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ABSTRACT
{he ocular activily of a single dose of bnmomdine 0.2 % n selution and hposomal formulations was evaluated in 28 adult
patents with recently diagnosed primary open angle glaucoma. Mululamellar liposomes were prepared from dlpa!m;;;]
rhosphatideholine and cholesterol. Steanylamine and dicets] phosphate were used to modify the net surface charge of II"/}.S(:.'E“!S
The evaluation of the perfonmance of various formulations of the drug was assessed on the basis of the influence of Lh:: drug :n
the intraccular pressure Rcsuh.f demonstrated that the intra-ocular activity of the drug using vanous liposomal formulations was
greater than that of solution form Moreover, concerning the liposomal surface charge, the drug acuvity was greatest for
»J hiposomes, less for neutral hiposomes and least for negatively charged liposomes. This could be attributed to

clactrostatic attraction between the negatively charged surface of the comeal epitheliz] and positively charged liposomal surface.
1 11 was clearly observed that liposomal ophthalmic drug delivery system seems to be a promising approach for the
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INTRODUCTION after four vears of continuous use'” ™. Also, since its
As selective drug delivery system, liposomes have introduction in 1996, use of brimonidine tartrate 0.2%
been and continue to be extensively used to improve ophthalmic ~ solution (Alphagan) has become
the therapeutic index of Kknown active drugs. increasingly popular for the initial and long-term
Liposomes are vesicles composed of a lipid membrane management of ocular hypertension””.
enclosing an aqueous volume. Drug can be entrapped The purpose of the present study was to evaluate
aither in the lipid or the aqueous phase. Therefore, and compare the activity of brimonidine in solution
liposomal structures can encapsulate lipophilic drugs and various liposomal formulations on the basis of
within the lipid bilayvers and hydrophilic drugs in the intraocular pressure lowering effect. The time course
aqueous space” . Thus liposomal lipid composition of the drug effect on the intraocular pressure was
and the physicochemical properties of encapsulated traced for different formulations afier topical
drugs are factors that must be considered when instillation into patients with bilaterally recently
designing liposomes as drug carriers®”. diagnosed primary open angle glaucoma.

The potential uscfulness and advantages of

liposomes as a novel ophthalmic drug delivery system EXPERIMENTAL

include their abilitics to control the rate of release of 1. Materials
the encapsulated drug, to protect the drug from the Brimonidine tartrate (Sigma Chemical Co.. St —
Mo.. USA), mono and dibasic sodium

metabolic enzvmes present at the tear/corneal Louis,
epithelium interface and their ability to form intimate phosphate, sodium metabisulphite and sodium

contact with comeal and conjunctival surfaces, chloride, were all of pharmaceutical grade. L-0-
thereby increasing the possibility of ocular drug dipalmitoy] phosphatidyl choline. dicetyl phosphate.
absorption'** " steanylamine, cholesterol were all obtained from

All the currently approved treatments for glaucoma Sigma Chemical Co.St. Louis, Mo., USA.
and also traditional antiglaucoma therapies have Polycarbonate membrane and membrane holders were

focused on the reduction or control of intraocular obtained from Nucleopore corp.
pressure. The use of antiglaucoma medications . N
requires chronic administration of  antiglaucoma 2. Patients , . _
drugs. Currently, the classes of drugs used in the The stgdy mcludeq 28 patients with bilaterally
management of glaucoma include topical beta- I'ECCI.TU_\' diagnosed primary open angle S‘f’!‘wm"-
adrenergic-receptor antagonists, cholinergic agents, Medical and ocular histories were taken. Slit-lamp
topical carbonic anhydrase inhibitors, prostaglandj,', cxamination, gonioscopy. ophthalmoscopy, as well_as
analogues, nonselective adrenergic-receptor agonists measurement of intraocular pressure with applanation
and sclective alpha-adrenergic-receptor agonist”’). ’ tonometer were performed. ‘
Brimonidine is a highly selective alpha-adrenergic Exclusion criteria included history of previous
agonist indicated for the lowering of intraocular antiglaucoma medications, intraocular surgery. lz_aser
. Pressure in Pmienls with glaucoma or ocular trabeculoplasty. any ocular inflammation or infection,
- bypertension™. 1t is an effective ocular hypotensive any condition preventing reliable applanaticn
' ¢ tonometry and patients with diabetes mellitus. -

