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ABSTRACT 
 

 

 

Xanthine oxidase (XO) is an enzyme that catalyses the metabolism of hypoxanthine 

and xanthine to uric acid. It is accountable for the medical condition known as gout 

due to deposition of uric acid in the joints, causing painful inflammation. Inhibition of 

XO leads to remission in gout. Malaysia houses abundant of medicinal plants, which 

can be introduced as new natural sources of gout medication and as alternative to 

synthetic xanthine oxidase inhibitors (XOI), like allopurinol which brings many side 

effects. The preliminary screening study of different parts of plant from several plant 

species revealed that aqueous extract of Carica papaya L. leaves possess promising 

XO inhibitory activity at a concentration of 100 µg/ml. Thus, response surface 

methodology (RSM) from Design Expert® v.6.0.8 was used to study the effects of 

temperature (ºC), time (hour), agitation speed (rpm), and ratio of sample to the solvent 

(g/ml) on enhancement of XOI production. The analysis of variance (ANOVA) 

demonstrated that the F-value was 15.07, which implies that the model is significant 

with low probability value (p<0.0001); having the residuals distributed along a well 

randomized straight line. Coefficient of determination (R
2
) was 93.36%. The p-value 

of 0.2349 for the lack of fit indicated the model has no lack of fit that further validates 

the model. Statistical optimization helped in developing the process conditions and the 

percentage of XO inhibition was enhanced to 88.68 ± 1.82%, obtained at 30ºC, 15 

hours, 125 rpm and 1g/20ml. The inhibition was less by 5% as compared to 

allopurinol (93.69 ± 0.2%). Qualitative analysis on the optimized distilled water 

extract of Carica papaya L. leaves (ODEC) showed the presence of secondary 

metabolites such as flavonoids, alkaloids, xanthine alkaloids, saponins, anthranol 

glycosides and terpenoids. Quantitative analysis of ODEC showed the presence of 

27.51-33.15% flavonoids, 14.43-16.72% alkaloids and 1.12-1.97% saponins. The 

ODEC was subjected to reversed-phase flash column chromatography and high 

performance thin layer chromatography for rapid separation and purification. Fraction 

EEA1 with Rf value of 0.767 was isolated and demonstrated 95.70 ± 2.57% of XO 

inhibition, much higher than allopurinol. Partial identification via HPLC on the ODEC 

and EEA1 against phenolic acids and flavonoids standards revealed the presence of 

three phenolic acids and four flavonoids. They were caffeic acid, p-coumaric acid, 

ferulic acid, myricetin, quercetin, kaempferol and apigenin whereas EEA1 has only 

quercetin (now denoted as purified compound, PC), which could explain the 

pharmacological properties of this plant and demonstrate its importance in daily intake 

especially for gout patient. Quercetin demonstrated competitive mode of inhibition 

against XO. Antioxidant activities were investigated with BHT, a renowned 

antioxidant used primarily as food additive as positive control. ODEC and PC 

scavenged 2, 2-diphenyl-1-picrylhydrazyl (DPPH) activity at an IC50 of 2.86 µg/ml 

and 3.14 µg/ml, respectively. ODEC inhibited β-carotene bleaching at an IC50 of 2.13 

µg/ml whereas PC at 2.16 µg/ml. Ferric reducing antioxidant power (FRAP) of ODEC 

was 1146.89 ± 44.24 µmol FeSO4.7H2O/g dry, 1.8-fold higher than unoptimized 

extract (UODEC), 1.3-fold higher than PC and 1.5-fold higher than BHT. However, 

ODEC and PC exhibited minimal anti-diabetic activities. The data grants imperative 

breakthrough to discover natural XOI from plants and the findings are encouraging to 

plan clinical studies in hyperuricemic patients, and in the formulation of nutraceuticals 

or pharmaceuticals, or cosmeceuticals products incorporating natural-based XOI. 
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4.4 

 

Response surface and contour plot showing the effect of ratio 

of 1 g of sample to solvent and extraction temperature on XO 

inhibition activity with other variables at zero level. (a) 2-D 

contour plot response surface. (b) 3-D plot response surface.  
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4.5 Response surface and contour plot showing the effect of 

agitation speed and extraction time on XO inhibition activity 

with other variables at zero level. (a) 2-D contour plot 

response surface. (b) 3-D plot response surface. 
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4.6 Response surface and contour plot showing the effect of ratio 

of 1 g of sample to solvent and extraction time on XO 

inhibition activity with other variables at zero level. (a) 2-D 

contour plot response surface. (b) 3-D plot response surface. 
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4.7 

 

Response surface and contour plot showing the effect of ratio 

of 1 g of sample to solvent and agitation speed on XO 

inhibition activity with other variables at zero level. (a) 2-D 

contour plot response surface. (b) 3-D plot response surface.  
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4.9 

XO inhibitory activity (%) as a function of allopurinol and 

optimized extract concentrations. Results are expressed as 

means ± SD (n = 3). IC50 value for allopurinol (3.74 μg/ml) is 

lower than the optimized sample (4.33 μg/ml). 

