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ABSTRACT
The central nervous system (CNS) of the body is protected by blood brain barrier (BBB). BBB is a highly
complex structure that precludes the delivery of drugs to the brain, thus preventing the treatment in a number of
diseases. One of the more significant reasons for the difficulty in treating brain diseases concerns the problems
faced by many drugs when crossing the BBB. The barrier is formed by endothelial cells which are connected to
each other at “tight” junctions that create a complete seal between them. Consequently, only lipophilic molecules
are able to cross the barrier. Hydrophilic substances, in contrast, are unable to cross the lipid walls unless
associated with a specific transporter. The inability of active agents to cross the barrier effectively means that
those agents will not accumulate in adequate concentrations unless large doses are administered, doses that can
have significant toxic side effects in other tissues. Establishing new therapeutic approaches to the treatment of
cerebral diseases such as stroke, Alzheimer’s disease or brain cancers has to address this issue of crossing the
BBB. Moreover recent studies evidence the involvement of the BBB and especially the brain endothelial cells in
the pathological process for numerous brain diseases suggesting the necessity to develop specific targeting for
these cells The efficiency of many drugs is restricted to their potential to reach the site of therapeutic action. In
recent years, the use of nanotechnology has been considered as a valuable strategy to achieve drug delivery to the
brain and nanoparticles are developed as potential drug carriers. Nanocarriers possess unique features due to their
size, can encapsulate therapeutic dose of many drugs and can be functionalized with various ligands for tissue and
cell targeting. Lately peptides have been described as potential ligands for achieving endothelial cells and more
specifically BBB targeting of nanocarriers. But the biodegradability of these nanocarriers is a serious problem.
Many naturally occurring biocompatible materials can be used as nanocarriers. This review is focused on nano
drug delivery using biodegradable, nontoxic and inexpensive natural molecules like chitosan, gelatin and PLGA as
carriers. Role of nanoparticle size, bulk material chemistry, and surface chemistry in crossing the BBB is also
discussed.
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Blood Brain Barrier (BBB): Brain is the only organ in
the body having its self guarding system called the
Blood- Brain barrier (Fig.1 ref. Wikipedia images). BBB
is an impermeable boundary between brain and blood
stream (Fig. 2 ref. Wikipedia images). This net work of
blood vessels allows the entry of essential nutrients while
blocking all other materials. Thus it is acting as a
protective barrier in order to keep the environment in the
brain safe. Thus the toxins and other contagious
materials floating around the brain cannot reach in it. For
this aspect BBB is a blessing to brain because the brain is
a very delicate organ and any infection could be
destructing. But the curse is that these infectious
components accumulate in the brain and destroying it
eventually. Thus BBB goes both ways a blessing and a
curse.
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Figure 1 The structure of brain
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Figure 2 Blood brain barrier
Drug delivery to brain crossing BBB: The primary
function of blood –brain barrier (BBB) is to protect the
brain by preventing the entry of harmful toxins present in
the blood stream into the brain.[1] Because of this BBB
prevents the treatment in a number of brain diseases by
blocking the delivery of drugs.[2] This action of BBB is
attributed to its structure because usually in the body
structure decide the function. The joints connecting
endothelial cells are tightly packed preventing large
molecules to pass between the junction spaces.
In order to enter the brain tissue the molecules must pass
through the cell membranes of the endothelial cells. Only
lipid soluble molecules are able to transverse the BBB.[3]
Hydrophilic substances, in contrast, are unable to cross
the lipid walls unless associated with a specific
transporter. This raises the principal problem that we
wish to address: the inability of active agents to cross the
barrier effectively means that those agents will not
accumulate in adequate concentrations unless large doses
are administered, doses that even have significant toxic
side
effects in other tissues. Establishing new
therapeutic approaches to the treatment of cerebral
diseases such as stroke, Alzheimer’s disease or brain
cancers has to address this issue of crossing the BBB.
Moreover recent studies evidence the involvement of the
BBB and especially the brain endothelial cells in the
pathological process for numerous brain diseases
suggesting the necessity to develop specific targeting for
these cells.[4] When the BBB is ruptured the brain is in
the risk of infection and injury.
Criteria for effective drug delivery across BBB: Ideal
drug delivery across BBB depend upon certain
characteristics. The method should not damage the
barrier and the drug carrier system should be non-toxic
and biodegradable. The drug delivery should be selective
and site specific. Controlled drug release should be
possible by the method adopted and the therapeutic
amount should be adequate for the desired time of action
for its maximum action. Among the diverse methods
obtainable for drug delivery nanotechnology based
methods furnish best results for attaining these
characteristics.
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Nanotechnology in drug delivery: The effectiveness of
a large number of drugs rely on their capacity to get into
their scene of therapeutic activity. The development of
nanoparticles that are capable of carrying the active
agents into the brain (BBB and parenchyma) and to the
diseased sites thus appears to be a promising
approach.[5,6,7] Thus nanomedicine is emerging as a
modern tool in targeted drug delivery. The drug is loaded
into the nanoparticle and it can penetrate the BBB to
attack the targeted molecule as illustrated in figure 3(Ref.
Wikipedia images). Brain’s immune system comprising
of cells called microglia play a major role in drug
delivery through BBB. These cells readily respond to
changes in the surroundings of BBB and they can be
activated to perform different functions and can play a
key role in brain disease treatment. For the carriers to be
effective in targeting the brain, their surfaces must be
designed by decorating with specific ligands. Ligands as
transferrin, glucose or specific antibodies have been
proposed and linked to various types of nanoparticles
(liposomes, polymeric or lipidic nanoparticles,….).[8]
These approaches are based on the recognition of these
ligands by receptors and transporters which are
overexpressed by the brain endothelial cells allowing the
transport of essential nutrients for brain tissue.[9]
Numerous proofs of this concept have been
published.[10. 11] For example, nanoparticles linked to an
antibody directed against transferrin receptor have
demonstrated their ability to reach the brain and to
deliver an antiapoptotic peptide in brain for
neuroprotection during an ischemia.[12]

