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ABSTRACT 

Objective: The present investigation aims to develop nano in situ gels of bevacizumab and evaluate their safety and efficacy. 

Methods: Nanoparticles were designed using the desolvation and double emulsion solvent evaporation technique. The hen’s egg test: 
chorioallantoic membrane (HET-CAM) assay was adopted to evaluate the anti-angiogenesis and irritancy potential of prepared nano in situ gel. 
Computational docking study carried out using glide module of Schrodinger software. 

Results: The FT-IR study showed no interaction between the components. The drug-loaded nanoparticle showed particle size in the range of 
369±5.3 to 410±3.5, followed by PDI 0.41±0.1 to 0.73±0.1, and ζ–Potential-13±2.3 to-9±3.4. The entrapment efficiency of nanoparticles was found in 
between the range of 72.35±1.4 to 87.22±1.1, followed by loading efficiency of 8.81±0.3 to 12.78±0.7. The FE-SEM studies resulted in an irregular 
pattern of aggregated particles. The spherical shape of the particles was confirmed through the HR-TEM study. The nano in situ gel exhibited pH in 
the range of 7.2±0.2 to 7.3±0.1 followed by a viscosity of 325.2±8.7 to 498.7±5.8 mPa. s. CAM assays revealed the safety and anti-angiogenesis 
activity of the developed formulation. All different concentrations of in situ gels of bevacizumab showed a significant anti-angiogenic effect. The 
outcome of the molecular docking study revealed the well-binding capacity of bevacizumab with vascular endothelial growth factor (-7.325) and 
human serum albumin (-5.620) residues. 

Conclusion: The above outcomes improved our perception regarding the anti-angiogenic activity and safety of nano-in situ gels of bevacizumab. 
Overall, these findings denoted that implementing the current idea in the therapy of ocular angiogenesis might be a promising platform for better 
treatment. 
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INTRODUCTION 

Angiogenesis is the growth of new blood vessels from the pre-
existing vasculature [1]. Sufficient nutrients and oxygen will be 
supplied to the tumor cells mainly through angiogenesis. Hence, it 
divides and invades other healthy cells [2]. According to a recent 
report, globally, visual dysfunction is a significant problem in the 
aging population [3]. A research team analyzed global causes of 
blindness and distance vision impairment in those 50 y and older. 
The spectrum of disease includes cataracts followed by glaucoma, 
under-corrected refractive error, age-related macular degeneration 
(dry or wet), diabetic retinopathy (proliferative or non-
proliferative), etc. [4]. Hypoxia is the leading cause of the 
uncontrolled proliferation of cells. It leads to the expression of 
vascular endothelial growth factor (VEGF), which can induce 
permeability and promote the mitosis of vascular endothelial cells 
[5, 6]. VEGF has been recognized as the lead factor responsible for 
ocular angiogenesis [7, 8]. 

Human serum albumin (HSA) is the protein most widely used in the 
targeted drug delivery system due to its high potential to load 
various drugs and deliver them to a specific site [9]. The drug 
bevacizumab (BVZ) has been extensively used off-label by 
physicians in treating ocular angiogenesis; it falls under the 
biological category of monoclonal antibodies [10]. 
Pharmacodynamically it is an antineoplastic agent that binds to 
VEGF and obstructs the interaction with its receptor on the 
endothelial cell surface, thereby inhibiting tumor cell activation, 
proliferation, and further angiogenesis, in response retardation of 
metastatic disease progression occurs [11, 12]. Injections of anti-
VEGF drugs are in practice to treat ocular angiogenesis. However, 
repeated injections to the ocular region lead to complications like 
endophthalmitis, inflammation at the injection site, intraocular 

pressure elevation, retinal detachment, etc. [13-15]. Therefore, it is 
necessary to design a novel drug delivery system to improve efficacy 
and minimize the drawbacks of the current dosage form. Recently, 
nanoparticles emerged as a novel technique in the pharmaceutical 
field that can deliver the drug to the specific targeted site effectively 
[16-18]. In situ, gel drug delivery is also a novel drug delivery system 
with dual advantages of liquid and gel [19, 20]. Considering the 
effective benefits of this system recently, research has been carried 
out on advanced techniques such as nanoparticles laden in situ gel [21, 
22]. This drug delivery system aids sustained release action, enhanced 
drug retention time, improved bioavailability, specific site target, 
enhanced patient comfort, etc. Nanoparticles-laden in situ gel systems 
emerged as a widely acceptable and excellent drug delivery system in 
the ophthalmic sector. It seems to be the favoured therapy for patients 
due to the controlled release pattern of the drug, which ultimately 
reduces the dosing frequency and does not require the supervision of a 
medical practitioner to administer the medication. Hence, this novel 
drug delivery system enhanced patient compliance [23]. 

