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Summary 

Topical drug delivery to the eye is generally characterized by poor intraocular bioavailability. Hydrocolloids are used to increase 
viscosity and hence to slow down drug dilution and elimination by the lacrimal flow. The purpose of this work was to monitor 
corneal contact time by gamma scintigraphy and to compare the miotic response induced by viscosified vehicles containing 
pilocarpine nitrate. New Zealand White rabbits were used as test animals. The polysaccharides tested were hydroxyethylcellulose 
(HEC), xanthan gum and gellan gum (Gelrite®). The present comparative study using a solution containing no viscosifying agent as 
reference showed that Gelrite ® and xanthan gum prolonged significantly the constriction of the pupil, whereas no prolongation of 
the miotic response could be shown with HEC. The clearance of the solutions labelled with 99mTc-DTPA was measured over a 10 
rain period and was shown to follow a two-phase pattern. The zero-order rate constant was determined for the initial 2 min and 
was significantly different for all the viscosified formulations in comparison with the reference solution. 

Introduction 

The intraocular penetration of topically ap- 
plied drugs is influenced by corneal contact time. 
After instillation, tear flow drains out the drug 
from the corneal surface, following substantially a 
two-phase pattern (Chrai et al., 1973; Greaves et 
al., 1990). An increase in viscosity is generally 
acknowledged as being a factor leading to a slower 

Correspondence to: R. Gurny, School of Pharmacy, University 
of Geneva, 30 Quai E.-Anserrnet, CH-1211 Geneva 4, 
Switzerland. 

elimination rate (Chrai and Robinson, 1974), and 
hence to a greater intraocular bioavailability. In 
order to monitor this increased bioavailability, it 
is possible either to perform assays for the drugs 
in the aqueous humor or to measure some phar- 
macological response directly related to the 
amount of drug at the receptor site. As the for- 
mer technique implies the use of a large number 
of animals to obtain a valid set of data, and only 
one time point can be obtained with one eye, we 
made use of the latter one, i.e., the measurement 
of pupil size vs time after the administration of 
various pilocarpine nitrate solutions (Gurny et al., 
1987; Saettone et al., 1992). Pilocarpine is used 
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for the treatment of open angle glaucoma by 
topical administration to ensure a decreased in- 
tra-ocular pressure. Owing to its pharmacody- 
namic properties, several daily applications of the 
eye drops are needed. The introduction of a 
vehicle ensuring a longer ocular retention time, 
and hence a prolonged duration of action would 
be greatly appreciated by patients using the treat- 
ment on a long term basis. In the present study, 
we have taken advantage of a well known and 
readily measurable side-effect of pilocarpine: the 
pupil contraction. 

The corneal contact time can be assessed by 
various non-invasive methods such as gamma 
scintigraphy. This method was first used in oph- 
thalmology to evaluate the drainage system and 
in particular the in vivo lacrimal drainage dynam- 
ics (Rossomondo et al., 1972). During the preced- 
ing 20 years, gamma scintigraphy has become an 
established technique in pharmaceutical research 
(Wilson and Washington, 1988; Greaves et al., 
1992). 

Materials and Methods 

Materials 

Hydroxyethylcellulose (HEC QP 52000H, 
Union Carbide, U.S.A.), xanthan gum (Keltrol 
1000, Kelco, Division of Merck & Co. Inc., 
U.S.A.), and Gelrite ® gellan gum (Kelco, Divi- 
sion of Merck & Co Inc., U.S.A.) were sterilised 
by autoclaving a 2%, a 4%, and a 0.8% aqueous 
solution, respectively. 

These concentrated solutions were diluted by 
mixing pilocarpine nitrate solution with Tris- 
nitrate buffer (pH 6.5-6.8; 0.019 M) to give a 
final concentration of 2% pilocarpine nitrate and 
0.325 or 0.5% HEC, or 0.3% xanthan gum, or 
0.6% Gelrite ®. Solution tonicity was adjusted by 
addition of mannitol to obtain an iso-osmotic 
solution and an antiseptic preservative (quaterna- 
ry ammonium) was added. These solutions were 
compared with a reference solution containing 
2% pilocarpine nitrate and the same additives, 
except for the viscosifying agent which was omit- 
ted. Pilocarpine nitrate was obtained as a 

lyophilized powder (Chibro-Pilocarpine ®, Merck, 
Sharp & Dohme, Chibret, France). All the other 
additives were pharmaceutical grade products and 
were used as obtained from the usual suppliers. 

