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1. ABSTRACT

Ascorbic acid overload and vitamin B6 deficiency
have been implicated in the development of hyperoxalemia in
dialysis patients, but there is still disagreement about this.
Hemodialysis patients who are exposed long-term
hyperoxalemia may develop secondary oxalosis with an
increased risk of cardiac, vascular, and bone disease, and thus
may benefit from maintaining a low serum oxalic acid level.
In 452 hemodialysis patients, the serum level of oxalic acid
was 47.2422.9 pmol/l before and 16.9+10.5 umol/l after a 4-
hour dialysis session, while the ascorbic acid levels were
39.0+£92.7 pmol/l and 6.5+18.6 umol/l, the glycolic acid levels
were 7.3£10.1 umol/l and 0.6+2.3 umol/l, and the citric acid
levels were 141.3£54.7 pmol/l and 117.6+37.2 pmol/l,
respectively. Most patients (65.3%) had low serum ascorbic
acid levels (<10 umol/l) before hemodialysis. The serum level
of oxalic acid [Ox] showed a significant positive correlation
with the levels of ascorbic acid [AA], glycolic acid [Gly], and
creatinine [Cre]: [Ox] = 21.711 + 0.181 x [AA] + 0.174 x
[Gly] + 0.171 x [Cre], (all umol/l, p<0.05). In 124 dialysis
patients, the 4-pyridoxic acid level was 8.9£19.6 pmol/l
before and 3.9+8.8 pmol/l after dialysis, and it was not
correlated with oxalic acid or glycolic acid. Most dialysis
patients (65.3%) had low serum levels of ascorbic acid, but
a subgroup of patients (12%) had high serum ascorbic acid
levels (>100 pmol/l) associated with hyperoxalemia
(88.2+24.5 pumol/l). High-dose vitamin C supplementation
may aggravate hyperoxalemia in hemodialysis patients, so
attention should be paid to avoiding this risk.

2. INTRODUCTION

In patients with renal insufficiency or failure, the
plasma oxalic acid level increases due to accumulation of
oxalic acid and additional metabolic factors that promote
endogenous synthesis of oxalic acid.l) Ascorbic acid,
glycolic acid, and glyoxylic acid are important metabolic
precursors of oxalic acid, and a high intake of any of these
precursors may cause hyperoxalemia in patients with
chronic renal failure.1-7) Ascorbic acid is generally
considered to be a key antioxidant, and its deficiency may
contribute to oxidative stress in dialysis patients.8) To
restrict potassium intake, most dialysis patients only eat a
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limited amount of fruit and vegetables, so their dietary
intake of ascorbic acid is poor, often causing asymptomatic
scurvy.8-12) Increased lipid peroxidation and depletion of
chain-breaking antioxidants due to subclinical scurvy may
contribute to an increased risk of atherosclerosis in these
patients. Cardiovascular disease is the major cause of
mortality in patients on hemodialysis for chronic renal
failure.13) In addition, inadequate iron mobilization and
defective iron utilization may cause hyporesponsiveness to
recombinant erythropoietin in hemodialysis patients with iron
overload.14) Intravenous administration of ascorbic acid has
been shown to effectively control erythropoietin
hyporesponsive anemia associated with iron overload.14-17)
Vitamin B6 deficiency has also been implicated as another
cause of secondary hyperoxalemia, which is often associated
with hyperglycolic acidemia.18-26) Ascorbic acid and vitamin
B6 are small water-soluble molecules (with a molecular weight
of 176.13 and 205.64, respectively), which are removed from
the blood during dialysis.27) During hemodialysis, oxalic acid
shows similar behavior to that of creatinine (molecular weight:
113). An increased plasma oxalic acid level seems to be an
important factor promoting the deposition of calcium oxalate
in patients with uremia.1) Therefore, we studied the relative
contribution of these substances to modulation of the serum
oxalic acid level in patients on hemodialysis.

3. SUBJECTS AND METHODS

After oral informed consent was obtained, blood
was collected before and after a 4-hour dialysis session from
452 patients (271 men and 181 women) aged 63+13 years
who were on chronic hemodialysis. The dialyzers used had
an effective surface area of 0.8~2.1 m® and included the
following: AM-BC-11~20P and APS-13~21S (Asahi
Medical Co.), FB-150~210U and PES-150~210D (Nipro
Co.), CL-EE-15~18N (Terumo Co.), BG-1.0~1.6U and
BS-1.3U~1.6UL (Toray Medical Co.), FLX-12~18GW
and FDX-12GW (Nikkiso Co.), PS-1.6MW and PS-1.9UW
(Kawasumi Lab. Inc.), and KF-m08~m15 (Kuraray Med.
Inc.). Serum was deproteinized using an Ultrafree C3 THK
filter and diluted 3-fold with water. The serum levels of
oxalic acid, ascorbic acid, glycolic acid, 4-pyridoxic acid,
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Table 1. Serum parameters before and after a 4-hour dialysis session. The percent reduction of oxalic acid was similar to that of
creatinine, while the decrease of ascorbic acid or glycolic acid was greater than that of creatinine and the decrease of citric acid

was smaller.

