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Photodynamic therapy (PDT) is an alternative treatment for cancer that 
involves administration of a photosensitive drug or photosensitizer that 
localizes at the tumour tissue followed by in situ excitation at an appropriate 
wavelength of light.  Tumour tissues are then killed by cytotoxic reactive 
oxygen species generated by the photosensitizer.  Targeted excitation and 
photo-killing of affected tissues is achieved through focal light irradiation, 
thereby minimizing systemic side effects to the normal healthy tissues.  
Currently, there are only a small number of photosensitizers that are in the 
clinic and many of these share the same structural core based on cyclic 
tetrapyrroles. This study describes how metabolomic tools are utilized to 
prioritise natural extracts to search for structurally new photosensitizers from 
Malaysian biodiversity. As proof of concept, 278 photocytotoxic extracts has 
been analyzed using a hyphenated technique of liquid chromatography mass 
spectrometry coupled with principal component analysis (LCMS-PCA) and 27 
extracts that potentially contained new photosensitizers were prioritized for 
chemical dereplication using an in-house UPLC-PDA-MS-Photocytotoxic assay 
platform.  This has led to the identification of 2 new photosensitizers with cyclic 
tetrapyrrolic structures, thereby demonstrating the feasibility of the 
metabolomic approach.   
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PENGUTAMAAN EKSTRAK SEMULA JADI MENGGUNAKAN LCMS-PCA 
UNTUK MENGENAL PASTI SEBATIAN SENSITIF CAHAYA BAGI TERAPI 

FOTODINAMIK 

Oleh 

NORAZWANA BINTI SAMAT 

March 2015 

 

Pengerusi: Khozirah binti Shaari, PhD 

Fakulti: Institut Biosains 

Terapi fotodinamik merupakan rawatan alternatif bagi merawat kanser.  Terapi 
ini melibatkan pengenalan dadah yang sensitif terhadap cahaya yang akan 
terkumpul pada tisu tumor diikuti oleh pengujaan dadah pada gelombang 
cahaya yang sesuai.  Tisu tumor kemudiannya dihapuskan oleh spesies 
oksigen reaktif yang toksik di mana ia dihasilkan oleh dadah sensitif cahaya.  
Pengujaan sasaran dan penghapusan tisu tumor oleh cahaya dicapai melalui 
sinaran cahaya tertumpu di mana kesan sampingan terhadap tisu normal 
dikurangkan.  Setakat ini, hanya sebilangan kecil dadah sensitif cahaya yang 
digunakan secara klinikal dan kebanyakannya mempunyai struktur asas yang 
sama iaitu tetrapirola siklik.  Kajian ini membincangkan penggunaan kaedah 
metabolomik ke atas ekstrak semula jadi untuk pengkhususan ekstrak yang 
mengandungi sebatian sensitif cahaya dengan struktur asas unik daripada 
biodiversiti di Malaysia.  Sebagai bukti konsep, kami menganalisa 278 ekstrak 
toksik-cahaya menggunakan teknik gabungan kromatografi cecair bersama 
spektrometri jisim dan analisis komponen utama (LCMS-PCA) dan mengenal 
pasti 27 ekstrak yang berpotensi untuk mengandungi sebatian sensitif cahaya 
yang baru.  Ekstrak-ekstrak yang berpotensi ini kemudiannya didireplikasi 
secara kimia menggunakan platform UPLC-PDA-MS- esei toksik cahaya.  
Kajian ini telah membuktikan kemampuan pendekatan metabolomik dengan 
penemuan 2 sebatian sensitif cahaya baru dengan struktur tetrapirola siklik. 
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CHAPTER 1 

 

INTRODUCTION 

 

Photodynamic therapy (PDT) is a promising treatment for cancer which offers 
better selectivity, is less invasive and has no drug resistance compared to 
conventional chemotherapy (Bugaj 2011; Sharman et al. 1999; Wainwright 
1996).  Currently, the photosensitizers that are available in the clinics for 
cancer treatment are Photofrin®, aminolevulinic acid (ALA) and Foscan® and 
they have been applied for the treatment of cancers such as head and neck 
cancer, nodular basal cell carcinoma, and cholangiocarcinoma (van Oosten et 
al. 2006; Allison et al. 2005; Ortner 2004).  Despite the advantages offered by 
PDT, it still suffers from several limitations and side effects such as burning 
sensation, pain and edema experienced by patient as well as ineffective 
penetration of light into treatment tissues (Ethirajan et al. 2011; Allison et al. 
2005).  Therefore, there are continual efforts to develop new clinically useful 
photosensitizers.  

