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Abstract

Tretinoin is the frans isomeric form of retinoic acid. Its chemical structure includes a functional acid group and a
side chain with conjugated double bonds, both susceptible to redox reactions. The vitamin C redox system comprises
L-ascorbic acid, monodehydroascorbic acid and dehydroascorbic acid. Each of these substances has different
physicochemical propertics but possess antioxidant capacity for both hydrophilic and lipophilic substances. The
present work is centred on studying the stability of hydrophilic gels of tretinoin prepared with or without antioxidant.
HPLC was used to validate the analytical and extraction techniques to determine the amounts of tretinoin
remaining. The results indicate that tretinoin undergoes rapid degradation by oxidation of the conjugated double
bonds which is neither retarded nor lessened by the presence of antioxidant.
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1. Introduction

Tretinoin is the trans isomeric form of retinoic
acid (Fig. 1). Its 13-cis isomer is denoted as
isotretrinoin, from which it differs only in the
configuration of unsaturation on the « and B
carbon atoms {Boyd and Lubbock, 1989; Under-
wood, 1989).

Some authors advise its conservation cold and
protected from light and air (Bonhomme et al.,
1990), and indicate that it is unstable in the
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presence of strong oxidizing agents (Reynolds,
1993). In contrast, others report tretinoin as sta-
ble to oxidation by pure oxygen, as the acid
function is unable to undergo subsequent oxida-
tion (Carreras, 1981). On the other hand, it is
reduced in alkaline solutions and, with gradual
decrease in pH, is recovered in petroleum ether
to a maximum of 90% at pH 4, suggesting that its
pK, is 6.0 (Vahlquist, 1982).

A knowledge of the possible degradation path-
ways of tretinoin is of great help in achieving its
ideal pharmaceutical form. The most probable
mechanism is oxidation. This reaction is strongly
influenced by light, metal ions, oxidizing agents
and oxygen, even when in low concentrations
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Fig. 1. Chemical structure of tretinoin.

(Franquesa and Alsina, 1985; Ravin and Rade-
baugh, 1990).

Auto-oxidation is the most common oxidative
phenomenon affecting both active principles and
pharmaceutical preparations. It can be defined as
the reaction of a substance with molecular oxygen
(Franquesa and Alsina, 1985; Vadas, 1990; Vigo
et al., 1992a,b), with transformation to a peroxide
and a free radical. The peroxides increase in
content to a maximum at the end of this period,
then decompose at a greater rate than that of
their formation. Thus, although oxygen absorp-
tion continues, the peroxide concentration de-
creases. At this moment, a great number of hy-
droxyl free radicals (OH ") appear.

All these reactions can continue indefinitely,
or terminate due to the action of scavengers or
the intraneutralization of the free radicals.

For an auto-oxidation process to begin, the
molecules must meet two conditions: first, unsat-
uration, and second, an ideal spatial configura-
tion in the region of the unsaturated bonds. The
point of attack is the hydrogen atoms close to the
double bonds and the electronegative groups
(Franquesa and Alsina, 1985).

Many oxidations are catalysed by hydrogen
ions. Thus, the redox potential of many reactions
depends on the pH. This is particularly so for
those pharmaceutical products with a weakly acid
nature.

Vitamin C is a redox system comprising 1-
ascorbic acid (AA) (Tappel, 1972; Handbook of
Pharmaceutical Excipients, 1986), monodehydro-
ascorbic acid (MDHAA) and dehydroascorbic
acid (DHAA). These three substances have dif-
ferent physicochemical properties (Nobile and
Woodhili, 1981).

AA is stable when dry, but easily oxidizable in

aqueous solution in the presence of air
(Vanderveen and Vanderveen, 1990), resulting in
its ionization, which is dependent on the pH of
the solution. The first constant of dissociation has
a pK, value of 4.18 and the second, a pK, of
11.6 (Nobile and Woodhill, 1981). Under aerobic
conditions, the maximum degradation of AA is
detected at pH 4 and the minimum at pH 5.6
(Deritter, 1982).

The degradation pathway is oxidation-reduc-
tion, where the AA is oxidized to an intermediate
free radical, MDHAA. This is relatively unreac-
tive, and when it does react, does so rapidly —
either with itself to give AA and DHAA or with
other free radicals, thereby terminating these re-
actions (Seib, 1986; Tolbert, 1986).

DHAA is the hydrophobic component of the
vitamin C system. It has a stronger lipid nature
than AA and a greater capacity to reduce the
interfacial tension. Thus, vitamin C acts as a
metabolic detergent and can dissolve, among
other substances, fats (Nobile and Woodhill,
1981).

