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Abstract

The photodegradation of retinoic acids, tretinoin and isotretinoin, in ethanol and liposomes was studied. The light irradiation
was performed according to the conditions suggested by the ICH Guideline for photostability testing by using a Xenon lamp
within a wavelength range of 300—800 nm. The photodegradation process was monitored by UV spectrophotometry. In ethanol
solution, tretinoin and isotretinoin undergo complete isomerization just within a few seconds of light exposure toaipanti3-
9-cisisomers, respectively. The X3sisomer from tretinoin undergoes in turn a slow isomerization to the saoigiSemer.

Both retinoic acids incorporated in liposome complexes showed an increased stability in comparison to the ethanol solutions.
In particular for tretinoin, a residual concentration of 60% was still present after a light irradiance of 3470kdmeans of a

250 Wint light power for 240 min, versus a residual value of just 8% measured at the same time in ethanol solution. Moreover,
the isomerization rate in liposomes resulted reduced for isotretinoin and practically irrelevant for tretinoin. The degradation rate
was found to be dependent on the drug concentration. The better stability of the tretinoin in liposome complex was supposed to
be related to its higher incorporation value due to the linear structure of the molecule.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the retinoic acid were demonstrated to be the main
biologically-active forms in human tissues: &i&ns
Retinoids are involved in several biological pro- retinoic acid or Tretinoin (RA), 1®isretinoic acid or
cesses, particularly vision, cell proliferation and dif- Isotretinoin (13RA) and ®is retinoic acid (9RA) or
ferentiation. Particularly, three geometric isomers of Alitretinoin. Particularly, 9RA is better than other iso-
mers as both inducing morphological differentiation
mponding author. Tel.: +39 0984 493201; and inhibiting prohfera_tlon l(_ovat etal., 199y
fax: +39 0984 493298, In the pharmaceutical field, both RA and 13RA
E-mail addressragno@unical.it (G. Ragno). are widely used in the treatment of acne vulgaris

0378-5173/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2005.01.012



252

and other disorders of keratinisatiofrgck, 1984;
Peinni and Vigolti, 1991; Layton and Cunlife, 1992

Nevertheless, researches with retinoids and clinical ob-
servations in humans sometimes give apparently con-
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Liposome matrix represents one of the most studied
photo-protective carriers and successful results have
been reported in many studiel§l¢grgan et al., 1995;
Bisby et al., 2000; Brisaert et al., 200The interest

tradictory results. On the one hand they stimulate the in the development of drug delivery systems based on

proliferation of normal epidermal cells, but on the other
hand they may induce formation of psoriatic cells and
carcinogenesiollag, 1985. All retinoids are shown

liposomes is due also to their efficiency as vehicles
for a wide number of hydro- and lipo-soluble agents.
Really, liposomes are starting to be widely applied

to be potential teratogens in humans and animals and, inas an excellent novel formulation for drugs in topical

particular for 13RA, teratogenicity is well documented
(Hixson et al., 1979; Kochar et al., 1984
With a feature common to all compounds of the

treatment of diseases, especially in dermatology. Thus,
they could have the potential to enhance the percuta-
neous penetration of the retinoic acids incorporated in

retinoids class, retinoic acids undergo degradation them.

when exposed to lightL{ucero et al., 1994; Brisaert
et al., 1995; Brisaert and Plaizier-Vercammen, 2000
so generating different isomers of which 9RA is the
most important oneCQurley and Fowble, 1988; Motto
et al., 1989; Cahnmann, 1993Retinoic acids effect
in development and cells differentiation is mediated
by nuclear retinoid receptors RARs (RA receptors)
and RXRs (%eis receptors). Qis retinoic acid seems
particularly active, directly activating and repressing
the transcription of target genes by binding to specific
DNA sequenced\angelsdorf et al., 1994Therefore,
the development of novel formulations characterized
by high photo-protection towards the studied retinoic

acids seems to be important, as well an efficient investi-

Photostability studies for RA formulations have
been performed on lotionBfisaert and Plaizier-
Vercammen, 2000pharmaceuticald{ang, 2009and
cosmetics Ragno et al., 1996; Wang, 2000rhe in-
clusion of RA in liposomes was reported to pro-
tect the drug against photodegradatidrhgma and
Joachan, 1992 as well as a deep characterization of
RA-liposome Brisaert et al., 2001and niosome com-
plexes Manconi et al., 200Rhas been described. No
literature was found about the inclusion of 13RA in
liposomes.