For the well-being of the animals, the committee named 
“Interagency Coordinating Committee on the Validation of 
Alternative Methods” (ICCVAM) introduced the Hen’s Egg Test–
Chorioallantoic Membrane (HET-CAM) assay. To promote the 
regulatory supervision and acceptance of testing method, which is 
new or revised, scientifically that ensures safety and product 
effectiveness [24]. The CAM model contains well-developed 
vasculature, i.e., complete tissue structure of arteries, veins, and 
capillaries [25]. Previous study outcomes revealed that the excellent 
correlation between ocular irritancy in vivo and response to injury is 
similar to rabbit conjunctiva [26]. Hence this can be an alternative to 
the Draize rabbit eye irritation test. Also, studies have reported that, 
because of its accessibility, dense capillary network system, and 
rapid growth, this was an excellent model and widely used assay for 
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in vivo angiogenesis studies [14, 27, 28]. Therefore, the present 
investigation is focused on elucidating the effect of nano-in situ gels 
of BVZ on the minute blood vessels of the HET-CAM membrane 
(mimicking the eye). The outcome of this investigation could provide 
a rationale for the utility of the nano-in situ gels of BVZ in the 
treatment of ocular angiogenesis. Other than formulation and 
evaluation of in vitro characteristics, it is essential to predict the 
binding affinities of the drug to the receptors or the other targets to 
achieve the efficacy of the designed formulation [29]. Hence, we 
conducted a molecular docking study to evaluate the ligand binding 
efficiency to the target and the ligand's inhibitory constant [30, 31]. 
Before in vivo assessment, the in vitro studies play a vital role in 
unveiling their efficacy against ocular angiogenesis. Accordingly, the 
current research work concentrated on the basic evaluation of 
prepared nano-in situ gel for its safety and efficacy against 
angiogenesis as well as the molecular docking approach to elucidate 
the interaction between the drug molecule and a protein, mainly at 
the atomic level with its binding affinity towards the target. A 
positive response provides a road map to further research, which 
may overcome hurdles associated with the current therapy. 

MATERIALS AND METHODS 

Materials 

Avastin (BVZ) was purchased from Roche Products (India) Pvt. Ltd. 
(Mumbai, India). HSA was purchased from INTAS 
Biopharmaceuticals Pvt. Ltd. (Gujarat, India). Carbopol 934 and 
HPMC E 15 LV were acquired from LOBA Chemie Pvt. Ltd. (Mumbai, 
India). All reagents were of analytical grade. 

Methods 

Desolvation process 

Nanoparticles were designed by desolvation process with some 
modifications as reported in Redín et al. 2018. The 200 μl of BVZ 

solution (Avastin) was added to the aqueous solution containing 100 
mg HSA. Using 1 M HCl, the pH was adjusted to 4.9 and incubated for 
10 min. To the above mixture, 16 ml ethanol was added and 
continuously stirred. The resulting solution was freeze-dried [9]. 

Double emulsion solvent evaporation method 

The nanoparticles (NPs) were designed by taking 200 μl of BVZ 
solution with 10 mg of tween-80. The prepared mixture was added to 
the HSA-bearing organic solution of ethyl acetate (1.5 ml) and 
dichloromethane (0.5 ml) with continuous stirring (500 rpm). By 
using an ice bath, the emulsion was probe sonicated. Then oil/water 
emulsion was transferred into PVA (1 %) solution and again sonicated. 
The resulting solution was continuously stirred at room temperature. 
BVZ-encapsulated HSA nanoparticles were collected through a 
centrifugation process, washed, and then dispersed in 4% w/w 
mannitol solution (12,000 rpm, 4 °C, 15 min) (REMI CPR-24 PLUS, 
Bangalore, India) [32, 33]. The compositions of nanoparticles for the 
double emulsion solvent evaporation method are listed in table 1. 

Fourier transform infrared spectroscopy (FT-IR) study 

The compatibility within the components was assessed to monitor 
the shift of peaks using an FT-IR spectrophotometer (Shimadzu, 
Japan). The prepared samples were kept below the probe and 
scanned between the wave number region 4000-400 cm-1 [34, 35]. 

Determination of particle size, polydispersity index (PDI), and 
ζ–potential 

The prepared nanoparticle formulation was analyzed for mean 
particle size, ζ-potential, and PDI by dynamic light scattering (DLS) 
using an advanced computerized inspection system (Malvern 
Zetasizer Ver. 7.13, Malvern, UK) [36]. 

 

Table 1: Composition of BVZ encapsulated HSA nanoparticles 

Formulation code BVZ (mg) HSA (mg) Tween 80 (mg) Ethyl 
acetate (ml) 

Dichloromethane (ml) Polyvinyl 
alcohol (ml) 

Mannitol 
(ml) 

NP 1 - 100 10 1.5 0.5 5 8 
NP 2 5 100 10 1.5 0.5 5 8 
NP 3 5 100 30 1.5 0.5 10 8 
NP 4 5 100 50 1.5 0.5 15 8 
NP 5 5 100 70 1.5 0.5 20 8 
  

Morphological analysis of nanoparticles by field emission 
scanning electron microscopy (FE-SEM) and high-resolution 
transmission electron microscopy (HR-TEM) 

A formulation drop was placed over the sample holder and analyzed for 
the surface morphology of the nanoparticles using an FE-SEM (∑IGMA 
Carl Zeiss, Germany) analyzer [32]. The HR-TEM (JEM-2100 TEM, JEOL, 
Tokyo, JAPAN) was used to analyze the shape and morphological 
distribution. Before analysis, the samples were probe sonicated, placed 
over the copper-coated mesh, dried, and studied [36]. 

