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1. INTRODUCTION 

 

Data from WHO Cancer Today shows that in 

2022, kidney cancer was the 14th most common cancer, 

with the mortality rate ranked 16th in the world. There 

were around 434,000 cases and 155,000 deaths 

worldwide, with the number of incidents significantly 

higher in Asia, Europe, and North America. Remarkably, 

renal cell carcinoma (RCC) accounts for the majority of 

kidney tumors. Kidney cancer is usually diagnosed at a 

stage amenable to surgical intervention, and improving 

patient’s conditions. However, metachronous distant 

metastases still develop in about one-third of patients who 

have received surgery for limited or regional extension 

kidney tumors1, significantly affecting the chances of 

survival for patients. Even though other treatments, such 

as chemotherapy and drug therapy, are the most common 

approaches, they still pose significant challenges. Amid 

the search for effective treatment methods, natural 

compounds have attracted increasing attention due to 

their potential therapeutic benefits. Andrographolide 

(ADG) is a natural diterpenoid isolated from the stems and 

leaves of Andrographis paniculata. In various studies, 

andrographolide exhibited pharmacological effects such as  
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ABSTRACT 

 

 Andrographolide (ADG), which exhibits a variety of pharmacological effects, poses significant formulation 

challenges due to its limited solubility. This study aimed to enhance ADG’s solubility through two drug delivery 

systems: polymeric micelles and self-nanoemulsifying drug delivery systems (SNEDDS). The ADG-loaded 

polymeric micelles were prepared by synthesizing POEGMA-b-PVBA via RAFT polymerization, followed by 

ADG conjugation in methanol. The structure and molecular weight of POEGMA and POEGMA-b-PVBA were 

confirmed by ¹H-NMR spectroscopy. ADG-loaded SNEDDS were prepared by screening components and 

constructing ternary phase diagrams, followed by droplet size analysis to determine the optimal formulations. 

Both systems were evaluated for cytotoxicity against the Renca cell line. The synthesized polymer was 

POEGMA58-b-PVBA12 and then conjugated with ADG to form micelles, exhibiting a nanoparticle size of 115.0 

± 0.7 nm. ADG was also prepared as SNEDDS with Labrafil 1944 CS, Tween 80, and Transcutol HP, with a 

particle size of 145.5 ± 2.7 nm. Cytotoxicity results showed that the cell viability reduced significantly to 74.2% 

after being exposed to ADG-loaded SNEDDS at 200 μM, while ADG polymeric micelle and suspension showed 

no differences. The results suggested that SNEDDS was more effective than polymeric micelles in enhancing 

the cytotoxicity of ADG against the Renca cell line.  
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anti-inflammatory, anti-oxidant, and anti-bacterial2–4. 

ADG also has the potential to treat other illnesses such 

as Parkinson’s5 and especially exhibits anticancer 

activities. Previous studies have shown that ADG is a 

promising drug for colon cancer by suppressing 

TLR4/NF-κB/MMP-9 signaling pathway6, and for 

lung cancer by reducing levels of VEGF and TGF-β17, 

indicating that ADG is a potential substance for cancer 

treatment. However, while ADG has been investigated 

in combination therapy in renal carcinoma cells, no 

studies have focused on the pharmaceutical 

development of ADG to overcome its limitations in the 

treatment of kidney cancer. Therefore, this study 

concentrates on developing pharmaceutical strategies 

to enhance ADG and evaluate their therapeutic effect 

on this type of cancer. 

Despite various therapeutic functions, a major 

limitation of ADG is its low aqueous solubility (3.29 ± 

0.73 µg/mL at 25°C), leading to low oral bioavailability. 

To overcome this problem, identifying and choosing a 

suitable drug delivery system is significantly 

important. Over the past few decades, nanotechnology, 

which is a rapidly growing area, has offered a host of 

new opportunities in medicine and healthcare, 

including the ability to deliver poorly water-soluble 

drugs8. Nanoparticles can also cross biological 

membranes such as the blood-brain barrier and target 

cancer by accumulating and entrapping in tumors9. 

Among various approaches, nanopolymer and lipid-

based systems have been shown to improve solubility 

and bioavailability because of their small particle size 

and the ability to encapsulate hydrophobic drugs10.  

Lipid-based drug delivery systems, particularly 

self-nanoemulsifying drug delivery systems (SNEDDS), 

are known to improve the solubility and bioavailability of 

poorly water-soluble drugs11. Consisting of oils, 

surfactants, co-surfactants, and drug substances, these 

mixtures, when agitated gently with aqueous phase, such 

as GI fluids, will form nanoemulsions spontaneously 

with particle sizes of 100-250nm12. These nanoemulsion 

droplets contain dissolved drugs, providing a large 

interfacial area for absorption and facilitating it to cross 

the biological membrane13. In earlier literature, many 

have demonstrated great improvement for lipophilic 

compounds such as chlorpromazine and orlistat in drug 

solubility and bioavailability when using the SNEDDS 

system14,15. 

