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ABSTRACT: Rubia cordifolia Linn. a flowering plant species from family Rubiaceae is an important medicinal 
plant. It is known to have anti-diabetic, antiseptic and antistress properties. In the present paper, antiglycation, 
antioxidant and antidiabetic activities of roots of Rubia cordifolia Linn. were investigated. Anti-AGE (Advance 
glycation end products) effect of Rubia cordifolia Linn. on glycation of guanosine with glucose and fructose was 
analyzed. The inhibitory effect of plant extract on glycation and fructation of guanosine in presence of reactive 
oxygen species (ROS) generated by hydrogen peroxide, was also analyzed. In vitro antioxidant (DPPH, Superoxide 
anion scavenging activity and Xanthine oxidase) and antidiabetic assays (Alpha amylase and alpha glucosidase) 
were performed to determine these activities of plant extract. The UV absorbance of the glycation reactions was 
found to be maximum at 24 hrs. and with consecutive decreased at 48 and 72 hours. Plant extract of Rubia 
cordifolia Linn. inhibits glycated and fructated guanosine and ROS-modification of glycated and fructated 
guanosine. From the results, it is concluded that root extract of Rubia cordifolia has significant antiglycation, 
antioxidant and antidiabetic activities. The study suggests that Rubia cordifolia Linn. is a natural antioxidant, 
which might be helpful in management of diseases like diabetes. 
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INTRODUCTION 
Rubia cordifolia Linn. (Rubiaceae), also known as ‘Manjistha’, is an important medicinal plant and is used for 
treatment of various ailments like diabetes, cancer etc.. Anti-hyperglycemic and antioxidant properties of the roots 
of Rubia cordifolia Linn. have been reported earlier [1] while aerial parts of the plant also show hypoglycemic 
effect [2]. The importance of decreasing Advanced glycation end products (AGEs) accumulation as a potential 
therapeutic target in diabetic nephropathy has been clearly demonstrated by experimental studies using a range of 
inhibitors of advanced glycation [3, 4]. AGEs are formed as a major factor in diabetes. They are formed in vivo 
through a non-enzymatic glycation of glucose and other reducing sugars with proteins via so-called Malliard 
reaction. Hyperglycemia and free radical formation are characteristics of diabetes which accelerate the formation of 
advanced glycation end products (AGEs) [5]. Glycation affects all major classes of biomolecules with damage 
estimated at 0.1–1% of lysine and arginine residues on proteins, 1 in 107 nucleotides on DNA and 0.1% of basic 
phospholipids [6]. It has been shown that DNA nucleotides can be efficient glycation targets [7]. DNA glycation 
has received remarkable attention and number of DNA AGEs have been identified [7,8]. N2 carboxyethyl 
guanosine (CEG A, B) and carboxy ethyl guanine (CE guanine) are analogus derivatives formed during glycation 
of guanosine or guanine respectively [9]. So, it was of interest to investigate the inhibitory action of plant extract of 
Rubia cordifolia Linn.  on the glycated and fructated guanosine. In view of the wide occurrence of diabetes, a great 
demand exists for the antiglycation agents (AGEs inhibitors), especially from the natural sources as adverse side 
effects are associated with potential synthetic drugs [10]. According to Reddy and Beyaz (2006), antioxidants act 
as AGEs inhibitors. Antioxidants inhibit or slow down scavenging free radicals providing protection against many 
chronic diseases [11]. Naturally occurring antioxidants from fruits, leaves etc. are of great interest [12, 13]. 
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Therefore, aim of the present study was to determine the antiglycation, antioxidant and anti-diabetic activities of 
Rubia cordifolia. For antioxidant activity three in vitro assay systems (DPPH, Xanthine oxidase, Superoxide anion 
scavenging) and for anti-diabetic activity, two assays (alpha-amylase and alpha-glucosidase) were employed in 
order to understand the usefulness of plant as a medicine. 
 
