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Abstract

The purpose of this work is to validate a novel ocular microdialysis sampling technique in rabbits with permanently implanted
vitreous probes. This objective is achieved by studying the vitreous pharmacokinetics of fluorescein following systemic and
intravitreal administration. The rabbits were divided into two groups (groups | and Il) based on whether or not they were allowed
a recovery period following surgical implantation of probes. The integrity of the blood-retinal barrier was determined by the
vitreal protein concentrations and the fluorescein permeability index. Vitreal protein concentrations returned to baseline 48 h
after probe implantation and therefore experiments were conducted 72 h post-implantation of probes in rabbits where recovery
period was allowed. The permeability indices for fluorescein after systemic administration in group | (without recovery period)
and group Il (with recovery period) indicated that the integrity of the blood-retinal barrier was maintained and were found out
to be 0.55+ 0.27 and 0.7k 0.38%, respectively, for the vitreous chamber. Following microdialysis probe implantation in
the group Il rabbits, the blood-retinal barrier integrity was not compromised. A novel microdialysis technique in rabbits with
permanently implanted probes for studying the pharmacokinetics of posterior segment has been developed and characterized.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the major limitations in assessing ocular pharmacoki-
netics is the constraint that a single rabbit must be
Posterior segment of the eye is affected by various used for a single time point. Complete pharmacoki-
vision impairing pathological conditions such as viral netic profiles are usually constructed by sacrificing
retinitis, bacterial and fungal endophthalmitis, prolif- 6—20 rabbits at each time point. A sufficient number
erative vitreo-retinal disorders, and diabetic retinopa- of intervals must be selected to adequately character-
thy. Information regarding posterior segment drug ize absorption, distribution and elimination processes
kinetics is necessary for optimizing the dosing and (Schoenwald, 1990Microdialysis has been proven to
development of ocular drug delivery systems. One of be beneficial over conventional sampling techniques
in determining ocular pharmacokinetics by both re-
"+ Corresponding author. Tek:1-816-235-1615: ducing the number of subjects anq prqviding statisti-
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E-mail address: mitraa@umkc.edu (A.K. Mitra). vitreous drug disposition and delivery studié¥aga

0378-5173/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2004.05.028



80 B.S Anand et al./International Journal of Pharmaceutics 281 (2004) 79-88

etal., 1991, 1999; Stempels et al., 1993; Hughes et al.,0.22 mm tubing) employed for vitreous sampling
1996; Waga and Ehinger, 1997; Rittenhouse and were purchased from Bioanalytical Systems (West
Pollack, 2000; Macha and Mitra, 2001b, 2002n Lafayette, IN). Microdialysis pump (CMA/100) for
acute dual probe microdialysis technique for simul- perfusing the isotonic buffer saline was procured
taneous sampling of vitreous and aqueous humor in from CMA/Microdialysis (Acton, MA). Surgical
rabbits has been previously established in our labo- equipment was obtained from Henry Schein surgical
ratory (Macha and Mitra, 2001a; Atluri and Mitra, equipment and sutures were purchased from Ethicon
2003. This technique was validated by measuring Inc. (Somerville, NJ). Ketamine HCl was supplied
intraocular pressure, protein concentration and fluo- by Fort Dodge Animal Health and xylazine by Bayer
rescein kineticsNlacha and Mitra, 200J)a Animal Health. Nembutal sodium was purchased

However a chronic ocular microdialysis technique from Abbott Laboratories (Abbott Park, Chicago, IL).
would be advantageous over acute model since it canFluorescein sodium salt was obtained from Aldrich
be applied to perform multiple experiments and study Chemical Company Inc. (Milwaukee, WI). Tropi-
ocular kinetics for a longer duration. Chronic micro- camide was purchased from Martec Pharmaceuticals
dialysis techniques to sample vitreous and aqueous(Kansas City, MO). All other chemicals were obtained
humor, respectively, have been established previously from Sigma Chemical Company (St. Louis, MO). The
(Waga et al., 1991; Rittenhouse et al., 1p990s- solvents and buffer components were of analytical
terior segment microdialysis technique with perma- grade and obtained from Fisher Scientific (St. Louis,
nently implanted probes has been previously reported MO).
for studying vitreous drug delivery and kinetidddga
et al., 199). 2.2. Animals