Moreover, polymeric drug delivery systems 

have attracted attention owing to their ability to control 

release and deliver stimuli-responsive systems that could 

target a specific site, thus enhancing therapeutic benefits 

and minimizing side effects16. In this context, polymeric 

micelles have emerged as a nanocarrier system, 

outstanding for targeted delivery of hydrophobic drugs. 

With the core-shell structures, drugs are encapsulated in 

the hydrophobic core while still being stabilized with an 

external aqueous environment, thus enhancing 

solubility and stability for drug substances17. To further 

enhance the stability and functionality of polymeric 

micelles, reversible addition-fragmentation chain 

transfer (RAFT) polymerization has been applied in this 

study. RAFT polymerization is a reversible deactivation 

radical polymerization, with unique characteristics like 

construction for complex macromolecular architectures, 

the ability to perform in aqueous media, and better 

control over molecular weight18,19.  

Therefore, this study aims to prepare and 

characterize ADG-loaded polymeric micelles by using 

RAFT polymerization and ADG-loaded SNEDDS to 

enhance drug solubility and absorption. We also 

compared anticancer activities of these systems on the 

Renca cell line – a mouse renal cell carcinoma (RCC) 

cell line with that of ADG suspension. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

 

ADG was supplied by AKScientific (India). 

Alamar Blue, Trypan Blue, and RPMI 1640 medium 

were supplied by Sigma-Aldrich (USA); Labrafac PG, 

Labrafac lipophile WL 1349, Labrafil M 1944 CS, 

Labrasol, Maisine CC, Transcutol HP, and Capryol 90 

were obtained from Gattefossé (France); Tween 80 

was obtained from Singapore. 

Oligo(ethylene glycol) methyl ether acrylate; 

4-cyano-4 (phenylcarbonothioylthio)pentanoic acid; 

2,2’-Azobisisobutyronitrile; Vinyl benzylaldehyde 

were obtained from Sigma-Aldrich (USA). Mineral oil 

was supplied by ChemSupply – Australia.  

 

2.2. Preparation of ADG-loaded micelle polymer 

 

2.2.1. Synthesis of POEGMA macro-RAFT agent 

 

The macro-RAFT agent was prepared 

according to a published procedure20. Monomer 

oligo(ethylene glycol) methyl ether acrylate 

(OEGMA) (5.00 g; 1.67 x10-3 mol), RAFT agent 4-

cyano-4-(phenylcarbonothioylthio)pentanoic acid 

(CPADB) (7.76 x 10-2 g; 2.78 x 10-5 mol) and 2,2’-

Azobisisobutyronitrile (AIBN) (4.6 x 10-3 g; 2.78 x 10-5 

mol) was dissolved in 20 mL of toluene within a vial 

under magnetic stirring. The vial was then sealed with a 

rubber septum and purged with nitrogen gas for 30 

minutes to remove oxygen completely. Next, the 

reaction mixture was heated at 70°C. After 17 hours, the 

polymerization was terminated by cooling the sample in 

an ice bath for 5 minutes. The POEGMA polymer was 

purified three times by precipitation with mineral oil 

(boiling in the range of 40-60°C), followed by 

centrifugation (7000 rpm in 15 minutes) (Eppendorf, 
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England, model 5430R) and then dried in a vacuum 

oven (Daihan, Korea) at room temperature. The 

samples were stored at 4°C until being used for further 

chain extension. The conversion (%)  of monomers 

during the polymerization was determined by 1H-

NMR, with the vinyl proton peaks  (6.1 and 5.6 ppm) 

and the ester proton peak (4.1 ppm). The conversion 

(%) of monomers was calculated using the following 

equation: 

 

𝛼𝑂𝐸𝐺𝑀𝐴 =
∫ 4.1 ppm(17h)

∫ 4.1 ppm(17h) +  2 ∫ 5.6 ppm(17h)
× 100% 

 

The molecular weight of the POEGMA macro-

RAFT agent was calculated from 1H-NMR as follows:  

 

Mn,POEGMA = αOEGMA  ×
[OEGMA]

[CPADB]
×  MW,OEGMA + MW,CPADB 

 

In which [OEGMA], MW, OEGMA and [CPADB], 

MW, CPADB represent the amount of substance (in moles) 

and molecular weight of the OEGMA monomer and the 

RAFT agent in the reaction, respectively. 

 

2.2.2. Synthesis of POEGMA-b-PVBA 

 

POEGMA consisting of 58 repeat units (Mn, NMR 

= 17502 g/mol) was used as a macro-RAFT agent for 

chain extension with vinyl benzylaldehyde (VBA). The 

number of repeated units of POEGMA was determined 

using 1H-NMR to analyze the monomer conversion rate. 

