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Abstract
 Cutaneous malignant melanoma is fastest-growing cancer in white populations with a large majority of
dermal cancer death. The activity of vascular endothelial growth factors (VEGFs) results in the signaling
of a variety of downstream intracellular pathways that ultimately leads to cell activation, proliferation,
migration, and angiogenesis. VEGF inhibitors such as Bevacizumab are widely used in chemotherapy
with systemic administration, which in many cases is associated with a variety of side effects. Here, we
designed and synthesized a lipid-polymer nanoparticle for local administration of Bevacizumab. Drug
release, dermal absorption, and the effects of synthesized nanoparticles containing Bevacizumab on cell
proliferation and in vitro and in vivo angiogenesis were investigated. Encapsulating Bevacizumab in the
synthesized nanoparticles resulted in a signi�cant increase in its dermal absorption compared to free
Bevacizumab. Also, the suppressor effects of Bevacizumab encapsulated in the synthesized nanoparticle
on cell proliferation and angiogenesis were signi�cantly more than those of free Bevacizumab. Our
�ndings indicate the remarkable effects of lipid-polymer nanoparticles in dermal absorption and in
maintaining Bevacizumab bioactivity, suggesting therapeutic bene�ts of local Bevacizumab
administration for angiogenesis-related disorders such as cutaneous melanoma.

1. Introduction
Cutaneous melanoma is a common malignancy with an increasing incidence that develops from
pigment-producing cells in skin, melanocytes [1]. The major risk factors in the development of cutaneous
melanoma include exposure to UV radiation from the sun or other sources, chronic dermal lesions such
as nevus, a positive family history of melanoma, and poor immune function[2]. Also, several rare skin-
related genetic conditions such as xeroderma pigmentosum increase the risk of cutaneous melanoma.

Like other malignancies, angiogenesis plays a vital role in tumor growth, spread, and metastasis of
cutaneous melanoma [3]. Angiogenesis, the formation of new blood vessels from existing ones, occurs
when the balance between stimuli and inhibitors of angiogenesis is shifted toward stimuli. A variety of
angiogenic stimuli have been identi�ed, including vascular endothelial growth factor (VEGF), �broblast
growth factor-B (bFGF), platelet-derived growth factor (PDGF), and transforming growth factors α and β
(TGFα/β) [4]. VEGF-A activates several downstream intracellular signaling pathways, including PLCγ,
PI3K, and MAPK, by binding to tyrosine kinase receptor-2 (VEGFR-2, also known as Flk-1 and KDR),
resulting in an increase in cell proliferation, migration and survival as well as angiogenesis [5, 6].

Bevacizumab is a recombinant monoclonal anti-VEGF antibody commonly used in combination with
chemotherapy to prevent tumor angiogenesis and metastasis [7]. Nevertheless, a variety of side effects
have been reported for systemic administration of Bevacizumab such as gastrointestinal ulceration [8],
cardiovascular disorders[9, 10], hypertension[11], thromboembolic [12, 13], central nervous system
hemorrhage [14], and nasal septum perforation [15]. Availability of cutaneous melanoma tumors is an
incentive for the local drug injection to eliminate the side effects of systemic administration.
Bevacizumab is a water-soluble compound with poor dermal absorption. In addition, the possibility of
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denaturation of protein structure by enzymes in the skin and its loss of function are of the challenges of
local injection of free Bevacizumab.

Lipid compounds have recently attracted much attention for the local administration of a variety of drugs
in skin complications. The effect of lipid-based nanoparticles such as lecithin on increasing the
penetration and absorption of water-soluble compounds in the skin has been reported in various studies
[16–19]. Furthermore, biodegradable polymers such as chitosan can encapsulate proteins and protect
them against environmental enzyme damage [20, 21]. In this study, we designed and synthesized a
polymer-lipid nanoparticle (polymer core and lipid coating) that could e�ciently load Bevacizumab,
increased dermal absorption of Bevacizumab and inhibit angiogenesis in vitro and in vivo.

2. Materials And Methods

2.1 Materials
Chitosan was purchased from Sigma-Aldrich (Germany), Bevacizumab was procured from Ariogen
Pharmed (Iran)., triphosphate( TPP), acetic acid, NaOH, lecithin, cholesterol, chloroform, PBS buffer, MTT
salt, DMEM medium, FBS, Cytodex 3 microcarriers, 8-day-old eggs, formaldehyde, glyceryl monostearate,
vaseline, polysorbate 80, glycerin, Dextran 40, Ethyl p-hydroxybenzoate, Pentylene Glycol, distilled water.

