
DISRUPTION OF PHOSPHOLIPID MEMBRANES WITH 

MAGNETO-MECHANICAL ACTUATION 

USING BARIUM-HEXAFERRITE NANOPLATELETS

OUTLINE
Recently, various approaches were proposed for the destruction of different cancer

cells using magnetic nanoparticles (MNPs) in combination with low-frequency AMF,

in vitro and in vivo. Generally, the authors reported a significant decrease in the cell

viability and cell apoptosis. This ascribes a lot of importance to the possible

agglomeration of the MNPs during treatment.

METHODS
Preparation of nanoplatelet (NPL) suspensions

The substituted barium-hexaferrite NPLs were synthesized hydrothermally. The NPLs were coated with dextran in

stable aqueous suspensions in several steps. The final suspensions were colloidally stable, even in complex

biological media. The dextran-grafted NPLs are referred to as HF-DEX. To modify the surface charge of the NPLs, a

mixture of 90% dextran and 10% (3-minopropyl)triethoxysilane (APS) was also grafted onto the NPLs surfaces (the

NPLs HF-DEX+). The APS contains amino groups, which provide a positive surface charge on the NPLs.

Formation of giant unilamellar vesicles (GUVs)
The GUVs were prepared using a modified electroformation method from 1-palmitoyl-2-oleoyl-sn-glycero-3-

phosphocholine (POPC) on two Pt-electrodes in 0.3 mol/L sucrose solution at pH=7.0.

Characterization

The NPLs were characterized using a transmission electron microscope (TEM Jeol 2010F) and a probe spherical-

aberration corrected (CS) scanning-transmission electron microscope (STEM Jeol ARM 200CF). The magnetic

properties of the NPLs were measured with a vibrating-sample magnetometer (VSM, Lakeshore 7407) after they

were aligned in the magnetic field. The zeta-potential was measured in suspensions diluted with distilled water to

~0.1 mg/mL as a function of the pH using a ZetaPALS instrument (Brookhaven Instruments Corporation). The

hydrodynamic size of the NPLs in suspension (at a concentration of 0.1 mg/mL) was measured with dynamic light

scattering (DLS Fritsch, Analysette 12 DynaSizer).

Magneto-mechanical actuation (MMA)
The GUVs were exposed to magnetic nanoplatelets (HF-DEX or HF-DEX+) with the final concentration of the NPLs

ranging from 1 µg/mL to 1 mg/mL and the pH was adjusted to an exact value with diluted HCl (pH: 4.2, 5.2, or 7.0).

The suspension of GUVs with NPLs was then exposed to a uniaxial, homogeneous AMF at various frequencies and

amplitudes. The solutions of the GUVs with added NPLs were monitored with a phase-contrast optical microscope

(Nikon Eclipse te2000-s) while exposed to the AMF. To quantify the effect of MMA, the GUV/NPL suspensions were

exposed to the AMF for fixed periods of time and subsequently analysed with the microscope.

Magnetic actuation of GUVs in an external alternate magnetic field (AMF)
Theoretical description the mechanism of force transfer between the nanoplate and the membrane and derived a

term for determining the efficiency of force/ torque transfer of adhered magnetic nanoparticles to biological

membranes.

CONCLUSIONS

When the NPLs were electrostatically

attached to the GUV membranes, the MMA

induced cyclic fluctuations of the GUVs’

shape corresponding to the AMF frequency

at the low NPL concentration (1 µm/mL),

whereas the GUVs were bursting at the

higher concentration (10 µg/mL). Theoretical

considerations suggested that the bursting

of the GUVs is a consequence of the local

action of an assembly of several NPLs,

rather than a collective effect of all the

absorbed NPLs.

The GUVs proved to be an efficient and

relatively flexible model system (when

compared to cell models) to study the MMA.
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Figure 2: BF STEM (bright field STEM)

image of dextran-grafted and silica-

coated HF-DEX NPLs lying flat on the

specimen support (a) and TEM image of

a NPL oriented edge-on (b). The silica

coating is marked with arrows. (c)

Distribution of NPL widths expressed as

an equivalent effective diameter. (d)

Magnetic hysteresis loops for hexaferrite

NPLs measured perpendicular (PER)

and parallel (PAR) to their magnetic easy

axes.

Figure 3: (a) Optical micrograph of GUVs

(inset: distribution of GUV size) and (b)

zeta-potential as a function of pH for

suspensions of GUVs and NPLs. HF-

DEX and HF-DEX+ nanoplatelets were

suspended in a 0.3 mol/L aqueous

glucose solution.

Figure 4: TEM images of a dried

suspension of GUVs with HF-DEX

nanoplatelets prepared at pH 4.2.

Figure 8: Two neighboring NPLs

increase the lateral tension by a

factor of 2, whether their magnetic

dipole moments µ point in the same

(a), or different directions (b).

Figure 10: Size distribution of

GUVs with and without NPLs

(NPL-DEX+, pH = 5.2), before

and after exposure to AMF (f =

10 Hz, B = 7 mT, t = 10 min).

The empirical size distributions

measured from optical

micrographs were fitted with

lognormal curves (see inset). No

significant changes in the size

distribution suggests a local,

rather than a global effect of

increased surface tension.

Figure 7: Schematic presentation

of the average lipid dipolar

(zwitterionic) headgroup

orientation as a function of the

distance from the negatively

charged, plate like NPL, as

predicted by molecular dynamics

simulations and statistical

thermodynamics modelling. At

smaller distances the average

orientation of the lipid head-

groups changes from inclined

(panel (a)) to more perpendicular

(panel(b)).

Figure 9: Schematic of a NPL at a polar angle θ attached to the outer

membrane of a GUV with exaggerated proportions. The radius of the GUV is

R0, while the effective radius of the NPL is r0. The AMF, shown with the red

arrow, pulls and pushes the NPL into and from the GUV membrane, locally

increasing its lateral tension r. A symmetric situation applies to NPLs that

adsorb with the magnetic moment pointing inwards.

Figure 5: Time laps image of a GUV with 

HF-DEX+ NPLs exposed to AMF (B = 7 

mT, f = 3 Hz).

Figure 6: Relative number of GUVs after

they were exposed to different NPLs

(NPL-DEX or NPL-DEX, 0.01 mg/mL) for

different pH values of the suspension

(pH = 7.0, 5.2, 4.2) and treated with the

AMF (10 minutes, B = 7.0 mT) at

different frequencies (3, 10 and 100 Hz).

IDEA
MMA of magnetic

nanoparticles with a low-

frequency AMF can be used

to destroy cancer cells. This

research proposes the use

of giant unilamellar vesicles

as a simple model system to

study the effect of MMA on

a closed lipid bilayer

membrane, i.e., the basic

building block of any cell.EXPERIMENT
The GUVs were exposed to barium-hexaferrite nanoplatelets (NPLs, ~50 nm wide and

3 nm thick) with unique magnetic properties dominated by a permanent magnetic

moment that is perpendicular to the platelet, at different concentrations (1–50 mg/mL)

and pH values (4.2–7.4) of the aqueous suspension. The GUVs were observed with an

optical microscope while being exposed to a uniaxial AMF (3–100 Hz, 2.2–10.6 mT).

Figure 11: Optical microscope with a magnetic coil. 

Figure 1: The main idea of the research work.


