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Abstract

Bovine serum albumin is adaptable protein carrier, especiallyuseful for its remarkable nontoxic, biocompatibility, non-
immunogenic and biodegradable properties also it is readily available. Hence; it can be considered to assemble nanoparticles for
drug delivery system. Most of the anticancer drugs have some severe problems as concern their instability in a biological
environment, insolubility and poor uptake into cells and tissues that can cause undesirable side effects for targeting nanoparticles.
Bovine serum albumin nanoparticles can be used to overcome those drawbacks for DDSs. The significant outcomes of bovine
serum albumin nanoparticles have its site-specific drug targeting using various ligands modification in the expanse of anticancer
treatment. Some nanotechnological techniques to make albumin nanoparticles also have been discussed, such as coacervation,
emulsification, thermal gelation, and nab-technology. Characterization and improvement of drug loading capacity in albumin
nanoparticles also been addressed in this review.
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1. Introduction

Albumin nanoparticles have a splendid future in the
controlled delivery as therapeutic agents. Albumin
nanoparticles indicated high drug loading capacity in a
composite with biodegradability, biocompatibility, and
the probability of covalent derivatization[1] with drug
contemplating ligands. A superior comprehension of
the components of activity of these vehicles will give a
premise to their further enhancement, along with this
hectic accessibility open doors in the zone of drug

delivery[2].These properties, and additionally
particular take-up in a tumor and inflamed tissue,
prepare availability, biodegradability, and absence of
toxic quality and immunogenicity, make serum
albumin a perfect contender for drug delivery. Modern
applications of serum albumin (human and bovine)
have shown some significant points as a character and
in the biocompatible and biodegradable carrier for
drugs [3-5].The atomic weight of bovine serum
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albumin is 69,323 Da and also having an isoelectric
point (pI) of 4.7 in water (at 25°C). BSA is widely
used for drug delivery system because of its features,
such as it iseconomical, easy to purify, the simplicity
of enhancement. Also, it has extraordinary ligand-
binding properties, so it is extensively acknowledged
in the pharmaceutical industry[6, 7].Bovine serum
albumin (BSA) is veryhigh water dissolvable and
binds drugs and inorganic substances non-covalently.
Auxiliary, BSA structure is homologous to the three-
dimensional structure of HSA.

The fundamental distinction lies in the number of
tryptophans (Trps). BSA has two Trps, while HSA has
just a single. This distinction is valuable with regards
to its examination by spectrofluorimetry since this
amino acid is the liable one in charge of the
characteristic fluorescence of proteins[8-10].The
precipitation technique can get microparticles and NPs
of albumin in natural solvents, trailed by a procedure
of cross-linking with glutaraldehyde molecules
(desolvation technique)[11]. BSA particles can
encapsulate a massive number of drug atoms per
molecule, accomplishing high drug-loading efficiency.
Despite, with sizes in the range within a few hundred
nanometers to a few micrometers, these particles are
inclined to take-up by the reticuloendothelial
framework in liver and spleen. Another approach has
been accounted for that can formulate hydrophobic
drugs into albumin nanoparticles in size range in the
vicinity of 100 to 200 nm[12, 13]. Accordingly,
Abraxane, a paclitaxel-albumin nanoparticle with an
average size of 130 nm, has been widely examined in

animal and clinical examinations[14]. Polymeric
micelles with sizes of 20-100 nm give efficaciously
carriers for the delivery of hydrophobic or
amphipathic compounds[15, 16]. Undeniably, the
surface change of NPs is imperative to entrap drugs
and suppress side effects. Modification of the NPs
surface by focusing on particles can build up the drug
concentration in the targeted organs or tissues, and be
diminishing the dosage and adverse symptoms. A few
ligands, for example, Arg– Gly– Asp (RGD)[17, 18],
folate [1, 19], transferring [20, 21] and monoclonal
antibodies[22, 23] have been utilized NPs as liver
malignancy and different carcinomas.The copolymer,
which hascontained ahydrophilic portion, usually PEG
weights have within the range of 2 to 15 kD forms a
coronal layer. In general hydrophobic protein
comprise poly (propylene oxide),poly (D, L-lactic
acid), poly (ε-caprolactone), poly (glutamic acid),
orpoly (L-aspartic acid).Those make the core and acts
as a reservoir for some drugs, such as doxorubicin,
paclitaxel, docetaxel, camptothecin [24-27].These
properties help in the particular aggregation of
micelles in tumor tissue through the upgraded
permeability and retention (EPR) effect [28-30],
toxicity to healthy tissues and enhanced antitumor
efficacy. Nonetheless, there remain worries about the
conceivable toxicities of polymeric micelles, including
general cytotoxicity, hematoxicity, immunogenicity,
carcinogenicity, and other aspects,[31] making high
biocompatibility an essential for synthetic copolymer
micelles.

Figure 1. Versatile carrier systems based on albumin NP. Different approaches for adaptation
of albumin NPs and their application for delivery of different biomolecules are displayed[32].