2.2. Synthesis of lipid-coated chitosan-Bevacizumab
nanoparticles (Lip-Chi-Bev NPs)
Chitosan nanoparticles were synthesized using the ion exchange method [22]. To prepare 0.05% w/v
chitosan solution, 50 mg of chitosan was dissolved in 100 ml of 1% acetic acid and adjusted to pH 6.
Chitosan nanoparticles were prepared by adding 1 mL of TPP solution (0.2 mL per min) to 3 mL of
chitosan solution under stirring at 900 rpm. Chitosan nanoparticles containing Bevacizumab (Chi-Bev
NPs) were synthesized by stirring 3 mg of Bevacizumab with 3 ml of chitosan solution for one hour at
300 rpm. Then, 1 ml of TPP solution at 900 rpm/0.2ml per min were added to the chitosan solution
containing Bevacizumab. The prepared chitosan nanoparticles were then lyophilized and stored at
4°C[23]. To lipid-coating the chitosan nanoparticles containing Bevacizumab (Lip-Chi-Bev NPs), 16 mg of
chitosan nanoparticles containing Bevacizumab (10 mg Bevacizumab) was dispersed in 50 ml of 45°C
water. Then, 18 mg lecithin and 2mg cholesterol were dissolved in 600µl of chloroform, and rotated at
50°C, 100rpm. An hour later, a thin lipid �lm was formed, and an aqueous solution containing chitosan
nanoparticles was then added to that and placed in an ultrasonic bath for 5 min, stirred for 45min at
45°C, sonicated for 4 min, and �nally placed in an ultrasonic bath for 2 min.

2.3 Characterization of Lip-Chi-Bev NPs
Dynamic light scattering (DLS) was performed to determine the size, polydispersity index (PDI) and zeta
potential of Lip-Chi-Bev NPs using a nanosizer instrument (Malvern, England). The exact particle size of
Lip-Chi-Bev NP was also con�rmed by scanning electron microscopy (SEM) (Quanta450, Fei, United
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States). The formation of Chi -Bev NPs, Lip-Chi-Bev NPs and the loading of Bevacizumab into
nanoparticles was con�rmed by Fourier-transform infrared spectroscopy (FTIR). FTIR spectrum was
scanned by Shimadzu IR2000 (Japan) in the range of 400–4000 cm− 1 and scanning speed of 8/cm for
100 scans.

2.4 Determining the entrapment e�ciency and drug loading
First, the entrapment e�ciency and drug loading were measured for chi-Bev NPs and then, the �nal drug
loading for Lip-Chi-Bev NPs was evaluated according to the following formulas. So that, the chi-Bev NPs
were centrifuged for 30 min at 15,000 rpm, the amount of free Bevacizumab in the supernatant was
measured using UV spectroscopy at 278 nm. The resulting precipitate was also lyophilized to obtain the
total mass of chi-Bev NPs. After lipid coating of chi -Bev NPs, the �nal measurement of drug loading was
performed, and the precipitated nanoparticles of the centrifuge at 15,000 rpm/45 min were lyophilized to
obtain the total mass of Lip-Chi-Bev NPs.

% Entrapment e�ciency = 
AmountofBevacizumabentrapped
TotalamountofBevacizumabadded  ×100

% Drug loading = 
AmountofBevacizumabentrapped

Amountoftotalnanoparticle  × 100

2.5 Drug release study
27 mg of Lip -Chi-Bev NPs containing 10 mg of Bevacizumab was dispersed in 50 ml PBS buffer and
placed in a shaker/incubator 37°C/100 rpm for 48 hours, then removed 1 ml of solution at times of 1, 2, 4,
6, 8, 10, 12, 24 and 48 hours and centrifuged at 12,000 rpm. The supernatant was used to measure the
amount of released Bevacizumab, and the precipitate was dissolved in 1 ml of buffer and returned to the
original solution. Measurement of released Bevacizumab was done in triplicate. The amount of
Bevacizumab in the samples was measured using UV spectroscopy at 278 nm.

