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Abstract The role of ascorbic acid (ASC) in the patho-
physiology of renal calcium stones is not clear. We
evaluated ASC in blood and urine of fasting male pa-
tients with idiopathic calcium urolithiasis (ICU) and
healthy volunteers. Using smaller subgroups, we also
evaluated their response to exogenous ASC [either
intravenous or oral ASC (5 mg/kg bodyweight)] admin-
istered together with an oxalate-free test meal. The in-
¯uence of ASC on calcium oxalate crystallization, the
morphology of crystals at urinary pH 5, 6 and 7, and the
e�ect of increasing duration of urine incubation on
urinary oxalate at these pHs, without and with addi-
tion of ASC, were studied too. In normo- and hyper-
calciuric ICU, blood and urinary ASC from fasting
patients remained unchanged, but the slope of the re-
gression line of urinary ASC versus urinary oxalate was
steeper than in the controls; the plasma ASC half-life did
not di�er between controls, normo- and hypercalciuric
ICU; the ASC-supplemented meal caused an increase
in the integrated plasma oxalate in the normocalciuric
subgroup versus controls. In normo- and hypercalciuric
ICU urinary oxalate, the oxalate/glycolate ratio, and
calcium oxalate supersaturation were increased, but
urinary glycolate was unchanged. In the controls, oral
ASC did not a�ect calcium oxalate crystallization, while
in ICU, ASC inhibited crystal growth. In control urine
calcium oxalate dihydrate and calcium oxalate mono-
hydrate develops, while in ICU urine only the former
crystal type develops. In vitro oxalate neoformation

from ASC did not occur. It was concluded that (1) under
normal conditions an abettor role of ASC for renal
stones is not recognizable, (2) in ICU, urinary oxalate
excess unrelated to degradation of exogenous ASC is
exhibited, and that this is most likely unrelated to an
initial increase in oxalate biosynthesis, and (3) ASC
appears to modulate directly calcium oxalate crystalli-
zation in ICU, although the true mode of action is still
not known.
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urinary oxalate á Urinary oxalate/glycolate á Calcium
oxalate crystallization á ASC stability in urine

Introduction

Ascorbic acid (ASC) plays a key role in the biology of
humans and many animal species. For instance, apart
from its involvement in the prevention of scurvy, ASC
contributes substantially to the status of oxidants as well
as antioxidants [8]. Ascorbic acid in¯uences urinary
oxalate via its role as an oxalate precursor [45] and its
instability on storage [1, 15]. In Western civilizations,
which are characterized by a sedentary lifestyle and
overeating, including vitamins, resulting in obesity and
pathological calci®cations in arteries and kidneys, there
is a need for an improved knowledge of the body's ASC
status and its response to exogenous ASC.

Most kidney stones are composed of calcium oxalate,
or to a lesser extent of calcium phosphate, but some are
mixtures of the two. Among the factors leading to so-
called idiopathic calcium urolithiasis (ICU), a disorder
with high recurrence rates that puts an enormous
®nancial strain on health care institutions, ASC-stimu-
lated oxaluria is under discussion as a risk factor capable
of initiating stone formation; the issue is, however, still
controversial [1, 21, 45]. In one study, long-term and
regular intake of varying amounts of ASC, i.e., up to 2 g
and more per day, was not found to be associated with a
higher risk for renal stones [9]; others found hyperox-
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aluria when ASC intake exceeded 2 g per day [42, 43].
An ASC-related drive toward stone formation might
therefore simply arise from excessive ASC intake [13,
17]; an alternative mechanism might be an inappropriate
response to a ®xed amount of exogenous ASC. Al-
though, on a population basis, dietary habits in terms of
quantity and quality of food do not di�er between ICU
patients and non-stone-forming healthy individuals [11,
38], there are reports of intrinsic abnormalities of me-
tabolism in stone patients, for example, after intake of a
standard meal, with or without addition of ASC [6, 7,
33, 38, 39]. Such ®ndings support the view that ICU
patients are maladapted to some dietary constituents.
More systematic investigations into the ASC status in
ICU are not available. For example, the response to
ASC loading, in particular the sequence of metabolic
events under these conditions in the gastrointestinal
tract, possibly leading to altered composition of urine, is
insu�ciently known. Many investigators feel that our
knowledge of the pathophysiology of ICU would greatly
bene®t from a better insight into the former. In partic-
ular, it is not known whether ASC taken in amounts
between the recommended daily intake (approx. 70 mg)
and 1 g ± widely practiced as ASC supplement in food ±
renders the urine of a non-stone forming healthy indi-
vidual prone to form stones (so-called abettor role); if
this is so, it would be desirable to identify in which organ
(intestine, liver, kidney) or environment (blood, urine)
the abnormality arises.

Against this background the present work was con-
ceived. The main objectives were to investigate (1) ASC
in plasma and urine of fasting patients, (2) the kinetics of
the disappearance from the plasma of systemically ad-
ministered ASC, (3) the concomitant response of plasma
and urinary ASC and oxalate, and (4) the ratio of uri-
nary oxalate to urinary glycolate before and after the
intake of an ASC-supplemented meal. Additional aims
were to study calcium oxalate crystallization in postp-
randial urine collected after oral ASC challenge, and
urinary oxalate stability after direct addition of ASC to
urine. Our investigations show that ASC is not an
abettor of renal stone formation in otherwise healthy
individuals; in contrast, ICU is associated with ASC-
independent abnormal urinary oxalate, and ASC-
dependent alteration of calcium oxalate crystallization.