 

Chemical novelty obtainable from natural products is generally higher than that 
present in compounds from synthetic chemistry, making nature a very useful 
resource for new leads for drug development (Mishra, Tiwari 2011; Harvey 
2000).  Between years 1981 to 2010, about 60% of the anticancer drugs were 
inspired from natural products.  Foscan is one example of photosensitizer drug 
that mimics a natural product molecule (Newman, Cragg 2012).  Many of the 
early discovered drugs, such as vincristine and vinblastine isolated from 
Catharanthus roseus (plant), are still widely used to date.  Despite this 
excellent track record, there is a general lack of systematic study of nature for 
new drugs.  This is the case even for samples from the plant kingdom where 
most of the first natural drugs were discovered from, as only less than 15% of 
the higher plants have been systematically tested for biological activity (Bailly 
2009).  Conventional natural product drug discovery with exhaustive compound 
isolation is tedious, time-consuming and expensive (Tan et al. 2011a; Alali, 
Tawaha 2009; Cordell, Shin 1999).  Furthermore, drug discovery efforts from 
nature, often times, lead to the rediscovery of known bioactive compounds.   

 

There are however emerging efforts made to rapidly discover chemically 
unique compounds in bioactive extracts.  Prathipati et al. for example, derived 
a Bayesian model using  minimum inhibitory concentration data of 3779 
compounds towards Mycobacterium tuberculosis H37Rv strain as a virtual 
screening tool to identify compounds which have potential as anti-tuberculosis 
agents (Prathipati et al. 2008).  Hou et al. used the metabolic profile of 
microbial strains generated using liquid chromatography-mass spectrometry 
coupled with multivariate analysis for the purpose of discovering new drugs.  
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They subjected 47 microbial strains to this untargeted LCMS-PCA method and 
were able to cluster microbial strains according to their secondary metabolites 
and then identified unique compounds that were present in one of the  
microbial strains (Hou et al. 2012).  This report by Hou et al. is the first so far 
that utilizes metabolomics approach to prioritize samples in unbiased way to 
discover new chemical structures. 

 

In this study, metabolomics approach based on PCA on LCMS profiles of plant 
extracts was used to rapidly prioritize the extracts that are more likely to 
contain new photosensitizers from a pool of bioactive extracts.  This aspect of 
the work was a part of a screening program targeted at the identification of 
photocytotoxic natural extracts from a pool of more than 4000 samples from 
various collaborating research groups in Malaysia, with the goal of discovering 
novel chemical structures that may be developed into clinically useful 
photosensitizers. (Jong et al. 2013; Har et al. 2012; Tang et al. 2012; 
Kamarulzaman et al. 2011; Tan et al. 2011a; Tan et al. 2011b; Kamal et al. 
2009; Ong et al. 2009; Chee et al. 2005).  Photocytotoxic extracts were 
screened for their ability to reduce the percentage viability of  HL60 
promyelocytic leukemia cells by 50% or more when irradiated compared to a 
parallel experiment conducted in the dark.  The preliminary screening 
succeeded in identifying several hundreds of bioactive extracts.  From this 
huge number of extracts, an effective tool is required to fast-track the 
prioritization of extracts and identification of new and/or novel photosensitizing 
compounds.  

 

This study began with the hypothesis that most of the plant extracts that are 
photocytotoxic would cluster together in PCA performed on their LCMS profiles 
because these extracts are likely to produce the same types of 
photosensitizers that are abundantly present and therefore already known.  
Thus, if and when a photocytotoxic extract is grouped separately from the 
common cluster of extracts, the extract would be more likely to contain new 
photosensitizers.  Based on this, it is possible to prioritize the “outlier” samples 
for chemical dereplication by cross-referencing with an in-house 
photosensitizer database so that only the samples that did not contain known 
compounds were subjected to purification and identification of new 
photosensitizers.  Thus, the objectives of this study are: 

1. To optimize the method for LCMS-multivariate analysis (MVA) by 
using extracts spiked with known photosensitizers.   

2. To identify plant extracts that potentially contain new 
photosensitizing compounds  using the optimized method. 

3. To isolate and identify the potentially new photosensitizers and to 
validate their bioactivity by measurement of their IC50 values in 
human promyelocytic leukemia cells (HL60). 



