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Novel Approaches for Drug Delivery to the Brain
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The major obstacle in the development of centrally active therapeutics is the lipoidal blood-brain
barrier. While a variety of systems to transport compounds into the central nervous system have
been designed. The current challenge is to develop drug delivery strategies that will allow the
passage of drug molecules through the blood-brain barrier in a safe and effective manner. The
invasive approach involves the blood-brain barrier disruption either by osmotically or by using
biologically active agents. The above strategies are primarily aimed at short-term application in
the treatment regimens of malignant brain tumours while chronic degenerative disorders will require
long term application of the therapeutic agent. Owing to this fact non-invasive approach for drug
delivery to brain via the systemic route have been developed. Physiological strategy has been to
conjugate the therapeutic drug with a protein or a vector or a monoclonal antibody that gains
access to the brain by receptor mediated transcytosis. The uses of the drug delivery devices such
as liposomes and nanoparticles enhance the penetration of several drugs across the brain. This
review will provide an insight into some of the strategies developed to enhance drug delivery

across the blood-brain barrier.

The brain is a delicate organ with many vital functions
and many formidable mechanisms isolate and protect it from
the outside world. Unfortunately, the same mechanisms that
prevent intrusive environmental chemicals accessing the
brain also prevent the access of therapeutic chemicals. Now,
it is well established that the brain is tightly segregated
from the circulating blood by a unique membranous barrier
the blood brain barrier (BBB)'2 The BBB represents a
formidable obstacle for a large number of drugs, including
the majority of anticancer agents, peptides and nucleic acid.
As a consequence this barrier prevents effective treatment
of many severe and life threatening disease like brain
cancer. The BBB is a tight junction of brain capillary
endothelial cells (BCECs), which abolish aqueous
paracellular pathways across the cerebral endothelium, and
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thus prevent the free diffusion of solute into the brain.
Therefore, the diffusion or permeability is dependent on
the lipophilicity of drug and solutes. It is also seen that some
drugs like vincristine, vinblastine and cyclosporin A are
highly lipophilic but the permeation is quite slow'*. This
could be due to the existence of multiple mechanism of
drug transport through the BBB as well as passive diffusion.
Endothelial cells also contain many mitochondria-
metabolically active organelles and active transport can
significantly alter both inward and outward transport of the
compounds that are substrates of the corresponding
transporters. Overall, the BBB is highly efficient and makes
the brain practically inaccessible to lipid-insoluble
compounds. Brain delivery of such compounds therefore
requires a strategy to overcome the BBB.

Due to the diversity in neuropharmaceutical as well
the transport mechanism, the drug delivery strategies may
be broadly classified into categories local versus systemic,
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invasive versus non-invasive and pharmacolodica| versus
physiological, as shown in fig.1.

INVASIVE STRATEGIES !
Drug delivery based on the BBB disruption:

Temporary physicochemical disruption of endothelial
integrity of the brain is one of the invasive strategies for
drug delivery to the brain. Hypertonic disruption with help
of 25% mannitol or arabinose enhances the delivery of the
small molecular weight cytostatic agent to the brain
tumoursS. The underlying mechanism is a sequence of
endothelial cell shrinkage, disruption of tight junctions and
vasodilation by osmotic shift. Morphological study like light
microscopy and electron microscopy provide the evidence
of brain uptake of macromolecule and ultrastructual
changes such as swelling of astrocytic processes and
severe mitochondrial damage of neuron, respectively®’. In
addition to opening of junctional complexes and the
formation of interendothelial gaps, transendothelial
opening and tracer passage through the cytoplasm of
injured endothelial cells were observed. In response to
hypertonic barrier disruption, there was also evidence of
prolonged cellular stress or injury in neurons and glia, as
expressed by the induction of heat shock protein®, The

osmotic disruption has been tested as a strategy for the
brain delivery of macromolecular drugs such as monoclonal
antibodies, nanoparticle and viruses®'.

