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 This study is to determine of optimum conditions of xanthine oxidase 

activity diabetes mellitus type two for ten patients. The results of conditional 

enzyme work ( substrate concentration [S], temperature , pH) were 0.1 mmol/L, 

313 K ,7.8 respectively and the kinetic constant (Km ,V max ) were 0.0443  mM , 

23.31 U / ml  respectively using Lineweaver-Burk plot and 0.0341mM  ,20.313 U 

/ ml respectively using Eadie - Hofstee . The result of activation energy ∆E* was  

458.9099 Cal / mol by Arrhenius equation and thermodynamic constants (∆H*
 
, 

∆G* , ∆S* ) were  -1080.8409 cal/mol , 16210.632 cal/mol , -55.2443 cal/mol 

respectively.  
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Introduction  

Xanthine oxidase (Ec 1.1.3.22) 
(1)

 is a 

molybdenum- containing enzyme that plays an 

important role in the metabolism of many xenobiotics 

and drugs, such as purines and pyrimidines
(2)

.It is a 

highly versatile enzyme that is widely distributed among 

species(from bacteria to man) and within the various 

tissues of mammals
(3)

. Xanthine oxidase contains two 

Fe2S2 clusters and bound FAD. The enzymes can also 

oxidize xanthine further by a repetition of the same type 

of oxidation process at positions 8 and 9 to form uric 

acid
(4)

. One of the mechanisms proposed for xanthine 

oxidase includes the initial ionization of the C8(H) from 

the purine ring show figure (1)
(5)

. 
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Figure (1): The reaction cycle of xanthine oxidase to product 

uric acid . 

 

Generally The xanthine oxidase family catalyzes 

the oxidation of H—C=X groups in molecules and 

transforms them into HO—C=X groups, where X may 

be O or N.the general chemical equations for these 

reaction is shown above 
(5)

.       
Material & methods:  

Samples:  
Venous blood samples were collected from (10) 

patients. The collected blood was 10 ml, and then was 

centrifuged. The remainder of blood was centrifuged at 

(3000 xg) for 10 minutes to separate the serum. The 

obtained serum was stored in frozen at -30°C until used 

to estimate optimum condition   of the enzyme activity 

included in the study.  

Effect of substrate concentration on xanthine oxidase 

activity: 

XO enzymatic reaction was carried out under 

optimum reaction condition using different 

concentrations of xanthine as a substrate (0.01, 0.02, 
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0.03, 0.05, 0.08, 0.1, 0.14 mmol/L) for XO activity,the 

relationship between each substrate concentration and 

the enzyme activity was plotted in order to determine the 

optimum substrate concentration for enzymatic rate. 

Also Km and Vmax values were determined using the 

Lineweaver-Burk plot. The relationship between 1/v 

versus 1/[S] and Eadie – Hofstee plot V versus V/[S] 
(6)

 . 

Effect of temperature on xanthine oxidase activity: 
XO activity toward (0.14 mmol / L) was measured 

as described at different incubation temperature (15, 

25,30,35,40, 45, 55C°). The optimum temperature of 

XO activity it should be enzymatic rate vs 

temperature
(6)

. 

Effect of pH on XO activity: 
The enzymatic reaction for XO was carried out by 

using sodium phosphate buffer 0.4M at different pH (6, 

6.8, 7, 7.4, 7.8, 8.2, and 8.6). The pH optimum of XO 

activity was estimated by plotting the relationship 

between the enzyme activity Vs pH values 
(6)

. 

Determination of the activation energy (Ea) of the   

enzyme reactions:  
The XO activities as indicated were determined at 

different temperatures. A curve was plotted activities 

and temperature. Then log K vs 1/T depending on 

Arrhenius equation 
(7)

. 

Log K = - Ea / 2.303RT + log A 

or 

K = A e 
– Ea/RT

 

Where R = 1.987 cal. / mol 

A straight line was obtained and from the slope, 

energy of activation Ea* of the   enzymatic reaction was 

estimated. 

Determination of Ea and thermodynamic constants 

(∆H* , ∆S* , ∆G* ): 

The evaluation of thermodynamic parameters of 

transition state ∆H*, ∆G*, ∆S*. ∆H*  of  transition  state  

of  enzyme  substrate  complexes  were calculated  from  

the following equation :  

            ∆H* =Ea* - RT     

While transition state free energy changes ∆G* was 

found by using the following equation:   

 ∆G* = - RT ln k + RT ln k T/h 

Where (k) is the boltzmann constant and is equal 

to (0.33 x 10
-23 

cal/mol) ,(h) is the planks constants and 

equals to 1.58 x 10
-34

 cal.sec
 
 the changes  in  entropy of  

the  transition  state  ∆S*  were  obtained  from the 

following relation 
(7)

. 

     ∆S* = (∆H* - ∆G*) / T 

Result and Discussion:  

Determination of xanthine oxidase (XO) activity: 

In recent years, free radicals and other reactive 

intermediates produced in normal metabolic processes 

have been implicated in the pathogenic mechanism of a 

wide range of diseases. Free radical sources include 

Xanthine Oxidase-derived superoxide exerts its actions 

on various endogenous oxidant and antioxidant systems. 

XO-derived superoxide can combine with endothelial 

derived NO role in diabetes and its pathophysiology has 

been less explored
(8)

 .This study is analyzing the activity 

of XO in type two diabetes,                                                       

 increase in activity in diabetes prompts the 

question of the origin of this increased XO activity in 

diabetic patients . That found that diabetes causes an 

increase of xanthine oxidase activity in liver. Moreover, 

found that xanthine oxidase is released by the liver of 

diabetic 
(9)

 .  

