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Predicting, measuring and optimising
drug delivery to the skin

Introduction

* Drug delivery into and through skin for
dermatological therapy,
treatment of local, sub 1s infl ion, or
lleviation of ic di iy |

Richard H. Guy
University of Bath

continues to represent a major challenge.

AGAH 6" Dermatological
Product Workshop
London - June, 2015

+ While skin barrier function is better understood, and novel
technologies are in development...

topical bioavailability remains poor and very difficult to measure.
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Key questions Methods for the determination of topical
bioavailability/bioequivalence (BA/BE)

* What are the important rules that must be applied to select the most
suitable compound to develop for topical delivery?

the per um METHODS FOR
“Lipinski’s rules” for skin? TOPICAL BA/BE

« Determining bioavailability of topically applied drugs for local effect
in, or just below the skin?

current approaches
high-tech Raman imaging .
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provide new opportunities for drug delivery to the skin?
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Assessing topical bioavailability: hypotheses...

Topical BA/BE can be
vitro and/or in vivo surrogate tests.

d using appropriately selected in

All surrogate tests have some, but different, limitations; hence, tests can be
complementary.

Test(s) chosen depend on vehicle complexity and nature of inactive ingredients.

FDA project (U of Maryland, U of Bath, Colorado School of Mines,
T. Franz) is designed to ask “what about?”...

* In vitro skin penetration
* DPK (tape-stripping)
* IVRT

Microdialysis

Blood levels

Other approaches (spectroscopic, imaging, etc.)

[

In vitro methodologies

. In vitro release test IVRT

artificial membrane (SUPAC-SS)
quality control

no demonstrated ability to predict in vivo BA/BE

. In vitro skin penetration experiments

long history, substantial data resource

yet to gain FDA acceptance, but...
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Franz, Lehmann, Raney, Skin Pharmacol. Physiol., 2009, 2011

Key questions

* What are the important rules that must be applied to select the most
suitable compound to develop for topical delivery?
the /permeabili Jrum
“Li

ski’s rules” for skin?

« Determining bioavailability of topically applied drugs for local effect

in, or just below the skin?

* Are there clear benefits for the application of novel technologies to
provide new opportunities for drug delivery to the skin?
poration approaches
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current approaches
high-tech Raman imaging
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* The absorption of a

Estimation of J

| into the

max

skin

its physicochemical properties

upon:

its presentation to the skin (i.e., the ‘vehicle’ in which it is applied)

the ‘skin environment’, and
the duration of exposure.

Objective:
to quantify the (or flux) of a chemical
D sar
Joax = ™~ * K yintvenicte * Cenicte
* D= s di across skin stratum

* Ax = diffusion path-length

skin and vehicle,

* Ko = d’s partition
Ci. . = saturation solubility in vehicle.

velicle

* Units of ) are amount (e.g., moles or mg) per unit area per unit time.
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Theoretical development

If the vehicle is aqueous: Define a permeability coefficient:
T D.x ; wC %o DK yinpuarer
max = 3 Rtinaer * Coarer , ~

water

Hence: J =k, +Cyy

Saturated aqueous solubilities are known, measurable or calculable
=2 ). €an be determined if we can assess k,

Algorithm derived by Potts & Guy* from extensive database of ~100 k, values
across human skin in vitro following their application in water:

logk, =-2.7+0.71log P-0.006 1= MW

P = octanol-water partition coefficient of chemical; MW = molecular weight

*R.O. Potts and R.H. Guy. Predicting skin permeability. Pharm. Res. 9, 663-669 (1992).

Prediction of J__ (Edetox database, n > 60)
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R.H. Guy. Chem. Res. Toxicol. 23 (2010) 864-870

Topical and transdermal drugs (n=92)
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Observations

« Solubility-diffusion approach provides a decent “first-order” estimate
of skin uptake.

Key parameters are (at least) MW, log P and (aqueous) solubility.

* Predictions validated for maximum flux and permeability coefficient;
potential also for finite dose, short-contact scenarios.

Feasibility/success of dermal delivery depends, therefore, on both
percutaneous penetration and efficacy of drug.