Figure 3 Nanoparticles in targeted drug delivery
Biodegradability of nanocarriers in drug delivery
The use of nanoparticles in medical field and drug
delivery is a fast growing research field. But these carrier
systems itself are hazardous to the patients. Proper
disposal of these nanocarriers after the drug delivery is a
serious problem. Thus these carriers itself is imposing
potential threat to the patients.[13] The primary goals of
nanobased drug delivery are site specificity, reduction in
toxicity, biocompatibility and environment safety.[14]
Thus the biodegradability of these nano drug carriers is a
serious problem to be addressed. The drug delivery
action of a biodegradable nanopartilce is demonstrated in
figure 4 where the drug is preloaded into the particles
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and once it reached the target, the polymer matrix eroded
and the drug is released.

Figure 4 Drug delivery using
nanoparticles (Ref. Google images)

biodegradable

Natural nanocarriers
Biodegradable nanoparticles are getting greater attention
because of their potential to perform as carriers for site
specific delivery activities.[15] Natural polymers are
widely used as naocarriers now because they occur
abundantly in nature and thus makes it more economical.
Natural products are efficient drug carriers not only
because of their improved site specific action but they
offer enhanced biocompatibility and can be used in much
safer way.[16] Some naturally occurring biodegradable
polymeric materials used as nanocarriers include Poly-DL-lactide-co-glycolide (PLGA), Polylactic acid (PLA),
chitosan and gelatin.
Preparation of polymeric nanoparticles
These can be prepared from proteins, polysaccharides
and synthetic polymers. Nanomaterials and various
polymers can be put together to develop right
atmosphere not only to attach drugs but to identify the
matching receptors on the brain cells. One desirable
feature of polymers is that we can modulate them
chemically. Their important basis for action is its site
specific drug delivery.[17] It depends upon size of the
prepared nanoparticles, properties of drug to be
embedded in the polymer, drug release effect, degree of
biodegradability and surface chemistry of the
nanoparticles. Based upon these properties various
biodegradable polymeric nanoparticles can be
synthesized by reported procedure.[18]
Polylactic acid (PLA)
PLA is a biodegradable polyester molecule derived from
sustainable sources like starch or sugar cane. This can
easily breakdown into the biodegradable monomer lactic
acid. It can be used as a support system because it can
transfer the drug into the affected part and can undergo
graduadegradation within the body in a short time.[19]
PLA is a potential candidate in drug delivery
applications because of its biodegradable nature and for
the rapid arrangement of minute particles under proper
conditions. But PLA based drug delivery suffer from low
loading efficiency and low drug enclosing capacity.
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Poly (lactic-co-glycolic acid) (PLGA)
PLGA is a biodegradable and biocompatible copolymer.
It is obtained from two different monomers like the
cyclic dimers of glyclolic and lactic acids. PLGA is an
efficient biodegradable polyester because it undergoes
hydrolysis in the body in presence of water to the
monomers. Thus the toxicity associated with PLGA is
eliminated and it can be successfully employed for drug
delivery applications. PLGA is a copolymer formed from
monomers of cyclic dimers, glycolic and lactic acid and
obtained by the ring opening copolymerization. Catalysts
used for this polymerization are either complexes of Tin
(Sn) or aluminium isopropoxide and the monomers are
linked together in PLGA by ester linkages.[20] PLGA is
one of the most efficient biodegradable polymers as
natural drug carrier because its ester linkage can easily
break down in the body to produce biodegradable
monomers lactic and glycolic acid.[21] These monomers
are easily break down in the body and can be eliminated
as carbon dioxide and water.[22] Thus the toxic effects of
the drug carrier is greatly reduced.
Chitosan (CS)
Chitosan is a polysaccharide made up of glucosamines
and N-acetylglucosamines. It can be useful to deliver
drugs through skin. CS is obtained by extensive
deacetylation of chitin present in the shells of
crustaceans and mollusks.[23] Chitosan nanoparticle are