MATERIALS AND METHODS 
 
Chemicals 
NBT (nitroblue tetrazolium), Xanthine oxidase, Allopurinol, EDTA, Ascorbic acid, hypoxanthine, α-amylase, α- 
glucosidase, p-nitrophenyl-α-d-glucopyranoside, D-Glucose, D-fructose and hydrogen peroxide were purchased 
from SRL (India). DPPH (2, 2′- diphenyl-1-picrylhydrazyl), quercetin, guanosine were purchased from Sigma 
Chemicals Co. All other chemicals and reagents were of analytical grade. 
Plant Material 
In-vitro grown roots of Rubia cordifolia Linn. were used for the study. 
Preparation of Plant Extract: 
Roots of Rubia cordiflia (250 g) were extracted using methanol (250 ml) in Soxhlet apparatus for 8 hours. Then, 
the extract was evaporated to dryness and the final dry crude extract was stored in dark at -20°C until used for the 
experiments. 
Modification of Guanosine with Glucose and Fructose 
Guanosine (100 µg) was modified with glucose and fructose (600 mg) and was incubated under sterile conditions 
for 24, 48 and 72 hours at 37°C. Solution of DNA without guanosine served as a control. 
Modification of Glycated and Fructated Guanosine with Hydrogen Peroxide 
The aqueous solution of glycated and fructated guanosine was treated with 100 fold excess of hydrogen peroxide 
(mM) and was kept for incubation at 37°C for different time periods. After incubation for 24, 48 and 72 hours, the 
tubes were irradiated under 254nm UV light for 30 minutes. The samples were then scanned for UV absorption 
spectra using Shimazdu UV-240 spectrophotometer. 
 
ANTIOXIDANT ASSAYS  
DPPH- Free Radical Scavenging Assay 
Free radical scavenging activity of the extract was measured using stable DPPH (2, 2′- diphenyl-1-picrylhydrazyl). 
Dilutions of plant extract (2-80 µg/µl) were prepared before analysis. 40 µl of the diluted sample or control was 
placed in appropriate wells of the microtiter plate and 80 µl of Tris-HCl buffer (50mM, PH 7.4) was added. 120 µl 
of DPPH solution (0.2 mM in absolute ethanol) was then added and the solution was mixed well by pipetting. The 
mixture was then incubated at ambient temperature (25°C) in the dark for 30 minutes. The free radicals scavenging 
potential of extracts was evaluated spectrophotometrically at 517 nm. Ascorbic acid was used as a standard 
compound (2-80 µg/ µl concentration range). DPPH solution in a reaction was replaced with ethanol for blank. 
Blank was included for each sample dilution. The percentage inhibition was calculated using the following 
formula: 

 % Inhibition= [(OD Control – OD Sample)/ (OD Control)] x 100 
Superoxide Anion Scavenging Activity 
Super oxide scavenging activity was determined by NBT reduction method of [14]. The test implements 
two principal reactions: 

2NBTH                        NBT + NBTH2 (Formazon)...…. (a) 
NBTH + O2                   NBT + O2 …………………...… (b) 

Formazon formed in reaction (a) reacts with antioxidants that donates an electron to NBT. In donating an electron, 
purple colour of formazon disappears which can be followed by spectrophotometer at 560nmVarious 
concentrations of plant extracts were pre-incubated at room temperature with the reaction mixture of 20 µl  
Na2EDTA (15mM) in Na2HPO4 - KH2PO4  buffer (66.67mM PH-7.5), 50 µl NBT (0.6mM), 30 µl of 3mM 
hypoxanthine in Na2HPO4 - KH2PO4 buffer. 50 µl of 1 U in 10ml buffer xanthine oxidase solution was then added 
to the mixture. The tubes were exposed to light for 15 minutes and optical density was measured at 570nm after the 
illumination. Percent inhibition was measured using the following formula: 
 

% Scavenging = [(OD Control – OD Sample)/ (OD Control)] x 100 
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Xanthine Oxidase Assay 
Xanthine oxidase is a terminal enzyme of Purine catabolism. It catalyzes the hydroxylation of hypoxanthine to 
xanthine and xanthine to uric acid. 
The following chemical reactions are catalyzed by xanthine oxidase: 

 hypoxanthine + H2O + O2           xanthine + H2O2 
 xanthine + H2O + O2            uric acid + H2O2 
 Xanthine oxidase can also act on certain other purées, pterins, and aldehydes. For example, it efficiently 

converts 1-methylxanthine (a metabolite of caffeine) to 1-methyluric acid, but has little activity on 3-
methylxanthine.  

