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wall," from which it is slowly released and 
blocks the receptors through which the effect 
of norepinephrine is thought to be mediated. 
Indeed it has been found that catecholamines 
can be stored in tissues innervated by sympa- 
thetic nerve fibers and that these tissues can 
take up a considerably greater amount than 
their usual catecholamine content ( 5 ) .  Fur- 
thermore, it has been reported that the loss 
of norepinephrine from tissues which occurs 
after sympathetic denervation results in su- 
persensitivity to the amine (6).  

A similar increase in sensitivity to norepi- 
nephrine occurs after guanethidine( 7 )  and 
this might possibly explain the delay in nor- 
epinephrine tachyphylaxis observed in the 
present study. The mechanism of this type 
of hypersensitivity, however, does not seem 
to be explained by the properties of guanethi- 
dine, which are concerned with depletion of 
tissue catecholamines and interruption of 
sympathetic transmission (8,s). Indeed, while 
both guanethidine and reserpine deplete tis- 
sues of catecholamines the acute sensitization 
to norepinephrine is observed only after gua- 
nethidine (8,lO). Furthermore, the pressor re- 
sponse to norepinephrine is increased after 
guanethidine in reserpinized dogs and in dogs 
with spinal cord section( 11). These facts 
would seem to favor the hypothesis that a 
direct action of guanethidine on the recep- 
tors might account for the potentiating effect 
of the catecholamine. 

On the other hand, Hertting et  aZ( 1 2 )  have 
demonstrated in acute experiments that in 
guanethidinized animals administration of 
H3-labeled norepinephrine results in an ele- 

vation of norepinephrine plasma levels and a 
decrease in tissue concentration of norepi- 
nephrine. Therefore, by exposing the recep- 
tors to a higher plasma level of norepineph- 
rine guanethidine might effect a greater pres- 
sor response of norepinephrine. 

Summary. Pressor responses to repeated 
injections of norepinephrine were recorded in 
a control group of dogs and in dogs pre- 
treated with guanethidine. The results indi- 
cate that guanethidine maintains the pressor 
response of norepinephrine, i .e. ,  delays tachy- 
phylaxis to norepinephrine. 
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Selenium and Rabbit Skeletal Muscle Aldolase and Myosin." (30452) 
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There is a relationship between nutritional 
selenium deficiency and muscular dystrophy, 
Since a Selenium deficient ration Will produce 
muscle dystrophy in lambs( 1,2) and cattle 

(3 ,4) .  Muth(4),  as well as others(5,6), has 
.shown that sodium selenate when fed to sup- 

*This investigation was suppor,t& in part by 
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TABLE I. Incorporation of Belenium-75 into Rabbit Muscle Myosin. 

Ratio 
Se-'75 act. (Bj  

pmoles Pi* 
per hr cPm 

No. of (per ing protein) % of total 
, - muscle Se-75 ac- Protein-bound 

' ' crystallizations ' ' (A) (B) Enzyme act. (A) tivity in myosin t selenium, 70 

1 90 34 .38 29.6 92.6 
2 139 41 .29 35.4 92.4 
3 142 39 .27 33.6 94.5 

* Inorganic phosphate. 
t Amuming tha t  each gram of fresh muscle containms 80 mg myaGn(22) and ushg the values 

folr cpm per mg myosin and cpm per g fresh muscle (9,227 rt 752.7), % of total muscle Se-75 
aotivity in myosin (column 5) was estimated. 

ply 0.1 ppm selenium in the ration, exerted 
a strong protective effect against white muscle 
disease in domestic animals ( 7). 

I t  has been reported that the levels of ATP 
in muscle of animals with nutritional (vita- 
min E deficiency) dystrophy, when compared 
with normals, are significantly decreased in 
the rabbit (8,s) , mouse ( 10) and humans ( 11). 
The decrease in ATP concentration may be 
caused by an increase in ATPase activity in 
the muscle of dystrophic animals( 8,12). Con- 
currently, creatine concentration in muscle 
decreases with the progress of the disease( 8 ) .  
The inability of dystrophic muscle to phos- 
phorylate creatine appears most likely to be 
the result of a deficiency in ATP. Srivastava 
and Berliquet( 13) report a decrease in the 
specific activity of aldolase in hereditary mus- 
cular dystrophic mice. However, they found 
an increase in aldolase at the later stages of 
the disease when expressed on a per mg 
nitrogen basis. 