Materials and methods

Participants

Adult renal stone patients were diagnosed as ICU, on the basis
of medical history, stone analysis, and a plain X-ray ®lm of the
kidney±ureter±bladder region documenting the formation of radi-
opaque stones. Systemic metabolic disorders such as overt diabetes,
primary hyperparathyroidism, and others frequently associated
with stones were absent. Overall, renal function was normal (serum
creatinine <1.4 mg/dl). The degree of calciuria [normocalciuria
(NC); absorptive, and the combination of absorptive and fasting,
hypercalciuria (synonymous idiopathic hypercalciuria; IHC)] was
assessed from the calcium/creatinine ratio in urine of fasting

patients (0.12 mg/mg) and post-calcium load (>0.27 mg/mg), as
appropriate, using our standardized laboratory program [38, 39].
The majority of patients were stone-free when presenting for the
investigations described below. Stone analysis revealed either pure
calcium oxalate (approx. 60%), or admixtures of calcium phos-
phate. Healthy subjects served as controls. All participants ate their
usual free home diet, used no vitamin supplementation in the two
antecedent weeks, and fasted overnight for 12 h before attending
the laboratory.

Study protocols

Several trials were carried out to determine whether ICU and
healthy subjects di�er with respect to the levels of endogenous ASC,
and to study the e�ects of exogenously administered ASC, as well as
associated parameters of relevance to crystal and stone formation.

Trial one: ascorbic acid status in plasma and urine of fasting patients

A total of 69 males (30 healthy controls; 20 NC, 19 IHC patients)
participated. The age range for both groups was 19±65 (mean
42) years. The body mass index [kg/(m)2] was slightly higher in
ICU than in controls.

Trial two: response to exogenous ascorbic acid in small subgroups

Since trial one showed ASC in fasting blood and urine to be largely
unsuspicious, it was decided to administer ASC either intravenously
or orally, but in both instances together with a meal with a known
ASC content. This approach did not alter meal-mediated post-
prandial metabolism, but allowed us to investigate whether (1) ASC
disappearance from the blood di�ers during the postprandial period
in ICU and controls, (2) the widely practiced ASC supplementation
of food leads to anomalous urine composition, especially with regard
to oxalate. Since it has been reported that in ICU there is preferential
intestinal uptake of supplemental ASC, ultimately leading to hy-
peroxaluria and renal stones [6], we monitored plasma and urinary
ASC, oxalate, glycolate, and citrate, to obtain crude information on
whether or not these substances di�er between ICU and controls.
With respect to the intravenous ASC load, it was felt that variations
in oxalate, should they occur, can be interpreted on the basis of
simultaneous measurement of plasma ASC and oxalate, urinary
oxalate and glycolate: i.e., if oxalate did accumulate in plasma, then,
could it be due to neoformation from ASC or enhanced oxalate
biosynthesis as crudely re¯ected by urinary glycolate?

With both types of load (intravenous, oral) the extra ASC ad-
ministered was 5 mg per kg bodyweight, a dosage matching the
maximal intestinal ASC absorption as observed after administra-
tion of 500±600 mg, and achieving peak blood levels of 20±30 mg/l
at about 3 h post-load [29].

The meal, a commercial liquid formula diet, contained 11 mg
ASC but no oxalate, and it carried an acid load (120 milliequivalent
titratable protons after prior ashing in mineral acid); details on its
content of other nutrients and energy supply have been described
elsewhere [39]. After prior collection of urine from 2-h fasting pa-
tients, the meal was taken in 300 ml demineralized water, and urine
was collected over 3 h thereafter. Before and during the loads,
samples of venous forearm blood were drawn into chilled hepari-
nized tubes (15 for intravenous ASC; seven for oral ASC). Six
controls (three males, three females, mean age 40 years), six NC
(four males, two females, mean age 39), and six IHC patients (®ve
males, one female, mean age 39) were recruited for the intravenous
ASC load, another six controls (four males, two females; mean age
28), seven NC (males; mean age 35), and seven IHC patients
(males; mean age 37, of which ®ve met the criteria of absorptive
hypercalciuria) for the oral ASC load. Plasma was obtained im-
mediately. One aliquot (300 ll) was mixed with 100 ll of 10%
(w/v) metaphosphoric acid (to prevent ASC degradation) and used
for the determination of total ASC; another aliquot (0.5 ml) was
immediately shock-frozen in liquid nitrogen for analysis of oxalate
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and citrate; all samples, freshly voided and then shock-frozen urine
included, were stored at )80 °C.

Trial three: ascorbic acid e�ects on calcium oxalate crystallization

Details of the crystallization test procedure have been reported [10,
34], and also a brief description has been given [40]. The test per-
mits the light-microscopic determination of calcium oxalate nu-
cleation (in terms of the metastable limit of calcium oxalate
solubility, so-called tolerable oxalate concentration), calcium oxa-
late crystal growth and agglomeration time.