The macro-RAFT agent POEGMA (1.00 g; 1.14 x 10-4 

mol) and VBA (0.3020 g; 2.29 x 10-3 mol) were 

dissolved in 5 mL of acetonitrile and sealed with a 

rubber septum. To ensure an oxygen-free environment, 

the reaction mixture was purged with nitrogen gas for 

30 minutes in an ice bath. The polymerization 

proceeded in a 70°C oil bath overnight and was 

terminated by cooling the reaction mixture in ice for 5 

minutes. Purification of the polymer involved repeated 

precipitation (three times) in excess diethyl ether, then 

centrifugation (7000 rpm for 15 minutes). After that, the 

polymer was dried under reduced pressure at room 

temperature. The conversion (%) of VBA was 

calculated from the 1H-NMR of the reaction mixture 

using the following equation: 

 

αVBA  =
∫ 9.8 ppm(17h)

∫ 9.8 ppm(17h) + ∫ 10 ppm(17h)  
× 100% 

 

The peaks at 9.8 ppm and 10 ppm correspond to 

the aldehyde proton of PVBA polymer and VBA 

monomer, respectively. 

The molecular weight of POEGMA-b-PVBA 

polymer was calculated by 1H-NMR spectrum using this 

formula: 

Mn,POEGMA−b−PVBA = α VBA  
[VBA]

[POEGMA]
× MW,VBA + Mn,POEGMA 

 
[POEGMA], MW, POEGMA and [VBA], MW, VBA 

represent the amount of substance (in moles) and the 

molecular weight of the macro-RAFT POEGMA agent 

and the VBA monomer in the reaction, respectively. 

 

2.2.3. Determination of critical micelle concentration  

 

The critical micelle concentration of 

POEGMA58-b-PVBA12 was determined using the 

conductivity method. A stock solution of the polymer 

(10 μM) was prepared in deionized water and 

incrementally added to 50 mL of deionized water, giving 

polymer concentrations ranging from 0.20 μM to 3.59 

μM. The conductivity of each solution was measured, 

and the obtained values were plotted as conductivity 

versus polymer concentration.  

 

2.2.4. Conjugation of POEGMA-b-PVBA to ADG 

 

POEGMA-b-PVBA polymer and ADG were 

dissolved in methanol. Next, ADG was added gradually to 

the polymer and stirred gently for 10 minutes. This mixture 

was then added dropwise to the aqueous phase (distilled 

water) while maintaining a slow stirring speed overnight 

to ensure that the methanol evaporated completely to 

obtain the polymeric micelle system. This system is stored 

at room temperature until required for further analysis. 

 

2.3. Preparation of ADG-loaded SNEDDS 
 

2.3.1. Solubility study 
 

ADG’s solubility in different oils, surfactants, 

and co-surfactants was conducted by adding excess 

ADG to 5g of each vehicle in a centrifugal tube. Then 

the mixtures were kept in a shaking water bath at 125 

rpm, 37°C for 72 hours to reach equilibrium, followed 

by centrifugation (Eppendorf, England, model 5430R) 

at 6000 rpm for 10 minutes. The supernatant was filtered 

through a membrane filter (0.45 µm) and diluted 

properly with methanol before being measured by 

HPLC to analyze andrographolide concentration. 

HPLC system (Shimadzu, Japan) consisted of 

UV detection with a C18 column (5 μm, 250 x 4.6 mm). 

The mobile phase was composed of methanol-water 

(55:45) at a flow rate of 1.0 mL/min, the injection 

volume was 20 μl. The detection wavelength was set at 

225 nm to determine the concentration of ADG21. 

 

2.3.2. Construction of ternary phase diagrams  

 

To identify the range of nanoemulsion existence, 

pseudo-ternary diagrams were constructed using the H2O 
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citation method. The weight ratio of surfactant to co-

surfactant (Smix) varied as 1:0, 1:2, 1:1, 2:1, 3:1, and 

4:1. At each Smix ratio, the oil to Smix weight ratio 

varied from 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1. 

Then, distilled water was added dropwise to the oily 

mixture while gently shaking it. After being 

equilibrated, the mixtures were assessed visually. The 

system will transition from a clear to a turbid state, 

corresponding to different physicochemical structures: 

microemulsion, nanoemulsion, and coarse emulsion. 

Based on these diagrams, the optimized concentration 

of oil and Smix was selected for further studies. 

 

2.3.3. Preparation and characterization of ADG-loaded 

SNEDDS  

 

ADG was dissolved in the combination of the 

chosen oil, surfactant, and co-surfactant at different 

ratios, followed by the addition of a specific quantity of 

water to the mixture while stirring. The resulting 

mixture gave SNEDDS. Formulations with varying 

ratios of the components were prepared and the droplet 

size was determined by Zetasizer Nano ZS90 (Malvern, 

England) to find the optimal ratio.  

