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Abstract

Bioavailability has been one of the most important properties for the formulation to be an effective. The poor oral bioavailability
and solubility of several anti-cancer drugs has challenged the scientists all over the world to think differently than the
traditional drug delivery system. Recently, the use of natural polymer has been increased to increase the bioavailability of
these drugs. Casein polymer has shown to be promising in increasing the bioavailability of the anticancer drugs due to its
amphiphilic nature which can bind both hydrophilic and hydrophobic drugs. Due to the nature of the casein it has drawn the
attention of the scientists all over the world. In this review, we have focused on the work of various scientists in increasing the

oral bioavailability of poorly bioavailable anticancer drugs.
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Introduction

As indicated in Chapter 21 CFR (Codes of Federal
Regulations) Part 320 [1]. The bioavailability of a drug is
defined as the extent and rate to which the active drug
ingredientor active moiety from the drug product is absorbed
and becomes available at the site of drug action [1]. In the
latest days majority of anticancer drugs are preferred through
i.v injection because through this route bioavailability achieved
is 100%, but due to the higher plasma concentration it may
cause severe side effects on healthy tissues, and it is painful
and can cause bleeding. Oral route is most accepted and easy
route for the administration of drugs also it prevents from
high plasma level and protects from several side effects. But
there is a huge setback for several anticancer drugs as they
have very poor bioavailability, and their efficacy is limited
due to poor water solubility and intestinal permeation. Due
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to all these reasons, it is required to develop a new drug
delivery system through the oral route [2].

The primary mechanisms underlying the increased
absorption of biologically active molecules by polymeric
nanoparticles are (i) protection of the therapeutic agent
from the hostile GI tract environment, (ii) extension of
the holding time in the digestive tract by mucoadhesion,
(iii) endocytosis of the particles, and/or (iv) the polymer’s
permeabilizing effect [3]. Recently various scientists had
limelight on preparation of polymeric nanoparticles to
overcome the problem of bioavailability of anticancer drugs
and the use of biodegradable polymer is increasing as it is
less toxic and more compatible. There are various natural
polymers such as alginate, fibroin, proteins, polysaccharides,
peptides, collagen, albumin, gelatin, chitosan etc [4]. Among
all these natural polymers recently casein polymers has
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achieved limelight as it is food protein, which can provide
additional nutritional values, easily metabolizes, easily
uptake drugs and increases the bioavailability of the drugs
[5]. Casein consists of four subcomponents aS1, aS2, §, and k
andit also consists of about 6% of calcium phosphate, which

makes casein acid sensitive and allows faster release of drug
in acid medium 5 (Figure 1) . The self-assembling nature of
casein into micellar structure due to its amphiphilic nature
has made casein interesting entity [6] (Table 1).

Figure 1: Casein Micelles.

S.No. Drug Method .0 f Outcome References
Preparation
. . TP-Cas enhanced the absorption and improved oral

1 Triptolide self-assembly bioavailability of TP [7]
: o o/ 1o

2 Folic acid coacervation Bioavailability increases about 50% hlgher than when [8]

formulated in aqueous solution
3 Celecoxib It increased the solubility of celecoxib [9]
4 Myricetin self-assembly Bioavailability of myricetine was enhanced. [10]
5 Resveratrol coacervation Oral bioavailability increased 10 fold. [11,12]
6 Curcumin Spray drying Increase aqueous dispersibility [13]
. ENR-Cas enhanced the absorption, prolonged the retention
4 Enrofloxacin time, and improved the oral bioavailability of ENR. [14]
Increased Oral Bioavailability

8 Celecoxib Spray dried [15]
and Rapid Absorption

9 Sorafenib overcome its poor solubility and bioavailability [16]

10 flutamide Spray drying Increases solubility and sustain its release [17]

Table1: Impacts on bioavailability of anticancer drug.

