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CLINICAL ASSESSMENT OF GLUTATHIONE
PEROXIDASE AND CATALASE TO THE STATUS
OF MALONDIALDEHYDE IN UROLITHIASIS

Roula Hamid Mahmoud?, Mufeed J. Ewadh?, Kadhum J. Al-Hamadani?®

ABSTRACT

Objective: To assess the role of lipid peroxidation and antioxidant enzymes in serum of
urolithiasis patients.

Methodology: Glutathione peroxidase (GPx), catalase (CAT) and malondialadehyde (MDA) in
serum of urolithiasis patients have been measured.

Results: The study has revealed a significant increase in MDA and a significant decrease in GPx
and CAT. There have been no significant correlations of serum MDA, GPx and CAT to the size and
number of stones with no differences in their levels among patients with one stone, two stones
and multiple stones. Anatomically the distributions of urinary stones have been 70.14% renal,
19.30% uretric and 3.15% urinary bladder. There have been no significant difference in serum
levels of neither MDA nor CAT among all the anatomical sites of the stone, while GPx has shown
a significant difference in serum of patients with renal calyceal, renal pelvic, ureteric and
vesical stones. Patients with recurrent episode of urinary stone have been 63.33%. Family
histories of urolithiais have been negative in 73.33% of the patients. Neither recurrence of
urinary stone nor family history of urolithiasis have shown a significant correlation with serum
levels of MDA, GPx and CAT.

Conclusion: The role of lipid peroxidation and antioxidant enzymes is present in the
pathogenesis of urinary stone, but their levels don’t affect by the size, the number and the
anatomical position of stones (apart of GPx which has been affected by the anatomical position
of the stone) and the duration, recurrence, and family history of the disease.
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uretrovesical junction.> To become impacted,
calculi usually must have one diameter in ex-
cess of 2mm. The smaller diameter is less than
4 mm, spontaneous stone passage is likely.*

Lipid peroxidation is a chain reaction provid-
ing a continuous supply of free radicals that
initiate further peroxidation.” Lipid peroxid-
ation is initiated by a hydroxyl or other radical
that extracts a hydrogen atom from a polyun-
saturated lipid, thereby forming a lipid radical.
The free radical chain reaction is propagated by
reaction with O, forming the lipid peroxy radi-
cal and lipid peroxide. Rearrangements of the
single electron result in degradation of the lipid.®
Lipid peroxidation and consequence degrada-
tion products such as malondialdehyde are seen
in biological fluids.” Catalase and peroxidases
are preventive antioxidants (reduce the rate of
chain initiation) that react with ROOH and ch-
elators of metal ions. Catalase (EC 1.11.1.6) is a
hemoprotein containing four heme groups,’
which is used to remove H,O, when it is gener-
ated in large quantity. Glutathione peroxidase
(EC1.11.1.9) is a selenium containing enzyme,”
which is one of the most important line of de-
fence against the oxidative damage by hydro-
gen peroxide or lipid peroxide produced in vari-
ous cells of the body. It has been suggested that
glutathione peroxidasse may be able to break
the autocatalytic chain reaction of lipid
peroxidation protecting the cell membrane from
oxidative damage.®

The process of calcium stone formation starts
as a precipitation of calcium phosphate either
in the loop of Henle or in the distal part of the
distal tubule.” Although the urine at these lev-
els of the nephron might be critically supersatu-
rated with calcium oxalate in patients with
hyperoxaluria and in experimental animals fol-
lowing administration of ethylene glycol, the
ion-activity product of calcium oxalate is usu-
ally too low to result in calcium oxalate crystal
formation."” Any crystallization that occurs in
this part of the nephron most certainly is facili-
tated by promoters and it has been suggested
that lipoprotein membranes from the brush
border of proximal tubular cells might serve this
purpose'! the brush border membrane might be

injured by free radicals formed as the result of
toxic effects on the cell.’ This might lead to lipid
peroxidation and cell death'? The released mem-
brane fragments that are transported down the
nephron thereby can supply a suitable surface
for deposition of both calcium oxalate and
calcium phosphate.'

METHODOLOGY

A total of sixty urolithiasis patients in the age
group ranging from 21 to 74 years old, who have
had a radio-opaque stone (s) demonstrable on
plane film of kidney, ureter and bladder X-ray
(KUB) and intravenous utography (IVU).
Twenty eight healthy subjects, age and gender
have matched from public free from any his-
tory of smoking, alcoholism, and coexistence of
any medical disease which can also lead to simi-
lar changes such as diabetes mellitus and hy-
pertension. All tests have been performed on
serum in Biochemistry Department of Collage
of Medicine in Babylon University.

Statistics: Student’s t-test was used to determine
the significant difference between two groups
at p=0.05 level. When multiple means have been
compared, significance (p=0.05) has been deter-
mined by analysis of variance (ANOVA), fol-
lowed by Fisher’s protected least significant
difference test (LSD). While the correlation be-
tween two variables have been estimated by
Pearsons’s correlation coefficients at 0.05 level
Methods: Serum MDA was determined manu-
ally according to Burtis and Ashwood method."
Serum GPx was determined manually accord-
ing to Rotrouck method." Serum CAT was de-
termined according to Aebi method manually.?