Int. J. Adv. Res. Biol. Sci. (2018). 5(4): 226-239

228

2. Techniques of construction BSA
nanoparticles

2.1 Desolvation Method

In desolvation technique, nanoparticles are achieved
by a constant dropwise adding of organic solvents like
ethanol or methanol into an aqueous solution of BSA
(bovine serum albumin) and continue stirring till the
time, when the solutionbecame turbid. Because of the
high water solubility of BSA, its phases will separate
at the time of organic solvent addition[33]. After the
formation of nanoparticles sufficiently, it will be
stabilized and consequently redissolve in the water
dispersion [34, 35]. The aldehyde group of
glutaraldehyde, the amino moieties in lysine residues
and arginine moieties in guanidino side chain of
albumin create the crosslinking by their coacervates
and coagulated by a condensation reaction[36,
37].Marty presented another strategywith his
associates (1978) the establishment of this technique
was utilizing a desolvation factor, for example,

conventional salts or any organic solvent like alcohol
(methanol, ethanol) which have to be added to protein
arrangement gradually. By including this factor, third
protein configuration will change. When we have
come to a specific level of a desolvation, protein
bunch willshape. In the following stage, nanoparticles
will come about by this polymerization cluster cross-
linkage with a fabrication factor that is
glutaraldehyde[38].With a specific end goal to procure
dispersed nanoparticles, not in a bulk frame, we
should stop the framework before particles begin to
accumulate. Framework turbidity willexpand inferable
from this desolvation factor. Particles aggregation will
shape alone with broadeningbackground's turbidity.
To stop such sort of gathering and making perfect
nanodispersion, we should utilize a resolvating
agent[39].Figure2.Showsthe preparation of albumin
nanoparticles by using a desolvatingagent.Here are
some revisions on the applications ofBovine Serum
Albumin (BSA) NPs to encapsulatehydrophobic drug
and minerals and controlled properties[40].

Fig 2.Preparation of albumin nanoparticles by consuming coacervation method.[41]
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Table 1.The Summary of research on nanoparticulation of bovine serum albumin (BSA) by desolvation method.

Protein Desolvating
agent

Particle
size range

(nm)

Polydispersity
index

Cross-linking agent Reference

BSA Ethanol 200-300 --------------------
Glutaraldehyde

(1.56µg/ml) protein
[37]

BSA Ethanol 210 0.14 Glutaraldehyde (8%) [42]

BSA Ethanol ~200 0.04 Glutaraldehyde (0.25%) [43]

BSA Ethanol ~150 --------------------
0.235-1.175µl of

Glutaraldehyde (8%) per
mg of albumin

[44]

BSA Ethanol 90-200 -------------------- Glutaraldehyde (25%) [45]

BSA Acetone 100-300 0.04-0.05 200µl of Glutaraldehyde
(25%) for 1mg of BSA [46]

Galactosylated
BSA

Ethanol 120-300 0.1-0.3 Glutaraldehyde (0.5%) [47]

Differential centrifugation led to substantially tapered
size distributions after washing the particles[48, 49].
According to Nguyen and Ko, the addition of a
desolvating agent such as ethanol to the albumin can
increase reproducibility of albumin nanoparticles with
a constricted particle size distribution[50]. Disturbed
nanoparticles formation could happen because of
higher aggregates of the protein with the pH values
below 8.0. Monodisperse particles could be prepared
between 200 nm to 300nm at the pH of above 8.0[51].

2.2 Emulsification

To make nanoparticles usually used many
macromolecules, those mainly consist of proteins, for

example, polysaccharides, for instance, alginate or
agarose and gelatin, albumin, legumin, vicillin. These
substances have broad use in the arrangement of
biomaterial given their natural properties, for example,
biodegradability and biocompatibility. Among of
macromolecules specified, albumin and gelatin have
utilized. There are two essential techniques for
development of nanparticles[39].

At first, its strategy was put forward by Scheffel and
his associates (1972) with a specific end goal to get
ready albumin circle nanoparticles, and after that, it
advanced by Gao and his Coworkers (1995). The
process has appeared in Figure 2.
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Figure 3.The procedure of bovine serum albumin nanoparticles with emulsification method.

Albumin nanospheres (0.3– 1 μm) were shaped by
homogenizing the oil stage (e.g., cottonseed oil)
containing the albumin beads at a rapid at that point
thermally balanced out by warming at 175 to 180 °C
for 10 min[39]. This blend was cooled and weakened
with ethyl ether to lessen the oil consistency to
encourage detachment by centrifugation. On the other
hand, in compound adjustment, egg whites fluid
arrangement was emulsified in cottonseed oil at 25 °C
at that point denatured by resuspension in ether
containing the cross-connecting operator 2,3-butadiene
or formaldehyde [39, 52, 53]. Crisante et al. arranged
cefamandole nafate-stacked BSA nanoparticles by w/o
single emulsion-compound crosslinking with
glutaraldehyde. BSA fluid stage was added dropwise
to a constant phase comprised of cyclohexane
containing glutaraldehyde and afterward homogenized
at a fast [54]. A reformative emulsion-warm
adjustment procedure was utilized by Yang et al. to
plan BSA nanoparticles entangling the ineffectively
dissolvable 10 Hydroxycamptothecin (HCPT) keeping
in mind the end goal to enhance its soundness
principally in its dynamic lactone frame [55]. In this
examination, concoction crosslinking was supplanted

by warm adjustment by including the w/o single
emulsion dropwise to castor oil at 140±5 °C [55]. The
likelihood of consolidating a w/o/w numerous
emulsion-based ovalbumin nanoparticles in mucosal
immunizations was researched[2]. The nanoparticles
contained luminous markers showed the take-up and
consequent inner trafficking inside macrophage cell
societies [2].

