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Abstract The aim of the present study was to  obtain in- 
formation on the source of urinary cholesterol in normal 
men of  various age groups (22-25, 37-42, >63 yrs). 
Aliquots o f  24-hr urine samples were fractionated by ultra- 
centrifugation. Between 10-20% of the total cholesterol 
in urine (measured by gas-liquid chromatography) sepa- 
rately sediniented after 2 x IO4  g-min and after 4 x 10' g- 
min of centrifugation. However, an average of more than 
50% of the total sedirnented after 6 x I O 6  g-min and 
only 10-2096 of total cholesterol remained in this super- 
natant. These results indicate that most of the cholesterol 
i n  urinc of  normal males is a component of a light par- 
ticulate fraction. Little difference was seen in the distribu- 
tion of urinary cholesterol among the various age groups 
examined. The 4 x I O s  g-min supernatant from 24-hour 
total urine samples was recentrifuged at 10'g for 60 min. 
The resulting pellet (100 P) was assayed for protein, total 
cholesterol and phospholipid. The cholesterol was 12- 14%' 
esterified. A molar ratio of total cholesterol to phospho- 
lipid of 1 t o  0.8 was calculated. Assay of the 100 P 
fraction for marker enzymes showed an activity pattern 
characteristic for plasma membranes. Fractionation of the 
100 P proteins by electrophoresis and separation of the 
100 P phospholipids by thin-layer chromatography revealed 
patterns clearly different from those of human red cell 
plasma membrane. Electron micrographs of the 100 P 
fraction revealed an appearance similar to that of de- 
teriorated membranes. The results suggest that most of the 
cholesterol in urine of the adult human male is present as 
a component of membranes derived from endogenous cells 
of  the urogenital system.-Cenedella, R. J., and J. A. 
Belis. Studies on the source of urinary cholesterol in the 
noi-mal hunian male. ,I. Lipid Res. 198 1. 22: 122- 130. 

abnormally large amounts of nonesterified cholesterol 
(NE:(:) in their urine. Most of the cholesterol in 
urine is nonesterified (5-7). Chu et al. (8) confirmed 
that about 6076 of men with prostatic cancer (un- 
staged) had high levels of urinary cholesterol. Very 
recently, Belis and Cenedella (9) and Juengst  et al. 
(7) independently reported that about 50%' of men 
with early stage prostatic cancer excreted larger than 
usual quantities of urinary nonesterified cholesterol 
(UNEC) .  Thus,  the presence of high levels of UNE(: 
might be of value in the early diagnosis of this cancer. 

Little is known about the source of cholesterol in the 
urine of either normal men o r  men with prostatic 
cancer. Urinary cholesterol appears to be of endog- 
enous origin; that is, from the urogenital tract, 
since Acevedo et al. (4) found no correlation between 
U N  E(: excretion and serum levels of cholesterol. 
T h e  purpose of the present study was to obtain 
information on the nature and source of UNEC in 
the normal adult human male. We report that 80- 
90% of the NEC in urine of normal men sediments 
upon centrifugation. T h e  results further indicate 
that most of the NEC in urine of adult men is 
associated with a light particulate fraction, similar t o  

plasma membranes. 

METHODS 

Supplementary key words phospholipids . proteins . plasma 
membranes . enzyme profiles prostatic cancer Fractionation of urinary cholesterol 

Twenty-four-hour urine samples were collected 
from three different age groups of men ( 2 2 - 2 5 ,  

Interest in  the Presence in urine 37-42, 63-72 yr )  and refrigerated until processed 
stems from early claims by Bloch and Sobotka (1 ,  2) 
that urine from patients with cancer contained greater ~ 

Abbreviations: NEC, nonesterified cholesterol; UNEC, urinary quantities Of than that from normal in-  nonesterified cholesterol; 20 P, pellet resulting from recentrifuging 
dividuals. More recently, Acevedo and co-workers the 2 x io4 g-min supernatant of whole urine at 20,000g 
reported that women with carcinomas the steroid- X 20 min; 100 P, pellet resulting from recentrifuging the 4 

x lo" g-min supernatant of urine at 100,OOOg X 60 min; SDS, 
producing glands and their target tissues (3) and men sodium dodecylsulfate; HDL, high density lipoproteins; GLC, 
with prostatic cancer of non-specific stage (4) excreted gas-liquid chromatography; EM,  electron microscope. 
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(9). Processing was usually conducted within one day 
after collection. Urine samples were tested for pH and 
for the presence of protein, glucose, bilirubin, blood, 
ketones, nitrate, and urobilinogen with N-Multistix 
reagent strips (Miles Labs, Elkhart, IN). The pH and 
specific gravity of urine samples for the 37-42-yr-old 
group were closely examined and found to range 
between 5.44-6.23 and 1.0072- 1.01 76, respectively. 
Since no abnormal tests were obtained and par- 
ticipants in the study had no history of prostatic 
disorders, they were considered to be normal. 

