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DEVELOPMENT AND VALIDATION OF A HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC METHOD FOR 
DETERMINATION OF CYCLOSPORINE-A FROM BIODEGRADABLE INTRAOCULAR IMPLANTS. An HPLC method was 
developed and validated aiming to quantify the cyclosporine-A incorporated into intraocular implants, released from them; and in 
direct contact with the degradation products of PLGA. The separation was carried out in isocratic mode using acetonitrile/water 
(70:30) as mobile phase, a C18 column at 80 oC and UV detection at 210 nm. The method provided selectivity based on resolution 
among peaks. It was linear over the range of 2.5-40.0 µg/mL. The quantitation and detection limits were 0.8 and 1.2 µg/mL, 
respectively. The recovery was 101.8% and intra-day and inter-day precision was close to 2%.
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INTRODUCTION

Intraocular implants are controlled (sustained)-drug delivery sys-
tems designed for the treatment of several chronic ocular diseases of 
the posterior segment of the eye. They can be used for the treatment 
of uveitis and cytomegalovirus retinitis, in which repeated local ad-
ministration of drugs is not effective. In diseases such as proliferative 
vitreoretinopathy and diabetic retinopathy, that frequently require a 
surgical procedure, intraocular devices implanted adjunctively during 
surgery may improve recovery. Moreover, the intraocular implants 
are necessary to treat chronic diseases with no satisfactory therapies, 
such as geographic atrophy in age-related macular degeneration and 
macular edema.1

Generally, the intraocular implants are introduced into the 
vitreous, which is located posterior to the lens and anterior to the 
retina. Despite the invasive characteristics of the implantation te-
chnique, the implants present several advantages that overlap the 
inconveniences of the implantation procedure. These advantages 
include: the overcoming of the blood-retina barrier, allowing drug 
delivery at therapeutic levels directly into the targeted site; prolonged 
drug delivery; and reduction of side effects frequently observed with 
intravitreal injections and systemic administration.2-4

The non-biodegradable implants based on ethylene vinyl acetate 
and/or polyvinylalcohol have been reported by several studies as a 
successful long-term drug delivery system of ganciclovir,5,6 fluocino-
lone acetonide,7 cyclosporine-A,8 and betamethasone.9 On the other 
hand, the major disadvantage of the non-biodegradable systems is 
the need of the system removal by a second surgery to avoid any 
risk of fibrous encapsulation formation. In this way, biodegradable 
systems have gained interest to eliminate the removal step.10 The poly 
(D,L-lactide-co-glycolide) (PLGA) (Figure 1a) is a classic example 

amongst the synthetic biodegradable polymers that has been well 
applied as ocular drug delivery systems,11-14 due to its satisfactory 
biocompatibility and absence of significant in vivo toxicity.4,15

Intraocular implants controlled (sustained)-drug delivery sys-
tems based on biodegradable polymers are frequently loaded to 
corticosteroids, immunosuppressive drugs and/or anti-metabolic 
substances. Cyclosporine-A has been widely used in the treatment 
of various forms of chronic diseases affecting the posterior segment 
of the eye, because of its potent immunosuppressive activity, with 
anti-inflammatory properties (Figure 1b).16

Many methods reported in literature for the measurement of 
cyclosporine-A concentrations are based on radioimmunoassay 
(RIA).17,18 However, the RIA technique measures not only the drug, but 
also certain cross-reactive metabolites.17 Some analytical methods for 

Figure 1. Chemical structures of PLGA (a), and cyclosporine-A (b)
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determination of cyclosporine-A described in literature are based on 
high performance liquid chromatography coupled with mass spectro-
metry (HPLC-MS).19-21 These methods are applied to quantify either 
isolated cyclosporine-A or in contact with different kinds of drugs in 
the same biological sample. The mass spectrometric detection is a re-
ference technique for the determination of cyclosporine-A in complex 
biological samples, because it provides specific measurement of this 
drug over a wide analytical range.19,22,23 Nowadays, HPLC-MS has 
matured to a true alternative to radioimmunoassay in cyclosporine-A 
monitoring practices.22 On the other hand, HPLC-MS and RIA do not 
represent viable analytical methods to quantify the drug in routine 
analysis of quality control of cyclosporine-A in pharmaceutical forms. 
It is desirable to develop a simple, rapid and reliable HPLC with ul-
traviolet detection for assaying the immunosuppressive drug released 
from pharmaceutical formulations and present in non-complex samples.