2.3 Thermal Gelation Method

Thermal gelation is a successive procedure that
includes warm instigated unfurling took after by
protein-protein cooperation’s including hydrogen
holding, electrostatic, hydrophobic associations, and
disulfide– sulfhydryl trade response [56-58]. In an
investigation performed by Yu et al., round core-shell
structure nanogels (around 100 nm) were made
utilizing warm gelation technique. Where ovalbumin
and lysozyme arrangements blended at pH 5.3, the pH
of the blend 10.3 and the agreement changed the
settlement was in this manner also mixed, warmed
[56].
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Figure 4.The construction of BSA–dextran–chitosan nanoparticles[57].

The gelation property of BSA on warming has been
additionally detailed [59]. By warming a blend of
chitosan and BSA– dextran conjugates, biocompatible
BSA– dextran– chitosan nanoparticles were framed
[57]. BSA atoms gelate framing the center of the
nanoparticles through chitosan chains are somewhat
caught in the nanoparticle center due to the
electrostatic fascination amongst chitosan and BSA
(Fig. 4). Rest of the chitosan and the dextran stretch
out in the nanoparticle shell. Doxorubicin could be
adequately stacked into the nanoparticles by
dispersion in the wake of changing the pH of their
blend to 7.4 by ethicalness of the electrostatic and
hydrophobic communications between the
nanoparticles also, doxorubicin [57].

2.4 Nab-technology

Seize innovation is a particular strategy used to plan
albumin NPs and can equally utilize for the epitome of

lipophilic medications into the NPs. The medication
and BSA blended in a watery dissolvable. Drug–
albumin NPs incorporated by going the arrangement
through a fly spout under high weight. The size scope
of the NPs delivered is around 100– 200 nm [2]. A
current report framed a lapatinib-stacked BSA NPs
(LHNP) planning by including a Lapatinib-
chloroform– ethanol blend to the BSA arrangement,
and after that, the method was subjected to high shear
powers to shape a coarse emulsion. This emulsion was
gone through a smaller scale fluidizer and took after
by vanishing and sifting of the NPs suspension to
accomplish the last emulsification. From that point,
the NPs were solidified, lyophilized, and put away.
The medication can add to the chloroform and ethanol
before the procedure of emulsification. In this
investigation, the LHNP indicated high cytotoxicity is
bringing about apoptosis of tumor cells and valuable
harm to tumor spheroids illustrated (Figure 5(a)) [60].
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Figure 5.(a) Scanning electron micrographs of 4T1 carcinoma spheroids, after incubation with lapatinib solution (LS)
and LHNP in comparison to control group[60].(b) The cumulative release profileof paclitaxel from paclitaxel-BSA
and paclitaxel-Chol-BSA[61]. c) Cellular uptake quantification ofpaclitaxel after incubation in MCF-7 cells for
1h[61]. d) MCF-7 cell viability results after exposureto the formulations indicated[61]. e) Schematic illustration of the
cRGD-BSA/KALA/DOX NP andtheir pH-triggered assembly and disassembly[62].

This technique fabricated grasp paclitaxel (the first
FDA-affirmed nanotechnology-based medication) for
the treatment of metastatic bosom tumor and as of late
for different kinds of growths [61, 62]. This item has
particles of around 130 nm width and shows expanded
medication tumor amassing and better antitumor
viability thought about than regular medications as
discovered utilizing this plan in preclinical and clinical
trials [63].

3. Nano-carrier of BSA and drug loading
capacity

Two-dimensionally (2D) refined tumor cells utilized
as the standard model for investigations of
nanoparticulate conveyance in vitro. Notwithstanding,
the 2D cell models cannot wholly mirror positive
tumors[64, 65]. MCTS show higher similitude to
specific tissues as far as 3D structure, cell digestion,
and quality profiles when contrasted with monolayer
cells, and hence have as of late increased expanding
acknowledgment as a 3D tumor model to research the
viability of nano medicate carriers[66-73]. Given that
medicate conveyance utilizing sedate nano
transporters in the tumor tissue is not wholly

comprehended, the utilization of MCTS (multicellular
tumor spheroids) to assess the conveyance
effectiveness of medication stacked albumin particles
will give interpretive signs for the outline and use of
different albumin based medication bearers. The
glycoprotein SPARC, otherwise called osteonectin, is
overexpressed in tumor and assumes vital parts in the
control of tumor attack and metastasis [74-76].
SPARC indicates the high proclivity to albumin[76,
77], and clinical examinations firmly propose that
SPARC(secreted protein, acidic and rich in cysteine)
is a crucial piece. The system of activity of albumin
nanoparticles, for example, Abraxane[78-
80].However, the part of SPARC in the infiltration and
development of albumin nanoparticles in vitro 3D
tumor models, e.g., MCTS, is as yet misty. While the
growth of albumin nanoparticles into MCTS is a
prescient imperative model of the in vivo study,
albumin nanoparticles were stacked to pancreatic
MCTS with/without against SPARC antibodies and
the infiltration, aggregation, relocation, and
development hindrance impacts of ABZ-loaded
albumin nanoparticles explored (Fig. 6).
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Figure 6. Schematic representation of the synthesis and evaluation in 2D and3D cellular models of ABZ-loaded BSA
nanoparticles[81].