Before HD (umol/l)

After HD (umol/l)

% reduction

Oxalic acid 47.24£22.9 16.9+10.5 64.2
Ascorbic acid 39.0+92.7 6.5+18.6 83.4
Glycolic acid 7.3£10.1 0.6+2.3 92.1
Citric acid 141.3+54.7 117.6+37.2 16.8
Creatinine 102.5+30.1 40.3+14.5 60.6

and citric acid were determined by high performance
capillary electrophoresis (HPCE: Hewlett-Packard *°CE,
Germany) using a pH 7.7 buffer solution for HPCE (Fluka),
20 mM tetraborate/30 mM SDS buffer, and an organic
acids buffer for HPCE (pH 5.6, Agilent Technologies).2,28,
29) The detection limits of serum oxalic acid, ascorbic acid,
glycolic acid, 4-pyridoxic acid, and citric acid were 1
umol/l, 1 pmol/l, 5 pmol/l, 4 pumol/l, and 5 pmol/l,
respectively, while the coefficient of variation was 5-16%
(unpublished data), which was comparable to other
reported values.28,29) We have found that the serum oxalic
acid level is significantly correlated with and almost equal
to the plasma oxalic acid level (using heparin or EDTA)
(p<0.01)(unpublished data). There were 15 dialysis patients
taking vitamin C (120-600 mg/day) and their serum levels
of ascorbic acid and oxalic acid were measured. Results are
reported as the mean =+ standard deviation (SD).
Correlations between parameters were determined by both
univariate and multivariate regression analysis. Statistical
significance was set at p<0.05 for all comparisons.

4. RESULTS

The serum level of oxalic acid was 47.2+22.9
umol/l before hemodialysis and 16.9+£10.5 pumol/l after
hemodialysis, while the ascorbic acid levels were
39.0£92.7 pmol/l and 6.5+18.6 pmol/l, the glycolic acid
levels were 7.3+10.1 umol/l and 0.6+2.3 pumol/l, the 4-
pyridoxic acid levels were 8.9+19.6 pmol/l and 3.9+8.8
umol/l, and the citric acid levels were 141.3+54.7 pmol/l
and 117.6+37.2 pmol/l, respectively. In addition, serum
creatinine was 102.5£30.1 pmol/l before dialysis and
40.3+14.5 pmol/l after dialysis. All of these substances
were dialyzable, with the percent reduction of oxalic acid,
ascorbic acid, glycolic acid, 4-pyridoxic acid, citric acid,
and creatinine being respectively 64.2%, 83.4%, 92.1%,
56.1%, 16.8%, and 60.6% after the 4-hour dialysis session
(Table 1). The majority of the patients (65.3%) had low
levels of ascorbic acid (<10 umol/l) before dialysis. Some
patients had high levels of 4-pyridoxic acid prior to
hemodialysis, but most (78.6%) had undetectable levels (<5
pmol/l). The serum glycolic acid level was very low in
comparison with that found in patients with primary
hyperoxaluria (unpublished data: 572.2+221.2 pmol/l). By
univariate regression analysis, the serum oxalic acid [Ox]
level showed a significant correlation with the levels of
ascorbic acid and creatinine, but not with the levels of
glycolic acid and citric acid (Figures 1-4). By univariate
analysis, the serum glycolic acid level was not correlated
with the 4-pyridoxic acid level (p=0.193) (Figure 5),
suggesting that the latter does not have an important
influence on glycolic acid. On multivariate analysis, the
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serum oxalic acid level [Ox] showed a significant positive
correlation with the levels of ascorbic acid [AA], glycolic
acid [Gly], and creatinine [Cre]: [Ox] = 21.711 + 0.181 x
[AA] + 0.174 x [Gly] + 0.171 x [Cre] (all pmol/l, p<0.05).
However, the serum oxalic acid level was not correlated
with the citric acid level (p=0.912). An ascorbic acid level
> 100 umol/l was seen in 54 out of 452 patients (12%).
Their ascorbic acid level was 227.7+141.8 pumol/l, and it
was associated with a high oxalic acid level (88.2+24.5
umol/l). An oxalic acid level > 100 pmol/l was seen in 12
of 54 patients with high ascorbic acid levels (22.2%). Oral
intake of vitamin C at a dose of 120-600 mg/day caused an
increase of the serum oxalic acid level in 15 patients. The
mean dose of vitamin C (371197 mg/day) was not
correlated with either the mean serum ascorbic acid level
(239.9£199.9 pmol/l) or the oxalic acid level (79.8+23.8
umol/l). However, the mean serum levels of ascorbic acid
and oxalic acid were significantly correlated in this
subgroup (p < 0.05) (Figure 6).

5. DISCUSSION

To minimize potassium intake and fluid intake,
most dialysis patients only eat a limited amount of fruit and
vegetables, as a consequence of which they have a low
dietary intake of vitamin C, folic acid, and vitamin B6.
Because their dietary intake of water-soluble vitamins is
marginal, these should be supplemented at doses as close as
possible to the recommended dietary intake.27) Ascorbic
acid is generally considered to be a key antioxidant, and its
deficiency may contribute to oxidative stress in dialysis
patients. The antioxidant capacity of serum can be
increased by multivitamin supplementation to help prevent
radical-induced damage in patients with chronic renal
failure.30) Ascorbic acid deficiency is often seen in dialysis
patients due to its removal during dialysis (the percent
reduction was 83.4% in the present study after a 4-hour
dialysis session) combined with a low dietary intake.31)
Our results are compatible with those reported by Tsapas et
al 12), while Wang et al. reported that the median plasma
ascorbic acid concentration was reduced by 33% and that
patients on chronic hemodialysis have very low plasma
ascorbic acid levels unless they receive
supplementation.32) The serum ascorbic acid level was
reportedly 2.3-9.0 mg/l without supplementation and rose
to 3.2-39.0 or 15.3-37.7 mg/l after supplementation with
vitamin C at 100 mg/day or 500 mg/day, respectively.31)
In the present study, approximately 65% of our patients had
low ascorbic acid levels (< 10 upmol/l) prior to
hemodialysis, so they needed appropriate supplementation.
Jejunal absorption of L-ascorbic acid is impaired in rats
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Serum oxalic acid vs. ascorbic acid
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Figure 1. Relationship between serum oxalic acid and
ascorbic acid levels. Univariate analysis showed a strong
correlation between the levels of oxalic acid and ascorbic
acid. The majority of patients (65.3%) had low ascorbic
acid levels (<10 pmol/l) before hemodialysis. An ascorbic
acid level > 100 pmol/l was often associated with an oxalic
acid level > 100 umol/l.
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Figure 2. Relationship between serum oxalic acid and
creatinine levels. Univariate analysis showed a significant
correlation between serum oxalic acid and creatinine levels.
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Figure 3. Relationship between serum oxalic acid and glycolic
acid levels. Univariate analysis showed no correlation between
serum oxalic acid and glycolic acid levels.