The vitamin C redox system can include com-
pounds able to protect medicaments from oxida-
tive alterations — cither natural or resulting from
the action of air, light, heat, the presencc of
metals, etc. With this preventive aim, it can be
added to those pharmaceutical preparations ex-
posed to deterioration by oxidative processes
(Vanderveen and Vanderveen, 1990).

It is a scavenger of oxygen (Frankel, 1989) and
free radicals (Tolbert, 1986; Frankel, 1989;
Honegger et al., 1989; Nagy and Degrell, 1989;
Vigo et al., 1992a,b), reacting directly with these
to form the intermediate stable radical, MDHAA
(Seib, 1986). At the same time it can act, among
other ways, as a synergist (Frankel, 1989) — po-
tentiating the action of other antioxidants
(Bright-See, 1983a,b; Lohmann, 1987; Informa-
cion del Medicamento, 1989; Tannenbaum, 1989;
Irache and Vega, 1990).

This work is centred on studying the stability
of hydrophilic gels of tretinoin. Two formulations
have been designed, one with an antioxidant of
proven efficacy: the vitamin C redox system. This
was chosen for its possible potentiation of the
therapeutic effect of tretinoin (Vigo, 1993).
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2. Materials and methods
2.1. Semisolid preparations

Dermatological hydrophilic gels, prepared with
the components shown in Table 1, were used as
bases (Vigo, 1993).

Carbomer® 940 (Acofarma, Tarrasa, Spain)
was dusted onto distilled water (without stirring)
and left to settle for 24 h. Then, triethanolamine
(TEA) (Acofarma, Tarrasa, Spain) was added,
stirring slowly to avoid the inclusion of air (BF
Goodrich, 1981). Tretinoin (T) (trans-retinoic
acid, Merck, Darmstadt, Germany), with or with-
out ascorbic acid (AA) (Merck, Darmstadt, Ger-
many), was dissolved in ethanol and added to the
rest of the formula.

Prior to preparation of the gel, the amount of
TEA necessary for its neutralization was deter-
mined (BF Goodrich, 1981). A pH of around 5.6
was found to be ideal for the stability of both T
and AA (BF Goodrich, 1981; Deritter, 1982; Vigo,
1993; Lucero et al., 1994b).

2.2. Analytical and extraction techniques

Tretinoin was detected using a high-perfor-
mance liquid-liquid chromatograph (HPLC)
(Kontron Instrument) consisting of a two-piston
pump (Model 420), a variable-wavelength ultravi-
olet-visible detector (Model 432), and a
recorder-integrator (Data Jet Integrator, Konik).
The injector was fitted with a loop of 20 ul. The
column was 25 cm X 4.6 mm (Lichrospher® 100,
RP18, 5 um; Merck, Darmstadt, Germany) pro-
tected by a precolumn of 4 X4 mm (Lichro-
spher® 100, RP18, 5 um; Merck, Darmstadt,

Table 1
Components of the dermatological bases tested

Gel T Gel TAA
Carbomer™ 940 1% 1%
Ethanol 96% 15 ml 15 ml
Triethanolamine 3 ml 3 mi
Tretinoin 0.025% 0.025%
Ascorbic acid - 0.1%
Distilled water 85 ml 85 ml

Germany). The chromatographic conditions were
the following: wavelength, 356 nm, flow rate, 1.4
ml/min; mobile phase, methanol/acetonitrile /
water / acetic acid in the ratio 80:10:10:0.5. Un-
der these conditions, the limit of detection (5:1,
signal-to-noise) was 11 ng,/ml. Retinol acetate
(Merck, Darmstadt, Germany) was chosen as in-
ternal standard (IS) from the bibliography con-
sulted (Fur, 1984; Miller et al., 1984; Milne and
Botnen, 1986, De Leenheer et al., 1988).

To validate the analytical method, solutions of
semisolid excipient, T, AA and IS were analysed
by HPLC under the conditions described above,
establishing their retention times and the non-in-
terference between them.

Calibration curves were constructed from solu-
tions of T in absolute ethanol ACS 1SO (AEt)
(Merck, Darmstadt, Germany), prepared under a
nitrogen atmosphere to avoid possible oxidation.
The concentrations of T used were the following:
0.341, 0.519, 0.69, 0.853, 1.031, 1.209, 1.55 pwg,/ml,
and 5.625 pg/ml of IS. Ratios of peak areas of
T /IS were plotted against the concentration of T.

