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of potassium in gastric secretory processes is 
too meager to allow an explanation of these 
alterations. Certainly, as discussed by Car- 
one and Cooke(2), potassium is essential to 
the proper operation of energy transferring 
enzymatic reactions in carbohydrate metabol- 
ism and gastric secretory activity requires 
great energy expenditure. 

These functional changes may be likened 
to those occurring in another secretory gland 
of high metabolic activity, the renal tubule, 
when potassium deficiency is induced. 

Summary. The concentration of free HCl 
was found to be significantly decreased in the 
gastric juice of rats eating a potassium de- 
ficient diet. Total 4-hour secretion of free 

HCl, chloride, potassium, magnesium and 
pepsin was also significantly decreased but 
secretion rates of phosphorus, sodium and 
calcium were not altered. 
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Since Mijrner in 1895 reported( 1) the pres- 
ence of sulfated acid mucopolysaccharides and 
mucopolysaccharide-protein complexes in hu- 
man urine, limited information concerning 
these urinary components had been gained 
until the nineteen fifties when several different 
methods of preparation were reported. Frac- 
tions containing acid mucopolysaccharides 
have been isolated from urine by dialysis 
(2,3), heat treatment (4),  ethanol precipita- 
tion ( S ) ,  salting out (6 ) ,  benzoic acid precipi- 
tation (4),  or with a cationic detergent (7). 

This paper deals with a method of quanti- 
tative separation and purification of acid mu- 
copolysaccharides and mucoproteins from 
urine by precipitation with cetyltrimethylam- 
monium bromide (CTAB) and ethyl alcohol. 
The procedure used mucopolysaccharide la- 
belled in vivo with radioactive sulfate. 

Ailaterial and methods. Twenty-four hour 
specimens of urine, collected from human sub- 

* Aided in part by grant from Nat. Cancer Inst., 
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jects before and after a single intravenous in- 
jection with radioactive sulfate (about one 
mc of Na2Y504t),  were preserved with thy- 
mol and stored at 4°C until analyzed. The 
procedure is shown in Fig. 1. An aliquot 
(usually one liter) from the daily collection 
was adjusted to pH 7 and allowed to stand in 
the cold at  least 2 hours. The resultant pre- 
cipitate was removed by centrifugation, dia- 
lyzed, assayed for uronic acid and radioac- 
tivity. The filtered urine was treated with 
CTAB (6  g/liter), shaken for one hour on a 
mechanical shaker and allowed to precipitate 
in the cold 4 to 6 days. After complete floc- 
culation, the precipitate was removed by cen- 
trifugation (1000 X g).  The supernatant 
was dialyzed, lyophilized and assayed for 
uronic acid and radioactivity. The precipi- 
tated complex was treated with sodium iodide 
( S $  in ethanol) to release the cationic deter- 
gent. The freed quaternary ammonium ion 
is soluble in ethanol while the mucopoly- 

t Abbott Laboratories. 
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TAB1,E I .  Wciglit, 5% and Hexuronic Acid Distribution in Fractions Esprcssccl a s  Per Cent 
of Total. 

Weight Activity Uronic acid 
~~ __ 

18.7 2.8 3.7 
CTAB supeni., ” ( R ” T,.ti .4 2.1 
pH 7 ppt., fraction ‘ A ’ * 

H,O insol., ( :35. I 2 . i  3 . 2  
66% ppt., 
84% PPt., 
i\lcohol supern., ” ‘ ‘ F ’ ’ . I  0 0 

9 9  ( (  3 - 4  

( 9  “ 1 ) ”  2 .3  47.8 69. T 
9 9  ‘LE” 8.2 46.3 2 1 .:3 

x Total, “ A ” - “ F ”  100</~ =88S.(i 1 00 70 z 9.8 i 
n1g/24 111. tllg/21 1 1 1 .  

saccharide is insoluble. The mucopolysaccha- 
ride fraction was washed 2 times with so- 
dium iodide (5c/c in ethanol) and dissolved 
in a small portion of distilled water. Ethyl 
alcohol was added to bring the total alcohol 
concentration to two-thirds volume: the re- 
sultant flocculent precipitate which formed 
immediately was allowed to stand overnight 
a t  4°C and removed by centrifugation (1000 
X g, 10 min, 4’C). The alcoholic conc-.n- 
tration of the supernatant fraction was in- 
creased to 84%. A second precipitate was 
treated like the first. These 2 fractions, 
designated 66% and 84% alcohol precipi- 
tates, were reprecipitated by dissolving in a 
small volume of water and adding alcohol to 
the proper concentration. The fractions were 
lyophilized, weighed and analyzed. The su- 
pernatant alcohol fraction, reduced in vol- 
ume in vacuo in a rotating evaporator and 
finally dried by lyophilization, was analyzed 
for uronic acid and radioactivity. 

