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haptoglobin hemoglobin complex. when small 
amounts are administered, suggests that a 
m i n x  component, possibly the bone marrow. 
may be primarily involved. A final answer 
to  these questions will have to await studies 
by which the complex can be localized in tis- 
sues. 

S Z ~ M I I ~ ~ Z ~ J ' .  1. Haptoglobin hemoglobin 
complex labelled with Fe"' or I1:{I injected 
into 13 rabbits was removed from the blood 
with half times of 110 minutes and 78 min- 
utes respectively. 2 .  The complex did not 
significantly interfere with phagocytosis of 
carbon particles by the reticuloendothelial 
system and was not selectively removed by 
the liver during a single passage. 
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Incorporation of Selenium-75 into Dog Hair. (26048) 
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U'ith the proposal that selenium be in- 
cluded among the essential dietary elements 
( 1  1. interest has been focused oa many un- 
answered questions about the metabolism and 
fate of selenium in the mammalian organism. 
especiallj. the chemical nature of selenium 
compounds in animal tissues. The apparent 
incorpsration of trace amounts of selenium in 
various tissue proteins has been discussed ( 2 
3) .  Continuing these studies, hair which is 
high in cystine content was examined for se- 
lenium incorpolration. Hair from Se7"-in- 
jected dogs was fractionated and assayed for 

tein keratin was isolated as the thiosulfate. 
S-sulfokerateine. The  cystine fraction iso- 
lated from the hair by conventional methods 
contained Sei5. 

ndethods and procedures. The method of 
Swan(4) was used for the specific and sym- 
metrical fission of disulfide bonds in kerati- 
nous tissue. The cystine disulfide bolnds in 
dog hair containing Seie5 were broken by the 

L ,  Ce i5  , which was found when cystine-rich pro- 

reaction with cupric-ammonium sulfite, as il- 
lustrated in the equation: 

The protein S-sulfokerateine was precipitated 
from the copper reagent extracts of hair con- 
t sining Se'" hy acidification and dilution (4) . 
The protein was then washed repeatedly with 
water, lyophilized. weighed, and assayed for 
Se7cj. A small fractioln of the hair that was 
insoluble in the copper reagent was separated 
by centrifugation, washed thoroughly with 
water , 1 yophilized and counted. The unif or- 
riiity of the S-sulfokerateine preparations was 
established by paper electrophoresis analysis. 
Samples of S-sulfokerateine were dissolved in 
I'eronal buffer (pH 8.6; p. 0.075) and applied 
to Schleicher and Schuell 2043-A mgl. elec- 
trophoresis paper. A constant current oif 7 
ma was applied for 6 hours. The protein frac- 
tions were developed using the standard alco- 
holic brotmphenol blue method. In  anolther 
experiment, cystine from hair containing Seaa 
was isolated by the method of Golrtner and 

KSSR +. 2 CII" 3- 2 SO, 3 2 RSSO, +. 2 CU' 
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TABLE I. S~ len ium Administratioil.* 

Dog Sex Wt, kg Se75, mc Selenium, mg 

19.5 .ti1 .37 
26.8 .61 .3 7 

3 9 19.5 1.97 2.50 
4 8 20 4 .84 2.03 
5 8 30.3 1.40 2.14 
6 d 20.4 1.12 .41 

1 8 
2 8 

* Se7; was gireri subcut. as H,Se7.50,, except that  

Hoffman( S ) ,  and assayed for Se75. The cys- 
tine fraction was recrystallized twice, and 
qualitative tests indicated that tyrosine was 
not present. The cystine preparations were 
chromatographed in both one and two dimen- 
sions. Two solvent systems were employed: 
a teyt-butyl alcohd-formic acid-water mixture 
(Solvent I) ; and a single phase phenol-am- 
monia-water mixture (Solvent 11) (6 ) .  What- 
man filter paper No. 3 MM was used, and 
the chromatograms were developed with the 
ninhydrin reagent of Underwood and Kock- 
land(7). 

In a time-distribution study, dogs were in- 
jected with trace amounts of Sei5 and the 
hair was assayed for Se7" a t  various times 
after injection. The hair was washed with 
detergent, rinsed thoroughly with water fol- 
lowed by 95% alcohol and ether. The air- 
dried hair samples were weighed and assayed 
for Se75 in duplicate. In another experiment, 
4 dogs were given single injections of sele- 
nium, and after several months comparisons 

Dog 5 received Se7"d'l,. 

were made of concentratioin of Se75 in hair 
and in the several tissues. Table I shows 
amounts of SeTSJ selenium, and the form of 
selenium administered to the varioas dogs. 