Approximately 50-ml aliquots of 24-hour urine 
samples were fractionated by centrifugation. The 
supernatant, considered as the upper 90% of the 
volume, from an initial 2 x lo4 g-min spin (1400 g 
x 14 min) was collected; a 10-mI aliquot was saved 
and the remainder was spun for 4 x lo5 g-min 
(20,000g x 20 min in a 42.1 rotor on a Beckman 
model 1, ultracentrifuge). After saving an aliquot of 
this supernatant, the remainder was centrifuged for 
6 x lo6 g-min (100,000 g x 60 min). The nones- 
terified cholesterol in 10-ml aliquots of the whole 
urine and of each supernatant fraction was extracted 
into chloroform and quantitated by gas-liquid 
chromatography (GLC), essentially as described be- 
fore in detail (9). Chloroform and other organic 
solvents were doubly redistilled prior to use. Based 
upon the concentration of nonesterified cholesterol 
in whole urine and in each supernatant fraction, 
the content of cholesterol in the sediments or pellets 
resulting from the 2 x lo4 g-min, 4 x lo5 g-min, and 
the 6 x I O 6  g-min centrifugations was calculated by 
difference. Due to potential loss of the minute sedi- 
ments obtained from centrifugation of individual 
1 O-ml aliquots of the various fractions, this indirect 
assay was considered to be quantitatively superior- to 
direct assay of these sediments. 

In some cases the free and esterified cholesterol 
present in the total lipids extracted from 10-ml ali- 
quots of' whole urine were separated by thin-layer 
chromatography on silica gel G (IO). The silica gel 
zones corresponding to cholesterol and cholesteryl 
esters were separately extracted with diethyl ether. 
The residue recovered from the silica gel zone 
corresponding to cholesteryl esters was saponified 
in 0.12 1111 of 33% KOH plus 2.0 ml of 957i ethanol 
for 1 hi- at 70°C. Sterols were extracted into hexane, 
recovered, and quantitated by the GLC analysis. 
Blanks consisting of 10 ml of saline were carried 
through the chloroform extraction, thin-layer chro- 
matography, saponification, and GLC analyses. Chr- 
rections were made for the presence of cholesterol 
and cholesteryl ester-like material in the solvent 
blanks. 

Collection of urine sediment fractions 

Total 24-hr urine samples were fractioned as de- 
scribed in Fig. l. The combined pellet recovered from 
the 20,OOOg x 20 min spin of urine was termed the 
20 P fraction and the combined pellet obtained from 
centrifuging the 20,000 g supernatant (4 x lo5 g- 
min supernatant) for 60 min at 100,000 g was termed 
the 100 P fraction (Fig. 1). The recovered 20 P 
pellet was yellowish in color and gelatinous in texture. 
The 100 P pellet was yellowish-white and flocculent. 
The pellets were resuspended and washed in isotonic 
saline and finally suspended in 1-2 ml of saline by 
repeated uptake and explusion through a 22 gauge 
needle. Throughout the processing procedure all 
fractions were kept at 0 to 5°C. The 20 P and 100 P 
fractions were saved for chemical analyses and the 
100 P fraction was also saved for measurement of 
marker enzyme activities. 

Chemical assays 

Lipids. Between 60 to 80% of the resuspended 
pellet fractions was laked in 20 volumes of chloroform- 
methanol 2:l (v/v) and the lipids were extracted 
according to Folch, Lees, and Sloane Stanley (11). 
Generally, 10% aliquots of the recovered lipid were 
separately assayed by colorimetric methods for total 
cholesterol and total phospholipid (12). The phospho- 
lipids in the remaining lipid extracts were fractionated 
by two-dimensional thin-layer chromatography using 
silica gel H (13). The separated phospholipids were 
individually recovered and assayed for phosphorus 
content (12). The concentration of esterified choles- 
terol in the lipids of selected 100 P fractions was 
estimated by measurement of cholesterol (by GLX 
assay) before and after saponification. Total lipids 
from human erythrocyte ghosts, prepared according 
to Bond and Hudgins (14), were identically extracted 
and analyzed. 