2.6 Measurement of dermal absorption
For using animals in the study, the study procedure was approved by the Research Ethics Committee of
Kermanshah University of Medical Sciences (IR.SBMU.RETECH.REC.1398.11.11). Evaluation of dermal
absorption of Lip-Chi-Bev NPs was performed once alone and once in a cream base to facilitate the �nal
application. To evaluate the dermal absorption of Lip-Chi-Bev NPs, a two-phase cream base (water in
oil)is required. Oil phase components (20 g glyceryl monostearate, 2g Vaseline, 0.2g polysorbate 80) and
water phase components (25g glycerin, 0.3g Dextran 40, 2g Ethyl p-hydroxybenzoate, 50ml distilled
water) were melted separately. The oil phase and the aqueous phase were mixed and pentylene glycol
was added as a preservative.

Six-week-old Balb/c mice with weights about 35 g were used to evaluate the dermal absorption of Lip-Chi-
Bev NPs. Mice were anesthetized with chloroform and then killed by amputation of the spinal cord. The
full-thickness skin of the abdomen was completely removed and kept in normal saline phosphate until
use. The isolated skins were applied immediately without storage. 0.05 M buffer (47.5 ml of 0.2 M
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NaH2PO4 solution and 202.5 ml of 0.38 M NaHHPO4 solution) was prepared at pH 7.2. The Franz
diffusion cell was �lled with 30 ml (stirring speed: 70 rpm, temperature: 37 ± 2.5 ˚C), of the prepared
buffer, and the dermis (the available area: 1×1 cm2 as a natural membrane, was �xed on top of that. Then
2.7 mg of Lip-Chi-Bev NPs (contain 1mg Bevacizumab) was dispersed in 1 ml of cream and applied to
the dermis. Also, 2.7 mg of Lip-Chi-Bev NPs(contain 1mg Bevacizumab) was suspended in 1 ml of PBS
buffer. To measure the dermal absorption of free Bevacizumab, a concentration of 1 mg/ml was prepared
in PBS buffer. The sampling process was such that every 1 ml of buffer was removed from the inside of
the Franz cell and replaced with 1 ml of buffer. Dermal absorption was measured at 37°C for 24 hours.
Under the same conditions, 2.7 mg of Lip-Chi-Bev NPs was dispersed in 1 ml of 0.05 M buffer and
examined. The amount of Bevacizumab in the samples was measured using UV spectroscopy at 278 nm.

2.7 Cell proliferation assay using a two-dimensional in vitro
model
1.5×103 cells/well of serum-starved hBMEC cells (human brain microvascular endothelial cells) were
seeded in a 96-well plate and incubated with DMEM medium containing 10% FBS for 48 hours. Four cell
groups were considered, including control cells, cells exposed to lipid-coated chitosan nanoparticles
without Bevacizumab (Lip -Chi NP), cells exposed to free Bevacizumab, and cells exposed to Lip -Chi-Bev
NPs. Different concentrations (0.25, 0.725 and 1.25 mg/ml) for each cell group were studied in triplicates.
The cells were treated with 25µl/well (5 mg/ml in PBS buffer) of MTT solution. The precipitated purple-
blue formazan crystals were dissolved in 100 µl DMSO. Optical density was measured in the 570 nm
wavelength using an ELISA reader 450/630 nm.

2.8 Tube formation assay using a three-dimensional in vitro
model
First, Cytodex 3 microcarriers were dispersed in 15 ml of PBS buffer and incubated overnight at 4°C until
the cytodex swelled. After sterilization of microcarriers, the supernatant was replaced by a fresh DMEM
culture medium. hBMEC cells in the logarithmic growth phase were trypsinized and centrifuged. The cell
pellet was suspended in DMEM containing 10% FBS and then mixed with an appropriate number of
microcarriers, gently shaked for 4 hours. The cell-coated microcarriers were impregnated with collagen
solution. Before collagen coagulation, the resulting solution was aliquoted into a 24-well plate and
incubated in an incubator 370C. Cell-coated microcarriers were �t well into collagen. The cell groups were
then exposed to different concentrations (0.25, 0.725 and 1.25 mg / ml). After 48 hours of incubation, the
cells were observed under a microscope and photographed [24].

2.9 Chorioallantoic Membrane Assay (CAM assay)
8-day-old eggs were used to evaluate angiogenesis in vivo. A window was created on the calcareous
surface of the eggs. The four mentioned groups were exposed to different concentrations (0.25, 0.725
and 1.25 mg/egg) of desired compounds and administered into eggs every 48 hours for seven days. On
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the seventh day, 400 µl of 10% formaldehyde solution was added to each egg, and after 3 hours the eggs
were opened and the membrane was separated [25].