:’fi!:,;lmen for a wide range of patients including those

Mcarl) Stage and more advanced glaucoma.
adjungtrii? e[rh bnmon;dinc. whether given as mono or
Crapy. Invariably appeared safe, even

hypertension, cardiac or respiratory disorders.
Consent was obtained from all patients before the .
study. The patients were classificd into 4 groups (each
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yroup involved 7 patienis). Both eyves of cach paticnt
were used, where a simgle S0 pl. (0 205 dose of
brimonidine solution or the drng encapsulated
liposomal formulations (medicated) was applied to the
right cye, while the control one (non-medicated) was
apphied to the lelt eve.

All patients were instructed to reportany ocular
systemic adverse events. Blood pressure and heart
rates were followed up.
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A) Preparation of multilamellar liposomes:

Three different compositions were used (0 produce
cither a neutral, positive, of nepative surface charge (o
liposomes:

i) Neutral liposomes were prepared from dipalmitoyl
phosphatidylcholine and cholesterol in the molar
ratios of 7:3.

i1) Positively charged liposomes were prepared from
dipalmitoyl phosphatidyl- choline, cholesterol
and stearvlamine in the molar ratios ol 7.2:1

iii)Negatively charged liposomes were prepared from
dipalmitoyl phosphatidyl- choline, cholesterol and

dicetyl phosphate in the molar ratios of 7:2: 1.

Bricfly, multilamellar liposomes were prepared by
the technique of Bangham ef al @™ The lipids were
dissolved in a minimal amount of chloroform in 100
ml round-bottom flask. Chloroform was completely
removed on a rotary evaporator under vacuum at 25C
until a thin and smooth film was formed. The lipid
film was hydrated with the appropriate amount of
isotonic phosphate buffer solution (PH 68 + 0.2)

containing the drug as follows:
Brimonidine tartrate was dissolved in propylenc

glycol and incorporated into the aqucous compartment
of liposomes with the isotonic phosphate buffer (o

295 final concentration of the drug. The

gi\'c 0.2%
suspension was shaken gently by hand for about l

hour under nitrogen gas at 25°C.
The resulting multilamellar  liposomes  werc

adjusted with the samc buffer to yield a final
concentration of 60 jt mol lipid /ml aqueous phasc.

B) Sequential extrusion of the liposomal
preparations:

A homogenous liposomal preparations  with
controlled particle size distribution was obtained by

sequential extrusion method".
The total lipid concentration was 60 p mol /ml and

the liposomes were diluted to 12 jt mol /ml in the
same buffer prior to extrusion. The preparations were
forced several times through polycarbonate membrane
filters with 3.0, 2.0, 1.0 and 0.8 pm pores. The
extrusion process was accomplished at a relatively low
pressure (about 10 pounds/squarc inch) in 25 mm
membranc holder.

C) Determination of surface charge of liposomal
preparations :

The sign of the net charge at the liposmal surface
was determined by clectrophoretic mobility using Carl
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nination of encapsulation etficiency of

within lposomes

The vnw;uv.ul;unl drugentipped iy,
liposomes) Wi separated from lll\" WICNCAPI
drug (e ot unen(r.vqual)‘l,x\‘t.lull|lu-;:.'llmn Al RO
pim for 15 ey al Ave The AUPETAIIS, whigy,
contained the ||||¢-m'.||v.nl.'urd ding, were Carlully
canted and the liposomes were resnspended peng)y
er nsed in fiposonul prepatition,
Wik lC])v.‘ll(-d o ensure complee
The supernatond flom each
PIOCCSS Was coltected and assayed Tor ‘I'"“-""“"l‘lln."
of free drng as (Ewas described by Abu=Zmd, 8 81
The encapsulation elticieney wis ealeulated as follow