 

Some of the secondary metabolites detected in the optimized 

crude extract of Carica papaya leaves using distilled water as 

the extraction solvent; (a) flavonoids, (b) alkaloids, (c) 

xanthine alkaloids, (d) saponins, and (e) anthranol glycosides, 

which may have contributed on the total XO inhibitory 

activity. 
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4.10 Separated constituents observed under short wave UV light, 

utilizing Methanol-Hexane (MH) as the mobile phase and 

silica as the stationary phase. The Rf values (X100) of the 

separated contituents for the 9:1 ratio TLC plate are shown. 
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4.11 

 

Separated constituents observed under short wave UV light, 

utilizing Ethanol-Ethyl Acetate (EEA) as the mobile phase 

and silica as the stationary phase. The Rf values (X100) of the 

separated contituents for the 9:1 ratio TLC plate are shown. 
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4.12 Separated constituents observed under short wave UV light, 

utilizing Methanol-Ethanol as the mobile phase and silica as 

the stationary phase. The Rf values (X100) of the separated 

contituents for the 9:1 ratio TLC plate are shown. 
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4.13 The process employed in the isolation and purification of XOI 

compound. (a) Reversed-phase flash column chromatography 

with the flow rate fixed at 5 ml/min. (b) High performance 

thin layer chromatography to enhance the separation of the 

bioactive compounds of interest.  
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4.14 Inhibition of XO by optimized distilled water extract of 

Carica papaya L. leaves (ODEC), allopurinol (synthetic XOI) 

and all ten fractions recovered from HPTLC at a final 

concentration of 100 µg/ml. Each value is represented as 

mean ± S.D. from triplicate measurement. 
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4.15 

 

HPLC profiles of (a) standard mixtures of phenolic 

compounds containing 10 phenolic acids and 4 flavonoids; (b) 

compounds detected in the extract produced at optimum 

extraction conditions; (c) phenolic compound in the purified 

sample. Peak identification: 1, gallic acid; 2, 4-

hydroxybenzoic acid; 3, 4-hydroxyphenyl acetic acid; 4, 

vanillic acid; 5, caffeic acid; 6, p-coumaric acid; 7, ferulic 

acid; 8, sinapic acid; 9, syringic acid; 10, o-coumaric acid; 11, 

myricetin; 12, quercetin; 13, kaempferol; 14, apigenin; UK1, 

unknown 1 and UK2, unknown 2.   
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4.16 

 

 

 

4.17 

Michaelis-Menten plot of (a) a control as a function of 

substrate; (b) purified compound from obtained from ODEC 

(PC, quercetin) as a function of substrate. 

 

Lineweaver-Burk plot for competitive inhibition of quercetin 

against XO with Vmax value of 6.22 ± 0.34 μM/min and Km 

value of 21.38 ± 2.81 μM. 
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4.18 Radical scavenging activity on DPPH as a function of BHT, 

unoptimized distilled water extract of Carica papaya L. leaves 

(UODEC), optimized distilled water extract of Carica papaya 

L. leaves (ODEC) and purified compound recovered from 

ODEC (PC, Quercetin) concentrations. BHT was used as 

positive control. Data are expressed as means ± SD (n = 3).  
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4.19 Inhibition of β-carotene bleaching as a function of BHT, 

unoptimized distilled water extract of Carica papaya L. leaves 

(UODEC), optimized distilled water extract of Carica papaya 

L. leaves (ODEC) and purified compound recovered from 

ODEC (PC, Quercetin) concentrations. BHT was used as 

positive control. Data are expressed as means ± SD (n = 3).  
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4.22 

Ferric reducing activity based on FRAP assay of BHT, 

unoptimized distilled water extract of Carica papaya L. leaves 

(UODEC), optimized distilled water extract of Carica papaya 

L. leaves (ODEC) and purified compound recovered from 

ODEC (PC, Quercetin). BHT was used as positive control. 

Data are expressed as means ± SD (n = 3). 

 

Inhibition of β-glucosidase activity as a function of 

unoptimized distilled water extract of Carica papaya L. leaves 

(UODEC), optimized distilled water extract of Carica papaya 

L. leaves (ODEC) and purified compound recovered from 

ODEC (PC, Quercetin) concentrations. Data are expressed as 

means ± SD (n = 3). 

 

Inhibition of α-amylase activity as a function of unoptimized 

distilled water extract of Carica papaya L. leaves (UODEC), 

optimized distilled water extract of Carica papaya L. leaves 

(ODEC) and purified compound recovered from ODEC (PC, 

Quercetin) concentrations. Data are expressed as means ± SD 

(n = 3). 
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CHAPTER ONE 

INTRODUCTION 

 

 

1.1 BACKGROUND OF THE STUDY 

Uric acid is a product of purine metabolism generated during the enzymatic 

degradation of hypoxanthine and xanthine, catalyzes by an enzyme named xanthine 

oxidase (XO) (Ramallo et al., 2006; Wang et al., 2008). Elevated concentrations of 

uric acid in the blood stream created a metabolic arthritis disease called gout. Gout 

affects a substantial proportion of the adult population. It is the most common form of 

arthritis in men over the age of 40. Women are less commonly affected but the 

prevalence may be increased among postmenopausal women (Choi and Curhan, 

2007). Gout is common in prosperous and affluent societies due to a diet rich in 

proteins, fat and alcohol (Choi and Curhan, 2004a; Trivieri et al., 1999). Factors like 

inherited enzyme deficiencies, obesity, decrease renal function and hypertension also 

contribute to the elevated concentrations of uric acid (Wright and Pinto, 2003). It is 

believed that either by increasing the excretion of uric acid or reducing the uric acid 

production helps to reduce the risk of gout (Umamaheswari et al., 2007).  

