DI LUZIO

of tocopherol deficiency in liver (Bernhard et al., 1963) and in
muscle (Witting, 1967). Arachidonic acid, because of its
essentiality to the function of cellular membranes, may be
closely associated with enzymatically active sites or transport
areas and hence be particularly prone to oxidation by both
internal and external free radical sources.

Lastly, one should recognize that tocopherol deficiency aug-
mented by oxidant exposure is likely to present multiple foci,
in the classical sense. Alterations simultaneously in lipid,
protein, sulfhydryl compounds, and nucleotide oxidation states
are likely. Serum-reduced glutathione levels are depressed by
oxidant exposure but are unaffected by tocopherol intake.
Potential interactions may occur since many reactions require
sulfhydryl compounds (acyl CoA in desaturases) and since
cystine and methionine have been shown to reverse the cre-
atinuria of tocopherol deficiency without alteration of the lipid
peroxidation (Desai ef al., 1964). In any event, the complex-
ity and, unfortunately, the catastrophic nature of tocopherol
deficiency may well preclude human experimentation for
some time, but our data suggest that it might be well to recom-
mend the provision of adequate levels of tocopherol for the
inhabitants of air-polluted areas.
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Protective Effect of Vitamin E on Plasma Lipid Dienes in Man

Nicholas R. Di Luzio

Since previous studies indicated that lipid per-
oxidation may be the molecular basis of experimental
ethanol-induced hepatic injury, studies were under-
taken to determine if diene conjugation could be
detected in plasma lipids in conditions of acute and
chronic alcoholism. Plasma lipids of human
subjects, both normal and diseased, revealed the
presence of conjugated diene absorption patterns.
The presence of conjugated dienes in plasma lipids,
particularly in the phospholipid fraction, may well
result from in vivo peroxidative events since the
administration of lipid antioxidant, as mixed to-

copherols, was associated with a significant reduction
in plasma lipid conjugated diene levels. This
reduction was associated with a significant enhance-
ment in plasma lipid soluble antioxidant activity.
Conversely, removal of supplemental vitamin E
was associated with a fall in plasma lipid antioxidant
activity and a rise in conjugated diene levels, sug-
gesting that the presence of the abnormal conjugated
dienes in plasma lipids might be due to a relative
antioxidant deficient state or antioxidant imbalance
related to excessive polyunsaturated fat intake.

hypothesis that the mechanism of hepatic cell injury,
after the administration of such agents as ethanol or
carbon tetrachloride, was possibly due to an enhanced peroxi-
dation of lipids (Di Luzio, 1964; Di Luzio and Costales, 1965;
Di Luzio, 1966; Comporti et al., 1967; Di Luzio, 1967; Di
Luzio and Poggi, 1967; Di Luzio and Hartman, 1967; Di

Previous studies from this laboratory have led to the
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Luzio and Hartman, 1969b). The induced lipid peroxidation
was postulated to be related to an ethanol-induced free radical
attack on unsaturated lipids of specific hepatic subcellular
organelles due to a decreased lipid soluble antioxidant level
(Di Luzio and Hartman, 1969a). The protection of animals
from the acute or chronic effects of such hepatotoxic agents as
ethanol and carbon tetrachloride by the administration of
antioxidants was proposed to be caused by an inhibition of
lipid peroxidation (Di Luzio, 1964; Di Luzio and Costales,
1965; Di Luzio, 1966; Comporti et al., 1967; Di Luzio, 1967;



70

60

50 ! Difference 20
' Spectrum

o

]

»

Al

T)

4

<

[

o

[0}

v

Q

<
220 240 260 280
WAVELENGTH, mxu

Figure 1. Diene conjugation absorption of plasma total lipids of

two normal subjects. Lipid concentration 1 mg/ml of heptane.
A typical difference spectrum characteristic of lipid conjugated
dienes is manifested in one subject (—), which typified the popula-
tion studied and is compared to the absorption spectrum of one
of the three individuals (- -) which did not manifest the typical
conjugated diene spectrum

Di Luzio and Hartman, 1967; Hartman and Di Luzio, 1968;
Di Luzio and Hartman, 1969a,b; Hartman et al., 1969).
The role of lipid peroxidation in carbon tetrachloride hepa-
totoxicity has been reviewed by Recknagel (1967).

Since experimental evidence suggested that lipid peroxida-
tion might play a role in experimental ethanol-induced hepatic
injury, studies were undertaken to determine if conjugated
dienes could be detected in states of acute or chronic alcohol-
ism in man. Conjugated diene analysis (Bolland and Koch,
1945) has been employed as a quantitative estimation of lipo-
peroxidation (Recknagel and Ghoshal, 1966; Goshal ez al.,
1969; Di Luzio, 1968; Di Luzio and Hartman, 1969a,b) in a
variety of experimental conditions. The hydroperoxide value
of autoxidized methyl ester unsaturated fatty acids also has
been demonstrated to parallel the conjugated diene value
(Frankel, 1962).

