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ABSTRACT 

Pilocarpine has been widely used as a topical meiotic for controlling elevated intraocular pressure associated with glaucoma. 

Pilocarpine belongs to Class-2 of BCS classification system. Because of its low solubility and high permeability, it exhibits 

shorter half-life. Hence, the persons who are advised for Pilocarpine medications are recommended for repeated dose 

administrations However; this drug has a very low bioavailability and a limited active period due to both poor corneal 

penetration and extensive precorneal loss. It has partition coefficient 0.95 which means the hydrophilic behavior, but the 

cornea is lipophilic, therefore large quantities of Pilocarpine have to be administered frequently into the eyes of patients in 

order to achieve effective therapeutic results.  In this study, we were formulated and characterize microemulsion (ME) 

carriers as an ocular delivery system of Pilocarpine for treatment of glaucoma. Micro emulsion formulations were prepared 

by mixing of appropriate amount of surfactants including Tween 80 and Labra sol, co-surfactant such as propylene glycol 

(PG) and oil phase including isopropyl myristate - Transcotul P (10:1 ratio). The prepared MEs were evaluated regarding 

their particle size, stability, scanning electron microscopy (SEM), release and permeation of the drug through rabbit cornea. 

The results showed that the mean droplet sizes of ME formulations were in the range of 3.22-110nm. Drug release profile 

showed that 12.2% of the drug released in the first 8 hours of experiment. 
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INTRODUCTION 

Ocular absorption of topically applied ophthalmic drugs via 

the cornea is in constant competition with systemic 

absorption via the conjunctival and nasal mucosae [1].
 
Drug 

permeation through corneal epithelial cells may be affected 

by several species-specific influx and efflux transporters [2]. 

Since 10% or less of a topical dose is usually absorbed into 

the eye, theoretically 90% or more would be available for 

absorption into the bloodstream, potentially eliciting 

systemic side effects. Rapid clearance and low 

bioavailability are among the other drawbacks of the current 

drug deliveries [3]. Because the eye is a closed system with 

limited volume to administer, finding a noninvasive way for 

ophthalmic drug delivery using the least volume should be 

aimed [4]. Topical administration of drugs is the most 

popular and simplest treatment in ophthalmology [5]. 

Systemic rout is an alternative delivery approach, yet not an 

ideal one as other limitation including first-pass hepatic 

metabolism, blood–ophthalmic barriers, side effects, and low 

eye vascularization arise [6]. Relatively little has been 

known about the influence of formulation composition on 

the systemic absorption of ocular applied drugs. 

Pilocarpine has been widely used as a topical meiotic for 

controlling elevated intraocular pressure associated with 

glaucoma. However, this drug has a very low bioavailability 

and a limited active period due to both poor corneal 

penetration and extensive precorneal loss. Therefore, large 

quantities of Pilocarpine have to be administered frequently 

into the eyes of patients in order to achieve effective 

therapeutic results. The phenomenon results in undesirable 

side effects, however including meiosis, myopia and poor 

patient compliance. The excess Pilocarpine, which cannot be 

absorbed by eye tissue, is eliminated through the lower  
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eyelid and partially penetrates the lacrimo-nasal canal 

causing mucosa irritation [2]. The absorption of Pilocarpine 

into the systemic circulation, during the draining process 

from the precorneal, has also been observed [7].
 
Due to 

impermeability and natural anatomical and physiological 

barrier characteristics, finding alternate formulation 

approaches has become a concern for pharmaceutical experts 

[8]. The permeation of therapeutic molecules through the 

eye membrane is mainly influenced by physicochemical 

properties of drug and permeation transport routes [9]. 

Ideally, a drug carrier should improve the drug corneal 

contact time and retard the precorneal drug loss, while the 

controlled delivery system releases Pilocarpine at a constant 

rate so that the unnecessary high drug concentrations can be 

avoided. Therefore, high therapeutic efficacy with reduced 

side effects can be achieved [7]. 

