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Session Description and Objectives

• The bioequivalence (BE) of pharmaceutical 
formulations is typically demonstrated by assessing 
the pharmacokinetics (PK) of a generic product 
relative to a reference-listed drug (RLD) product. 

• However, for topical products applied to the skin, the 
applicability of the PK-based approach has been 
limited. 

• Here, we present a novel PK-based approach based 
on Stimulated Raman scattering (SRS) imaging and 
data processing via deep learning for image feature 
extraction and automated data processing. 

• Discuss current challenges associated with the 
development of appropriate methods to assess 
topical bioequivalence

• Describe the use of pharmacokinetic measures for 
topical bioequivalence determinations

• Probe mechanisms of percutaneous absorption and 
permeation pathways across the stratum corneum
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Dermal absorption is a complex process
• Physicochemical changes of product when applied 

to skin, may affect API bioavailability
• Excipients play significant role in drug delivery
• Solvent depletion due to evaporation or penetration 

to tissue -changes in thermodynamic activity of the 
drug and/or system on and inside the tissue

• API solubility in the residue
• Crystalline vs dissolved state

Mathes et al., Adv Drug Deliv Rev. 2014, 69-70, 81 -102
Hadgraft and Lane, Phys. Chem. Chem. Phys. 2011, 1 3, 5215–22 
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What is BE and why it is important

Raney and Luke, J Am AcadDermatol. 2020; 82: 1 570– 1 571

• Boosts market competition

• Reduces drug prices (estimated 20% price decline 
with each new market entrant)

• Widens patient access to treatment (availability & 
affordability) US FDA analysis of prices and competition for all drugproducts with 

initial generic entry between 2015 and 2017, showing median generic-
to-brand price ratios by the number of generic producers

Bioequivalence (BE) of pharmaceutically equivalent 
formulations is defined as “the absence of a significant 
difference in the rate and extent to which the active 
ingredient or active moiety become available at the site of 
drug action when administered at the same molar dose 
under similar conditions in an appropriately designed 
study”.

CFR - Code of Federal Regulations; 21CFR320.23

Effective BE assessment facilitates the development and 
availability of multisource generics
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Challenges for assessing topical BE

Plasma concentrations may not be representative of 
local tissue concentration of the API

Most topical products have few or no approved 
generics

Lack of competition drives prices up

Uncertainty about formulation efficacy limits product 
development

There is currently no established method for 
measuring epidermal and superficial dermal drug 
concentrations, at or near the site of action 

Rosenberg and Rosenberg, JAMA Dermatol, 2016, 1 52, 1 58-163

57% of topical drug products experienced a price 
increase of more than 100% between 2010 and 
2015, with the average price of topical generic drugs 
276% higher by 2015

Raney and Luke, J Am AcadDermatol. 2020; 82: 1 570– 1 571
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Imaging based on intrinsic vibrational contrast

Pence and Evans Analyst 2021, 146, 6379-6393 
Zhang and Aldana-Mendoza, J. Phys. Photonics 2021, 3, 1 –31

Stimulated Raman Scattering Microscopy

Prince and Potma, Stimulated Raman Scattering Microscopy
Ch3, Elsevier, 2022, 41 -65,
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Test image and machine generated output: probability image ranging from 0 to 1  
and probability image as overlay over the original image.

U-Net training on Image/Annotations pairs

Determining cutaneous PK with a Deep Learning-based Pipeline
U-Net training for signal collection from selected skin regions

Sample image of human stratum corneum with 
corresponding hand-drawn annotations

Libraries used:
Python:

Tensorflow Javabridge
Numpy Python-Bioformats
Matplotlib PyYaml

R:
Reticulate Noncompart
Ggplot2
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Experimental design for Pivotal BE Study
Model drug & concentration in 
formulations

Tazarotene 0.1 % (w/w)

Number of donors 4

Skin preparation Full-thickness, abdominal –
Subcutaneous fat trimmed to 
allow SRS signal detection in the 
forward direction

Number of skin samples & 
regions of interest (ROIs)

4 samples per formulation;
4 ROIs per skin sample (1024 x 
1024 pixel)

Depth stack Step size: 8 μm; number of slices: 
9; final depth at 64 μm

Study duration ~6.5 hours of imaging (15 cycles)

• SRS system tuned to 1590 cm-1 to target the delocalized C=C stretching 
vibration of the Taz backbone.

