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ABSTRACT

Nasal drug delivery is an attractive approach for the systemic
delivery of high potency drugs with a low oral bioavailability due to extensive
gastrointestinal break down and high hepatic first pass effect. B-Cyclodextrin was used
to improve the nasal absorption of lipophilic drugs by increasing their aqueous
solubility and / or by enhancing their nasal absorption. Drug & B-Cyclodextrin solid
binary systems were prepared by Physical mixture, Co-ground, Kneading, Solvent Co-
evaporation and Freeze-drying in 1:1 and 1:2 molar ratios. The formation of inclusion
complexes with B-Cyclodextrin in solid state, were confirmed by Scanning Electron
Microscopy , Fourier Transform Infracted Spectroscopy, Powder X-ray diffractometry

studies. The comparative studies on the in vivo absorption of Progesterone in female
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rabbits between prepared freeze formulation (1:2) and marketed intramuscular injection.

Studies conceding that safety of B-Cyclodextrin in nasal drug formulations demonstrate

the non-toxicity of the B-Cyclodextrin and also clinical data show no adverse effects.

Therefore P-Cyclodextrin can be expected to become effective and safe excipient in

nasal drug delivery.

KEY WORDS: -Cyclodextrin, Nasal Absorption, Freeze-drying.

INTRODUCTION:

The steroidal hormone
progesterone is a lipophilic drug used
in the menopausal hormone replacement
therapy and  reproductive  control
function'. The goal of any drug delivery
is to provide a therapeutic amount of
drug to proper site in the body to

maintain the desired drug

concentration”. Drugs are administered
traditionally by oral and parenteral route.
However in many instances, oral
administration is unsuitable if a drug is
significantly degraded in the
gastrointestinal tract or in considerably
metabolised by the first pass effect in
the liver. In recent years, the intranasal

route of administration for non-orally

absorbed compounds has been
extensively evaluated’. The systemic
bioavailability of the molecules with

molecular weight of upto 1000 daltons
is good without using the enhancers.
Enhancers facilitate the absorption and

improve the bioavailability of moieties
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with a molecular weight of at least 6000
daltons®. Absorption enhancers work by
increasing the rate at which drugs pass
through the nasal mucosa. Many act by
altering the structure of the epithelial
cells in some way, but they should
this  while no

accomplish causing

damage or permanent change’.

Pregn-4-ene-3, 20-Dione

The nasal route has been investigated

for the administration of steroidal

hormone and nasal mucosa has proven
to be permeable for these substances.

Nasal absorption of steroids from

solutions, including Progesterone has

been studied, resulting in promising

bioavailability. Compared to liquid



dosage forms, Nasal powders guarantee
Physical, Chemical and Microbiological

stability of the dosage form during

storage also permitting advantageous

formula simplification. B-Cyclodextrin as

carrier for Nasal delivery has been

recently investigated. B-Cyclodextrin can
be able to improve the solubility of
poorly water soluble molecules. The
promoting effect of B-Cyclodextrin on
Nasal absorption of drugs was also
interaction with the

of

related to their

lipidic components mucosal

membrane, leading to an increase in

membrane permeability. B-Cyclodextrin
largely used in  Pharmaceutical
technology  and  easily  available,
represents a suitable excipient for

powdered Nasal formulation. The aim of

the present work was to study the
Nasal bioavailability of p-Cyclodextrin
freeze drying Progesterone powder. Five
Progesterone  B-Cyclodextrin ~ powder
mixtures were formulated according to
different preparative procedures’. The
bioavailability of the prepared freeze
drying formulation (1:2) and marketed
after  Nasal

rabbit

intramuscular  injection

administration to female was

studied. The prepared power mixture

and  intramuscular  injection  were

characterized as to delivery behaviour
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from Nasal powder device under

Chemilo Immunoassay Method.
MATERIALS AND METHOD:

Progesterone was a gift sample

from UNI-SANKYO Pharmaceuticals,

Hyderabad, B-Cyclodextrin was kindly
provided by the Rolex laboratories,
Mumbai, All other reagents and

solvents used were of analytical grade.

Preparation of Nasal Progesterone
Powder:

The Nasal powders of progesterone
and B-Cyclodextrin were prepared in
1:1 and 1:2 molar ratios by following
methods.

