
dnt
DNT Proprietary Information

© 2009 by Dendritic Nanotechnologies, Inc.

ñDendrimers: A Distinct 

Delivery System in the 

Personal Care Market.ò

Ryan Hayes, Ph.D.
Director of Business Development

Dendritic Nanotechnologies, Inc.

Mt. Pleasant, MI

February 17, 2009
Wholly Owned Subsidiary of 

Starpharma Holdings Ltd

www.dnanotech.com



dnt



dnt
What is a Dendrimer?

Dendron (Greek) = Tree

Dendrite = highly branched nerve cell

Dendrimer = Highly Branched Polymer

http://upload.wikimedia.org/wikipedia/commons/b/ba/Neuron-no_labels.png
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Description of Chemistry & Important Features
ÅWhat is a dendrimer?  

ÅHistory of dendrimer nanotechnology commercialization

ÅPriostar® Dendrimer Products and Applications for Cosmetics.

Comparison to Other Delivery Systems
ÅOverview of delivery systems in Personal Care and Cosmetics.

ÅComparisons to similar technologies

Safety & Regulatory Information
ÅRecent safety studies on select dendrimers

ÅRegulatory submissions 

Summary & Acknowledgments

Dendrimer Technology in Personal Care
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What is a Dendrimer?

Surface Groups

ÅHydrophilic: Cationic, Anionic, & Neutral

ÅHydrophobic: aliphatic & aromatic

ÅCombinations of surface groups

ÅNumber of options for surface groups (Z > 50)

Interior Branching

Branched molecules that double or 

triple the number of arms. (Y > 40)

Dendrimers: Precise polymeric nanostructures built out from the core 

generating structures with the highest functionality per unit volume and 

spherical polyvalency.

Core

Multifunctional Molecules ( X > 20)

X * Y * Z > 40,000

Potential Products
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Dendrimers can be made to many different nanosizes. 

40,000 * 10 sizes = 400,000 Potential Products

Which ones to choose? 

126 72 1443

What is a Dendrimer?
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DNT Confidential and Proprietary Information

Nile Red with G2 and G3  

StarburstÈ Dendrimersésimilar 

to a G1 and G2 Priostar® in size 

and molecular weight.

Watkins et.al, Langmuir 1997, 13, 3136-3141

Size Calibration:  Dendrimer vs. Molecule
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DNT Confidential and Proprietary Information

Nile Red and a 

G4 Starburst® 

Dendrimer

Watkins et.al, Langmuir 1997, 13, 3136-3141

Size Calibration:  Dendrimer vs. Molecule
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DNT Confidential and Proprietary Information

Dendrimers provide polyvalent interactions between surfaces and 

bulk materials for applications such as adhesives, surface 

coatings, or polymer cross-linking. 

G1

G3

G2

Key Attribute:  Spherical Polyvalency

Polyvalency = Multiple 

interactions with surface

The Sticky Ball Effect



dnt

DNT Proprietary Information

History of Dendrimer Commercialization

1984:  First dendrimers based on Polyamidoamine (PAMAM) Dendrimers

1984 ï1991:  Development at Dow Chemical (Midland, MI).  

1991 ï2005:  License agreements and product supply to research market
ÅIn vitro Diagnostics ïDendrimer binds antibodies to substrate

ÅInkjet Ink - Dendrimer binds ink to improve waterfastness, rub resistance

ÅResearch Reagents ïDendrimer carries nucleic acid into cells

ÅResearch Materials ïover 200 dendrimer dendrimers developed and sold through 

Sigma Aldrich to researchers all over the world

2005 :  Technology from Dow Chemical invested in DNT
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DNT Proprietary Information

2005:  DNT announced invention of Priostar® Dendrimers.

2006:  DNT and Starpharma (SPL) merged to leverage dendrimer expertise in 

near-term opportunities and FDA regulated products.

2008:  VivaGel® - SPLôs lead product to prevent the transmission of sexually 

transmitted infections, including HIV and genital herpes in clinical trials.

2008:  Priostar® Dendrimers for Industrial Applications: 
1. Personal Care, Inkjet Ink and Coatings markets

2. New benchmark in dendrimer pricing for industrial applications

3. New patents on composition of matter

4. Patents becoming granted in countries around the globe

5. Under evaluation by over 50 companies

History of Dendrimer Commercialization
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Å Narrow development and sampling to Generation 1 products

Å Innovate and solve customer needs with scalable products

Å Products manufactured in one or two unit operations

Å Competitive pricing utilizing standard manufacturing processes and  

commercially available starting materials.

