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would produce chronic defects such as neuro- 
logical changes. 

Summary. When tripropionin is added to 
the diet of rats on a diet deficient in Vit. B12 
and possibly other factors, there is a fatal 
toxicity which is not as marked when the 
diet is supplemented with Vit. Blz. 
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Occurrence of C14-Oxalate in  R a t  U r i n e  af ter  Administration of 
C14-Tryptophan." (28744) 

F. F. FARAGALLA~ AND S. N. GERSHOFF (Introduced by F. J. Stare) 
Department of Nutrition, Harvard School o f  Public Health, Boston, Mass. 

Studies from this laboratory have indi- 
cated that there is an increase in endogenous 
oxalate excretion in Vit. BG deficiency( 1,2). 
Following administration of tryptophan load 
tests to human subjects, Gershoff and Prien 
( 3 ) ,  Farvar et aZ(4), and Faber et aZ(5), 
have reported increased excretion of oxalate. 
In the present study the effect of tryptophan 
on excretion of oxalate by Vit. BG-deficient 
and control rats has been investigated. 

Methods. Two groups of 18 male weanling 
Charles River CD rats were fed a purified 
diet ad Zibitum with or without Vit. BG con- 
sisting of: casein, 1 5 % ;  sucrose, 75.7%; 
corn oil, 4%;  salts IV(6), 4%; cod liver oil, 
1%; and choline, 0.3%. Four mg of thia- 
mine hydrochloride, 8 mg of riboflavin, 40 
mg of niacin, 20 mg of calcium pantothenate, 
1 mg of folic acid, 1 mg of menadione, 0.2 
mg of biotin, 0.05 mg of Vit. B12 and, when 
used, 4 mg of pyridoxine hydrochloride, were 
added to each kilo of diet. After 3 weeks the 
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rats were injected intraperitoneally with 5 
pc of either DL tryptophan 2-C14 or DL tryp- 
tophan 3-C14 per 100 g of body weight. 

The rats were placed in metabolic cages in 
groups of 3 and 48-hour urine collections 
were made. Oxalates were extracted and pre- 
cipitated from the urines as described by 
Powers and Levatin ( 7) .  The calcium oxalate 
precipitate was dissolved in 1 ml of 20% 
sulfuric acid and 0.5 ml of 1 %  manganous sul- 
fate and transferred to a Warburg flask. One 
ml of 0.03 N potassium permanganate was 
added from the side arm and the flasks were 
shaken for 30 minutes. The C02 evolved was 
trapped in the center well on filter paper 
wet with KOH and the radioactivity deter- 
mined in a liquid scintillation counter as 
described by Buhler(8). The total oxalate in 
the sample was determined by titrating the 
excess permanganate in the Warburg flask 
( 7 ) .  Total urine radioactivity was determined 
in a liquid scintillation counter after adding 
0.2 ml of urine to a mixture of 5 ml of abso- 
lute alcohol and 10 ml of a solution of 0.4% 
PPO and 0.005% POPOP in toluene. 

Results and discussion. The data presented 
in the Table show that tryptophan is a pre- 
cursor of oxalate in rats and that approxi- 
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TABLE I. Effect of Administering Labelled Tryp- 
tophan to Rats Fed Diets With and Without 

Vitamin B6. 

G I 4  in urine in 
48 hr Urinary oxalic 

% % a s  acid,mg/100 
total oxalate g rat/48 hr 

DL Tryptophan 2-C" + B6 3.9 .118 .72 
- B6 8.6 .119 2.23 

DL Tryptophan 3-CI4 + B6 4.1 .007 1.01 
- B6 7.5 ,008 1.85 

mately 16 times more labelled oxalate was 
excreted when tryptophan labelled in the 2-C 
than the 3-C position was used. Although 
more oxalates were excreted by the Vit. B6- 
deficient rats than their controls, the deficient 
animals did not convert more of the injected 
tryptophan to oxalate than the control rats. 
When either isotope was used approximately 
twice as much of the C14 administered was 
excreted in the urine of the deficient rats than 
those receiving Vit. B6. This was probably 
a reflection of the less efficient utilization of 
the tryptophan by the deficient animals. 

