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Abstract In this work, we investigated the influence of b-

cyclodextrin on the photostability of tretinoin and com-

pared the photo-chemical stability of tretinoin, either in

methanol or complexed with b-cyclodextrin, when exposed

both to UV and fluorescent light. The physico-chemical

characterization of tretinoin-b-cyclodextrin complexes,

prepared by the freeze-drying process, using different

tretinoin:b-cyclodextrin molar ratios (1:1 and 1:3), was

carried out in solution by phase solubility studies, 1H-

NMR spectroscopy, and in solid state by infrared spec-

troscopy (FT-IR); these analyses confirmed the existence of

an inclusion compound. Solubility study results showed

that tretinoin solubility was enhanced by inclusion in

b-cyclodextrin as a function of increasing concentrations of

b-cyclodextrin in aqueous solution at different pH values

(i.e., 3.0, 5.5, and 7.0). Moreover, the complexation of the

tretinoin with b-cyclodextrin effectively protected the

photolabile drug and reduced the degradation of tretinoin

induced by UV and fluorescent light, improving its photo-

chemical stability in comparison with free drug in metha-

nol. Indeed, dissolved tretinoin in methanol degraded very

quickly and completely, while b-cyclodextrin-included

tretinoin decomposition was delayed and, after 30 days

under UV exposure, the percentage of remaining drug was

about 20–25% (depending on the tretinoin concentration).

The photodegradation of tretinoin in methanol under fluo-

rescent light was slower: after 5 days of irradiation it

reached a photostationary state and intact tretinoin re-

mained constant (6.6%). In conclusion, the b-cyclodextrin

complexation always led to a reduction of degradation,

depending on the tretinoin:b-cyclodextrin molar ratio and

on the drug concentration (0.2 mg/ml or 0.4 mg/ml).
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Introduction

As widely reported in literature, tretinoin or all-trans reti-

noic acid (TRA) is an effective drug used in the treatment

of acne vulgaris, psoriasis, photo-aged skin, neoplasia and

other skin disorders. In particular, well-known is its capa-

bility to increase epithelial cell turnover [1], collagen

synthesis and epidermal growth in the cicatrization process,

as well as its property to reduce sebum production [2]. The

therapeutic use of TRA is limited to topical application,

because several and severe side effects arise when sys-

tematically administered. However, unpleasant side effects,

such as irritation of treated area in form of scaling, ery-

thema, burning, and stinging [3], can also occur in the

topical administration.

Moreover, it is well-known that TRA is susceptible to

oxidation when exposed to air; also, it is thermally unstable

and isomerizes in solution upon exposure to light. More

specifically, Motto et al. [4] proved that the irradiation of a

TRA solution leads to the formation of nine different iso-

mers, the most abundant of which is isotretinoin: although
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this isomer is active, its effects are very much reduced with

respect to TRA. It is also known that a large amount of

TRA, locally applied on skin surface, degrades when ex-

posed to sunlight for 1–2 h [3]. The degradation products

of a photolabile drug following light exposure (sunlight or

artificial light, i.e. fluorescent light) can cause a loss of

potency during storage or application [5, 6], resulting in

photoreactions such as irritation and allergy [7, 8].

Therefore, as we already reported in previous works [9,

10], we focused our attention on the study of the TRA

photostability, with the aim of finding topical delivery

systems capable of protecting this photolabile drug and

reducing the light induced decomposition. More precisely,

we studied the photodegradation of TRA in methanol and

in vesicular suspensions exposed both to UV and artificial

light. A comparison work of our results showed that the

incorporation of TRA in vesicles (niosomes and liposomes)

reduces the photodecomposition process of the drug; we

also found that the photoprotection offered by vesicles is

dependent on their structure and composition [10].

Several researchers have demonstrated that such an

improvement in terms of photoprotection can also be ob-

tained by means of the inclusion of a photolabile drug in

cyclodextrins [11–13].

Cyclodextrins (CDs) are cyclic oligosaccharides con-

sisting of six (a-CDs), seven (b-CDs), eight (c-CDs) a-1,4-

linked D-glucopyranose units, with a hydrophilic outer

surface and a hydrophobic central cavity of fixed size and

shape into which non polar molecules can be accommo-

dated [14, 15]. This inclusion complexation has been

shown to improve, as well as the stability of labile com-

pounds, the aqueous solubility and dissolution rate of

poorly water-soluble drugs, like TRA [16–19]. Moreover,

improved efficacy and tolerability of TRA-b-CD com-

plexes in the treatment of acne vulgaris was demonstrated

in the work of Anadolu et al. [20]: in particular, topical use

of TRA-b-CD formulations does not significantly reduce

sebum secretion but may help to preserve optimum epi-

dermal moisture content.

