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Abstract. The objective of this study was to perform preformulation assays (solubilization and
stability) addressed to -carotene, aiming at a further immediate-release solid oral dosage form. The
carotenoidic pigment was solubilized in water by linear water-soluble macromolecules. There was
formed a solid dispersion of B-carotene with different polymers. The kinetics of B-carotene oxidation
in the aqueous solutions resulted were determined in the presence and in the absence of ascorbic acid
(vitamin C) as antioxidant. The influence of polymer species was established. A factorial 3
experimental design completed with graphical analysis of response surface was developed in order to
determine the protective action of ascorbic acid against B-carotene degradation and to optimize the
solid dispersion formulation.
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INTRODUCTION

It is well known and widely demonstrated the antioxidant role of carotenoids
(especially B-carotene) in the prevention of several cancers, cataracts, and in a non-
invasive management of coronary heart diseases [2, 6, 7, 12]. In previous papers
we demonstrated through QSAR methods (molecular topology analysis and
molecular connectivity methods) the direct implication of this low toxicity
compound in cardiovascular therapy [4, 5].

[-carotene presents several formulation problems: low bioavailability, water
insolubility and a great instability due to its non-saturation degree. It is
decomposed, in the presence of light and atmosphere oxygen, into inactive
products (epoxy-compounds) with visible changes in pigment color [3]. Based on
these reasons there were developed preformulation studies focused on -carotene
solubilization and stability. The further formulation studies would be developed in
order to design, evaluate and optimize an immediate-release [3-carotene solid oral
dosage form.
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In our study it was applied a technique for B-carotene water solubilization
through linear macromolecules [8]. The solid dispersion of P-carotene with
different polymers was dissolved in water and the kinetics of -carotene oxidation
in these aqueous solutions was determined (generally, reactions in solid phase are
too slow and aqueous phase reaction is preferred for drug stability studies).
B-carotene will be associated in the solid dosage form with ascorbic acid, a powerful
reducing agent, antioxidant and protective substance. Ascorbic acid has also a
synergetic potentate action with B-carotene in preventing oxidation of low-density
lipoproteins, with great implications in cardiovascular therapy and it is considered
one of the most active antioxidants in extra-cellular fluids [5].

With the development of a factorial experimental design (3%) completed with
a response surface analysis, the optimum content of ascorbic acid for an effective
protective action against 3-carotene oxidation was evaluated .

MATERIALS AND METHODS

MATERIALS

B-carotene, Poly (N-vinylpyrrolidone) PVP Kg: molecular weight —mol.wt.—
360,000; Polyethylene glycol PEGgggo: average mol.wt. 5,000—7,000; Poly (vinyl
alcohol) PVA: mol.wt.m 75,680; Ascorbic acid was purchased Merck, Germany.
Solvents: chloroform, acetone, ethanol were of analytical grade.

METHOD FOR PREPARATION OF A -CAROTENE WATER SOLUBLE PRODUCT

There was prepared a solid dispersion of [-carotene with polymers PEG,
PVP and PVA by using the co-solvent method. The composition of the solid
dispersions and of the solvents used is shown in Table 1.

Table 1
Composition of B-carotene/polymer solid dispersions and solvents used at solubilization
Solid B-Car Solvent Polymer Solvent Mole ratio .
dispersion (mg) (ml) (2) (ml) polymer/pBCar
B-Car'/ PEG 0.50 1.50 (CHCl;) 1.18 3.00(CHCl;) 64.00
B-Car’/ PVP 0.50 1.50 (CHCl;) 0.19 4.00(CHCly) 5.00
B-Car’/ PVA 0.50 10.00(acetone) 1.50 10.00 (water) 21.00

B-"Car = B-carotene

An organic solvent containing -carotene was added to an organic solution of
polymer. The mixed solutions were evaporated to a dry B-carotene/polymer film
under a reduced pressure at room temperature. By adding a small amount of water
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and gently stirring at room temperature, the film was transformed in a homogeneous
paste that was then diluted with water to a desired concentration of (-carotene.
These aqueous solutions of B-carotene with polymers were used in the next assays.

