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Abstract

A sensitive, selective, accurate and robust LC-MS/MS method was developed and validated for the
quantitative determination of glucocorticoids in rabbit ocular tissues. Samples were processed by a
simple liquid- liquid extraction procedure. Chromatographic separation was performed on
Phenomenex reversed phase C18 gemini column (50 x 4.6 mm i.d.,) with an isocratic mobile phase
composed of 30% of acetonitrile in water containing 0.1% of formic acid, at a flow rate 0.2 mL/min.
Dexamethasone (DEX), prednisolone (PD) and hydrocortisone (HD) were detected with proton
adducts at m/z 393.20—355.30, 361.30—147.20 and 363.20—121.0 in multiple reaction monitoring
(MRM) positive mode respectively. Finally, 50pL of 0.1% novel DEX mixed micellar formulation
was topically administered to a rabbit eye and concentrations were measured. The method was
validated over a linear concentration range of 2.7-617.6 ng/mL. Lower limit of quantitation (LLOQ)
of DEX and PD was measured in the concentration range of 2.7 and 11.0 ng/mL respectively. The
resulting method demonstrated intra and inter-day precision within 13.3 % and 11.1 % and accuracy
within 19.3 % and 12.5 % for DEX and PD, respectively. Both analytes were found to be stable
throughout freeze—thaw cycles and during bench top and postoperative stability studies (r2 > 0.999).
DEX concentrations in various ocular tissue samples i.e., aqueous humor, cornea, iris ciliary body,
sclera and retina choroid were found to be 344.0, 1050.07, 529.6, 103.9 and 48.5 ng/mg protein
respectively. Absorption of DEX after topical administration from a novel aqueous mixed micellar
formulation achieved therapeutic concentration levels in posterior segment of the rabbit eye.
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1. Introduction

Glucocorticoids (GC) belong to a class of steroid hormones high binding affinities with GC
receptor [1]. Such binding trigger analogous effects, which are either mediated slowly via
nuclear receptors or rapidly via non-genomically, mediated membrane-associated receptors
[2]. GC receptors are found inside the cells of most vertebrate tissues [3]. Cortisol or
hydrocortisone (HD) is a naturally occurring GC in humans, which regulates vital metabolic,
immunologic, cardiovascular and homeostatic functions. GC exhibit anti-inflammatory
properties and inhibit inflammatory response in all stages [4,5]. GC derivatives are synthetic
compounds with pharmacologic properties similar to cortisol and include dexamethasone
(DEX), prednisolone (PD), triamcinolone and betamethasone [6,7]. These compounds are
widely recommended in replacement therapy for glucocorticoid deficient patients. Owing to
the potential anti-angiogenic, anti-edematous, anti-apoptotic and anti-proliferative effects GC
based drugs gained wide use in the treatment of both anterior and posterior ocular segment
diseases such as allergic conjunctivitis, herpes zoster keratitis, corneal injury, age-related
macular degeneration, proliferative vitreoretinopathy and diabetic macular edema [8].

Drug delivery to retina, choroid and vitreous is virtually important for controlling posterior
segment disorders. An ideal drug delivery system should be capable of delivering therapeutic
drug concentrations to this target tissues with minimal or no side effect [9]. Currently
corticosteroids are administered through local (eye-drop suspensions, ointments, implants and
intravitreal injections) and systemic routes (oral and parenteral). Though intravitreal injection
directly delivers the drug to vitreous bathing neural retina, it is associated with inherent
potential side effects such as retinal detachment, increased intraocular pressure, hemorrhage,
endophthalmitis, cataract which limit long term therapy [10]. Topical administration of drugs
in the form of eye drops is considered to be the most patient compliant treatment. However,
only a small fraction of eye dose reach the posterior segment after topical administration [3].