Since it has been estimated that about a 
third of the total body selenium is in total 
body musculature and there is an apparent 
relationship between muscle biochemistry and 
selenium, it was of interest to investigate the 
incorporation of selenium into ATPase 
(myosin) and aldolase of rabbit skeletal 
muscle and determine the effects of selenium 
on the activity of these enzymes. It was 
found that Selenium- 7 5 was incorporated into 
aldolase and ATPase and that added selenium 
(Se03=) had no significant effect on activity 
of these enzymes. 

Methods. Young adult rabbits (2 to 3 kg) 
were injected subcutaneously with H2Se7503 
which contained 0.3 mc (10 pg Se) in myosin 
experiments and 0.29 mc (17 pg  Se) in aldol- 

ase experiments. Twenty-four hours later the 
animals were sacrificed and myosin was ex- 
tracted from the skeletal muscle by the KC1 
phosphate buffer method described by Kess- 
ler and Spicer(l4). Aldolase was prepared 
by the method of Taylor et al( 15). ATPase 
activity of myosin was determined by the 
method of Gergely( 16) and aldolase activity 
by the method of Warburg and Christian( 17) 
used by Taylor(l5a). A unit of enzyme ac- 
tivity was defined for aldolase as the trans- 
formation of one mole of fructose diphosphate 
per minute; for ATPase activity as the libera- 
tion of 1/22.41 pmoles of inorganic phosphate 
per hour at 39". Radioactive assay of Se- 
lenium-75 has been described( 18) and selen- 
ium was determined by neutron activation 
analysis according to the method of Leddi- 
cotte and Reynolds( 19). Protein concentra- 
tion in solutions of aldolase and myosin was 
determined by the method of Lowry et al 
(20). Protein-bound selenium was determined 
by the trichloroacetic acid method (2 1 ) . The 
efficiency for counting Selenium-7 5 was 43 % . 

ResuEts. The incorporation of Se-75 into 
rabbit muscle myosin is shown in Table I 
where the results are expressed as cpm per 
mg protein. It will be noted that the second 
and third crystallizations resulted in a con- 
stant ratio of selenium to enzyme activity 
(column 4) which is interpreted as evidence 
that selenium was incorporated into the myo- 
sin molecules. About 33% (Table I, column 
5) of the Se-75 found in muscle was present 
under experimental conditions described here 
in the contractile muscle protein myosin. 
Table I1 shows the selenium and activity 
of rabbit muscle aldolase after each of 5 
consecutive crystallizations. There was no 
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TABLE 11. Sc>leiiiuni-T5 and Enzyme Activity of 
Rabbi t  Muscle Aldolase. 

Altlo1;isc Se-'75 r;itlio- 
;ictivit,y Sc-75 radio- ;wtivit,y/;il- 

KO. of (uiiits" X activity dol:1sc activ- 
" c.ymt:il- 1 O-'~/nig (cpiii/nig i t y  ( c p i /  
lizatioiis " pi'otchi) 1)rotcin) units* X 1 0 - O )  

1 2.99 360 120.0 
4.33 223 51.5 

3 4.20 1'78 42.4 
1 4.88 166 34.0 
5 3.24 133 40.7 

> 

* 1 T'iiit, = 1 molcb fructose tlipliospliste trnris- 
f ortnc~tl/iniii. 

= (1 1.00 0.1).:;,,,,,,lr/i~~i~i)/ci.23 X 10". 

enzymatic activity in control experiments 
where D P N  and D-glyceraldehyde-3 phos- 
phate dehydrogenase were not added. 

Dialysis of the purified preparations of 
myosin against buffer solutions a t  various 
pH's indicated that the incorporated Se-75 
was not dialyzable in acid or neutral pH's. 
Furthermore, incorporated Se-75 was less 
stable in the higher or alkaline ranges for a t  
pH 8.6 and 9.9 approximately 10 and 23r/c, 
respectively, were dialyzable. Aldolase had 
similar dialysis properties. Protein-bound 
selenium in myosin, determined by the tri- 
chloroacetic acid method, was 92 to 9454 ; 
aldolase 95 to 96%. These findings were 
similar to those obtained on selenized plas- 
ma, liver and leucocyte proteins( 18,21,23,24). 

From past experience with a variety of 
proteins it appears likely that selenium was 
present in trace amounts in muscle myosin 
and aldolase. Myosin and aldolase crystal- 
lized from normal healthy rabbits with no 
known exposure to selenium, as far as we 
were able to ascertain, was dialyzed for 24 
hours against distilled water and then lyo- 
philized. The enzymes were analyzed for 
selenium( 19) .  Results obtained from 6 de- 
terminations revealed that myosin contained 
about 22.7 t 6.7 p g  selenium per gram of 
myosin protein. Other trace elements assayed 
in myosin were lanthanum (26 pg per gram), 
and manganese (2.53 p g  per gram). Aldolase 
contained 12.6 L- 2.8 p g  selenium per gram. 

