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May Enzyme Activity in Urine Play a Role in Kidney Stone Formation?
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Summary. It has been found that calcium oxalate stone
formers have low UGOT and UGPT activity compared to
healthy individuals. The urine of 23 stone formers and 19
controls has been tested for combined UGOT and UGPT
activity. The effect of L-aspartic acid, alanine and L-glutam-
ic acid on calcium oxalate precipitation has been tested.
Only L-glutamic acid exerted a significant retardation effect
at physiological concentrations. As GPT and GOT convert
alanine and aspartic acid respectively into glutamic acid,
a possible mechanism of retardation of kidney stone forma-
tion involving enzyme steps via glutamic acid creation in
situ is suggested.
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Introduction

Studies on calcium oxalate stone formation have shown
quite clearly that it is a multifactorial disorder. Among the
factors found to be of importance are age, sex, occupation,
dietary and fluid intakes, geographical location and climate
[1, 2]. In addition, certain metabolic disorders predispose
to calcium stone formation. Some workers believe that a
genetic factor may be involved [3]. However, stone forma-
tion seems to be of limited occurrence. There is evidence
[4] that urine from healthy persons retards calcium oxalate
crystal formation, whereas urine from stone formers has
much less inhibitory power [5].

Natural inhibitors in urine have been extensively studied
[6, 7]. It is known that magnesium, citrate, pyrosphosphate
and other small ions [5, 7] are effective inhibitors in vitro
[8], but they are able to affect calcium oxalate crystallisa-
tion only at concentrations which are much higher than
those encountered in natural urine. Marked effects of sub-

stances such as nucleosides and amino acids, particularly
alanine and glutamic acid, have also been observed in vitro
test systems. McGeown’s [9] experiments indicated that
glutamic acid significantly reduced the incidence of calculi
in rats supplied with this acid in their food. No difference
was found in the pH of the urine of the animals given
glutamic acid and in that from the controls. Chow reported
the same observation with alanine [10].

Some of the proteins present in urine have been recognised
as inhibitors or promoters. The presence of other proteins
has been reported but they have not been correlated with
kidney stone formation. For instance, about 30 enzymes
have so far been detected in urine; these include oxidore-
ductases, hydrolyase and lyases [11]. Only a few of these
enzymes have proven their usefulness in the diagnosis of
kidney diseases and these are mainly LDH, AP, S-glucoroni-
dase and amino acid arylamidase (AA) [11]. The enzymes
so far studied in urine are sensitive indicators of pathologi-
cal processes but, to the best of our knowledge, no correla-
tion has been found between the level of enzyme activity
and the inhibitory or promoting mechanisms of of kidney
stone formation.

In the present study we present a possible retardation
mechanism of calcium oxalate kidney stone formation,
involving enzymes steps.

Materials and Methods

First urine samples were collected from patients in the Urology
Department of the Hebrew University Hadassah Hospital in Jeru-
salem. The patients had all recently had kidney stones removed.
The stones were analysed and the urine of the calcium oxalate stone
formers only was used for the present study. The controls were
random contributors, considered healthy. Fresh mimic urine was
prepared, based on the procedure proposed by Gardner et al. [12]
except for the calcium concentration. The urine (human or mimic)
was equilibrated in a thermostatic bath at 37 °C and 20 ml sample
taken for the test. The experimental details have been described
elsewhere [13, 14].
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Fig. 1. The change of the sedimentation rate of calcium ion as a
function of L-glutamic acid concentrations (change of concentra-
tion per 10 min)
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Fig. 2. The decrease in calcium ion concentration with time in mimic
urine without and with variable concentration of L-glutamic acid
monomer (ppm)

Measurement of the Enzyme Activity

The wrine Glutamic-Oxalacetic-Transaminase (UGOT) activity and
the urine Glutamic-Pyruvic-Transaminase (UGPT) activity were
measured using the Technion SMAC System analysis at the Hadassah
Hospital.

SEM Photomicrographs

At the termination of the tests the calcium oxalate precipitates
were filtered and dried. The samples were gold coated and viewed
under SEM (Jeol JPm-35).

Results and Discussion

The method of Sarig et al. [5] discriminates between the
stone formers’ urine and normal urine. The urine of healthy
persons retards the precipitation of calcium oxalate (low
Discriminating Index), while the urine of stone formers
has little effect (high Discriminating Index). Mimic urine
has also very little effect on calcium oxalate precipitation.

Precipitation of calcium oxalate in mimic urine in the
presence of L-alanine, L-aspartic acid and L-glutamic acid
has been studied. L-sapartic acid and L-alanine had no in-
fluence on the precipitation process of calcium oxalate
at physiological concentrations (2.5-200 ppm). On the
other hand, L-glutamic acid had a dramatic influence on
this process in the concentration range of 2.5-500 ppm.

Figure 1 shows an effect of retardation (100—500 ppm)
and an unusual effect of acceleration of precipitation at
2.5—5 ppm [15]. The relation of a physical property to
concentration follows, as a rule, a certain trend; be it either
a gradual decrease or increase with or without leveling out
effect. The reverse of a trend needs an explanation.

In addition to the unusual concentration/retardation
effect pattern of L-glutamic acid as compared to the order-
ly pattern of polyglutamic acid [16] there is also a unique
effect on the nature of sedimentation of calcium oxalate.
It has been stressed that the major part of calcium oxalate
in the tests for the Discriminating Index (DI) determina-
tion precipitates in the first 30 s [4]. This precipitate forms
a visible sediment in the reaction vessel, in the normal and
pathological urines as well as in mimic urine, regardless of
the presence of any added inhibitory agent which, when
present, slows down the rate of calcium ion concentration
decrease. However, in the presence of L-glutamic acid the
solution turns turbid, but no visible sedimentation can be
detected, even with the very small addition of 2.5 ppm of
glutamic acid.

