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Summary. Using an electroimmunoassay tech-
nique for uromucoid in urine, the excretion of
this protein has been studied in normal subjects,
calcium stone formers and in patients with chron-
1¢ renal failure. In the normal subjects there was
no significant difference in daily excretion be-
tween males and females, but a positive correla-
tion with urine volume was demonstrated for this
group. No significant difference in daily uromu-
coid excretion was found between normal and
stone forming subjects. In the presence of chron-
ic renal failure uromucoid excretion was found to
be reduced and correlated with overall renal func-
tion as assessed by creatinine clearance.

Key words: Uromucoid, Urine Volume, Stones,
Creatinine Clearance.

The urinary mucoprotein, uromucoid (Tamm-
Horsfall mucoprotein), which is derived from the
ascending limb of the Loop of Henle and the macu-
la densa region of the distal tubule (10), has been
shown by immunological techniques to be a consti-
tuent of the protein matrix found in virtually all
renal calculi (7,8). It has also been shown by
some workers to bind calcium ions in solution (4)
and thus has been suggested as a possible factor
in renal stone formation. In addition, stones which
appear to consist predominantly of a mucoprotein-
aceous material are occasionally found (the so-
called "matrix stones'" (1)) and a link between uro-
mucoid levels and the formation of these bodies
may exist.

These observations have led to several studies
of uromucoid excretion in the urine of stone form-
ers. Conflicting results have been obtained in both
normal and stone forming subjects, some of the

discrepancies almost certainly being due to the
non-specific nature of some of the assay methods
used. However the development of immunological
assay techniques for uromucoid (2, 6, 9) with con-
sequent improvements in sensitivity and specifici-
ty has made a more reliable investigation of the
problem possible.

In this study an electroimmunoassay procedure
(2) which has been modified to give greater preci-
sion (13) has been used to study uromucoid excre-
tion in normal subjects and in a group of patients
with calcium stone disease. The effect of impaired
renal function on uromucoid excretion has also
been investigated.

MATERIAL AND METHODS

Uromucoid assays were performed on twenty-
four hour urine collections from the following
groups:

a) Thirty-six apparently healthy members of the
hospital staff (24 males; 12 females). Certain
members of this group were also used to study
possible diurnal variations in uromucoid excre-
tion by collecting four consecutive 6 hour speci-
mens. In addition they were asked to collect 24
hour urines on two or more occasions while de-
liberately altering their fluid intake and hence
urine output.

b) Forty-one adult out-patients (39 males; 2 fe-
males) with a recent history of calcium stone dis-
ease or with evidence of current calcium stone
disease. All had normal values for plasma crea-
tinine and endogenous creatinine clearance and
were receiving no drug therapy for their condition.
In addition three patients proven to have matrix
stones at operation were studied in the post-oper-
ative period once haematuria had ceased. In an
attempt to minimise the effect of bacterial activi-
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Fig. 1. Data from diurnal rhythm studies in four normal subjects expressing uromucoid as a) six-hour-
ly excretion and b) concentration. ® — ®= volume: X — X = uromucoid

ty on the assay (13) these three studies were per-
formed on short timed collections made into ice-
cooled containers with preservative.

¢) Twenty-nine patients in various stages of chron-
ic renal failure (as assessed by endogenous crea-
tinine clearance). Those with a proteinuria of
greater than 0.8 g/l or with current urinary tract
infection were excluded because of the assay prob-
lems they posed (see later). Patients who had un-
dergone renal transplantation were excluded from
the group as a whole but two of the patients re-
ceived transplants during the study and attempts
were made to study these in the post-transplant
period.

Uromucoid was estimated using the technique
originally described by Bichler et al. (2) but with
the modifications introduced by Samuell (13). All
daily urine collections were preserved with 2 ml

of thymol solution (500 g/l in propan-2-ol) and
analysed within 24 hours of collection. Plasma
and urine creatinine was estimated using standard
alkaline picrate continuous flow techniques.

Mean values are given with T one standard de-
viation and the differences between means were
assessed by Student’ s t-test.