Determination of Km , Vmax and optimum [S] for 

XO enzyme activity: 
A protocol of article 

(6)
 has been adopted using 

different concentrations of the substrate (Xanthin). In 

order to evaluate the two parameters (Km and Vmax) 

values, the linear relationship by adopting two types of 

plotting, these were: 

Lineweaver-Burk and Eddie-Hofstee. 

Table (1) reflects the values of Km and Vmax for 

the two types of plotting that expressed in figure (2 & 3) 

Values of the kinetic constant Km and Vmax can be 

determined from the slop and the intercept values of the 

linear relationship obtained.   The important of Km and 

Vmax values is that their level variations can be 

presumed to be a parameter for diagnostic. In addition a 

comparison of the two methods of plotting; the 

Lineweaver-Burk and Eddie- Hofstee was found to be 

more convenient. This experiment gives an idea about 

the affinity of the enzyme to work on the substrate. This 

can give a good tool for determination of the chemical 

structure of the active site, which become suitable for 

the substrate binding 
(10)

. 

 

Table (1): Km and Vmax values by two types of plots 
plot type Vm U / ml Km mM 

XO activity at linwaver berk 23.31 0.0443 

XO activity at Eadie – Hofstee 20.313 0.0341 

 

 
Figure (2) Lineweaver-Burk plot 
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Figure (3) Eadie – Hofstee plot 

 

Temperature Effect for XO Activity: 

Figure (4) show the effects of different 

temperature on XO activity. Results show that the 

highest XO activity was obtained at temperature 313K. 

Effect of temperature on the activity of the enzyme 

reaction may be explained due to its effect on the 

enzyme stability, or on the enzyme-substrate affinity or 

on the actual velocity of breaking down of the active E-S 

complex of the transition state.  

 
Figure (4) Temperature effect for XO activity 

 

  pH Effect  XO Activity:  
Figure (5) show that a pH value of (7.8) insures a 

highest activity of XO, as an optimum pH value for 

serum; it has its own effect on the tertiary structure of 

the XO enzyme on its activity. Results show that a 

highest XO activity was obtained at pH 7.8 An extreme 

pH value can be denaturing the XO activity irreversibly
 

(11)
. The pH optima were greatly varied with different 

enzymes, and are dependent on the particular ionized 

state of the substrate that will be optimally bound to the 

enzyme. Therefore, ionization at the specific amino acid 

provided by the E activities are greatly influenced the 

substrate binding site 
(12)

.  

 
Figure (5) pH effect for XO activity 

 

Determination of the Thermodynamic Parameters 

∆S*, ∆H*, ∆G* and Ea*: 

Table (2) and figure (6) show the thermodynamics 

parameters of the transition state. The activation energy 

Ea is a useful parameter for quantitative measurement of 

the thermodynamics barrier to be overcome in the course 

of catalysis. 
Table (2): Thermodynamic parameters 

 Ea cal / 

mol 

∆G* cal / 

mol 

∆H* cal / 

mol 

∆s* cal / 

mol 

XO  458.909 16210.632 -1080.840 -55.244 

The activation energy is useful to relate 

conformational changes during catalytic events and to 

compare homologies enzyme of divers’ phylogenetic 

origin. Arrhenius plot, (6), was seen to obey Arrhenius 

equation in the temperature range used and no refraction 

has been observed in the plot. 

Nonlinear plots may reflect temperature-induced 

structural charges in the enzyme molecule. The effect of 

temperature on the rate of the reaction is frequently 

expressed A positive ∆H* value indicate a large amount 

stretching or even breaking of chemical bond occurred 

during the formation of transition state. It also indicates 

that the enzyme reaction was endothermic and the heat 

content of the activated complex [ES] was greater than 

that of isolated species E and S
 (13)

. The negative value 

of ∆S reflect a change to the most ordered structures as a 

measure of inherent probability of the occurrence of the 

transition state, ∆S indicate the formation of the 

complex XO-xanthine .A positive value of ∆G indicate 

that the active complex XO-xanthine formation require 

input of energy
(7)

 .   

 

 
Figure (6) Arrhenius plot of the effect of temperature on 

maximum velocity of an enzyme reaction . 
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  :الخلاصة
منلنة  لاة     الدراسة  تدددةد الوةرال الم مةع لية لنة   نةزان الةزان دد االسةدددز لمرضةع دام السةلر  مةد النةاث ال ة نح اال االةت الدرلنة  اال رماددن تتضمن

 اينن ال االةت (عمةع التةاالح  mmol/L  313 K 7.8 0,1)هةح   الدالة  الد مضةن دةرارس اينمة ال نت نت ئج الورال الم مةع مةد ترلدةز المة دس ا سة س ادر ة  
 mM  20.313 0.341ال نةت ينماة  ) عمع التاالح لتطلدق مة دل  لندافر لدةر  (  mM  23.31 U / ml  0.0443)ل نت Km, Vmaxالدرلن  لكل مد 

U / ml   )  مة دل  ادد  هافست.ال نت ينم  ط ي  لتنشنط لتطلدق (∆E*) 458,9099 هح  cal/mol    المدساب  بمة دلة  ارهدنةاس االمةنن ال رمةا ددن ملنة
 عمع التاالح . ( 55,2443cal/mol    16210,632 cal/mol    -1080,8409cal/mol-  ( ل لآتحل نت (  *H* , ∆G* , ∆S∆ (لكل مد
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