CHAPTER 5

PREPARATION, CHARACTERIZATION
AND EVALUATION OF FORMULATIONS
FOR NASAL DELIVERY
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Much attention has been paid to the use of the nasal 1oute for the systenuc delivery of
drugs that are conventionally administered by mjection The nose has many
advantages as a potential site tor drug delivery, bemg readily accessible factlitates
selt-medication, which may improve patient compliance compared to parenteral
routes. The nasal mucosa has a relatively large absotptive surface arca and s hughly
vascularised Furthetmore, the blood 1s dramed directly from the nose mto the
systemic circulation, thus, avording {irst pass metabolism predomunantly by the liver
However, many drugs, particularly polar drugs such as peptides and protems. aic not
well absorbed from the nasal cavity when admunustered as simple solutions. with

broavailabihities in the order of 1% ot less (IHlum, 2000).

The major factors limiting the bioavailability of nasally administered drugs are the
poor abihity of polar compountds, especially the large molecular size peptides and
-proteins, to cross mucosal membranes, and the mucociliary clearance mechanism in
the nasal cavity that rapidly removes nonbioadhesive solutions and powders from the

absorption site and down the throat

Several formulation factors like pH, viscosity and mucoadhesive property, affect the
drug bioavailability from nasal cavity need to be momitored to have similar i vivo
batch to batch performance. Recently, the mucoadhesive function has received much
attention for prolonging the residence time of dosage forms at the absorption site
(Guputa et al . 1990) By combining chitosan and liposomal characteristics, specific,
prolonged, and controlled release may be achieved (Takeuchi et al., 1996) Carbopol
has been also shown to be a useful mucoadhesive polymer (Ishida M et al, 1982,

Akiyama Y et al , 1995)

Any developed formulations needed to be exploited commercially, they should be
prepared using standardized and validated technique, characterized and studied for
stability. The diffusion of the drug from the developed formulations should be
studied and finally in vivo studies/clinical evaluation should be conducted. In this
investigation, nasal formulations of LN and LEU were prepared and characterized for
the pH, viscosity and mucoadhesive performance At present, in vitro test systems

have not been developed which can accurately predict the rate of drug release from



liposomes m vivo Therclore an i vitro diffusion technique is proposed. vatidated and

utthzed for drug diflusion studies from potential liposomal formulations [he m vitro

studies were followed by m vivo studies m rats

(i)

(i)

(i)

(iv)

\9]

5.1 REAGENTS

Water Double distilled water

Acetate buffer (ionic strength, 0.261). pH 35 2: It was prepared as per the

procedure given in the Indian Pharmacopoeia

Simulating nasal fluid 745 gm Sodium chloride, 1 29 gm Potassium
chloride and 0 315 gm Calcium chlornide were dissolved m 1000 ml of
double distilled water (Melon, 1968)

Phosphate buffer saline, pH 74 (PBS). As described m Indian

Pharmacopoeia

20% methanolic PBS. Accurately measured 800 ml of pH 7 4 Phosphate
buffer saline was transferred to a clean, dry 1000 mi volumetric {lask and

to 1t was added 200 ml of Methanol.

5.2 PREPARATION OF FORMULATIONS

The optimized liposomal batches, LLN; LLEU, LLEUn were used to prepare nasal

formulations.

5.2.1 PREPARATION OF CARBOPOL DISPERSION (1%W/V):

The polymer powder was weighed accurately and dispersed in double distilled water

The dispersions were then stirred using magnetic stirrer till the clear solution results

The dispersion formed was kept overnight in freeze to remove entrapped air The final
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polymer concentration was adjusted to 1% w/v Prepared solutions weie use to

" incorporate the drug (LN)
5.2.2 PREPARATION OF CHITOSAN SOLUTION (1%W/V):

The polymer powder was weighed accutately .and dispersed cither m 0 01% acclicg
acid (for LN} or acetate bulfer pH 52 (for LIEU) The disperstons were then stirred
using magnetic stirrer tll the clear solution results The solution formed was hept
overnight m f{reeze to remove entrapped arr The final polymer concentration was
adjusted to 1% w/v Prepared solutions were use to incorporate cither drug or

prepared liposomes
5.2.3 PREPARATION OF LN WITH CARBOPOL DISPERSION (LN+CP)
(1 MG/ML):

The LN was weighed accurately and dispersed i double distitlled water and sonicated
for approximately | hr to get particle size i range of 10-15 mucron The suspension
was diluted to get final drug concentration of 2 mg/ml The resulting suspension was
further diluted with the equal volmﬁe of Carbopol dispersion The resulting mixture

was mixed well and stored m glass vial in refrigerator till use

52.4 PREPARATION OF LN WITH CHITOSAN SOLUTION (LN+CS})
(IMG/ML):

The LN was weighed accurately and dispersed in double distilled water and sonicated
fé;vapproximateiy I hr to get particle size in range of 10-15 mucron The suspension
was diluted to get final drug concentration of 2 mg/ml The resulting suspensionwas
further diluted with the equal volume of Chitosan solutton The resulting mixture was

muxed well and stored 1n glass vial i refrigerator till use



5.2.5 PREPARATION OF LEU WITH CHITOSAN SOLUTION (LEU+CS)
(0.IMG/ML):

300 pg of drug was weighed accurately and transfer to 10 mL volumetnic flask
Acetate buffer pIT 32 (5 mL) was added and volume was made up to the mark with
1% chitosan solutron m acetate buffer pH 5.2 (53 mL). The resulting solution was

muaed well and stored 1n amber colored glass vial in refrigerator tll use

5.2.6 PREPARATION OF LLEU WITH CHITOSAN (LLEU+CS) (0.1MG/ML):
5 ml of LLEU containing 500 pg of drug was diluted with equal volume of chitosan
solution The resulting suspension was mixed well and stored at refrigerator till

required

Along with above formulations, LN suspension in water (particle size- 10-20 um), LN
physical muxture with liposomal constituents (LN PM) and optimized LLN, LLEU.

LLEUn formulations in similar concentrations were also used m further studies

5.3 CHARACTERIZATION OF FORMULATIONS

The developed formulations were characterized for pH, viscosity and mucoadhesion

test as given below

5.3.1 pH DETERMINATION

pH of the formulations were determined using pH meter and results are recorded n

Table 5.1.

