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Abstract
The aim of this study was to attempt to improve the production technology of beta-carotene tablets. It is a well known fact that beta-caroten is described as red-brown to dark-purple crystals, highly sensitive to high temperatures and oxidizing agents. Thus, its formulation as tablets by conventional methods with optimum stability is difficult to achieve, the pharmaceutical industry prefers to manufacture soft gellatin capsules with beta-carotene.

Using a direct compressible (DC) powder with a 10 % content in beta-carotene, containing the drug incorporated in a starch-coated gelatin and sucrose matix, we have obtained tablets with various concentrations in active substance (6, 7 and 12 mg). The coprocessed blend contained some antioxidant agents (tocopherole, sodium ascorbate and ascorbyl palmitate) and an anti-caking agent (tricalcium phosphate). Beta-carotene was associated with vitamins C and E in direct compressible forms, thus accentuating its effect and protecting it from oxidation [1].

The tablets were then subjected to quality control, with optimal results, showing that suitable tablets can be obtained using the proposed materials.

Rezumat
Scopul urmărit în prezenta lucrare este de a optimiza tehnologia de prelucrare a beta-carotenului sub forma unor produse solide cu administrare orală. Este bine cunoscut faptul că beta-carotenul se prezintă sub forma de cristale de culoare roşie-brună până la violet închis şi este foarte sensibil la acţiunea temperaturii crescute şi a agenţilor oxidanţi. Din aceste motive prelucrarea sa în forme farmaceutice solide cu stabilitate optimă este destul de greu de realizat şi, în general, industria farmaceutică preferă prepararea capsulelor gelatinoase moi cu beta-caroten.

Utilizând o pulbere direct compresibilă (DC) cu un conţinut de 10% beta-caroten ce conţine substanţa activă încorporată într-o matriţă de gelatină şi sucroză acoperită cu amidon, am reuşit realizarea unor comprimate cu diverse concentraţii (6 mg, 7 mg şi 12 mg beta-caroten). Amestecul coprocesat mai conţine: ca antioxidanţi tocoferol, ascorbat de sodiu şi palmitat de ascorbil, iar ca agent dezagregant fosfatul tricalcic. Beta-carotenului i s-au asociat vitaminele C si E, tot sub forma DC, care îi potenţează acţiunea şi îl protejază de oxidare.
Comprimatele au fost supuse controlului calitativ, rezultatele obţinute fiind optime, ceea ce dovedeşte că utilizarea materialelor propuse în lucrare conduce la obţinerea unor tablete de calitate.

· beta-carotene

· direct compression

INTRODUCTION

Beta-carotene (syn. provitamin A) fulfills two independent functions in humans: it is a source of vitamin A and an antioxidant.

As an antioxidant, beta-carotene (figure 1) is able to scavenge aggressive free radicals and block singlet oxygen, reducing cell damage that results from the oxidation of lipids, proteins, hormones, vitamins, nucleic acids and polysaccharides. Oxygen free radicals may be directly involved in the development of malignant neoplasias and in carcinogenesis, ateriogenesis and in the development of coronary heart disease. Epidemiological studies show that low plasma levels of beta-carotene and other carotenoids correlate with an increased risk of developing different forms of cancer such as oesophagal, stomach and skin cancers, as well as cardiovascular diseases.
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Figure 1
Chemical structure of beta-carotene

Metabolic situations in which radicals are formed at a higher rate, e.g. stress after an accident, operations under anaesthetic, smoking, alcoholism, the handling of carcinogens at work, physical exertion, intensive exposure to the sun etc. greatly reduce the level of beta-carotene in the plasma, indicating an increased consumption of beta-carotene in these situations.

Established clinical indications for beta-carotene include:

· the prevention of vitamin A deficiency conditions

· the therapy of light dermatoses

· erythropoetic porphyria (protoporphyria, porphyria erythropoetica congenita)

· polymorphous light dermatosis

· light urticaria

· UVA intolerance.

Beta-carotene crystals are red-brown to deep violet and are very sensitive to heat and oxidation. It is insoluble in water and glycerol, sparingly soluble in ether and acetone, less soluble in alcohol and lipids, but readily soluble in chlorinated hydrocarbons (chloroform), benzene, n-hexane and carbon disulfide.

The pattern of conjugated double bonds in the beta-carotene molecule imparts a fluorescent yellow colour to solutions. If the substance is heated in solution, particularly in the presence of light, it isomerizes until the thermodynamic equilibrium is reached.