Micro emulsions (MEs) are systems well known for their 

excellent long-term stability and ease of preparation. They 

are defined as systems containing water, oil and emulsifier 

constituting a single optically isotropic and 

thermodynamically stable liquid solution. ME structure can 

be oil-in-water (o/w), water-in-oil (w/o), or bicontinuous, 

i.e., effectively continuous in both water and oil. Beside the

basic advantages of MEs, including physical stability and

ease of preparation, these systems may offer additional

benefits for periodontal uses [10]. MEs are inexpensive, and

their production is relatively easy. In addition, they are

thermodynamically stable however; their microstructure is

continuously changing in the bicontinuous region [1].

MEs are favorable especially as ophthalmological water-

continuous vehicle because they are transparent and 

thermodynamically stable [11]. MEs are also used in contact 

lenses as drug delivery systems [12]. Some of the 

advantages of MEs include improvement of drug 

solubilization, increased stability, reduced dosing frequency, 

high encapsulation efficiency, biocompatibility, and ease of 

preparation and administration [13,14]. 

In this study, the potential use of ME as a drug carrier for a 

long-acting delivery system for Pilocarpine is investigated. 

Also, the in vitro effects of the prepared delivery systems 

were investigated in rabbit eyes. 

MATERIALS AND METHODS 

Materials 

Pilocarpine was purchased from sinadaru Company (Iran), 

Labrasol and Transcutul P were kindly gifted from 

Gattefosse Company (France). Isopropyl myristate, Tween 

80 and PG were obtained from Merck (Germany). 

Animals 

Male New Zealand white rabbits weighing 2.5-3.0 kg were 

used, which was approved by the Animal Ethical 

Committee, Ahvaz Jundishapur University of Medical 

Sciences (permit no: N-95). 

Methods 

Solubility of Pilocarpine 

Solubility of Pilocarpine was determined in different oils 

(oleic acid, isopropyl myristate, Transcutol P), surfactants 

(Labrasol, Tween 80) and co-surfactant (Propylene glycol) 

by dissolving an excess amount of Pilocarpine in 3ml of oil, 

and other components using a stirrer at 37 ± 0.5
0
C for 72 h.

 

The equilibrated samples were then centrifuged at 10000rpm 

for 30 min to remove the undissolved drug. The solubility of 

Pilocarpine was determined by analyzing the filtrate 

spectrophotometrically using a nano-specterophotometer 

(Biochrom WPA Bioware) after dilution with phosphate 

buffer pH=7.4 at 213 nm [15]. 

Pseudo-ternary phase diagram construction 

To investigate concentration range of components for the 

existing boundary of MEs, pseudo-ternary phase diagrams 

were constructed using the water titration method. Two 

phase diagrams were prepared with the 3:1 and 4:1 weight 

ratio of (Labrasol+Tween 80) / Propylene glycol 

respectively. Oil phase (Isopropyl miry state: Transcotul P) 

and the surfactant mixture were mixed at the specific 

percentage. These mixtures were diluted drop wise with 

double distilled water, under moderate agitation. When a 

clear liquid was observed, the samples were identified as 

MEs [16]. Full factorial design was used concerning with 3 

variables at 2 levels for formulations. The major independent 

variables included surfactant/cosurfactant ratio (S/C), 

percentage of oil (% oil) and water percentage (%w). Eight 

different formulations with low and high values of oil (5% 

and 30%), water (5% and 15%), and S/C mixture ratio 

(3:1and 4:1) were prepared for formulating the MEs. 

Preparation of pilocarpine MEs 

There are three main considerations to choose the best ME 

formulation, including selection of oil phase, surfactant and 

co-surfactant [17]. Various MEs were selected from the 

pseudo ternary phase diagram with 3:1, and 4:1 weight ratio 

of Labra sol /Tween 80/Propylene glycol. Pilocarpine (0.5%) 

was added to oil phase, after adding S/C 

(surfactant/cosurfactant) mixture, an appropriate amount of 

double distilled water was added to the mixture drop by drop 

and the MEs containing Pilocarpine were obtained by 

stirring the mixtures at ambient temperature. The 

components of formulations are shown in Table 1. 

