
metabolism is interrupted may be able to re- 
duce a dye h u t  unable to grow. Thus, the KiK 
sjystetn is different from those tlescril)cd l)rev- 

Su~/znznry. A tissue culture bioautograph 
system has been described which allows iden- 
tification of cytotoxic activities on paper 
chromatogranis. Cse of this procedure as a 
disc-plate assay was illustrated and its :ippli- 
cation in the screening and fractionation of 
beers with carcinolytic activities in nlifro was 
discussed. 

The  authors acknowledge technical assistance of  
1,crna Schrreder, Anita Krivi5, 1YiIni:i S e w b r e  an r l  
hlarilyn S o r m a n .  

ously . 

(‘nnc-rr. RP\Parch, 19.59, ~ 1 9 ,  843. 

\ \ I )  M I  I ) ,  1056, v91, 30.5. 
2 O j  ‘inia, \ . I., Eagle, H., PROC So(*. EXP. H I O I  . 

.i. Eagle. H., ihid., 195.5, v89, 362. 

5.  .4rai, T ,  Suzuki, M., J .  Antibiot., ( Japan) ,  

6.  Di Paolo, J .  A,, Moore, G. E., A n f i h i o t .  m ( l  

7 Mi>amura ,  S., ibid., 1956, v6, 280. 
S Mijamura ,  S., Xewayama, S., ibid., 1959, v0: 

497. 
9. Yamozaki, S., Nitta, K., Kikiji, T., Nogi, M., 

Takeuchi, T., Yamamoto, T., Umezawa, H., J .  Anti- 
hiot. ,  (Japan),  1956, v9, 135. 

4. Herr, R. R., Antibiot. Ann., 1958-59, 560. 

1956, \ 9 ,  169. 

C Irr,ii1othrr., 1937, ~ 7 ,  465. 

l<cv.civr‘rl So\.c.nil)cr 2.1, 10.59. P.S.E.1j.M ., 1900, vl0.i. 

and Aniitio Acids by Normal and 

A preliminary chromatographic survey in  
this laboratory of urinary constituents of nor- 
mal and muscular dystrophic strain 129 mice 
(1): disclosed the presence of a substance 
which showed a reaction with semicarbazide 
reagent on chromatograms. and which all- 
peared to be excreted in significantly larger 
quantities by dystrophic animals than b!. 
their littermate controls. The present report 
concerns identification of the unknown as (L- 

ketoglutdrate, further studies of excretion of 
this keto acid, and a simultaneous chroma- 
tographic investigation of amino acid and 
urea excretion. Amino acid excretion has been 
found altered or elevated in urines of other 
nnimals with various types of muscular dys- 
trophy( 2 - 7 ) .  

*Aided by a grant to  Dr. Kay Fink from Muscu- 
lar Dystrophy Assn. of ,4merica. 

t Author thanks Dr. Fink for xenerous advice in 
preparation of manuscript, Phillip .\nthonl; for con- 
struction of metabolism cages, a n d  Shirley Strachan. 
Frances Neil1 and Patricia Sauer for valuable tech- 
nical assistance. 

Obtained from Jackson Memorial ],ah., Bar H:ir- 
h r ,  Me. 

M&mds. Collection rrnd preservatioii n j  
2irin.c. During urine collection periods, mice 
were housed in beakers with glass arms fused 
to the sides a t  a downward angle to serve as 
food containers. Access to food (ground 
I’urina Chow) was given by means of holes in 
the sides of the beakers entering into the side 
arms. The  mice were supported by wide mesh 
wire screens beneath which were placed a t  
least 3 layers of glass beads pre-coated with 
thymol by immersion in a thymol-acetone so- 
lution followed by draining and drying. This 
arrangement tended to separate feces and 
scattered food from urine by allowing the lat- 
ter to flow to the bottom of the beaker leaving 
the other materials trapped on top of the 
beads. Littermate pairs of mice, one dystro- 
phic and one normal, were weighed and placed 
in the cages in the morning, and after 24 
hours feces were removed and urine was col- 
lected with several washings. The  combined 
washings were stirred, centrifuged, and super- 
natants were stored in glass vials a t  -10°C 
until analyzed. The  urines of 5 pairs of mice 
were collected over various time intervals and 
analyzed for a-ketoglutarate, urea and amino 