BBB opening also achieved by the receptor mediated
mechanisms. Vasoactive compounds like prostaglandin,
histamine, serotonin, leukotriene C4 (LTC4) and bradykinin
have all been shown to induce BBB leakage'®. The effects
of LTC4 and bradykinin are more pronounced on the blood
tumour barrier than on the normal BBB. This is due to the
endothelial expression of y-glutamy! transferase (y-GT)
enzyme which metabolitzes and inactivates LTC4 to LTD4'3
while tumour blood vessels are unable to express equivalent
activity of y-GT. This difference has been exploited for
selective opening of the tumour barrier by intercarotid
administration of LTC4. On the other hand, bradykinin opens
the barrier in the high molecular weight range, too. It acts
on endothelial cells through B, receptors located on the
abluminal side. Normal brain tissue is protected from varied
opening by bradykinin in the vascular lumen because the
peptide cannot access these receptors. In tumour vessels
the barrier integrity is sufficiently compromised to allow for
a bradykinin-mediated additional opening at low peptide
concentrations'4,

Strategies for brain delivery of drug

1.
2. Intracerebral implants

Invasive Physiological Pharmacological
v v
BBB disruption 1. Pseudonutrients 1. Liposome

2. Ligand binding proteins
3. Chimeric peptides

2. Nanoparticles
3. Nano-conjugates
4. Chemical drug delivery

Fig. 1: Various strategies for trageted drug delivery to brain

Variou strategies for drug delivery to brain include invasive approach, phySiological approach and pharmacological

approach
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Intracerebral implants:

Intracerebral chemotherapeutic delivery by polymeric
implants increases survival of humans with recurrent
malignant gliomas*®'¢ and of animals with transplanted
gliomas'?%, Drug added to polymer pellet implants
intracranically bypass the BBB and release drug molecules
locally in the brain in a sustained fashion. Malignant gliomas
are deeply in the brain®?7 and thus the effectiveness of the
drug delivered by polymers is dependent on whether drug
molecule can be transported a sufficient distance from the
implanted site to reach malignant gliomas. Existing
knowledge regarding the local distribution and
pharmacokinetics of anticancer drugs delivered by polyfner
implants is largely based on studies in rodents20.232, To
improve the pharmacokinetic basis of intracerebral
polymeric chemotherapeutics in human, biodegradable
polyanhydride pellets containing carmustine
[1,3-bis (2-chloroethyi)-nitrosourea) or 4-
hydroperoxycyclophosphamide or paclitaxe! were
implanted into the brain of cynomolgus monkeys. It was

found that drug concentration in cerebral blood and’

cerebrospinal fluid (CSF) during the subsequent 30 days
period was extremely high in the vicinity of the implantation
site. It was also found that lower concentrations of the drug
could be maintained at distant locations in the brain for a
prolonged period after a single dose of polymer-
encapsulated drug. High concentration near the polymer
pellets can prevent local tumour recurrence. The prolonged
low concentration of drug is effective in treating multifocal
gliomas and tumours that reoccur at sites distant from the
primary tumour®. The polymer implants substances
designed to treat tumour can be administered directly to

the affected areas of the brain and release in a sustained

manner for a long period of time. This strategy is the most
direct way of increasing the focus of a therapeutic agent

that is already targeted.
«

PHYSIOLOGICAL STRATEGIES

The above strategies are primarily aimed at short-term
application in the treatment regimens of malignant brain
tumours while chronic degenerative disorders will require
long term application of the therapeutic agent. Owing to
this fact, non-invasive approach for drug delivery to brain
via the systemic route have been developed.

Pseudonutrient approach:

Peptide drug design may incorporate a specific
molecular characteristic that facilitates the drug to be
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transported by one or more of the inwardly directed nutrient
carriers. The BBB expresses several transport systems for
nutrients and endogenous compounds?+35, Utilization of
these transport systems is a potential strategy for controlling
the delivery of drugs into the brain. These drugs must have
a molecular structure that mimic the endogenous nutrient,
Biphalin, a potent opioid analgesic® %, is a peptide drug
that has been shown to use the neutral amino acid carrier
system to gain across the brain®. Neutral amino acid carrier,
which is a high capacity one, is more conducive for drug
transport. Chemical groups could be designed with the
ability to attach to specific drugs rendering them substrates
for carriers or drugs specifically designed for a carrier
mechanism. The hexose and large neutral amino acid carrier
have the highest capacity and are best-suited option for the
delivery of substrates to the brain®.

