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 Abstract: Background: Sorafenib is the first oral therapeutic agent to show the activity against human 

hepatocellular carcinoma. Sorafenib leads to severe toxicity due to the multiple-dose regimen. Reduc-

ing the overall dose of sorafenib through injectable dosage form to release sustainably is of therapeuti-

cally more important to combat drug-induced toxicity.  

Objective: The purpose of this study was to formulate and evaluate the physical parameters of soraf-

enib-loaded Sodium Selenite Nanoparticles (SSSNP).  

Methods: Two different methods: chemical crosslinking and solvent evaporation were applied for the 

formulation of nanoparticles using various crosslinkers such as formaldehyde, magnesium sulfate, 

tripolyphosphate, dextran sulfate, and aluminum hydroxide. Physical characterization was performed 

with zeta potential analysis, polydispersity index, particle size and scanning electron microscopic stud-

ies for morphological analysis for all the formulated nanoparticles developed using the chemical cross-

linking technique based ionic interaction. 

Results: Tripolyphosphate was selected as an ideal crosslinker and used for nanoparticle formulation 

with the solvent evaporation technique. Based on the physical characterization, SSSNP was formulated 

successfully with the solvent evaporation technique using tripolyphosphate as a cross-linker. The zeta 

potential of SSSNP was -37.5 mV, PDI was approximately 0.3 to 0.4, and the observed size (diameter) 

was in the range of 208 nm to 0.2 µm. Furthermore, the particles were smooth in morphology and ap-

peared as crystals.  

Conclusion: The novel injectable sorafenib loaded sodium selenite nanoparticle dosage form will 

serve better than conventional oral dosage form to elicit a safe therapeutic effect. 
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1. INTRODUCTION 

 Hepatocellular Carcinoma (HCC) is caused by chronic 
hepatitis B & C virus infections, non-alcoholic fatty liver 
disease, alcohol addiction, and dietary toxins such as aflatox-
ins and aristolochic acid [1]. It is the 4

th
 most common cause 

of cancer mortality worldwide, and it is a disease that is 
growing in prevalence due to an increased global incidence 
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of hepatitis. According to the most recent Saudi Cancer Reg-

istry (2015), liver cancer accounts for 3.1% of all newly di-

agnosed cancers [2]. The statistical data for liver cancer and 

the importance of searching for new anti-liver cancer agents 

is increasing day by day [3, 4]. However, sorafenib is the 

only promising drug that is significantly used as the first-line 
treatment of hepatoma [5].  

 Sorafenib is an orally administered drug that acts by in-

hibiting multiple kinase pathways. It is the only drug ap-

proved by the United States Food and Drug Administration 

(USFDA) for the treatment of HCC. Sorafenib is the first 

accepted and the only available drug therapy for HCC in the 
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past 10 years [2, 6, 7]. It inhibits the serine-threonine kinase 

RAF, which is the part of RAS/MEK/ERK signaling path-

way, by suppressing several receptor tyrosine kinases in-

volved in tumor progression and tumor angiogenesis, includ-

ing vascular endothelial growth receptors 2 and 3, platelet-

derived growth factor receptor, FLT3 and C-KIT [8]. Alt-

hough Sorafenib is a successful molecular target, multiple-

dose administrations lead to many adverse effects such as 

anorexia, gastrointestinal bleeding, and severe skin toxicity. 

Therefore, it is of primary importance to reduce the overall 

dose while sustaining the drug effect. The main objective of 

anticancer drug development is to deliver therapeutic agents 

in a targeted and selected fashion to their sites of action, de-

crease adverse effects, and enhance efficacy. Thus, drug tar-

geting to the actual site using nanoparticle delivery systems 

improves the efficacy of therapy, stability, and may reduce 
side effects associated with drugs [9]. 

 The concept of nanotechnology has attracted remarkable 

attention in the pharmaceutical industry as regards the devel-

opment of therapeutic innovation. In recent years, the devel-

opment of nanoparticulate carrier systems for targeting can-

cer has aroused increasing interest. These targeted nanosys-

tems can deliver actively through covalent conjugation of 

targeting molecules on the nanoparticle surface. Sodium sel-

enite nanoparticles have a unique advantage to target cancer 

cells since sodium selenite is a versatile inorganic compound 

that exerts anticancer effect by inducing apoptosis [10]. The 

present work aimed to develop a safe delivery system for 

sorafenib by encapsulating it in sodium selenite nanoparti-

cles for sustained release of the drug to elicit synergetic ac-

tion. The physical characteristics of sorafenib-loaded sodium 

selenite nanoparticles were established as a prime step in the 

formulation and development of nano injectables.  

