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Drug Déelivery: Converting Molecules into Therapies

Transport / Kinetic Processes

Macro-scale
(organism-level)
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(tissue-level)
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(subcellular-level)




Drug Delivery: Technology Development

New Methods for Drug Administration

Biocompatible Methods to Enhance
Drug Absorption

Technologies for Sustained Drug Release

Methods for Targeted Drug Delivery




Drug Administration: Pills and Injections

- Injections. Only route for protein drugs

- Vaccines, Insulin, Growth Hormones
- 12 billion injections performed annually

. |ssues with needles

-Pain and anxiety
-Non-compliance ( > $100 billion per year)
-Inappropriate use (millions of cases of HBV/HIV)

« New Methods

-Non or Minimally Invasive
-Easy-to-use
-Minimal Patient Attention

Popular Mechanics, June 2003



Alternate Routes of Drug Administration

Ocular

(drops) Nasal

(sprays and drops containing

Transdermal liposomes or microspheres, and

adjuvants)

Solid powder

(DNA-coated gold particles or
vaccine powders)

Pulmonary
Liquid-jet injections (aerosol or dry powder)
(off-the-shelf
formulations)

Topical application
(adjuvant patches, colloids,
ultrasound or microneedles)

Oral

(iquid formulations and pills
containing adjuvants and
liposomes, microspheres

Vaginal/Rectal or bactenal ghosts)

(creams plus adjuvants)

Mitragotri, Nature Reviews | mmunology, 2005



Transdermal Drug Delivery

* Advantages

- Painless Method of Drug Administration
- No Stomach degradation
- Easy Termination

e Limitations
- Low Skin Permeability

- Used for only afew Drugs (MW< 400) |
Nicotine, Estradiol, Testosterone, etc.

Prausnitz, Mitragotri, Langer, Nature Reviews Drug Discovery, 2004



Skin is an Outstanding Barrier to Molecular Transport

Stratum Corneum{ = -

Epidermis { §

Stratum Corneum (topmost 15 nm layer) isthe main barrier

Lipid bilayersarethe primary building blocks of the barrier

Goal: Develop Strategies to Increase Skin Permeability to Drugs




Chemicals to Enhance Skin Permeability

AR AR A

Stratum
Corneum ;
Epidermis
Safe, but not potent Potent, but not safe
Can we design chemicals that are both safe and potent?
Approach |
Approach I

A




Design of Potent and Safe Mixtures of Chemicals
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Performance of mixturesis difficult to predict Massive Experimental Space

-Strong interactions

 High throughput methods are required to screen the experimenta space

 Such methods have been devel oped and have led to the discovery of novel
formulations



Ultrasound to Enhance Skin Permeability

Ultrasound Pretreatment for a Short Time to Permeabilize Skin
Skin Remains Permeable for Several Hours (12 hours)
Drug is Placed on the Skin for Sustained Delivery

Drugs delivered (pre-clinical)
e Insulin, heparin, vaccines

Approved for use in humans for local anesthesia



Mechanism: Cavitation-mediated Changesin Skin

« Cavitation on the skin surface generates shock waves on the skin surface and temporarily
disrupts skin structure
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Skin

Shock wave Liquid jet
~10,000 bar  ~100 m/s, ~ 3mm diameter, ~1 ns

» Structural changes in the skin are molecular in nature
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Microneedles for Skin Penetratl on

Skin poration by microneedles
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Needle-free Jet Injectors

o Attractive Alternative to Needles
— Around since 1950
— Used extensively for mass vaccination in 1960's o
— Not very popular for delivery of drugs (pain/bruising) /

— Mechanism |
; Jet i i ?5
Skin Skin Skin

— New designs of jet injectors are required
o Smaller, gentler yet effective devices

Mitragotri, Nature Reviews Drug Discovery, 2006



Nanoliter Pulsed Microjet

Transducer

Spring

Reservoir

Micronozzle

M ode of Operation:
Nozzle diameter:
Exit velocity:
Target tissue:

Dose Precision:

I njection volumes:
Penetration depth:
Active control:

(@) Microjet Injector

Continuous
50-100 mm
>100 m/s
Epidermis
2-15nl
Im/min
200-400 mm
yes

To spring/compressed gas

piston

Reservoir

(b) Conventional Jet Injector

Discrete
75-200 mm
>150 m/s
Dermis/subcutaneous tissug
30-100 m
0.1-1ml
2-20 mm

No

» Pulsed microjet injector is a hybrid device between a conventional jet injector

and a conventiona transdermal

patch

 Delivery of macromolecules (insulin) at a pre-clinical level

Mitragotri et al. PNAS, 2007



Summary

 Better methods of drug delivery represent alarge unmet need

» Several technologies for needle-free delivery have demonstrated their
capabilities

» The challenge now is make these technologies user-friendly and facilitate their
Integration