Results. Radioactive assay of the hair 
protein, S-sulfokerateine, obtained from 2 
dogs at  various time intervals after adminis- 
tration of Se75 is presented in Table 11. 
About 42% of the original weight of the hair 
was obtained as the thiosulfate, S-sulf okera- 
teine. About 18% (Dog I) and 16% (Dog 
HI) of the original hair SeT5 activity were 
present in the organic thiosulfates. The per- 
cent of tctal hair Se75 activity in the insoluble 
fraction (in copper reagent) for 12 determi- 
nations was 10.9 -F: 3.1%. Paper electro- 
phoresis studies of S-sulfoikerateine sholwed 
one component which had a mobility approxi- 
mately the same as that of dog serum albu- 
min. Results from paper chromatographic 
studies of the cystine fraction isolated from 
hair revealed that only one spoit was present. 
with no other detectable amino acids. The 
fact that specific activity of the cystine frac- 
tioln showed no significant change between 
first and second crystallizations indicated high 
purity of the sample. SeT5 activity in the 
cystine fractions of hair containing SeT5 from 
4 dogs is shown in Table 111. The hair in 
each experiment was obtained from diff went 
dogs, and was taken at different time intervals 
after SeT5 administration. Se75 activity ex- 

TAE L E  11. S:-sulfoker;tteiiie Containiiiy k3e7" f rom Dug Hair. 

Dog 1 Jlog 3 
R-aulfokeratcinc.-, Ssulfokcrateiiie --, 

Specific ac- Speci fi e Specific ac- Specific 
TVk after tivity of % of hair activity, Wk after tivity of 9: of hair activity. 

in j .  hair, cpul/g W t  Se'" cpm/g inj. hair, cpm/g W t  SeT5 cpm/g 

3 
4 
x 
9 

10 
11 
18 
13 
14 
15 
17 
18 
19 

AVg 

4800 
1790 

18380 
10420 
8040 

"400 
20600 
15490 
12410 
15330 

9250 
9950 

12670 

36.0 20.3 2750 
29.5 53.2 1410 
91.7 12.9 3890 
48.1 10.5 2270 
,57.tj 14.3 8010 
55.1 18.8 '7300 
59.4 19.5 6780 
45.4 30.0 ti840 
35.8 20.3 7030 
42.5 23.2 8370 
37.4 19.6 4850 
31.6 11.9 3770 
30.3 19.7 8211, 
12 3 18.0 

2 8 . 3  k3.R 

3 2030 
I r! 1940 
!f 14950 

1 C) 7860 
11 43760 
12 .j 0 48 0 
14 31540 
15 26810 
16 15230 
17 8230 
18 8500 
19 4650 

- 30.9 22.6 1070 
37.1 10.4 tiO9(1 
50.8 8.1 3480 
16.9 8.8 1370 
31.6 16.8 14230 
61.8 14.3 11580 
37.7 18.9 70670 
-C2.:( 13.t; 8650 
46.8 20.2 6560 
34.4 20.9 4990 
31.7 18.8 1560 
35.1 13.9 3560 

12.3 15.8 
5 7 . 8  t 4 . 2  
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pressed as c.p.m. per g of cystine varied from 
1.4 to 6.7 x 10: c.p.m.’,u and 1.4 to 7.75% of 
the original hair Se7> activity was found i n  
the cystine fraction. 

Time-distribution studies of Se7*; in dog 
hair are shown in Table 11. columns 2 and 7 .  
where specific activity of hair (c.13.m. g )  is 
expressed against time. (‘oncentration of 
Se7ei in hair gradually reached a maximum 
around the 12th week, then decreased. Table 
I\: indicates that amounts of Se7.-’ in hair. on 
a dry-weight basis, were as high or higher 
than in other tissues examined on a wet- 
weight basis. 

Ik-2lss ion.  The long life span. the coher- 
ent hard keratinous structure of hair, and 
absence of apparent metabolic turnover in the 
hair shaft permitted incorporated selenium to 
be retained for long periods, as demonstrated 
in tinze-distribution studies. Significant 
amounts of selenium were deposited and re- 
tained in hair when compared with other tis- 
sues of the animal organism. Keratin. the 
principal protein of hair, when isolated as the 
thiosulfate, S-sulfokerateine. contained about 
1770 of original hair Se7; activity. ’The val- 
ues 1.4 to 7.7% of the original hair SeT5 in 
the cystine fraction represent minimum val- 
ues? since our experience has been that losses 
of cystine and Se7Vi occur in hydrolysis, norit 
treatment, and recrystallization procedures 
( 2 ) .  The concept that the cystine fractioln of 
tissues isolated from afiimals treated with Se7> 

- cpm/g \ 

3 141 250,000 57,300 28,700 20,200 14,2611 
1 267 7,000 3,700 2,810 9,560 3,270 
.-I 310 3,560 4,500 1,110 5,530 36J 
t; 316 2,250 1,,500 3,:3OU :3,46lr 2,340 

contains an  isomorphic mixture of cystine and 
the selenium analogue, selenocystine, has been 
discussed elsewhere (3 1 ~ and presumably ap- 
plies in the present hair experiments. 