© C
OPYRIG

HT U
PM

36 
 

REFERENCES 

 

Adzhar Kamarulzaman, Fadzly, Khozirah Shaari, Anthony Siong Hock Ho, 
Nordin Haji Lajis, Soo Hwang Teo, and Hong Boon Lee. “Derivatives of 

Pheophorbide‐a and Pheophorbide‐b from Photocytotoxic Piper 
Penangense Extract.” Chemistry & Biodiversity 8, no. 3 (2011): 494–502. 

 
 

Agostinis, Patrizia, Kristian Berg, Keith A Cengel, Thomas H Foster, Albert W 
Girotti, Sandra O Gollnick, Stephen M Hahn, Michael R Hamblin, Asta 
Juzeniene, and David Kessel. “Photodynamic Therapy of Cancer: An 
Update.” CA: A Cancer Journal for Clinicians 61, no. 4 (2011): 250–81. 

 
 
Alali, Feras Q, and Khaled Tawaha. “Dereplication of Bioactive Constituents of 

the Genus Hypericum Using LC-(+,−)-ESI-MS and LC-PDA Techniques: 
Hypericum Triquterifolium as a Case Study.” Saudi Pharmaceutical 
Journal 17, no. 4 (2009): 269–74. 

 
 
Allison, Ron R, and Claudio H Sibata. “Oncologic Photodynamic Therapy 

Photosensitizers: A Clinical Review.” Photodiagnosis and Photodynamic 
Therapy 7, no. 2 (2010): 61–75. 

 
 
Allison, Ron R, and Keyvan Moghissi. “Oncologic Photodynamic Therapy: 

Clinical Strategies That Modulate Mechanisms of Action.” 
Photodiagnosis and Photodynamic Therapy 10, no. 4 (2013): 331–41. 

 
 
Allison, Ron R, Gordon H Downie, Rosa Cuenca, Xin-Hua Hu, Carter JH 

Childs, and Claudio H Sibata. “Photosensitizers in Clinical PDT.” 
Photodiagnosis and Photodynamic Therapy 1, no. 1  (n.d.): 27–42. 
Accessed June 8, 2015. doi:10.1016/S1572-1000(04)00007-9. 

 
 
Allison, RR, RE Cuenca, GH Downie, P Camnitz, B Brodish, and CH Sibata. 

“Clinical Photodynamic Therapy of Head and Neck Cancers—a Review 
of Applications and Outcomes.” Photodiagnosis and Photodynamic 
Therapy 2, no. 3 (2005): 205–22. 

 
 
Allwood, J William, and Royston Goodacre. “An Introduction to Liquid 

Chromatography–mass Spectrometry Instrumentation Applied in Plant 
Metabolomic Analyses.” Phytochemical Analysis 21, no. 1 (2010): 33–
47. 

 
 



© C
OPYRIG

HT U
PM

37 
 

Andersson, Patrik L, Jerker Fick, and Stefan Rännar. “A Multivariate Chemical 
Similarity Approach to Search for Drugs of Potential Environmental 
Concern.” Journal of Chemical Information and Modeling 51, no. 8 
(2011): 1788–94. 

 
 
Bailly, Christian. “Ready for a Comeback of Natural Products in Oncology.” 

Biochemical Pharmacology 77, no. 9 (May 1, 2009): 1447–57. 
doi:10.1016/j.bcp.2008.12.013. 

 
 
Belyy, Yu Al, AV Tereshchenko, and PL Volodin. “O9 Chlorin e6 

Photosensitizer as a Fluorescence Marker for Fluorescence Diagnostics 
during Photodynamic Therapy in Ophthalmology.” Photodiagnosis and 
Photodynamic Therapy 7 (2010): S8. 