2.10 Statistical analysis
All data were presented as mean ± SD. Data graphs were plotted using the GraphPad Prism software.
Statistically signi�cant differences were calculated after analysis of ANOVA followed by Tukey's posthoc
test. Values ≤ 0.05 were considered statistically signi�cant. Each point or column represents the mean ± 
SEM. (n = 3); *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001.

3. Result

3.1 Characterization of Lip-Chi-Bev NPs
Chi-Bev NP, Lip-Chi-Bev NP and chitosan nanoparticles without Bevacizumab were synthesized. First, the
hydrodynamic diameter size of the nanoparticles was investigated (Table 1). The hydrodynamic diameter
size of chitosan nanoparticles without Bevacizumab was 117.63 ± 3.6, while it was 137.33 ± 8.7 and
283.31 ± 6.3 for Chi-Bev NPs and Lip-Chi-Bev NPs, respectively. The increase in nanoparticle size con�rms
the loading of Bevacizumab by chitosan nanoparticles. The hydrodynamic size of Lip-Chi-Bev NP is
283.31 ± 6.3. This increase in size also indicates the placement of a lipid coating on chitosan
nanoparticles[26]. The image obtained by SEM showed spherical morphology of Lip-Chi-Bev NPs. Also
the reported size by SEM was 209.27 ± 6.4 (Fig. 1). The zeta potential for chitosan nanoparticles without
Bevacizumab, Chi -Bev NPs, and Lip-Chi-Bev NPs was 22 ± 1.5, 17.33 ± 0.61, and 15 ± 1.5 mV, respectively
(Table 1). The decrease in zeta potential when loaded with Bevacizumab by chitosan nanoparticles
indicates that Bevacizumab has a negative charge[27], indicating that the chitosan nanoparticle was able
to load Bevacizumab. Observing the negative value of the zeta potential of Lip-Chi-Bev NP, it can be
concluded that the lipid coating is well located on Chi-Bev NP[26].

Table 1
Size, PDI and zeta potential of Chitosan NPs, Chi-Bev NPs and Lip-Chi-Bev

NPs
Nanoparticles (NPs) Size(nm) PDI Zeta potential(Mv)

Chitosan NPs 117.6 ± 3.6 0.29 ± 0.02 22 ± 1.51

Chi-Bev NPs 137.33 ± 8.7 0.3 ± 0.08 17.33 ± 0.61

Lip-Chi-Bev NPs 283.31 ± 6.3 0.24 ± 0.01 -15 ± 1.5

FTIR analysis was performed to con�rm the formation of Chi-Bev NP and Lip-Chi-Bev NP. The FTIR
spectrum is shown in Fig. 2 is related to the formation of Chi -Bev NP. In the spectrum of chitosan
polymer, two bands 1577cm− 1 and 1654cm− 1 are observed. These bonds are reduced when the chitosan
polymer cross-links with the TPP molecule and chitosan nanoparticles are formed. In the spectrum of
chitosan nanoparticles containing Bevacizumab, the intensity of these bands has decreased. In addition
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to the reduction of these bands, two new packets usually appear during the formation of chitosan
nanoparticles. In the chitosan nanoparticle spectrum, two bands have appeared in the region of 1512cm− 

1 and 1617cm− 1. Successful loading of Bevacizumab antibodies is also well con�rmed in the FTIR
spectrum (Fig. 3). The bonds for Bevacizumab are 1570cm− 1 and 1642cm− 1. The decrease in the
intensity of these bands in the Chi-Bev NP spectrum con�rms that Bevacizumab is loaded into chitosan
nanoparticles[28].

The placement of lecithin lipid coating on Chi-Bev NP (Lip-Chi-Bev NP formation) can also be examined
by FTIR spectroscopy. In the spectrum of Lip-Chi-Bev NP (Fig. 4), it can be seen that the emerging bands
have decreased in the formation of Chi-Bev NP. On the other hand, we see a decrease in the 1738cm− 1

bond of lecithin, which belongs to the carbonyl group of fatty acids. Also, the 1236cm− 1 bond, which is
related to the lecithin phosphate band, has been reduced, which indicates the interaction of lecithin with
Chi-Bev NP[29].