Some methods reported in literature for assaying cyclosporine-
A are based on the high performance liquid chromatography with 
ultraviolet detection (HPLC-UV). Bonifacio et al.24 developed and 
validated an HPLC-UV method for simultaneous determination 
of the immunosuppressive drug as well as its major impurities in 
capsules and its generic versions. Baldeli et al.25 reported the de-
velopment and validation of an HPLC-UV method for concomitant 
measurement of everolimus and cyclosporine-A concentration in 
whole blood. Jaiswal et al.26 determined the cyclosporine-A loaded 
biodegradable polymeric nanoparticles by an HPLC method at a 
wavelength detection of 210 nm. Moreover, the United States Phar-
macopeia27 described an isocratic HPLC-UV method for assaying 
cyclosporine-A in capsules and injections using a mixture of ace-
tonitrile, water, methanol and phosphoric acid (550:400:50:5.5) as 
mobile phase, at wavelength of 210 nm and a column that contains 
dimethylsilane chemically bonded to porous silica particles. All 
the HPCL-UV methods indicated could be successfully applied 
to assay cyclosporine-A in different pharmaceutical preparations, 
manufactured likely by different processes and excipients; but the 
chromatographic conditions of the described methods were not 
suitable to quantify unequivocally cyclosporine-A released from 
biodegradable intraocular implants derived from PLGA. 

Recently, we have developed and characterized an intraocular 
implant based on PLGA and cyclosporine-A intended to be used in 
the treatment of posterior ocular diseases.16 In this study, our main 
goal was the development and validation, through specificity, limits 
of detection and quantitation, linearity, precision and accuracy, of a 
simple and reliable HPLC-UV method to quantify the cyclosporine-A 
incorporated into biodegradable intraocular implants synthesized by 
PLGA. Additionally, the analytical method was applied to assay the 
cyclosporine-A released from these polymeric devices and in direct 
contact with the degradation products of PLGA.

EXPERIMENTAL

Materials and reagents

Cyclosporine-A reference standard was purchased from Sigma 
Pharma (Brazil) (MW 1202, 99% of purity). Poly(D,L-lactide-co-
glycolide) in ratio of 75:25 [PLGA (75:25)] was purchased from 
Boehringer Ingelheim (Germany). All the solvents and reagents used 
in buffer solutions, in the preparation of the implants, and mobile 
phase were HPLC or analytical grade. Water was distilled, deionized 
and filtered through a 0.22 µm filter (Millipore, USA).

Preparation of the biodegradable intraocular implants

Firstly, a 25% (w/w) concentration of cyclosporine-A and PLGA 

(75:25) was dissolved in an appropriate quantity of acetonitrile, as 
organic solvent. The solution was placed in a freezer under -80 oC. 
Afterwards, the frozen solution was lyophilized during 48 h. The in-
traocular implants were prepared by molding the lyophilized mixture 
into rods using a Teflon® sheet heated on a hot plate at a temperature 
from 100 to 120 °C.16 The average weight of implants was 5.9 ± 0.1 
mg (n = 10). The implants presented cylindrical shape with approxi-
mately 4.00 mm of length and 1.00 mm of diameter.

Instrumentation and analytical conditions

A Waters® system equipped with an autosampler model 717plus 
(Waters, USA) and a pump model 515 (Waters, USA) was used. 
An ultraviolet detector model 2487 (Waters, USA) was used in 
conjunction with Eppendorf CH-500 column oven. Millenium 
model 2.15.01 (Waters, USA) was used for data acquisition. A 
Chromolith Performance® 100 RP-18e column, 250 mm × 4.6 i.d. 
and 5 µm particle size (Merck, Germany), was used and maintained 
at 80 ºC. The wavelength of 210 nm and the automatic injector fit-
ted at 10 µL were set. The mobile phase consisted of acetonitrile 
and ultrafiltrated water (70:30, v/v) was used at the flow rate of  
1.0 mL/min. 

Preparation of solutions

Cyclosporine-A standard solution: appropriate amounts of cyclo-
sporine-A reference compound was dissolved in 20% of acetonitrile 
in volumetric flask. Phosphate buffer solution (PBS, pH = 7.4) was 
added to complete the flask volume. All the standard solutions were 
filtered through a 0.45 µm fi lter (Sartorius, Germany). The concen-µm fi lter (Sartorius, Germany). The concen-m filter (Sartorius, Germany). The concen-
tration of cyclosporine-A in each solution prepared is defined in the 
description of the parameter of validation. 

Phosphate buffer solution was prepared by dissolving 0.64 g of 
sodium chloride, 0.075 g of potassium chloride, 0.048 g of calcium 
chloride, 0.03 g of magnesium chloride, 0.39 g sodium acetate and 
0.17 g of sodium citrate in 1000 mL of water. The pH was adjusted 
to 7.4 ± 0.1 with sodium hydroxide 1% (w/V).28

Method validation

The method was validated according to the International Con-
ference on Harmonization guidelines for validation of analytical 
procedures.29 

Specificity
The intraocular implants were dissolved in 10 mL of acetonitrile 

and transferred to a volumetric flask (50 mL). PBS was added to 
complete the flask volume. Specificity was evaluated comparing the 
chromatographic peaks of cyclosporine-A and PLGA (75:25). 

