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Retinoic acid (R) grafted chitosan (C) copolymers with different degree of substitution of retinoic acid on the chitosan were
synthesized. Retinoic acid targeted chitosan-albumin nanoparticles were prepared for targeted delivery of doxorubicin in
hepatocellular carcinoma by coacervation method. Physical properties of nanoparticles including particle size, zeta potential, drug
loading efficiency, and drug release profiles were studied. TEM micrographs were taken to see the morphology of nanoparticles.
The cytotoxicity of doxorubicin-loaded nanoparticles was studied on HepG2 cells using MTT assay and their cellular uptake
by fluorescence microscopy. FTIR and 1HNMR spectra confirmed successful production of RC conjugate which was used in
production of the targeted RC-albumin nanoparticles. IC

50
of drug loaded in these nanoparticles reduced to half and one-third

compared to nontargeted nanoparticles and free drug, respectively.

1. Introduction
Hepatocellular carcinoma (HCC) is the fifth most common
malignancy in the world, the most common primary malig-
nancy of the liver, and the thirdmost common cause of cancer
deaths [1, 2]. The data from epidemiological surveys show
that the incidence is rising in North America, Oceania, and
central Europe [1]. Unfortunately, the 5-year survival rate of
the disease is very low (<5%), and about 600,000 lives are
lost each year because of HCC [3]. Important risk factors for
HCC include hepatitis B and chronic hepatitis C infection,
alcoholic cirrhosis, and nonalcoholic steatohepatitis [4].

Patients diagnosed at early stage benefit from surgical
resection, percutaneous ablation, and liver transplant, but
more than 80% of patients are diagnosed at intermediate
stage [5–9]. Even after curative treatments like resection or
percutaneous ablation the recurrence rate is high [10]. The
other problem is poor sensitivity to radiotherapy and high

resistance to available anticancer drugs [11, 12]. In addition,
side effects of chemotherapeutic agents are one of major
limitations in cancer treatment; for example, cardio toxicity
is one of most important risks of anthracyclines which are
used in different types of malignancies including: leukemias,
lymphomas, breast, uterine, ovarian, and lung cancers. Sug-
gested mechanisms of action for anthracyclines are three
mechanisms: (1) inhibition of DNA and RNA synthesis by
intercalating between base pairs of the DNA/RNA strand,
thus preventing the replication of rapidly growing cancer
cells, (2) inhibition of topoisomerase II enzyme, preventing
the relaxing of supercoiled DNA and thus blocking DNA
transcription and replication, and (3) creation of iron-
mediated free oxygen radicals that damage the DNA and cell
membranes [13, 14].Themost important reported side effects
of these drugs include cardiotoxicity and vomiting which
considerably limit their usefulness. Considering these facts,
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designing a drug delivery systemwithminimumpossible side
effects appears to be reasonable.

Nanoparticulate drug carriers require more considera-
tions in HCC, because Kupffer cells in liver sinusoids take up
the nanoparticles and make the drug delivery difficult [15–
17]. If the nanoparticle is targeted somehow to release the
drug almost only into HCC affected liver cells, the cytotoxic
activity will be less than nontargeted ones as was shown with
doxorubicin [18]. Vascular endothelial growth factor, growth
factor receptor, galactose, transferrin, folate, and retinoic acid
can be used as potential targeting agents in HCC [19–23].
Among them retinoic acid would be one of the best choices
since the retinoic acid receptor-𝛼 is reported as the dominant
receptor in HCC, and its mRNA has been shown to be at low
levels in normal liver but at high levels in HCC [22, 24].

Retinoic acid (R) is a derivative of vitamin A with an
important role in regulation of cell proliferation and differ-
entiation [25], and its inhibitory effect on cancer cell growth
is well established [26–30].

Chitosan (C) a chitin derivative is the second biomass
found in huge amounts on earth and along with its deriva-
tives is known as a low-toxic, biocompatible, biodegradable,
mucoadhessive, and low production cost material [31, 32]
which has been used as a delivery system for proteins, nut-
raceuticals, gene, and drugs [33–37]. Because of its positively
charged nature at low pH values, chitosan can associate with
anions to form polyelectrolytes in solution [31].

Albumin, a versatile protein carrier for drug delivery, has
been shown to be nontoxic, nonimmunogenic, biocompatible
and biodegradable. Therefore, it is ideal material to fabricate
nanoparticles for drug delivery. Albumin nanoparticles have
gained considerable attention owing to their high binding
capacity of various drugs and beingwell toleratedwithout any
serious sideeffects [38].