Observation: It was selected the same organic solvent (chloroform) for
polymers PVP and PEG, as well as for B-carotene, in the minimum quantities
required for its total and rapid elimination. The solvent acetone was used as organic
solvent for B-carotene in the solid dispersion with PVA for its miscibility with
water (the solvent used for polymer).

There were also prepared solid dispersions of polymer/B-carotene/ascorbic
acid by adding an amount of ascorbic acid in absolute alcohol to the dried
B-carotene/polymer films before water solubilization. The ratio of ascorbic acid/
B-carotene (1:1) corresponding to a concentration of ascorbic acid acting as
antioxidant was selected after preliminary assay [1].

ANALYTICAL METHOD AND KINETIC ANALYSIS

The aqueous solutions of B-carotene with different polymers, with/without
ascorbic acid, as described above, have served to the quantitative
spectrophotometer assay in formulation stability study. Absorption spectra at room
temperature were measured with a double beam spectrophotometer Lambda 2
(Perkin Elmer, Cole Parmer). Absorption maxima of 3-carotene were determined at
410 nm, 459 nm, and 466 nm for PEG/carotene, PVP/carotene, and PV A/carotene,
respectively [8]. At these absorption maxima for B-carotene, the ascorbic acid does
not present absorption maxima or non-specific absorption at the levels of
concentrations from the analyzed solutions. In these conditions the apparent rate
constant of the reaction of P-carotene oxidation in aqueous solutions is given
according to the terms of pseudo-first order kinetics by the following relation:

1 (A—A4,
ko= h{Ai _ij (1)

where Cj is the initial B-carotene concentration in aqueous solutions, and C is the
concentration remaining at time #; Cy ~ 4o — A«, and C ~ 4;— A, where Ay, A; and
A, represent 3-carotene absorbance at Ay, at initial time f, after a time ¢, and at
the time of complete drug photolysis, respectively.

There were carried out kinetic experiments of [(-carotene oxidation in
aqueous solutions obtained from the solid dispersion with PEG 6000, PVP K, and
PVA polymers; with/without ascorbic acid. These stability experiments were
developed in the absence of white light radiation (samples kept in dark conditions).
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There were also computed other biopharmaceutical parameters with

preformulation significance half-life: ¢,,, =¥ and shelf-life: ¢o, = O.klOS .
a a
RESULTS AND DISCUSSION

EFFECT OF POLYMER TYPE ON THE B-CAROTENE OXIDATION RATE

In Figure 1 are presented the kinetic profiles for B-carotene oxidation in
aqueous solutions prepared from solid dispersion, with/without ascorbic acid as
antioxidant agent. The value of B-carotene apparent oxidation rate decreased in the
order PVA > PEG > PVP.
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Fig. 1. — Oxidation of -carotene in aqueous solutions from different solid dispersions.

In Table 2 are presented the values of the biopharmaceutical parameters with
significance in [-carotene pharmaceutical preformulation tests: the apparent
constant rates of B-carotene oxidation (k,), the half-life (#,,), the shelf-life (¢y), and
the percentage of non-oxidized [B-carotene after 60 min (Cg). P-carotene in
aqueous PVA solution was decomposed almost completely after 45 min, while [3-
carotene in aqueous PVP solution remained 98.4% non-oxidized after 60 min.
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Table 2
Synthesis of B-carotene stability kinetic experiments in aqueous solutions, prepared from different
polymers

Aqueous solutions” k, tin too Ceo

(10 min™") (min) (min) (%)
B-carotene/PVP 5.00 1386.00 210.00 1.60
B-carotene/PVP/ascorbic acid 1.80 3850.00 583.33 0.90
B-carotene/PEG 13.00 533.20 80.77 11.30
B-carotene/PEG/ascorbic acid 10.00 693.15 10.50 9.10
B-carotene/PVA 149.00 46.52 70.47 100.00
B-carotene/PV A/ascorbic acid 85.00 81.55 12.35 45.81

*without white light irradiation (samples kept in dark conditions).