2. EXPERIMENTAL DESIGN 

2.1. Materials 

 Sodium selenite, sorafenib tosylate, polyvinyl alcohol 

(PVA, 87-89% hydrolyzed), formaldehyde, dextran sulfate, 

tripolyphosphate, and magnesium sulphate was purchased 

from Sigma Aldrich, USA. The other organic solvents were 
purchased from Scharlau, Spain.  

2.2. Methods 

 A range of manufacturing methods for the preparation of 

sodium selenite nanoparticles was investigated in this study. 

Sorafenib-loaded sodium selenite nanoparticles were formu-

lated using the chemical cross-linking method with various 

cross-linkers and solvent evaporation technique. 

2.2.1. Preparation of Drug Analyte  

 Sorafenib tosylate was mixed in 1 ml of 95% (v/v) etha-

nol and aspirated 5 times with micropipette for uniform dis-

solution to achieve a concentration of 10 mg/ml. The solu-

tion was diluted with 3 ml of Milli Q water to a concentra-

tion of 2.5 mg/ml and immediately transferred to an amber-

colored vial. It was used as a stock solution.  

2.2.2. Chemical cross-linking method 

 Sodium selenite solution (5% w/v) was prepared in Milli 
Q water and 1% (v/v) of each chemical cross-linker i.e. for-
maldehyde, dextran sulfate, tripolyphosphate, and magnesi-
um sulfate was prepared in Milli Q water. The sodium sele-
nite solution was kept stirred on a hot plate with a magnetic 
bead and the speed was regulated at 2000 rpm for about 3 
hours. Initially after running for about 30 minutes, 1 ml of 
0.5% (w/ v) sorafenib was added dropwise to the solution 
and run for 15 minutes. Thereafter, the predetermined con-
centration of 0.5 ml of 1% (v/v) formaldehyde and 1% (w/v) 
dextran sulfate, tripolyphosphate and magnesium sulfate 
were separately added as crosslinkers, every 30 minutes, to 
develop separate nanoparticles. During the formulation of 
nanoparticles, sonication was done for 3 minutes twice at 
pre-determined time intervals. Finally, the mixture was fil-
tered through a 0.2µm PVDF membrane, and the filtrate was 
subjected to various physical characterizations such as zeta 
potential analysis and scanning electron microscopy.  

2.2.3. Solvent Evaporation Technique  

 The sodium selenite solution was kept stirred on a hot 

plate with a magnetic bead and the speed was regulated at 

2000 rpm for 30 minutes. Then, the solution was transferred 

to a beaker containing 25 ml of 10% (w: v) polyvinyl alcohol 

and kept stirred on a hot plate with magnetic beads at a speed 

of 2000 rpm. After 30 minutes, 1 ml of 0.5% (w/ v) soraf-

enib was added, and stirring was continued for 1 h. Thereaf-

ter, 1% (w:v) tripolyphosphate was added twice at pre-

determined time intervals during the mixing process, and the 

mixture was subjected to solvent evaporation overnight with 

constant stirring at 1000 rpm, resulting in complete drying. A 

very thin film was produced, and this was scrapped off from 

the beaker. The nanoparticles were obtained in the form of 

fine powder which was then subjected to various physical 

characterizations such as zeta potential and scanning electron 

microscopic analysis. 

2.2.4. Determination of Morphological Features 

 The morphological features and the particle size of 

nanoparticles were studied using a high-resolution scanning 

electron microscope (SEM) with FEI Quanta 200 F (FEI 

Company, USA). One drop of the sample was placed at the 

center of a clean glass slide 3 × 3 cm in size and air-dried in 

a laminar hood. Then, the sample was coated with gold and 

its image was observed at various magnifications. 