A Lipinski-type set of rules is operative.
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Key questions

* What are the important rules that must be applied to select the most
suitable compound to develop for topical delivery?
the potency/permeability conundrum
“Lipinski’s rules” for skin?

* Determining bi ilability of topically lied drugs for local effect
in, or just below the skin?

current approaches
high-tech Raman imaging .

 Are there clear benefits for the application of novel technologies to
provide new opportunities for drug delivery to the skin?
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Dermatopharmacokinetics (DPK) as a test
for topical bioequivalence

B US Food & Drug Administration (FDA)
# Draft Guidance issued June, 1998
+ Withdrawn May, 2002

B Japanese Division of Drugs
# Issued July, 2003
+ Extended November, 2006

Topical bioequivalence
Japanese Division of Drugs

Guideline for bioequivalence studies of generic products for topical use

July 7, 2003

Dermatopharmacokinetic (DPK) study is acceptable if:
+ Site of action is either in or below stratum corneum (SC)
* Drug product does not damage SC
* Same concentration of active ingredient (even if in different formulations)

Measure at 1 time: steady state after 1 application

Given that amount of SC stripped by each tape is variable:

* Determine amount of SC collected and use average drug concentration (mg/g)
instead of drug amount (mg/cm?)
* Or, calculate average concentration from C versus x/L approach

DPK of maxacalcitol from ointment and lotion

Maxacalcitol is 10,25-dihydroxy-22-oxavitamin D,

Treatment of psoriasis

Compare lotion (generic) to Oxarol ointment (RLD)
Amount of drug is 25 pg/g in both ointment and lotion
Remove SC until TEWL > 50 g/m?-h or 20 tape strips

1. Pilot to assess time to reach 2. Pivotal assessing bioequivalence
steady state for lotion and ointment at steady state

120

Lotion (n = 12) | Ointment (n = 12)

Zw
£
Concentration (ug/g) | 112 3.1 1.4 £34 2 oo NI
H
a
90% Confidence g
o 88.9- 114.6% »

0535 05 075
Umemura K, et al., Int J Clin Pharmacol Ther, 46, 289-294 (2008) Normalized SC Thickness Removed (x/L)

N'Dri-Stempfer et al., Pharm Res, 2009
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4 7 H
Improved” DPK protocol developed for FDA Econazole uptake into SC
6 h Uptake
* Econazole nitrate cream (1%): 2 generics to reference-listed drug (RLD) 1200 ——— L L 1 11 11 L1
* 4 treatment sites per product (12 sites total)
Duplicate determinations at 2 times TE
15 i L
1 uptake time (6 h) & 1 clearance time (17 h); convenient for subjects 2 800
* Unabsorbed drug removed using isopropyl alcohol wipes §
£
* Determined all drug in SC by removing most of SC ‘é 4004 -
Removed SC until TEWL was 8-fold greater than pre-stripping value g
At least 12 tape strips, but not more than 30
Tape stripping area < drug application area (control both areas) S S A S 0 R K L S T
BA BB BC BD BE BF BG BH Bl BJ BK BL BM Al
* BE of uptake and clearance were assessed separately .
Subjects
+ Analyzed tape strips in groups to optimize analytical sensitivity + Drug uptake from 3 clinically BE . in N (n=14).
* Compare within each subject and then across subjects * A=Clay Park. B = Ortho (RLD). C = Taro.
+ Duplication of pi results.
N'Dri-Stempfer et al,, Pharm Res, 2009 N'Dri-Stempfer et al., Pharm Res, 2009
Econazole clearance from SC Econazole: average drug amounts in SC
17 h Clearance 1 1 1 1 1 1
P 3
800 4 6 h uptake i 17 hclearance
5 L 5 !
2 = 600 ' B A = Clay Park.
z = } q B = Ortho (RLD).
o 3
E E 400 - H i - C=Taro.
- : RER
a S |
S 200 H
L S R A B B s s S n=14
BA BB BC BD BE BF BG BH Bl BJ BK BL BM Al @ H
. T T T T T T
Subjects A B C A B C
* Drug uptake from 3 clinically BE i in i (n=14). Formulations
* A=Clay Park. B = Ortho (RLD). C = Taro.
N'Dri-Stempfer et al., Pharm Res, 2009 N'Dri-Stempfer et al,, Pharm Res, 2009




Econazole: assessment of bioequivalence (BE)

2 L L - Il Il
6 h uptake 17 h dlearance Both A and C were conclusively BE with B

after 6 h uptake after uptake and clearance, evaluated
9 gl separately.