ProtPins. Small aliquots of the 20 P and 100 P frac- 
tions were diluted (1/20 to 1/60) with isotonic saline 
and the protein content measured (15). Aliquots of 
the fractions containing 200-400 pg  of protein were 
solubilized in  2% sodium dodecylsulfate and reduced 
with 5%) mercaptoethanol. Proteins were separated 
by polyacrylamide gel electrophoresis using 10%. gel 
rods (8 cm) with a 4% stacking gel (1.5 cm) ac- 
cording to Laemmle (16) and using a Bio-Rad electro- 
phoresis cell and apparatus run at 3 mA/gcl. After 
fixing the gels in 12.5% (wh) trichloroacetic acid, 
the proteins \$ere stained with either (homassie 
hrillian~ blue for total protein or with periodic acid- 
Schiff reagent for glycoproteins ( 17). Marker proteins 
of bovine serum albumin (68,000 daltons), ovalbumin 
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Total 24 hr Urine Sample 
(500 t o  2000 m l  in  250 ml b o t t l e s )  

2 x 104g-min I 
2 x 1049.tnin p e l l e t  
( u s u a l l y  d iscarded)  

2 1 104g.min supernatants  (pooled)  

4 x 105g.min (spun i n  2 5  ml a l i q u o t s )  

4 x 105g.min supernatant  (pooled 

6 x 106g.min ( i n  25 ml a iquots )  

4 x 105g-min p e l l e t  
(lower 5 ml o f  each 

4 x 105g.min 

p e l l e t  (20, 20,000 (discarded (lower 5 ml o f  each (d iscarded)  
x g x 20 min p e l l e t )  
washed, resuspended 
and saved. 

tube pooled) 

6 x 106g.min 

Pooled 6 x 10 gemin Supernatant 
p e l l e t  (2, 100,000 (d iscarded)  
x g x 60 min); washed, 
resuspended and 
saved. 

Fig. 1. 
and recovery of pellet fractions from 24-hr total urine samples. 

Flow diagram of the fractionation of urine by ultracentrifugation. Method used for separation 

(43,000 daltons), and carboxypeptidase (34,600 
daltons) were used to calibrate the gels. 

Assay of marker enzyme activities 
Aliquots of hepatic microsomes and plasma mem- 

branes, prepared and purified according to Touster 
et al. (18), and aliquots of the 100 P fractions were 
assayed for marker enzyme activities. Rat liver was 
used only because it was convenient and a well known 
tissue with regard to the subcellular distribution of 
marker enzymes. 5’-Nucleotidase was measured as a 
marker for plasma membranes ( 18). Glucose-6-phos- 
phatase (19), NADPH-cytochrome c reductase (20), 
and non-specific esterase activities (2 1) were measured 
to assess the presence of microsomes. Activities were 
expressed as p g  of substrate converted/min per mg 
protein and compared relative to 5’-nucleotidase 
activity. Although NADPH-cytochrome c reductase 
and non-specific esterase activities paralleled one 
another, non-specific esterase activity was preferen- 
tially examined due to the simplicity of the assay and 
the smaller specific activity values obtained. The  
100 P fractions were assayed for these enzyme ac- 
tivities immediately after their preparation. 

Electron microscopy 
Aliquots of the 100 P fractions were centrifuged 

in small heavy-walled polyethylene cups. The  pellets 
were fixed in 4% glutaraldehyde in Milonigs buffer 
with secondary fixation in 2% osmium tetraoxide. 
The  samples were dehydrated in graded alcohols 
and embedded in Spurs and epon. Samples were cut 
on a LKB ultramicrotome and stained with lead 
citrate. The  sections were viewed and photographed 
on a RCA EM-U4. 