Quantification of steroids following topical administration in various ocular tissues especially
retina requires a rapid, sensitive and robust bioanalytical method. Analysis of GC molecules
is somewhat distribute, because of its lipophilic nature. Moreover, these lipophilic compounds
are extensively distributed in tissue space resulting in very low biological matrix
concentrations. Various analytical methods have been reported in literature to estimate GC
concentrations in biological samples. These include high performance liquid chromatography
(HPLC) [11,12] gas chromatography [13,14], radioimmunoassay (RIA) [15] and capillary
separations coupled with various detectors [16,17]. HPLC technique utilizing ultra-violet (UV)
detection suffers from disadvantages such longer retention time, tedious extraction procedure
and inadequate limit of quantitation (LOQ) [18]. Though fluorescence and gas chromatography
are highly sensitive they require derivatization steps which are time consuming [12]. RIA
usually suffers from cross-reactivity and hence resulting in lack of adequate selectivity for GC
[15,20].

Recently, LC-MS/MS has been applied extensively for the quantitative estimation of drugs in
various biological matrices such as plasma, serum and urine due to its sensitivity, selectivity
and reproducibility. To the best of our knowledge, no validated liquid chromatography—tandem
mass spectrometry (LC-MS/MS) method has been reported in literature for the quantitative
estimation of corticosteroids in ocular matrices and vitreous humor samples.

In particular, tandem triple-quadrupole mass spectrometry in the multiple reaction monitoring
mode provides uncompromised sensitivity and selectivity [21]. The aim of the present study
is to develop and validate a selective, rapid, rugged and reproducible LC-MS/MS assay for the
quantitative determination of corticosteroids in ocular tissue matrices. This method is
successfully validated and applied to the quantitative determination of DEX in rabbit ocular
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tissues following topical administration in a novel mixed micellar eye drop formulation. DEX,
PD and HD structures are shown in Fig 1.

2. Experimental

2.1.Materials

DEX, PD and HD were purchased from Sigma Chemical Co (St. Louis, MO). HPLC grade
methanol, acetonitrile, diethyl ether, dichloromethane, isopropyl alcohol and analytical grade
formic acid, perchloric acid and potassium chloride were procured from Fisher Scientific (New
Brunswick, NJ). Ultrapure water from MilliQ-system (Millipore, Molshecin France) was used
through the study. All chemicals were of HPLC grade and used as received without further
purification.

2.2.Preparation of stock and standard solutions

DEX, PD and HD stock solutions were prepared at 1 mg/ml in methanol. Calibration curve
dilutions (30.88, 24.70, 19.79, 14.83, 9.63, 5.30, 1.59, 0.55 and 0.14ug/mL) and quality control
(QC) dilutions (24.70, 14.83, 5.30, 1.59, 0.55 and 0.14 pg/mL) consisting of DEX and PD were
prepared in 20% v/v methanol. Stock dilution of internal standard (HD) at 10ug/mL was
prepared in 20% v/v methanol in water. All the solutions were stored at —80 °C until further
use.

2.3.Liquid-Chromatographic Operating conditions

Chromatographic analysis was carried out on API 2000 triple quadruple linear ion Qtrap mass
spectrometer. High performance liquid chromatographic system consists of Agilent 1100 LC
Quaternary pump, Agilent 1100 well plate, autosampler (Agilent technologies, Wilmington,
DE) with a reversed phase gemini C18 column (50 x 4.6 mm i.d, 5um, Phenomenex, Torrance,
CA). Isocratic mobile phase composed of 30% of acetonitrile in water containing 0.1% of
formic acid, was at a flown rate of 0.2 mL/min.

2.4 Mass spectrometer operating conditions

MDS Sciex AP12000 Triple Quadrupole linier QTrap mass spectrometry (Applied Biosystems/
MDS Sciex, Faster City, CA) system interfaced by turbo ion spray (TIS) with positive ion
source in MRM mode was applied for detection. Ultra high pure nitrogen served as collisionally
activated dissociation (CAD) at 4 psi and curtain gas at 20 psi. Nebulizer and turbo gas were
optimized at 40 and 50 psi respectively. The TIS temperature was maintained at 200°C, with
source voltage and dwell time optimized at 5200V and 400 milliseconds respectively. Mass
dependent parameters were tuned and optimized for DEX, PD and HD. Parent and daughter
ions obtained by direct infusion mode (10pL/min) was injected with built-in Harvard infusion
syringe pump and were optimized.

