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Abstract 
The global gout prevalence was increase sharply in recent decade. On other hand, as a mega-
biodiversity country, Indonesia is a home to 11 percent of the world’s flowering plant 
species, so it is potencial as resource of many bioactive metabolites, including herbal 
antigout drug. Therefore, the exploration of herbal antigout by biochemical studies is 
important to do. The aims of this research are to find out the juice or simplicia extract of the 
plants samples that have in vitro activity as xanthine oxidase inhibitor, relative to the gout 
medicine: allopurinol, and  identifying the bioactive compounds. Samples of this study are: 
soursop (Annona muricata L.) fruit ; sugar apple (Annonasquamosa L.) fruit;  “mlinjo” peel 
(Gnetum gnemon L.);  mangosteen peel (Garcinia mangostana L.) ; outer peel (shells) of peanuts  
and inner peel of peanuts (ArachishypogaeaL ; leaf of of daun sendok (Plantago  major L.); and 
leaf of “pegagan” (Centella asiatica L.).This research was carried out in some stages, that are: 
the production of simplicia plant extracts, phytochemical tests for alkaloid, flavonoid, 
saponin, tannin and polyphenols of the extracts, and in vitro inhibition test the extracts on 
xanthine oxidase enzyme, relative to allopurinol (a comersial anti gout drug). Extraction 
methode for simplicia (maseration and concentration) and in vitro inhibition test reffered to 
Subandi et. al. (2016). The result had shown that all of the simplisia extracts have activity as 
xanthin oxidase inhibitor. The inhibition power were varies from 12.5% (steamed of A. 
muricata L) to 82.9% (sugar aple) at the concentration of 100 ppm.  While at the same 
concentration the inhibition power of allopurinol was 48.4%.  
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1. Introduction 
Gout is a dissease cause by hyperuricemia, that is a condition where the uric acid in the blood 
plasma more than 6 mg / dLfor women and 7 mg/dL for men. Hyperuricemia, usually caused 
by a bad diet that exceeds purine, protein, alcohol, and carbohydrate intake [1-3]. In addition, 
there are various drugs that potentially dangerous for purine metabolism that also cause 
hyperuricemia, like Thiazides [3].  
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The prevalence of gout in western countries varies between 2.3 to 17.6% and increase every 
year. For eaxample in United States is 5%,  in Scotland is 8%, while in the UK is around 6.6% 
[4]. In Indonesia, based on Basic Health Research Data 2013 was 11.9%[5], and also increases 
every year. 

One common drug to treat gout is allopurinol, that works as competitive inhibitor of xanthine 
oxidase enzyme (EC 1.17.3.2), which plays an important role in the synthesis of uric acid. 
However, like the other synthetic drugs, for a long period of consumtion, it has such side 
effectsas diarrhea, nausea, redness of the skin, with or without itching [6]. Therefore, it still 
needs the other natural and saver drugswith the same efficacy to replace it.  

According to some research results and experiences, herbal medicine is believed to be more 
secure to cure gout. For example, the flavonoids in the ethanol extract of celery was reported 
capable to inhibit xanthine oxidase as much as 74.01% [7]. Methanol extract of roselle 
(Hibiscuss abdariffa L.) was able to inhibit xanthine oxidase (IC50 of 0.64 ppm) and the most 
active fraction (water-methanol = 75:25) was able to inhibit the enzyme by 40.55%[8] . Besides 
that, the ethanol fraction of ciplukan herb (Physalis angulata L) was able to inhibit xanthine 
oxidase with IC50 activity of 43.55 µg/ml [9] and also has been reported that the 100 ppm of 
methanol extract of Switenia mahogany seed inhibits xanthine oxidase as much as 47.2% [10].  