Ionic coacervation method is a suitable preferred tech-
nique for production of nanoparticles as colloidal drug car-
riers which have the capability of being decorated with the
specific receptor binding ligands. Since there is no organic
solvent used in this method and nanoparticles are prepared
without involving toxic cross linking agents like glutaralde-
hyde, the resulting nano-dispersion has no toxic residue to
be removed which, in turn reduces production costs, and a
safer drug delivery system will be resulted.

The aim of the present study was designing a targeted
delivery system of doxorubicin to hepatocellular carcinoma
by anchoring retinoic acid to chitosan-albumin nanoparti-
cles. Epirubicin is the anticancer agent of choice used in
HCC [23], but as there is no evidence suggesting any survival
or response difference between epirubicin and its isomer,
doxorubicin, at similar doses [39], doxorubicin was used in
the present study due to its lower cost.

2. Materials and Methods

2.1. Materials. Doxorubicin HCl was provided from Han-
gzhou ICH Biopharm Co., Ltd. (Zhejiang, China), retin-
oic acid from Solmag (Italy), and chitosan oligosaccha-
ride (90% deacetylated, Mw = 8.6 kDa) was supplied by
Yuhuan Marine Biochemistry Co., Ltd. (Zhejiang, China).

N-hydroxysuccinimide (NHS), N, N-Dicyclohexylcarbo-
diimide (DCC), and 3-[4, 5-dimethylthiazol-2-yl]-2, 5-
diphenyl tetrazolium bromide (MTT) were from Sigma
(USA). Egg albumin, anhydrous dimethylsulfoxide (DMSO),
and acetic acid were from Merck Chemical Company (Ger-
many). RPMI-1640 culture medium was from PAA (Austria)
and antibiotic mixtures were from GIBCO Laboratories
(Scotland). HepG2 cell line was supplied by Pasteur Institute
(Iran).

2.2. Preparation of Retinoic Acid Anchored Chitosan (RC).
The coupling reaction of retinoic acid and chitosan was done
as reported in our previous work [40] with little change.
Briefly, chitosan (2 g) was dissolved in acetate buffer (0.1M,
pH 4.7). Retinoic acid (calculated amounts for substituting 2
and 4 amine groups), DCC, and NHS (each in 1.5-fold of R)
were dissolved in 12mL of anhydrous DMSO, and after 24 hr
of stirring under nitrogen flush, this solution was added drop
wise to chitosan solution and was left to be stirred overnight
in darkness at room temperature. After completion of the
reaction, diluted aqueous solution of NaOH was added drop
wise to adjust the pH of reaction flask to 9. The product was
then dialyzed (Mw cutoff 2000, Membra-Cel, Viskase, USA)
against phosphate buffer at pH 7.4 and water (each for 2 days)
and finally lyophilized for maximum purification (Freeze-
dryer, Christ, 𝛼-2-4 LDPlus, Germany). Chitosan with 2 or
4 groups substituted was tagged as R2 or R4, respectively.

2.3. Preparation of RC-Albumin Nanoparticles. To fabricate
RC-albumin nanoparticles, an aqueous coacervation tech-
niquewas used.Different amounts of each type of synthesized
RC (6.66–66.6mg of R4 or R2) were dissolved by levigating
with a few drops of water and acetic acid.Then enough water
was added, and the pHwas adjusted to 2.49.The solution was
then sonicated using probe sonicator (HD 3200, Bandeline,
Germany) for 4 min with the power of 40w for amounts less
than 50mg and 60w for 50mg and more. The drug (2.6–
50mg) was then added to this solution while being stirred.
The albumin solution was prepared simply by dissolving egg
albumin (3.34–50mg) in deionized water. In the next step,
albumin solution was added drop wise to the solution of RC
while being stirred at 600 rpm.

2.3.1. Experimental Design. To evaluate the effect of process-
ing variables on the responses of particle size, zeta potential,
encapsulation efficiency (EE%), and drug release efficiency
(RE%) and to screen the most effective ones, an irregular
factorial design was used. Four different variables including
total polymer, polymer type, albumin amount, and drug
content were studied each in two levels. Table 1 shows the four
control factors selected in the optimization study.

An overview of the formulations investigated is presented
in Table 2.

