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The HIV/AIDS pandemic is an increasing global burden with devastating health-related and socioeconomic 
effects.  The  widespread  use  of  antiretroviral  therapy  has  dramatically improved  life  quality  and  
expectancy  of  infected  individuals.  But  currently  available  drug regimens  and  dosage  forms  are  not  good  
enough  to  eradicate  HIV. Suboptimal  adherence, toxicity,  drug  resistance  and  viral  reservoirs  make  the  
lifelong  treatment  of  HIV  infection challenging. Along with some other organs, highly vascularized and 
secured with blood-brain barrier (BBB), brain acts as a great reservoir for the HIV virus. But all the available 
drug delivery techniques are not capable of bypassing the BBB and deliver anti-HIV drugs to the brain. In this 
review, all the brain delivery techniques available till date has been reviewed and recent noble ideas for 
delivering anti-HIV drugs to brain has been discussed.  
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INTRODUCTION 
 

From the studies of Dr. Luc Montagnier of French and 
Robert Gallo of USA and their teams, it was clear that acquired 
immunodeficiency syndrome (AIDS) of humans is caused by a 
type of  lentiviruses,  the Human  Immunodeficiency  Viruses  
(HIV),  which  most  of  the  scholars believe was originated in 
non-human primates in Sub-Saharan Africa and was transferred 
to humans during the late 19th or early 20th century (Clercq 
2009; Neves et al., 2010).Subsequent studies  proved  that  HIV  
can  spread  from  one  infected  person  to  another  healthy  
person through  any  type  of  unprotected  sex  (oral,  vaginal,  or  
anal) if one of the partners has the virus. This can happen when 
body fluids such as semen (cum) & pre-cum, vaginal fluids, or 
blood from an infected person get into the body of someone who 
is not infected. Other means also  contribute  significantly  to  the  
spread of the infection, namely by transfusion of contaminated  
blood products, sharing of contaminated needles  among  injected  
drug users, and transmission from mother-to-child during  
pregnancy, labour or breastfeeding, accidents etc.  HIV may  get  
transmitted either as free virions or with associated cells,  
macrophages being the primary transmission carriers for HIV       
.   
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present in vaginal, seminal and other body secretions(Neves et al., 
2010; Gupta et al., 2010). HIV mainly targets the Cluster of 
Differentiation- 4 positive (CD4+) T lymphocytes and cells of the 
monocyte-macrophage lineage (Dalgliesh et al.,1984).  

CD4− negative cells may also be targeted, but these viral 
strains are highly sensitive to neutralization by host antibodies and 
are present only at sites where circulating antibody levels are low 
(e.g. in brain) (Kolchinsky et al., 2001; Martin et al., 
2001).Unfortunately this CD4+ cells are those cells, which 
organizes all immune responses in human body, from getting dirt 
in a cut to fighting off pneumonia. Once it infects these cells, it 
takes it over and uses the cell’s machinery to make more copies of 
itself. These copies go on to infect other CD4+ cells, and the cycle 
continues. Each CD4+ cell that’s infected is rendered useless, and 
after sometime it becomes harder for the persons body’s immune 
system to fight of any infections. 

When a person is infected with the human 
immunodeficiency  virus  (HIV),  it  is  said  that  he/she  is  "HIV  
positive,"  or  "has  HIV."  A person who has HIV is classified as 
having AIDS only if the CD4+T cell count of that person has 
dropped below 200 cells/mm3 (A normal CD4+ T count can range 
from 500 cells/mm3 to 1,000 cells/mm3), or an HIV-related 
infection or HIV-related  cancer develops (Ghate et al., 2009). In 
the early 1980s when the HIV/AIDS epidemic began, people with 
AIDS were not likely to live longer than a few years. 
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Currently, there are 31 anti-retroviral drugs (ARVs) 
approved by the US  Food  and  Drug  Administration (US FDA) 
to  treat  HIV  infection,  which  roughly  can  be  divided under  8  
different  classes  of  drugs.  There  are  some  fixed  dose  
combinations  too,  which normally  contains  more  than  two 
different classes of drugs (Fauci, 2007). Highly Active 
Antiretroviral Therapy (HAART) is the name given to the 
aggressive treatment regimens used to suppress HIV viral 
replication and the progression of HIV disease began with the 11th 
International Conference on AIDS in Vancouver, British  
Columbia, July7-16, 1996 (Chiappini et al., 2014). The usual 
HAART regimen combines three or more different drugs such as 
two nucleoside reverse transcriptase inhibitors (NRTIs) and a 
protease inhibitor (PI), two NRTIs and a non-nucleoside reverse 
transcriptase inhibitor (NNRTI) or other such combinations. 
Different HAART therapies were suggested by different experts 
(Oliveira et al., 2014).The "triple-drug therapy" using Nevirapine-
based treatment, was suggested by Julio Montaner of the British 
Columbia Centre for Excellence in HIV/AIDS, St. Paul’s Hospital 
of Vancouver, Canada. Triple-drug therapy with Indinavir-based 
treatment was described by Roy Gulick from New York 
University School of Medicine, New York, NY; and the potential 
benefit of Ritonavirin boosting Saquinavir, described by Martin 
Markowitz from the Aaron Diamond AIDS Research Centre, New 
York, NY. This group of observations converged to initiate a 
decade of progress against an important disease that is truly 
extraordinary in terms of the intensity of the effort and the 
progress achieved. Together, they constituted what is often 
considered to be the beginning of the HAART era (Lima et al., 
2009). 
 