Determination of pH 

The pH was monitored using a calibrated digital pH meter (LAB 
MAN LMPH-10, Mumbai, India). The glass electrode was kept in 
contact with the surface of the formulation, equilibrated for 1 min, 
and the pH was recorded [37]. 

Entrapment efficiency (% EE) and loading efficiency (% LE) 
determination  

To evaluate the % EE and % LE, the nanoformulation was 
centrifuged at 12,000 rpm for 15 min using a cooling centrifuge 
(REMI CPR 24 PLUS, Bangalore, India). The supernatant was diluted 
as necessary and detected [32, 38]. 

%EE =
total employed BVZ (mg) − BVZ in supernatant(mg)

total employed BVZ (mg)
∗ 100 

%LE =
total employed BVZ (mg) − BVZ in supernatant(mg)

Nanoparticle mass (mg)
∗ 100 

Development of nano-in situ gel of BVZ 

In situ gel solution was formulated by dispersing the weighed 
amount of carbopol 934 in water and dissolved completely using a 
magnetic stirrer (700 rpm) (REMI, 2MLH Bengaluru, India). Then 
HPMC E 15 LV was added and allowed to hydrate overnight. 
Benzalkonium chloride (BZK) was added to the above solution with 
the same stirring speed. Finally, the prepared nanoparticles were 
dispersed in a sufficient amount of gel solution to obtain nano-in situ 
gel (NP-ISG) [39, 40]. The composition of NP-ISG is listed in table 2. 

Determination of gel clarity, pH, and viscosity 

The clarity of the in situ gel formulation was visually examined before 
and after gelation under white and black backgrounds. The digital pH 
meter (LAB MAN LMPH-10, Mumbai, India) was used to monitor the pH 
of the prepared formulation [41]. The developed formulation's viscosity 
was detected using rheometer spindle 4 at a low shear rate of 1.32 s-1 
(Brookfield AMETEK®, USA Model: DV3TLV) [42]. 

 

Table 2: Composition of NP-ISG 

Formulation code Carbopol 934 (% w/v) HPMC E 15 LV (% w/v) Benzalkonium chloride (% w/v) 
NP-ISG 1 0.1 0.1 0.01 
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NP-ISG 2 0.2 0.2 0.01 
NP-ISG 3 0.3 0.2 0.01 
Gelling capacity and time 

An accurately measured 20 μl of the prepared formulation was 
added to 2 ml of freshly prepared simulated tear fluid (STF) in a vial, 
and the time taken for gelling was noted [43]. 

Ocular irritation test/ocular toxicity study by HET-CAM assay 

Briefly, fertilized hen’s eggs were chosen and collected on day zero. 
Before starting the experiment, each egg was candled separately to avoid 
nonviable or defective ones. They are divided into five groups containing 
three eggs in each. All the eggs were incubated under certain conditions 
(37±0.5 °C and 55±7 % RH) (ROTEK, Omni, X-72, Kerala, India) for 9 d 

[44]. Gently eggs were rotated every 12 h, and defective eggs were 
discarded from the study on the ninth day. Fertilized eggs shell was 
opened and divided into various groups (G) G I: vehicle control (water), 
G II: negative control (0.9 % NaCl), G III and IV: positive control [0.1 M 
NaOH and 1 % of sodium dodecyl sulfate (SDS)]. G V was treated with 
the formulation. The quantity of 0.5 ml was taken in a micropipette, 
added directly to the CAM surface without any damage to the membrane, 
and left for 5 min. The scoring was given in table 3 and observed for 
vascular injury. The categorization of substances according to the 
irritancy potential is shown in table 4. The irritation score was calculated 
as the mean sum of individual scores from three replicate assays of the 
endpoints (0, 0.5, 2, and 5 min) [24, 45]. 

 

Table 3: Score table for HET-CAM assay 

Effect Score 
0.5 min 2 min 5 min 

Hyperaemia 5 3 1 
Hemorrhage 7 5 3 
Coagulation 9 7 5 

 

Table 4: Categorization of substances according to the irritancy 
potential 

Irritancy potential Category 
0-0.9 Non-irritant 
1-4.9 Weak-irritant 
5-8.9 Moderate irritant 
9–21 Severe irritant 

 

Anti-angiogenesis test 

Twenty fertilized hen’s eggs were collected on day zero and 
sanitized. Eggs were divided into four groups (G I, II, III, and IV) 
containing five eggs in each and incubated (ROTEK, Omni, X-72, 
Kerala, India) [46]. G I was assigned as control. G II, III, and IV were 
treated with 100, 500, and 1000 µg of BVZ-containing formulation. 
The eggshell was opened on the 9th day, and all procedures were 
carried out in the sterile area to avoid contamination; egg windows 
were covered using sterile parafilm. The next day sealed windows 
were unlocked and observed using a microscope (Almicro 
Steriozoom Trinocular microscope Bangalore, India). The prepared 
formulations were added again and incubated for additional two 

days. Later any changes in the diameter and length of blood vessels 
were assessed associated with the reduction of CAM area. Mountains 
Map Premium 8 software was used to study parameters like the 
Abbott curve, 3D surface views, and irregularities [47, 48]. 

