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Abstract 

Natural products have been successfully used for treating various ailments since ancient times 

and currently there are several natural product based anti-cancer agents used as the main 

therapy to treat cancer patients or as a complimentary treatment to chemotherapy or radiation. 

Balanocarpol, which is a promising natural product that has been isolated from Hopea 

dryobalanoides, has been studied as a potential anticancer agent but its application is limited 

due to its high toxicity, low water solubility, and poor bioavailablity. Therefore, the aim of this 

study was to improve the balanocarpol characteristics and improve its anticancer activity 

through its encapsulation into a bilayer structure of a lipid-based nanoparticle drug delivery 

system where the application of nanotechnology can help in improving such limitations of 

balanocarpol. The compound first was extracted and isolated from H. dryobalanoides. 

Niosome nanoparticles composed of span 80 (SP80) and cholesterol were formulated through 

innovative microfluidic mixing method for the encapsulation and delivery of balanocarpol. The 

prepared particles were spherical, small, and uniform with an average particles size and 

polydispersity index ~ 175 nm and 0.088 respectively. The encapsulation of balanocarpol into 

the SP80 niosomes resulted in an encapsulation efficiency of ~ 40%. The niosomes formulation 

loaded with balanocarpol showed superior anticancer effect over the free compound when 

tested in vitro on human ovarian carcinoma (A2780) and human breast carcinoma (ZR-75-1). 

This is the first study that report the use of SP80 niosomes for successful encapsulation and 

delivery of balanocarpol into cancer cells. 
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1. Introduction 

Cancer is a major Public Health problem and the second leading cause of death in the world. 

The World Health Organization reported a total of 9.5 million deaths worldwide with 616,714 

deaths in the US and 1.9 million in Europe. Breast cancer accounts for the highest cancer (2.1 

million) cases occurring in women and it is estimated that 627,000 women died from breast 

cancer in 2018 (1). In the US, 22,240 women were diagnosed with ovarian cancer in 2018, 

although it only accounts for a small percentage of incidence in woman compared to other 

types of cancer. Nevertheless, it has a high death rate as it is hard to detect at an early stage and 

therefore patients are usually diagnosed at its advanced stages (2, 3).  

Natural products have been successfully used for treating various ailments since ancient times 

and to date almost 73% of current pharmaceuticals are derived from natural products (4). 

Secondary metabolites or organic small molecules such as alkaloids, terpenoids, flavonoids, 

phenolics, glycosides, polyketides and peptides produced by plants have high potential for drug 

development, including anti-cancer therapeutics. There are several natural product based anti-

cancer agents used as the main therapy to treat cancer patients or as a complimentary treatment 

to chemotherapy or radiation (5, 6). For example, homoharringtonine, an alkaloid from the bark 

of Cephalotaxus harringtonii (Japanese plum yew) has been approved by the FDA to treat 

patients with chronic myeloid leukaemia in different countries such as China, Japan, Pakistan, 

USA and Germany (7). Another FDA approved drug paclitaxel (also known as Taxol®) from 

the bark of Taxus brevifolia (Pacific yew) tree is the most well-known natural product derived 

drug to treat cancer in the United States. It is used in the treatment of breast, lung, and ovarian 

cancer, as well as Kaposi's sarcoma (8, 9).  

Balanocarpol has been isolated from Hopea dryobalanoides (10).  The plant is one of the Hopea 

species from the family Dipterocarpaceae found in the Malaysian rain forest.  This family is 
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also known to produce a variety of resveratrol oligomers and balanocarpol is one of the major 

oligoresveratrol compounds found in many Hopea species (11-13).  Lim et al. (2012) have 

shown that resveratrol and its dimers, ampelopsin A and balanocarpol, are inhibitors of 

sphingosine kinase 1 (SK-1) activity which catalyses formation of the bioactive lipid, 

sphingosine 1-phosphate that serves to protect cancer cells from apoptosis. They also showed 

that balanocarpol stimulated Poly (ADP-ribose) Polymerase (PAPRP) cleavage, reduced DNA 

synthesis and down-regulation of SK-1 expression. One molecule of balanocarpol appears to 

bind to at least two SK-1 catalytic molecules to reduce the activity of each simultaneously, thus 

perturbing SK-1-mediated signalling in MCF-7 breast cancer cells. However, despite its 

potential therapeutic effects, it has high toxicity and low water solubility thus limiting its 

clinical application (14, 15). Resveratrol and its dimers have low water solubility and 

bioavailability due to deprotonation of their hydroxyl groups (16, 17). The aim of this study is 

to improve the drug characteristics of balanocarpol and increase its cytotoxicity against the 

cancer cells through its encapsulation into a bilayer structure of a lipid-based nanoparticle drug 

delivery system.   