All known paths for synthesis of oxalic 
acid in animals involve the intermediate gly- 
oxylic acid. It has been suggested that gly- 
oxylic acid may be derived from serine from 
C2 compounds, ethanolamine, glycolaldehyde, 
and glycolic acid( 9) .  I t  is probable that this 
represents a minor pathway in the conversion 
of serine to glyoxylic acid. In view of 
Shemin's studies of the formation of glycine 
from serine(lO), it would appear that a 
serine, glycine, glyoxylic acid pathway in- 
volving the loss of carbon-3 of serine would 
be more likely. This is supported in part by 
studies in which administration of acetate-l- 
C14 to rats resulted in synthesis of glycine 
and serine labelled almost entirely in carbon 
1 (11). I t  has been reported in in vitro 
studies that the side chain of tryptophan is 
removed as alanine( 1 2 ~ 3 )  and in in vivo 
studies( 14,15) that serine can be derived 
from the side chain of tryptophan. Gholson 
et aZ( 15) have reported that when DL tryp- 
tophan 2-C14 was fed to rats 80-96% of 
the activity observed in alanine recovered 
from carcass and liver was found in carbon-2. 

However, considerable randomization of car- 
bons 2 and 3 was observed in serine. The ratio 
of activity of the 2 and 3 carbons of serine 
obtained from the total carcass was about 1.4 
and in the serine isolated from liver, 3.2. I t  
might be expected that if the formation of 
oxalate from the side chain of tryptophan 
proceeded by way of alanine, pyruvate, serine, 
glycine and glyoxylic acid, the ratio of the 
activity in urinary oxalate obtained from 
tryptophan labelled in either the 2 or 3 
positions would be of a magnitude similar to 
that reported above. However, in this study 
a ratio of approximately 16 was observed. 
I t  is difficult to explain these data. It is 
possible that the labelled oxalate measured 
in this study was not formed by the metabol- 
ic pathway suggested, or that randomization 
was minimal in the tissue synthesizing oxa- 
late from tryptophan. Nyc and Zabin( 11) 
have shown that serine formed in rats in- 
jected with pyruvate-3-C14 is equally labelled 
at  carbon atoms 2 and 3. Pyruvate is con- 
verted to one or more symmetrical 4-carbon 
intermediates from which hydroxypyruvate 
and finally serine are formed. Arnstein and 
Keglevic( 16) have suggested that the serine 
precursor is more closely related to an inter- 
mediate of glucose catabolism such as a tri- 
ose or glyceric acid, than to pyruvate. This 
is supported by Koeppe et aZ( 17) who found 
only slight randomization between carbons 2 
and 3 of serine and alanine when glycerol 
1, 3-C14 was administered to rats. It is pos- 
sible that alanine may be metabolized to 
serine via 3-carbon compounds not including 
pyruvic acid or that glyoxylic acid may be 
derived from alanine by a pathway which 
does not include serine. 

It is apparent from these studies that tryp- 
tophan is a precursor of oxalate. This prob- 
ably explains the fact that when normal hu- 
man subjects are given 10 g DL tryptophan 
load tests, their 24-hour urinary excretion of 
oxalate increases about 10 mg(3,S). 

When, in unreported studies from this 
laboratory, trace amounts of glycine l-C14 
were administered to control and Vit. B6- 
deficient rats approximately 3 times more of 
the injected C14 appeared in the urinary oxa- 
late of the deficient rats than the controls. 
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In the present work Vit. BIj deficiency did 
not appear to affect the percentage of admin- 
istered CI4 which appeared in the urine as 
oxalate. This may have been a reflection of 
the often reported defect in the conversion 
of 3-hydroxykynurenine to 3-hydroxyanthra- 
nilic acid and alanine in Vit. B,-deficient 
rats. Thus, although the Vit. Bn-deficient 
rats were synthesizing more oxalate than 
their controls, less labelled precursor was 
available to them with the result that the 
specific activity of the oxalate excreted by 
the Vit. B,;-deficient rats was less than that 
of their controls. 

