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ABSTRACT

Triamcinolone (TRI),adrug widely used in the treatment
of ocular inflammatory diseases, is practically insoluble
in water, which limits its use in eye drops. Cyclodextrins
(CDs) have been used to increase the solubility or
dissolution rate of drugs. The purpose of the present
study was to validate a UV-Vis spectrophotometric
method for quantitative analysis of TRI in inclusion
complexes with beta-cyclodextrin (B-CD) associated
with triethanolamine (TEA) (ternary complex).
The proposed analytical method was validated with
respect to the parameters established by the Brazilian
regulatory National Agency of Sanitary Monitoring
(ANVISA). The analytical measurements of absorbance
were made at 242nm, at room temperature, in a 1-cm
path-length cuvette. The precision and accuracy studies
were performed at five concentration levels (4, 8, 12, 18
and 20pg.mL™"). The B-CD associated with TEA did not
provoke any alteration in the photochemical behavior of
TRI. The results for the measured analytical parameters
showed the success of the method. The standard curve
was linear (r2 > 0.999) in the concentration range from
2 to 24 pg.mL'. The method achieved good precision
levels in the inter-day (relative standard deviation-RSD
<3.4%) and reproducibility (RSD <3.8%) tests. The
accuracy was about 80% and the pH changes introduced
in the robustness study did not reveal any relevant
interference at any of the studied concentrations. The
experimental results demonstrate a simple, rapid and
affordable UV-Vis spectrophotometric method that
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could be applied to the quantitation of TRI in this
ternary complex.
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INTRODUCTION

Triamcinolone (TRI) (Figure 1) is a steroidal anti-
inflammatory drug that has been used with success for the
treatment of ocular diseases. However, repeated intravitreal
or subconjunctival applications are necessary to maintain
effective concentrations of the drug in the local tissues.
Moreover, repeated injections are very traumatic for the
patients and may have serious adverse effects, such as
hemorrhages, eye infections and damage to the lens or retina
(Paganelli et al., 2004; Cardillo et al., 2005; Magalhaes et
al., 2006; Paganelli et al., 2009).

Figure 1. Two-dimensional structure of triamcinolone molecule.

The absence of eye drops containing TRI is due
mainly to its low aqueous solubility, which hampers
this therapeutic use. Cyclodextrins (CDs) are cyclic
oligosaccharides with hydroxyl groups on the outer surface
and a cavity in the center. There are three naturally-occurring
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CDs (a, B and y) and this paper concerns the beta form (B-
CD). Its outer surface is hydrophilic, but the cavity has a
lipophilic character and can host hydrophobic compounds.
The cyclodextrin inclusion complexes thus formed may
alter some physicochemical properties of drugs, such
as stability, solubility and consequently bioavailability
(Szejtli, 1990; Giuseppe et al., 1998; Uekama et al., 1998;
Hedges, 1998; Granero et al., 2008).

The wuse of cyclodextrin derivatives, but not
specifically B-CD, as drug permeation agents, or to modify
the drug release profile from delivery systems containing
triamcinolone acetonide, it is described in the literature
(Villar-Lopez et al., 1999; Masson et al., 1999; Siemoneit et
al., 2006; Kear et al., 2008; Tongiani et al., 2009). Shinoda
and co-workers study the stability of inclusion complexes
of triamcinolone and B-CD in the blood (Shinoda et al.,
1999).

Recently, we have been studying the use of B-CDs
as solubilizing agents and ways to enhance their effect,
and interesting results were obtained by associating B-CD
with triethanolamine (TEA). The increase in the aqueous
solubility of TRI was about 19-fold with B-CD alone
and 38-fold when it was associated with TEA (Aquino et
al., 2010). However, the drug interaction with CDs and
multicomponents may cause some interference in the
photochemical behavior of the drug and consequently
impair the quantitative analysis of the drug by UV-Vis
spectrophotometry, making it necessary to use more
complex techniques (Thomas et al., 1998; Ragno et al.,
2003; Orgovanyi et al., 2005; De Leo6n-Rodriguez &
Basuil-Tobias, 2005; Granero & Longhi, 2010).

