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ABSTRACT

The Parenteral administration route is the mostrnon and efficient for delivery of active drug substances with poeav@dability
and the drugs with a narrow therapeutic ind@xt parenteral route offers rapid onset of action with rapid declines of systemic drug
level. For the sake of effective tte@nt it is often desirable to maintain systemic drug levels within the therapeutically effective
concentration range for as long as treatment calls for. It requires frequent injection, whidelylteaas to patient dismfort. For this
reason, drug deery system which can reduce total number of injection throughout the effective treatment, ipaifentcompliance
as well as pharmacoeconomic. These biodegradable injectable drug delivery system offer attpactiveitags for protein elivery and
could possibly extend patent life of protein drugs. This article explores various prolonged pateaseral drug delivergystem and
their strategies of preparation, their potential benefits/drawbacks -@itcoitesting methods.

Keywords: In situ forming implant, Microspheres, Liposomes, Suspension, Solid lipid nanopartigigraesting devices

INTRODUCTION ease of application, localized o&ry for a sitespecific
action in the body, e.g. in local anaesthesia/analtfesia
reduced dosing frequency without compromising the
effectiveness of the treatment (carter et al 1988), increased
dosing compliance, pharmacoeconomic and patent and
commergally attractive reason. Examples of applications
for prolonged release parenteral delivery include: fertility
treatment, hormone therapy, protein therapy, infection
treatments (antibiotics and antifungals), cancer therapy,
orthopedic surgery and postopira pain treatment,
¥hronic pain treatment, vaccination/ immunization,
‘treatment of CNS disorders, and immunosupression.
Modified release (MR) parenteral drug products are
available in several dosage forms, including
microspheres, liposome§’, gels®?? suspensiofd?®,

in situ forming implantS?*, lipophilic solutions

As in the case of mucosal and transdermal drug delivery
where systemic bioavailability of a drug is always limited
by its permeability eross a permeation barrier (epithelial
membrane or stratum corneurand oral drug delivery in
which the systemic bioavailability of a drug is often
subjected to variable gastrointestinal transit time and
biotransformation in the liver by “first pass
metalolism™*®. Parenteral drug delivery with intravenous,
subcutaneous or intramuscular injection can gain eas
access to systemic circulation with rapid drug absorption
This rapid drug absorption is unfortunately also
accompanied by a rapid decline in theiglievels in the
systemic circulationln the case of chronic conditions,
daily or multiple weekly injections for years or even
lifetime have resulted in poor patient compliance. For
tissue regeneration therapy on the other hand, the in vivo
life of some gtokines are limited to hours or even minutes
after injection, far from sufficient to exert biological
functions in vivo.For the sake of effective treatment it is
often desirable to maintain systemic drug levels within the
therapeutically effective conceation range for as long as
treatment calls for. To achieve constant drug level in the
systemic circulation, two strategies can be employed: 1)
To control the rate of absorption of a drug or 2) To control
the rate of excretion of a drug. In that contralithe
absorption rate of a drug (by modifying dgs forms) is
easier than controlling the excretion rate (by modifying
physiology of body) of a drug. Continuous intravenous
infusion has been recognized to maintain a constant and
sustained drug level wiith a therapeutic concentration
range for as long as required effective treatment. But it
entails certain health hazards and therefore necessitates
continuous hospitalization and close medical supervision.
The development of new injectable drug deliverytesys
(parenteral depot formulation) has received considerable
attention over the past few ye&ts The scientists are
leaned towards depot formulations because of the
advantages these delivery system possess which include
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delivery of glycoproteinGP) lIb/llla antagonist, plasmid A sustained relase depot product (Depocyt®) utilizing
DNA, Interleukin . DQG SUROLGHBR® HQ]\P Bepo Foam® technolo§yconsist of novel multivesicular
liposomes characterized by their unique structure of
LIPOSOMES multiple nonconcentric aqueous chamber surrounded by a
In the area of injectable drug delivery system, researctetwork of lipid membranes. The route of administra
into liposomes played a major role in the past few decadesnost viable for delivery of drugs via Depo Foam®
Lipid complex (Abelcet®, Amphotec®) and rde formulations include intrathecal, epidural, subcutaneous,
liposomal formulation, Ambisome®, Daunosome®, and aintramuscular, intrarticular and intraocular. Depo Foam
stealth liposomé¢Doxil®) had got approval for human use formulatons of a protein such as insulin, myelopoietin
by regulatory agenci&® These products have been (Leridistim)® and peptide suchs leuprolide, enkephalin,
developed for intravascular administration, for octreotide have been developed and charactéfiz€te
enhancement of circulation times and redgdioxicity by data show that these formulations have high drug loading,
lipid encapsulationNowadays encapsulation of drug into  high encapsulation efficiencigw content of free drug in
multivesicular liposomes (Depo Foam®) offers a novel the suspension, little chemical change in the drug dause
approach to sustained release drug delivery. Drug intdy the formulation process, narrow particle size
unilamellar and  multilamellar  liposomes, and distribution and spherical morphology. Semisolid
complexation of drug with lipigl resulted in products with  phospholipid dispersion of vesicular morphology, so
better performance over period of lasting several hours ta@alled vesicular phospholipid gels (VPGs) asother
a few days after intravascular administration where asapproach in liposomal technology. A protein such as
Depo Foam® encapsulation has been result in sustainedrythropoietiff’ and peptide such as Cetror&fixwere

