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Objective: Vitamin B6 (VB6) is a water-soluble vitamin, which is important for the normal functioning of multiple

organ systems. It is metabolized to the active molecule pyridoxal-5-phosphate (PLP). Oxalic acid (OA) is thought

to be a uremic toxin that participates in the pathogenesis of the uremic syndrome. The objectives of this study

were as follows: (1) to evaluate the plasma and erythrocyte VB6 (effect of PLP; effect of PLP was in indirect relation-

ship with the concentration of erythrocyte VB6), and plasma and urinary OA in marathon runners, in patients with

acute intermittent porphyria (AIP) and variegate porphyria, and in patients with stage 1 chronic kidney disease

(CKD), chronic glomerulonephritis and nephrotic syndrome (CGNS); (2) to examine the influence of water diuresis

in healthy subjects, and the influence of sodium diuresis (high sodium intake) and an intravenous administration of

furosemide on the urinary excretion of VB6 and OA in CKD stage 3-4 patients; and (3) to evaluate the influence of

erythropoietin treatment on erythrocyte VB6 (effect of PLP) in hemodialysis (HD) patients, and the influence of con-

tinuous ambulatory peritoneal dialysis (CAPD) therapy on plasma VB6 and OA and their peritoneal clearance and

transfer.

Design and Setting: This study was conducted at the Nephrological Clinic of L. Pasteur Faculty Hospital and of

Medical School of P. J. Šafarik University. A combination of 29 marathon runners, 15 patients with CG and NS, 11

patients with AIP, 1 patient with variegate porphyria, 15 healthy subjects, 27 CKD stage 3-4 patients, 30 HD, and

27 CAPD patients were used in the study.

Results: After a marathon run, plasma and erythrocyte VB6 significantly decreased and plasma OA increased.

Plasma (15.5 6 3.8 nmol/L) and erythrocyte VB6 (effect of PLP: 42.1% 6 7.5%) were decreased and plasma OA

(9.8 6 2.3 mmol/L) was significantly elevated in patients with CGNS and stage 1 CKD. In patients with AIP, deficiency

of plasma (24.3 6 5.2 nmol/L) and erythrocyte VB6 (effect of PLP: 46.2% 6 7.0%) and hyperoxalemia (9.39 6 2.5

mmol/L) were present. The urinary excretion of VB6 and of OA during maximal water diuresis and after intravenous

administration of furosemide increased significantly (P , .01), but was not affected by the high intake of NaCl (P .

.05). Erythropoietin treatment in HD patients led to the erythrocyte VB6 deficiency. This finding is an indirect evi-

dence that erythrocyte VB6 is consumed by the hemoglobin synthesis much more during EPO treatment. In

CAPD patients, plasma value of VB6 (127.3 6 66.9 mmol/L) was in the normal range and plasma OA (23.6 6 7.4

mmol/L) was significantly elevated. Mean value of peritoneal clearance of VB6 was 8.8% and of OA was 76.9% of

urea clearance.

Conclusion: Our study indicates that deficiency of VB6 led to hyperoxalemia and hyperoxaluria in patients with

CKD. Deficiency of VB6 in CKD stage 4-5 patients potentiates the uremic hyperoxalemia and hyperoxaluria.
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the active molecule pyridoxal-5-phosphate (PLP),
which serves as a coenzyme for more than 100
enzymes. PLP influences protein and lipid metab-
olism, metabolism of several amino acids, and for-
mation of antibodies.1–3 Moreover, VB6 catalyzes
transformation of glyoxalate to glycine, which is
the salvage metabolic way to prevent oxalate
formation.4 Causes of VB6 deficiency in chronic
kidney disease (CKD) are depicted in Table 1.5

Clinical symptoms of VB6 deficiency are not
marked in patients with CKD or in hemodialysis
(HD) and continuous ambulatory peritoneal dial-
ysis (CAPD) patients. The symptoms are similar to
those of the uremic syndrome.
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Table 1. Causes of Vitamin B6 Deficiency in
Chronic Kidney Diseases

Decreased amount in diet

Impaired distribution

Insufficient absorption in small intestine
Disturbed intracellular transport

Altered phosphorylation of pyridoxal on PLP

Competitive inhibition (deoxypyridoxine)

Decreased catalytic activity of pyridoxine
kinase

Increased catalytic activity of pyridoxal-

phosphate-phosphatase (chronic alcoholism)

Chemical inactivation of PLP
Isoniazid, Hydralazine

Penicilamine

Vitamin B6 losses through dialysis membranes
Relative insufficiency

Excessive metabolic requirement

Fever

Pregnancy
Hyperthyreosis

EPO treatment

Use of contraceptive drug

PLP, pyridoxal-5-phosphate.

