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Skin Ageing 
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Skin ageing：a cumulative result from oxidation stress, influenced by both intrinsic

(genetic and chronological) and extrinsic (environmental and lifestyle) factors

Marvin Ageing

“Stress Theory (Cortisol release)” & “UV radiation”
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UV Radiations in NZ 

Ozone hole (NZ)：Less ozone conc. but more UV rays.

UVA radiations: Global Rank #2 New Zealand (UV index > 11)

Auckland, 

New Zealand
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Anti-ageing 

Anti-ageing peptides

Antioxidants：inhibit the oxidation from reactive oxygen species (ROS)/free radicals.

Glutathione (GSH): “mother of all antioxidants”; endogenous tripeptide

Any problems to deliver GSH in skin?
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Problem #1: Skin barriers

• Molecular weight: < 500 Daltons

• Log P (partition coefficient): 1 to 3

• High lipid solubility

• Low skin irritation

Skin barriers：

1) Stratum Corneum (SC):

2) Tight junctions
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Problem #2: GSH physicochemical properties
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Problem #3: Application on Skin

• Ointments

• Creams

• Gels           Hydrogel

• Others

Semi-solid dosage forms

Skin Retention & Applicable

Cross-linked carrier

Skin hydration

Sustained release

Biocompatibility

Comfortable texture

A solid state application

A hydrogel application
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Aim & objectives

Aim to develop a SLN enriched hydrogel for topical delivery of anti-

ageing GSH for skin ageing

▪ Formulation development

▪ Formulation characterisations

▪ In-vitro cell studies

▪ Ex-vivo investigations

Objectives
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To enhance penetration:

• Lipid based carrier system

• Particle size 50 to 300 nm

• Penetration: surfactants & chitosan

• Hair follicle transport

To improve stability: 

• Solid state 

• Non/low-aqueous phase

Solid lipid nanoparticles (SLNs)

Formulation development

With Nanocarriers Without Nanocarriers
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Development of GSH-SLN

Factors screening by 25-1 fractional factorial design: Particle size & EE%

A: surfactants ratio (Span 85 : Tween 80)

B: sonication time

C: concentration of chitosan

D: sonication amplitude 

E: GSH concentration 

Formulation development
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Development of GSH-SLN-EH

Formulation development

Enrich into

Stirring

Solidification

25℃
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GSH-SLN-EH preparation: Carbopol® 971 (1%, 3%, and 5% w/v)



Characterisation of GSH-SLN-EH

GSH-SLN-EH

Rheological properties:

Pseudoplastic fluids

Texture profile: 

Morphology: Cryo-SEM

~1000 nm pore mesh size

Viscoelasticity:

Solid-like to liquid-like transition

Items Control 

gel
1% 

Carbopol

3% 

Carbopol

5% 

Carbopol

Gel strength (g) 6.0 ± 0.5 2.4 ± 1.2 5.1 ± 0.5 4.3 ± 0.9 

Adhesion (g sec) 6.2 ± 0.6 0.5 ± 1.2 6.5 ± 0.6 6.9 ± 1.0 

Stickiness (g) 7.1 ± 0.8 0.6 ± 1.1 6.9 ± 0.5 6.9 ± 1.0 

Spreadability (g 

sec)

34.3 ± 2.2 10.1 ± 3.1 33.6 ± 1.9 52.2 ± 5.9
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Drug release & mechanism:

Korsmeyer-Peppas:diffusion & erosion
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In Vitro Cell Culture Studies (Skin Fibroblast) 

Antioxidant enzyme activities

High levels in SOD and GSH-px

UVA radiation rescue: 

Cytotoxicity: 

No cytotoxicity and cell proliferation

Cellular uptake:

Maximum at 2 hours 

(<3 hours avoid skin enzyme clearance)
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Ex Vivo Studies (Human Skin) 

Deposition studies:

GSH-SLN-EH highest Epi- deposition

Permeation studies: 

GSH-SLNs highest permeation

Skin integrity: 

28.4 ± 1.8 kΩ·cm² skin’s TEER
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Formulations

Cumulative amount of 

GSH at 24 hours 

(µg/cm2)

Cumulative amount of 

GSH at 48 hours 

(µg/cm2)

GSH solution 1.1 ± 0.2 1.6 ± 0.4

GSH gel 1.7 ± 0.6 1.8 ± 0.2

GSH-SLNs 20.9 ± 1.2 20.7 ± 1.6

GSH-SLN-EH 12.6 ± 2.4 13.9 ± 1.0

Formulations
SC deposition of GSH after 48 

hours (µg/cm2)

Epi/dermis deposition of GSH 

after 48 hours (µg/cm2)