• The skin structure was imaged using the ~2870 cm-1 wavenumber to target the 
CH2 methylene stretching vibration of lipids 

• The tuning sequence was set to alternate between 1590 and 2870 to monitor & 
confirm the focal depth during imaging

• A polymeric concentration standard loaded with Taz was used in all experiments

Molecular 
mass

351.5 g/mol

Melting
point

97-106 o C

logP(o/w) 5.6

Aqueous 
solubility

0.1  mg/mL

Tazarotene, DrugBank online , https://drugbank.com/drugs/DB00799
(accessed on Aug 5, 2022)

1. Reference product (R1): Tazorac® cream Almirall, LLC

2. Generic product: Taro Pharmaceuticals U.S.A., Inc (cream) 

3. Reference product (R2): Same as reference product

4. Alternative formulation (gel): Tazorac® gel

5. Alternative formulation (PEG solution): Taz in PEG-200
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Visualization of  Tazarotene disposition to human skin over time
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R1: Tazorac® cream; Generic product (cream): Taro Pharmaceuticals U.S.A., Inc; R2: Tazorac® cream;
Alternative formulations: Tazorac® gel & Taz in PEG-200 solution (data from 4 donors; n=4 replicates per donor;
4 regions of interest (ROI) per replicate. (A-B) Peak drug concentration (Cmax) and area under the drug
penetration curve (AUC) values in the upper skin layers (0 – 16µm); (C-D) Cmax and AUC values in the deeper
skin layers (24 – 64µm).

Drug inside the skin 
t≅7h

Drug inside the skin 
t≅3.5h

Drug inside the skin 
t≅1h

Skin lipids
t≅10min

Low High

Monitoring drug delivery into human skin (~8µm depth) by 
SRS microscopy ex vivo. SRS images showing Taz 
penetration over time. Images suggest a predominant route of 
drug permeation via the intercellular lipids. SRS contrast 
obtained at 1590 cm−1. 
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Dermal distribution profiles of Tazarotene
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Concentration vs time profiles of Tazarotene (AU) across the skin estimated by SRS microscopy for various formulations followingfinite dose application ex vivo. Reference 
product (R1 ): Tazorac® cream; Generic product: Taro Pharmaceuticals U.S.A (cream)., Inc; Reference product (R2): Tazorac® cream; Alternative formulations: Tazorac® gel 
& PEG-200 solution (mean ± SEM of 4 donors; n=4 replicates per donor; 4 regions of interest (ROI) per replicate). Upper skin layers: 0 – 16µm; Deeper skin layers: 24 –
64µm.
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Conclusions & Future work
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✓ Statistical analysis indicated that the RLD resulted in 
similar cutaneous PK parameter values of AUC and 
Cmax compared to both itself (R1  vs R2; p>0.05) and the 
generic product (R1  vs Generic; R2 vs Generic; 
p>0.05). PEG-200 solution resulted in significantly 
lower amounts of Taz uptake by the tissue (p<0.05). 

✓ Overall, the proposed method was found capable of 
detecting differences in the rate and extent of dermal 
drug absorption from different topical skin products. 

✓ Real-time imaging of drug distribution across the tissue 
can additionally provide insights into drug permeation 
pathways and aid in pre-clinical evaluation of 
formulations

• Studies ongoing with additional drugs and 
dermatological products to examine the 
sensitivity and robustness of SRS and further 
explore this method as a novel cutaneous PK-
based approach for evaluation of topical BE.

• Studies ongoing for assessing the utility of this 
method for determining skin uptake of chemicals 
with no unique vibrational bands. 

• Future studies will focus on in vivo evaluation of 
topical BE by SRS
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