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cortex is the site of the greatest concentration 
of after the intravenous injection of la- 
beled polysaccharide and protein fractions of 
Klebsiella pneumoniae. This concentration 
persists for two months, while the activity of 
liver, spleen, lung and other organs declines 
and disappears. In general, the bacterial frac- 
tion with the highest incorporation of C1” 
from the media yields the greatest incorpora- 
tion in the adrenal. 
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Thioctic Acid Content and Pyruvate Oxidation in Ethionine-Damaged 
Rat Livers.* (21967) 

G. L. FISCHER.~ (Introduced by Robert E. Shank.) 
From the Nutrition Research Laboratory, Department of Preventive Medicine, Wushington 

University School of  Medicine, St .  Louis, Mo. 

Recent investigations have established the 
role of alpha-thioctic acid (lipoic acid) ( 6 9  
dithio-octanoic acid) as essential cofactor for 
metabolism of alpha-keto acids in both bac- 
teria and animal tissue. This vitamin was first 
described by Kidder and Dewey as “Proto- 
gen,” an essential growth factor for Tetrahy- 
inena geleii, present in liver and yeast; more 
recently its identity with “Pyruvate Oxidation 
Factor” of O’Kane and Gunsalus and “Ace- 
tate Replacing Factor” of Guirard has been 
established. The compound has been crystal- 
lized from liver and chemically synthesized. 
Thioctic acid is essential for oxidation of py- 
ruvate by cells of Streptococcus fecalis, grown 
on thioctic acid-free medium, and is inti- 
mately associated with pyruvic oxidase and 
alpha-keto glutaric oxidase recovered from 
pigeon breast and pig heart muscle respec- 
tively. The role of this compound has been 
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defined in the transfer to coenzyme A of the 
2-carbon acetyl fragment obtained by oxi- 
dative decarboxylation of pyruvate and the 
4-carbon succinyl fragment resulting from oxi- 
dative decarhxylation of alpha-keto glutar- 
ate. These developments have recently been 
extensively reviewed by R e d (  15) and Gun- 
salus( 7) .  The role of thioctic acid in animal 
nutrition has not been defined. No symptoms 
can be induced, nor can growth be diminished, 
in rats, by feeding a diet deficient in thioctic 
acid and simultaneously depressing possible 
intestinal bacterial synthesis of thioctic acid 
by feeding antibiotics(21). Feeding of an 
antimetabolite, the %methyl analogue of thi- 
octic acid, which inhibits growth for some bac- 
teria, produces no symptoms in chicks and 
rats( 22). Impaired alpha-keto acid metabol- 
ism in severe human hepatic dysfunction (1, 
2,19) and in experimental hepatic necrosis in 
rats( 12,16) has been reported, and the im- 
portance of sulfur-containing amino acids in 
maintaining integrity of the liver is well recog- 
nized ( 5,16). 
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Therefore it was decided to investigate thi- 
octic acid content of liver and its relationship 
to pyruvate metabolism in hepatic injury pro- 
duced in rats by prolonged feeding of ethi- 
onine(9). This amino acid is the ethyl ana- 
logue of methionine and interferes with util- 
ization of methionine in protein synthesis( 18). 

Muthod. Female rats of the \Tistar strain. 
weighing 110 to 150 g. were placed on follow- 
ing diet, to which dl-ethionine was added to a 
final concentration of 0.5%: Sucrose 75%. 
vitamin-free casein (Sutritional Biochemical 
Corp.) 16%, salt mixture (HJlIV) 4%. and 
corn oil 5 % .  Thiamine 10 mg. niacinamide 40 
mg, pyridoxine 10 mg. riboflavin 20 mg. cal- 
cium pantothenate 40 mg, choline chloride 300 
mg, menadione 5 mg. Vit. A 60000 units. and 
irradiated ergosterol 5500 units were added to 
each bg of diet. Other rats were simultaneously 
maintained on above diet without ethionine 
and were either fed ad libitum or pair-fed in 
amounts equal to those consumed by ethi- 
onine-fed animals. -4fter 2 1  to 35 days on 
the diet, and after a 16- to 20-hour fast, the 
rats were killed by decapitation. At sacrifice. 
blood was collected from the neck and pyruvic 
acid determined by the method of Friedemann 
and Haugen ( 4)  . Livers were immediately es- 
cised and homogenized in 9 parts of chilled 
isotonic sucrose in glass homogenizer a t  4'C. 
The homogenate was centrifuged 10 minutes 
a t  600 x g to sediment nuclei and cellular de- 
bris. Supernate was then centrifuged at  9000 
s g for 10 minutes to precipitate the mito- 
chondria. The mitochondria1 preparation was 