4. Characterization of BSA nanoparticles
for cancer treatment

Synthesis and characterization of DEX–FA
conjugate

DEX–FA conjugate synthesized by an esterification
reaction between the carboxyl group of FA and the
hydroxyl group of DEX with DMAP as an activator
and DCC as a coupled agent. It reported that the -
activated carboxyl group of FA is more manageable
[82-84]. Therefore, it is possible that the esterification
reaction happened in -carboxyl group then the -
activated derivative was produced. The structure of
DEX–FA is illuminated in Scheme 2, in which the
protons labeled with bold lowercase letters correspond
to the characteristic peaks in 1H NMR spectra (Fig. 6).
The frequency of DEX–FA in DMSO-d6 presents the
characteristic peaks of DEX and FA. In Fig.7C. The

peaks at 3.1–5.0 ppm attributed to the DEX protons.
The weak signals at 6.75ppm (2H in phenylene), 7.63
ppm (2H in phenylene). Moreover, 8.77 ppm (1H in
pteridine) are ascribed to the FA protons, confirming
that the FA hasmagnificently grafted onto the DEX.
The FA graft degree in DEX–FA is about 5.0%,
calculated by the peak area ratio of 7.63 ppm (2H in
phenylene) to 4.9 ppm (1H of anomeric carbon in
glucose unit). There are about 61.7 glucose units in
each DEX chain on average. That is to say, in DEX–
FA conjugate, each DEX chain is conjugated with 3.0
FA molecules on average. Fig.4 shows the FTIR
spectra of DEX and FA, as well as DEX–FA
conjugate. The range of DEX–FA also presents the
characteristic absorption peaks of FA and DEX. The
1736 cm-1 of CO stretching vibration absorption in
ester group of DEX–FA is weak due to the low FA
graft degree. The FTIR spectra further confirm the
formation of DEX–FA conjugate[85].
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Scheme 1. Illustration of the preparation of DOX/BSA–DEX–FA nanoparticles[85].

Scheme 2. Chemical structure of DEX–FA conjugate. The protons labeled with bold lowercase letters correspond to
the characteristic peaks in 1H NMR spectra (Fig. 5)[85].

Fig. 7. 1H NMR spectra of FA (A), DEX (B), and DEX–FA conjugate (C) in DMSO-d6.
The peaks labeled with bold lowercase letters correspond to the protons shown inScheme 2[85].
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The qualities of albumin NPs make them a suitable
contender for tumor focused on medicate conveyance
to various phases of malignancy. In such manner,
multifunctional nanostructures given albumin have
given another worldview to cutting-edge tranquilize
conveyance and theranostic applications. For instance,
a current report presented a composite nanoparticle
comprising of Au nanoclusters installed in BSA NPs
for DOX conveyance to cervical tumor HeLa cells,
and for cell imaging through photonic excitation
(Figure 8-a)[86]. The nanostructures indicated great
soundness and maintenance of their glow and were
well taken up by cells. Moreover, additional properties

of NPs included great biocompatibility, appropriate
quantum yield, and capacity to track sedate discharge.
Figure 8-b delineates the cytotoxicity evaluation of
HeLa cells treated with Au nanoclusters inserted in
BSA NPs stacked with DOX through an MTT-based
cell suitability measure. The non-poisonous quality of
the void composite NPs and the harmfulness of the
DOX-stacked NPs has appeared. Another
investigation created HSA NPs stacked with attaching
demonstrating particular poisonous excellence towards
bosom malignancy cells (MCF-7)[87].

Figure 8. a) Schematic illustration of the combination nanoparticles composed of Au nanoclustersembedded in BSA
NPs and the consequent cancer cell uptake and DOX release inducing cellDeath. Cellular apoptosis and related two-
photon imaging are also demonstrated, b) HeLa cellviability evaluation via MTT assay after treatment with various
concentrations of Au nanoclusterembedded BSA NPs and DOX-loaded Au nanocluster embedded BSA NPs for 36 h
[88].

5. Conclusion

Recently bovine serum albumin based nano and
microparticles have established for the drug delivery
system (DDSs) on cancer therapy. DDSs has an
extensive wide range of application for the future use
in therapeutic biomedical solicitations including
anticancer treatment. The arrangements of
nanostructures in Bovine serum albumin have many
desirable properties that provide biodegradability,
biocompatibility, and improvement in the water
solubility for poorly water-soluble drugs and informal
surface adaptation for the drug delivery system on
tumor cells.Also, it has the possibility for drug
targeting ligands on covalent derivatization. Because

of its surface modification mechanisms and various
preparation methods exploited the specific targeting
sites for DDSs. Hence, the nanostructures of bovine
serum albumin providedistinct binding sides that can
improve the drug compatibility for water-insoluble
drug and enhance the therapeutic effect.