MYDLÍK AND DERZSIOV �AS96
Oxalic acid (OA) is an end product of the catab-
olism of some amino acids and ascorbic acid.4,6

The synthesis of OA involves the participation of
ascorbic acid and glyoxalate that is formed from
glycine and glycolate.4,7 In addition, oxalate,
which is resorbed from the food in the intestine,
participates in oxalemia in 10% of the patients
with CKD.7 Previously published data report
that OA is excreted from an organism through
the kidneys by glomerular filtration6,8 and also in
a small degree by secretion at the beginning of
the proximal tubules.8 Moreover, OA is excreted
in the colon especially in CKD stage 4-5.9 In
CKD, OA is produced in a high degree8 and it is
stored in various tissues as calcium oxalate.7,10–12

Symptoms of hyperoxalemia include damage to
the heart, peripheral vessels, muscles, skin, and
joints.13,14 In addition, retinopathy, arthropathy,
kidney stones formation, and changes in plasma
lactate dehydrogenase activity were also
observed.7,10 Although VB6 is necessary for the
metabolic conversion of glyoxalate to glycine,4 it
is not suitable for the treatment of hyperoxalemia
in chronic uremic patients, as it is efficient only
when administered daily in high doses of up to
800 mg. Until recently, OA is 1 of the 92 toxins
that participates in the pathogenesis of uremic syn-
drome. OA conforms to the criteria of the uremic
toxin.15–17
The purpose of this study was to investigate
plasma, erythrocyte, peritoneal dialysate, and uri-
nary VB6 and OA and the relationships between
VB6 and OA in healthy subjects, in marathon run-
ners, in patients with acute intermittent porphyria
(AIP), in CKD stage 1 patients with chronic
glomerulonephritis and nephrotic syndrome
(CGNS), in CKD stage 3-4 patients, and in HD
and CAPD patients.
Methods

In the first part of our study, we investigated
plasma and erythrocyte VB6 (effect of PLP) and
plasma and urinary OA in 29 well-trained runners
(mean age, 33.5 6 5 years), among whom was
a 42-year-old woman. Runners were investigated
before, immediately, and 6 days after a 42 km mar-
athon run. During the run, mean air temperature
was 18�C. In the second part of the study, in
a group of 11 patients with AIP and in 1 patient
with variegate porphyria (VP), erythrocyte VB6

(effect of PLP) and plasma and urinary OA were
investigated. All patients were in clinical remission.
The third group of patients consisted of 15 patients
with stage 1 CKD, CGNS. Among them were 9
men and 6 women (mean age, 35 6 5 years). In
the fourth part of the study, we investigated the in-
fluence of water and sodium diuresis, and furose-
mide administration on urinary excretion of VB6

and OA in patients with CKD. In a group of 15
healthy subjects (mean age, 29 6 5 years), we ex-
amined urinary excretion of VB6 and OA during
maximal water diuresis.18,19 Urinary excretion of
the same parameters was also investigated in
a group of 12 patients in polyuric stage of CKD
3-4 stage. Causes of CKD included: CG in 8
patients and chronic tubulointerstitial nephritis
in 4 patients (mean age, 47 6 4 years); among
them were 3 women and 9 men. The
investigation was performed with variation in
the sodium chloride intake, that is, restriction of
sodium chloride in the diet (2 g/day) or with
high intake of sodium chloride (15 g/day). The
influence of intravenous (i.v.) administration of
20 mg furosemide on urinary excretion of VB6

and OA was investigated in another group of 15
stage 3-4 CKD patients. Among them were 9
patients with CG and 6 patients with chronic
tubulointerstitial nephritis. the group included 8
women and 7 men (mean age, 35 6 6 years).
Administration of 20 mg of furosemide i.v. after



Table 2. Plasma and Erythrocyte Vitamin B6

(Effect of PLP) Before (B), Immediately After (A),
and 6 Days (C) After Marathon Run

Run
Plasma

Vitamin B6 (nmol/L)

Effect of PLP

(Erythrocyte
Vitamin B6) (%)

MR-B 116.3 6 32.7 30.5 6 11.5

MR-A 101.8 6 36.32* 34.7 6 11.0*

MR-C 43.6 6 10.9† 33.7 6 9.5

MR, marathon run.
*P # .05 versus before run.