The present paper describes the increased photosta-
bility of tretinoin and isotretinoin when incorporated in
liposomes. Drug-containing matrixes were subjected

gation about the photodegradation processes occurringto stressed degradation studies, either in solution or

in the retinoic acids in the studied formulations.
Drugs photostability represents a significant prob-

in liposomes, by using a Xenon lamp as light source.
Furthermore, the photo-isomerization of both drugs

lem in pharmaceutical research, several articles and re-in liposomes and ethanol was investigated and the

views dealing with different aspects of such studas (
Villiers et al., 1992; Beijersbergen van Henegouwen,
1997; Albini and Fasani, 1998; Tgnnesen, 20@ho-
tostability testing for new drugs is included as integral
part of stress testing in the ICH Guidelin€H, 1996

and really is an essential activity of the pharmaceutical

industry @nderson etal., 1991; Merrifield etal., 1996

Formulation and manufacturing process seem to be of

decisive importance for drug photostabiliyrban and

Thoma, 2002and several approach systems have been
proposed in order to enhance stability for a number of

drugs Tgnnesen, 2001
The inclusion of the drugs in the supramolecular

degradation kinetics curves were calculated. Analyt-
ical monitoring of the retinoic acids was performed by
UV spectrophotometry and gaschromatography with
mass detection.

2. Materials and methods
2.1. Apparatus
Absorption spectra were registered on the wave-

length range of 190-500nm in a 10 mm quartz cell
on a Perkin-Elmer Lambda 40P Spectrophotometer

systems represents an approach of growing interest toat the following conditions: scan rate 1 nm's time

the problem of light-sensitive drugginénez et al.,
1997; Csabai et al., 1998; Biloti et al., 1999; Miel-
carek and Daczkowska, 1999; Ragno et al., 2003

response 1s; spectral band 1 nm. The software UV
Winlab 2.79.01 (Perkin-Elmer) was used for spectral
acquisition and elaboration.
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Photodegradation processes were performed in aprepared by appropriate dilution with ethanol of the
light testing cabinet Suntest CPS+ (Heraeus, Milan, stock solutions and used to set up the calibration curves.
Italy), equipped with a Xenon lamp, according to the
ICH Guideline for photostability testind@H, 1999. 2.5. Preparation of RA- and 13RA-liposomes
The apparatus was set up with an electronic device for
both irradiation and temperature controlling inside the One gram of egg yolk phospholipids (60% of
box. The system was able to closely simulate sunlight phosphatidyl choline) was added to 10 mL of water
and appropriately select spectral regions by the inter- and unilamellar liposomes were prepared by using
position of filters. In the present study, samples were a Branson Sonifier B-15 in ice-bath and under a
irradiated in ar range between 300 and 800 nm, by stream of nitrogen for 1-2h (30s sonication, 30s
means of a glass filter, according to the ID65 standard intermission) until a clear solution was obtained.
of ICH rules; irradiance power was set to 250\8/m The entrapment of the retinoic acids was also car-
corresponding to a light dose of 21 kJmirm~—2, at ried out by sonication procedure. Thus, 6.20mg of
the constant temperature of 25. each retinoic acid, added to 1.5mL of liposomes,

Gaschromatographic analysis was performed by were sonicated for 30 min under the same experimen-
using a gaschromatograph Agilent 6890N with a tal conditions described above. As control, drug-free
Mass Selective Detector Agilent 5973. The GC liposomes were prepared sonicating the liposomal
conditions were as follows: column, HP capillary suspension for an additional 30 min. To remove the
(30mx 0.25mm 1.D.), 250 nm film thickness; injec- unentrapped retinoic acids, the drug-liposomal sus-
tion port temperature, 25@, carrier gas, helium;  pension (1 mL) was chromatographed by gel-filtration
flow-rate, 0.3—0.6 mL/min; column temperature pro- through a column (Sephadex G-75, 0.75%r&0 cm)
grammed from 60-280C at 13°C/min, initial time pre-equilibrated with a buffer of 50 mM NaCl, 10 mM