126 72 1443

Priostar ®  Additives
Custom-manufactured Dendrimers
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Customer Request: Affordable & Scalable
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Product Fn Fn #

DNT 2300 Amine 6

DNT 2310 Hydroxyl 6

DNT 2320 Carboxylate 6

DNT 2200 Amine 8

DNT 2210 Hydroxyl 8

DNT 2220 Carboxylate 8

ÁScalable to ton-quantities.

ÁExcellent water solubility and stability.

ÁAvailable via Sample Use Agreement.

ÁGlobal patents on composition of matter.

ÁProprietary Materials ïOnly available from DNT.

Find more information about DNT Dendrimers on Chemidexôs Website: www.chemidex.com

Fn = Functional Group

Highlighted Products are lead candidates for Cosmetics
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Product Fn Fn #

DNT 2300 Amine 6

DNT 2310 Hydroxyl 6

DNT 2320 Carboxylate 6

DNT 2200 Amine 8

DNT 2210 Hydroxyl 8

DNT 2220 Carboxylate 8

ÁScalable to ton-quantities.

ÁExcellent water solubility and stability.

ÁAvailable via Sample Use Agreement.

ÁGlobal patents on composition of matter.

ÁProprietary Materials ïOnly available 

from DNT.

Find more information about DNT Dendrimers on Chemidexôs Website

www.chemidex.com

Fn = Function Group

Highlighted Products are lead candidates for Cosmetics

Water Soluble Products
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Priostar® Dendrimer, Generation 1, Hydroxy
INCI Name: Pentaerythrityl Hydroxypropyl Bis-Hydroxyethylamine Dendrimer

Priostar® Additive: DNT-2210

Attributes
Å 8 Primary Hydroxyl Functional Groups

Å 4 Secondary Hydroxyl Groups

Å Aliphatic

Å Spherical presentation of functional groups

Å Wide temperature and pH processing range

Å Soluble in water, alcohols, some esters, and 

glycol ethers

Å Long shelf life (at least 2 years)

Å Safety:  Non-irritating (third-party test) and 

non-toxic (DNT in vitro test).

MW = ~800 g/mol

ȹT   = up to 300ÁC

DT = processing and formulation temperature stability range.
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DNT-2300 1.0% 0.980 11.20 0.90

DNT-2300 5.0% 0.996 11.58 2.79

DNT-2300 40.0% 1.050 11.94 29.30

DNT-2300 100.0% 1.150 N/A 13,200,000

DNT-2310 1.0% 0.986 9.46 0.90

DNT-2310 5.0% 0.990 9.44 2.62

DNT-2310 40.0% 1.070 9.41 12.80

DNT-2310 100.0% 1.200 N/A 11,000,000

DNT-2320 1.0% 1.040 10.40 1.02

DNT-2320 5.0% 1.010 10.26 2.59

DNT-2320 40.0% 1.170 9.89 16.40

Water N/A 0.976 N/A 0.890

Product
Wt. % in 

H2O

Density    

(g/mL)
pH Viscosity (cps)

DNT-2310

MW = ~600 g/mol

O

OH
N

OH
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O OH
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OH

DNT-2300 1.0% 0.980 11.20 0.90

DNT-2300 5.0% 0.996 11.58 2.79

DNT-2300 40.0% 1.050 11.94 29.30

DNT-2300 100.0% 1.150 N/A 13,200,000

DNT-2310 1.0% 0.986 9.46 0.90

DNT-2310 5.0% 0.990 9.44 2.62

DNT-2310 40.0% 1.070 9.41 12.80

DNT-2310 100.0% 1.200 N/A 11,000,000

DNT-2320 1.0% 1.040 10.40 1.02

DNT-2320 5.0% 1.010 10.26 2.59

DNT-2320 40.0% 1.170 9.89 16.40

Water N/A 0.976 N/A 0.890

Product
Wt. % in 

H2O

Density    

(g/mL)
pH Viscosity (cps)

1. Priostar® Hydroxy is very water soluble.

2. High viscosity without solvent.

3. Viscosity ñcutsò or drops dramatically upon 

addition of solvent (eg. Water).  This is a 

ñdendritic effectò.
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Å Unexpected:  Fat-soluble Vitamin D3 now has water solubility!

