promeni svoite fizi~ki, hemiski i biolo{ki svojstva, ako postapkata na avtoklav. (121 0C, 30 min) se povtori nekolku pati
 Izgled odgovara odgovara Interna specifikacija
 Dimenzii
 dijametar: 29,0 mm visina: 5,0 mm (dozv. otst. ± 0,2 mm)
 dijametar: 30,0 mm visina: 5,0 mm (dozv. otst. ± 0,2 mm)
 Interna specifikacija
 = 6; - parametarot ne e propi{an za ispituvawe
 Tabela 2. Rezultati od fizi~kite ispituvawa na gumeni zatvora~i nameneti za PE i za PP {i{e
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rii od nemikrobno poteklo, koi naj~esto poteknuva-at od materijalot za ambala`a, e predviden piroge-niot test (5). Plasti~nite masi se inertni i ne po-ka`uvaat toksi~en efekt ako polimerizacijata namonomerot e potpolna. Dokolku krajniot produkt nee dobro pro~isten mo`e da sodr`i pojdovna supstan-cija ili dodadeni aditivi koi hemiski ne se vrzaleza polimerot. Monomerite, plastifikatorite, sta-bilizatorite, katalizatorite, polnitelite i drugiaditivi, kako molekuli so mala molekularna masa,mo`e lesno da migriraat vo rastvorot i da predizvi-kaat toksi~en efekt. Pri~ina za toksi~nost mo`eda bide i lepakot i pe~atarskite boi od etiketata,ako migriraat vo rastvorot. Pokraj monomerot iaditivite i prisustvoto na kalajot kako one~istuva-we mo`e da dovede do hemoliza na eritrocitite (6).Od ovie pri~ini, za procena na kvalitetot na pla-
 sti~nata ambala`a se izveduvaat testot na abnor-malna toksi~nost i testot na hemoliza. Plasti~nataambala`a ne smee da bide propustliva za mikroorga-nizmi. Prodorot na mikroorganizmi se spre~uvapreku soodvetna zatalenost i debelina na yidot naplasti~nata ambala`a. Parametarot propustlivostna mikroorganizmi be{e ispituvan so primena natest mikroorganizmot Bacillus subtilis varietet NigerNCTC 10073.
 Vo propisite na Ph. Eur. ne se propi{ani biolo-{kite ispituvawa za procena na kvalitetot na pla-sti~ni {i{iwa za vodeni rastvori za intravenskiinfuzii, za razlika od DIN standardot.
 Zaklu~okBarawata za kvalitet na PE i na PP ambala`a na-
 meneta za farmacevtski preparati i na gumenite zat-
 Parametri za procena na kvalitetot na polietilenska i na polipropilenska ambala`a i na gumeni zatvora~i nameneti za farmacevtski preparati 47
 Ispituvani parametri
 Rezultati Koristeni dozvoleni
 standardi i limiti
 Primerok 1
 (PE) Primerok 2
 (PP) Ph. Eur. DIN 58363-15
 Izgled na avtoklavatot bistrina/boja
 odgovaraPh.Eur odgovaraPh.Eur Bezboen i bistar rastvor
 Bezboen rastvor, pomalku zamaten od propi{anata referentna suspenzija
 Aciditet ili alkalitet odgovaraPh.Eur odgovaraPh.Eur
 max. 0,4 ml 0,01 mol/l NaOH ili max. 0,8 ml 0,01 mol/l HCl /4 % od deklariran volumen
 max. 0,8 ml 0,01 mol/l NaOH ili max. 0,8 ml 0,01 mol/l HCl /20 ml
 pH (4,0 -7,5) DIN 13098 6,53DIN 13098 5,63DIN 13098 /* /*
 Mehani~ki one~istuvawa odgovaraDIN odgovaraDIN /* ^esti~ki ≥ 2 μm: max. 200/ml
 ^esti~ki ≥ 5 μm: max. 20/ml Apsorbancija 220 - 360 nm
 0,024Ph.Eur
 (250 nm) ne oka`uvaPh.Eur max. 0,200 max. 0,250
 Reduktivni materii (mlA- mlSl) 0,002 mol/L KMnO4
 0,35Ph.Eur 0,65Ph.Eur max. 1,5 ml max. 3,0 ml
 Ostatok po isparuvawe (mg/100 ml) 0,13DIN 0,72DIN /* 5,0 mg/100 ml