GSH solution 105.3 ± 5.0 9.5 ± 1.2

GSH gel 107.2 ± 4.2 8.07 ± 2.3

GSH-SLNs 19.4 ± 1.9 33.3 ± 3.3

GSH-SLN-EH 15.0 ± 1.8 35.8 ± 2.0

SC Viable Epi
0

30

60

90

120

Time (hours)

C
u

m
u

la
ti

v
e

 d
ru

g
 p

e
rm

e
a

te
d

 (
μ

g
/c

m
2
)

GSH Solution

GSH Hydrogel

GSH-SLNs Suspension

GSH-SLN-EH without additional GSH

GSH-SLN-EH with additional GSH

GSH solutionGSH-SLN-EH

14



Conclusions

▪ Future perspectives

• Industrial partnership & commercialisation

• Quality control trails & GMP complained (scale up)

▪ GSH-SLN-EH Formulation was developed

▪ Optimised formulation was characterised

▪ In-vitro cell and ex-vivo studies were investigated

The aim was achieved to topical delivery of anti-ageing GSH using SLN-EH

15



Acknowledgements

16



17

Welcome to New Zealand



18



References

19

AHLSTROM, L.A., CROSS, S.E. and MILLS, P.C., 2007. The effects of freezing skin on transdermal drug penetration kinetics. Journal of Veterinary Pharmacology and Therapeutics, 30(5), pp. 456-463.

AHUJA, S., 2011. 1 - Overview of Modern Pharmaceutical Analysis. In: S. AHUJA and S. SCYPINSKI, eds, Separation Science and Technology. Academic Press, pp. 1-9.

ANDERSON, D.A. and FREEMAN, E.S., 1961. The kinetics of the thermal degradation of polystyrene and polyethylene. Journal of Polymer Science, 54(159), pp. 253-260.

BYNUM, K.C., 2011. 9 - Preformulation and early phase method development. Academic Press.

CJ MBAH, PF UZOR, EO OMEJE, 2011. Perspectives on Transdermal Drug Delivery. Journal of Chemical and Pharmaceutical Research, 3(3):680-700.

Deutsch: Struktur von GlutathionEnglish: Structure of glutathione28 June, 2007-last update. Available: https://commons.wikimedia.org/wiki/File:Glutathion.svg [Nov 15, 2018].

DOLPHIN, D., Glutathione. New York u.a: Wiley.

ESLER, W.P., STIMSON, E.R., GHILARDI, J.R., VINTERS, H.V., LEE, J.P., MANTYH, P.W. and MAGGIO, J.E., 1996. In Vitro Growth of Alzheimer's Disease β-Amyloid Plaques Displays First-Order Kinetics†. 

American Chemical Society.

FISHER, G.J., KANG, S., VARANI, J., BATA-CSORGO, Z., WAN, Y., DATTA, S. and VOORHEES, J.J., 2002. Mechanisms of photoaging and chronological skin aging. Archives of Dermatology, 138(11), pp. 1462-

1470.

FLAGG, E.W., COATES, R.J., JONES, D.P., BYERS, T.E., GREENBERG, R.S., GRIDLEY, G., MCLAUGHLIN, J.K., BLOT, W.J., HABER, M. and PRESTON-MARTIN, S., 1994. Dietary glutathione intake and the 

risk of oral and pharyngeal cancer. American Journal of Epidemiology, 139(5), pp. 453-465.

GIBLIN, F.J., 2000. Glutathione Lens Transparency: Cataracts. Journal of Ocular Pharmacology and Therapeutics, pp. 121-135.

Glutathione 2018b-last update. Available: https://pubchem.ncbi.nlm.nih.gov/compound/124886, Nov 27, 2018,. Isoelectric point.

MARK EARLL, 2006-last update, A guide to Log P and pKa

measurements and their use. Available: http://showme.physics.drexel.edu/mirza/Software/JCAMP/Icons/Dissertation/Proposal/Proposal%20Questions/Logp%20and%20pKa%20uses.pdf.

MIYAZAKI, S., OSHIBA, M. and NADAI, T., 1981. Precaution on use of hydrochloride salts in pharmaceutical formulation. Journal of Pharmaceutical Sciences, 70(6), pp. 594-596.

PO, H.N. and SENOZAN, N.M., 2001. The Henderson-Hasselbalch Equation: Its History and Limitations. Journal of Chemical Education, 78(11), pp. 1499.

Reactions of Amides. Available: http://www.mhhe.com/physsci/chemistry/carey/student/olc/graphics/carey04oc/ref/ch20reactionsamides.html.

SASTRE, J., PALLARDÓ, F.V., GARCÍA DE LA ASUNCIÓN, J. and VIÑA, J., 2000. Mitochondria, oxidative stress and aging. Free Radical Research, 32(3), pp. 189-198.