 
 
Bozzini, G, P Colin, N Betrouni, P Nevoux, A Ouzzane, P Puech, A Villers, 

and S Mordon. “Photodynamic Therapy in Urology: What Can We Do 
Now and Where Are We Heading?” Photodiagnosis and Photodynamic 
Therapy 9, no. 3 (2012): 261–73. 

 
 
Bugaj, Andrzej M. “Targeted Photodynamic Therapy–a Promising Strategy of 

Tumor Treatment.” Photochemical & Photobiological Sciences 10, no. 7 
(2011): 1097–1109. 

 
 
Butler, Mark S. “The Role of Natural Product Chemistry in Drug Discovery.” 

Journal of Natural Products 67, no. 12 (2004): 2141–53. 
 
 
Cai, Xiao-jun, Wen-min Li, Lan-ying Zhang, Xian-wei Wang, Rong-cheng Luo, 

and Li-bo Li. “Photodynamic Therapy for Intractable Bronchial Lung 
Cancer.” Photodiagnosis and Photodynamic Therapy 10, no. 4 (2013): 
672–76. 

 
 
Castano, Ana P, Tatiana N Demidova, and Michael R Hamblin. “Mechanisms 

in Photodynamic Therapy: Part One—photosensitizers, Photochemistry 
and Cellular Localization.” Photodiagnosis and Photodynamic Therapy 1, 
no. 4 (2004): 279–93. 

 
 
Chaara, Dhekra, Najoua Haouas, Jean Pierre Dedet, Hamouda Babba, and 

Francine Pratlong. “Leishmaniases in Maghreb: An Endemic Neglected 
Disease.” Acta Tropica 132 (2014): 80–93. 

 
 



© C
OPYRIG

HT U
PM

38 
 

Chee, Chin‐Fei, Hong Boon Lee, Hean Chooi Ong, and Anthony Siong‐Hock 
Ho. “Photocytotoxic Pheophorbide‐related Compounds from Aglaonema 
Simplex.” Chemistry & Biodiversity 2, no. 12 (2005): 1648–55.3 

 
 
Chen, Xiaohua, Peng Zhao, Fengsheng Chen, Libo Li, and Rongcheng Luo. 

“Effect and Mechanism of 5-Aminolevulinic Acid-Mediated Photodynamic 
Therapy in Esophageal Cancer.” Lasers in Medical Science 26, no. 1 
(2011): 69–78. 

 
 
Cordell, Geoffrey A, and Young Geun Shin. “Finding the Needle in the 

Haystack. The Dereplication of Natural Product Extracts.” Pure and 
Applied Chemistry 71, no. 6 (1999): 1089–94. 

 
 
Cordell, Geoffrey A, Christopher WW Beecher, A Douglas Kinghorn, John M 

Pezzuto, Howard L Constant, Hee-Byong Chai, Liqiong Fang, Eun-
Kyoung Seo, Lina Long, and Baoliang Cui. “The Dereplication of Plant-
Derived Natural Products.” Studies in Natural Products Chemistry 19 
(1996): 749–91. 

 
 
Dai, Tianhong, Ying-Ying Huang, and Michael R Hamblin. “Photodynamic 

Therapy for Localized Infections—state of the Art.” Photodiagnosis and 
Photodynamic Therapy 6, no. 3 (2009): 170–88. 

 
 
De Vos, Ric CH, Sofia Moco, Arjen Lommen, Joost JB Keurentjes, Raoul J 

Bino, and Robert D Hall. “Untargeted Large-Scale Plant Metabolomics 
Using Liquid Chromatography Coupled to Mass Spectrometry.” Nature 
Protocols 2, no. 4 (2007): 778–91. 

 
 
Dettmer, Katja, Pavel A Aronov, and Bruce D Hammock. “Mass Spectrometry‐

based Metabolomics.” Mass Spectrometry Reviews 26, no. 1 (2007): 51–
78. 

 
 
Dolmans, Dennis E.J.G.J., Dai Fukumura, and Rakesh K. Jain. 

“Photodynamic Therapy for Cancer.” Nat Rev Cancer 3, no. 5 (May 
2003): 380–87.  