A run involved the corresponding combination of lev-
els to which the factors in the experiment were set. All
experiments were done in triplicate. The effects of the
studied variables on the responses were then analyzed by
the Design Expert software (Version 7.1, USA) to obtain
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Table 1: Description and trial levels of studied factors in irregular
factorial design used in preparation of doxorubicin loaded in RC-
albumin nanoparticles.

Studied variables Levels
I II

Total mass of RC-albumin (mg) 10 100
Polymer type R2 R4
Albumin/RC 0.5 1
Drug/RC-albumin 0.25 0.5

Table 2: Composition of different formulations investigated in
preparation of doxorubicin loaded in RC-albumin nanoparticles
using irregular factorial design.

Formulation
code

Total mass of
RC-albumin
(mg) (A)

Albumin/RC
(B)

Drug/RC-
albumin
(C)

Polymer
type
(D)

A100B1C0.5R2 100 1 0.5 R2
A10B0.5C0.5R2 10 0.5 0.5 R2
A10B0.5C0.25R2 10 0.5 0.25 R2
A100B0.5C0.5R4 100 0.5 0.5 R4
A100B0.5C0.5R2 100 0.5 0.5 R2
A10B1C0.5R2 10 1 0.5 R2
A100B1C0.25R2 100 1 0.25 R2
A100B0.5C0.25R4 100 0.5 0.25 R4
A10B1C0.5R4 10 1 0.5 R4
A100B1C0.25R4 100 1 0.25 R4
A10B0.5C0.25R4 10 0.5 0.25 R4
A10B1C0.25R4 10 1 0.25 R4

independently the main effects of these factors, followed by
the analysis of variance (ANOVA) to determinewhich factors
were statistically significant. The optimum conditions were
determined by the optimizationmethod to yield a heightened
performance.

2.4. Particle Size and Zeta Potential Measurements. Themean
particle size and zeta potential of RC-albumin nanoparticles
were measured by photon correlation spectroscopy (PCS)
at a fixed angle of 90∘ (Zetasizer, ZEN 3600, Malvern
Instrumental, UK). Nanodispersion was suitably diluted to
measure mean particle size and polydispersity index.

2.5. Entrapment Efficiency. A 600 𝜇L of RC-albumin nano-
dispersion was centrifuged (Microcentrifuge Sigma 30 k,
UK) at 10000 rpm for 5min in eppendorf tubes (cut-off
10000Da). The supernatant, containing the free drug, was
diluted 1 : 7 with deionized water, and the UV absorbance
of resulting solution was evaluated spectrophotometrically
(UV-mini 1240, Shimadzu, Kyoto, Japan) at 𝜆max = 247 nm.
The solution contained all components but the drug was
used as the blank. The amount of entrapped drug was deter-
mined through the difference between the total and the free

drug. The entrapment efficiency (EE) of doxorubicin in RC-
albumin nanoparticles was calculated using the following:

EE (%) =
entrapped drug in nanoparticles
total amoutn of drug added

× 100. (1)

2.6. Drug Release Studies. Two ml of each nanoparticle
dispersion was transferred to a dialysis bag (Mw cutoff 12000,
Membra-Cel, Viskase, USA), and the bag was placed in
phosphate buffer solution (pH 7.4) containing 2% Tween 20
while stirred at 37 ± 1∘C. 700𝜇L samples were taken and
doxorubicin absorbance of each sample was measured at
𝜆max = 499.4 nm at specific time intervals until 70% of
entrapped drugwas released into themedia.Theparameter of
release efficiencywithin 60min (RE

60
%)was used to compare

the release profiles:

RE
60
% =
∫

𝑡

0
𝑦 ⋅ 𝑑𝑡

𝑦100 ⋅ 𝑡

× 100. (2)

2.7. Optimization of the RC-Albumin Nanoparticle Formula-
tions. Data processing was done using Design Expert soft
ware and the effects of each independent variable on the
studied responses were, determined. All responses fitted in
the linear model.

The constraints of particle size was 148.0 ≤ 𝑌
1
≤

472.2 nm with particle size targeted on minimum, for zeta
potential it was 29.3 ≤ 𝑌

2
≤ 46.8mV while it was desired

to be in range of obtained results, for loading efficiency the
constraints were 7.3 ≤ 𝑌

3
≤ 58.0% with the goal set at the

maximum and RE
60
% had constraints of 41.5 ≤ 𝑌

4
≤ 76.8%

with desired target set at the maximum.