RESULTS 

Aliquots of 24-hour urine samples from three 
groups of normal males of varying ages (22-25, 
37-42, >63 yr)  were separated by centrifugation 
into four fractions: a 2 x lo4 g-min pellet, a 4 x lo5 
g-min pellet (obtained by centrifuging the 2 x lo4 
g-min supernatant at 20,000g x 20 min), a 6 x 106 
g-min pellet (obtained by centrifuging the 4 x 105 
g-min supernatant at 100,000g x 60 min) and the 
supernatant from the 6 x lo6 g-min spin. No statis- 
tically significant differences between groups were 
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TABLE 1. Fractionation by centrifugation of urinary non-esterified 
cholesterol (UNEC) in normal men 

'% Distribution of Urinary NEC" 

2 x 104 4 x 105 6 x IO6 6 x 10" 
Group and 24-hr Total g-niin g-min g-niin g-min 
Individual UNEC (mgJh pellet pellet pellet supernatant 

22-25 yr 
R.B. 
D.S. 
W.C. 
S.R. 
J.P. 
D.M. 
R.M. 

37-42 \ r  
R.C. 
R.O. 
E.hl. 
A . W .  
A . A .  

0.77 
0.71 
1.05 
0.72 
0.73 
0.86 
0.83 

0.81 ? 0.05 

0.46 
1.44 
0.74 
0.99 
0.98 

63-72 yrl 
P.C. 
S.D. 
C.G. 
C.K. 

Overall averages 

0.92 2 0.16 

0.54 
1.57 
1.82 
4.04 

1.99 t 0.74 

1.14 +- 0.21 

1.4 
3.2 

16.0 
4.8 
7.6 
0 

20.6 

10.3 
29.8 
23.1 
17.3 
3.5 

18.6 
21.0 

53.8 
77.4 
47.3 
46.4 
76.4 
45.0 
39.3 

15.0 
9.1 

13.7 
31.5 
12.6 
36.5 
19.1 

7.7 t 2.9 

14.3 
16.5 
12.4 
30.2 

8.0 

17.7 t 3.2 

10.5 
24.8 

6.0 
16.0 
22.9 

55.1 t j.9 

67.9 
51.0 
60.5 
42.2 
61.0 

19.6 t 3.9 

7.2 
7.7 

21.1 
11.7 
8.1 

16.3 ? 3.7 

6.1 
25.4 
8.1 

15.8 

16.0 t 3.6 

19.8 
19.1 
18.3 
34.6 

13.9 t 4.4 

11.9 ? 2.2 

23.0 t 3.9 

18.5 t 2.0 

56.5 t 4.5 

56.7 
43.7 
68.6 
39.8 

52.7 +- 6.4 

54.9 t 3.1 

11.2 t 2.6" 

17.4 
9.2 
5.0 
9.8 

10.4 t 2.6d 

14.7 t 2.2 

(' Yon-esterified cholesterol content of each pellet was determined by the differences in the 
KEC content (measured by GLC) of the supernatant fractions before and after each centrifugation. 
Values are means ? one standard error. 

" I n  previous work (Belis and Cenedella. 1979 Cancer 43: 1840). values above 1.2 mg UNECi24 
hr were taken to be abnormally high. 

" Assumed to be normal older men; however, status o f  prostate was not evaluated in these 
individuals and one individual possessed a very- high UNEC (4.04 mg). 

,i P(t) of difference from 22-25-yr-old group S0.10 (Student "I" test). 

observed in the distribution of nonesterified choles- 
terol among the various pellet fractions. An average 
of between 10-20% of the total UNEC separately 
sedimented at both 2 x lo4 g-min and 4 x lo5 g-min 
(Table 1). However, an average of more than 50% of 
the total UNEC sedimented at 6 x lo6 g-min. In every 
sample, this pellet fraction contained the single largest 
percentage of the total UNEC. Only 10-20% of the 
total UNEC remained in the supernatant of the 
6 x 106g-min centrifugation. Thus, only a minor 
fraction of the total NEC in urine appeared to be 
"soluble". Urine from the younger males seemed to 
possess relatively more NEC in this "soluble" fraction. 

