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Chimeric Liposomes

* “Chimera”
* Mixed or Hybrid

— Different Types of Biomaterials
e.g. Lipids + Polymers
or Lipids + Dendrimers

New Class of Innovative Excipients for Medicine
 New Functionalities
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Aim of the Study

—— Design
e Build Chimeric Liposomal Systems @gafybp

« Phospholipid + Amphiphilic Block Copolymer

» Different Polymer Compositions
» Different Molar Ratios

Thermal Analysis
Physicochemical characterization
Morphology Imaging

ToxXicity Evaluation
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Biomaterials

A. Amphiphilic
o . HSPC
RN S SN W P~ 2 - :
XK T TN L-a-phosphatidylcholine,
i ¢ hydrogenated (Soy)
Amphiphilic
B.
: 0 PDMAEMA-b-PLMA
@
O poly(2-(dimethylamino)ethyl methacrylate)-b-

poly(lauryl methacrylate)

A A

pi-sensitive 1: 70-30 2: 60-40




Chimeric Liposome Preparation

Polymer-Grafted Liposome

Phospholipid || Block Copolymer
PLMA PDMAEMA fi’f
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Thin-Film Hydration /I/lez‘hod

Lipids a dhyd ophobic

drugs in organic solve Hydrofilic drugs

in water solution
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Rotary evaporation Dry lipid film




Methods of Analysis

A,

Thermal Light
Scattering

Analysis | G T -
) echniques
Techniques , (DLS, ELS

( D S C) v aretionegins | S LS )

_ Reported hydradynamic diameter

Imaging
Techniques
(AFM, Cryo-

TEM)

In Vitro
Screening
(MCF-10A)
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Results

Sample | pom | DWPSSON | Tawa | Ta | Bl | O | Toms | e | Bl | M
atic Medium o . o g1 ° . . o
( - ) ] .

- PBS(pH=7.4) | 521 543 3074} 502

9:002 PBS(pH=7.4) 518 53.1 3.4 46.9 : : : :
9:0.05 PBS(pH=7.4) 520 535 165 48.2 - - - -
9:0.1 PBS(pH=7.4) 519 533 168 443 : : : :
9:0.2 PBS(pH=7.4) 518 533 174 39.6 - - - -
9:05 PBS(pH=7.4) 516 530 165 308 : : : :
- pH=4.5 522 538 162 59.4 456 482 3.17 2.8
9:0.02 pH=4.5 521 536 161 58.7 - - - -
9:0.05  pH=4.5 51.7 533  1.71 53.3 - - - -
HSPC:PDMAEMA-b-PLMA 1 9:0.1 pH=4.5 50.8 531 227 46.9 - - - -
HSPC:PDMAEMA-b-PLMA 1 9:0.2 pH=4.5 492 523 293 422 - - - -
HSPC:PDMAEMA-b-PLMA 1 9:0.5 pH=4.5 452 510 5.1 24.1 - - - -

A

] el B S s [ S S
Atio Medium o o o g1 ° . . L

HSPC - PBS(pH=74) | 521 543 3.074} 502
TR VIl 9002 PBS(pH=7.4) 520 536 187 484 451 477 316 18
R S NV 0005  PBS(pH=74) 520 (535 1.77 46.4 449 473 291 2.2

9:0.1 PBS(pH=7.4) 519 533 161 43.1 448 471 261 17

9:0.2 PBS(pH=7.4) 518 533 166 38.8 - - - -

9:05 PBS(pH=74) 514 530 170 ] 293 - - - -

- pH=4.5 522 538 162 59.4 456 482 3.17 2.8

9:0.02 pH=4.5 520 536 159 57.7 - - - -

9:0.05  pH=45 520 536 2.14 52.0 - - - -
HSPC:PDMAEMA-b-PLMA 2 9:0.1 pH=4.5 516 533 1.83 428 - - - -
HSPC:PDMAEMA-b-PLMA 2 9:0.2 pH=4.5 50.7 528 2.14 37.4 - - - -

9:0.5 pH=4.5 49.1 522 3.6 22.4 - - - -



Results

Physicochemical Properties

Moljar Dispersion D, sD sD ¢-pot - R/R,

Ratio Medium (nm) (mV) 9
HSPC - PBS (pH=7.4) 104.0 0.4 0.384 0.020 2.2 0.6 1.00
HSPC : PDMAEMA-b-PLMA 1 9:0.02 PBS(pH=74) 161.2 0.7 0.656 0.017 12.6 3.9 1.07

HSPC : PDMAEMA-b-PLMA 1 9:0.1 PBS (pH=7.4) 1340 10 0.304 0003 11.0 6.9 0.76

HSPC : PDMAEMA-b-PLMA 1 9:0.5 PBS (pH=7.4) 1452 04  0.267 0.007 19.0 5.2 0.90
HSPC : PDMAEMA-b-PLMA 2 9:0.02 PBS(pH=7.4) 2734 192 0.934 0.114 13.7 04 1.01