3.2 Entrapment and loading e�ciency
After con�rming the formation of Lip-Chi-Bev NPs and Chi-Bev NPs, and loading Bevacizumab, the
e�ciency of drug loading and entrapment was measured, which respectively were 62%±3.8 and 75%± 5.1
for Bevacizumab in Chi-Bev NPs. The encapsulation e�ciency of Lip-Chi-Bev NPs was 37.03%±2.84.

3.3 Drug release study
The release rate of Bevacizumab was measured at 1, 2, 4, 6, 8, 16, 24, and 48 hours at physiological pH. It
was found that the release of the drug follows �rst-order kinetics. The release of Bevacizumab from Lip-
Chi-Bev NPs was 62%±2.15 after 24 hours, and 74%±4.2 after 48 hours (Fig. 5).

3.4 Dermal absorption assay
Dermal absorption of Lip-Chi-Bev NPs was assessed under two conditions, as a suspension in PBS and
as dispersed particles in a cream base. Dermal absorption of free Bevacizumab was also evaluated.
Dermal absorption was measured after 16 hours for Lip-Chi-Bev NPs suspended in PBS, for Lip-Chi-Bev
NPs dispersed in a cream base, and for free Bevacizumab was 72.1% ±1.2, 74.36% ±1.31, and 2.1%±0.03,
respectively (Fig. 6). Thereby, Lip-Chi-Bev NPs showed better dermal absorption than free Bevacizumab.

Although the cream base is usually used to increase the stability of nanoparticles and facilitate the
application of the desired particles [30], no difference was observed between dermal absorption of Lip-
Chi-Bev NPs suspended in PBS and Lip-Chi-Bev NPs dispersed in a cream base. The rate of dermal
absorption of Bevacizumab after 16 hours was 78%, indicating an increase not only in the amount
released but also in the rate of release of Bevacizumab. The increased antibody release may be due to
the good biodegradability of the chitosan polymer [31].

3.5 The effect of Lip-Chi-Bev NPs on cell proliferation



Page 8/23

Cell proliferation was examined as a critical process in angiogenesis. After examining cell proliferation in
all four mentioned cell groups, no signi�cant difference was observed between cells treated with Lip-Chi
NPs and the control cells. Cells treated with Lip-Chi-Bev NPs showed a signi�cant decrease in
proliferation rate compared to cells treated with free Bevacizumab, Both cells treated with Lip-Chi-Bev
NPs and free Bevacizumab showed a signi�cant decrease compared to the control cells. A 45% and 78%
inhibition of cell proliferation was observed for cells treated with free Bevacizumab and Lip-Chi-Bev NPs
at the highest concentration (1.25 mg / ml), respectively (Fig. 7).

3.6 The effect of Lip-Chi-Bev NPs on in vitro angiogenesis
A three-dimensional culture medium consisting of HBMEC cells was used as an in vitro model to evaluate
the effects of Lip-Chi NPs, free Bevacizumab, and Lip-Chi-Bev NPs on angiogenesis. After 48 hours of cell
treatment, photos were taken and the number of the formed tubular vascular branches was compared. No
signi�cant difference was observed between the number of the tubular vascular branches formed by
untreated cells and cells treated with Lip-Chi NPs. Compared to these two cell groups, nevertheless, a
signi�cant decrease was observed in the number of tubular vascular branches formed by cells treatment
with free Bevacizumab or Lip-Chi-Bev NPs. The suppressor effect of Lip-Chi-Bev NPs on the in vitro
vascular branching was signi�cantly greater than that of free Bevacizumab. Cell treatment with free
Bevacizumab and Lip-Chi-Bev NPs resulted respectively in 26% and 58% decrease in vascular branching
at a concentration of 0.725 mg/ml and 27% and 74% decrease at a concentration of 1.25 mg /ml,
compared to control cells. (Figs. 8).

3.7 The effect of Lip-Chi-Bev NPs on in vivo angiogenesis
The chicken chorioallantoic membrane (CAM) model was used to evaluate the effect of Lip-Chi-Bev NPs
on in vivo angiogenesis. Our in vivo �ndings in angiogenesis study were consistent with those obtained
from our in vitro study. No signi�cant difference was observed between the control cell groups.
Nevertheless, free Bevacizumab and Lip-Chi-Bev NPs exerted a suppressor effect on in vivo angiogenesis,
which were respectively calculated to be 50% and 93% compared with the untreated cell group. Thus, Lip-
Chi-Bev NPs inhibited in vivo angiogenesis more effectively than free Bevacizumab (Figs. 9 and 10).