 
 
El-Elimat, Tamam, Xiaoli Zhang, David Jarjoura, Franklin J Moy, Jimmy 

Orjala, A Douglas Kinghorn, Cedric J Pearce, and Nicholas H Oberlies. 
“Chemical Diversity of Metabolites from Fungi, Cyanobacteria, and 
Plants Relative to FDA-Approved Anticancer Agents.” ACS Medicinal 
Chemistry Letters 3, no. 8 (2012): 645–49. 

 



© C
OPYRIG

HT U
PM

39 
 

Ethirajan, Manivannan, Yihui Chen, Penny Joshi, and Ravindra K Pandey. 
“The Role of Porphyrin Chemistry in Tumor Imaging and Photodynamic 
Therapy.” Chemical Society Reviews 40, no. 1 (2011): 340–62. 

 
 
Fukusaki, Eiichiro, and Akio Kobayashi. “Plant Metabolomics: Potential for 

Practical Operation.” Journal of Bioscience and Bioengineering 100, no. 
4 (2005): 347–54. 

 
Gardlo, Kerstin, Zuzana Horska, Claes David Enk, Lucie Rauch, Mossad 

Megahed, Thomas Ruzicka, and Clemens Fritsch. “Treatment of 
Cutaneous Leishmaniasis by Photodynamic Therapy.” Journal of the 
American Academy of Dermatology 48, no. 6 (2003): 893–96. 

 
 
Guy, Charles, Joachim Kopka, and Thomas Moritz. “Plant Metabolomics 

Coming of Age.” Physiologia Plantarum 132, no. 2 (2008): 113–16. 
 
 
Halabalaki, Maria, Konstantina Vougogiannopoulou, Emmanuel Mikros, and 

Alexios Leandros Skaltsounis. “Recent Advances and New Strategies in 
the NMR-Based Identification of Natural Products.” Current Opinion in 
Biotechnology 25 (2014): 1–7. 

 
 
Har, Lee Wei, Khozirah Shaari, Lee Hong Boon, Fadzly A Kamarulzaman, and 

Intan S Ismail. “Two New Phloroglucinol Derivatives and Five 
Photosensitizing Pheophorbides from Syzygium Polyanthum Leaves 
(Salam).” Natural Product Communications, no. 7 (2012): 1033–36. 

 
 
Harvey, Alan. “Strategies for Discovering Drugs from Previously Unexplored 

Natural Products.” Drug Discovery Today 5, no. 7 (2000): 294–300. 
 
 
Heyman, HM, and JJM Meyer. “NMR-Based Metabolomics as a Quality 

Control Tool for Herbal Products.” South African Journal of Botany 82 
(2012): 21–32. 

 
 
Holmes, Elaine, Huiru Tang, Yulan Wang, and Christoph Seger. “The 

Assessment of Plant Metabolite Profiles by NMR-Based Methodologies.” 
Planta Medica 72, no. 9 (2006): 771. 

 
 
Hou, Yanpeng, Doug R Braun, Cole R Michel, Jonathan L Klassen, Navid 

Adnani, Thomas P Wyche, and Tim S Bugni. “Microbial Strain 
Prioritization Using Metabolomics Tools for the Discovery of Natural 
Products.” Analytical Chemistry 84, no. 10 (2012): 4277–83. 

 
 



© C
OPYRIG

HT U
PM

40 
 

Ibbotson, Sally H. “An Overview of Topical Photodynamic Therapy in 
Dermatology.” Photodiagnosis and Photodynamic Therapy 7, no. 1 
(2010): 16–23. 

 
 
Ikeda, Hisazumi, Takayoshi Tobita, Seigo Ohba, Masataka Uehara, and Izumi 

Asahina. “Treatment Outcome of Photofrin-Based Photodynamic 
Therapy for T1 and T2 Oral Squamous Cell Carcinoma and Dysplasia.” 
Photodiagnosis and Photodynamic Therapy 10, no. 3 (2013): 229–35. 

 
 
Jong, Wan Wui, Pei Jean Tan, Fadzly Adzhar Kamarulzaman, Michele Mejin, 

Diana Lim, Ida Ang, Margarita Naming, Tiong Chia Yeo, Anthony Siong 
Hock Ho, and Soo Hwang Teo. “Photodynamic Activity of Plant Extracts 
from Sarawak, Borneo.” Chemistry & Biodiversity 10, no. 8 (2013): 
1475–86. 