The focus of the trial was on the e�ects of ASC supplementation
of the meal (see trial 2) versus the e�ects of the meal alone. A total of
33 males participated [15 controls (meal alone, n � 8; meal + ASC,
n � 7); 18 ICU patients (meal alone, n � 9; meal + ASC, n � 9)].
The two subgroups (meal alone, meal with ASC supplementation)
were matched for age and body mass index. For ICU the metabolic
activity of stone disease (for de®nition see reference 40) was kept
comparable. In addition, factors capable of promoting or inhibiting
crystallization and stone formation were considered, such as urinary
pH and volume ± the latter because it in¯uences crystallization in-
hibitors in non-linear fashion [12] ± albumin, non-albumin protein,
calcium, oxalate, phosphate, magnesium, citrate, calcium/citrate
ratio, and calcium oxalate supersaturation.

In addition, the freshly voided urine of one male control subject
and one male ICU patient, both showing a similar ASC concen-
tration, was studied after ASC was added to give a total concen-
tration of 4 mmol/l; the pH was stabilized (by adding microliter
amounts of 6 M HCl or NaOH) at 5.0, 6.0 and 7.0, respectively;
thereafter urine was processed for calcium oxalate crystallization as
described elsewhere [10, 34], except that the tube with unequivocal
calcium oxalate precipitation was incubated for 120 (instead of 90)
min. The urine was suctioned through a 0.22 lm ®lter (Type GS,
Millipore, Bedford, Mass. USA), the ®lter rinsed with bidistilled
water, air-dried, and kept dry for the study of crystal type and
composition by scanning electron microscopy (SEM), and energy-
dispersive X-ray analysis (EDX) of elements. SEM was performed
in the usual manner on identical segments of each ®lter, using
carbon cover of the sample.

Trial four: Stability of ascorbic acid

In another series of the urines from the two individuals studied for
calcium oxalate crystallization (see trial 3), crystallization was not
induced; instead, the urine was incubated at 37 °C over 60, 90, or
120 min, at pH 5, 6, or 7, without and with addition of ASC in an
amount to give 4 mM; thereafter oxalate was measured.

Chemical analyses

The ASC taken orally, the ASC added to urine in vitro, and all
other chemicals used were of analytical grade (Fluka, Buchs;

Switzerland). Ascorbic acid administered intravenously was ob-
tained from Merck, Darmstadt, Germany. Standard equipment
was used for SEM (Jeol, JSM 840, operated at 25 kV) and EDX
(EDAX, type SW 1900) for analysis of crystals. Ascorbic acid
in urine and plasma was determined by high performance liquid
chromatography [24]; oxalate and glycolate in urine, oxalate in
plasma ultra®ltrate, were all determined by high performance ion
chromatography [25, 40], total protein in urine by the Lowry
method [22], and urinary albumin by immuno-nephelometry. All
other analyses used routine or other well-documented methodolo-
gies [10, 34, 38, 39].

Calculations, statistics

Urinary ASC clearance was calculated using the standard formula,
the post-load cumulative response of plasma ASC, oxalate and
citrate by summing di�erences (post-test meal load value minus
baseline), relative calcium oxalate supersaturation in urine (with
calcium oxalate solubility in water set as 0) from the activity
products [28], net gastrointestinal alkali absorption by the method
of Oh [30], correlation coe�cients by bivariate regression analysis.
The ASC clearance half-life from plasma was extrapolated from
the curve with the best ®t. Data were given as mean values and
standard error, if not otherwise indicated; the signi®cance
(P £ 0.05) of di�erences between groups was tested using the t- or
U-test for unpaired and paired observations, as appropriate. The
software STATISTICA (Stat-Soft, Tulsa; USA) was used.

Results

Ascorbic acid under fasting conditions

Table 1 shows that in male controls and male ICU pa-
tients fasting plasma ASC varied between 2.9 and
17.9 mg/l (controls, ICU); in recent reports the order of
magnitude of ASC in plasma of healthy normals was
from 5 to 30 mg/l [4, 18, 19, 20, 25]. In another report
somewhat higher plasma ASC was found to be charac-
teristic for females [31]. On plotting the individual ASC
values, about 20±30% of the patients in the IHC sub-
group of ICU were below the lower limit in the controls
(data not shown).

For fasting individuals, the urinary ASC excretion
rate and the mean ASC clearance were higher in NC
than in IHC, but overall (NC + IHC) ASC in stone
patients did not statistically di�er from controls
(Table 1). Urinary oxalate excretion in fasting individ-
uals (Table 1) varied between 1 and <7 mg per 2 h (for

Table 1 ASC concentration in fasting plasma, ASC and oxalate
excretion rate in urine from 2-h fasting patients, and ASC clearance
in male patients with idiopathic calcium urolithiasis (ICU), classi-

®ed by calciuria (NC, IHC), and in healthy males (Controls). Data
are mean values (range). *P < 0.05, **0.05 < P < 0.10, versus
IHC