2.5.Preparation of reference standard solution

Reference standard solution (600ng/mL) was prepared from stock solutions of DEX and PD
by adding 25 pL of 10ug/mL IS stock dilution. System performance test was conducted by
injecting six replicate injections of reference standard solution every day and validation
parameters were checked. Percentage of coefficient of variation (%CV) was calculated before
each run and found to be less than 4.0 %.

2.6. Preparation of calibration curve(CC) and quality control(QC) standards

Validation parameters were carried out according to FDA May 2001 guidelines [22]. LLOQ
was considered as 2.70 ng/mL for DEX and 11.00 ng/mL for PD. ULOQ was considered to
be 617.60 ng/mL for both DEX and PD. Working calibration curve dilutions were spiked at
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0.2 % v/v in a homogenized rabbit ocular tissue matrix and ocular fluids to obtain various
(617.60,494.00, 395.20, 296.60, 192.60, 106.00, 31.80, 11.00 and 2.70 ng/mL for DEX) spiked
CC standards. High QC (494.00 ng/mL), middle QC (296.60 ng/mL), other middle QC (106.00
ng/mL), low QC (11.00 ng/mL) and LLOQ QC (11.00 ng/mL for PD and 2.70 ng/mL for DEX)
standards were also prepared in a similar manner.

2.7. Procedure for ocular matrix and fluid sample preparation and extraction

Homogenized rabbit ocular matrices and fluid samples were thawed at room temperature and
vortexed. Using calibrated pipettes, 100 puL of samples were aliquoted into a 1.5 mL poly
propylene microcentrifuge tubes (PPMCT), followed by addition of 25 pL of 10.0 pg/mL
freshly prepared IS solution to all samples, except for blank. These solutions were vortexed
for 30 seconds, to which 50 pL of 20 % (v/v) perchloric acid was added, and again vortexed
for 30 seconds to precipitate proteins. The samples were extracted by the addition of 1000 pL
of methyl tertiary butyl ether (MTBE) followed by vortexing for approximately 2 min. After
centrifugation at 12000 rpm at 4°C for 25 min, 850 pL of organic layer was transferred to a
pre-labeled fresh 1.5 mL of poly propylene microcentrifuge tube and evaporated in the Speed
Vac® at 35°C for 60 min. The residue was reconstituted with 100 pL of mobile phase, vortexed
for 30 seconds and transferred into a pre-labeled HPLC autosampler vial with silanized inserts.
A 25 pL of the resulting solution was injected into LC-MS/MS.

2.8.Method Validation tests

2.8.1. Selectivity—Selectivity was performed by analyzing the blank ocular matrix samples
(samples prepared according to described in extraction procedure section 1.7) from six different
rabbit sources to test for matrix interference with retention times of DEX, PD and IS HD were
evaluated with LLOQ concentration. Six samples were injected into LC-MS/MS to determine
selectivity for blank. Peak areas of blank interferences should not be more than 20 % of mean
peak area of LLOQ of DEX and PD and should not be more than 5 % of mean peak area of
HD samples.

2.8.2. Sensitivity and LLOQ evaluation—Sensitivity was achieved by analyzing spiked
and processed LLOQ to sample from selected/screened blank matrix. Six LLOQ samples were
injected into LC-MS/MS to determine LLOQ sensitivity for DEX and PD.