 Under some circumstances it can produce superoxide ion  
Assay was based on the procedure reported by [15]. The inhibitory effect of Xanthine oxidase was measured 
spectrophotometrically at 295nm. Allopurinol was used as a positive control. The reaction mixture contained a 
varying concentration of plant extract mixed with Na2HPO4-KH2PO4 buffer (66.67mM, pH 7.5, 1.3ml) and 
Xanthine solution (0.15mM in ddH2O, 1.5ml). This mixture was then incubated at 30°C for 10 minutes. Xanthine 
oxidase solution (0.28U/ml in 66.67 mM phosphate buffer) was added to the mixture to initiate the reaction. The 
absorbance at 295nm was measured each minute for 10 minutes using a microtiter plate reader. The % inhibition of 
this enzyme with plant extracts was calculated using the equation below: 

           % Inhibition= [(OD Control – OD Sample)/ (OD Control)] x 100 
 
Determination of Flavonoid Content 
Total flavonoid content was determined by an assay described by [16]. The reaction mixture contained various 
concentration of plant extract (10-100 µg/ µl), 75 µl of 5% NaNO2 and 150 µl of 10% AlCl3. Final volume of the 
reaction was adjusted to 2.5 ml with distilled water. After mixing and incubation for 5 minutes, 500 µl of 1M 
NaOH was added to the reaction. The absorbance was measured at 510nm.Quercetin (0.5mg/ml) was used as a 
standard. Flavonoid content was expressed according to the following formula: 
 % Flavonoids= [{(OD extract * 0.05)/ OD Quercetin}/ Extract concentration] *100 
 
Antidiabetic Assays 
Insulin secretion in diabetes can be enhanced by antidiabetic agent. The present study represents roots of 
Rubia cordifolia as a potential hypoglycemic agent. 
α-Amylase Inhibition Assay 
The α-amylase inhibitory activity was determined by an assay modified from the Worthington Enzyme Manual 
[17]. A total of 500µl of sample extract and 500 µl of 0.02M sodium phosphate buffer (pH 6.9 with 0.006M NaCl) 
containing α-amylase solution (0.5mg/ml) were incubated at 25°C for 10 minutes. After pre-incubation, 500 µl of a 
1% starch solution in 0.02M sodium phosphate buffer (pH 6.9 with 0.006M NaCl) was added to each tube at timed 
intervals. The reaction was stopped with 1ml of dinitrosalicylic acid (DNS) color reagent. The test tubes were 
incubated in a boiling water bath for 5 minutes and cooled to room temperature. The reaction mixture was then 
diluted after adding 5-15ml distilled water, and the absorbance was measured at 540nm using UV-visible 
spectrophotometer. The readings were compared with the controls, containing buffer instead of sample extract. The 
percentage α-amylase inhibitory activity was calculated using the following formula:  

             % Inhibition= [(OD Control – OD Sample)/ (OD Control)] x 100 
 
α- Glucosidase Inhibition Assay 
The α- Glucosidase inhibitory activity was determined by an assay modified from [18]. α- Glucosidase was 
assayed by using 50 µl of sample extracts and 100 µl of 0.1M phosphate buffer (pH6.9) containing α- glucosidase 
(1U/ml) and was incubated in 96 well plates at 25°C for 10 minutes. After pre-incubation, 50 µl of 5mM p-
nitrophenyl-α-d-glucopyranoside solution in 0.1M phosphate buffer (pH6.9) was added to each well at timed 
intervals. The reaction mixture was incubated at 25°C for 5 min. Before and after incubation, absorbance readings 
were recorded at 405nm by a microplate reader and compared to a control that had 50 µl of buffer solution in place 
of extract. The α- glucosidase inhibitory activity was expressed as percentage inhibition and was calculated using 
the formula: 
               % Inhibition= [(OD Control – OD Sample)/ (OD Control)] x 100 
 