Characterization of MEs 

Droplet size measurement 

The average droplet sizes of MEs were measured at 25
0
C 

with a Scatter Scope 
1
 Quidix apparatus. 

Viscosity determination 

A Brookfield rheometer was used for measuring the 

viscosities of MEs at 25°C. 
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PH determination 

The pH of the ME samples was determined with a Mettler 

(Mettler Toledo, Wan, Kowloon, Hong Kong) pH meter at 

25° C without dilution [16]. 

Table 1. The composition of selected formulations. 

Formulation  S/C Oil S+C Water 

ME-1 4:1 30 55 15 

ME-2 4:1 30 65 5 

ME-3 4:1 5 80 15 

ME-4 4:1 5 90 5 

ME-5 3:1 5 90 5 

ME-6 3:1 5 80 15 

ME-7 3:1 30 65 5 

ME-8 3:1 30 55 15 

Stability experiments 

 The stability experiments were carried out using a 

centrifuge stress test and temperature stability. MEs were 

stored in different temperatures (4°C, 25°C, 37°C) according 

to the ICH protocols for three months and then assessed by 

monitoring time- and temperature-dependent variations of 

the physicochemical properties, such as phase separation, 

precipitation, droplet size. In addition, the ME formulations 

were centrifuged at 10000 rpm for 30 minutes at 25°C. After 

centrifugation, the instability of the ME samples was 

visually evaluated using the degree of phase separation [15]. 

Differential scanning calorimetry (DSC) 

A Mettler-Toledo DSC was made use of to carry out the 

thermal analysis of MEs. For this purpose, a small amount of 

specimen was weighed in aluminum foam, and then sealed 

so that they did not exchange any material with the outside 

environment. DSC was performed in cooling manner. In 

cooling method, the samples were exposed to a temperature 

of +30° C to -50° C and a scan speed of 5°C/min. The rate of 

decrease in temperature was 5°C/min in this method [18]. 

Scanning electron microscopy (SEM) 

Scanning electron microscopy (SEM) was used to 

characterize microstructure of emulsions. SEM images of 

samples were taken by LED 1455VP, Germany [18]. 

Release study 

Franz diffusion cells (contact area of 3.4618 cm
2
) with a 

cellulose membrane were utilized to determine the release 

rate of Pilocarpine from different ME formulations. The 

cellulose membrane was first hydrated in distilled water at 

25°C for 24 h and then was clamped between the donor and 

receptor compartments of the cells. Each diffusion cell was 

filled with 25 ml of phosphate buffer (pH = 7.4). The 

receptor phase was constantly stirred by externally driven 

magnetic bars at 600 rpm throughout the experiment. 

Pilocarpine ME (3g) was accurately weighted and placed in 

donor compartment. At 0.5, 1, 2, 3, 4, 5, 6, 7 and 8hour time 

intervals, 2 ml sample was removed from buffer for 

spectrophotometric determination and replaced immediately 

with an equal volume of fresh receptor solution. Samples 

were analyzed by UV visible spectrophotometer 

(BioWaveII, WPA) at 213 nm. The results were plotted as 

cumulative released drug percent versus time. 

The corneal Permeability studies 

The corneal permeability experiments were performed using 

fabricated Franz diffusion cells with a contact area of 

approximately 0.348 cm
2
.  The excised rabbit corneas were 

kept between the donor and receptor chambers so that they 

could face the receptor section without suffering any 

damage. The receiving phase consisted of 10 mL of 

simulated tear fluid (pH = 7.4), which was thermo stated at 

37±0.5°C and magnetically stirred at 200 rpm throughout the 

experiment. Then, 0.5 g Pilocarpine ME samples (containing 

0.5% of the drug) were accurately weighed and placed on 

the surfaces of corneas. The corneal permeability studies 

were used under non-occlusive conditions to allow air to 

permeate the corneal tissues. At predetermined interval 

times (0.5, 1, 2, 3, 4, 5, and 6 h), a 1 mL sample was 

withdrawn from the receptor medium for UV 

spectrophotometric analysis at 231 nm. The extracted 

samples were immediately replaced with an equivalent 

volume of fresh simulated tear fluid until to keep sink 

condition in the receptor chamber during corneal 

permeability studies. The free drug MEs were used as 

blanks. The solution of Pilocarpine was used as positive 

control in this work. Finally, the results were plotted in the 

form of cumulative permeated drug percent versus time. 

