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Ever since Evans and Burr (1) first drew 
attention to a paralysis of young suckling rats 
with vitamin E-deficient mothers, the re- 
lationship of vitamin E deficiency and mus- 
cular dystrophy has been under investigation. 
The hypothesized pathophysiologic links be- 
tween the two have included a well-defined 
role for Vitamin E as an antioxidant, a contro- 
versial effect of tocopherol deficiency to in- 
crease muscle oxygen consumption, and a pos- 
sible role as a participant in oxidative phos- 
phorylation (2 ) .  Since much of the work m 
oxygen consumption and lipid peroxidation 
has been derived from in vitro preparations 
such as homogenates and strips (2,3) ,  we 
chose to study oxygen consumption and lipid 
peroxidation in a more intact muscle prepara- 
tion, the isolated perfused rat heart. Vitamin 
E deficiency is known to cause a myocardial 
dystrophy (2),  but to the authors’ knowledge, 
isolated perfusion studies have only k n  per- 
formed on hearts from animals with a heredi- 
tary dystrophy not known to be related to 
vitamin E deficiency (4).  Moreover, we dealt 
with an earlier phase of deficiency prior to the 
development of anatomical lesions. This sys- 
tem has the advantage of nutrient supply via 
a normal vascular system with all muscle cells 
intact. When adapted for studies of the con- 
tribution of “metabolic” factors to myo- 
cardial oxygen consumptian, it has been found 
useful to eliminate inotmpic and chronotropic 
contributions by 16 mM potassium arrest ( 5 ) .  
In  addition to the total oxygen consumption, 
some estimate of the portions related to phos- 
phorylation and nonmitochondrial 0 2  fixation 
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can be made using inhibitors such as oligo- 
mycin ( 5 )  and ~ y a n i d e . ~  

Materials and Methods. Male Wistar rats 
between 80-100 gm were placed on the tow- 
pherol deficient or sufficient diet obtained in 
pellet form from the General Biochemicid 
Company. This diet is idemtical in composition 
to that used by Mason and Harris (6). The 
control diet contains 60 mg of tocopherol 
acetate per pound. The animaks were fed ad 
libitum and the food consumption by the two 
groups was similar. The animals were on the 
diet from 3 weeks to 3 mnths.  
Hearts were removed after decapitation and 

an aortic retrograde perfusion was performred 
after the technique of Morgan et al. (7), as 
adopted for the measurement of 902 (5).  
Krebs-Ringer-bicarbonate buffer, containing 
16 mM of potassium was equilibrated with 
95% 0 2 5 %  C G ,  37OC, and perf& at a 
fixed coronary flow rate of 7.5 ml/min. Arte- 
riovenous po2 differences were determined 
with a Clark mlicrooxygen electrode and con- 
verted to q& (mlO2 per min per gm of d e  
wt.), using the appropriate 02 solubility corn 
stant. 

For determination of lipid peroxidation the 
modified thiobarbituric acid (TBA) test (8,9) 
was used as follows: in the intact heart, to 1 
ml of perfusate was added 0.5 ml of 35% 
TCA and 1 ml of 0.75% TBA. The mixture 
was boiled for 15 min. The chromogen was 
extracted with an additional 1 d of 3570 
TCA and the optical density of the supernate 
was measured at 530 mp. 

The in vitro lipid peroxidation in 10% 
homogenates of liver or heart in isotonic KCl 
was ~ ~ l ~ a s u r e d .  A homogemte of erach tissue, 
containing the equivalent to 10 mg of wet 
weight of tissue, was incubated in phosphate 
buffer (0.1 M ,  pH 7.35) in total volume of 
1 ml in air for 1 hour, at 37OC. The TBA 
chrosnogen production was determined as 
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TAHIIE 1. TBA C'hroiiiogen Production iii Liver 
:ind Heart Homogcnates of Vitamin E-Deficient 

:iud Control Rats." 0.200 

Diet Organ TBA indexb 
~ 

T)cficicn t I ,i vc r 2.310 
D e fie i c 11 t. IIenrt 1.040 
Control 1,iver 0.490 
Control Heart 0.300 

" Three animals i i i  each group. Incubation sys- 
tem: 0.1 M phoqhste buffer pH 7.35; homogenate 
cyuivalent to 10 m g  of tissue; f ind volume 1 ml. 

* Absarbmcc at 530 nip per 100 mg of tissue in 
1 hour. 

above after the reaction was stopped by the 
addition of 0.5 ml of 3570 TCA to the incu- 
bation flask. 