In this article we have reported the development and
validation of an ocular microdialysis model for the Adult male New Zealand albino rabbits weighing
posterior segment with permanently implanted probes, between 2 and 2.5kg were obtained from Myrtle's
which is a definite improvement over the currently Rabbitry (Thompson Station, TN). This research was
existing acute microdialysis technique. The develop- conducted strictly according to the experimental pro-
ment of this model is based on the procedures reportedtocols listed in Association for Research in Vision and
by Waga et al. (1991gxcept for the type of probes Ophthalmology (ARVO) guidelines on the use of an-
employed for the study. Our study aims at validating imals.
the method by studying vitreal kinetics of fluorescein
following systemic and intravitreal administration in  2.3. Probe recovery
two separate groups of animals depending on the re-
covery period after probe implantation. Fluorescein  In vitro probe calibration was performed by placing
was chosen as a model compound to investigate thethe probe in isotonic phosphate buffer saline (IPBS)
blood-retinal barrier integrity after probe implantation. solution, pH 7.4, containing fluorescein of a known
The protein concentration in the vitreous body was concentration. The probe was perfused at a flow rate of
also determined at various time intervals in order to 2 puL/min with isotonic phosphate buffer saline and the
study the effect of probe implantation on the alter- dialysate was collected every 20 min for 1 h. Relative
ation of protein levels and the integrity of blood-retinal in vitro recovery of fluorescein is calculated by the
barrier. following equation:

C
Recovery= Fd

2. Materials and methods S
where Cq is the dialysate concentration ar@} the
2.1. Materials known concentration of fluorescein in IPBS. In vivo

retrodialysis method with fluorescein was employed
The linear microdialysis probes (MD-2000, for probe calibration inrabbits and the following equa-
0.32mmx 10 mm, polyacrylo nitrile membrane and tion was used:
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Cs— Cy incision in the upper eyelid. Two ends of the probe
were pulled through the tunnel with forceps. The out-
let and inlet ends of the probe were exited completely
The concentration of the fluorescein in vitreous humor trough the area between the ears and the incision was
during the pharmacokinetic experiment was calculated then sutured by securing the probes with the skin us-
by dividing the dialysate concentration with in vivo jng a 3-0 suture. Throughout the procedure IPBS was

Recovery=

S

recovery above obtained. flushed through the probe with a microdialysis pump
to ensure that the probe was intact. Once the skin su-

2.4. Probe implantation tures were in place the outlet and inlet ends were cut
to the appropriate size so as to prevent the rabbit from

2.4.1. Animals without recovery period accessing it. After the surgical procedure the animals

The animals were anesthetized prior to the surgery were observed at least once daily for signs of irri-
by administering ketamine (50 mg/kg) and xylazine tation and inflammation. One to two drops of 0.1%
(5 mg/kg) intramuscularly. Pupils were dilated by top- dexamethasone phosphate were applied topically to
ical instillation of 1% tropicamide prior to the probe counter any inflammation or redness of the sclera or
implantation. A linear probe (Bioanalytical Systems, conjunctiva. The probes were also flushed once a day
MD-2000) was inserted across the vitreous body with (20l/min) with IPBS containing a cocktail of peni-
the aid of a 25G needle at about 3mm below the cillin and streptomycin to prevent any bacterial growth
corneal scleral limbus at 4%ngle. The outlet of lin- in the eye and around the probe membrane. Only ani-
ear probe was placed into the needle at bevel edge,mals that showed no signs of infection or probe block-
which was inserted into the vitreous. Then the needle ade were dosed for experiments. This group of animals
was slowly withdrawn such that the probe remained with permanently implanted probes was designated as
fixed within the vitreous chamber. The microdialy- group II.
sis probe was perfused with isotonic phosphate buffer

saline at a flow rate of gL/min by a microdialy- 2.5. Protein determination

sis pump. This group of animals was designated as

group |. The effect of probe placement on the protein con-
tent of the vitreous humor was assessed as a function

