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transport as well a5 its incorporation into 
protein as a function of protein synthesis. 
Bovine insulin (0.1 unit/ml) significantly in- 
creased the intracellular accumulation of pro- 
line when protein synthesis was maximally 
reduced by addition of puromycin to the tis- 
sue. I t  is concluded that the stimulation of 
amino acid transport into muscle cells by 
insulin is independent of the increase in pro- 
tein synthesis effected by the hormone. 

We are indebted t o  Dr. M. A. Root, Eli Lilly & Co., 
for the gift of insulin. 
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Measurement of red blood cell transketol- 
ase activity has been widely used to evaluate 
thiamine status( 1). However, there is often 
no relationship between enzyme and vitamin 
levels in thiamine deficiency. Absent cor- 
relation is most marked in the presence of 
liver disease(2). The reason for this lack of 
agreement is unknown since no data are 
available on the effects of hepatic injury on 
circulating and tissue transketolase and thi- 
amine levels. We investigated the influence 
of experimental liver necroses with and with- 
out dietary-induced thiamine deficiency on 
these parameters. 

Materials and methods. One hundred and 
twenty weanling Sprague-Dawley rats were 
fed a complete diet containing all of the B- 
complex vitamins. After 10 days on this 
regimen, one-half of the animals were 
switched to a thiamine deficient diet for 2 1  
days; litter mate controls were maintained 
on the complete diet. After 2 1  days on a 
thiamine deficient diet, animals were given 

*Supported by grants from U. S. Public Health 
Service, Nat. Inst. Health, and Nat. Vitamin Founda- 
tion. 

200 pg of thiamine HCl intramuscularly each 
day for 5 to 21  days. Acute liver- injury was 
induced in thiamine deficient and repleted 
rats by a single oral dose of 0.2 ml of carbon 
tetrachloride (CC14) per 100 g rat weight. 
At  48 hour intervals from the start of the 
thiamine deficient diet, representative animals 
were anesthetized and 5 to 6 ml of blood 
drawn from the aorta and collected in citrated 
and dry tubes. The liver was then removed, 
a section obtained for histology, and the re- 
mainder flushed with saline and rapidly 
frozen. Transketolase activity was measured 
in red blood cell homogenates, serum, and 
10% liver homogenates, using the method of 
Brin et al, with and without in vitro addition 
of thiamine pyrophosphate( 3 ) .  For this pur- 
pose, red blood cells were washed twice with 
saline; particular care was taken in washing 
because of the known hemolytic tendency of 
red cells from CC14-intoxicated animals. Re- 
sults were expressed in micrograms of ribose 
utilized per milliliter per hour. Thiamine 
levels were determined in whole blood and 
liver with a protozoan, Ochromonas danica 
(4). Tissue, enzyme, and vitamin levels were 
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FIG. 1 .  Influence of thiamine depletion and re- 
pletion on thiamine and transketolase levels in 
Sprague-Dawley rats. 

FIG. 2 .  Influence of hepatic necrosis on red blood 
cell and liver transketolase in thiamine-repleted and 
deficient Sprague-Dawley rats. 

related to dry weight and nitrogen content - -  - - - - .  . as measured by the Dumas method( 5 ) .  
Results. Histological studies of liver re- 

vealed no abnormalities in the uncomplicated 
thiamine deficient animals or normal controls. 
Specimens obtained 24 hours after giving 
CC14 exhibited centrilobular necrosis and in- 
flammation which occupied one-third of the 
hepatic lobule; sections obtained 48 hours 
after CC14 showed numerous mitoses with fat 
and less necrosis or inflammation. Those ob- 
tained at  120 hours after CC14 were normal 
(6) .  The thiamine content of normal rat 
blood was 322 t 69 mpg per ml, and of liver 
47.4 t 10.6 mpg per mg dry weight. Red 
blood cells from control animals utilized 881 

68 pg of ribose per ml per hour, serum 
utilized 2 2 2  k 33 pg of ribose per ml per 
hour, and the 10% liver homogenate 1025 
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t 143 pg of ribose per ml per hour. 
In  normal rats, the thiamine deficient diet 

caused a 40% reduction in blood thiamine 
within 48 hours followed by an equivalent 
depression of liver thiamine within 96 hours. 
During this period there was no significant 
change in the red blood cell, plasma, or liver 
transketolase. A 40% decrease in liver en- 
zyme levels occurred in 14 days, in plasma 
enzyme in 16 days, and red blood cell en- 
zymes in 17 days after initiating the diet 
(Fig. 1 ) .  Liver necrosis in thiamine repleted 
animals was associated with a 3-fold increase 
in serum transketolase activity, 32 % reduc- 
tion in liver transketolase, and 10% reduc- 
tion in red blood cell transketolase. Hepatic 
necrosis in animals maintained on a thiamine 
deficient diet for 14 days caused a 58% fur- 
ther reduction in liver transketolase, and a 
45% further decrease in red blood cell trans- 
ketolase (Fig. 2 ) .  