Hexuronic acid was determined by a modi- 
fication of the carbszole method(8) and 
compared to a glucuronic acid lactone stand- 
ard. Hexosamine was measured by the El- 
son Morgan reaction (8) and micro-estimation 
of nitrogen was carried out by the Kjeldahl 
method using the apparatus of Jenden and 
Taylor (8) .  Radioactivity was detected using 
the micromil window in the D-47 Geiger 
counting apparatus. t 

ResuZts. In Fig. 1 the acid mucopolysac- 
charide rich fractions are indicated by larger, 
italicized letters. Representative values of 
distribution of weight, radioactivity and 
uronic acid of the fractions of the purifica- 

tion procedure are shown in Table 1. These 
are the average values obtained from 9 daily 
collections (8 following S”5 injection) of 
urine of a patient having cancer of the colon. 
The 66% and 84% alcohol precipitates ac- 
count together for 94% of the radioactivity 
and 91% of the uronic acid while they rep- 
resent only 10% of total weight. 

Results of the analysis of mucopolysaccha- 
ride content of the CTAB precipitated frac- 
tions are presented in Table 11. In the total 
CTAB precipitable fraction, uronic acid and 
hexosamine are in approximately equivalent 
ratio. AMPS calculated as the sodium salt 
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TABLE 11. Per ('eiit C'oiiil)ositioii of M i i c  ~polgs:ic.c~I~arid~~ Coiitaiiiing Urine Fractions. 

Total CTAR 66% alcohol 84% alcohol 84% precipitate chondroitin SO, 
precipitate preeipita tc precipitat,e papain treated" (C,,H,,NSO14Na,) 

ITi*oi i ic .  : ic . i t l  

('hoiidroitin sulfate l(i.(i 
(U.A./0.3'75) 
H exosa mi 11 c 1T.1 1.6 

Choiltlroitiii su1f:itc 4!).i 
( HsNHJ0.345) 

1 T..; t 1 .!) t 

Total nitrogen 10.6 & .4 

Protein nitrogen (Total i .!) 
S-calculated HxNH,(N) ) 

1)rotein N) $ 

Protein + AMPS 
(Expressed as chondroj tin 
sirlfwte sodium salt), 
c.iiIciilated from 

% protein (6.13 X 4X.2 

Uronic acid 94.!) 
Hexosamine 98.0 

:t3.8 t 1.9 

XT.5 

32.2 & 1 . 1  

93.5 

4.1 & .4 
1.5 

9.4 

96.9 
102.9 

2.9 2 . I  28.8 & 4.0 37.5 
76.9 100 r -  

I . 1  

2.4 & 2 2'7.0 -+ .9 34.5 

6.8 i8.4 100 

11.4 .1 6.4 & .4 2.8 

14.2 4.3 0 

87.2 26.1 0 

94.9 103.0 
94.0 104.5 

.' Ihisecl on 4 preparations. 
1 R;iscd on pure mucoprotein haviiig a nitrogen coiitent of 16.374 15). 

t M w i i  & staiitlnrd clcvintioii. 

of chondroitin sulfate accounts for about 
half of the precipitated material. Protein 
calculated as mucoprotein accounts for the 
remaining 50%. 

Analysis of the 66% alcohol insoluble frac- 
tion indicates that this fraction is richest in 
uronic acid and hexosamine in approximately 
equimolar proportions. This fraction con- 
tains approximately 90% AMPS, and less 
than 10% protein. 