with renal failure, despite in vitro evidence of increased
intestinal permeability, and this change appears to be
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mediated by reduced nutrient intake and weight loss.33) A
high peritoneal clearance of ascorbic acid leads to
significant loss into the dialysate in patients on peritoneal
dialysis and ascorbic acid lost during peritoneal dialysis is
not adequately replaced by dietary intake of vitamin C.12)
The total ascorbic acid content of the body, when fully
saturated, is estimated to be about 4-6 g, with
approximately 200 mg in the plasma and extracellular fluid,
while the rest is intracellular. Plasma ascorbate is in
equilibrium with tissue ascorbic acid, and as the vitamin is
removed from the plasma it is replaced by release from
various tissue stores, so it may also be lost during dialysis
in this way.12)

It remains controversial whether oral vitamin C
supplementation is indicated in patients on hemodialysis,
but the recommended daily allowance (RDA) of 60 mg/day
should generally be given.34) Intravenous ascorbic acid is a
possible adjuvant therapy in patients with "iron-overload"
anemia who are hyporesponsive to erythropoietin.35)
Although the long-term effect of intravenous ascorbic acid
on hemodialysis patients is unknown, the potential risk of
secondary oxalosis should be considered.36,37) All of our
dialysis patients had markedly elevated oxalic acid levels
before and after dialysis. The predialysis ascorbic acid level
showed an extremely good correlation with the serum
oxalic acid level. Excessive intake of vitamin C in the diet
or as a supplement may lead to high serum ascorbic acid
levels that provoke hyperoxalemia, which may then
contribute to vascular disease in patients on chronic
hemodialysis.37)

The relationship between ascorbic acid (vitamin
C) and oxalic acid has been discussed for around 40 years,
but remains to be clarified, with some studies showing no
effect of ascorbic acid on oxalic acid levels and others
showing extreme elevation of oxalate in response to an
ascorbate load. Three potential degradation pathways for
ascorbic acid can be postulated, which are bacterial and
nonbacterial breakdown in the bowel, endogenous
metabolism (oxidative and nonoxidative), and alkaline
degradation in the urine (in vivo and in vitro).38) High-dose
vitamin C supplementation is reported to cause saturation
of the body pool of ascorbic acid, particularly in patients
with renal failure, and may potentially lead to
hyperoxalemia.6,37,39,40) Both pre-dialysis and post-
dialysis oxalic acid levels were reported to be significantly
increased after an increase of the vitamin C dose, but there
was no significant correlation between plasma oxalic acid
and ascorbic acid levels,41) and no significant changes of
plasma oxalic acid were observed at the vitamin C doses
tested (25-50 mg).8) There was also no change of oxalic
acid during treatment with vitamin C at 300 mg
intravenously three times per week for eight weeks.14) The
mean (+SEM) plasma oxalic acid level rose from 30.3+3.5
umol/1 to 48.4+6.1 umol/1 in patients given oral vitamin C
supplementation at 500 mg/day for 3 weeks.42) Daily oral
supplementation with vitamin C at a dose of 0.57 mmol
(100 mg) resulted in a 19% increase of the plasma oxalic
acid level to 57.8£6.1 pmol/l (p < 0.03), with a
concomitant 60% increase of the plasma ascorbic acid
level to 9146 umol/1.43) The plasma oxalic acid level rose to
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Figure 4. Relationship between serum oxalic acid and
citric acid levels. Univariate analysis showed no correlation
between serum oxalic acid and citric acid levels.
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Figure 5. Relationship between serum glycolic acid and 4-
pyridoxic acid levels. Univariate analysis showed no
correlation between serum glycolic acid and 4-pyridoxic
acid levels.

Serum oxalic acid vs. ascorbic acid

L mol/l
120 1 .
100 .
280
P e " y = 0.0622x + 64.889
g R =02721
@y 0 €005
m L
0 ! L I i
0 200 400 600 200

Asscorbic acid £ mol/l

Figure 6. Relationship between serum oxalic acid and
ascorbic acid levels before hemodialysis in 15 patients
given oral vitamin C at a dose of 120-600 mg/day.
Univariate analysis showed a significant correlation
between serum oxalic acid and ascorbic acid levels.

