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Molecular Shape and Type of Self-Assembly

Kulkarni C.V.*, Wachter W. et al. (2011) PhysChemChemPhys. 13, 3004-3021

Conical Inverse conicalCylindrical

Average Molecular Shape of Amphiphilic Moleculesa

WaterWaterWater

type 1 type 2type 0

b

Normal micelles Planar micelles Inverse micelles

Type of Self-Assembly in Water

Lamellar PhasesCylindricalSpherical

Pn3mIm3m Ia3d

L3 H2 L2L1 H1

Non-Lamellar Phases

c Type of Nanostructures

LC, Lβ, Lβ*, Pδ, Lα…



4

Lipid Self-assembly in Daily Life

Lipid membranes

Foods

Cosmetics

Pharmaceutics

Hybrid Materials

Biomedical Applications
Kulkarni, C.V.* (2012) Nanoscale, 4, 5779–5791
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Lipid Self-assemblies: Biological Significance
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Aqueous 
interior

Locally Flat
Bilayer

Hydrophilic

Hydrophobic

L3

H2

L2

Lα

Pn3m

Im3m
Fd3mSustained release capability

Long term stability – shelf-life

Charged/uncharged constituents

Storage and transport

Size tunability

Simple preparation protocols

Possibilities to vary mol. wt.

Nanocompartments

Solubility of hydrophilic molecules

High ligand / liphophilic efficiency

Pharmacologically compatible

Potential to achieve high potency

Solubility of hydrophobic molecules

Wide variability of bilayer fluidity

Potential for reducing no. of doses

Tuning of nanostructural dimensions

Known for loading of biomolecules

Triggered release

Similar structures seen in nature

Nanostructural type 

Diffusion aided by continuous bilayer

Semi-solid interior

No need of cholesterol

Suitability for rapid release

Reversible phase behaviour

Reconstitution of amphiphilic molecules

Availability of different curvatures

High lipid volume per particle

Large interfacial area

Aid in target search

Degradability

Lipid-Based Nano-carriers

Solubilize amphiphilic, 
hydrophobic, hydrophilic molecules

Naturally abundant, biogenic Food grade, biocompatible
Diverse self-assemblyNanoscale architecture

Fine-tunability

Wide scope for 
developing novel applications

Expertise > 15 yrs
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Lipid-Based Formulations: Drug Nano-carriers
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Kulkarni C.V* et al. (2017) Langmuir 33, 9907−9915
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Aspirin
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Kulkarni, C.V.*(2017) Journal of Food Processing and Preservation

Unstable Stable

Retain original hydrophobicityOvercome a problem of immiscibility
Display fluid consistency
Stable for several months

Cheap and abundant source of lipids Food grade itself being food

Lipid-Based Formulations: Foods and Biles

Sadeghpour A, Rappolt M, Misra S and Kulkarni C V* (2018) Langmuir, 34 (45), pp 13626–13637.

Emulsification 
of Food Fats 1

Bile Salt

Increased surface area for lipase attack

Conversion into 
simple structures2

Simple structure ease lipase interaction

Food – Butter and Butter Oil Formulations

Biles – Lipid + Bile Salts Formulation
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Nanoscale (2015) 7, 1090-1095.

-OH -COOH

Potential advantages:
Multidrug loading,

Improving biocompatibility
Journal of Visualized Experiments (2016) 108, p. e53489. 

Innovative Formulations – Hybrid Nanomaterials

Fullerene
C60

Journal of Colloid and Interface Science (2016) 480, 69-75

3 µg/ml
C60

30 µg/ml
C60

300 µg/ml
C60

Encapsulation of fullerene 
in lipid particles

Lipids-Carbon nanotubes

Lipids-Fullerene

 κ-Carrageenan (KC)

Lipid-hydrogel films for sustained drug release

International J Pharmaceutics (2015) 479, 416-421.
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High-speed 
pre-mixing

Rotating inner 
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(water, no stabilizer!)

Lipophilic phase
(lipid/+oil)

Salentinig S., et al., J. Coll. Int. Sci., 2008, 326(1): p. 211-220

Cosmetic Formulations: W/O Nanostructured Emulsions
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ISAsome
dispersion

Hydrophilic phase
(water, no stabilizer!)

Lipophilic phase
(lipid/+oil)

Comprised of 50 to 90% of water

W/O Nanostructured 
Emulsions

Kulkarni, C.V.*(2016) Cosmetics, 3 (4), 37

Shear gap 
(100-200 µm)

High-speed 
pre-mixing

Rotating inner 
cylinder

Kulkarni C.V. Mezzenga R and O. Glatter  (2010 ) Soft Matter, 6, 5615-5624.

Cosmetic Formulations: W/O Nanostructured Emulsions
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Water-in-oil emulsion (W/O)

Oil-in-water emulsion (O/W)

H2

Stabilizer

100 nm100 nm

Water

~2.0 nm > 1 mm~100 nm for O/W and ~ 2-50 µm for W/O emulsion~6.2 nm

Lipid Self-Assembly Emulsion Morphology Physical Form

Nanostructured Emulsions: W/O and O/W Types

Kulkarni C.V. Mezzenga R and O. Glatter  (2010 ) Soft Matter, 6, 5615-5624. Kulkarni, C.V.*(2016) Cosmetics, 3 (4), 37
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High-Value Formulations: Lipid-Curcumin Systems

Curcumin formulation in Lipid 
system- Product Development
[Patent in Final Stages for submission]

https://healingenergetics.com.au/liquid-curcumin.html

The curcumin market growth will increase
by $32.11 million during 2019-2024.

North America will register the highest
growth rate of 31.49% among other regions.

The key factors driving the curcumin
market growth are:

•Therapeutic properties propelling
the demand of curcumin.
•Demand for products that combat the
signs of aging

https://www.technavio.com/report/curcumin-market-industry-
analysis?utm_source=pressrelease&utm_medium=bw&utm_campaign=t_auto_rfs_wk35_faqs&utm_content=IRTNTR44137

Popular as immune booster:   
in Covid-19 era

Tackling the problem of bioavailability of curcumin
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Copper Aspirinate: stronger than aspirin?

High-Value Formulations: Lipid-Copper Complexes

Topical applications: 
Antimicrobial properties

Tackling the problem of solubility of copper complexes
DOI: 10.1128/AAC.02345-17

Copper complexes in 
lipid Formulations

[Patent in Final Stages for submission]

Product Development
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