Statistical Analysis 
All samples were analyzed in triplicate. Data are presented as mean ± standard error. 
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RESULTS AND DISCUSSION 
Glycation of Guanosine and ROS-Modification of Glycated and Fructated Guanosine  
Like protein, DNA contains amino groups. The 2-amino groups of guanosine are the most reactive. Reaction of 
glucose with guanosine yields W-glucopyranosylguanosine [19]. Both the Amadori product and later-stage AGES 
undergo auto-oxidation and have pro-oxidant effects on other molecules [20]. 
In maximum absorbance of glycated and fructated guanosine was observed at 24 hours and it goes on decreasing at 
48 and 72 hours respectively (Figure 1a, b). This decrease in absorbance may be due to the blockage of free NH2 
group present in guanosine as a result of non-enzymatic glycation. Figure 1c, d displays the results of ROS-
modified glycated and fructated guanosine. The absorbance is continuously increased from 24 to 72 hours which 
may to be due to breakage of bonds and bases as a result of oxidative damage leading to this hyperchromic effect. 
Antiglycation Inhibition Activity of Plant Extract with Glycated and Fructated Guanosine  
Plant extract of Rubia cordifolia Linn. showed inhibition activity of 11%, 12%, 8.30% at 24, 48 and 72 hours 
respectively on fructated guanosine (Figure 2 a). Inhibition activity is decreased by % at 72 hours which indicates 
maximum inhibition at 48 hours. Plant extract of Rubia cordifolia Linn. did not inhibit glycated guanosine at tested 
concentrations of extract.   
Antiglycation Inhibition Activity of Plant Extract with ROS-Modified Glycated And Fructated Guanosine 
Plant extract of Rubia cordifolia Linn. inhibits glycation of ROS-modified glycated guanosine when reacted with 
hydrogen peroxide. Increase in the inhibition of plant extract and decrease in absorbance of ROS-modified glycated 
guanosine is observed as a result of oxidative damage (Figure 2b). Inhibition activity of plant extract with glycated 
guanosine is further increased when 100µg of plant extract was added to the reaction mixtures at 48 and 72 hours. 
Inhibition of 12% and 18% is observed as a result of oxidative damage at 48 and 72 hours respectively in case of 
ROS-modified glycated guanosine. No inhibition of plant extract was observed at 24 hours for ROS-modification 
of glycated guanosine. 
Inhibitory activity of plant extract towards ROS mediated oxidative damage to fructated guanosine is shown in 
Figure 2c.  Decrease in absorbance at different time periods and significant increase in the inhibition activity is 
observed as a result of oxidative damage. Effect of dosing of 100µg/ml is observed at 48 and 72 hours. Inhibition 
of 3%, 18% and 29% is observed at 24, 48 and 72 hours respectively as a result of oxidative damage. Plant extract 
of Rubia cordifolia Linn. did not inhibit glycated guanosine as Glucose is least reactive among all sugars [21]. This 
slow reactivity coupled with time bound activity of plant extract may contribute towards the lack of inhibition of 
glycation of guanosine. In vitro studies suggest that fructose, compared with glucose, is a much more potent 
initiator of the Maillard reaction [22, 23] and Maillard reaction may be involved in the aging process [24].  

 
Figure 1: UV Profile of glycated guanosine (a), fructated guanosine (b), ROS-modified glycated guanosine 
(c), ROS-modified fructated guanosine (d) incubated for 24, 48 and 72 hours. ROS modification was done 

using hydrogen peroxide. 
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Plant extract of Rubia cordifolia Linn. inhibits fructated guanosine to a maximum of 12% at 48 hours which 
indicates that the glycation reaction of guanosine with fructose may be comparatively fast as compared to glycation 
reaction with glucose and thus reflecting the inhibitory effects of the plant extract on this reaction, rather than that 
with glucose. 
 

 
Figure 2: Bar diagram showing inhibition of fructation of guanosine (a), ROS-modification of glycated 

guanosine (b) and ROS-modification of fructated guanosine (c) by extract of Rubia cordifolia. 
 
Plant extract of Rubia cordifolia Linn. delays the action of non-enzymatic glycation reactions and further may 
delay the formation of advanced glycation end products in the form of fructated guanosine.  
The observation from our study suggests that plant extract of Rubia cordifolia Linn. has the potential to act as an 
antiglycating agent. Therefore our finding of effective inhibition of free radical with hydrogen peroxide by the 
plant extract of Rubia cordifolia Linn. in ROS-glycated and fructated guanosine is an important finding especially 
from therapeutic point of view. Maximum inhibition of 18% and 29% is seen in ROS modification of glycated and 
fructated guanosine at 72 hours. ROS exposed fructated guanosine is seen to be most potent inhibitory target of the 
plant extract as fructose is the potent initiator in the Malliard reaction as compared to glucose. 