Nanoparticle drug delivery systems is one approach to improve the physicochemical 

characteristics and the pharmacokinetic properties of many therapeutic agents. Most of these 

have been associated with limitations such as high toxicity, poor absorption rate, high rate of 

elimination which limits their bioavailability and subsequent pharmacological benefits (18). In 

particular, the bioavailability and pharmacokinetics of water insoluble drugs face some 

challenges against accumulation of drug in target cells. However, these limitations can be 

overcome by the use of drug delivery systems which can enhance the bioavailability of such 

therapeutic agents (19). 

Niosomes were introduced in the 1970s in cosmetic preparations and were subsequently 

proposed for the delivery of therapeutic agents. Typically, niosomes can be formulated from a 
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variety of non-ionic surfactants, cholesterol and lipid mixtures with different compositions 

(20). Similar to liposomes, niosomes are spherical vesicles composed of a bilayer structure 

encapsulating an aqueous core. Hydrophilic drugs can be incorporated in the aqueous core 

while hydrophobic drugs can become embedded into the lipid bilayer structure (21). Different 

methods can be used for the preparation of niosomes such as the thin film hydration method, 

ether injection method, and microfluidic mixing. The latter allows for the production of size 

controlled particles in a very short period of time with a low size distribution (22).  

Other types of drug delivery systems have been applied for the delivery of different therapeutic 

agents in an attempt to improve the solubility and reduce the toxicity such as dendrimers, metal 

nanoparticles, silica nanoparticles, carbon nanotubes, and many others. However, lipid based 

nanoparticles such as liposomes and niosomes are among the mostly studied types of 

nanoparticles in drug delivery (3, 23). 

Niosomes composed of span 80 (SP80) and cholesterol at a 1:1 molar ratio and synthesised by 

microfluidic mixing have been used for the encapsulation of nucleic acids and curcumin (24-

26). The niosomes where characterised for their physicochemical properties, encapsulation 

efficiency, cytotoxicity, and in vitro effects in comparison with the free un-encapsulated drug. 

The encapsulation of balanocarpol in niosomes similarly produced to provide a means of 

reducing toxicity, enhancing its bioavailability and the anti-cancer effects of the compound 

against ovarian and breast cancer cells is reported.  

2. Materials and methods  

2.1. Materials  

Sorbitan monooleate (span 80, SP80), cholesterol (Chol), phosphate-buffered saline tablets 

(PBS, pH 7.4), alamarBlue®, serum-free and antibiotic-free Roswell Park Memorial Institute 

medium (RPMI 1640), L-glutamine, and penicillin–streptomycin were purchased from Sigma-
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Aldrich (UK) (all at cell culture grade). Foetal bovine serum (FBS) was purchased from Biosera 

(UK). Human ovarian carcinoma (A2780) and human breast carcinoma (ZR-75-1) were 

purchased from the European Collection of Authenticated Cell Cultures (ECACC). A sample 

of dried and ground bark of H. dryobalanoides originally collected by the Forest Research 

Institute of Malaysia (FRIM) and stored at the Strathclyde Innovations in Drug Research 

(SIDR) were used for the study.  

2.2 Extraction and isolation of balanocarpol from H. dryobalanoides 

The air-dried and powdered bark of H. dryobalanoides (500 g) was extracted with n-hexane, 

ethyl acetate and then methanol in a Soxhlet extractor for 4-5 days for each solvent. The 

extracts were filtered and evaporated using a rotary evaporator to obtain the solvent free 

extracts. The ethyl acetate extract (8.1 g) was subjected to column chromatography on silica 

gel (mesh size 0.063-0.200mm), eluted with n-hexane-ethyl acetate mixtures of increasing 

polarity (9:1, 7:3, 5:5, 4:6, 3:7) to obtain fractions that were then pooled if they showed similar 

thin layer chromatography (TLC) profiles. Balanocarpol was detected in Fraction 4 (12) based 

on its NMR proton signals. Sephadex® LH20 (Sigma-Aldrich, bead size 25-100 μm) was used 

to purify the balanocarpol, eluting isocratic with methanol to obtain 273.0 mg of the compound. 