Methods that enable the quantitative analysis of
drugs in delivery systems or inclusion complexes are
very important for the real evaluation of drug interaction
with components and crucial to obtaining valid results
in stability or solubility studies (Silva-Junior et al.,
2006). Moreover, such techniques should be reliable,
providing correct and reproducible results, in order to
achieve the experimental goal. Thus, the validation of
the analytical method is a necessary procedure, involving
the experimental determination of analytical parameters,
in order to guarantee the analytical results (ICH, 1995a;
1995b; Brasil, 2003). The main purpose of this study was
to validate a simple, rapid, specific, precise and accurate
UV-Vis spectrophotometric method, which may be used
for the analytical determination of TRI in an inclusion
complex with B-CD and TEA (ternary complex). The study
follows the procedures for validation of analytical methods
established by the Brazilian regulatory National Agency of
Sanitary Monitoring (Brasil, 2003).

MATERIAL AND METHODS

Chemicals

Triamcinolone (TRI) was purchased from Sigma
Co, Saint Louis, USA; beta-cyclodextrin (B-CD) from
Cyclodex®, USA, and triethanolamine (TEA) from Synth®,
Brazil. Double-distilled and deionized water were used
throughout. All other chemicals and reagents were of
analytical grade.
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Equipment and instrumental conditions

The equipment used consisted of two UV-
visible spectrophotometers: Libra S32 from Biochrom®
(Cambridge, United Kingdom) and UV-1650PC from
Shimadzu® (Tokyo, Japan). All absorbance measurements
were taken in a Il-cm path-length cuvette at room
temperature, at wavelengths between 200 and 400nm.

Ternary complex preparation

Equimolar amounts of TRI and B-CD were
dissolved in an ethanol:water mixture (1:1v/v) and TEA
(10% w/w in relation to amount of drug + B-CD) was
added. This solution was evaporated in a Biichi B-191 mini
Spray Dryer equipped with a 0.7mm nozzle, at a spray
feed-rate about 1-3 ml.min’!, inlet air temperature of 120°C,
outlet air temperature of 80 °C. The solid ternary complex
powder was collected and stored under vacuum at room
temperature for 48 hours.

Specificity

This parameter was determined by comparing the
analytical plots of absorbance, scanned in the range 200-
350nm, of a matrix solution (0.125% TEA+0.001mM
B-CD) and the TRI standard solution (12pg.mL™).

Standard curve

A TRI stock solution of 50pugmL" was prepared
in water (with 4% ecthanol as co-solvent). Aliquots of
this solution were transferred to volumetric flasks and
the volume completed with water, to prepare solutions
with different concentrations (2-24ug.mL™"). A 12pug.mL"!
solution was scanned from 200 to 400nm, to find the best
wavelength for TRI quantifications.

Linearity and Range

The linearity was determined from the correlation
coefficient for the (straight line) standard curve fitted to the
TRI analytical data in the chosen concentration range (2-
24pg.mL1).

Inter-day precision

The inter-day precision was estimated by calculating
the relative standard deviations (RSDs) of the analyses of
TRI solutions at five different concentrations (4, 8, 12, 18
and 20pg.mL"), carried out on 5 different days, at intervals
of at least two days, with the same spectrophotometer
equipment.

Inter-laboratory precision (Reproducibility)

The reproducibility of the method was assessed
from the RSD values obtained from analyses of TRI
solutions (n=3) at five different concentrations (4, 8, 12, 18
and 20pg.mL™"), in two different laboratories. In this study,
a Biochrom® Libra S32 UV-Vis spectrophotometer was
used in ‘Laboratory A’ and a Shimadzu® 1650PC UV-Vis
spectrophotometer in ‘Laboratory B’.
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Accuracy