3 min, final time 54 min. Pipes and pH 7.0. The same NaCl/Pipes buffer was
used as an eluent. The eluted liposomes (about 2 mL of
2.2. Laboratory precautions slightly turbid suspension) were subjected to the con-

trolled photodegradation process at increasing times.
To minimize drugs photodegradation, all handling Analytical samples for UV analysis were prepared
of retinoic acids was carried out under red lamp (60 W) by diluting 100uL liposomal suspension in 10 mL
and whenever possible amberized glassware was usedethanol.

2.3. Chemicals 2.6. Characterization of the drug-liposome
suspensions
All-trans retinoic acid, 13eis retinoic acid, 9-ts
retinoic acid with a 98% purity grade, and Pipes A microscopical imagining analysis technique for
[piperazineN,N’-bis(2-ethanesulfonic acid) sodium the determination of RA- and 13RA-liposomes size
salt] were purchased from Sigma-Aldrich (Germany). distribution was applied. The particle size distribution
Turkey Egg Yolk Phospholipids (60% of phosphatidyl was determined with a computer-controlled Olympus
choline), (Fluka, Switzerland); Sephadex G-75 (Phar- BH-2 microscope. In all determinations about 10,000
macia, Sweden). All solvents and other reagents were liposomes were checked, showing a spherical shape
of the highest purity that was commercially available. with 50-100 nm of inner diameter.
The drug inclusion efficiency in liposomes was de-
2.4. Standard solutions of retinoic acids termined spectrophotometrically. For this aim, the li-
posomal suspensions were 1:1 diluted with distilled
Stock solutions in ethanol were prepared with a water and ultracentrifugated at 150,00@ (4 °C) for
concentration of 1.40 mg mi! for RA and 13RA and 90 min in a Centrikon T-1180 centrifuge (Kontron In-
0.70mgmlL=1 for 9RA. Working standards, to obtain  struments, Milano, Italy). The supernatant was re-
concentrations within a range 5.0-4p.@mL~1 for moved and diluted 1:50 with ethanol for the determi-
RA and 13RA and 2.5-22,5g mL~! for 9RA, were nation of unentrapped drugs (UV absorbance at 349



254

and 346 nm for RA and 13RA, respectively). The li-
posomal pellet was suspended in 10 mL of 5% Triton
X-100 and sonicated for 20 min; this solution was fur-
ther 1:10 diluted with the same Triton X-100 solution
for the determination of enclosed drugs. The recov-
ery of entrapped drugs into liposomes was found to
be 59.4+2.3% and 26.43.1% (=3) for RA and
13RA, respectively, of the amount initially added to the
samples.

2.7. Photodegradation of retinoic acids in ethanol
solution

An ethanol solution of 35.agmL~! RA, in a
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3. Results

3.1. Photostability of retinoic acids in ethanol
solution

The spectral curves recorded on the 35gimL—1

RA ethanol solution at the various times of light ex-
posure are shown iRig. 1. The light exposure caused
a sharp degradation occurring in the first seconds of
irradiation with a contemporary shift of the maximum
peak from 349 to 346 nm. A slower degradation was
observed later on with the minimization of the 346 nm
maximum peak with a 50% absorbance lowering, com-
pared to the initial value after a light dose of about

1 cm quartz cuvette perfectly stoppered, was irradiated 800 kJ/nf.

with the Xenon lamp, recording UV spectra just af-
ter the preparationt €0) and at the following times:

Fig. 2 shows the sequence of the obtained spectral
curves recorded on the 13RA ethanol solution exposed

0.5-10-30-60-80-120-140-170-200-240 min. Theto light. 13RA also undergoes a first-fast degradation

radiant power was adjusted to 250 W/nwhich is the

in the early seconds of irradiance, with a simultane-

lower value in the instrumental scale, and the cabinet ous shift of the maximum peak from 346 to 340 nm.

temperature to 25C. These gentle experimental con-
ditions were set because of the high sensitivity of the
drug to light, allowing so to obtain more accurate con-
trol of the photodegradation process.