Å Vitamin D3 is over 1000x more soluble in water using 1.0 wt% Priostar® 

Additive concentration using a simple formulation procedure.

Å The Vitamin D3-Priostar formulation rapidly re-dissolves into water.

Solubilize, disperse, and stabilize actives, such as 

vitamins and antioxidants, in water based formulations, 
Improve Water Solubility of Actives Improve Dispersion of Actives

Enhance Actives or Create New Formulations

2800 IU

Priostar + Vit. D3

Priostar + Vit. D3
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Å Unexpected:  Ascorbic Acid is nearly 5X more stable in solution at room temperature.

Å Simple formulation process to mix Priostar® Additive with natural Ascorbic Acid

Å Solid formulation with Priostar® Additive showed very little degradation even after 23 

days at 43ÁC.

Stabilize Unstable Actives

Stabilized Solution 

0.025 wt% Ascorbic Acid in DI water

Stabilized Solid Form

2:1 Dendrimer:Ascorbic Acid

23 days

@ 43ÁC
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Polyvalency = Multiple 

interactions with surface

Å Unexpected: Hydrophilic molecule adheres to hydrophobic material

Å Low levels of Priostar® Additives, around 1 to 2% 

Å Minimal impact on Refractive index of material

Å Resists washing with water, salt solutions, and surfactants.

Priostar® Amine 
(DNT - 2300)

simulation of rub test 

for illustration only In
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Improve adhesion to hydrophobic substrates

Promote Adhesion to Difficult Substrates
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Create new ingredients with:

Å Antioxidants 

Å Photoinitiators

Å Plasticizers 

Å Dyes

Å Fragrances 

Å Priostar® products are robust scaffolds for attaching other molecules.

Å Convert volatile, leachable, low molecular weight ingredients into 

higher molecular weight ingredients to improve persistence and 

reduce leaching.

Nanoscaffold: Reduce small molecule leaching from coating.

Create New Ingredients or Actives

Leachable

Additive
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A B C

A very stable solution or emulsion of 

toluene/water was created by adding 2 

wt% proprietary Priostar® Dendrimer.  

New dendrimer has mixed hydrophobic 

and hydrophilic groups on the surface.

Å 49% Toluene

Å 49% Water

Å 2 %  Dendrimer

Process: Shake vigorously for 5 to 10 

mins. Let stand for 24 hrs.  

Å Stable for over two months and going!

Å Milky viscosity and color

Å Homogeneous mixture toluene and 

water to form a stable emulsion.

A = No dendrimer

B = 2 % Dendrimer

C = 4 % Dendrimer
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Additive: Delivery Systems

The versatile properties of Priostar® Additives allow formulators to 

find new ways to delivery or release ingredients in formulations.  DNT 

can be contracted to develop novel delivery systems for ingredients.

Fragrances, dyes, antioxidants, vitamins, disinfectants, metals, etc. 

Delivery System with 

Non-covalent Attachment

Delivery System with 

covalent attachment and 

controlled release.
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Lee C. C., et. al. Nature Biotechnology, 23, 12, Dec. 2005 

Spherical Shape: Unique Migration

Spherical particles migrate like a 

larger molecular weight material 

versus linear polymer strands.

Priostar® Dendrimers can be filtered out by standard ultrafiltration 

techniques whereas a similar molecular weight linear polymers would 

leak through.   This allows easy recovery of encapsulated materials.
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Dendrimer 

Solution

Add Excess

Drug

Step 1.

Step 2. Sonicate.  Shake Overnight.

Step 3. Filter to remove excess drug.

Analyze Filtrate by UV-VIS.

Dendrimer-Active complexes were 

analyzed for in vitro release by dialysis 

against deionized water or PBS (pH = 7.4) 

at 37° C with constant rocking. 

MWCO-1000

At scheduled 

intervals, the outer 

compartment was 

analyzed for active 

or drug by UV 

spectroscopy.

http://pubs.usgs.gov/of/2002/of02-371/Images/CHN/Redutube/TubePrep/sonicate.JPG