Acknowledgments

This work was supported by grants from the national
natural Science Foundation of China (Huo Meirong),
Richinandan Maiti is a recipient of China Government
Scholarship- Chinese University Program (China
Scholarship Council) for foreign student at China
Pharmaceutical University.



Int. J. Adv. Res. Biol. Sci. (2018). 5(4): 226-239

236

Conflict of interest

The author declare no conflict of interest.

References

1. Weitman, S.D., et al., Distribution of the folate
receptor GP38 in normal and malignant cell lines
and tissues. Cancer research, 1992. 52(12): p.
3396-3401.

2. Elzoghby, A.O., W.M. Samy, and N.A. Elgindy,
Albumin-based nanoparticles as potential
controlled release drug delivery systems. Journal of
controlled release, 2012. 157(2): p. 168-182.

3. Rahimnejad, M., M. Jahanshahi, and G. Najafpour,
Production of biological nanoparticles from bovine
serum albumin for drug delivery. African Journal
of Biotechnology, 2006. 5(20).

4. Temming, K., et al., Evaluation of RGD-targeted
albumin carriers for specific delivery of auristatin
E to tumor blood vessels. Bioconjugate chemistry,
2006. 17(6): p. 1385-1394.

5. Temming, K., et al., Improved efficacy of αvβ3-
targeted albumin conjugates by conjugation of a
novel auristatin derivative. Molecular
pharmaceutics, 2007. 4(5): p. 686-694.

6. Hu, Y.-J., et al., Binding of anti-inflammatory drug
cromolyn sodium to bovine serum albumin.
International journal of biological macromolecules,
2006. 39(4-5): p. 280-285.

7. Tantra, R., J. Tompkins, and P. Quincey,
Characterisation of the de-agglomeration effects of
bovine serum albumin on nanoparticles in aqueous
suspension. Colloids and Surfaces B: Biointerfaces,
2010. 75(1): p. 275-281.

8. Tian, J., et al., Study of the interaction of
kaempferol with bovine serum albumin. Journal of
Molecular Structure, 2004. 691(1-3): p. 197-202.

9. Trnková, L., et al., Binding of naturally occurring
hydroxycinnamic acids to bovine serum albumin.
Nat. Sci, 2010. 2(6): p. 563-70.

10.Xu, H., et al., Characterization of the interaction
between eupatorin and bovine serum albumin by
spectroscopic and molecular modeling methods.
International journal of molecular sciences, 2013.
14(7): p. 14185-14203.

11.Xu, R., M. Fisher, and R. Juliano, Targeted
albumin-based nanoparticles for delivery of
amphipathic drugs. Bioconjugate chemistry, 2011.
22(5): p. 870-878.

12.Stinchcombe, T.E., Nanoparticle albumin-bound
paclitaxel: a novel Cremphor-EL®-free
formulation of paclitaxel. 2007.

13.Desai, N., et al., Increased antitumor activity,
intratumor paclitaxel concentrations, and
endothelial cell transport of cremophor-free,
albumin-bound paclitaxel, ABI-007, compared with
cremophor-based paclitaxel. Clinical cancer
research, 2006. 12(4): p. 1317-1324.

14.Gradishar, W.J., et al., Phase III trial of
nanoparticle albumin-bound paclitaxel compared
with polyethylated castor oil–based paclitaxel in
women with breast cancer. Journal of clinical
oncology, 2005. 23(31): p. 7794-7803.

15.Torchilin, V.P., Micellar nanocarriers:
pharmaceutical perspectives. Pharmaceutical
research, 2007. 24(1): p. 1.

16.Nishiyama, N. and K. Kataoka, Current state,
achievements, and future prospects of polymeric
micelles as nanocarriers for drug and gene
delivery. Pharmacology & therapeutics, 2006.
112(3): p. 630-648.

17.Zhan, C., et al., Cyclic RGD conjugated poly
(ethylene glycol)-co-poly (lactic acid) micelle
enhances paclitaxel anti-glioblastoma effect.
Journal of Controlled Release, 2010. 143(1): p.
136-142.

18.Oba, M., et al., Cyclic RGD peptide-conjugated
polyplex micelles as a targetable gene delivery
system directed to cells possessing αvβ3 and αvβ5
integrins. Bioconjugate chemistry, 2007. 18(5): p.
1415-1423.

19.Rossin, R., et al., 64Cu-labeled folate-conjugated
shell cross-linked nanoparticles for tumor imaging
and radiotherapy: synthesis, radiolabeling, and
biologic evaluation. Journal of Nuclear Medicine,
2005. 46(7): p. 1210-1218.

20.Han, L., et al., Plasmid pORF-hTRAIL and
doxorubicin co-delivery targeting to tumor using
peptide-conjugated polyamidoamine dendrimer.
Biomaterials, 2011. 32(4): p. 1242-1252.

