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The significance of urinary glycosamino- 
glycans (GAG)2 in relation to metabolic 
changes in connective tissue is still obscure. 
Under normal conditions the amount of GAG 
excreted in human urine is about 5 to 10 
mgJ24 hr ( 2 )  and consists mainly of chon- 
droitin sulfate ( 3 ) .  However, changes in the 
quantity and type of urinary GAG have been 
observed in a number of pathological ( 3 )  
and experimental situations (4, 5 ) .  Such ob- 
servations raise the possibility that urinary 
GAG may reflect the metabolic status of con- 
nective tissue in health and disease. 

Kaplan and Meyer (4) have studied ur- 
inary excretion in man and dog following the 
intravenous injection of sulfated GAG. The 
excretion of endogenous sulfated GAG when 
mobilized by experimental means has been 
studied in the rabbit by Smith and Kirby 
(5 ) .  However, the fate of nonsulfated GAG 
has received little attention. The present 
studies were undertaken to provide informa- 
tion on the excretion of endogenous hyaluron- 
ic acid, when this substance is mobilized from 
tissue by normal regulatory mechanisms in 
the body. 

The female baboon is ideal for studies of 
this kind. The menstrual cycle in this animal 
is associated with cyclic fluctuations in the 
size of the perineal sex skin. Turgescence of 
the perineum begins immediately after men- 
struation and reaches a maximum in about 3 
to 4 weeks. Ovulation occurs at  the peak of 
turgescence and this is followed by a sudden 

1 This study was supported by a grant from Mak- 
erere University College to the author and Grant 
No. MT-2744 from the Medical Research Council of 
Canada 'to Dr. L. B. Jaques. 

2 The n~omenclature suggested by Jeanloz (1 )  has 
been used. 

rapid deturgescence which is complete within 
6 to 8 days. Of particular interest is the 
observation that turgescence is accompanied 
by a large net increase in the hyaluronic acid 
content of the sex skin whereas during de- 
turgescence, much of the hyaluronic acid dis- 
appears from the tissue (6) .  Little change in 
sulfated GAG was noted. The magnitude of 
the changes in hyaluronic acid suggest a con- 
siderable turnover during the menstrual cy- 
cle. I t  was therefore of interest to examine 
whether the disappearance of GAG from the 
sex skin, occurring in response to alterations 
in hormone balance, is accompanied by 
changes in urinary excretion of GAG. Further- 
more, a number of studies suggest that 
an increased concentration of hyaluronic 
acid may bring about retention of fluid 
while depolymerization leads to decreased 
water retention (7-9). The present study was 
therefore designed to determine as well, the 
relationship if any, between urinary GA4G 
and the rapid water loss which occurs from 
the sex skin during its deturgescence. 

Materiah and Methods. Adult female ba- 
boons of the species Papio anubis and Papio 
cynocephalus were used in this study. The 
animals were housed in separate cages and 
fed primate chow with daily supplements of 
fresh fruit and vegetables. 

Daily urine collections were made at room 
temperature with toluene as preservative. 
Collections were made over a 16-hr period 
between 4:30 p.m. and 8:30 a.m. Prior to 
collection, the cages were washed, food was 
withdrawn, and the urine containers were 
covered with a double layer of gauze to min- 
imize contamination of the urine sample. 
Water was available a t  all times. A receptacle 
placed under the spout of the water bottle 
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FIG. 1. Changes in urine volume and total urinary glycosaminoglycans (GAG) in relation to 
perineal size in the baboon (P. anubis): (vertical bars) the size of the perineum; (stippled area) 
totaI GAG; and ( 0 )  the change in urine volume, This babloon was approaching maximal 
turgescence when the study was begun. 

prevented spillage into the urine. Daily visu- 
al estimates of perineal size were made using 
a scale which registered complete collapse as 
zero and maximum turgescence as +4. This 
method requires a knowledge of the individu- 
al animal, but is a rapid and relatively accur- 
ate method of recording changes in the perin- 
eum when the animals do not permit handling 
without sedation. 

