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Metabolic Fate of S3"Labeled Sulfate in Baby Pigs.* (23757) 

ROMAN KULWICH,~ LEE STRUGLIA AND PAUL B. PEARSON 
-4 ?zimal and Poitltr? Hiisbandry Division, ..igricJtnral Research Service, Beltsville, M d .  

llachlin e t  d.( 1)  reported that a small 
amount of Y5 from labeled sulfate is incor- 
porated into the cystine of egg albumin. 
Some of the sulfur administered in sulfate 
form to growing chickens was incorporated 
into taurine, cystine and methionhe( 2:3). 
The incorporation of sulfate sulfur into b u r -  
ine by developing chick embryos was also 
demonstrated (4) .  Dziewiatkowski ( 5 )  dem- 
onstrated incorporation of S3; from sulfate 
into cystine to a small extent by the young 
rat and pointed out that highest concentration 
of S:j.i-labeled cystine occurred in the fraction 
containing the intestinal tract and its con- 
tents, suggesting that the bacteria of the in- 
testinal tract were involved in synthesis of 
labeled cystine. Dziewiatkowski and DiFer- 
rante (6) demonstrated S"-labeled cystine 
and methionine in sera of rats that had been 
injected intraperitoneally with S".'-labeled 
sulfate. The conversion of sulfate sulfur into 
cystine and methionine sulfur by the rumin- 
ant has been demonstrated( 7 , 8 ) ,  

Incorporation of S3" from labeled sulfate 
by the rabbit(9-11) results in highest uptake 
in cartilaginous tissues. Heath ct  aZ.( 12) re- 
ported that when labeled sulfate was fed to a 
one-year-old boar, a large amount of the S3> 
appeared in urine. The urinary S3j level 
dropped rapidly during the first 2 weeks. 
Sulfur35 values in blood, sperm and seminal 
plasma were also reported. The purpose of 
the present study was to obtain further infor- 
mation about the metabolic fate of sul- 
fate administered to pigs with particular at- 
tention to conversion of sulfur into organic 
forms. 

Methods. A single dose containing 1 milli- 
curie of S"'-labeled sulfate together with 0.2 
mg of carrier sodium sulfate was administered 
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by stomach tube to each of three 17-day-old 
litter-mate Landrace gilts. The baby pigs 
were individually caged and fed pasteurized 
cows' milk 4 times daily for 4 days preceding 
and during the 4-day collection period. Se- 
lected tissues were processed to determine the 
concentration of S35 present ( 1 1 ) . Intestinal 
tract contents were removed, dried a t  60°C 
for 24 hours and then analyzed for S". In 
addition, 1 g samples (air-dry basis) of in- 
testinal tract contents from each of the pigs, 
as well as samples from pig KO. 3 of liver, 
skin, heart and red bone marrow were hy- 
drolyzed by refluxing for 2 hours in a mixture 
containing 20 ml of 90% formic acid and 40 
ml of 6 117 hydrochloric acid. (Guranani et  
a l .  13).  The samples were evaporated to dry- 
ness under a partial vacuum. below 50°C. 
Ilistilled water was added and the samples 
were again evaporated to dryness. 'The resi- 
due was dissolved in 20 ml of distilled water. 
A 10 ml aliquot was fractionated by a modi- 
fication of the procedure described by Muel- 
ler et aZ.( 14). Resin columns which were 0.9 
cm in diameter and 5 cm in height were used. 
An additional 100 ml of 6 A' hydrochloric acid 
after 10 ml were used as indicated in the pub- 
lished procedure. The column was washed 
with distilled water until the effluent was 
neutral, and then with an additional 20 ml 
of distilled water and 40 ml of 1 -V ammonium 
hydroxide. When a solution containing sul- 
fate. methionine and cystine was put on the 
column, all sulfate was eluted by water in the 
first fraction, methionine was eluted by 0.8 N 
hydrochloric acid in 55% ethanol and cystine 
by 6 3' HCl. However. in the case of the hy- 
tlrolysates of the intestinal tract contents, all 
of the S:15 was not eluted by 110 ml of 6 N 
hydrochloric acid, and from 1.2 to 1.5% of 
the S3*j was eluted in the final fraction for 
which 40 ml of 1 N ammonium hydroxide was 
the elutrient. In order to characterize the 
forms in which the S35 occurred in the hy- 
drolysate of the intestinal tract contents, frac- 
tionation on a 0.9 x 100 cm Dowex-50 x 12 
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FIG. 1. Cnniulative urinary S8” excretion curve. 

columns in the ammonium cycle was carried 
out with the sample from pig No. 3. An ali- 
quot of the hydrolysate representing 150 mg 
of dry matter was put on the column. About 
64 ml of pH 2.0, 0.1 M ammonium formate 
was used to elute the column, followed by 196 
ml of pH 3.4, 0.1 M ammonium formate, 194 
ml of pH 4.3, 0.1 M ammonium acetate, 141 
ml of pH 5.0, 0.1 M ammonium acetate and 
69 ml of 1 A’ ammonium hydroxide. The flow 
rate ranged from 3.5 to 4.4 ml/hour. The use 
of pH 2.0, pH 4.3 and pH 5.0 buffers was sug- 
gested by the research of Davison ( 1  5 ) .  