widely used as natural drug carriers because of their less
toxic and stable nature. It can be prepared and
administered by simple routes. CS is soluble in slightly
acidic water and thus for drug delivery applications
organic solvents could be avoided. Thus hydrophilic
drug molecules can be effectively encapsulated into CS
nanoparticles. Also the positively charged. Chitosan
particles could effectively target the negatively charged
biological membranes.[24] The efficiency of Chitosan in
drug delivery is also attributed to their metabolic
degradation in the body. Chitosan also act as a diluents in
drug delivery systems.[25] Because of low hydrophilicity
and high crystalline nature of PLA its application in drug
is delivery is limited because of the low degradation rate.
But Chitosan can blend with PLA and can be effectively
used for anti-HIV drug delivery applications.[26]
Gelatin
Gelatin is a mixture of peptides and proteins obtained
from collagen by boiling. Collagen is the main protein
found in the connective tissues of mammals. Gelatin
easily dissolves in hot water making it an efficient
biodegradable carrier in drug delivery and is widely used
becaue of its low cost and availability of many active
groups for binding to target molecule.[27] The drug
molecule can be decorated with gelatin nanopartilces and
can be administed nasely because of the biocompatible
and biodegrable nature of gelatin. This way it can bypass
the BBB and target the affected brain tissues. In order to
increase the cell adhesion properties of PLGA, it can be
emulsified as composities with gelatin. Alternatively
PLGA and gelatin can be club together for controlled
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drug delivery by electrospinning. This could lead to
enhanced activity because of the increased surface to
volume ratio of electrospun nanofibers.[28]
Nano particle size and surface modifications in
crossing BBB
The blood brain barrier (BBB) is acting as a protective
covering to the brain by blocking the entry of large
molecules into it. But this characteristic prevents the
treatment in a number of diseases by weakening the entry
of drugs into brain. The efficiency of therapeutics to pass
into the BBB mainly depends on the size of particles and
majority of these agents could not cross the BBB. In
order to treat brain diseases it is highly important to find
the mechanism by which these drug molecules cross the
barrier. In recent years, nanoparticles appear a valuable
strategy to achieve drug delivery to the brain.
Nanomaterials increase the period of drug circulation in
the blood. But the space between brain cells is viscous
and it is difficult for the large particles to move through
it. This control the entry of large particles into the brain
cells by crossing the BBB. This problem can be adjusted
by modifying the surface of the nanoparticles to improve
the duration of drug circulation in blood.[29]
The size, coating and the charges present on the surface
have a profound effect on the ability of nanoparticles to
cross the BBB. There are many ways to stabilize the
nanoparticles and to increase their ability to cross the
BBB. This includes attaching suitable linkers or by
increasing the particle size by combining small
nanoparticles. One such way to increase the particle size
is to thickly coat the particle surface with polyethylene
glycol (PEG). This strategy increased the particle size,
reduced its sticking to the brain cells and also prevented
the clustering of small particles. The biodegradable
PLGA nanoparticles can be coated with small peptides to
improve its passage across BBB is also reported.[30]
CONCLUSION
Delivery of drugs for the treatment of brain diseases is
limited because of the hindrance by BBB. Nanoparticles
emerged as a valuable choice as potential drug carriers.
Nanomedicine is acting like a molecular Trojan horse
which can sneak drugs across the barrier. For therapeutic
molecules which could accelerate along with the
lipophilic medium or diffuse through it, optional paths of
BBB entry have to be explored. Attaching the drug
molecule to the nano carrier catalyze its transportation by
tricking the BBB through this Trojan horse approach. To
fully exploit this approach, development of
biodegradable nanocarriers, their stabilization and
effective crossing of BBB need to be investigated
further.
CONFLICT OF INTERESTS
The author declares that there is no conflict of interests
regarding the publication of this paper.