 Te{ki metali (ppm)
 Pb: 0,00 Cr: 0,07
 Sn: 0,01 Cu: 0,00 Hg: 0,00 DIN
 Pb: 0,00 Cr: 0,08
 Sn: 0,01 Cu: 0,01 Hg: 0,00 DIN
 /*
 1. Pb2+: 1,6 ppm 2. AAS
 Ba, Cr, Cu, Pb: 1 ppm Sn, Cd: 0,1 ppm Al: 0,01 ppm
 n = 6; /*- parametarot ne e propi{an za ispituvawe
 Tabela 3. Rezultati od hemiskite ispituvawa na PE i na PP {i{e za vodeni rastvori za intravenski infuzii
 Maked. farm. bilt., 47, (1,2) 43-50 (2001)
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vora~i se regulirani so propisite na Ph. Eur., DIN iISO standardite. Za celosna procena na kvalitetotna ovoj vid ambala`a, specifikacijata za kvalitettreba da gi obedini parametrite dadeni vo Ph. Eur.,DIN i DIN ISO standardite, kako i da gi usoglasi gra-nicite na dozvolenoto otstapuvawe na oddelni para-metri.
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 Ispituvani parametri
 Rezultati
 Koristeni dozvoleni
 standardi i limiti
 Primerok 3 (PE) Primerok 4 (PP) Ph. Eur. DIN ISO 8871
 Izgled na avtoklavatot
 odgovaraPh.Eur odgovaraPh.Eur Bistrina: referentna suspenzija II. Boja: referenten rastvor GY5
 Bistrina: referentna suspenzija II. Boja: referenten rastvor GY5
 Aciditet ili alkalitet odgovaraPh.Eur odgovaraPh.Eur
 max. 0,3 ml 0,01 mol/L NaOH ili max. 0,8 ml 0,01 mol/L HCl /20 ml
 max. 0,5 ml 0,01 mol/L NaOH ili max. 0,5 ml 0,01 mol/L HCl /20 ml
 Apsorbancija 220 - 360 nm
 0,05Ph.Eur
 (272 nm) 0,08Ph.Eur
 (272 nm) max. 0,200 max. 0,800
 Reduktivni materii (mlA- mlSl) 0,002 mol/L KMnO4
 1,7Ph.Eur 1,9Ph.Eur max. 3,0 ml/20 ml max. 3,0 ml/20 ml
 NH4
 + (ppm) odgovaraPh.Eur odgovaraPh.Eur 2 ppm 2 ppm Cl- (ppm) odgovaraDIN ISO odgovaraDIN ISO /* 4 ppm Ostatok po isparu-vawe (mg/50 ml) 0,17Ph.Eur 0,12Ph.Eur 2,0 mg/50 ml 2,0 mg/50 ml
 Isparlivi sulfidi (mg Na2S/ 20 cm2) odgovaraPh.Eur odgovaraPh.Eur max. 0,05 mg max. 0,05 mg
 Rastvorliv cink (ppm) 1,16 Ph.Eur 1,16 Ph.Eur 5 ppm 3 ppm
 Te{ki metali (ppm) Pb: 0,00 Cd: 0,00
 (DIN 58367/2)
 Pb: 0,00 Cd: 0,01
 (DIN 58367/2)
 Pb2+: 2 ppm
 Cd: 1 ppm (DIN ISO 8871)
 Pb: 1 ppm (DIN 58367/2)
 n = 6; /*- parametarot ne e propi{an za ispituvawe
 Tabela 4. Rezultati od hemiskite ispituvawa na gumeni zatvora~i nameneti za PE i za PP {i{e
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Parametri za procena na kvalitetot na polietilenska i na polipropilenska ambala`a i na gumeni zatvora~i nameneti za farmacevtski preparati 49
 hemoliza (%)DIN (dozv. najmnogu 10%)
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 /* - parametarot ne e predviden za ispituvawe vo soodvetniot propis
 Tabela 5. Rezultati od biolo{kite ispituvawa na PE i na PP {i{e nameneti za vodeni rastvori za intravenski infuzii
 Maked. farm. bilt., 47, (1,2) 43-50 (2001)
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 Summary
 Parameters for the evaluation of the quality of polyethylene andpolypropiylene containers andrubber stoppers for pharmaceutical preparations
 Liljana Ugrinova1, Aneta Dimitrovska1, Suzana Trajkovic-Jolevska1, Todor Gavrilov2
 1Institute of Drug Quality Control, Faculty of Pharmacy, Sts. Cyril and Methodius University, Vodnjanska 17, 1000 Skopje, Macedonia2OHIS A.D., 1000 Skopje, Macedonia