RESULTS

Serum MDA, GPx and CAT in urolithiasis: The
mean serum level of MDA has shown an in-
crease in its level in patients with urolithiasis
in comparison to that of the control group and
it revealed a significant difference with serum
MDA in control group. While the mean serum
level of glutathione peroxidase and catalase
have shown a decrease in their levels and re-
vealed a significant difference with serum GPx
and catalase in control group (Table-I).
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Table-I: The mean levels of MDA, GPx and CAT
in serum of urolithiasis patients in
comparison to control group.

Biochemical Patients Controls P value
test MeantSD  MeanxSD

MDA (umol/L) 7.01£2.51  3.25£1.08 <0.05
GPx (U/L) 61.794+42.64 188.8+42.13 <0.05
CAT (K/ml) 0.13£0.07  0.28+0.08 <0.05

The correlation of stones number, stones size, and
duration of urolithiasis disease to serum levels of
MDA, GPx and CAT: The current study has re-
vealed 68.3% of urolithiasis patients have had
one stone, two stones in 18.3%, and multiple
stones in 13.3%. However, there has been no
difference in mean serum levels of MDA and
GPx in patients with one stone, two or multiple
stones (Table-II)

The mean size of urinary stone in patients
with one stone has been 11.65 mm and it re-
vealed no significant correlation with the mean
serum levels of MDA, GPx and CAT of patients
(r=0.1, -0.05, and -0.01, and p>0.05 for all). In
addition, there have been no difference in mean
of MDA, GPx, and CAT among patients with
one stone, two stones and multiple stones, so
the mean size of stones in patient with more
than one stone have been taken and the results
revealed that serum levels of MDA, GPx and
CAT have shown no significant correlation with
the size of urinary stone.

The duration of the disease represents the time
when the patient are aware of the symptoms of
urolithiasis till presentation. The mean duration
of urolithiasis has been seven months. It has
revealed no correlation between the duration
of the disease and serum levels of MDA, GPx
and CAT (Table-III)
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Fig-1: Distribution of urolithiasis patients according
to the anatomical site of stone & percentage of each
group.

Anatomical distribution of urinary stone and its cor-
relation to serum MDA, GPx and CAT: The pa-
tients were divided into five groups according
to the anatomical site of the stone in consider-
ation on unilateral or bilateral stones. Renal
stones (unilateral or bilateral) have found in
70.17% of patients and ureteric stones in 19.30%.
Details of the anatomical distribution of the uri-
nary stones is given in (Fig-1)

Another anatomical distribution of urinary
stone had been identified regardless of the
unilateralist or bilateralism to restrict the exact
correlated anatomical site to mean serum level
of MDA, GPx and CAT, so the patients were
grouped into four anatomical positions. These
have included the stone in renal calyx, renal
pelvis, ureter, and urinary bladder. This ana-
tomical distribution has revealed no significant
difference in the mean serum levels of MDA and
CAT among urinary stone in renal calyx, renal
pelvis, ureter, and urinary bladder (p>0.05).

Table-II: The difference in mean serum levels of MDA, GPx and CAT among urolithiasis patients with one

stone, two stones and multiple stones.

Serum Biochemical Variable One Stone Two Stones Multiple Stones P value**
(n=41) (n=11) (n=8)

MDA (umol/L)* 7.39+2.6 6.20£1.9 6.15£2.0 0.22

GPx (U/L)* 06.44+47.9 58.50+28.1 42484225 0.34

CAT (K/ml)* 0.13+0.08 0.12+0.05 0.11+0.05 0.75

*The values express mean + SD.
**The mean difference at 0.05 level of significance.
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Table-III: The mean duration of urolithiasis, the size of urinary stone and their correlation to the
serum levels of MDA, GPx and CAT.

Parameter meanxSD Correlations™**
MDA (umol/L) GPx (U/L) CAT (K/ml)
Duration of the 78 r=0.009 r=-0.093 r=-0.098
disease (months)* p=0.9 p=10.48 p=0.4
Size of stone (mm)** 11.15+6.14 r=0.01 r=0.005 r=0.08
p=09 p=0.9 p=0.6

*The minimum recorded duration of urolithiasis was 2 days and the maximum was 36 months.
**The minimum recorded size of stone was 4mm and the maximium was 30 mm.
***1: correlation coefficient, p: the mean difference at 0.05 level of significance

There has been a significant difference in GPx
level in serum of uretric stone patients in com-
parison to its level in serum of renal caliceal and
renal pelvic stone patients. Also, the difference
in mean of GPx has presented significantly in
comparison of vesical stone to renal pelvic and
renal calyceal stones. These results are shown
in (Fig-2&4).

Recurrence and family history of urolithiasis and
their correlation to serum level of MDA, GPx and
CAT.: The current study has shown 63.33% of
urolithiasis patients have had a recurrent stone
while, 36.67% have had first episode of stone.
The mean levels of MDA, GPx and CAT have
shown no significant difference in serum of
patients with first episode urolithiasis and
recurrent urolithiasis (p>0.05).
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Fig-2: The difference in mean level of serum MDA
among the anatomical positions of urinary stone
(renal calyx, renal pelvis, ureter, renal calyx and ure-
ter, and urinary bladder). Among all groups, there
are no significant difference (p>0.05).