Ligand binding proteins:

Protein ligands possess various properties like high
affinity to receptors and selectivity for targeting, which
increase the interest towards the use of proteins as a
delivery tool for targeting drugs to the brain. Various systems
have now been developed that incorporate proteins as the
central ligand-binding component such as lectins used as
a ligand binding protein for brain targeting of glucose-
triggered glycosylated insulin and bispecific antibodies*'.
Other ligand binding protein classes include biotin-binding
proteins, lipid-binding proteins and avidin binding proteins.
Avidin is a basic tetrameric glycoprotein isolated from egg
white and streptavidin secreted by Streptomyces avidinii.
The biotinylation of drug can be obtained by linking with
disulfide (-S-S-) bond under mild conditions®. Although
the avidin biotin complex is highly stable, the biotinylated
drug can easily be released at the target site®s. Antibody-
avidin, cationized albumen- avidin fusion protein and more
complicated avidin containing system have been used for
the successful delivery of biotin, biotinylated bioactive
peptide, biotinylated nucleic acid and other molecules to
the brain as well as to cancer cells*>%,

Cationized albumin appears to be useful for the
delivery of the active agents across the BBB to the brain.
The active agents attach covalently or bound to a cationized
albumin (neutral)-avidin conjugates*’. The main advantages
of the cationized albumin are compatibility with the human

. blood, plasma protein, and body components. Like avidin

biotin conjugates immunoglobins occupy a special place
in the field of ligand binding proteins because of their ability
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to collectively recognize an almost infinite number of ligand
molecules. The effective immunocomponents are vaccines,
antibodies, monoclonal antibodies, and immunotoxins.
Antibody molecules are capable of both, incredible diversity
and high specificity. Individually, they may bind one or only
a few compounds with high affinity but collectively they are
able to recognize virtually any molecule. As such, they offer
an almost unlimited versatility*’“®,

Hybridoma technique is widely used for the production
of monoclonal antibodies. This technique is quite adoptable
and produces highly specific carrier molecule.
Temperature, pH, or protease sensitive monoclonal
antibodies are the stable, specifically designed and modified
systems. A new trend in the development of antibody-
antigen based targeting is the use of antibody fragments
are instead of whole immunoglobulin molecule. Now
recombinant antibody fragments are a well-sought strategy
for the development of antitumor drug delivery systems,
They can easily be incorporated into the fusion proteins
{carcinoembryonic antigen single chain Fv protein, Sc Fv
along with therapeutic entities. This phenomenon is
exploited for the delivery of antitumor drugs to the brain
and in tumour imaging studies. But, their accumulation at
target site slightly decreases due to monovalent antigenic
nature of ScFv, which allows for their rapid removal from
circulation and tumour accumulation. Another promising
approach is two-step cancer therapy. In this method,
monoclonal antibody-enzyme conjugates are utilized for
the activation of the anticancer prodrugs®®*'. This is a two-
step approach to drug delivery in which a mAb-enzyme
conjugate that specifically localized into solid tumour
masses is administrated followed by systemic treatment with
an anticancer prodrug. Upon contact with targeted enzymes,
the prodrug is converted into an active cytotoxic drug. The
advantage of two-step targeting strategy over the use of
covalently linked mAb-drug conjugates® for selective drug
delivery is that a single localized mAb-enzyme conjugate
is capable of catalytically generating large amount of active
drug and the drug thus formed can penetrate into regions
of the tumour mass that are inaccessible to the conjugate
resulling in high intratumoral drug concentrations®* and
pronounced antitumour activities®"$,

Chimeric peptides:

Synthesized chimeric peptides are another possibility
for the drug delivery to the brain®s. Chimeric peptides are
generated by linking of a drug (that lacks transport at BBB)
to a vector at the luminal membrane of brain capillary
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endothelial cells, which initiates receptor-mediated or
adsorption-mediated transcytosis. The mode of delivery is
schematically shown in fig. 2. Vectors are the structurally
diverse compounds like insulin and insulin like growth
factors (IGF-1 and I1)%® transferrin®, low-density lipoprotein®®
and leptin®. The qualities of the chimeric peptides is
dependent on each of its domain i.e. vector, linker and drug.

The vector moieties provide targeting and transport of
drug to brain endothelium and beyond. Drugs could be
designed to act at the level of the BBB to a target in an
extracellular space or on brain cells. The concepts of the
chimeric peptides in a three-dimension arrangement are
given in fig. 3. The overall process is designated as
transcytosis and is composed of binding to a luminal plasma
membrane receptor, endocytosis, transfer through the
endothelial cytoplasm, to the abluminal side and abluminai
exocytosis into brain interstitial space. Chimeric peptides
are required to be stable in the circulation before brain
uptake occurs and either amide bonds, thioether, or disulfide
linkage are suitable in terms of stability in plasma
compartment®, Insulin, IGF, leptin and transferrin are some
of the receptors, which are present at the BBB and their
relative affinities, is proportional to the respective
dissociation constant as summarizing in Table 1€,