 Key words: polyethylene and polypropylene containers, rubber stoppers, pharmaceutical preparations, evaluation of the quality
 An overview of the parameters for the evaluation of the quality of polyethylene (PE) and polypropylene (PP) containers and rubber stoppers for pharmaceutical preparations is made. For the evaluation of the quality of the material in question, physical, chemical and biological examination were conductedaccording to the steps outlined in Ph. Eur., DIN and DIN ISO standards. The requirements for the quality of the PE and PP containers and rubber stoppers regulated by Ph. Eur., DIN and ISO standards differ in the required parameters for physical, chemical and biological examination. There also exist different ranges of tolerance for certain parameters.
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51
 IN MEMORIAM
 m-r farm. RADMILA BOJKOVSKA
 So golema po~it i qubov se se}avame na na{ata kole{kaRadmila.
 M-r Radmila Bojkovska e rodena 1922 godina vo Kumanovo.Osnovnoto i srednoto (gimnazisko) obrazovanie gi zavr{ila voKumanovo, a Farmacevtskiot fakultet vo Belgrad, Jugoslavija.Po diplomiraweto, kako visokostru~en kadar bila raspredele-na da raboti vo Gevgelija i da ja organizira aptekarskata slu`bavo gradot i vo okolinata. Podocna rabotela vo Gradskiot higi-enski zavod-Skopje. Stru~no se usovr{ila zavr{uvaj}i ja speci-jalizacijata od podra~jeto na higienata na ishranata.
 Kako vreden i sovesen rabotnik so visoki ~ove~ki i moralnikvaliteti, vo svojot raboten vek rabotela na pove}e stru~ni iodgovorni funkcii: glaven sanitaren inspektor na gradotSkopje, glaven republi~ki sanitaren inspektor i dr. So posebeninteres i qubov kon strukata, m-r. Bojkovska gi izvr{uva{e za-da~ite koi se odnesuvaa na sostojbata so kvalitetot na lekovitei na lekovitite surovini i gi slede{e site sovremeni trendovivo farmacijata vo celost.
 M-r Bojkovska redovno gi slede{e i gi posetuva{e site stru-~ni farmacevtski manifestacii i vo ramkite na svoite mo`no-sti pridonesuva{e za razvojot na farmacevtskata struka voMakedonija. Be{e redoven u~esnik na godi{nite sredbi naMakedonskoto farmacevtsko dru{tvo.
 Za svoite rabotni zalagawa ima dobieno golem broj pofalni-ci i priznanija i ostavi se}avawa za po~it.
 m-r farm. Nade`da Kelkoceva
 Maked. farm. bilt., 47, (1,2) 51 (2001)
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53
 UPATSTVO ZA AVTORITE
 Makedonskiot farmacevtski bilten e oficijalnoglasilo na Makedonskoto farmacevtsko dru{tvo. Vospisanieto se objavuvaat originalni nau~ni trudovi,kusi soop{tenija, revijalni trudovi i stru~ni trudoviod site farmacevtski disciplini i srodni podra~ja narabota koi se od interes za farmacijata (farmacevtska imedicinska hemija, imunologija so imunohemija, moleku-larna biologija, farmacevtski analizi, kontrola nalekovi, farmacevtska tehnologija, farmakoinformati-ka, biofarmacija, farmakologija, primeneta botanika,farmakognozija, toksikologija, klini~ka farmacija,hrana i ishrana, fizi~ka farmacija, organski sintezi,socijalna farmacija, istorija na farmacija i dr.).