Considering these physico-chemical and pharmacodynamical properties of beta-carotene, we intent to process the drug together with vitamins C and E, in easy-to-administer, highly stable solid dosage forms, with various concentrations in these substances. Besides their own effect in the body, the vitamins also protect the beta-carotene from oxidation [1].

The tablets were prepared by direct compression of the granular blend of actives and excipients.

MATERIALS AND METHODS
Materials
The materials we have used are:

· Beta-carotene dry powder 10 % DC (BASF / Germany);

· Ascorbic acid C-97, granulated with 3 % starch (Takeda Chemical Ind. Japonia); 

· Vitamin E acetate dry powder 50 % DC (BASF / Germany);

· Ludipress (BASF / Germany);

· Kollidon VA 64 (BASF / Germany);

· Kollidon CL (BASF / Germany);

· Magnesium stearate (Peter Greven / Netherlands).

The dry powder 10 % beta-carotene DC particles consist of beta-carotene embedded in a matrix of gelatin and sucrose coated with starch. They contain tocopherol (E 306), sodium ascorbate (E 301) and ascorbyl palmitate (E 304) as antioxidants and tricalcium phosphate (E 341) as an anti-caking agent.

Its appearance is that of a free-flowing, dark-red powder with a slight characteristic odour, in which white particles of starch may be visible. The powder consists of spherical particles, with a uniform particle size. It is sensitive to oxygen, light, heat and moisture.

The product is highly resistant to pressure [2].

The dry Vitamin E-Acetate 50 % DC powder particles contain DL-α-tocopheryl acetate in droplets of 1–2 μm embedded in a matrix of gelatin and sucrose coated with starch. The product contains sodium aluminium silicate (E 554) as an anti-caking agent. It is a dry, almost white, free-flowing powder with spherical particles, practically odourless [3].

The ascorbic acid powder is a white to very slightly yellowish powder that melts at about 190° C with decomposition, practically odourless, with a sharp taste. The sort of ascorbic acid specially prepared for the direct compression is ascorbic acid C-97. This product is prepared in a fluid bed granulator and is, in fact, under the form of granules. C-97 contains 97 % ascorbic acid and 3 % alimentaray starch [4].

Ascorbic acid is a drug that is prone to instability during processing, especially during processing into tablets, hence the need for a formulation that will offer protection from oxidation, while retaining the strength of the tablet without adverely affecting drug release [5].

Ludipress are pre-formed granules consisting of lactose monohydrate, Kollidon 30, and Kollidon CL for use as an all-purpose direct compression excipient with functions as a filler, binder, disintegrant, and flow improver (fig. 2).


[image: image2]
Figure 2.  Ludipress
We have chosen to use Ludipress because the flow of the material is very good, resulting in the production of tablets with good mechanical resistance and low friability, with an immediate drug release [6].
           ■ On the direct compression forms of the drug the following pharmacotechnical determinations were performed:

· particle shape – using a microscopic method (Reprostar 3 apparatus, with a photography device);

· particle size – using sonic sieving and sorting (Gilsonic Ultrasiever GA-8 apparatus);
· flow time and speed – using timing the flowing of a certain quantity of material through a standard diameter orifice (Erweka GDT apparatus);

· angle of repos – using a fix cone method;

· tapping behaviour (Vankel Tap Density tester device);

· Haussner ratio and Carr index (applying the formula mentioned in the literature);

· humidity content (halogen HR 73 Mettler Toledo humidity analyser).

■ Four series of tablets, with different formulations, were formulated and prepared. The proportion between the actives (beta-carotene: vitamin C: vitamin E) were changed according to table I: 

                         Table I
 Beta-carotene tablet concentrations

	Formula
	Beta-carotene (mg)
	Vitamin C (mg)
	Vitamin E (mg)

	Formula I
	6
	100
	30

	Formula II
	6
	100
	30

	Formula III
	7
	60
	25

	Formula IV
	12
	250
	125


The formulations for the tablet series are shown in table II. 