www.ejbps.com

ACKNOWLEDGEMENT
Jaya T. Varkey would like to thank University Grants
Commission, New Delhi, India for financial assistance in
the form of UGC research award.
REFERENCES
1. Butt, AM; Jones, HC; Abbott, NJ, "Electrical
resistance across the blood-brain barrier in
anaesthetized rats: a developmental study" The
Journal of Physiology. 1990; 429: 47–62.
2. E. Garcia-Garcia a, K. Andrieux a, S. Gil b, P.
Couvreur a, “Colloidal carriers and blood–brain
barrier (BBB) translocation: A way to deliver drugs
to the brain?” International Journal of
Pharmaceutics, 2005; 298: 274–292.
3. Blanks, W. A., “Characterisitcs of compounds that
cross the blood-brain barrier”, BMC Neurology,
2009; 9(Suppl 1):S3.
4. Cristante,E,;
McArthur, S.;
Mauro, C.;
Maggioli,E.; Romero, I. A.; Wylezinska-Arridge,
M.;
Couraud, P. O.; Lopez-Tremoleda, J.;
Christian, H. C.; Weksler, B. B.; Malaspina, A.;
Solito, E.; “ Identification of an essential
endogenous regulator of blood–brain barrier
integrity, and its pathological and therapeutic
implications”, PNAS, 2013; 110(3): 832–841.
5. K. Andrieux, P. Couvreur, “Polyalkylcyanoacrylate
nanoparticles for delivery of drugs across the blood–
brain
barrier”,
Nanomedicine
and
Nanoibiotechnology, 2009; 1(5): 463–474.
6. Posadas, I.; Silvia Monteagudo, S.; Ceña, V.;
“Nanoparticles for brain-specific drug and genetic
material delivery, imaging and diagnosis”,
Nanomedicine, 2016; 11(7): 833-849.
7. Ali, I. U.; Chen. X,; “Penetrating the Blood–Brain
Barrier: Promise of Novel Nanoplatforms and
Delivery Vehicles”, ACS Nano, 2015; 9, 10, 9470–
9474.
8. Shimin Liu, M.D., Levine, S. R.; Richard Winn, H;
Targeting ischemic penumbra Part II: selective drug
delivery using liposome technologies, J Exp Stroke
Transl Med. 2011; 4(1): 16–23.
9. Karra, N,; Benita, S.; The Ligand Nanoparticle
Conjugation Approach for Targeted Cancer
Therapy, Current Drug Metabolism, 2012; 13: 13892002.
10. Cui-Tao Lu, Ying-Zheng Zhao, Ho Lun Wong, Jun
Cai, Lei Peng, and Xin-Qiao Tian, Current
approaches to enhance CNS delivery of drugs across
the brain barriers, Int. J. Nanomedicine. 2014; 9:
2241–2257.
11. Iason T Papademetrioud; Tyrone Porter, Promising
approaches to circumvent the blood-brain barrier:
progress, pitfalls and clinical prospects in brain
cancer, Therapeutic Delivery, 2015; 6(8): 989-1016,.
12. Hulya Karatas, Yesim Aktas, Yasemin GursoyOzdemir, Ebru Bodur, Muge Yemisci, Secil Caban,
Atay Vural, Onur Pinarbasli, Yilmaz Capan,
Eduardo
Fernandez-Megia,
Ramon
NovoaCarballal,4 Ricardo Riguera, Karine Andrieux,