2.8.3. Precision and accuracy—Method validation was performed according to most
recent recommendation outlined by the FDA in May 2001 [22]. Three precision and accuracy
batches containing calibration curve standards and six replicates of QC standard samples at
four concentration levels were performed in rabbit ocular tissue matrices as well as in normal
phosphate buffer samples were extracted and analyzed in three different runs along with one
standard zero (blank without IS) and one standard blank (blank with IS) (one used to check the
interference contribution at the retention time of analytes).

2.8.4. Within—run and between-run variability—In the case of within-run evaluation a
minimum of six QC at each concentration levels were analyzed with one calibration curve
standards in one single precision and accuracy batch. For the between-run at least eighteen QC
at each concentration level were analyzed in at least three different precision and accuracy
batches in three different days.

2.8.5. Ruggedness Batch—One set of calibration curve along with six replicates of QC
standard samples at four concentration levels were retrieved from —80 °C freezer, processed
and analyzed. The batches were processed according extraction method described in section
1.6) by another analyst or by a different HPLC column (without altering the chemistry and
brand of the column).
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2.8.6. Bench-top stability—The spiked calibration curve and QC standards samples were
stored at —80°C. Low and high QC (n=6) were retrieved from —80°C freezer and these kept at
room temperature on bench top for six hrs. The stability samples were processed and extracted
along with the freshly spiked calibration curve standards.

2.8.7. Freeze-thaw stability—Low and high QC samples (n=6) were retrieved from —80°
C freezer after three freeze-thaw cycles according to the FDA guide lines. The stability samples
were processed and extracted along with the freshly spiked calibration curve standards.

2.8.8. Extraction recovery—Extraction recovery of DEX and PD was determined by
analysis of six replicates at low and high QC standards samples concentration for DEX and
PD and at one concentration for the IS HD. Absolute extraction recovery was determined by
comparing peak areas of the analytes obtained from the extracted QC ocular matrix samples
to unextracted standards (post spiked). A relative extraction ratios was determined by
comparing peak area ratios of the analytes to internal standard obtained from the extracted QC
(ocular matrix samples versus unextracted standards).

2.9.Quantitative determination DEX from rabbit ocular tissues

2.9.1. Animals studies—New Zealand albino adult male rabbits, weighed between 2.0 to
2.5 kg, were obtained from Myrtle’s Rabbittry (Thompson Station, TN) and housed in
accordance with US Department of Agricultural and Association for Assessment and
Accreditation of Laboratory Animal Care international guidelines. All protocols were reviewed
and approved by Animal Care and Use Committee of University of Missouri Kansas City.
Studies performed were in accordance with the Association for Research in Vision and
Ophthalmology Regulations and Standards (ARVORS) guidelines. Rabbits were anesthetized
with subcutaneous ketamine (30 mg/kg). Ten minutes after anesthesia, the rabbit’s head was
held to keep the left eye horizontal and 50uL of 0.1% dexamethasone a novel mixed micellar
formulation (Vitamin E TPGS - 4.5% and Octoxynol-40 — 2.0%) eye drops were instilled using
a micropipette at the center of lower cul-de-sac. During the instillation, the lower eyelid was
pulled slightly away from the globe and was returned to normal position immediately after
instillation. After 60 minutes, rabbits were euthanized using 1 mL of intravenous injection of
Fatal- Plus® (Vertech Pharmaceuticals Corporation, Dearborn, Mich) (39% sodium
pentobarbital) into the marginal ear vein. Following euthanasia, the eye ball was enucleated
immediately (on an average within 150 seconds) and transferred to a beaker containing ice-
cold phosphate buffer (pH 7.4). Repetitive washings were carried out in cold phosphate buffer
to remove any adsorbed drug on to the surface. Aqueous humor was withdrawn by limbal
paracentesis and then vitreous humor was aspirated using a 1 mL tuberculin syringe after
making a tiny incision at sclera-limbus junction. The enucleated eyeball was cut open and the
following tissues were dissected: cornea, iris-ciliary body (ICB), lens, retina-choroid (RC) and
sclera were all collected into pre-weighed vials immediately after euthanasia. After dissection,
the tissues were dried with Kim wipes® and weighed. Protein content in the aqueous and
vitreous humor was measured by the method of Bradford (Bio-Rad protein estimation Kit,
Hercules, CA). All tissue samples were stored at —80°C before further analysis.