The present work deals with the preparation and the

characterization of the inclusion complex between TRA

and b-cyclodextrin. The TRA-b-CD complexes (prepared

by the freeze-drying process) were characterized by 1H

nuclear magnetic resonance spectroscopy (1H-NMR) and

by infrared spectroscopy (FT-IR), confirming the formation

of the inclusion complexes. We also performed phase

solubility studies, demonstrating that b-CD complexation

actually enhances the TRA solubility. Moreover, we stud-

ied the effect of this complexation on the photochemical

stability of TRA. Data from photodegradation studies

confirmed that decomposition of cyclodextrin-included

TRA by UV and fluorescent light irradiation is delayed

with respect to free drug in methanol.

Experimental

Materials

b-cyclodextrin was kindly supplied by Roquette Co.,

France. Phosphate buffer (PBS) pH 7 was obtained from

Carlo Erba Reagents (Rodano, Italy). Trans retinoic acid

and all the other products were of analytical grade and were

purchased from Sigma Aldrich, Milano, Italy.

Preparation of solid binary systems

TRA-b-cyclodextrin binary systems were prepared at 1:1

and 1:3 molar ratio, by means of a freeze-drying procedure

[21, 22]. To prepare the freeze-drying mixture the required

stoichiometric amounts of TRA and b-CDs were accurately

weighed and dispersed in 2 ml of water until semisolid

systems were obtained and then stored in a nitrogen

atmosphere for 12 h. Next, products were dissolved in

400 ml of distilled water under mechanical stirring for

120 min at 40–50�C. After filtration, the filtrate was frozen

at –15/–20�C and then freeze-dried for 24 h at –70�C and

60 mm Hg, using a Freeze-Dryer Criotecnica MMCOTA

Company (Rome, Italy).

All binary systems were prepared under yellow light and

kept in the dark at all times.

Infrared spectroscopy

FT-IR spectra of TRA, b-cyclodextrin, corresponding

inclusion compound and physical mixture (1:1) obtained

by mixing equimolar amounts of the pure compounds, were

recorded by using a Perkin Elmer FT-IR Spectrometer

Spectrum One in a spectral region between 4000 and

450 cm–1. Samples were mixed in a mortar with KBr

(1:100) and pressed in a hydraulic press (14 tons) to small

tablets, which were then placed in the infrared beam.

Nuclear Magnetic Resonance studies

Proton NMR spectra of inclusion complexes, b-cyclodex-

trin and TRA were taken on a Bruker Avance 500 oper-

ating at 500 MHz. Chemical shifts were expressed as ppm

(d). Samples of about 5 mg were dissolved in 0.7 ml D2O.

HPLC method

TRA and isotretinoin were determined at 353 nm using a

liquid chromatograph Alliance 2690 (Waters), equipped

with a photodiode array detector and a computer integrat-

ing apparatus (Millennium 32). The column was a

Lichrospher� 100 RP 18 column (60 Å, 5 lm, Waters).

The mobile phase was a mixture of acetonitrile, water and
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acetic acid (90:9.7:0.3, v/v), delivered at a flow rate of

1.2 ml/min.

Phase solubility studies

Phase solubility studies were carried out according to the

method described by Higuchi and Connors [23]. In particu-

lar, in solutions at pH 7.0, 5.5, and 3.0 (phosphate buffer

solution, pH 7.0; bidistilled water, pH 5.5; bidistilled water

with HCl, pH 3.0), 5 mg (0.016 mmoles) of TRA were added

to 5 ml of aqueous solutions containing different concen-

trations of b-CD (ranging from 0 to 16 mM): this quantity of

TRA exceeds its solubility throughout the whole experiment.

Suspensions were vigorously stirred at 25 ± 1�C for 7 days.

When equilibrium was reached (7 days), suspensions were

centrifugated (Mikro 200, Hettich Zentrifugen, Germany)

and the supernatant was withdrawn and analyzed by UV

spectrophotometer (U-2000, HITACHI) set at 700 nm. We

used turbidimetry as a detection method for the concentration

of particles suspended in a solution which scatters the

incoming light: the more turbid the solution, the more

incoming light will be absorbed. Therefore, each suspension

was centrifugated until the UV-absorbance decreased to zero.