Calculation of permeation parameters 

The permeation parameters of the corneas were determined 

using obtained corneal permeation data, including flux 

(cornea permeation rate at steady state, Jss), corneal 

permeability coefficient (P), lag time (Tlag), and apparent 

diffusivity coefficient (Dapp). Flux was determined from the 

linear section of the slope of the permeability curve. The 

permeability coefficient (P, cm/s) was presented based on 

the equation P = Jss/CV, where Jss and Cv define the 

permeation rate at steady state and initial Pilocarpine 

concentration in the donor chamber, respectively. 

Meanwhile, the apparent diffusivity coefficient was 

determined using the equation Dapp = h
2
/6 Tlag. The lag 

time parameter was calculated by extrapolating the line of 

steady-state onto the time axis. The enhancement ratio (ER) 

was determined to explain the relative improvement of the 

permeation parameters in Pilocarpine ME samples 

concerning the solution of Pilocarpine (1% drug) 

parameters. ER was measured by dividing the amount of 

permeation in the ME formulation by the amount of 

permeation in the solution of Pilocarpine. 
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RESULTS AND DISCUSSION 

The maximum solubility of Pilocarpine was found in 

isopropyl myristate: Transcutul P (10:1) (0.378±0.04). In 

addition, the highest drug solubility of Pilocarpine in 

surfactants were found in Labrasol (15 ± 0.23), and Tween 

80 (17.8 ± 0.12). Based on the solubility studies of 

Pilocarpine in oil, surfactant and co-surfactant and the 

preformulation studies it was found IPM-Transcutul P, 

Labrasol, Tween 80 and propylene glycol were the most 

appropriate combination for preparation of the ME (Table 

2). In order to develop ME formulations the optimum oil 

was selected by determining the concentration of Pilocarpine 

that would be dissolved. For the determination of the ME 

zone based on the different S/C ratios two phase, diagrams 

were drawn (Figure 1). 

To enhance drug solubility, stability and permeation 

properties, the mutual use of ME system and cyclodextrins 

has been suggested previously [19]. 

Table 2. Solubility of pilocarpine in differentials, surfactants 

and co surfactants (mean±SD n=3). 

Phase type Excipient 
Solubility 

(mg/ml) 

Oil 

Isopropyl Myristate 

Isopropyl 

Myristate+Transcutol 

P 

Transcutol P 

0.378± 0.04 

0.475±0.043 

0.278±0.04 

Surfactant 
Tween 80 

lobrazol 

17.8 ± 0.12 

15 ± 0.23 

Co-surfactant Propylene glycol 9.12 ± 0.368 

Figure 1. The pseudo-ternary phase diagrams of the oil-surfactant/co surfactant mixture–water system at the 3:1 and 

4:1weight ratio of Labra sol -Tween 80/ Propylene glycol at ambient temperature, dark area show micro emulsions zone. 
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The phase diagrams clearly indicated that ME formulation 

region increased with an increase in the weight ratio of 

surfactant/co surfactant [17]. 

The Viscosity, pH and mean Particle size of Pilocarpine 

MEs are illustrated in Table 3. ME formulations had particle 

size in the range of 3.22-110nm. The ME- 5 formulation had 

the lowest particle size 3.22 nm. The SEM of ME-3 is 

showed in (Figure 2). There was no significant difference 

observed in average particle size with S+C amount and oil 

and water percentages. 