Positive family history of urolithiais has
presented in 26.67% of the patients while,
73.33% had negative family history of urolithi-
asis. Also, the mean serum levels of MDA, GPx
and CAT have shown no significant difference
concerning negative and positive family history
of urolithiasis (p>0.05) (Table-IV).

DISCUSSION

The result of significant increase in serum
level of MDA is coherent with previous two
studies.'®'” It has been reported that the condi-
tions which enhance peroxidation and deple-
tion of thiol content increase the oxalate bind-
ing activity, which in turn promotes nucleation
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ig-3: The ditference in mean level of serum GPx
among the anatomical positions of urinary stone (re-
nal calyx, renal pelvis, ureter, renal calyx and ureter,
and urinary bladder). The significant difference pre-
sents only between renal calyceal stone and uretric
stone (p=0.014) and between renal pelvic stone and
renal calyceal stone (p=0.008).
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Table-IV: The difference in mean level of MDA, GPx and CAT in serum of
urolithiasis patients according to recurrence and family history of urolithiasis.

Serum Biochemical Variable

Recurrence of Urolithiasis

Family History of Urolithiasis

Recurrent 1t episode Negative positive
MDA MeantSD 7.6312.83 6.641+2.33 6.77+2.4 7.67+2.7
(umol/L) P value*® 0.14 0.22
GPx Mean+SD 66.4+49.6 59.09+38.4 59.3+39.3 68.5+51.4
(U/L) P value* 0.52 0.46
CAT MeantSD 0.12+0.05 0.13%0.09 0.12+0.08 0.14+0.04
(K/ml) P value* 0.94 0.49

I'he ditfference 1n mean at pEU.UD

and aggregation property of stone matrix pro-
tein fractions. This behavior is also associated
with peroxidized mitochondria and nuclei, sug-
gesting that the peroxidation can be a causative
factor for the initial stage of stone formation.'®
The significant decrease in the serum level of
GPx is coherent with other study which has
measured the GPx level in the erythrocyte of
urolithiasis patients,”” but other study has re-
vealed no significant changes in erythrocyte
GPx of urolithiasis patients.?” The current study
has revealed a significant decrease in serum
CAT. One study has been done on human in
India, it has revealed a significant increase in
CAT which has been determined in
haemolysate of urolithiasis patients, while the
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Fig-4: The difference in mean level of serum CAT
among the anatomical positions of urinary stone (re-
nal calyx, renal pelvis, ureter, renal calyx and ureter,
and urinary bladder). Among all groups, there are
no significant difference (p>0.05).
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studies which have been done on experimental
rats has shown a significant increase in CAT
level in kidney homogenates,” also the renal
epithelial cells (LLC-PK1) has shown a decrease
in its cellular contents of CAT after exposure to
oxalate.”? Reduction in serum level of GPx and
CAT here can be explained due to the consump-
tion of the antioxidant enzyme by increasing the
lipid peroxidation.

The current study has revealed serum levels
of MDA, GPx and CAT were not affected by
the duration of urolithiasis disease, stone size
and their number. Also, it has revealed that their
levels have not affected by recurrence and fam-
ily history of urolithiasis. Recurrent stone for-
mation in the urinary tract is a common and
important problem that must be considered in
daily urological practice. With a prevalence of
>10% and an expected recurrence rate of 50%,
stone disease has an important effect on the
healthcare system.” It has been reported that
there is no significant difference between MDA
level of recurrent stone formers & first episode
stone formers."” A positive family history of uro-
lithiasis has been found in 26.67% of patients.
Although, the percentage differ from other pre-
vious study in Baghdad (11.5%), but this sug-
gests that either a genetic or an environmental
factor is important in stone formers. Strong fam-
ily history of stone formation is regarded as a
risk factor of recurrent stone formation.*

The sequence of the anatomical sites percent-
age of urinary stone distribution in this is co-
herent to other previous study.” The serum lev-
els of MDA and CAT are not affected by ana-
tomical site of the stone, while serum level of
GPx does affect. The lowest level of GPx has



been in renal pelvic stone and the highest in
uretric vesical and ureteric stones, which it has
indicated that the renal pelvic stone has the
more consumption of GPx. Although, no dif-
ference in MDA level among the anatomical
sites of the stone, but the oxidative pool in those
patients may contain free radicals other than
MDA that have a correlation to these anatomi-
cal site. Another possible mechanism that the
selenium dependent glutathione peroxidases
have five members, one of them is directly syn-
thesized and secreted from proximal tubule cells
of kidney.?

In summary, the lipid peroxidation and anti-
oxidant enzymes have roles in the pathogen-
esis of urinary stone, but they are not affected
by stones size, stones numbers, recurrence, du-
ration, and family history of the disease. Glu-
tathione peroxidase has not only shown
changes in its level, it is also affected by the
anatomical stone position and this need further
elucidation.
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