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Background: Oleanolic acid, a pentacyclic triterpenoid, and apigenin, a flavonoid, are 
known for their diverse pharmacological activities and therapeutic benefits. However, based 
on the Biopharmaceutics Classification System (BCS), oleanolic acid is categorized as a 
Class IV compound (low solubility, low permeability), while apigenin falls under Class II (low 
solubility, high permeability)—limiting their oral bioavailability and therapeutic potential. 
Advances in nanotechnology provide innovative strategies to overcome these drug/product 
related issues, yet the variability in nanoparticle characteristics—such as size, surface 
charge, and targetability—makes selecting an optimal carrier challenging. A tailored hybrid 
nanoparticulate system is therefore being explored to improve treatment outcomes. 

Methods: This study aimed to investigate the anticancer synergy of apigenin (APG) and 
oleanolic acid (OA) when administered via a hybrid nanoparticulate system (referred to as 
AONS). APG was formulated into poloxamer-based nanoparticles (referred to as APG NPs), 
while OA was incorporated into liposomes composed of HSPC, cholesterol, and DSPE2000-
PEG (referred to as OAL). AONS formulations were optimized using the Box-Behnken 
Design. Synergistic anticancer effects were assessed in HepG2, HeLa, and MDA-MB-231 
cell lines. Pharmacokinetic and biodistribution studies were conducted in rats (n=7 per 
group) at a combined 1:1 dose ratio (20 mg/kg) of APG and OA, comparing free drugs with 
the nanoformulation.  

Results: Scanning Electron Microscopy (SEM) revealed that the nanoparticles were 
spherical in shape, with sizes ranging from 134 to 151 nm. In vitro drug release studies 
showed that, after 48 hours, APG release reached 90 ± 1.8% from APG nanoparticles and 
93 ± 1.3% from AONS, demonstrating enhanced release properties favorable for targeted 
cancer therapy. Stability testing indicated that the formulation remained stable for up to 3 
months when stored at 2–8°C. The combined formulation, AONS, demonstrated the highest 
antioxidant activity compared to the individual corresponding formulations (APG NPs and 
OAL). Hemolysis rates remained below 5% at all tested samples of AONS, indicating safety 
via the intravenous route. The AONS formulation showed 50% cell inhibition at 
concentrations of 36 μg/mL (HepG2), 40 μg/mL (HeLa), and 33 μg/mL (MDA-MB-231), 
which was comparatively lower than the individual corresponding formulations (APG NPs 
and AOL), indicating anti-cancer synergistic effects. Cellular uptake assays confirmed 
efficient internalization of AONS into cancer cells. Biodistribution studies revealed that AONS 
exhibited an extended plasma retention time of 72 hours, in contrast to only 4 hours for the 
free drugs. The Area Under the Curve (AUC) values for OA and APG from AONS were 91.6 
± 0.07 µg/mLh and 70.2 ± 0.02 µg/mLh, respectively. 

Conclusions: The bioavailability of APG and OA was increased 43-fold and 34-fold, 
respectively, in AONS compared to the free drugs. Strong anticancer synergism suggests 
that the co-drug loaded hybrid nanoparticulate system could serve as a new treatment for 
cancer; however, in-vivo efficacy studies are recommended. 

 