Controls ICU

Mean Range NC IHC NC + IHC

Mean Range Mean Range Mean Range

Number 30 20 19 39
ASC in plasma (mg/l) 10.9 (6.6±16.7) 12.1 (6.1±16.6) 10.3 (2.9±17.9) 11.2 (2.9±17.9)
ASC in urine (mg) 0.67 (0.07±16.1) 1.5* (0.2±18) 0.67 (0.07±18) 1.0 (0.07±18)
ASC clearance (ml/min) 0.69 (0.05±8.0) 0.97** (0.2±12.8) 0.63 (0.1±10.2) 0.75 (0.1±12.8)
Oxalate in urine (mg) 1.8 (1.3±2.4) 1.9* (1.3±6.3) 2.1 (1.3±4.7) 2.0 (1.3±6.3)
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controls and ICU). Urinary ASC and oxalate in urine
from fasting patients correlated directly (controls,
r � 0.58, P < 0.01; NC, r � 0.71, P < 0.001; IHC,
r � 0.42, P < 0.07). On pooling of NC and IHC the
slope of the regression line di�ered signi®cantly from
that of controls (P < 0.05). Thus, at any given level of
urinary ASC in fasting individuals, the accompanying
urinary oxalate is higher in males with ICU and un-
classi®ed for calciuria than in male controls. Further
insight into the possible origin of the oxalate excess in
urine of ICU was therefore deemed necessary and was
expected from studies on the response to exogenous
ASC (see below).

Ascorbic acid loading tests

Intravenous ascorbic acid

Figure 1 shows that when ASC administration was
preceded by the test meal ± both loads together achiev-
ing a total ASC supply of 300±410 mg ± this combined
challenge was followed by uniform ASC clearance from
the plasma. Neither NC nor IHC patients di�ered sub-
stantially from the controls; the ®tted curves obeyed ®rst
order kinetics (y � a á xb, r � 0.99, P < 0.01; Fig. 1).
The mean peak values observed at 6 min post-injection
varied between 60 and 75 mg/l (complete data and sta-
tistics are available on request). During the early post-
load phase, the mean plasma ASC was higher in NC and
IHC. This phenomenon may be attributed to the pre-
dominance of males among the NC and IHC partici-

pants, contrasting with the reportedly higher values of
females [31]. Furthermore, as the transmembrane ex-
change of both ASC and dehydroascorbic acid in leu-
kocytes occurs within a few minutes and is considered a
superior indicator of the overall ASC status [19, 46], the
largely unaltered ASC clearance from plasma (Fig. 1)
corroborates the assumption that in middle-aged ICU as
a whole (NC + IHC), as studied here, ASC storage
within blood cells is undisturbed.

The early post-load plasma oxalate levels in the three
groups were slightly higher than baseline, but the post-
load cumulative response di�ered only insigni®cantly
[NC )0.02 (SE 0.27); IHC )0.18 (0.29); controls )0.23
(0.15), all lmol/l; P � 0.22 (NC vs. controls), and
P � 0.62 (IHC vs. controls)]. Fasting and post-ASC
load urinary excretion of ASC, oxalate and glycolate
were also statistically indistinguishable. The mean post-
load excretion for ASC oxalate and glycolate is given
in Table 2. For further details on urinary oxalate and
glycolate see below.

Oral ascorbic acid

Figure 2, upper half, illustrates the e�ect of the ASC-
supplemented oxalate-free formula meal. In plasma, the
ASC peak values of approximately 20 mg/l were devel-
oped at timepoint 180 min post-load. There were no
statistical di�erences between the groups at any of the
timepoints studied, and the cumulative response of ASC
was unchanged. Other investigators have observed sim-
ilar plasma ASC peaks 3 h following oral intake of 0.5 g

Fig. 1 E�ect of a test meal
taken at timepoint zero (¯) and
followed by intravenous injec-
tion of ascorbic acid (ASC)
(5 mg per kg bodyweight) on
the mean response of plasma
ASC and oxalate in healthy
controls (d) and ICU patients
with either normocalciuria (m)
or absorptive hypercalciuria
(j). The number of participants
per group was six. Note the
logarithmic Y-scale for ASC
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ASC, thereafter the values declined [29]. It is therefore
unlikely that, in the present work, had observation time
been prolonged, even higher ASC peaks would have
emerged beyond 180 min. Oxalate concentration in
plasma of controls and IHC varied only minimally.

However, in NC the mean baseline value was lower than
in the former two groups, and in the post-load period of
NC there was a trend toward higher oxalate, resulting in
a signi®cantly higher cumulative oxalate response than
in controls. Plasma citrate was in the range 2.0±2.5 mg/
dl throughout ± i.e., initially, during, and at the end of
the post-load period; statistical di�erences were not
recognizable (data not shown).