The authors wish to thank Mrs. Thara Runyan 
for technical assistance. 

1. Gershoff, S. N., Faragalla, F. F., Nelson, D. .4., 
Andrus, S. B., Anz. J .  Med., 1959, v27, 72.  

2. Gershoff, S. N., Faragalla, F. F., J .  Biol. Chem., 
1959, v234, 2391. 

3. Gershoff, S. N., Prien, E. L., A m .  J .  Clin. 
Nutr., 1960, v8, 812. 

4. Farvar, B., Chase, T .  N., Mayer, G. G., Zins- 
ser, H. H., Abst. V International Congress on 
Nutrition, Washington, D.C., 1960, p34. 

5.  Faber, S. R., Feitler, W. W., Bleiler, R. E., 
Ohlson, M. A,, Hodges, R. E., Am. J .  Clin. Nutr., 
1963, v12, 406. 

6. Hegsted, D. M., Mills, R. C. ,  Elvehjem, C .  A., 
Hart, E. B., J .  Biol. Chem., 1941, v138, 459. 

7. Powers, H. H., Levatin, P., ibid., 1944, v154, 
207. 

8. Buhler, D. R., Anal. Biochem., 1962, v4, 413. 
9. Weinhouse, S., The Synthesis and Degrada- 

tion of Glycine in Amino Acid Metabolism, W. D. 
McElroy, H.  B. Glass, Eds., Johns Hopkins Press, 
Baltimore, 1954, p637. 

10. Shemin, D., J .  B i d .  Chem., 1946, v162, 297. 
11. Nyc, J .  F., Zabin, I., ibid., 1955, v215, 35. 
12. Braunshtein, A. E., Goryachenkova, E. V., 

13. Wiss, O., Fuchs, H., Experientia, 1950, v6, 472. 
14. Sanadi, D. R., Greenberg, D. M., Arch. Bio- 

chem., 1950, v25, 323. 
15. Gholson, R. K., Henderson, L. M., Mourkides, 

G. A., Hill, R. J., Koeppe, R. E., J .  Bid. Chem., 
1959, v234, 96. 

16. Arnstein, H. R. V., Keglevic, D., Biochem. J . ,  
1956, v62, 199. 

17. Koeppe, R. E., Minthorn, M. L., Jr., Hill, 
R. J., Arch. Biochem. and Biophys., 1957, v68, 355. 

Received July 18, 1963. P.S.E.B.M., 1963, v114. 

Pashkira, T .  S., Biokhimiya, 1949, v14, 434. 

Gestation in Salpingectomized-Ovariectomized Progesterone-Treated 
Rabbits." (28745) 

E. S. E. HAFEZ 
Department o j Animal Sciences, Washington State University, Pullman 

Pinciis and Kirsch ( 1 ) ligated one uterine 
tube at  the isthmus in rabbit a t  17 hours 
after fertile mating; 6 days later, degener- 
ated embryos at  the late morula or early 
blastocyst stages were recovered from the 
ligated tubes. The embryos on the non-ligated 
side had entered the uterus and developed 
normally. Similar results were obtained when 
the interval between mating and ligation was 
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some 32 hours (2 ) .  These results suggested 
that the uterine tubes were essential to the 
expansion of blastocyst. It is well known 
that the fertilized egg does not expand dur- 
ing its 72-hour journey in the uterine tube. 
At 3 days post coitum the utero-tuba1 junc- 
tion relaxes, allowing the flow of the luminal 
fluid of the uterine fluid containing the late 
morulae and early blastocysts ( 3 ) .  The com- 
plex processes of active transport associated 
with the expansion of the blastocysts are not 
known. 

Ovariectomy does not interfere with the 
passage of embryos through the uterine tube 
of the rabbit (2,4,5), rat (6 ) ,  cat ( 7 )  and 
guinea-pig (8). However, ovariectomy causes 
termination of pregnancy in the early stages 