The use of such vector may display undesirable
pharmacological activity for examples, when insulin is used
as a vector it could cause hypoglycaemia. Also, the use of a
vector whose biodistribution and intracellular routing differ
from the intended site of drug delivery may deliver the drug
to inappropriate sites, such as when an insulin receptor
monoclonal antibodies is used as a vector it will deliver the
drug to the brain as well as peripheral tissue which could
be due to the presence of insulin receptor in peripheral
tissue and brainf.. While in case of transferrin used as a
vector, it compete with the presence of endogenous
transferrin at the BBB transferrin binding sites. The use of
IGF-l and IGF-Il as transport vector is difficult because of
the very avid binding (>99%) of IGF by specific plasma
binding proteins for these particular growth factors. An
alternative approach however utilized vectors based on
monoclonal antibodies'specific to the extracellular domain
of a peptide or protein receptor at the BBB. Such vectors
fulfil the criteria of binding to the receptors at a site distinct
from the ligand binding site and not interfering with the
endocytosis process®. A model vector for receptor-
mediated transcytosis has been the OX - 26 murine
monoclonal antibodies, which recognize an external epitope
of transferrin receptor. Avidin-biotin conjugated vectors are
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Fig. 2: Mode of drug delivery through transcytosis.

The receptor on the vesicle lumen (vl) binds the vector (v) moiety conjugated with drug (D) and transports into the

brain through endocytosis.

also used for the transfer of monoclonal antibodies coupled
drug to the BBB%.The binding of monoclonal antibodies
with transferrin receptor enable-to penetrate it to the BBB,
and also utilize to transport various
neuropharmaceuticals®®.

Antisense oligodeoxynucleoides (ODNs) are another
class of highly hydrophilic macromolecular drugs that
require transcellular delivery. They are potential
neuropharmaceuticals with high degree of specificity and
react in sequence specific mechanism with target m BNA
moleculat.in the cytosol. Because ODNs have intracellular
sites of action in the cytoplasm or nucleus they require yet
another transmembrane transport beyond their delivery
through the BBB?®®,

PHARMACOLOGICAL STRATEGIES
Liposomes:

Liposome are lipid vesicles first characterized by
Bangham?. Liposomes were initially developed as models
of biological membranes. Their potential as a drug delivery
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system was recognized only over recent years. Basically,
liposomes are well-defined lipid vesicles that offer an
immense advantage of targeting the drug to selected tissues
via appropriate modifications mediated by either passive
or active mechanisms. Liposomes with mean diameter fess
than 100 nm selectively extravasate in tissues characterized
by a leaky vasculature (eg. solid tumours) and exhibit tumour
targeting®®.

Liposomes are biocompatible, non-toxic and
biodegradable carrier constructs, which offer the possibility
of carrying hydrophobic, hydrophilic or amphoteric
molecules. They can act as carrier for drugs®, enzymes?™,
proteins’', anticancer substances’ and other
macromolecules™. Liver, spleen and other tissue including
the brain can accept parentally injected liposomes™ 775,

Liposomes can modity the therapeutic profile of
selected antitumor drugs in a very favourable manner by
reducing drug toxicity to critical host tissues™ . These
improvements can be achieved through physical means by

Indian Journal of Pharmaceutical Sciences 715



Vector

Endosomal Escape Chimeric Peptide
LBmin Parenchymal Cell] Vector Linker Drug
4
Endocytosis
LBrain Interstitial Fluid J
Trancytosis Linker
|_BRB Endothetial Celt__|
Avidin-biotin bascd
Endocytosis Chemical Conjugates
Barricr Extracellular Membrane  Intracellular
Function Matrix Receptors Compartment

BBB Endothelial Cell

Brain Parcnchymal Celi

Fig. 3: Chimeric peptides concepts in a three dimensional arrangements to give an impression of its multiple variations.

retaining drug within vesicles while in the circulation thus
avoiding/minimizing uptake by sensitive normal tissue and
in addition by selectively extravasating into target tissue
releasing active drug.

Liposome based anticancer chemotherapy offers the
advantage of reduced systemic toxicity combined with
selective drug delivery into tumour™. Recent studies
revealed that a new formulation of small sized (less than
100 nm), long circulating liposome (stealth/sterically

TABLE 1: THE RELATIVE AFFINITIESOF BBB T
THE VECTORS :

stabilized) appears to offer selective tumour localization™.
Prolonged circulation of liposomes is achieved by insertion
of gangliosides or PEG derivatized lipids within the bilayer
of conventional liposomes.