2.3 Preparation of SP80 Niosomes  

Niosomes, composed of SP80 and chol at a 50:50 molar ratio, were prepared by microfluidic 

mixing using a NanoAssemblrTM (Benchtop, Precision NanoSystems Inc., Vancouver, 

Canada) as described previously (22). The organic phase was prepared by dissolving the lipid 

components with and without balanocarpol in ethanol. The final balanocarpol concentration in 

the lipid phase before mixing with the aqueous phase (deionised water) was 1mM. The mixing 

parameters were adjusted to a 1:1 ratio between the aqueous and the lipid phase and the two 

phases were mixed at 1 ml/min at 50 °C using a heating block. 
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2.4 Removal of un-encapsulated drug 

The niosomes encapsulating balanocarpol were transferred to a dialysis tubing (cellulose 

membrane avg. flat width 10 mm, molecular weight cut-off 14000 Da, Sigma Aldrich, UK) 

and dialysed against 10x volume of deionised water to remove un-encapsulated drug. Samples 

were taken every hour from the dialysis tubing and the amount of balanocarpol was determined 

based on its UV absorbance at 285 nm using a HELIOS ALPHA ThermoSpectronic 

spectrophotometer (Thermo Fisher Scientific, UK). Dialysis was carried out until no more 

balanocarpol was detected. 

2.5 Physicochemical characterisation of niosomes 

2.5.1 Particles size analysis  

The size distribution (mean diameter and polydispersity index (PDI) of the niosomes with and 

without drug was measured by dynamic light scattering (DLS) using a Zetasizer Nano-ZS 

(Malvern Instruments Ltd., UK). Samples were prepared at 1/20 dilution in deionised water 

and triplicate measurements were taken at 25 °C.  

2.5.2 Niosome morphology  

Morphological examination of the niosomes was carried out using transmission electron 

microscopy (TEM). Briefly, Carbon-coated copper grids (400 mesh, agar scientific) were glow 

discharged in air for 30 seconds. Sample solution (3 ul) was drop-cast on the grids and then 

negatively stained using uranyl acetate. Each sample was allowed to dry afterwards in a dust-

free environment prior to TEM imaging. The dried samples were imaged using a JEOL JEM-

1200EX TEM (JEOL, Tokyo, Japan) operating at an accelerating voltage of 80 kV. 
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2.5.3 Determination of drug encapsulation efficiency  

After removal of the free drug by dialysis, 100 µl of the niosome formulation was mixed with 

100% methanol to lyse the niosomes particles and release the entrapped drug. The released 

balanocarpol was determined using a calibration curve of the pure drug in methanol at the 

wavelength of 285nm. The encapsulation efficiency (EE) of balanocarpol was determined as a 

percentage of the initial balanocarpol concentration (500µM after mixing with the aqueous 

phase). The experiments were performed in triplicate and the average ± SD was reported.  

2.6 Cell culture 

Human ovarian carcinoma (A2780) and human breast carcinoma (ZR-75-1) were cultured in 

sterile Costar T75 flasks containing RPMI (Gibco, Hong Kong, China), supplemented with 

FBS (10%, v/v), 2 mM glutamine, 1% (v/v) penicillin and streptomycin at 37 °C in an 

atmosphere of 5% CO2 (100% humidity). At approximately 70%–80% confluency, cells were 

detached from the culture flask by treatment with TrypLE express (Gibco), and a suspension 

of 4 × 103 cells/mL of viable cells was seeded in a flat bottomed 96-well plate (Costar, 

Washington, DC, USA) and incubated at 37°C, 5% CO2 and 100% humidity. 

2.7 Cytotoxicity assay of babanocarpol 

The balanocarpol (free and encapsulated) were evaluated in an in vitro cytotoxicity assay using 

an AlamarBlue® based test. Cells (4 × 103 cells/mL) were seeded into flat bottomed 96-well 

plates and incubated overnight at 37°C, 5% CO2 and 100% humidity. Cells were treated with 

various concentrations of compound dissolved in dimethyl sulfoxide (DMSO) for 24 h. The 

negative control consisted of cells treated with 1% DMSO only. Next, cells were incubated 

with 10 µl of AlamarBlue® (10% of sample volume) at 37°C for 4-5 hours then read in a 

SpectraMax M5 plate reader, at a fluorescence excitation wavelength of 560nm (peak 

excitation is 590nm). The results were expressed as a mean ± Standard Error of the Mean 
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(SEM) of triplicate readings. Viable cells following treatment were calculated as a percentage 

of the untreated control cells.  