Self-assembled casein nanoparticles loaded with
Triptolide (TP) for the enhancement of oral bioavailability
was developed by Liu and coworkers [7]. The C__ value for
this formulation was found to be (8.0 + 4.4 ug/mL which
was seen to be increased in relation to free TP (0.9 + 0.3
pg/mL). AUC was also seen to be increased 4.3 fold i.e. from
(0.6 £ 0.1 mg/L-h) to 2.8 £ 0.8 mg/L-h. with all these results
it was concluded that absorption and oral bioavailability
of TP was increased. 7 In another study Penalva and
coworkers developed casein nanoparticles for the oral
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delivery of Folic acid. The Coacervation technique was used
to formulate the nanoparticles. Casein nanoparticles were
seen to be resistant in acid environments and after the
study in rat model it was observed that it promotes the oral
bioavailability, which increased 50 folds more than that when
formulated as an aqueous solution [8]. Similarly, Madan and
coworkers have developed casein nanoparticles as a carrier
for Celecoxib. Celecoxib loaded casein nanoparticles seemed
to be enhanced in dissolution rate as compared to pure
Celecoxib along with enhanced solubility. The permeability
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of nanoparticles was seen to increase from 0.90 mg/cm?2 to
a maximum of 1.95 mg/cm2 after 10 min to 90 min [9]. Self-
assembled Casein-Myricetin nano micelles was developed
by Guo and coworkers to enhance the bioavailability of
Myricetin. It improved the water solubility of Myricetin.
The absorption rate of casein nano micelles was seen to be
increased to 60% in comparison of the Myricetin standard
sample which is 10.90%. Thus, this study concluded the
effectiveness of casein for the formulation of oral anticancer
drugs [10]. Resveratrol encapsulated casein nanoparticles
was prepared by Pefialva and coworkers and found that
Casein enhanced the absorption of Resveratrol and showed
sustained release. The bioavailability of Resveratrol loaded
casein nanoparticles was seen to be around 26.5%, which
is 10 times more than that of oral solution [11]. Pan and
coworkers encapsulated curcumin in casein nanocapsules
to enhance the aqueous dispersibility of curcumin. When
compared to just combining sodium caseinate and curcumin,
hydrated spray-dried powder increased the amount of
curcumin in clear dispersions by four times and this was
four decades higher than curcumin’s water solubility.
Dispersibility increased the curcumin bioreactivity and
encouraged biological activity [13]. Yuan and coworkers
developed pH driven Casein nanoparticles for the entrapment
of Enrofloxacin. C__ of the Casein formulation was seem to
be increased from (2.292 * 0.171 pg/ml) to (6.100 + 0.974
pg/ml) that is 2.6 fold higher compared to ENR suspension.
Mean residence time was increased from 9.287 + 0.524 to
11.372 # 1.139 hr and also AUC of ENR Casein was found
to be 80.521 * 6.624 pg-hr/ml, 3.8-fold higher than that of
ENR suspension (20.850 * 1.715 pg-hr/ml).14Morgen and
coworkers formulated polymeric nanoparticles to increase
the oral bioavailability and absorption of Celecoxib. Drug
incorporated into polymer showed faster peak plasma
concentration than marketed capsules that is the time taken
to maximum drug concentration was 0.74 hr in human
compared to 3hr for marketing capsules. According to this
study Celecoxib was seen to be released rapidly and it also
provided maximum dissolved drug concentration [15].
Mittal and coworkers formulated casein nanoparticle for
the delivery of Sorafenib to treat hepatocarcinoma cells.
The casein was derived from camel milk, and they also used
calcium chloride as a linker. After the experiment, it was
observed that the cytotoxic effect of Sorafenib loaded in
casein nanoparticle was way more than that of free Sorafenib.
It was concluded that casein may be used to enhance the
effectiveness and distribution of water insoluble anti-cancer
drugs [16]. Ahmed and coworkers prepared casein micelles
as a vehicle for Flutamide by spray-dried technique. They did
this experiment to increase the solubilization of Flutamide
and to deliver in a controlled manner. Results showed that
the circulation of Flutamide in plasma was prolonged in the
micelles form in comparison to standard drug solution [17].
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Conclusion

This mini review has shown the experiments done
with the help of Casein nanoparticles to increase the
bioavailability of anticancer drugs. The studies conclude that
solubility, absorption, dispersibility, mean retention time,
plasma peak level and oral bioavailability were increased by
incorporating different anti-cancer drugs in Casein polymer.
As being biocompatible and biodegradable casein has been
perfect polymer for the formulation of novel drug delivery
system. It can be also used as extra nutritional value as it is
derived from milk. Nanotechnology field is being explored
continuously and we expect that more work will be done
in this sector to get the full benefit of anticancer drugs with
minimum toxicity.
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