14 times normal in a hemodialysis patient who received a
total dose of 91.0 g of ascorbic acid intravenously over
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several months. Increased oxalic acid synthesis from
ascorbic acid may be responsible for hyperoxalemia,
leading to a high oxalic acid content in the myocardium,
aorta and lungs, and to deposition of calcium oxalate in the
soft tissues. Accordingly, high doses of vitamin C should
be avoided in hemodialysis patients with chronic renal
failure.5) Ono et al. could not find any beneficial effect of
vitamin C supplementation on morbidity or mortality in
regular hemodialysis patients but secondary hyperoxalemia
was aggravated by supplementation. These observations
suggest that vitamin C supplementation may be both
harmful and unnecessary in dialysis patients provided they
have an adequate diet.44,45) The plasma ascorbic acid
level and vitamin B6 status were reported to show no
correlation with the plasma oxalic acid level, while it was
correlated with the duration of dialysis (p = 0.02).36)

Vitamin B6 deficiency increases the urinary
excretion of oxalic acid in rats, due to impairment of
glyoxylate transamination by peroxisomal alanine:glyoxylate
aminotransferase (AGT).25) Endogenous synthesis of oxalic
acid has been reported to increase in the presence of
vitamin B6 deficiency, probably due to defective
transamination of glyoxylate (the direct source of oxalic
acid) to glycine. Hepatic AGT has the major role in
glyoxylate transamination in mammals.46) Low serum
AST and ALT levels in hemodialysis patients are partly
due to deficiency of pyridoxal-5'-phosphate (the active
form of vitamin B6), which acts as a coenzyme for these
transaminases.20) Vitamin B6 deficiency not only
decreases alanine:glyoxylate aminotransferase activity, but
also down-regulates alanine-glyoxylate aminotransferase
gene expression by hepatocytes, and thus leads to
hyperoxaluria and hyperglycolic aciduria secondary to
impaired metabolism of oxalic acid precursors.
Hyperoxaluria combined with hypocitruria may contribute
to calcium oxalate stone formation in patients with vitamin
B6 deficiency.26) Administration of pyridoxine was
reported to decrease the mean plasma oxalic acid level by
46% (32.0 to 56.1%) in 6 out of 8 chronic hemodialysis
patients,1) but high-dose vitamin B6 supplementation did
not decrease plasma oxalic acid levels in dialysis
patients.21) Conversion of glycolic acid to glycine is
probably increased in uremia.l) When the plasma glycolic
acid and oxalic acid levels were measured in 20 patients on
chronic hemodialysis, the mean values were 173.7+52.9
umol/l and 128.7+#25.6 umol/l, respectively, versus
145.8437.8 pmol/l and 16.8+6.0 pmol/l in healthy
volunteers.47) However, the plasma glycolic acid level was
7.8+1.7 umol/l in 12 healthy controls versus 6.1+0.8 pmol/l
in 9 dialysis patients without oxalosis.48) Our present data
on glycolic acid are compatible with this report and
indicate that there is no direct association between the
serum oxalic acid and glycolic acid levels. A high plasma
concentration of 4-pyridoxic acid (> 10,000 nmol/l) which
is the end product of vitamin B6 was observed that might
have had a negative effect on vitamin B6 metabolism,
causing the plasma level of pyridoxal (active form) to
decrease. In reality, however, pyridoxal was elevated along
with a high 4-pyridoxic acid level, presumably as a result
of vitamin B6 supplementation.49) Our data of glycolic
acid and 4-pyridoxic acid suggest that the serum 4-
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pyridoxic acid level is not associated with hyperglycolic
acidemia and does not necessarily imply the vitamin B6
status. The vitamin B6 status of dialysis patients should be
monitored by using the serum pyridoxal-5’-phosphate
level, which was reported to be 57.8+13.2 nmol/l by
Mydlik and 26.8+3.8 nmol/l by Okada.50,51) They did not
assess the correlation between serum pyridoxal-5’-
phosphate and glycolic acid levels. However, vitamin B6
deficiency seems to increase the serum glycolic acid level
in a subgroup of dialysis patients, although uremic plasma
may potentially inhibit a wide range of enzymes that
metabolize precursors of glycolic acid and glyoxylic
acid.52) Others have also found that vitamin B6 does not
contribute to hyperoxalemia,43) while a pharmacological
dose of pyridoxine (800 mg/day) reduces the plasma oxalic
acid level.53) Dialysis itself may stimulate the formation of
oxalic acid by removing inhibitors,54) but this possibility
requires further study.

Significant amounts of glycolic acid are present
in vegetables, fruits, and beverages,55) so dietary intake of
glycolic acid may increase the plasma oxalic acid level, but
its contribution may be minimal because dialysis patients
usually eat cooked vegetables and have lower serum
glycolic acid levels.

During a 6-hour hemodialysis session, the plasma
oxalic acid concentration was reported to decrease by
53.5%, but there was no decrement of the plasma glycolic
acid level.47) When oxalic acid clearance across a 1 m?
hollow-fiber Cuprophan dialyser (dialysate flow rate of 500
ml/min and blood flow of 175-225 ml/min) was measured
in 19 patients at 1 h after the commencement of dialysis,
the mean (£SD) clearance was 96.5 (£27.0) ml/min. Oxalic
acid clearance is similar to that of other small molecules,
such as creatinine and phosphate. Patients on routine
hemodialysis have marked hyperoxalaemia, which may be
exacerbated by vitamin C supplementation.56) Calcium
oxalate crystals form when supersaturation of oxalate
occurs. Although the mechanism of crystal deposition is
not clear, saturation of plasma exceeding the solubility
product may be associated with an increased risk of crystal
deposition in body tissues.57) The plasma oxalic acid
concentration is a crucial factor in determining the
saturation of calcium oxalate.58) Chronic deposition of
calcium oxalate crystals in the tissues is a life-threatening
disorder that complicates the hyperoxalemic syndromes.
The plasma saturation of calcium oxalate can be estimated
from the serum levels of oxalic acid, calcium, and
magnesium, and saturation is associated with a serum
oxalic acid level of 44-46 umol/1.59-61) Though plasma
oxalic acid levels ranged between 6 and 116 umol/l (4 to 78
times greater than the upper limit of the reference range),
no extrarenal oxalate deposits were found in any of the
tissues examined (inferior epigastric artery biopsy or
necropsy specimens), but the renal deposition of oxalate
was associated with a plasma oxalic acid concentration of
more than 20 pumol/1.62) In dialysis patients, the oxalic acid
level was even higher, being 137.5£56.0 pmol/l.
Hemodialysis reduces the plasma oxalic level by about the
same amount as the creatinine concentration. A high
plasma oxalic acid level seems to be an important factor in
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the occurrence of uremic calcification in various organs,
with those most frequently involved being the kidneys,
thyroid, and heart, while less prominent deposits are found
in the spleen and the lungs. 63,64) Moderate to severe renal
oxalosis is more frequently encountered in patients who
have been on hemodialysis for a long period.65,66) Various
other organs are also reported to be involved by oxalosis,
including bone, skin, and the cardiovascular system.67-76)
Hyperoxalemia is associated with an increased risk of
cardiac and vascular disease even in the absence of primary
hyperoxaluria. Plasma oxalic acid levels were significantly
higher in dialysis patients with radiologically detectable
calcification of medium-sized arteries than in those without
such calcification, but the duration of dialysis was also
significantly longer in the patients with calcification.56)

