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SUMMARY 

Hyaluronic acid, heparin monosulfuric acid and a mixture of chondroitinsulfuric 
acid-A and -B have been isolated from the oviducts of stilbestrol-injected chicks. 

INTRODUCTION 

As part  of a program concerned with the influence of hormones on connective tissues, 
an investigation was undertaken to identify the acid mucopolysaccharides in certain 
target organs. One such organ, the cock's comb, contains both hyaluronic acid (HA)1, 
and a mixture of chondroitinsulfuric acid-A and -B (CSA-A and CSA-B)*. In the chick 
comb, the content of mucopolysaccharides is increased by the administration of 
androgens 3-~. 

The substance which accumulates in the sex skin of monkeys during the estrous 
phase of the menstrual cycle is believed to be HA or a closely related compound 6. 
In view of the capacity of the chick oviduct to hyper t rophy in response to the 
administration of estrogens, it was considered worthwhile to examine this target organ 
for its content of acid mucopolysaccharides. 

The present paper describes the isolation and characterization of three muco- 
polysaccharide fractions from oviducts of stitbestrol-treated chicks. One fraction is 
identical with HA, the second fraction contains a mixture of CSA-A and CSA-B, 
and the third fraction is a glucosamine-containing sulfated mucopolysaccharide which 
appears to be identical with the heparin monosulfuric acid isolated by JORPES AND 

GARDELL 7 from ox liver and lung. 

METHODS AND MATERIALS 

19o sex-linked Cross breed* chicks, raised on chick starter mash from birth, received 
daily subcutaneous injections of I.O mg of stilbestrol in o.I ml of mazola oil for I week 
starting at the age of 13 days and were killed 24 h after the last injection. The oviducts 
were removed and tr immed of adhering tissue. A total  wet weight of 338 g was 
obtained. After defatting with acetone the dry tissue weighed 57 g. 

* A cross between Barred Rocks and Rhode Is land Reds. 
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The ace tone-defa t t ed  oviducts  were ex t r ac t ed  with 860 ml of o.5 N NaOH by 
cons tant  shaking for 24 h. A crude mucopolysacchar ide  mix ture  was p repared  from 
the alkal ine ex t rac t  b y  a me thod  descr ibed previously  s. The ni trogen and hexosamine 
concent ra t ions  of this  mix ture  (285 mg) were 4.65 and 167o, respect ively.  Zone 
electrophoresis  on Celite f i l ter-aid was then  used to separa te  the  mucopolysacchar ides  8. 
I cm por t ions  of the  Celite slab were e lu ted  with  15 ml of wate r  in coarse s intered glass 
funnels. The eluates  were ana lyzed  for uronic acid b y  the carbazole  me thod  of DISCHE 9. 

Three peaks  of uronic ac id-conta in ing  mate r i a l  were found (Fig. I).  E lua tes  
corresponding to  each peak  were combined,  d ia lyzed  agains t  dis t i l led water ,  and  
concen t ra t ed  to a volume of 25 ml. Hexosamine ,  as de te rmined  by  a modif icat ion of 
the  ELSON-MORGAN me thod  1°, was found in all  three  fractions.  

In  order  to ob ta in  sufficient ma te r i a l  for character iz ing the mucopolysacchar ides ,  
an a t t e m p t  was made  to isolate these subs tances  from oviducts  of ma tu re  hens. 
I so la t ion  of mucopolysacchar ides  from ma tu re  hens '  oviducts  was more difficult than  
from s t imu la t ed  i m m a t u r e  oviducts  since crude ex t rac t s  of the  former would collect 
on the  walls of the  glass when p rec ip i t a t ed  with  alcohol. Addi t iona l  oviducts  were 
obta ined ,  therefore,  from 300 Whi t e  Leghorn chicks t ha t  had  been in jec ted  with  
s t i lbes t rol  at  the  same age and in the  same manner  as descr ibed above  for the  original  
ba tch  of Cross breed  chicks. Oviducts  from the W h i t e  Leghorn chicks did  not  a t t a in  
the  size of those of the  sex-l inked Cross breed chick t rea ted  similarly.  The 49.6 g 
of ace tone-defa t t ed  d r y  oviducts  ob ta ined  were processed as above  and the 3 fract ions 
isola ted b y  zone electrophoresis  were pooled wi th  the app rop r i a t e  samples  from the 
first p repara t ion .  

