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A B S T R A C T

Disorders of the central nervous system (CNS) represent increasing social and economic problems all over the
world which makes the effective transport of drugs to the brain a crucial need. In the last decade, many strategies
were introduced to deliver drugs to the brain trying to overcome the challenge of the blood brain barrier (BBB)
using both invasive and non-invasive methods. Non-invasive strategy represented in the application of nano-
carriers became very common. One of the most hopeful nanoscopic carriers for brain delivery is core-shell
nanocarriers or polymeric micelles (PMs). They are more advantageous than other nanocarriers. They offer small
size, ease of preparation, ease of sterilization and the possibility of surface modification with various ligands.
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Hence, the aim of this review is to discuss modern strategies for brain delivery, micelles as a successful delivery
system for the brain and how micelles could be modified to act as “magic bullets” for brain delivery.

1. Introduction

Diseases can affect both brain and spinal cord causing central ner-
vous system (CNS) neurological or psychiatric disorders. CNS diseases
are numerous and can be classified under three categories [1,2]. The
first category includes neurological infectious diseases caused by bac-
teria, viruses and fungi such as meningitis, encephalitis, Lyme en-
cephalopathy, Creutzfeld–Jakob and cerebral toxoplasmosis. The
second category includes neurological disorders such as Alzheimer's
disease, Parkinson's disease, epilepsy, seizures, dementia, depression,
multiple sclerosis, mononeuropathy and polyneuropathy. The last ca-
tegory involves brain tumors and physical injuries such as cerebral
tumors, thrombosis, embolism, hemorrhage and vasculitis. CNS dis-
orders represent an increasing problem both socially and economically
all over the word with regard to both the number of patients and the
cost of therapy.

So far the CNS disorders are responsible for almost 11% of disease
burden - as they affect 1.5 billion people - and about 1% of deaths
worldwide [3]. Hence, efficient treatment of CNS diseases became a
crucial issue. Despite the presence of relatively high blood flow to the
CNS (total surface area of 20 m2 and a total length of 400 miles), the
effective targeting presents a great problem [4].

The two main barriers hinder the brain delivery are the blood–brain
barrier (BBB) and the blood–cerebrospinal fluid barrier (BCSFB), with
the first one regarded as the most important obstacle to the brain
parenchyma [5–7]. Generally, invasive strategies were oftenly used [7].
Lately, non-invasive strategies involving nanocarriers delivery became
the most targeted strategy [8]. Polymeric micelles (PMs) as self-as-
sembled amphiphilic core-shell nanocarriers are among the promising
nanoscopic carriers [9,10]. During the last decade, numerous studies
utilized PMs as an efficient drug delivery system for brain delivery
[11–13]. In this review, we will highlight the modern strategies for
brain delivery. Likewise, an in-depth focus on PMs as promising na-
nocarriers for brain targeting will be upraised. The review will em-
phasize at the end the use of PMs as “magic bullets” in brain ther-
apeutics.

2. Challenge of the BBB

Being of selective nature, BBB offers to the brain protective func-
tions against noxious circulating substances, while at the same time
affording needed nutrients for an adequate brain function [5]. It is
physiologically made up of three layers; the first is the inner endothelial
cell layer forming the capillary wall and containing tight junctions
(Tjs); the second is the basement membrane and finally the third layer
composed of pericytes and astrocytic feet processes lying on the base-
ment membrane [2] (Fig. 1). These whole anatomical and physiological
properties generate the concept of BBB.

Tjs, acting as a physical barrier, are formed and regulated by claudins
(e.g. claudins 1 and 5), occluding, annexin-1 and junction adhesives,
which are protein molecules linked together by zonulaoccludens and
cingulin to the beta-actin cytoskeleton. They are filling the gap within
brain vascular endothelial cells creating the tight junctions. This will
not only reduce the paracellular movement of substances, but also will
contribute to the high transendothelial electrical resistance (TEER)
of> 1500 Ω cm2 [2,8].

Astrocytes and pericytes play essential role in maintaining BBB
function in healthy CNS and following injuries. Astrocytes main roles
are in the healthy CNS and include blood flow regulation, nutrients
provision and assistance of extracellular ion balance. Moreover, fol-
lowing traumatic injuries, it has a fundamental effect on the reforma-
tion of the damaged brain and spinal cord [5,14]. Pericytes, responsible
for growth factors secretion or changes in the extracellular matrix, are
important in the maturation, renovation and conservation of the vas-
cular system. Besides, their participation in molecules delivery across
the BBB and vascular permeability control is well defined [5,15].

The concept of biochemical barrier is established from the occupancy
of many receptors, transporter proteins and efflux pumps that permit
the passage of certain vital substances into the brain and prevent the
others [17]. Actually, during physiological and pathological processes,
BBB is included in several functions like tissue homeostasis, fibrinolysis
and coagulation, adjustment of vascular tone, blood cell movement and
activation, preservation of neuronal environment and vascularization of
normal neoplastic tissues [5].

Fig. 1. Schematic illustration of blood brain barrier.
Reprinted from [16] after permission of Elsevier.
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