Subsequently, samples (100 ll) suitably diluted with meth-

anol (1:20) were analyzed, for quantitative determination of

TRA, by high performance liquid chromatography (HPLC),

according to the conditions previously reported. The stock

standard solution of TRA (1 mg/ml) was prepared by dis-

solving the drug in methanol and storing it at 4�C. A standard

calibration curve (peak area of TRA versus known drug

concentration) was built up by using standard solutions (10–

100 lg/ml) prepared by dilution of the stock standard solu-

tion with the mobile phase. Calibration graphs were plotted

according to the linear regression analysis, which gave a

correlation coefficient value (R2) of 0.999. Sample prepara-

tion and analyses were carried out at room temperature.

Data obtained by HPLC represented the mean values of

three separate determinations.

Phase solubility diagrams were plotted and the apparent

stability constants (Kc) were calculated according to the

following equation:

Kc = a/S0ð1� aÞ

where S0 represents the solubility of TRA and a repre-

sents the slope of the straight line.

Photodegradation studies

UV irradiation

The degradation of TRA was studied using a UV lamp set at

366 nm (Min UVIS, Desaga, GmbH, Germany). The TRA

methanolic solution and the TRA-b-CD complexes aqueous

solution (2 ml in a glass flask) were maintained at room

temperature and exposed to UV irradiation from a 30W lamp

(366 nm) for 1 h at a fixed distance of 10 cm. At regular

time intervals, samples were first stirred and then 50 ll

aliquots of the dispersions were removed and diluted with

methanol (1:20) in order to quantify the TRA concentration.

Experiments were carried out on samples with different

initial TRA concentrations (i.e. 0.2 mg/ml and 0.4 mg/ml).

Samples were taken every ten minutes for 1 h and then the

analysis was extended to 30 days, because of the slow

photolysis, and samples were taken every day. All exper-

iments were carried out at 25 ± 1�C.

Fluorescent light irradiation

Stability testing in which the formulations were exposed to

artificial light was also carried out. Samples (2 ml in a

glass flask) were kept at room temperature and irradiated

with the fluorescent light, at first for 24 h and then the

exposure was extended to 30 days. Six continuously illu-

minated fluorescent tubes (58 W) were used. The overall

light source intensity was 460 Lux. At regular time inter-

vals (every 10 min for 1 h and then after 1, 2, 4, 6, 8, 24 h

irradiation) samples were stirred and then 50 ll aliquots of

the dispersions were removed and diluted with methanol

(1:20) in order to quantify the TRA concentration.

Statistical analysis of data

Data analysis was carried out with the software package

Microsoft Excel, version 2003. Results are expressed as

mean ± standard error (3 independent samples). Statisti-

cally significant difference was determined using the Stu-

dent’s t-test and analysis of variance (Anova) with p = 0.05

as a minimal level of significance.

Results and discussion

Infrared spectroscopy

The infrared analysis of inclusion compounds was difficult

because of the strong host absorption overlapping with the

bands of the guest. However, some differences can be

highlighted.

Figure 1 shows infrared spectra of TRA, b-cyclodextrin,

corresponding inclusion compound and physical mixture in

the most significant spectral regions.

In particular, in the range of 2000–4000 cm–1, TRA (b)

shows the absorption bands system due to Csp3-H sym-

metric and asymmetric stretchings. In this region,

b-cyclodextrin (d), beside the intense broad band of the
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associated OH, presents another broad band at 2926 cm–1

due to C–H vibrations. The physical mixture infrared

analysis (c), as reported by Montassier et al. [24], is the

superposition of the pure products with the attenuation of

the TRA signals.

In the complex spectrum (a), we found the broad band of

the host at 2926 cm–1, and a new band detectable at

2851 cm–1: this is clear sign of the TRA C-H stretching

shifted by the interaction with cyclodextrin.

Moreover, (figures not reported) we found that, in

accordance with this evidence, in the C=O and C=C

stretching region the inclusion complex (a), in addition to

the broad band of O–H bending (1644 cm–1) typical of

cyclodextrin, shows a shoulder at 1691 cm–1 imputable to

the C=O TRA stretching. Furthermore, as a consequence of

the interaction with TRA, the cyclodextrin band in the

complex shifts from 1259 cm–1 to 1245 cm–1. At this

absorption frequency, physical mixture shows an intense

band typical of TRA.

