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FIG. 3. Response of E. coli to biotin, oxybiotin 
and dethiobiotin. 22 hr  incubation at 30°C under 
stationary conditions. B = D-biotin. 0 = DL- 
oxybiotin (o-heterobiotin) . D = DL-dethiobio- 

tin. 

would appear that CO2 is an essential sub- 
stance in the metabolism of E. coli and that 
biotin is concerned with production of meta- 
bolic C02. The function of biotin in the de- 
carboxylation of oxalacetate and succinate is 
known(6), and the sparing effect of CO2 on 
biotin requirements of other organisms has 
been reported(5). The fact that the COz 
effect was greater in the presence of increased 
amounts of biotin may reflect the utilization 
of C02 in biotin-linked C02 fixing systems re- 
sulting in formation of substances necessary 
for optimal growth of this organism. 

Microorganisms vary widely in their ability 
to utilize analogues of biotin. This likely de- 
pends both upon specificity and ability to 

$ We are indebted to Hoffmann-LaRoche, Inc. for 
a generous supply of this compound. 

convert the analogue into a usable form. The 
comparative results obtained with biotin, oxy- 
biotin: and dethiobiotin with E .  coli under 
stationary conditions of incubation are shown 
in Fig. 3. It is manifest that both analogues 
were utilized by E. coli although not as ef- 
fectively as biotin. If one assumes that only 
the D-isomer is active biologically then the 
values given for oxybiotin and dethiobiotin 
should be halved. The reduced activity of 
both analogues (and especially oxybiotin) 
suggests either that they are not efficiently 
converted to biotin by this organism or that 
they are used metabolically in a form differ- 
ent from that produced from biotin. 

The biotin requirements of a 
biotinless mutant strain of E. coli are pre- 
sented. Data on the influence of degree of 
aeration and changes in nutrition on the re- 
sponse of this organism to biotin are included. 

Summary. 
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Influence of Dietary Sodium Chloride on Incidence of Urinary Calculi 
in Sheep.* (23359) 

C. J. ELAM, W. E. HAM, AND B. H. SCHNEIDER 
(Introduced by James McGinnis) 

Department of Animal Science, State College of Washington, PuUman 

Addition of potassium acid phosphate urinary calculi ( 1). Further studies ( 2 )  have 
(K2HP04) to diets fed to sheep has been re- indicated that both phosphorus and potassium 
ported to greatly increase the incidence of are important in the etiology of urinary cal- 

culi in sheep. The largest occurrence of cal- 
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culi resulted in sheep supplemented with both 
phosphorus and potassium rather than either 
one singly. Lindley ct d.(  1)  reported that 
25% of molasses dried beet pulp in diets fed 
to sheep increased the incidence of urinary 
calculi. Later investigations by Elam et QZ. 
( 2 )  indicated beet pulp rather than molasses 
in molasses dried beet pulp was responsible 
for the predisposing effect on urinary calculi 
formation. However. the factor(s) in beet 
pulp responsible for this effect is not known. 
Since surgery is often necessary in the treat- 
ment of animals afflicted with the disease, the 
development of a preventive treatment is de- 
sired. That a large intake of sodium chloride 
causes diuresis in animals is well known. 
Meyer et aZ.(3) reported that feeding sodium 
chloride to 9.4% of the diet did not adversely 
affect the average daily gains or efficiency of 
feed utilization of fattening sheep and cattle. 
Further, there is evidence that an interrela- 
tionship exists in the body between sodium 
and potassium (4 ) .  

The objectives of this experiment were: 
(1) to obtain additional information on the 
factor in beet pulp responsible for its predis- 
posing effect on calculi formation, to observe 
the effects of adding potassium acid phos- 
phate to the diet, and ( 2 )  to study the in- 
fluence of adding a relatively high level of 
sodium chloride to the diet on the incidence 
of urinary calculi. 