Like allopurinol, which inhibit xanthin oxidase through competitive inhibition mechanism, 
the active compounds in herbal medicine were allegedly have the same mechanism, which 
means that it is based on the structural similarities between the compound and enzyme 
substrate, i.exanthin or hipoxanthin. Therefor the compounds of xanthon group that similar 
to xanthin structure, allegedly also able to inhibit xanthin oxidase (XO). In fact, some simplicia 
samples examined in this research also contained xanthon group [11 and 12]. For example, 
mangosteen peel, which contains identified xanthon compound , such as 1,3,6-trihidoksi-7-
metoksi-2,8-bis(3-metil-2-butenil)-9H-xanten-9-on and 1,3,6,7-tetrahidroksi-2,8-bis(3-metil-2-
butenil)-9H-xanten-9-on [13]. Both compounds are known as alpha-mangostin and gamma-
mangostin [14], so the  the simplicia samples were predicted have bioactivity as XO inhibitor.  

According to the local wisdom, some simplicia from various local plant have been believed 
have activity to cure gout and this study was done to prove it scientifically. So, that simplicias 
had been choised in this study as samples. They are:  epicarp of melinjo (Gnetumgnemon), 
epicarp of mangoosten (Garciniamangostana), outer and inner peel of peanut (Arachishypogaea 
L.), mesocarp ofsoursop (Annonamuricata) fruit, mesocarp ofsugar apple (Annonareticulata) 
fruit, leaf of pegagan (Centella asiatica) and leaf of daun sendok (Plantago mayor).  

The aims of this research are to find out the simplicia extract of the plants samples that have 
in vitro activity as xanthine oxidase inhibitor, relative to the gout medicine: allopurinol, and  
identifying the compounds or classes of phytochemical compounds in the simplicia extracts 
which active as xanthine oxidase inhibitor. 

This research was carried out in some stages, that are: the production of fruit juice and extract 
of simplicia plants, phytochemical tests for alkaloid, flavonoid, saponin, tannin and 
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polyphenols of juices and simplicia extracts, and in vitro inhibition test of juices and extracts 
of simplicia on xanthine oxidase enzyme, relative to allopurinol. Extraction methode for 
simplicia (maseration and concentration) and in vitro inhibition test of the samples  against 
xanthin oxidase reffered to studied before by Subandi et.al  [15].  

The results of this research was expected to becomes an early stage to find empirical evidence 
that the simplicia extracts of some plants can inhibit  the xanthine oxidase enzyme, thereby, 
it can be use to decrease the levels of uric acid in blood plasma. In the next stage, from the 
simplicias can be produce herbal health drinks or anti-gout drug.This result also was expected 
to raise the awareness of the stakeholders in conserving biological resources, especially 
medicinal plants. 

2. Material  and Methods 

This descriptively explorative research was conducted in chemical laboratories at State 
University of Malang. The materials used in this research were obtained from indigenous 
plants, that are: epicarp of melinjo (Gnetumgnemon), epicarp of mangoosten 
(Garciniamangostana), outer and inner peel of peanut (Arachishypogaea L.), mesocarp ofsoursop 
(Annonamuricata) fruit, mesocarp ofsugar apple (Annonareticulata) fruit, leaf of pegagan 
(Centella asiatica) and leaf of daun sendok (Plantago mayor), as can be seen in the Figure1. As 
substrate and enzyme has been used Xanthin and xanthin oxidase (Sigma product), also 
enzyme buffer (phosphat Buffer), and 70% ethanol as solvent for maceration. 

 

 

 

 

(a)        (b)             (c)         (d) 

 

 

 

 

(e)        (f)             (g)         (h) 

Figure 1. Samples of this study: (a)  soursop (Annona muricata L.) fruit ; (b) sugar apple 
(Annonasquamosa L.) fruit; (c) “mlinjo” peel (Gnetum gnemon L.); (d) 
Mangosteen peel (Garcinia mangostana L.) ; (e) outer peel (shells) of peanuts  
and (f) inner peel of peanuts (ArachishypogaeaL .); (g) leaf of of daun sendok 
(Plantago  major L.); and (h) leaf of “pegagan” (Centella asiatica L.). 
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The equipment used were a 100 mL; 500 m and 1000 mLglass beaker, test tubes, pipette, 
magnetic stirrer, rotary vacuum evaporator, sentrifuge, oven, knives, pots, 100 ml; 250 mL; 
500 mL; and 1000 mL of flask, glass funnel, measuring pipette 1 and 5 mL and burrete, 
analytical balance, filter paper, and UV-Vis spectrofotomer.  