2.2.5. Determination of Zeta Potential, Size, and PDI 

 Zeta potential is an important technique used to determine 

the surface electrical charge through electrophoretic mobility 

of the injectable nanoparticle formulation. The zeta potential, 

size, and Polydispersity Index (PDI) of sorafenib-loaded 

sodium selenite nanoparticles were measured using Nano-ZS 

zeta sizer (Malvern Instruments, UK). The sorafenib-loaded 

sodium selenite nanoparticles (1% w: v) prepared in Milli Q 

water was placed in the capillary cells and its zeta potential, 

size and PDI were determined.  
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3. RESULTS  

 Sodium selenite nanoparticles were successfully formu-
lated using chemical cross-linking and solvent evaporation 
methods. Fig. (1 A-F) shows the scanning electron micro-
graphs of the morphological features of sodium selenite na-
noparticles prepared using various chemical cross-linkers. 
Based on the ionic interactions, the crosslinkers were linked 
with sodium selenite to form nanoparticles. Table 1 explains 
the influence of various chemical crosslinkers and the meth-
od of formulation of sodium selenite nanoparticles. From the 
study, it was revealed that the nanoparticles developed using 
formaldehyde as crosslinker exhibited a zeta potential of 
1.43 mV, and the PDI of the formulated injectable nanoparti-
cles was 0.732, indicating an unstable formulation. The na-
noparticles developed with magnesium sulfate as crosslink-
ers were spherical, with a smooth surface and particle size of 
400-550 nm (Fig. 1B). The electrophoretic charge was -19.4 
mV, indicating moderately stable formulation with PDI of 
0.5, and the particles were uniform in morphological charac-
ter. However, many particles were clubbed during the formu-
lation, indicating that the nanoparticles were not uniform in 
size. Therefore, the magnesium sulfate formulation was not 
successful.  

 Dextran sulfate is an anionic polymer that was utilized as 
a chemical crosslinker to formulate sodium nanoparticles. As 
shown in Fig. (1D), the particles were crystalline in morphol-
ogy but did not exhibit promising physical characteristics 
(Table 1). This might be due to the lack of electrostatic attrac-
tion between sodium selenite and dextran sulfate. Fig. (1E) 
shows the morphological characteristics of sodium selenite 
nanoparticles developed with aluminum hydroxide as a cross-
linker. The nanoparticles were clumped together and aggre-
gated, and failed to develop as promising nano-formulation, 
that was reflected in their physical characterization. 

 Sodium tripolyphosphate was the most successful among 
all of the crosslinkers screened in this study. The scanning 
electron micrograph (Fig. 1C) showed that smooth particles 
were formulated with uniform distribution using the chemi-
cal cross-linking technique. Sodium tripolyphosphate was 
also successful as a crosslinker in the development of nano-

particles using solvent evaporation technique. Fig. (2A-C) 
illustrates the zeta potential characterization of SSSNP, a 
unique peak demonstrates the zeta potential quality of an 
ideal batch, which was about 85%. The size distribution of 
the SSSNP was observed about 88 – 89% either by percent 
intensity or percent mass. The zeta potential of the developed 
nanoparticles was within the satisfactory range i.e. -20.1 to  
- 37.5 (Table 1), indicating the stability of the formulation.  

 In our study, the % mass of nanoparticles was observed high 

when tripolyphosphate was used as a crosslinker followed by 

magnesium sulfate (Table 1). However, the rest of the cross-

linkers such as formaldehyde, dextran sulfate, and aluminum 

hydroxide exhibited very less % mass which showed aggrega-

tion of particles and failed to comply with the injectable dos-

age form. The % r.nm of the ideal batch formulated by the 

solvent evaporation method was 44.6%. Table 1 indicates 

that the uniform particle size range was about 392 nm. 

 Based on the results of physical characterization, the sol-

vent evaporation method was a better method for the formu-

lation of sodium selenite nanoparticles. Therefore, sorafenib 

was entrapped in sodium selenite nanoparticles using 0.5% 

(w/v) tripolyphosphate as a crosslinker. Fig. (1F) shows the 

morphological features of nanoparticles formulated with the 

solvent evaporation technique before loading the drug. The 

particles were discrete and smooth in morphological fea-

tures. However, particle aggregations were also observed, 

probably due to improper homogenization. To overcome this 

negative characteristic, the sonication process was increased 

for about 3 minutes to improve the quality of the particles. 

Fig. (3) shows the morphological features of the final drug-

entrapped nanoparticles. The particles appear as crystals with 

smooth morphology, with most of them having sizes in the 

micron range (about 2 to 3 µm; Fig. 3). Physical characteri-

zation revealed that stable injectable formulation (Table 1) 

was achieved with the solvent evaporation technique. The 

mobility of particles is an important factor in particle disper-

sion in injectable dosage forms. In this study, the mobility 

was high when nanoparticles were prepared using the solvent 

evaporation technique (Table 1). 