Analogously, an ethanol solution of 3qug mL~1

13RA was exposed to light under the same experimen-

tal conditions described above for RA, and recording
the spectra at the same irradiation times.

2.8. Photodegradation of retinoic acids in
liposomes

After further light exposure, this signal goes on shift-
ing to lower wavelengths, with a minimization of its
absorbance up to a 50% reduction, compared to the
initial value after a light dose of about 650 kJm

Such results point out the very high sensitivity to
lightof RAand 13RA, suggesting the importance of the
development of new pharmaceutical formulations able
to minimize photodegradation. Recent studies have
demonstrated the positive action of the liposome ma-
trix as carrier systems for a number of photosensitive
drugs. The first goal of the present study was to investi-
gate the photostabilization of the studied retinoic acids

The liposomal suspension was prepared from egg when enclosed in liposomes through data obtained un-

yolk phospholipids (60% phosphatidyl choline), ac-
cording to a described procedur@gnchi et al., 1999;
Ragno et al., 2003 Retinoic acids inclusion in li-

der conditions of accelerated irradiation. Consequently,
an interpretation of the photodegradation process of
both drugs was tried as a complementary aim of the

posomes was promoted by prolonged sonication, in study.

order to get homogeneous liposomal family with a
small inner volume{50-100 nm diameter) and char-

3.2. Photostability of retinoic acids in liposomes

acterized by translucent aspect. The separation of the

drug-enclosed vesicles from the unentrapped drugwas The photodegradation studies were carried out

performed by gel-filtration on Sephadex G-75. Spec- by spectrophotometric measurements performed on
trophotometric measurement was performed by appro- the drug-liposome complexes just before expo-

priately diluting the liposomal complex with ethanol. sure and at increasing times (0.5-5-10-30—-60—-80—
The amount of drug entrapped into the complex was 120-140-170-200-270-390-540 min) by diluting the

calculated to vary in a concentration range of 2.98-3.18 samples with ethanol (0.1 to 10 mL) every tinkég. 3

and 1.45-1.54mgmt! for RA and 13RA, respec-  shows the spectral curves of the RA-liposome complex
tively. obtained after the sequential exposure times. As can be
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Fig. 1. UV spectra of a 35,8g mL~! RA in ethanol solution after different times of light exposure.

seen, the drug entrapment into liposomes strongly re- sure, after that its shift to lower wavelengths could be
duced the photodegradation process if compared with observed.
that within the ethanol solution. Furthermore, no shift Since several species of liposomes would show
of the maximum peak at 349 nm was observed. This light sensitivity Morgan et al., 1995; Bishy et al.,
may be considered an interesting result, as demon-2000, a parallel analytical control on the matrix
strates no direct isomerization of RA to 13- oci- photostability was also performed. For this aim,
isomers. three samples of liposomes were irradiated under
On the other hand, the photostability of the 13RA- the same experimental conditions adopted for the
liposome complex improved when compared with drugs—liposomes complex. No appreciable changes
that recorded in the ethanol solution, but in a lower between the spectra recorded before and after light
measure when compared with the RA-liposome com- exposure were detected, clearly showing that any pho-
plex. Besides, the position of the maximum peak at todegradation occurring during experimental time was
346 nm kept constant for just 10 min of light expo- negligible.

247

2.0 346 nm, t= 0 min

340 nm, t=0.5 min
338 nm, t=30 min

335 nm, t= 80 min

Absorbance

332 nm. t= 120 min
0.8 1
t= 170 min

t= 240 min

Fig. 2. UV spectra of a 30,2g mL~! 13RA in ethanol solution after different times of light exposure.
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Fig. 3. UV spectra of a 2.40g mL~! RA in liposomes after different times of light exposure.