†P # .01 6 days after run (C) versus after run (A).

Table 3. Plasma and Urinary Oxalic Acid and
Fraction Excretion (FE) of Oxalic Acid Before (B),
Immediately After (A), and 6 Days (C) After
Marathon Run

Run

Plasma
Oxalic Acid

(mmol/L)

Urinary
Oxalic Acid

(mmol/L)

FEoxalic acid

(%)

MR-B 6.03 6 2.7 324.3 6 140 56.8 6 23.1

MR-A 6.55 6 2.4 530.6 6 192* 42.1 6 16.8†

MR-C 5.02 6 1.8‡ 154.8 6 44.2‡ 47.4 6 16.7§

MR, marathon run.

*P # .01 versus before run.

†P # .05.

§P # .05.
‡P # .01 6 days after run (C) versus immediately after

run (A).
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a 3-hour control period of urine collection was
followed by 3 urine collection periods with
intervals of 3-hour each. The mean value of
serum urea was 24.5 6 6.2 mmol/L, serum
creatinine was 461.4 6 25 mmol/L, plasma VB6

was 41 6 13 nmol/L, and OA was 22.1 6 3.8
mmol/L in both groups of CKD stage 3-4 patients.

In the fifth part of the study, the aim was to in-
fluence secondary hyperoxalemia by CAPD and
hemodialysis. A total of 27 patients undergoing
CAPD were investigated using peritoneal dialysis
solution (PDS) containing 1.5% glucose. CAPD
consisted of 4 daily exchanges of 2 L/each. All
patients were in a stable clinical condition without
significant uremic syndrome (Kt/V 5 2.0 6 0.3)
and without peritonitis. Among them were 8
women and 19 men (mean age, 48.5 6 5.7 years).
The causes of CKD stage 5 were CG in 15
patients, chronic tubulointerstitial nephritis in 8
patients, and diabetic nephropathy in 4 patients.
A total of 12 patients were treated by the adminis-
tration of erythropoietin (EPO). The diet of
CAPD patients did not include any restrictions
on proteins, fruit, and vegetables. All patients
were administered pyridoxine as a supplement
(5 mg/day without EPO treatment or 20 mg/day
during EPO treatment), but they did not receive
vitamin C.
Table 4. Laboratory Signs of Acute Intermittent Porphyri

Number of

patients (n)

Blood Hb

(g/L)

Serum

Erythropoietin

(mIU/mL)

Plasma

Vitamin B6

(nmol/L)

IP 5 11 133.0 6 10 17.9 6 5.5 23.4 6 5.2
VP 5 1 155.0 6.9† –

Normal range 135 to 160 11 to 30 25 to 130

Hb, hemoglobin; PLP, pyridoxal-5-phosphate.

*P , .01 versus normal range.
†P , .05.
In addition, 30 patients undergoing HD were
investigated. All HD patients were in a stable clin-
ical condition, Kt/V was 1.5 6 0.2. Among them
were 16 women and 14 men (mean age, 45.5 6

2.5 years). A total of 20 patients suffered from
CG and 10 patients from chronic tubulointerstitial
nephritis. The HD group underwent regular bi-
carbonate HD treatment for 4 hours 3 times
weekly. Among the HD patients, 16 were treated
by EPO, and were supplemented by vitamin C
(50 mg/day) and pyridoxine (initially 5 mg/day
and later by 20 mg/day). The remaining 14 pa-
tients were without EPO treatment and were
supplemented by vitamin C (50 mg/day) and by
pyridoxine (5 mg/day).

VB6 in plasma, urine, and peritoneal dialysate
was determined by a radioenzymatic assay using
B}uhlmann laboratories AG kit Vitamin B6 REA
(Schönenbuch, Switzerland). Normal range in
plasma VB6 was from 25 to 130 nmol/L. Erythro-
cyte VB6 was determined by means of an indirect
method, that is, by assessing the activity of eryth-
rocyte aspartate aminotransferase with and with-
out the addition of the coenzyme PLP in vitro.
a (AIP) and Variegate Porphyria (VP)

Effect of PLP

(Erythrocyte

Vitamin B6) (%)

Plasma Oxalic

Acid (mmol/L)

Urinary Oxalic

Acid (mmol/day)