2.8 In vitro cytotoxicity of niosomes on cancer cell lines 

Empty niosomes were assessed for cytotoxicity on ZR75 and A2780 cells in order to determine 

the non-toxic concentration of the niosomes. Each cell line was seeded in a 96-well plate at a 

density of 1×104 per well in growth medium and incubated at 37 °C, 5 % CO2 and 100% 

humidity for 24 h. The cells were treated with a range of concentrations of niosomes starting 

at 1250 µg/ml and serially diluted throw-out the plate. DMSO was used as a positive kill control 

and one column per plate contained untreated cells and medium. The cells were incubated for 

24 h and then treated with 20 μL resazurin (0.1 mg/ml) to each well and incubated for a further 

24 h. The transformation of resazurin into resorufin by the live cells was then detected by 

measuring the absorbance at 560 – 590 nm using a SpectraMax M5 plate reader (Molecular 

Devices, Sunnyvale, CA, USA). The cell viability was calculated as a percentage of the 

absorbance from the treated cells with niosomes to the absorbance of the untreated cells. 

2.9 Statistical analysis  

Statistical analysis was carried out using GraphPad Prism 5.0, via two-way Analysis of 

Variance (ANOVA); with the assumption the data was parametric and independent of each 

other. Each sample was repeated in triplicate; mean and SEM or SD were analysed. P<0.001 

was considered significant. To identify the points of variance, Bonferroni correction was 

applied as a post-hoc test. 
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3. Results and discussion  

3.1 Physicochemical characterisation of niosomes 

3.1.1 Particles size analysis  

The average particle size and PDI for SP80 niosomes with and without balanocarpol are given 

in Table 1. The empty and loaded SP80 niosomes were small in size (<200 nm) with a uniform 

particle size distribution. However, the average particle size of the empty niosomes was slightly 

but not significantly (p>0.05) larger than that of the balanocarpol niosomes. This suggests that 

the compound had an effect on the packing and distribution of the lipid components through 

the niosome membrane bilayer since balanocarpol is hydrophobic and will be encapsulated in 

the bilayer structure of the niosomes vesicles. The encapsulation of the balanocarpol into the 

membrane bilayer might make the bilayer structure more packed which will make the loaded 

niosomes slightly smaller than the empty vesicles. However, as indicated above, this difference 

was not significant. 

Table 1. Particle size analysis for SP80 niosomes 

Sample ZAverage ± SD PDI ± SD 

Empty SP80 niosomes 175.60 ± 0.95 0.088 ± 0.017 

SP80 niosomes encapsulating balanocarpol 160.60 ±1.48 0.096 ± 0.005 

3.1.2 Niosome morphology  

Figure 1 shows the morphology of the SP80 niosomes using TEM at 200 nm scale that indicates 

they are spherical in shape with a particle size comparable with the DLS results. These results 

matched those previously reported for other types of niosomes prepared by microfluidics (21, 

22). 
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Figure 1. TEM analysis of empty SP80 niosomes. 

 

3.1.3 Niosome encapsulation efficiency 

The encapsulation of balanocarpol resulted in an EE value of 39.32% ± 0.28. Niosomes are 

versatile nanoparticles as they allow encapsulation of hydrophilic compounds in their aqueous 

core and hydrophobic compounds such as balanocarpol into the bilayer (22). While the 

encapsulation of hydrophilic compounds significantly affects niosome size where higher 

encapsulation can be achieved using large unilamellar vesicles, this is not the case for 

hydrophobic molecules. The encapsulation of hydrophobic molecules might be affected by the 

lamellarity level where higher encapsulation can be achieved using multilamilar vesicles (20). 

Furthermore, the types of the lipid components used in niosome manufacturing and the quantity 

of cholesterol in the formulation will also have a major effect on the encapsulation of 

hydrophobic drugs. Cholesterol increases the rigidity and decreases the fluidity of the 

membrane bilayer and higher encapsulation of hydrophobic drugs can be achieved for less rigid 

membranes (20).   
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Since this is the first time encapsulation of balanocarpol into SP80 niosomes has been 

described, the results obtained from this study indicate that the preparation of niosomes with 

microfluidic mixing allowed for good encapsulation with high EE results of this hydrophobic 

drug. These results were comparable with what has been reported in the literature for the 

encapsulation of hydrophobic drugs into lipid nanoparticles. For example, Kastner et al. were 

able to achieve a maximum encapsulation efficiency for propofol, which is a poorly water 

soluble drug, of about 50 mol% using different liposome formulations prepared by microfluidic 

mixing (27). 