The accuracy was investigated by the standard
addition method, in which solutions containing the
components of the matrix (0.001M B-CD + 0.125% TEA)
were added to various amounts of standard TRI solution to
obtain five different drug concentrations (4, 8, 12, 18 and
20pg.mL"). Accuracy was calculated as the mean of 5 tests
at each level (n=5), from the relationship:

mean experimental concentration
Accuracy =

Q)

theoretical concentration

Apparent robustness

In this paper, the influence on precision of several
analytical parameters, such as different days, different
instruments and laboratories, has been described in previous
sections. Additionally, the effect of the pH of the analytical
solution on the accuracy and precision of the method was
investigated. To this end, the pH of the analytical solution
was measured (pH= 6.2) and adjusted to lower and higher
levels (pH= 5.2 and pH= 7.2) with 50mM phosphate
(KH,PO,) buffered solutions. The analytical determinations
were performed at five different concentrations (4, 8, 12, 18
and 20ug.mL™") for each pH.

Statistics

The RSD was calculated as RSD= 100-(sd/mean).
All results obtained from the robustness, precision and
accuracy studies were initially subjected to one-way
analysis of variance (ANOVA). When F values were
significant, data were further analyzed by post-hoc tests
(Newman-Keuls) for comparisons in the accuracy and
precision studies and (Dunnett’s test) for the robustness
test.

RESULTS

In order to observe the maximum absorbance
wavelength for TRI in aqueous solution and to estimate
the interference of the matrix components with the UV-Vis
spectrophotometric readings for TRI, a specificity study
was carried out. Figure 2 shows the UV-Vis absorbance
scans, from 200 to 350nm, for solutions of TRI and the
matrix components.
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Figure 2. UV-Vis absorbance profiles of TRI solution (12pg.mL")
and matrix solution containing 3-CD (0.001M) + TEA (0.125%).
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A standard curve of TRI solutions at various
concentrations (2-24pg.mL") was obtained for quantitative
analysis of TRI (Figure 3).
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Figure 3. Standard curve of TRI solutions obtained by UV-Vis
spectrophotometry at 242nm (n=5).

The equation from fitted plot of the experimental
results in Figure 3 was y= 0.04175x — 0.00473. The data
used to build the standard curve were subjected to statistical
analysis (Table 1).

Table 1. Analysis of variance (ANOVA) for linearity of the
method.

Parameter Degree Squared Mean E P
of freedom sum squares
Regression 1 0.750 0.750 18652.030  <0.001
Residual 7 0.0000281 0.00000402
Total 8 0.750 0.0937

The experimental results from the inter-day
precision test are shown in Table 2. Inter-day precision was
determined by calculating the RSD, at each concentration
(4,8, 12, 18 and 20pug.mL™"), of replicate assays performed
on 5 different days, separated by intervals of at least two
days, the acceptable value of the RSD is < 5% (Brasil,
2003).

Table 2. Experimental results from the inter-day precision test
(n=5).

Analytical Concentration (ug.mL")
Concentration

(ug.mL) Mean + SD RSD (%)*
1stday 2stday 3stday 4stday 5stday

4 3.97 3.85 4.11 3.99 4.07 4.00+0.10 252

8 7.90 7.59 8.21 8.23 8.02 7.99+0.26 3.31

12 11.97 11.32 1221 1228 1213 11.98+0.39 3.23

18 18.01 1760 1824 1836 1826 18.10+0.31 1.70

20 19.92 1927 2042 2028 20.21 20.02+0.46 2.28

* RSD (Relative standard deviation) = 100. (SD/Mean)

Besides the inter-day precision, an inter-laboratory
precision (reproducibility) test was performed. The
experimental results of this test are shown in Table 3.

Accuracy can be determined from at least nine
analytical determinations at three different concentrations
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within the linear range of the standard curve. For this
purpose, at least one low, one medium and one high
concentration may be used in triplicate analyses. In fact,
the accuracy study was performed on five replicates at
five analytical concentrations of TRI in the presence of the
matrix components (B-CD + TEA). The average recoveries
identified in the accuracy test are shown in Table 4.

Table 3. Experimental results from the reproducibility test (n=3).