Because of the great reactivity of certain 
elements with sulfhydryl groups of the hair 
follicular proteins, the elements have a spe- 
cial affinity for hair ( 8 ) .  These may combine 
with the sulfhydryl groups of the proteins of 
the matrix cells as in the case of selenium. 
copper and arsenic. However, selenium may 
be converted into either or both selenocystine 
and selenomethionine in tissues other than 
hair by some unknown reaction, then incor- 
porated into the protein of hair. The possi- 
bili ty exists that organoselenium from serum 
proteins may be utilized for hair protein for- 
mation, since i t  has been established that se- 
lenium is incorporated in serum proteins( 9, 
10) .  Related experiments by Fleischer et 
ul . (  11) indicate that utilization of CJ4- and 
S::”-tagged plasma proteins for hair protein 
formation involves breakdown of plasma prop 
teins to amino1 acids or small peptides. In 
view of the affinity of selenium for sulfhydryl 
compounds and cystine, i t  has been assumed 
by workers in the field that selenium enters 
into chemical combination with keratin( 12,  
13.14,15). Further elucidation of this con- 
cept is presented in this repolrt which shows 
first, that Sei5 is incorporated into keratin 
when this protein is isolated as the thiosulfate, 
S-sulfokerateine; and second, that Se75 is 
found in the cystine fraction of hair. The 
above experimental data are presented as ad- 
ditional evidence to that already reported ( 2 ,  
3 )  that selenium may exist as selenocystine 
in tissue proteins. 

Summary. Trace amounts od Se75 injected 
subcutaneously into dogs as either Se7T14 
or H$3e7503 were deposited and retained in 
hair for as long as 316 days. Se7’ was found 



in the cystine-rich protein keratin when the 
latter was isolated as the thiosulfate, S-sulfo- 
kerateine, and in the cystine fraction isolated 
from hair. The source of selenium which is 
incolrporated into hair protein is discussed. 

The technical assistance of Benjamin R. Larke is 
gratefully acknowledged. 
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Effect of Bladder Distension on the Venous System of Man.” (26049) 
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Forty years ago Wernoe(1) observed that 
with certain painful visceral diseases “anemic 
zones” developed in the skin overlying the 
affected organ. He attributed the pallor to 
“ischemia” secondary to vasocolnstriction. 
Stiirup ( 2 )  described areas of hyperalgesic 
pallor in the skin of patients with acute ap- 
pendicitis. Using a photometer Adams-Ray 
and K6rlen and Adams-Ray (3,4) observed 
that upon distension of the bladder, pallor de- 
veloped in the cutaneous ventral segments of 
TI1 and TI.,. They believed the pallor to be 
due to1 a spinal reflex with the afferent fibers 
passing through sacral nerves S2, S:< and S4 
and efferent fibers traveling with the sympa- 
thetics producing vasoconstriction in the sub- 
capillary venous plexus. 

The present study was undertaken to learn 
the extent of this reflex by studying the effect 
of bladder distension on an intact isolated ve- 

* This investigation supported by grants from 
U. S. Public Health Service and Thibodeaux Research 
Foundation. 

nous segment of the forearm of nolrmal and 
diseased subjects. 

i%!atcriaZs and methods. Twelve subjects 
ranging in age from 2 7  to 58 years (mean, 36 
years) were studied; 5 were male and 7 were 
female. The cardiovascular system was nor- 
mal in all but 2 subjects. One subject had 
luetic heart disease and chronic congestive 
heart failure and another had transection of 
the spinal cord at  T(; secondary to metastases 
from pulmonary carcinoma. 

Venous pressure was measured in an iso- 
la,ted intact venous segment and in an adja- 
cent vein open to the systemic venoas system 
of the forearm as previously described ( 5 , 6 ) .  
The pressures were recorded simultaneously 
and continuously by means oif Statham strain 
gauge pressure transducers and a suitable 
multichannel direct writing recorder. 

A straight French catheter was inserted 
into the bladder of the subject and was con- 
nected by means of rubber tubing, which led 
out of the subject’s room. to a calibrated glass 


