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Abstract 

Ophthalmic inserts (denominated mini-tablets, MT) for sustained release of timolol were prepared by a standard 
compression and coating technique. An adequate control of the in vitro drug release from the devices could be 
obtained by adjusting the type and amount of acrylic polymer coating. 
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A previous paper (Saettone et al., 1990) dealt 
with an application of the compression tech- 
nique to the preparation of  ophthalmic inserts 
containing pilocarpine. When compared with a 
standard solution, the inserts exhibited a sus- 
tained miotic effect in rabbit eyes, even if the drug 
was released in vitro with non-zero order kinetics. 
Subsequent work on pilocarpine inserts prepared 
by extrusion (Saettone et al., 1992) demonstrated 
that zero-order release kinetics, and improved 
biological effects, could be obtained by coating 
the devices with aqueous dispersions of  acrylic 
polymers. 

The aim of the present investigation was to 
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apply both approaches (compression and coating) 
to the realisation of ophthalmic mini-tablets (MT) 
for sustained release of  timolol (Ti). This drug is 
widely used as an ophthalmic solution to lower 
the intraocular pressure of glaucoma patients. 
However, a substantial portion of  the solution is 
lost to the eye and undergoes systemic absorption 
via the nasal mucosa, with undesirable cardiovas- 
cular and respiratory side effects. As indicated in 
a recent review (Urtti and Salminen, 1993), sev- 
eral studies have demonstrated the possibility of 
increasing the ocular/systemic absorption ratio of 
Ti by adequately controlling the ocular release of 
the drug. A slow, sustained delivery might offer 
concrete advantages, such as improved therapeu- 
tic efficacy and reduced systemic toxicity. 
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Table 1 
Percent composition of  the ocular mini-tablets (MT) 

MT type HPC % w/w GPS % w/w TiM % w/w (A)ACR RS/RL % (B)ACR RS/RL % 
w/w, 80:20 w/w, 60:40 

1 59.5 37.9 2.6 
1C 51.0 32.5 2.3 14.2 
2 58.0 37.0 5.0 
2C I 51.6 32.8 4.5 11.1 
2C 2 47.7 30.3 4.2 17.8 
2C 3 54.6 34.8 5.8 4.8 

Timolol maleate, TiM (Sigma Chimica, Mi- 
lano, Italy); hydroxypropylcellulose MW 300,000, 
HPC, (Janssen Chimica, Geel, Belgium); glyceryl 
palmito-stearate, GPS, (Precirol®-ATO 5 Gatte- 
foss6 SA, Saint-Priest, France); acrylic copoly- 
mers, ACR-RS and ACR-RL (Eudragit®-RS 
and Eudragit®-RL, Rohm-Pharma, Darmstadt, 
Germany),and castor oil (Carlo Erba, Milano, 
Italy) were all used as received. 

The composition of MT is indicated in Table 
1. Type 1 and 2 tablets contained 0.34 and 0.68 
mg TiM (equivalent to 0.25 mg and 0.55 mg Ti 
base) respectively; coating is indicated by the 
suffix C. 

The tablet cores were obtained as follows: TiM 
was first dispersed in melted (50°C) GPS; the 
cooled, solidified mass was then forced through a 
300 pm screen, mixed for 20 min with HPC in a 
Turbula® T2A apparatus (WAB, Basel, Switzer- 
land) and tableted using a single-punch press 
(Kilian, K61n, Germany) equipped with concave 
punches (diameter, 3.5 mm). 

The resulting cores had an average weight of 
13.0 mg (type 1) or 16.0 mg (type 2), a diameter 
of 3.5 mm and a height of 1.5 mm. None differed 
from the average weight by more than 5%. Their 
average TiM content, monitored by HPLC after 
quantitative extraction with methanol, was 0.34 
mg (S.D. _+ 0.063) and 0.68 mg (S.D. + 0.085) 
for type 1 and 2 MT, respectively. 

The cores (batches of 50 units) were coated in 
a conventional rotating pan by spraying 5% w/w 
solutions of acrylic copolymers (60 ml) contain- 
ing 1% w/w castor oil as plasticizer. The coating 
solutions, both in 1:1 v/v isopropanol-acetone, 
had the following w/w composition: (A) 80:20 

ACR-RS/ACR-RL, and (B) 60:40 ACR-RS/ 
ACR-RL. 

All MT, individually packaged in blisters, were 
sterilized by gamma-ray irradiation (dose = 2.5 
MRad). Analytical tests demonstrated that the 
drug content was unaffected by the sterilization 
procedure. 

The release tests from uncoated (1,2) and 
coated (1C, 2Cj, 2 C  2 and 2C3) MT were carried 
out using a custom-made apparatus, consisting of 
a small, stainless steel woven wire (50 mesh) bas- 
ket (diameter 18 mm, height 20 mm), rotating at 
20 rpm. The dissolution medium consisted of 5.0 
ml of 1.3 mM, pH 7.4 phosphate buffer, whose 
ionic strenght was adjusted to 0.5 M with sodium 
chloride; all release experiments were performed 
at 30°C (temperature of the eye surface). At pre- 
set time intervals, 2.0 ml samples of the receiving 
solution were withdrawn for analysis, and imme- 
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Fig. 1. Timolol maleate release from mini-tablets I(D),  
2((3) and 2C3(A). Means + S.E. of  4 experiments are 
reported. 