 

2.4. Preparation of ADG suspension  

 

ADG suspension was prepared by dispersing 

the drug substance in distilled water at different desired 

concentrations equivalent to 1, 5, 10, 50, 100, and 200 

μM of ADG. The prepared suspensions were then 

subjected to subsequent experiments.  

 

2.5. Cell culture 

 

The Renca cell line was grown and maintained 

in T-25 cell culture flasks with a vent cap (Greiner Bio-

one, Austria) containing RPMI 1640 medium with 

10% fetal bovine serum. Cell incubation was 

performed at 37°C, under a humidified atmosphere 

containing 5% CO2, and cells were allowed to grow to 

approximately 80% confluence. Cells were detached 

by 0.05% trypsin in the PBS buffer, then stained with 

trypan blue, and loaded onto a hemocytometer to 

determine cell density. All experiments were performed 

six times.  

 

2.6. Cytotoxicity assays 

 

The Renca cell lines were seeded into 96-well 

plates at a density of 104 cells/well and incubated in 

5% CO2 at 37°C. After 24 hours, the culture medium 

was replaced by different concentrations of ADG-

loaded micelle polymer, SNEDDS, and suspension, as 

well as the blank samples. After 72 hours of 

incubation, the medium was removed, and the growth 

of cells was determined by Alamar Blue. Alamar Blue 

was filtered through a 0.45 μm filter and then diluted 

with RPMI 1640 medium at a 2:8 ratio. Each well was 

added 100 μL of Alamar Blue and incubated for 6 

hours. The cell staining procedure was carried out 

under light-protected conditions, as Alamar blue is 

light-sensitive. Finally, absorbance was read at 550 nm 

using a Victor X plate reader (Perkin Elmer, USA) and 

Perkin Elmer Analysis software. All experiments were 

conducted six times. The dose-response curves were 

expressed as percentages relative to the control sample 

(containing only the growth medium) and the IC50 

inhibitory concentration was estimated by regression 

analysis. 

 

2.7. Statistical analysis 

 

All experiments were repeated at least 3 times, 

data were expressed as the mean value ± SD. Unpaired 

Student’s t-tests were performed to compare differences 

between the two formulations, while one-way analysis 

of variance (ANOVA) was used to evaluate differences 

in various formulations. The data was considered 

statistically significant at p < 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Schematic representation for the preparation of POEGMA-b-PVBA polymer by RAFT polymerization 
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3. RESULTS 

 

3.1. Formulation of ADG-loaded micelle polymer 

 

3.1.1. Synthesis of POEGMA-b-PVBA polymer 

 

POEGMA-b-PVBA polymer was synthesized 

by the reversible chain transfer polymerization (RAFT) 

technique (Figure 1). 

Poly((oligoethylene glycol) methyl ether 

methacrylate) (POEGMA) macro-RAFT agent, 

synthesized in toluene at 70°C in the presence of 4-

cyano-4-(phenylcarbonothioylthio)pentanoic acid 

(CPADB), acted as a RAFT agent and oligo(ethylene 

glycol) methacrylate (OEGMA) as monomer. The 

conversion (%) of the monomer (αOEGMA = 95.8%) and 

the molecular weight of the macro-RAFT agent 

(Mn,POEGMA = 17502 g/mol) were determined by 1H-

NMR (Figure 2) by comparing the vinyl proton signals 

(at 6.1 and 5.6 ppm) with ester -OCH2 proton signals 

(at 4.1 ppm). The polymer product underwent 

purification through three times of precipitations in 

petroleum solvent.  

Next, POEGMA was chain extended with 3-

vinylbenzylaldehyde (VBA) to form the POEGMA-b-

PVBA block copolymer. The attachment of VBA was 

confirmed by 1H-NMR using signals at 9.8 ppm and 10 

ppm, attributed to the aldehyde group of the polymer 

and monomer of VBA, respectively (Figure 3). The 

conversion rate (%) of VBA was determined to be 

about 54%. The molecular mass of the block copolymer 

Mn,POEGMA-b-PVBA was calculated to be 18886 g/mol. 

The resulting polymer is POEGMAx-b-VBAy, 

with x and y being 58 and 12, respectively. POEGMA-b-

PVBA block copolymer consists of a longer hydrophilic 

block of 58 OEGMA units and a shorter hydrophobic 

block of 12 VBA units. If a longer block of VBA were 

used, the polymer would be less soluble in water.  