It may be necessary to monitor the plasma oxalic
acid level during long-term therapy with intravenous
ascorbic acid. In fact, monitoring of both oxalic and
ascorbic acid is recommended in these patients. High-dose
intravenous vitamin C therapy has been shown to be
effective  for  erythropoietin-hyporesponsive  anemia
associated with iron overload. Clinical studies have shown
that intravenous doses of vitamin C from 300 mg to 500 mg
can be given up to three times a week for a maximum of 12
weeks without any significant deleterious effects.15-17)
However, a large-scale prospective controlled trial is
needed to assess the long-term safety and efficacy of
intravenous vitamin C therapy in iron-overloaded
hemodialysis patients receiving erythropoietin for anemia.

In conclusion, ascorbic acid overload and
underdialysis appear to be the most important determinants
of the serum oxalic acid level in dialysis patients, while
vitamin B6 deficiency seems not so important. High doses
of vitamin C tend to aggravate hyperoxalemia in
hemodialysis patients, so accurate monitoring of the serum
ascorbic acid and oxalic acid levels is strongly
recommended.77) The absorption of ascorbic acid and
oxalic acid is variable in dialysis patients, so care must also
be taken to avoid vitamin deficiency.

6. ACKNOWLEDGEMENTS

This work was supported in part by a Grant-in-
Aid for Scientific Research of the Japanese Ministry of
Education, Culture, Sports, Science and Technology
(B213470338). We are grateful for the technical assistance
of Ms. Tomoko Maeda.

7. REFERENCES

1. Balcke, P: Oxalic acid metabolism in chronic renal
failure. Wien Klin Wochenschr Suppl 160, 1-15 (1985)

2. Ogawa, Y., T. Miyazato and T. Hatano: Importance of
oxalate precursors for oxalate metabolism in rats. J Am Soc
Nephrol Suppl 14, S341-4 (1999)

3. Ichiyama, A., H.H. Xue, T. Oda, C. Uchida, T.
Sugiyama, E. Maeda-Nakai, K. Sato, E. Nagai, S.
Watanabe and T. Takayama: Oxalate synthesis in



Factors modulating serum oxalic acid

mammals: properties and subcellular distribution of
serine:pyruvate/alanine:glyoxylate aminotransferase in the
liver. Mol Urol 4, 4, 333-40 (2000)

4. Schumacher, H. R. Jr, A.J. Reginato, S. Pullman:
Synovial fluid oxalate deposition complicating rheumatoid
arthritis with amyloidosis and renal failure. Demonstration
of intracellular oxalate crystals. J Rheumatol 14, 2, 361-6
(1987)

5. Zazgornik, J., P. Balcke, A. Rokitansky, P. Schmidt, H.
Kopsa, E. Minar, W. Graninger: Excessive myocardial
calcinosis in a chronic hemodialyzed patient. Klin
Wochenschr 65, 2, 97-100 (1987)

6. Ono, K: Secondary hyperoxalemia caused by vitamin C
supplementation in regular hemodialysis patients. Clin
Nephrol 26, 5,239-43 (1986)

7. Friedman, A. L., R'W. Chesney, E.F. Gilbert, K.W.
Gilchrist, R. Latorraca, W.E. Segar: Secondary oxalosis as
a complication of parenteral alimentation in acute renal
failure. Am J Nephrol 3, 5, 248-52 (1983)

8. Tomson, C. R., S.M. Channon, 1.S. Parkinson, P.
McArdle, M. Qureshi, M.K. Ward, M.F. Laker:
Correction of subclinical ascorbate deficiency in patients
receiving dialysis: effects on plasma oxalate, serum
cholesterol, and capillary fragility. Clin Chim Acta 180, 3,
255-64 (1989)

9. Tarng, D. C., T. Wen Chen, T.P. Huang, C.L. Chen, T.Y.
Liu, Y.H. Wei: Increased oxidative damage to peripheral
blood leukocyte DNA in chronic peritoneal dialysis
patients. J Am Soc Nephrol 13, 5, 1321-30 (2002)

10. Lim, S. L., E.J. Lee, C.C. Myint, K.T. Ong, M.E. Tay,
N. Yusuf, C.N. Ong: Oral intake and serum levels of
ascorbic acid in continuous ambulatory peritoneal dialysis
patients. Adv Perit Dial 17,215-8 (2001)

11. Ihle, B. U. & M. Gillies: Scurvy and thrombocytopathy
in a chronic hemodialysis patient. Aust N Z J Med 13, 5,
523 (1983)