The addition of ascorbic acid as antioxidant (reducing agent for -carotene in
aqueous solutions) leads to a near 3-time decrease in rate of drug decomposition
(more evident for PVP solution) in the absence of white light radiation. Ascorbic
acid has an active role in P-carotene protection against oxidation induced by
aqueous oxygen. For these reasons we reached an optimum content of ascorbic
acid in solid dispersion.

EXPERIMENTAL DESIGN

It was selected the most stable dispersion: -carotene/PVP/ascorbic acid, with
the above mentioned conditions of preparation and the corresponding aqueous
solution. There was constructed a 3” randomized full factorial design for the kinetic
experiments of B-carotene oxidation. An amount of hydrogen peroxide was added
to the aqueous solution, in order to release supplementary oxygen and to develop
oxidation experiments in critical conditions. The independent variables selected
were X| = the concentration of ascorbic acid (mg/100 mg B-carotene), and the X, =
the oxygen excess, as supplementary added hydrogen peroxide (% v/v). The effect
of mentioned variables was investigated on the following system responses:
oxidation rate of B-carotene k, (Y;), shelf-life 7y (¥>) and the percentage of non-
oxidized B-carotene after 60 min Cg (Y3). The levels of independent variables, the
design layout are shown in Table 3. There were also carried out six other
experiments (outer array) corresponding to the real zero level for each independent
variable [10]. That allowed us to study noise factors and to evaluate the range of
the system responses in the absence of the antioxidant and without supplementary
oxygen addition. The system responses were measured and computed, as presented
in Table 3.
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Table 3
Full factorial experimental design layout
Exp. . . .
o, Variable level (in coded levels) Dependent variable
X X Y Y r;
1 0.100 1.000 1.270 82.677 91.363
2 0.100 3.000 3.180 33.019 82.508
3 0.100 5.000 6.000 17.213 73.927
4 0.200 1.000 0.380 276.316 98.165
5 0.200 3.000 0.640 164.063 96.273
6 0.200 5.000 0.700 150.000 95.683
7 0.300 1.000 0.150 700.000 99.096
8 0.300 3.000 0.250 420.000 98.494
9 0.300 5.000 0.330 318.182 98.189
10 0.000 1.000 6.600 15.909 65.494
11 0.000 3.000 12.600 8.333 47.665
12 0.000 5.000 18.300 5.738 36.006
13 0.100 0.000 0.200 525.000 98.049
14 0.200 0.000 0.286 367.133 98.570
15 0.300 0.000 0.099 1065.990 99.090
Translation of coded levels in actual units
Coded level 1 0 1
Xi: g ascorbic acid 0.100 0.200 0.300
X, : % hydrogen peroxide 1 3 5
STATISTICAL APPROACH

A statistical model incorporating interactive and polynomial terms was
utilized to evaluate the response and the relationships between variables:

Y :bo +b1X1 +b2X2 +b12X1X2 +b11X12 +b22X22

2
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where Y is a dependent variable (k,, to, Ceo), bo is the arithmetic average of 15
responses and b; is estimated coefficient for the factor X;. The X{X; and X [2 are the

interaction and polynomial terms respectively. Carrying out multiple linear
regressions in order to explain the effect of independent variables on selected
responses generated polynomial equations (full model) eq. (2).

In order to identify the dominant factors affecting the variables k,, foo and Cg
the data were analyzed by applying Student #-test. The terms showing the least
absolute #-value were omitted from the regression equation and the remained terms
are statistically significant. There were obtained polynomial equations for each
dependent variable (reduced model) as follows:

k,(Y,) = 4.686 — 56.136 X, +1.757.X, + 6.488X, X, +143.141X2  (3)
too (Y2 ) = 330.220 — 956.576 X, — 204.524.X, + 8966.44X 2 + 26.282X2 (4)

Ceo(Y3) = 72.45 + 303.74X, — 7.972X, + 25.9X, X, — 737.86 X2 + 0.17.X 2 (5)

The multiple regressions analysis and ANOVA were performed with
Statistical Analysis System (SAS), and the results are summarized in Table 4.

