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Extract

To determine the pattern of urinary mucopolysaccharides during normal human
development, the urine samples from 92 normal individuals (aged from birth to 25
years) were analyzed for degradation ratio (large molecular weight mucopolysac-
charides/fragments) and for the electrophoretic pattern of the different mucopolysac-
charides present. The degradation ratio averaged 0.42 ± 0.21 (range 0.13-0.75) and
was independent of age and sex. It was determined by electrophoresis that the major
mucopolysaccharide was chondroitin sulfate. In the eight patients with a genetic
mucopolysaccharidosis the degradation ratio was above 1.0 and electrophoresis
revealed the presence of large quantities of dermatan sulfate and heparan sulfate.
The two tests, therefore, permit distinction of urine from a normal individual from
that of a patient with a genetic mucopolysaccharidosis.

Speculation

On the basis of studies done on cultured fibroblasts, it is apparent that the term
genetic mucopolysaccharidosis encompasses a much broader base of cellular pathology
than that previously considered. Normal values for urinary mucopolysaccharides
throughout development in conjunction with cell culture studies are needed by
clinicians trying to determine whether a patient with some but not all the stigmata
suggestive oi a genetic mucopolysaccharidosis has a disorder of mucopolysaccharide
metabolism.

Introduction

Qualitative and quantitative analyses of urinary muco-
polysaccharide excretion have provided variables
which reflect the mucopolysaccharide metabolism of
the body [4, 6].

Previous studies [4, 10] have attempted to establish
values for total urinary mucopolysaccharide excretion
in terms of total uronic acid per 24 hr or per milli-
gram of creatinine. Difficulty has been experienced,
however, in establishing meaningful values. Thus, Di
Ferrante et al. [3] proposed that the degradation ratio

defined as the large molecular weight mucopolysac-
charides/fragments was a more sensitive reflection of
mucopolysaccharide metabolism. They reported that
the ratio was less than 1 in normal individuals and
consistently greater than 1 in children affected with
various mucopolysaccharide-storage disorders. It was
therefore concluded that the degradation ratio was a
reliable index of mucopolysaccharide metabolism and
that any increase in the ratio above the normal range
indicated a disorder in degradation of mucopolysac-
charides. Unfortunately, standard values for a group
of normal individuals have not been available.
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The purpose of the present study was to establish
the pattern of urinary mucopolysaccharide excretion
for a group of normal individuals (aged from birth to
25 years) with two tests: (2) the degradation ratio to
establish standard values for the normal population
and (2) electrophoretic profiles of purified urinary mu-
copolysaccharides isolated from the same normal indi-
viduals.

Materials and Methods

Urine samples from 92 normal individuals of both
sexes whose ages ranged from several weeks to 25 years
and from 8 patients with different genetic mucopoly-
saccharidoses were collected without preservative,
measured, and filtered. Urinary mucopolysaccharides
were precipitated with 1% cetylpyridinium chloride
(CPC). The urinary mucopolysaccharide fragments not
precipitated by the detergent were passed through a
Dowex-50 column, collected on a column of Dowex-1
2X resin (200-400 mesh, Cl form) and eluted in var-
ious fractions with step-wise increasing concentrations
of NaCl [2]. Both the large molecular weight urinary
mucopolysaccharides in the precipitate and the frag-
ments in the supernatant were estimated as uronic acid
by the carbazole method [5]. Reproducibility of recov-
ery was measured by duplicate isolations of mucopoly-
saccharides from urine samples from four normal indi-
viduals.

The electrophoretic pattern of the purified CPC-pre-
cipitated mucopolysaccharides was observed on cellu-
lose acetate strips in a Beckman microzone cell [12]
using 0.1 M barium acetate buffer to identify individual
mucopolysaccharides [11]. In this buffer system heparan
sulfate and chondroitin sulfate migrated separately; hy-
aluronic acid migrated with dermatan sulfate.

Results and Discussion

Urinary mucopolysaccharides have been characterized
quantitatively by 24-hr total excretion [4, 10] and qual-
itatively by the distribution of different mucopolysac-
charides [4, 6, 10, 11]. An alteration in either variable
has been considered to be suggestive of a mucopolysac-
charide disorder. To interpret an alteration in ratios it
is, of course, necessary to know the range of ratios for
normal individuals of the same sex and age. Recent
investigations [1] have shown that at least some of the
genetic mucopolysaccharidoses are due to deficiencies
in specific degradative enzymes and measurement of

Table I. Mucopolysaccharide degradation [2, 3] (large molec-
ular weight mucopolysaccharides/fragments) of urine samples
from normal subjects of both sexes1

Age, yr

0-1

2

3

4

5-10

10-15

15-20

20-25

Sex

M
F

M

M
F

M

M
F

M
F

M
F

M
F

No. of
Persons

6
3

4

3
2

4

12
11

13
9

6
10

4
5

MucopolysE

Mean

0.61
0.55

0.43

0.44
0.40

0.44

0.39
0.37

0.44
0.40

0.46
0.36

0.33
0.38

icchride

SD

0.27
0.30

0.19

0.07
0.20

0.30

0.25
0.18

0.12
0.15

0.14
0.26

0.21
0.24

Degradation ratios

Range

0.15-0.99
0.48-0.69

0.20-0.62

0.32-0.72
0.34-0.68

0.27-0.61

0.19-0.75
0.13-0.72

0.18-0.72
0.25-0.74

0.14-0.63
0.16-0.64

0.17-0.48
0.15-0.54

1 M : male; F : female.

these enzymatic activities is of more precise diagnostic
value.