The detection of conjugated dienes in the plasma lipid frac-
tion of individuals with clinical histories of alcoholism as well
as in plasma lipid fractions of normal subjects prompted a
further investigation of the evaluation of the influence of
vitamin E administration on plasma lipid conjugated diene
levels in normal subjects.

METHODS

Plasma was obtained from a group of patients with long
histories of alcoholism, as well as normal subjects. In addi-
tion, patients with a variety of disease syndromes were also
evaluated for plasma conjugated dienes. These included
individuals with gastric or duodenal ulcers, pulmonary tuber-
culosis, pneumonia, varying types of neoplasia, nutritional
cirrhosis, infectious and viral hepatitis, and diabetes. The
studies on lipid conjugated dienes were conducted over a 2-

PROTECTIVE EFFECT OF VITAMIN E

Table I. Difference Spectra, at 233 my, of Plasma Total
Lipid Following Administration and Removal of vitamin E

Vitamin E Vitamin E

Subject +7 dayse —17 days?
N.D. —0.229 +0.207
C.C. —0.140 —0.045
J.P. ~0.225 +0.190
L.M. —0.118 +0.103
IM. —0.228 +0.010

@ Values are the difference between the optical density of the control
value, i.e., zero time, and the value 7 days following vitamin E ad-
ministration, ? Values are obtained by difference between optical
density obtained 7 days following the removal of vitamin E supple-
mentation and the value obtained following vitamin E administration,

year period (1968-1970) and no seasonal variation was de-
tected which could berelated to environmental alterations.

In six normal male subjects, plasma lipid conjugated dienes
and plasma lipid soluble antioxidant levels were studied fol-
lowing ethanol ingestion in the amount of 0.5 g/kg. Plasma
samples were obtained prior to and at 1, 3, and 6 hr following
ethanol ingestion.

Plasma lipids were extracted in purified chloroform-meth-
anol (Sperry and Brand, 1955). Chloroform-methanol ex-
tracts were dried in a nitrogen atmosphere and chromato-
quality heptane was employed to dissolve the lipid residue for
ultraviolet absorption studies. The ultraviolet spectra were
determined from 340 to 220 mu with the lipid concentration
of 1 mg of total lipid per milliliter of heptane.

In studies relating to the possible mechanisms of induced
plasma conjugated dienes, five normal subjects ingested 1 to
1.5 g of mixed tocopherol concentrate per day for a 7-day
period while maintaining normal dietary intake. The a-to-
copherol intake was 500-750 mg, while the additional to-
copherols were 3-, a-, and §-tocopherols. Plasma lipid soluble
antioxidant concentrations (Glavind, 1963; Di Luzio and
Hartman, 1960a,b) and conjugated diene analyses were con-
ducted on the plasma prior to the administration of vitamin
E, 7 days following the E administration, and then 7 days
post E ingestion. All plasma samples were analyzed in du-
plicate.

RESULTS

The studies involving 66 patients with a wide variety of
clinical disease states and 21 normal subjects revealed no evi-
dence of enhanced conjugated diene levels which could be
readily associated with either their previous clinical history
of alcoholism or other disease entities. The plasma of 84 of
the 87 subjects studied revealed the presence of conjugated
dienes as denoted by 230-233 adsorption maximum (Figure 1).

The acute administration of ethanol, in the form of bour-
bon, to normal subjects induced mean blood ethanol levels of
68.4, 309, and 5.0 mg% at 1, 3, and 6 hr, respectively. No
significant differences in plasma lipid soluble antioxidant
levels or conjugated dienes could be demonstrated following
acute ethanol ingestion.

In an effort to demonstrate that the 233 absorption which
was manifested in plasma total lipids was due to the presence
of peroxidized lipid fractions manifesting conjugated diene
configurations, the influence of antioxidant administration on
plasma conjugated diene levels was ascertained. These data
revealed that vitamin E-ingestion significantly lowered the
233 absorption maximum in all cases (Table I). The signifi-
cant decrease (P <0.005) in the 233 absorption maximum
was associated with a significant enhancement in lipid soluble
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Figure 2. Diene conjugation absorption of plasma total lipids in
one subject (N.D.) prior to ingestion of vitamin E (—) and after
1 week of vitamin E administration (- -). The decrease in 233 ab-
sorption is readily apparent

Table II. Influence of vitamin E Administration on Plasma
Lipid Soluble Antioxidant Activitye-
Lipid soluble antioxidants, uequiv/l
Subject Control +7 days —17 days
N.D. 30.0 183.4 60.7
C.C. 39.3 106.5 43.8
J.P. 65.0 111.2 56.1
LM. 35.3 65.0 49.8
J.M. 109.2 144.5 73.9
Mean Value 55.8 122.1 56.8

e Vitamin E, as mixed tocopherols, were administered orally in the
amount of 1.0-1.5 g/day for 7 days. The a-tocopherol content was
0.5t0 0,75 g/day.

