
Spectroscopic Investigations on the

Molecular Motions and Solution

Chemistry of the Medicinal Pigment

Curcumin

Mandy Hei Man Leung

Department of Chemistry

The University of Adelaide

This dissertation is submitted in total fulfilment of the requirements for

the degree of Doctor of Philosophy

January 2015



DECLARATION

I certify that this work contains no material which has been accepted for the award

of any other degree or diploma in my name, in any university or other tertiary insti-

tution and, to the best of my knowledge and belief, contains no material previously

published or written by another person, except where due reference has been made in

the text. In addition, I certify that no part of this work will, in the future, be used in

a submission in my name, for any other degree or diploma in any university or other

tertiary institution without the prior approval of the University of Adelaide and where

applicable, any partner institution responsible for the joint-award of this degree.

I give consent to this copy of my thesis when deposited in the University Library,

being made available for loan and photocopying, subject to the provisions of the Copy-

right Act 1968. The author acknowledges that copyright of published works contained

within this thesis resides with the copyright holder(s) of those works.

I also give permission for the digital version of my thesis to be made available on

the web, via the University’s digital research repository, the Library Search and also

through web search engines, unless permission has been granted by the University to

restrict access for a period of time.

Mandy Hei Man Leung

January 2015



ACKNOWLEDGEMENTS

First and foremost, I would like to thank my supervisor Dr. Tak Kee for his guid-

ance, encouragement and patience since I started my research experiences in the group

as an undergraduate. His knowledge in ultrafast spectroscopy and continuous support

have been invaluable.

I would also like to thank my co-supervisors, Prof. Stephen Lincoln and Assoc.

Prof. Greg Metha, for their advice and support. Their wisdom and passion in Science

have been truly inspiring.

Thanks also go to Dr. Tara Pukala for her expertise in the mass spectrometry, Dr.

Denis Scanlon for his expertise in the high performance liquid chromatography, Dr.

Truc Pham for his advice in data analysis, Dr. Matt Addicoat for his expertise in com-

putational chemistry. I would like to thank Assoc. Prof. Sheng Dai and Dr. Qiuhong

Hu at the School of Chemical Engineering in the University of Adelaide for their ad-

vice and equipment, which allow detail characterisation of my samples. Thanks must

also go to Mr. Kevin Kuan, Ms. Annelie Karssen and Mrs. Pravena Bako for their as-

sistance with experiments. I would also like to thank Mr. Peter Apoefis, Mr. Philip

Clements, Mr. Matthew Bull, Mr. Graham Bull and Mr. Gino Farese for their technical

support.

A big thank you to all the past and present Postdocs, PhD and Honours students

whom I have had the pleasure of exchanging ideas in science and sometimes non-

science related topics. Special thanks go to Mr. Scott Clafton for his help in time-

resolved fluorescence upconversion, Mr. Takaaki Harada for his assistance with the

NMR and laser experiments and Mr. Patrick Tapping for his assistance with laser main-

tenance. Also, I would like to thank them for proofreading this thesis.

Finally, I would like to thank my parents for being understanding and encouraging.



ABSTRACT

Curcumin is the bioactive molecule in the pigments found in turmeric, a spice and

traditional medicine in Asia for centuries. Research has shown that curcumin exhibits

a number of medicinal benefits, in particular, anti-Alzheimer’s and anti-cancer proper-

ties. It has been shown that there is an elevated level of Cu(II) in amyloid plaques and

tumours. In addition, curcumin has the ability to damage the DNA of cancer cells in

the presence of Cu(II), which leads to apoptosis. Furthermore, the tautomerisation of

curcumin is essential for the binding of amyloid aggregates, which is associated with

Alzheimer’s disease. This thesis provides insight into the interaction between cur-

cumin and copper ion and tautomerisation of curcumin, which are related to the pro-

posed modes of action for curcumin. In addition, a method for stabilising of curcumin

in an aqueous environment using biocompatible polyester nanoparticles is described

in this thesis. These nanoparticles show potential applications as curcumin delivery

systems in biological environment.

As a part of the PhD thesis, the interaction between curcumin and Cu(II) has

been investigated in methanol and the sodium dodecyl sulphate (SDS) micellar so-

lution. The fluorescence quenching results show that curcumin forms both 1:1 and

1:2 Cu(II)−curcumin complexes and the binding constants are on the order of 105 –

108 M−1, which indicate a strong binding between curcumin and Cu(II). The transient

absorption spectroscopic results reveal that the strong interaction between curcumin

and Cu(II) changes the electronic excited states of curcumin substantially.

In addition, the decomposition of Cu(II)−curcumin complexes in a reducing envi-

ronment has been studied. The UV-visible absorption values of the Cu(II)−curcumin

complex in acetonitrile and in SDS micellar solution with ascorbic acid show a mono-

tonic decrease as a function of time, indicating decomposition of curcumin in a reduc-



| iv

ing environment. In contrast, a lack of decomposition of Cu(II)−curcumin complex in

methanol and curcumin in the presence of Cu(I) in acetonitrile was observed. The flu-

orescence results reveal that curcumin has a weaker interaction with Cu(I) than Cu(II).

Therefore, the decomposition of curcumin is associated with the reduction of Cu(II) to

Cu(I).

The tautomerisation of curcumin in methanol, acetone and acetonitrile has been

investigated by nuclear magnetic resonance spectroscopy. As tautomerisation of cur-

cumin is the rate limiting step of the deuteration at the α-carbon position (Cα ), the

rate of tautomerisation is inferred from the rate of deuteration at the Cα of curcumin.

The proton resonance peak corresponding to the hydrogen of Cα decays as a function

of time, signifying a successful hydrogen-deuterium exchange. The rate constants of

tautomerisation of curcumin have been measured at several temperatures and analysis

using the Arrhenius equation has revealed that the activation energy of tautomerisa-

tion of curcumin is between 60 and 80 kJ mol−1. The high activation energy values

are attributable to the high energy barrier for disrupting the intramolecular hydrogen

bonding and extended π-conjugation in the keto-enol tautomer of curcumin.

Although curcumin has shown many medicinal effects, there are two major chal-

lenges regarding the utilisation of curcumin for disease treatments. These challenges

are the poor solubility of curcumin in an aqueous environment and its lack of stabil-

ity under physiological conditions. A one-step nanoprecipitation method to prepare

curcumin-encapsulated polyester nanoparticles using polylactic acid, poly(lactide-co-

glycolide) and poly(ε-caprolactone) has been developed. The resulting nanoparticles

have an average diameter less than 100 nm and a negative surface charge, which en-

ables these nanoparticles to remain suspended in water. Furthermore, the UV-visible

absorption values of the curcumin-polyester nanoparticles show only a minor decrease

as a function of time, indicating that the polyester nanoparticles are able to prevent

curcumin degradation. The results from studies using fluorescence upconversion spec-

troscopy reveal a lack of deuterium isotope effect of curcumin encapsulated in the

polyester nanoparticles in the presence of D2O. As a result of limited interaction be-

tween curcumin and water, the degradation of curcumin is suppressed. Overall, the

polyester nanoparticles show significant potential as curcumin delivery agents.
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