Solutions containing the degradation products derived from the 
PLGA (75:25) were collected after 40 days of incubation of it in PBS 
at 37 ºC. Specificity was evaluated comparing the chromatographic 
peaks of cyclosporine-A reference standard, at 40.0 µg/mL, and of 
degradation products from PLGA (75:25). 

To achieve the specificity of the method, no peak, with the same 
retention time of cyclosporine-A, is allowed.

Linearity
The standard calibration curves were obtained with 5 cyclospo-

rine-A reference standard solutions. The concentrations used were 
2.5, 5.0, 10.0, 20.0 and 40.0 µg/mL. Linearity was performed within 
2 days and solutions were prepared in triplicate with 5 injections of 
each solution (n = 30). The linearity was estimated by linear regres-
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sion analysis by the least square regression method. The correlation 
coefficient was calculated. 

Limit of detection (LOD) and limit of quantitation (LOQ) 
The LOD and LOQ were determined based on the signal to noise 

method. Cyclosporine-A reference standard solutions at 0.5, 0.8, 1.2 
and 1.5 µg/mL were prepared and evaluated. Each solution was inject 
3 times in the chromatographic system (n = 3 for each concentration).

Precision
The intraocular implant was dissolved in 10 mL of acetonitrile and 

transferred to a volumetric flask (50 mL). PBS was added to complete 
the flask volume (n = 8). Cyclosporine-A reference standard solutions 
at 40.0 µg/mL were prepared. The intra-day precision (repeatabili-
ty) was evaluated by analyzing the obtained solutions. Similarly, 
the inter-day precision (intermediate precision) was evaluated in 2 
consecutive days. The precision was expressed as relative standard 
deviation (RSD) amongst responses. 

Accuracy
Solutions containing the degradation products derived from the 

PLGA (75:25) were collected after 40 days of incubation of it in 
PBS at 37 ºC. Accuracy was studied by recovery of known amount 
of cyclosporine-A reference standard in contact with the solution 
previously prepared. Cyclosporine-A reference standard, at 40 µg/
mL, was dissolved in solution containing the degradation products 
of PLGA. A blank solution containing cyclosporine-A reference 
standard, at 40 µg/mL, was also prepared. Solutions were prepared 
in triplicate with 5 injections of each solution (n = 15). The percent 
recovery of added cyclosporine-A was calculated comparing peak 
areas of the resultant solutions with reference standard cyclosporine-A 
solutions at the same concentration. 

Determination of cyclosporine-A content in the biodegradable 
intraocular implants

The biodegradable intraocular implants were dissolved in 10 
mL of acetonitrile and transferred to a volumetric flask (50 mL) (n 
= 10). PBS was added to complete the flask volume. The amount of 
cyclosporine-A was determined by high performance liquid chroma-
tographic method described above. The obtained amount of the drug 
was expressed as the percentage content of the pre-indicated value 
(25%). The relative standard deviation was calculated.

Determination of released cyclosporine-A from biodegradable 
intraocular implants

The United States Pharmacopeia states in the general chapter 
<1092> the dissolution procedure: “sink conditions are defined as 
the volume of medium at least three times that required in order to 
form a saturated solution of drug substance. When sink conditions 
are present, it is more likely that dissolution results will reflect the 
properties of the dosage form”.27 

The in vitro release of cyclosporine-A from biodegradable intrao-
cular implants was carried out under sink conditions during 23 weeks. 
As the aqueous solubility of cyclosporine-A is 42 ± 1.0 µg/mL at 37 
oC,30 sink conditions are achieved with at least 3 mL. The intraocular 
implants were placed in different tubes containing 2 mL of PBS (n = 3). 
Those tubes were placed inside an incubator (Tecnal model TE 424) set 
at 37 oC and 30 rpm. At predetermined intervals, the entire medium was 
sampled and 2 mL of fresh PBS was added to each tube. The release 
profile was evaluated as the cumulative percentage of cyclosporine-A 
released in the medium. The amount of cyclosporine-A in the PBS 

solution was detected and quantified by validated high performance 
liquid chromatographic method described above. 

RESULTS AND DISCUSSION

Optimization of the chromatographic conditions

In this study, an HPLC-UV method was developed and validated 
for determination of cyclosporine-A content incorporated into intrao-
cular implants derived from PLGA. Moreover, the analytical method 
was also developed and validated for assaying the immunosuppressive 
drug released from them and in direct contact with the degradation 
products of PLGA.