Analytical concentration (ug.mL™)

Concentration RSD

(bg.mL) Mean*SD (o)
Laboratory A Laboratory B

4 4.00 +0.01 4.00 +0.01 4.00 +0.00 0.00

8 8.00 +0.01 7.60 +0.02 7.80 +0.29 3.62
12 12.00 +0.02 11.41+0.02 11.71 +0.42 3.56
18 18.10 + 0.01 17.17 + 0.03* 17.63 + 0.66 3.73
20 20.02 +0.02 19.13 + 0.03* 19.58 + 0.63 3.21

* p<0.05 vs Laboratory A

Table 4. Experimental results obtained from the accuracy test
(n=5).

Theoretical Analytical concentration + SD Accuracy + SD

concentration (ug.mL") (ug.mL") (%)

4 3.15 +0.00 78.88 + 0.00
8 6.29 +0.12 79.16 £1.78
12 9.44 +0.01 78.66 + 0.11
18 14.43 +0.05 80.34 £0.23
20 15.83 +0.08 79.41+£0.35

The robustness consists of the capacity of the method
to resist being affected by alteration of some analytical
parameter, such as pH, ionic strength or temperature. In the
present study, the influence of pH (pH= 5.2, 6.2 and 7.2)
on the quantitative analysis of TRI was investigated at five
concentrations, by assessing the accuracy and precision at
these pH values. Table 5 shows the experimental results of
the robustness study.

Table 5. Experimental results from the robustness study (n=3)

) . 4
Theoretical Analytical concentration (ug.mL'+ SD)

0
[Tugml'  py=52 pH= 6.2 pH=7.2 RSB (%)
4 4.41+0.10* 4.06 +0.06 4.30 +0.05* 4.22
8 8.12 +0.09 8.15 +0.06 8.08 +0.07 0.46
12 12.00 + 0.1 12.21+0.07 12.05 +0.23 0.93
18 17.69 + 0.04* 18.30 + 0.06 17.80 +0.03* 1.80
20 19.57 + 0.08* 20.30 +0.11 19.50 +0.10* 2.24

* p<0.05 vs pH=6.2

DISCUSSION

The specificity of an analytical method describes its
capacity to measure the drug in the presence of impurities,
excipients, degradation products or matrix components
(ICH, 1995a; 1995b; Brasil, 2003). Figure 2 shows the
selectivity and specificity study. The plot of absorbance
against wavelength for the matrix solution (0.001M B-CD +
0.125% TEA) reveals some interference in the TRI analysis
in the range from 200 to 250nm. In order to reduce this
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interference, the matrix solution was used as a blank in the
accuracy study.

A linear correlation was obtained between
absorbance and TRI concentration in the range of 2 to 24pug.
mL". The linearity of the method may be demonstrated by
the very high correlation coefficient (1=0.99998) obtained
for the fit of the triamcinolone standard curve to the
analytical data over the range of drug concentration used
in this study. The data used to generate the standard curve
were subjected to statistical analysis (Table 1) and passed
in the normality test (p>0.05) and the variance test for the
intercept (p=0.012), confirming the linearity of the method
within the concentration range tested.

Thus, the linearity of the analytical method was
tested over a specified range of drug concentrations. This
range demarcates the upper and lower limits for analytical
determinations that show precision, accuracy and adequate
linearity (ICH, 1995a; 1995b; Brasil, 2003). Figure 3
shows the fitted curve and the standard deviations for
5 independent sets of data. The correlation coefficient
(r=0.99989) indicates good linearity in the working range
(2-24pg.mL") chosen.

These values are within the limits established by
ANVISA, the Brazilian regulatory National Sanitary
Monitoring Agency (r>>0.99) (Brasil, 2003). Thus, the
UV-Vis spectrophotometry method can be considered
suitably linear, in the concentration range (2-24 pg.mL"),
for quantitative analysis of TRI under the described
experimental conditions.