46.2 6 7.0* 9.39 6 2.5* 401.9 6 85†

53.0* 9.5* –

0 to 20 2.0 to 5.5 40 to 320



Table 5. Plasma and Erythrocyte Vitamin B6 and Plasma Oxalic Acid in Patients With Chronic
Glomerulonephritis and Nephritic Syndrome (CG NS)

Group of Patients n Plasma Vitamin B6 (nmol/L)

Effect of PLP (Erythrocyte

Vitamin B6) (%)

Plasma Oxalic

Acid (mmol/L)

CG NS 15 15.5 6 3.8* 42.1 6 7.5* 9.8 6 2.3*

Control group 30 65.7 6 25.3 15.4 6 1.2 3.8 6 1.7

PLP, pyridoxal-5-phosphate.

*P , .01 versus control group values.
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The effect of PLP on the activity of erythrocyte
enzyme displayed an indirect relationship with
the concentration of VB6 and this was expressed
as a percent.20 Higher the PLP effect, higher is
the deficiency in erythrocyte VB6. Normal range
of effect of PLP was from 0% to 20%.

Plasma and urinary OA were determined by
a spectrophotometric method using oxalate oxi-
dase, which is free from vitamin C interference.21

Normal range in plasma OA was from 2 to 5.5
mmol/L. Statistical analysis of results obtained
was performed using commercial statistical pro-
grams, Statgraphics and Arcus Quickstat Biomed-
ical Version 1.1 (Addison Wesley Longman Ltd.,
Cambridge, England). Statistical significance be-
tween the investigated parameters was performed
using a paired-test analysis of variance.
Results

The results of our study are depicted in Tables 2
to 7 and in Figures 1 to 5. Plasma VB6 in marathon
runners significantly decreased and the effect of
PLP significantly increased after a marathon run
(Table 2), thereby suggesting that significant defi-
ciency of erythrocyte VB6 was present. Plasma OA
before and after the marathon run was elevated.
Urinary OA significantly increased and its fraction
excretion significantly decreased after the run
(Table 3). In patients with AIP and VP, there
was a deficiency in plasma and erythrocyte VB6
Table 6. Effect of PLP and Plasma Oxalic Acid in CKD a

Biochemical Parameter
CKD Patients 13 mg

P/day (n 5 15)
no
P/

Effect of PLP (%) 21.8 6 2.1 2

Oxalic acid (mmol/L) 23.5 6 1.5*

Normal range: effect of PLP, 0% to 20%; plasma oxalic acid,

CKD, chronic kidney disease; HD, hemodialysis; EPO, erythro
*P , .01 versus normal range.
(significantly elevated effect of PLP shows for de-
ficiency of erythrocyte VB6), and also, signifi-
cantly elevated plasma and urinary OA (Table 4).
Moreover, in AIP patients, a direct relationship
between plasma OA and effect of PLP (r 5

0.735, P ,.01; that shows for indirect relationship
with erythrocyte VB6), was observed. In patients
with stage 1 CKD, CGNS, plasma and erythrocyte
VB6 levels were significantly decreased, whereas
plasma OA levels were significantly elevated
when compared with our control group (Table
5). A direct relationship between plasma OA and
effect of PLP in group of patients with CGNS
was observed (Fig. 1). Six months supplementa-
tion by pyridoxine 50 mg/day in those patients
led to normalization of the effect of PLP (from
32.1% 6 3.5% to 16.3% 6 1.4%; no deficiency
of erythrocyte VB6 was present).

Maximal water diuresis in healthy subjects led to
an increased urinary excretion of VB6 and OA
(Fig. 2). In patients with CKD stage 3-4, the diet
with high sodium intake (15 g NaCl/day) did
not change the urinary excretion of VB6 and
OA (Fig. 3). Urinary excretion of VB6 and OA
significantly increased after an i.v. administration
of 20 mg furosemide in another group of CKD
stage 3-4 patients (Fig. 4).

Effect of PLP in CKD stage 3-4 patients with
supplementation of 3 mg pyridoxine/day was
more than the upper margin of normal range and
plasma OA had also significantly increased. Effect
nd HD Patients With Various Treatment

HD Patients

EPO 15 mg
day (n 5 14)

EPO 15 mg
P/day (n 5 16)

EPO 120 mg
P/day (n 5 16)

0.5 6 1.8 30.4 6 2.4* 16.4 6 1.9

– – 40.3 6 9.8*

2 to 5.5 mmol/L.

poietin; P, pyridoxine.