Nuclear Magnetic Resonance studies

NMR spectroscopy has become one of the most important

methods for structural elucidation of inclusion complexes.
1H-NMR spectra of b-cyclodextrin (a) and TRA-b-CD

inclusion compounds (b) are reported in Fig. 2. Since mere

shifts of protons and no new signals were observed, it is

Fig. 1 IR spectra of tretinoin (a), b-CD (b), physical mixture (c) and

inclusion complex (d)
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Fig. 2 NMR spectra of b-CD

(a) and tretinoin: b-CD

inclusion complex (b).

Chemical shift displacements

(Dd, ppm): H3 Dd–0.006; H5

Dd–0.008; H2 Dd–0.001; H4

Dd + 0.001
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justified to assume that, under the working conditions,

complexation-decomplexation is a dynamic process with

the same time scale as NMR [25].

The difference of the hydrogen chemical shift values

concerning b-cyclodextrin in free and complexed state

indicates the penetration of TRA into the cyclodextrin

cavity and hence its complexation. Indeed, the protons

located outside the cyclodextrin cavity, H1, H2, show a low

upfield shift [26]. H6 proton signal, which in free cyclo-

dextrin overlaps with H5, becomes more visible because of

the inclusion, while the protons located inside the cavity,

H3 and H5, are appreciably shifted.

Phase solubility studies

Fig. 3 presents the phase solubility plots for TRA and

increasing concentrations of b-cyclodextrins in solutions at

different pH values (ie, 3.0, 5.5, and 7.0) at 25�C.

As can be seen, it shows AL type solubility diagrams as

the TRA solubility increases with increasing b-CD con-

centrations, according to the classification established by

Higuchi and Connors [23].

Table 1 summarizes the TRA solubility, slopes, sta-

bility constants and correlation coefficients of the phase

solubility diagrams (as a function of pH value). Results

evidenced that the TRA solubility is enhanced (up to 4

times at higher b-CD concentration, pH 7.0, Fig. 3) by the

b-CD inclusion complexation. Moreover, since the slope

of the diagrams is less than 1, the complex stoichiometry

was assumed to be 1:1, at different studied pH values

[17, 28]. Table 1 also shows that the Kc values increase

as the pH increases, as a consequence of the lipophilic

character of the drug, which is a weak carboxylic acid

(pKa = 7.85) partially dissociated at pH 5.5 and 7.0.

Therefore, while at pH 3.0 the TRA solubility enhance-

ment is attributable to the b-CD solubilizing ability, at pH

5.5 and 7.0 it is due to the combined effects of ionization

and b-CD complexation.

Noy [29] reported that the apparent pKa of TRA is af-

fected by the concentration of the acid. At physiological

pH and concentration higher than CMC TRA self-associ-

ates by hydrophobic interactions between the rings of TRA

molecules, resulting in the formation of negatively charged

micelles that raise the pKa by ~ 2 units. Moreover, Noy

refer that this anionic form of TRA is soluble at the above-

mentioned concentration. Therefore, as the TRA concen-

tration in our study is considerably higher than the CMC, it

is justified to claim that the observed TRA solubility

improvement at pH 7.0 can be due to the micelles forma-

tion, in addition to the combined effects of the ionization

and b-CD complexation.

We point out that, in the literature (for instance, see [24,

30]), various authors found higher values for the stability

constants together with a relevant enhancement of the

solubility: however, experimental conditions (in particular,

dissolution medium or preparation method) were different.

Therefore, we stress the fact that all findings concerning

these parameters have to be considered only in connection

with their specific experimental setting.

Photodegradation studies

The degradation of TRA was followed by HPLC mea-

surements of the remaining concentration of drug in a

methanolic solution first, and then in the TRA-b-CD

complexes in aqueous solution under both UV and fluo-

rescent light irradiation.

TRA was dissolved in methanol because of its extremely

low water solubility.

UV irradiation

The percentage of free and b-CD-complexed TRA con-

centrations (obtained by HPLC analyses) were plotted as a

function of time, as shown in Fig. 4a, b.

The TRA decomposition was very fast in methanol.

Indeed, after 1 h of UV light exposure (Fig. 4a), the more

diluted methanolic solution of TRA (0.2 mg/ml) showed

the higher loss (70%) of the initial TRA concentration,

while in the more concentrated one the percentage of left

intact TRA was about 58% (Table 2).

The irradiation was carried out for 30 days, but after just

7 days, TRA was completely degraded (Fig. 4b).