Precision is an important analytical parameter
that represents the variability in the results in a repeated
serial analysis of the sample under identical experimental
conditions. The experimental results obtained from the
inter-day precision study (Table 2) showed very similar
RSD values, the mean RSD being 2.608%, which was not
statistically different (p>0.05) from any of the values of RSD
calculated for the different concentrations tested. For TRI
content, the highest precision (RSD= 1.71%) was identified
for the concentration of 18mg.mL"". Therefore, the UV-Vis
spectrophotometric method can be considered precise for
the quantitative analysis of TRI in ternary complexes, since
the RSD calculated for the inter-day precision tests was less
than 3.4% for all concentration levels tested.

The inter-laboratory precision is a measure of the
effects of changes in the operating conditions, such as the
use of different equipment, and their interference with
the availability of the method can easily be identified.
As expected, this study confirmed the results obtained
in the inter-day precision study. The results revealed that
changing the spectrophotometer and laboratory were
incapable of provoking any relevant difference. Five
different concentration levels were tested. The experimental
measurements obtained from two different instruments and
laboratories (Laboratory A and Laboratory B) revealed
a statistical difference (p<0.05) only at the two highest
concentrations (18 and 20pg.mL"'). However, the RSD
values for all the concentrations studied (RSD<3.8%) were
lower than the limits (RSD<5%) established by ANVISA
(Brasil, 2003), which shows that the statistical difference
found at the two highest concentrations tested may be
disregarded. These results confirm the precision of the
proposed analytical method.
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The accuracy of a method of analysis can be defined
as the percent recovery of a known amount of drug added
to a sample. This sample may be a pharmaceutical dosage
form or only the placebo (excipient mixture). Moreover,
the accuracy describes the degree of veracity of the
quantitative analysis (ICH, 1995a; 1995b; Brasil, 2003).
For pharmaceutical products, the established limits for
reasonable recovery are 80-120%.

The values of accuracy observed in this study (Table
4) were not statistically different (p>0.05) between different
concentrations. All values identified were about 80%.
These results confirmed that there was some interference
by the matrix components in the apparent TRI recovery,
as already demonstrated in the specificity study (Figure
2). This phenomenon can be explained by the absorbance
of the matrix components, in the range from 200-250nm,
and the wavelength chosen (242nm) for the quantitative
analysis of the drug. However, these components did not
provoke any alteration in the photochemical behavior of
the drug and this wavelength (242nm) was thus maintained
as the absorption maximum for TRI in the presence of TEA
and B-CD, although the recovery values identified at all
concentration levels are close to the lower sanctioned limit
of 80% (Brasil, 2003).

In the robustness study (Table 5), a wide range
of pH was used to test this parameter, in view of the
ionization that might be provoked by addition of a third
component to the inclusion complex with TRI and B-CD.
The pH identified for TRI aqueous solution was 6.2 and the
accuracy was adequate at all concentrations investigated at
the various pHs. At two concentrations (8 and 12 pg.mL™"),
there were no statistical differences (p>0.05) between
assays (vs pH=6.2). However, the differences identified at
the other concentrations tested were statistically different
(p<0.05). Nevertheless, the RSD values calculated from the
analyses performed at the three pH were less than 4.5%,
demonstrating the precision of this test and the irrelevance
of the statistical differences found in the analyses at 4, 14
and 18pg.mL". These results show that the alteration of this
parameter (pH) was incapable of changing the accuracy
and precision results for the UV-Vis spectrophotometric
method.

The present study demonstrates a properly conducted
validation study of a UV-visible spectrophotometric
method. The experimental results show that this method
can be considered suitable for the quantitative analysis of
TRIin ternary complexes (TRI/B-CD/TEA). The B-CD and
TEA in the complex did not provoke any photochemical
alteration in the TRI. Furthermore, the paper describes a
simple and rapid method with good linearity, precision and
accuracy over the whole range of concentration tested. All
parameters stipulated by ANVISA were investigated and
the data suggest a good and suitable analytical method that
may be safely employed in the quantitative analysis of TRI
in this multicomponent complex system.
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RESUMO

Validacdo de método de analise quantitativa para
a triancinolona a partir de complexo ternario por
espectrofotometria de UV-Vis