The 847c alcohol insoluble fraction con- 
tains a smaller proportion of uronic acid and 
hexosamine in equimolar amounts and con- 
tains 87% protein. This fraction was sub- 
jected to papain digestion (8) which resulted 
in a weight loss of 55 to 70%. This loss was 
accounted for by digestion of the protein 
moiety since total uronic acid and hexosamine 
con tent remained essentially unchanged be- 
fore and after treatment. The total protein 
of this nondialyzable fraction was reduced 
from 87 to 26%. Concentrations of uronic 
acid, hexosamine and nitrogen of this hydro- 
lyzed mucoprotein are shown in Table 11. 

The compositions of the 66 and 84% frac- 
tions were about constant from day to day 
while their proportion and the total amounts 
excreted varied. Similar results were obtained 
by this method in a series of cancer patients 
and normal subjects. 

Discussion. Most of the information pub- 
lished on the acid mucopolysaccharides of 
human urine is based on studies of the non- 
dialyzable fraction. This technique of prepa- 
ration yields a mixture of materials. The 
presence of plasma proteins(9,10), of blood 
group substances, of the high molecular 
weight glycoprotein of Tamm and Horsfall, 
and of PAS positive components similar to 
those of the u and p glucoproteins of human 
serum have been demonstrated ( 1 1 ) . The non- 
dialyzable fraction may not include all of 
the urinary AMPS. Miettinen( 11 ) has shown 
that 45-7576 of total daily output of urinary 
hexosamine is dialyzable. Since free hexosa- 
mine is not detectable in the urine( 12),  this 
fraction must be composed of lower molecu- 
lar weight mucosubstances. 

The aliphatic ammonium salt CTAB was 
first used by Dutta, Jones and Stacey(l3) 
to precipitate polyanions in the fractionation 
of nucleic acids. Its use was soon extended 
to the polysaccharide field( 14) and to isola- 
tion of AMPS(7). 

This method uses CTAB to precipitate the 
carbohydrate rich polyanions of human urine, 
sodium iodide to release the quaternary am- 
monium complex and graded alcohol concen- 
trations to separate 2 mucoprotein fractions. 
Di Ferrante and Rich(7) measured urinary 
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mucopolysaccharide excretion by the uronic 
acid content of a total ('TAR precipitate but 
did not purify this material. The purity and 
quantitative yield of the mucoprotein frac- 
tions obtained in this study are indicated by 
the equimolar ratios of hexuronic acid and 
hexosamine, by the nitrogen content and by 
the radioactivity. The fractions appear free 
of serum proteins, glycoproteins and other 
large molecules found in urine. 

Summary. A method for isolation of sul- 
fated acid mucopolysaccharides (AMPS) and 
corresponding mucoproteins from human 
urine by absorption on and precipitation with 
cetyltrimethylammonium bromide is de- 
scribed. After in vivo labelling with radio- 
sulfur nearly all of the bound radioactivity 
was found in 2 fractions, one insoluble in 
6670 alcohol and the other soluble in 6670 
alcohol, but insoluble in 84% alcohol. The 
first is essentially free AMPS containing less 
than 10% protein while the second is a mu- 
copolysaccharide-protein complex containing 
about 87% protein. Digestion of the second 
fraction with proteolytic enzymes yields a 
nondialyzable AMPS with about 2 6 3  pro- 
tein. Chemical analysis indicates no other 
high molecular weight urinary substances are 
present in these preparations. 
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The hyperplastic alveolar nodule is the rec- 
ognizable preneoplastic lesion in the mouse 
mammary gland, and tumors arise with high 
frequency when such nodules are transplanted 
into mammary fat pads which have been 
cleared of their normal parenchyma( 1) .  Nod- 
ules, in general, appear to be more responsive 
to hormones than comparable normal tissues 
( 2 )  : their very existence as lobuloalveolar 
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structures in an inactive gland is based upon 
this increased sensitivity. However, there is 
variation in sensitivity among nodules in situ 
(3,4) and among outgrowths that develop 
when these nodules are transplanted( 5) .  We 
have previously raised the question as to 
whether the neoplastic change is more likely 
to occur in hyperplastic alveolar nodules show- 
ing greater hormone sensitivity than in nod- 
ules showing lower hormone sensitivity, or 
vice versa(6) .  To examine this question, in- 
tact mice have been subjected to various 