Between about 1 to 14% of the total cholesterol 
in whole urine and 12-14% in the 6 x 106g-min 
pellet (100 P fraction) was found to be esterified 
(Table 2). This value range is less than the 17-21% 
of total urinary cholesterol reported as esterified by 
Vela and Acevedo (6) and Juengst et al. (7). How- 

TABLE 2. Esterified cholesterol in whole urine and the 
6 X IOfi g-min pellet (100 P fraction) 

Esterified Cholesterol (% Total) 

6 X IO6g-min 
Individual Age Whole Urine" pellet (100 P)* 

R.C. 41 1.3 11.6 
R.O. 39 6.6 Not determined 
E.M. 43  9.3 11.8 
'4.". 38 5.3 13.9 
A.A.  40 14.6 12.1 

Cholesterol and cholesteryl esters in the total lipids extracted 
from 10-ml aliquots of whole urine were separated by TLC and 
recovered. The cholesteryl ester fractions were saponified. Free 
cholesterol and that recovered after saponification were quanti- 
tated by GLC analysis. Corrections were made for the presence of 
trace levels of cholesterol and cholesteryl ester-like materials in 
solvent blanks carried through the procedures. 

Twenty percent aliquots of the total lipid recovered from the 
6 x IO6 g-min pellet (100 P fraction) were either directly assayed 
for nonesterified cholesterol by GLC assay or  saponified and then 
assayed (total cholesterol). Esterified cholesterol was calculated by 
difference. 
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TABLE 3. Ratios of marker enzyme activities in the 
100,000 g pellet (100 P) to 5'-nucleotidase 

Relativc Enzyme Activities" 

.~ ' -Sl l~Ieo-  
Ell/! m e  solll-(e Estet-asc tidare 

Microsomes (liver) 4.88 1 .00 
Plasma membranes (liver) 0.479 1 .00 
R.C. (100 P fraction) 0.241 1 .oo 
R.B. (100 P fraction) 0.181 1 .00 
D.S. (100 P fraction) 0.109 1 .00 

3.75 
0.307 
0.3 15 
0.283 
0.204 

" ' I h e  105g pellets from three males (ages 22, R.A.;  25, D.S.; 
and 40 yr, R.C.)  along with purified rat liver microsomes and 
plasma membranes were assayed for .5-nucleotidase (plasma mem- 
brane marker), non-specific esterase activity (microsomal marker 
cnzyme), and glucose-6-phosphatase (microsomal marker enzyme). 
Enryme activity was calculated as pM o f  substrate rcactedirnin per 
ing protein. .i'-Nucleotidase acti\ities were as follows: microsomes 
= 0.094; plasma membranes = 0.708; and 100 P fractions, 
R(: = 0.054, KB = 0.1.57. DS = 0.090. 

ever, the possible contribution of' trace amounts of 
cholesterol and cholesteryl ester-like material in the 
solvents used for cholesterol extraction was apparently 
not evaluated in their studies. If the blanks were 
ignored in our studies, cholesteryl esters would have 
constituted between 9- 17% of the total cholesterol 
in whole urine and the 100 P fraction. 

Sedimentation of most of the nonesterified choles- 
terol in urine at 100,OOOg x 60 min suggested that 
cholesterol in urine was present mainly as a com- 
ponent of a light particulate fraction, perhaps of a 
fraction analogous to microsomes, plasma mem- 
branes, or  lipoproteins. In order to further examine 
these possibilities, the 4 x lo5 g-min supernatant 
from total 24-hour urine samples was recentrifuged 
at 100,OOOg x 60 min. The  resulting pellet (100 P) 
was recovered, washed, resuspended, and assayed for 
marker enzyme activities and chemical composition. 

The  5'-nucleotidase, a-napthyl acetate esterase 

2). Most of the protein consisted of a high molecular 
weight glycoprotein (as judged by positive staining 
with Schiff's reagent) that probably was carried over 
from the 20 P fraction (pellet which sedimented at 
20,OOOg x 20 min). Sphingomyelin was the main 
phospholipid in the 100 P fraction, comprising over 
40% of the total (Fig. 2 and Table 5). The  100 P 
fraction, unlike the red cell membrane and other 
plasma membranes (22, 23), contained a relatively 
low percentage of phosphatidylcholine (about 10%). 
Based upon the relative percent composition of the 
phospholipids and an estimation of their molecular 
weights, a molar ratio of total cholesterol to phospho- 
lipid in the 100 P fraction was estimated to be 1 to 
0.8 1. The  high percent content of sphingomyelin 
and the low percent of phosphatidylcholine in the 
100 P fraction is unusual for membranes. Sphingo- 
myelins are high in plasma membranes and even 
more so in lysosomal membranes (23), but not to the 
level of 40%. Further, the relative concentration of 
phosphatidylcholine is high in both of these mem- 
branes. Only the ocular lens possesses a phospho- 
lipid profile similar to that of the 100 P fraction. 
Sphingomyelins comprise 40-60% and phosphatidyl- 
choline 5-10% of the total phospholipids in the 
human lens (24). The  unusual phospholipid profile of 
the 100 P fraction from urine might represent a 
particular membrane of certain cells of the male uro- 
genital tract or  might reflect changes in phospho- 
lipids resulting from their passage through the 
urogenital system. 