Preparation of Physical Mixtures7
(PM):

The  physical mixture  of
product , accurately weighed quantities
of progesterone and beta Cyclodextrin
were taken and mixed manually by
means of spatula for 20 minutes and

shifted through mesh 60BS

Preparation of Co-Grinding Product7
(CG):

For Co-grinding product, accurate
weighed amount of progesterone and f-
Cyclodextrin were mixed and triturated
in glass mortar pestle for 20 minutes

and passed through mesh 60 BS.
Preparation of Kneaded Product® (KN):

kneaded
amount
taken in a

For  the
accurate  weighed
Cyclodextrin ~ was

product,
of PB-
glass



mortar and sufficient quantity of water
was  added
homogenous paste. Progesterone is then
added slowly and kneading of paste
was continued for 45 minutes during
this process appropriate quantity of
water was added to maintain suitable
consistency. The obtained mass was dried
at 550C. The dried mass was pulverized
and sieved through mesh 60 BS.

and mixed to obtain

Preparations of

Product8 (CE):

Co-Evaporated

For the preparation of co-evaporated
product, an aqueous solution of -
Cyclodextrin was added to ethanolic
solution of progesterone. The mixture
was stirred for 1 hr and evaporated at
temperature of 55°C. The dried mass was
pulverized and sieved through mesh 60
BS.

Preparation of Freeze Drying Productl
(FD):

Inclusion progesterone / B-Cyclodextrin

were prepared by the freeze-drying
method. B-Cyclodextrin is first
dissolved in distilled water.

Progesterone was added to this solution
in the carefully predetermined molar
ratio. The entire solution were stirred
with a magnetic stirrer for one week in
a hood at 37°C + 2°C. The solution
were then filtered and freeze-dried.

The freezing phase was carried out on
a shelf at -50°C and this phase was
continued for at least three hours.
Lyophilization parameters, validated by
preliminary  experiments,  were
follows: vacuum < 200 mTorr,
condenser < -40°C, shelf at +30°C.

as
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Vials  containing the  freeze-dried
products were plugged immediately
after removal from the freeze dryer.

These samples were allocated to
dissolution studies, IR studies, SEM
studies, X-ray diffraction studies.

PHYSICAL CHARACTERIZATION
OF NASAL POWDERS:

Scanning Electron Microscopy:

The progesterone and freeze dried
powders subjected to Scanning
Electron Microscopy for determining the
morphology of the powders. SEM was
carried out using Joel JSM-5300 Scanning
Microscope.

WCEre

X-ray Powder Diffractometry (XRD):

Powder X-ray diffraction pattern were
recorded on Joel PW 17291 powder X-
ray diffracto meter. The XRD pattern

of progesterone and freeze-drying
formulations FD I and FD II were
recorded.

Fourier Transform Infrared
Spectroscopy:

The IR spectra of progresterone and
various prepared by
physical mixture, co-ground, kneading,
solvent co-evaporation and freeze-drying
were recorded on ABB Bomen MB
series.

formulations

Dissolution rate studies:

In vitro dissolution studies of various
inclusion complexes were carried in
500 ml of phosphate buffer (P') using
USP 1II dissolution rate test apparatus.
Each dissolution test was performed



by spreading the powder sample
equivalent to 5mg of progesterone, a
speed of 150 rpm and a temperature
37°C were used. 5ml of sample was
withdrawn at different time intervals,
filtered and spectophotometrically at
241nm.

Nasal absorption studies:

The rabbits (female) were divided into
3 groups with 3 animals in each group.
After a two-week wash out period, the
animals fasted for 24 hours
before testing. In experiment on nasal
absorption, group [ rabbits were not
treated with any formulation and used
as control, group II rabbits were treated
with marketed IM injection carried out
by injecting intramuscularly (0.1 ml)
doses of 5mg respectively. Group II
rabbits treated with formulated
freeze drying powder (FD-II)
administered by means of a device
consisting of a short glass pipette
containing the powder connected with
compressible rubber bulb; doses of 5 mg
of mixture of Progesterone

WwWEre

WCEre
was

WwWCEre

delivered unilaterally in the nostril.
Serum Progesterone level was
determined by wusing a competitive

Chemilo immunoassay method. The area
the curves (AUC) of
Progesterone was calculated from O -
240 minutes, by using the trapezoidal
method. The AUC of the control curve
was subtracted. Absolute
bioavailability, F, was determined using
software PK sumit solutions.

under serum

always

RESULTS AND DISCUSSION:

Different types of interaction
between drug and vehicle can be
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obtained. Fig. 1 shows the morphology of
pure drug and freeze-drying particles.
From Scanning Electron Microscopy, Pure
progesterone  shows spherical  shape
crystals (fig. 1).