 To date, the treatment of gout entails the use of therapeutic agents such as 

xanthine oxidase inhibitors (XOI) by blocking the biosynthesis of uric acid from 

purine in the body (Unno et al., 2004). In the process of blocking the uric acid 

production, inhibition of XO causes an increase in hypoxanthine and xanthine, which 

are converted to purine ribotides adenosine and guanosine monophosphates. The 

increased level of these ribotides causes feedback inhibition of amidophosphoribosyl 

transferase, the first and rate-limiting enzyme of purine biosynthesis (Borges et al., 
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2002). Allopurinol (naturally occurring purine in the body) is one of the few clinically 

used XOIs (Bieber and Terkeltaub, 2004; Wortmann, 2005). It is reported that 

allopurinol (i.e. Lopurin, Zurinol, and Zyloprim) inhibits XO and slows the uric acid 

production rate in the blood and urine (Fields et al., 1996). Allopurinol does not 

alleviate acute attacks of gout but is useful in preventing recurrence. It is the drug of 

choice for long-term prophylaxis and is the best medicine for people who have kidney 

problems caused by uric acid (Fuchs et al., 1999).  

 However, there are many adverse reactions associated with allopurinol (Kong 

et al., 2001; Wallach, 1998), ranging from mild skin allergy (i.e. skin rashes, stomach 

upsets, hives, itching, fever, nausea and muscle pain) to a concerted allopurinol 

hypersensitivity syndrome, which can cause death (Kong et al., 2000; Pacher et al., 

2006; Umpie´rrez et al., 1998). Thus, the problems of using allopurinol imperatively 

required to be solved by any suitable alternative means such as medicinal plants. 

Malaysia is a tropical country, which houses more than 12,000 species of 

flowering plants. Thus, it is expected that they have well diverse chemical structures 

from their secondary metabolite and chemical diversity. Some plant-based bioactive 

compounds such as polyphenols (Costantino et al., 1992), flavonoids (Chang et al., 

1993; Cotelle et al., 1996; Selloum et al., 2001), coumarins (Chang and Chiang, 

1995), ellagic acid, valoneic acid dilactone (VAD) (Unno et al., 2004), xanthones and 

beta carbolines have been reported to be potent XOI. In 2005, Malaysian government 

spent an estimated of RM 8 billion on herbal products and is expected to increase by 

20% annually (BiotechCorp, 2010). Thus, a search for substitutes from the plant 

origin as alternatives to allopurinol for the treatment of gout is highly warranted. 

There are numerous studies on XOI compound or compound that have anti-

gout properties using medicinal plants. Many of these bioactive compounds were 
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initially examined for other medicinal benefits such as antioxidant, anticancer, 

antimicrobial, anti-diabetic, anti-inflammatory and anti-analgesic (Foyet et al., 2011; 

Goyal et al., 2010; Jung et al., 2006; Kaur et al., 2010; Singh et al., 2010; Soncini et 

al., 2011; Sulaiman et al., 2011; Wan Norhana et al., 2009). Different methods of 

extraction and process conditions were used to extract the desired compound. 

Therefore, optimization study by means of statistical experimental design is vital to 

determine the optimum conditions needed to yield high production of XOI compound, 

especially important for scaling-up. Isolation, purification and identification of 

bioactive compounds allow the formulation, development and commercialization of 

natural-based products (i.e. cosmeceuticals, nutraceuticals and pharmaceuticals).  

 This study aims to discover scientific basis for the reputed efficacy of 

Malaysian plants to inhibit XO. We expect to obtain natural XOI, which will be an 

alternative to the available treatment of gout and other inflammatory-related diseases. 

 

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE 

XO plays a key physiological role in the hydroxylation of hypoxanthine and xanthine 

to uric acid (Ramallo et al., 2006; Wang et al., 2008). Increase in uric acid or decrease 

in its excretion is normally referred as hyperuricemia (Vázquez-Mellado et al., 2004), 

which is identified when uric acid concentration is ≥ 7 mg/dl for men and ≥ 6 mg/dl 

for women (Nakagawa et al., 2006; Schlesinger and Schumacher, 2002). XO also 

plays an important role
 
in various forms of ischemic injuries, tissue and vascular

 

injuries, inflammatory diseases and chronic heart failure (Pacher et al., 2006). 

 The prototypical of allopurinol (4-hydroxypyrazolo [3, 4-d] pyrimidine) as 

XOI has been the cornerstone of the clinical management of gout
 
and conditions 