Only 168 sites (3 products in 14 subjects
with replicates for uptake & clearance =3
x14x2x2)

Compare with 1176 sites in tretinoin gel
study (3 products in 49 subjects with 8
ol sites/product= 3 x49 x 8)

Ratio of Drug Amounts

0.4+

0 T T T T
@ ] @ Q
< o < o

Ratio of formulations A and C to B

N'Dri-Stempfer et al., Pharm Res, 2009

DPK — current situation?

* Improved tape stripping methods can reliably and efficiently assess BE of
topical dermatological products
* Pharmacokinetic (multiple time points) analysis is unnecessary
* Will FDA ever accept tape stripping to assess BE?

* Remaining questions, clarifications and potential improvements

*  What metric should be assessed?

* Amount, because adjusting drug quantity by SC mass collected does not reduce
variability

* D ination of SC mass coll d and SC thick
+ Eliminates inter-subject variability in SC thickness (compare within subject)

* Applicability if target tissue is not the SC?

* What uptake time? How many applications? (Wagner, PQRI-2013)

* Cleaning excess formulation? Inclusion (or not) of first 2 tape-strips? Yes!

not required

Wiedersberg et al., Eur J Pharm Biopharm, 2009
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“Improved” DPK protocol developed for FDA

Econazole nitrate creams: 2 (BE) generics to RLD
Report delivered to FDA in Jan., 2007

WHAT HAPPENED?

sufficient drug

4 treatment

Duplica

1 uptake time (b
* 1clearance time (17 h) = sufficient drug and convenient for subjects

| tapes included

Bl No change as yet at FDA with respect to DPK,

but new collaborative research in progress
Determine all drug By re ATy ao

+ Remove SC until TEWL is >8-fold pre-stripping value

OVIng

* At least 12 tape strips, but not more than 30

+  Tape stripping area < drug application area (control both areas)
BE of uptake and clearance determined separately

Analyze tape strips in groups to optimize analytical sensitivity

drug concentration in skin

DPK — what if stratum corneum is not the target?

Drug clearance rate is proportional to rate of drug delivery to tissues below SC

Assessing BE drug delivery to tissues below SC
* Measure amount of drug after clearance

Compare to amount of drug at steady-state before clearance

Clearance-to-uptake ratio should be an appropriate metric for assessing delivery
to tissues below SC

Clearance:Uptake | TestReference|

°
&
e s g
drug [TT—— 5 z
removed [EEEEER LR £ Bt I I E
S ) e 3
2 T3
drug A, drug & os- 11 5
uptake i clearance 3 3
5 Fos 2
& o025 5
g

—T— —T

A8 c 2 =

238

time, Formulation Ratioto B




Topical BA/BE:
FDA project (1U01FD004947-01) update and perspectives;
application of novel techniques to improve formulations

1. FDA project

Betamethasone valerate: DPK on inequivalent formulations ex vivo correlate
extremely well with published in vivo (human) data. IVRT does not.
Econazole: DPK on uptake of equivalent formulations correlates again with
published in vivo (human) data. IVRT of 3 formulations are very similar.
Human PK and DPK studies in man comparing different topical diclofenac and
acyclovir formulations in progress. To be correlated with in vitro and IVRT.

N

. Related research

- Application of novel technol (Raman scattering microscopy) to better
understand fori behavi post-; to the skin.