Amount of eneap

1) Detern
brimontding

de
in the same butl

This proceduie
removal of fiee e

yanlated

100
Total amount ol drog
CSSUre MEASUrments;
|i|)0\‘nll\;l| formulatons were
instilled into the right eye, while the non=medicated
ion (control) was instilled into the lefl eye, A
dose  (0.2% brimomidine) of cach
wtilled directly mnto the corneal

1) latraocular pr
The drug solution or

formulat
single 50 nl.
formulation was 1

surfnce of the eye. |
The intraocular pressures were measured nsing

applanation fonomeler. The measurements were made
for cach formulation certain time intervals until
returned fo the basal line to determine the following
maximum response, time of masimum

paramelcrs:
above the cunve,

response, duration of action and are:
F) Statistical analysis

Satistical analysis was performed as described by
Schuman J. S.%Y The area above the intraocular
pressure/time curve values were calculated vsing the
trapezoidal method .

RESULTS AND DISCUSSION

The influence of liposomal surface charge on the

encapsulation of brimonidine was studicd. Table 1
summarizes the encapsulation efficiency for varous
lipid composition of positively, negatively and neutral
multilamellar liposomes, The results clearly showed
that he cncapsulation efliciency was greatest for
negatively charged liposomes, less for positively
charged and least for neutral liposomes. These results
could be due to drug-lipid interaction with regard 10
their physicochemical propertics,
‘ The drug activity was evaluated by measuring the
intraocular pressure lowering, effect, where it was
rcpon'cd that 0.2% ophthahmic solution of the drug is
selective az-adrenergic agonist for the m:mngcmc'nt of
ocular hypertension''”.

Figure (1) shows the time course of the intraocular
pressure after instillation of the different formulations
of the drug. The data were statistically wterpreted
terms of arca above the intraocular pressure/ime
curve, dpmlion of action, maximum response and tme
of maximum response which lhave been taken 1
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as parameters of drag activity (Table 1)

cvnqdcr;u 1on

Ares ahme intraocular |lrc“urr/limr curve:
v o analysis of the data mdicated that, the
. between  the  solution and  liposomal
with regard 1o the arca above the curve,
e oy highty sigmificant (p<0.001). Morcover, the
werd \nees between positively charged liposomes and
dlﬂmn-\;\- charged or necutral type were also very
mw}l\tlmﬁc.ml (p<0.001). Accordingly, positively
bighs ‘u‘poso.nml formulation had the largest arca

arged I )
c:(:‘t the cunve as compared 1o other formulations
fl

Sranstic
(11”(":"‘\"\

fornmlations.

11) Duration of drug action:

The data presented in table 1T clearly revealed that
the duration of action could be pro!ongcd 1o }l hours
for positively charged liposomes. Thus, multilamellar
liposomes with positive surface charge dlspluycq the
most prolonged effect compared to other formulations.

Statistical analysis of the data, concerning the
duration of action. demonstrated that the differences
between solution and liposomal formulations were
verv highly significant (p<0.001). Also. the difference
between positively charged liposome and negatively
or neutral type was very highly significant (p < 0.001).

[II) Maximum response:

Concerning the maximum response parameter, the
results - Table 11 and Figure (2) showed that
liposomal formulations provided greater values
compared to the solution form. Moreover, the intensity
of the drug action depends to a great extent on the
liposomal surface charge.

Apparently, the intensity of drug action could be
arranged in the following order: positively > neutral >
negatively charged liposomes .

V) Time of maximum response :

Table IT shows that the time required to reach the
maximum response was greatest for positively
charged liposomes as compared to other formulations.
Also, statistical analysis of the data revealed that the
differences in the time of maximum response were
highly significant (p <0.001) between solution and any
one of the liposomal formulations (Figure 2).
Moreover, the differences between positively charged

and negatively or neutral liposomes were very highly
significant (P <0.001).