Procedure. Sixty crossbred wether lambs, 
averaging 84 Ib, were divided into 12  lots of 

5 lambs each and group-fed a pelleted diet 
twice daily. The diets were supplemented 
with adequate levels of vit. A and D to elimi- 
nate the possible influence of a low level of 
these vitamins on the formation of calculi. 
IVater was available ad libitum. Variables 
in the diets were: potassium acid phosphate 
( K2HP04),  sodium chloride, beet pulp (with- 
out molasses), and ash of beet pulp. These 
variables were included in a factorial design 
(Table I ) .  Beet pulp ash was fed to deter- 
mine if the causative factor in beet pulp is 
inorganic. Beet pulp was supplied at  ap- 
proximately 30% of the diet in 4 of the 12 
lots. The ash was included in another 4 diets 
a t  a level of 0.8 to 0.9%, equivalent to the 
amount of ash supplied by the beet pulp 
added. Ash was obtained by first collecting 
the ash of beet pulp burned in 50-gallon 
drums. This ash was then placed in a muffle 
furnace for 15 minutes a t  600°C. In the re- 
maining lots neither beet pulp nor its ash was 
supplied. Sodium chloride was included at 
05% in half of the diets and a t  10% in the 
other half. The 10% level of salt was ar- 
bitrarily selected to furnish a large salt in- 
take, without restricting feed consumption. 
Potassium acid phosphate was added to half 
of the diets a t  11 g per Ib of diet, the level 
reported to increase the Occurrence of urinary 
calculi ( 1,2 ) . Lambs were observed daily to 
detect symptoms. When noticed, the lamb 
was sacrificed and autopsied. At conclusion 
of the experiment, the remaining animals were 
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TABLE 11. Incidence of Urinary Calculi by Treatment.* 

KO beet pulp Ash of beet pulp Beet pulp 
NaC1, % Control K,HPO, Control K,HPO, Control K,HPO, Total 

10 0 0 0 0 0 0 0 
.5 0 4 1 4 2 3 14 

* 5 sheep on cach treatrncnt. 

slaughtered and the entire urinary tract of 
each was removed and examined for calculi. 
Those having stones present a t  slaughter were 
included as calculi cases along with the lambs 
already autopsied. Calculi recovered from 
the urinary tracts were not chemically ana- 
lyzed in this experiment. Calculi in sheep re- 
ceiving similar rations as fed in this experi- 
ment were reported to contain principally cal- 
cium and magnesium phosphate ( l ,2 ) . 

Results. During the 105 days of the ob- 
servation, 10 animals displayed symptoms of 
urinary calculi, with the first occurring on 
33rd day. The symptoms observed were an- 
orexia, restlessness, and straining in an at- 
tempt to urinate. The afflicted lambs often 
stood with their hind feet placed far to the 
rear and frequently shifted their weight on 
their rear legs. At the time of autopsy, the 
urinary tract was usually damaged exten- 
sively. The bladder was distended severely 
and kidneys were often in a state of acute 
hydronephrosis. Calculi were found in the 
bladder in almost every instance, but in only 
2 cases were stones found in the kidneys. The 
site of occlusion of the urinary tract with cal- 
culi was usually the urethral process. 

At the conclusion of the experiment, when 
the remaining 50 lambs were slaughtered, 4 
more lambs had calculi in their urinary tracts. 
Thus, a total of 14 cases of calculi developed 
during the experiment (Table 11). 

Addition of 10% sodium chloride to the 
diets of 30 sheep prevented occurrence of 
urinary calculi. No decrease in feed con- 
sumption was observed in the lambs receiving 
this high level of salt. However, they did void 
considerably more urine as evidenced by the 
condition of the litter. The 14 cases of cal- 
culi that resulted were in the 30 sheep receiv- 
ing 0.5% of added sodium chloride in their 
diets. 

Of the sheep which received the lower level 

of sodium chloride in their ration, 15 also re- 
ceived the potassium acid phosphate supple- 
ment. Eleven of these animals developed cal- 
culi, while 3 of the 15 not receiving potassium 
acid phosphate formed calculi. Thus, 11 of 
the 14 cases of urinary calculi occurred in 
sheep fed the 0.5% level of sodium chloride 
plus potassium acid phosphate. This follows 
closely the results of previous studies in which 
potassium acid phosphate caused an in- 
creased incidence of calculi. 