Since selenium was shown to be incorpo- 
rated into myosin and aldolase when adminis- 
tered as Se-75, and since trace amounts of 
stable selenium were present in myosin and 

aldolase, it  was of interest to test in vitro 
the ATPase activity of myosin and aldolase 
activity from non-selenized animals in the 
presence of graded amounts of non-radioac- 
tive selenium as selenite. Concentrations of 
selenium (SeOr3--) from lo-?  to lo-" M 
had no significant inhibitory or activation 
effects on either the ATPase activity of myo- 
sin (control 52 to 59 units; added SeO:{=- 
50 to 62 units) or aldolase (control 16.1 
and 17.4 units; added SeO:3= with reduced 
glutathione 16.7 to 17.7 units; control 16.1 
units without reduced glutathione 11.9 to 
14.8 units) obtained from normal nontreated 
rabbits. 

Using the value of 12.6 p g  selenium per 
gram aldolase and 22.7 pg  selenium per gram 
myosin, and 149,000 and 440,000 M.W. for 
aldolase and myosin, respectively, it was esti- 
mated that there was less than one atom 
selenium per mole enzyme. Despite the fact 
that selenium has been shown to be incor- 
porated in these enzymes, the value of less 
than one atom selenium per mole enzyme 
appears to be stoichiometrically insignificant. 
Experiments described here on the negative 
effects of added selenium on aldolase and 
ATPase activity support this contention. 

Summary. Injection of rabbits with sub- 
lethal, sub-toxic amounts of Selenium-75 re- 
sulted in the incorporation of selenium into 
the muscle protein myosin and aldolase. 
About a third of the muscle Selenium-75 
under conditions of our experiments was pres- 
ent in the protein myosin, Myosin isolated 
from the muscle of animals not treated with 
selenium contained 22.7 pg  selenium per gram 
myosin and aldolase from animals not treated 
with selenium contained 12.6 p g  selenium per 
gram. This quantity plus the amount incor- 
porated in the experiments amounts to con- 
siderably less than 1 mole Se per mole myosin 
or per mole aldolase. This, coupled with the 
observation that selenium between lo-? M 
and lo-" M has no effect on catalytic activity 
of these enzymes, suggests that this trace 
element does not play a role in the action 
of these enzymes. 

The author wishes to express his appreciation to 
Dr. Calvin Lang for his helpful assistance. 
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The Disposition of Orally Administered Cholestyramine-C14. (30453) 
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Cholestyramine, a strongly basic anion ex- 
change resin, has been shown to be an effec- 
tive hypocholesteremic agent ( 1,2) and to be 
useful in the relief of pruritus associated with 
biliary cirrhosis( 3,4,5).  I t  has been generally 
assumed that ion exchange resins are not ab- 
sorbed from the gastrointestinal tract due to 
their high molecular weight and extreme in- 
solubility. This assumption was supported 
by the absence of toxic reactions associated 
with long-term administration of cholestyr- 
amine. In the present investigation the ques- 
tion of whether cholestyramine is absorbed 
from the gastrointestinal tract was studied 
directly by oral administration of P4-labeled 
cholestyramine to rats, and subsequent meas- 
urement of C14 in the blood, tissues, excre- 
tions and expired air of the treated animals. 
The results indicate that cholestyramine resin 
is not absorbed from the gastrointestinal tract 
of rats. 

Materials and methods. Cholestyramine- 
C' +. The carbon skeleton of cholestyramine 
is composed of a copolymer of styrene and 
divinylbenzene; the strongly basic character 
of the resin is due to the presence of aro- 
matic quarternary ammonium groups. The 
cholestyramine-CI4 used in these studies was 
synthesized by Dow Chemical Co., Midland, 
Mich., using ~ t y r e n e - 8 - C ~ ~  as one of the 
starting materials. The resin product was 
ground and washed with dilute HCl and 
hot distilled water to remove radioactive im- 
purities. I t  was then lyophilized and ground 
further to a size small enough to pass through 
a 200-mesh seive. The specific activity of 
the labeled resin was approximately 0.14 pc 
per mg. 

Experimental design. The experiments were 
designed to study the possible absorption of 
orally administered cholestyramine-CI4 under 
two types of experimental conditions: (1) 


