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Abstract

Background: Renal failure claims the lives of humans worldwide. Several studies suggest that
oxidative stress is a major factor in deterioration of renal function. Oxidative stress seems to play a
pivotal role in this process, and purine metabolism may be involved in renal failure-related oxidative
stress. Xanthine oxidase is an enzyme involved in purine metabolism and is also responsible for
producing reactive oxygen species.

Objective: This study aimed to evaluate the activity of xanthine oxidase activity and study the effect
of in vitro two newly synthesized ribofuranose derivatives including (B-D-Ribofuranose-3-morpholine
methyl thymine, and (B-D-Ribofuranose-3-morpholine methyl pyrrolidine) on the activity of the
enzyme in patients with chronic renal failure. The study includes 110 plasma samples divided to (60)
samples as patients with chronic renal failure and (50) samples appeared healthy subjects as control.
Results: the results indicated that there was significant (p<0.05) decrease in total protein levels, and
a significant (p<0.05) increase in xanthine oxidase activity and specific activity in patients as compared
to control. The two used compounds caused inhibitory effect on the enzyme activity; and the high
inhibition% equal to (91.72) % obtained with 0.11 M from B-D-Ribofuranose-3-morpholine methyl
thymine and (92.19) % with 0.11 M from of B-D-Ribofuranose-3-morpholine pyrrolidine. This study
also estimated the kinetic parameters (Km and Vmax) with different concentrations from each inhibitor
under the same conditions by using Line weaver-Burk equation and the results indicated that the level
of Km was not affected by adding the inhibitor to the enzyme reaction, while the level of Vmax was
decreased when the reaction of enzyme include the inhibitor. Finally, the type of inhibition was found
as non-competitive inhibition in the two ribofuranose derivatives.

Conclusions: the results
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Introduction

The term chronic renal failure (CRF) denotes inability of the renal to perform excretory functions
leading to retention of nitrogenous waste products from the blood. Chronic renal failure, also known as
end-stage renal disease, is a medical condition in which the renal are functioning at less than 15% of
normal levels®. Complications of CRF also include heart disease, high blood pressure, and anemia(®.
Renal disease diagnosis is based on the presence of renal damage such as albuminuria or decreased
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renal functions (i.e. Glomerular filtration rate (GFR). Chronic renal failure is a global general medical
issue, it is one of the leading causes of morbidity and mortality worldwide and is increasingly recognized
as a global public healthcare challenge, especially in developing countries. The occurrence of CRF in
low-income countries increases by about 20% / year. Xanthine oxidase (Xo) is a superoxide-producing
enzyme found normally in serum, lungs, and is more abundant in the intestine and liver and its activity
increases during infection. Plasma Xo activity was associated with hypertension in general population,
speculating that the activation of Xo may promote oxidative stress-related injury to endothelial cells
and the renal, leading to the elevation of blood pressure (BP) ). A report showed that Xo genetic
polymorphisms predict changes in BP and the risk of hypertension supports the crucial role of Xo in
the incidence of hypertension 4. The lack of Xo leads to high concentration of xanthine in blood and
can cause health problems such as CRF (5). Xanthine oxidase activity was also an independent predictor
of cardiovascular events in CRF and hemodialysis patients. Several investigations showed that in
various pathological conditions, both in experimental animals and in humans, there is an increased
plasma level of Xo because of release into circulation from liver or other tissues. In view of their good
efficacy and long-term proven safety, xanthine oxidase inhibitors (Xoi) currently represent the first-
choice treatment of hyperuricemia associated with various diseases, including CRF ©). In the latter,
(Xoi) administration may also ameliorate renal damage, not only by reducing circulating uric acid levels
(indirect benefit), but also through various mechanisms at the renal level (direct benefits),(”) including
the reduction of inflammation and oxidative stress and the prevention of glomerular hypertension,
afferent arteriolar thickening and ischemic renal histologic changes. Inhibition of Xo has been proposed
as a mechanism for improving cardiovascular health. The inhibitor is defined as a substance that
reduces the rate of an enzymatic reaction. The inhibitor may be similar to the composition of the
substrate, or it may differ from it. The effect of inhibitors differs according to their different types, some
of which affect the substrate itself, and others combine with the active site on the surface of the Xo and
thus it reduces the tendency of the enzyme towards the substrate. The aim of this study was to evaluate
the activity of human plasma Xo in CRF patients compared to healthy subjects, and then determine the
in vitro effects of two newly synthesized ribofuranose derivatives on human plasma Xo activity.