TADLE I. Hepatic I\litoclioiiclrial Pgrurate Osi- 
tla t ion. * 

~ ~~~~~~~ 

So. of Neaii Qo,/mg 
T>it.t :iiiiiiials protein S.E. 

3 66 & 5.8 
4 69 * 2.7 

~ ' ~ ~ l l t r o l ,  frd ail lib. 
" , pair ftvl 

Etliionine 1 3 36 * 1.3 
~ ~- 

*Results expressed as pl 0, taken up/hr/nig 
mitochondria1 protein (based on osygen uptake in 
first 10 min.). 

Flask contents: Sn p p u m t e  .02 M ;  S a  fuiiiar- 
a te  6.7  x 
XTP .001 St ;  D P S  2 X 10-& 31; Niaciimnide -01 
31 : C'ytochroine C 1 X 10-" 31 : PO, .02 11, pH 7.35. 
I\litochoiiilrial siispensioii eoiitaiiiiiig 8-12 iiig pro- 
tein. 

Flask 1-01. : 3 1111, 20% ICOII iii center ~ 1 1 .  
Temperature, 37" ; gas phase, 0,; therniequili- 

bration, 5 min. 

1 0 - 4  31 : KCl .us 31; Mg so, .002 31; 

resuspended in 2 ml of isotonic sucrose per 
original gram of wet liver and reprecipitated 
a t  14000 s g for 10 minutes. Mitochondria 
were then resuspended in isotonic KCI. Both 
kidneys were also excised and homogenized in 
15 ml distilled water. Mitochondria1 pyru- 
vate oxidation was measured by the Warburg 
method, with flask contents as in Table I. 
Jlitochondrial protein was determined, in 
quadruplicate, by the method of Lowry et al. 
( 11). Thioctic acid determination was ac- 
complished, according to the method of Stok- 
stad et aE.(20), by turbidometric assay of the 
stimulation of growth of Coryne bacterium 
bnvis.: The original medium was modified to 
stimulate maximal growth by addition of 1.5 
1;+ of enzyme-hydrolyzed casein/liter of double 
strength medium. The enzyme hydrolyzed 
casein (Trypticase-Baltimore Biological Lab- 
oratories) and acid hydrolyzed casein (Vita- 
min-free Casamino Acids-Difco) were ad- 
sorbed with charcoal, estracted with benzene 
a t  pH 3,  and then readsorbed with charcoal 
a t  pH 6 to remove any residual thioctic acid. 
D1-methionine, 0.5 g: was added to each liter 
of double strength medium to counteract any 
inhibition of growth of test organism which 
might be produced by ethionine, as previously 
described for Eschericlzia coZi( 8). However, 
no significant inhibition of growth of Coryne- 
bacterium bovis due to ethionine, a t  concen- 
trations ranging from lo-" to lo-" M, could be 
detected. To free biologically-inactive, bound 
thioctic acid(6,13), 1 ml aliquots of liver or 
kidney homogenate and 1 ml aliquots of mito- 
chondrial suspension containing 5 to 10 mg of 
protein/ml were autoclaved with 1 ml of 12 
N H a S 0 4  for 3 hours a t  120°C: and 15 lbs 
pressure. The digests were neutralized with 
concentrated KOH and diluted to final con- 
centration of 0.4 to 4.0 m-/ of d-alpha-thioctic 
acid/ml. Urines, collected from fasting rats 
kept in metabolism cages for 48 hours, were 
diluted to a similar concentration. The di- 
luted samples were filtered and 2.5 ml aliquots 
were added to 2.5 ml of double strength me- 
dium, in quadruplicate, so that final concen- 