RESULTS

a) Normal Subjects

i Diurnal Variation (Fig. 1). Studies on consecu-
tive 6 hour collections from four normal subjects
showed no obvious diurnal pattern for uromucoid
excretion. Changes in urine volume did not con-
sistently produce the expected opposite changes in
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Fig. 3. Relationship between daily uromucoid ex-
cretion and urine volume in normal subjects
(males and females)

uromucoid concentration and in three subjects
there was a strong positive correlation between
urine flow and uromucoid excretion (r = 0. 770
for these three subjects and 0. 747 for the whole
group of four).

0.01 > p > 0.001

Fig. 2. Uromucoid excretion data for
. +

normal subjects. Mean values - one

standard deviation are indicated.

Female N. S. = not significant

ii 24 hr Collections. The daily uromucoid excre-
tion for the group was 38.6 t16.3 mg/24 hr with
a concentration of 25.2 1 7.1 mg/l. There was no
signiffcant sex difference in either case (fig. 2).
Extcretion expressed in relation to the creatinine
level gave a value of 3.0 ¥ 1. 6 mg uromucoid/
mmol creatinine but with a significantly higher
value in females reflecting their lower mean cre-
atinine excretion (10.5 ¥ 3.2 mmol/24 hr com-
pared to 15. 6 T 3. 3 mmol/24 hr for males).

iii Relationship to Urine Volume. The results
from (ii) above again showed a significant correla-
tion between daily uromucoid excretion and urine
volume (fig. 3). Expressing these results in rela-
tion to creatinine excretion to obviate any gross
collection errors still showed a positive correla-
tion with urine volume in both males and females
(fig. 4). Further to this the results of deliberate-
ly altering urine output in five normal subjects
are shown in Table 1. In all cases there was a
positive correlation between uromucoid excretion
and the 24 hr urine volume, although the magni-
tude of the effect varied markedly from subject

to subject.

b) Stone-Forming Subjects

The daily uromucoid excretion for the whole group
was 44.7 * 15.8 mg/24 hr with a concentration
range of 19.6 T 7.7 mg/l or 2. 94 £ 1. 07 expressed
as mg uromucoid/mmol creatinine. The data is
compared with that from the normal subjects in
fig. 5. The only significant finding here was the
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lower concentration as mg/l seen in the stone
formers. The clear positive correlation with 24 hr
urine volume seen in the normal subjects was not
shown by this group (fig. 6. r = 0. 384). There
was a significantly higher mean 24 hr volume

(p < 0.001) in the stone formers (2.47 % 1.01/

24 hr) than in the normal subjects (1.54 t 0.51 1/
24 hr).

Attempts to measure uromucoid in urines col-
lected as described from the three patients with
matrix stones proved unsuccessful, unsuitable pre-
cipitin peaks being obtained in the assay. Urine

Table 1. Changes in uromucoid excretion observed
in five normal subjects as the result of deliberate
variation in fluid intake and henceéiwurine flow
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infection may have been responsible (13) but the
poor renal function in these three subjects (crea-
tinine clearance values of 10, 18, and 16 ml/min
respectively) was probably a contributory factor
(see later).

¢) Renal Failure Patients

Attempts to study this group revealed the pro-
blems of assaying uromucoid in the presence of
significant proteinuria. Urine protein levels of
greater than 0.8 g/l produced progressive lower-
ing and distortion of the precipitin peaks (fig. 7).
This was thought to be due to possible competi-
tive binding between uromucoid and other prote-
ins for the sodium dodecyl sulphate (S.D. S) used
in the assay to cleave the uromucoid macromole-
cule into immunologically active sub-units (12).
This was confirmed by being able to restore nor-
mal precipitin peak characteristics by increasing
the concentration of S. D. S. used in the assay (fig.
8). However, to vary the S.D.S. concentration de-
pending on the urine protein level was considered
too inconvenient since it would mean assaying
each urine with its own set of standards prepared
in the relevant S.D. S. concentration. This is ne-
cessary because precipitin peak height is depend-
ent on S.D. S. concentration even in the absence
of protein (2, 13). It was because of this problem
that patients with a proteinuria of greater than
0.8 g/l were excluded from the study.