Controlling this “metamorphosis” to guide improved formulation conception
and development.
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Coherent anti-Stokes Raman Scattering (CARS)

“l B Prmpiald 5 fnclbeteslly

” Incdent Light | scattered off molecular vibrations

L (@) of sample, generating new, red-

C.V. Raman 3 w 0| 0w shifted field components at the
(Nobel Prize 1930) w0, Stokes frequencies w,= w, - Q

Unlike spontaneous Raman, CARS produces a highly dir

Coherent Anti Raman Scatterin

0w,

e s
W\/\,=WW' ‘ oo
Stokes (w,) N

| field. Two

beams (w, and w,) form a beating field with frequency w, - w,.

When W, - W, matches Q, all molecules within the interaction volume vibrate in-phase.

http:// ex.ac.uk/research/biomedi html

Coherent Raman Scattering

Beating at Wy, - Wstoges

???
2?0

Stimulated excitation of coherent
molecular vibration

Wstokes

Woump™ Wstokes = Wyib

VOLUME 82. NUMBER 20 PHYSICAL REVIEW LETTERS 17 MAY 1999

Three-Dimensional Vibrational Imaging by Coherent Anti-Stokes Raman Scattering

Andreas Zumbusch.* Gary . Holtom, and X. Sunney Xie'
Pacific Nortiwest ational Laboratory. Wil & Wiley Enirermental Molsclar Scinces Laberatory,
P.0. Bax 999, KS-85, Richland, Nashingion 99352
(Recerved 9 Decemer 1995)

A maliphoton microscopy based on coherent ati-Stokes Raman scaterin i accomplished with
nearinfiared ulrashort aser pulses. We demonstte vibratonal imaging of chemical and bioogical
Samples with high s wasivenes, nd
capabily. (SO031-9007(99)09110-3]

H Pump
stokes H
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Stimulated Raman Scattering

Target chemical bond

stimulated
Raman

Electronic excited ——
state

Virtualstate

5 Raman gain

-
—
—
—_
—

Ground state

- Images the specific chemical bond of interest
ation of target

- Signal is linearly proportional to

- Information on penetration depth and pathways of multiple components of a
formulation




All-Fiber Laser

Price: High

Robustness: Requires optical
table

Weight: 200kg

Cooling: Water-cooling

Price: economy of scale of the
telecom industry
Robustness: no adjustment after

Power-consumption: High splicing
Weight: <2kg
Cooling: Air-cooling
C. Freudiger & Sunney Xie Power-consumption: Battery

Invenio Imaging, Inc. & Harvard University possible

SRS CH, images of mouse
ear skin at 2846 cm™!

BG Saar, LR Contreras-Rojas, XS Xie, RH Guy, Molecular Pharmaceutics 8, 969-975 (2011)
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Advantages of CRS .

Ramanr h provi hemical selectivity without need for
labelling.

There is little scattering of the near-infrared excitation beams, allowing deep
penetration in tissues.

Due to anti-Stokes shift, CARS signal is of shorter wavelength than one-photon
fluorescence.

allows detection in presence of a strong fluorescent background.
Coherent addition of CARS fields generates a large signal.

on excitation i ities -> inherent 3D resolution.

Low absorption of near-infrared excitation beams significantly reduces
hotod: in

https//newloniexiaciul/researc] ars.html

Raman spectra of key chemical species

ketoprofen
skin lipids

1600 2000 2400 2800 3200
Wavenumber [cm']

SRS contrast is based on spontaneous Raman spectra, which are used to determine
optimal excitation wavelengths: 1599 cm™, 2120 cm™ and 2845 cm™ report on
ketoprofen, deuterated PG and skin lipids, respectively.




SRS analysis of skin penetration pathways

SRS signal [a.u]
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* Temporal profiles of PG-d8 at z = 6 um from two distinct regions
* Intercellular penetration increases steadily with time

* Follicular transport already ‘saturated’ at 26 mins post-application
* Scheuplein was right!