$ We are indebted t o  Dr. E. L. R. Stokvtad of the 
Lederle Division, .4mer. Cyanamid Co., for bhe stock 
culture of Corynebacteriunz bovis and generous sup- 
plies of dLa-thioctic acid. 
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TABLE 11. Hepatic Mitochondria1 Oxidation.* 

f-substratc-, 
No.of Pyruvate 60pM 0, uptake due to 

Diet animals Fumarate 2 ,uM Pumarate 2 pM added pyruvate 

Control, pair fed 5 69 & 2.8 32 t 2.4 37 -I 2.7 
Ethionine 6 37 3- 2.2 28 3- 3.0 9 -I 2.7 

__I- 

* Results expressed as mean pl 0, uptake/hr/mg mitochondria1 protein -r- S.E. Flask con- 
tents as per Table I, with pyruvate omitted as indicated. 

tration of d-alpha-thioctic acid ranged from 
0.2 to 2.0 my/ml. The tubes were then inoc- 
ulated with one drop of a saline-washed 
48-hour culture of C. bovis, grown in basal 
medium enriched with thioctic acid. Inocu- 
lated tubes were incubated 88 hours a t  3OoC, 
and growth measured turbidimetrically in a 
photospectrometer. Optical density, prior to 
inoculation, of the relatively dark solutions 
obtained by liver digestion, was subtracted 
from the optical density following incubation, 
to find the increment in turbidity due to bac- 
terial growth. A standard curve, obtained by 
measuring growth resulting from addition of 
known amounts of synthetic dl-alpha-thioctic 
acid$ (having one-half the biologic activity of 
naturally occurring d-isomer) to the basal 
medium, was established simultaneously for 
each group of samples. A t  final concentra- 
tions of 0.2 to 2.0 my d-alpha-thioctic acid/ 
ml, values obtained from unknowns were re- 
producible without a constant tendency to up- 
ward or downward “drift”; values falling out- 
side above range were discarded. 

Resdts. Rats fed the diet containing ethi- 
onine lost weight more rapidly than pair-fed 
controls. &4t autopsy, the livers were grossly 
enlarged, pale, firm, and granular. Micro- 
scopic examination revealed lobular disar- 
rangement, marked variation in cell size, cel- 
lular swelling and cytoplasmic coagulation, 
with marked inflammatory cell and fibroblas- 
tic infiltration and slight fibrosis, as previously 
described by Koch-Weser and Popper (9). 
Kidneys were enlarged, soft, and pale. Micro- 
scopic examination revealed marked tubular 
hydropic degeneration. A similar lesion oc- 
curring following acute injection of ethionine 
has been described( 23). 

Impaired pyruvate metabolism in intact 
animals, following prolonged ethionine feed- 
ing, was suggested by a significant (p< .02) 

terminal elevation in fasting blood pyruvate 
levels from 2.9 t .39 mg% in pair-fed con- 
trols to 4.2 2 .29 mg% in ethionine-fed ani- 
mals. Pyruvate oxidation by mitochondrial 
preparations from livers of animals fed ethi- 
onine was markedly diminished (Table I). 
While mitochondria from livers of control ani- 
mals maintained uniform pyruvate oxidation 
rate for over 40 minutes, the rate of pyruvate 
oxidation by mitochondria obtained from liv- 
ers of ethionine-f ed animals declined progres- 
sively during each 10 minutes of incubation. 
Hourly oxygen uptake per mg of mitochon- 
drial protein was calculated on the basis of 
oxygen consumption during the first 10 min- 
utes, to minimize above difference. The endo- 
genous oxygen consumption by mitochondria 
in absence of substrate was negligible. When 
pyruvate was omitted from the flasks, the sole 
remaining substrate was 2 pmoles of fumarate 
’‘sparker” per flask. When oxygen uptake in 
presence of fumarate alone was subtracted 
from oxygen uptake in presence of fumarate 
plus pyruvate, the added oxygen consumption 
due to presence of pyruvate was markedly 
greater in mitochondria from livers of control 
animals than in ethionine-fed rats (Table 11). 
These differences were highly significant 