acids as described below. ldentification and 
nizalysis of con1 pounds. a-Ketoglutaratp. The 
chromatographic behavior of the unknown 
material or its 2.4-dinitrophenylhydrazine 
( DhTPH) derivative (which formed almost 
immediately a t  room temperature) was found 
to be identical with that of synthetic a-keto- 
glutara te or its D N P H  derivative respectively 
in several different solvent systems(8,9,11). 
Semicarbazide (9) or D N P H  1 1  spray reagents 
were used to detect the free keto acid on chro- 
niatograms. Reduction of the D N P H  deriva- 
tive of the unknown by the method of Meister 
and Abendschein ( 10) yielded an amino acid, 
the identity of which was established as glu- 
tainic acid by demonstrating that the ninhy- 
drin reacting chromatographic spot given by 
the unknown amino acid corresponded exactly 
with a radioautographic spot obtained from 
glutamic acid-2 C14 which had been added to 
the unknown amino acid as a marker. The 
amount of radioglutamic acid added was too 
small to give a detectable ninhydrin spot. 
Two-dimensional chromatography in 3 pairs 
of solvent systems and radioautography of 
chromatograms were carried out as previously 
described ( 11) .  To prepare the D K P H  de- 
rivative, the reagent was added directly to 
urine and subsequent extractions of the de- 
rivative into ethyl acetate, sodium carbonate 
and, after acidification of the latter, again into 
ethyl acetate freed the derivative of contam- 
inating urinary amino acids and excess re- 
agent. Urines were analyzed quantitatively 
for dcetoglutarate by a modified method of 
Bonting and Bonting( 12).  Reagents were 
employed at levels 50 times those of the pub- 
lished method(l2) and either 0.05 ml or 0.1 
1111 of collected urine was used. It was shown 
that certain other unknown materials which 
appeared on chromatograms after D N P H  
spray were not visibly extractable from ethyl 
acetate by sodium carbonate and thus could 
not have contributed appreciably to the spec- 
trophotometric values obtained for a-ketoglu- 
tarate dinitrophenylhydrazone. The absence 
of detectable levels of a-ketoglutarate in the 
food and its presence in easily detectable 
yuantities in freshly voided urine were shown 
chromatographically. Urea. This substance 

11  0.0572 2,4-dinitrophenylhydrazine in 2 N HCI. 
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was detected on chromatograms run in 80%) 
acetone and sprayed with an acidified alco- 
holic solution of p-dimethylaminobenzalde- 
hyde (Ehrlich’s reagent) ( 13) .  If aliquots of 
the collected urine were diluted l : lO, 5 p1 of 
the resulting solution were usually sufficient 
to1 provide a spot of satisfactory intensity for 
semiquantitative analysis by visual compari- 
son with chromatographed standards. Urea 
was the only Ehrlich’s reacting component de- 
tected with this amount of urine. Samples 
were run in tripIicate and standards ( 1 > 2,3 ,  5 
7 and 10 p1 of 0.0lhf urea) in duplicate. Each 
urine spot was evaluated by comparison with 
each set of standards and 6 resulting figures 
for each urine sample were averaged. Amino  
acids. These were detected and analyzed by 
2 dimensional chromatography and ninhydrin 
spray as previously described ( 14). Levels of 
100 ,d per 8 ml of the collected urine sample 
were satisfactory for semi-quantitative analy- 
sis of the major ninhydrin reacting compon- 
ents. If scattered food was present in a 
significant amount, corrections were made for 
the levels of contaminating amino acids con- 
tained therein. Although 50-100% errors can 
sometimes occur for single amino acid meas- 
urements obtained by this Chromatographic 
procedure, a large number of samples were 
run for each mouse, giving a fairly reliable 
estimate of average excretion over a long pe- 
riod of time. The daily variation in excre- 
tion far surpassed the analytical error which 
was also the case, to a still greater extent, for 
a-ketoglutarate and urea. 

Resul ts .  a-Ketoglutarate and urcu excre- 
t ion.  Graphs of urinary excretion of these 
substances per gram body weight together 
with weights of a representative littermate 
pair of dystrophic and control mice are shown 
in Fig. 1. Differences between dystrophics 
and controls in excretion of a-ketoglutarate 
and urea became more marked as the disease 
progressed, and in most cases i t  was found 
that even excretion of these compounds per 
mouse was greater by the dystrophic animals 
during the later stages of the disease. 