The “down and up” effect, i.e. increase and decrease of
precipitation rate repeats itself. Though the overall effect
may be summarised as decrease of precipitation rate (ex-
pressed as change of Ca ion concentration during 10 min)
with increase of L-glutamic acid concentration (Fig. 2),
the non-uniform trend needs a special explanation. To pro-
vide a basis for it the precipitates have been examined.



The turbid solutions were filtered through 0,2 um milli-
pore filters and viewed under SEM. The photomicrographs
(Fig. 3) show calcium oxalate crystals formed in the pre-
sence of various L-glutamic acid concentrations to crystals
formed in the same conditions in mimic urine without ad-
mixture, which can serve as controls (Fig. 3a). The crystals
formed with 5 ppm of L-glutamic acid are significantly
smaller than the controls (Fig. 3b). Similar effects of an
impurity on crystal size have been reported in literature
[17]. In the present study the interesting feature is that the
crystals formed in the presence of higher L-glutamic acid
concentration (500 ppm) are larger than those grown with
5 ppm — compare Figs. 3b and 3c.
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Fig. 3a—c. Calcium oxalate crystals formed in the presence of
S ppm L-glutamic acid (b) and 500 ppm (c) compored with crystals
grown in nine urine (a)

The varying effect of L-glutamic acid concentration on
the size of calcium oxalate crystals correlates well with the
retardation/acceleration of the various concentrations on
the rate of calcium oxalate precipitation and substantiates
the existence of this curious phenomenon. The speculative
explanation may be the ability of the L-glutamic acid mo-
nomer to act both as nucleation modifier and growth
retardant by adsorption on crystal faces. It may be that at
low concentrations most of the molecules are used at the
nucleation stage giving a large number of small crystals
[17]. Above a certain concentration there is also a suffi-
cient amount left to adsorb on the growing crystals, slowing
down the growth rate and thus causing both retardation
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Table 1. Urine glutamic-oxalic-transaminase (UGOT) and glutamic-pyruvic-transaminase (UGPT) activity (units/litre) in normal controls’

urine and in stone-formers’ urine

Stone formers

Normal controls

Mean of (UGOT + UGPT) = S.E.
12.1 + 4.85
37.4 + 14.8

Stone formers

Normal controls

5,9,9,20,9,21,9,11,22,8,15,9, 15,16, 6, 7, 15, 8, 19, 12, 10, 10, 15
22, 20, 26, 32, 54, 55, 24, 29, 20, 51, 60, 21, 55, 54, 21, 55, 39, 46, 26

of precipitation and the growth of relatively large crystals
(Fig. 3c). The dual effect of the L-glutamic acid monomer
may give rise to a more complex concentration dependent
pattern than that exerted by L-polyglutamic acid which
evidently acts principally as a nucleation modifier [16].

More detailed proof of the proposed hypothesis will
have to be worked out either by a special experimental
design or by comparison with similar systems. However,
the present study shows that L-glutamic acid has a definite
effect on calcium oxalate precipitation. It is worth noting
that both L-aspartic acid and alanine do not have a com-
parable effect under the same conditions. In addition, the
apparent lack of effect of L-glutamic acid monomer re-
ported previously [4] was due to accidental use of 100 ppm
concentration. The effect is more pronounced either at
significantly lower concentrations (2.5—5 ppm) or at much
higher concentrations (200—500 ppm).

It is known that L-glutamic acid, L-alanine and L-aspartic
acid are present in the urine. Patients with idiopathic renal
calculi have lower than normal urinary amino acids content,
as reported by McGeown [18]. It is interesting that the ma-
trices of renal calculi which contain 50% aspartic acid and
glutamic acid have more aspartic acid than glutamic acid.
GOT and GPT convert aspartic acid and alanine respectively
to glutamic acid in the presence of a-keto-glutaric acid and
cofactors. There is some evidence concerning GOT and
GPT activities in natural urine [11]. In the literature there
are many reports on the difference between the urine of
stone formers and that of healthy controls [19]. For the
major constituents the differences do not follow a recogni-
sable pattern, therefore it is very interesting to find whether
the difference for minor constituents may be significant.
For this purpose we wanted to establish whether the nor-
mal controls and the stone formers differ in the urine
GOT and GPT activity.

In each natural urine sample the GOT and GPT activities
were tested. The results (Table 1) indicate a difference be-
tween enzyme activity of the normals and of stone formers.
The GOT and GPT activities are higher in the normals
(37.4 u/l). We have observed a significant positive correla-
tion between UGOT and UGPT activity and the ability of
retardation of kidney calcium oxalate stone formation in
the population sample examined. A negative correlation

between UGOT and UGPT activity and the stone former
group has been also established.

Two separate phenomena have been presented in this
study. First, it has been shown that there is a difference in
the enzyme activity between stone formers and healthy
people in a statistically valid sample. Second, the retarding
effect of L-glutamic acid on the crystallisation of calcium
oxalate in vitro has been established, both by the present
study and in the literature [9]. L-glutamic acid is theend prod-
uct of GOT and GPT activity.

One can deduce that one of the possible retardation
mechanisms of calcium oxalate stone formation may involve
L-glutamic acid which forms in vivo due to UGOT and
UGPT activity. Healthy people have a considerable activity
of UGOT and some of UGPT. This activity may retard the
calcium oxalate crystal growth rate via L-glutamic acid pro-
duced in situ and thus prevent stone formation. Stone for-
mers do not have this advantage.

Sucessful stone treatment using DL-alanine [10], which
by itself does not retard calcium oxalate precipitation,
can be explained by transformation of alanine into glutamic
acid by UGPT and the subsequent activity of the acid.
Further study in this area is in progress.
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