NEED OF BRAIN TARGETED DELIVERY SYSTEMS FOR 
ANTI-HIV DRUGS  
 

HAART regimens have proven to reduce the amount of 
active virus and in some cases can lower the number of active 
virus until it is undetectable by current blood testing techniques. 
HAART does not completely eliminate HIV from the body, 
meaning that if treatment is stopped, residual virus present in 
several potential reservoirs rapidly expands allowing disease 
progression to continue. These treatments do not cure people of 
HIV or AIDS. Rather, they suppress the virus, even to 
undetectable levels, but they do not completely eliminate HIV 
from the body. By suppressing the amount of virus in the body, 
people infected with HIV can now live longer and healthier lives. 
However, they can still transmit the virus and must continuously 
take antiretroviral drugs in order to maintain their health quality 
(Kahn et al., 2002). However, HAART is not free of concerns, 
complications, or challenges. Major concerns and challenges are 
(Kulkosky et al., 2003): 

1. Emerging virus in patients not adherent to therapy. 
2. Formation of new mutant viral strains that develop 

resistance to HAART. 
3. Inability of HAART to eradicate HIV-1 from patients 

despite prolonged administration. 

4. Serious side effects from HAART usage over time. 
 
There may be two reasons behind the failure of HIV eradication by 
HAAR Therapy: 

1. HIV-1 persists in reservoirs (Finzi et al., 1997). 
2. Ongoing virus production even in patients on HAART in 

whom viremia is suppressed to undetectable levels 
(Persaud et al., 2000). 
HIV viral reservoir is defined as a cell type or anatomical 

site in association with which a replication-competent form of the 
virus accumulates and persists with more stable kinetic properties 
than in the main pool of actively replicating virus. HIV persists in 
cellular and anatomical reservoirs during Highly Active 
Antiretroviral Therapy (HAART). HIV-1 replicates extraordinarily 
rapidly in infected persons, with a virion half-life in plasma of 28– 
110 minutes. The HIV reservoir is established during primary 
infection (Blankson et al., 2002). Administration of HAART in 
very early acute infection seems to result in a low post-treatment 
total, and integrated DNA and HIV-RNA concentrations, 
suggesting that aggressive treatment can decrease the size of the 
viral reservoir (Katlama et al., 2013).Though early treatment can 
substantially reduce the size of the total reservoir, a stable 
population of latently infected CD4+ cells transits into the long-
lived latent reservoir, and is unaffected by early combination ART 
(Chun et al., 2007).Most HIV pro-viral DNA is detected in CD4+ 
T lymphocytes in lymphoid tissue. In blood, most HIV DNA is 
found in central memory and transitional memory T cells, which 
maintain the reservoir because of their intrinsic capacity to persist 
through homoeostatic proliferation and renewal. Other cellular 
reservoirs that might exist include naive CD4+ T cells, monocytes 
and macrophages, astrocytes, and microglial cells. Chronic 
production of HIV from a stable reservoir of long-lived infected 
cells is probably the main source of this persistent HIV. However, 
persistent low-level replication could also play a part, especially in 
tissues in which continuing persistent viral replication, despite 
ART, might be caused by cell-to-cell spread and insufficient drug 
penetrance in tissues (Archin et al., 2012). Hence the brain 
targeted drug delivery systems are warranted: 

 
To eradicate HIV hidden inside brain  

Brain also acts as an anatomical reservoir for HIV along 
with some other compartments of the body like the lymphoid 
organs such as the spleen, lymph nodes and gut-associated 
lymphoid tissue (GALT) (Dahla et al., 2010). HIV is known to 
invade the central nervous system (CNS) early in the course of the 
infection and primarily targets brain mononuclear macrophages, 
perivascular macrophages and microglia. The virus can enter the 
CNS compartment from the systemic circulation either through the 
blood-cerebrospinal fluid barrier (BCSFB) at the choroid plexus as 
cell-free viral particles, or through the BBB in form of infected 
monocytes. The later one is also known as the “Trojan horse 
approach”. In brief, monocytes infected by HIV-1 are able to cross 
the BBB between the capillary endothelial cells in a complex 
process regulated by the secretion of chemokines from glial cells 
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(Wong et al., 2010). In the CNS HIV can infect four types of 
macrophages: perivascular macrophages, meningeal macrophages, 
macrophages of the choroid-plexus, and microglia (Williams et al., 
2002). Also astrocytes can be infected even though it remains 
unclear if a productive infection can be established in vivo in this 
cell type. In untreated patients there are signs of 
“compartmentalization” in CSF and plasma, suggesting 
independently replicating viral populations. Under HAART 
however, patients with <50 copies/ml in plasma have <50 
copies/ml in CSF. It remains unclear if cells from CNS can serve 
as reservoir or maintain viral infection during HAART (Harrington 
et al., 2009). There may be several reasons for the comfortable 
thriving of HIV inside the blood brain, which includes poor 
bioavailability of anti-HIV drugs, poor availability of anti-HIV 
drugs inside the brain due to selective and restricted permeation of 
exogenous materials through the BBB, and presence of efflux 
mechanisms in BBB. 

The mechanisms involve in the passage of drugs across 
the BCSFB and BBB via passive diffusion and carrier-mediated 
transport. Transport of anti-HIV drugs across the BCSFB and BBB 
has been found asymmetric, being efflux greater than influx. It has 
been found that efflux of AZT is five times greater than the influx 
for the BBB and three times larger for BCSFB in rabbits (Li et al., 
1999). ATP-Binding Cassette (ABC) efflux transporter, P-
glycoprotein (P-gp) has been demonstrated as a key element of the 
BBB that can actively transport a huge variety of anti-HIV and 
other drugs out of the brain capillary endothelial cells that form the 
BBB. Along with the ABC efflux transporter P-gp, the multidrug 
resistance protein (MRP) family is also responsible for the efflux 
of anti-HIV drugs (Loscher et al., 2005). 
 