The urine volumes were measured and 
then centrifuged at  2000 rpm for 30 min in a 
refrigerated centrifuge. 2 5-ml aliquots in du- 
plicate, were taken for analysis of total GAG 
according to the method of De Ferranti 
(10). In  some instances urinary GAG were 
separated into sulfated and nonsulfated frac- 
tions on microcellulose columns according to 
Svejcar and Robertson's modification of the 
method of Antonopoulous et al. ( 11). 

Changes in perineal GAG during its growth 
and regression were measured as follows. 
Two months after ovariectomy, two baboons 
(P. cynocephalus) were given daily intramus- 
cular injections of estradiol benzoate in 
arachis oil (400 mg/day) for 9 days. Two 
days before the last estrogen injection, one of 
the baboons received in addition daily injec- 
tions of progesterone in arachis oil (400 
mg/day) for 8 days, while the other received 
daily injections of an equivalent amount of 
arachis oil. Daily measurements of the size of 
the sex skin were made as described by 
Gilman and Gilbert ( 1 2 ) .  Biopsies of the sex 
skin were done on alternate days as previous- 

ly described (13). The biopsy specimens 
were rinsed in cold, 0.25 1M sucrose solution 
homogenized in water (10%; WJV) and 
filtered through a double layer of gauze. 2.0 
ml of homogenate was added to 2.0 ml of 4 N 
HC1 and hydrolyzed in a boiling water bath 
for 8 hr. The GAG content of the hydrolysate 
was measured as uronic acid according to 
the method of Bitter and Muir (14). The 
protein content of the homogenate was mea- 
sured by the method of Lowry e t  al. ( 15).  

Results. The fluctuations in urine volume, 
total urinary GAG, and perineal size during 
two consecutive cycles in three baboons are 
shown in Figs. 1, 2, and 3. The study shown 
in Fig. 1 was begun when the perineum was 
in a state of maximum turgescence. This ani- 
mal ( p .  anubis) had a 51-day cycle which 
is a t  the upper limit of the range (18-52 
days) reported by Hendrickx in a study of 
105 cycles (16). Urine volume and GAG 
remained constant except during early detur- 
gescence of the perineum when both parame- 
ters increased sharply and returned to almost 
normal levels well before the complete col- 
lapse of the perineum had occurred. Eleva- 
tions in urine volume and GAG were more 
marked during the first of the two cycles 
studied. Neither parameter deviated from 
normal during menstruation, when the mobil- 
ization of uterine GAG might be expected to 
occur. The slight rise in urine volume and 
GAG which occurred between day 42 and 50 
may be related to elevated room tempera- 
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FIG. 2 .  Changes in urine volume and total urinary glycosaminogIycans (GAG) in relation to  
perineal size in baboon ( P .  cynocephakls ) :  For details see Fig. 1. The perineum was complete141 
collapsed when the study was begun. 

tures during this period resulting from a fail- 
ure in the air conditioning equipment in the 
animal quarters. 

Figure 2 shows the results of a similar 
study in another baboon ( P .  cynocephalus) 
which had a 33-day cycle. In  this case the 
perineum was in a fully collapsed state when 
the study was begun. Urine volume and GAG 
were somewhat higher and more variable in 
this animal. A sharp increase in both parame- 
ters occurred in early deturgescence during 
the first cycle. In  this case high levels of 
urinary GAG were maintained over the 
greater part of deturgescence. During the sec- 
ond cycle, however, the rise in urine volume 
was observed but not the change in GAG. 

Once again no significant changes occurred 
during menstrua tion. 