322

Varkey.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

European Journal of Biomedical and Pharmaceutical Sciences

Patrick Couvreur, and Turgay Dalkara, “A
Nanomedicine Transports a Peptide Caspase-3
Inhibitor across the Blood–Brain Barrier and
Provides Neuroprotection”, The Journal of
Neuroscience, November 2009; 4, 29(44): 13761–
13769.
Singh, R.; Lillard, J. W., Jr., Nanoparticle-based
targeted drug delivery, Exp Mol Pathol., 2009;
86(3): 215–223.
W. H. D. Jong, P. JA,; Borm,, Drug delivery and
nanoparticles:
applications
and
hazards,
International Journal of Nanomedicine, 2008; 32(2):
133-149,.
Mahapatro, A; Singh, D. K.; Biodegradable
nanoparticles are excellent vehicle for site directed
in- vivo delivery of drugs and vaccines, Journal of
nanobiotechnology, 2011; 9, 55.
A. P. Anwunobi; M.O. Emeje, Recent applications
of natural polymers in nanodrug delivery,
Nanomedicine and Nanotechnology, S4, 2011.
J. Prasad Rao, Kurt. E. Geckeler, Polymer
nanoparticles; Preparation techniques and size
control parameters, Progress in polymer Science,
2011; 36(7): 887-913.
B.V. N., Nagavarma, K.S. Y. Hemant, A, Ayaz, L.
S. Vasudha, H. G. Sivakumar, Different techniques
for preparation of polymeric nanoparticles- A
review, Asian Journal of Pharmaceutical and
Clinical Research, 2102; 5(3): 16-23.
Tan, B. et al. Tuning self-assembly of hybrid PLAP(MA-POSS) block copolymers in solution via
stereocomplexation. Polymer Chemistry 2013; 4:
1250–1259.
Astete. CE, Sabliov, CM, Synthesis and
Characterization of PLGA nanoparticles, J. Biom.
Sci, Polymer, Edition, 2006; 17: 247-89.
Achrya S., Sahoo S. K., PLGA nanoparticles
containing various anticancer agents and tumour
delivery by EPR effect, Adv. Drug Deliv. Rev.
2011; 63: 170-83.
Jain R. K., The manufacturing techniques of various
drug loaded biodegradable poly (lactic-co-glycolic
acid) (PLGA) devices. Biomaterials, 2000; 21:
2475-90.
Muzzarelli, R. A. A., Chitin, (Oxford: Pergamon
Press, 1997.
Stavroula, G, Nanaki, Ioannis, A, Kautsidi, Ioanna,
K, Miscibility study of chitosan/2- hydroxyethyl
starch blends and evaluation of their effectiveness as
drug sustained release hydrogels, Crabohyd. Polym.
87, 951-1890, 2012.
Nasti, A, Zaki, NM, Leonardis, P.D, Ungphaiboon,
Sansosgsok, P, Chitosan /TPP and Chitosan /TPPhyaluronic
acid
nanoparticles:
systematic
optimization of the preparative process and
preliminary biological evalution. Pharm. Res. 2009;
26: 1918-1930.
Dev, A. Binulal, N. S. Anitha, A., Nair, S. V.,
Furuike, T, Tamura, H., Jayakumar, R., Peparation
of poly(lactic acid)/chitosan nanoparticles for anti –

www.ejbps.com

27.

28.

29.

30.

HIV drug delivery applications, Carbohydrate
Polymers, 80,Carbohydrate Polymers, 2010; 80:
833-38,.
Elzoghby, A. O., Gelatin based nanoparticles as
drug and gene delivery systems: Reviewing three
decades of research, Journal of controlled research,
2013; 172(3): 1075-1091.
Santoro, M. Tatara, A. M., Mikos, A. G. Gelatin
carriers for drug and cell delivery in tissue
engineering, J. Control Release, 2014; 210-218,.
29.
Zhang, J., Saltzman , M., Engineering
biodegradable nanoparticles for drug and gene
delivery, Chem Eng Prog., 2013; 109(3): 25–30.
30. Patel, T., Zhou, J., Piepmeier,J. M., Saltzman,
W. M., Polymeric Nanoparticles for Drug Delivery
to the Central Nervous System, Adv Drug Deliv
Rev., 2012; 1564(7): 701–705.

323