Molecular docking analysis 

Docking database studies were conducted using the Glide module of 
Schrodinger software (Schrodinger 2020-4, Ubuntu enterprise 
version 14.04 as an operating system). The structure of the target 
protein was retrieved from the RCSB protein data bank [49]. The 
required BVZ ligand was used as an input for the docking study and 
downloaded from PubChem databases. To build the ligand 
structures, chem sketch software was used and then subjected to the 
LigPrep module of the Schrodinger suite. [50, 51]. The protein data 
library revealed receptors with co-crystalline ligands such as PDB 
ID: 2BXB, 4AG8. These proteins were created using the protein 
preparation wizard module Schrodinger suite 2021-4. The protein 
crystal structures were produced with the help of a protein 
preparation wizard, and a co-crystallized ligand was encased within 
it. In our study, the Xtra precision (XP) docking model was used to 
predict the binding affinities of the target to ligand, ligand efficiency, 
and inhibitory ligand constant to the target [52-55]. 

  

Table 5: List of FT-IR peaks with characteristic functional groups 

Sample Characteristic peaks wave number (cm-1) Characteristic functional group 
 
 
BVZ 

3270 Intense, broad O-H stretch 
2359 Strong O=C=O stretch 
1637 Amide I 
989 C=C bend 
658 CH=CH stretch 

 
HSA 

3289 Intense, broad O-H stretch 
1614 Amide I 
1535 Amide II 

 
 
Carbopol 

3016 Intense, broad O-H stretch 
2936 Medium C-H stretching 
2359 Strong O=C=O stretch 
1165 Strong C-O stretch 
798 Strong CH=CH bend 
668 CH=CH stretch 

 
HPMC 

3449 Medium N-H stretch 
2908 Medium C-H stretch 
1400-1300 Medium C-H bend 
944 C=C bend 

 
 
Formulation 

3270 Intense, broad O-H stretch 
2360 Strong O=C=O stretch 
1614 Amide I 
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1165 Strong C-O stretch 
944 C=C bending 

 

 

RESULTS AND DISCUSSION 
FT-IR study 

In the spectrum of BVZ, characteristic peaks occurred at 3279 cm–

1(O-H stretch), and this broadband may be due to the presence of 
hydroxyl groups. The peak at 1635 cm–1 confirmed the presence of 
the amide group. The stretching vibration of the CH=CH group was 
detected at 668 cm–1. Similar findings were reported earlier by 
Zhang et al. 2018. In the FT-IR spectrum of HSA, sharp peaks were 
observed at 1641 cm–1 for the amide I. This band was mainly 
associated with the C=O stretch. The amide II group resulted at 1545 
cm–1 primarily from the N-H bending and C-N stretching vibration. 
Amides I and II are crucial bands in the protein structure spectrum. 

These principal peaks for HSA were reported by Bummer in 1996. 
The absorption peak of carbopol 934 was observed at 3016 cm–1. 
The peaks at 2936 and 798 cm–1 are recognized as the stretching 
vibrations of strong O=C=O and bending vibrations of CH=CH groups 
[56]. The HPMC E 15 LV spectrum displayed characteristic peaks at 
3449 cm–1 recognized as medium stretching vibrations of N-H 
groups. The broader peak at the 1400-1300 cm–1 region was 
identified due to the medium bending vibrations of C-H groups [57]. 
The formulation spectra resulted in the same intensity peaks that 
confirmed no interactions between BVZ and the other excipients. 
This denoted the formulation was compatible. FT-IR spectra images 
depicted in fig. 1 and table 5 represent the list of peaks with distinct 
functional groups. 

 

 
Fig. 1: FT-IR spectrum of (A) BVZ, (B) HSA, (C) Carbopol, (D) HPMC, (E) Formulation 

 