Table 1. Physical characterization of sorafenib entrapped sodium selenite nanoparticles formulated by using various techniques. 

Chemical Cross  

Linking Agents 

Strength 

 (% v/v or w/v) 

Zeta Potential 

(mV) 
PDI 

% Poly  

Dispersity 

Zeta Average 

Size (d.nm) 

SEM Studies 

Size (nm/µm) 

Mobility  

mS/cm 

%Mass 

(r.nm) 

Cross linking method 

Formaldehyde 0.5 1.43 0.732 85.5 202.4 280 5.55 1.9 

Magnesium sulfate 0.5 -19.4 0.513 71.6 456.4 520 23.5 33 

Tripolyphosphate 0.5 -20.1 0.342 88.7 189 210 23.8 46.5 

Dextran Sulfate 0.5 -8.7 0.565 75.2 796.4 930 14.1 5.2 

Aluminium hydroxide 0.5 2.72 0.731 85.5 209.5 270 8.51 3.3 

Solvent evaporation method (Ideal batch) 

Tripolyphosphate 0.5 –37.5 0.414 66.4 391.9 456 33.5 44.6 
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Fig. (1). The Scanning electron micrographs of sorafenib entrapped sodium selenite nanoparticles using various techniques (A) Nanoparticles 

formulated by using 0.5% v/v of formaldehyde solution through chemical cross linking method, the figure shows the nanoparticle at 60,000 × 

magnification; (B) Nanoparticles formulated by using 0.5% w/v of magnesium sulfate through chemical cross linking method, the figure 

shows the nanoparticle at 30,000 × magnification; (C) Nanoparticles formulated by using 0.5% w/v of tripolyphosphate through chemical 

cross linking method, the figure shows the nanoparticle at 60,000 × magnification; (D) Nanoparticles formulated by using 0.5% w/v of dex-

tran sulfate through chemical cross linking method, the figure shows the nanoparticle at 12,000 × magnification; (E) Nanoparticles formulat-

ed by using 0.5% w/v of Aluminium hydroxide through chemical cross linking method, the figure shows the nanoparticle at 60,000 × magni-

fication; (F) Nanoparticles formulated by using 0.5% w/v of tripolyphosphate through solvent evaporation method, the figure shows the na-

noparticle at 15,000 × magnification.
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Fig. (2). Zeta potential report of SSSNP formulated by solvent evaporation technique. (A) The peak shows the Surface charge of the nanopar-

ticles. (B) The peak shows the size distribution analysis of SSSNP by percent intensity. (C) The peak shows the size distribution analysis of 

SSSNP by mass, percent volume.

 
4. DISCUSSION  

 Sorafenib is a lipophilic molecule with poor solubility 
and mean half-life of 20 to 48 hours. Due to the delayed 
pharmacokinetic profile, the USFDA has accepted the oral 
dosage form for treating hepatocellular carcinoma. The pre-
sent oral dosage formulation leads to severe adverse effects 
[11]. Awareness of the pathological consequences of HCC has 
continued to increase tremendously day by day. However, the 
treatment aspect of HCC is still in the under-development 
phase. Although sorafenib is a successful drug molecule, its 
application has been limited due to toxicity and poor water 
solubility. To overcome this problem, many researchers have 
recently developed some formulations such as bovine serum 
albumin nanoparticles, dextran-poly (dl-lactide-co-glycolide) 
nanoparticles and suspension nanoparticles for oral admin-
istration [12-14].  

 Nanoparticle technology is the most unique technology 

that can provide suitable tools for effective targeted delivery 

of drugs into specific cells, especially in cases where the 

targets are localized intracellularly. It improves Cmax and re-

duces drug toxicity. Sorafenib-loaded sodium selenite nano-

particles (SSSNP) were formulated successfully by screening 

the suitability of various chemical crosslinkers in the formula-

tion of nanoparticles through chemical cross-linking tech-

niques. In this study, the most successful crosslinker for na-

noparticle formulation was tripolyphosphate when compared 

to the rest. SSSNP was formulated successfully by the sol-

vent evaporation technique using tripolyphosphate as a 

cross-linker.  However, it is important to note the percentage 

polydispersity of the formulation to ascertain the monodis-

perse system. Generally, to get monodisperse formulations, 
the percentage of polydispersity should be less than 20%. 
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Fig. (3). The scanning electron micrographs of sorafenib entrapped sodium selenite nanoparticles. The nanoparticles were formulated by us-

ing 0.5% w/v of tripolyphosphate through solvent evaporation method. The figure is self-exemplary of particles, which are discrete, crystal 

like structure with few are nano sized particles and most of the particles are micron sized particles. 