To further evaluate the self-assembly behavior 

of this polymer in aqueous solution, the critical micelle 

concentration (CMC) of POEGMA-b-PVBA was 

determined by the conductivity method. At low 

concentrations, the conductivity increased linearly 

with polymer concentration due to the presence of 

free ionic groups. Once micelle is formed, part of 

these ionic groups become shielded inside the micelles, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. 1H NMR spectra of POEGMA macro-RAFT agent 
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Figure 3. 1H NMR spectra of POEGMA-b-PVBA polymer 

 

leading to the change in the slope of the conductivity 

curve. The intersection of the two linear regions was 

taken as the CMC, which was determined to be 0.26 × 

10⁻⁵ M (47.2 mg/L) (Figure 4). This low CMC value 

exhibits an ability to form micelles at a low 

concentration, potentially enhancing bioavailability by 

avoiding the disintegration of micelle structures under 

diluted conditions within the body22,23.  

The hydrophobic micelle core (PVBA) 

interacts and encapsulates ADG - a poorly water-

soluble substance. The compatibility between the 

micelle core and ADG is explained by the Van der 

Waals bonds between the benzene ring (PVBA) and 

the cyclodecane ring system in ADG, along with 

hydrogen bonding between the hydroxyl group (H) and 

the aldehyde group (O).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Conductivity versus concentration plot of POEGMA-b-PVBA solutions for CMC determination. The breakpoint indicates the 

CMC at 0.26 × 10⁻⁵M. 
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Table 1. Compositions and characterization of various ADG polymeric micelle formulations (mean ± SD, n=3).  

 

 ADG (mg) Polymer (mg) Water (mL) Size (nm) PDI 

P1 0.25 10 1.00 58.4 ± 2.9 0.480 ± 0.045 

P2 0.25 20 1.00 43.3 ± 0.1 0.557 ± 0.003 

P3 0.25 30 1.00 25.4 ± 1.0 0.390 ± 0.014 

P4 0.50 30 1.00 167.0 ± 18.1 0.375 ± 0.038 

P5 0.50 40 1.00 144.6 ± 24.8 0.255 ± 0.039 

P6 0.50 50 1.00 115.0 ± 0.7 0.172 ± 0.008 

P7 1.00 60 1.00 800.1 ± 208.8 0.729 ± 0.124 

P8 1.00 70 1.00 753.5 ± 104.3 0.863 ± 0.093 

P9 1.00 80 1.00 627.4 ± 161.28 0.928 ± 0.103 

3.1.2. Preparation and characterization of ADG-loaded 

micelle polymer 

 

Polymer micelle samples containing different 

concentrations of ADG and polymer were prepared, and 

the particle size was evaluated by dynamic light 

scattering (Table 1).  

The average particle size of ADG suspension 

and POEGMA-b-PVBA polymer was also determined 

(Table 2). The results demonstrated a trend of increasing 

particle size with higher drug concentration. With the 

same amount of ADG, the particle size decreased with a 

higher amount of polymer. At the concentration of 0.25 

mg/mL ADG, all three formulations showed an average 

size below 60nm, but a high PDI, which indicated a broad 

size distribution. As the average particle size of 

polymeric micelles without ADG was 22 nm, this small 

size could be attributed to an excess amount of polymer 

used for drug-loading. At the concentration of 1.00 

mg/mL ADG, the particle size of the three formulations 

ranged from 600-800 nm, which was slightly lower than 

that of the ADG suspension in water (1005 nm), indicating 

that the system was overloaded with drug substances.  

To maximize drug loading while maintaining 

nanoparticle size, the formulation P6 was selected for 

further studies. The narrow particle size distribution of 

P6 (0.172 ± 0.008) showed that the amount of polymer 

used was sufficient to encapsulate ADG at the 

concentration of 0.5 mg/mL, thereby confirming that 

this was the optimal ADG and polymer ratio. 

3.2. Formulation and characterization of SNEDDS 

 

3.2.1. Solubility study 

 

The ADG solubility in a variety of oils, 

surfactants, and cosurfactants was analyzed to select 

suitable excipients for the formulations. The results of 

this study are shown in Table 3. 

Among the oils, it was found that ADG 

exhibited the highest solubility in medium-chain 

triglyceride Capryol 90 (12.43 ± 0.43 mg/g). However, 

long-chain triglycerides can improve intestinal 

lymphatic transport of drugs and prevent first-pass 

metabolism24, which is also the cause of ADG's poor 

oral bioavailability. Thus, Labrafil M 1944 CS, a long-

chain triglyceride that has the best ability to dissolve 

ADG, was chosen as the oily phase.  

Tween 80 was able to dissolve 27.27 ± 1.72 

mg/g ADG, better than other surfactants such as 

Labrasol, Tween 20, and Cremophor. Previous studies 

showed that nonionic surfactants could enhance the 

permeability and absorption of drugs by inhibiting P-

glycoprotein25. In addition, nonionic surfactants tend 

to be less irritating and remain relatively stable to 

changes in pH and ionic strengths that can occur in the 

gastrointestinal tract. Meanwhile, co-surfactant 

Transcutol HP (33.56 ± 0.54 mg/g) showed the highest 

solubility for ADG. Therefore, Tween 80 and 

Transcutol HP were selected as the surfactant and co-

surfactant for SNEDDS formulation.  