BG Saar, LR Contreras-Rojas, XS Xie, RH Guy, Molecular Pharmaceutics 8, 969-975 (2011)

Depth-profiling analysis of skin penetration
7.5 13
7.0
6.5

6.0

SONV jo oney

5.5

Area under normalised
SRS signal curve

5.0 1.0
L © &
s < & .‘P‘o o@\ (19}‘ ; (5&
€
* Comparison of relative penetration of PG-d8 and ketprofen over the course of the
experiment (~2 hr) [left-hand axis]

* Ratio of AUCs (measured near the beginning and end of the exposure) indicate faster
permeation of PG relative to ketoprofen [right-hand axis]

BG Saar, LR Contreras-Rojas, XS Xie, RH Guy, Molecular Pharmaceutics 8, 969-975 (2011)
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Metamorphosis of a formulation

Ibuprofen-d3 dissolved in propylene glycol at close to saturation

BG Saar, LR Contreras-Rojas, XS Xie, RH Guy, Molecular Pharmaceutics 8, 969-975 (2011)

Metamorphosis of a formulation

Crystals of Ibuprofen-d3 formed on skin within 0.5 hr post-application.
Panel (a): SRS contrast at 2120 cm™ (C-D stretch).

Panel (b): 3D projection of C-D contrast (blue, for ibuprofen) and CH,
signal from skin lipids (red) to reveal topology.
N. Belsey et al., J. Control. Release 174 (2014) 37-42




Polymeric film-forming systems (FFS)

Film Forming System (FFS): drug, polymer, solvent + plasticizer/lipid.

A polymeric solution is applied to the skin and forms a thin, transparent
and flexible film on the skin.

e §

Advantages over conventional dosage forms:
* Cosmetically acceptable
+ invisible and flexible on the skin.
* Application convenience
+  short drying time (<5 min) and rub off resistance
* Less frequent dosing
« prolonged and/or increased delivery
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Atomic force microscopy (AFM) - imaging

Acrylate polymer +20% w/w
hydrophobic plasticiser

Hydrophobic acrylate polymer

30.0 nm
0.0nm

10um 10um

Hydrophilic Klucel polymer

Klucel polymer + 20% w/w
hydrophobic plasticiser

H. Garvie-Cook, K. Frederiksen et al.
J. Control. Release (2015) in press.

Nanoindentation to determine elastic modulus

Eudragit RS® . Klucel LF®
- i s |
Foa{ L H
o] .2 H
3 . s . I
: i i i :
.
R 1 : 8, s j .
B : | g
b : g i
i o
.
001 3 001
Without With 20% With 40% With 20% Without With 20% With 40% With 20%
plasticizer TEC TEC MCcT plasticizer TEC TEC MCT

Elastic modulus decreases with increasing plasticizer content
* Permits elastic modulus of FFS to be matched to that of skin
* Further work undertaken with MCT

H. Garvie-Cook, K. Frederiksen et al.
J. Control. Release (2015) in press.

Polymeric film-forming systems -
AFM and Raman mapping

Height (om)

[T Acrylate polymer + 20% w/w
Initial force. inclusion

hydrophobic plasticiser, optical image

Raman map of plasticiser at 1305 cm

3 v
éos

e ¥ 508

[ 20| = é 04 Plasticisor

/ -1 HH

=00

Raman map of BMV 15 9 13 w7 2

at 1670 cm Map phol number

H. Garvie-Cook, K. Frederiksen et .
J. Control. Release (2015) in press.
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Physical state of BMV in acrylate and
hydrophilic polymers with MCT plasticiser

= oystaine
1015 Amphis
05+ Dsones

1840 1650 160 1670 1680

Raman stif (em ™)

O e Ko
10{a  Bron b, Kicel map,
% Reessensing prel.

08| Eusotmap

00 ki =
1640 1650 1660 1670 1680 0 15 2
Raman Shit cm™) Position aiong chenical map ine ~(um)

* BMV appears to be “dissolved” in the acrylate polymer, but in the solid
state in the hydrophilic, Klucel FFS

« Skin uptake of BMV is greatest from acrylate FFS with MCT

H. Garvie-Cook, K. Frederiksen et al. J. Control. Release (2015) in press.

The challenge of delivering actives to the nail

Compact structure
80 - 90 layers of dead keratinized cells
-5 bond

Hard keratins
Low lipid content 0.1-1%

Solvent permeation into the nail

* Deuterated solvents used to achieve image contrast
* SRS has identical signal output to spontaneous Raman