5.3.2 VISCOSITY

Viscostties of the formulations were determined using Oswald viscometer and results

are recorded in Table 5.1

160



5.3.3 ASSAY

Samples were withdrawn and assay was performed using method described 1n

Chapter 3 (Section 3 4 5 and 3 5 5) and results are recorded m Table 5 |
5.3.4 MUCOADHESION

The mucoadhesive property of the developed formulations was cvaluated by an n
vitto adhesion testing method known as the wash-oft method (Lehr et al |, 1990) The
mucoadhesiveness of developed formulations were cvaluated on fieshly excised
bovine nasal mucosa (I x 1 cm) mounted on glass shides (3 x 1| inch) with
cyanoacrylate glue The glass slides were connected with a suntable support 0 1 mi
formulation was placed on nasal mucosa The tissue was then placed n the dessicator
to mamntain at > 80% relative humidity at room femperature for 15 mm to allow the

formulation to mteract with the nasal mucosa and also to prevent drymng of the mucus

Tissues were seen under microscope, and the numbers of particles/liposomes attached
to the particular area were counted The support was hung onto the arm of a USP
tablet disintegrating test machine When the disintegrating test machine was operated,
the tissue specimen was given a slow, regular up-and-down movement mn the
simulating nasal fluid at 37°C contamned m a 1 L vessel of the machine At the end of
30 munutes, at the end of | hr, and at the end of 2 hr. the machine was stopped and the
number of part;cles/hposémes still adhening to the same portion of the tissue was

counted under microscope

The adhesion number or percentage of mucoadhesion was calculated and results

obtained are recorded i Table 5 2

5.4 DRUG RETENTION STUDIES

The prepared formulations LLN, LLEU, LLEUn and LLEU+CS were subjected to

drug retention studies for a period of 6 months Prepared batches were sealed m 30 ml
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glass vial and stored at refrigeration temperatore (2-8°C) and 1oom temperature (25°C
+ 2°C) The percent drug retamed in hiposomes was determined at specilic time
intervals using the method desénibed i -Chapter 3 (Section 347 and 33 7) The
results of this study are rccorded m Table 5 3-54 and shown graphically i Figure

52-53

The merease m vesicle size of hiposomes was determined from changes m vesicle
diameter for hiposomes at refrigeration temperature (2-8°C) after 3 months and 6
months storage period as described in Chapter 4 (Secuon 44 1) The results are

recorded in Table 5.3-54

5.5 IN VITRO DIFFUSION STUDIES

The in vitro methods are valuable screening procedures for deducing phyico-chemucal
parameters such as fluxes, partition coefficients and diffusion coefficients Though
according to Gemmell and Monson, 1957, i vitro methods may be of linuted
predictive value but they are the means of accessing the ability of a vehicle or base to
hberate medicament under the conditions of the test A theoretical disadvantage of
such a technmique is that the method does not exactly duplicate the behavior of hiving
tissue 1n situ, particularly with respect to capricious blood supply and metabolism
However, since performung bio studies on every manufacturing batch 15 impractical
and costly, formulators must rely on m vitro testing to ensure batch-to-batch

unitormity and consistency mn bioavailability.
5.5.1 EXPERIMENTAL SETUP
5.5.11 Preparation of the membrane:

Dialysis membrane (250-9U, molecular weight cut off. 12000 Dalton, Sigma.
Hyderabad, India), 200pm in thickness, pH 5.8 to 8, breaking strength 2 75 kg f/cm

and porosity 0 45 pm was used as a membrane for in vitro diffusion studies because

162



of simplicity, homogenetty and untformity  This membrane was pretreated with

cthanol (95%) followed by hydration i PBS for 24 hr prior to permeation runs

.

5.5.12 Design of diffusion Cell:

For the present study a vertical type of membrane diffusion system was designed
(Figure 5 1) The system consists of a hollow glass tube open at both ends with mner
diameter of 18 mm and length of 6 cm  The diffusion membrane was tied to one end
of the tube with a nylon string, serving the purpose of a donor compartment The tube
was immersed 1 20 ml diffusion medium (20% methanolic PBS for LN formulations
and PBS for LEU formulations), mamtamed at 37 = 0 3°C under contmuous stirring at
a rate of 50 rpm, in a way that the membrane just flushes to the surface of the
diftusion fluid

5.5.13 Validation of Diffusion Cell:

The hydrodynamic characteristics of the diffusion cell were established using the
benzoic acid disc method (Chem and Valia. 1984. Shahiwala, 1999)
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552 METHOD

Diffusion studies were carried out for plamn drug and liposomal formulations of LN
and LEU Plam drug suspension/solution and hiposomal formulations containmg
citherl mg LN or 500 pg LEU were transterted (o the donos compzlrlmcn{ One mil of
sample was withdrawn from the receptor compartment at definite ttime intervals and
cquivalent amount of fresh medium was eplaced to the reeeptor compartment The
cstimation of the drugs in sample was carried out using the procedure desciibed in
Chépter 3 (Section 368 and 378) All diffusion runs and samplce analysis were
carried out in triplicate on three consccutive days and mean values along with
standard error of mean are recorded m Table 5 5 and Table 5 8 and shown graphically
as Q vs t (hours) in Figure 54 and Figure 5 6 Regression coefficients by different
release kinetic models were -ealculated and recorded in Table 56 and 59 The mean
flux values, J (pg/min), and diffusion coefficients were also calculated for all the
formulations and recorded m Table 5§ 7 and Table 5 10 and shown graphically mn

Figure 5 3 and Figure 5 7
5.6 IN VIVO STUDIES

5.6.1 LN FORMULATIONS
5.6.11 Animals

Six female albino rats (200 £ 50 g) for each group were used Three male Albno rats
(250 + 20 g) for each group were used for mating studies. Only animals with proven
fertility record were selected for - the studies All amimals were housed m
polypropylene cages with free access to palletized chow and tap water The animals
were exposed to alternate. cycles of 12 hr light and darkness Anmmal experiments
were approved by social justice and empowerment committee, mumstry of

government of India, New Delh, India



5.6.12 Methodology

Rats wete divided mto 6 groups of 6 ammals each IFive groups were admiunistered
intranasally with LN suspension, LN PM, LLN, LN+CS and LN+CP formulations

respectnely and one group admmstered orally with LN suspension

Nasal administration

At the ume of admmustration, animals were partially anesthetized with ancsthetic
ether and 10 pl of formulations contaming 10 pg drug were placed along the nasal

wall with a micropipette.

Oral administration

For oral adnumnistration, 10-ug drug suspension (LN) was instilled through month

using 28 gauge long blunt needle.