21.Pirollo, K.F., et al., Tumor-targeting
nanoimmunoliposome complex for short interfering
RNA delivery. Human gene therapy, 2006. 17(1): p.
117-124.

22.Lee, H.J., et al., Targeting rat anti-mouse
transferrin receptor monoclonal antibodies
through blood-brain barrier in mouse. Journal of
Pharmacology and Experimental Therapeutics,
2000. 292(3): p. 1048-1052.



Int. J. Adv. Res. Biol. Sci. (2018). 5(4): 226-239

237

23.Luk, J.M. and K.F. Wong, Monoclonal antibodies
as targeting and therapeutic agents: prospects for
liver transplantation, hepatitis and hepatocellular
carcinoma. Clinical and Experimental
Pharmacology and physiology, 2006. 33(5‐6): p.
482-488.

24.Farokhzad, O.C., et al., Targeted nanoparticle-
aptamer bioconjugates for cancer chemotherapy in
vivo. Proceedings of the National Academy of
Sciences, 2006. 103(16): p. 6315-6320.

25.Hamaguchi, T., et al., A phase I and
pharmacokinetic study of NK105, a paclitaxel-
incorporating micellar nanoparticle formulation.
British journal of cancer, 2007. 97(2): p. 170.

26.Uchino, H., et al., Cisplatin-incorporating
polymeric micelles (NC-6004) can reduce
nephrotoxicity and neurotoxicity of cisplatin in
rats. British journal of cancer, 2005. 93(6): p. 678.

27.Koizumi, F., et al., Novel SN-38–incorporating
polymeric micelles, NK012, eradicate vascular
endothelial growth factor–secreting bulky tumors.
Cancer research, 2006. 66(20): p. 10048-10056.

28.Hashizume, H., et al., Openings between defective
endothelial cells explain tumor vessel leakiness.
The American journal of pathology, 2000. 156(4):
p. 1363-1380.

29.Maeda, H., The enhanced permeability and
retention (EPR) effect in tumor vasculature: the
key role of tumor-selective macromolecular drug
targeting. Advances in enzyme regulation, 2001.
41(1): p. 189-207.

30.Matsumura, Y. and H. Maeda, A new concept for
macromolecular therapeutics in cancer
chemotherapy: mechanism of tumoritropic
accumulation of proteins and the antitumor agent
smancs. Cancer research, 1986. 46(12 Part 1): p.
6387-6392.

31.Říhová, B., Biocompatibility of biomaterials:
hemocompatibility, immunocompatiblity and
biocompatibility of solid polymeric materials and
soluble targetable polymeric carriers. Advanced
Drug Delivery Reviews, 1996. 21(2): p. 157-176.

32.Karimi, M., et al., Albumin nanostructures as
advanced drug delivery systems. Expert opinion on
drug delivery, 2016. 13(11): p. 1609-1623.

33.Langer, K., et al., Optimization of the preparation
process for human serum albumin (HSA)
nanoparticles. International Journal of
Pharmaceutics, 2003. 257(1): p. 169-180.

34.Weber, C., et al., Desolvation process and surface
characterisation of protein nanoparticles.
International Journal of Pharmaceutics, 2000.
194(1): p. 91-102.

35.Q. Li, J.H., B. Lu, H. Yao, WG Zhang, F,
Ciprofloxacin-loaded bovine serum albumin
microspheres: preparation and drug-release in
vitro. Journal of microencapsulation, 2001. 18(6):
p. 825-829.

36.Meziani, M.J. and Y.-P. Sun, Protein-conjugated
nanoparticles from rapid expansion of
supercritical fluid solution into aqueous solution.
Journal of the American Chemical Society, 2003.
125(26): p. 8015-8018.

37.Merodio, M., et al., Ganciclovir-loaded albumin
nanoparticles: characterization and in vitro
release properties. European Journal of
Pharmaceutical Sciences, 2001. 12(3): p. 251-259.

38.C. J. Coester, K.L.H.V.B.J.K., Gelatin
nanoparticles by two step desolvation a new
preparation method, surface modifications and cell
uptake. Journal of Microencapsulation, 2000.
17(2): p. 187-193.

39.Jahanshahi, M. and Z. Babaei, Protein
nanoparticle: a unique system as drug delivery
vehicles. African Journal of Biotechnology, 2008.
7(25).

40.Kim, T.H., et al., Preparation and characterization
of water-soluble albumin-bound curcumin
nanoparticles with improved antitumor activity.
International journal of pharmaceutics, 2011.
403(1-2): p. 285-291.

41.Jahanshahi, M., Molecular Nanotechnology &
Nanobiotechnology. Book: Academic University
(Mazandaran) publications. ISBN, 2007: p. 964-
2571.

42.Maghsoudi, A., S.A. Shojaosadati, and E.V.
Farahani, 5-Fluorouracil-loaded BSA
nanoparticles: formulation optimization and in
vitro release study. Aaps Pharmscitech, 2008. 9(4):
p. 1092-1096.

43.Zhao, D., et al., Preparation, characterization, and
in vitro targeted delivery of folate-decorated
paclitaxel-loaded bovine serum albumin
nanoparticles. International journal of
nanomedicine, 2010. 5: p. 669.