Material and Methods

Subjects

Sixty CRF patients which subdivided to (31 male and 29 female), those patients visited Kirkuk general
hospital /Kirkuk city during the period from (December 2021 to July 2022) with age ranged between
(20-40) years were selected in this study. All patients were subjected to a personal interview using
specially designed questionnaire format of full history with detailed information. And (50) subjects
appeared healthy volunteer were selected, subdivided to (27 male and 23 female) with the same age
range as patients' group, selected from Kirkuk city regions as control. Any subject diagnosed with
diabetes mellitus, heart diseases, individuals with a history of drug addiction and alcohol consumption
and participants with anti-hyper urinemic drug intake were excluded from the study, also excluded
participants with self-reported renal and hepatic diseases, hypothyroidism, and any infectious diseases.
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The study protocol was approved by the internal ethics committee which exists at the department of
chemistry, Kirkuk University, college of science and the ethics committee of Kirkuk general hospital. A
peripheral venous blood sample (5ml) was collected in EDTA tube using a disposable syringe, and blood
was taken by vein puncture without using the tourniquet, then centrifuged the tubes for (10) minutes
at (308 X g). The plasma was collected and stored at -20 C° until use.

Methods

Xanthine oxidase activity assay:

The most frequently used method for the determination of Xo activity is described by Marcocci et al(®
and Cos et al®. The measurement is carried out using phosphate - EDTA buffer (0.1M, pH 7.4).
Spectrophotometric determination of XO activity is based on measuring uric acid production from
xanthine as substrate, read the absorbance at 295nm.

Total protein determination:
Quantitative plasma TP determination was achieved by absorbance measurements at 660 nm according
to Lowry et al, method 1951(19), using bovine serum albumin as a standard.

Purification methods:

Xanthine oxidase was partially purified from plasma of CRF patients using ammonium sulphate with
75% saturation percent, the solution dialyzed against buffer phosphate (pH 7.5) (changed each 8hours)
to remove the trace of AS. Finally, the enzyme activity.

Inhibition of xanthine oxidase:
Inhibitors prepared by dissolving (0.14gm) of (B-D-Ribofuranose-3-morpholine methyl thymine, I-1)
and (0.15gm) of (3-D-Ribofuranose-3-morpholine methyl pyrrolidine, I-2) in (1ml) of phosphate buffer
(0.0467 M, pH=7.5) as a stock solution, this solution was diluted with buffer solution to obtain
concentrations (0.009, 0.033, 0.07, 0.11) M. Table 1 represented the structure of I-1 and I-2.

The rote of inhibitory was computed by comparing the enzymatic efficacy with the presence and
absence of inhibitor as in the equation below:

Activity without inhibitor—Activity with inhibitor .

Inhibition %= 100%

Activity without inhibitor
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Table (1): Ribofuranose derivatives used as inhibitors to Xo.

Compound name Structure of compound

N —_— C —_— N
B-D-Ribofuranose-3-
morpholine methyl thymine

%

OH OH
N—C —N
B-D-Ribofuranose-3-
morpholine methyl
pyrrolidine i 0
| H
OH OH

Statistical Analysis

Statistical analysis was done using graph pad prism version 6 and values were expressed as (mean
+SD). The comparison of mean + SD was performed using Student t — test. Statistical significance was
defined as P< 0.05. and this study aimed to elucidate the kinetic parameters for xanthine as substrate
and two ribofuranose derivatives as inhibitors to the XO activity, as well as determine the inhibition

type.

Results
The plasma levels of TP and the (activity & specific activity) of the Xo were determined in CRF patients
compared to control, the results were mentioned as (mean + SD) as present in Table 2:
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Table 2: The TP and the (activity with specific activity) of Xo in the plasma of CRF
patients and subdivided to (males and females) compared to control.