release lasting over several days to weeks. developed and in vitro evaluated by vesicular phospholipid
gels.
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Figure 3: Schematic representation of manufacturing technique for protein containing microsphere
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Table 1: List of marketed microggere drug product

Drug Commercial name Company
Risperidone | RISPERDAL® CONSTA® | Janseef/Alkermes, Inc
Naltrexone Vivitrol ® Alkermes
Lupron Depct TAP
_ Enantone Dep8t Takeda
Leuprolide
Trenanton® Takeda
Enantone Gyn Takeda
Octreotide Sandostin®LAR Novartis
Somatropin Nutropin®Depot Genentech/Alkermes
. ) Trelsta™ Depot Pfizer
Triptorelin X
Decapepty SR Ferring
Buserelin Suprecuf MP SanofiAventis
Lanreotide Somatulin& LA IpsenBeafour
Bromocriptine | Parlodel LAR ™ Novartis
Minocycline | Arestir® Orapharma
SUSPENSIONS Recently nanosuspension had gain access in parenteral

S . . depot system. Intradermal delivery of bupivacaine
A suspension is a widely used pharmaceutical gligarm nanosuspensionfL0%), prepared above pKE.2) as a

which offers a potential use as a paren_teral SUStaine%olus prolongs local anesthesima rat for at least 48hr
release system. Subcutaneous administration of a drug g

an aqueous or oil suspension results in the formation of %Nshereas 1:/0.|St0|.l,:tir? ¢ %MAZ%CAINE) fails to abate a pain
depot at the injection si{@®avis et alf®. The depot act as a esponse (tail twitch) after 4fir

drug reservoirslowly releasing the drug continuously at a SOLID LIPID NANOPARTICLE (SLN)

rate dependent upon both the intrinsic aqueous solubilitySLN
of the drug and the dissolution of the drug particles into
tissue fluid surrounding the drug particle in the
subcutaneous tissue. Oleaginous susperasiaricronized
crystal of penicillin procaine in vegetable oil, such as
peanut or sesame oil, gelled with 2% aluminum
monostearate was reported to produce therapeutic bloo
level of penicillin in both animal and human for 16%hr
Scientist at Abbott labotaries developed aqueous
thixotropic suspension of penicillin procaine {40
70%w/w), such as DuracillifLilly), Crystacillin (Squibb)
which on intramusculainjection tendsto form compact
and cohesive depot, leading to the slow release o
penicillin procane. This thixotropic suspension must
possess structural breakdown point of at least 105"lyn SLN loaded with prednisolone by HPH, released the drug
so it have syringeability and form depot at the site ofin vitro (i.e. in absence of enzyme) over a period of more
injection. than 5 weekS. For stearic acid SLN containing

Insulin has long been formulated with zinc as a suspensiorgfydOSporme A, cavalla et al determined an in \iitro release
for subcutaneous delivery (for @mple, HUMULIN of <4% after 2hr compared to >60% from solutforyang

ILETIN. LENTE and NOVOLIN. develooed and et al was performed first in vivo studies of encapsulating
manufa{ctured by Lilly) to produce’ action u%to Bhr anticancer agent camptothecin with stearic acid SLN in the
Yamahira et al was developed sustained release oleagino ar 1999 They prepared SLN loaded camptothecin by

: i o r 1 H (average patrticle siz&97 nm) and administered
suspension of sprayried or lyophilized . interferor?” 5ntravenously to mice. The concentration of camptothecin
Chang et al formulated agueous suspension of butorphangl,” . ; . . .