antioxidant activity (Table II). Seven days following the re-
moval of dietary E, a corresponding reduction in lipid soluble
antioxidant activity of plasma (Table II) and an elevation
(P <0.005) in 233 absorption maximum of plasma lipids
(Table I) was observed. Typical responses are denoted in
Figures 2 and 3 relative to changes in 233 absorption spectra.
In an attempt to denote the fraction of plasma lipids which
contain the conjugated dienes, plasma phospholipids were
adsorbed with the aid of Zeolite and the absorption spectra
determined on the supernatant which contains triglycerides
and free and ester cholesterol (Van Handel and Zilversmit,
1957). The removal of the major components of the absorp-
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Figure 3. Diene conjugation absorption of plasma total lipids in a
subject (N.D.) on high vitamin E intake (- -) and 7 days following
vitamin E administration (—). An increase in 233 absorption is
obvious following reduction in vitamin E intake

tion spectra when phospholipids were removed from the
samples denoted that the conjugated dienes were present in
the phospholipids, a fraction characterized by a high level of
polyunsaturated lipids (Figure 4).

Since dietary intake of polyunsaturated fatty acids might be
an important factor in the elevated conjugated lipids, com-
mercially available oils were purchased and analyzed for the
presence of conjugated dienes. The presence of conjugated
dienes was pronouncedly manifested in safflower oil (Figure
5), but was not observed in corn oil or peanut oil prepara-
tions.

DISCUSSION

The present study did not demonstrate that circulating
plasma lipids of individuals with histories of acute or chronic
alcoholism have enhanced levels of plasma lipid peroxides, as
denoted by conjugated diene analysis. The studies, however,
did demonstrate that normal subjects, as well as those with
varying disease states, have measurable conjugated dienes in
plasma, which can be significantly reduced when vitamin E
ingestion is materially increased. The reduction in conju-
gated diene levels in the presence of vitamin E ingestion was
associated with a significant increase in lipid soluble antioxi-
dant activity in plasma, suggesting an inverse relationship be-
tween the level of conjugated dienes and plasma lipid soluble
antioxidant activity. This concept was also supported by the
finding that 7 days following the removal of supplemental
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Figure 4. Diene conjugation absorption of plasma total lipids
(upper curve) and the plasma triglyceride fraction (lower curve)
of a normal subject. The reduced absorption spectrum indicated
that the phospholipid fraction of plasma lipids is the major lipid
fraction reflecting diene conjugation

vitamin E, an elevation in conjugated dienes occurred. This
finding of rapid loss of vitamin E activity, i.e., within 7 days
following removal of vitamin E, denotes a very labile pool of
vitamin E in respect to inhibition of plasma lipid diene forma-
tion.

The observation that edible oils, such as a commercially
available safflower oil, have conjugated dienes present would
suggest that the presence of conjugated dienes in plasma lipids
might relate to the conjugated diene intake of the individual,
due to dienes preexisting in the ingested oils or induced in
food preparation. The formation of conjugated dienes could
also be due to the relatively low antioxidant level of plasma,
i.e., a relative antioxidant deficient state as influenced by the
presence of a variety of prooxidants.

The observation of the presence of conjugated dienes in
human plasma may well have possible import in human nutri-
tion and disease, if this event reflects the deterioration of lipids,
since the injurious effects of free radical induced lipid peroxi-
dation is well established (Tappel, 1965). The plasma con-
jugated dienes could result from in vivo peroxidative events as
plasma conjugated diene levels were significantly altered by
vitamin E administration. Since conjugated dienes were not
observed in plasma of certain other species (Di Luzio, 1971)
which are characterized by lower levels of dietary fat intake,
as well as polyunsaturated fat intake, a possible dietary con-
tribution may be implied.

Absorption spectra of lung lipids of rats exposed to nitro-
gen dioxide (Thomas et al., 1968) or lung lipids of mice ex-
posed to ozone (Goldstein ef al., 1969) denote the presence of
conjugated dienes. Whether the plasma absorption spectra
characteristic of conjugated dienes in man relates to environ-
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Figure 5. Diene conjugation absorption of a commercial saflower

oil preparation. Lipid concentration 1 mg/ml of heptane. The
abnormal conjugated diene absorption is readily detected

mental influences such as the influence of environmental agents
as ozone, nitrogen dioxide or oxygen, also remains to be as-
certained.