A triancinolona (TRI) é um farmaco amplamente
utilizado no tratamento de doencas inflamatoérias do
globo ocular e é praticamente insolivel em agua, o que
limitasua utilizacao naformade colirio.As ciclodextrinas
(CDs) tém sido utilizadas com sucesso para aumentar a
solubilidade ou velocidade de dissolucdo de farmacos.
O presente estudo teve como objetivo a validacio
de uma metodologia analitica para a TRI a partir de
complexos de inclusdo com beta-ciclodextrina (B-CD)
associada com a trietanolamina (TEA) (complexo
ternario) por espectrofotometria de UV-Vis. A validacio
do método proposto foi realizada de acordo com os
parametros analiticos estabelecidos pela Agéncia
Nacional de VigilAncia Sanitaria (ANVISA). As analises
quantitativas foram realizadas a 242nm a temperatura
ambiente, utilizando cubeta de quartzo de lcm. Os
estudos de precisio e exatidio foram realizados para
cinco niveis de concentracio (4, 8, 12, 18 e 20pug.mL™).
A B-CD associada a TEA nao alterou o comportamento
fotoquimico da TRI. Os resultados da avaliacido dos
parametros analiticos demonstraram o sucesso da
metodologia. A curva padriao apresentou linearidade
(r* > 0.999) na faixa de concentracio de 2 a 24pg.mL".
A metodologia apresentou bons niveis de precisio para
o estudo inter dia (desvio padrao relativo-DPR <3.4%)
e reprodutibilidade (DPR<3.8%). A exatiddo ficou em
torno de 80% e a variacido de pH inserida no estudo
de robustez nio revelou uma interferéncia significativa
em todas as concentracoes estudadas. Os resultados
experimentais demonstraram um simples, rapido e
viavel método de espectrofotometria de UV-Vis com
aplicabilidade para a anadlise quantitativa da TRI a
partir do complexo ternario.

Palavras-chave:  Validagdo.  Triancinolona.  Beta-
ciclodextrina. Espectrofotometria de UV- Vis. Complexo
ternario.

REFERENCES

Aquino GDA, Stopilha RS, Oliveira AG, Silva-Junior AA.
Efeito da trietanolamina para o aumento da solubilidade
aquosa da triancinolona complexada a betaciclodextrina.
In: 62a. Reunido Anual da SBPC, 2010, Natal-RN. Ciéncias
do Mar, 2010.

Brasil. Agéncia Nacional de Vigilancia Sanitaria (ANVISA)
Resolugdo N° 899, de 29 de maio de 2003: “Guia para
validagdo de métodos analiticos e bioanaliticos”. Diario
Oficial da Unido, Brasilia, DF, 02 Maio 2003.

Cardillo JA, Melo Jr LAS, Costa RA, Skaf M, Belfort Jr R,
Souza-Filho AA, Farah ME, Kuppermann BD. Comparison
of intravitreal versus posterior sub-tenon’s capsule injection
of triamcinolone acetonide for diffuse diabetic macular
edema. Ophthalmology 2005; 112:1557-63.

39



Validation of quantitative method for triamcinolone from ternary complexes

De Ledén-Rodriguez, LM, Basuil-Tobias DA. Testing the
possibility of using UV—vis spectrophotometric techniques
to determine non-absorbing analytes by inclusion complex
competition in cyclodextrins. Anal Chim Acta. 2005;
543:282-90.

Giuseppe G, Sergey AN, Stoddart FJ. Synthetic cyclic
oligosaccharides. Chem Rev. 1998; 98:1921-98.

Granero GE, Maitre MM, Longhi MR. Synthesis,
characterization and in vitro release studies of a new
acetazolamideHP-b-CD e TEA inclusion complex. Eur J
Med Chem. 2008; 43:464-70.

Granero GE, Longhi M. Development of HPLC and UV
spectrophotometric methods for the determination of
ascorbic acid using hydroxypropyl-p-cyclodextrin and
triethanolamine as photostabilizing agents. Anal Chim
Acta. 2010; 659:159-66.

Hedges AR. Industrial Applications of Cyclodextrins.
Chem Rev. 1998; 98:2035-44.