The  proteins present in the 100 P fraction and in 
purified human red cell membranes were separated 
hy SDS electrophoresis using 10% polyacrylamide gel 
rods. The  20 P fraction, which contained 4- 10 times 

and glucose-6-phosphatase aitiv'ities of the 100 P 1'ABL.E 4. Major components of the 100,000 g 
pellet (100 P) from urine" fraction from three males (22, 25, and 40 yr of age) 

were measured and compared to those of purified 

activities were expressed relative to 5'-nucleotidase, R.B. 22 4.71/1/1.50 

ProteinlTotal CholesterollPhospholipid 
in 100 P Fraction ( w l d w )  Age hepatic microsomes and plasma membranes. Enzyme 

a marker enzyme for plasma membranes (18). The  D.S. 25 7.07/1/1.42 
D.J.S. 25 5,Y4/ I /  1.68 

100 P fraction possessed a high 5'-nucleotidase ac- R,<:, 40 4.54/1/1.89 
tivity relative to the esterase and glucose-6-phos- 
phatase activities (Table 3). T h e  overall activity pro- 
file of the 100 p fraction was similar to a representa- 
tive plasma membrane fraction. 

vealed a protein to total cholesterol to phospholipid 
weight ratio of about 5.6 to 1 to 1.6 (Table 4). 
presented 

Mean -t S.E. 5.57 f 0.59/1/1.62 f 0.10 

The  20,000g supernatant from 24-hr total urine samples was 
recentrifuged at 1O"g for 60 min. The  recovered pellet (100 P) 
was directly assayed for protein. Lipids were extracted into 

Direct Of the loo fraction re- chloroform-methanol 2: I ,  recovered and assayed for total 
cholesterol and phospholipids by colorimetric assay. T h e  con- 
centration of total cholesterol in the 100 P fraction of' RB = 352 
pg,  DS = 332 pg, DJS = 274 pg, and RC = 333 pg. Approximately 
12- 14% of the  total cholesterol in the 100 P fraction was esterified 
(see Table 2). 

about 12- 14% Of the 
terol in this fraction appears t o  be esterified (Table 

126 Journal of Lipid Research Volume 22, 1981 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


Fig. 2. Separation of  RBC, (A)  and 100 P, (8) phospholipids by 
t ~ ~ ~ r i - ~ l i i ~ ~ r ~ i s i r i i ~ ~ ~ l  T I L :  on silica gel H .  The direction one solveni was 
CHC13-<:H30H-CH3COOH-0.9?h NaCl 100:50: 16:8 (v/v/v/v). 
For direction two. the same reagents were used at a volume ratio 
of 100: 16: 16:4. respectively. SPH. sphingomyelins; PC. phos- 
phatidylcholine: PE. phosphatidylethanolamine; PS. phosphatidyl- 
serine; PI, phosphatidylinositol; LYSO. lysophosphatides; NL 
+ PA, neutral lipids + phosphatidic acid and polyglycerol phos- 
phatides. Lipids were visualized for photography by exposure to 
iodine vapor. 

Distribution of Phmpholipid-Pi 

Phospholipid RBC (A) 100 P (B) 

% total 

SPH 28.1 4 I .4 
PC 30.8 8.2 
PE 23.6 16.3 
PS 14.9 27.7 
PI 2.0 3. I 
LYSO 1.7 3.4 
PA 

T..ZRI.E 5 .  Rclativr composition of ~ ~ l i o s ~ ~ l i o l i ~ ~ i t l s  in hutn;~n 
rrythrocyte plasma nirnihr;tnr ;t i id i n  tlir IO0 I' 

fr .I( . tion ' from urinr 

'Z .I.ritaI ~ ' ~ I I I ~ ~ ~ ~ I I I ~ ~ ~ ~ ~ I ~ - ~ ' ~ I ~ I ~ ~ ~ ~ I I I I I I ~ "  