 Vo Makedonskiot farmacevtski bilten se objavuvaati drugi prilozi (poraki i soop{tenija, izve{tai ikalendari na nau~ni i na stru~ni manifestacii vo zemja-ta i vo stranstvo, pregledi na knigi). Sostaven del naBiltenot se i razni rubriki.
 Originalnite nau~ni trudovi gi sodr`at rezultatitena sopstveni, dotoga{ neobjaveni nau~ni istra`uvawakoi pretstavuvaat zaokru`ena celina, a davaat pridoneskon razvojot na soodvetnata nau~na oblast. Brojot nastranicite (zaedno so slikite i so tabelite) ne treba dabide pogolem od 15.
 Kusite soop{tenija sodr`at rezultati od nau~niistra`uvawa prezentirani vo pomal obem, ~ij broj nastranici ne treba da bide pogolem od pet (dozvoleni seedna tabela i edna slika).
 Pregledite se pi{uvaat na pokana od Ureduva~kiotodbor, a pretstavuvaat poop{iren prikaz na istra`uvawa-ta i soznanijata na pove}e avtori vo opredelena nau~naoblast, za koja kompentnosta na avtorot na pregledot epotvrdena preku negovite objaveni istra`uvawa.
 Stru~nite trudovi izvestuvaat za korisni rezultatikoi ovozmo`uvaat podatocite od originalnite nau~niistra`uvawa da bidat primeneti vo prakti~nata rabota.Stru~nite trudovi mo`at da se temelat i na obrabotkana teoretski podatoci. Brojot na stranicite (zaedno soslikite i so tabelite) ne treba da bide pogolem od 10.
 Originalnite nau~ni trudovi, kusite soop{tenija ipregledite treba da bidat napi{ani na angliski jazik,dodeka stru~nite trudovi i site ostanati prilozi mo`atda bidat napi{ani i na makedonski jazik.
 Prifa}aweto na trudovite za pe~atewe vo Biltenotgi obvrzuva avtorite istite rezultati da ne gi objavuvaatvo drugo spisanie.
 Podgotovka na rakopisot:Rakopisite treba da se dostavat vo tri primeroci
 ispe~ateni na kompjuterski pe~ata~, ednostrano soprored od 1,5 so margina od 3,0 cm od sekoja strana, na har-tija so format A4 na adresa na glavniot urednik:
 Doc. d-r Svetlana KulevanovaFarmacevtski fakultet, Vodwanska 17, 1000 Skopje,Republika Makedonija
 Stranicite i prilozite treba da bidat numerirani. Pri podgotvuvawe na rakopisot za pe~atewe treba da
 se vodi smetka toj da bide maksimalno koncizen, beznepotrebni povtoruvawa.
 Pri pi{uvawe na rakopisot zadol`itelna e upotrebana slednite edinici za: dol`ina (m, cm, mm, mm, nm, Å);masa (kg, g, mg, mg, ng, pg); volumen (l, ml, ml); 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 soglasnost sopreporakite i pravilata dadeni od IUPAC ili, ako takvine postojat, spored praktikata na Chemical Abstracts.
 Tabelite i slikite (fotografii, dijagrami i skici),kako i strukturnite formuli treba da bidat dadeni seko-ja na oddelen list (vo tekstot da e obele`ano nivnotomesto). Tabelite i slikite se numeriraat so arapski bro-jki (na pr. Tabela 1., Sl.1).
 Rakopisot treba da sodr`i: naslov, apstrakt, klu~nizborovi, voved, eksperimentalen del, rezultati idiskusija, zaklu~ok, blagodarnost (po potreba), literatu-ra i rezime.
 Na naslovnata stranica treba da stoi naslovot narakopisot. Vo posebni redovi treba da stoi polno ime iprezime na avtorite, naziv i adresa na institucijata naavtorite. Koga avtorite poteknuvaat od pove}e razli~niinstitucii treba da se ozna~i potekloto na sekoj avtorso 1, 2, 3.... na krajot od negovoto ime. So yvezdi~ka treba dabide ozna~eno imeto na avtorot za korespodencija. Vodolniot lev agol od naslovnata stranica se naveduvanegovata e-mail adresa, telefonskiot broj i broj na faks.