4. Discussion
Inhibition of angiogenesis and the vital involved pathways are still important challenging questions in the
prevention and treatment of many diseases such as cardiovascular disease [32], corneal
neovascularization [33] and cancer [34]. Despite many efforts in this �eld, angiogenesis is the leading
cause of death in many malignancies. Anti-angiogenic therapeutic strategies are still at the beginning of
the path of development and have been associated with severe side effects in many cases [35].
Therefore, emerging novel anti-angiogenic strategies or developing available therapies can be promising
for the treatment of many angiogenesis-related diseases.

Cutaneous malignant melanoma is fastest-growing cancer in white populations with a large majority of
dermal cancer death. Bevacizumab, a humanized anti-angiogenic immunoglobulin IgG1, is commonly
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used to inhibit angiogenesis in cutaneous malignant melanoma [36]. Bevacizumab binds to vascular
endothelial growth factor (VEGF-A) to block the interaction between VEGF-A and its tyrosine kinase
receptor. VEGF-A is a potent stimulant of vascular endothelial cell angiogenesis by activating
downstream intracellular signaling pathways leading to proliferation, migration, and sprouting of
endothelial cells. Therefore, Bevacizumab offers a potential treatment for angiogenesis-related diseases
by inhibiting VEGF-A signaling. However, its systemic administration has been associated with a variety
of side effects in many cases [13]. Also, decreased skin absorption, reduced half-life, impaired protein
structure, degradation by environmental enzymes, and loss of bioactivity are some of the challenges of
local administration of Bevacizumab. To overcome some of these challenges, Bovisizumab
encapsulation in nanocarriers has been reported in a variety of studies.

In this study, chitosan polymer-based lipid-coated nanoparticles were designed and synthesized with the
aim of local administration of Bevacizumab. The large size of Bevacizumab limits its diffusion transport
from NPs. Diffusion transport and release rate is widely associated with the rate of polymer degradation,
which is in�uenced by various factors including the physicochemical characteristics of the polymer,
mechanisms related to hydrolysis and enzymatic cleavage of the polymer. Chitosan has attracted a lot of
attention in the manufacture of carriers for in vivo drug release, due to its biocompatibility and
biodegradability[31], non-toxicity[37], high absorption capacity[38], availability, cost-effectiveness, and
antimicrobial[39] and antioxidant[40] properties. In addition, the safety of using chitosan in food and
medicine has been approved by the US Food and Drug Administration (FDA).

Here, Lip-Chi nanoparticles were successfully synthesized and used to encapsulate Bevacizumab. In a
study by Parisa Badiei et al., the amount of loaded Bevacizumab and the encapsulation e�ciency were
reported 67% and 15%, respectively [41]. Our results showed an increase in the mentioned parameters
which may be due to the change in the exposure time of Bevacizumab with chitosan, increased
Bevacizumab concentration, and decreased chitosan concentration [42]. Compared to a study by Sousa
F. et al. that used PLGA polymer to load Bevacizumab [43], our results indicated that chitosan polymer-
based nanoencapsulation of Bevacizumab provided a signi�cant increase in the rates of release and
dermal absorption of the drug. Also, the amount of Bevacizumab released was greater. Methods to
achieve nanoparticles typically include conditions such as suitable pH, high pressure and temperature,
use of organic solvents and ionic strength, where any change may lead to structural instability, decreased
bioactivity and increased immunogenicity of encapsulated monoclonal antibody. Our results showed that
the bioactivity of encapsulated Bevacizumab is maintained in the synthesized Lip-Chi nanoparticles.

Our observations in the study of in vitro and in vivo angiogenesis showed increased suppressor function
for Bevacizumab encapsulated in Lip-Chi nanoparticles compared to free Bevacizumab. These
nanoparticles appear to provide an e�cient environment for maintaining the structure of Bevacizumab
against enzymatic degradation and other environmental threatening factors, so that the increased
suppressor function of encapsulated Bevacizumab on both in vitro and in vivo angiogenesis may also be
due to the release of the drug in greater amount and speed, and may also be due to better preservation of
the drug structure until its release and also after its release from Lip-Chi nanoparticles[44, 45]. There are
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various reports indicating the inhibitory effects of Bevacizumab on angiogenesis using cultured human
endothelial cells in vitro. Here, the biological activity of Bevacizumab was determined by its capacity to
suppress the endothelial cell proliferation, in vitro and in vivo tubulogenesis. Decreased proliferation and
tubulogenesis indicate that Bevacizumab bioactivity was maintained even when encapsulated into Lip-
Chi nanoparticles[46, 47]. MTT results also showed that Lip-Chi nanoparticles were not cytotoxic for
hBMEC cells, which is consistent with previous reports.

