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Urinary glycosaminoglycan (GAG) excretion was estimated in nor
mally grown near term, preterm and growth retarded infants on the third, 
tenth, twentieth and in some cases on the thirtieth postnatal day. Excretion 
was determined from 24-hour urine samples and was expressed as fiM uronic 
acid/24 hour's, ftM uronic acid/1.73 sq.m body surface/24 hours; the crea
tinine ratio was also calculated.

On the third postnatal day, GAG excretion showed a good correlation 
with intrauterine growth rate. Urinary uronic acid excretion on the third 
day of life was also closely related to gestational age, birth weight and body 
length. GAG excretion reaches its peak on the 10th day in term and es
pecially in dysmature infant, and on the 30th day in premature infants.

Postnatal growth also seemed to influence GAG turnover. The 10- 
and 20-day-old infants gaining in weight excreted twice as much GAG as 
those whose body weight did not change, or even fell as compared to birth 
weight.

Since knowledge of the normal ex
cretion rate of glycosaminoglycans 
(GAG) is a precondition in screening 
newborns for mucopolysaccharidoses 
it seemed desirable to determine the 
normal variation of the daily urinary 
excretion of GAG in the early post
natal period. In  addition, it appeared 
interesting to collect da ta  on the uri
nary excretion rates of GAG in nor
mally grown and growth retarded in
fants, since it has been assumed that 
in renal hydroxyproline excretion [4] 
GAG excretion rates might be used as 
an indicator of intrauterine and neo
natal growth activity.

M a t e r ia l s  a n d  M e t h o d s

Altogether 51 newborn infants have 
been studied. They were divided into three 
groups. ( 1 ) Normally grown near term in
fants with a birth weight of more than 2200 
g and a gestational age of 35 weeks or more. 
(2 )  Intrauterine growth retarded infants 
with a gestational age of 35 weeks or more 
and a birth weight less than 2200 g. All in
fants of this group were below the 10 per
centile curve of our local intrauterine 
weight chart [3]. (3) Preterm infants, born 
earlier than 35 weeks with a birth weight 
less than 2200 g. Details of the groups are 
shown in Table I.

Feeding: All infants were fed on artificial 
cow’s milk formula providing 70 keal/100 
ml.
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T a b l e  I

Postnatal age 3 days 10

Gestational age >35 weeks <  35 weeks >35 weeks
Birth weigth >2200 g <2200 g <  2200 g >2200 g <  2200 g
n 14 13 24 14 12
Mean birth weight 3320 1830 1707 3248 1688
Mean gestational age 39.5 37 31 38 37
Mean body weight at

postnatal age 3258 1808 1661 3420 1832

Samples: 24-hour urine samples were 
collected on the third, tenth, twentieth and 
thirtieth day after birth. Samples were kept 
at 4°C, without adding any preservative.

Isolation of GAG: After collection, the 
samples were immediately acidified to pH 
5 with 1 N hydrochloric acid. Urine was 
diluted only if its creatinine content was 
above 50 mg per 100 ml. GAG was pre
cipitated with 2% aqueous cetylpyridinium 
chloride (CPC). After addition of about 0.3 
g Celite, the urine sample was allowed to 
stand for 2 — 3 hours at room temperature 
and overnight at 4°C. The precipitate was 
collected by centrifugation, resuspended in 
saturated potassium acetate solution in 
96% ethanol. This procedure was repeated 
until the supernatant was entirely clear. 
The complex was then resuspended in 0.05 
M sodium chloride and precipitated again 
with CPC. The GAG-CPC—Celite complex 
was then fractionated by the method of 
T a n a k a  and G obe [7].

Determination: Uronic acid was estim
ated by the carbazole reaction in every 
effluent tube [1]. In fractions containing 
keratan sulphate (no uronic acid present) 
galactose was estimated by the orcinol 
method [1], creatinine by the alkaline 
picrate method [5].

The total GAG excretion was calculated 
as the sum of the quantity of uronic acid 
and of galactose containing fractions given 
as ,uM uronic acid/day or /dVI uronic acid/ 
1.73 sq.m body surface/day or fiM uronic 
acid/g creatinine.

Statistical methods: The GAG excretion 
rate on the 3rd postnatal day was related 
to gestational age, birth weight and length 
using linear regression analysis. The sig
nificance of the difference of the means of 
urinary GAG output was estimated by 
Student’s <-test.

R esults

1. Postnatal age and GAG excretion 
rates

In  Fig. 1, mean values of GAG ex
cretion are shown. The standard  error 
is indicated at those sampling periods 
where the number of examined infants 
was more than ten. The am ount of 
to ta l GAG expressed in /.«M uronic 
acid/24 hours or //M uronic acid/1.73 
sq.m  body surface or in //M uronic 
acid/g creatinine showed a similar 
relationship with postnatal age.

The mean GAG excretion rate , ex
pressed in the generally used term  
(uronic acid/creatinine) varied greatly 
in each group and therefore a t no post
nata l age could a statistically  signifi
cant difference be observed between 
the three groups of infants. However, 
if uronic acid excretion obtained on
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days 20 days 30 days

c  35 weeks ^>35 weeks <  35 weeks >35 weeks <  35 weeks
<  2200 g > 2200 g <  2200 g <  2200 g < 2200 g <  2200 g

22 4 9 19 3 6
1612 3121 1809 1565 1778 1510
32 39 36.5 30 36.5 30

1584 3485 2028 1614 2420 1911

F ig . 1. Mean values and ± S D  of GAG excretion in the three groups of infants. ■ Nor
mally grown, term infants, •  intrauterine growth retarded infants, ▲ preterm infants
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the  3rd day was expressed as the daily 
to ta l ou tpu t, or referred to  1.73 sq.m 
body surface/24 hours, the normally 
grown and growth retarded  infants 
tu rn e d  out to excrete significantly 
m ore GAG than prem ature infants. 
Betw een normally grown and mal
nourished infants only the absolute 
am ount/24 hours differed significantly.

