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ABSTRACT
A spectrophotometric method was developed and validated to perform
the determination of brimonidine incorporated into chitosan implants
and released from them. Brimonidine was detected at 258 nm. The
analytical method was linear (R² > 0.99) over the concentration range
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of 0.5 to 15 μg mL-1 of brimonidine, precise (RSD < 5.0%), accurate
(with average recoveries ranging of 96 to 102%) and robust. The
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theoretical quantitation limit was 0.015 μg mL-1. The validated method
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was applied to quantify the brimonidine incorporated into chitosan
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implants; and it demonstrated the uniform distribution of the drug in
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these implantable devices. Finally, the spectrophotometric method
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showed the controlled and prolonged in vitro release of brimonidine
that was incorporated into the chitosan.
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1. INTRODUCTION
Glaucoma is an optic neuropathy with chronic and progressive evolution, in which there are
typical changes in the optic nerve head, in the layers of the retinal nervous fibers and
increased intraocular pressure above 21 mmHg

www.wjpps.com

[1-2]

. The elevation of intraocular pressure
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may cause progressive reduction of visual acuity and visual field loss, with possible
progression to irreversible blindness [3].
Currently the treatment of glaucoma is based on cholinergic drugs, beta blockers, adrenergic
agonists, carbonic anhydrase inhibitors, prostaglandin analogues and hyperosmotic agents
Many patients need more than one drug to achieve the ideal intraocular pressure

[2]

[4-5]

.
.

Brimonidine, as shown in Figure 1, is an alpha-adrenergic agonist drug that reduces secretion
of aqueous humor and increases uveo escleral outflow

[6]

. It is useful as monotherapy and

adjunctive therapy in treatment of glaucoma. A combination of brimonidine and timolol in
eye drops effectively reduces intraocular pressure and offers the advantage of both drugs in
only one eye drop. The neuroprotective capacity of brimonidine is an additional advantage to
its use in glaucoma and ocular hypertension [7].

Fig. 1 Chemical structure of the brimonidine.
These drugs are administrated using eye drops of multiple doses, which contain preservatives.
However, the prolonged administration of these adjunvants could promote a severe
inflammatory response in the tissues of the anterior segment of the eye [8-9]. To overcome the
drawbacks of these conventional pharmaceutical dosage forms, biodegradable ocular
implants could be developed

[10]

, providing controlled and prolonged release of the drugs in

the anterior segment of the eye to treat the glaucoma, excluding the use of preservatives.
Several reports have described methods for quantifying brimonidine in different samples and
using various analytical techniques such as high performance liquid chromatography
(HPLC), liquid chromatography coupled with mass spectrophotometry (LC/MS), capillary
electrophoretic analysis (CEA) and gas chromatography coupled with MS (GC/MS) [11-21]. A
HPLC method and two LC/MS/MS methods have been reported for the quantitation of
brimonidine in eye drops [11-13]. A LC/MS/MS method has been reported for the identification
of synthetic impurities of brimonidine

[14]

and few HPLC methods have been reported for

quantifying brimonidine in plasma, serum, aqueous humor [15,16] and in ocular tissues [17,18]. A
CEA of brimonidine in biological fluid and a GC/MS assay for analysis of brimonidine in
human plasma were also reported
www.wjpps.com

[19,20]