Addition of thiamine pyrophosphate to the 
deficient red blood cell or liver transketolase 
test system caused restoration of depressed 
enzyme activity to 85 to 100% of control 
values during the first 14 days of thiamine 
deficiency; after this period the effect became 
progressively less. When liver injury was 
superimposed on thiamine deficiency, in vitro 
addition of thiamine pyrophosphate was less 
effective; it caused increase of enzyme ac- 
tivity to 60 to 80% of control values. Thi- 
amine therapy in animals with a normal liver 
caused a rapid return of circulating vitamin 
levels with a slower restoration of liver thi- 
amine, red blood cell translretolase, and liver 
transketolase (Fig. 1). Despite in vivo ad- 
ministration of thiamine, transketolase ac- 
tivity in both red blood cells and liver re- 
mained low as long as active evidence of 
hepatic necrosis was present. 

Discussion. In experimental thiamine de- 
ficiency, circulating thiamine provides the 
most sensitive index to vitamin depletion fol- 
lowed by tissue thiamine, red blood cell trans- 
ketolase, liver transketolase and serum trans- 
ketolase, in that order. A significant increase 
in serum enzymes occurs with liver injury; 
it is, therefore, necessary adequately to wash 
red cells and remove all serum to obtain ac- 
curate red cell transketolase measurements. 
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If time factors are considered, transketolase 
levels are related to thiamine content in the 
presence of a normal liver. In contrast, there 
is no correlation between enzyme and vitamin 
levels in the presence of experimental liver 
necrosis. This is due to the fact hepatic 
injury accentuates the disparity between rate 
of reduction of thiamine and transketolase 
levels during vitamin depletion and impedes 
or prevents the restoration of tissue thiamine 
during replacement therapy. Interference 
with conversion of free thiamine to its meta- 
bolically active coenzyme and to synthesis 
of its apoenzyme is contributory since, in the 
presence of active hepatic necroses, there is 
incomplete response to both in vitro and in 
vivo addition of thiamine pyrophosphate. 

Summary. Transketolase activity in rat 
liver and red blood cells is decreased at  a sig- 
nificantly slower rate than circulating or tis- 
sue thiamine in dietary-induced thiamine de- 
ficiency; superimposition of carbon tetra- 
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chloride-induced liver necrosis on thiamine 
deficiency increases the disparity between 
alterations of vitamin and enzyme levels. Re- 
placement therapy in thiamine deficient ani- 
mals with a normal liver only slowly restores 
tissue thiamine and transketolase; in the 
presence of active liver necrosis low tissue 
vitamin and enzyme levels persist despite 
administration of thiamine. 
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Myosin from Mice with Hereditary Musoular Dystrophy." (293%) 
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Myosin, one of the principal contractile 
proteins in muscle, is considerably reduced 
in quantity in various forms of muscular dys- 
trophy and atrophy( l - s ) ,  but little is known 
about any qualitative changes of these pro- 
teins and their possible relation to the wast- 
ing process. This paper deals with the prop- 
erties of myosin from mice with hereditary 
muscular dystrophy( 6 ) ,  particularly in terms 
of its macromolecular structure in solution. 

MateriaEs and methods. Roscoe B.  Jackson 
Memorial Laboratory, Bar Harbor, Maine, 
supplied dystrophic mice and control litter 
mates of strain 129. They were sacrificed 
when 2-3 months old. Myosin was extracted 
repeatedly from their hind legs by the pro- 
cedure of Hasselbach and Schneider ( 7 ) ,  and 
it was freed of actomyosin and other impuri- 

* Supported by grant from Muscular Dystrophy 
Ass'n of America, Inc. 

ties by at  least 2 cycles of fractional precipi- 
tation. Sarcoplasmic proteins were obtained 
by extraction with 0.1 JL K-phosphate buffer, 
pH 7.5, in the cold for 2 hours. They were 
further fractionated in an LKB paper elec- 
trophoresis instrument (8) in 0.1 p K-phos- 
phate buffer, pH 6.4, at 1"-2OC for 16 
hours a t  5 volts/cm. Quantitative determina- 
tion of muscle protein fractions (sarcoplasm, 
myosin, actin, and stroma), which were ob- 
tained by differential extraction ( 7 ) ,  was done 
by Nesslerization( 9) or the Biuret method 
(10). Actin was prepared from rabbit skele- 
tal muscle by the procedure of Mommaerts 
(11) .  ATPase activity of myosin was as- 
sayed at  25°C for 3 minutes in media con- 
taining 0.25 mg myosin/ml, 30 mM KCI, 
20 mM histidine buffer, pH 7.0, and either 
10 mM Ca Clz, 5 mM ATP or 1 mM Mg 
SO4, 1mM ATP. The latter medium was also 
used to assay activation of myosin ATPase 