To assure the complete release of the retinoic acidsthe exhibition of a spectral curve, practically super-
from liposomes, 10Q.L of each drug-liposome com- imposable with the 18is isomer spectrum, charac-
plex were diluted to 20 mL with ethanol, and irradiated terized by a shift of the maximum peak from 349
under the same conditions described above. The pho-to 346 nm, and the appearance of a second small
todegradation kinetics data resulted practically over- peak at 240 nm. This proved the complete isomeriza-
lapping those from ethanolic solutions degradation, tion of the drug just after a few seconds of exposure
therefore confirming a complete release of the drugs as reported byCahnmann (1995)The further irra-
from liposome formulation when diluted with a large diation caused the degradation of the just formed
amount of solvent. 13RA to give spectral curves with a gradual shifting
of the main peak up to 340nm, which is the typi-
cal peak of the %is isomer. Effectively, several au-
thors report the formation of this isomer from tretinoin
(Cahnmann, 1995; Simmons et al., 1997; Brisaert and
Plaizier-Vercammen, 2000A mixture of several iso-

Fig. 4 shows the UV spectra of RA, 13RA and Mers can be then supposed to form by ulterior irradi-
9RA in ethanol solutions. As evident, all the prod- ation Bempong et al.,, 1995; Dimitrova et al., 1996
ucts are characterized by the presence of one imposing-Analogously, when 1&is isomer in ethanol solution
absorbance maximum at 349, 346 and 340 nm for RA, Was exposed to light, a quick and complete transfor-
13RA and 9RA, respectively. 9RA also presents high Mation of the spectral curve was observed with the
absorbance below 320 nm. Calibration graphs were ob- Shift of the main maximum peak from 346 to 340 nm,
tained by applying least squares regression anaWsisdemo_nstratlng in this case a rapid |somer|;atlon to the
to the absorbance amplitudes at the single-maximum 9-CiS isomer. As observed in RA degradation, further
peaks against the increasing concentrations of pureirradiation caused the minimization of this peak with
retinoic acids. The calibration curves parameters are itS Simultaneous shift to lower wavelengths, proba-

4. Discussion

4.1. UV spectra of retinoic acids

summarized iMable 1 bly due to a complex mixture of several retinoic acid
isomers.

4.2. Study of retinoic acids photodegradation The MS spectral analysis, performed on the samples

process before irradiation and just after few seconds of light ex-

posure, confirmed the isomeric structure of the starting

The exposure to light of RA in ethanol solution Products and their photoproducts giving the identical
caused a very rapid degradation of the compound with mass spectrumwith a molecular peak at 306vz)and
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Fig. 4. Absorbance spectra in ethanol of 13.2mL~1 RA, 13.02ug mL~! 13RA, 13.25.gmL~1 9RA.

Table 1

Calibration graphs for RA, 13RA and 9RA assay by spectrophotometry

Analite Signalx (nm) Slope Intercept Correlation coefficient Linearity rangg fL™1)
RA 349 0.1493 0.0055 0.9990 5.0-40.0
13RA 346 0.1324 0.0012 0.9977 5.0-40.0
9RA 340 0.1228 0.0056 0.9985 25-225

a signal at 261r{Vz), due to the typical fragmentation
of the acid residue.

4.3. Kinetic parameters determination

The two studied drugs and their main photoprod-
uct 9RA present very similar spectral curves charac-
terized by a single-maximum peak at three specific
wavelengths, 349, 346 and 340 nm for RA, 13RA and
9RA, respectively, with a similar molar absorptivity.
The photochemical reaction in ethanol solution was
demonstrated to cause a very rapid isomerization of
both RA and 13RA followed by a further slower degra-
dation consisting in the minimization of the above men-

where %A was percent residual absorbank&as the
photodegradation rate constantyas the time (min),
and 2 was the logarithm of initial percent absorbance
(100%).

The degradation was evaluated on the basis of ki-
netic photodegradation constantand half-life time
(to.5), with respect to the initial percent absorbance.
Retinoic acids degradation curves are plotteBigm 5,
while Table 2summarizes the mentioned degradation
kinetic parameters based on data from three replicate
analyses for each sample.