 
ANTIOXIDANT ASSAYS 
DPPH- Free Radical Scavenging Activity 
DPPH method is extensively used for the estimation of free radical scavenging activity of variety of samples [25]. 
DPPH is characterized as nitrogen centered free radical. Because of strong absorption band at 517nm, DPPH 
radical has a deep violet color in solution which changes to yellow due to the delocalization of the spare electron 
over the molecule. IC50 value of root extract of Rubia cordifolia Linn. and control ascorbic acid was found to be 
2.39µg and 1.59µg respectively. Maximum percent inhibition by the extract of Rubia cordifolia Linn. was observed 
to be 71% at a concentration of 9µg ±1.07 as compared to ascorbic acid which was observed to be 79% at a 
concentration of 9.17µg ±1.04. 
Total Flavonid Content 
Phenols and flavonoids in plant have been shown to possess antioxidant activities. % Flavonoid content in terms of 
quercetin equivalent of Rubia cordifolia Linn. was found to be 38.33mg/100mg. 
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Superoxide Anion Scavenging Activity 
Superoxide is produced by the enzyme NADPH oxidase, and contributes to the pathogenesis of many diseases. 
Superoxide anions are formed from dissolved oxygen by the coupling reaction which reduces NBT in the reaction. 
Consumption of superoxide in the reaction is monitored by the decrease in absorbance at 560nm with extract of 
Rubia cordifolia. Maximum percent inhibition of Rubia cordifolia Linn. root extract on superoxide free radical was 
found to be 56% at a concentration of 600µg. Standard quercetine showed a maximum inhibition of 72% at a 
concentration of 756µg. 
The IC50 value for superoxide scavenging activity of root extract of Rubia cordifolia Linn. was found to be 551.96 
±1.24 whereas, the IC50 value of the standard Quercetin was 128.21± 2.31. 
 
Screening of Root Extracts of Rubia cordifolia Linn. For Xanthine Oxidase (XO) Inhibitory Activity 
Xanthine oxidase plays a major role in the purine nucleotide metabolism in humans. Its major function is to 
catalyze the oxidation of hypoxanthine to xanthine and of xanthine to uric acid [26] .Overproduction of uric acid 
leads to hyperuricemia which is linked to gout [27]. Herbal remedies obtained from traditional herbs and medicinal 
plants are commonly used these days for treating various diseases. XO generates superoxide, in presence of NADH 
oxidase which is a Reactive oxygen species (ROS). Xanthine oxidase is seen to be produced during ischemia-
reperfusion injury, leading to cell degeneration and death. Figure 3 shows the Xanthine oxidase inhibitory activity 
of root extracts of Rubia cordifolia. Maximum of 49.17% Xanthine oxidase inhibitory effect at 500 µg plant extract 
was observed. Standard Allopurinol (500µg) showed a maximum inhibition of 73.46%. 
Inhibition Activity of α- Amylase and α-Glucosidase 
Alpha amylase and glucosidase inhibitors, the digestive enzymes are considered to be effective for the treatment of 
diabetes, obesity and hyperlipaemia [28]. It is important to identify the properties and biological effects of naturally 
occurring inhibitors from plants and other sources which are used for the treatment of diabetes [29].The medicinal 
plants or natural products involve retarding the absorption of glucose by inhibiting the carbohydrate hydrolyzing 
enzymes. Several inhibitors including acarbose, voglibose and miglitol are used but their prices are high [30]. 
Figure 4 (a) and 4 (b) displays the alpha amylase and alpha glucosidase activity of root extract of Rubia cordifolia. 
In amylase assay the positive control acarbose showed an IC50 47.98 ± 1.2 and plant extract of Rubia cordifolia 
Linn. showed an IC50 95.34 ± 1.6. Maximum percent inhibition of Rubia cordifolia Linn. plant extract and Positive 
control acarbose was observed to be 50% and 69% at a concentration of 98.33 ± 1.54 µg and 96.67 ± 2.89 µg 
respectively. 
In Alpha glucosidase assay IC50 of control acarbose and plant extract was found to be was found to be 47.98 ± 1.04 
and 95.34 ± 1.6 respectively. Maximum percent inhibition of acarbose and plant extract was observed to be 69% 
and 50% at a concentration of 96.67 ± 2.89 µg and 98.33 ± 1.54 µg respectively. 
 