Figure 2, lower half, illustrates the situation in the
3 h postprandial urine. In NC and IHC there was a
lower median ASC but a higher median oxalate excre-
tion than in controls; in IHC, oxalate was signi®cantly
increased, while in NC it approached the level of sig-
ni®cance versus controls. Citrate was unchanged (me-

Table 2 The mean post-load excretion for ascorbic acid, oxalate
and glycloate. For each value the SE is given in brackets

NC IHC Controls

ASC (mg) 250 (24) 250 (13) 220 (15)
Oxalate (lmol) 62 (6) 64 (4) 48 (8)
Glycolate (lmol) 81 (15) 116 (18) 89 (18)

Fig. 2 E�ect of ASC supple-
mentation (5 mg per kg body-
weight) of a test meal taken at
timepoint zero (¯) on the
response of ASC in plasma and
urine of controls (d, n � 6),
and ICU patients presenting
with either normocalciuria
(m, NC; n � 6) or idiopathic
hypercalciuria (j, IHC; n � 7).
Upper half: Left pro®le of ASC
and oxalate in plasma (B mean
of values at timepoints )120
and )60 min). Right: plasma
integrated ASC and oxalate,
given as sum of di�erences
(
P

d) from B, after prior log10
transformation. Mean values
and standard error. Lower half:
excretion rate in 3-h urine.
ASC and oxalate are given as
medians; calcium (factorized for
the accompanying creatinine)
and the relative supersaturation
product (RSP) of CaOx are
given as means and standard
error
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dian values were 57, 57, 52 mg, in controls, NC, and
IHC, respectively). Calciuria was normal in NC, but
increased in IHC. In ICU as a whole (NC + IHC) the
average calcium oxalate supersaturation was higher than
in the controls, but the accompanying urine volume was
lower (data not shown) and therefore should explain at
least in part that calcium oxalate metastability was at the
upper limit, by de®nition constituting a risk factor for
stones. The decline of urinary pH was comparable in the
three groups (mean values were 5.4 ± 5.7), precluding the
possibility that in NC and IHC the kidneys are unable to
excrete the protons derived from the acid meal load,
irrespective of whether these stem from the meal itself or
the metabolic degradation of supplementary ASC.

LikeASCand citrate in postprandial urine (see above),
their excretion variedwidely in urine of fasting individuals
(data not shown), while oxalate was more homogeneous.
For the three substances, the median (range) of
postprandial changes from the fasting state (calculated on
a per hour basis) are given in Table 3. The accompanying
median postprandial change from the fasting state of net
gastrointestinal alkali absorption in NC, IHC and
controls was 1.7, )2.4, and 2.5 milliequivalent, respec-
tively. All these data (ASC, citrate, oxalate, alkali ab-
sorption) were statistically indistinguishable; it is worth
noting that although the citrate response shown by stone
patients appeared low, their ASC response was not higher
than that of the controls.

Figure 3 shows that the molar ratio of urinary oxa-
late to urinary glycolate di�ered signi®cantly [0.43 (SE
0.03), 0.54 (0.05), 0.34 (0.06), in NC, IHC and controls,
respectively], irrespective of whether the urine was taken
from a fasting individual or it was ASC-richer post-
prandial urine. However, the underlying urinary glyco-
late was statistically indistinguishable [mean values, in
lmol, 62 (NC), 65 (IHC), 81 (controls)]. Elevated
urinary glycolate was postulated to be characteristic of
those situations where hyperoxaluria resulted from ox-
alate overproduction [27, 44]; this made it unlikely that
in the present work where urinary glycolate remained
unchanged, oxalate biosynthesis was increased.

Ascorbic acid e�ects on calcium oxalate crystallization

Table 4 shows the data obtained from the thirty-three
participants studied. Since the urinary calcium oxalate
supersaturation in postprandial urine of NC and IHC
was similarly high (Fig. 2), categorization of ICU into
these subgroups was abandoned. Overall ICU as a

whole and controls were almost ideally matched for age
and body mass index; the metabolic activity was kept
comparable in ICU receiving either the meal and sup-
plementary ASC or the meal alone. Irrespective of
whether additional ASC was taken with the meal, cal-
cium oxalate crystallization of controls was virtually
unchanged. This holds true for tolerable oxalate, crystal
diameter, and agglomeration time. If there was any
change at all, it was a slight tendency toward smaller
crystals. In contrast, in ICU patients not taking sup-
plementary ASC, not only was the long known average
higher calcium excretion noted but also a smaller uri-
nary volume, and a higher urinary concentration of
calcium, oxalate, magnesium, phosphorus, albumin and
non-albumin protein. In addition, there was a higher
calcium/citrate ratio and the tolerable oxalate concen-
tration was low versus controls. In ICU patients taking
the ASC-supplemented meal, tolerable oxalate concen-
tration was lower than in those not taking ASC; despite
this, the crystal diameter was signi®cantly reduced and
the changes in agglomeration time and crystal growth
rate were statistically insigni®cant. The borderline
stimulation of calcium oxalate nucleation and inhibition
of calcium oxalate crystal growth, obviously ASC-me-
diated, were not accompanied by di�erences in pH,
calcium oxalate supersaturation or concentration of ci-
trate and protein(s). Assessment of crystal number, al-
though feasible with the crystallization test in use
[10, 34], was unfortunately not undertaken.

In urine of the control and the ICU individual, in
which the concentrations of ASC, citrate, oxalate, cal-
cium, and the calcium oxalate supersaturation were
close to the respective group means shown in Table 4,
and in which crystallization was induced at pH 5, 6 and
7, with or without addition of ASC (4 mmol/l), SEM
revealed the following: at pH 5 and 6 calcium oxalate
monohydrate was the dominant crystal phase in urine of
the control individual. At pH 7 calcium oxalate dihy-
drate was exclusively present in this urine. Conversely,
when the stone patient's urine was at pH 5, calcium
oxalate dihydrate was present, and this crystal type
persisted up to pH 7. Once ASC was added to the
control urine at the pre-set pH, number, size and
agglomeration of crystals were not a�ected, whereas
the same procedure in the patient's urine resulted in
increased crystal number, but crystal size and agglo-
meration appeared unchanged. Scanning electron
microscopy and EDX, subsequently applied to the cal-
cium oxalate crystals, failed to detect any calcium
phosphate phase and a phosphorus peak, respectively,
but EDX showed the two calcium-speci®c energy peaks
(ka, kb) that are regularly seen when analyzing CaOx
crystals using this technique (data not shown).