2.4.2. Animals with recovery period of time in order to determine optimum recovery time

Animals were anesthetized as mentioned above. Theneeded prior to initiation of a pharmacokinetic study.
eye was proptosed and a 25G needle was inserted intoThe protein content of the vitreous humor was deter-
the eye approximately 8 mm below the scleral-limbus mined up to a period of 5 days post-probe implanta-
junction which exited at the opposite side. A linear tion. The probes were placed in the vitreous chamber
probe (Bioanalytical Systems, MD-2000) was inserted of the rabbits as described in the animal surgical pro-
into the needle and the probe was pulled through the cedure under the section of animals with recovery pe-
eye by withdrawing the needle. The probe was posi- riod. The animals were sacrificed at appropriate time
tioned in such a way that the entire membrane area liesintervals and the eyes were immediately enucleated.
in the vitreous chamber and is slightly angled so as to Through a small incision in the sclera, vitreous hu-
avoid contact with the lens. After the microscopic in- mor (1-1.5ml) was aspirated with aul tuberculin
spection of the probe position, the probe was secured syringe. The vitreous humor was then centrifuged at
to the conjunctiva with a 6-0 surgical chromic gut su- 10000 rpm for 15 min to remove any cellular debris.
ture. Subsequent to probe implantation in the eye, the Protein content of the vitreous humor was determined
area between the ears was shaved and a 4 mm inci-by the method of BradfordBradford, 197 using
sion was made using a sterile disposable scalpel. A bovine serum albumin as the standard (BioRad protein
subcutaneous tunnel from the area of the incision to estimation kit, Hercules, CA). Protein concentration
the upper eyelid was cleared using forceps. The two of the contralateral eye served as the control. Protein
ends of the forceps were then introduced through the contents in the experimental and the control eyes were
subcutaneous tunnel and externalized through a smallplotted against time.
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2.6. Fluorescein kinetics

2.6.1. Systemic administration

Fluorescein was administered systemically (10 mg
kg~—! body weight) into the rabbit marginal ear vein.
Microdialysis vitreous samples were collected every
20 min over a period of 10 h. Blood samples were col-
lected at 5, 30, 60, 120, 240, 360, 480 and 600 min.
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used was a C18 Phenomenex Luna column 4.6xnm
250 mm (Torrence, CA). The mobile phase consisted
of a mixture (50:50) of 0.1 M phosphate buffer and
methanol set at a pH of 7.35. This method produced
rapid and reproducible results and has been reported
previously Larsen et al., 1983

2.8. Data analysis

The animals were divided into two groups depending . o
on the recovery period allowed after the probe im- All experiments were conducted at least in triplicate

plantation. Since the purpose of this experiment was and the results are expressed as me&hD. Student's
to determine the integrity of the blood-retinal barrier t-t€St was used to detect statistical significance and

following the surgical implantation of the probe. Ani- < 0.05 was considered to be statistically significant.

mals in both the groups were kept anesthetized during TN€ Vitreous and plasma concentrations time data of
the experiments for the ease of blood sampling. The @n individual rabbit was analyzed using a pharmacoki-

analysis was done following extraction of the drug Netic software package WinNonlin, v2.1 (Pharsight,
from the plasma as described previouslgrGen et al., CA). Pharmacoklnetlc parameters were det_ermlned
1988. The permeability index (P1) of vitreous cham- €MPloying non-compartmental analysis, which ap-
ber following systemic administration of fluorescein Plles a model independent approach. Area under the
was calculated according to the following equation as Vitreous and plasma concentrations time curves were

described previouslyKnudsen et al., 1992 estimated by the linear trapezoidal method with ex-
trapolation to infinite time. Slopes of the terminal
AUC.itreous

phase of vitreous and plasma profiles were estimated
AUCpIasma

by log-linear regression and the terminal rate constant
where AUGjitreous and AUGasmaare the area under

(r;) was derived from the slope. Terminal vitreous
curves obtained after vitreous and systemic adminis- 21d plasma half-lives were calculated from the equa-
tration of fluorescein, respectively.

tion: t1> = 0.693A,.

PIvitreous =

2.6.2. Intravitreal administration

The animals without recovery period were anes-
thetized during the experiment while on the other hand 3 1. prope recovery
the animals with recovery period were kept conscious

under a restrainer during the experiment. Fluorescein  prgpe functioning was studied over a period of 7
was administered intravitreally 20 min after probe im- days by examining the recovery of fluorescein in group
plantation. A 10uL volume of fluorescein (1mg/ml) i The recovery of the probe from 0 to 7 days ranged
was administered into the vitreous body using & can- from 97 to 100% of the control. Results indicated that
ula to which 30G needle was attachec_;l. The dialysate e probe was functioning for at least 7 days and the
was collected every 20 min over a period of 10 h. recoveries on the seventh day did not vary signifi-
cantly (P < 0.05) relative to the initial recovery at 1 h

post-probe implantation. The in vitro probe recovery
for the linear probe ranged from 48 to 52%. Recovery