 
 
Kamal, Nurkhalida, Vikineswary Sabaratnam, Noorlidah Abdullah, Anthony SH 

Ho, Soo H Teo, and Hong B Lee. “Light-Activated Cytotoxic Compounds 
from Malaysian Microorganisms for Photodynamic Therapy of Cancer.” 
Antonie van Leeuwenhoek 95, no. 2 (2009): 179–88. 

 
 
Kang, Hee Joo, Hye Jeong Yang, Min Jung Kim, Eun-Su Han, Hyun-Jin Kim, 

and Dae Young Kwon. “Metabolomic Analysis of Meju during 
Fermentation by Ultra Performance Liquid Chromatography-Quadrupole-
Time of Flight Mass Spectrometry (UPLC-Q-TOF MS).” Food Chemistry 
127, no. 3 (2011): 1056–64. 

 
 
Khatib, Alfi, Khozirah Shaari, Faridah Abas, Mahendran Shitan, Ralf Kneer, 

Victor Neto, and Nordin H Lajis. “Discrimination of Three Pegaga 
(Centella) Varieties and Determination of Growth-Lighting Effects on 
Metabolites Content Based on the Chemometry of 1H Nuclear Magnetic 
Resonance Spectroscopy.” Journal of Agricultural and Food Chemistry 
60, no. 1 (2011): 410–17. 

 
 
Kim, Yong-Kyu, Na-Kyung Ryoo, Se Joon Woo, and Kyu Hyung Park. 

“Choroidal Thickness Changes after Photodynamic Therapy and 
Recurrence of Chronic Central Serous Chorioretinopathy.” American 
Journal of Ophthalmology, 2015. 

 
 
Kübler, AC, J De Carpentier, C Hopper, AG Leonard, and G Putnam. 

“Treatment of Squamous Cell Carcinoma of the Lip Using Foscan-
Mediated Photodynamic Therapy.” International Journal of Oral and 
Maxillofacial Surgery 30, no. 6 (2001): 504–9. 

 
 



© C
OPYRIG

HT U
PM

41 
 

Lam, Kin S. “New Aspects of Natural Products in Drug Discovery.” Trends in 
Microbiology 15, no. 6 (2007): 279–89. 

 
 
Lee, Lan-Sook, Ji Hea Choi, Nari Son, Sang-Hee Kim, Jong-Dae Park, Dae-

Ja Jang, Yoonhwa Jeong, and Hyun-Jin Kim. “Metabolomic Analysis of 
the Effect of Shade Treatment on the Nutritional and Sensory Qualities 
of Green Tea.” Journal of Agricultural and Food Chemistry 61, no. 2 
(2013): 332–38. 

 
 
Lee, Sang Hee, Han Min Woo, Byung Hwa Jung, Jeongae Lee, Oh Seung 

Kwon, Hee Soo Pyo, Man Ho Choi, and Bong Chul Chung. “Metabolomic 
Approach to Evaluate the Toxicological Effects of Nonylphenol with Rat 
Urine.” Analytical Chemistry 79, no. 16 (2007): 6102–10. 

 
 
Li, Li-bo, Rong-cheng Luo, Wang-jun Liao, Ming-jiang Zhang, Yu-ling Luo, and 

Jing-xia Miao. “Clinical Study of Photofrin Photodynamic Therapy for the 
Treatment of Relapse Nasopharyngeal Carcinoma.” Photodiagnosis and 
Photodynamic Therapy 3, no. 4 (2006): 266–71. 

 
 
Mishra, Bhuwan B, and Vinod K Tiwari. “Natural Products: An Evolving Role in 

Future Drug Discovery.” European Journal of Medicinal Chemistry 46, 
no. 10 (2011): 4769–4807. 

 
 
Moco, Sofia, Jacques Vervoort, Raoul J Bino, Ric CH De Vos, and Raoul 

Bino. “Metabolomics Technologies and Metabolite Identification.” TrAC 
Trends in Analytical Chemistry 26, no. 9 (2007): 855–66. 