The thioctic acid content of liver per gram 
wet weight was essentially similar for rats fed 
chow ad libitum, and for rats fed ethionine- 
free diet ad libitum and in limited amounts 
(Table 111). The mean value for control ani-. 
mals of 1.2 y of d-alpha-thioctic acid per g wet 
liver is of the same order of magnitude as pre- 
viously re@rted vaXues(6,13). However, a 
marked decrea* in, thioctic acid content to 
0.4 y/g was found ;in livers of ethionine-fed 
rats. When the observed thioctic acid con- 
tent was corrkcted for the increase in liver size 
noted in ethionine-fed rats, by expressing the 

( p  <.OOl). 
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T14BLE 111. Thioctic Acid Content” of Rat Organs. 

7 Liver \ -  Kidney \ 

s o .  of y/100 g in- No. of y/100 g in- 
Diet animals ? / g  wet wt itial body wt animals r / g  wet wt itial body mt 

I - - - - clioa~ 1.2 2 .10 
Control, fed ad lib. 13 1.1 2 .07 4.0 -I- .2i  B 1.1 * .12 1.2 -I .11 

’* , pair fed 1(1 1.2 2 .12 4.G & .38 9 1.4 2 S O  1.3 1 .10 
Etliioiiiiie 1 .i .4 2 .G t l.i 21 b 1.3 3- .11 1.3 2 .10 

&a-tllioctic wicl/ll g of rat lml?- wt prior to lteginning csperitiieiital diet. (Mean 2 S.E.) 

--- ____ _ _  ~- ~ 

+ Results eslwrwlcl a s  

t For difftwnw lwtwwii li\-c.r?; of pair fcci coiitrols :iii11 ethioiiine-fed animals, p < . O O l .  

of tl-a-thioctic ;ic.id/g of wet orgaii :tiid as y of total liver or kidney. 

results in terms of total liver d-alpha-thioctic 
acid:100 g original body weight. prior to 
starting on diet, the presence of an absolute 
decrease in hepatic thioctic acid from 4.6 to 
1.7 y of d-alpha-thioctic acid per 100 g of 
original body weight was established, at  a 
highly significant ( p < .OO 1 ) level (Table 
111). 

Thioctic acid content of mitochondria ob- 
tained from livers of ethionine-fed animals 
was also significantly (p< .001) diminished, 
from 2 7  to 8 my of d-alpha-thioctic acid ’mg 
of mitochondrial protein (Table IV) .  He- 
patic depletion of thioctic acid was apparently 
uniform in the mitochondria and in other por- 
tions of the cell. since the percentage of total 
hepatic thioctic acid which could be recovered 
from mitochondria was approximately equal 
in both control and experimental animals. 
The values of 67 and 62% respectively coin- 
cide closely with the 64% reported by Reed 
and Cormier ( 14). 

Kidney was found to contain approximately 
1.3 y of d-alpha-thioctic acidlg wet tissue; 
this value approximately equals the amount 
found in liver and confirms the observations 
of Reed, et al. ( 13) who found approximately 
equal amounts of “Acetate Replacing Factor!’ 
activity in rat liver and kidney. No signifi- 
cant relative or absolute diminution of renal 
thioctic acid content could be detected in ani- 
mals fed ethionine (Table 111), in spite of 
anatomic damage to the kidneys. This is 
compatible with previous reports that the 
chemical dysfunction induced by ethionine in- 
toxication is not as severe in kidney as in liver, 
the incorporation of amino acids into proteins 
following ethionine injection being much more 
impaired in liver than in kidney ( 18 ) . 

The 24-hour urine excretion of thioctic acid 

was slightly greater in fasting ethionine-fed 
rats than in pair-fed controls. The values of 
330 and 230 my of d-alpha-thioctic acid per 
24 hours respectively fall within the normal 
range of 100 to 500 my per 24 hours previ- 
ously observed by Stokstad, et aL(21). The 
difference between the 2 groups, however, is 
significant only at  the .05 level. -4pparently, 
a general impairment of thioctic acid synthesis 
does not exist in ethionine-fed rats. 