The analysis of fluorescein in microdialysis sam-  y5es obtained from in vivo retrodialysis method in
ples (vitreous and plasma) was performed by reversed .oy pits ranged from 42 to 45%.

phase liquid chromatography. The system was com-
prised of a Rainin Dynamax Pump SD-200 (Woburn, 3.2, Protein determination
MA), a HP 1100 series fluorescence detectoiagt

= 460 nm, em = 520 nm and an Alcott autosampler
Model 718AL HPLC (Norcross, GA). The column

3. Results

2.7. Analytical procedures

The total vitreous protein concentrations were de-
termined in order to ascertain the integrity of the
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Fig. 1. Protein concentrations in the vitreous humor after implantation of the linear microdialysis probe. Comparison of conf®l eye (
vs. the experimental eyé ). Inset, ratio of protein content of experimental eye to the control eye. Values are represented as $ban

(n =6).

blood-retinal barrier and also to determine the initia-
tion time of an experiment after the probe implanta-
tion in the conscious animals. As shownHig. 1the

total protein concentrations were maximum at 24 h
post-probe implantation and declined with time ulti-
mately reaching the baseline after 48 h. At any time
point the ratio of the protein concentration of the ex-

centration time profiles of fluorescein after systemic
and intravitreal administration were analyzed with a
non-compartmental model. Plasma and vitreous phar-
macokinetic parameters are summarizedable 1
Intravitreal profile of fluorescein exhibited initial
vitreous diffusive equilibration phase followed by
elimination phase from the vitreous bod¥ig. 3).

perimental eye to the control eye was less than 20-fold The plasma elimination half-life of fluorescein was
(Fig. 1, inset), which would not have been the case had calculated to be 6.2%- 2.6 h after systemic admin-
the blood-retinal barrier been compromised. Since the istration. Maximum concentratiorCf,ayx) of fluores-
protein concentrations reached baseline at 48h. All cein in the plasma and vitreous chamber following
conscious animal experiments were performed 3 days systemic administration was calculated as 15482

post-implantation of the probes following surgery.
3.3. Fluorescein kinetics
3.3.1. Animals without recovery period (group 1)

Figs. 2 and 3depict the concentration—time pro-
files of fluorescein following systemic and intravitreal

4.1 and 0.03% 0.029ug mi~1, respectively. Perme-
ability index (PI) of the vitreous chamber following
systemic administration of fluorescein was calculated
as 0.55:-0.27% {Table 1. Vitreal elimination half-life

of fluorescein following intravitreal administration
was 3.17+ 1.02 min. A similar half-life for the vitre-
ous chamber following intravitreal administration has

administrations in anesthetized rabbits without recov- been reported previouslyiacha and Mitra, 200)a

ery period. The plasma and vitreous chamber con-

Cmax of fluorescein in vitreous chamber following
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Fig. 2. Concentration—time profiles of plasma and vitreous chamber following systemic administration of fluorescein in anesthetized rabbits
without recovery period. Values are represented as me&D. (W = 6).

intravitreal administration was calculated as 1324  3.3.2. Animals with recovery period (group 1)
7.75ugmi~L. The clearance (Cl) values from plasma Figs. 4 and Slepict the concentration—time profiles
and vitreous were calculated as 30.619.15 and for fluorescein following systemic and intravitreal

0.025+ 0.013 mI mirrL, respectively Table 1. administration, respectively. The pharmacokinetic
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Fig. 3. Concentration-time profile of vitreous chamber following intravitreal administration of fluorescein in anesthetized rabbits without
recovery period. Values are represented as mea&D. ( = 8).
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Fig. 4. Concentration—time profile of plasma and vitreous chamber following systemic administration of fluorescein in rabbits with recovery
period. Values are represented as meas.D. (1 = 6).

parameters have been calculated by a non- (P < 0.05) from the half-lives calculate for anes-
compartmental model and are listedTable 2 The thetized rabbits without recovery periotiaple 2.
elimination half-lives of the plasma and vitreous The PI of vitreous chamber upon systemic adminis-
chamber following systemic and intravitreal adminis- tration of fluorescein to conscious animals was calcu-
tration were calculated to be 5.851.72 and 2.56t lated to be 0.7H 0.38%, which was not significantly
0.5 h, respectively, and were not significantly different different P < 0.05) from the PI of vitreous chamber

100 1

10 A f
g %f{%ff{
[=2
o
E 14 f f
o
f=4
[«]
o

0.1

0.01 r T - T - ]

0 100 200 300 400 500 600

Time (min.)