2.8. Transmission Electron Microscopy (TEM). Samples of
well-dispersed optimum formulation of nanoparticles were
placed on a 300mesh carbon coated copper grid, and the grid
was left to dry in room temperature.Micrographs were taken
with different levels of magnification with an accelerating
voltage of 80 kv using a transmission electron microscope
(Zeiss, EM10C, Germany).

2.9. Cell Culture. HepG2 cells (purchased from the Pas-
ture Institute, Iran) were maintained in tissue culture
flask in 5% CO

2
, 95% humidified atmosphere at 37∘ in

RPMI-1640 medium containing 10% (v/v) of FBS (Fetal
Bovine Serum), and 1% of antibiotics mixture (peni-
cillin/streptomycin 50 IU/mL).

2.10. Cell Proliferation Assay (MTT Assay). HepG2 cells in
logarithmic phase of growth were plated in 96-well plates at
2 × 10

4 cells/mL and grown for 24 hr. The cells were then
treated with doxorubicin-loaded RC-albumin nanoparticles,
chitosan-albumin nontargeted nanoparticles, and free dox-
orubicin all at 0.25, 0.5, and 1 𝜇g/mL concentrations at 37∘C
for 48 hr. In each case blank nanoparticles with the same
concentration were used for comparison. After this period,
each well was exposed to 20𝜇L of MTT, and plates were
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incubated for an additional 3 hr.Then in eachwell, the culture
mediumwas removed and blue-violet formazan crystals were
dissolved by adding 150 𝜇L of DMSO. The absorbance of
each well was measured at wavelength of 570 nm using an
ELISA plate reader (Awareness, USA). Untreated cells and
cells treated with doxorubicin were used as negative and
positive controls, respectively.

2.11. Cellular Uptake Studies. The cellular uptake tests on
HepG2 cells were performed after 24 hr culturing the cells.
The nanoparticles were loaded with sodium fluorescein as
the fluorescent probe marker. The remained free marker
was removed by dialyzing against deionized water, and then
the washed loaded nanoparticles were used for the cellular
uptake test. Then sodium fluorescein-labeled nanoparticles
of RC-albumin nanoparticles, nontargeted chitosan-albumin
nanoparticles, and also the solution of sodium fluorescein
were incubated with the cells for 1 and 4 hr, and then
micrographs were taken using visible or fluorescent light
using a fluorescent microscope (Olympus, IX71, Japan).

3. Results and Discussion

3.1. Synthesis of RC Copolymer. The synthesis of RC copoly-
mer was confirmed by 1H NMR and FT-IR spectra. The
results are shown in Figures 1 and 2.
1H NMR spectra (400MHz, DMSO-d

6
) of R, C, and

RC copolymer are shown in Figure 1. Absence of the acidic
proton of R in the area of 12 ppm with the downfield shift
of the (g) proton of retinoic acid accompanying with the
presence of other reference picks of chitosan and R led us to
conclude that the chemical bonding between chitosan and R
has occurred.

FT-IR spectra of these substances are shown in Figure 2.
The absorption band at 1635 cm−1 in spectra of chitosan
(Figure 2(a)) was attributed to the carbonyl of O=C-NHR of
chitosan, and the absorption band at 1521 cm−1 was assigned
to the amino groups of chitosan with high deacetylation
degrees. The absorption band at 1680 cm−1 in spectra of R
(Figure 2(b)) was assigned to the carbonyl group of R, and
the absorption band around 2931 cm−1 was attributed to its
aliphatic alkanes. In the spectra of RC (Figure 2(c)) additional
absorption band that has appeared at 1736 cm−1 demon-
strated conjugation betweenR and chitosan; furthermore, the
presence of other reference bands of R and chitosan indicates
the occurrence of conjugation between R and chitosan.

3.2. Particle Size. Twelve different formulations of RC-
albumin nanoparticles loaded with doxorubicin (Table 1)
were prepared, and their physical properties were measured
as shown in Table 3.

As it can be seen in Figure 3,mean diameter of nanoparti-
cles is dependent mainly on the interaction between polymer
type and drug content. Statistical analysis of the results
showed that increase in degree of substitution of R in
copolymer led to decrease in particle size. The total mass
of copolymer and albumin also had a significant impact on
particle diameter. Comparing the contribution percentage

of total mass of copolymer and albumin with the ratio of
albumin/RC on the particle size of nanoparticles (Figure 3),
it can be concluded that the albumin part of the total amount
of RC-albumin plays a quite less significant role than the
chitosan part.