Table 2
Rate constantsof photodegradation for RA and 13RA in ethanol

tioned absorbance peaks. Therefore, the absorbanceolution and liposomal complexes

values of these maxima were used to evaluate the ki-
netics of the photodegradation processes. Both RA and

13RA showed to follow a first order kinetics and a good
linearity was obtained by plotting the logarithm of ab-
sorbances as a function of time, as in ethanol and in
liposomes, in agreement with the following equation:

log (%A) = —kt + 2

Retinoic acid Matrix k tos r2
Ethanol 423%x10°% 584 0.9962
solution
Liposomes 51x 104 5604 0.9991

13RA Ethanol 536x 103 477 0.9846
solution
Liposomes 310x 103 1010 0.9910

2 tis expressed in minutes.
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Fig. 5. Photodegradation plots in ethanol of Rl @nd 13RA @), and liposomes complexes containing RA) @nd 13RA Q). All values are
means of three replicated experiments.

As it is evident, the RA inclusion in liposomes per-  Tretinoin and isotretinoin undergo in ethanol a stepwise
mitted a good photostability of the drug. Whereas in photodegradation with a first very rapid isomerization
ethanol RA degraded almost completely after about to 13-cisand 9¢isisomers, respectively, both followed
5200 kJ/n, corresponding to 360 min under a light by a slower degradation to give several isomers. Inclu-
power of 250 W/r, in the liposomal matrix still 65%  sion of the drugs in liposome matrix was proved to show
of residual RA concentration could be measured. On animproved stability to light. Furthermore, the fastiso-
the contrary, the inclusion of 13RA in liposomes did merization realized in ethanol from both compounds is
not give analogous satisfactory results, showing an in- in liposomes avoided. Liposomes were demonstrated
creased stability if compared with the ethanol solution to decrease tretinoin half-life to about twelve times
but a higher degradation rate than in the RA-liposomes in comparison with an ethanol solution, under a light
complex. power of 250 W/m. The inclusion of isotretinoin in li-

Results obtained from this photostability study lead posomes showed a worse performance, probably due to
us to suppose that the better photoprotection of RA- a low inclusion due to the non-linear molecular struc-
liposome complex is the consequence of the higher ture. The liposome systems described in the present
inclusion value of this drug in liposome matrix, cal- paper should provide a valuable tool for the develop-
culated as 59.4 2.3%, in comparison with the lower ment of new pharmaceutical formulations of retinoic
value of 26. 7 3.1% for 13RA-liposome complex. The  acids, capable of improving their photostability.
relationships between the photodegradation rate versus
the drug concentration has been well reporfeah(et
al., 1993; Brisaert and Plaizer-Vercammen, 2000e Acknowledgments
higher incorporation of RA is probably favoured by the
linear structure of this molecule, whereas the presence This research was supported by grants from
of acis-link in 13RA makes more difficultitsinclusion. ~ M.L.U.R. (ltaly).

5. Conclusions References

Retinoi id hotod dati t Albini, A., Fasani, E., 1998. Photochemistry of drugs: an overview
elinoic acids photodegradation represents a very in pratical problems. In: Albini, A., Fasani, E. (Eds.), Drugs Pho-

complex subject involving several degradation pro- tochemistry and Photostability. The Royal Society of Chemistry,
cesses, of which isomerization is the most important. ~ Cambridge, pp. 1-74.



G. loele et al. / International Journal of Pharmaceutics 293 (2005) 251-260

Aman, W., Thoma, K., 2002. The influence of formulation and man-
ufacturing process on the photostability of tablets. Int. J. Pharm.
243, 33-41.

Anderson, N.H., Johnston, D., Mclelland, M.A., Munden, P., 1991.
Photostability testing of drug substances products in UK phar-
maceutical laboratories. J. Pharm. Biomed. Anal. 6, 443—
449,

Beijersbergen van Henegouwen, G.M.J., 1997. Medicinal photo-
chemistry: phototoxic and phototerapeutic aspects of drugs. Adv.
Drug Res. 29, 79-170.

Bempong, D.K., Honigberg, I.L., Meltzer, M., 1995. Normal phase
LC-MS determination of retinoic acid degradation products. J.
Pharm. Biomed. Anal. 3, 285-291.

Biloti, D.N., dos Reis, M.M., Ferreira, M.M.C., Pessine, F.B.T., 1999.
Photochemical behavior under UVA radiationgtyclodextrin
included Parsol 1789 with a chemiometric approach. J. Mol.
Struct. 480-481, 557-561.