Ilata concerning urinary excretion of a-ke- 
toglutarate and urea for all 5 pairs of mice 
are shown in Table I. Only results obtained 
between 40 and 105 days were used since, dur- 



ing this interval, there appeared to be no 
marked changes in excretion as a function of 
age for any of the mice. A significantly 
larger amount of both compounds was ex- 
creted by dystrophic animals and the cliffer- 
ences were often proportionatelj. more mar1;etl 
for a-ketoglutarate than for urea. for which 
substance differences tended to remain fair]!. 
constant. Since a literature search failed to  
reveal reports of such high levels of cL-ketoglu- 
tarate in the urines of any animals, urines of 
2 other species and 2 other strains of mice 
were examined for approximate levels of the 
lieto acid. These included \iristar rats, S e n  
Zealand white rabbits. C'F, white mice. and ;I 

cross lietween ('3H and strain '4 mice. \\-here- 
as 1-5  p1 of undiluted urine from strain 1 2 0  
mice usually showed a good semicarbazide or 
DXI'H spot in the cL-l;etoglutarate position 
on chromatograms. urines from the other a n -  
mals showed no such spot n-hen chronia t o- 
graphed a t  levels exceeding those from thc  
strain 129 mice by 4-10 fold. cL-Kietox1uta- 
rate at  high levels ~vas  detected chromato- 
graphically i n  the urines of dominant ( 1 1 ~ ~ 1 ) y  ) 

strain 129 mice. though no quantitati\rcb 
studies were done in an attempt to tliscrimi- 
nate between this genotype and the hctcro- 
zyKote (Dydy) . 

118 24 
X t i  1 X  
l't N.001 
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Amino acid rm-wfion. The representatives 
of this class of eoml)ountls which were idcn- 
tifierl by their positions on chromatograms and 
comprised nearly the total amount of amino 
acid excretion were: taurine, glutamic acid, 
glycine, valine, alanine, aspartic acid, methio- 
nine sulfoxide, glutamine, phenylalanine, leu- 
cine, isoleucine and tyrosine. The listed or- 
der is approximately, from greatest to least, 
that of average daily excretion levels. Taur- 
ine was excreted a t  levels exceeding those of 
any other amino acid by several fold, the order 
of magnitude being around 1 p&l/g/day. A 
few other unidentified ninhydrin reacting 
spots which appeared infrequently were not 
analyzed. There were no significant differences 
between dystrophic and normal mice in mean 
excretion per gram weight of any one or trf 
total amino acids; however, daily excretion of 
all amino acids except taurine and methionine 
sulfoxide was Consistently and markedly lower 
(around 50-75%) by 2 of the 5 dystrophic 
animals than by any of the controls. 1-Me- 
thylhistidine was never observed oln chromato- 
grams prepared from either normal or clystro- 
phic mouse urines, although this amino acid 
was the predominant one excreted by rabbits 
with muscular dystrophy produced by a die- 
tary Vit. E deficiency, whereas their littermate 
controls rarely excreted detectable levels ( 7 ) .  

I~iscussion. The consistency of differences 
in urea excretion between dystrophic and nor- 
mal littermate mice as opposed to the large 
variability of differences in weight gain (Table 
I )  tends to suggest that food consumption was 
fairly random and that variations in the latter 
probably had a relatively small influence on 
u-ketoglutarate and urea excretion as com- 
pared with the effect of the presence of mus- 
cular dystrophy. This is supported by a pre- 
vious observation (1 5 )  that average food in- 
take per unit weight by dystrophic animals 
was not markedly different from normals. 