. : different time intervals after IV administration of
free base and oil suspension of tartarate salt and evaluatf-,\i%1 mptothecin  SLN (CASLN) in  comparison  to
in dogs. The in vivo result indicate a sustained drug P P

: . . Ycamptothecin solution (GAol) in mice is depicted in
release profile, with the plasma drug concentration .
maintained withi the desirable therapeutic range <f(® fig.4. These SLN demanrated higher AUC and MRT (18

ng/ml over a 24hr peridd fold enhancement) compared to camptothecin solution.

are colloidal particles composed of a
biocompatible/biodegradable lipid matrix that is solid at
body tenperature and exhibit size range in between 100
and 400 nm. Upon parenteral administration SLN shows
excellent physical stability, protection of incorporated
Id’;\bile drugs from degradation, controlled drug release (fast
or sustained) depending on the incogtion of model,
good tolerability and site specific targeting. Techniques
utilized for preparation of SLN are high pressure
homogenization (HPH), microemulsion, solvent
emulsificationevaporation or diffusion, w/o/w double
mulsion method and high speedirrilg and/or
ultrasonicatior?.
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study in rats as well as in vitro release profile obthine

|_

=E'~ 100 plasma of CA-Sol (1.3 mg CA/kg from “single dr_op _technlque. It showed good agreement
S R —~— Blood of CA-SLN (3.3 mg CAlkg) between both |n7V|tro release profile and goodiitno-in-

= i —x— plasma of CA-SLN (3.3 mg CAlkg vivo correlation¥’. Design of both inverted cup and single
lg Y T . —=— plasma of CA-SLN (1.3 mg CA/kg drop technique were shown in fig.5.
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Figure 4: Concentrationtime curves of camptothecin

after i.v. administration of C/ALN with doses of 1.3 and

3.3 mg CA/kg in plasma and 3.3 mg CA/kg in blood, and

CA-SOL with a dose of 1.3 mg CA/kg in plasma.

IN-VITRO TESTING OF PARENTERAL DEPOT Figure 5: The inverted cup (diameter=11 mimeight=15

FORMULATION mm) is held in place, 60 mm from the bottom of the 1 L
Modified release dosage forms are typically designed tdbottle (diameter=100 mm, height=230 mm) by a piece of
release their contents over periods of weeks, months oglass tubing attached to the screw cap. Size of magnetic
even years, it becomes impractical to wait for a-tiead bar is 8x50 mm. The hole in the screw cup (which is used
test for batch release of product. Therefore, acceleratetP Withdraw buffer shution) has a diameter of 8 mm.
methods are often developed to assist in batch release &teproduced from reference 97.

product. Accelerated tests, by their nature, (e.g. elevated

temperature or use of solvents) can change not only th€ONCLUSION

rate of drug relese but also the mechanism of release. pxiended release parenteral products are complex dosage
Consequently care needs to be taken in selecting afyms, requiring careful development of test methods and
accelerated release method. However, the development fcceptance criteria for the specifications. In particular, the
an additional realime test will still be needed if the intent i, jitro release test method and acceptance criteria require
is to develop an in vitro test that is predietof in vivo  jgorous scientific consideration and should be developed
product performance. Success has been reported with thgith an eye toward understanding the mechanisms of drug
use of a modified rotating paddle for suspensions, Franzelease. The final specifications need to ensure the safety,
cell diffusion system for gels, flothrough cell for  jgentity, strength, perfonance, and quality of the drug
implants, and floatable dialysis bag for microspheres Ofproduct at release and during storage through the end of its
nanoparticles. Imortant factor to be consider while ghelflife. Major progresses in the development of
selecting apparatus are its agitation characteristi_cs_, ﬂo"\barenteral sustaine@lease systems have been made in
rate and choice of medium (the medium should mimic theecent years as evidenced by the regulatory approval and
physiological conditions of target animal). market launch of several new products. Both the

Schultz et al was investigated an in vitro release methodivailability of novel carrier materials and the advances in
baed on rotating dialysis cell for parenteral oil depot method of fabrication have contributed to these
formulations using different model conditions and test commercial successes. With the formulation challenges
formulations. They found release rate were depend upor@Ssociated with biologics, new delivery systemave also
total amount of drug available for the release process an§€en evolved specifically to address the unmet needs in
to follow first order kinetic¥®. The rotating dialysis cell ~the parenteral sustained release of proteins.

model offers the advantages of reproducible results and

fast_distribution and dissqlutio_n process€emmercialy  REFERENCES

available Float A Lyze® dialysis tubes can also be used
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solutions and suspensioas well as from biodegradable september 2000
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