Clark er al. (1969) have reported that lipoproteins from
human serum peroxidized in vitro with resulting degradation
of lipoproteins. The cholesterol ester polyunsaturated fatty
acids were found to be selectively degraded. These investiga-
tors (Clark er al., 1969) proposed a tentative working hy-
pothesis that in vivo peroxidation of lipoproteins may con-
tribute to development of atherosclerosis. The differential
oxygen tension on the arterial side, inducing lipid peroxidative
events, may be one factor in the phenomenon of arterial
lesions. While the present studies denote the presence of con-
jugated dienes in plasma lipid fractions of man, it is obvious
that the source of conjugated dienes in man and their possible
implication in disease states clearly remains to be established.
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Role of Thiamine Triphosphate in Subacute Necrotizing Encephalomyelopathy

Jack R. Cooper* and Jonathan H. Pincus

Subacute Necrotizing Encephalomyelopathy (SNE)
is a fatal, genetic disease in children that, until re-
cently, was only diagnosed postmortem. Since
the brain lesions in SNE are very similar to those in
Wernicke’s Encephalopathy, it had been suggested
that SNE represented aberrant thiamine metabolism.
We have recently found that extracts of spinal fluid,
blood, and urine of patients with SNE inhibit a
phosphoryl transferase in brain which catalyzes the
synthesis of thiamine triphosphate (TTP) from thi-
amine pyrophosphate (TPP). This finding was sup-
ported by the subsequent observation that the brain

of SNE patients at autopsy was essentially devoid
of TTP, in contrast to normal brains. This inhibi-
tor in the urine of SNE patients appears to be a pro-
tein of molecular weight around 30,000. The
presence of this inhibitor in urine has been used
successfully to diagnose SNE. Further, we have
found that when patients with SNE are treated daily
with large doses of either thiamine or thiamine
propyl disulfide (a derivative that crosses cell mem-
branes more readily than the vitamin) most patients
exhibit marked temporary improvement.

Disease) is a genetic, degenerative disease in childhood

which often becomes symptomatic in the first year of life,
generally progressing to a fatal termination within a year.
Signs of SNE are variable and include feeding problems,
weakness, ocular palsy, loss of vision, difficulty in hearing and
swallowing, ataxia, and peripheral neuropathy. The con-
stellation of symptomatology is so varied that antemortem

E ;ubacute Necrotizing Encephalomyelopathy (SNE, Leigh’s

diagnosis of this disease is difficult and it has usually been-

diagnosed only by autopsy. On postmortem examination,
lesions in the brain suggest a striking similarity to those seen
in Wernicke’s Encephalopathy, the classical thiamine defi-
ciency disease. The similarities in clinical and pathological
features of both diseases have suggested to clinicians that SNE
represents some disorder or abnormality in thiamine metab-
olism. However, administration of thiamine in moderate
amounts to patients with SNE has not resulted in any im-
provement in their condition. In addition, the enzymes which
require thiamine as a coenzyme (pyruvate dehydrogenase, a-
ketoglutarate dehydrogenase, and transketolase) have all been
shown to have normal activity in the brain of a patient who
died from SNE (Pincus et al., 1969).

Before going into our studies on the etiology of SNE and
possible treatment, it might be worthwhile to review some of
the basic aspects of thiamine which we have undertaken in our
laboratory.

Department of Pharmacology and Department of Neurology,
Yale University School of Medicine, New Haven, Connecti-
cut 06510.
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Over the past several years we have been accumulating in-
formation which supports our hypothesis that thiamine has a
specific role in nervous tissue that is independent of its role as
a coenzyme. These studies may be summarized as follows.

1. The electrophysiological effects of pyrithiamine, an
antimetabolite of the vitamin, on the isolated rabbit vagus
nerve have been shown to be due to a displacement of thi-
amine from the nerve, rather than to enzyme inhibition
(Armett and Cooper, 1965 ; Cooper, 1968).

2. Thiamine is localized in nerve membranes rather than
axoplasm, as shown by fluorescence histochemistry (Tanaka
and Cooper, 1968).

3. Both electrical stimulation and neuroactive drugs re-
lease thiamine from a variety of intact nerve preparations
(Cooper and Pincus, 1967; Itokawa and Cooper, 1970a).
Neuroactive drugs also release the vitamin from nerve mem-
brane fractions (Itokawa and Cooper, 1970b).

4, As nerve membranes are purified from a brain homog-
enate, the percentage of the thiamine triphosphate (TTP)
form of the vitamin increases (Itokawa and Cooper, 1970b).

5. Thiamine restores the action potential in an ultraviolet
irradiated nerve (Eichenbaum and Cooper, 1971).

There is a suggestion from our work that this neurophysio-
logically active form of thiamine may be thiamine triphos-
phate (TTP) in contrast to the coenzyme form, thiamine
pyrophosphate (TPP). During the course of these studies we
were interested in isolating and characterizing enzymes in-
volved in thiamine metabolism. We isolated and partially
purified thiamine pyrophosphatase from the brain (Cooper,
1970) and also isolated two new enzymes, thiamine triphos-