. An extensive survey of literature did not reveal any
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validated UV-spectrophotometric method for quantifying of brimonidine in ophthalmic
formulations [21,22].
Therefore, in this study, the spectrophotometric method with UV detection was developed
and validated to determine brimonidine incorporated into chitosan implants and verify the
controlled and sustained release of the drug from the implants. The proposed method is
advantageous since it is extremely simple and fast, providing unequivocal quantification of
brimonidine in the implants.
2. MATERIALS AND METHODS
2.1 Reagents and Materials
Chitosan (average molecular weight 190-310) was purchased from Sigma Aldrich® (USA).
Brimonidine Tartrate (molecular weight 442.24) was purchased from Iffect Chemphar
Company® (China). Acetic acid was purchased from Cromato Chemicals® (Brazil). Purified
water was supplied by a water purification system Milli-Q®(USA).
2.2 Instrumentation and analytical conditions
A spectrophotometer Nova Instruments®Model Nova 1600UV (Brazil) with double beam
UV-visible, spectral width of 2 nm, wavelength accuracy of 0.5 nm and a 10mm quartz
cuvette was used to measure the absorbance of all the solutions. The spectra were displayed
automatically by the system software UV-Probe. The detection of drug was performed at
258nm. The placebo solution was used as blank.The analytical balance Marte® AY220
(Brazil), the digital ultrasonic bath Sanders Medical Soniclean 2PS (Brazil) and the incubator
Tecnal TE420 were also used.
2.3 Preparation of Chitosan films and incorporation of the Brimonidine
Chitosan drug-loaded films were produced by a casting/solvent evaporation technique

[23]

.

Solutions with approximately 500 mg of chitosan were prepared separately in 25 mL
volumetric flasks. Approximately 15 mL of 2% v/v acetic acid aqueous solution was added in
each flask. These solutions were sonicated for 10 minutes and the volume were adjusted to 25
mL with the same solution

[24]

. Approximately 56.25 mg of brimonidine was dissolved by

stirring in each solution to make the solution completely homogeneous. Next, these solutions
were poured on Petri glass dishes, which were transported to a greenhouse at 37 °C and
maintained for 24 hours. Next, these films were dried at room temperature for 1 to 3 days [25].
The final aspect of the implants was a transparent yellow plastic.The dried films were cut into
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circles of 4 mm of diameter and 0.3 mm of thick, each with a dose of 1.0 mg of brimonidine
for tests

[24]

. The blank matrix film, without the drug,was made analogously to the process

described above [25].
2.4 Preparation of the Solutions
2.4.1 Brimonidine standard solution
Approximately 56.25 mg of brimonidine was dissolved in a 25 mL volumetric flask.
Approximately 15 mL of 2% v/v acetic acid aqueous solution was added. The solution was
sonicated for 10 minutes and the volume was adjusted to 25 mL with the same solution.
2.4.2 Brimonidine sample solution
One implant was transferred to a volumetric flask of 25 mL and 5mL of 2% v/v acetic acid
aqueous solution was added. The solution was sonicated for 10 minutes and the volume was
adjusted to 25 mL with the same solution.
2.4.3 Placebo solution
One implant containing chitosan (without drug) was transferred to a 25 mL volumetric flask
and 15 mL of 2% v/v acetic acid aqueous solution was added. The solution was sonicated for
10 minutes and the volume was adjusted to 25 mL with the same solution. The solution was
filtered.
2.5 Method validation
The spectrophotometric method was validated by determining the parameters of linearity,
selectivity (matrix effect), precision, accuracy, robustness and quantification limit [26,27].
2.5.1 Linearity and Matrix Effect
The linearity was performed according to procedures reported by Souza and Junqueira (2005)
[28]

. The calibration curve was constructed using six brimonidine standard concentrations

(0.025; 0.05; 0.075; 0.1; 0.125 and 0.150 µg mL-1) in 3 independent replicates run in random
order. To verify the matrix effect, a second calibration curve was obtained using six
brimonidine standard concentrations (0.025; 0.05; 0.075; 0.1; 0.125 and 0.150 µg mL-1), in
the presence of the chitosan solution, in 3 independent replicates run in random order. The
linear regression analysis was done by the ordinal least squares method (OLSM). The residue
analysis was performed

[29]

and outliers were deleted by using the Jacknife standardized

residual test [26].

www.wjpps.com
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The test of Jacknife was applied successively and the maximum exclusion of 22.2% of the
original points was considered

[27]

.The validation of the use of the OLSM through the

corresponding assumptions was achieved using the following tests for the residual
assumptions: normality (Ryan–Joiner test)
and independency (Durbin–Watson test)

[28]

[32]

, homoscedasticity (Brown–Forsythe test)

[30,31]

. For the model assumption, the lack-of-fit test

(ANOVA) (p > 0.05) and the significance of the regression (p > 0.05) were considered

[33]

.