Table 4
Summary of ANOVA analysis and t-Student test for the measured responses
Response Degree of F-Snedecor p Standard error Student test

Y; freedom (SE) value
(df) 1(10)

k, (4, 10) 21.04 0.000074 1.648 6.37

tog (4, 10) 20.04 0.000900 117.210 3.57
Cso 5,9 9.94 0.000100 6.347 3.82

OPTIMIZATION STUDY

The aim of these experiments was to evaluate the protective activity of
ascorbic acid against 3-carotene oxidation in aqueous solutions prepared with solid
dispersion of B-carotene/PVP/ascorbic acid.

There were find preformulation parameters in order to minimize the rate of
oxidation: variable k, (Y;) and to maximize both shelf-time # (Y2) and the
percentage of non-oxidized B-carotene after 60 min: Cgq (13).

In order to determine the influence of the independent variables X; and X,
upon each of the dependent variables, there were developed mathematical and
graphical approaches. The response surfaces and contour plots are represented in
Figures 2 and 3.
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For locating an optimum pair of values (Xj, X3), a test for a local maximum or
minimum of ¥; (X, X3) in terms of partial derivatives was applied [9, 11]. The
derivatives of Y; with respect to X, and X, were computed and fit to zero. The
function Y; may accept a geometrical locus of minimum, a ridge of minimum
(Figure 2b), with the equation:

286.282X, —6.488X, —56.136 =0 (6)

that has the solution X; = 0.200, X, = 0.000, with significance for solid dispersion
preformulation and future B-carotene formulation studies. Without supplementary
addtion of oxygen, the optimum concentration of ascorbic acid in PVP/B-carotene
solid dispersion is of 200 mg ascorbic acid/100 mg P-carotene. In this case,
applying eq. (3), the theoretical value of constant rate is zero.

Ny
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Fig. 2. — Response surface for the variable k, (B-carotene oxidation rate): a. computed from eq. (3)
and b. contour plot with the ridge of minimum, according to eq. (6).
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Fig. 3. — Response surface for the variable Cg, (non-oxidized -carotene after 60 min.): a. computed
from eq. (5) and b. contour plot for the variable Cg), with the ridge of maximum, according to eq. (7).



9 Immediate-release solid dosage form with B-carotene. 1. Preformulation studies 73

The same procedure was applied to find the optimum ascorbic acid
concentration that maximizes the percentage of non-oxidized B-carotene, by using
eq. (5). The function Cy (¥3) has a geometrical locus of maximum, a ridge with the
following form:

303.742 + 25.898X, —1475.72X, =0 (7

as is shown in Figure 3b.

There was reached the same pair of values (0.200, 0.000) for the independent
variables. It should be noted that in this case, the theoretical value for variables Cg
was 100% — eq. (5).

Referring to eq. (4), the function 7y (¥>) has neither a relative maximum nor a
geometrical locus of maximum and it could not be included in an optimization
study.

The ratio of 200 mg ascorbic acid/100 mg B-carotene, (2:1), in the PVP solid
dispersion leads to a minimum drug oxidation rate. This value will be used in
further pharmaceutical formulation design and studies for an immediate-release
solid dosage form with B-carotene.

CONCLUSIONS

This study demonstrates that solid dispersions of [-carotene in several
linear water-soluble macromolecules (like PVP), associated with ascorbic acid
(vitamin C), can be a solution to solve some of B-carotene formulation problems
(as solubility, stability). By combining an experimental design well known for
optimization with a mathematical treatment for graphical analysis of the system
responses, it was possible to identify the formulation conditions leading to an
optimal and stable product.

The systematic preformulation approach enables us to further design and
develop an immediate-release oral solid dosage form with P-carotene. The
methodology described above can be applied to any preformulation and
formulation study that involves different predefined characteristics.
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