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- Abstract

Traditionally, topical drug delivery is preferred in the eye to avoid under and over
‘medication and undesired side effects of systemic administration. Nevertheless,
conventional eye drops deliver drugs in a puisatile fashion that is called "ptjlse entry effect”.
Additioha!ly, ophthalmic solutions and 'suépensions are compromised in their effectivenés’s
by several limitations such as, the poor cornieal penetration due to the hydrophobic nature
of the upper epithelial layers of the cornea, rapid nasolacrlmal drainage, nonproduct;ve

absorption through the conjunctiva, and complex tear fluid dynamics.

To achieve effective ophthalmic therapy, an adequate amount of the active ingredient
must be delivered and maintained at its site of action within the eye. Therefore, here arises

the value of formulating controlled drug delivery systems to the eye.

Nanoparticles as drug carriers have attracted more and-more interest in the last
decade. The major goal in employing nanoparticles was the contrblied and sustained-
release of the pharmacologically active agent to the specific site of action are the
therapeutically optimal rate and dose regimen and therefore provide increased drug

efficacy, reduced toxicity and prolonged therapeutic activity. -

Studies that have investigated the potential of nanoparticies for ocular drug delivery
have shown several promising results compared to conventional ocular dosage forms.

Glaucoma is one of the most serious ocular diseases; it is frequently asymptomatic at
the time of diagnosis, but it can result in progressive visual field loss and eventual
blindness. |

Timolol maleate, a non- selective beta- adrenergic blocking agent, represents one of
the most significant advances in the topical treatment of glaucoma. Timolol maleate
administered directly to the eye as ophthalmic drops appears to be rapidly absorbed,
producing a decrease in the intra-ocular pressure through the reduction of the aquéous,

humour formation rate.



it is evident that the possibility of introducing an efficient anti-glaucoma ageht such as
timolol maleate in a sustained release formulation will help a lot in the effective treatment of
glaucoma with minimum side effects and the prophylaxié against long term complications
associated with glaucoma and ocular hypertension.

Therefore, the work in this thesis aimed to formulate timolol maleate in prolonged

action d_bsage forms such as, timolol maleate-loaded nanoparticles and gels.

The work in this thesis is divided into three main parts:
Part |: Preparation and evaluation of timolol malegte loaded ocular nanoparticles.
This part is divided into two chapters:

Chapter 1: preparation and jn-vitro evaluation of timolol maleate ocular nanoparticies
using fixed Eudragit S-100 concentration and different po‘lyvihyt alcohol (PVA)

concentrations.

Chapter 2: preparation and in-vitro evaluation of timolol maleate ocular nanoparticies
using various Eudragit S-100 concentrations and fixed polyvinyl alcohol (PVA)}
concentration.

Part ll: preparation and evaluation of timolol maleate ocular gel.

Part 1ll: In-vivo pharmacodynamic evaluation of timolol maleate ophthalmic
formulations. '



Part |

Preparation and evaluation of timolol maleate loaded ocular

nanoparticles.

In this part of the thesis, our aim was to utilize the salting out procedure for the
preparation of timolol maleate-loaded nanoparticles using either various concentrations of
Polyvinyl alcohol as the wate.r-soluble stabilizer and protective polymer added to the
aqueoes phase (chapter one) or different concentrations of Eudragit S-100 as the polymer
used in the organic phase to form the nanoparticles (chapter two). Then, the produced
nanoparticles were evaluated for drug loading capacity, particle size, morphological
characters of the prepared nanoparticles, and drug release profile in order to select the

best formulae.

Chapter 1: Preparation and [n-vitro evaluation of timolol maleate ocular
nanoparticles using fixed Eudragit S-100 concentration and different polyvinyl
alcohol concentrations.

The work in this chapter include the formulation of timolol mlaeate-loaded
nanoparticles, using constant concentration of Eudragit S-100 (17%) as the nanoperticle-
forming polymer and various concentrations of polfyviny! alcohol as the water-soluble
protective stabilizing polymer; namely, 1, 2, 3, 4, and 6%, and utilizing the salting- out
procedure.

First, the prepared nanoparticles were analysed using differential scanning
calorimetry (DSC) in order to characterize the physical state of timolol maleate in the
nanoparticle colloidal system. However, in the thermograms obtained for the lcaded
nanoparticles, the endothermic peak of timolol maleate was not detected, a fact that
establishes the formation of a molecular dispersion of timolol maleate inside the

nanoparticles.

The viscosity measurements of the nanoparticle suspensions prepared at different pH
values revealed that the dispersion, buffered to pH 7.4, has the highest viscosity over al!

H]



other pH ranges. Consequently, the pH 7.4 was selected as the most suitable pH at which
the suspension can be prepared. | |

The nanoparticles were studied for their drug loading capacity, morphological
characters of the prepared nanoparticles, particle size analysis, and drug release pattern in
order to select the best prepared formula.

The actual drug loading into the nanoparticles was determined by two methods, the
crushing'method and the extraction method. The [oading efficiencies observed with the
crushing method were higher than that of the extraction method; they were 12.38, 13.66,
18.41, 23.76, and 36.28% for 1, 2, 3, 4, and 6% PVA, respectively. Hence, the results
indicated an increase in both the amount of drug loaded and the loading efficiency of the
nanoparticles with the increase in the PVA concentration.

The inspected morphological characters of the prepared nanoparticles revealed that
all the nanoparticles prepared were spherical in shape and non- aggregated.

Th_é mean particle size of the nanoparticles prepared using different polyvinyl alcohol
concentrations were measured using laser diffraction particle size analyzer. The results
clearly demonstrated that increasing the concentration of the hydrocolioid (PVA) in the
external aqueous phase leads to a consequent decrease in the particle size of the
produced nanoparticles, this increase in PVA concentration with the consequent decrease
in particle size was also associated with an expected increase in the specific surface area
of the nanoparticles which could explain the increased drug loading efficiency associated
with the increase in PVA concentration. _

From the /n-vitro release studies of timolol maleate from the commercial eye drops
and the nanoparticles prepared using 1, 2, 3, 4, and 6% PVA concentrations, a slower
release rate was observed for the timolol maleate-loaded nanoparticles than that observed

for the.commercial eye drops examined.

The release of timolol from its nanoparticles were slightly biphasic with an initial fast
rate, which was probably due to the externally adsorbed drug onto the nanoparticles
surfaces, then, another release phase which was attributed to the drug encapsulated inside
the nanoparticles. Additionally, the in-vitro release of timolol from its nanoparticles was

v