Moreover, the observed increase in dermal absorption of Bevacizumab encapsulated in Lip-Chi
nanoparticles may be mediated via lecithin phospholipids. This successful dermal absorption of
Bevacizumab can suggest replacing systemic with local administration, which can be an effective
strategy to reduce the side effects of systemic administration of Bevacizumab.

Our results suggest that encapsulation of Bevacizumab in chitosan-based lipid-coated nanoparticles is
associated with an increased amount and rate of drug release, which may be preferable to other
polymers, such as PLGA, where greater drug release is required in a shorter time. Various studies have
shown that Bevacizumab encapsulated in PLGA-based nanoparticles exhibits a slow, pH-dependent
release pro�le. Although slow release of the drug may reduce the frequency of administration, it must be
proven that the nanoparticle allows the drug to be released even at a slow rate. Our results indicated that
the Lip-Chi nanoparticles provide better conditions for more e�cient function of Bevacizumab by
increasing the e�ciency of encapsulation and drug loading as well as dermal cell absorption. The use of
these nanoparticles seems to be an effective strategy for local administration of Bevacizumab especially
in accessible angiogenesis-related diseases such as cutaneous melanoma.

5. Conclusion
In this study, we synthesized a lipid-polymer nanoparticle that was capable of loading Bevacizumab well.
Our �ndings showed that the anti-angiogenic effects of Bevacizumab did not change with the
encapsulation process. Having anti-angiogenic effects indicates that the natural structure of
Bevacizumab did not impair after encapsulation in lipid-chitosan nanoparticles and it is fully maintained
until release and after its release from nanoparticles. The �ndings of this study con�rm well that the use
of Lip-Chi-Bev NPs can increase the anti-angiogenic effect and skin- absorption of bevacizumab. Based
on the �ndings of in vitro experimental, we predict that topical administration of bevacizumab may lead
to inhibition of angiogenesis in disorders such as cutaneous melanoma. The results obtained in this
study con�rm the necessity of studying the in vivo effect of Lip-Chi-Bev NPs.

Abbreviations
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Growth Factor, TGFα/β: Transforming Growth Factors α and β, VEGFR-2: Tyrosine Kinase  Receptor-2,
TPP: Triphosphate, DLS: Dynamic Light Scattering, PDI: Polydispersity index, SEM: Scanning Electron
Microscopy, FTIR: Fourier-transform infrared spectroscopy, CAM assay: Chorioallantoic Membrane Assay
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Figures

Figure 1

Scanning electron microscopy (SEM) image of Lip-Chi-Bev NPs.
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Figure 2

The FTIR spectra of chitosan and Chi-Bev NPs.
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Figure 3

The FTIR spectra of Bevacizumab and Chi-Bev NPs.
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Figure 4

The FTIR spectra of Lecithin, Lip-Chi-Bev NPs, and Chi-Bev NPs.
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Figure 5

Drug release pro�le of Lip-Chi-Bev NPs.
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Figure 6

Dermal absorption of Lip-Chi-Bev NPs in cream base, Lip-Chi-Bev NPs and free Bevacizumab.
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Figure 7

MTT results showed decreased endothelial cell proliferation under treatment of Lip-Chi-Bev NPs, more
concentrations led to more decrease in cell proliferation.
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Figure 8

In vitro tubulogenesis assay showed inhibitory effects of Lip-Chi-Bev NPs on endothelial cells
angiogenesis, more concentrations led to more inhibitory effects.
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Figure 9

In vivo angiogenesis assay showed inhibitory effects of Lip-Chi-Bev NPs on angiogenesis, more
concentrations led to more inhibitory effects.
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Figure 10

Result of CAM assay. Control (A). Chi-Bev NPs (B). Concentration 0.25 mg/egg (Free Bevacizumab(C) and
Lip-Chi-Bev NPs (D)). Concentration 0.725 mg/egg (Free Bevacizumab (E) and Lip-Chi-Bev NPs (F) ).
Concentration 1.25 mg/egg (Free Bevacizumab (G) and Lip-Chi-Bev NPs (H)).
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