44.Li, L., et al., Preparation and optimization of
doxorubicin-loaded albumin nanoparticles using
response surface methodology. Drug development
and industrial pharmacy, 2011. 37(10): p. 1170-
1180.

45.Rahimnejad, M., G. Najafpour, and G. Bakeri,
Investigation and modeling effective parameters
influencing the size of BSA protein nanoparticles
as colloidal carrier. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2012.
412: p. 96-100.



Int. J. Adv. Res. Biol. Sci. (2018). 5(4): 226-239

238

46.Kolluru, L.P., et al., Formulation development of
albumin based theragnostic nanoparticles as a
potential delivery system for tumor targeting.
Journal of drug targeting, 2013. 21(1): p. 77-86.

47.Li, C., et al., Preparation and characterization of
galactosylated bovine serum albumin nanoparticles
for liver-targeted delivery of oridonin. International
journal of pharmaceutics, 2013. 448(1): p. 79-86.

48.Langer, K., et al., Optimization of the preparation
process for human serum albumin (HSA)
nanoparticles. International journal of
pharmaceutics, 2003. 257(1-2): p. 169-180.

49.Rubino, O.P., R. Kowalsky, and J. Swarbrick,
Albumin microspheres as a drug delivery system:
relation among turbidity ratio, degree of cross-
linking, and drug release. Pharmaceutical research,
1993. 10(7): p. 1059-1065.

50.Nguyen, H.H. and S. Ko. Preparation of size-
controlled BSA nanoparticles by intermittent
addition of desolvating agent. in The Third
International Conference on the Development of
Biomedical Engineering in Vietnam. 2010.
Springer.

51.Langer, K., et al., Human serum albumin (HSA)
nanoparticles: reproducibility of preparation
process and kinetics of enzymatic degradation.
International journal of pharmaceutics, 2008.
347(1-2): p. 109-117.

52.Sundar, S., J. Kundu, and S.C. Kundu,
Biopolymeric nanoparticles. Science and
Technology of Advanced Materials, 2010. 11(1): p.
014104.

53.Reis, C.P., et al., Nanoencapsulation I. Methods for
preparation of drug-loaded polymeric
nanoparticles. Nanomedicine: Nanotechnology,
Biology and Medicine, 2006. 2(1): p. 8-21.

54.Crisante, F., et al., Antibiotic delivery
polyurethanes containing albumin and
polyallylamine nanoparticles. european journal of
pharmaceutical sciences, 2009. 36(4-5): p. 555-
564.

55.Yang, L., et al., Preparation, characterization and
biodistribution of the lactone form of 10-
hydroxycamptothecin (HCPT)-loaded bovine
serum albumin (BSA) nanoparticles. International
journal of pharmaceutics, 2007. 340(1-2): p. 163-
172.

56.Yu, S., et al., Nanogels prepared by self‐assembly
of oppositely charged globular proteins.
Biopolymers, 2006. 83(2): p. 148-158.

57.Qi, J., et al., Nanoparticles with dextran/chitosan
shell and BSA/chitosan core—doxorubicin loading
and delivery. International journal of
pharmaceutics, 2010. 393(1-2): p. 177-185.

58.Bronich, T.K., et al., Polymer micelle with cross-
linked ionic core. Journal of the American
Chemical Society, 2005. 127(23): p. 8236-8237.

59.Boye, J.I., I. Alli, and A.A. Ismail, Interactions
involved in the gelation of bovine serum albumin.
Journal of Agricultural and Food Chemistry, 1996.
44(4): p. 996-1004.

60.Wan, X., et al., The potential use of lapatinib-
loaded human serum albumin nanoparticles in the
treatment of triple-negative breast cancer.
International journal of pharmaceutics, 2015.
484(1-2): p. 16-28.

61.Battogtokh, G., J.H. Kang, and Y.T. Ko, Long-
circulating self-assembled cholesteryl albumin
nanoparticles enhance tumor accumulation of
hydrophobic anticancer drug. European Journal of
Pharmaceutics and Biopharmaceutics, 2015. 96: p.
96-105.

62.Chen, B., et al., Dual-peptide-functionalized
albumin-based nanoparticles with pH-dependent
self-assembly behavior for drug delivery. ACS
applied materials & interfaces, 2015. 7(28): p.
15148-15153.

63.Kratz, F., Albumin as a drug carrier: design of
prodrugs, drug conjugates and nanoparticles.
Journal of controlled release, 2008. 132(3): p. 171-
183.

64.Patel, N.R., et al., Nanopreparations to overcome
multidrug resistance in cancer. Advanced drug
delivery reviews, 2013. 65(13-14): p. 1748-1762.

65.Mehta, G., et al., Opportunities and challenges for
use of tumor spheroids as models to test drug
delivery and efficacy. Journal of Controlled
Release, 2012. 164(2): p. 192-204.

66.Bandekar, A., et al., Antitumor efficacy following
the intracellular and interstitial release of
liposomal doxorubicin. Biomaterials, 2012. 33(17):
p. 4345-4352.

67.Gao, Y., et al., Predictive models of diffusive
nanoparticle transport in 3-dimensional tumor cell
spheroids. The AAPS journal, 2013. 15(3): p. 816-
831.