 
 
Mosmann, Tim. “Rapid Colorimetric Assay for Cellular Growth and Survival: 

Application to Proliferation and Cytotoxicity Assays.” Journal of 
Immunological Methods 65, no. 1 (1983): 55–63. 

 
 
Newman, David J, and Gordon M Cragg. “Natural Products as Sources of 

New Drugs over the 30 Years from 1981 to 2010.” Journal of Natural 
Products 75, no. 3 (2012): 311–35. 

 
 
O’Riordan, Katie, Oleg E Akilov, and Tayyaba Hasan. “The Potential for 

Photodynamic Therapy in the Treatment of Localized Infections.” 
Photodiagnosis and Photodynamic Therapy 2, no. 4 (2005): 247–62. 

 
 
Ong, Cheng Yi, Sui Kiong Ling, Rasadah Mat Ali, Chin Fei Chee, Zainon Abu 

Samah, Anthony Siong Hock Ho, Soo Hwang Teo, and Hong Boon Lee. 
“Systematic Analysis of in Vitro Photo-Cytotoxic Activity in Extracts from 



© C
OPYRIG

HT U
PM

42 
 

Terrestrial Plants in Peninsula Malaysia for Photodynamic Therapy.” 
Journal of Photochemistry and Photobiology B: Biology 96, no. 3 (2009): 
216–22. 

 
 
Ortner, Maria-Anna. “Photodynamic Therapy in Cholangiocarcinoma: An 

Overview.” Photodiagnosis and Photodynamic Therapy 1, no. 1 (2004): 
85–92. 

 
 
Paszko, Edyta, Gisela MF Vaz, Carsten Ehrhardt, and Mathias O Senge. 

“Transferrin Conjugation Does Not Increase the Efficiency of Liposomal 
Foscan during in Vitro Photodynamic Therapy of Oesophageal Cancer.” 
European Journal of Pharmaceutical Sciences 48, no. 1 (2013): 202–10. 
 

Plischke, Andreas, Young Hae Choi, Paul M Brakefield, Peter GL Klinkhamer, 
and Maaike Bruinsma. “Metabolomic Plasticity in GM and Non-GM 
Potato Leaves in Response to Aphid Herbivory and Virus Infection.” 
Journal of Agricultural and Food Chemistry 60, no. 6 (2012): 1488–93. 

 
 
Prathipati, Philip, Ngai Ling Ma, and Thomas H Keller. “Global Bayesian 

Models for the Prioritization of Antitubercular Agents.” Journal of 
Chemical Information and Modeling 48, no. 12 (2008): 2362–70. 

 
 
Sharman, Wesley M, Cynthia M Allen, and Johan E Van Lier. “Photodynamic 

Therapeutics: Basic Principles and Clinical Applications.” Drug Discovery 
Today 4, no. 11 (1999): 507–17. 

 
 
Shyur, Lie-Fen, and Ning-Sun Yang. “Metabolomics for Phytomedicine 

Research and Drug Development.” Current Opinion in Chemical Biology 
12, no. 1 (2008): 66–71. 

 
 
Silva, Rufino M, Jose M Ruiz-Moreno, Francisco Gomez-Ulla, Javier A 

Montero, Tatiana Gregório, Maria L Cachulo, Isabel A Pires, José G 
Cunha-Vaz, and Joaquim N Murta. “Photodynamic Therapy for Chronic 
Central Serous Chorioretinopathy: A 4-Year Follow-up Study.” Retina 33, 
no. 2 (2013): 309–15. 

 
 
Stenzl, Arnulf, Iris Eder, Herwig Kostron, Helmut Klocker, and Georg Bartsch. 

“Electromotive Diffusion (EMD) and Photodynamic Therapy with Δ-
Aminolaevulinic Acid (δ-ALA) for Superficial Bladder Cancer.” Journal of 
Photochemistry and Photobiology B: Biology 36, no. 2 (1996): 233–36. 

 
 



© C
OPYRIG

HT U
PM

43 
 

Szeimies, Rolf-Markus. “Photodynamic Therapy for Human Papilloma Virus-
Related Diseases in Dermatology.” Medical Laser Application 18, no. 2 
(2003): 107–16. 