To eliminate HIV-associated neurological disorders 

When the epidemic of HIV started, severe neurocognitive 
conditions in HIV-infected individuals were reported, usually 
which resulted to death of those individuals. These central nervous 
system (CNS) conditions were initially identified in persons with 
advanced HIV-1 infection and were named as “HIV-Associated 
Dementia” (Snider et al., 1983; Antinori et al., 2007; Navia et al., 
1986). Histo-pathological abnormalities in the brains of patients 
with HIV-Associated Dementia include disseminated foci of 
activated microglia, perivascular macrophage infiltration, multi-
nucleated giant cells, and reactive astrogliosis (Pumarola-Sune et 
al., 1987). Later investigations revealed that milder forms of 
neurocognitive impairment could be detected in HIV-1-infected 
persons before the onset of advanced systemic disease (Grant et 
al., 1987).  

Though after the introduction of HAART, the incidence 
of HIV-Associated Dementia declined dramatically (Bhaskaran et 
al., 2008), but milder forms of HIV-associated neurological 
disorders became highly prevalent, identified inup to 50% of HIV-
infected individuals (Heaton et al., 2010). The increased 
occurrence of mild neurological impairments led to a new disease 
nosology called “HIV-Associated Neurocognitive Disorders” 
(HAND).HAART-treated patients with HAND differ from non-

treated patients in many ways. In their cerebrospinal fluid, they are 
less likely to have detectable HIV-1 RNA or have high levels of 
certain inflammatory biomarkers (McArthur et al., 2004), and at 
autopsy, they are less likely to manifest florid neuro-pathological 
changes (Cherner et al., 2002; Everall et al., 2009). These 
observations have led to a re-evaluation of the pathogenic 
mechanisms of HAND, including interest in persistent CNS 
inflammation, persistent viral reservoirs, and neurotoxicity, all of 
which are associated with the roles of activated macrophages 
during long-term HIV infection. In part, this is due to poor drug 
penetration of some regimens (Letendre et al., 2008). However, 
the preference ofHIV-1 to reside in CNS macrophages and 
microglia, which harbour a large reservoir of provirus and 
unintegrated DNA that is unaffected by HAART, is also a likely 
factor (Zhao et al., 2009).  

Thus, progressive neuronal loss/dysfunction and CNS 
inflammation can be measured even in well-suppressed patients on 
long-term therapy (Harezlak et al., 2011; Lamersa et al., 2014). 
 
CHALLENGES OF BRAIN TARGETING OF DRUGS 
 

From the stain studies of Paul Ehrlich (1854-1915), it 
became clear that brain is physiologically different from other 
parts of the body when intravenously injected dye distribution is 
considered. He saw that aniline dyes rapidly distributed to whole 
body after I.V. injection, except the brain. Later studied on brain, 
revealed that the brain is protected by the BBB from extraneous 
substances (Bicker et al., 2014). There are two physiological 
barriers separating the brain from its blood supply controlling the 
transport of compounds. One is the BBB and the other is the 
blood–cerebrospinal fluid barrier (BCSFB). 
 
The blood brain barrier (BBB) 

Physiologically BBB is made up of three layers such as 
inner endothelial cell layer which forms the wall of the capillary 
and contains tight junctions followed by presence of basement 
membrane upon which Pericytes and astrocytic feet processes lies. 
Dueto the presence of such tight junctions between endothelial 
cells a very high electrical resistance of around 1500–2000Ωcm2 
results as compared to 3.33Ωcm2 in other body tissue proving the 
barrier function of BBB. Astrocytes and Pericytes helps in 
differentiation as well as maintenance of BBB function. Astrocytes 
are most abundant non-neuron cells and play many essential roles 
in the healthy central nervous system (CNS), including 
biochemical support of endothelial cells which form the BBB, 
regulation of blood flow, provision of nutrients to the nervous 
tissue, maintenance of extracellular ion balance, and a principal 
role in the repair and scarring process of the brain and spinal cord 
following traumatic injuries. Pericytes are perivascular cells which 
are important for the maturation, remodeling and maintenance of 
the vascular system via the secretion of growth factors or 
modulation of the extracellular matrix. They  are  also  involved  in  
the  transport  across  the  BBB  and  the  regulation  of  vascular 
permeability (Doolittle et al., 2014). 
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The blood–cerebrospinal fluid barrier (BCSFB)  
This is another barrier (after BBB) that a systemically 

administered drug encounters before entering the CNS. It 
functions together with the BBB and the meninges, to control the 
internal environment of the brain. It is sited at the choroid plexus 
epithelium, secretes CSF, which  circulates  through  the  
ventricles  and  around  the  outside  of  the  brain  and  spinal 
cord(Bock et al., 2013). 
 
Efflux mechanism of the barriers 

Greater CNS efflux than influx has been demonstrated 
with certain anti-HIV suggesting the involvement of efflux 
transporters. Specific transporters are expressed on the endothelial 
cells of the BBB that transport many lipophilic drugs entering the 
brain back to the blood. A multitude of influx and efflux 
transporters from several families have been detected. These 
include the multi-drug resistant protein (MDR), multi-drug 
resistance-associated protein (MRP), system L-transporters(LAT), 
organic anion transporter (OAT), organic cation transporter 
(OCT), monocarboxylate transport system (MCT), concentrative 
nucleoside transporter (CNT), and equilibriative nucleoside 
transporter (ENT). The most important amongst these is the ATP-
binding cassette transporter, P-gp. P-gp is an energy-dependant 
transporter, encoded by the MDR1 gene and is highly localized on 
the apical surface of the endothelial cells of the brain capillaries. 
The poor passage of these drugs, particularly the PIs across the 
BBB is mainly attributed to their P-gp mediated efflux. In humans, 
P-gp is also expressed on the kidneys, hepatocytes, testes and on 
intestinal cells. P-gp expressed in intestinal cells is responsible for 
reduced oral bioavailability of PIs (Loscher et al., 2005).Hence, to 
develop a successful drug delivery system to deliver drugs to the 
brain one has to consider two aspects, the BBB as well as the 
efflux mechanism. 
 