To verify the variability of the extraction tech-
nique, extractions were made of six different sam-
ples of each preparation on the same day (within
run) and on three successive days (day to day).
The results were validated by analysis of variance.

Because of the scarce bibliography on methods
to extract T from semisolid preparations (Kundu
et al., 1993), different techniques were tested.
The following was chosen: 0.1 g of sample was
treated with AEt until completely dissolved. This
volume was then vacuum filtered (Buschner fun-
nel/Kitasato flask and water jet). Lastly, the
volume was made up to 15 ml.

2.3. Degradation kinetics

The amount of T present in the preparations
was quantified as a function of time and ambient
temperature (22 + 1°C). The order of reaction
was calculated from the fit of concentration /time
pairs to the different general kinetic equations
(Franquesa and Alsina, 1985; Carstensen, 1990).
The rate constant and the 10 and 50% degrada-
tion times (ty, and ¢s,, respectively) for each
semisolid preparation were also determined.
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Table 2
Statistical parameters of the straight line of calibration of T

Coefficient of correlation: 0.9923
Coefficient of determination: (0.9847

Coefficient regression

Estimated constant term

0.4623 0.0073
Standard error T Probability
0.0113 40.89 < 0.0001
Source DF Sum of Mean F Probability
squares square
Regression 1 0.8868 0.8868 1672.3 < 0.0001
Total residuals 26 0.0138 5.3070 x 10—+
Error of fit 5 0.0030 6.0400 x 10~ 1.17 0.3566
Pure error 21 0.0108 51270 x 10~*
Total 27 0.9006

Root mean square residuals
Mean dependent variable
Coefficient variation

2.3028 x 1072
0.4163
5.53%

3. Results and discussion

The chemical stability of tretinoin formula-
tions was studied because of the possible oxida-
tive decomposition undergone both by this sub-
stance (Merck Index, 1976; Franquesa and Alsina,
1985; Ball, 1988; Reynolds, 1993; Vigo, 1993) and
by the antioxidant used (Deritter, 1982; Fran-
quesa and Alsina, 1985; Kolar, 1986; Ball, 1988;
Reynolds, 1993). Three sections were established:
validation of the HPLC analytical technique, vali-
dation of the extraction technique, and degrada-
tion kinetics of the T in T and TAA gels.

The HPLC analytical technique was validated
by performing linear calibration for the T, once
the chromatographic conditions had been fixed.
In the preliminary studies, good correlation coef-
ficients (r,, > 0.9000) were obtained for the dif-
ferent linear calibrations. The statistical study
was then carried out by linear regression and
analysis of variance of regression.

Table 2 lists the most important parameters of
regression. These results indicate the linear re-
gression existing between ratios of peak areas
T/IS and concentration of T. At the same time,
from the residuals it has been possible to demon-

Table 3

Statistical parameters of the validation of the extraction technique of the gels indicated

Gel Source DF Sum of Mean F Probability

squares square

T Day to Day (A) 2 0.06952 0.03476 2.69 0.1082
Within run (B) 3 0.04821 0.01007 1.24 0.3368
AB 6 0.05277 0.00879 0.68 0.6684
Error 12 0.15495 0.01291
Total 23 0.32546

TAA Day to Day (A) 2 0.00472 0.00236 0.39 ().6855
Within run (B) 3 0.01534 0.00511 0.84 0.4959
AB 6 0.02354 0.00392 0.65 0.6922
Error 12 0.07275 0.00606
Total 23 0.11636
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Table 4
Degradation kinetics of Tin gel T

Induction period Kinetics e, Fun Probability CV(%)
Tey F 0o gr;'?b““y Order 0 0.7803 2487 0.0020 37.06
0.0128 0.0 -8560 Order 0.5 0.8615 43.53 < 0.0001 16.48
Coefficient Order 1 0.9317 95.51 < 0.0001 11.68
regression: 0.0007675 Order 1.5 0.9649 192.18 < 0.0001 9.29
Estimated constant Order 2 0.9533 142.99 < 0.0001 21.03

term: 0.42239

C,=25mg/100 mi
tg=21.58 days
tog = 23.71 days
tso = 37.79 days

Coefficient of regression:
K, =0.01022 {{mg /100 mD ™12 day~'}
Estimated constant term:

2/¥Co = 0.2184 [(mg /100 mi)~ /2]

strate the fit of the linearity and the accuracy of
the analytical method (CV = 5.53%).