Results and Discussion. It is well known 
that rats on vitamin E-deficient diet develop 
biochemical lesions much earlier than the 
anatomical lesions. Such lesions have con- 
sisted of: (a) Inhibition of gulonolactone oxi- 
dase in liver micrmmes (8 )  ; (b) Inhibition 
of steroid synthesis by the adrenal cortex (9) ; 
(c) inhibition of succinoxidase in liver mit+ 
chondria (10) ; and (d) Increased production 
of lipid peroxidation as tested by the t h b  
barbituric acid production in numerous organs 
during varied periods of vitamin deprivation 
(1 1, 12). The demonstration of high in vitro 
lipid peroxidathn in the homogenates of 
heart and liver of the deficient rats in the 
present studies (Table I )  implies the presence 
of such biochemical lesions as a result of vita- 
min E deprivation prior to development of 
gross anatomical lesions. 

Preliminary results indicated no difference 
in the 902 of hearts from animals subjected 
to tocopherol deficiency for periods varying 
from 3 weeks to 3 months. Therefore, we 
analyzed all of the tocophero1-deficient go2 
data as a single group (Fig. 1). 

The oxygen consumption of jmtassium ar- 
rested hearts was identical whether from the 
control (0.155 t 0.015) or tocopherol de- 
ficient (0.148 A 0.010) rats. Further support 
for the lack of effect of tocopherol on h a r t  
go,! was found when no changes resulted from 
the addmition of 1 mg of tocopherol to an al- 
bumin containing buffer perfusing vitamin E- 
deficient hearts. As previously discussed, 
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FIG. 1. Oxygen c o n s u m  in bhe isoladed per- 
fused hearts of tocopherol-deficient and control 
rats in the presence of oligomycin, cyanide or K r e b s  
Ringerbicarbonate (control). The n indicates num- 
ber of rats used in each experiment. Bars indicate 
standard error of the m a n .  

potassium mrest was chmen to study more 
directIy that part of oxygen consumption re- 
lated to basal or resting metabolic activities. 
However, to rule out the possibilities that in- 
otropic or chronotropic activity may be neces- 
sary to demonstrate an effect of tocopherol 
deficiency, a group of three vitamin E-defi- 
cient hearts were studied with normal potas- 
sium concentration. The 902 was found to be 
0.494 t 0.025, a value comparable to that 
found in many previous control studies.l Thus, 
the total respiratory activity of intact my- 
ocardium was not found to be elevated in 
vitamin E-deficient animals. 

In addition, m u i e m e n t  of TBA chromo- 
gen production in the perfusate of the two 
groups was found to be identical and of very 
small quantity in the beating and arrested 
control hearts (Table 11). This is in contrast 
to the increased in vitro chromogen produc- 
tion of liver and heart in the deficient group 
(Table I ) .  

To determine if equal O2 consumption could 
be due to some defect in oxidative phosphor- 
ylation, control and viltamin E-deficienlt hearts 
were perfused with oligomycin, as previously 
described (5) .  Oligamycin is an antibiotic 
which inhibits oxidative phosphorylation in 
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TABLE 11. TBA Chroniogen Production in  Per- 
fusate of Isolated Heart  Preparation of Vitamin 

E-Deficient and Control Rats.” 

TBA cliromogenb 

Diet Beating heart Arrested heart 

Deficient .003 .001 
Cont ro 1 .001 .ooo 
” Three animals in each group. 

Absorbance at 530 nip in 1 ml of perfusate. 

mitochondria; that pant of respiration remain- 
ing is therefore not linked in an obligatory 
fashion to phosphorylation (13:14). The anal- 
ogy of oligomycin effeot in intact mywardium 
in comparison Ito those described for mitochon- 
dria has been established by the demomtra- 
tion of a decrease in ATP (5), an inhibition 
of incorporation of 32P into ATP (15), and 
an increase in DPNH fluorescence ( 15). 

As shown in Fig. 1, a major portion of 
the resting oxygen consumption is not coupled, 
in an abligatory fashion, to phospholrylation. 
This respiration was similar both absolutely 

and relatively [(+E) 88% vs (-E) 86%] 
in #tocopherol deficient and control hearts. 

The final subdivision of total oxygen up- 
take to be considered was that possibly related 
to a role for vitamin E as an antioxidant (2). 
In  this role, vitamin E might conltrol the 
amount of oxygen utilized in lipid peroxida- 
tion ( 2 )  or microsoma1 DPNH or TPNH 
oxidation ( 16). Such oxygen fixation would 
not be blocked by cyanide, an inhibitor of 
mitochondria1 cytochrme oxidase. Hearts 
were, therefore, perfused with 2.5 mM cya- 
nide, a concentrativn previously found to be 
maximally e f fe~t ive .~  Cyanide inhibited oxy- 
gen uptake to 0.027 t 0.005 and 0.032 
0.003 for tocqherol-deficient and sufficient 
hearts, respectively (Fig. 1).  