2.9.2. Preparation of samples—Tissues were homogenized in 500 pL chilled (4°C)
phosphate buffer (pH 7.4) for about 4 min with a tissue homogenizer (Tissue Tearor, Model
985-370; Dremel Multipro, Racine, WI) in an ice bath, with the exception of sclera, which
required 1.5 ml. One hundred micro liters of aqueous humor (AH) and vitreous humor (\VH)
were collected for analysis without further processing. Subsequently 100 pL of the tissue
homogenates (cornea, iris-ciliary body, lens, retina-choroid and sclera), aqueous humor and
vitreous humor were collected for further sample processing.

J Pharm Biomed Anal. Author manuscript; available in PMC 2011 August 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Earlaetal.

Page 6

2.9.3. Dexamethasone ocular tissue sample extraction—Dexamethasone was
extracted from ocular tissue homogenates by a simple liquid-liquid extraction as described
previously. All tissue samples were analyzed with freshly prepared calibration curve and
quality control standards. Calibration curve (2.70- 617.60 ng/mL) and QC standards were
prepared by spiking appropriate abounds in seven different blank ocular matrices (control
tissues) with varying concentrations of dexamethasone with PD as an IS. All standards and
samples were analyzed with LC-MS/MS.

3. Results and Discussion

3.1. Liquid-Chromatographic Operating conditions

The goal of this work was to develop and validate a simple, rapid and sensitive assay method
for quantitative determination of glucocorticoids by extraction of ocular tissues.
Chromatographic conditions, especially the composition and acidic nature of the mobile phase,
were optimized to achieve best resolution. It also increased the signal to mix ratio and to
minimized run times. Total run time of the method was 7.0 min at 200 pL/min flow rate and
injection volume was 25 pL. Under these conditions the retention times of the chromatographic
peaks were 4.27, 3.99 and 4.07 minutes for DEX, PD and HD respectively.

3.2. Mass spectrometer operation condition

In order to optimize electrospray ionization condition for DEX, PD and HD, full scan mass
spectra were acquired in the positive ion mode. During a direct infusion experiment, the mass
spectra for DEX, PD and the internal standard HD revealed peaks at mass- to- charge ratio
(m/z) 393.20, 361.30 and 363.20 respectively as protonated molecular ions [M+H]*. The most
stable abundant fragment ion observed in each product MS/MS spectrum were at m/z 355.30
for DEX, 147.20 for PD and 121.0 for IS. These spectra were achieved by optimizing the
collision energies at 18.0 V, 30.0 V and 18.0 V respectively as shown in Fig 2. Quantitative
determination was performed in MRM scan positive ion mode with the following mass
transitions: 393.20—355.30 for DEX, 361.30—147.20 for PD and 363.20—121.0 for HD as
illustrated in Fig 2.

3.3. Selectivity

A typical chromatogram from blank (free of analytes and 1S) and ocular matrix spiked with
DEX and PD at LLOQ and ULOQ concentration levels along with IS are shown in Fig 3. No
interfering peaks from blank samples were observed.

3.4. Sensitivity and LLOQ evaluation

Sensitivity and lower limit of quantitation (LLOQ) for DEX and PD were optimized at 2.70
and 11.00 ng/mL respectively. The mean within and between day precision and accuracy for
DEX at 2.70ng/mL and for PD at 11.00 ng/mL are summarized in table 1A.