BRAIN DRUG DELIVERY STRATEGIES 
 

From ancient times, doctors tried to deliver therapeutic 
agents to the brain to treat different ailments of CNS. Though all 
those techniques are not frequently used today, we are explaining 
all those techniques in very brief. 
 
Invasive strategies for brain targeting 
Disruption of the BBB 
Osmotic Blood-Brain Barrier Disruption 

Intra-carotid injection of an inert hypertonic solution such 
as mannitol or arabinose has been employed to initiate endothelial 
cell shrinkage and opening of BBB tight junctions for a period of a 
few hours, and this permits delivery of antineoplastic agents to the 
brain (Neuwelt et al., 1979; Foley et al., 2014). 
 
Biochemical Blood-Brain Barrier Disruption 

Selective opening of brain tumour capillaries can  be  
achieved  by  the  intra-carotid  infusion  of  leukotriene  C4  
without  concomitant alteration of the adjacent BBB. Normal brain 

capillaries appears to be unaffected when vasoactive  leukotriene  
C4  treatments  are  used  to  increase  their  permeability.  The 
mechanism was shown to be related to the abundance of g-
Glutamyl trans-peptidase (g-GTP)  in  normal  brain  capillaries;  
this  enzyme  requires  glial  inductive  influence  for  its 
expression, and it is down- regulated in tumours, resulting in a 
reduction of the enzymatic barrier in tumour endothelial cells 
(Stamatovic et al., 2008; Russell et al., 2014). 
 
Intracerebral Implants 

Drug added to polymer pellet implants intra-cranially, 
bypass the BBB and release drug molecules locally in the brain in 
a sustained fashion. The implants prepared with polymers like poly 
(bis (p-carboxyphenoxy)-propane:sebacic acid) copolymerto treat 
tumour can be administered directly to the affected area of the 
brain and release the drug in a sustained manner for a long period 
of time (Owen et al., 1974; Björklund et al., 1987; Grossman et 
al., 1992). 
 
Intra-ventricular/Intrathecal route 

It includes intra-lumbar injection or intra-ventricular 
infusion of drugs directly into the CSF. Drugs can be infused intra-
ventricularly using an Ommaya reservoir, a plastic reservoir 
implanted subcutaneously in the scalp and connected to the 
ventricles within the brain via an outlet catheter. Drug solutions 
can be subcutaneously injected into the implanted reservoir and 
delivered to the ventricles by manual compression of the reservoir 
through the scalp (Karaiskos et al., 2013). 
 
Injections, Catheters and Pumps  

Several implantable pumps have been developed that 
possess several advantages over the Ommaya reservoir. This can 
be implanted subcutaneously and refilled by subcutaneous 
injection and are capable of delivering drugs as a constant infusion 
over an extended period of time. Furthermore, the rate of drug 
delivery can be varied using external handheld computer control 
units (Johnstone et al., 2013). Currently, three different pumps are 
available for interstitial CNS drug delivery each operated by a 
distinct mechanism. 
i. InfusAID pump uses the vapour pressure of compressed 

Freon to deliver a drug solution at a constant rate (Vallande et 
al., 1993). 

ii. MiniMed PIMS system uses a solenoid pumping mechanism 
(Wang et al., 2002). 

iii. Medtronic SynchroMed system delivers drugs via a peristaltic 
mechanism (Turner, 2010). 

 

Non-invasive strategies 
Biological delivery 
BBB Carrier-Mediated Transport 

These are naturally present carrier systems of the BBB, 
which selectively carries molecules through the barrier. If the BBB 
CMT systems are  to  be  exploited  to  overcome  the  BBB  drug-
delivery  problem,  the  drug  must  be reformulated  such  that  the  
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drug  assumes  a  molecular  structure  mimicking  that  of  the 
endogenous ligand (Smith, 2005). 
 
Inhibition of BBB Active Efflux Transport 

P-glycoprotein active drug efflux transporter is present at 
high densities in the luminal membranes of brain endothelium. It 
pumps out some cytotoxic agents used to treat brain tumours and 
excludes them from the brain. P-glycoprotein inhibitors enhance 
the effects of cytotoxic agents and have the potential of enhancing 
chemotherapeutic effects on the brain (Löscher et al., 2005). 
 
BBB Receptor-Mediated Transport 

Certain endogenous large-molecule neuropeptides such as 
insulin, transferrin, or leptin access the brain from blood via 
receptor-mediated transport (RMT) across the BBB.  This 
transport is mediated by specialized ligand-specific receptor 
systems, including the insulin receptor (IR) or the transferrin 
receptor (TfR), which are highly expressed on the capillary 
endothelium of brain. Certain peptidomimetic monoclonal 
antibodies (MAbs) bind to exofacial epitopes on the BBB 
receptors. These epitopes are spatially separated from the 
endogenous ligand-binding site, and the binding of MAbs to the 
BBB receptor enables RMT of the peptidomimeticMAb across the 
BBB in vivo. These peptidomimeticMAbs may be used as 
“molecular Trojan horses” to ferry large-molecule drugs (e.g.  
Recombinant proteins, gene-based medicines) across the BBB 
(Manich et al., 2013). 
 
