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Pharmacokinetics

@& A central concern in drug development is that a drug reaches
Its intended target

¢ Challenging for topical and transdermal administration

¢ Radiographic methods (e.g. MARG) give uptake, but not
dynamics

¢ Modifications to drugs for tracking (e.g. fluorescence) often
fundamentally alter pharmacokinetics

¢ |deally, would aim to follow drug uptake in subjects, not model
SYRIEINS

Our goal is to overcome this limitation and create  quantitative
optical imaging methods




Pharmacokinetic Tomography

A paradigm for the microscopic imaging and quantification of
drugs based on intrinsic sources of contrast:
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Acne Vulgaris
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Acne vulgaris
1. Abnormal keratinization

gland

s 2. Sebum Production
3. P. Acnes <= Minocycline and Retinoids!

4. Inflammation

Accumulation of Accumulation of P. Acnes Marked
epithelial shed keratin and proliferation inflammation
cells and keratin sebum Mild inflammation Scar




Minocycline and Retinoids

» Minocycline Required high dose of mmocyclme
for effective treatments .

Recommended _.
minocycline dose for Blzzmess
acne ausea

— 45-135 mg/day Joint and muscle pain
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Duration of therapy
= 12 weeks

Solodyn™ is a trademark of Valeant Pharmaceuticals for oral minocycline

Br. J. Dermatol. 129(4), 4(53—407 (1993).

» Isotretinoin Isotretinoin
Severe acne * Extreme dry skin and eyes
Duration of therapy * Vomiting
= 15-20 weeks * Diarrhea
(3.5-4.5 months) * Dangerous

for unborn babies




Topical Minocycline and Retinoid
Formulations

Topical minocycline and retinoid
* Jopical versus oral (current standard of care)

» TJopical dosage form of minocycline
not commercially available

» Minimal systemic side effects

Current Evaluation of a topical drug
delivery

* Franz-type diffusion cells
* Tape stripping + HPLC
* MALDI-MS imaging technique

Can we do better through imaging?

Are they successfully delivered to their
intended target as we expected?

Can we visualize a topical drug uptake
within the skin at its native daily dose?




A New Topical Formulation of Minocycline for
Tx of Acne
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Use Two-Photon
Microscopy for deep
tissue imaging

Two-Photon Fluorescence Emission Spectrum of Minocycline
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A New Topical Formulation of Minocycline for
Tx of Acne

Two-Photon Fluorescence Emission Spectrum of Minocycline
OH O HOHO P y
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Use Two-Photon
Microscopy for deep
tissue imaging
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Tissue Autofluorescence is Heterogenous Across Subjects

Integrated Autofluorescence Intensity Across
Subjects

Facial Skin Samples
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Teasing out Minocyc
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Fluorescence Lifetime Imaging Microscopy
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Phasor Analysis

Time Domain
(Exponential decay)

Minocycline Skin
fluorescence autofluorescence
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Autofluorescence and Minocycline have Unigue
“Phasor” Signatures

Not at all simple; requires pixel-by-pixel separation of lifetime
components

Problem akin to “big” data issues in Flow Cytometry and CyTOF

Phasor Plot for Dried Minocycline - Ch#2

Phasor Plot for Sebaceous Gland - Ch#2
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Autofluorescence and Minocycline have Unigue
“Phasor” Signatures

Not at all simple; requires pixel-by-pixel separation of lifetime
components

Phasor Plot for 5§ mg/mL MNC-MgCI2 treated Sebaceous Gland - Ch#2
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Quantitative Assessment of Minocycline Uptake

Epidermis Hair Follicles Sebaceous glands
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Map of Exogenous Content in Test Image Map of Exogenous Content in Test Image
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Challenge: Substantial Spectral Overlap

Dried Tazarotine
Dried Minocycline
Autofluorescence
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Quantitying Individual Drugs in a Multicomponent API

FLIM Phasor Plot
FLIM Images Phasor Plot
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Separating and Quantitying Clusters

Tazarotene Cluster
Center

(c) Simulated Ground Truth Drug Distribution Image (d) Ground Truth Phasor Plot
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/ Reconstructed Ground Truth Drug Distribution Reconstructed Phasor Plot
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Minocycline Cluster Center
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Calculations Variables

UCx = 1/ Dy
UCTa[ = 1/ Dsz
UCMino = 1/ DMino

UC: Unscaled Component Contribution

Cy..: Total Contribution

Ceomponent: Scaled Component Contribution I Component A [ Component B I ComponentC
Testgp): Phasor plot pixel RGB value

Car = UChr / Cro Mean Error (%) Standard Deviation (%)
Cry = UGy, / Ciy —_—m—

Chino = UChino /ch Component A +
Crot = UCxg + UG, + UGy, Contribution (Red) 1.67 £2.77

Component B

+
Contribution (Green) 171 +2.74

Testiree= [R = Yg* Car + Bg*Cry; + Mg*Cptines
G =Ys* Cye +Bs*Cyy, + M6*Cine,
B=Yg*Car +Bg*Cry; + Mg*Cinol Component C

Contribution (Blue) 4.29 +5.65




Separation and Quantification

Bright Field Phasor plot
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