3.5. Precision and accuracy

Precision and accuracy batches were determined by analysis of QC samples. Within the batch
assay, precision and accuracy are evaluated by multiple analyses (n=6) of the five QC samples
(2.70,11.00, 106.00, 296.60 and 494.00 ng/mL) during a validation run and presented in Table
1(A and B). Percent CV for DEX (10.2 — 13.3 %) and PD (3.2-10.6 %) was observed at LLOQ
of 2.70 ng/mL and 11.00 ng/mL respectively. Linearity of DEX and PD was obtained over the
concentration range of 2.70 —617.60 and 11.00-617.60 ng/mL respectively in a rabbit ocular
tissue matrix, serum and isotonic phosphate buffer solution (pH=7.4). Linear regression, “no
weighting” mean linear correlation coefficient (r) were calculated to be 0.9990 and 0.9989 for
PD and DEX respectively. Regression equation (y) = 0.000543x + 0.0019 for DEX where as
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slope (m) is 0.000543, intercept(c) is 0.0019 and regression equation (y) = 0.000251x +
0.0000706 for PD where as slope (m) is 0.000251, intercept(c) is 0.0000706. Regression
equation (y) = m x + ¢, where y- axis is the area ratio of analyte area and IS area, x —axis is the
concentration ratio of analyte concentration and IS concentration, m is the slope of the linear
regression line and c is the intercept point of the linear regression line and the y- axis. Between
day assay precision and accuracy evaluated by multiple analyses of the QC samples during
each validation run are presented in table 1 A, B and C. The precision was within 11.3 % for
DEX and 11.1 % for PD at LLOQ.

3.6. Stability of analytes in ocular matrix

Stability of stored QC ocular matrix samples was determined with freshly spiked calibration
curve standards. Freeze-thaw stability studies were carried out with low and high QC in
replicates of 6 for both DEX and PD. In each freeze-thaw cycle samples were frozen for at
least 24 hrs before thawing at room temperature. For bench top stability studies the QC samples
(n=6) were retrieved from —80 °C storage and kept at room temperature for 6 hrs before
processing. Stability assessments of DEX and PD under various anticipated conditions were
revealed. Preclinical samples are received, stored and processed as presented in table 1E with
low (31.80 ng/mL) and high QC (494.00 ng/mL) concentrations for both analytes. Both DEX
and PD appears to be stable through multiple freezing and thawing cycles. DEX appears to be
less degradation than PD through multiple freezing and thawing cycles. Bench top stability
studies are stable for 6 hrs at room temperature. Results from these studies are summarized in
table 1D. No significant degradation of DEX and PD were observed in any of the sample
preparation.

3.7. Extraction recoveries

Recovery of corticosteroids from ocular matrix by protein precipitation followed by liquid-
liquid extraction procedure resulted in clean samples with high extraction efficiency. We have
investigated various sample extraction methods including protein precipitation and liquid-
liquid extraction with different organic solvents (acetonitrile, methanol, isopropyl alcohol,
perchloric acid, ethyl acetate, methyl (t)-butyl ether, dichloromethane, hexane and diethyl
ether). Perchloric acid and isopropyl alcohol efficiently precipitated proteins from the serum
and vitreous fluid. Addition of saturated potassium chloride solution further improved accuracy
but reduces recovery of analytes. The above sample preparation and extraction method
produced no significance endogenous chromatographic peak interference from rabbit vitreous
and plasma. The extraction recoveries of the two analytes were: DEX 86.9 % at LQC and 91.6
% at HQC, PD 86.4 % at LQC and 79.1 at HQC. Extraction recovery (%) expressed as the
ratio of the mean peak area of the analytes spiked into ocular matrix before extraction to the
mean peak area of the analytes spiked into ocular matrix after extraction multiplied by 100.
Post spiked samples are treated as 100 % recovery samples. These samples are bypass to a
various matrices constituent interferences during the extraction process except ion suppression.
Usually ion suppression is occurred after extraction. Ocular matrices are clean and less protein
and other constituents than human/animal serum/plasma matrices. Therefore high recovery of
analytes is obtained from ocular matrices.