Retinoic acid is a hydrophobic molecule, so the more
retinoic acid is attached to chitosan the less water soluble
it will be, and this causes enhancement in hydrophobic
interactions which make the particle decrease its surface, and
more packed nanoparticles will be formed [40].

On the other hand, doxorubicin is protonated in nano
dispersion and is a water soluble drug [41], so the drug
entrapped in particles naturally tends to leave them and
enter the water. When hydrophobic interactions were less
significant (R2 compared to R4) the particles could swell.The
total mass of copolymer and albumin also had a significant
impact on particle diameter. From previous studies [42–44]
it was expected that increased chitosan concentration led to
increase in size.

Comparing the contribution percentage of total mass of
copolymer-albumin with the ratio of albumin/RC on the
particle size of nanoparticles (Figure 3), it can be concluded
that the albumin part of the total amount of copolymer and
albumin plays a quite less significant role than the chitosan
part. Even statistical analysis of the effect of each variable on
the particle size showed that albumin/RC caused decrease in
the particle size of nanoparticles. The increase in albumin
concentration induced more negative charge in nanodisper-
sion, and the positively charged chitosan molecules formed
more ionic bonds which made the particles wall to form
tighter surface leading to the shrinkage and decrease in the
surface of the particles, so in higher amounts of albumin,
the effect of chitosan in increasing the size is somewhat
attenuated.

3.3. Zeta Potential. As Figure 4 indicates the zeta potential of
nanoparticles depended mostly on the amount of total mass
of RC-albumin and the interaction between the drug content
and albumin. Statistical analysis showed that in drug content
level of 0.25 increasing the albumin to RC ratio had a slim
effect on zeta potential but, as the albumin concentration was
increased, switching to higher level of drug content had quite
significant impact on zeta potential.

Zeta potential is often a key factor in the stability of
colloidal dispersions. Table 3 indicates that the changes of
zeta potential were between 39.5 ± 1.8 to 46.8 ± 3.2mV. This
demonstrates that the nanoparticles dispersion obtained by
coacervation method in an aqueous system is a physically
stable system. As Figure 4 indicates the zeta potential of
nanoparticles depended mostly on the amount of total
mass of RC-albumin and the interaction between the drug
content and albumin. As was mentioned before, albumin
imparts negative charge to the nanoparticles, and the higher
albumin concentration resulted in less positively charged
nanoparticles. This reducing impact on zeta potential is
more profound than the increasing effect of chitosan on zeta
potential (Figure 4).

Freitas and Müller [45] have shown that the increased
drug content could reduce the charge density and absolute
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Figure 1: 1H NMR spectra: (a) retinoic acid, (b) chitosan, and (c) retinoic acid-chitosan conjugate.

values of zeta potential. Statistical analysis of our results
revealed that in drug content level of 0.25 increasing the
albumin to RC ratio had slim effect on zeta potential, but as
the albumin concentrationwas increased, switching to higher
level of drug content had quite significant impact on zeta
potential.

3.4. Entrapment Efficiency. As it can be seen in Figure 5, the
amount of total RC and albumin was the most important
factor affecting the entrapment efficiency, while the role of
albumin alone was negligible.Therefore, it may be concluded
that the main factor was the amount of RC. Increased drug
content resulted in lower entrapment efficiency (Table 3).
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The interaction of albumin/RC with drug content/albumin-
RC was also another effective parameter on doxorubicin
entrapment efficiency.

Many factors have been reported to affect the entrapment
efficiency of drugs in nanoparticles with chitosan structures
such as drug to polymer ratio, chitosan concentration, the
properties of the drug itself, and the stirring rate. In present
study the stirring rate was set to be the same for all tests so its
effect did not interfere in entrapment efficiency.

As mentioned earlier, Figure 5 indicates that the amount
of total RC and albumin was the most important factor
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potential of RC-albumin nanoparticles loaded with doxorubicin.
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Figure 5: Contribution percent of studied variables on entrapment
efficiency of RC-albumin nanoparticles loaded with doxorubicin.

affecting the entrapment efficiency, while the role of albumin
alone was negligible. Therefore, it may be concluded that the
main factor was the amount of RC. Bayomi [37] observed
that high concentration of albumin solution and accordingly
the increase of albumin-to-chitosanweight ratio were accom-
panied with increase in particle size and incorporation effi-
ciency of indomethacin in albumin-chitosan microspheres,
while a slow drug release was observed.