Diminished pyruvate oxidation by liver 
mitochondria from ethionine-fed rats could 
not be restored by in vitro addition of 1 y of 
dl-alpha-thioctic acid to the flask mixture. In- 
jection of 607 of dl-alpha-thioctic acid into 
ethionine-fed rats at 96, 72, and 48 hours 
prior to sacrifice did not increase hepatic 
mitochondrial thioctic acid content above that 
found in untreated animals (Table TV). 

Discussion. The demonstrated defect in 
mi tochondrial pyruvate oxidation is probably 
not due to thioctic acid depletion. It is known 
that thiamine pyrophosphate, diphosphopyri- 
dine nucleotide, thioctic acid, coenzyme A, 
and specific protein apooxidases are all re- 
quired to maintain pyruvate oxidation( 15). 
D P S  has been observed to diminish in livers 
of ethionine-fed rats( 17). Coenzyme A 
originates in part from methionine and cystine 
(24) and is diminished in livers of rats fed a 
diet deficient in sulfur-containing amino acids 
(3,  12) .  Since ethionine interferes with nor- 
mal metabolism of methionine, it is possible 
that the coenzyme A content of mitochondria 
is also diminished. Moreover, ethionine di- 
minishes protein synthesis( 18) and is incor- 
porated in synthesized abnormal proteins 
(10) ; therefore the apoenzymes required for 
pyruvate oxidation may be deficient. In spite 
of the observed depletion of mitochondrial 
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TABLE IV. Thioctic Acid Content” of Liver Mitochondria. 

I No thioctic acid injection -> 1nj.t with thioctic acid 
of total liver I 3 

Mitochondria1 thioctic acid Mitochondria1 
No. of thioctic acid recovered from No. of thioctic acid 

Diet animals content mitochondria animals content 
- - - Control, fed ad lib. 5 32 3. 2.7 

” , pair fed 10 27 -I- 2.6 67 +- 8 3 25 -I 3.0 
Ethionine 10 8 2 1.0 62 3 . 5  3 6 3- 1.5 

* Results expressed as rnv d-a-thioctic acid/mg mitochondria1 protein (mean 2 S.E.). 
t Injected with 60 y dl-a-thioctic acid 96, 72, and 48 hr prior to sacrifice. 

thioctic acid in these animals, addition of thi- 
octic acid in vitro does not increase the 
diminished pyruvate oxidation observed in 
liver mitochondria. Probably, a variety of 
factors other than thioctic acid depletion 
probably contribute to the pyruvate oxidation 
defect. 

A general impairment of thioctic acid syn- 
thesis does not exist in ethionine-fed rats and 
therefore cannot account for diminished he- 
patic thioctic acid content. Since thioctic 
acid injection does not increase thioctic acid 
content of liver mitochondria in ethionine-fed 
rats, it appears possible that thioctic acid 
binding mechanism of liver may be damaged 
by ethionine feeding, possibly due to impaired 
synthesis of apoenzymes to which thioctic acid 
is bound, or due to impaired synthesis of en- 
zymes which catalyze protein binding of thi- 
octic acid or its conversion to the form in 
which it is biologically active. 

Summary. Terminal blood pyruvic acid 
level was elevated in rats with liver lesions in- 
duced by feeding a diet containing ethionine. 
Pyruvate oxidation by mitochondria from liv- 
ers of these rats diminished. The hepatic con- 
tent of thioctic acid was decreased relative to 
control animals; the thioctic acid content of 
liver mitochondria was also reduced. In  vitro 
addition of thioctic acid did not stimulate the 
diminished hepatic mitochondrial pyruvic acid 
oxidation. Undiminished urinary excretion of 
thioctic acid, failure of thioctic acid injection 
to increase the diminished hepatic mitochon- 
drial thioctic acid content, and normal kidney 
thioctic acid content suggest that total body 
thioctic acid synthesis is unimpaired but that 
hepatic thioctic acid “binding” is impaired, in 
rats fed a diet containing ethionine. 