Ascorbic acid stability and urinary oxalate

Neoformation of oxalate in urine, from precursors also
present in urine, in particular ASC, has been reported

Table 3 The median (range) of postprandial changes from the
fasting state (calculated on a per hour basis)

NC IHC Controls

ASC (mg) 22 (2; 58) 33 (±2; 70) 41 (5; 63)
Oxalate )0.5 ()2; 0), )0.5 ()2; 1), )0.5 ()1; 0)
Citrate (mg) )15 ()111; 48), )12 ()61; 36), 3 (78; 50)
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[1]. Theoretically, therefore, the bulk of calcium oxalate
crystal mass formed in fresh urine, especially of stone
patients, could stem from newly formed oxalate or
alternatively from oxalate present initially in the urine.
This question was more speci®cally addressed, using

aliquots of urine from the control individual and the
stone patient mentioned in trial 3 (see above, last sec-
tion). Figure 4 shows that in both individuals oxalate
tends to increase with increase in pH of the urine.
However, oxalate remains unin¯uenced by the addition

Fig. 3 Molar urinary ratio
oxalate/glycolate: mean value;
open symbols fasting urine, solid
symbols post-ASC load urine

Controls ICU patients

Meal alone
n = 8

Meal + ASC
n = 7

P-value Meal alone
n = 9

Meal + ASC
n = 9

P-value

General features
Age (years) 33 (2) 32 (2) 0.77 37 (4) 34 (3) 0.48
Body mass index [kg/(m)2] 23.6 (1.2) 23.8 (1.3) 0.91 26.1 (1.7) 23.5 (0.7) 0.17
Metabolic activity (score) 22 (2) 20 (3) 0.76

Variables in urine
Volume (ml) 347 (54) 430 (75) 0.38 237 (42) 237 (39) 1.0
pH 5.74 (0.19) 5.37 (0.13) 0.14 5.74 (0.14) 5.68 (0.21) 0.81
Oxalate (mmol/l) 0.08 (0.02) 0.09 (0.02) 0.87 0.16 (0.04) 0.17 (0.03) 0.91
Calcium (mmol/l) 2.73 (0.58) 2.52 (0.99) 0.67 5.37 (1.09) 5.12 (0.66) 0.85
Magnesium (mmol/l) 2.46 (0.41) 2.41 (0.75) 0.60 4.10 (0.52) 3.45 (0.62) 0.44
Citrate (mmol/l) 1.98 (0.74) 2.73 (1.72) 0.60 1.93 (0.44) 1.79 (0.39) 0.82
RSP-CaOx 0.29 (0.14) 0.26 (0.15) 0.90 0.71 (0.09) 0.72 (0.11) 0.94
Calcium/citrate (mmol/mmol) 1.76 (0.36) 1.44 (0.21) 0.83 3.28 (0.52) 3.57 (0.50) 0.70
Phosphorus (mmol/l) 9.3 (2.3) 9.6 (2.1) 0.42 12 (2.5) 14.1 (2.8) 0.55
Albumin (mg/l) 2.0 (0.7) 4.9 (3.8) 1.0 5.5 (3.5) 2.3 (0.6) 0.54
Non-albumin protein* (mg/l) 13 (2) 14 (6) 0.83 20 (5) 16 (2) 0.81

CaOx crystallization
Tolerable oxalate (mmol/l) 0.59 (0.08) 0.59 (0.09) 0.96 0.49 (0.03) 0.40 (0.03) 0.06
Crystal diameter(N) (lm) 3.2 (0.2) 3.2 (0.2) 0.98 3.8 (0.2) 2.8 (0.2) 0.008
Crystal diameter(30) (lm) 6.2 (0.7) 6.0 (0.5) 0.84 9.2 (0.7) 6.4 (0.5) 0.004
D Crystal diameter (lm) 3.0 (0.5) 2.9 (0.5) 0.81 5.4 (0.7) 3.5 (0.3) 0.028
Agglomeration time (min) 34 (4) 32 (2) 0.66 33 (4) 30 (0) 0.44
Crystal growth rate (lm/min) 0.10 (0.03) 0.09 (0.02) 0.72 0.18 (0.04) 0.12 (0.01) 0.14

Table 4 Data from the participants of trial three; includes general
features, urinary volume and other parameters, and CaOx
crystallization, all determined in postprandial urine collected after
ingestion of a meal with ASC supplementation (Meal + ASC) and

without (Meal alone). Mean values (SE). (* total protein minus
albumin, N at nucleation, 30 at 30 min post-nucleation, D value at
30 min post-nucleation minus value at nucleation)
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of ASC, and also by the duration of incubation, mim-
icking the duration (120 min) of the crystallization test
in use.