This localization is probably related to long circulation
time of liposome and to increase probability for
extravagation to the tumour vascular endothelium®. It has
also been demonstrated that the selective tumour
localization of doxorubicin encapsulated in stealth
liposomes (SLs) is associated with superior therapeutic
activity over free drug activity in various systemic models™-
82, This characteristic makes SLs a potentially advantageous
delivery system for brain tumour chemotherapy®. It has also

Peptide Dissociation constant demonstrated that 85 nm liposomes can be sterically

(nM) ~stabilized with a 2000 dalton PEG that contains lipid at one

end and maleimide at the end distal to the liposome.

Insulin 1.2:0.5 Monoclonal antibodies (Mabs) can be coupled with a sulfide

IGF-1 2.1:0.4 linkage to the maleimide moiety of these stealth liposomes

IGF-I 1.1£0.1 to form immunoliposomes. The OX26 Mab has been linked

Transferrin 5.6:1.4 with stealth liposome to cross the BBB through transferrin

Leptin 5.1£2.8 receptor and used for delivery of neuropharmaceuticals®*.
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Initially conventional liposomes have been rejected
because of low brain delivery or some minor side effects.
Above mention delivery system may be significant to brain
drug delivery because it permits brain targeting of a
liposomal encapsulated drug and may consequently offer
a significant reduction in side effects.

Nanoparticles:

An alternative approach is the employment of
nanoparticles. Nanoparticles are solid colloid particles
ranging 1 to 1000 nm in size®. They consist of
macromolecular materials in which the active principle is
dissolved, entrapped or encapsulated or to which the active
principle is adsorbed or attached. The mechanism of this
transport has not yet been fully elucidated. In principle, six
different possibilities exist that could enable enhancement
of the drug transport across the BBB by means of
nanoparticles.

1. Nanoparticles are preferentially adsorbed on the wall
of the brain blood vessel without transport of particles
across the endothelium. Simple adhesion of the
nanoparticle to the brain blood vesse! walls leads to
significant drug transport to the brain. The adhesion of
the nanoparticle might be observed in higher brain
radioactivity level with polysorbate 80 coated * C-
labelled nanoparticles®s.

2. The fluidization of the endothelium by the surface
activity of the surfactant polysorbate 80 enhances the
drug transport across the brain. But this possibility
become less prominent when other polysorbates like
83 and 85 and other surfactants are used. It may be
argued that the polysorbate would interact much more
strongly with the nanoparticle than the other
surfactant®e.

3. Another possibility of the enhanced transport of the

drug across the BBB is opening of the tight junction

between the endothelium cells lining the blood brain
vessels. The junction may be opened for instance by
hyperosmotic pressure, results enhanced drug
transport into the brain®-#,

4. At present the most likely mechanism for the brain
transport of drugs seems to be endocytotic uptake by
the endothelial cells lining of the brain blood vessels.
These cells belong to classical reticuloendothelium
system and are responsible for endocytosis of
particulate matter under certain circumstances®®, After
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endocytosis, delivery of the drug to the other brain cells
may occur by desorption of the drug from the
nanoparticle with or without degradation of the
nanoparticle. The later is possible since the polymer
employed is very rapidly biodegradable i.e. poly
(butylcynoacrylate)®'®2, Following its release by
desorption or biodegradation, the drug would enter the
residual brain by diffusion. Alternatively, transport into
these parts of the brain could occur by transcytosis of
the nanoparticle with drug across the endothelium
cells®,

5. Another approach for drug delivery to brain is
transcytosis across the btrain endothelial cells. After
the uptake of the nanoparticle by the endothelium cells,
the nanoparticles and adsorbed drug may be delivered
to the other brain cells by transcytosis of the
nanoparticles. LDL particles may be transported across
the BBB by receptor mediated transcytosis in the
endothelium is different from the LDL receptor classic
pathway®s,

6. The inactivation of P-glycoprotein efflux pump would
enhance the brain transport of nanoparticle. P-
glycoprotein, which is responsible for multidrug
resistance of tumour cells is also present in the brain
endothelium cells® and represents a major obstacle
to cancer therapy®®. Surfactants including
polysorbate 80 were shown to inhibit this efflux system
and reverse the multidrug resistance®-%,