12. Tsapas, G., I. Magoula, K. Paletas, L. Concouris: Effect
of peritoneal dialysis on plasma levels of ascorbic acid.
Nephron 33, 1, 34-7 (1983)

13. Jackson, P., C.M. Loughrey, J.H. Lightbody, P.T.
McNamee, 1.S. Young: Effect of hemodialysis on total
antioxidant capacity and serum antioxidants in patients
with chronic renal failure. Clin Chem 41, 8 Pt 1, 1135-8
(1995)

14. Tarng, D. C., Y.H. Wei, T.P. Huang, B.I. Kuo, W.C.
Yang: Intravenous ascorbic acid as an adjuvant therapy for
recombinant erythropoietin in hemodialysis patients with
hyperferritinemia. Kidney Int 55, 6, 2477-86 (1999)

15. Tarng, D. C., T.P. Huang, T.W. Chen, W.C. Yang:
Erythropoietin ~ hyporesponsiveness: from iron

2906

deficiency to iron overload. Kidney Int Suppl 69, S107-
18 (1999)

16. Tarng, D. C. & T.P. Huang: A parallel, comparative
study of intravenous iron versus intravenous ascorbic acid
for erythropoietin-hyporesponsive anaemia in
haemodialysis patients with iron overload. Nephrol Dial
Transplant 13, 11, 2867-72 (1998)

17. Gastaldello, K., A. Vereerstraeten, T. Nzame-Nze, J. L.
Vanherweghem, C. Tielemans: Resistance to erythropoietin
in iron-overloaded haemodialysis patients can be overcome
by ascorbic acid administration. Nephrol Dial Transplant
10 Suppl 6, 44-7 (1995)

18. Moriwaki, K., Y. Kanno, H. Nakamoto, H. Okada, H.
Suzuki: Vitamin B6 deficiency in elderly patients on
chronic peritoneal dialysis. Adv Perit Dial 16, 308-12
(2000)

19. Mydlik, M., K. Derzsiova, E. Zemberova: Metabolism
of vitamin B6 and its requirement in chronic renal failure.
Kidney Int Suppl 62, S56-9 (1997)

20. Ono, K., T. Ono, T. Matsumata: The pathogenesis of
decreased aspartate  aminotransferase and  alanine
aminotransferase activity in the plasma of hemodialysis
patients: the role of vitamin B6 deficiency. Clin Nephrol
43, 6, 405-8 (1995)

21. Costello, J. F., M.C. Sadovnic, M. Smith, C. Stolarski:
Effect of vitamin B6 supplementation on plasma oxalate
and oxalate removal rate in hemodialysis patients. J Am Soc
Nephrol 3, 4, 1018-24 (1992)

22. Tomson, C. R., S.M. Channon, I.S. Parkinson, W.S.
Sheldon, M.K. Ward, M.K. Laker: Effect of pyridoxine
supplementation on plasma oxalate concentrations in
patients receiving dialysis. Eur J Clin Invest 19, 2, 201-5
(1989)

23. Laso, Guzman FJ, J.M. Gonzalez-Buitrago, R. Vela, F.
Cava, S. de Castro: Vitamin B6 status in uremia. Klin
Wochenschr 68, 3, 183-6 (1990)

24. Ross, E. A., G.M. Shah, R.D. Reynolds, A. Sabo, M.
Pichon: Vitamin B6 requirements of patients on chronic
peritoneal dialysis. Kidney Int 36, 4, 702-6 (1989)

25. Takada, Y., T. Mori, T. Noguchi: The effect of vitamin
B6 deficiency on alanine:glyoxylate aminotransferase
isoenzymes in rat liver. Arch Biochem Biophys 229, 1, 1-6
(1984)

26. Nishijima, S., K. Sugaya, M. Morozumi, T. Hatano, Y.
Ogawa: Hepatic alanine-glyoxylate aminotransferase
activity and oxalate metabolism in vitamin B6 deficient
rats. J Urol 169, 2, 683-6 (2003)

27. Allman, M. A., A.S. Truswell, D.J. Tiller, P.M.
Stewart, D.F. Yau, J.S. Horvath, G.G. Duggin: Vitamin
supplementation of patients receiving haemodialysis. Med J



Factors modulating serum oxalic acid

Aust 150, 3, 130-3 (1989)

28. Holmes, RP: Measurement of urinary oxalate and
citrate by capillary electrophoresis and indirect ultraviolet
absorbance. Clin Chem 41,9, 1297-301 (1995)

29. Ogura, H: Determinations of oxalate in urine and
plasma by capillary electrophoresis. Nippon Hinyokika
Gakkai Zasshi 91, 6, 547-55 (2000)

30. Erdogan, C., Y. Unlucerci, A. Turkmen, A. Kuru, O.
Cetin, S. Bekpinar: The evaluation of oxidative stress in
patients with chronic renal failure. Clin Chim Acta 322, 1-
2, 157-61 (2002)

31. Ponka, A. & B. Kuhlback: Serum ascorbic acid in
patients undergoing chronic hemodialysis. Acta Med Scand
213, 4, 305-7 (1983)

32. Wang, S., T.C. Eide, E.M. Sogn, K.J. Berg, R.B.
Sund: Plasma ascorbic acid in patients undergoing
chronic haemodialysis. Eur J Clin Pharmacol 55, 7,
527-32 (1999)

33. Pahl, M. V., N.D. Vaziri, A. Barbari, B. Saadai, F.
Oveisi, M. Seo: Intestinal absorption of L-ascorbic acid in
rats with renal failure. Proc Soc Exp Biol Med 191, 4, 332-
6 (1989)