Discussion

Ascorbic acid and the risk for ICU

Work done by others shows that the stone risk in men is
not increased by ASC supplementation of food over the
long-term [9]. Collectively, our data are in agreement
with this observation and another made more recently
[2]. Also, the data on plasma and urinary ASC presented
here do not permit the conclusion that in males with
ICU the metabolism of ASC is malregulated, either at
the level of the intestine, or the kidney. Nor is there any
evidence of an increase in the conversion of exogenously
(intravenous, oral) administered ASC into oxalate, ei-
ther in the blood or in the urine at a pH between 5 and 7.
Conversely, ICU patients may be a�icted by an etio-
logically as yet unidenti®ed intrinsic disorder that is re-
sponsible for a permanent ASC-independent excess of
urinary and, to some extent, of plasma oxalate. The
former, together with higher-than-normal urinary cal-
cium, may lead to the well-known pre-existent higher
degree of calcium oxalate supersaturation in urine of
ICU patients. In previous work of ours on ICU, an
excess of oxalate in postprandial urine produced after a
similar oxalate- and glycolate-free test meal as in the
present study was reported [36]. This also demonstrated
that the accompanying intestinal absorption of 14C-
oxalate was low and therefore cannot have accounted
for the higher oxaluria [36]. The high urinary oxalate/
glycolate ratio may therefore be a key to the further
understanding of the pathophysiology of this disorder
(see also below).

Ascorbic acid in plasma and urine

Because of the pilot character of the present study the
number of participants, from whom data were included
in Table 1, was too small to be broken down into cate-
gories taking di�erent amounts of ASC with their usual
diet ± smokers and non-smokers [23], younger [26] and

older individuals. This shortcoming also made it im-
possible to decide whether plasma ASC, when in the
lower range, was also related to such factors as ASC in
cells or tissues, that possibly in¯uence ASC in plasma
from fasting individuals. For example, in younger male
ICU patients, with a mean age of less than 30 years, the
ASC content of red blood cells was found to be lower
than in controls of a similar age, while in plasma no
di�erence in levels of ASC could be detected [26].
Therefore in ICU, ASC apparently is controlled by ad-
ditional factors. The urinary elimination of ASC has
been judged useless in the evaluation of the overall ASC
status [18]. This view is supported by the present data in
Table 1, showing that the ASC excretion rate in urine of
fasting controls and ICU varies enormously (note that
some of the extremes in Table 1 di�er by a factor >200).
Overall [controls, stone patients (NC + IHC)], ASC
reabsorption by renal tubuli during fasting appears high;
this observation contrasts with another, postulating that
in normals of either sex there is a low renal ASC
threshold as assessed from intravenous ASC loading,
and that the low threshold prevents plasma ASC from
rising above about 15 mg/l [19]. Our data appear to
show that, if renal handling of ASC is altered among
males with ICU, the ®nding may be restricted to the NC
subgroup in this. ASC excretion rate and the mean ASC
clearance were signi®cantly higher than in IHC
(Table 1).

Ascorbic acid, oxalate, glycolate

The eating of an ASC-supplemented meal by ICU pa-
tients has no e�ect on calciuria, and rarely on the pro-
vision of alkali from the intestinal tract, but it does
reveal abnormal oxalate. The true cause of the excess
oxalate in postprandial plasma (NC), and both urine
from fasting individuals and postprandial urine (NC,
IHC), is unknown. Hyperoxaluria of intestinal origin is
characterized by a high urinary oxalate/glycolate ratio,
due mainly to high oxalate rather than low glycolate
[3, 27, 44]. In our work the signi®cant increase in the
oxalate/glycolate ratio in NC and IHC versus controls,
observed in both fasting and postprandial urine
(Fig. 3) ± the latter urine having been collected after
ingestion of the oxalate- and glycolate-free but ASC-rich
meal ± is a strong argument against intestinal oxalate

Fig. 4 E�ects of urine with a
pH of 5, 6 or 7, prolongation of
incubation time (I, II, III: 60,
90, 120 min), and added excess
of ASC on oxalate concentra-
tion in uncrystallized urine:
non-stone-forming urine [lines,
without (d) and with (m)
4 mmol/l ASC]; stone-forming
urine [broken lines, without (d)
and with (m) 4 mmol/l ASC]
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hyperabsorption. This also supports the theory that in
the presence of normal glycolate hepatic oxalate bio-
synthesis is not increased. It is postulated that the post-
load rise in plasma oxalate in NC, accompanied by only
marginally higher urinary oxalate (Fig. 2), indicates
oxalate self-regulation by the kidney; in analogy, the
situation in IHC might re¯ect that normal plasma oxa-
late (Fig. 2) but high urinary oxalate are sequelae of
altered renal oxalate transport (secretion, reabsorption).
Although renally mediated disordered oxalate homeo-
stasis in ICU has not been systematically considered so
far, its existence would mean that oxalate may not be
simply a waste product of metabolism but instead
serves some physiological function. This interpretation
of plasma and urinary oxalate extends, but is at
variance with that of Cowley et al. [6, 7]. Using a
similar protocol for ASC load, these authors ascribed
the urinary oxalate excess in ICU to intestinal hyper-
absorption of ASC, some of which is then degraded to
oxalate.