Bisby, R.H., Mead, C., Morgan, C.G., 2000. Active uptake of drugs
into photosensitive liposomes and rapid release on UV photoly-
sis. Photochem. Photobiol. 71, 57—61.

Bollag, W., 1985. In: Saurat, J.H. (Ed.), Retinoids: New Trends in
Research and Therapy. Basle, pp. 274-277.

Brisaert, M.G., Everaerts, ., Plaizier-Vercammen, J.A., 1995. Chem-
ical stability of tretinoin in dermatological preparations. Pharm.
Acta Helv. 70, 161-166.

Brisaert, M., Plaizier-Vercammen, J., 2000. Investigation on the pho-
tostability of a tretinoin lotion and stabilization with additives.
Int. J. Pharm. 199, 49-57.

Brisaert, M., Gabg@ls, M., Matthijs, V., Plaizier-Vercammen, J.,
2001. Liposomes with tretinoin: a physical and chemical evalu-
ation. J. Pharm. Biomed. Anal. 26, 909-917.

Cahnmann, H.J., 1995. A fast photoisomerization method for the
preparation of tritium-labeled 8isretinoic acid of high specific
activity. Anal. Biochem. 227, 49-53.

Csabai, K., Vikmon, M., Szejtli, J., Redenti, E., Poli, G., Ven-
tura, P., 1998. Complexation of manidipine with cyclodextrins
and their derivatives. J. Incl. Phen. Macr. Chem. 31, 169-
178.

Curley Jr., R.W., Fowble, J.W., 1988. Photoisomerization of retinoic
acid and its photoprotection in physiologic-like solutions. Pho-
tochem. Photobiol. 47, 831-835.

de Villiers, M.M., van der Watt, J.G., Lotter, A.P., 1992. Kinetic
study of the solid state photolytic degradation of two polymorphic
forms of furosemide. Int. J. Pharm. 88, 275-283.

Dimitrova, B., Poye, M., Guiso, G., Badiali, A., Caccia, S.,
1996. Isocratic reversed-phase liquid chromatography of all-
transretinoic acid and its major metabolites in new potential sup-
plementary test systems for developmental toxicology. J. Chro-
matogr. 681, 153-160.

Genchi, G., Spagnoletta, A., De Santis, A., Stefanizzi, L., Palmieri,
L., 1999. Purification and characterization of the reconstitutively
active citrate carrier from maize mitochondria. Plant Physiol.
120, 841-847.

Hixson, E.J., Burdershaw, J.A., Denine, E.P., Harrison, S.D., 1979.
Comparative subchronic toxicity of aitansand 13eis-retinoic
acid in Sprague-Dawley rats. Toxicol. Appl. Pharmacol. 47,
359-365.

259

ICH Harmonized Tripartite Guideline 1996. Photostability Test-
ing of New Drug Substance and Products. Federal Register 62,
27115-27122.

Jiménez, M.C., Miranda, M.A., Tormos, R., 1997. Photochemistry
of naproxen in the presence Bfcyclodextrin. J. Photochem.
Photobiol. A Chem. 104, 119-121.

Kochar, D.M., Penner, J.D., Tellone, C.I., 1984. Comparative ter-
atogenic activities of two retinoids: effects on palate and
limb development. Teratog. Carcinog. Mutagen. 4, 377-
387.

Layton, A.M., Cunlife, W.J., 1992. Guidelines for optimal use of
isotretinoin in acne. J. Am. Acad. Dermatol. 27, S2-S7.

Lovat, P.E., Irving, H., Malcolm, AJ., Pearson, A.D.J., Red-
fern, C.P.F., 1997. @is retinoic acid—a better retinoid for
the modulation of differentiation, proliferation and gene ex-
pression in human neuroblastoma. J. Neuro-Onc. 31, 85-
91.

Lucero, M.J., Vigo, J., Leon, M.J., 1994. Stability of hydrophilic gels
of tretinoin. Int. J. Pharm. 110, 241-248.

Manconi, M., Sinico, C., Valenti, D., Loy, G., Fadda, A.M., 2002.
Niosomes as carriers for tretinoin. |. Preparation and properties.
Int. J. Pharm. 234, 237-248.