 
Table 2. The particle size of ADG suspension and POEGMA-b-PVBA polymer (mean ± SD, n=3). 

 

 Z-average (nm) PDI 

ADG suspension 1000.5 ± 111.5 0.783 ± 0.120 

POEGMA-b-PVBA polymer 22.0 ± 0.05 0.067 ± 0.007 
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Table 3. Solubility of Andrographolide in various components (mean ± SD, n=3). 

 

 Components Solubility of Andrographolide (mg/g) 

Oil 

Capryol 90 12.43 ± 0.43 

Labrafac PG 4.61 ± 0.65 

Labrafac lipophile WL 1349 1.81 ± 0.24 

Labrafil M 1944 CS 11.99 ± 0.15 

Maisine CC 5.57 ± 0.35 

Labrafil M 2125 CS 4.36 ± 0.26 

IPM 1.53 ± 0.16 

Surfactants 

Tween 80 27.27 ± 1.72 

Labrasol 25.28 ± 1.00 

Tween 20 24.62 ± 1.97 

Cremophor RH40 23.33 ± 1.18 

Cremophor EL 22.45 ± 0.81 

Span 80 2.58 ± 0.15 

Co-surfactants 

Transcutol HP 33.56 ± 0.54 

Ethanol 29.82 ± 1.42 

PEG 300 25.01 ± 2.08 

PEG 400 30.77 ± 0.82 

3.2.2. Construction of ternary phase diagrams 

 

Ternary diagrams were constructed without 

ADG to find the nanoemulsification area of the 

selected systems as well as the suitable concentrations 

of various components (Figure 5).  

It could be observed that the area of 

nanoemulsion increased gradually with the increasing 

ratio of surfactant to co-surfactant and exhibited the 

largest area at a ratio of 4:1. However, when using only 

surfactants, the region decreased significantly. Similar 

observations have been reported in the literature that co-

surfactants are essential for the formation and extension 

of emulsion areas26,27. Co-surfactants could contribute to 

reduced interfacial tension significantly and make self-

emulsification easier when combined with surfactants. 

Surfactants and co-surfactants adsorb at the oil-water 

interface, lowering the interfacial tension and increasing 

the resistance to droplet coalescence, thereby enhancing 

the thermodynamic stability of nanoemulsions. 

Additionally, co-surfactants penetrate the surfactant film, 

creating spacing between surfactant molecules and 

improving interfacial flexibility28. This suggests that at a 

certain low proportion, the co-solvent (Transcutol HP) 

plays a supportive role in enhancing the surfactant’s 

(Tween 80) ability to reduce interfacial tension. At this 

optimal ratio, the co-solvent helps to fluidize the 

interfacial film, facilitating the formation of stable nano-

sized droplets. However, when the proportion of co-

solvent becomes too high, it begins to disrupt the integrity 

of the interfacial film, weakening its stabilizing effect. As 

a result, the emulsifying capacity of the system decreases, 

leading to a narrower nanoemulsion region. Thus, the 

ratio of surfactant to co-surfactant (Smix) was fixed at 4:1 

for further studies. 

 

3.2.3. Characterization 

 

The droplet size of various formulations was 

measured to identify the appropriate ratio of oil and Smix 

(Table 4).  

Overall, at higher surfactant concentrations, 

the droplets were relatively smaller, and globule sizes 

also grew with the increase in the quantity of oil and 

Smix. Increased concentration of surfactants may result 

in smaller droplet sizes due to the closely packed 

surfactant films at the water-oil interface, which 

stabilize and reduce the surface tension. The size of the 

globules in a nanoemulsion plays a critical role in 

determining both the rate and extent of drug 

dissolution and absorption in the gastrointestinal tract. 

Small droplet sizes could present great stability by 

reducing the tendency for gravitational separation and 

increasing surface area, thereby influencing 

dissolution rate and bioavailability29. Moreover, it 

could be suggested that a higher proportion of Smix 

improves emulsification efficiency, resulting in 

smaller droplet sizes. At O: Smix = 3:7, higher oil 

content increases droplet size, which could be 

explained by higher internal phase volume and 

potential surfactant insufficiency to stabilize all 

droplets. Systems with a mean droplet size below 200 

nm fulfill the criteria of SNEDDS. Among all the 

formulations, F1 exhibited the smallest droplet size 

(92.6 ± 1.3 nm), but the highest droplet size distribution 

(0.544 ± 0.000),  indicating a high size distribution and  
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Figure 5. Pseudo-ternary phase diagrams of the oil-surfactant-water system at 1:0, 1:2, 1:1, 2:1, 3:1, 4:1 at weight ratios of Tween 80 to 

Transcutol HP. The dark region represents the nanoemulsion areas, while the clear region shows that the compositions did not produce 

nanoemulsions. 
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Table 4. Composition and characterization of various ADG-SNEDDS formulations (mean ± SD, n=3). 