 
 

Figure 3: Xanthine oxidase inhibitory activity (%) of methanolic extract of Rubia cordifolia Linn. on DPPH 
radicals. Positive control was Allopurinol. Each value is expressed as mean ± standard deviation of triplicate 

experiments. 
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Figure 4: Alpha amylase (a) and Alpha glucosidase (b) inhibition by plant extract of Rubia cordifolia. Each 

value represents mean ± standard deviation of triplicate experiments. 
CONCLUSION 
The present study demonstrated the anti-diabetic potential of Rubia cordifolia along with a significant antiglycation 
and antioxidant activity indicating its potential to be used as an antidiabetic drug for management of 
hyperglycemia. Isolation, purification and characterization of the compound(s) responsible for inhibiting activity is 
under progress. 
 
ACKNOWLEDGEMENTS 
The authors gratefully acknowledge IRSHA, Bharati Vidyapeeth Deemed University, Pune, India for providing the 
financial assistance to carry out this work. 
 
CONFLICT OF INTEREST 
Author declare no conflict of interest. 
 

REFERENCES 
 

[1]   Joharapurkar, A.A., Zambad, S.P., Wanjari M.M., Wanjari, Umathe, S.N. 2003. In vivo evaluation of 
antioxidant activity of alcoholic extract of Rubia cordifolia Linn. and its influence on ethanol-induced 
immunosuppression, Indian J. Pharmacol, 35, pp. 232-236. 

[2]   Khare, C.P., 2004. Encyclopedia of Indian Medicinal Plants: Rational Western Therapy and  other Traditional 
Usage,Botany. Springer Verlag. ISBN: 3540200339, pp. 406-407. 

[3]  Babaei-Jadidi R., Karachalias, N., Ahmed, N., Battah, S., Thornalley, P.J. 2003. Prevention of incipient 
diabetic nephropathy by high-dose thiamine and benfotiamine, Diabetes, 52, pp. 2110–2120. 

[4]   Coughlan, M.T., Thallas-Bonke, V., Pete, J., Long, D.M., Gasser, A., Tong, D.C., Arnstein, M., Thorpe, S.R., 
Cooper, M.E.,  Forbes, J.M. 2007. Combination therapy with the advanced glycation end product cross-
link breaker, alagebrium, and angiotensin converting enzyme inhibitors in diabetes: synergy or 
redundancy? Endocrinology, 148, pp. 886-895. 

[5]  Brownlee, M., Cerami, A., Vlassara, H. 1988. Advanced glycosylation end products in tissue and the 
biochemical basis of diabetic complications, N Engl J Med, 318, pp. 1315-1321. 

[6]  Thornalley, P.J. 2003. The enzymatic defence against glycation in health, disease and therapeutics: a 
symposium to examine the concept, Biochemical Society Transactions, 31, pp. 341-1342. 

[7] Seidel, W., Pischetsrieder, M. 1998. DNA-glycation leads to depurination by the loss of N2-
carboxyethylguanine in vitro, Cellular and Molecular Biology, 44, pp. 1165-1170. 

[8]   Shapiro, R., Cohen, B.I., Shiuey, S.J., Maurer, H. 1969. Reaction of guanine with glyoxal, pyruvaldehyde, and 
kethoxal, and the structure of the acylguanines. Synthesis of N2-alkylguanines, Biochemistry,  8, pp. 238-
245. 

[9]   Nissl, J., PischetsriederM., Klein, E.,  Severin,T. 1995. Binding of Maillard products to proteins: formation of 
pyrrole carbimines, Carbohydr. Res, 270, pp. Cl-C5. 

International Journal of Plant, Animal and Environmental Sciences                                     Page: 48               
Available online at www.ijpaes.com 

 
 
 



 
 
 
 
Kuvalekar et al                                                             Copyrights@2013     IJPAES       ISSN 2231-4490 
 
[10]  Reddy, V.P.,  Beyaz, A. 2006.  Inhibitors of the Maillard reaction and AGE breakers as therapeutics for 

multiple diseases, Drug Discov Today, 11, pp. 646-54. 
[11]  Rajkumar, V., Guha, G., Kumar, R.A., Mathew L. 2010. Evaluation of antioxidant activities of Bergenia 

ciliata Rhizome, Rec Nat Prod, 4, pp. 38-48. 
[12]  Rababah, T.M., Hettiarachy, N.S., Horax, R. 2004. Total phenolics and antioxidant activities of feurgreek, 

green tea, black tea, grape seed, ginger, rosemary, gotu kola, and ginkgo extracts, vitamin E, and ter-
butylhrdroquinone, J. Agric. Food Chem, 52, pp. 5183-5186. 