3.8. Quantitative determination DEX from rabbit ocular tissues

Various concentrations (30.88, 24.70, 19.79, 14.83, 9.63, 5.30, 1.59, 0.55 and 0.14pg/mL) were
prepared freshly after drug added solution ( 0.2 % v/v) to seven different ocular tissue matrices
in order to obtain various (617.60, 494.00, 395.20, 296.60, 192.60, 106.00, 31.80, 11.00 and
2.70 ng/mL) calibration curve standards. High QC (494.00 ng/mL), middle QC (296.60 ng/

mL), middleO QC (106.00 ng/mL), low QC (11.00 ng/mL) and LLOQ QC (11.00 ng/mL for
PD and 2.70 ng/mL for DEX) standards were also prepared in a similar manner. The sample
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volume injected was 25 pl and run time was 7 min. MRM positive ion mode was utilized for
quantitative estimation. Lower limit of quantification was found to be 2.7ng/ml.
Reproducibility of back-calculated DEX and PD concentrations in calibrators was within the
Food and Drug Administration (FDA) bioanalytical guide line limits [17]. The precision and
accuracy of the quantitative results were within validation limits (mean RSD 6.5 %, mean
accuracy 9.0 %); the peak areas were also reproducible (RSD 4.67%). Quantitative
determination of DEX in different ocular tissues after topical administration is shown in Table
2. Sixty minutes after topical application to a rabbit eye, DEX concentration in the anterior
(cornea, aqueous humor and lens) and posterior segments (sclera, vitreous humor, and retina
choroid and iris ciliary bodies) was determined. DEX concentrations of 1415.01, 1459.60,
652.73 and 675.58 ng/gm (four times dilution factor was applied to those cornea samples,
values are 353.75 x 4, 364.90 x 4, 163.18 x 4 and 168.90 x 4 ng/gm respectively) of tissue and
464.80, 401.05, 314.94 and 195.13 ng/mg protein were quantified in the cornea and aqueous
humor respectively. For the posterior segment, of DEX concentrations in the sclera, retina
choroid and iris ciliary bodies were observed to be 180.20, 77.49 and 54.06 ng/gm of tissue,
and 27.36, 80.15, 50.29 and 36.27 ng/gm of tissue, and 922.20, 630.27 ng/gm (two times
dilution factor is applied values are 461.10 x 2 and 315.14 x 2 ng/gm), 265.98 and 299.76 ng/
gm of tissue respectively. DEX concentration in the lens and vitreous humor were below LLOQ
(LLOQ = 2.7 ng/mL). Mean concentration and standard deviations of DEX in various ocular
tissue matrices are summarized in Table 2. A novel 0.1% mixed micellar formulation of DEX
showed high concentration levels in back of the eye (retina-choroid = 49 ng/gm of tissue).

4. Conclusion

A sensitive and selective LC-MS/MS method for the determination of DEX and PD in rabbit
ocular matrix was developed and validated. Total run time for the method was 7 minutes. lon
suppression was not a significant occurrence for both analytes and internal standard. Protein
precipitation followed by liquid- liquid extraction was a useful method development process
to avoid matrix ionization effects. Quantitative measurements of samples resulted in consistent
values with high accuracy. The peak area response of DEX and PD remained unchanged upon
repeated injections which show the robustness of this analytical method. This method was used
successfully for the quantitative determination of DEX for the posterior and anterior segments
of the eye tissues and PD. A novel 0.1% mixed micellar formulation successfully delivered
DEX to the posterior segment of the eye especially for retina choroid. This method may also
be applicable as ocular microdialysis analysis technique to deliverse pharmacokinetic profiles
of glucocorticoids in anterior and posterior segments of the eye.
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Dexamethasone Prednisolone Hydrocortisone

Fig 1.
Corticosteroid chemical structures [A] DEX, [B] PD and [C] HD with parent molecular
weights: 392.464, 360.444, and 362.465 Da respectively
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