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aminoacetonitrile. 3. Diets high in casein, 
gelatin. vit. E. and other antioxidants did not 
protect the rats fed Lathyrus odoratus seeds 
from developing skeletal lesions. 4 .  Radio- 
autographs of the skeleton after injection of 
S35 and studies on sulfur excretion of rats fed 
Lathjlrus odoratus peas and rats fed a control 
diet showed that the metabolism of sulfur is 
probably not altered in lathyrism. 
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Some Clinical Conditions Affecting Urinary Excretion of Non-Dialyzable 
Hexosamine.* (22481) 

J. STASTOS KING, JR. AND NELTA H.  WARNOCK. (Introduced by Georg Cronheim.) 
Research Department, S .  E .  Massengill Co., Bristol, Tenn. 

I n  a preceding communication ( 1 ) , the nor- 
mal levels of adult human urinary excretion 
of non-dialyzable conjugated hexosamine 
were reported to be 32.4 t 7.2 mg/day for 
males and 25.9 t 5.8 mg/day for females. 
The hexosamine appeared to be principally 
glucosamine. Other recent publications (e.g., 
2-5)  related to this subject indicate or suggest 
that more than one conjugate contributes to 
the total hexosamine present in the non-dia- 
lyzable fraction of both normal and patho- 
logical urine. part being present as a result of 
glomerular filtration and part originating 
from the urinary epithelium. 

This communication reports the results of 
investigations of "bound" hexosamine excre- 
tion in certain clinical conditions. These de- 
terminations were undertaken in an effort to 
distinguish some aberrations affecting bound 
hexosamine excretion, which in turn might 

* W e  gratefuly acknowledge the courtesy of the 
following in supplying urine specimens and  case his- 
tories: Drs. William H. Boyce and Emery C. Miller, 
Bowman Gray School of Medicine of Wake Forest 
College. Dr. Robert Quinn, Vanderbilt University 
Medical School. 

further elucidate its origin and nature. 
Methods. The procedure was the same as 

that previously described ( 1 ) . Twenty-four- 
hour urine specimens were accurately col- 
lected and preserved with phenylmercuric 
nitrate. As a check on the entire procedure, 
samples of urine from healthy individuals 
were included at intervals. 

Results. The results are expressed as mg 
glucosamine per 2 4  hours. Initially, urines 
from patients with some selected conditions 
were examined. These preliminary experi- 
ments indicated an increase in bound hex- 
osamine in several of these (Table I). Uro- 
lithiasis, atherosclerosis, and pregnancy were 
further studied. 

Urolithiasis. Neither the chemical type of 
urolite, a low-calcium diet, nor the presence 
of infection (in each of these cases minimized 
by concurrent antibiotic or chemotherapy) 
appeared to influence the results. An elevated 
bound hexosamine excretion was found in all 
cases (Table 11). This was particularly 
striking in cases with large or actively grow- 
ing stones. 

Three male patients were included who had 
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T A B L E  I. Eouiiil Hesosainine Excretion Found 
f o r  Some Conditions. 

- l l ( i l r  s 
Iiliolwtliic niyocarclitis 
Periiicious :iiitwii:i 
Plllllloll:ll~y c~IIIpI1yscI11:i 
Tot:( 1 c o l c ~  toniy . ilio-proc tostoniy? ulccr- 

:iti\-c colitis ( 0 1 1  cortisoiic) 
Cont 1 * ~ 1 1 1 ~ ~ 1  di:ilietcs niellitus 
1 i 1: I t v 1‘: i 1 c 11 t :i lie0 ti s 11 re t cros t 011 1 y 
Chronic osteoiiigelitis 
E i h t c r a l  neplirocalciiiosis 

F c ni ales 
Post-infection cystitis 
Polycystic kicliieg disease 

Hyperthyroidisin 
Hypoth yroidisnl 
Adrenal hyperplasia (on cortisoiie) 
CTloaic~ruloiiepliri tis 
Controlled dinhetes niellitus 
Sill )clinical diabetes iiisi pidus 
R1icwni:itoiil arthrit is  (oil ACTII) 

” (110 nicvlicatioii) 

normal urinary tracts at  the time of the urine 
collection, but with a past history of forma- 
tion of a 2 mm, or smaller, stone. These pa- 
tients had subnormal levels of bound hex- 
osamine: five samples averaged 22.1  mg per 
day. 

Two da1.s on a high (800 mgiday) calcium 
diet did not elevate the bound hesosamine 
level of a normal male. 28.1 mg being found. 

A therosclcrosis. This group. comprised 
mostly of males (44-55 years old), had typi- 
cal clinical evidence of fulminating athero- 
sclerotic disease, as reflected symptomatically 
in electrocardiograms, and by serum lipopro- 
tein and serum cholesterol levels. -4 signifi- 
cant increase in bound hesosamine excretion 
was invariably present (Table 11). 