100 I' FIm i i w  HIIII~;III  R I U  : 
I'tiospholipicl ( S  = 2)  ( S  = 3) 

Sphingoniyclin 28. I ,  :w.s (24)" 4.7.4 t 4.7 
Phosphatidylcholine 30.8. 28.1 (3 I )  !).8 2 2.8 
I'hosphatidylei hanolaminr 23.6. 17.8 (27) 1!4.3 f 4.9 
I'hosphatitl ylserine 14.9. 12.2 ( IO) 18.5 2 .5.8 

I.ysophosphatides 0.7. 4 .0  (2.4) I .8 f 0.4 

polyglycrrol phosphatides 0. 0 (0) 0.7 f 0 . :3  

Phosphatitl ylinc~sitiil 2.0. 4.4 (5.1) .5.0 2 0.7 

Phosphatidic acid plus 

" Total phospholipitl extracted from t w i  s;iinpIrs 01' human Ird 
crll ghosts (one from blood bank cc.11~ and onc I~roni  fIrsh cclls) 
and from three separate 105g x 60 niin prllrts (100 1') of urinr 
were separated hy two-dimensional thin-laycr c l i r ~ i ~ i i ~ i t ~ i ~ r ~ i ~ ~ l i ~ .  
The results are expressed as the mean percent (if thr t o t ; i l  p h r i s -  
pholipid-phosphorus ~t one standard error. 

* Values in parentheses are from Van 1)ecncn ant1 I)c(;irr (22. 
average o f  values presented in Table X). 

more total protein than the 100 P fraction, was also 
examined. Many proteins in the 30,000-70,000 
molecular weight range were present in the 100 P 
fraction (Fig. 3); however, a high molecular weight 
glycoprotein (stained positively with Schiff reagent, 
band a in Fig. 3) constituted the major protein in 
this fraction. An identically migrating glycoprotein 
comprised essentially all of the protein of the 20 P 
fraction. In view of the much higher content of pro- 
tein in the 20 P than 100 P fraction, it seems likely 
that the high molecular weight glycoprotein recog- 
nized in the 100 P fraction represents carry-over 
from the 20 P fraction. The  electrophoretic profile 
of red cell membrane proteins was sufficiently dif- 
ferent from that of the urine pellets to exclude the 
possibility that the 100 P fraction contained significant 
amounts of erythrocyte membrane. For example, the 
red cell membrane contained major amounts of very 
high molecular weight proteins which poorly pene- 
trated the gels; these proteins were not found in the 
urine pellets. Among several other differences, the 
red cell membrane contained a major protein at about 
45,000 daltons that was absent from the urine 
fractions. 

The possibility was examined that once in urine 
erythrocyte membranes might lose or gain proteins 
resulting in their resembling the 100 P fraction. 
Freshly prepared human red cell ghosts were added 
to a 6 x 106g-min supernatant of a 24-hr urine 
sample (i.e., minus the sediment fractions) and incu- 
bated for several hours at 37°C followed by over- 
night incubation at room temperature. The urine- 
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(25). Some degenerative changes in 100 Pcomponents 
might be expected during the 24-hr urine collection 
period and the several days of processing required 
to isolate the 100 P fraction. Further, at the site of 
its origin. the 100 P fraction might represent de- 
generated cellular components. In addition to the 
vesicular structures mentioned above, the 100 P 
fraction contains many dense bodies of about 50 to 
100 nm in diameter. 

DISCUSSION 

Between 80 to 90% of the nonesterified cholesterol 
in urine of normal men is associated with particulate 
fractions. T h e  small amount of cholesterol which sedi- 
mented upon low speed centrifugation of urine pre- 
sumably reflects the presence of intact cells, such as 
erythrocytes, and of larger cellular debris. However, 
it is clear that most of the cholesterol in urine is 
associated with a light particulate fraction, one  which 
sedimented at  IO5 x g. This observation might appear 
t o  disagree with the findings of Rosenthal, Sevin, and 
Marino (26) that indicated that cholesterol in human 
urine is bound to specific soluble proteins: one of 
5.6 x IO5 daltons and a group of glycoproteins of 
varying molecular weights that could be aggregates 
of a single 2.5 x IO' dalton monomer. However, the 
quantitative significance of these cholesterol-binding 
proteins in accounting for total urinary cholesterol 
is unclear from their data and, perhaps more im- 
portantly, their findings are for females with cancer. 
T h e  nature and source of urinary cholesterol in 
normal males could be very different from that in 
females with cancer. 