 Apstraktot treba da bide do 250 zbora (nau~ni i stru-~ni trudovi), odnosno do 100 zbora (kusi soop{tenija), atreba da gi sodr`i celta na rabotata, metodologijata ipozna~ajnite rezultati. Vo prodol`enie treba da bidatzastapeni tri do {est klu~ni zbora rasporedeni sporedredosledot na va`nost.
 Vo vovedniot del treba nakuso da se navedat samo naj-va`nite podatoci od porane{nite istra`uvawa povrza-ni so obrabotuvanata problematika i da se objasni celtai va`nosta na rabotata.
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 Eksperimentalniot del treba da bide izdvoen i da so-dr`i podatoci za upotrebuvanite materijali i opis naprimenetite metodi na na~in {to }e ovozmo`i reprodu-cirawe na postapkata, no bez detalno opi{uvawe na ve}epoznatoto.
 Trudovite {to se odnesuvaat na teoretski istra`uva-wa, namesto eksperimentalen del treba da imaat soodvet-no poglavje so podnaslovi vo koe }e bidat iznesenipodrobnosti neophodni za proverka na prezentiraniterezultati.
 Rezultatite i diskusijata treba da bidat dadeni voedno poglavje. Diskusijata treba da sodr`i analiza narezultatite i na zaklu~ocite {to pritoa mo`at da seizvle~at.
 Zaklu~okot {to proizleguva od izlo`enite rezultatii diskusija se izdvojuva vo posebno poglavje.
 Literaturata se naveduva vo posebno poglavje, pri {tobibliografskite edinici se numeriraat po onoj red pokoj se pojavuvaat vo tekstot. Ako vo tekstot se spomnuvaatavtori, se naveduvaat samo prezimiwata na avtorite (akogi ima eden ili dva), a vo slu~aj na pove}e avtori sepi{uva, na primer, Vetter et al. (1).
 Statii od nau~ni spisanija se citiraat na ovoj na~in:1. P. Premov and D. Dulanov, Maced. Pharm. Bull., 20, 2-10
 (2000).Kratenkite na spisanijata se naveduvaat spored
 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, pp125-154.
 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 krajot trebada sodr`at rezime na makedonski jazik. Rezimeto trebada sodr`i naslov, polno ime i prezime na avtorot/avto-rite, naziv na institucijata na avtorot/avtorite, klu~nizborovi i tekstot na apstraktot. Stru~nite trudovi na-pi{ani na makedonski jazik na krajot treba da sodr`atrezime napi{ano na angliski jazik vo koe treba da sevklu~eni istite podatoci.
 Primenite rakopisi Ureduva~kiot odbor gi ispra}ana recenzirawe. Recenziranite trudovi, zaedno so eventu-alnite zabele{ki i mislewa na Ureduva~kiot odbor, sedostavuvaat do avtorite. Tie se dol`ni najdocna vo rok od30 dena da gi izvr{at neophodnite korekcii i finalnata
 verzija na rakopisot da ja dostavat do Ureduva~kiot odborvo pe~atena forma i zadol`itelno i na PC formatiranadisketa (Word; Times New Roman, Mac C Times, Mace-donian Times i golemina na bukvi 11).
 Avtorite dobivaat 20 besplatni separati od sekoj trudobjaven vo Biltenot.
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 INSTRUCTIONS FOR AUTHORS
 Macedonian Pharmaceutical Bulletin is an official publicationof the Macedonian Pharmaceutical Association. The journalpublishes original scientific papers, short communications,reviews and professional papers from all fields of pharmacy and corresponding scientific fields of interest for pharmacy(pharmaceutical and medicinal chemistry, immunology andimunochemistry, molecular biology, pharmaceutical analyses, drugquality control, pharmaceutical technology, pharmacoinformatics,biopharmacy, pharmacology, applied botany, pharmacognosy,toxicology, clinical pharmacy, food and nutrition, physical pharmacy,organical synthesis, social pharmacy, history of pharmacy etc.).