Particle size, PDI, and ζ–potential determination 

The DLS results revealed the obtained nanoparticles by the 
desolvation process showed significantly higher mean particle size and 
less entrapment efficiency than the double emulsion solvent 
evaporation method (table 6). Literature reported that nanoparticle 
prepared by the desolvation process leads to less mean particle size by 
cross-linking with the glutaraldehyde. But the use of glutaraldehyde is 
an issue due to its potential toxicity [9]. Considering all these points, 
we finalized the double emulsion solvent evaporation method for the 
formulation of nanoparticles. The placebo and drug-loaded 
nanoparticles were prepared and evaluated for characteristics like 
mean particle size, ζ–potential, and PDI. The mean particle size in 
placebo nanoparticles was 40±5.62 nm; for drug-loaded nanoparticles, 
it was 369±5.3 to 410±3.5 nm. The large size of particles was observed 
with drug-loaded nanoparticles than with placebo nanoparticles. The 
nanoparticle characterization results revealed that the surfactant 
concentration affects the particle size. Because when the surfactant 
concentration was high, a gradually enhanced particle size was 
observed, and the NP2 formulation code showed less particle size than 
the other formulations [32]. Literature reported that particle size 
greater than 10 µm might lead to irritation in the eye [57]. Hence, 

obtained nanoparticles are in the acceptable range for ocular drug 
delivery. Fig. 2 displayed the particle size distribution of placebo and 
drug-loaded nanoformulation.  

It is considered that the system is stable if the formulation shows ζ–
potential in the+30 to-30 mV range. The fabricated placebo 
formulation showed ζ–potential of-14±2.03 mV, and gradually ζ–the 
potential was decreased in drug-loaded nanoparticles and lay in the 
range of-13±5.3 to-9±2.3. Even though the ζ–potential is negative, 
tween 80 as a surfactant will help to associate particles with the 
cornea. Additionally, the particles are further loaded in a pH-
triggered system, which may help retain nanoparticles for an 
extended period in the ocular area [33, 57]. Fig. 3 depicts ζ–potential 
analysis of placebo and drug-loaded nanoparticles. PDI indicates the 
dispersion of particles in the formulation and laid in the range of 
0.56±0.2 to 0.7±0.1. A lower PDI value indicates a monodispersity of 
the particles. Relatively uniform size particles were observed in the 
fabricated nanoparticle system. Previous findings revealed that a 
low PDI value indicated a narrow size range of particles within the 
formulation, which showed the mono distribution of the particles 
[58, 59]. Table 7 describes the results of particle size, PDI, and ζ–the 
potential of placebo and drug-loaded nanoparticles. 
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Table 6: Results of evaluated parameter for nanoparticles prepared by various techniques 

Method Particle size (nm) PDI ζ-Potential (mV) % EE 
Desolvation 449±0.7 0.67±0.2 -10±1.9 77.18±2.3 
Double emulsion solvent evaporation 371±0.4 0.51±0.1 -14±2.5 83.17±3.5 

All values were expressed as a mean±standard deviation (SD), n=3, *Double emulsion solvent evaporation method was chosen as a finalized 
procedure for the fabrication of nanoparticles. 

 

Determination of pH, % EE and % LE 

The pH of placebo nanoparticles was 7.1±0.2, and drug-loaded 
nanoparticles lay in the 6.6±0.3 to 6.3±0.2. The % EE of nanoparticles lay 
in the range of 87.22±1.1 to 72.35±1.4. The % LE of the nanoparticles 
was laid in the range of 12.78±0.7 to 8.81±0.3. The NP 2 formulation 

showed the highest percentage of entrapment and loading efficiency, and 
encapsulation was gradually decreased in NP 3, NP 4, and NP 5 
formulations. As the surfactant concentration increased, a slight 
decrease in the entrapment of the drug was observed. It was confirmed 
that the surfactant concentration affects the drug encapsulation and 
loading efficiency [59]. All results are displayed in table 7. 

 

Table 7: Results of evaluated parameters for unloaded and drug-loaded nanoparticles prepared by double emulsion solvent evaporation 
method 

Evaluation parameter NP 1 NP 2 NP 3 NP 4 NP 5 
pH 7.1±0.2 6.6±0.3 6.2±0.5 6.1±0.4 6.3±0.2 
Particle size (nm) 40±5.62 369±5.3 389±3.1 398±5.3 410±3.5 
PDI 0.41±0.1 0.56±0.2 0.62±0.1 0.67±0.1 0.73±0.1 
ζ-Potential (mV) -14±2.03 -13±2.3 -11±5.3 -11±6.1 -9±3.4 
EE (%) NR 87.22±1.1 82.54±1.5 78.35±0.9 72.35±1.4 
LE (%) NR 12.78±0.7 11.28±0.6 10.51±0.5 8.81±0.3 

All values were expressed as a mean±standard deviation (SD), n=3 

 

 

Fig. 2: Particle size distribution graph (A) Placebo nanoparticles (B) Drug-loaded nanoparticles 

 

 

Fig. 3: Graph of zeta potential analysis (A) Placebo nanoparticles (B) Drug-loaded nanoparticles 
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Morphological analysis of nanoparticles by FE-SEM and HR-TEM 
The FE-SEM images of nanoparticles are given in fig. 4. 
Simultaneously, irregular and aggregated particles were observed 
because of the lyophilized sample analysis [32]. The particles were 
aggregated and visualized as a mass of the particles. A uniform 

distribution of particles was observed; this might be due to the 
probe sonication process. The spherical shape of the particles was 
confirmed through the HR-TEM study (fig. 5). The dispersion of 
particles in the formulation was well observed in HR-TEM analysis, 
and the particle size results agreed with DLS measurements. 