Summarizing the above-mentioned results, it was
clearly observed {hat liposomal encapsulation of the
drug produced a greater influence on the parameters of
drug action compared with the solution form.

Furthermore, op comparing the different

{ﬁf;" uslfl::iop concerning the liposomal surface charge,
surface gy ood that liposomes with positive
drug acﬁ\,gr,gendlsmaycd the greatest enhancement in
influen 1)' s, the liposomal surface charge will

C¢ the behavior of the encapsulated drug. It can
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be cnngludud it posttively harped  Bipowmal
preparation represented an Opuml formulanon for
improving the ocular broavaslability of e drug  This
mfluence can be explained on the consideration thiat )
(1) The main components of liposomes were materials
that are presem as naturally occurring constimente
in cell membranes g ;',lw,pi,;,hpidu :1:1;!
cholesterol, and thercfore they are biocompanble.
biodegradable and of good bioacceptabliny2™
(2) Cholesterol incorporation imo the phospholip:d
bilayers of liposomes strongly controlled drug
release which, i turn, would help in providing
higher drug loading at ocular tissues and aten
increasing the drug binding affinity for the cornesl

surface of the eye' 244

(3) The presence of a number of lamellac or
concentric  lipid  bilavers in  multilamellar
liposomes could be responsible for the delas or
prolongation of drugi.; action. wherc they act as 2
hydrophobic barrier””.

(4) Under normal enviromental conditions and zt
physiologic pH. the mucin layer overlying the
corncal cpithelium  bears a  net  negative
charge®*. Accordingly. the enhanced binding
between positively charged liposomes and the
corneal cpithelium could be duc to electrostatic
adsorption, which was based on charge only. Also.
Schaeffer and Krohn investigated that liposomes-
corneal binding affinity was dependent on the
electrostatic adsorption™.

It appears that the potential advantages of
liposomes, as a novel ophthalmic delivery system.
include their ability to control the rate of release of the
encapsulated drug and their ability to form intimate
contact with the corneal epithelium in the ocular
tissuces.

In summary, these observations revealed that the
liposomal ophthalmic drug delivery system scems to
be a promising approach to improve the ocular
bioavailability and to alter the behaviour or the
pharmacokinetics of the cncapsulated drug by
modifying the drug activity and targeting the drug to
the selected site of action.

Table (I): Effect of liposomal surface charge on the
encapsulation  of  brimonidine.  Multilamellar
liposomes were prepared to contain 12 g mol lipid /
ml aqueous phase.

Liposomal surface charge % Encapsulation*

1 - Positively charged 41.9 (0.6)
2 - Negatively charged 60.5 (0.7)
3 - Neutral 348 (0.9)

*The values between  parentheses  represent ghc
standard crror of the mean (n=4) o
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Table H:  Valucs for the duration of action, arca above intr:
time. of nu Iximum response. hrnnomdmc in solunun

B g P.uumulus of activity
- . sc! Time of maximyp
: i e | M Aximuin respon o
Formulations “Duration of “Arca above lll um g hr) FeSpoiss i)
action (hr) _ jeunve (mm Hg hr)y U “(,"%()"_""‘ _”_P—Z o
T . .o T i b ’)( 0.0 AN o
,\ Solwtion. __liQQ - 22326 [ — i
B-Mullll:nmll.n liposomes:
0.00
¢ 11.79 1
I- Pasitively charged 31.00 35.98
8.60 5
2-Negatively charged 26.00 27.25 o X
3- Neutral. - 2900 | 2955 | =5 . ]
*The +values between parentheses represent the gtandard error of the mcan
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Figure (1) : Intraocular pressure (mm Hg) in patients treated with 0.2% (wiv)
brimonidine in solution and in different multilamelar liposomal
formulations .The vertical bars indicated standard error of the mean.

e=~{J-me- : control — A - tast
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Fig. 2: Mean change in intraocular pressure
from haseline in - patients  treated — with
brimonidine compared with liposmal treated
patients. A complete description on - the
methods and  statistical analysis  has been
reported in this study.
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