Physiological/physical strategies 
Ligand Binding Protein 

Protein ligands possess various properties like high 
affinity to receptor  and  selectivity  for  targeting,  which  increase  
the  interest  towards  the  use  of protein as a delivery tool for 
targeting the drug to the brain. Various system have been 
developed that incorporate protein as the central ligand binding 
component such as lectin used  as  a  ligand  binding  protein  for  
brain  targeting  of  glucose  triggered  glycosylated insulin and by 
specific antibodies. Other ligand binding protein classes include 
biotin binding protein. Lipid binding protein and avidin binding 
proteins. Cationized albumin appears to be useful for the delivery 
of the active agents across the BBB to the brain (Zádor et al., 
2014). 
 
Chimeric Peptide 

A new strategy for peptide delivery through the brain 
capillary wall, i.e., the blood-brain barrier (BBB), is the synthesis 
of chimeric peptides which are formed by the covalent coupling of 
a non-transportable peptide (e.g., β-endorphin) to a transportable 
peptide that undergoes receptor or absorptive-mediated trans-
cytosis at the BBB (Pardridge et al., 1987). 
 
Chemical drug delivery 

Chemical drug delivery systems (CDDS) represent novel 
and systematic ways of targeting active biological molecules to 

specific target sites or organs based on predictable enzymatic 
activation. They are inactive chemical derivatives of a drug 
obtained by one or more chemical modifications so that the newly 
attached moieties are  monomolecular  units  (generally  
comparable  in  size  to  the  original  molecule)  and provide  a  
site-specific  or  site-enhanced  delivery  of  the  drug  through  
multi-step enzymatic  and/or  chemical  transformations.  During  
the  chemical  manipulations,  two types  of  bio-removable  
moieties  are  introduced  to  convert  the  drug  into  an  inactive 
precursor form. A targetor (T) moiety is responsible for targeting, 
site-specificity, and lock-in, while modifier functions serve as 
lipophilizers, protect certain functions, or fine-tune the necessary 
molecular properties to prevent premature, unwanted metabolic 
conversions (Ţînţaş et al., 2014). 
 
Pharmacological strategies 
Liposomes 
Nano-particulate systems for brain delivery of drugs 
(Nanotechnology) 

 Coated nanoparticles 
 Pegylated nanoparticles 
 Solid Lipid Nanoparticles (SLN) 
 Nano gels 

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 
domains, the targeting group, a linker, and an active agent/ drug. 
Typically Nano-conjugates have a molecular weight similar to that 
of standard cytotoxic drugs. 
 
New techniques 
Trojan horses approach in drug delivery to brain  

Attaching an active drug molecule to a vector that 
accesses a specific catalyzed transporter mechanism creates a 
Trojan horse-like deception that tricks the blood-brain barrier into 
welcoming the drug through its gates. Transport vectors, such as 
endogenous peptides, modified proteins, or peptidomimetic 
monoclonal antibodies are a way of tricking the brain into 
allowing these molecules to pass. The therapeutic peptide or 
protein drug is fused to a molecular Trojan horse, which may be a 
monoclonal antibody that binds to a specific receptor on the blood-
brain barrier and enables receptor-mediated delivery of the fusion 
protein across the barrier to exert the desired pharmacological 
effect on the brain. The Trojan horse approach has been applied to 
delivery of non-viral gene and RNAi therapeutics, particularly in 
experimental models of Parkinson disease and brain tumours 
(Pardridge 2006). 
 
Intranasal drug delivery technique  

The olfactory nerve is the target when direct absorption 
into the brain is the goal because it is the only site in the human 
body where the CNS is directly expressed on the nasal mucosal 
surface. Though the traditional blood-brain barrier is not present at 
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the interface between  nasal  epithelium  and  brain,  P-
glycoprotein  and  other  barrier  transporters  are present at this 
interface, which can be modulated with nasal administration of 
appropriate inhibitors.  Nasal administration of 2 prodrugs (L-dopa 
butyl esters) has been reported to result in higher CSF levels of L-
dopa than those observed after intravenous administration. The 
percentage of the applied dose that passes to the brain and CSF is 
about 2% to 3%. This  indicates  that  a  nasal  route  may  be  a  
viable  method  for  the  delivery  of  peptides, analgesics, and 
other drugs for the treatment of CNS disorders (Serralheiro et al., 
2014). 

 
Targeting the brain with sound waves  

Low-frequency, MRI-guided, focused ultrasound has 
been shown to induce localized and reversible disruption of the 
blood-brain barrier without undesired long-term effects in 
experimental animals. A frequency range of approximately 260 
kHz enables the passage of ultrasound through the skull and 
produced focal disruption of blood-brain barrier without 
extravasation of red blood cells. The exact mechanism is not 
known, but ultrasound-induced micro-bubbles may temporarily 
expand the capillary wall and open the tight junctions. This non-
invasive technique offers a potential method for targeted drug 
delivery in the brain aided by a relatively simple low-frequency 
device (Aryal et al., 2014).  
 
Cell and gene targeting systems  

Brain drug targeting technology is based on the 
application of four gene technologies that enable the delivery of 
drugs or genes across the blood-brain barrier (BBB) in vivo. 

i. Genetic engineering is used to produce humanized 
monoclonal antibodies that target endogenous BBB 
transporters and act as vectors for delivery of drugs or 
genes to the human brain. The conjugate of a neuro-
therapeutic and a BBB transport vector is called a 
chimeric peptide.  Epidermal  growth  factor  chimeric  
peptides  have  been  used  for neuroimaging  of  brain  
cancer.  Brain-derived neutrophic factor chimeric 
peptides have marked neuro-protective effects in brain 
stroke models. 

ii. Imaging gene expression in the brain in vivo is possible 
with sequence-specific antisense radiopharmaceuticals, 
which are conjugated to BBB drug targeting vectors. 

iii. Brain  gene  targeting  technology  enables  widespread  
expression  of  an  exogenous  gene throughout the 
central nervous system following an intravenous 
injection of a non-viral therapeutic gene. 