Mangelsdorf, D.J., Umesono, K., Evans, R.M., 1994. The retinoid re-
ceptors. In: Sporn, M.B., Robertts, A.B., Goodman, D.S. (Eds.),
The Retinoids: Biology, Chemistry and Medicine. Raven Press,
New York, pp. 319-349.

Merrifield, D.R., Carter, D., Sanderson, F.D., 1996. Addressing the
problem of light instability during formulation development. In:
Tennesen, H.H. (Ed.), Photostability of Drugs and Drug Formu-
lations. Tylor & Francis, London, pp. 141-153.

Mielcarek, J., Daczkowska, E., 1999. Photodegradation of inclusion
complexes of isradipine with methg@-cyclodextrin. J. Pharm.
Biomed. Anal. 21, 393-398.

Morgan, C.G., Bisby, R.H., Johnson, S.A., Mitchell, A.C., 1995.
Fast solute release from photosensitive liposomes: an alternative
to “caged” reagents for use in biological systems. FEBS Lett.
375, 113-116.

Motto, M.G., Facchine, K.L., Hamburg, P.F., 1989. Separation and
identification of retinoic acid photo-isomers. J. Chomatogr. 481,
255-262.

Peck, G., 1984. Synthetic retinoids in dermatology. In: Sporn, M.B.,
Roberts, A.B., Goodman, D.S. (Eds.), The Retinoids, vol. 2. Aca-
demic Press, Orlando, pp. 391-441.

Peinni, C., Vigolti, M., 1991. Drug and cosmetics in relation to the
topical treatment of acne: data from a nation wide enquiry. Cos-
met. Dermatol. 2, 17-26.

Ragno, G., Veronico, M., Maddalena, R., Vetuschi, C., 1996.
Tretinoin assay in cosmetics and pharmaceuticals by carbon
phase extraction. J. Soc. Cosmet. Chem. 47, 325-336.

Ragno, G., Cione, E., Garofalo, A., Genchi, G., loele, G., Risoli,
A., Spagnoletta, A., 2003. Design and monitoring of photosta-
bility systems for amlodipine dosage forms. Int. J. Pharm. 265,
125-132.

Simmons, B.R., Chukwumerije, O., Stewart, J.T., 1997. Supercritical
fluid extraction of 13eisretinoic acid and its photoisomers from
selected pharmaceutical dosage forms. J. Pharm. Biomed. Anal.
16, 395-403.



260 G. loele et al. / International Journal of Pharmaceutics 293 (2005) 251-260

Tan, X., Meltzer, N., Lindenbaum, S., 1993. Determination of the ki- Tgnnesen, H.H., 2001. Formulation and stability testing of photola-

netics of degradation of 18isretinoic acid and altransretinoic bile drugs. Int. J. Pharm. 225, 1-14.

acid in solution. J. Pharm. Biomed. Anal. 11, 817-822. Wang, L.H., 2000. Simultaneous determination of retinal, retinol and
Thoma, K., Joachan, U.E., 1992. Liposome dermatics: assess- retinoic acid (alltransand 13€is) in cosmetics and pharmaceuti-

ment of long-term stability. In: Braun-Falco, O., Korting, H.C., cals at electrodeposited metal electrodes. Anal. Chim. Acta 415,

Maibach, H.I. (Eds.). Liposome Dermatics, Griesbach Confer- 193-200.

ence, Springer, Berlin, Germany, pp. 150-156.



	Accelerated photostability study of tretinoin and isotretinoin in liposome formulations
	Introduction
	Materials and methods
	Apparatus
	Laboratory precautions
	Chemicals
	Standard solutions of retinoic acids
	Preparation of RA- and 13RA-liposomes
	Characterization of the drug-liposome suspensions
	Photodegradation of retinoic acids in ethanol solution
	Photodegradation of retinoic acids in liposomes

	Results
	Photostability of retinoic acids in ethanol solution
	Photostability of retinoic acids in liposomes

	Discussion
	UV spectra of retinoic acids
	Study of retinoic acids photodegradation process
	Kinetic parameters determination

	Conclusions
	Acknowledgments
	References