The production of niosomes using microfluidic mixing is a fast and reliable technique which 

can prepare small and monodisperse niosomes within seconds (24). This is an important point 

to consider when developing formulations on industrial scale which is not easy using traditional 

methods such as the thin film hydration method. Recently, several studies have applied the 

microfluidic mixing for nanoparticles preparation in an attempt to provide a reliable method 

for large scale production of nanoparticles which will have significant impact on the future of 

the nanomedicine industry (25, 28). 

3.1.4 Empty niosome toxicity 

Figure 2 shows the cytotoxicity of the empty niosomes on A2780 and ZR-75-1 cell lines. The 

aim of this study was to determine the non-toxic concentration of the niosomes to be used to 

deliver balanocarpol. Concentrations lower than 625 µg/ml were not toxic for both cell types 

with 100% viability. However, at a niosome concentration of 1250 µg/ml, the A2780 cells were 

50% viable while the ZR-75-1 cells remained 100% viable. At the highest concentration of the 

SP80 niosomes (2500 µg/ml), the ZR-75-1 cells were around 80% viable while the viability of 

the A2780 cells were only 25%. These results were taken into consideration when applying the 

balanocarpol-loaded niosomes to the cells in subsequent experiments and the niosome 
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concentration used was 625 µg/ml to ensure any effect on the cells was a result of the drug 

rather than of the nanoparticle.   

 

 

 

 

Figure 2. Percentage cell viability of A2780 (a) and ZR-75-1 (b) cells at indicated 

concentrations of SP80 niosomes (ranging from 19.5-2500 µg/ml) for 24 h. The cell 

viability was measured using alamarBlue®. Results are expressed as a percent of cell 

viability normalised to control cells (untreated). Results represent the mean with SEM 

from three independent experiments. Statistical significance of sample in comparison 

to control is denoted by *p<0.001. 
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3.2 Characterisation and cytotoxicity of balanocarpol 

Balanocarpol was isolated as a yellow solid and the molecular formula C28H22O7 was assigned 

from LCMS-HRESI (positive mode) spectrum which gave an [M+H]+ ion at m/z 471.1441 

(calc. 471.1444  C28H23O7 ). This was supported by the 1H and 13C NMR data given in Table 2 

and figure 3 which is consistent with the report by Atun S. et al. (13). Balanocarpol (Figure 4) 

was first isolated in 1985 by Diyasena et al. from the bark acetone extracts of Balanocurpus 

zeylanicus  and H. jucunda (11). The compound has also been isolated from H. dryobalanoides 

bark (29) and other Hopea sp. such as H. parviflora (30) and H. mengarawan (13).  

 

A B

Figure 3. (A) Carbon and (B) proton NMR spectrum of balanocarpol. 
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Table 2. NMR data of balanocarpol in acetone-d6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Position Balanocarpol 

δ H ppm, mult (J, Hz) δ C ppm 

1 - 132.59 

2,6 6.77 d (8.8) 130.71 

3,5 6.44 d (8.8) 113.30 

4 - 154.89 

7 4.92 d (2.0) 49.39 

8 5.42 d (6.4) 72.29 

9 - 139.92 

10 - 112.94 

11 - 158.85 

12 5.98 d (2.1) 94.45 

13 - 158.31 

14 6.11 d (2.14) 103.57 

1’ - 132.83 

2’,6’ 7.52 d (8.5) 129.62 

3’,5’ 6.97 d (8.5) 115.57 

4’ - 157.67 

7’ 5.72 d (9.5) 92.63 

8’ OH 5.18 d (9.5) 51.46 

9’ - 141.98 

10’ - 119.57 

11’ - 156.53 

12’ 6.28 d (2.4) 101.14 

13’ - 156.04 

14’ 6.23 d (2.4) 105.95 

OH 4.39 d (4.37, 8a-OH), 7.77, 

7.88, 8.00, 8.06, 8.59 each s 
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Figure 4. Balanocarpol 
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3.3 Effect of niosome-encapsulated balanocarpol on cell viability 
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Figure 5. Percentage cell viability of balanocarpol and balanocarpol+SP80 (SP80 encapsulated 

balanocarpol) in A2780 (a) and ZR-75-1 (b) cells at indicated concentrations (1.6, 3.1, 6.1, 

12.3, 24.5, 49.1, 98.3 and 196.6) for 24 h. The cell viability was measured using alamarBlue®. 