A. A  BBB  genomics  program  enables  the  future  
discovery  of  novel  transport  systems expressed at the 
BBB. These transporters may be carrier-mediated 
transport systems, active efflux transporters, or receptor-
mediated trans-cytosis systems.  The  future  discovery  of 
novel BBB transport systems and the application of brain 
drug targeting  technology will enable  the  delivery  to  

the  brain  of  virtually  any  neuro-therapeutic,  including  
small molecules, large molecules and gene medicines 
(Yao et al., 2015). 

 
TECHNIQUES APPLIED FOR BRAIN TARGETING OF 
ANTI-HIV DRUGS  
 

Ineffectiveness of existing therapies in the delivery of 
anti-HIV drugs to the CNS, aggressive research has been directed 
towards the development of new strategies for effective delivery of 
drugs to the brain for the treatment of the CNS infection of HIV. 
These strategies includes modifying the drug, disrupting the BBB, 
or by developing novel drug delivery systems. In this review we 
will focus only on the novel CNS drug delivery techniques.  
 
Pro-drug and conjugate strategies 

Pro-drugs are those drugs that are activated by 
undergoing transformation in vivo to form the active drug.  
Modification of drugs for brain targeting includes chemically 
modifying the functional groups of drugs to make them more 
lipophilic. Pro-drugs are developed for those drugs which are 
poorly aqueous soluble, chemically instable, having low oral 
bioavailability, lack of BBB penetration, and high first pass 
metabolism. Most of the antiviral drugs developed so far suffer 
from one or more of the above-mentioned limitations 
(Palomboetal2009). Fosamprenavir (pro-drug of Amprenavir) and 
Tenofovir disoproxil fumarate are the two pro-drugs that have 
been developed for HIV therapy till date. Both Fosamprenavir and 
Tenofovir disoproxil fumarate improve the drug delivery 
capabilities of their parent drug by increasing intestinal absorption 
(Rao et al., 2009). Though no anti-HIV drugs has not been 
developed for brain targeting with this approach so far, research 
done with other category of drug has proven the efficiency of this 
technique (Rautio et al., 2008). 
 
Nano-carrier drug delivery strategies 

Because of their success in drug delivery to other parts of 
the body, nano-carrier systems such as polymeric nanoparticles, 
dendrimers, micelles, liposomes, SLNs, NLCs etc. have been 
under investigation for delivery of therapeutic agents to the 
CNS(Kreuter et al., 2001). Some possible reasons of improved 
drug delivery by nanoparticles to the brain are; 
 Increased retention of the nanoparticles in the brain blood 

capillaries combined with an adsorption to the capillary walls, 
leading to a higher concentration gradient that would increase  
the  transport  across  the  endothelial  cell  layer  and  as  a  
result  enhance  the delivery to the brain. 

 Surface modified nanoparticles with some coating agents (e.g. 
Polysorbate 80) are able to inhibit the efflux system. 

 Surfactants used with nanoparticles can solubilize the 
endothelial cell membrane lipids that  would  lead  to  
membrane  fluidization  as  well  as  opening  of  the  tight  
junctions between the endothelial cells which leads to an 
enhanced drug permeability across the BBB. 
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 Endocytosis of nanoparticles by the endothelial cells. 
 Transcytosis through the endothelial cell layer. 
 A combination of the above effects (Kreuter et al., 

2014;Gelperinaa et al., 2010). 
All  of  the  above  mentioned  Nano-carrier  systems  have  their  
own  advantages  and disadvantages. Each of them will be 
discussed in brief. 
 
Polymeric Nanoparticles 

Nanoparticles appeal to scientists across many disciplines 
of science due the opportunity to engineer many properties that 
might otherwise be incompatible on a single device. Nanoparticles 
are solid colloidal particles ranging in size from 10 to 1000 nm, 
usually containing no lipids as a major component material. Drug 
is dissolved, entrapped, encapsulated and/or to which the drug is 
adsorbed or attached. Nanoparticles may be prepared from 
different types of materials. Inorganic materials like silica, 
alumina, metals, metal oxides and metal sulphides have been used 
for the purpose. But, in drug delivery to CNS, polymeric 
nanoparticles are more prevalent. Most polymeric nanoparticles 
are prepared from biodegradable and biocompatible polymers, and 
have been adopted as a preferred method for nanomaterial drug 
delivery(Wong et al., 2010). They also exhibit a good potential for 
surface modification via chemical and other types of 
transformations, provide excellent pharmacokinetic control, and 
are suitable for the entrapment and delivery of a wide range of 
therapeutic agents. Polymers used for nanoparticle preparation 
includes gelatine, chitosan, poly (lactic-co-glycolic acid) 
copolymer, polylactic acid, polyglycolic acid, poly 
(alkylcyanoacrylate), poly (methylmethacrylate), and poly (butyl) 
cyanoacrylate. Furthermore, polymer-based coatings may be 
functionalized onto other types of nanoparticles to change and 
improve their bio-distribution properties. The biologically inert 
polymer poly (ethylene glycol) (PEG) has been covalently linked 
onto the surface of nanoparticles (Kreuter et al., 2001). 