The urinary S35 excretion data 
are presented in Fig. 1. Most of the labeled 
sulfur was rapidly absorbed and then ex- 
creted by the renal pathway. Within the first 
4 hours after dosing an average of about 7% 
of the dose was excreted in the urine. Table 
I presents data obtained by analysis of intes- 
tinal tract contents. Only a small part of the 
dose, less than 276, appears in the intestinal 
tract contents, as compared with about 62% 
of the dose which was excreted in the urine. 
Fractionation of hydrolysates of intestinal 
contents from the 3 pigs by use of the 5 cm 
high columns as outlined above revealed that 
from 45 to 63% of the S35 present was in or- 
ganic form. Most of this S35 was in the frac- 
tions eluted by the 0.8 N hydrochloric acid in 
55% ethanol and the 6 N hydrochloric acid. 
However. from 1.2 to 1.5% of S35 recovered 
appeared in the final fraction, which was 
eluted by 1 N ammonium hydroxide. From 
35 to 5 5 %  of S35 was in the sulfate-containing 
first fraction which was eluted by distilled 

Results. 

water. The results of fractionation of S35 
in the hydrolysate of intestinal tract contents 
from pig No. 3 by means of the 100 cm resin 
column revealed a well defined sulfate peak 
which contained 52% of total S35. This was 
in general accord with the finding that 5170 
of total S35 from another aliquot of this hy- 
drolysate which was run on the 5 cm resin 
column was contained in the first fraction, 
eluted by water. A cystine peak containing 
about 2.9% and a methionine peak containing 
about 13.30/, of total S35 were eluted from the 
100 cm resin column by pH 4.3 buffer from 
the 100 cm resin column. Identity of these 
peaks was confirmed by paper chromatogra- 
phy. A third peak, unidentified, was eluted 
by the pH 5.0 buffer and contained about 
6.4% of the total S35. In  addition, about 
14.7% of total P5 was eluted by 1 N am- 
monium hydroxide in a fourth peak. 

The tissue S35 concentration values are pre- 
sented in Table 11. Highest S35 uptake oc- 
curred in ear cartilage. This is similar to 
findings in studies in which labeled sulfate 
was administered to rabbits( 9-1 1). The 
fractionations by means of ion exchange re- 
vealed that almost all tissue S35 was in the 
sulfate-containing fraction. In  the case of the 
hydrolysates of heart and red bone marrow 
samples, no 0rga11ic-S~~ was detected. About 
0.01% of 0rgar1ic-S~~ was detected in skin 
hydrolysates and 1.4576 in liver hydrolysates. 

The finding that a large part of the S35 in 
the intestinal tract contents had been con- 
verted to organic form while only a small 
amount of ~ r g a n i c - S ~ ~  could be detected in 
tissue samples suggests that the microbial 
population of the intestinal tract was prob- 
ably responsible for the incorporation of S35 

TABLE I. Intestinal Tract Contents of Baby Pigs 
4 Days after Oral Administration of Labeled Sul- 

fate. 

Pig KO. 1 2  3 Avg 

W t  (g> 8.4 10.0 4.9 7.8 
% dose/g .15 .19 .16 .17 
% dose in total 1.25 1.90 .78 1.31 
% of in sulfate-con- 55.2 36.6 50.7 47.5 

% of SS as in organic 44.8 63.4 49.3 52.5 
taining fraction 

-sulfur fraction 
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TABLE 11. Tissue S3j Coilcentration in  3-Week-Old Pigs  4 Days after Oral Administration of Labeled 
Sulf;1 tr. 

P i g  7 (wt 3995 g )  Pig 2 (3445 g) Pig 3 (4035 g) Avg (3825 g) 
% dosc*/g % dose % dose*/g % dose % dose*/g .yo dose % dose/g % dose 

Tissuti x 1(13 iii organ X l o 3  i i i  organ X 103 111 organ XIOs i n o r g a n  

I,i vci r 
Kitliicys 
Hew t 
Gastrocncniiiis 

E a r  cartilage 
Skin 
Brain 
Red hone I I I W P  

Fen111r shaft 
A 0l.t : I 

scrulll 

muscle 

row 

4.3(1 
3. T 3 
2.03 

1.63 

83.50 
X.89 
3.01 
4( i. 8 (j 

13.14 
24.2; 

4.10 

.4 i 2.84 

.(IT 2.29 

.04 1 .x 
.8 l  

4 i . N  
6.54 
2.18 

39. i 1 

9.41 
16.80 
3.31 

2 9  4.1 2 
.05 2.55 
.03 1.45 

1.13 

62.92 
(i.87 
2.61 

43.27 

8.95 
19.30 
4.20 

3 8  3.83 .38 
.O(i 2.86 .06 
.03 1.67 .03 

1.20 

64.35 
T.43 
2.93 

43.29 

10.50 
20.12 

3.87 

+ 1':ilucs $t;intl;irdizctl to body wt  of 3T00 g. 

into organic form. Dziewiatkowski's research 
with the rat(  5 )  suggests that a similar situa- 
tion exists with this species. 

The metabolic fate of S:;: ad- 
ministered by stomach tube as sulfate to baby 
pigs has been studied. About 62% of the 
dose was excreted in urine within 4 days. Of 
tissues analyzed? ear cartilage. red bone mar- 
row and aorta showed highest concentrations 
of S3*;', and brain and muscle lowest concen- 
trations, 4 days following dosing. About half 
of the S35 in intestinal tract contents m s  in 
organic form, while only very small amounts 
of organic-Y5 were detected in tissues esam- 
ined. 
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