The increased urinlary excretion of a-kettr- 
glutarate by muscular dystrophic as compared 
with normal mice may have its basis in any 
of several physiological differences. .Among 
possible reasons already suggested by other 
work can be included increased transaminase 
levels in blood and tissues of dystrophic mice 
( 161, increased glutamic dehydrogenase lev- 

els in liver aiid muscle of the Ixithologicxl ani- 
mals( I 7 ) ,  and  increa protein catabolism 
1)y dystrophic muscle( 18,19) furnishing more 
glutrimate for transamination and deamina- 
tion. Other metabolic derangements, changed 
kidney thresholds to a-ketoglutarate, or in- 
creased losses of glutamate or a-ketoglutarate 
from muscle because of increased permeabil- 
ity (20) cannot, however, a t  this stage be over- 
looked. The significance of the large excre- 
tion of a-ketoglutarate by strain 129 mice as 
compared with other species of animals and 
other strains of mice has not yet been assessed. 

The elevated excretion of urea by the dys- 
trophic mice could have its origin at  least 
partly in an increased rate of protein cata- 
bolism by dystrophic mouse muscle ( 18,19) as 
well as an abnormal leakage of nitrogenous 
constituents from muscle( 20) or other tissues. 
Increased nitrogen excretion has been ob- 
served in olther forms of muscular dystrophy 

The failure in the present studies to ob- 
serve an altered excretion of aminol acids simi- 
lar to that occurring in other dystrophies (2-7)  
could have resulted from the large individual 
variability under the conditions employed. 
The observation that 2 of the dystrophic ani- 
mals consistently excreted less of most amino 
acids than any of  the controls suggests an ad- 
ditional possibility that more extensive studies 
might disclose a deficient aminol acid excre- 
tion by the pathological animals. 

Summary. TJnusually large amounts of U- 

ketoglutarate were excreted in the urines of 
strain 129 mice as compared with olther spe- 
cies of animals and olther strains of mice. A 
group of 5 muscular dystrophic strain 129 
mice excreted significantly higher levels of u- 
ketoglutarate and urea,’gram weight than did 
their 5 littermate controls. These differences 
became greater as the disease progressed from 
weaning through about 4 months of age. No 
significant differences were observed in uri- 
nary excretion of amino acids, either with re- 
gard to type or amount. 

(21 1 - 
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Toxicity of Sphingosine and Other I .ong-Chain Ainines. (25653) 

Kosenheim and IYebster ( 1 ) found that 
feeding cerebrosides promoted conversion of 
cholesterol to coprosterol in the gastrointes- 
tinal tract. They fed various hydrolytic 
products of cerebrosides and noted that the 
basic component, sphingosine, could not be 
tested because the rats refused to eat diets 
containing either the free base or its sulfate 
salt. Recently we also observed that basic 
sphingosine-containing fractions from hydro- 
lyzed cerebrosides were poorly accepted by 
rats even a t  very low levels in the d ie t (2) .  
Further experiments suggested that toxicity 
was related to presence of free amine groups 
in these fractions and feeding tests were con- 
ducted with a series of simple aliphatic 
amines. These studies form the basis of the 
present paper. 

Methods used to 
prepare psychosine, ceramide. sphingosine and 
triacetylsphingosine from cerebrosides of beef 
brain or beef spinal cord have been described 
( 2 ) .  Other amines used in present experi- 

Materials and methods.  

* Aided by grants from 1,ife Insurance Med. Ke- 
search Fund and Nat .  Research Council of Canada.  

men ts were obtained from Matheson, Cole- 
man and Bell. East Rutherford, N. J. Sul- 
fate salts were prepared by mixing amines 
with a solution of sulfuric acid in ethanol as 
in preparation of sphingosine sulfate (3 j . 
\'olume of ethanol was adjusted according to 
solubility of individual compounds. Male 
Sprague-Dawley rats weighing 80- 100 g were 
used for most feeding experiments. Com- 
pounds to be tested were added to a synthetic 
diet consisting of: casein 21, glucose 58, corn 
oil 10, salt mixture 5 and celluflour 5 parts by 
weight, with an adequate supplement of 
wa ter-soluble vitamins but no fat-soluble vita- 
mins. In some experiments corn oil was 
omitted and glucose increased accordingly. In 
liquid diets fed by stomach tube, corn oil was 
retained but casein was replaced by a mixture 
of egg albumin and lactalbumin (1 : 3  j . The 
dry diet ( 1  50 g)  was homogenized with water 
( 100 ml) in R'aring blendor. 

When young male rats were fed 
a synthetic diet containing 1 or 27% of free 
aminolipid prepared from beef spinal cord 
cerehrosides, they lost weight rapidly and 

Results. 