Different studies have been performed in laboratory with 
great success rates. Kuo and Chen investigated the effect of size of 
nano-scaled Polybutylcyanoacrylate (PBCA) and 
methylmethacrylate-sulfopropylmethacrylate (MMA-SPM) on the 
permeability of Zidovudine (AZT) and Lamivudine (3TC) across 
the blood brain barrier (BBB). They found that application of 
MMA-SPM NPs leads to about 100% increase in the BBB 
permeability of the two drugs (Kuo et al., 2006).  The  also  
demonstrated  the  capability  of  CRM197-grafted 
polybutylcyanoacrylate  (PBCA)  nanoparticles  (NPs)  
(CRM197/PBCA  NPs)  to  carry Zidovudine (AZT) across the 
BBB (Kuo et al., 2012). From these studies it becomes clear that 
polymeric nanoparticles have great potential to deliver anti-HIV 
drugs to brain. 
 
Dendrimers  

Dendrimers are a class of mono-disperse polymeric 
nanostructure (<100 nm) built around a core unit, distinguished by 
their repeated branching structure emanating from the central core. 

It has been used to carry anti-HIV drugs. Narrow molecular weight 
distribution, small size (less than 100 nm), and easy incorporation 
of targeting ligand are attractive features of dendrimers. Dendrons 
are formed after removal of core units and can be divided into 
core, the interior branching units and the periphery.  The  
emptycore  of  dendron  is  utilized  for  the entrapment  of  drug  
molecules  for  solubilizing  of  poorly  water  soluble  drugs,  
controlled release, targeting or protection from surrounding 
degrading environment. Dendrimers offer unique properties like 
uniform particle size, poly-valency of the end groups which helps 
in binding to diverse receptors and ability to bind a variety of 
targeting agents to the high density peripheral functional groups. 
A group of researchers prepared G-5 PPI dendrimers to target 
Efavirenz (Dutta et al., 2008) and Lamivudine (Duttaetal 2007) to 
human monocytes/macrophages and MT-2 cells, respectively. 
Studies  done  by  Gajbhiye and his team revealed the potential of 
acid conjugated-mannosylated poly(propyleneimine) dendrimers 
to enhance biocompatibility and site specific delivery of 
antiretroviral drug, Zidovudine (Gajbhiye et al., 2013). 
 
Polymeric Micelles  

Polymeric micelles are nanoscopic shell like structures 
which are prepared from amphiphilic block copolymers. Both the 
inherent and modifiable properties of polymeric micelles make 
them particularly well suited for drug delivery purposes. The 
advantages and applications of polymeric micelles includes, 
solubilizing poorly  water soluble drugs, sustained release and size 
advantages, and protection of encapsulated substances from 
degradation and metabolism. The  three  most  widely  studied  
block  copolymer  classes  are  characterized  by  their 
hydrophobic  blocks,  and  are  poly(propylene  oxide),  poly(L-
amino  acid)s  and  poly(ester)s. The polymeric micelles used for 
drug delivery have shown the abilities to attenuate toxicities, 
enhance  delivery  to  desired  biological  sites  and  improve  the  
therapeutic  efficacy  of  active pharmaceutical ingredients 
(Dhembre et al., 2011). Batrakova and co-scientistsfound that 
micelles formed with Pluronic block copolymer ‘P85’ inhibits the 
P-gp drug efflux system and increases the permeability of a broad 
spectrum of drugs in the BBB. They performed the studies with 
different drugs; Ritonavir was one of them whose 
BBBpermeability was increased up to 19-fold (Batrakova et al., 
2003). 
 
Liposomes 

Liposomes are lipid vesicles consisting of either one or 
more phospholipid bilayers. They comprise of a polar core for 
encapsulation of hydrophilic drugs, while amphiphilic and 
lipophilic drugs are solubilized within the phospholipid bilayer. 
Liposomes are very rapidly removed from blood by the reticulo-
endothelial system leading to lower plasma circulation time. 
Hence, liposomes need to be surface modified with polymers such 
as hydrophilic poly ethylene glycol to enhance their blood 
circulation time or by conjugating them to specific antibodies in 
order to improve their CNS targeting potential. Dusserre and co-
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scientists found that encapsulation of Foscarnet, a drug used to 
treat highly treatment-experienced patients with HIV as part of 
salvage therapy, within liposomes resulted in a thirteen fold 
increase in drug accumulation within the rat brains as compared to 
pure drug in solution (Dusserre et al., 1995). A few liposomal 
systems have been formulated to treat the cerebral  ischemia  by 
Citicholine,  brain  tumours  by  Cisplatin,  and  epilepsy  by  
Phenytoin.  Overall, significant improvement in brain drug levels 
were observed in these studies (Fresta et al., 1994; Anda et al., 
1995). Some other liposomal formulations of the anti-HIV drugs 
also have been formulated, but they are not primarily for CNS 
target purposes. 
 
SLNs  
 

SLN are a relatively new class of lipid-based nano-
carriers. They are prepared using solid lipids (i.e., lipids that are 
solid at room temperature as well as at body temperature). Theses 
lipids  are  biocompatible  and  biodegradable  with  GRAS  
(Generally  Recognized  as  Safe) status (Almeida et al., 2007). 
SLNs are beneficial in many aspects (Kaur et al., 2008; Allen et 
al., 2004) such as 

 High drug payload as compared to polymeric 
nanoparticles 

 The feasibility of incorporating both hydrophilic and 
hydrophobic drugs 

 Use of organic solvent scan be avoided in the production 
of SLNs 

 Degradation of environment  sensitive  molecules can be 
prevented by their incorporation in the lipid matrix  

 Sustained drug release formulation can be obtained 
 Possess negligible toxicity 
 Bioavailability of highly lipophilic molecules can be 

increased via lymphatic uptake 
 Penetration through skin or mucus barrier is possible due 

to very small size 
 Feasible large scale production and sterilization. 
 