Drugs that have successfully been transported across
this barrier by the nanoparticles include dalargin®®19,
loperamide'®' and tubocurarine', The coating of
nanoparticles with surfactants like polysorbate 80 and 20,
poloxamers 188, 338, 407 and 184 polyoxyethylene, 23-
laural ether and poloxamine 908 offers the possibility to
increase the brain concentration after intravenous
injection?03.104,

Nano-conjugates:

These are low molecular weight conjugates of a small
drug or toxin and a targeting ligand coupled through a
cleavable linker group, which is consisted of three
functional domain, the targeting group: a linker; and an
active agent/drug. Typically nano conjugates have a
molecular weight similar to that of standard cylotoxic drugs
(<3 kDa). Drug transport and distribution in the interstitium
are based on convection and diffusion. The convective
transport of molecules is independent of their molecular
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weight, carrying molecules in the flow of blood or interstitial
fluid. Solid tumours frequently have an increased interstitial
pressure that severely limits convection-based transport of
drugs'%'9, The efficiency of drug transport through ditfusion
on the other hand is inversely proportional to the molecular
weight of the drug/carrier. Thus, small molecules and nano-
conjugates have potential advantages in situations where
drug transport is diffusion limited?%8.1%s,

Chemical delivery systems:

Brain targeted chemical delivery systems (CSDs)
represent a rational drug design approach that exploits
sequential metabolism not only to deliver but also to target
drugs to their site of action*''°. By localizing drugs at their
desired site of action one can reduce toxicity and increase
treatment efficiency. The CDS concept evolved from the
prodrug concept on the early 1980s, but was differentiated
by the introduction of target moieties and the use of multistep
activation'''. The cunning aspect of these brain targeted
systems is that in addition to providing access by increasing
the lipophilicity, they exploit the specific bi-directional
properties of the BBB to ‘lock in’ active drug precursors in
the brain on arrival, preventing exit back across the BBB.
CDSs are inactive chemical derivatives of a drug being
obtained by one or more chemical modifications. The newly
attached moieties are monomolecular units that provide a
site specific or site enhanced delivery of the drug through
multistep enzymatic and /or chemical transformations. Brain
targeting CDSs exploit the fact that if a lipophilic compound
enters the brain and is then converted into lipophobic
molecule it will no longer be able to exit and it will be locked
in. In principle, many targeting moieties are possible for a
general system of this kind but the one which is based on
the 1,4-dihydrotrigonelline~trigonelline system. The
conversion takes place easily because it is closely related
to that of the ubiquitous NADPH—NADP coenzyme system.
It provides a non-toxic targetor system because oxidation
occurs with direct hydride transter and without generating
highly active or reactive radical intermediates. Although,
the charged intermediate T*+D consisting of the quaternary

targetor (T*) and drug (D) complex is locked behind the

BBB into the brain, it is easily eliminated from the body
because it acquires the positive charge, which enhances
water solubility. After a relatively short time the delivered
drug D is present only in the brain providing brain specific
availability of the active drug''2

CONCLUSIONS

A great deal ot previous work on drug delivery to BBB

718 Indian Journal of Pharmaceutical Sciences

has been directed to the strategy ot increasing lipophilicity
of drugs, which is based on the assumption that transport of
drugs across the BBB is diffusion-limited. However, recent
advances in studies on the BBB transport of drugs, have
led to a great change in the old concept of BBB. Three
strategies have developed to compensate the problem of
BBB. The intravenous infusion by invasive neurosurgical
procedure is an alternate approach to overcome the
disease. However, the risk of infection, catheter clotting,
neurosurgical cost, diffusion limitations beyond the
ventricular surface to the parenchyma of the brain where
the therapeutic agents exert their effect and rapid clearance
by the cerebrospinal fluid, emphasize the considerable need
to develop novel form of brain drug delivery systems. The
disruption of BBB by an osmotically active agent or by a
vasoactive agent or by any other means causes a transistory
opening of the BBB that may lead to the influx of serum
protein into the brain interstitial fluid. The second strategy
seeks to improve the drug uptake by the brain by modifying
the physiochemical properties of the therapeutic drug.
Lipophilicity, efflux pump, molecular charge and molecular
weight determine the extent to which a drug can cross the
BBB. Delivery of these molecules i.e. high molecular weight
or hydrophilic drug can be circumvented by the use of carrier
such as cationized proteins, monoclonal antibodies or
peptides. In vivo use of peptides vectors such as those
referred to in this review should be given serious
consideration there small size, ease of drug attachment
and non-invasive transport into the central nervous system
make them the vectors of choice for the delivery of drug to
the brain.’
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