This research was carried out in some stages, that are: the production of fruit juice and extract 
of simplicia plants, phytochemical tests for alkaloid, flavonoid, saponin, tannin and 
polyphenols of juices and simplicia extracts, and in vitro inhibition test of juices and extracts 
of simplicia on xanthine oxidase enzyme, relative to allopurinol (a comersial anti gout drug). 
Extraction methode for simplicia (maseration and concentration) and in vitro inhibition test 
of the samples  against xanthin oxidase reffered to Subandi et al , 2016 [15],  

3. Results and Discussion 
The results of the research include: the yield of fruit juice and extracts of simplicia; inhibition 
power of fruit juice and simplicia extracts to xanthine oxidase relative to allopurinol, and 
phytochemical test result of simplicia extracts.  

The yield of fruit simplicia extract 

The yield of the production of simplicia extracts had been calculated by formula (1) and the 
result of all samples yield can bee seen  in Figure 1. 

= ݐܿܽݎݐݔ݁ ܺ ݂ ݈ܻ݀݁݅ ୫ୟୱୱ ୭ ଡ଼ ୡ୭୬ୡୣ୬୲୰ୟ୲ୣୢ ୣ୶୲୰ୟୡ୲
௦௦ ௦ ଡ଼

X 100%      ............. (1) 

According to Figure 2, the smallest  yield of the eaxtracts was the yield of outer peel of peanut 
(Figure 1. J) and the largest was the yield  of mangosteen peel (Figure 2. O). This data 
understanable because most of peanut outer peel (sheells) are cellulose, while mangosteen 
peel contain many organic compounds (secondary metabolites) that are easily soluble in 
ethanol.  

The production of simplicia extracts in this research had used maceration method, due to the 
methode was easy to do, and the equipments were quite simple. The maceration process was 
done by soaking the samples (dry powder) in solvents as well as being shaken to weaken the 
cell membrane and cell wall of plants. Maceration allowed the substances contained in the 
sample to dissolve. This was due to the differences in the concentration inside the cell and 
outside the cell. The solvent in the maceration process was ethanol 70%. That able to extract 
the polar and non-polar compounds. Ethanol 70% (as beeen used in this study) could extract 
polyphenols compounds and flavonoids compounds more than the pure ethanol [16]. 
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Figure 2. The Yield (%) of Simplicia Extracts  

There was a special treatment in  producing the extract of A. muricata L. and sugar apple . It 
did not use the maceration method, but it was immediately homogenized using a blender 
with the water solvent. A. muricata L.and sugar apple  were divided into two treatments. One 
was initially cooked (steamed for 30 minute) and then blended, and another was directly 
blended. Steamed allegedly can disrupted the cell wall of the simplicia powder and increased 
the yield. As has reported before, the concentration of polyphenols in the G. gnemon L. peel 
extract increased after steamed treatment, that might be caused the damage of the tissue and 
the cell walls, so that many compounds came out and were easily extracted [17],. However,the 
decrease in levels of flavonoids was also possible because the flavonoid compounds in the 
extract could not stand the heat. In this study, the resulthas shown that steam treatment was 
not increase the yield (Figure 2 A to B and C to D), and also was not increase the bioactivity 
(power of inhibition) (Figure 3: A to B and C to D). This is possible, because steam treatment 
can damages and or reduce theactivity of the active compounds. 

The Power of Inhibition of the simplisia extracts 

The inhibition power of sample simplicia extracts (100 ppm each) can be seen in Figure 3.   