200u! blood samples were withdrawn from tail vein at spec:ﬁé tume points and
estunation of the drugs m sample was determined using the procedure described n
Chapter 3 (Section 3.6 9) The data of drug plasma concentration are shown n Figure
58 Various pharmacokmetic parameters. (Tmax, Cma{x, and typ) were calculated
from the Figure 5 8 and recorded mn Table 5 11 AUC and bioavailamhity (F*) were
also calculated and are recorded in Table 5 11. Each set of result represents the mean

values of six experimental determinations along with its standard error mean

Fertility performance studies were also carried out for LN formulations Various LN
formulations were administered for a maximal period of four consecutive estrous
cycles. Formulations LN suspension (oral), and LN suspension, LN PM and LLN
formulations (intranasal) were admunistered daily, while LN+CS, LN+CP
formulations were administered once in a two days. Each female was inspected every
morning for evidence of mating (the presence of vaginal plugs or sperm) During the

LN formulations administration period, 1f any animal had mated, it was removed from
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the mating cage immediately afier obscerving one or both cortal signs (day 1) and was
hilled on nmth day of postcottum to count the number of implantations  [he
remarning amumals, i which cortal signs were not observed, were also killed ninth day

after the last night’s cohabrtation and inspected for any sign of implantation

5.6.2 LEU FORMULATIONS

3.6.21 Animal Sclection

White albmo rats of either sex (equal in numbers) weighing 1704 20 g (120~140 days
of age) were used. Male and female rats were caged separately during the study unless
otherwise required All the animals used for the study were of proven fertility record
All animals were housed in polypropylene cages with free access to palletized chow
and tap water. The amimals were exposed to alternate cycles of 12 hr light and
darkness. Animal experiments were approved by Social Justice and Empowerment

Commuttee, Ministry of Government of India, New Delhi. India -

5.6.22 Methodology:

Rats of either séx were divided into 8 groups of 6 anumals each. One group was kept
as control Control group was treated with the composition containing HSPC, CHOL
and CS of the concentration used n formulations Other groups of animals were

treated with different formulations containing LEU

Nasal administration

At the time of administration, animals were held from the back in horizontal position
and 10 pl of formulations containing 5 pg drug were placed along the nasal wall with

a micropipette.



Subecutancous administration

Fot subcutancous admmnistration, 5 pg drug solution (LIEU) was myected mto the nape

of the neck

Blood was sampled from tarl vein at diffeient tume pomts Serum were separated and
stored at -20°C. ull the serum LH concentrations determmed by hormone

radioimmuno-assay as desctibed n Chapter 3 (Section 3 3 9)

Fertility performance of male rat

Fertility performance studies were also carried out for selected LEU formulations
Selected formulations were administered 1n male rats for 26 days After the completion
of drug schedule the male rats (piaccboitreatcd) were paired overmight with normal
cyclic female rats (I - 1) on their proestrous phase The presence of spermatozoa n the
vaginal smear following exposure was taken as an index of the first day of gestation
The male rats were sacrificed, blood collected and plasma separated Sperms were
collected from the left caudal epididynus immediately after sacrifice for sperm count.
Mated normal female rats were autopsied on the tenth day of their gestation The

fertility test was considered positive when implantation sites were present

Sperm count

The epididymal sperm count was done by the method of Linder et al. The epididymal
sperm were collected by cutting epididymus into small pieces and flushing the sperm
in normal saline The sperm collected was centrifuged at 2000 rpm for 10 mun The
pellet was resuspended in 2 ml of normal saline. An aliquot (0.5 mi) ‘of spénn
suspension was homogenized for-few-seconds;-centrifuged at 6,000 rpm for 10 min
and again rehydrated with 5 ml of normal saline An aliquot of this solution was
placed in haemocytometer and motile sperm were counted by using microscope. To

minimize the efror, count was repeated at least five times for each rat
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Fertility performance of female rat

Selected formulations were adnunistered i female rats for two estrous cyceles to see

thetr effect on the normal cyclicity of the rats
5.7 STATISTICAL ANALYSIS

Mucoadhesion test

The adheston number or percentage of mucoadhesion was calculated by the following

equation

Na = (N/Ng) \ 100

Where, Na = adhesion number

Ny = total number of applied particles

N= number of particles attached to the substrate

Stability Studies

For drug retention studies, the data of percent drug retamned n liposomes at 3 different
storage conditions were compared using ANOVA and the differences were considered

significant at P<0.05.

The vesicle size of liposomes (LLN, LLEU, LLEU+CS and LLEUn) was measured
immediately after preparation and after 3 month and 6 months storage at refrigeration
temperature (2-8°C) and room temperature (2522°C). The mean vesicle diameter
obtained immediately aﬁ_er preparation and after 3 months storage was statistically
evaluated using student’s t-test and the differences were considered significant at 5%

level.
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Diffusion Studies

Six batches werce cvaluated for m vitro diffusion and the results are expressed as

meant SEM
(a) Peicent fDr ug Diffused

. The percent drug diffused across artificial membrane at each sampling points

was determined by the formula given below

Pecent Drug Diffused (R) = CrVr x 100
Cdvd

Cr = Concentration of drug 1n receptor compartment
Vr = Volume of the receptor compartment
Cd = Inttial concentration of drug in donor compartment
Vd = Initial volume of donor compartment
(b) Kinetics of Release

To study the mechamsm of drug release from the formulations, the release date were

fitted to the following equations.
Zero-order equation Q = Qu-kyt
Where Q is the amount of drug release at time t, and ky is the release rate;

Higuchi’s equation. Q = kot .
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Where ) 1s the amount of drug release at tme (, and 4> 1s the diffuston rate constant
Fust-order equation In Q=1In Q0 - kit
Where 4, 15 the relcase rate constant,

The order of drug relcase was determined by petfornmung regression over the mean

values of pereent drug diffuston vs t and percent diug diffuston vs Root t
(c) Mean Steady state flux,
The flux across the membrane was calculated using the followng formula
I'=V (dc/dt)
Where ] = flux of the drug across the membrane
V = Volume of receptor compartment
(dc/dt) = Rate of change of concentration
Mean steady state flux is the mean of individual flux values at ali sampling points
(d) Duftusion Coefficient

The diftusion coefficient of the drug at every sampling point was calculated using .

the following equation:
R=200 Sq rt Dt/h’

Where, R = Percent drug diffused
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1 = thickness of the membranc (0 02 cm)
= {mme {s¢c)
D = diffusion coellicient (cm*/sec)

The diffuston cocfticient used {oi the discussion 15 the mean of the value (1) obtamed

at each sampling pomt

The mean flux values (n=3), J, and mean percent drug diffused (n=3), Q, obtained for
LLN-DPI were compared with that of LN by applying student’s t-test and the
differences were considered significant at 3% level Simularly, the mean flux values
(n=3), J, and mean percent drug released (n=3), Q, obtamed for LLEU-DPI and
LLEUn-DPI weie compared with that of LEU by applying ANOVA and the

differences were considered significant at P < 0.03.
(v) In vivo studies:

Each experiment was repeated six times and the results obtained are expressed as

meanx SEM

The drug plasma concentrations at each sampling time point were plotted against time
in hr Maximum plasma concentration (Cmax), tme m hr to achieve Cmax (Tmax)
and drug plasma half-life (t;2) were determumed from drug plasma concentration-time
curve from best fit curve using major and minor gridlines with +0.2 unit accuracy.
The area under the plasma level curve was calculated by the trapezoidal rule Data

were compared using ANOVA and difference at p<0.05 were considered significant.