34. Makoff, R: Vitamin replacement therapy in renal failure
patients. Miner Electrolyte Metab 25, 34951 (1999)

35. Gibbs, M.A: Ascorbic acid use in hyporesponders to
Epoetin alfa. Nephrol Nurs J 27, 4, 413-5 (2000)

36. Costello, J. F., M.J. Sadovnic, E.M. Cottington: Plasma
oxalate levels rise in hemodialysis patients despite
increased oxalate removal. J Am Soc Nephrol 1, 12, 1289-
98 (1991)

37. Pru, C., J. Eaton, C. Kjellstrand: Vitamin C intoxication
and hyperoxalemia in chronic hemodialysis patients.
Nephron 39, 2, 112-6 (1985)

38. Hokama, S., C. Toma, M. Jahana, M. Iwanaga, M.
Morozumi, T. Hatano, Y. Ogawa: Ascorbate conversion to
oxalate in alkaline milieu and Proteus mirabilis culture.
Mol Urol 4, 4, 321-8 (2000)

39. Balcke, P., P. Schmidt, J. Zazgornik, H. Kopsa, A.
Haubenstock: Ascorbic acid aggravates secondary
hyperoxalemia in patients on chronic hemodialysis. Ann
Intern Med 101, 3, 344-5 (1984)

40. Balcke, P., J. Zazgomik, P. Schmidt, H. Kopsa, A.
Haubenstock: High dose vitamin C administration is
harmful in patients on regular dialysis therapy. Proc Eur
Dial Transplant Assoc 22, 147-151 (1985)

41. Rolton, H. A., K.M. McConnell, K.S. Modi, A.L
Macdougall: The effect of vitamin C intake on plasma
oxalate in patients on regular haemodialysis. Nephrol Dial

2907

Transplant 6, 6, 440-3 (1991)

42. Tomson, C. R., SM. Channon, M.K. Ward, M.F.
Laker: Ascorbate-induced hyperoxalaemia has no
significant effect on lactate generation or erythrocyte 2, 3,
diphosphoglycerate in dialysis patients. Eur J Clin Invest
20, 4,411-5 (1990)

43. Shah, G. M., E.A. Ross, A. Sabo, M. Pichon, R.D.
Reynolds, H. Bhagavan: Effects of ascorbic acid and
pyridoxine supplementation on oxalate metabolism in
peritoneal dialysis patients. Am J Kidney Dis 20, 1, 42-9
(1992)

44. Ono, K: The effect of vitamin C supplementation and
withdrawal on the mortality and morbidity of regular
hemodialysis patients. Clin Nephrol 31, 1, 31-4 (1989)

45. Ono, K., H. Ono, T. Ono, K. Kikawa, Y. Oh: Effect of
vitamin C supplementation on renal oxalate deposits in
five-sixths nephrectomized rats. Nephron 51, 4, 536-9
(1989)

46. Rowsell, E. V., K. Snell, J.A. Carnie, K.V. Rowsell:
The subcellular distribution of rat liver L-alanine-
glyoxylate aminotransferase in relation to a pathway for
glucose formation involving glyoxylate. Biochem J 127, 1,
155-65 (1972)

47. Balcke, P., P. Schmidt, J. Zazgornik, H. Kopsa, A.
Haubenstock: Plasma glycolate concentrations under
conditions of dialysis. Wien Klin Wochenschr 95, 18, 656-8
(1983)

48. Marangella, M., M. Petrarulo, O. Bianco, C. Vitale, P.
Finocchiaro, F. Linari: Glycolate determination detects type
I primary hyperoxaluria in dialysis patients. Kidney Int 39,
1, 149-54 (1991)

49. Coburn, S. P., R.D. Reynolds, J.D. Mahuren, W.E.
Schaltenbrand, Y. Wang, K.L. Ericson, M.P. Whyte, Y.M.
Zubovic, P.J. Ziegler, D.L. Costill, W.J. Fink, D.R.
Pearson, T.A. Pauly, K.G. Thampy, J. Wortsman: Elevated
plasma 4-pyridoxic acid in renal insufficiency. Am J Clin
Nutr 75, 57-64 (2002)

50. Mydlik, M., K. Derzsiova, J. Svac, P. Dlhopolcek, E.
Zemberova: Peritoneal clearance and peritoneal transfer of
oxalic acid, vitamin C, and vitamin B6 during continuous
ambulatory peritoneal dialysis. Artif Organs 22, 9, 784-8 (1998)

51. Okada, H., K. Moriwaki, Y. Kanno, S. Sugahara, H.
Nakamoto, M. Yoshizawa, H. Suzuki: Vitamin B6
supplementation can improve peripheral polyneuropathy in
patients with chronic renal failure on high-flux
haemodialysis and human recombinant erythropoietin.
Nephrol Dial Transplant 15, 1410-1413 (2000)

52. Wills, M. R: Uremic toxins, and their effect on
intermediary metabolism. Clin Chem 31, 1, 5-13 (1985)

53. Morgan, S. H., E.R. Maher, P. Purkiss, R.-W. Watts,



Factors modulating serum oxalic acid

J.R. Curtis: Oxalate metabolism in end-stage renal disease:
the effect of ascorbic acid and pyridoxine. Nephrol Dial
Transplant 3, 1, 28-32 (1988)

54. France, N. C., P.T. Holland, M.R. Wallace:
Contribution of dialysis to endogenous oxalate production
in patients with chronic renal failure. Clin Chem 40, 8,
1544-8 (1994)