The present study demonstrated that in all the formulations, 

the percentage of polydispersity was above 60%, which indi-
cates non-linear monodisperse formulations. 

 The potential promise of the nanoparticle characteristics 
was seen in zeta potential analysis as well as scanning elec-
tron microscopy studies. The particle size of the formulation 
was in the range of 392 nm to 2.9 µm. The zeta potential was 
about -37.5 mV, and the PDI was about 0.414, indicating the 
stability of the formulation. The surface charge and the size 
of the particles dictate the pharmacokinetic profile of the 
nanoparticles for biodistribution [15]. According to an earlier 
report, the nanoparticles with a high surface charge and/or 
large particle size are efficiently phagocytosed by murine 
macrophage [16].  

 In a colloidal system, the shift of zeta potential and PDI 
were highly influenced by the nanoparticle concentration. 
However, the mobility of the particle in a colloidal system is 
also an important factor that influences conductivity [17]. 
Particle sizes less than <20 nm have high mobilities that in-
fluence particle surface charge. In this study, sodium selenite 
nanoparticles with fewer mobilities when formaldehyde was 
used as a crosslinker failed to develop good zeta potential 
values, indicating unstable formulation. However, tripoly-
phosphate was the best stabilizing agent that exhibited high 
mobility of 33.5 mS/cm when the sorafenib loaded sodium 
selenite nanoparticles were formulated using the solvent 
evaporation method. Sorafenib encapsulated Sodium selenite 
nanoparticles showed high mobilities, with particle sizes in 
the range of 200-320 nm. Enhanced Permeability and Reten-
tion (EPR) effect is a very important factor that is influenced 
by the size of the drug entrapped-nanoparticles [18, 19]. 

Therefore, passive targeting cancer cells can be channelized 
through optimum size formulation that enables the release of 
drugs into the cancer cell through enhanced permeability and 
retention (EPR) effect [20]. Although the sizes of some of 
the particles were in the micron range, the majority of parti-
cles were below 400 nm in size. This demonstrates a suc-
cessful formulation for passive targeting of hepatocytes. The 
therapeutic use of nanoparticle is achieved through the cellu-
lar uptake process, and the size of nanoparticles dictates the 
efficacy of their cellular uptake. Recently, Nazanin Hoshyar 
et al. (2016) [21] reported that nanoparticles of size 50 to 
200 nm are ideal for cellular uptake. Earlier studies suggest-
ing that nanoparticle size between 30-200 nm were consid-
ered as optimum size to target tumor cells. The particles 
could easily pass through the cell membrane by passive tar-
geting and overcome the EPR effect [22, 23]. Conversely, 
particle size also influences the clearance of nanoparticles 
from the human body. Reported that the nanoparticle size 
20-150nm will significantly clear from the liver. In the case 
of the spleen, the rapid clearance of particle should be larger 
than 200 nm and in unrainy excretion, the size should be less 
than 8 nm. Online with these reports, in the present study, 
the majority of particle size varied from 200-320 nm and 
some are in 6 µm in size. Therefore, the biodistribution of 
SSSNP will be abstemious since some particles were ob-
served in the micron level indicating that the particles can 
easily form depot at the site of injection and slowly distrib-
uting throughout the system. The majority of particle size of 
SSSNP ranged from 200-320 nm, indicating that their cellu-
lar uptake is likely to be moderate. However, based on the 
zeta potential studies, the formulation of an ideal batch was 
highly stable and can be used as injectable.  
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CONCLUSION  

 The present study revealed that sorafenib-loaded sodium 
selenite nanoparticles in an injectable dosage form can be 
successfully formulated using the solvent evaporation tech-
nique. Physical characteristics such as zeta potential, PDI 
and particle size of the nanoparticles determine the stability 
and quality of injectable dosage form. From this study, it is 
obvious that the sorafenib injectable dosage form can be 
formulated successfully. Based on the present study further 
work has been accomplished to develop a new formulation 
and to standardize the uniform particle size with unique zeta 
potential to target liver cancer cells. Thus, the development 
of a better therapeutic delivery system for sorafenib using 
sodium selenite nanoparticles will serve the betterment of 
human health care.  
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