In another study reported by Bayomi et al. [44], they
prepared casein-chitosan microspheres using an aqueous
coacervation method to encapsulate diltiazem hydrochloride
and reported the amount of protein (casein) as the major
variable affecting the entrapment efficiency of the drug.

Although some reports from previous studies [46, 47]
showed that with higher levels of chitosan concentration
used in production of chitosan nanoparticles entrapment
efficiency had increased, in the present study statistical
analysis of data showed that increase in RC concentration
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Table 3: Physicochemical properties of different doxorubicin-loaded RC-albumin nanoparticles.

Formulation code Particle size (nm) PdI Zeta potential (mv) Loading efficiency% RE60%
A100B1C0.5R2 357.0 ± 39.8 0.53 39.5 ± 1.8 33.3 ± 7.2 41.5 ± 1.2

A10B0.5C0.5R2 232.4 ± 19.3 0.31 43.7 ± 1.2 40.6 ± 14.5 66.6 ± 128

A10B0.5C0.25R2 148.0 ± 16.0 0.44 41.3 ± 3.8 56.8 ± 13.4 50.5 ± 9.4

A100B0.5C0.5R4 264.5 ± 86.7 0.77 46.8 ± 3.2 8.3 ± 2.8 76.8 ± 2.4

A100B0.5C0.5R2 472.2 ± 78.9 0.94 44.8 ± 1.9 7.3 ± 6.3 55.6 ± 3.1

A10B1C0.5R2 370.0 ± 51.9 0.93 29.3 ± 6.9 50.7 ± 4.7 52.6 ± 7.8

A100B1C0.25R2 234.0 ± 8.0 0.86 45.0 ± 2.2 28.9 ± 9.9 54.8 ± 10.6

A100B0.5C0.25R4 340.7 ± 64.6 0.76 41.2 ± 4.7 32.5 ± 6.8 32.2 ± 4.2

A10B1C0.5R4 188.0 ± 65.8 0.94 37.4 ± 6.6 57.7 ± 7.1 43.4 ± 3.6

A100B1C0.25R4 349.0 ± 65.3 0.70 42.3 ± 2.3 34.2 ± 5.1 53.8 ± 8.1

A10B0.5C0.25R4 248.2 ± 59.3 0.65 43.3 ± 4.2 48.7 ± 8.0 72 ± 8.7

A10B1C0.25R4 186.4 ± 18.3 0.74 42.5 ± 0.3 41.1 ± 26.2 46.4 ± 5.4
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Figure 6: Doxorubicin HCl release profile from different formulations of RC-albumin nanoparticles prepared from (a) R2 or (b) R4
copolymer with different studied variables (mean ± SD, 𝑛 = 3).

significantly decreased the entrapment efficiency. This might
be due to higher viscosity of RC solution in higher con-
centrations and less chance of the drug to be entrapped
into the particles [46]. Moreover, as was mentioned before,
doxorubicin has positive charge, so when it came in contact
with positively charged RC electrical repulsion inhibited the
drug to enter into the nanoparticles, and as the albumin
ratio was increased, its negative charge neutralized the total
positive charge and entrapment efficiency of doxorubicin was
enhanced (Table 3). Increased drug content resulted in lower
entrapment efficiency (Table 3), and this effect agreed with
what was reported by Sinha et al. [46].

3.5. In Vitro Drug Release Studies. Generally, a fast release
profile for doxorubicin was observed in all formulations
(Figure 6).

Figure 7 shows the most effective factors that determine
release behavior. Some of these variables are the total mass
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of RC and albumin, polymer type, the interaction of these
two variables, the interaction effect of the drug and albumin
content, and also the interaction of albumin and polymer
type. Statistical analysis of release data showed that increasing
the total mass of RC and albumin significantly decreased the
RE. Albumin content had low effect on release behavior of
doxorubicin from the nanoparticles.

Doxorubicin release profiles from the most of nanoparti-
cle formulations showed a near zero order process (Figure 6).
However, some of the nanoparticles especially those prepared
with R4 polymer like A

100
B
0.5
C
0.5
R4, A

100
B
1
C
0.25

R4, and
A
10
B
0.5
C
0.25

R4 showed a biphasic release pattern for doxoru-
bicin so that at first, a quick release and then a slowphasewere
observed.The initial rapid release is probably caused by drug
release which is dissolved in the surface of nanoparticles that
leaks promptly into the release medium, and the next slow
release phase is due to the drug diffusion through the core of
the nanoparticles matrix.