The relative percent pulmonary broavatlability/bioactivity (F*) with respect to

orally/subcutaneously administered LN was calculated by,
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AUC Intratracheal Route x Subcutaneous Dosc

Pt = ~ 100

AUC Subcutancous Route x Intratracheal Dose

5.8 RESULTS & DISCUSSION

In this mvestigation, formufations of plam and hiposomal diugs were prepared for
intranasal applicaton usmg composiion as shown m lable 31 Developed
formulations were evaluated for parameters hike assay, pll, viscosity . mucoadhesion,
in vitro diffusion studies across dialysis membrane and in vivo performance n rats
Liposomal formulations were also subjected to drug leakage studies Assay values for
all the formulations were 99-101%. pH déterminahon was performed becausc of the
possible influence of pH on the trritancy for mucosa, while viscosity determination
was performed because of the possible influence of the viscosity on the nasal
mucocthary clearance and pourability of the dosage form Preparations having pH
above 3 5 and below 8 suggest that they are not irritant in delivered volume Also,

viscosities of different formulations suggest that they are pourable

The results of the mucoadhesion test are shown in Table 52 Liposomes and/or drug
in CP and/or CS exhibited good mucoadhesive properties n the w vitro wash-off test
(Table 5 2) Formulations with CS showed better mucoadhesion property compared to
formulation with CP This may be due to the strong nteractions between the
positively charged CS and negatively charged nasal mucosa When mucoadhesion of
LLEU was compared to that of LLN, higher mucoadheston was observed This may
be due to the ronic interactions between LEU induced positive charges in liposomes

and negatively charged nasal mucosa.
Drug retention studies of LN liposome (LLN) formulations:

The drug retention studies were carried out at refrigerated temperature (2-8°C) and
room temperature (25°C£2°C) for the LLN stored n sealed glass vials. LLN batches
were evaluated for PDE in liposomes and the results are recorded in Table 53 and

shown graphically in Figure 5.2.
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Table 5.1, Plain and liposomal Formulations

Formulation Content Assay pll Viscosity
l ) Plamn LN m 0 5% CP solution
LN+CP ) 99 8§ 39 210 6 ¢cps
(Distilled water)
) Platn LN 1n 0 5% CS solution
LN+CS 100 1 38 157 5 cps
(Distilled water)
Plain LEU m 0 5% CS solution
LEU+CS _ 1003 52 159 8 cps
{Acetate buffer, pH 5 2)
Liposomal LEU in 0.5% CS
LLEU+CS ‘ ) 99.9 5.2 158 4 cps
solution (Acetate buffer, pH 5 2)
S S S

Table 5.2: Mucoadhesion Test for Different Formulations
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Percentage of particles/liposomes adhering to tissue at
Formulation different time points
30 min 1 hour 2 hour
LN - - -
LLN - - -
LLEU 19+1.7 - -
LLEUn -
LN+CP 82+1.7 77+2.2 62x1.4 l;
LN+CS 8942 1 83+2.5 71i1.8~ ;
LLEU+CS 83+1.8 79+1.9 68+2.0 ﬁ



Diug retention studies at 2542°C showed about 10% of drug was feaked alter stotage
for the three months from LLN and therefore were discontinued afterwards at this
temperatute  LLN stored at refrigerated condition was found (o be stable with egard
to percent diug retention (96 4%+0 34%) during 6 months stability period The size of
liposomes were also determined immediately and after 3 and 6 months storage at
refrigerated conditions and results are recorded m Table 53 The D [43] was
increased msignificantly (p>0 03) after storage at refrigeration tempetatuie uptlo 6

months
Drug retention studies of LEU liposomal formulations:

_Similarly, LLEU. LLEUn and LLEU+CS were also subjected to drug retention

studies at refrigerated temperature (2-8°C) and room temperature (25°C+2°C)

Stabtlity studies at 25£2°C resulted in 6-7% drug leakage after storage for the three
months from LLEU and LLEUn, therefore stability studies were discontimued
afterwards for these products at tius temperature. However, LLEU and LLEUn
batches were found to be stable over 6 months stability period with regard to percent
drug retention (more than 95%) under refrigerated conditions The size of liposomes
were also determined immediately and after 3 and 6 months storage at refrigerated
temperature and resuits are recorded in Table 54 The D [4.3] was increased
msignificantly (p>0 05) after storage at refrigeration temperature during the stability

period of 6 months

~ After incorporation of CS in LLEU formulations were found to result into significant
improvement with regards to percent drug retention as shown m Table 5 4 and Figure
53 LLEU+CS formulation was found to be stable for 3 months at accelerated
conditions compared to two months stability of LLEU and LLEUn formulations The
values of percent drug retention were significantly higher at all sampling ponts at
both the conditions for LLEU+CS formulations compared to LLEU formulations. The
increase n stability of liposomes after CS mcorporation may be due to the repulsive

forces between positively charged CS and positive charged LEU may prevent the drug



feakage from hiposomes The mercase m viscostty also contnbuted to mcrease m

hiposomal stabidty

As obvious, when compared between the balches stored at lower temperature
(refrigerator) compared with the one stored at higher tempetature (controlled room

temperature), batches at lower temperatures showed higher prescivation
IN VITRO DRUG DIFFUSION STUDIES

LN FORMULATIONS

Comparative diffusion studies were carried out between vartous LN formulations for
a period of 24 hr to 72 hr usmguaialysxs membrane n sell designed and validated
diffusion cell. As the drug was soluble in 20% methanolic PBS, sink conditions were
mamntamed when 30 ml of the medium used as a diffusion medium and hence zero-
order flux conditions not violated The results obtamed are recorded in Table 5 5 and
shown graphically i Figure 54 ANOVA was performed over all the mean percent

drug diffused values and differences larger at p<0 05 were considered as significant.

From the results of mean cumulative amount of drug released Q {pg/cmz), (n=3), at
each sampling time pomnt shown mn Table 5 5 reveals that cumulative permeation of
LN was significantly higher (p<005) from LLN at all time points. This shows
liposomal encapsulation of drug significantly prolongé the drug diffusion. When LN
and LN+CS formulations were compared, no significant differences were observed

However. significant differences (p<003) were observed when LN and LN+CP
formulations were compared. This may_be due to formation of gel at diffusion

medium pH at the contact surface to the membrane with CP.