Ascorbic acid and calcium oxalate crystallization

In animal experiments where there was feeding of ASC
over the long-term, increased renal tissue calci®cations
were observed, but the underlying mechanisms re-
mained unclear [41]. Others, collecting carefully pro-
tected urine to prevent falsely high oxalate from the
instability of ASC, failed to show a signi®cant increase
in urinary oxalate and indices of calcium oxalate su-
persaturation of urine [2]. Also in the present work,
with examination of patients under rigidly controlled
conditions during the fasting and post-test meal load
on the day in the laboratory, de®nitive ASC stimula-
tion of urinary calcium oxalate supersaturation and
calcium oxalate crystallization in postprandial urine of
controls and stone patients could not be observed
(Table 4). In our calcium oxalate crystallization test,
crystal diameter (synonym crystal growth) and crystal
agglomeration time are inversely related [10, 35].
Therefore, the observation that after ASC loading in
ICU crystal growth is diminished in the presence of
unchanged crystal agglomeration time, is interpreted to
mean that this parameter is unrelated to crystal di-
ameter, but rather to crystal number. We reported that
in urine from fasting individuals and postprandial ur-
ine of ICU there is a trend toward enhanced sponta-
neous crystalluria, i.e., a greater number of calcium
phosphate, not of calcium oxalate crystals [16, 34].
Furthermore, within the hydration shell of crystals, a
number of inorganic and organic anions can substitute
each other [5]. These ®ndings suggest that some
phosphorus may be detectable in calcium oxalate
crystals, particularly since phosphorus is regularly
found when calcium oxalate crystals generated by the
procedure described here are dissolved and wet-chem-
ically analyzed (P. O. Schwille, manuscript in prepa-
ration). However, in the present work, using SEM and

EDX examination of one ICU patient and one control
individual, we cannot infer that phosphorus plays a
role. In addition, ASC appears unable to modulate
calcium oxalate crystallization in a way triggering the
formation of calcium-containing stones (via enhanced
crystal growth and shortening of agglomeration time).
Conversely, calcium oxalate phase transformation
(from monohydrate to dihydrate) was detected in urine
of the control individual, provided the urine was less
acidic and rich in ASC. Di�erences in urinary pH have
been reported as underlying calcium oxalate monohy-
drate and calcium oxalate dihydrate as contained in
calcium oxalate stones [32]. Therefore, it cannot be
ruled out that increasingly deprotonated ASC is able
to in¯uence calcium oxalate crystallization directly,
i.e., beyond the level of calcium oxalate supersatura-
tion of urine. This could occur at the surface of cal-
cium oxalate crystals or the level of the crystal
hydration shell, thereby a�ecting crystal hydration and
shape.

Ascorbic acid stability and oxalate

We showed previously that upon addition of meta-
phosphoric acid to plasma and shock-freezing of freshly
voided urine ASC degradation to dehydro-ascorbic acid
and oxalate can be prevented [25]. Until now it has
been uncertain whether in undiluted urine, with the pH
varying from <5 to 7, there is oxalate neoformation
during the calcium oxalate crystallization test. Such a
possibility can be ruled out (Fig. 4), although results
from a larger series of study participants would be
desirable. Since addition of ASC to urine, in amounts
up to 1 g, the concentrations frequently seen upon in-
gestion of ASC did not lead to more oxalate, we cannot
plausibly explain why the urinary oxalate/glycolate ra-
tio is high in ICU vs controls (Fig. 3). Earlier obser-
vations showed that ASC is only one of numerous di-
or tricarboxylic acids present in urine. All of these are
to some degree prone to degradation to oxalate on
incubation at 37 °C [1]. Such a mechanism might have
contributed to the initially higher oxalate in the urine
of the stone patient as depicted in Fig. 4, to the higher
oxalate in the post-ASC load urine of NC and IHC
stone patients (Fig. 2, lower half), and to the steeper
slope of oxalate when regressed for ASC in urine of
fasting ICU patients. In an unpublished series of ex-
periments in our laboratory, comprising more than 200
male ICU patients not receiving ASC supplementation
of the oxalate-free test meal, there is a similarly high
oxalate/glycolate ratio both in fasting and postprandial
urine, but roughly normal oxalate in fasting plasma.
Therefore, our present observations, if con®rmed by
independent laboratories, would indicate that in ICU
patients there may exist a pool of yet unidenti®ed non-
ASC organic acid(s) [1] or other mechanisms, capable
of modulating oxalate in urine and, within limits,
plasma.
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Conclusions

Although ASC is essential in the human diet for pre-
vention of scurvy, not all its biological e�ects are iden-
ti®ed as yet. The question is whether ASC can act as a
poison, prophylactic, or panacea [14]. While recent ar-
ticles on ASC as a possible stimulant of the risk for
calcium oxalate urinary tract stones in healthy men
document that such a role is unlikely [2, 9], our present
observation that ASC can directly interfere with calcium
oxalate crystallization in whole urine of ICU patients
indicates that future investigations in this area are worth
doing; these should include the use of superior tools for
examining the various stages of crystallization and long-
term studies in non-stone-forming and stone-forming
individuals.
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