The cumulative amount of Pilocarpine that had permeated 

through the cellulose membrane (Release %) was plotted as 

a function of time (hours). In this study, ME-1 and ME-6 

showed the highest and lowest accumulative release percent, 

respectively. Table 4 shows release percent and kinetic of 

release of Pilocarpine ME formulations. In vitro release 

studies with an artificial hydrophobic membrane can provide 

information about the diffusion of a drug, which depends on 

the physicochemical properties of components and the MEs 

structure [9].
 
It seems that release percent enhanced with 

decrease in the S+C percent and increase in S/C ratio. The 

effectiveness of a variety of Nano careers including Nano 

micelles, noisome and Nano dispersions in permeation 

improvement and targeting of drugs have been reported 

previously [13]. Also, it has been shown that in comparison 

to a standard solution, formulation of Pilocarpine in ME as 

vehicle significantly retards the drug release [20]. The 

releases which may be due to profiles of MEs were 

calculated by fitting the experimental data to equations 

describing different kinetic models. Also, the release profile 

and drug retardation may be affected by the type of micro 

emulsion [21]. Linear regression analyses were made for 

zero-order (Mt/M0 = kt), first order (ln (M0–Mt) = kt), 

Higuchi (Mt/M0 = (kt)1/2), Log Wagner, Linear Wagner, 

Weibul, second root of mass, Three-Second’s root of mass, 

and Pepas kinetics. The slowest release was observed for 

ME-6 with Pepas kinetic and the highest release was 

observed for ME-1 with Pepas kinetic. The highest release 

amount percentage was observed for ME-1. 

Table 3. pH, Viscosity and particle size of Selected 

pilocarpine Microemulsions (Mean ± SD, n = 3) (mean ± 

SD, n=3) of selected MEs. 

Formulation pH 
Viscosity 

(cps) 

Particle 

size(nm) 

ME-1 6.56± 0.029 205.5± 0.01 14± 0.01 

ME-2 6.93± 0.44 228.4± 0.52 110± 1. 1 

ME-3 6.65±0.455 280.1± 1.07 6.97± 0.05 

ME-4 6.86± 0.121 
216.2± 

0.081 
3.44± 0.5 

ME-5 7.0± 0.002 
263.5± 

0.012 
3.22± 0.03 

ME-6 6.88± 1.256 
261.3± 

1.094 
3.35± 0.04 

ME-7 7.1± 0.18 226.4±0.031 31.7± 1.01 

ME-8 6.97± 1.034 205.8± 1.09 24± 0.5 

Figure 2. SEM images of ME-3. 
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Table 4. Percent release and kinetic of release of selected 

MEs. 

Formulation Release % 
Kinetic 

model 
R

2
 

ME-1 12.1729 Pepas 0.6990 

ME-2 4.8289 Log Wagner 0.8451 

ME-3 5.1463 Pepas 0.4395 

ME-4 4.5884 Log Wagner 0.6639 

ME-5 3.2386 Log Wagner 0.7519 

ME-6 2.4432 Pepas 0.3520 

ME-7 4.0508 Log Wagner 0.6284 

ME-8 4.4475 Log Wagner 0.7949 

The visual inspection test was performed for 3 months by 

drawing ME sample at weekly interval for the first month 

and monthly interval for the subsequent months. The visual 

observation showed no evidence of phase separation or any 

flocculation or precipitation. These samples also revealed no 

sign of phase separation under stress when subjected to 

centrifugation at 10000 rpm for 30 min. The centrifugation 

tests revealed that MEs were remained homogenous without 

any phase separation throughout the test indicates good 

physical stability of preparations [17]. 