International Conference on Harmonisation — ICH.
Validation of Analytical Procedures: Methodology, Q2B
(CPMP/ICH/281/95). 1995a.

International Conference on Harmonisation — ICH.
Validation of Analytical Procedures: Definitions and
Terminology, Q2A (CPMP/ ICH/ 381/95). 1995b.

Kear CL, Yang J, Godwin DA, Felton LA, Investigation
into the mechanism by which cyclodextrins influence
transdermal drug delivery. Drug Dev Ind Pharm. 2008;
34:692-7.

Magalhaes E, Nehemy P, Santos DVV, Fujji G, Nehemy MB.
Avaliagdo clinica e incidéncia de endoftalmite infecciosa
e ndo-infecciosa apos injecdo intravitrea de acetonida de
triancinolona. Arq Bras Oftalmol. 2006; 69:791-4.

Masson TL, Masson G, Stefansson EJ. Cyclodextrins as
permeation enhancers: some theoretical evaluations and in
vitro testing. Control Release, 1999; 59:107-18.

Orgovanyi J, Otta KH, Poppl L, Fenyvesi E, Zaray
G. Spectrophotometric and thermoanalytical study of
cypermethrin/cyclodextrin complexes. Microchem J. 2005:
79:77-82.

Paganelli F, Cardillo JA, Oliveira AG, Melo Jr LAS, Skaf
M, Costa RA. A single intraoperative sub—Tenon’s capsule
triamcinolone acetonide injection for the treatment of
post—cataract surgery inflammation. Ophthalmology 2004;
111:2102-8.

40

Paganelli F, Cardillo JA, Melo Junior LA, Lucena DR,
Silva-Junior AA, Hofling AL, Nguye QD, Kuppermann
BD, Belfort Junior R, Oliveira AG, A Single Intraoperative
Sub-Tenons Capsule Injection of Triamcinolone and
Ciprofloxacin in a Controlled-Release System for Cataract
Surgery. Invest Ophthalmol Vis Sci. 2009; 50:3041-7.

Ragno G, Cione E, Garofalo A, Genchi G, loele G, Risoli
A, Spagnoletta A. Design and monitoring of photostability
systems for amlodipine dosage forms. Int J Pharm. 2003;
265:125-32.

Siemoneit U, Schmitt C, Alvarez-Lorenzo C, Luzardo A,
Otero-Espinar F, Concheiro A, Blanco-Méndez J. Acrylic/
cyclodextrin hydrogels with enhanced drug loading and
sustained release capability. IntJ Pharm. 2006; 312:66-74.

Shinoda T, Kagatani S, Maeda A, Konno Y, Hashimoto H,
Hara K, Fujita K, Sonobe T. Sugar-branched-cyclodextrins
as injectable drug carriers in mice. Drug Dev Ind Pharm.
1999; 25:1185-92.

Silva-Junior AA, Formariz TP, Scarpa MYV, Oliveira
AG. Development and validation of HPLC method for
quantitative analysis of triamcinolone in biodegradable
microparticles. Rev Ciénc Farm Basica Apl. 2006;
27:119-26.

Szejtli J. The cyclodextrins and their applications in
biotechnology. Carbohydr Polym. 1990; 12(4):375-92.

Thomas A, Einschlag FG, Féliz MR, Capparelli AL. First
steps in the photochemistry of folate in alkaline medium. J
Photochem Photobiol A Chem.1998; 116:187-90.

Tongiani S, Ozeki T, Stella VJ. Sulfobutyl ether-alkyl ether
mixed cyclodextrin derivatives with enhanced inclusion
ability. J Pharm Sci. 2009; 98:4769-80.

Uekama K, Hirayama F, Irie T. cyclodextrin drug carrier
systems. Chem Rev. 1998; 98:2045-76.

Villar-Lopez ME, Nieto-Reyes L, Anguiano-Igea S, Otero-
Espinar FJ, Blanco-Méndez J. Formulation of triamcinolone
acetonide pellets suitable for coating and colon targeting.
Int J Pharm. 1999; 179:229-35.

Rev Ciénc Farm Basica Apl., 2011;32(1):35-40