Figure 3. has shown that, as be expected, all of the sample extracts have activity as xanthin 
oxidase inhibitor. The highest inhibition power was obtained for the water extract of non-
steamed sugar apple fruit (82.9%) and the lowest inhibition power was water extract of 
steamed sour soup (12.5%), while the inhibition power of allopurinol 100 ppm was 48.4%.  
Steamed (30 minutes) can decrease the bioactivity of the pine sugar and sour soup extract 
(Figure 3. A,B and C,D), while steamed treatment for melinjo peel (G gnemon L.) does not 
affect its bioactivity (Figure 2. K,L and M,N). Futhermore, extract of immature melinjo peel 
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was higher than the mature one. While for leaf extact of Plantago major and Cantella asiatica, 
the ethanol extracts were more active than water extract (Figure 3, F,G,H and I). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3. Inhibition Power of Simplicia Extracts (100 ppm each) 

The difference in bioactivity of each extract due to the differences in treatment, has revealed 
the differences in concentration and composition of compounds in the extracts, as will be 
proven in the phytochemical test. 

Compare to other studied before the higest xanthin oxidase (XO)-inhibitory activity of this 
study (pine aple extract = 82.9%) was still higher than ethanol extract of celery 74.01% [7],. 
methanol extract of roselle (Hibiscussabdariffa L.) (40.55%)[8], and  the ethanol fraction of 
ciplukan herb (Physalisangulata L) (70%) [9] and methanol extract of Switenia mahogany seed 
(47.2%)[10]. However, the highest result of this study is still lower than pure flavonoids and 
phenolics compound that are ferulic acid, p-coumaric acid, alkylgallate which has XO-
inhibitory activity more than 95% respectively, at the same concentration [18]. So if various 
simplicia extracts in this study can be purified, it is estimated that the activity will be much 
higher. Besides that, it is also predicted that the bioactiv substances dominant in this extracts 
are flavonoids. This prediction  is in line with previous findings that phenolics and flavonoids 
compound may acts as potent inhibitors against the metabolic enzymes such as 
cyclooxygenase,xanthine oxidase and lipooxygenase [19].  
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Note: NS = non steamed; S= steamed; mes= mesocarp; ep= epicarp ; m= mature; im= imature; 
Op= outer peel; Ip= inner peel; LEE= Leaf ethanol extract; LWE= Leaf water extract; 
EEE= ethanol extract of epicarp. While the inhibition power of allopurinol 100 ppm was 48.4%.  
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3.3 The Result of Phytochemical Test (Secondary Metabolites Composition) 

Qualitative phytochemical testing was conducted to determine the content of secondary 
metabolites in the fruit juice and or extracts of simpliciasamples, that were assumed 
responsible for their bioactivity. Phytochemical testing has been donefor tannins, alkaloids, 
polyphenols, flavonoids and saponins.  The result of phytochemical testing can bee seen in 
the Table 1. 

 

Type of Sample Flavo-
noid 

Sapo-
nin Tanin Poly-

phenol Alkaloid 

NS m mes of A. squamosa L. ++ - - - ++ 

S m mes of A. squamosa L. + - - - + 

NS m mes of A. muricata L. + - - + - 

NS mes A. muricata L + - - + - 

LEE of Centella asiatica L + + - + - 

LWE Centella asiatica L + + - + - 

LEE of  Plantago major  L ++ - - ++ ++ 

LWE of Plantago major  L + - - + + 

Ip of Arachis hypogaea L + - + + + 

Op of Arachis hypogaea L + - - + + 

NS m ep of G. gnemon L. +++ + - ++ + 

S ep of G. gnemon L. ++ + - +++ ++ 

NS im ep G. gnemon L. +++ + - ++ + 

S. im ep of G. gnemon L. ++ +++ - +++ +++ 

NS EEE of Garcinia 
mangostana L + + + + + 

Table 1. Phytochemical Test Results of Simplicia Extracts  
Note: NS = non steamed; S= steamed; mes= mesocarp; ep= epicarp ; m= mature; im= imature 
 LEE= Leaf ethanol extract; LWE= Leaf water extract; EEE= ethanol extract of epicarp 

*) The more sign (+) the higher compoundconcentration in the sample  
 

According the Table 1, all of the sample were contain flavonoid and most of them also contain 
polyphenol. This facts were in line with the bioactivity data (Figure 2), that all of the samples 
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have bioactivity as inhibitor against xanthin oksidase, meanwhile many kind of flavonoid and 
polyphenol class were active as inhibitor for that enzyme [19].  