Statistical analysis of release data showed that increasing
the total mass of RC and albumin significantly decreased the
RE. Albumin content had low effect on release behavior of
doxorubicin from the nanoparticles this effect agrees well
with what Nishioka et al. [47] have reported. In the study
reported by Bayomi [37] on the release of indomethacin
from chitosan-albuminmicrospheres, they found that higher
drug loading around 40% w/w or higher started to interfere
with the coacervation process and increased the rate of drug
release. Similar results were obtained with coacervation of
chitosan with gumkaraya [48], and it was concluded that
this effect may be due to an increase in the number of drug
particles, which reduced the amount of coacervated phase
within the microspheres and might have interfered with
cohesion of coacervate. In spite of the reported effect of drug
loading (more than 40%) on the release rate of drug from
chitosan-albumin microspheres [37], in our work the drug
to polymer ratio was set at 0.5 or 0.25 (Table 2), but still at
these high loading its effect on drug release efficiency was
negligible (Figure 7). This may be attributed to the different
drug solubility of indomethacin (as a low water soluble drug)
used in previous studies and doxorubicin HCl (a quite water
soluble drug) used in the present study that does not interfere
with coacervation process.

3.6. Optimization. In many formulations, not just pharma-
ceutical in nature, it is necessary to balance several different
measures of quality (i.e., properties) in order to find the best
overall product. Changes to the formulation to improve one
property may have a deleterious impact on another property.
The process of finding the best compromise has been more
rigorous by the process of desirability optimization, to pro-
duce numerical value of a desirability function.

Computer optimization of the results from irregular
factorial design will allow the estimation of a specific
combination of the variables that will optimize the indi-
vidual responses and will yield a product with desirable
qualities. The criteria for the optimization of all studied
factors are shown in Table 1. Twelve different formulations
were designed with Design Expert software by an irreg-
ular factorial design. Then considering the results of the

experiments done on these formulations (Table 3), opti-
mization was done using Design Expert software, and
A
10
B
1
C
0.37

R2 was suggested as the optimum formulation
which showed a good particle size of 286 nm, zeta potential
was 30.5mV, an acceptable entrapment efficiency of 43.6%,
and relatively high release efficiency of 56.17%.

Comparing the results predicted by this software for the
optimum formulation of nanoparticles with the actual values
showed that the error percent was −33%, 12%, 3.11%, and 13%
for particle size, zeta potential, entrapment efficiency, and
release efficiency, respectively.

3.7. Transmission Electron Microscopy (TEM) of the Nanopar-
ticles. The morphology of the prepared nanoparticles is
shown in Figure 8. The nanoparticles are obviously discrete;
some spherical and some irregular shapes and the scale bar
of the graphs confirm the particle size of the nanoparticles
obtained by PCS method (Table 3).

The results of particle size of the nanoparticles obtained
by PCS method (Table 3) were confirmed by the TEM
pictures as seen in Figure 8. Although the pH of the solution
was adjusted at 2.49 in all formulations, but some irregularity
was seen in the particles. After preliminary studies the, pH of
2.49was selected as the cross-linking interactionwas initiated
at acidic pH in the presence of amino groups. It was expected
as the pH of solution was increased, the efficiency of cross-
linking reaction was decreased and the particles became less
rigid, resulting in irregular particles. This trend of changes
was maximum at pH 4.52, which is close to the isoelectric
point of egg albumin where the molecules are nearly overall
electroneutral, and incomplete coacervation (if any) and/or
incomplete cross linking of the nanoparticles is possible
[38].

3.8. Cell Proliferation Assay. Cell survival percentage of
HepG2 cells is shown in Figure 9. Doxorubicin-loaded
nanoparticles targeted with retinoic acid (RC-albumin) were
compared with nontargeted ones (chitosan-albumin) and
free doxorubicin. As can be seen from Figure 9, the IC

50
is

decreased in both targeted and nontargeted nanoparticles
compared to free doxorubicin. The retinoic acid targeted
nanoparticles had the lowest IC

50
. The highest growth

inhibitory effect was observed in cells treated with RC-
albumin nanoparticles at 0.5 𝜇g/mL concentration that is
approximately two and three times greater than the effect
observed with nontargeted and free doxorubicin at the same
concentration, respectively.