Radiopharmaceuticals 
Technetium-99m (99mTC) was prepared, in the 

Department of Nuclear Medicine at the Univer- 
sity Hospital of Geneva, by elution of a commer- 
cially available 99Mo-99mTc generator (Mallinck- 
rodt, The Netherlands) as pertechnetate ions. A 
kit (Oryx Pharmaceutica, Switzerland) was used 
for the preparation of 99mTc-labelled diethylene- 
triaminepentaacetic acid (99mTc-DTPA) from the 
eluate. The final solution was prepared by adding 
0.15 ml of the chelate to 0.85 ml of the prepara- 
tions to yield a final concentration of 0.325 or 
0.5% HEC or 0.3% xanthan gum or 0.6% 
Gelrite ®. These four solutions were compared to 
the same reference solution as above. All solu- 
tions contained 2% (w/v) pilocarpine nitrate, and 
their activity ranged from 2.78 MBq (= 75 /zCi) 
to 1.96 MBq (= 53/,~Ci) per 25/zl dose, depend- 
ing on the time of administration. 

Methods 

Male and female albino rabbits were used as 
test animals. All procedures were performed ac- 
cording to the ARVO statement for the use of 
animals in ophthalmic and vision research and to 
Swiss federal laws. 

Miosis determination 
The unanesthetized rabbits were kept in re- 

straining boxes during the experiments and with- 
out their heads being hindered, so that all normal 
eye movements were retained. Prior to the exper- 
iments, the rabbits were acclimated in the labora- 
tory for 30 min (standard white light). Each for- 
mulation was usually tested on five to six differ- 
ent rabbits. Baseline values were measured (seven 
time points) for 1 h prior to the administration. A 
25 t~l drop was applied to the top of the scleral 
region of one eye by slightly pulling the eyelids 
open, the other eye remaining untreated. The 
eyelids were immediately returned to their nor- 
mal position after administration. After the ad- 
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ministration, measurements were carried out ev- 
ery 5 min during the first hour, then every 10 min 
until pupil size returned to normal. The miotic 
effect (%) was calculated as the difference be- 
tween the pupil diameter induced by the pilo- 
carpine and the individual average baseline val- 
ues (Ibrahim, 1989). The determination of the 
pupil response was carried out with a video moni- 
toring equipment consisting of a video camera 
(Sony CCD type DXC 101P) connected to a video 
tape recorder (Sony Betamax SLHF 950). The 
measurements of the pupil diameter and of a 
scaling standard were performed on the monitor 
screen (Sony KX27PS1). The scaling standard is 
used to determine the magnification factor of the 
camera lenses. 

The evaluated parameters were: (i) intensity of 
the miotic effect at peak time (Emax); (ii) time to 
reach the maximum miotic effect (:/'max); (iii) per- 
sistence of the miotic response (PMR), expressed 
as the time elapsed from instillation to when the 
pupil size had returned to baseline values; and 
(iv) area under miotic effect vs time curve (AUC). 

Gamma scintigraphy 
Each formulation was tested on five to seven 

rabbits. Each animal received the same formula- 
tion on three separate days. 25/zl of the solutions 
were instilled onto the left corneal surface (at the 
12 o'clock position) of the rabbit to determine 
clearance of the radionuclide. The rabbit was 
positioned on a table without the restraining box, 
its head being gently supported by the hand with 
its left eye at 6 cm from the collimator aperture. 
A 25/zl aliquot of the solution to be tested was 
placed in a plastic tube, which was taped between 
the ears of the rabbit, and used as a position 
marker. The precorneal clearance was measured 
using a gamma camera (Toshiba GCA 602A) 
tuned to detect the 140 keV radiation of 99mTc 
and fitted with a 4 mm pinhole collimator. Dy- 
namic images were recorded using a 128 x 128 
pixel matrix for 10 rain using 36 x 5 s frames 
followed by 12 x 10 s frames and 15 x 20 s frames. 
The recording was started exactly 5 s after instil- 
lation (time needed to place the rabbit in front of 
the collimator). The division of the overall scinti- 