Having determined the viability of the analyti-
cal technique proposed for quantification of T,
the extraction technique of this substance from
the formulated gels was validated. This was es-
sential, as no reference was found in the bibliog-
raphy.

Table 3 shows the data obtained in the analysis
of variance. These results indicate that there was
no significant statistical difference between the
extractions made within run and those day to day.
The efficiency of this extraction technique in gel
T was 93.75% and in gel TAA 94.58% — thus the
presence of ascorbic acid did not affect the ex-
traction of T.

The degradation of T implies the existence of
one or more chemical reactions whose rate can
be measured by calculating the amount of T
remaining with time. To obtain the kinetic data
experimentally and later correlate them, it is not
necessary to know the degradation mechanism
involved (Franquesa and Alsina, 1985;
Carstensen, 1990; Ravin and Radebaugh, 1990).
It is not simple to define the general rate of this
reaction, and in practice is considered at a deter-
minate instant, This parameter varies consider-
ably, not only from the effect of temperature
(22 + 1°C), but also from that of other factors
such as pH of the medium, 5.3 and 5.05 for gels T
and TAA, respectively (Vigo, 1993; Lucero et al.,
1994b).

Table 5
Degradation kinetics of T in gel TAA
Induction period Kinetics Tey Fie Probability CV(%)
T §<39-<14> gg‘;"saﬂbi’“y Order 0 0.7709 20.19 0.0040 36.96

- : - Order 0.5 0.8613 37.26 0.0010 15.62
Coefficient Order 1 0.9357 87.28 < 0.0001 10.73
regression: 0.0011 Order 1.5 0.9738 223.07 < 0.0001 7.39
Estimated constant Order 2 0.9707 198.72 < 0.0001 15.44

term: 0.4188

C, =25 mg/100 mi
to=25.17 days
tog = 27.39 days
tsy = 42.20 days

Coefficient of regression:
K4 =0.009733 {(mg /100 mi) " 1/2 day ']
Estimated constant term:

2/VCo = 0.2015 [(mg /100 mI)~ /2]
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Fig. 2. Degradation of tretinoin in gel T as a function of time
after fitting to a kinetic order of 1.5. 15 time at which the
degradation begins and the induction period ends.

It is known that certain degradations are char-
acterized by an induction period during which the
process seems to be at rest. This phenomenon
has been observed in those involving chain reac-
tions, such as auto-oxidation.

The gels prepared with T (Figs. 2 and 3)
showed an induction period, During this time the
concentration /time pairs did not fit any kinetic
order. After this period, it was observed, for both
gel T and TAA, that the degradation of the T
best fitted a kinetic order of 1.5 (Tables 4 and 5).
The point of intersection of the straight lines

, 2/71T] mg/100 mL} V2

0O 10 20 30 40 50 80 70 80 90 100 WO 120
Time {days)
Fig. 3. Degradation of tretinoin in gel TAA as a function of
time after fitting to a kinetic order of 1.5. ¢,: time at which
the degradation begins and the induction period ends.

defining the induction period and the degrada-
tion kinetics of T was considered as ¢, indicating
the moment at which this substance commences
to degrade. It was 21.58 and 25.17 days for gels T
and TAA, respectively (Tables 4 and 5).

Once t, has been determined, the parameters
ty and ¢y, can be calculated. The same tables
show the similarity of the results obtained for the
two gels. This leads to the idea that T undergoes
auto-oxidation, giving rise to unidentified reactive
species, typical of this process. Deduction of this
kinetic equation is difficult as the degradation
products are unstable (and so cannot be isolated),
while at the same time the reactions are very fast
and consecutive. It is clear that AA scarcely pro-
tects T from degradation, as the values of 1,
obtained in gels T and TAA are very close. If it is
accepted that the T is oxidized, it seems that the
most probable reaction is by breaking of conju-
gated double bonds of the side chain, which are
more readily attackable by reactive species de-
rived from oxygen (Glas, 1980) than those in-
cluded within the AA ring.

Another parameter to express the chemical
stability of a determinate active principle is ¢,
(Tables 4 and 5). It can be seen clearly that T has
a similar t5, in gels T and TAA. The same result
can be seen in the values of K, (rate constant),
showing that the presence of AA does not reduce
degradation of T. The phenomenon shown by
these hydrophilic gels demonstrates the chemical
instability of T, even when the formulation in-
cludes an antioxidant of proven cfficacy, as is AA
(Lucero et al., 1993, 1994a; Vigo, 1993).