Table 7. Vitamin B6 and Oxalic Acid During CAPD Using Peritoneal Dialysis Solution (PDS) With 1.5%
Glucose (n 5 27)

Parameter Plasma Peritoneal Dialysate

Peritoneal

Clearance (mL/min) Peritoneal Transfer

Urea 17.0 6 5.3 (mmol/L) 15.7 6 5.4 (mmol/L) 5.46 6 0.6 34.2 6 12.9 (mmol/6 hour)

Oxalic acid 23.6 6 7.4 (mmol/L) 16.5 6 5.5 (mmol/L) 4.20 6 1.2* 37.5 6 12.8 (mmol/6 hour)
Vitamin B6 127.3 6 66.9 (nmol/L) 9.1 6 2.5 (nmol/L) 0.48 6 0.18† 19.8 6 6.2 (nmol/6 hour)

Amount of peritoneal dialysate (1.5% PDS): 2,153.3 6 230.8 mL/6 hour.

*P , .01

†P , .001 values versus urea peritoneal clearance.
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of PLP in HD patients supplemented by 5 mg pyr-
idoxine/day without EPO treatment was on the
upper margin of normal range, but during EPO
treatment the effect of PLP significantly increased
(P ,.01), thereby suggesting that a significant defi-
ciency in erythrocyte VB6 was present. No defi-
ciency of erythrocyte VB6 in HD patients treated
by EPO and supplemented by 20 mg pyridoxine/
day was reported, but plasma OA was still very ele-
vated (Table 6). An indirect relationship between
plasma OA and plasma VB6 (mean value of plasma
VB6, 157.5 6 75 nmol/L) in HD patients was ob-
served (Fig. 5). HD of 4-hour intervals led to the
significant increase of PLP (20.5% 6 1.8% to
23.5% 6 1.5%, P , .05) and to the significant de-
crease of plasma OA (40.3 6 9.8 to 18.7 6 4.5%
mmo/L, P , .01).

Table 7 gives the values of peritoneal clearance
and peritoneal transfer of OA and B6 urea in 27
CAPD patients using PDS with 1.5% glucose.
The mean value of plasma VB6 was found to be
in the normal range. The plasma levels of OA in
Plasma oxalic acid 

(µmol/L)

15

17
CG NS

13

15

y = 0.297x-2.502

r = 0.5638, n = 12

p < 0 .05

9

11

5

7

30 35 40 45 50 55

Effect of PLP (%)

(erythrocyte vitamin B )
6

CG NS – chronic glomerulonephritis and nephrotic syndrome

Figure 1. Direct relationship between plasma oxalic
acid (OA) and effect of pyridoxal-5-phosphate in pa-
tients with CGNS, stage 1 CKD.
all patients were significantly increased. The peri-
toneal clearance of OA was 76.9% and of VB6 was
8.8% of urea clearance. Peritoneal transfer, that is,
the loss of some substances into the dialysate
within 6 hours, was the highest for urea and the
lowest for VB6. Oxalate removal using PDS with
1.5% glucose was 150.0 6 51.8 mmol/day and of
VB6 was 79.2 6 24 nmol/day.
Discussion

Plasma VB6 was found to be in the normal range
before the marathon run and it significantly de-
creased after the run, but was still in the normal
range. However, erythrocyte VB6 was signifi-
cantly decreased before the marathon run and
a further decrease was observed after the run. De-
ficiency of erythrocyte VB6 probably led to the
elevated plasma and urinary OA before and after
the marathon run. According to Rokitzki et al.
there was a mean loss of about 1 mg VB6 as a result
of the marathon race.22,23

Significant deficiency of plasma24 and erythro-
cyte VB6 and elevated level of plasma OA was
found in patients with AIP and VP. Porphyrias
form a group of hereditary metabolic defects of
heme biosynthesis, which are the manifestation
of overproduction and accumulation of heme pre-
cursors—porphyrins. VB6 is required as a cofactor
in the rate-limiting first step in heme synthesis, the
formation of delta-aminolevulinic acid.25 Indirect
evidence suggested that an excessive metabolic re-
quirement of erythrocyte VB6 is necessary to the
formation of delta-aminolevulinic acid in patients
with AIP.

