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✓ Thermodynamic stability in excess 
of water (Pn3m)

✓ High internal surface area 
(400m2/g)

✓ Possibility to control water channel 
dimensions 

✓ Ability to incorporate both 
hydrophobic and hydrophilic drug  

molecules 

✓ Ability to control drug releaseMonoolein-water phase diagram

Structure of monoolein (GMO)

Cubic phases

Properties of the lipid 
cubic mesophases (LCPs)



Cubosomes
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cryo-TEM images of cubosomes

Cubic phase

Cubosomes
Conceptualised advanced drug delivery carrier



Aim of the research

• Design and development of bimodal lipidic nanocarriers doped with chemotherapeutic
and radionuclide for combined cancer treatment

Targeted radionuclide therapy

Radiation interaction with DNA

Advancing Nuclear Medicine Through Innovation, Committee on State of the Science of Nuclear Medicine, National Research Council, 2007

Structure of doxorubicin

Scheme of bimodal carrier

Structure of DOTA



Structural characterisation of LCPs doped with DOTAGA-OA

Synthesis of p-NCS-benzyl-DOTA-GA-
oleylamine (DOTAGA-OA)

SAXS diffraction patterns obtained for LCPs doped
with different amounts of DOTAGA-OA

Unit cell (a) dependence of weight percent of
DOTAGA-OA in LCPs
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Preparation and structural characterization of cubic phases doped with DOX and 
DOTAGA-OA

Phase Symmetry a (nm) dw (nm)

Empty Pn3m 10.0 4.5

DOX Pn3m 9.8 4.4

DOX DOTAGA-OA Pn3m 10.1 4.7 SAXS diffraction patterns obtained for the LCPs

Results of SAXS measurements for the LCPs: phase symmetry, lattice parameter a,
water channel diameter dw
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Electrochemical characterisation of DOX 

CV for DOX incorporated into cubic phases
with or without DOTAGA-OA dopant. Scan 
rate: 100 mVs −1 , pH 5.5 

Electrode process of DOX
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DPV for DOX incorporated into cubic phases. 
Amplitude: ΔE=50 mV, pulse time: tp=50 ms
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Release profiles of DOX-containing 
mesophases
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Formation and structural characterization of cubosomes doped with DOX and DOTAGA-OA

Cubic phase doped
with DOX and 
DOTAGA-OA

Homogenization

Cubosomes doped
with DOX

and DOTAGA-OA

Pluronic F-127

Properties of cubosomes formulations determined using SAXS and DLSDiffraction patterns of cubosomes formulations

cryo-TEM images of

(A) empty cubosomes,

(B) cubosomes doped

with DOX, (C) DOTAGA-

OA and (D) DOX and

DOTAGA-OA.
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The cryo-TEM imaging was
conducted by dr Tomasz Góral at the
Center of New Technologies,
University of Warsaw, Poland.



Preparation of cubosomes labeled with 213Bi

225Ac/213Bi Radionuclide Generator
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Preparation of cubosomes radiolabeled with 213Bi



Cytotoxicity studies

Viability of HeLa cells treated with 213Bi-Cubo+Cubo, Cubo+Cubo-DOX, 213Bi-Cubo+Cubo-DOX, Mix after 24 h, 48 h

and 72 h of incubation. 213Bi-Cubo+Cubo and Cubo+Cubo-DOX were used as a control.

✓ The MTS assay was used to evaluate the in vitro
cytotoxicity of the cubosomes doped with 213Bi and
with DOX on HeLa cells

✓ The enhancement of cytotoxicity achieved by
combining doxorubicin and complexed 213Bi
treatments was observed

✓ The best procedure involved first irradiation of the cells
and next exposure to the chemotherapeutic



✓We prepared a new dopant: p-NCS-benzyl-DOTA-GA-oleylamine (DOTAGA-
OA) which forms an inert complex with 213Bi and can be accommodated in
the cubosome in a stable way

✓We prepared cubic phases and cubosomes with DOX and DOTAGA-OA and
characterized their structure by SAXS, DLS and cryo-TEM

✓The release of DOX from the carrier was monitored by electrochemical
methods. We found that the presence of DOTAGA-OA ligand in the cubic
phase leads to the decrease of the rate of DOX release from the
mesophase

✓ The MTS assay shows significant decrease of viability of HeLa cancer cells
using the sequential cell exposure: first to the radiolabeled cubosomes
containing 213Bi complex and next to DOX-doped cubosomes (Cubo-DOX)
on HeLa cancer cells. However, we find favorable to deliver both drugs
simultaneusly but encapsulated in separate cubosomes

Summary
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