Fig. 1. Typical definition of the regions of interest (ROIs). 1, position reference; 2, precorneal surface; 3, inner canthus; 
4, nasolacrimal duct; 5, background. 
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TABLE 1 

Summary of the miotic activity parameters of the vehicles containing 2% pilocarpine nitrate in rabbits (mean +_ standard deviation) 

Reference  H E C  0.325% H E C  0.5% Xanthan  0.3% Gelrite ® 0.6% 
solution (n = 5) (n = 6) (n = 6) (n = 6) 
(n = 6) 

Ema x (%) 32 + 5 33 + 6 32 ± 5 36 + 4 35 _+ 4 
Tma ~(min)  2 8 +  13 2 2 +  12 2 8 ±  8 17+  5 17±  9 
P M R  (min) 148 ± 19 167 + 31 146 ± 22 200 + 12 b 182 5: 27 a 

A U C  (% min) 3 161 + 848 3 545 5:1 131 3 272 + 937 4 601 5:858 a 4 048 ± 1080 

The  significance of differences from the reference solution was assessed using a Student 's  t-test (a p < 0.05; b p < 0.01). 

graphic image into five regions of interest (ROIs) 
is shown in Fig. 1. The total activity in the three 
anatomical ROIs (ROIs 2, 3 and 4) in the first 
frame is assumed to be 100% of the instilled 
dose. The remaining activity in the precorneal 
ROI at each time point is calculated as a percent- 
age of the initial activity. 

The evaluated parameters were: (i) activity re- 
maining in the precorneal ROI; (ii) AUC, area 
under the percentage of activity remaining in the 
precorneal ROI vs time curve; and (iii) linear 
regression analysis for the initial 125 s of the 
elimination curve, yielding a zero-order rate con- 
stant (k 1) as well as the half life (tt/2). 

Statistical testing 
The evaluated parameters were tested for 

goodness of fit with the normal distribution using 
the Kolmogorov-Smirnov test. The differences 
between the results obtained with an excipient 

were compared to those of the reference solution 
using a Student's t-test. 

Results and Discussion 

Miotic activity 
The results of the miotic activity study in rab- 

bits are summarized in Table 1, and Fig. 2 illus- 
trates the difference in miotic response to the 
vehicles, which all contained 2% pilocarpine ni- 
trate. 

When compared with the reference solution, 
xanthan gum 0.3% showed a significantly in- 
creased AUC (P < 0.05) and even a highly signifi- 
cant prolongation of the persistence of the miotic 
response (P < 0.01). Gelrite ® 0.6% showed a sig- 
nificant prolongation of the persistence of the 
miotic response (P < 0.05). Neither of the two 
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Fig. 2. Miotic response after instillation of 25/zl  of  various formulations containing 2% pilocarpine nitrate. ( • )  Reference solution 
(n = 6), (rn) H E C  0.325% (n = 5), ( # )  H E C  0.5% (n  = 6), (o)  xanthan gum 0.3% (n = 6), ( A )  Gelrite ® 0.6% (n = 6). 



TABLE 2 

Clearance of solutions containing 99'nTc-DTPA incorporated 
into vehicles containing pilocarpine nitrate 2% (mean + standard 
deviation) 

Time % remaining in the precorneal region of interest 

(min) Reference HEC HEC Xanthan Gelrite ® 

solution 0.325% 0.5% 0.3% 0.6% 
(n = 13) (n = 9) (n = 8) (n = 9) (n = 9) 

1 225:15 56-t-30 b 69+32 b 77+26 b 94+ 9 b 
2 1 2 5 : 9  43+33 a 58+29 a 69+32 b 88+16 b 
3 8_+ 7 325:31 50+41 a 51+33 b 8 0 + 1 8  b 

4 6:t: 3 26+27 46+39 a 44+31 b 69±15 b 
5 5 5 : 3  245:25 42+39 a 38+30 a 64+15 b 
6 5 5 : 3  21_+22 40_37  a 34+27 a 59+16 b 
7 5 5 : 3  205:23 335:34 305:24 a 495:20 b 
8 4 5 : 2  185:23 325:35 27_+22 a 41+19 b 
9 4 5 : 2  165:20 31+35 24_+19 a 345:19 b 

The significance of differences from the reference solution 
was assessed using a Student's t-test (a p < 0.05; b p < 0.01). 
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formulations based on HEC showed any signifi- 
cant difference in the four evaluated parameters. 