Figures 3-10 represents DSC cooling thermo grams of 

Pilocarpine MEs. Table 5 showed the results of thermo 

gram analysis of MEs in cooling program temperature. DSC 

results indicate important information about water state in 

MEs. When water is mixed in to a ME system it can be 

either bound (interfacial) or free (bulk) water depending of 

its state in the system. In cooling curves of the sample ME-1, 

DSC thermo grams showed one exothermic peak at around -

10 to -12°C that indicate the freezing of bound water in this 

formulation and a peak at around -16 to -18°C that indicate 

the freezing of oil phase in this formulation and a peak at 

around -26°C that indicate the bound water interacts with 

surfactant. In ME-2 implies two exothermic peaks at around 

-14°C (bound water) and a peak around -25 to -26°C (bound

water with surfactant). Increase of ∆H of first and last peak

with ME-1 was because of increase in water phase in this

formulation. In cooling curves of ME-3, DSC thermo grams

showed two exothermic peaks at -6°C (free water) and -

30°C which indicates bound water with surfactant. In

cooling curves of ME-4, DSC thermo grams showed two

exothermic peaks at -5°C (free water) and -34°C which

indicates bound water with surfactant. DSC thermo grams of

ME-5 showed two exothermic peaks at 7°C (bulk water) and

-32°C (bound water with surfactant) which means water was

bounded to surfactant strongly. DSC thermo grams of ME-6

showed two exothermic peaks at -5°C (bulk water) and -

30°C (bound water with surfactant). In cooling curves of the

sample ME-7, DSC thermo grams showed one exothermic

peak at around 14°C that indicate the freezing of bound

water in this formulation and a peak at around -25°C that

indicate the bound water interact with surfactant. DSC

thermo grams of ME-8 showed one exothermic peak at

around -12
0
C that indicate the freezing of bound water in

this formulation and a peak at around -18°C that indicate the

freezing of oil phase in this formulation and a peak at around

-25°C that indicate the bound water interacts with surfactant.

The obtained results of DSC experiment give useful

information about water state and chemical and physical

alterations that affects exothermic or endothermic processes

in heat capacity. DSC studies were employed for aqueous

mixed behavior of MEs and differentiation between bound

(interfacial) water and bulk (free) [22-24].

Figure 3. DSC cooling thermogram of pilocarpine ME-1. 
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Pilocarpine belongs to Class-2 of BCS classification system. 

Because of its low solubility and high permeability, it 

exhibits shorter half-life. Hence, the patients who are 

advised for Pilocarpine medications are recommended for 

repeated dose administrations. 

All of MEs increased in Jss parameters and %P6h. The 

amount of Jss in the ME-8 formulation was 0.665 mg/ 

cm
2
h

1
, which is 4.8 times higher than that of control. The 

Dap of Pilocarpine from ME-8 was 0.0011 cm2 /h, which is 

8.4 times greater than that of control. Table 6 shows Ex-

vivo permeation parameters of pilocarpine MEs through 

rabbit cornea. Therefore, it was concluded that ME carriers 

could be controlled release behavior and increase flux and 

apparent diffusivity coefficient (Dapp) in all of the 

formulations. 

Figure 4. DSC cooling thermogram of pilocarpine ME-2. 

Surfactant (Tween 80) phases could enhance the permeation 

parameters and drug permeated percentage of Pilocarpine 

MEs. Alternatively, when permeability enhancement is 

desired, surfactant materials alter membrane properties by 

negating the protective properties of tear film and mucin, 

thus disordering the entirety of the epithelial layer by 

loosening tight junctions or epithelial cell membrane 

modification [5,25]. The presence of Transcutol P in 

pilocarpine MEs can increase the corneal permeation of 

drugs by altering the function of corneal barrier, the effect 

that is in accordance with Gorantla reports [13]. Kuar and 

Smitha [26] have indicated that an outer cell membrane 

composed of a phospholipid bilayer and a lipid membrane 

containing protein molecules are surrounded corneal 

epithelial cells. The results of another study indicated that 

formulation of ribavirin as ME significantly enhances the 

corneal permeability of the drug as indicated by the higher 

permeation rate, flux and permeability coefficients [27-30]. 

TP is a surfactant substance, and the micelles it produces in 

the epithelial lipid bilayer might affect drug corneal 

permeation. Specifically, the micelles produced by TP can 

remove phospholipids from epithelial cell membranes, 

thereby increasing the trans corneal passage of drugs. High 

concentrations of TP improve the hydrophilic molecule 

permeation due to losing the epithelium structure membrane. 