SATINDER AHUJA and STEPHEN SCYPINSKI, 2010. Handbook of Modern Pharmaceutical Analysis. 

SCHMITT, B., VICENZI, M., GARREL, C. and DENIS, F.M., 2015. Effects of N-acetylcysteine, oral glutathione (GSH) and a novel sublingual form of GSH on oxidative stress markers: A comparative crossover study. 

Redox Biology, 6, pp. 198-205.

SECHI, G., DELEDDA, M.G., BUA, G., SATTA, W.M., DEIANA, G.A., PES, G.M. and ROSATI, G., 1996. Reduced intravenous glutathione in the treatment of early Parkinson's disease. Progress in Neuro-

Psychopharmacology & Biological Psychiatry, 20(7), pp. 1159-1170.

SHAH, A.K., WEI, G., LANMAN, R.C., BHARGAVA, V.O. and WEIR, S.J., 1996. Percutaneous Absorption of Ketoprofen from Different Anatomical Sites in Man. Pharmaceutical Research, 13(1), pp. 168-172.

WEN, J., DU, Y., LI, D. and ALANY, R., 2013. Development of water-in-oil microemulsions with the potential of prolonged release for oral delivery of L-glutathione. Pharmaceutical Development and Technology, 

18(6), pp. 1424-1429.

WILLIAMS, T.R., 1963. Infrared absorption spectroscopy (Nakanishi, Koji). Journal of Chemical Education, 40(11), pp. 616.

https://commons.wikimedia.org/wiki/File:Glutathion.svg
https://pubchem.ncbi.nlm.nih.gov/compound/124886
http://showme.physics.drexel.edu/mirza/Software/JCAMP/Icons/Dissertation/Proposal/Proposal%20Questions/Logp%20and%20pKa%20uses.pdf
http://showme.physics.drexel.edu/mirza/Software/JCAMP/Icons/Dissertation/Proposal/Proposal%20Questions/Logp%20and%20pKa%20uses.pdf
http://showme.physics.drexel.edu/mirza/Software/JCAMP/Icons/Dissertation/Proposal/Proposal%20Questions/Logp%20and%20pKa%20uses.pdf
http://www.mhhe.com/physsci/chemistry/carey/student/olc/graphics/carey04oc/ref/ch20reactionsamides.html


20

Optimised GSH-SLN

Items Values selected

Ratio of Span® 85 and Tween® 80 0.1

Ratio of two sonication times 0.5

Concentration of chitosan polymer 0.1 %

Sonication amplitude 45 %

GSH concentration 40. mg/mL
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Stability studies
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Stability studies

Items Conditions Initial 1 month 2 months 3 months

Strength

(g)

4℃

5.1 ± 0.5

5.2 ± 0.9 5.1 ± 1.7 5.2 ± 0.9

25℃ 4.9 ± 1.8 4.9 ± 1.1 5.2 ± 0.9

40℃ 6.5 ± 2.9 7.2 ± 2.8 5.2 ± 0.9

Spreadability

(g)

4℃

33.6 ± 1.9

34.8 ± 2.5 35.7 ± 4.9 38.1 ± 5.9

25℃ 34.6 ± 3.9 32.9 ± 3.9 38.9 ± 3.8

40℃ 40.8 ± 5.9 42.7 ± 3.4 48.9 ± 5.4

Extrudability

(g)

4℃

35.9 ± 3.2

34.6 ± 2.3 35.9 ± 2.5 35.6 ± 2.9

25℃ 35.6 ± 2.7 36.7 ± 3.2 37.9 ± 3.1

40℃ 43.7 ± 5.6 48.2 ± 6.4 52.2 ± 56.4

Thixotropic 

behaviours

4℃
Thixotropic

Thixotropic Thixotropic Thixotropic

25℃ Thixotropic Thixotropic Thixotropic

40℃ Thixotropic Thixotropic Anti-thixotropic

Viscoelasticity

4℃
Elastic

(solid like)

Elastic Elastic Elastic

25℃ Elastic Elastic Elastic

40℃ Elastic Viscos Viscos
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Drug release
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Samples
Zero order First order Higuchi Korsmeyer-Peppas 

R2 k0 R2 k1 R2 kk R2 n kh

GSH-gel 0.613 0.812 0.729 0.007 0.848 8.168
0.974

*
0.29 1.407

GSH-SLNs 0.755 0.689 0.908* 0.908 0.832 6.276 0.856 0.15 1.485

EH 0.844 0.901 0.908 0.006
0.971

*
8.255 0.884 0.97 0.320

EH&GSH 0.811 0.987 0.878 0.007 0.964 9.151
0.965

*
0.54 0.926
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