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Overview – an historical 
“snapshot”

• Importance
• Approaches used 
• Expression, activity, functional 

consequences for Phase I enzymes
– Localisation

• Phase II enzymes
– As above

• The future
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Importance of cutaneous
metabolism

• Influence on toxicity
– Activation of chemical agents to toxic 

metabolites
– Skin sensitisation – metabolic involvement
– Detoxification through the dermal route
– Enhancement of absorption by ester 

hydrolysis e.g. Fluazifop butyl
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Importance of cutaneous
metabolism

• Influence on drug delivery
– Ester (and other) pro drugs
– Cutaneous side effects
– Drug-drug interactions

• Importance for skin physiology
– Desquamation
– Other endogenous substrates
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Approaches used

• Gene expression (mRNA)
• Protein expression (immunological)
• Enzyme activity in homogenates and subcellular

fractions using classical probe substrates
• Functional studies – consequences (products) of 

metabolic activity 
– E.g. Detection of epoxides

• Localization – immunological, ISH, activities
• Whole skin, homogenates, isolated cells
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Coombes et al(1983) J Pharmacol Exp Thera, 
225: 770-776
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Rettie AE, Williams FM, Rawlins MD (1986) 
Xenobiotica, 16: 205-211



Skin Metabolism Meeting CR Europe  
20th May 2011

Rettie AE, Williams FM, Rawlins MD (1986) 
Xenobiotica, 16: 205-211



Aldrin

• Aldrin was metabolised to dieldrin in viable 
rat skin preparations, but the parent 
compound and metabolite remained in the 
skin

• Aldrin was absorbed in receptor fluid with 
ethanol:water receptor fluid, but viability 
was not maintained.
– McPherson et al (1991) Arch Toxicol 65: 599-

604
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Cytochromes P450

• Cytochromes P450
– mRNA: 1A1, 1B1, 2B6, 2E1, 3A4, 3A5
– Protein: as above in humans, 1A1/2 in mice, 

1A1, 1B1, 2E1, 3A1 in SD rats. 3A 
“constitutive” in HEKs, aromatase and 3A in 
ex vivo human skin/sebaceous glands

– AHH, EROD, PROD activities detected
– 1A1 in epidermis, others localised to basal 

layer, sebaceous glands, hair follicle cells
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CYP activity in vivo

• Human skin biopsies (healthy volunteers 
and psoriasis patients) Smith et al. 2003
– 1B1, 1A1, 2S1 consistently expressed
– 2E1 in some individuals, higher in lesional

skin (as was 2S1)
– 2S1 highly induced with coal tar treatment

• Yengi et al 2003
– Main isoforms expressed were 1B1, 2B6, 

2D6, 3A4 (2C18, 2C19, 3A5)
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CYP2 Expression
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Du et al. (2004) Toxicol Appl Pharmacol 195: 278-
287
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Du et al., 2006 J 
Pharmacol Exp Thera
319: 1162-1171

Response to retinoic acid 
or AhR ligands is 
modulated by 
differentiation status – A 
and B are genes 
upregulated by 
differentiation specific 
factors, C-F are weakly 
regulated or down 
regulated by differentiation 
specific factors.



Esterases

• Histochemical and functional detection of 
esterase activity in numerous skin species.

• Easily released during homogensation
• Cytosolic generally higher than microsomal
• detected in all layers of skin (but less in 

dermis)
• Importance during percutaneous absorption 

identified e.g. Fluazifop butyl
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Carbaryl

• In rat liver, hydrolysis, ring hydroxylation 
and conjugation detected

• In rat skin (post mitochondrial fraction), 
only hydrolysis and conjugation detected.