M.F. Saettone et al./  International Journal of  Pharmaceutics 126 (1995) 79-82 81 

I00- 

75. 

I" 
25- 

O- 

/ 

• rme 0'~oun) 

Fig. 2. Timolol maleate release from mini-tablets 2C2 ([2), 
1C(O) and 2CI(A) .  Means  + S.E. of  4 experiments are 
reported. 

diately replaced with new buffer pre-heated at 
30°C. The release tests were continued 25 hr for 
the uncoated MT, and up to 70 hr for the coated 
ones. Each test was repeated at least four times. 

HPLC analyses were carried out using a LC 6A 
pump, 20 ~tl Rheodyne injector, SPD-6AV UV 
detector and a C-R4A integrating system (Shi- 
madzu Corp., Kyoto, Japan). The column (Bond- 
clone 30 × 3.9 mm, Phenomenex, Torrance-CA) 
was packed with m-Bondpack® C18 (pore size 10 
/~m) and fitted with a precolumn (Guard-Pak® 
Holder, Waters, Milford, MA). The mobile phase 
(flow rate, 1.0 ml/min) was acetonitrile/methanol/ 
0.02M, pH 4.5 acetate buffer (10:45:45 v/v). The 
determination was performed at 294 nm. Under 
these conditions, the retention time of Ti was 4.8 
___ 0.5 min; the sensitivity of the assay was better 
than 0.04 /tg/ml. The TiM concentration in the 

samples was determined by comparison with a 
calibration curve obtained with standard solu- 
tions. 

The in vitro release profiles of TiM from the 
uncoated MT 1 and 2, and from the 2C s samples 
(coated with the more permeable polymer mixture 
B) are illustrated in Fig. 1. The release profiles of 
the other MT, coated with the less permeable 
mixture A, are reported in Fig. 2. 

The release data were analyzed according to the 
semi-empirical e q u a t i o n : M , / M ~  = K t "  where Mt 
and M~ denote the amount of drug released at 
time t and at infinite time, respectively; K is the 
kinetic constant, t is the release time and n is the 
diffusional exponent of the drug release (Ko- 
rsmeyer and Peppas, 1983; Peppas, 1985). In par- 
ticular, the exponent n is indicative of the release 
kinetics: a value of 0.5 corresponds to conven- 
tional Fickian kinetics, while n = 1 is indicative 
of zero-order kinetics. A value of n between 0.5 
and 1 indicates anomalous drug release kinetics. 

The parameters for in vitro release of TiM from 
the test dosage forms, reported in Table 2, were 
determined from log (Mt/M~) vs log (t) plots. In 
the case of MT 1, 2 and 2B, data fitting was 
performed on the early portion of the curve (Mt/ 
M~ < 0.7). 

As shown in Table 2, whereas the uncoated MT 
showed diffusive (MT1, n = 0.53) or anomalous 
(MT2, n = 0.77) release kinetics, those coated 
with the less permeable polymeric coating (A) 
approximated zero-order kinetics (1.12 > n > 
0.96), with decreasing rates (R30% = 0.07, 0.02 
and 0.0081 for 2C~, 1C and 2C2, respectively) with 
increasing amount of coating (i1.1, 14.2 and 

Table 2 
"In  vitro" release parameters of  TiM from the mini-tablets 

MT type n ( +  95% C.L.) K, (s")  t]o,y. ' (hr) Rb~ry.. (hr ~) 

1 0.53 + 0.073 0.28 1.14 0.14 
IC 0.96 ___ 0.199 0.023 14.6 0.02 
2 0.77 + 0.086 0.22 1.5 0.15 
2C 1 0.99 + 0.250 0.075 4.04 0.07 
2C 2 1.12 + 0.202 0.002 46.7 0.0081 
2C 3 0.653 + 0.059 0.26 1.24 0.16 

aTime required for release of  30% TiM. 
blnstantaneous release rate at time of 30% release. 
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17.8%). Coa t ing  with a low amoun t  o f  the more  
pe rmeab le  po lymer  mixture  (B), as in 2C 3, led to 
anomalous ,  non-F ick ian ,  release kinetics (n = 
0.65). Evident ly,  in this case the thickness and 
permeabi l i ty  o f  the po lymer  film were not  suffi- 
cient to cont ro l  release. The release behav iour  o f  
M T  1 and 2 was p re sumab ly  due to the presence 
o f  58-59% HPC,  whose swelling in the d issolut ion  
medium red to fast (R 30%: 0.14 and 0.15 respec- 
tively) release o f  T iM with a p r e d o m i n a n t  diffu- 
sional mechanism.  

In vivo da ta  for the cons tan t - ra te  releasing M T  
will be the object  o f  a separa te  communica t ion .  
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