Deficiency of erythrocyte VB6 and an elevated
concentration of plasma OA were reported in all
the patients with CGNS stage 1 CKD. These find-
ings are very important from a diagnostic and ther-
apeutic point of view. Supplementation of VB6

before beginning treatment, especially before
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Figure 2. Urinary excretion
of vitamin B6 (VB6) and
OA during maximal water
diuresis in healthy subjects.
C, control period; MWD,
maximal water diuresis pe-
riod; V, diuresis; U, urine
concentration. **P , .01.
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corticoid and immunosupressive treatment, is nec-
essary in patients with CGNS.26 Deficiency of
erythrocyte VB6 was one of the causes of hyperox-
alemia in these patients.

We found that the urinary excretion of VB6

and OA depended on urinary water excretion.
This finding was also confirmed by the observa-
tion that urinary excretion of VB6 and OA did
not increase in CKD stage 3-4 patients on a diet
with restriction of proteins to 35 g/day and
with an increased intake of sodium chloride (15
g/day). An increase in the urinary excretion of
VB6 and OA was found only during maximal
water diuresis.
V

2 ,500

(ml/24h) 

1 ,250

A

*
B

0

A - diet with restriction of 

B - diet with high intake of

Figure 3. Urinary excretion
of VB6 and OA in CKD stage
3-4 patients. A, diet with re-
striction of sodium chloride
(2 g/day); B, diet with high
intake of sodium chloride
(15 g/day). *P , .05.
Under physiologic conditions, the biologic
half-life of furosemide action is 1 to 2.5 hour, in
the oligoanuric stage of renal failure, stage 3-4,
its action is prolonged to 14 hours.27,28 The
effect of furosemide in our group of CKD stage
3-4 patients lasted for 6 hours. It is possible that
furosemide causes the increased excretion of VB6

and OA in patients with CKD because of the
decreased tubular resorption of water.29,30

Repeated administration of a large dose of
furosemide to patients with CKD may lead to
decreased tubular reabsorption of VB6 and OA
and may consequently lead to a decrease in
hyperoxalemia and also of plasma VB6. This is
VU
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Figure 4. Urinary excretion
of VB6 and OA after an intra-
venous administration of fu-
rosemide in CKD stage 3-4
patients. *P, .05, **P , .01.
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a positive side-effect of furosemide in the case of
OA and a negative side-effect in the case of VB6

in patients with CKD.
In HD patients, the concentration of OA was

higher as compared with CKD stage 3-4 patients.
One of the causes was that dialysis per se increases
endogenous OA production. Production rate of
OA is higher than its removal rate, at least 2-fold
higher.4 In addition, our results suggest that VB6

consumption increased with the increased synthe-
sis of hemoglobin during EPO therapy in HD
70

Plasma oxalic acid (µmol/L)

HD

60

40

50
y = 54.8919 - 0.0801x

r = -0.8315, n = 24

p < 0.001

30

10

20

Plasma vitamin B (nmol/L)
6

0 100 200 300 400 500

HD - hemodialysis patients

Figure 5. Indirect relationship between plasma OA
and plasma VB6 in hemodialysis patients (HD).
patients, thereby resulting in the fall of erythrocyte
VB6. This fall was prevented when pyridoxine
supplementation was increased from 5 to 20 mg/
day.31 Despite the normal level of erythrocyte
VB6, plasma OA was still found to be elevated.
In HD patients, a difference between plasma
VB6 and effect of PLP (erythrocyte VB6) was ob-
served. This was caused by either an impaired
phosphorylation or by an increased degradation
of PLP and others.4,32

Peritoneal clearance and peritoneal transfer of
VB6 in CAPD patients were found to be very
low; this was in agreement with previously
published data.1,33
Conclusion

Our study indicates that a deficiency of VB6 led
to hyperoxalemia and hyperoxaluria in patients
with CKD. Deficiency of VB6 in CKD stage 4-5
patients potentiates the uremic hyperoxalemia
and hyperoxaluria.34 According to the results ob-
tained, we recommend administration of 5 to 50
mg pyridoxine/day for prevention of VB6 defi-
ciency in patients with CKD.
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28. Dzúrik R, Dzúrikov�a V: Diuretic Therapy, 2nd ed. Martin,

Czechoslovakia, Osveta, 1981, pp 18-20

29. Boer P, Beutler JJ, van Rijn HJM, et al: Urinary oxalate ex-

cretion during intravenous infusion of diuretics in man. Nephron

54:187-188, 1990
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