4. Conclusions

Tretinoin, in all the preparations tested, seems
to follow a degradation typical of autoxidisable
substances, showing an induction period and then
fitting a degradation kinetic order of 1.5. At the
same time the values of ¢, and ¢, demonstrate
its chemical instability. This leads to the conclu-
sion that it is better to preparc these hydrophilic
gels as extemporary formulations than to add
large amounts of antioxidant, which does not
ensure their stability with time.



M.J. Lucero et al. / International Journal of Pharmaceutics 110 (1994) 241-248 247

References

Ball, G.F.M., Fat-Soluble Vitamin Assays in Food Analysis. A
Comprehensive Review, Elsevier, London, 1988, p. 35,

BF Goodrich, Carbopol. Resinas hidrosolubles, The BF
Goodrich Company Chemical Group, OH, 1981,

Bonhomme, L., Duleba, B., Beugre, T. and Fredj, G., HPLC
determination of the stability of retinoic acid in gel formu-
fation. Int. J. Pharm., 65 (1990} R9-R10.

Bovd, AS. and Lubbock, M.D., An overview of retinoids,
Am. J. Med., 86 (1989) 568-574.

Bright-See, E., Vitamin C and cancer prevention. Semin.
Oncol., 10 (1983a) 294-298.

Bright-See, E., Vitamins C and E {or fruit and vegetables) and
the prevention of human cancer. In Butterworth, C.E. and
Hutchinson, M.L. (Eds), Nutritional Factors in the Induc-
tion and Maintenance of Malignancy, Academic Press, New
York, 1983b, pp. 217-223.

Carreras, E., Estabilidad del dcido retinoico frente a oxi-
dantes. Circ, Farm., 273 {1981) 370-374.

Carstensen, I.T., Drug Stability. Principles and Practices,
Dekker, New York, 1990, p. 15,

De Leenheer, A.P., Nelis, H.J., Lambert, W.E. and Bauwens,
R.M., Chromatography of fat-soluble vitamins in clinical
chemistry. J. Chromatogr., 429 (1988) 3-58.

Deritter, E., Vitamins in pharmaceutical formulations. J.
Pharm. Sci., 71 (1982) 1073-1096.

Frankel, E.M., The antioxidant and nutritional effects of
tocopherols, ascorbic acid and beta-carotene in relation to
processing of edible oils, Bibl. Nutr. Dieta., 43 (1989)
297-302.

Franquesa, R. and Alsina, S., Inestabilidad quimica. In Fran-
quesa, R. (Ed.), Estabilidad de medicamentos, Asociacién
Espanola de Farmacéuticos de la Industria, 1985, pp.
147-207.

Furr, H.C., Gradient reversed-phase high-performance liquid
chromatographic separation of naturally occurring reti-
notds. J. Chromatogr., 309 (1984) 299-307.

Glas, B., Influence of formulation on the bioavailability of
drugs in external dosage form. Bull. Tech. Gartr., 2 (1980)
23-31.

Handbook of Pharmaceutical Excipients, The Pharmaceutical
Society of Great Britain, London, 1986, p. 6.

Honegger, C.G., Langemann, H., Krenger, W. and Kempf, A.,
Liquid chromatographic determination of common water-
soluble antioxidants in biological samples. J. Chromartogr.,
487 (1989) 463--468.

Informacion de Medicamentos, Ministerio de Sanidad y Con-
sumo, Madrid, 1989, p. 2102.

Irache, J.M. and Vega, F.A., Antioxidantes en alimentos,
medicamentos y cosméticos. 1. Consideraciones generales.
Ind. Farm., 5 (1990) 55-60.

Kolar, P., The influence of physical and chemical factors on
the oxidation of ascorbic acid with air oxygen. Farm.
Vestn., 37 (1986) 181-188.

Kundu, S.C., Cameron, A.D., Meltzer, N\M. and Quick, T.W.,
Development and validation of method for determination

of in vitro release of retinoic acid from creams. Drug Der.
Ind. Pharm., 19 {1993) 425-438.

Lohmann, W., Ascorbic acid and cancer. Ann. N.Y. Acad.
Sci., 498 (1987) 402-407.

Lucero, M.J., Vigo. J.. Rabasco, AM., Sanchez, J.A. and
Martin, F., Protection by a-tocopherol against skin necro-
sis ulcers induced by doxorubicin hydrochloride. Phar-
mazie, 48 (1993) 772-775.