• No metabolism detected during 
percutaneous absorption
– McPherson et al (1991) Arch Toxicol 65: 594-

598
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Hydrolytic activity in rat skin cf lung 
and liver microsomes/cytosol

Vmax Liver Lung Skin
Fluazifop Butyl m 6.2 m 0.4 m 0.02
(μmol/min/g) c  6.8 c  1.5 c  0.4
Carbaryl m 2.1 m 1.6 m 0.2
(nmol/min/g) c  6.7 c  1.4 c  0.5
Paraoxon m 330 m 2.0 m nd
(nmol/min/g) c  nd c  nd c  nd
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Phenylacetate activity detected in all tissues
Hydrolysis of FB was inhibited by paraoxon and bisnitrophenol
phosphate
McCracken et al (1993) Biochem Pharmacol 45: 31-36



4-MUH hydrolysis in cell lines
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Barker and Clothier (1997) Toxicol in Vitro 11:637-640



Metabolism of parabens

• Two main cutaneous esterase activities 
identified by Lobemeier et al (1996)
– Prominent activity preferred methyl paraben, 

activity decreased with chain length
– Second activity in subcutaneous fat
– Activity in HaCat extracts preferred butyl 

paraben, activity decreased with decreasing 
chain length
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Lobemeier et al. 1996 Biol Chem 377:647-651



Esterase expression and activity
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Human skin subcellular fractions - metabolism of parabens
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Inhibition of paraben hydrolysis 
by loperamide (hCE2 inhibitor)
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Jewell et al 2007 Toxicol Appl Pharmacol 225, 
1-22



Alcohol and Aldehyde
Dehydrogenase

• Catalytic activities (alcohol to carboxylic 
acid) reported in intact skin and subcellular
fractions

• Protein expression (ADH1, 2 and 3; ALDH 
1 and 3) detected in skin by Western 
blotting

• Histochemical localisation to epidermis 
and appendages. Little ADH2 detected.
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Semiquantitative
densitometric analysis of 
immunoreactive bands 
resulting from Western 
blot analysis of human 
skin cytosol with
class specific ADH and 
ALDH antisera.

Cheung et al. (1999) 
Biochemical and 
Biophysical Research 
Communications 261, 
100–107
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Cheung et al. (2003) Toxicology 184: 97-112
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Cheung et al. (2003) Toxicology 184: 97-112

Lockley et al. Arch Toxicol (2005) 79: 160–168
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Lockley et al. Arch Toxicol (2005) 79: 160–168

RAT LIVER cytosol RAT SKIN cytosol



Other oxidoreductases

• Flavin-containing monooxygenases
– Very few reports in skin

• NAD(P)H Quinone oxidoreductases
– Detected in rodent epidermal cytosol at higher 

levels than in liver
– Inducible by substrates and 3-MC
– Easily detectable and inducible in 

keratinocytes in culture 
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Phase 2 Enzymes

• Glutathione transferases (mainly pi 
isoform)

• Sulphotransferases (isoforms?)
• Glucuronyl transferases – range of 

substrates reportedly conjugated
• N-acetyl transferases (NAT-1)

– Rapid N-acetylation of aromatic amines
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Raza et al (1991) J Invest Dermatol 96:463-467
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Raza et al (1991) J 
Invest Dermatol
96:463-467

GST isoforms
expressed in skin 
cytosol – species 
differences
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Species differences

• GST activity in human skin cytosol
generally lower than rat or mouse

• GST activities in human skin subcellular
fractions five fold higher than rat or minipig
skin

• Esterase activity towards ethyl nicotinate
high in rodent spp, much lower in human 
skin
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Summary

• Important advances in cutaneous
metabolism.
– Expression, enzyme activity in skin and keratinocytes

of full range of Phase I and II activities
– products of metabolism during absorption in vivo/ex 

vivo skin for some Phase I and II activities
– Localisation in (basal) epidermis, appendages
– Involvement of AhR
– involvement in differentiation
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The future

• Development of standard protocols for 
“qualitative” and quantitative predictions of 
metabolic activity in skin to replace the 
local lymph node assay

• A better understanding of the relationship 
between metabolism of endogenous and 
xenobiotic substrates

• Novel in vivo/in vitro approaches to skin 
absorption and metabolism
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