Duplicate isolation of mucopolysaccharides, both
large molecular weight and fragments, from different
urine samples from four normal individuals showed
that recovery had an experimental error of less than
5%. Table I lists the degradation ratios with range for
age (by years and sex). During the 1st year of life the
urinary degradation ratios of nine normal individuals
were below 1.00. For the urine samples from 83 nor-
mal individuals between 2 and 25 years of age, the
degradation ratio averaged 0.42 ± 0.21 (range
0.13-0.75). This ratio was not influenced by age, sex,
or puberty (Table II).

The urinary mucopolysaccharide ratios of the eight

Table II. Statistical analyses : A comparison of the degradation
ratio of urine samples from prc- and postpubescents and in
males and females

No. of
Subject determin-

ations

Degradation ratios [2, 3]

Mean 21'

Ratio of pre-/post- 82/37 0.44/0.38 0.5044 0.70 > 11' > 0.60
pubescent

Ratio of males/ 65/54 0.40/0.41 0.1043 0.90 > 'W > 0.80
females
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Table III. Urinary mucopoiysaccharide degradation ratio
(large molecular weight mucopolysaccharides/fragments) of
urine samples from patients with different mucopoiysaccharide
disorders

Mucopolysaccbaridoses Subject Age, yr

Ratio
(large

molecular
weight/

fragments)

Hurler

Hunter

Sanfilippo

Compound [9] Hurler/Scheie

BB
CS
PS

JB

CC
DC
DP

6
3
0.5

2

3
5
9

3.34
2.25
2.43

1.89

2.25
2.43
3.22

JA 1.16

patients with a genetic mucopolysaccharidosis were all
above 1 (Table III). There was a good correlation
between clinical stigmata reflecting tissue storage and
increase in degradation ratio. The patients with uri-
nary degradation ratios over 2 consistently had clinical
evidence of mucopoiysaccharide storage, whereas the
patients with ratios below 2 had a minimal amount of
such involvement.

Electrophoretic analysis of urinary concentrates as a
supplement to the degradation ratio proved to be a
simple and reliable method to determine the different
mucopolysaccharides present in the urine. The high
chondroitin sulfate content in the urine [11] necessi-

tated the use of a buffer system (barium acetate) in
which chondroitin sulfate could be distinguished as a
separate band (Fig. 1). It was determined by electro-
phoresis that chondroitin sulfate was the major muco-
poiysaccharide in the urine from normal individuals.
Minor components of normal urine (heparan sulfate,
keratan sulfate, dermatan sulfate, and products of par-
tial desulfation of chondroitin sulfate) described pre-
viously [4, 7] were not detected by this electrophoretic
system. A minor Alcian blue-positive fraction (A' in
Fig. 1), which migrated more slowly than heparan sul-
fate, was characteristically seen but is not as yet chemi-
cally identified.

The major mucopolysaccharides in the urine from
the Hurler patients were dermatan sulfate and hep-
aran sulfate (Fig. 1). Thus, the electrophoretic pat-
tern for urinary mucopolysaccharides proved to be a
relatively easy way to determine whether there was any
change in the distribution of different mucopolysac-
charides in the urine.

In the analysis of urinary mucopolysaccharides, the
determination of the degradation ratio coupled with
the electrophoretic pattern of the CPC-precipitated
mucopolysaccharides gave a basis to distinguish nor-
mal individuals from patients with clinical phenotypes
diagnostic or suggestive of a genetic mucopolysac-
charidosis [8, 9]. As the degradation ratio reflects the
total mucopoiysaccharide metabolism [2], such a nu-
merical value should be essential information in decid-
ing whether any abnormality in mucopoiysaccharide
metabolism is involved in producing an abnormal clin-
ical phenotype.

ST NIL? H

HMS
DS + HA

CS

Fig. 1. Electrophoretic patterns of cetylpyridinium chloride-precipitated urinary mucopolysaccharides from two normal individuals (AX)
and a patient with the Hurler syndrome (H) (run on cellulose acetate strip in barium acetate buffer). ST: standards (provided by Dr. M. B.
Mathews, Department of Pediatrics, University of Chicago); HA: hyaluronic acid; HMS: heparan sulfate; DS: dermatan sulfate; CS: chon-
droitin sulfate. A slow migrating band (A1) was observed in samples from normal individuals.
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Summary

The degradation ratios for urinary mucopolysac-
charides of 92 normal individuals (aged from birth to
25 years) were determined to establish the pattern of
urinary mucopolysaccharides during development.
The degradation ratio averaged 0.42 ± 0.21 and was
not influenced by age, sex, or puberty. In contrast, the
degradation ratios for urinary mucopolysaccharides for
eight patients with a genetic mucopolysaccharidosis
were above 1.0.
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