Lucero, M.J., Sdnchez, J.A., Vigo, J.. Martin, F. and Rabasco,
A.M.. Protection by «-tocopherol against skin necrosis
ulcers induced by ionizing radiations. Int. J. Pharm., 104
(1994a) 49-60.

Lucero, M.J., Vigo, J. and Ledn, M.J., A study of shear and
compression deformations on hydrophilic gels of tretinoin.
Int. J. Pharm., 106 (1994b) 125-133.

Merck Index, 10th Edn, Merck and Co. Inc., Rahway, 1983, p.
1178.

Miller, K.W., Lorr, N.A. and Yang, C.S., Simultaneous deter-
minations of plasma retinol, a-tocoferol, lycopene, «-
carotene, and fB-carotene by high-performance liquid
chromatography. Anal. Biochem., 138 (1984) 340-345.

Milne, D.B. and Botnen, J., Retinol, a-tocopherol, lycopene,
and o- and fB-carotene simultaneously determined in
plasma by isocratic liquid chromatography. Clin. Chem., 32
(1986) 8§74-876.

Nagy, E. and Degrell, 1., Determination of ascorbic acid and
dehydroascorbic acid in plasma and cerebrospinal fluid by
liquid chromatography with electrochemical detection. /.
Chromatogr., 497 (1989) 276-281.

Nobile, S. and Woodhill, J.M., What is vitamin C? In Vitamin
C. The Mysterious Redox-System. A Trigger of Life?, MTP
Press, Lancaster, 1981, pp. 21-26.

Ravin, L.J. and Radebaugh, G.H., Preformulation. In Gen-
naro, A.R. (Ed.), Remington’s Pharmaceutical Sciences,
18th Edn, Mack, Easton, 1990, pp. 1435-1450.

Reynolds, 1.LE.F., The Extra Pharmacopoeia: Martindale, 30th
Edn, The Pharmaceutical Press, London, 1993, p, 1060.
Seib, P.A., Oxidacién, monosustitucidn y sintesis industrial del
acido ascérbico. In Rozo C. and Mamone M. (Eds), Vitas-
minas. Agentes Nutritivos vy Terapéuwiicos, Doyma S.A,

Barcelona, 1986, pp. 249-296.

Tannenbaum, S.R., Preventive action of vitamin C on ni-
trosamine formation. In Walter, P., Stihelin, H. and
Brubacher, G. (Eds). LElevated Dosages of Vitamins, Hans
Huber, New York. 1989, pp. 109-113.

Tappel, AL, Vitumin E uand free radical peroxidation of
lipid. Ann. NY. Acad. Sci., 203 (1972) 12-28.

Tolbert, B.M., Metabolismo y funcién del acido ascarbico y
sus metabolitos. In Rozo, C. and Mamone, M. (Eds),
Vitaminas. Agentes Nuwtritivos y Terapéuticos, Doyma S.A,
Barcelona, 1986, pp. 109-126.

Vadas, E.B., Stability of pharmaceutical products. In Gen-
naro, A.R. (Ed.). Remington’s Pharmaceutical Sciences,
I8th Edn, Mack, Easton, 1990, pp. 1504-1512.

Vahlquist, A., Vitamin A in human skin: I. Detection and
identification of retinoids in normal epidermis. J. Inresr.
Dermatol., 79 (1982) 89--93,



248 M.J. Lucero et al. / International Journal of Pharmaceutics 110 (1994) 241-248

Vanderveen, E. and Vanderveen, J.E., Vitamins and other
nutrients. In Gennaro A.R. (Ed.), Remington’s Pharmaceu-
tical Sciences. 18th Edn, Mack, Easton, 1990, pp. 1002-
1034.

Vigo, 1., Lucero, M.J. and Ledn, M.J., Impacto de los radi-
cales libres derivados del oxigeno en la salud: I Reac-
ciones celulares y tisulares. Cien. Pharm., 2 {(1992a) 245—
255.

Vigo, J., Lucero, M.J. and Ledn, M.J., Impacto de los radi-

cales libres derivados del oxigeno en la salud: 1. Danos
patolégicos. Cien. Pharm., 2 (1992b) 313-320),

Vigo, J., Diseno y optimizacién de preparados semisdlidos de
a-tocopherol y de tretinoina. Aportacidn al estudio farma-
coterapéutico. Tesis Doctoral, Universidad de Sevilla,
1993.

Underwood, B.A., Teratogenicity of vitamin A. In Walter, P,
Stihelin, H. and Brubacher, G. (Eds), Elevated Dosages of
Vitamins, Hans Huber, New York, 1989, pp. 4255,