 

Composition (g) O:Smix = 3:7 O:Smix = 4:6 

 F1 F2 F3 F4 F5 F6 

Andrographolide 0.2 0.2 0.2 0.2 0.2 0.2 

LabrafilM1944CS 5 10 15 5 10 15 

Smix 11.6 23.3 35.0 7.5 15.0 22.5 

H2O 100 100 100 100 100 100 

Droplet size (nm) 92.6 ± 1.3 145.5 ± 2.7 156.6 ± 3.9 215.2 ± 3.6 181.9 ± 2.0 175.4 ± 1.8 

PDI 0.544 ± 0.000 0.226 ± 0.008 0.292 ± 0.012 0.500 ± 0.038 0.370 ± 0.025 0.420 ± 0.016 

unstable nanoemulsion system. Thus, F2 was chosen as 

the optimized formulation because of its small droplet 

size (145.5 ± 2.7 nm) and low PDI (0.226 ± 0.008).  

 

3.3 Cell viability 

 

Renal cell lines were treated with optimized 

formulations of micelle polymer and SNEDDS, along 

with AGD-loaded suspension. The control sample was 

medium containing RPMI-1640 only. 

In the blank samples, polymer concentration was 

prepared in the range of 0.1 – 20.0 mg/mL to cover the 

polymer amounts corresponding to those used in ADG-

loaded formulations, while the blank SNEDDS samples 

were prepared with the same ratios of oil, surfactant, and 

co-surfactant as the corresponding ADG-loaded 

formulations. The ADG-loaded samples C1–C6 were 

prepared with ADG concentrations of 1, 5, 10, 50, 100, 

and 200 μM. After 72 hours of incubation, the results in 

Figure 6 showed that cells treated with both blank 

samples showed no differences in cell density compared 

to the control sample (>96%), indicating that RAFT 

polymer and excipients in SNEDDS did not affect the 

cell viability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Cell viability of blank samples of micelle polymer and SNEDDS (mean ± SD, n=6). 
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Figure 7. Cell viability assays of ADG micelle polymer, SNEDDS, and suspension (mean ± SD, n=6). 

 

The results of cell viability assays of the three 

samples are shown in Figure 7. Cells treated with ADG 

polymeric micelle and suspension showed no 

difference in cell density and remained above 95%. In 

contrast, treatment with SNEDDS formulation C6 at 

200 μM ADG, which contained the same amount of 

SNEDDS excipients as blank sample C6, significantly 

reduced cell viability to 74.2%. This may be due to 

surfactants and cosurfactants in the SNEDDS 

formulations, as these components could reduce the 

interfacial tension and increase the permeability of the 

drug substance. In addition, small droplet size in 

SNEDDS provides a larger surface area, and enables 

better adherence and absorption to the membrane 

during drug transport30, hence increasing intracellular 

concentrations and toxicity to cells compared to other 

samples.  

From the results, we were unable to determine 

the 50% inhibitory dose (IC50) of ADG for the Renca 

cell line at the concentration 1-200 μM. Compared 

with other drug substances, results showed that axitinib 

reduced 60% of cells at the concentration of 100nM31, 

and sorafenib at only 5 μM exhibited significant 

cytotoxic effects on Renca cells32. Other research 

suggested that IC50 values of ADG were 31.93 ± 0.04 

µM for MCF-7 cells – a breast cancer cell line, after 72 

hours33, and 15 μM for colon cancer cell lines34, 

suggesting a weak cytotoxic effect against kidney 

cancer due to a high IC50 value  (> 200 μM). However, 

these results support the rationale for using nanocarrier-

based delivery systems, especially SNEDDS, to 

potentiate the intracellular delivery of poorly soluble 

compounds like ADG. Further optimization of the 

formulation and targeted delivery strategies could help 

improve the anticancer efficacy of ADG in renal 

cancer therapy. 

4. DISCUSSION 

 

The present study focused on the development 

of SNEDDS and polymeric micelles loaded with ADG 

and the evaluation of these systems on the Renca cell 

line. Interestingly, only the SNEDDS formulation 

exhibited significant cytotoxicity, while the polymeric 

micelles showed no significant effect under the same 

experimental conditions. 