T h e  cholesterol-rich pellet (I00 P fraction) isolated 

Fig. 3. Electrophoretic profile o f  proteins recovered from the 
urine pellets and from human red cell ghosts. Aliquots of protein 
(20-40 pg) from the 20,000g x 20 niin pellet (20 P) and the 
100.000g x 60 min pellet (100 P) from 24-hour urine samples 
from two  normal males (A. 22 yr; R. 25 yr) and from human 
red cell ghosts (C) were separated by SDSplyacrylamidc gel 
electrophoresis using 10%  el rods with a 4% stacking gcl. 
Gr4s x\'rtc sriiinecl with Cwiiiimie brilliiinr blur. l 'hc  hiiiid in 
all five gels marked as (a) also stained with periodic acid-Shiff 

approximate Incation of marker proteins; I ,  bovine serum albumin 

peptidase (mol wt 34.600). plasma membranes and a molar ratio of total 
cholesterol to phospholipid of 1 to 0.8, a ratio similar 
to that found in various isolated plasma membranes 

treated red cell membranes were recovered by cen- (23). T h e  percent of total cholesterol as cholesteryl 
trifugation. T h e  electrophoretic profile indicated that ester (12- 14%) in this fraction is also similar to that 
the urine-treated erythrocyte membranes lost some of plasma membranes ( 1  1 - 12%) (23). Further elec- 
lower molecular weight components; however, they tron micrographs indicated that the 100 P fraction at 
retained the high molecular weight proteins charac- least partially resembled membranes which had 
teristic of red cell membranes and absent from the undergone varying degrees of deterioration (25). I t  
100 P fraction. seems unlikely that this fraction contains significant 

Electron micrographs of the 100 P fraction revealed amounts of erythrocyte membrane, since the protein 
a variety of structures. These included circular and phospholipid profiles of the fraction were clearly 
vesicles which were both intact and fragmented and different from those of the erythrocyte membrane. 
a background of amorphous and granular material. Rased upon these observations, we suggest that 
These structures appear similar to membranes that cholesterol in urine of normal adult males, regard- 
have undergone varying degrees of degeneration less of age, could be present as a component of 
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rcagent (glycoproteins). The numbers 1, 2. and 3 indicate the 

(mol wt  68.000); 2. ovalbumin (mol wt 43.000); and 3, carboxy- 

from norma] men by ultracentrifugation of urine 
possessed an enzyme activity profile characteristic Of 
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non-erythrocytic plasma membranes, endogenously 
derived, i.e., from cells of the urogenital tract. 
This conclusion does not preclude the possibility of 
cholesterol also being present in urine in other macro- 
molecular associations, perhaps as a component of 
lipoproteins. 

Segal and co-workers (27) recently reported that 
the urine of normal humans contained HDL apo- 
proteins which were assembled into a macromolecular 
particle containing cholesterol and phospholipid. 
The particle resembled plasma HDL. However, the 
particle differed from plasma HDL species in that its 
density (> 1.24 g/ml) was greater than that of plasma 
HDL. The authors speculate that these HDL-like 
particles might be excreted by the kidney and then 
undergo changes in its passage through the urinary 
tract. Apoproteins of very low density and low den- 
sity lipoproteins were not present in the urine. 

HDL-like particles might account for some of the 
urinary cholesterol present in the 100 P fraction. 
Particles typical in size for HDL (10-20 nm) were not 
recognized since they were beyond the resolving 
power of our EM photos. The dense circular bodies 
which were seen are apparently too large (50-100 
nm) to represent the HDL-like particles. It seems 
unlikely, however, that HDL-like particles account for 
most of the total cholesterol in the 100 P fraction, 
since most of the cholesterol in plasma HDL is 
esterified (28), but only 12-14% of the total choles- 
terol in 100 P was esterified. Rather, we conclude 
that most of the cholesterol present in the urine of 
the adult human male is a component of a light- 
particulate fraction which possesses many character- 
istics common to plasma membranes, but yet distinct 
from the red blood cell membrane. We suggest that 
these urinary membranes are derived from endog- 
enous cells of the male urogenital system.m 
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