  

 

Fig. 4: FE-SEM image of nanoparticles 

 

 

Fig. 5: HR-TEM image of nanoparticles 

 

Characterization of nano-in situ gel (NP-ISG) 

In situ, gels can undergo a rapid sol-to-gel state by external stimuli 
like pH, temperature, ionic strength, etc. In this current 
investigation, the sol-to-gel transition occurs when there is a change 
in the pH. It may create irritation or a painful sensation if ophthalmic 
products have a pH far from tear fluid. The pH of the formulations 
was found in a suitable range between 5.8±0.4 to 6.1±0.3. After a 
transition from sol to gel, the pH ranged between 7.2±0.1 and 
7.3±0.1. Literature reports that tears' buffering capacity could adjust 
the prepared product's pH to physiologic conditions. Therefore, the 
eye can tolerate the pH range of 3.5 to 8.5, and the pH of the current 
NP-ISG formulation was in an ideal range [60]. Clarity is an essential 
requirement for an ophthalmic dosage form, as it assures the patient 
compliance and acceptability of the formulation. The NP-ISG 
formulation was white and transparent. Viscosity determination is a 
prime factor that decides the retention time of formulation in the 
ocular area. The NP-ISG 1 showed less viscosity when compared 
with the other two formulations, which contain a high concentration 
of polymers. The current investigation viscosity of formulation lay in 
the 5.9±2.5 to 9.8±1.4 mPa. s for sol and 325.2±8.7 to 498.7±5.8 
mPa. s for gel state. The viscosity of the formulation is directly 
proportional to the polymer concentration. When the concentration 

of the polymer increases, the viscosity of NP-ISG also increases. This 
is due to no dissociation at pH values below pKa due to the carboxyl 
group in the carbopol [61]. HPMC is a neutral polymer that hydrates 
polymer chains by forming hydrogen bonding [62]. Sol-to-gel 
transition is due to the ionization of functional groups in carbopol 
934 at high pH, which increases electrostatic repulsion between the 
carboxyl group and polymeric network [37, 63]. The NP-ISG showed 
immediate gelation within 6 to 8s and remained for an extended 
period. In the current investigation, 0.3 % w/v carbopol 934 and 0.2 
% w/v HPMC E 15 LV showed instant gelation within 6s and for an 
extended period. All the results are displayed in table 8. 

HET-CAM assay 

The HET-CAM model highly correlates with the vascularized mucosal 
tissue structure of the human eyes and reduces the unnecessary use of 
animals. This test is a simple, reproducible, rapid, and economical 
method to assess the ocular irritation study for prepared 
pharmaceutical formulations. The development process of chick 
embryo chorioallantoic membrane (d 1-9) is depicted in fig. 6. As 
shown in fig. 4 A. Initially, no blood vessels were seen; during 
embryonic growth, the rapid formation of blood vessels was observed. 
Embryonic development was initiated on day 3 and completed by day 
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9 [27]. The score table for the test formulations is displayed in table 9. 
The G I and G II groups were treated with vehicle and negative control, 
and the cumulative irritation score was 0 because no vascular damage 
was observed. The G III was treated with 0.1 M NaOH, and the 
cumulation irritation score was 13.6±4.50. The addition of 0.1 M NaOH 
led to the rupture of blood vessels initially, bleeding, and was followed 
by coagulation. G IV was treated with 1 % SDS, which led to vascular 
lysis and hemorrhage followed by coagulation, and the cumulative 
irritation score was 14.6±3.51. The cumulative irritation score of 
positive control chemicals used in the study showed that both fell 

under the severe irritant category. The findings showed that 1 % SDS 
was more irritant than 0.1 M NaOH [64]. The last group (G V) was 
treated with NP-ISG formulation, no vascular damage was seen, and 
the cumulative irritation score was 0. Fig. 7. depicted CAM images for 
all treated groups. HET-CAM assay revealed that applying formulation 
vehicle (water), negative control (0.9 % NaCl), and formulation does 
not irritate the CAM membrane. Thus, the ex vivo ocular 
irritation/toxicity study guaranteed that NP-ISG formulation is non-
irritant to the eye and safe at provided dosage after topical ocular 
administration [11, 24]. 

 

Table 8: Results of evaluated parameters for NP-ISG 

Formulation code Evaluation parameter 
 pH* Clarity  Gelling  

Capacity 
Gelling time (s) Viscosity (mPa. s)* 

Solution pH  gel pH At low pH At high pH 
NP-ISG 1 6.1±0.3 7.3±0.1 Transparent, White ++ 15 5.9±2.5 325.2±8.7 
NP-ISG 2 5.9±0.6 7.2±0.1 Transparent, White +++ 8 7.2±2.6 432.1±6.1 
NP-ISG 3 5.8±0.4 7.2±0.2 Transparent, White +++ 6 9.8±1.4 498.7±5.8 