Scintigraphic evaluation of the retention time 
The curves of the activity remaining in the 

corneal ROI vs time are shown in Fig. 3; Table 2 
presents the activity remaining on the cornea at 
different time points and Table 3 summarizes the 
mean values of the evaluated parameters. 

Gelrite ® 0.6% and xanthan gum 0.3% showed 
at all times a significantly higher retention of the 
radioactive tracer in the corneal ROI in compari- 
son with the reference solution. HEC showed an 
increase in remaining activity for 6 min after 
instillation of the higher concentration (0.5%) 
and for 2 min for the lower concentration 
(0.325%). The dispersion of the results was so 

100 

80 ._~ 

.~_ 40 

o 2O 

0 1 2 3 4 5 6 7 8 9 10 

Time (rain) 
Fig. 3. Precorneal drainage of 99mTc-DTPA incorporated into various formulations containing pilocarpine nitrate 2%. 
( I )  Reference solution (n = 13), ([3) HEC 0.325% (n=9 ) ,  (#)  HEC 0.5% (n = 8), (o) xanthan gum 0.3% (n = 9), (& )  

Gelrite ® 0.6% (n = 9). 

TABLE 3 

Precorneal drainage parameters (mean 5: standard deviation for A UC, and mean 5: standard error for k 1) 

Reference HEC HEC Xanthan Gelrite ® 
solution 0.325% 0.5% 0.3% 0.6% 
(n = 13) (n = 9) (n = 8) (n = 9) (n = 9) 

AUC (%rain) 88 + 49 295 Jr 244 a 455 + 355 a 445 + 254 b 636 + 131 b 
k I (min -1) 0.77+ 0.03 0.37+ 0.02 b 0.26+ 0.01 b 0.20+ 0.01 b 0.07+ 0.01 b 
tl/2 (min) 0.91 1.86 2.69 3.45 9.66 

The significance of differences from the reference solution was assessed using a Student's t-test (a p < 0.05; b p < 0.01). 
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wide that no conclusions could be drawn regard- 
ing the significance of the difference in the 
corneal residence time found in these two cases. 

When compared with the reference solution, 
all formulations showed an increased AUC, i.e., 
HEC 0.325% (P < 0.05), HEC 0.5% (P < 0.05), 
Gelrite ® (P < 0.01) and xanthan gum 0.3% (P < 
0.01). The drainage rate constants were signifi- 
cantly different for all the formulations tested in 
comparison with the reference solution (P < 0.01). 

Conclusion 

According to previously published results 
(Gurny et al., 1987, 1990), clearance of all studied 
formulations was found to follow two-phase ki- 
netics, although individual patterns of drainage 
may differ from the general picture. 

Xanthan gum 0.3% and Gelrite ® 0.6% pro- 
longed the corneal contact time as measured by 
gamma scintigraphy in comparison with a refer- 
ence solution with no viscosifying agent added 
(P < 0.01). As calculated from the drainage rate 
constant for the first phase, the elimination was 
decreased by a factor of 4 when using xanthan 
gum and by a factor of 10 when using Gelrite ®. 
Both xanthan gum and Gelrite ® prolonged the 
miotic response when compared to a reference 
solution (P < 0.01 and P < 0.05, respectively). 

Both dilutions of HEC increased the corneal 
contact time as evaluated by gamma scintigraphy 
(P < 0.05). At the same time, the drainage rate 
constant calculated for the first phase was de- 
creased by a factor of 2 for HEC 0.325% and by a 
factor of 3 for HEC 0.5%. It was also observed 
that the dispersion of individual results was much 
wider for the two HEC preparations than for 
xanthan gum or the reference solution. 
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