Control Patients
Parameters mean + SD mean + SD P value
Xo activity (U/ml) 3.24+0.53 3.61+0.23 <0.0001
Specific activity of
Xo 0.47+ 0.085 0.71+ 0.13 <0.0001
(U/mg)
TP (gm/dl) 6.90+0.62 5.27+1.27 <0.0001

The results indicated that there was significant (p<0.05) decrease in TP levels, and significant
(p<0.05) increase in XO activity and specific activity in patients group compared to control. The

sequential steps to partially purify plasma XO from CRF patients' using 75% AS precipitation and
dialysis, against phosphate buffer, presented in the table (3):

Table (3) Purification steps of XO of chronic renal failure patients

Steps Total protein T.P | Activit Total Specific Fold of Yield %
volume mg/ml mg y activity activity | purificatio
(ml) U/ml U U/mg n

Crude o

. %

T 8 58 464 3 24 0.0517 1 100%
Ammonium 0
. . . . . .88%
sulphate 75% o7 30 171 3.7 21.09 0.1233 2.38 87.88%
Dialysis 5.9 27 159.3 4 23.6 0.1481 2.86 98.33%

After using the AS (775% saturation) precipitation method, most XO activity was recovered in the soluble
fraction of plasma contaminants of proteins which were precipitated by addition solid AS. The results
indicated that the specific activity of the crude plasma of patients was (0.0517 U/mg). After adding AS,
it increased to (0.1233 U/mg), and after dialysis, it was (0.1481 U/mg), while the folds of purification
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were (2.38, 2.86). The yield % was (87.88, 98.33) % respectively. The purified XO can be stored as a
precipitate at 75% saturation of AS without any addition of reducing agents such as DTT.

Also this study examined the in vitro inhibitory effect of two newly synthesized ribofuranose derivatives
using different concentrations on the plasma XO activity reaction in CRF patients. Xanthine oxidase
activity without a ribofuranose compound was accepted as 100% activity, as cleared in table 4.

Table (4) Effect of different concentrations from I-1 and I-2 compounds on the activity
of plasma of Xo.

11 [S] Activity Activity The
Compounds M M without with inhibition
inhibitor | Inhibitor %
U/ml U/ml

I-1 0.009 0.303 91.72%
0.033 0.357 90.25%

0.07 0.05 3.66 0.5 86.34%

0.11 0.83 77.32%

I-2 0.009 0.286 92.19%
0.033 0.4 89.07%

0.07 0.05 3.66 0.435 88.11%

0.11 0.769 79.15%

The results revealed that the two used compounds caused inhibitory affect on the Xo activity. The
highest %inhibition obtained for I-1 compound equal to 91.72% with concentration of inhibitor equal
to 0.009M, also the higher %inhibition of I-2 compound equal to 92.19%, with concentration of
inhibitor equal to 0.009 M, as shown in figures 1 and 2.

B-D-Ribofuranose-3-morpholine methyl

95 pyrrolidine
90
X
S 85
2 30
<
c
— 75
70
0.009 0.033 0.07 0.11
[(m

Figure 1: The inhibition effect of I-1 compound with % inhibition.
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B-D-Ribofuranose-3-morpholine methyl thymine
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Figure 2: The inhibition effect of I-2 inhibitor with the % inhibition.

The XO kinetic parameters (with and without inhibitor) have been calculated from Line weaver - Burk
plot as shown in figure 3 which shows that the inhibition type in this study was non-competitive
inhibitor to the XO activity.

B-D-Ribofuranose-3morpholine thymine
4

3.5

with inhibitor
[ J

3

Activity U/ml

without inhibitor

-0.15 -0.1 -0.05 0 0.05 0.1 0.15
1/[S] mM
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B-D-Ribofuranose-3morpholine pyr|43|idine
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Activity U/ml
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Figure 3: Line weaver - Burk plots of the studied inhibitors on XO in CRF patients.

The levels of the kinetic parameters (Km and Vmax) with different concentrations from substrate and
inhibitors under the same conditions were shown in table 5.

Table 5: The values of Km and Vmax for XO reaction.