+: gels after few min and dissolves within 45 min,++: gelation immediate, remains for few h,+++: gelation immediately remains for an extended 
period. *All values were expressed as a mean±SD. n=3 
 

 

Fig. 6: Development process of chick embryo chorioallantoic membrane 

  

Table 9: Score obtained in the HET-CAM test 

 Group Egg (E) Scores Mean score for 5 
min Hyperaemia (A) Hemorrhage (B) Coagulation (C) 

Time (min) Time (min) Time (min) A+B+C/3 
0.5 2 5 0.5 2 5 0.5 2 5 

 I Vehicle control (Water) E 1 0 0 0 0 0 0 0 0 0  0 
E 2 0 0 0 0 0 0 0 0 0 
E 3 0 0 0 0 0 0 0 0 0 

 II Negative control (0.9 % NaCl) E 1 0 0 0 0 0 0 0 0 0  0 
E 2 0 0 0 0 0 0 0 0 0 
E 3 0 0 0 0 0 0 0 0 0 

 III Positive control (0.1 M NaOH) E 1 0 0 1 0 0 3 0 0 5 13.6±4.50 
E 2 0 0 1 0 5 0 0 7 5 
E 3 0 0 1 0 5 3 0 0 5 

 IV Positive control (1 % SDS) E 1 0 3 0 0 5 0 0 7 0 14.6±3.51 
 E 2 0 0 1 0 5 0 0 0 5 

E 3 0 0 1 0 5 0 0 7 5 
V Formulation Treated E 1 0 0 0 0 0 0 0 0 0 0 

E 2 0 0 0 0 0 0 0 0 0 
E 3 0 0 0 0 0 0 0 0 0 

n=3 
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Fig. 7: Irritation study ex vivo (CAM images) GI: Vehicle control (water), G II: Negative control (0.9 % NaCl), G III: Positive control (0.1 M 
NaOH), G IV: Positive control (1 % SDS), G V: Formulation treated 

 

Anti-angiogenesis test 

This study assessed the effect of NP-ISG of BVZ on angiogenesis. In 
the CAM model, the vascular structural area originated from the 
main branch, which branched into primary, secondary, and tertiary. 
The formulation at different doses was applied to CAM chick 
embryos to study the anti-angiogenic effect at the macroscopic stage. 
The length and diameter of primary, secondary, and tertiary blood 
vessels were evaluated for 72 h. Fig. 8 showed a gradual reduction in 
the size and diameter of blood vessels in a treated group. 

In contrast, the length and diameter of blood vessels gradually increased 
in the control group. The results showed diminishing primary and 
secondary blood vessels with the disappearance of tertiary blood vessels 
[65]. It concluded that the novel formulation inhibits the formation of 

new blood vessels. The NP-ISG formulation containing 1 mg of BVZ 
showed the amplest and strong anti-angiogenic effect. Blood vessel 
surface roughness was evaluated by Mountains Map Premium 8 
software. The software assessed the fundamental parameters for 3D 
surface irregularities and given in table 10. Fig. 9 showed a 3D surface 
view for control and treated groups at 0 and 24 h. The surface roughness 
was higher in the control group, representing the neovascularisation, 
and significantly decreased in treated CAM. Fig. 10, the Abbott curve, 
describes the height of blood vessels in the control and treatment 
groups. A significant reduction in the size of the blood vessels in treated 
CAM revealed the anti-angiogenic activity of the developed formulation 
[66, 67]. Moreover, it was proven safe and effective against angiogenesis. 
However, deep insight research on this study will be worthwhile to 
continue systematically. 

 

Table 10: Fundamental parameters for 3D surface irregularity 

Parameter Group I Group II Group III Group IV 
0 h 24 h 0 h 24 h 0 h 24 h 0 h 24 h 

Arithmetic mean height (Sa) 19.40±1.2 23.80±1.5 20.01±1.4 16.92±2.1 24.15±2.5 10.07±2.9 25.14±3.4 9.86±3.9 
Root mean squared height (Sq) 21.03±1.8 30.62±3.5 15.47±4.1 21.02±2.6 32.15±1.7 18.22±2.5 29.14±1.4 17.75±3.5 
Maximum height (Sz) 197.54±6.5 213.3±7.5 218.01±8.5 211.14±7.9 208.30±5.2 142.0±6.4 195.42±8.9 135.3±5.4 
Maximum valley depth (Sv) 74.21±2.5 85.54±6.4 58.10±1.8 54.98±2.2 74.38±3.4 54.90±3.6 72.15±4.1 54.12±1.7 
Maximum peak height (Sp) 10.05±1.2 16.30±1.9 15.32±1.4 12.78±2.1 18.54±1.4 8.70±1.0 20.14±2.4 8.12±1.2 

*All values were expressed as a mean±SD. n=5 
 

 

Fig. 8: Graphical representation of reduction of length and diameter of blood vessels in control and treated groups. All values were 
expressed as a mean±SD. n=5 
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Fig. 9: 3D surface view of HET-CAM area at 0 h and 24 h for control and treated groups [Group I: Control (not treated), Group II: 100 µg 
treated, Group III: 500 µg treated, Group IV: 1000 µg treated] 