Figure 3 shows the results of a study in a 
baboon (P. ~rtubis )  which had irregular cy- 
cles. During each of the two cycles recorded, 
this animal menstruated near the peak of 
turgescence in addition to menstruation oc- 
curring after complete perineal collapse. On 
the whole, the size of the perineum, when 
fully turgescent, was much smaller than in 
the other two baboons. During the first cycle 
the rate of perineal collapse was unusually 
slow. Thus, after 13 days, the perineum had 
collapsed to only half its fully swollen size, 
During the next 2 days, rapid and complete 
collapse of the residual ,growth occurred. The 
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FIG. 3. Changes in urine volume and total urinary glycosamhoglycans (GAG) in relation to 
perineal size in a bNabo,on (P. anzrbis) with irregular cycles: For details see Fig. 1. The perineum was 
fully turgescent when the study was begun. 
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TABLE I. Fractionation of Urinary Glpccsni~inoglyca,ns During Turgescence and Deturges- 
cence of Baboon Perineum.@ 

1 2 

Eluent HA ChX" f i r g  Deturg Turg Deturg 

1% GPC 0 0 0 388.2 0 96.3 
1.75% NaCl 17.8 0 0 163.8 0 211.9 
1.25 M MgC1, 0 16.9 281.2 309.1 22.1 125.2 
Total 17.8 16.9 281.2 861.1 22.1 433.3 
Direct determination 18.3 17.8 
% Recovery 97.3 94.9 - 

I - - - 
- - - 

a Abbreviations : CPC = cetylpyridinium chloride; HA = hyaluronic acid ; ChS = chondroi- 
t in sulfate; Turg = t u rgmen t ;  Deturg = deturgescent. The glycosaminoglycan in each frac- 
tion is expressed as micrograms of uronic acid. 

The distribution of baboon urinary glycosa.minoglycans among the various fractions is ex- 
pressed as the total amount present in a 16-hr urine sample, One of the two urine sample8 Be- 
lected from each baboon wm obtained during perineal turgescence and the other during early 
deturgescence. The samples selected were from those cycles in which elevated GAG occurred dur- 
ing deturgescence . 

" Hyaluronic acid and chondroitin sulfate were purchased from Sigma Chemical Co. 

rate of perineal collapse during the second 
cycle approximated the rates in the other 
two baboons. Such menstrual irregularities 
are known to occur in baboons ( 16). As in 
the other two baboons an increase in urine 
volume during deturgescence was observed in 
both cycles. However, the GAG peaks which 
were observed in the other animals are bare- 
ly noticeable in this case. 

To determine the type of GAG present in 
urine at  the time when peak excretion occurs, 
urinary GAG were separated into sulfated 
and nonsulfated fractions. The results are 
shown in Table I. One of the two urine sam- 
ples selected from each baboon was obtained 
during perineal turgescence and the other 
during very early deturgescence. It is appar- 
ent that during perineal turgescence, all of 
the GAG appears in fraction 3 whereas dur- 
ing deturgescence about % was present in 
fractions 1 and 2. The increase in total GAG 
during deturgescence is due largely to an 
increase in fractions 1 and 2.  The elution of 
authentic samples of hyaluronic acid and 
chondroitin sulfate is also shown for compari- 
son. Svejcar and Robertson (1 1) have shown 
that when hyaluronic acid which normally 
appears in fraction 2 is digested with hy- 
aluronidase, the products appear in fraction 

1. It therefore appears that the GAG appear- 
ing in fractions 1 and 2 durin,g deturgescence 
indicate the presence in urine a t  this time, 
of nonsulfated GAG, possibly hyaluronic acid 
and lower molecular weight compounds de- 
rived from it. 

To obtain further information regarding 
the source of urinary GAG during the early 
stages of deturgescence, the fluctuations in 
uronic acid content of sex skin during hor- 
mone induced growth and regression were 
measured in ovariectomized baboons. The re- 
sults are shown in Fig. 4. Estrogen injections 
resulted in rapid swelling of the sex skin and 
its withdrawal resulted in collapse. Swelling 
was accompanied by a considerable increase 
in uronic acid. During deturgescence, uronic 
acid returned to preestrogen levels. The 
greatest fall in uronic acid occurred during 
the early phase of deturgescence and thus 
coincided with the peak in urinary GAG 
which was observed in some cycles, When 
progesterone was injected into an estrogen 
primed animal, the size and uronic acid con- 
tent of the sex skin appeared to decline more 
rapidly. The greatest fall in uronic acid again 
occurred during the early stages of deturges- 
cence. 