M ean GAG excretion ra te  on the 
ten th  postnatal day was higher than 
on th e  th ird  day in all the three groups. 
The increase was most pronounced 
in the  growth retarded groups, wheth
er th e  value for yM  uronic acid/24 
hours or th a t per 1.73 sq.m/24 hours 
was used for comparison (p <  0.001). 
T hereafter, while the uronic acid ex
cretion rates decreased in normally 
grown and growth retarded infants, 
in prem ature infants a striking in
crease could be observed. U nfortun
ately, during the th ird  ten-day period 
observation only a few prem ature in
fan ts could be examined, so th a t the 
results could not be analysed sta tis ti
cally.

2. Relationship between gestational age, 
birth weight, body length and GAG 
excretion rate on the third postnatal day

Regression analysis showed a signifi
cant correlation between gestational 
age an d  to tal daily GAG excretion 
observed on the th ird  day and given 
in pM uronic acid (Fig. 2). Although 
there was a significant linear correla
tion (r =  0.832), the distribution of 
individual values seemed to  be loga
rithm ic. Thus, log /iM uronic acid per 
day p lo tted  against log gestational 
age showed the best correlation (Fig.

3). The gestational age showed good 
correlation both with the daily uronic 
acid excretion, and the same referred 
to 1.73 sq.m  body surface on the  th ird  
day (Fig. 4).

The relationship between urinary  
uronic acid excretion found on the 
th ird  day , and birth weight as well as 
body length  was also examined. In  
Figs 5 and  6 it can be seen th a t 
both param eters correlated signifi
cantly w ith GAG excretion per 24 
hours.

3. Extrauterine growth and urinary  
GAG excretion rate

W hile no relationship could be ob
served between urinary GAG excre
tion on the  10th and 20th postnatal 
days and  gestational age as well as 
b irth  weight, it seemed interesting to  
study w hether postnatal growth ac tiv 
ity affected the renal output of GAG. 
For th is purpose the 10 and 20-day 
infants were divided into two groups,
(i) the non-growing group included 
infants whose body weight did not 
change or even fall; (ii) the growing 
group consisted of infants who showed 
a definite weight gain after an initial 
weight loss. The GAG excretion rates 
in the two groups of infants are shown 
in Table I I .  The growing babies ex 
creted significantly more GAG th an  
the nongrowing ones, whether the 
daily absolute amount or th a t ex
pressed in 1.73 sq.m/24 hours was 
compared. However, within each 
group there  was no significant dif
ference between the excretion rates 
obtained on the 10th and 20th post
natal days.
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F ig . 2. C orrelation  betw een  g es ta tio n a l age an d  da ily  uron ic  ac id  e x c re tio n

F ig . 3. R e la tio n sh ip  betw een  log g es ta tio n a l age  a n d  log uronic  acid  e x c re te d  in  24 hou rs

gestational age in weeks

F ig . 4. R e la tio n sh ip  b e tw een  g e s ta tio n a l age  an d  u ron ic  acid e x c re tio n  co rrec ted  to
1.73 sq .m  body  su rface
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bir th  w e ig h t

F ig . 5 .  R ela tionsh ip  b e tw e e n  da ily  uronic ac id  e x c re tio n  an d  b ir th  w eigh t

F ig . 6. C o rre la tion  b e tw e e n  uronic acid  e x c re t io n  a n d  body  length

Table II

Postnatal age 10 days 20 days

Groups of infants growing not growing growing not growing
uronic acid/day 8.94±0.60 3.71 ±0.41 6.63±0.48 3.36±0.29

яМ uronic acid/day 
1.73 sq. m 96.41±6.88 46.25 ±3.64 80.63±4.80 42.35±4.41

n 29 19 19 13
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D i s c u s s io n

Since no sufficient da ta  are avail
able concerning the importance and 
role of GAG excretion in connective 
tissue metabolism of newborn infants, 
it is difficult to interpret the present 
results. Instead of speculation it 
seems more pertinent to  draw some 
practical conclusions.

F irst of all, urinary uronic acid 
content is not generally used for 
characterizing urinary GAG excretion 
ra te  in juM/24 hours. Since, however, 
uronic acid and galactose fractions are 
expressed together, we prefer reckon
ing to tal GAG as p.M uronic acid.

U rinary GAG output corrected to 
body surface unit is as high in the first 
m onth of extrauterine life as in adoles
cence. The present da ta  are in agree
m ent with those of P e n n o c k  et al.
[6] who also reported on a high GAG 
excretion rate expressed as creatinine 
ratio.

U rinary GAG excretion shows a 
trend  of changes similar to  th a t of 
hydroxyproline excretion which is re
garded as an index of collagen m etab
olism or growth activity [4]. In  the 
above observations urinary GAG out
p u t obtained on the th ird  postnatal 
day referred to body surface unit was 
significantly different in newborns ex
hibiting different intrauterine growth 
rates. In  addition, the correlation 
observed between uronic acid excre

tion and gain in body weight on the 
10th day in dysm ature and the 30th 
day in prem ature infants suggested 
th a t postnatal growth m ay also be an 
im portant factor in influencing GAG 
excretion. Comparison o f growing and 
non-growing infants definitely showed 
th a t renal GAG ou tpu t in this period 
of extrauterine life is related  much 
more to growth than  to  postnatal age.
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