When Progesterone is mixed with
vehicle and then dried, various types of
dried particles be
depending on the solvent medium. In
particular with freeze-drying, it was not
possible to differentiate crystals of both
components indicating better
incorporation of drug particles with -
Cyclodextrin.  The  particles  were
irregular in shape and the obtained
micrographs supported the idea of new
single components (Fig.1). Thus the
inclusion process of Progesterone with
B—Cyclodextrin was confirmed in freeze
drying. The power X-ray diffraction
pattern  of the pure drug
formulations FD 1 and FD II prepared
by freeze drying process is shown in
Fig.2, 3, 4.

can obtained

and

The X-ray diffraction pattern showed a

sharp, intense peak at 18°, 13° 11° 20
characteristics of progesterone indicating
highly crystalline nature of drug. The
X-ray diffraction of the freeze dried
sample with  B-Cyclodextrin ~ shows
broad bands as it is considerably
affected by complexation with f-
Cyclodextrin ~ with change in their
crystalline nature. This the
formation of amorphous systems by
freeze drying and confirm that once
progesterone is partially included in the
Cyclodextrin the crystalline
structure is not recovered during drying.
The bands are found to be diffused,
less intense and less sharp indicating

indicates

cavity,



that new less crystalline solid phase

has been obtained in the complex.

shows the IR
and the

Figure 5
progesterone
formulations  prepared by
mixture, co-ground, kneading, Co-
evaporation, and freeze drying. The
peaks at 1661 cm™ and 1698 cm™ are
assigned to carbonyl stretching bands
of C; and Cy in progesterone
respectively.  The  spectra  of  f-
Cyclodextrin presented a broad band
between 700 cm™ and 2000 cm™ and a
band at 1626 cm’
molecules present in the cavity and a
large band that displayed distinct peaks
between 900 cm” and 1200 cm’
responsible for C-O vibration. The
dissolution profile of different binary
systems are given in figure 6, 7. The
superior dissolution properties observed

spectra  of
various
physical

due to water

with  freeze dying systems over
kneading systems due to  better
interaction of progesterone with -

Cyclodextrin during the freeze drying
process.Various authors have suggested
that dissolution rates form drug - j-
Cyclodextrin binary systems were also
depended on other
diffusion and dissociation of the
complex in the dissolutions medium
decrease  in crystallinity
enhanced wettability of the drug by the
inclusion complexation. In figure 8§
serum progesterone level after
administration of lyophilized
progesterone / B-Cyclodextrin powder is
compared with intramuscular
administration of the progesterone
solution at the same/different
The nasal bioavailibity
carried out using female rabbit as the

factors such as

and

and

nasal

doses.

studies were
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animal models. Formulation FD II was
the rabbits through

the pharmacokinetic
parameters (table 1) were determined.
The Nasal Dbioavailability of  the
formulation FD II was 81.5% compared
with marketed intramuscular injection.
Nasal administration shows a remarkable
absorption rapidly. The peak is achieved
within 5 min,
decreases in about 120 minutes.

administered to

nasal route and

and then serum level

CONCLUSION:

The present paper was devoted to the
improvement of the solubility and the
dissolutions rate of progesterone. These

improvements  were  achieved by
forming inclusion complexes with J-
Cyclodextrin. Physical characterization

(XRD, FT-IR) proved the progesterone
penetrates the  B-Cyclodextrin
cavity and replaces the water molecules
and that can form binary systems of
progesterone and [B-Cyclodextrin. In this
study effort was made to study the
effect of the method of preparation of
Progesterone — [-Cyclodextrin complex
on the release rate and diffusion rate
of the drug. The method of preparation
of the complex had an effect on the
type of complex formed. A stronger
inclusion complex was formed in case
of CE and FD as evident from the X-
ray, IR The improved drug
release can be attributed to an increase
in solubility of the drug and protection
of the drug against enzyme degrades.

nto

studies.

Therefore we conclude that
Progesterone incorporated in Dbinary
complexes could be very useful under
in  which of

of PB-Cyclodextrin is

circumstances the use

smaller amount



desirable. This could be true, for
instance, when lower cost and reduced
toxicity are sought.

Fig.1 Scanning Electron Microscopy
photographs of Progesterone, FDII

" FIG-2 : X-RAY CRYSTALLOGRAPHY OF PROGESTERONE
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FIG-4 : X-RAY CRYSTALLOGRAPHY OF FORMULATION FD II
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Figure 5 - IR spectra of progesterone and the various formulations prepared by
physical mixture, co-ground, kneading, Co-evaporation, and freeze drying
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FIG-5: IN VITRO DRUG RELEASE PROFILE FOR FORMULATION PMI, CG 1, KNI,
CELFDI
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Fig-6 : Cumulative percent drug release in pH 6.2 phospbhate buffer
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Fig-7: Cumulative percent drug release in pH 6.2 phosphate buffer

Fig: 08 Plasma Concentration vs Time profile curve
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