Finally, considering that the linear model was adequate, the slope and intercept were obtained
from the constructed calibration curves (with and without matrix), and these parameters were
compared. The homogeneity of the residual variances of the calibration curves (with and
without matrix) was evaluated using the lack-of-fit test (ANOVA) (p > 0.05) in order to
verify if the slopes and intercepts could be compared by t-Student test assuming combined or
distinct variances [28,34].
2.5.2 Precision
The intra-assay precision (repeatability) was evaluated by assaying solutions at
concentrations of 0.05, 0.1 and 0.15 µg mL-1 on the same day. The solutions were prepared
by incorporating the brimonidine in chitosan solution (n = 3 for each concentration).
Similarly, the inter-assay precision or intermediate precision was evaluated on three
consecutive days (n = 9 for each concentration). The precision was expressed as relative
standard deviation (RSD) amongst responses.
2.5.3 Accuracy
Brimonidine standard solutions at three different levels of concentrations (0.05; 0.10 and 0.15
µg mL-1) were added to chitosan solution. At each level, solutions were prepared and the
recovery percentage was calculated (n = 3 for each concentration). The accuracy was
evaluated on three different and consecutive days.
2.5.4 Robustness
Robustness was determined by analyzing the same brimonidine standard solutions of 0.1 µg
mL-1 at the pre-established operating condition (wavelength - 258 nm) and also by changing
this operating analytical condition (wavelengths - 256 and 260 nm). The brimonidine content
was determined for each condition and the obtained data were submitted to statistical analysis
(analysis of variance test).

www.wjpps.com

Vol 3, Issue 2, 2014.

931

Souza et al.

World Journal of Pharmacy and Pharmaceutical Sciences

2.5.5 Quantitation limit
The quantitation limit was determined with base on the peaks obtained in the
spectrophotometric reading. Solutions brimonidine 0.01 mg/ml were prepared, evaluated and
analyzed separately in triplicate in a spectrophotometer

[35]

. The value of the limit of

quantification was defined as the lowest concentration which can be determined
quantitatively with appropriate precision and accuracy. It was calculated from the calibration
curve and could be expressed as:

where σ is the standard

deviation of the response and b is the slope of the calibration curve [26,27].
2.6 Determination of brimonidine content into chitosan implants
The standard and sample solutions of brimonidine were prepared at a concentration of 0.01
mg mL-1. The solutions samples (n = 10) were analyzed by the validated spectrophotometric
method, while the drug content in each implant was expressed as the percentage of prespecified value.
2.7 In vitro Release of brimonidine from chitosan implants
The in vitro release of brimonidine from chitosan implants was analyzed for 30 consecutive
days. The procedure was performed in an incubator at 70 rpm and 37 °C. The implants were
placed in different tubes containing 3 mL phosphate buffer solution (PBS pH 7.4) (n = 5) [24].
At predetermined intervals, 3 mL of the PBS was sampled and the same volume of fresh PBS
was added to each tube. The amount of brimonidine released from the each implant was
quantified by the validated spectrophotometric method and expressed as a cumulative
percentage of drug released into the medium.
3. RESULTS AND DISCUSSION
3.1 Development of the spectrophotometric method
In this study, an ultraviolet spectrophotometric method was developed and validated for
determination of brimonidine incorporated into chitosan implants and released from them.
Initially, an ultraviolet spectroscopic scanning run of brimonidine standard solution was
performed and an intense absorption band at 258 nm was visualized. The ultraviolet spectra
of the placebo solution was also recorded and it was identified the existence of interferences
or overlaps with the brimonidine response at 258 nm, indicating that all samples should be
analyzed using a placebo solution as blank in order to eliminate the matrix effect [36].

www.wjpps.com
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3.2 Validation of the method
The calibration curves of pure brimonidine and brimonidine in the placebo solution were
plotted using five standard concentrations of brimonidine (0.025; 0.05; 0.075; 0.1; 0.125 and
0.150 µg mL-1) in 3 independent replicates run in random order. Examinations of the residual
plots indicated no outliers for the calibration curve from pure brimonidine and indicated two
outliers for the calibration curve from brimonidine in chitosan solution in the levels 0.075 and
0.1 µg mL-1 (Figure 2).