However, TP might also hinder lipophilic molecule 

movement by creating a hydration barrier [15-18]. It has 

been shown that the residence time and therapeutic effect of 

drugs may be enhanced using a cationic ME system and 

chitosan-coated cationic microemulsion [4]. 

Figure 5. DSC cooling thermogram of pilocarpine ME-3. 
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Figure 6. DSC cooling thermogram of pilocarpine ME-4. 

Figure 7. DSC cooling thermogram of pilocarpine ME-5. 

Figure 8. DSC cooling thermogram of pilocarpine ME-6. 
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Figure 9. DSC cooling thermogram of pilocarpine ME-7. 

Figure 10. DSC cooling thermogram of pilocarpine ME-8. 
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Table 5. Phase Transition temperature and enthalpy of selected MEs in cooling program temperature. (mean ± SD, n=3). 

Formulation Phase Transition temperature(°C) ∆H (mJ/mg) 

ME-1 

-12.5±0.4 11.44±0.1 

-16.5±0.1 0.45±0.01 

-18.5±0.2 0.24±0.02 

-27.5±0.5 3.05±0.1 

ME-2 
-14.5±0.4 19.11±0.4 

-26.5±0.3 1.57±0.3 

ME-3 
-6.5±0.05 0.67±0.05 

-30.5±0.4 3.17±0.1 

ME-4 
-5.5±0.03 0.52±0.03 

-34.5±0.6 1.69±0.06 

ME-5 
-7.5±0.1 0.67±0.01 

-32.5±0.5 1.49±0.1 

ME-6 
-5.5±0.1 0.68±0.02 

-30.5±0.8 1.59±0.1 

ME-7 
-14.5±0.6 14.36±0.4 

-25.5±0.35 1.68±0.02 

ME-8 

-12.5±0.44 30.32±0.6 

-18.5±0.5 0.63±0.01 

-25.5±0.6 3.88±0.01 

Table 6. Ex-vivo permeation parameters of pilocarpine MEs through rabbit cornea (n=3, Mean±SD). 

Formulation JSS Tlag Dapp P ERflux ERD ERP 

Control 0.138±0.001 0.166±0.002 0.000131±0.00001 0.031±0.0001 - - - 

ME-1 0.263±0.1 2.116±0.4 0.000118±0.00005 0.052±0.002 1.902±0.3 0.086±0.001 1.704±0.2 

ME-2 0.265±0.012 0.885±0.07 0.000435±0.00001 0.052±0.002 1.916±0.2 3.32±.03 1.715±0.13 

ME-3 0.456±0.023 0.552±0.093 0.000361±0.0001 0.091±0.001 3.294±0.3 2.76±0.001 2.96±0.1 

ME-4 0.191±0.01 0.324±0.002 0.0006167±0.0.0001 0.038±0.002 1.38±0.1 4.508±0.002 1.245 ±03 

ME-5 0.302±0.02 0.393±0.03 0.00049±0.0001 0.0725±0.005 2.18±0.2 1.358±0.003 2.4±0.1 

ME-6 0.381±0.027 0.446±0.05 0.00022±0.00005 0.074±0.08 2.76±0.4 1.61±0.03 2.42±0.2 

ME-7 0.266±0.05 0.491±0.19 0.000433±0.0001 0.053±0.002 1.92±0.2 3.32±0.001 1.72±0.05 

ME-8 0.662±0.01 1.78±0.4 0.0011±0.00001 0.132±0.015 4.8±0.2 8.4±0.05 4.29±0.05 
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CONCLUSION 

This study established that physicochemical properties 

and in vitro release and ex vivo permeability was 

dependent upon the contents of S+C, oil and water in 

formulations. Pseudo-ternary Phase diagrams indicated 

more width ME region with a rise in S/C ratio. By 

decreasing in S/C ratio and oil percent and increasing 

in water percent the higher in vitro percentage release 

was obtained [16]. ME-8 may be preferable for ocular 

Pilocarpine formulation although the serious work still 

is needed to be carried out to reveal the mechanisms of 

drug delivery into the eye. 
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