The  molar  ra t io  of N to hexosamine  was grea ter  t han  the expected  I : I  in both  
the  slowest migra t ing  fract ion and the middle  peak.  Purif icat ion of the  former 
(Table I, HA) was effected b y  passage th rough  a column of Darco G-6o and cellulose 
powder  n,  concent ra t ion  of the  effluent and  prec ip i ta t ion  wi th  glacial  acetic acid. The 
p rec ip i t a te  was washed tho rough ly  wi th  e thanol  and  dissolved in water.  Af ter  
dialysis  aga ins t  dis t i l led wate r  it  was d i lu ted  to a volume of 50 ml. 

TABLE I 
A N A L Y S E S  OF A C I D  M U C O P O L Y S A C C H A R I D E S  ISOLATI~D F R O M  

O V I D U C T S  O F  S T I L B E S T R O L - T R E A T E D  C H I C K S  

Turbidity reduction A mino 
Fraction N* Hexos- Uronic SO~§ Acetyl§§ Specific by testicular 

amine** acid*** rotation hyaluronidase§§§ sugar~ 

t~equivalents per m! [a]D per cent 

HA (acid form) 1.48 1.46 1.48 o 1.36 --81.5 ° 1oo GIucosamine 
Heparin 
monosulfuric acid 

(Na form) 1.o 3 i.oo 0.93 1.22 0.47 + 78.1 ° io Glucosamine 
CSA (Na form) 1.27 1.44 1.o 4 1.49 1.45 --58.3 ° 71 Galactosamine 

* By the micro-Kjeldahl method. 
** By a modification of the ELSON-iVIORGAN method 1° following hydrolysis in 4 N HC1 for 14 h 

at IOO °. 
* * *  By the colorimetric carbazole reaction 9. 

§ By a colorimetric reaction with barium chloranilate 13 following hydrolysis in N HC1 for 2 11 
at I00 °. 

§§ By a colorimetric reaction with hydroxamic acid 14 
}§§ By the method of DORFMAN AND OTT 15. 

? By the method of STOFFYN A N D  J E A N L O Z  16. 
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The middle peak (Table I, heparin monosulfuric acid) was precipitated at 37 ° 
with a 1% aqueous solution of cetyl pyridinium chloride TM. The cetyl pyridinium 
complex was dissolved in 3 M NaC1 and the mucopolysaccharide precipitated by the 
addition of 4 volumes of ethanol. After 5 washings with ethanol, the precipitate was 
dissolved in water and dialyzed to eliminate the last traces of salt. The solution was 
then diluted to a volume of 50 ml. 

RESULTS 

Hyaluronic acid 

The analytical values of the slowest migrating fraction are shown in Table I. 
Nitrogen, hexosamine, uronic acid, and acetyl are present in equimolar concentrations; 
ester sulfate is absent. The electrophoretic mobility on Celite (Fig. I), the high 
negative rotation and the susceptibility to digestion by testicular hyaluronidase are 
consistent with the conclusion that this material is identical with HA from other 
sources. 
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Fig .  I .  D i s t r i b u t i o n  of u r o n i c  a c i d  a f t e r  zone  e l e c t r o p h o r e s i s  of a m u c o p o l y s a c c h a r i d e  p r e p a r a t i o n  
f r o m  c h i c k  o v i d u c t s .  

C hondroitin, ul]uric acid 

The most rapidly migrating fraction is a mixture of CSA-A and CSA-B, as 
indicated by the analyses (Table I). The molar ratio of hexosamine:uronic acid (as 
determined by the carbazole reaction) is I.O: o.72. This ratio is I.O: I.O for a pure 
sample of CSA-A and 1.o:o.38 for CSA-B. Unlike skin 8, CSA-A constitutes the major 
component of the mixture since some 70 % of the material is susceptible to digestion 
by testicular hyaluronidase. An infra red spectrum indicated the presence of either 
CSA-A or -B or both when compared with the spectra published by MATHEWS 17. 