However, the cell survival percentage shows an increase
in doxorubicin-loaded RC-albumin nanoparticles-treated
group at 1 𝜇g/mL concentration and its blank nanoparticles.
Antonyak et al. [49] reported that retinoic acid and its
various synthetic analogs affected mammalian cell growth,
differentiation, and apoptosis. Whereas treatment of the
human leukemia cell line HL60 with retinoic acid resulted
in cellular differentiation, addition of the synthetic retinoid,
N-(4-hydroxyphenyl) retinamide (HPR), and induced HL60
cells to undergo apoptosis. Moreover, pretreatment of HL60
cells as well as other cell lines (i.e., NIH3T3 cells) with
retinoic acid blocked HPR-induced cell death. Therefore,
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Figure 8: TEMmicrographs of RC-albumin nanoparticles loaded with doxorubicin with different magnifications.
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Figure 9: Viability of HepG2 cells after treatment with different
concentrations of doxorubicin-loaded nanoparticles of chitosan-
albumin with or without retinoic acid conjugate in comparison with
free doxorubicin by MTT assay (𝑛 = 3).

it may be concluded that the growth inhibitory effect of
retinoic acid on HepG2 cells that is exerted via 𝛼-receptors
over expressed in hepatocellular carcinoma may be dose
dependent. When the concentration of nanoparticles was
increased to deliver 1𝜇g/mL of doxorubicin to the cells,
the concentration of carrier itself, that is, RC-albumin, was
increased too, and the increased retinoic acid may have
blocked cell death induced by doxorubicin that is loaded in
RC-albumin nanoparticles. Consequently the viable cells had
increased at 1𝜇g/mL concentration.

3.9. Cellular Uptake Study. The results are represented in
Figure 10. As this figure shows after 1 hr of incubation just

RC-albumin nanoparticles show a brief accumulation of
fluorescence in the cells. After 4 hr, the green fluorescence
is sighted more significantly in cells that are incubated with
sodiumfluorescein loaded in RC-albumin nanoparticles than
nontargeted chitosan-albumin nanoparticles, and there is
no significant fluorescence in cells that are incubated with
solution of sodium fluorescein. It should be reminded that
after loading the nanoparticles with the fluorescein solution,
the free fluorescein was removed from the solution by dialysis
method, and just the washed loaded nanoparticles were
exposed to the cells.

These results depict robust uptake of the nanoparticles
in HepG2 cells. Control cells incubated with free solution of
fluorescein did not show any fluorescence.The cells incubated
with nontargeted nanoparticles (chitosan-albumin) loaded
with fluorescein exhibited a brief green fluorescence com-
pared to rapid internalization and accumulation of retinoic
acid targeted nanoparticles (RC-albumin) by the cancer
cells (Figure 10). Further investigation on the mechanism of
retinoic acid targeted nanoparticles uptake, and the kinetics
of drug uptake and retention in the HepG2 cells compared to
a free drug in vivo will be useful to establish the efficacy of
nanoparticles for various therapeutic applications.

4. Conclusions

Chitosan-albumin nanoparticles targeted with R were pre-
pared for targeted delivery of doxorubicin to hepatocellular
carcinoma. R was grafted to chitosan by DCC-NHS chem-
istry, and RC copolymer was synthesized successfully. An
aqueous coacervation method was used to attach albumin to
RC copolymer. Preparation of the targeted nanoparticles of
RC-albumin containing doxorubicin was optimized statisti-
cally by an irregular factorial design. The best formulation
of the RC-albumin nanoparticles was A

10
B
1
C
0.37

R2 which
was prepared by copolymer of chitosan and retinoic acid
in which 2 amine groups were substituted, 10mg of RC-
albumin was used in its preparation, the ratio of albu-
min/RC was 1 and the ratio of drug/RC-albumin was 0.37.
The particle size of these nanoparticles was 286 nm, zeta
potential of 30.5mV, an acceptable entrapment efficiency
of 43.6%, and relatively high release efficiency of 56.17%
until 1 hr of release test. The highest growth inhibitory
effect was observed in HepG2 cells treated with RC-albumin
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Figure 10: Fluorescent and visible light microscopic images of HepG2 cells after incubation with fluorescein loaded in nanoparticles of RC-
albumin and chitosan-albumin or as free fluorescein solution for 1 and 4 hr.

nanoparticles at 0.5 𝜇g/mL concentration that is approxi-
mately two and three times greater than the effect observed by
nontargeted and free doxorubicin at the same concentration,
respectively. This may reduce needed dose of doxorubicin
and consequently reduces the required doses which in turn
reduces the cardiotoxicity of this drug. The results should be
checked in vivo to confirm the promising results on the cell
culture.
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