The author wishes to thank Dr. Albert I. Mendel- 
off, who suggested this project, and under whose 
supervision the studies were carried out. 
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Destruction of Virus Hemagglutination Inhibitor of Egg-White by Newcastle 
Disease Virus." (21968) 

~VILLIAM H. MCCOLLUM ASD C. A. BRANDLY. 
Front the  Depar tment  of Veter inary  Scieiicc, Cniversity o j Wisconsin, Madison.  

The viruses of munips, influenza and Xew- matically destroy the inhibitor common to 
castle disease cause agglutination of certain these materials. The exact role of this en- 
mammalian red blood cells (RBC) by con- zymatic action in infection has not been de- 
necting these cells and forming a lattice-like termined. One hypothesis is that firm adsorp- 
matrix. If the ratio of virus and RBC is con- tion to the cell surface is needed to allow the 
trolled. the reaction can be observed visually. virus to enter the cell. 
In most instances the virus elutes or dissoci- Since so many variations in charac- 
ates from the RBC after an indefinite time fol- terized properties, e.g., pathogenicity, heat 
lowing mixing of the virus and red cells. The stability of the hemagglutinin, of strains 
virus-treated cells are no longer capable of of Sewcastle disease virus (NDV) es- 
being "rebridged" by the virus but the virus ist. a study of the enzymatic activi- 
retains its capacity to act again on untreated ty of several strains of this virus seemed 
cells ( 1 ) . warranted. The following studies have util- 

I t  is now known that normal ferret serum! ized crude egg-white as the substrate or HA 
serum from other animal species( 2 )  ! a variety inhibitor in determining the niucinase activity 
of tissue suspensions(3). ovalbumin(4)! cow's of S U V .  
inilk( 5 ) .  etc.. will inhibit viral hemagglutha- illaterials und methods. Viral strains. - ,  

tion (Ha\). Inhibitor present in all of these repository for strains of SDV, maintained in 
substances seeins to be very similar in compo- the Department of Veterinary Science, Uni- 
sition to the "virus receptor" substance of versity of jvisconsin, with the cooperation of 
the surface Of erythrocytes which is commonly the -\gricultural Research Service, U. S. De- 
regarded as n1ucoProtein(677) - i k ~ s e s  of the partment of Agriculture and the Newcastle 
~nUnlpS-~eWCaStle-inAUenZa group Can enZy- Disease Technical Committee of the K0r-h 

* The work here reported is a portion of that com- 
pleted by McCollum in partial fulfillment of the re- 
quirements ior the doctor of philosophy degree from 
the University oi  Wisconsin in 193'4 and was supported 
jointly by funds from the U. S. Department of Agri- 
culture, -4gricultural Research Service, Animal Dis- 
eases and Parasites Branch; from the Regional Tech- 
nical Committee on Xewcastle Disease of the Xorth 
Central States; and  from the Wis. .\gr. Exp. Station. 
Published with the approval of the Director of the 
Wk. Agr. Exp. Station, as paper SS _..._.__.... of the 
Dept. of Veterinary Science. 

Present address (McCollum), Department of 
Animal Pathology, Kentucky Agr. Exp. Station, Les- 
ington. 

Central States Region, has more than 80 
strains. including 1 from Australia, 8 from 
Canada, 2 from Mexico, 1 from Japan, 8 from 
Europe and the remainder from the United 
States. A11 repository strains and the K strain 
of Dinter(8) were tested for their ability to 
destroy egg-white inhibitor (EWI). For the 
rate studies. however. only 7 strains were em- 
ployed : Yic-Australia- 193 2,  B l 7  Hert-Eng- 
1933. Milano-I taly- 1945 ? GB-Texas-1948: 
(H)Sajarian-Ohio-1948 and Roakin-KJ-1946. 
The Lee strain of influenza B virus was used 
as the indicator virus in the hemagglutination- 
inhibition (HI) tests. White Leghorn chick- 