Though SLNs have so many advantages, it itself have some 

stability issues too. In general, drug  molecules  stay  in  between  
the  fatty  acid  chains  or  as  amorphous  clusters  in  crystal 
imperfections within SLN matrix. But, when lipid transform to 
low-energetic form, it form a perfect  crystalline  lattice  that  
allows  very  small  space  for  the  drug  molecules.  Therefore, 
expulsion of encapsulated drug molecules may be observed during 
storage, especially when SLN  matrix  is  composed  of  a  highly  
purified  lipid,  which  leads  to  limited  drug-loading capacity of 
SLNs (Blasi et al., 2007). 

Smaller size, capability to bind with different ligands, high 
lipophilicity, lower toxicity are the  desirable  characters  which  
makes  SLNs  good  choice  for  brain  targeted  drug  carrier 
system. Various studies has been done with this aim ahead and 
almost all of them have been so far successful. Although, anti-HIV 
drugs has not been studied widely, but other classes of drugs has 

shown promising results. Chattopadhyay  and his team developed  
and  evaluated  a  lipid nanoparticle  system  for  enhanced  brain  
delivery  of  Atazanavir,  using  a  well  characterized human brain 
micro vessel endothelial cell line (hCMEC/D3) representative of 
the blood-brain barrier.  They  found  that  delivery  of  Atazanavir  
by  SLNs  led  to  a  significantly  higher accumulation by the 
endothelial cell monolayer as compared to the drug aqueous 
solution. From the findings they suggested that SLNs could be a 
promising drug delivery system to enhance  brain  uptake  of  
Atazanavir  and  potentially  other  PIs  (Chattopadhyay et 
al.,2008). Singh and co-scientists developed solid lipid 
nanoparticles (SLN) of Zidovudine and investigated with  stearic  
acid  by  w/o/w  double-emulsion  solvent-evaporation  method  
using  32  factorial design. They used different triglycerides alone 
and in different combinations, with/without stearic acid to prepare 
SLN using similar procedure. They reported that fatty acids are 
more advantageous over triglycerides in the entrapment of 
hydrophilic drugs in SLN (Singh et al., 2010). In 2012, Sankar and 
his team investigated the specific drug targeting of lamivudine and 
Zidovudine, after intra-peritoneal injection by incorporation 
intopolymeric nanoparticles (PNs) and solid lipid nanoparticles 
(SLNs). Their results showed that Glyceryl Monosterate- 
Poloxamer 188 SLNs shows higher concentration of drugs in RES 
organs than PLGA-P 188 PNs (Sankar et al., 2012). 

Brain  targeted  SLNs  have  been  prepared  with  different  
drugs  like  Vinpocetine, Camptothecin, Clotrimazole etc. with 
improved brain delivery (Morsi et al., 2013; Martins et al., 2013). 
 
NLCs 

Nanostructured lipid carriers (NLC) were designed to 
overcome some of the drawbacks of SLN such as the limited drug 
payload, expulsion of loaded drug molecules etc. Studies done in 
2012 by Das and his co-worker have clearly shown that NLCs are 
much more stable than SLNs (Das et al., 2012). When  SLNs  
primarily  contains  single  lipid,  NLCs  are  formulated  with  a  
mixture  of  solid lipid and liquid lipid, but particles are in solid 
state at body temperature and are in particular appropriate for 
drugs with higher solubility in oils than in solid lipids. A blend of 
a liquid and solid lipid creates a less perfect crystalline structure 
with many imperfections providing thus more space for drug 
accommodation.  Lipids those are not soluble in room temperature 
as well as in body temperature are used as the solid lipid 
component. Examples of solid lipids are triglycerides (tristearine, 
tripalmitine, trimiristine), fatty acids (stearic acid, palmitic acid), 
waxes (carnauba, cetylpalmitate) etc. Lipids, which are liquid in 
room temperature are usedas the liquid lipids.  Examples include 
medium chain triglycerides, oleic acid, isopropylmiristate etc.  
(Doktorovováa et al., 2010).  NLCs are suitable colloidal carrier 
systems to control the penetration/ permeation of drugs throughout 
the membranes of body. Depending on  the  lipid  matrix  
composition,  different  release  profiles  may  be  obtained  
including  a prolonged/  controlled  release  of  the  drug  which  
can  decrease  the  risk  of  burst  effect, commonly reported by the 
use of conventional drug solutions (Hu et al., 2006). 
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Joshy and his team developed and evaluated NLCs for enhanced 
brain delivery of Zidovudine using a well characterized human 
brain cell line representative of the BBB. They found that delivery 
of Zidovudine by NLCs led to a significantly higher accumulation 
by the brain cells. From their findings they suggested that NLCs 
could be a promising drug delivery system to enhance brain uptake 
of Zidovudine and potentially other non-nucleotide class of anti-
retroviral drugs (Joshy et al., 2012). 

As NLCs are new in drug delivery research, currently 
lots of work is going on to take advantage of its extreme 
versatility.  Different classes of drugs has been formulated 
withNLCs. For example Lamotrigine NLCs for brain delivery, 
Baicalein loaded in to NLCs for enhanced stability and brain 
targeting etc. (Alam et al., 2014; Tsai et al., 2012). 
 
CONCLUSION  
 

There is no doubt that HIV/AIDS is the deadliest disease 
till date. HAART has brought new hope to the affected people of 
this disease. Finding the way to eliminate viral reservoirs is the 
greatest challenge in front of humankind.  Nanotechnology has the 
ability to fight the challenges against HIV. Newer techniques like 
SLNs and NLCs are having great potential in the brain delivery of 
anti-HIV drugs. Extensive study of SLN and NLCs with anti-HIV 
drug is the most required now. Though some studies already has 
been done and positive results also has been found, yet they are 
not quite enough. Formulation of cost effective, non-toxic, patient 
compliant NLCs which can eliminate the virus in reservoirs is the 
need of the time. 
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