HSPC : PDMAEMA-b-PLMA 2 9:0.1 PBS (pH=7.4) 1246 10 0.384 0021 20.7 0.4 1.12
HSPC : PDMAEMA-b-PLMA 2 9:0.5 PBS(pH=74) 188.2 29 0.425 0012 10.6 438 0.95
— il lallel Ll e
Ratio Medium (nm) (mV) gh
- pH=4.5 1076 24 0367 ooi0 00 33 -
HSPC : PDMAEMA-b-PLMA 1 9:0.02 pH=4.5 151.5 19  0.558 0032 18.7 0.6 -
HSPC : PDMAEMA-b-PLMA 1 9:0.1 pH=4.5 1206 os  0.211 0.018 11.4 226 -
HSPC : PDMAEMA-b-PLMA 1 9:0.5 pH=4.5 127.8 10 0.255 o013 20.6 33 -
HSPC : PDMAEMA-b-PLMA 2 9:0.02 pH=4.5 1684 54  0.725  o.110 4.9 124 -
HSPC : PDMAEMA-b-PLMA 2 9:0.1 pH=4.5 107.2 o4 0.284 0015 15.6 1.4 -

HSPC : PDMAEMA-b-PLMA 2 9:0.5 pH=4.5 163.4 17 0434 0037 19.3 24 -



Results
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Results -

Morphology

AFM Images of
Chimeric Systems

HSPC:PDMAEMA-b-PLMA 1
9:0.1 + 9:0.5 (A + B)

HSPC:PDMAEMA-b-PLMA 2
9:0.1+9:0.5 (C + D)




Results

Morphology

Led b 03
r.b"‘d

Cryo-TEM Images of
Chimeric Systems

HSPC:PDMAEMA-b-PLMA 1
9:0.1 + 9:0.5 (A + B)

HSPC:PDMAEMA-b-PLMA 2

9:0.1 + 9:0.5 (C + D)
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Results

Morphology

m Type of Objects Observed Wall Thickness (nm) Quantitv (%)

Homogeneous membrane
Liposomes 6.1 69.3
Heterogeneous membrane

HSPC:PDMAEMA-b- 9:0.1 Homogeneous membrane 12.8 3.9
PLMA 1 Polymersomes 116.1
Heterogeneous membrane 13.1/6.0 0.1
Disk-like micelles 26.3 117.3 1
Worm-like micelles - - S
Homogeneous membrane 85.8
Liposomes 5.8 80.1
Heterogeneous membrane 0.2
HSPC:PDMAEMA-b- 9:05 Homogeneous membrane 13.1 6.9
PLMA 1 Polymersomes 131.7
Heterogeneous membrane 13.6/6.1 0.1
Disk-like micelles 31.5 1154 2
Worm-like micelles 13.2 > 1000
Homogeneous membrane @
Liposomes 5.7 69.9
Heterogeneous membrane 0.2
HSPC:PDMAEMA-b- 9:0.1 Homogeneous membrane 13.7 3.8
PLMA 2 Polymersomes 154.3
Heterogeneous membrane 14.2/6.0 0.2
Disk-like micelles 35.0 147,6 2
Worm-like micelles 14.9 ~ 800
Homogeneous membrane
Liposomes 5.8 75.5
Heterogeneous membrane 0.
HSPC:PDMAEMA-b- 9:0.5 Homogeneous membrane 15.1 24.6
PLMA 2 Polymersomes 149.4 —
Heterogeneous membrane 16.0/5.9 0.4
Disk-like micelles 38.3 128.2 3
Worm-like micelles 15.3 > 1000 21



Results

Toxicity
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Results

Preparation of Optimization

e pH=7.0

Molar Dispersion D, sD sD (-pot sp
Ratio Medium (nm) (mV)

HSPC - PBS (pH=7.0) @ 119.1 1.0 0.615 0.003 - -

HSPC : PDMAEMA-b-PLMA 1 9:0.02 PBS (pH=7.0) - - - - - -

HSPC : PDMAEMA-b-PLMA 1 9:01 PBS(pH=7.0) 829 07 0281 0021 186 6.3
HSPC : PDMAEMA-b-PLMA 1 9:05 PBS(pH=7.0) 831 09 0233 0003 144 1.9
HSPC : PDMAEMA-b-PLMA 2 9:0.02 PBS (pH=7.0) . ; . ; . .
HSPC : PDMAEMA-b-PLMA 2 9:01 PBS(pH=7.0) 754 07 0253 0025 197 4.2
HSPC : PDMAEMA-b-PLMA 2 9:05 PBS(pH=7.0) 833 0.7 0209 0008 193 2.4

pH-Sensitive Differential Conformation
During Self-Assembly

Hydration Forces (Proton Conc.)
Influence Even Pure HSPC




Conclusion

» The thermodynamic, physicochemical and

morphology studies provide useful information for
the biophysical behaviour of pH-responsive
chimeric/mixed nanocarriers.

» Indicating which are promising advanced drug
delivery nanosystems (aDDnSs).

» Protocol parameters important, due to lyotropism
of biomaterials.

» Concentration and composition-dependent
polymer effect.




Conclusion

» Suitable
phenomen:e
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Future

* microDSC Studies on Liposomes, Prof. Fessas
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