A)

B)

Fig. 2: Residual plots for outlier diagnose by Jacknife standardised residuals test for
pure brimonidine (A) and brimonidine in placebo solution (B).
The assumption that residuals are normally distributed was confirmed. The QQ plots and the
respective Ryan–Joiner correlation coefficients are illustrated in Figure 3.

A)

B)

Fig.3: Normal QQ plots of residuals for A) pure brimonidine and B) brimonidine in
chitosan solution: ei, residual and R, correlation coefficient of Ryan–Joiner test.

www.wjpps.com
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The quantitation limit was calculated and was found the value of 0.015 µg mL-1. Residuals
were statistically independent and the Durbin–Watson statistic was 1.89 (pure brimonidine)
and 1.77 (brimonidine in placebo solution) (p > 0.05), demonstrating that the autocorrelation
was not observed (Figure 4).

A)

B)

Fig.4: Plots of residuals autocorrelation for A) pure brimonidine and B) brimonidine in
chitosan solution: ei, residual and d, Durbin–Watson statistic.
Homoscedasticity was accessed by the modification proposed by Brown and Forsythe for the
Levene test

[37,38]

. Table 1 shows that the residual variability across all concentration levels

was not significantly different (p > 0.05), indicating homoscedasticity [28].
Table 1.Residual homoscedasticity evaluation by modified Levene Test.
Statistic

Pure Brimonidine

Brimonidine with Chitosan

tL

0.924

1.23

P

0.369

0.240

The results of normality and homoscedasticity tests and independency of residuals indicated
that the use of OLSM was appropriate. Additionally, a high significance (p > 0.05) of the
regression was observed, while the lack-of-fit was not significant (p > 0.05) for the
brimonidine pure and brimonidine in placebo solution curves (Table 2).
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Table 2. ANOVA statistic for regression including lack-of-fit test.

Source

degrees of sum
of mean
freedom
squares
square

Pure brimonidine
Due to regression

1

3.01 x 10-1

3.01 x 10-1

Residual

16

2.58 x 10-4

1.61 x 10-5

Lack-of-fit

4

4.02 x 10-5

1.01 x 10-5

Pure error

12

2.17 x 10-4

1.81 x 10-5

Total

17

3.01 x 10-1

variance significance
ratio (F) (p)
18686.33 5.64 x 10-26

0.555

6.99 x 10-1

37071.46 7.54 x 10-24

Brimonidine in
placebo solution
Due to regression

1

4.60 x 10-1

4.60 x 10-1

Residual

13

1.61 x 10-4

1.24 x 10-5

Lack-of-fit

4

9.08 x 10-5

2.27 x 10-5

Pure error

9

7.05 x 10-5

7.83 x 10-6

Total

14

4.60 x 10-1

2.899

8.52 x 10-2

Therefore, the relationship between the absorbances and the brimonidine concentrations was
linear. The x-y plots and the respective OLSM statistics are presented in Figure 5.

Brimonidine in Chitosan Solution

Brimonidine

 Brimonidine x Brimonidine in Chitosan Solution

Fig.5: Analytical curves of pure brimonidine and brimonidine in placebo solution. The
regression equations and determination coefficients (R2) were expressed.
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These plots demonstrated linearity in the range from 0.025 to 0.150 µg mL-1 for brimonidine
pure and brimonidine in direct contact with the chitosan matrix

[28]

. To demonstrate the

selectivity of the spectrophotometric method, the slopes and intercepts of the calibration
curves were compared using the t-Student test. Accordingly, there was no significant
difference in the slopes (t´b = 1.70 and t critic = 2.68). There was significant difference in the
intercepts (t´a = 2.06 and t critic = 2.68) of the calibration curves of the pure brimonidine and
brimonidine in chitosan solution, indicating existence of the matrix effect.
The repeatability or intra-assay precision and intermediate precision or inter-assays precision
were expressed as the relative standard deviation (RSD) of a series of measures of different
concentrations of brimonidine in chitosan solutions. The data obtained for precision were
summarized in Table 3.
Table 3. Mean content of brimonidine in the intra-assay and inter-assay precision.
Intra-assay precision (Day 1)