 

 

Fig. 10: Comparison of the height of blood vessels in the control and treatment group by Abbott curve. [A: Control (not treated), B: 100 µg 
treated, C: 500 µg treated, D: 1000 µg treated] 
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Molecular docking analysis 

The binding capacity of drugs with protein is a crucial factor that 
affects bioavailability. Generally, when an active agent binds 
reversibly to the protein, which results in moderate binding 
strength, weak binding may lead to rapid metabolism and 
elimination. However, strong binding results in reduced drug 
concentration in the blood, ultimately required to produce the 
desired action. Therefore, a molecular docking study assessed the 
binding mode of the proposed compound BVZ with the VEGF and 
HSA. The molecular docking studies revealed a binding energy of-
7.325 and-5.620 kcal/mol for VEGF and HSA, respectively (table 9). 
It has demonstrated well-countable binding affinity with the 
residues of VEGF receptors and HSA protein. The studies have 
reported that more negative binding energy indicates kinetic 
parameters regulating the thermodynamic features, i.e., the formed 
complex's stability and the binding affinity between the protein and 
ligand. BVZ had the valuable docking score-5.620 with HSA (PDB ID: 

2BXB) complex demonstrates that the contacts include Tyr150, 
Glu153, Lyn199, Gln196, Phe211, Trp214, Ala215, Arg218, Leu219, 
Arg222, Leu238, Val241, Hie242, Arg257, Leu260, Ala261, Ile264, 
Ser287, Ile290, and Ala291. Fig. 6 A shows their hydrogen bonding 
interaction with amino acid Lyn 199 and π-π interaction with amino 
acid Hie242. The formation of intermolecular hydrogen bondsis 
responsible for more substantial complex formation and accurate 
docking results. BVZhad a valuable docking score of-7.325 with the 
VEGF(PDB ID: 4AG8)complex demonstrating that the contacts 
include Leu840, Val848, Ala866, Val867, Lys868, Glu885, Leu889, 
Val899, Val914, Val916, Cys919, Cys1045, and Phe1047. Fig. 6 B 
shows their ketonehydrogen binding interaction with amino acid 
Thr1046. This interaction mainly helps in stabilizing the target site's 
ligands and drug efficacy. Hydrophobic interaction with the residues 
of VEGF receptors and HSA proteins showed in table 11. Inhibition of 
the binding pocket of the VEGFR receptor has an essential effect on 
anti-cancer activities. BVZ compounds displayed excellent growth 
inhibitory activity against VEGF [68, 69]. 

 

Table 11: Results of docking score 

S. No. Ligand Target name Hydrophobic interactions Glide docking 
XP score 

1. BVZ HSA (PDB ID: 
2BXB) 

Tyr150, Glu153, Lyn199, Gln196, Phe211, Trp214, Ala215, Arg218, Leu219, Arg222, 
Leu238, Val241, Hie242, Arg257, Leu260, Ala261, Ile264, Ser287, Ile290 and Ala291 

-5.620 

VEGF 
(PDB ID: 4AG8) 

Leu840,Val848, Ala866, Val867, Lys868, Glu885, Leu889, Val899, Val914, Val916, 
Cys919, Cys1045, and Phe1047 

-7.325 

The docking scores were calculated using the Glide module of Schrodinger (Schrodinger 2020-4) 

 

 

Fig. 11: 2D and 3D interactions of Amino-acid residue exhibited by the molecule BVZ in the active site of the target PDB: 2BXB 

 

 

Fig. 12: 2D and 3Dinteractions of Amino-acid residue exhibited by the molecule BVZ in the active site of the target PDB: 4AG8 
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CONCLUSION 

Clinically, intravitreal injections of BVZ are in practice for treating 
ocular angiogenesis. Repeated intravitreal injections are associated 
with several limitations, so here we worked with a novel 
formulation of BVZ for treating ocular angiogenesis. Before 
proceeding with in vivo studies, it is essential to evaluate the 
characteristics like safety and in vitro anti-angiogenesis effect. 
Molecular docking was performed to investigate the binding mode of 
the proposed compound BVZ with the VEGF and HSA. Therefore, in 
the present study, we sought to investigate the anti-angiogenic and 
irritancy potential of nano-in situ gels of BVZ using the HET-CAM 
assay. The HET-CAM model uses the chicken placenta, which mimics 
the ophthalmic situation in vivo with a well-developed 
vascularization structure. Docking analysis indicated that BVZ has a 
well-countable binding affinity with the residues of VEGF receptors 
and HSA protein. The present investigation revealed that the current 
formulation is safe and a promising treatment approach against 
angiogenesis. The novel technique designed in this paper offers the 
non-irritancy potential and effective anti-angiogenesis activity with 
a reduced dosage schedule, which may improve patient compliance 
with this new treatment approach. Overall, applying this approach to 
treat ocular angiogenesis as a novel drug delivery system promises 
further opportunities for the future. 
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