The optimal absorption wavelength for detection of cyclosporine-
A was chosen based on the higher detector response for this drug. 
Therefore, the absorption wavelength for detection was 210 nm.

As described in literature,24 high temperature is imperative for as-
saying cyclosporine-A in order to assure fast equilibration of individual 
conformers and therefore to achieve satisfactory peak shape. In this 
work, different temperatures were tested. However, the temperature of 
80 oC contributed to the attainment of a narrow peak shape and a high 
resolution among cyclosporine-A and by-products of PLGA peaks. 

Different proportions of acetonitrile and water, as mobile phase, 
were tested. The selected proportion was 70:30 in accordance to Jaiswal 
et al..26 It was observed that increasing the amount of acetonitrile in 
mobile phase reduced the retention time of cyclosporine-A, a highly 
hydrophobic drug; and maintained the resolution among peaks of 
drug and degradation products of PLGA. In addition, the use of this 
mobile phase in the chromatographic separation of cyclosporine-A and 
by-products of the polymer reduced the drug peak broadening effect.

Method validation

It was observed that PLGA (75:25) and cyclosporine-A eluted at 
approximately 1.0 min and 5.3 min, respectively (Figure 2a). Under 
the described HPLC conditions, the degradation products of PLGA and 
cyclosporine-A eluted at approximately 2.0 and 5.2 min, respectively 
(Figure 2b). The chromatographic peaks were completely resolved 
and any substance presented the same retention time of the immu-
nosuppressive drug, allowing the unequivocal determination of the 
drug. Therefore, the method showed specificity for cyclosporine in the 
presence of the PLGA and the degradation products of this polymer.

A calibration curve for concentration of the drug versus area of 
peaks was plotted and the obtained data were subjected to regression 
analysis by the least square method. The calibration curve was linear 
over the range of 2.5 to 40.0 µg/mL. The linearity could be defined 
by following equation y = 37224x – 72255, where y and x were area 
and concentration (µg/mL), respectively. The correlation coefficient 
(r) of the obtained curve was 0.9999, indicating highly significant 
correlation between concentration and peak area. The significance 
of the intercept obtained in the calibration curve was tested and this 
parameter was not statistically significant (p > 0.05), consequently, 
it can be considered that the curve passes through the origin.

The LOD was 0.8 µg/mL and this concentration displayed a 
signal-to-noise ratio of 3:1. The LOQ was 1.2 µg/mL and this con-
centration displayed a signal-to-noise ratio of 10:1 and RSD of 1.89 
and 1.92%, respectively (n = 3 for each concentration).

In the intra-day and inter-day precision analyses (n = 8 for each 
day), the mean content of cyclosporine incorporated into the polyme-
ric implants was 95.78% (RSD = 1.80%) and 96.65% (RSD = 1.65%), 
respectively. RSD values attested the precision of the HPLC method.

The percent recovery obtained was 101.80%. This result confir-
med accuracy of the proposed HPLC method.
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Determination of cyclosporine-A in the biodegradable 
intraocular implants and released from them

The validated HPLC method described was applied to assay 
cyclosporine-A content in the intraocular devices. The amount of 
cyclosporine-A incorporated into the polymeric matrix was of 1.404 
mg (n = 10), corresponding to the concentration of 95.2% of the drug. 
Therefore, the units were inside of the range of 90-110% of the pre-
indicated amount of cyclosporine-A. The relative standard deviation 
for replicates was 1.89%.

Figure 3 shows in vitro release profile of cyclosporine-A from 
biodegradable intraocular implants and in contact with the degradation 
products of PLGA. During the first 13-week period, no significant 

amounts of cyclosporine-A was released from the devices. In this first 
stage, it was considered that the aqueous permeability in the polymeric 
matrix was not enough to provide the release of the cyclosporine. In a 
second stage that occurs between the 14th and the 23th week of the test, 
about 8.4% of cyclosporine-A was released from intraocular implants 
under sink conditions.16 In this second stage, the dissolution and diffusion 
of the drug were attributed to the increased aqueous permeability due to 
hydrolytic degradation of the surface of PLGA It was not observed the 
cyclosporine-A burst delivery, representing an advantage of the system.

CONCLUSION

It was developed an HPLC-UV method for assaying cyclosporine-
A incorporated into biodegradable intraocular implants based on 
PLGA, and released from them. The method also provided unequivo-
cal determination of cyclosporine-A in contact with the degradation 
products of PLGA (75:25). The developed method showed to be 
specific, linear, precise and accurate.
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