As the medicine of gout, allopurinol act as competitive inhibitor, due to its  structure is similar 
to the substrate (Xanthin or hypoxanthin) [20], as can be seen in Figure 4. This causes the 
competition between substrates and inhibitors in binding to the enzyme active site. 

 
Figure 4.The Reaction of Xanthin Oxidase on substrat (A) and inhibitor (B) [20]. 

In this study, the one of the most possibility of the secondary metabolites in the extract of 
simplicia as a potential inhibitor of xanthine oxidase, was flavonoids. The compound had 
structural similarities with xanthine. This was caused by the presence of two aromatic rings 
which had a hydroxyl group as an electron acceptor of xanthine oxidase [21]. 

Lin C,M  [22] states that the structure of this flavonoids caused the group of this compounds 
potential as a competitive inhibitor against xanthine oxidase. However, not all f    lavonoid 
compounds can act as inhibitors of the xanthine oxidase enzyme. Some of the flavonoid 
compounds have high inhibition activity. The levels of inhibition depend on the position of 
the hydroxyl group in the basic frameworkThe flavonoid compounds that have a double bond 
at the C2 and C3 atoms tend to have the ability to act as an inhibitor. In addition, the presence 
of hydroxyl groups on the C5 and C7, as well as the carbonyl group C4 can form hydrogen 
bonds and play a role in the inhibitor interaction with the active site of xanthine oxidase 
enzyme. The basic structure of flavonoid  can be seen in Figure  5.  

 
Figure 5. Basic Structure of Flavonoids [22] 
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The results of photochemical test showed that fruit juice and simplicia extracts also contained 
alkaloids, polyphenols, tannins and saponins, according to those compounds also have ability 
as a xanthine oxidase inhibitor [23]. According to Cos et. Al [21], alkaloids has a hydroxyl 
group as an electron acceptor of xanthine oxidase.  

A. muricata L.plant is very potential for alternative inhibitors of the xanthine oxidase enzyme 
[24]. A research on A. muricata L.leaves had been conducted, and the results showed that A. 
muricata L.  leaves could be used as an inhibitor of the xanthine oxidase enzyme. Inside the 
extract of A. muricata L.leaves, there are compound 2,3 dihidrobenzofuran; 3 - ethoxy - 1, 4, 
4a, 5, 6, 7, 8, 8a-oktahidroisoquinolin; and 3-oxo-1-butenyl. These compounds can actively 
inhibit the formation of uric acid. 

 A. muricata L. fruit, in this research, is also able to inhibit xanthine oxidase. We predicted 
that the secondary metabolites that potential having the inhibition power are alkaloids and 
flavonoids, because these have a structure that is almost similar to the xanthine substrate. 
More research should  be conducted, however, to ensure the secondary metabolites inside C. 
asiatica L. which capable to inhibit the xanthine oxidase enzyme.  

4. Conclusions  
Based on the description and the discussion of the results above, the conclution of this 
research are as follows. All of the simplisia extract samples have activity as xanthin oxidase 
inhibitor The inhibition power against xantin oxidase of the extracts from the highest to the 
lowest respectively are the fresh sugar apple extract (82.9%), raw old G. gnemon L. peel extract 
(45.46%), boiled old G. gnemon L. peel extract (45.46%) and mangosteen peel ethanol extract 
45.45%, and steamed of A. muricata L.  extract (12.5%). 3). The results of Phytochemical test 
has shown that the secondary metabolites contained in A. muricata L.  fruit and sugar apple 
are flavonoid and alkaloid; in C. asiatica L. leaves, and P. major L. leaves are flavonoids, 
saponins, polyphenols and alkaloids; while in the extract of outer and inner peel of peanut, 
G. gnemon L. peel, and mangosteen peel are flavonoids, saponins, tannins, polyphenols and 
alkaloids.  