Previous studies have demonstrated that the 

polymeric micelle system can be effective against 

renal cancer models. For example, NK012 polymeric 

micelles loaded with camptothecin derivatives showed 

antitumor activity against Renca tumors35, while a 

Vitamin E–TPGS–based nanomicelle formulation 

loaded with CARP-1 has enhanced the drug solubility 

and demonstrated potent growth inhibition in 

Everolimus-resistant RCC cells36. In contrast, the lack 

of cytotoxic activity observed with POEGMA-b-

PVBA micelles in our study may be attributed to 

several factors. Firstly, the strong hydrophobic 

interactions between the PVBA core and the drug may 

lead to slow drug release, resulting in low drug 

concentrations during the assay period. Secondly, the 

dense hydrophilic POEGMA corona, which could 

reduce opsonization and prolong systemic circulation 

in vivo, may substantially reduce membrane 

interactions in vitro, leading to lower rates of cellular 

uptake and hence limited intracellular drug exposure. 

For example, previous studies on micelles with varying 

PEG chain lengths demonstrated that formulations 

with larger PEG coronas exhibited reduced cellular 

internalization compared to those with shorter PEG 

chains, due to decreased surface charge and limited 

electrostatic interactions with the cell membrane37. A 

similar mechanism may also contribute to the limited 
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uptake of POEGMA-based micelles in our study. 

However, an important point to emphasize is that 

although our results indicate a clear advantage of 

SNEDDS over polymeric micelles in vitro conditions, 

this does not necessarily indicate that micelles are 

ineffective against renal cancer cells. The lack of 

activity observed in our study may reflect the 

incompatibility between the POEGMA-b-PVBA and 

Andrographolide, rather than a limitation of the 

micelle systems. 

On the other hand, the SNEDDS system 

generated nanoemulsified droplets when diluted, 

providing rapid drug release and enhanced permeability 

from its surfactant components. Such characteristics 

are consistent with previous studies of SNEDDS 

improving cellular uptake and cytotoxicity of poorly 

soluble agents. Although no studies have yet 

investigated SNEDDS specifically in renal cancer cell 

lines, similar outcomes confirming the impact of this 

delivery system have been reported in other cancer 

models. For instance, a study showed that curcumin-

phospholipid SNEDDS enhanced cytotoxic activity in 

metastatic breast carcinoma cells and reduced tumour 

growth38. Many studies are consistent with our 

findings, where the formulation’s characteristics 

(nano-sized droplets and permeability enhancement 

due to lipids and surfactants) improved intracellular 

delivery to the cells. In addition, the presence of 

surfactants in SNEDDS not only stabilizes the 

formulation but also directly contributes to improved 

permeability and P-gp efflux inhibition, both of which 

are crucial factors in overcoming drug resistance in 

RCC. For Andrographolide, which exhibits poor 

solubility and is susceptible to efflux transport, these 

advantages are particularly meaningful. Moreover, 

while many prior renal applications of SNEDDS 

focused on mitigating nephrotoxicity39, our study 

concentrates on anticancer therapy, aiming to enhance 

cytotoxicity. This highlights an important point, which 

is that SNEDDS can be applied not only to enhance 

drug solubility but also to direct pharmacological 

activity toward renal tissues. 

To our knowledge, few studies have evaluated 

Andrographolide’s effects on renal cancer. A study 

demonstrated that Andrographolide has been shown 

to sensitize renal cancer cells to TRAIL signaling by 

upregulating death receptor 4 (DR4)40, highlighting its 

potential in renal cancer therapy. However, ADG is 

limited by its low aqueous solubility and susceptibility 

to efflux transport, all of which restrict its intracellular 

accumulation. Although ADG-SNEDDS formulations 

have been developed and characterized in many 

previous studies, we did not find studies of ADG-

loaded SNEDDS evaluated specifically on renal cancer 

models. Given the fact that renal cell carcinoma 

exhibits strong drug resistance driven by multiple 

mechanisms, this type of cancer is particularly 

challenging to treat, as many factors could reduce 

intracellular drug concentration and therapeutic 

efficacy. Therefore, our study provides novel data on 

the potential of SNEDDS to enhance ADG intracellular 

delivery and cytotoxicity in renal cancer cells.  

 

5. CONCLUSIONS  

 

In this study, ADG-loaded micelle polymer 

and SNEDDS were formulated after evaluating various 

factors to find the optimum formulations. ADG-loaded 

micelle polymer was prepared successfully using the 

RAFT polymerization technique. POEGMA-b-PVBA 

polymer was synthesized in advance and conjugated 

with ADG, exhibiting a nanoparticle size and a narrow 

size distribution. ADG was also prepared as SNEDDS 

with Labrafil 1944 CS, Tween 80, and Transcutol HP, 

with a particle size of 145.5 ± 2.7 nm. In addition, we 

compared the anticancer activity of these two systems 

on the Renca cell line with ADG suspension. The cell 

viability only reduced significantly to 74.2% after 

incorporation with ADG-loaded SNEDDS at 200 μM, 

whereas ADG polymeric micelle and suspension 

showed no influence. The results indicated that the 

SNEDDS significantly improved the cytotoxic activity 

of ADG compared to polymeric micelles, suggesting 

better delivery efficiency and cellular uptake. 
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