Inhibitor Kmn Vmax U/ml Vmax U/ml
mM Without inhibitor With inhibitor
I-1 9.09 4 0.57
I-2 9.09 4.1 0.59

Discussion

The enzyme is highly versatile flavoprotein enzyme ubiquitous among species from bacteria to human
and within the various tissues of mammals (1, It is a key in degradation of DNA and RNA (2 and it is
believed to be one source of reactive oxygen species in the failing heart (:3). Xanthine oxidase also plays
an important role in cellular oxidative status, detoxification of aldehydes, various forms of ischemic and
other types of tissue and vascular injuries. Many studies reported that plasma XO activity was
associated with the speculation that the activation of XO may promote oxidative stress-related injury
to endothelial cells and the renal(4). The activity of XO was found to be elevated in heart disease and
peritoneal dialysis patients, independently of dialysis modality (5). It was reported that XO activity in
the vasculature is elevated considerably in patients with coronary artery diseases(¢). It has also been
suggested that local XO activities in a variety of organs and tissues are likely to elevate under a line of
stimuli including hypoxia, inflammatory cytokines and glucocorticoids(?). Increases in endogenous XO
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may be germane to vascular conditions that render tissues chronically hypoxic. In addition, tissues or
species that have low basal levels of XO may be prone to XO-related vascular injury and inflammation
under hypoxic or other conditions that increase XO activity(8).

Proteins are important targets for oxidation reactions described as a mismatch in how free radicals are
formed and the antioxidant reaction within cells, because they are abundant in tissues, extracellular
cells, and physiological fluids, as well as their quick reaction rates with oxidants. The natural filtration
of the renal changing results in the accumulation of toxic wastes, and higher amounts of TP lost through
urine. The reduction in TP levels can also be explained as the lack of natural feedback inhibition of
gluconeogenesis in the liver that causes an increase in the breakdown of lipids and proteins, as well as
the conversion of glucogenic amino acids to glucose which leads to an increase in glucose levels; in
addition, hemodilution could also be a cause of this reduction.

The results of purification cleared that every step in the enzyme purification resulted in the removal of
undesirable fractions of protein therefore, decline in enzyme yield was found after the process of
purification. The differences may be due to essentially lowest XO activity that CRF patients and highest
found in control, these results can be attributed to the fact that the presence of inflammatory factors in
patients sample may effect XO purified and activity. Thus compared with other mentioned studies,
present purification procedure takes less time and good specific activity, yield and fold of purification.
The procedure of purification was considered imperative as it resulted in a significant increase in the
specific activity of XO.

The inhibitor is defined as a substance that reduces the rate of an enzymatic reaction. The inhibitor may
be similar to the composition of the substrate or it may differ from it. The effect of inhibitors differs
according to their different types, some of which affect the substrate itself, and others combine with the
active site on the surface of the enzyme and thus it reduces the tendency of the enzyme towards the
substrate. Others affect reactions by combining with other sites on the enzyme, and this type of union
may not affect the tendency of the enzyme, but it affects the rate at which the substrate is converted
into a product(9. This means that this type of inhibitor is associated with a site other than the active
site of the XO, and this type of inhibitor cannot be reduced by increasing the concentration of the
substrate and these types of inhibitors are called non-competitive inhibitors. These types of inhibitors
are characterized by their effect on the maximum velocity Vmax(29). This type of inhibition occurs when
the substrate and inhibitors bind to different sites of the enzyme and the inhibitor binds either with the
free enzyme or with the enzyme-substrate [ES] complex to form an enzyme-substrate inhibitor [ESI]
complex. This complex can be degraded to give the product, but at a slower rate than it is for the
decomposition of the [ES] substrate enzyme complex. Thus, the reaction will be slower than it is in the
absence of this type of inhibitor(v.

This study includes the evaluation of the effect of two ribofuranose compounds on the activity of
partially purified XO in CRF patients. The values of Km and Vmax were calculated from the Line weaver-
Burk plot in the absence and the presence of the inhibitor. The results of this study could be explained
according to the classical models described that the inhibitor bind to another conformational change
that lock the enzyme & prevent the substrate binding or decreasing substrate affinity to enzyme (22).
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Line weaver - Burk graph showed the type of inhibition for each inhibitor and inhibition constant Km
was estimated. Vmax was evaluated from the y-intercept of Line weaver - Burk graph, which reflected
that Vmax value for control sample (without inhibitor) was higher than in inhibited samples, so it is
clear that the amount of active enzyme (Vmax) present in non-inhibited which in agreement with the
study of Zayzafon, et al (23,
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