In 12 of the 29 patients with chronic renal
failure uromucoid could be detected and assayed
normally, while in the remaining 17 the precipi-

Fig. 4. Relationship between uro-
mucoid excretion as mg/mmol cre-
atinine and urine volume in normal
subjects. Results are separated
into males and females because of
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tin peaks formed were either very low, making
accurate quantitation impossible, or were absent.
The creatinine clearance values in the former
group were 51 T 20.4 ml/min while in the latter
group they were significantly lower at 8.0 t4.2
ml/min. In the 12 patients with measurable uro-
mucoid the 24 hr excretion correlated positively
with both volume and creatinine clearance although
more strongly with the former (fig. 9). Urine vol-
umes in the 17 patients in which uromucoid could

tion in stone forming subjects

not be measured were 2. 06 1 0.89 1/24 hr and
were not significantly lower (p => 0.5) than in
the other 12 patients (1.88 T 0.88 1/24 hr).

Results for the two patients who received re-
nal transplants are shown in fig. 10, The num-
ber of specimens that could be assayed was re-
stricted because of post-operative haematuria.
A significant improvement in renal function ap-
peared necessary before measurable uromucoid
levels were produced.
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Fig. 7. Electroimmunoassay plate showing effect
of urine protein concentration on precipitin peaks
produced. Increasing amounts of human albumin
were added to a protein free urine prior to assay
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protein
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DISCUSSION

The non-specific nature of the assay techniques
used in some of the earlier studies on uromucoid
excretion makes comparison with the present study
difficult and it is possibly only worthwhile com-
paring results with those workers who have used
immunological quantitation.

The figures for daily uromucoid excretion in
normal subjects found here are slightly lower
than those reported by Bichler et al. (3) using
electroimmunoassay, Mazzuchi et al. (9} using
immunodiffusion and Grant and Neuberger (6)
using radioimmunoassay. The latter group also
reported no significant sex difference in daily ex-
cretion which agrees with the present study, while
the other groups found a higher excretion in males.
None of these workers expressed uromucoid excre-
tion in relation to creatinine levels although in one
study (9) the higher excretion found in males was
still evident after adjustment for body surface
area. This contrasts with the present findings when
these are related to creatinine excretion, a higher
figure for females being found. The failure to de.
monstrate any clear circadian rhythm for uromu-

100

Fig. 10. Changes in uromucoid
excretion, urine output and crea-
tinine clearance in two patients
who underwent renal transplant-
ation. e e = uromucoid:

X X = creatinine clearance:
O —— O = urine volume

coid excretion in this study is in agreement with
other workers.

The correlation between daily uromucoid excre-
tion and urine volume demonstrated here in nor-
mal subjects is not in agreement with the conclu-
sions of Bichler et al. (3) or Grant et al. (5) al-
though the published data from the former group
seem to suggest such a relationship. Other groups
have certainly reported marked variations in daily
uromucoid output but provide no data concerning
any change in urine volume.

The lack of any significant difference in daily
uromucoid excretion between normal subjects and
calcium stone formers in in agreement with Bich-
ler et al. (3) and contrasts sharply with the elevat-
ed levels in stone formers reported using non-
specific assay techniques. Why daily uromucoid
output should correlate well with urine volume in
the normal subjects and not in the stone formers
is not clear although it may be related to the sig-
nificantly higher volume range in the latter group.
However the data suggests that differences in ex-
cretion might exist between the two groups at ex-
tremes of the urine output range and it would be
interesting to know the effect of lowered urine vol-
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ume on uromucoid excretion in the stone formers.

Uromucoid excretion in renal failure seems to
have been little studied using immunological tech-
niques, but the reduced levels in chronic renal
failure and the positive correlation with creatinine
clearance found in this study agree substantially
with the findings of Grant et al. using radioimmu-
noassay (5). An earlier study using a salt preci-
pitation technique (11) produced similar conclu-
sions. Low levels of uromucoid have been report-
ed in the urine of patients with renal tubular aci-
dosis and staghorn calculi (3). While such patients
have not been included in the above study, it is
felt that the proven unreliability of the electroim-
munoassay technique in the presence of infection
may have been a contributory factor.

From this study no obvious relationship seems
to exist between uromucoid excretion and calcium
stone formation. However the findings suggest that
a knowledge of both urine output and renal function
is necessary when interpreting data concerning
uromucoid excretion.
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