68.Huang, Y., et al., Biomedical nanomaterials for
imaging-guided cancer therapy. Nanoscale, 2012.
4(20): p. 6135-6149.



Int. J. Adv. Res. Biol. Sci. (2018). 5(4): 226-239

239

69.Perche, F., N.R. Patel, and V.P. Torchilin,
Accumulation and toxicity of antibody-targeted
doxorubicin-loaded PEG–PE micelles in ovarian
cancer cell spheroid model. Journal of controlled
release, 2012. 164(1): p. 95-102.

70.Sagnella, S.M., et al., Dextran-based doxorubicin
nanocarriers with improved tumor penetration.
Biomacromolecules, 2013. 15(1): p. 262-275.

71.Zhang, Q., et al., A pH-responsive α-helical cell
penetrating peptide-mediated liposomal delivery
system. Biomaterials, 2013. 34(32): p. 7980-7993.

72.Qiu, K., et al., Mitochondria-specific imaging and
tracking in living cells with two-photon
phosphorescent iridium (iii) complexes. Journal of
Materials Chemistry B, 2015. 3(32): p. 6690-6697.

73.Dias, D.R., A.F. Moreira, and I.J. Correia, The
effect of the shape of gold core–mesoporous silica
shell nanoparticles on the cellular behavior and
tumor spheroid penetration. Journal of Materials
Chemistry B, 2016. 4(47): p. 7630-7640.

74.Elsadek, B. and F. Kratz, Impact of albumin on
drug delivery—new applications on the horizon.
Journal of controlled release, 2012. 157(1): p. 4-28.

75.Hawkins, M.J., P. Soon-Shiong, and N. Desai,
Protein nanoparticles as drug carriers in clinical
medicine. Advanced drug delivery reviews, 2008.
60(8): p. 876-885.

76.Podhajcer, O.L., et al., The role of the matricellular
protein SPARC in the dynamic interaction between
the tumor and the host. Cancer and Metastasis
Reviews, 2008. 27(4): p. 691.

77.Sage, H., C. Johnson, and P. Bornstein,
Characterization of a novel serum albumin-binding
glycoprotein secreted by endothelial cells in
culture. Journal of Biological Chemistry, 1984.
259(6): p. 3993-4007.

78.Trieu, V., et al., SPARC overexpression enhances
sensitivity to nab-paclitaxel in vivo, 2007, AACR.

79.Desai, N., et al., SPARC expression correlates with
tumor response to albumin-bound paclitaxel in
head and neck cancer patients. Translational
oncology, 2009. 2(2): p. 59-64.

80.Komiya, K., et al., SPARC is a possible predictive
marker for albumin-bound paclitaxel in non-small-
cell lung cancer. OncoTargets and therapy, 2016.
9: p. 6663.

81.Lu, H., et al., Penetration and drug delivery of
albumin nanoparticles into pancreatic
multicellular tumor spheroids. Journal of Materials
Chemistry B, 2017. 5(48): p. 9591-9599.

82.Eisele, K., et al., Tailored Albumin‐based
Copolymers for Receptor‐Mediated Delivery of

Perylenediimide Guest Molecules. Macromolecular
rapid communications, 2010. 31(17): p. 1501-1508.

83.Singh, P., et al., Folate and folate− PEG−
PAMAM Dendrimers: synthesis, characterization,
and targeted anticancer drug delivery potential in
tumor bearing mice. Bioconjugate chemistry, 2008.
19(11): p. 2239-2252.

84.Van Steenis, J., et al., Preparation and
characterization of folate-targeted pEG-coated
pDMAEMA-based polyplexes. Journal of controlled
release, 2003. 87(1-3): p. 167-176.

85.Hao, H., et al., Preparation, characterization, and
in vivo evaluation of doxorubicin loaded BSA
nanoparticles with folic acid modified dextran
surface. International journal of pharmaceutics,
2013. 444(1-2): p. 77-84.

86.Han, J.-H., et al., Enhanced hepatocyte uptake and
liver targeting of methotrexate using
galactosylated albumin as a carrier. International
journal of pharmaceutics, 1999. 188(1): p. 39-47.

87.Ghosh, P., et al., Preparation of albumin based
nanoparticles for delivery of fisetin and evaluation
of its cytotoxic activity. International journal of
biological macromolecules, 2016. 86: p. 408-417.

88.Khandelia, R., et al., Gold nanocluster embedded
albumin nanoparticles for two‐photon imaging of
cancer cells accompanying drug delivery. Small,
2015. 11(33): p. 4075-4081.

How to cite this article:
Richinandan Maiti, Saptarshi Panigrahi, Yin Tingjie, Huo
Meirong. (2018). Bovine Serum Albumin Nanoparticles
constructing procedures on Anticancer Activities. Int. J. Adv.
Res. Biol. Sci. 5(4): 226-239.
DOI: http://dx.doi.org/10.22192/ijarbs.2018.05.04.023

Access this Article in Online
Website:
www.ijarbs.com

Subject:
Pharmaceutical
SciencesQuick Response

Code
DOI:10.22192/ijarbs.2018.05.04.023