Heparin monosul[uric acid 

The analytical data of the material isolated from the middle peak are presented 
in Table I. They indicate an identity of this substance with the heparin monosulfuric 
acid isolated from ox lung and liver by JORPES AND GARDELL ~. The disaccharide unit is 
thus composed of glucosamine, uronic acid and ester sulfate moieties in equimolar 
concentrations and an acetyl group in 0.5 M concentration. Like the heparin mono- 
sulfuric acid of JORPES AND GARDELL ~, the monosulfated compound is hydrolyzed 
more rapidly than is heparin but more slowly than are either CSA-A or -B. Rates of 
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hydrolysis were determined by measuring the amount of hexosamine liberated at 
I and 14 hours from a solution of the substance in I N HC1 maintained at IOO °. 

The infra red spectrum of the substance is illustrated in Fig. 2 and is compared 
with a sample of heparin monosulfuric acid obtained from the Upjohn Company. 
The commercial preparation was purified from contaminating heparin by fractionation 
with cetyl pyridinium chloride TM followed by zone electrophoresis on Celite. 

100 

8 0  ¸ 

6 0  

4 0  

v 
w 2 0  

o 

~: ~oo 
u) 

P e a k  

60 ~ - ~  

40  

2 0  M S - P  

0"1 . . . . . . . . . . . .  
1800 1700 1600 1500 1400 1300 1200 1100 1000 gO0 800  700 

FREQUENCY ( c m  -1 ) 

Fig. 2. Infrared spectra of heparin monosulfuric acid from chick oviducts (above) and from a 
purified commercial preparation (below). 

DISCUSSION 

I t  is now increasingly clear that  connective tissues contain a greater variety of sulfated 
mucopolysaccharides than was hitherto suspected. Differences between them may  be 
sufficiently subtle to escape detection by  techniques commonly employed for their 
characterization. 

The fraction that  has an electrophoretic mobility on a Celite slab intermediate 
between HA and CSA, appears to be identical with the heparin monosulfuric acid of 
ox lung and liver ~. This conclusion is based on the similarity of chemical analyses, 
the high positive specific rotation, the identity of the amino sugar as glucosamine and 
the rate of acid hydrolysis. Of particular interest is the low molar ratio of acetyl to 
hexosamine (o.5:1.o). I t  is possible that  the incomplete acetylation is related to the 
rate of migration found by  zone electrophoresis (Fig. I). 

A similar compound has been isolated from urine TM, 2o and liver *°-22 of patients 
with the Hurler syndrome and from liver amyloid and abdominal aorta 2s. The low 
molar ratio of acetyl to hexosamine found in the present communication has also 
been reported by  others 2z, 33. On the other hand, variable ratios of S to hexosamine 
were obtained by  BROWN s* and by  LINKER et al. ~8, a finding at variance with the 
analysis reported here and with that  of JoRPES AND GARDELL 7 for heparin mono- 
sulfuric acid. I t  seems likely that  elucidation of this discrepancy will provide evidence 
for the existence of additional sulfated glucosamine-containing acid mucopolysacchar- 
ides possessing a high positive rotation. 
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Whether or not the level of acid mucopolysaccharides in oviducts is under the 
influence of estrogens cannot be ascertained from the present study. The chicks were 
injected with stilbestrol on the assumption that the stimulated organ would yield acid 
mueopolysaccharides in quantities sufficient for isolation and characterization. The 
assumption is supported by the studies of ANASTASSIADIS el al. 24 who found increased 
concentrations of hexosamine in oviducts of chicks following the administration of 
estradiol benzoate. 

It may be of interest to note that the oviduct appears to be one of the few animal 
tissues from which both uridine nucleotides 25 and mucopolysaccharides have been 
isolated. 
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