55. Harris, K. S. & K.E. Richardson: Glycolate in the diet
and its conversion to urinary oxalate in the rat. Invest Urol
18, 2, 106-9 (1980)

56. Tomson, C. R., SM. Channon, M.K. Ward, M. F.
Laker: Plasma oxalate concentration, oxalate clearance and
cardiac function in patients receiving haemodialysis.
Nephrol Dial Transplant 4,9, 792-9 (1989)

57. Tomson, C. R: The clinical significance of
hyperoxalaemia. Int J Artif Organs 11, 5, 329-34 (1988)

58. Worcester, E. M., Y. Nakagawa, D.A. Bushinsky, F.L.
Coe: Evidence that serum calcium oxalate supersaturation
is a consequence of oxalate retention in patients with
chronic renal failure. J Clin Invest 77, 6, 1888-96 (1986)

59. Marangella, M., M. Petrarulo, C. Vitale, P.G. Danicle,
S. Sammartano, D. Cosseddu, F. Linari: Serum calcium
oxalate saturation in patients on maintenance haemodialysis
for primary hyperoxaluria or oxalosis-unrelated renal
diseases. Clin Sci (Lond) 81, 4, 483-90 (1991)

60. Marangella, M., D. Cosseddu, M. Petrarulo, C. Vitale,
F. Linari: Thresholds of serum calcium oxalate
supersaturation in relation to renal function in patients with
or without primary hyperoxaluria. Nephrol Dial Transplant
8, 12, 1333-7 (1993)

61. Marangella, M., C. Vitale, M. Petrarulo, F. Linari: The
clinical significance of assessment of serum calcium
oxalate saturation in the hyperoxaluria syndromes. Nephrol
Dial Transplant 10 Suppl 8, 11-3 (1995)

62. Tomson, C. R., SM. Channon, I.S. Parkinson, A.R.
Morley, T.W. Lennard, N.R. Parrott, M.F. Laker: Plasma
oxalate concentration and secondary oxalosis in patients
with chronic renal failure. J Clin Pathol 41, 10, 1107-13
(1988)

63. Balcke, P., P. Schmidt, J. Zazgornik, H. Kopsa, E.
Deutsch: Secondary oxalosis in chronic renal insufficiency.
Z Urol Nephrol 75, 6, 409-14 (1982)

64. Balcke, P., P. Schmidt, J. Zazgornik, H. Kopsa, E.
Deutsch: Secondary oxalosis in chronic renal insufficiency.
N Engl J Med 303, 16, 944 (1980)

65. Fayemi, A. O., M. Ali, E V. Braun: Oxalosis in
hemodialysis patients: a pathologic study of 80 cases. Arch
Pathol Lab Med 103, 2, 58-62 (1979)

66. Fayemi, A. O. & M. Ali: Sarcoid-like granulomas in

secondary oxalosis: a case report. Mt Sinai J Med 47, 3,
255-7 (1980)

67. Milgram, J. W: Chronic renal failure recurrent
secondary hyperparathyroidism, multiple metaphyseal
infractions, and secondary oxalosis. Bull Hosp Joint Dis 35,
2,118-44 (1974)

68. Milgram, J. W. & W.R. Salyer: Secondary oxalosis of
bone in chronic renal failure. A histopathological study of
three cases. J Bone Joint Surg Am 56, 2, 387-95 (1974)

69. Kinnett, J. G. & P.G. Bullough: Identification of
calcium oxalate deposits in bone by electron diffraction.
Arch Pathol Lab Med 100, 12, 656-8 (1976)

70. Coyne, J., L. al-Nakib, D. Goldsmith, K. O'Flynn:
Secondary oxalosis and sperm granuloma of the
epididymis. J Clin Pathol 47, 5, 470-1 (1994)

71. Celasun, B., M. Safali and M. Yenicesu: Secondary
oxalosis of bone in a dialysis patient. Scand J Urol Nephrol
29, 2,211-4 (1995)

72. Ohtake, N., H. Uchiyama, M. Furue, K. Tamaki:
Secondary cutaneous oxalosis: cutancous deposition of
calcium oxalate dihydrate after long-term hemodialysis. J
Am Acad Dermatol 31, 2 Pt 2, 368-72 (1994)

73. Coral, A., M. van Holsbeeck, C. Hegg: Case report 599:
Secondary oxalosis complicating chronic renal failure
(oxalate gout). Skeletal Radiol 19, 2, 147-9 (1990)

74. Brady, H. R., W.P. Fay, H.E. Meema, S. Rabinovich,
A. Rapoport, D.G. Oreopoulos: Oxalate bone disease--an
emerging form of renal osteodystrophy. /nt J Artif Organs
12, 11, 715-9 (1989)

75. Salyer, W. R. & D. Keren: Oxalosis as a complication
of chronic renal failure. Kidney Int 4, 1, 61-6 (1973)

76. Salyer, W. R. & G.M. Hutchins: Cardiac lesions in
secondary oxalosis. Arch Intern Med 134, 2, 250-2 (1974)

77. Kasidas, G. P: Plasma and urine measurements for
monitoring of treatment in the primary hyperoxaluric
patient. Nephrol Dial Transplant 10 Suppl 8, 8-10 (1995)

Key Words: Oxalic acid, Ascorbic acid, Vitamin B6
deficiency, Hemodialysis, Hyperoxalemia, Review

Send correspondence to: Yoshihide Ogawa, M.D., Ph.D.,
Department of Urology, Faculty of Medicine, University of
the Ryukyus, Uehara 207, Nishihara-cho, Okinawa, Japan
903-0215, Tel: 81-098-895-1184, Fax: 81-098-895-1429,
E-mail: ogawa@med.u-ryukyu.ac.jp