Based on the research findings, the highest inhibition power against xanthin oxidase is the 
sugar apple fruit (buah srikaya), which rich in flavonoid. 

Acknowledgment 
We thanks to Listiyana Chandra Dewi, Sri Wulandari, Agus Surachman, Sylvia Aulia Rahmah 
and Indra Setiawan Sugianto who had contributed to the results of this research. We also 
would like to thank to the Rector of State University of Malang, who had helped this research 
by PNBP fund by contract no. 2.3.79/UN32.14/LT/2018. 

References  
[1]  Richette P, Bardin T. Gout. Lancet 2010; 375 (9711): 318-28.  



MSOpen Subandi, Endang Suarsini  111 
 

[2]  Choi H K, Mount D B, Reginato A M. Pathogenesis of gout. Ann Intern Med 2005; 143: 
499-516.  

[3]  Eggebeen AT. Gout: an update. Am Fam Physician 2007; 76(6): 801-808 
[4]  Rau, E., Ongkowijaya, J., Karengian, V. Perbandingan Kadar Asam Urat pada Subyek 

Obes dan Non Obes di Fakultas Kedokteran Universitas SAM Ratulangi Manado. e-
Clinic(eCL); 2015. 3(2): 663-669 

[5]  BalitbangKemenkes RI. RisetKesehatanDasar; RISKESDAS. Jakarta: Balitbang 
Kemenkes RI; 2013.  

[6]  Dalimartha, S. Resep Tumbuhan Obat untuk AsamUrat (recipe of medicinal plants for 
Uric Acid). Bogor: Penebar Swadaya; 2008. 

[7]  Iswantini, Dyah.,Nadinah ., Darusman, LatifahKosim., &Trivadila. Inhibition Kinetic 
of Apiumgraveolens L. Ethanol Extract and its Fraction on the Activity of Xanthine 
Oxidase and its Active Compound. Journal of Biological Sciences; 2012, 12: 51-56. 

[8]  Lestari, P., Kusrini, D., &Anam, K. .Anthocyanin Identification of Methanol-HCl 
Extract Active Fraction in Rosella (Hibiscus Sabdariffa. L) and Its Potential as Xanthine 
Oxidase Inhibitor. JurnalSainsdanMatematika; 2014, 22(3), 72-78.  

[9]  Muna,L.N., Ernawati. Perbandingan Penghambatan Aktivitas Xanthine  Oxidase Oleh 
Ekstrak Etanol Sarang Semut (MyrmecodiaPendans) Dan Fraksi Butanol Herba 
Ceplukan (Physalis angulata L) Secara In Vitro. Medisains: JurnalIlmiahIlmu-
IlmuKesehatan; 2017, 15(2), 108-117. 

[10] Sahgal G, Ramanathan S, Sasidharan S, Mordi MN, Ismail S, Mansor SM. In vitro 
antioxidant and xanthine oxidase inhibitory activities of methanolic Swietenia 
mahagoni seed extracts. Molecules 2009; 14(11): 4476–4485. doi:10.3390/molecules 
14114476. 

[11] Alam N, Yoon KN, Lee KR, Kim HY, Shin PG, Cheong JC, et al. Assessment of 
antioxidant and phenolic compound concentrations as well as xanthine oxidase and 
tyrosinase inhibitory properties of different extracts of Pleurotuscitrinopileatus 
fruiting bodies. Mycobiology 2011;39:12–9. doi:10.4489/MYCO.2011.39.1.012.. 