Discussion. Deturgescence of the baboon 
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FIG. 4. The effects of estrogen and progesterone 
on the uronic acid content of perineal sex skin in 
ovariectomized baboons : (vertical bars) the change 
in uronic acid; and (0) the change in perineal size. 

perineum was, without exception, accompan- 
ied by a marked increase in urine volume. 
This is in accord with observations in the 
pigtail monkey by Krohn and Zuckerman 
( 1 7 ) .  The results of their water balance 
studies show that the excess water is derived 
from the perineum. The present data show 
that in 3 out of the 6 cycles studied, in- 
creased urine volume was accompanied by a 
marked transient increase in total urinary 
GAG. In each case the increase occurred dur- 
ing the early stages of perineal deturges- 
cence. The increase in total GAG was due 
largely to an increase in nonsulfated GAG, 
presumably hyaluronic acid and lower molec- 
ular weight products derived from it. The 
close correspondence between deturgescence 
and elevation of urinary GAG suggest that 
the latter originate in the perineum. This 
possibility is supported by the observation 
that the greatest fall in perineal GAG occurs 
during early deturgescence. Furthermore, Rie- 

nits has shown that the fall in perineal GAG 
during deturgescence is due almost exclu- 
sively to a decline in hyaluronic acid (6).  

During deturgescence, the excretion of to- 
tal urinary GAG show considerable variations 
from one cycle to another in the same ani- 
mal. This variation ranges from an absence of 
change in total urinary GAG to as much as 
a threefold increase, I t  is noteworthy that 
even when a relatively large increase in GAG 
did occur, the total amount excreted during 
the entire period of deturgescence in that 
cycle is small compared to the very consider- 
able amount of GAG known to disappear 
from the perineum during this period (6).  
This suggests that when large amounts of 
nonsulfated GAG (hyaluronic acid) are mo- 
bilized from baboon connective tissue by hor- 
monally mediated mechanisms, they are not 
quantitatively reflected in urine. I t  would ap- 
pear that by far the greater part of perineal 
GAG is either degraded and reutilized per- 
haps during perineal turgescence in the next 
cycle or excreted in urine as low molecular 
weight derivatives, which are not precipitated 
by cetylpyridinium chloride (CPC) . The in- 
crease in CPC-precipitable GAG observed in 
some cycles may be due to saturation of 
degradative mechanisms resulting from the 
sudden mobilization of large amounts of per- 
ineal GAG. Such mechanisms exist in mam- 
malian tissues and are particularly effective 
against hyaluronic acid (18,19). 

Hyaluronic acid has been implicated in 
fluid retention in tissues (7-9). I n  this re- 
gard i t  is noteworthy that an increase in 
urinary GAG was always accompanied by a 
rise in urine volume. The present studies and 
those by Krohn and Zuckerman (17) show 
that the increased urinary GAG and water 
during deturgescence derive from the same 
source namely, the perineum. It appears that 
the mobilization of GAG from the perineum 
results in loss of water from this tissue. It is 
conceivable that the bulk of GAG lost from 
the perineum actually precedes the water 
loss, but that this relationship is obscured by 
extensive degradation of GAG during the ear- 
ly stages of release. 

Sumrnary . Total urinary glycosaminogly- 
cans (GAG) and urine volumes were mea- 
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sured in relation to perineal size during the 
menstrual cycle in the baboon. Perineal de- 
turgescence was accompanied by a marked 
increase in urine volume. The increase in 
urine volume was in some cycles accompan- 
ied by a marked transient increase in urinary 
GAG. This increase was due largely to non- 
sulfated GAG, tentatively identified as hy- 
aluronic acid and lower molecular wt pro- 
ducts derived from it. Evidence is presented, 
showing that these GAG originate in the per- 
ineum. The results show that when nonsul- 
fated GAG are mobilized from the baboon 
perineum by normal regulatory mechanisms, 
they are not quantitatively reflected in ur- 
ine, suggesting the presence of effective 
mechanisms for their degradation. 

I am grateful to Miss D. Willems for technical 
help and to Mrs. E. Stanley and Mr. J. Wertman 
fcor animal care. 
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