C-D

SRS 2120em™ —

2000 2500 3000
Raman shift (cm™) SRS 1802em”

Absorption of D,0

I

a4

Every 2.7 minutes
10m 343m

Cross-sectional view
Nail CH, 0-D Off resonance

W.S. Chiu et al., P.N.A.S., USA, early edition on-line, 2015
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W.S. Chiu et al., P.N.A.S., USA, early edition on-line, 2015
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PG-dgand DMSO-d, in nail

W.S. Chiu et al., P.N.A.S., USA, early edition on-line, 2015

Concentration/time/position-dependent diffusion

g 1.0 285m E q9 2h
5 - 262m D - 4h
0.8 - 289m 2,08 6h
9 - 316m Q + 8h
06 . 343m Q06 25h
s
Hoa § o4
£o2 Zo2
Z 0.0 - 2 0.04
50 100 150 0 5 10 15
22 (um n112) 22 (um 17112)
3h 60
. . D0
son o wf IHE D REY
g 1
+ 235h “w20{ ¥ + DMSO-dg
a 1 i
25 e .
e 4 I3
i TXVPRRO n
10 15 00 03 06 10 20 30
2tV2 (um h112) Time (h)

W.S. Chiu, P.N.A.S., USA, in press, 2015

Effect of solvent uptake on nail integrity

Solvents clearly undermine integrity of the nail (scale bar = 50 pm)

Effects are apparently concentration and time-dependent

Kinetics of water diffusion and its impact on the nail are much

more rapid than those of PG and DMSO

Diffusivity of water estimated to be 25-40 times greater than that

of the other two solvents

W.S. Chiu et al., P.N.A.S., USA, early edition on-line, 2015
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Key questions

What are the important rules that must be applied to select the most
suitable compound to develop for topical delivery?

the potency/permeability conundrum

“Lipinski’s rules” for skin?

Determining bioavailability of topically applied actives for local effect

in, or just below the skin?

current approaches
Are there clear benefits for the application of novel technologies to
provide new opportunities for delivery of actives to the skin?

high-tech Raman imaging

poration approaches e T |
nano-vectors LAY
2
%
o)l
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Enhancing transdermal transport

Passive diffusion of molecules > 1000 da is very inefficient
Skin’s principal function is to provide a barrier

Efficient transdermal transport => enhancement technology

— which acts on the molecule

« iontophoresis
— which acts on the barrier

« microneedles, microporation

« ultrasound

« other ‘permeabilization’ approaches (e.g., high-velocity particles)
— which involves novel formulation

« liposomes, nanoparticles, or other carrier/targeting moiety, or enhancers

Nanoparticles do not penetrate intact
(or even partially compromised) skin!

20 nm fluorescent particles applied to 4x tape-stripped skin for 16 hours -> no penetration!

Intact skin

Stripped skin

t=16h

C. Campbell, L.R. Contreras-Rojas et al., J. Control. Release, 162: 201-207 (2012).

Reconstructed 3-D confocal stack

Red/blue: Skin autofluorescence

Green: Fluorescent nanoparticles

200 nm fluorescent nanoparticles

C. Campbell, LR. Contreras-Rojas et al., J Controlled Release 162 (2012) 201-207
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Microneedle poration of skin

Exposure to Nile Red for 5 minutes, then imaged at 543
nm by confocal microscopy (monochrome panel is light
reflectance). Tile size = 900 x 900 pm?2.

N. Belsey et al., J. Control. Release 174 (2014) 37-42
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Microneedle poration of skin

CH, contrast: nanoparticles remaining
in hole created by microneedle.