A fair amount of attention has been given in the literature to gain a mechanistic
understanding of drug release from the preparations and the factors affecting it. The
percent drug release is plotted against time (T) n Figure 5 4. The non linearity of the
graph suggests that the release pattern does not follow zero order kinetics. An attempt

was made to understand the diffusion kinetics; kinetic parameters were calculated and
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arec shown m lable 56 Ihe drug diftusion data from various formulations (it a
Higucht's equation as the highest correlation (R* = 0 98-1 00) obtained [iguch
obtamed a mathematical relattonship for cases where the drug particles are dispersed
in homogencous uniform matrix which acts as the diffusion medium and where the
- drug particles are incorporated m an essentially granulated matrix and released by the

leaking action of the permeating solvent

In case of liposomal preparations, the effiux 1ate of diug 1s generally calculated and
the mean flux values are reported (Masint ¢t al . 1993, Rolland, 1993) Mean {lux
values of various LN formulations were calculated and recorded in Table 57 and
shown graphically in Figure 55. The diffusion co-efficient of different LN
formulations were also calculated and recorded in Table 5.7 and its graphical
presentation 1s given m Figure 55 The mean flux values of the LN formulation were
found to be two to five times higher than those of LLN formulation, indicating that
liposomal formulation prolong the drug diffusion Sumilarly the diffusion coefficient
of the LN 1s much higher (o that of the LLN formulation confirmmg a prolong drug

diffusion following liposomal encapsulation of drug

Lower mean diffusion flux and diffusion coefficients values for LN+CS and LN+CP
compared to that of plan drug formulation of LN may be due to the mcrease i
viscosity of the formulations Gel formation takes place at the contact points of CP
containing formulation with the membrane diffusion medwm pH of 7 4 contributing

to further lowering of mean flux and diffusion coefficient \alues
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Table 5.3: Percent Drug Retention (PDR) in Batch LLN at different storage

conditions
Time in months PDR+SEM™* at 2-8°C PDR£SEM* at 2582°C
03 99 §+0 14 98 1+0.24
| _ - 99 80 23 96 8+0 533
2 | 99 5+0 {9 93 440 63
3 98.2+0 47/12 90 2° 89 6+0 35
6 96 40 34/13 140 2° -

*n=3), * D[4,3]

102
100
98
96
94
92
90
88 |- e

86 | e e e -

% Drug retained

Time in months

; —a_PDR at 2-8°C —o— PDR 25+2°C

Figure 5.2: Drug Retention Studies of LLN formulation
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Table 5.4: Percent Drug Retention (PDR) in liposomal formulations of LEU at

different storage conditions

Time | PDRESEM™ at 2-8°C PDRESEM* at 25£2°C
m
monthy | LEY LLEUn LLEU+CS | LLEU LLEUn LLEU+CS
! 05 99 8:+0 35 99 940 26 9990 48 9874024 | 9824032 |99 140 41
' 1 99 2+0 31 99 540 21 99 7+0 28 9732053 | 9762045 | 9824055
2 08 540 34 99 00 30 99 1=0 31 959+0 63 | 967052 | 97 40 75
3 07610 47 | 980x027/ | 987=036/ |926+035 |94 1040 |95 1036/
12112003 | 1106+£001" | 1101002 11780 01"
6 96 740 34 9744031/ | 982=033/ |- 92 340 85
12100 02° | 11 150 01" | 11 1020 02"

*(n=3), * D[4.3]
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LEU FORMULATIONS

Compatative diflusion studies were carried out between various LEU formulations for
a pertod up to 36 hrs using dialysis membrane n self designed and validated diffusion
cell. As the drug was soluble 1in PBS, .sml\ conditions were maintained when 50 ml ol
the medwm used as the diffusion medium and hence sero-order flux conditions not
violated The results obtamned are recorded in Table 3 8 and shown graphically

Figure 56

Figure 5 6 cleatly shows that encapsulating LEU n liposomes substantally slowed
down 1ts release Further delay n relcase was observed when these liposomes were
incorporated m to CS solution Also, when individual formulations ‘compared,
stigmificant differences (p<0 03) between plain drug and plam drug with CS were
observed The repulsive forces between the positively charged CS and positively

charged LEU may responsible for this effect

The non-hinearity of the percent drug diffused vs time graph suggests that the release
pattern does not follow zero order kinetics However, when correlation coefficients
for different kinetic models were compared (Table 5 9), highest correlation (R? =
0 98-1 00) by Higuchr’s equation obtamed suggesting that the release obeys Higuchr’s

diffusion controlled model

Mean flux values of various LEU formulations were calculated and recorded n Table
5 10 and shown graphucally i Figure 5 7 The diffusion co-efficient of different LEU
formulations were also calculated and recorded in Table 510 and its graphical
presentation 1s given in Figure 5 7 The mean flux values of the LEU formulation are
found to be two to three times higher than those of liposomal formulations, indicating

that liposomal formulations are potentially sustaining the drug release.
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Table 5.5: In vitro diffusion studies of LN formulations

II Tine LN LLN LN+CS LN+CP
II 01 1300098 [115+£069 95+076
” 02 |3124410l1 143 +£0 78 3369+£005 341103
Ii 04 [(511=x=112 302+ 097 4726+ 110 508+1 36
06 |7079£1.17 3541136 6303116 627159
08 |83.06+224 541£121 7811+ 101 74 6+ 142
Ij 10 19221 +£2.10 5932+ 165 9295+ 168 85£199
12 65.1+1.83 952200
24 914+£203

Cumulative % drug diffused

6 8
Time (hrs)

[——LN —0— LLN —&— LN+CS — LN+CP |

’ Figure 5.4: Cumulative % LN diffused during In vitro diffusion studies
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Table 5.6: Regression Cocefficients of LN Formulations by different models

Zero-order equation | Higuchi's equation First-order :(-];x;t;;n
Formulations e e N
R’ R’ R
" LN 09636 09963 0 8207
LLN 09083 09777 07125
|
S S U Y PSRN - —— ]
LN+CS 0972 09905 07957
LN+CP 09448 09868 | 07199
I —— S R —