 
 
Tan, Pei Jean, Cheng Yi Ong, Asma Danial, Hirzun Mohd Yusof, Bee Keat 

Neoh, and Hong Boon Lee. “Cyclic Tetrapyrrolic Photosensitisers from 
the Leaves of Phaeanthus Ophthalmicus.” Chemistry Central Journal 5, 
no. 1 (2011): 32. 

 
 
Tan, PJ, DR Appleton, MR Mustafa, and HB Lee. “Rapid Identification of 

Cyclic Tetrapyrrolic Photosensitisers for Photodynamic Therapy Using 
On‐line Hyphenated LC‐PDA‐MS Coupled with Photo‐cytotoxicity 
Assay.” Phytochemical Analysis 23, no. 1 (2012): 52–59. 

 

Tang, Yee Voon, Siew Moi Phang, Wan Loy Chu, Anthony Ho, Soo Hwang 
Teo, and Hong Boon Lee. “Cyclic Tetrapyrrolic Photosensitizers from 
Cladophora Patentiramea (Cladophoraceae, Chlorophyta) and 
Turbinaria Conoides (Sargassaceae, Phaeophyta) for Photodynamic 
Therapy.” Journal of Applied Phycology 24, no. 4 (2012): 783–90. 

 
 
Toh, Ding-Fung, Lee-Sun New, Hwee-Ling Koh, and Eric Chun-Yong Chan. 

“Ultra-High Performance Liquid Chromatography/time-of-Flight Mass 
Spectrometry (UHPLC/TOFMS) for Time-Dependent Profiling of Raw 
and Steamed Panax Notoginseng.” Journal of Pharmaceutical and 
Biomedical Analysis 52, no. 1 (2010): 43–50. 

 
 
Van Oosten, Eleonore J, Danielle IM Kuijpers, and Monique RTM Thissen. 

“Different Pain Sensations in Photodynamic Therapy of Nodular Basal 
Cell Carcinoma: Results from a Prospective Trial and a Review of the 
Literature.” Photodiagnosis and Photodynamic Therapy 3, no. 1 (2006): 
61–68. 

 
 
Wainwright, Mark. “Non-Porphyrin Photosensitizers in Biomedicine.” Chem. 

Soc. Rev. 25, no. 5 (1996): 351–59. 
 
 
Wakui, M, Yoshihito Yokoyama, H Wang, T Shigeto, M Futagami, and H 

Mizunuma. “Efficacy of a Methyl Ester of 5-Aminolevulinic Acid in 
Photodynamic Therapy for Ovarian Cancers.” Journal of Cancer 
Research and Clinical Oncology 136, no. 8 (2010): 1143–50. 

  



© C
OPYRIG

HT U
PM

44 
 

Walker, J Stuart, Chi Jie, and Brendan J Keely. “Identification of 
Diastereomeric Chlorophyll Allomers by Atmospheric Pressure Chemical 
Ionisation Liquid Chromatography/tandem Mass Spectrometry.” Rapid 
Communications in Mass Spectrometry 17, no. 11 (2003): 1125–31. 

 
 
Wolfender, Jean-Luc, Gaétan Glauser, Julien Boccard, and Serge Rudaz. 

“MS-Based Plant Metabolomic Approaches for Biomarker Discovery.” 
Natural Product Communications 4, no. 10 (2009): 1417–30. 

 
 
Wu, Huifeng, Xiaoyu Zhang, Peiqiu Liao, Zhongfeng Li, Weisheng Li, Xiaojing 

Li, Yijie Wu, and Fengkui Pei. “NMR Spectroscopic-Based Metabonomic 
Investigation on the Acute Biochemical Effects Induced by Ce (NO 3) 3 
in Rats.” Journal of Inorganic Biochemistry 99, no. 11 (2005): 2151–60. 

 
 
Yuliana, Nancy Dewi, Alfi Khatib, Young Hae Choi, and Robert Verpoorte. 

“Metabolomics for Bioactivity Assessment of Natural Products.” 
Phytotherapy Research 25, no. 2 (2011): 157–69. 

 

 

 

 

 

 

  


	PRIORITIZATION OF NATURAL EXTRACTS BY LCMS-PCA IN IDENTIFICATION OF NEW PHOTOSENSITIZERS FOR PHOTODYNAMIC THERAPY
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