Fig. 5. Concentration—time profiles of vitreous chamber following intravitreal administration of fluorescein in conscious rabbits with
recovery period. Values are represented as mea®D. (W = 6).



86

Table 1
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Pharmacokinetic parameters following systemic and intravitreal administration of fluorescein in group | rabbits without recovery period

Parameter Systemic administration Intravitreal administration
Plasma Vitreous Vitreous

t1y2 (h) 6.25+ 2.6 - 3.17+ 1.02

AUC(o_y (g mi=Lmin) 891.55+ 203.47 4.95+ 2.42 4003.37+ 1842.85

AUCins (g mi—1 min) 1047.15+ 309.82 6.43+ 2.05 4670.24+ 1987.54

Cl (mlmin—1) 30.61+ 9.15 - 0.025+ 0.013

Pl - 0.0055+ 0.0027 -

Cinax (ngml=1) 15.82+ 4.1 0.039+ 0.029 13.24+ 7.75

Values are meast: S.D. (1 = 3-6).

Table 2

Pharmacokinetic parameters following systemic and intravitreal administration of fluorescein in group Il rabbits with recovery period

Parameter Systemic administration Intravitreal administration
Plasma Vitreous Vitreous

ty2 (h) 5.05+ 1.72 - 2,56+ 0.5

AUC (05 (g mi~—1min) 380.38+ 162.12 2.71+ 1.46 1806.82+ 898.67

AUCir (g mi~1 min) 433.53+ 167.17 3.17+ 151 1924.28+ 921.67

Cl (mImin~1) 78.73+ 33.96 - 0.082+ 0.035

Pl - 0.0071+ 0.0038 -

Crmax (ngmi~t) 9.76 £ 1.27 0.021+ 0.018 7.91+ 3.28

Values are mear: S.D. (h = 3-6).

in anesthetized rabbits. Tl&ax of fluorescein in the
plasma and vitreous chamber following systemic ad-
ministration were calculated as 9.#61.27 and 0.021

+ 0.018ugml~1, respectively, wherea€mayx in the
vitreous chamber following intravitreal administration
was found to be 7.9% 3.28ugmi~L. The clearance
(CI) values from plasma and vitreous were calculated
as 78.73+ 33.96 and 0.082t 0.035mlImin?, re-
spectively Table 2.

4. Discussion

Topical and systemic administrations may not
deliver effective therapeutic concentrations of the
drug to the posterior segment of the eyegar and
Fiscella, 1985; Geroski and Edelhauser, 200-
fective therapeutic concentrations in the vitreo-retinal
tissues can be attained by direct intravitreal adminis-
tration thereby reducing systemic load and toxicity.
Intravitreal route of administration has proven to be
relatively safe and effectiveBaum et al., 198 A
major constraint in determining intravitreal kinetics is

the inability to sample vitreous continuously. Micro-
dialysis technique has proven to be an effective means
of delineating intravitreal kineticsBen-Nun et al.,
1989; Hughes et al., 1996; Waga and Ehinger, 1997;
Waga et al., 1999; Waga, 2000The present study

is aimed at the development, validation and charac-
terization of a microdialysis sampling technique in
rabbits with permanently indwelling probes.

The main advantage of this animal model in com-
parison to the acute microdialysis model is the vi-
ability of probe for longer periods and its utility in
performing multiple-dose and long term pharmacoki-
netic studies. In our studies the probe remained viable
for 7 days and given proper care and maintenance the
probes can even remain viable for up to 30 days. Dur-
ing the study period a topical anti-inflammatory agent,
dexamethasone was administered to counter any in-
flammation of the sclera or conjunctiva. The animals
responded very well to the treatment and there was no
sign of inflammation after 2 days.