Table 5.7: Mean Flux and Diffusion Coefficient values of LN formulations

ll LN LLN LN+CS LN+CP I
Mean Flux 264 1.31 238 231
Diffusion
361E-09 2 44E-09 5 19E-09 5 17E-09
Coefficient
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Figure 5.5: Mean Flux and Diffusion Coefficient values of LN formulations
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Table 5.8: In vitro diffusion studies of LEU formulations

ti-r_ni-' LEU LEU+CS LLEU LLEUn | LLEU+CS
o |70 Flisextis 2 0620 58 340 44
.08

02 “:41 Si 35 4821 09 1254069 | 8 112064 | 13 6£0 59

04 | 6472699 | 59321 11 3032071 |21 72088 |27 240 53

06 | 773124 | 70.2+1 54 3854098 2955084 |343:081
08 | 940130 ]|82.71 29 166+124 |36 7£090 |40 8+0 94 ll
10 94.4:1 87 32 91 00 44[ (;9ﬂ:l.06 48£1 11 |1
| 12 58741 09 |53 631 01 »4 51 23 l}
I 24 90 41 63 | 72 441 54 | 86 41 69 li
l36 92 011 46 | 98+1 33 H
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Figure 5.6: Cumulative % LEU diffused during in vitro diffusion studies

Table 5.9 : Regression Coefficients of LEU Formulations by different models

Zero-order equation | Higuchi’s equation First-order equation
Formulations

R R’ R’
LEU 09421 09818 07916
LEU+CS 0949 09906 0 8007
LLEU 0926 09952 05279
LLEUn 09342 0991 06679
LLEU+CS 09222 09922 0 5445
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Table 5.10: Mcan Flux and Diffusion Coefficient values of LEU formulations

LEU

A 4]

LEYU+CS

196

; Mean Flux 134

LLEU

LLEUn

LLEU+CS I

19

{01

115

Diftusion
7 72E-09

Coefficient

6 28L:-09

I 89441--09

| 47391:-09

1 6924E-09

36

25

15

*
2
L
c 2
o
o
=3

05

A

0 -
LEU LEU+

-4
CS LLEU

Formulations

I Mean flux —e— &ffué;or;?:beff]csent

LLEUn

LLEU+CS

f

i
i
t

1 00E-08

0 00E+00

Diffusion coefficient

Figure 5.7: Mean Flux and Diffusion Coefficient values of LEU formulations
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On comparing the mdiwvidual formulations 1t was found that the flun values were
depend on the charge of liposomes as shown m Figure 57 The reduction i mean
flux and diffusion coclficient values of negatively charged hposomes were may be -
due to the attractive forces between negatively charged lipid (DCP) and positively
charged LEU The mercase m viscosity after addiion of CS mto LEU liposomes
(neutral) and also repulsive forces between positive charge of CS molecule and
positively charged LEU may reduce the diffusion of the diug from the hposomes
This may be the reason for the signtficantly lower (p<0 05) mean flux and diffusion
co-efticient values ol)scr;/ed for CS containing formulations with respect to theu plam

counter parts

Assuming that the permeability of artificial membrane remains constant, the diffusion
coefficient 1s ulumately governed by the concentration of free drug m donor
compartment, which mtern depends upon the rate of drug diffusion from liposomes.
Thus there are two rate confroiling barriers acting on the drug diffusion to the receptor
compartment, one is the liposomal membrane and other 1s the artificial membrane
The artificial membrane acts as a physical barrier preventing liposomes to enter into

the samphng port and 1s not regulating the drug diffusion to receptor compartment

IN VIVO STUDIES

Rats were used as a model animal for screening of anti-fertility drugs (Ghosh, M,N.
1984) Size of the drug particles and hposomes n all the formulations was kept
between 10-15 pm. as the particles with 10-20 pm are all deposited n the nasal cavity,
whereas particles smaller than | um pass “;ith inspired air into the lungs (Jones et al.
1997) LLN, LN PM or LN suspension contaming [0-pg LN were administered
nasally i three different group of rats. Similarly, 10-ug of LN suspenston was
admimstered orally. Blood samples were collected at regular time points and plasma

LN concentrations were estimated by spectrofluorimetric method.

The data of drug plasma concentration are shown m Figure 5.8. Various
pharmacokinetic parameters, (Tmax, Cmax, and t;5) were calculated from the Figure
and recorded in Table 5.11. AUC and bioavailability (F*) were also calculated and are

recorded in Table 5.11.
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TABLE 5.11: Pharmacokinetics of different formulations following Oral and

Nasal Administration of LN in rats

AUC Tumax Cinax Tin
Formulation Bioavailability

(ng-hr/mL) (hours) | (ng/mL) | (hours)
LN (oral) 261.408+12.36 | -- 2.1£0.2 | 14.440.2 | 16.9+0.2
LN (nasal) 78.245+8.31 | 29.9321£1.87 |4.2+0.2 | 7.13£0.2 | 7.0£0.2
LN PM (nasal) 84.007£9.00 [ 32.1364+1.98 |4.6+0.2 | 6.1+0.2 | 11.9+0.2
LLN (nasal) 67.901+8.51 25.9751+2.11 | 4.6+0.2 | 5.24+0.2 | 9.40+0.2
LN+CS (nasal) 265.862+13.12 | 101.7038+3.42 | 4.4+0.2 | 4.73+0.3 | 55.7+0.4
LN+CP (nasal) 259.888+14.20 | 99.4185+2.14 | 5.0+0.3 | 4.70+0.3 | 52.9+0.4

Mean plasma LN level (ng/mL)

T T T T T 1

6 12 24 36 48 60 72
Time (hrs)

—o—LN —#—LNPM —a—LLN ——LN+CS —%—LN+CP —a—LN (oral)|

Figure 5.8: Plot of mean plasma level of Levonorgestrel Vs time following oral

and nasal administration
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TABLE 5.02: Antitertility effect of Levonorgestrel treated