Table II

Beta-carotene tablet formulations

	Ingredients
	Quantity mg / tablet
	Function in formulation

	
	Formula I
	Formula II
	Formula III
	Formula IV
	

	Beta-carotene dry powder 10%
	60
	60
	70
	120
	Active ingredient

	Ascorbic acid C-97
	100
	100
	60
	250
	Active ingredient

	Vitamin E acetate dry powder 50%
	60
	60
	50
	250
	Active ingredient

	Ludipress
	175
	238
	245
	105
	Filler, binder, disintegrant and flow improver

	Kollidon VA 64
	-
	30
	-
	20
	Dry binder, disintegrant

	Kollidon CL
	-
	8
	30
	-
	Disintegrant

	Magnesium stearate
	5
	4
	5
	5
	Lubricant

	TOTAL
	400
	500
	460
	750
	


■ The preparation of the tablets followed the next steps: the components of each formulation were weighed, sieved and mixed for 5 minutes in a cubic mixer, then they were compressed with an average compression force of 18 kN, using an excentric machine with 12 mm-diameter punches.

■ The resulting tablets were evaluated using the following tests:

· organoleptic evaluation, according to Romanian Pharmacopoeia Xth edition
· mass uniformity, according to Romanian Pharmacopoeia Xth edition
· disintegration time, according to the Romanian Pharmacopoeia Xth edition [7]
· assay of beta-carotene, ascorbic acid and vitamin E, using HPLC methods [8]
· friability, with the Vankel friabilator
· hardness, with the VK 200 Tablet Hardness Tester [9]
· dissolution, with the Vankel VK 7000 Dissolution Testing Station and the Camspec M330 spectrophotometer.

RESULTS AND DISCUSSION
The DC materials have an almost spherical, slightly irregular shape, and the active is englobed in the granular structure. The pre-processed products have basically the same appearance, even if they contain different quantities of drugs.

The granulometry shows that over 80 % of the particles have sizes between 300 and 425 μm for beta-carotene dry powder 10 % (fig. 3),  the ascorbic acid C-97 – between 375 and 450 μm and the vitamin E acetate dry powder 50 % – between 275 and 350 μm.
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Figure 3
The granulometric analysis of Beta-carotene dry powder 10 % DC

The resulting values for the flow time and angle of repos show that the materials have optimum flow properties. The bulk and tap density values allowed us to calculate the Hausner ratio and Carr index, these values indicating a good tableting behaviour. The humidity content is within limits that do not influence the stability of the products. The results are shown in table III.

Table III

The pharmacotechnical properties of the studied DC materials

	Characteristics


	Beta-carotene dry powder 10%
	Ascorbic acid C-97
	Vitamin E acetate dry powder 50%

	Particle shape
	Almost spherical
	Almost spherical
	Almost spherical

	Particle mass (μm)
	300-425
	375-450 
	275-350

	Flow time (sec)
	7.3
	8.2
	8

	Angle of repos (o)
	29
	35
	32

	V10-V500
	6
	7
	7

	Bulk density (g/cm3)
	0.590
	0.630
	0.600

	Tap density (g/cm3)
	0.675
	0.755
	0.730

	Haussner balance
	1.144
	1.198
	1.21

	Carr index (%)
	12.59
	16.55
	17.80

	Humidity content (%)
	1.23
	1.10
	1.15


The experimental results of the tests performed on these tablets are shown in table IV.

Table IV

The experimental results of the quality and quantity tests performed on the beta-carotene tablets

	Tested parameters
	Formula I
	Formula II
	Formula III
	Formula IV

	Appearance
	biplanar, colored in red-brown
	biplanar, colored in red-brown
	biplanar, colored in red-brown
	biplanar, colored in red-brown

	Diameter (mm)
	12
	12
	12
	12

	 Height (mm)
	3.76
	4.05
	3.83
	4.18

	Average mass (mg)
	398.8
	497.3
	458.8
	747.2

	Assay of:

-beta-carotene (mg/tablet)
- vitamin E (mg/tablet)
-ascorbic acid (mg/tablet)
	6.12

29.30

96.52
	6.22

29.61

97.05
	7.07

25.06

56.46
	12.19

125.10

242.98

	Friability (%)
	0.3
	0.2
	<0.1
	<0.1

	Hardness (N)
	90
	93
	105
	100

	Disintegration time (min.)
	7.2
	7.4
	8.1
	7.8

	Dissolution (%) after 30 min.
	89.8
	93.2
	92.7
	93.6


CONCLUSIONS

Using the DC products described in this study, the direct compression technique can be easily applied for the manufacture of vitamin tablets, thus ensuring their stability by avoiding heat and humidity factors during the manufacturing process.
The resulting tablets respect the quality specifications provided by the Romanian Pharmacopoeia Xth edition, the European Pharmacopoeia and by the United States Pharmacopoeia. The tablets presented a high mechanical resistance and a minimal friability, and a good disintegration time and an excellent dissolution rate. 
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