Microneedles coated with fluorescent particles.
Green = TPF. Blue = SRS retinol
Red = SRS skin lipids

Belsey et al. unpublished data

Fluorescently-labelled polycaprolactone (PCL) nanoparticles

0

e-caprolcione

containing octyl-methyl cinnamate (OMC)

o

S .« f Average nanoparticle diameter ~145 nm
/{ OM\# Polydispersity index = 0.24

" omc encapsulation efficiency ~90%

[OMC] = 23 mg/mL

% e
Vs

O

Polycaprolacione

»}oﬂ M%»

Nanoparticles tracked by 2-photon fluorescence
OMC at 1601 cm?; -CH, signal from nail at 2901 em™*

Fluorophore = TAPP

W.S. Chiu, PhD thesis

OMC-loaded nanoparticles on
microneedle-treated nail (2 hours)

Opm  4um _ 8um_12um 16pm 20 um 24 pum 28 um 32 um

Nail protein (CH,). Off-resenance (background)
Octyl-methyl-cinnam MC)

2-photon fluorescence from TAPP-labeled nanoparticles
Overlay of OMC and TAPP.

W.S. Chiu, PhD thesis
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OMC-loaded nanoparticles on
microneedle-treated nail (7 days)

Opm__ 4um _ 8um __12pm 16pm 20 pum 24 pum_ 28 um 32 um

Nail protein (CH,). Off-resonance (background)
Octyl-methyl-cinnamate (OMC)

2-photon fluorescence from TAPP-labeled nanoparticles
Overlay of OMC and TAPP.

W.S. Chiu, PhD thesis

Fluospheres on porated skin

Surface

a

H

* Thermal ablation: small
pores/channels (~ 300 pm
long, 100 um deep) created
by short bursts of heat.

* Poration device utilizes a
microarray of metal
filaments.

Signaltensiy
-8 588

Tmage cross-section (220 pm)

Mid-depth

* Skin auto-fluorescence is
heightened around pores.

e crose-section (220 g

* Particles have an affinity for Base

the pore surfaces.

i

* Signal intensity profiles at
surface, mid-pore and
bottom of ‘trench’.

Signalntensity
[y

Cross-section mage cross-secton (220 g

N. Belsey et al., J. Control. Release 174 (2014) 37-42
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OMC-loaded nanoparticles on
microneedle-treated nail

cH, = TAPP-PCL NPs

w NS’

—

ak
50 um

W.S. Chiu, PhD thesis

Deuterated nanoparticles: Stimulated Raman scattering (SRS)

* 40 nm diameter deuterated methyl
methacrylate particles

+ CARS (red) CH, stretching contrast at
2855 cmt

* SRS (blue) CD contrast; fluorescein

« Images prepared using ‘colour merge’
and ‘volume viewer’ (Imagel).

100 pm

100um

N. Belsey et al,, J. Control. Release 174 (2014) 37-42
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Controlled skin poration with
femtosecond laser pulses

Dye-enhanced, femtosecond pulsed, visible laser radiation, delivered from a
hollow core negative curvature fibre, porates mammalian skin.

Ink application to skin surface lowers power required for poration and
results in significantly less thermal damage to tissue surrounding pores.

Mechanism attributed to initiation of plasma formation by thermionic
electron emission from ink.

H. Garvie-Cook, J.F. Stone, F. Yu, R.H. Guy & S.N. Gordeev, unpublished results.

Controlled skin poration with
femtosecond laser pulses

* Ytterbium doped fiber laser (Fianium), wavelength = 1064 nm, pulse
duration = 5 ps, repetition rate = 20.
* Pulses compressed and frequency doubled in Li triborate crystal.

* Resulting laser beam had wavelength = 532 nm and pulse duration = ~300 fs.
Camera shutter used to expose skin to laser for 1s.

H. Garvie-Cook, J.F. Stone, F. Yu, R.H. Guy & S.N. Gordeev, unpublished results.

Laser poration of the nail

Cross-sections of inked nails,
130 mW power for 1s.
Reproducible pore formation.
‘Colateral’ damage apparent.

Decreasing exposure time reduces
depth of pores formed.
‘Colateral’ damage decreased.

100 ym
—
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Conclusions
* Novel, t may (semi-)
quantify drug delivery into and through skin.
“ phosis” of for ions post-application
ial to imp topical for i and il

drug bioavailability.

* “Large” molecules and objects cannot penetrate an
intact skin barrier.
nanoparticles as sustained release reservoirs on skin
surface, in hair follicles?
skin poration approaches — a way forward?
what about the “gold standard” of a needle + syringe?
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