formulations

with different

No of rats

mated

No. of rats

pregnant

No.-of

Implantations

} Formulatiou
Control

{-10. 2-9, 3-9,

4/4 +/4 i
I‘ lfN (oral) 4/4 0/4 -
l‘ LN (nasal) 4/4 /4 I-4 !
LN Physical mixture (nasal) 474 1/4 -3
LLN (nasal) 4/4 2/4 -1, 2-3
[ LN+CS (nasal) 4/4 0/4 - !
l LN+CP (nasal) 4/4 0/4 - l
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Plasma levels ol [N alter a sigle oral dose showed constderably higher fevel of 1N
(Can 144 ng/mLY with 1,0 0F 2 1 hr as compared. to. LN _suspension, LN PM and
.LN formulations given inttanasally (Cu 7 13 ng/ml., 6 1 ng/ml, 524 ng/ml.) at
Tma 004 2 1,4 6 hrand 4 6 hr iespectively Levels of LN fall precipitously to levels-
below | ng/ml an all the cases Also, when AUCS of nasally adnuntstered 1N
suspenston, LN PM and LLN formulations were compaied to that ol orally
admumistered LN suspension, significant difference (p<0 03) was observed 1+~ of
these formulfations were found to be significantly less 1¢., 29 93%. 32 14%. and
2597% The large number of fenestrated capillarics just below the surface epithchum
may well contribute to absoiption (Fisher, 1990) However, the mucociliary clcarance
under normal conditions rapidly cleats the applied material and hence there s a httle
time of contact between the drug and the nasal mucosa This is what we observed
case of LN suspenston, LN PM and LLN formulations delivered mntranasally and
hence resulted n to signficantly fow (p<003) F* of the drug Therefore, 1t was
thought worthwhile to mcorporate mucoadhesive agents which can prolong the
contact tme of the drug with the absorptive surfaces (nasal mucosa). When the drug
was formulated with mucoadhesive agents, CS (LN+CS) and CP (LN+CP).
significant improvement in [* of the drug were observed (101.70% and 99 42%
respectnely) Plasma half lives (t),2) were also significantly increased from 7 § hr to
357 hrand 32 9 hr The Ty, values were 4 4 hr and 5 0 hr with Cya 0f 4 73 ng/mL
and 4 70 ng/mL respectively for LN+CS and LN+CP formulations. The clearance of
adnunistered drug was delayed by using mucoadhesive polymers such as CS and CP
and hence resulted mto significantly improved F* and t;» CS acts by opening tight
junction between epithelial cells (20) [t may also enhance the absorption of drugs by

being a useful bioadhesive and slowing mucociliary transport (Aspden et al , 1995)

Carbopol hydrogel 1s a thin liquid at acidic pH but it gels at physiological pH and thus

has great potential for nasal delivery of drugs (Morimoto et al , 1985)

When the t;» value of orally administered formulation was compared to nasally
administered mucoadhesive formulations, significant increases in ty, were observed
(16.9 hr to 52.9 hr-55 7 hr). The results clearly indicate that the dosing mterval can be
changed to once in two days from daily oral administration with out changing the

dose. The reduction in the drug dose and mamtenance of therapeutic concentration i
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plasma of the drug for at feast up to the 48 hois expeeted to reduce the reported side

effects in humans and probably the cost of the therapy due o fower dose

Results are dependent upon the deposition of the mstidled dose within the nose The
deposttion and absorption of sprays n the nose aic different {from those of diops  I'he
nasal spray deposits anteriorly m the nasal atnium while the diops are dispersed
throughout the length ol the nasal cavity Nasal sprays deposit more antenorly,
resulting m slower clearance of sprays than of drops (Hardy et al , 1985) However,
due to impracticality of giving nasal sprays i rats, experiments were only performed
with the drops Therc are chances that studies in larger animals with spray form of
these formuiations may results m different deposition and absorpnoﬁ pattern which

ultimately helps m dectding type of dosage form chosen for human use

Pharmacokinetic studies were followed by pharmacodynamic studies, where the
animals were admnistered with different formulations mtranasally for four weeks and
allowed for mating during the treatment peritod Numbers of implantations in mated
female rats are recorded m Table 512 Animals when treated nasally with LN
suspension, LN+PM and LLN were failed to show contraceptive efficacy, may be due
to short plasma half hives of the drug However, in case of LN+CS and LN+CP cent
percent anti-fertility was observed even formulations were administered on alternate
days. These results are 1n agreement with pharmacokinetics, which further contirms

the contraceptive efficacy of proposed formulations for prolonged period of time.

Levonorgestrel. an orally active progestronic derivative, 1s associated with various
side effects may be due to mitial very high plasma concentration (Cmax) achieved
which 1s sigmificantly higher than the therapeutic window of the drug (Active
therapeutic window- 4-6 ng/mL) Nasal delivery with mucoadhesive agents, gives an
extended release of the drug over prolong period of time without resulting mnto ntial
higher plasma concentrations. This study demonstrates prolonged LN absorption
following closely zero-order kinetics n rats after nasal administration. Maintenance
of effective drug concentration n blood for prolonged period of time ts expected to
reduce dose and/or frequency of drug admunistration and probably the side effects

provided similar findings are demonstrated in humans.
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LEU Formulations

To mvestigate the contraceplive activity, LljU solution, LEU PM, LLEU and LLEUn
contammg 5 pg LEU were admumstered intranasally Smularly, 5 pg LEU solution
was admintstered through s ¢ route Blood samples wete collected at specific time
intervals and serum LH concentrations were estimated by spectfic radiommunoassay
The results of mean sctum LH concentrations vs time (hr) were plotted n guie 59
Various patamcters for LH release m serum (Cmax. I'max, Tipo and %) were

calculated from the Figure 5 9 and recorded in Table 5 13

In a group of anumals, control formulation was administered and scrum LH level was
monttored LH levels were found to be very low (around 2 mlU/ml) In LEU treated
animals, regatdless of the route of admmistration and formulations of LEU, serum LH
concentrations transiently rose to peak at 1 hr-2 | hr then decreased gradually to the
pretreatment level within 24 h The highest Cmax value of 263 + 1 § mlU/mL was
obtained after s ¢ adminstration Lower Cmax values of 27 + 1 0 miU/ml, 27 £ 1 |
miU/ml, 39 = 1 0 mlU/ml and 47 £ 1 2 m{U/ml for LEU solution, LEU PM, LLEU
and LLEUn formulations were obtamed after intranasal adnunistration Due to the
mucociliary clearance of nasal cavity, nasally delivered formulations clear rapidly
from site of absorption resulting into little contact time between the drug and the nasal
mucosa and hence, poor drug absorption When relative bioactivities of nasally
adminstered formulations were compared, LLEU and LLEUn showed higher relative
percent broactivity (F* 27 83% and 21 3% respectively) compared to LEU solution
and LEU PM (F* of 1089% and 1096% respectively) The relatively higher
bioactn ity of liposomal formulations compared to plain formulations may be due to
their action on nasal mucosa by incorporating phospholipids i the membrane and
opening “new pore” in the paracellular tight junction (Iltum, 1997). Liposomal
formulations were also showed significantly higher (p<0.05) ti» (42 hr to 4.5 hr)
compared to plain LEU formulations (2.3 hr to 2.6 hr). This may be due to the surface

viscosity of liposomes

The prevalence of the repellent forces between negatively charged liposomes and

negatively charged nasal mucosa may be responsible for low bioactivity of negatively
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charged hiposomes compared to plam liposomes  Uhis may abso responstble for less