Results are expressed as percent of cell viability normalised to control cells (untreated). The 

results represent mean with SEM from three independent experiments. Statistical significance 
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of sample in comparison to control is denoted by *p<0.001 and balanocarpol +SP80 in 

comparison with balanocarpol (Free drug) is denoted by #p<0.001.   

 

The cytotoxicity of balanocarpol+SP80 against the A2780 and ZR-75-1 cell lines after 24 h 

was assessed with alamarBlue® and showed in figure 5. The highest concentration of 

balanocarpol (196.6µM) is based on the 39.32 % entrapment efficiency of the initial 

balanocarpol concentration (500µM). Bala-SP80 exhibited significantly (p<0.001) higher 

cytotoxicity at 1.6, 3.1, 6.1, 12.3, 24.5, 49.1, 98.3, and 196.6 µM compared to free balanocarpol 

for both cell lines (Figure 4). In A2780 cell, balanocarpol+SP80 had a lower EC50 value (42.63 

µM) compared to free balanocarpol (91.77 µM). For ZR-75-1, the highest concentration of free 

balanocarpol did not reach 50% toxicity, but balanocarpol+SP80 gave an EC50 value of 57.97 

µM. Cytotoxicity of Balanocarpol+SP80 against A2780 seems to be slightly better compared 

to ZR-75-1. At a concentration of 49.1 µM, balanocarpol+SP80 caused a 2.8-fold decrease of 

A2780 cell viability compared to ZR-75-1. 

Balanocarpol, belongs to a group of compounds called stilbenes; secondary metabolites 

produced by plants in response to stressful conditions. Resveratrol oligomers are characterised 

by the polymerisation of two to eight resveratrol units and are the largest group of oligomeric 

stilbenes (31). Resveratrol is well known for its anti-cancer activities by upregulating or 

downregulating different pathways such as reactive oxygen species (ROS), cyclooxygenase 

(COX), nuclear factor κB (NFκB), B cell lymphoma-associated X (BAX), B cell lymphoma 2 

(Bcl2) (32-34). However due to its structure, resveratrol has poor solubility in aqueous solution, 

low bioavailability and high chemical instability due to its sensitivity to light and a tendency 

towards autooxidation (35, 36). These features are also most likely to effect balanocarpol 

activity as one phenolic hydroxyl (potential hydration point) has been converted to the 

https://www.hindawi.com/journals/jnm/2016/6365295/fig4/
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heterocyclic oxygen of the benzofuran ring system while another phenolic and the carbinol are 

sterically hindered by the para-hydroxyphenyl ring attached to the cycloheptyl ring (Figure 3). 

Balanocarpol has been reported to be able to induce poly ADP ribose polymerase (PARP) 

cleavage in MCF-7 breast cancer cells, indicating that it inhibits proliferation and induces 

apoptosis in the cells at a high concentration (100-300µM) (37). It also directly down-regulates 

sphingosine kinase 1 (SK1) expression and reduces DNA synthesis at the same concentration 

(12). This is the first report of the cytotoxic effects of balanocarpol on an ovarian cancer cell 

line, although it has shown cytotoxicity against HeLa (cervical) and Raji (Human Burkitt′s 

lymphoma) cancer cell lines at a high concentration (LC50: 682.16 and 235.29 µg/ml, 

respectively) (38).  

Overall, compared to free balanocarpol, Balanocarpol+SP80 exhibited significantly improved 

cytotoxicity for both cell lines, which can be attributed to the SP80 niosomes resulting in 

improved aqueous balanocarpol solubility and enhanced drug uptake by the cells at a higher 

rate.   

Conclusions 

In this study, the encapsulation of the natural product, balanocarpol, into niosomes 

nanoparticles were reported. The formulation of niosomes nanoparticles for the encapsulation 

and delivery of balanocarpol showed superior anticancer effect compared to the free 

balanocarpol. This indicate that the use of niosomes as a delivery system for the encapsulation 

of balanocarpol successfully improve the toxicity of balanocarpol on cancer cells along with 

improving its water solubility. The niosomes nanoparticles can be used in the future in the 

development of an effective balanocarpol based anticancer medications.  
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