The addition of the ash of beet pulp or of 
beet pulp itself to the diet did not alter the 
incidence of calculi. There were 5 cases pro- 
duced, both when the ash was added and 
when beet pulp itself was added. Four cases 
occurred in the lots receiving neither of the 
supplements. These results do not agree with 
those of previous studips in which beet pulp 
increased the incidence of calculi. The rea- 
son for this lack of agreement is unknown. 
Apparently the beet pulp varied enough in 
composition from that used in the previous 
experiments to cause this difference in results. 
It is interesting to note that the 3 sheep that 
developed calculi in the absence of added PO- 
tassium acid phosphate were receiving either 
beet pulp or its ash. 

Discussion. The reason for the prophylac- 
tic effect of the high level of sodium chloride 
in the diet is not known, but there are several 
possible explanations. Perhaps the diuresis re- 
sulting from feeding a diet high in salt is suf- 
ficient to wash any stones which may form 
out of the urinary tract before their size is 
great enough to block urine passage. On the 
other hand, the prophylaxis may be due to 
inhibition of calculi formation. The increased 
volume of urine voided may dilute the crys- 
talloids present to such an extent that pre- 
cipitation is prevented, or a t  least hindered. 

Since sheep urine is normally alkaline in re- 
action the preventive effect may have been 
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mediated through a decrease in urine alkalin- 
ity. Investigations with rats(5) and mink 
(6) have indicated that the addition of am- 
monium chloride to the diet prevented urinary 
calculi formation. Leoschke and Elvehjem 
(6) reported that the addition of one gram 
of ammonium chloride daily to a diet fed to 
mink reduced the incidence of urinary calculi. 
They attributed the effect to the increase in 
urinary acidity. Feeding sheep a 10% level 
of sodium chloride in diets similar to those 
fed in this experiment has resulted in an in- 
crease in urinary acidity froni an average pH 
of 7.95 to 7.30.1 Using analysis of variance, 
this difference was statistically significant (P 
< . O l ) .  The urine pH was determined by col- 
lecting a 24-hour urine sample under toluene 
and immediately measuring the pH of the 
urine with a glass electrode pH meter. 

The effect of the high salt diet may be re- 
lated to the relationship which exists in the 
body between sodium, potassium and other 
minerals. Of course, a combination of sev- 
eral or all of the above mentioned factors 
may have been responsible for the preventive 
effect of the 10% level of sodium chloride. 
Whatever the reason, i t  should be emphasized 
that additional investigation is needed before 
the use of a high sodium chloride diet to pre- 
vent urinary calculi can be recommended. 

+ Elam, C., and Ham, W., unpublished data. 

Summary. Sixty wether lambs were divided 
into 12 lots of 5 each and fed the experimental 
diets for a 105-day period. The animals were 
group fed all they would consume twice daily. 
The variables included in the diets were the 
presence and absence of potassium acid phos- 
phate (K2HP04), a 10% level of sodium 
chloride, a 30% level of beet pulp, and the 
ash of the same amount of beet pulp. Four- 
teen cases of urinary calculi resulted in the 60 
sheep. Xone of these cases occurred in the 
30 sheep which received the 10% level of so- 
dium chloride. Eleven of the 14 cases of cal- 
culi occurred in those lots receiving added po- 
tassium acid phosphate in the diet, while 3 
occurred in its absence. Beet pulp or beet 
pulp ash had no effect on the incidence of 
urinary calculi. 
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Effect of Vitamin D on Retention of Radium by the White Rat.* (23360) 
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The effect of vit. D on retention of radium 
in white rats was studied as part of a general 
investigation on distribution and behavior of 
radium in the animal body. I t  has been be- 
lieved since the early studies on radium poi- 
soning that radium is deposited and retained 

* Supported in part by contract ,between Universi- 

t Present address: Dept. of Agric. Biochem., Ohio 
ty of Kansas and Office of Xaval Research. 

State University, Columbus. 

in the skeletal structure. Evans et aZ.( l ) ,  us- 
ing radioautographs, confirmed this belief, 
showing that radium was concentrated in the 
region of the epiphyses. Norris and Kisieleski 
( 2 )  found that 3 days after intravenous ad- 
ministration of radium skeletal retention was 
63% of the injected dose; retention was still 
53% after 30 days. Since total body reten- 
tion after the 30 days was 55% of the in- 
jected dose, practically all the radium re- 