tin of negatively charged hposomes

To enhance the icsidence time of the formulation and to mmpart mucoadhesion, CS
was incorperated in sclected formulations  LLEU was selected as 1t showed
significantly hugher (p < 0 05) F* compaied (o other formulations LU solution was
also selected to see the effect of CS on bioactivity of plam drug For both LIEU
solutton and LLEU formulations with 0 5% CS, marked mcrease (p< 0.05) in = were
abserved (ie¢. 1089 10 49 13% for LLU+CS and 27 83 to 88 90% for LLEU+CS)
Sigmificantly higher 41, of 8 8-9 0 h was also obscrved n both the cases Prolonging
the contact time of the drug with the absorptive surfaces by means of CS was
contributed to mcrease mn the F* of wintranasally adnunistered formulatiors CS also
acts by opeming tight junction between ép:thehai celis (Arthurson et al , 1994) The F*
determunes ultimate fate of the formulation m the body while, lower Cmax followed
by plateau for prolonged period of time for LLEU+CS formulation may decrease the
chances of concentration related stde effects of the drug - Intranasal admunistration of
LLEU+CS showing comparable bioactivity to that of LEU solution admuustered

subcutaneously (s ¢ ) was used for further studies

In male rats, sperm count and fertility performance studies were carried out for LEU
solution adnumstered sc¢ and LLEU+CS formulation administered mtranasally
Spermatozoa were collected from left cauda epididymis and were counted under a
microscope and recorded in Table 5.14 It was found that complete azoospermia was
achieved n case of LLEU+CS formulation administered nasally and LEU solution
subcutaneously after 26 days treatment Duration of treatment was kept to 26 days to
cover two senmuniferous cycles (132 x 2 days) n rats. Females were mated with
treated males and no implantation sites were observed n case of ﬁasa! administration
of LLEU+CS formulation and sc. admimstration of LEU solution due to the

azoospermic potential of both the formulations
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Table 5.13: Pharmacodynamic parameters of LEU formulations following s.c.

and nasal administration

AUC Tma Cmax T2
Formulation F* (%)
(ng-h/ml.) (hours) (ng/mL) | (hours)
|2+ 263 +
LEU(sc) 720 5+£78 21 | ~ ’ 30+02
0.2 18
I}LEU 78 51123 1089+13 10£02{27£10 |23+02 “
I{LEU PM 79 0+13 24 109641 1 10£02 (2711 {2602 u
LLEU 2005£1875 |27 83«1 8 20502 | 5910 [45£02 "
LLEUn 15351603 | 21 30+1.6 20802 147412 142+£02 H
LEU+HCS 35441 21 39 13£2 5 12402 {45+14 [88+02 ”
LLEU+CS 640 5£3596 | 78 90+2 | 21202 18012 (9002




Serum LH (mIU/mlL)

1

1 2 3 4 5 6 7 8 9 10 11 12 13
Time (br)
—+—1EU(sc) —=—1EU ~—1EUPM —11EU
-—I11E0h —+IBEHCS —I1EHCS » Control

Figure 5.9: Plot of mean serum level of LH Vs time following s.c. and nasal

administration of Leuprolide acetate

Table 5.14: Sperm count after 26 days treatment with selected formulations

Control

Sperm count (10%/cauda epididymis)

135.75+8.39

H LEU1

I LEU4C
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In case of female rats, cyclictty was obscrved to evaluate fertity performance and
ceasation of estrous cycles was observed from the (irst reatment cycle i female rats
treated with LEU solution and LLEUHCS through s ¢ and nasal routes. Animals were

return to normal ¢yclicity after the cessation of the treatment

Prelimmary experiments conducted on rats have demonstrated the wse of nasal
administration  of  LLEU+CS  developed 1in this  mvestigation in - producing
contraception by treating male and female rats  The results of the developed
formulation were found to comparable 10 available parenteral dosage of LEU mn
producing contraception on rats However. is role in chinical practice can only be
settled after extenstve experiments on rats and one more species of animal followed

by clinical trals
Comparisions:

When mucoadhesion of LLEU was compared to that of LN, higher mucoadhesion
was observed This may be due to the ionic mnteractions between LEU nduced

positive charges m liposomes and negatively charged nasal mucosa

When the results of drug retention study for LN and LEU formulations were
compared, LEU formulations showed higher drug retention at all the sampling time
ponts This may be due to the Tg of the phospholipids used for the preparation of
these liposomes The higher Tg of HSPC used in the preparation of LEU liposomes

compared lower Tg of EggPC resulted into higher stability of LEU liposomes

In vitro drug diftusion studies were also carried out for LN and LEU formulations.
Different diffusion medium were used as LN and LEU bemg lipophilic and
hydrophilic 1in nature. Hydro-alcoholic medium was used for LN and PBS_was used

for LEU to maintain the flux and sink conditions.

In vivo studies were carried out in rats for LN and LEU formulations Developed
formulations were given intranasally in comparison to their presently available route

of admmstration (oral for LN and sc. for LEU). Developed liposomal LN
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formulation showed low but cqual broavaifabthity to that of plam LN lormulation
Similar hpophilicity of the diug and the hiposomally encapsulated drug may be
responstble  for  sinular pharmacokineuc/pharmacodynanuc  behavior  of  the
formulations of plain and hposomally encapsulated [N formulations  However,
liposomal LI‘U formulation showed significantly hugher broactivity compaied to that
of plain LEU formufation This mught be duc the fact that LEU bemg a hydrophilic in
nature having low partition coclficient and mucosal permeability  Incorporation mto
carrier such as liposomes renders the drug as hipophilic and opening of nEw pore mto
nasal mucosa (Colombo, 1997) nught responsible for the improvement m LEU
bioactivity As mucoctliary clearance under normal conditions rapidly clears the
applied matertal, there 1s a little tume of contact between the drug and the mucosa may
be the reason for low F* of formulations of both the drugs Hence, 1t was thought
worthwhile to incorporate mucoadhesive agents into the formulations LN+CS and
LEU+CS when compared, LN+CS showed almost 100% bioavailability while
LEU+CS only resulted mto 50% bioactivity This is may be due to the effect of drug
as the LN being hipophilic in nature 1t has higher partition coefficient compared to that

of LEU (hydrophilic) .

In concluston, Stable liposomal formulations of both LN and LEU for the nasal
administration were _ developed In VIvo studies including
pharmacokinetics/pharmacodynamics n rats were carried out followed by mn vitro
diffusion studies to create in vitro testing procedures Maintenance of lower but
effective LN plasma concentrations for extended period of tume after admimstration
of LN formulations given intranasally developed in this investigation are expected to
reduce frequency of dosing of the oral route and likely to reduce systemic side effects
assoctated with oral administration of the drug. The bioactivity/fertility performance
studies in both male and the female rats after intranasal admumnistration of the
liposomal formulation of LEU with CS was found to comparable to available
parenteral dosage of LEU m producing contraception on rats, leads to patient
compliance, self medication and avoiding the complications related to injection

procedure
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