The TRA degradation rate significantly decreased when

the TRA was complexed with b-CD.
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Fig. 3 Combined effects of pH and b-CD concentration on the total

solubility of tretinoin at 25�C (mean ± SD, n = 3, vertical bar)

Table 1 Solubility of tretinoin (S0), slope (a), stability constant (Kc),

and correlation coefficient (R2)

Medium S0 ± SD (·10–3M) a Kc (M–1) R2

pH 3.0 0.0282 ± 0.0022 0.0031 110.28 0.9951

pH 5.5 0.0384 ± 0.0031 0.0049 128.27 0.9814

pH 7.0 0.1917 ± 0.018 0.0328 176.90 0.9885
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In fact, after 1 h of irradiation the tretinoin percentage

loss was 13–15% (Fig. 4a), it remained constant until 24 h

and after 30 days of irradiation (Fig. 4b) the left TRA was

about 20% for TRA-b-CD complex (TRA 0.2 mg/ml) and

23–26% for TRA-b-CD complex (TRA 0.4 mg/ml),

reaching a photostationary state (Table 2).

These results demonstrated the effectiveness of b-cy-

clodextrins complexation in improving the photostability

of TRA, especially for the TRA-b-CD complex at 1:3

molar ratio, which was more efficient in the photoprotec-

tion of TRA, preventing and reducing the drug oxidation

and isomerization processes.

Fluorescent light irradiation

The photodecomposition of both free and b-CD-complexed

drug was also studied when exposed to fluorescent light.

The results of this study, obtained by HPLC analyses and

summarized in Fig. 5 and Table 3, showed that the TRA

degradation rate under fluorescent light exposure was

slower than under UV light exposure.

After 24 h of fluorescent light irradiation, the content of

TRA in a methanolic solution was 40% and 42%,

depending on the TRA concentration (respectively:

0.2 mg/ml–0.4 mg/ml).

This irradiation-induced decomposition was signifi-

cantly reduced by inclusion of TRA into the b-cyclo-

dextrin cavity. In fact, the amount of left intact TRA in

the TRA-b-CD complex at 1:1 molar ratio after 1 h

irradiation (data not shown) was still 100% and then, after

24 h irradiation, left intact TRA was about 91%. While

the degradation of the TRA in the TRA-b-CD complex at

1:3 molar ratio started after 4 h irradiation (data not

shown) and after 24 h irradiation the left intact TRA was

88–85%, depending on the TRA concentration (respec-

tively: 0.2 mg/ml–0.4 mg/ml).
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Fig. 4 Photodegradation of

tretinoin (0.2 mg/ml and

0.4 mg/ml) in b-CD complex

(1:1 and 1:3 molar ratio) and in

methanol after 1 h (a) and

30 days (b) of UV irradiation

(k = 366 nm)

Table 2 Percent left drug from free and b-CD-complexed tretinoin exposed to UV light for 1 h and for 30 days

Sample Molar ratio TRA 0.2 mg/ml

1 h UV exposure

TRA 0.4 mg/ml

1 h UV exposure

TRA 0.2 mg/ml

30 days UV exposure

TRA 0.4 mg/ml

30 days UV exposure

% left % left % left % left

Methanol – 30.3 ± 2.7 58.3 ± 4.1 1.0 ± 02 1.0 ± 0.3

TRA-b-CD 1:1 87.0 ± 5.4 87.1 ± 6.0 19.7 ± 2.3 25.8 ± 2.1

TRA-b-CD 1:3 87.0 ± 6.2 85.3 ± 6.5 19.8 ± 1.8 23.2 ± 1.7
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Because of the slow degradation, the samples were kept

under irradiation for 30 days.

The TRA remaining in the methanolic solution, after

14 days irradiation, was about 10% and it decreased slowly

until 30 days of study, reaching 6.6% (as shown in Ta-

ble 3) for both the two different drug concentrations

(0.2 mg/ml–0.4 mg/ml). As for the b-CD-complexed TRA,

the degradation continued slowly reaching, after 30 days

irradiation, 55% (of the initial TRA) for the TRA-b-CD

complex at 1:3 molar ratio and 66–73% for the TRA-b-CD

complex at 1:1 molar ratio, depending on the TRA con-

centration. Deviations from mean value in these measure-

ments (not reported in the plots for the sake of clarity) are

in the order of magnitude of ±10%: ANOVA analysis (with

p = 0.05 as a minimal level of significance) showed that

the differences between 1:3 and 1:1 molar ratios complexes

are not statistically significant, while the increase of sta-

bility of both complexes in comparison to free TRA was

confirmed.

In conclusion, our results show that, as a consequence of

the host-guest interaction, b-cyclodextrins do protect TRA,

reducing photo-degradation effects with respect to the free

drug, as evidenced by the increase of left intact TRA after

both UV and fluorescent light exposure.
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