Pregnancy. Specimens were obtained from 
4 multiparas and 5 primaparas during preg- 
nancy and in 2 subjects also subsequent to 
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parturition. An augmented appearance of 
bound hexosamine regularly occurred during 
the last 5 months of pregnancy, with a return 
to the normal value in about 2 months (Table 
111). 

Although 2 of the patients with renaI caI- 
culi listed in Table I1 had previous unilateral 
nephrectomies. they still gave values no dif- 
ferent from the others, suggesting that the 
urothelium of the collecting system is not a 
major contributor of bound hexosamine in 
this condition (but cf. ureterostomy patient, 
Table I ) .  

Chemical studies. Since any determination 
of hexosamine in biological material is liable 
to error from many sources, comparisons have 
been made using other technics of hesosamine 
measurement. Parallel samples of dialyzed, 
hydrolyzed urine were assayed by the usual 
procedure ( 1 ) , by Prodi’s( 6) modification of 
it. or by the method of Dische and Boren- 
freund( 7 ) .  The method of Prodi (in 10 nor- 
mal and clinical samples) was less precise, but 
gave values ranging within 20 mg per day of 
the present method, while that of Dische and 
Borenfreund gave much higher values? having 
no apparent constant relationship to those ob- 
tained by our technic. The latter results 
probably reflect an interference(8) by the 
hexoses present (4).  

Hexosamine was estimated by the Prodi 
technic, along with samples including 1 ml of 
3.2% Sa2B407* 10H20, according to Tracey 
(9) .  The volatllz fraction from the Elson 
and Jlorgan reaction is affected in the same 
way by borate as is the total reaction product, 
i.e., g1ucosam:ne had its color intensity re- 
duced about 75% by borate treatment while 
that of galactosamine was reduced only about 
50%. Samples of dialyzed, hydrolyzed nor- 
mal urine so treated exhibited an average 

T A B L E  11. I301iii(l, Soii-Dinlyz;il~lo Hcsc~~anlii ie Escrction hy S o r i ~ i a l  Iiidiriduals. n i id  Pa- 
tients u-itli Atlrcro~clerosis or ~ r o l i t l i i a ~ i s .  

s o .  S O .  Hesosamiiie/ilny Probabilitg of 
subjects speci~iit~iis (111g avg 1 %I).) significance 

Disease 6 9  d Q  6 9 8 9 

Soiie-; 14 1 3  31, 18 32.4 e 7.2 23.9 k 5.8 
Urolithiasis 15 16 90 2 i  50.0 1 11.9 53.8 -C 22.5 P < . O O l  P <.OOl 
Atherosclerosis 7 1 16 1 46.4 3- 9.4 56.0 9 )  

* From reference (1). 
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TABLE 111. Prenatal and Postpartum Values for Non-Dialj-zable Hexosamine for  9 Subjects. 

TVeeks pregnant 8 12 16 20 2 1  28 32 36 

nig hexosamine 25.0 26.9 
32.3 19.0 26.5 39.9 43.9 47.3 43.0 36.0 
29.7 25.0 56.S 51.4 52.2 54.6 36.8 
25.2 28.6 51.U 52.8 56.5 63.5 

192.5* 

Weeks post-part. 1 2 8 9 
- ~ _ _ _ _  

nig liesosarniiie 10i.8 43.9 28.9 49.6 
28.4 25.3 

31.6 

* Proteinuric. 

color reduction of 73% after borate treat- 
ment, confirming both the specificity of the 
Prodi procedure and the predominance of glu- 
cosamine over galactosamine. 

The finding of an increased 
hexosamine excretion by patients with urin- 
ary calculi is in accord with Boyce et aZ.(2), 
and others ( 10.1 1 ) , who find a similar increase 
in hexosamine-containing biocolloids in the 
urine and urinary tracts of such patients. 

The increased mucinous secretion by the 
epithelium of the urinary tract in pregnancy 
is accompanied by an increase in urinary mu- 
coprotein ( 1 2  ),  which is evidently reflected in 
bound hexosamine measurement. Since these 
specimens were not obtained by catheteriza- 
tion, the vaginal epithelium could also have 
contributed. The rise in the hexosamine- 
containing plasma proteins during pregnancy 
(13)  could be connected with these observa- 
tions. 

Suminary. I. The quantity of non-dialyz- 
able hexosamine in human urine increases sig- 
nificantly and consistently during the last 
half of pregnancy, and in patients with renal 
calculi or atherosclerosis. 2. The results in- 

Discussion. 

dicate that this hexosamine may have a 
variety of origins. 
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