Intra-assay precision (Day 2)

Addition
Recovery (%)
(µg / mL)

Relative
Error

0.05

96.0 ± 4.3 (RSD = 4.3)

4.1

Addition
(µg
/ Recovery (%)
mL)
0.05
97.1 ± 3.2 (RSD = 3.3)

0.1

99.2 ± 3.6 (RSD = 3.7)

0.8

0.1

98.0 ± 1.4 (RSD = 1.5)

0.5

99.1 ± 2.3 (RSD = 2.4)

0.9

0.5

102.0 ± 1.0 (RSD = 0.9) -2

Intra-assay precision (Day 3)
Addition
(µg / mL)

Recovery (%)

Relative
Error
2.9
2

Inter-assay precision
Relative

Addition

Error

(µg / mL)

Relative

Recovery (%)

Error

0.05

97.5 ± 2.3 (RSD = 2.4)

2.6

0.05

96.9 ± 3.3 (RSD = 3.4) 3.2

0.1

102.0 ± 2.0 (RSD = 1.6)

-1.6

0.1

99.6 ± 2.8 (RSD = 2.8) 0.4

0.5

102.0 ± 0.5 (RSD = 0.5)

-2.1

0.5

101.0 ± 2.0 (RSD = 2)

-1

The RSD values were lower than 5% for all levels of concentrations, indicating appropriate
intra-assay and inter-assays precision of the spectrophotometric method

[30]

. Additionally, it

was observed that recoveries ranged from 96 to 102%, indicating accuracy of the developed
method [40], which showed relative errors less than 5%.

In the robustness (Table 4), the recoveries ranged from 97 to 101% at wavelengths evaluated
and statistical analysis showed no significant difference between results obtained. Thus, the
www.wjpps.com
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brimonidine content remained unaffected by deliberated modification of a specific
spectrophotometric parameter, demonstrating the robustness of the method.
Table 4: Recovery of brimonidine to assess the robustness.
Wavelength (nm)

Recovery (%)

256

99.2 ± 0.7 (RSD = 0.7)

258

100.0 ± 1.0 (RSD = 1)

260

98.4 ± 0.7 (RSD = 0.7)

3.3 Determination of the content of brimonidine into chitosan implants
Brimonidine incorporated into polymeric implants was determined by applying validated
spectrophotometric method. The results showed that the content of brimonidine was
uniformly distributed in implants of chitosan and no unit was outside of the interval of 85 to
115% of the pre-indicated amount of brimonidine (1.0 mg of drug per implant), as shown in
Table 5.
Table 5. Brimonidine content into chitosan implants (n = 10).

www.wjpps.com

Implants

Content of Brimonidine (%)

1

104.85

2

99.39

3

100.00

4

105.76

5

100.91

6

104.85

7

99.39

8

100.00

9

106.36

10

103.94

Mean Content

102.55

RSD

2.78%
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3.4 In vitro release of brimonidine incorporated into chitosan implants
Brimonidine leached from the chitosan implant was measured using the validated
spectrophotometric method. Figure 6 shows the cumulative release of brimonidine from
implants of chitosan over a period of 30 consecutive days. The implants promoted a
controlled and sustained release of the drug, once the entire content of brimonidine was
leached from the implant during the analyzed period.

Cumulative percentage of drug release

105

90

75

60

45

30

15
0

5

10

15

20

25

30

Days

Fig. 6 In vitro brimonidine release from the implants (n = 5). RSD was lower than 5%
for all samples.
4. CONCLUSION
A spectrophotometric method was developed and validated in terms of linearity, matrix
effect, quantitation limit, precision, accuracy and robustness to determine the brimonidineloaded chitosan implants. The validated method quantified unequivocally the brimonidine
content into chitosan implants. Additionally, the analytical method demonstrated the
controlled and sustained in vitro release of brimonidine from the polymeric implantable
devices.
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