Alterations in the vitreal protein content may lead to
a change in drug disposition for highly protein bound
drug molecules. In the present study the protein levels
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reached a maximum immediately after implantation
of the probe and then declined with time, reaching

87

tion and anesthesia on propranolol disposition was ex-
amined after topical administratioRittenhouse et al.,

baseline around 48 h. An earlier report has suggested1999. Anesthetic combination of ketamine and xy-

that alterations in agueous humor protein concentra-
tions may dictate the ocular pharmacokinetics. There-
fore proper caution must be exercised in the design of
microdialysis experimentR(ttenhouse et al., 19%9

In studying highly protein bound molecules an appro-

priate recovery period must be allowed in order for

the protein levels to return close to baseline. In the

lazine may produce suppressive effect on heart and res-
piratory rate Sanford and Colby, 1980; Lipman et al.,
1987 and may also exhibit effect on the intraocular
pressure Trim et al., 1985; Burke and Potter, 1986;
Jia et al., 2000 Intraocular exposure of propranolol
reflected byCnax and area under curve of aqueous hu-
mor (AUCanH) values in the conscious rabbits was re-

present study all the experiments were performed at duced relative to that in anesthetized rabbits. However

72 h post-implantation, when the protein levels in the
experimental eyes and the control eyes were similar
and were at or near the baselifeid. 1). The pro-
tein levels examined in this study also may provide an
insight into the integrity of the blood-retinal barrier.
The ratio of protein concentration of the experimen-
tal eye to the control eye at all time points was less
than 20-fold Fig. 1, inset), indicating that there was
no breakdown in the blood-retinal barrier following
probe implantation.

The barrier property of blood-retinal barrier was
also evaluated by determining PI of fluorescein. Fluo-
rescein is an organic anion often used for in vivo eval-
uation of blood ocular barrier integrity. Integrity of the
blood-retinal barrier has been determined by quantita-
tive measurement of fluorescence in the vitreous cav-
ity following systemic administration of fluorescein
(Zeimer et al., 1988 The PIs of the vitreous chamber
in animals without recovery period and with recovery
period were calculated to be 0.850.27 and 0.7H
0.38%, respectively. Therefore Pl values indicate re-

the time to peak concentratiofifax) and the rate of
elimination from the anterior chamber were similar in
conscious and anesthetized rabbits. Such differences
may be attributed to physiological effects caused by
anesthesia in the anterior segment such as decreased
aqueous humor drainage, reduced tear turnover and
lower rate of blinking Rittenhouse et al., 1999n the
present study however, the vitreous pharmacokinetic
parameters were not found to be significantly different
(P < 0.05) between conscious and anesthetized rab-
bits (Tables 1 and R It could possibly be due to lesser
physiological effects of anesthesia especially the one
altering the vitreous disposition. In addition, transport
in the vitreous humor is caused by diffusion and con-
vection and alteration in the ocular pressure due to the
anesthesia affects the convective forc&supoi and
Pederson, 1988which in turn alters the distribution

of the high molecular weight compounds. Moreover
such an effect is also predicted to be magnified in
larger animals, such as humadai(et al., 2000. How-

ever this effect would not be applicable in the present

stricted exchange of fluorescein between plasma andstudy of rabbit intravitreal kinetics of fluorescein as it

the vitreous chamber due to the intact blood-retinal
barrier. Similar results have been obtained previously
where a tighter barrier was observed to restrict molec-

ular exchange between the plasma and vitreous cham-

bers across the blood-retinal barrién{idsen et al.,
1998.
Previously, a posterior segment conscious micro-

is a relatively low molecular weight compound.

In conclusion, the surgical procedure for the perma-
nent implantation of the probes did not compromise
the integrity of the blood-retinal barrier as evident by
the comparative permeability indices of fluorescein
upon systemic administration. The surgical procedure
was very well tolerated by the animals in the group Il

dialysis model was developed by Waga et al., but no as they did not show any major infection besides red-
systematic comparison was made between the vitreousness and slight inflammation of the eye. The probes
drug disposition in conscious and anesthetized animal in group Il animals were functional for at least 7 days

models following intravitreal and systemic administra- and did not show a significant difference in the recov-

tion (Waga et al., 1991 Rittenhouse et al. have devel- ery. The return of the protein levels to baseline at the
oped anterior chamber conscious microdialysis model end of 2 days makes it possible for the experiments to
to study the disposition of drugs in the anterior cham- be performed after 3 days of the surgical procedure.
ber. The effect of aqueous humor protein concentra- In conclusion, the development and characterization
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of this model provides a new technique for the study
of drug pharmacokinetics in the posterior segment of
the eye.
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