[13]  Gamez-Meza, N., Noriega-Rodriguez, J.A., Medina-Juarez, L.A., Ortega-Garcia, J., Cazarez-Casanova, R., 
Angulo-Guerrero, O. 2009. Antioxidant activity in soybean oil of extracts from Thompson grape bagasse,  
J. Am. Oil Chem. Soc, 76, pp. 1445-1447. 

[14]   Jiang, G., Jiang, Y., Yang, B., Yu, C., Tsao, R., Zhang, H., and Chen, F. 2009. Structural characteristics and 
antioxidant activities of Oligosaccharides from Longan fruit Pericarp, J. Agric. Food. Chem,57, pp. 9293-
9298. 

[15]   Terashima, M., Nakatani, I., Harima, A., Nakamura, S., Shiiba, M. 2007. New Method to evaluate water-
soluble antioxidant activity based on protein structural change, J. Agric. Food Chem, 55, pp. 165-169. 

[16] McCord, J.M., Fridovich, I. 1969. Superoxide Dismutase: An enzymic function for erythrocuprein 
(hemocuprein) J. Biol. Chem, 244, pp. 6049-6055. 

[17]   Worthington, V., 1993 Alpha amylase: Worthington Enzyme Manual. Worthington Biochemical, Corp, pp. 
36-41. 

[18]   McCue, P., Kwon, and Y.I., Shetty, K. 2005. Anti-amylase, anti-glucosidase and anti angiotensin I 
converting enzyme potential of selected foods, J Food Biochem, 29, pp.278–294. 

[19]  Knerr, T., Ochs, S., Severin, T. 1994. Reaction of guanosine, 2′-deoxyguanosine and guanosine-5′-
monophosphate with glucose, Carbohydr. Res, 256, pp.177-183. 

[20]   Baynes, J.W., Thorpe, S.R. 1999. Role of oxidative stress in diabetic complications: a new perspective on an 
old paradigm, Diabetes, 48, pp.1-9. 

[21]  Bunn, H.F., Gabbay, K.H., Gallop, P.M. 1978. The glycosylation of hemoglobin: relevance to diabetes 
mellitus, Science, 200, pp. 21–27. 

[22] Bunn, H.F., Higgins, P.L. 1981. Reaction of monosaccharides with proteins: possible evolutionary 
significance, Science, 213, pp. 222–224.  

[23]   McPherson, J.D., Shilton, B.H,  Walton D.J. 1988. Role of fructose glycation and cross-linking of proteins, 
Biochemistry, 27, pp. 1901–1907. 

[24]  Monnier, V.M. 1989. Toward a Maillard reaction theory of aging. In: The Maillard Reaction in Aging, 
Diabetes, and Nutrition. Baynes, J.W., and Monnier, V.M., (eds.), Alan R. Liss, New York, NY, pp. 1-22. 

[25]  Ebrahimzadeh, M.A., Pourmorad, F., and Hafezi, S. 2008. Antioxidant activities of Iranian corn silk, Turk. 
J.Biol, 32, pp. 43-49. 

[26]  Rundes, R.W., Wyngaarden, J.B. 1969. Drugs and uric acid, Ann. Rev. Pharmacol, 9, pp. 345-362. 
[27]   Harris, M.D., Siegel, L.B., Alloway, J.A. 1999. Gout and hyperuricemia, Am. Fam. Physician, 59, pp. 925-

934. 
[28]  Franco, O.L., Rigden, D.J., Melo, F.R., Grossi-de-Sá, M.F. 2002. Plant α-amylase inhibitors and their 

interaction with insect α-amylases. Structure, function and potential for crop protection, Eur J Biochem, 
269, pp. 397–412.  

[29]  Garcia-Olmedo, F., Salcedo, G., Sanchez-Monge, R., Gomez, L., Royo, J., Carbonero, P. 1987. Plant 
proteinaceous, inhibitors of proteinases and cc-amylases, Cell Biol, pp. 275-334. 

[30]   Scott, L.J., Spencer, C.M. 2000. Miglitol: a review of its therapeutic potential in type 2 diabetes mellitus, 
Drugs 2000, 59, pp. 521-549. 

 
 
 
 
 
 

International Journal of Plant, Animal and Environmental Sciences                                     Page: 49               
Available online at www.ijpaes.com 

 