[12] Voravuthikunchai S, Howe P. Report on the fifth International Conference on       
Natural Products for Health and Beauty (NATPRO 5) held in Thailand, 6–8th may, 
2014. Nutrients 2014;6:4115–64. doi:10.3390/nu6104115. 

[13]  Jinsart W, Ternai B, Buddhasukh D, Polya GM. Inhibition of wheat embryo calcium-
dependent protein kinase and other kinases by mangostin and gammamangostin. 
Phytochemistry; 1992, 31(11): 3711-3713. 

[14] Zhou Y, Li Y, Zhou T, Zheng J, Li S, Li H-B. Dietary Natural Products for Prevention 
and Treatment of Liver Cancer 2016.doi:10.3390/nu8030156. 

[15] Subandi，Sri Wulandari，and  Muntholib.  Capability of Ethanol Extractof Melinjo 
(Gnetumgnemon L) Seed Peel in Inhibiting Xanthin Oxidase Isolated from Fresh Cow's 
Milk; 2016, Proceeding of The 6th Annual Basic Science International Conference 2016 

[16]  Bimark M, Rahman RA, Taip FS, Ganjloo A, Salleh LM, Selamat J, et al. Comparison 
of different extraction methods for the extraction of major bioactive flavonoid 
compounds from spearmint (Menthaspicata L.) leaves. Food Bioprod Process 
2011;89:67–72. doi:10.1016/j.fbp.2010.03.002. 



MSOpen Subandi, Endang Suarsini  112 
 

[17] Santoso M, Naka Y, Angkawidjaja C, Yamaguchi T, Matoba, Takamura H. Antioxidant 
and DNA Damage Prevention Activities of the Edible Parts of Gnetum gnemon and 
Their Changes upon Heat Treatment. Food SciTechnol Res 2010;16:549–56. doi:10. 
3136/fstr.16.549. 

 [18] Nile Shvraj Hariram, Eun Young Ko, Doo Hwan Kim, Young-Soo Keum S.H. 
Screening of ferulic acid related compounds as inhibitors of xanthine oxidase and 
cyclooxygenase-2 with anti-inflammatory activity. Brazilian Journal of 
Pharmacognosy 26 (2016), 50-55. 

[19]  Hoorn, D.E.C.V., Nijiveldt, R.J., Leeuwen, P.A.M.V., Hofman, Z., M’Rabet, L., 
Bont,D.B.A.D., Norren, K.V., 2002. Accurate prediction of xanthine oxidase inhibition 
based on the structure of flavonoids. Eur. J. Pharmacol. 451, 111–118. 

 [20] Hille R, Massey V. Tight binding inhibitors of xanthine oxidase. PharmacolTher 
1981;14:249–63. doi:10.1016/0163-7258(81)90063-2. 

[21] Cos P, Ying L, Calomme M, Hu JP, Cimanga K, Van Poel B, et al. Structure-activity 
relationship and classification of flavonoids as inhibitors of xanthine oxidase and 
superoxide scavengers. J Nat Prod 1998;61:71–6. doi:10.1021/np970237h. 

[22] Lin, C.-M., Chen, C.-S., Chen, C.-T., Liang, Y.-C., Lin, J.-K. Molecular modeling of 
flavonoids that inhibits xanthine oxidase. Biochemical and Biophysical Research 
Communications 2002; 294(1): 167–172. doi:10.1016/s0006-291x(02)00442-4 

[23] Azmi SMN, Jamal P, Amid A. Xanthine oxidase inhibitory activity from potential 
Malaysian medicinal plant as remedies for gout. Int Food Res J 2012;19:159–65.  

[24]  Moreno-Hernández CL, Sáyago-Ayerdi SG, García-Galindo HS, Mata-Montes De Oca 
M, Montalvo-González E. Effect of the application of 1-methylcyclopropene and wax 
emulsions on proximate analysis and some antioxidants of soursop (Annonamuricata 
L.). Sci World J 2014;2014. doi:10.1155/2014/896853. 