 The Macedonian Pharmaceutical Bulletin, also, publishesand other contributions (recommendations and announcements,reports of meetings, important events and dates, book reviews,various rubrics).
 Original scientific papers should contain own unpublishedresults of completed original scientific research. The number ofpages (including tables and figures) should not exceed 15.
 Short communications also should contain completed butbriefly presented results of original scientific research. The number of pages should not exceed 5 (including one table andone figure).
 Reviews are written at the invitation of the Editorial Board.They should be surveys of the investigations and knowledge ofseveral authors in a given research area, the competency of theauthors of the reviews being assured by their own publishedresults.
 Professional papers report on useful practical results whichare not original but help the results of the original scientificresearch to be adopted into practical use. Professional papersmight be based on the elaborating of theoretical data. The numberof pages should not exceed 10 (including tables and figures).
 Original scientific papers, short communications and reviewsshould be written in
 English, while professional papers and all other contributionsmay be submitted in Macedonian.
 Acceptance for publication in the Bulletin obliges the authorsnot to publish the same results elsewhere.
 Preparation of manuscripts:
 Manuscripts should be submitted in triplicate, typed (1 ½spaced) on A4 paper with margins of 3.0 cm on each side. It isrecommended the manuscript be sent on the Editor-in-Chiefaddress'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, g mg, mg,ng, pg); volume (l, ml, ml); time (s, min, h, d); temperature (oC,K); radiation (Bq, Ci, dpm, Gy, rad); concentration (M, mol/l, N,mg/ml, %, %(v/v), %(w/v), ppm).
 The names of substances should be in accordance with theIUPAC recommendations and rules or Chemical Abstracts practice.
 Figures (photographs, diagrams and sketches) and structuralformulae should each be given on a separate sheet (the place towhich they belong in the text should be indicated). The tablesand the figures should be numbered in Arabic numerals (e.g.Table 1, Fig. 1).
 Manuscript should contain: title, abstract, key words, intro-duction, experimental, results and discussion, conclusion,acknowledgment (if desired) references and summary.
 Papers should be preceded by a title page comprising: the title,the complete name(s) of the authors, and the author's affiliations(institution and address). When the authors affiliated from variousdifferent institutions the origin of the each author should be indicatedwith 1,2,3... at the end of his name. The correspodence authorshould be indicated with * and his e-mail address, telephone andfax number to be supplied in the bottom left part of the title page.
 Each paper must begin with an Abstract which should notexceed more than 250 (original scientific and professionalpapers) or 100 (short communications) words. The abstractshould include the aim of the research, methods and the mostimportant results. A list of 3 to 6 key words arranged in the orderaccording to their importance should follow the abstract.
 In the introduction only the most important previous resultsrelated to the problem in hand should be briefly reviewed and theaim and the importance of the research should be stated.
 The experimental section should be written as a separate section and should contain a description of the materials used andmethods employed in form which makes the results reproducible,but without detailed description of already known methods.
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 Manuscripts which are related to theoretical studies, insteadof experimental, should contain a sub-heading and the theoreticalbackground where the necessary details for verifying the resultsobtained should be stated.
 It is often advantageous to combine Results and Discussionin one section. The discussion should contain an analysis of theresults 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 that are cited inthe text and that have been published or accepted for publication.References should be numbered in the order in which theyappear in the text and listed in numerical order in the referencelist.
 The surname of one or two authors may be given in the text,whereas in the case of more than two authors they should bequoted 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 summary in
 Macedonian at the end of the paper. The summary should contain:title, author(s) full-name(s), surname(s), author's affiliations(institution and address), key words and abstract. Professionalpapers written in Macedonian should contain a summary inEnglish in which the same data should be included.
 Papers received by the Editorial Board are sent to referees.The suggestions of the referees and Editorial Board are sent tothe author(s) for further action. The corrected text should bereturned to the Editorial Board as soon as possible but in notmore than 30 days in a hard copy form and obligatorily on thePC formatted disk (Word; font Times New Roman, Mac CTimes, Macedonian Times and size 11).
 Twenty reprints of each paper are supplied free of charge tothe author(s).
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