Thus, these studies demonstrate no effmt 
of tocopherol deficiency on the total go2 
or on those portions related to phosphoryla- 
tion or nonmitochondrial oxygen fixation, nor 
demonstrate any significant difference in TBA 
chromogen production in heart perfusate of 
the two groups. These results in a relatively 
intact myocardial preparation stand in con- 
trast to total oxygen consumptions and in 

[ (+E) 0.136t.004 vs (-E) 0.128t0.0061 

vitro lipid peroxidation obtained previously 
in less intact in vitro Itissue preparations. 
However, as reviewed by Vasington et al. (2), 
the previous studies have been inconsistent 
and fraught with technical difficulties and 
lack of statistical significance. The present 
studies suggest that the biochemical mecha- 
nisms for myocardial disease in vitamin E 
deficiency are to be sought in areas other 
than those reflected in the parameters of res- 
piration measured here. An extrapolation of 
these conclusions to skeletal muscle can be 
made here only to the extent that such muscle 
can be considered analagous to myocardium. 

Summary. Respiration in the perfused 
hearts of vitamin E-deficient and -sufficient 
rats was studied and compared in the control, 
oligomycin, and cyanide t ra ted  hearts. No 
effect of vitamin E deficiency was noted in 
the total qOn, phosphorylated respiration or 
nonmitochondrial oxygen fixation. Studies of 
lipid peroxidation, as tested by the thiobar- 
bilturic acid (TB ) method, demonstrated 
high in vitro lipid 1 eroxidation in the homo- 
genates of hearts nd livers of the vitamin 
E-deficient rats c mpred  to the control. 
The TBA test in t 1 e heart perfusate of the 
two groups was the same. 
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Beeson (1) first described the induction 
of endotoxin tolerance by pretreatment with 
extremely low doses of endotoxin. Since then 
several workers have produced tolerance to- 
wards endotoxin by repeated injections of 
toxic preparations given over several days. 
However the toxicity of these substances pre- 
cludes the clinical application of these find- 
ings. 

Using detoxified endobxins (endotoxoid) , 
Freedman et al. (3) have induced in animals 
resistance to infection. Further, No11 and 
Braude (7) have succeeded in inducing pyro- 
gen tolerance in rabbits, and in increasing 
the resistance of mice to lethal challenge doses 
of endotoxins, by immunizing the animals with 
detoxified endotoxins. 

Chemically detoxified endotoxins of the 
type used in the experiments to be described 
were obtained from Serratia marcescens 
bovim-type endotoxin by Nowotny (8). 
These endotoxoids were almost nontoxic while 
retaining several useful properties of the 
parent endotoxin (4,9). 

The question now raised is, whether pro- 
tection against the lethal action of endotoxins 
in genmal cam be induced by pretreatment 
with this endotoxoid in particular. The pres- 
ent paper describes the induction of endo- 
toxin tolerance in guinea pigs (Pirbrighlt) 
by treatment with endotoxoid-2 (endotoxin 
partially deacylated with potassium meth- 
ylate). 

Experiments. Section A .  Ninety guinea 
pigs received by the intravenous route 150 

pg/loO gm of body weight of endotoxoid-2. 
Six animals died within 1 day. Twenty-four 
hours after injection the 84 survivm were 
divided into three groups (see Table I) each 
group being then injected with toxic endo- 
toxin from either E. coli 0111, Proteus vul- 
garis, or Brucella melitensis. The three con- 
trol groups of guinea pigs received intra- 
venously only the corresponding toxic endo- 
toxin. The endotoxins were prepared by the 
trichlormcetic acid method (2) as described 
by Urbaschek (1 1). 

Section B .  The Ouchterlony (10) gel dif- 
fusion method, the very sensitive passive 
hemagglutination technique (6) and the cvm- 
plement fixation technique id Kolmer ( 5 )  
were employed to study the serological status 
of the following groups of animals: (i) Ten 
guinea pigs were injected intravenously with 
endotoxoid 150 &lo0 gm body weight. 
These guinea pigs wee bled twenty four 
hours after the endotoxoid injection. (ii) Ten 
guinea pigs received the same endotoxoid dose 
and 24 hours later were challenged with a 
lethal dose of E. coli endotoxin. Twenty-four 
hours after the challenge the animals were 
bled. 3. Ten guinea pigs and four rabbits 
were immunized with toxic E. coli endotoxin. 
The immunized a n i d s  were bled on the 
seventh day after the last injection. As anti- 
gen E. coli endotoxin and endotoxoid were 
used. 

Results. In Section A experiments, endo- 
toxin from E. coli, P .  vulgaris, and B.  meli- 
tensis caused a high mortality, when injected 


