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ABSTRACT

A NEW HYPOTHESIS OF MULTIPLE SCLEROSIS

Hubert S. Mickel, M.D.

Department of Neurology, Children's Hospital liedical Center, Loston,
lHlassachusetts 02115, U.S.A. .

Current hypotheses of the pathogenesis of multiple sclerosis
center primarily around viral and/or auto-immune etiologies.
However, a dietary hypothesis has been proposed by Swank, such that
a high-fat diet tends to favor the disease. The anatomical
localization of lesions around the post-capillary venules in white
matter has been demonstrated by Fog. Alterations in platelet
adhesiveness has been found during attacks of multiple sclerosis.
Reduced linoleic acid has been noted in both plasma and in areas of
white matter not demyelinated, during attacks of recent-onset
multiple sclerosis.

This hypothesis implies a role for the peroxide of arachidonic
acid, a fatty acid formed from linoleic acid. Arachidonic acid, a
major constituent of human platelet phospholipids, when peroxidized,
induces platelet aggregation. Peroxidized arachidonic acid is
demonstrable in platelets following adsorption of foreign materials
on the surface, presumably
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International Medical News Service
HOLLYWOOD, Fla. — The
pathogenesis of multiple sclerosis may
be an indirect effect of enteric infec-
tion, rather than of direct infectin of
the glial cells, Dr. Hubert S. Mickel
said at the 50th anniversary congress
of the Pan American Medical Associ-
ation. '

Sclerotic plaques may be caused by.

toxic lipid peroxides absorbed or
manufactured after enteric infection,
reacting with white matter in the ner-
vous system, said Dr. Mickel, of
Children's Hospital Medical Center,
Doston. .

Enteric infection frequently pre-
ceeds the onset of multiple sclerosis
(ms), and may lead to introduction of
chemically reactive lipid peroxides
into the body in several ways.

Infection may disrupt the normal
barriers against uptake of - the
peroxides through the intestine and
may lead to the conversion of
endogenous lipid to peroxide by re-
leased lysosomal peroxidases.
Endotoxin, which can stimulate
peroxidase activity in platelets, may
pass more easily through inflamed in-
testinal mucosa, he said.

Once in the body, lipid peroxides
can react with other molecules to
create the molecular pathology of Ms.
Proteins can be denatured or inacti-
vated when lipid peroxides react with
their sulfhvdryl groups, and the
peroxides can attack other polyun-

saturated fatty acids, such as linoleic

acid.

Patients wiht Ms have reduced
. . . a3 TG
scrum linoleic acid levels. Decreassed

linoleate levels appcar to increase
platelt adhesiveness cxperimentally, a
cortdition also found in Ms victims. |

Ageregation of platelets in sites of
greatest stasis, postcapilllary venules,
may result in the release of
peroxidized lipids that could damage
endothelial cells and adjuacent
oligodendroglia cells. This would ex-
plain the perivenular distribution of
demyelinating plaques, Dr. Mickel
said. \

Same investigators have suggested
that Ms may have an autoimmune
etiology. Peroxide-denatured proteins
associated with endothelial and
oligodenroglia cells could evoke an

A1l e

Chronic ms may be different frpm
the initial attack in that autoimmunity,
rather than perozidative mechanisms,
could predominate, he said. '

One implication of a peroxide
mechanism for Ms is that a diet high in
polyunsaturated fats and low in an-
tioxidants should have a deleterious
effect on the patient. Vegetable fats,
although more polyuns‘aluraled. th;\n

animal fats. contain more antixoid-
ants. Peroxidation is a greater danger
with unsaturated farty acids of animal
origin than of plant.

cend
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MULTIPLE SCLEROSIS: A NEW HYPOTHESIS

HUBERT S. MICKEL*

Introduction

“Despite a continuing advance in knowledge concerning many aspects
of multiple sclerosis and the existence of several not entirely implausible
aetiological theories, a number of experienced workers in this field have
professed that theyv would not be too surprised if the final answer to the
questions of causation and pathogenesis in multiple sclerosis involved
entirely novel or hitherto unsuspected disease processes™ [1].

Multiple sclerosis, as a clinical and pathological entity, was first de-
scribed by Cruveilhier (2] and Carswell {3]. The term, “sclerose en
plaques,” appeared in the literature in 1866 in a report by Vulpian. in
which two cases were described by Charcat [4]. Chavcot called attention
to mild cases and formes frustes, but further description of the disease
—including the triad of nystagmus, scanning speech, and intention
tremor—is also attributed to him [5-7].

Many ditferent etiologies have been suggested tor multiple sclerosis.
A prominent consideration has been an intectious origin ot the disease.

In 1884, Marie stated that it might be a complication of a number of

infectious illnesses [8]. Charcot suggested a relationship to an antecedent
illness and cited cases that had tollowed cholera, smallpox. and typhoid
fever. Bullock. in 1913 [9], and Gve, in 1921 [10]. claimed to have
transmitted multiple sclerosis from man to rabbits, using cerebrospinal
fluid injections. In these and other such studies, the tailure o identity a
specific organism has been a stumbling block. Pette has pointed out the

*Departments of Neurology, Harvard Medical School and Children’s Hospital Medical
Center, 300 Longwood Avenue, Boston, Massachusetts 02115, Supported by grants trom
the Othce of Naval Research, Department of the Navy, NR 908108 United Cerebral Palsy
Research and Educational Foundation R224-69: Natonal Instututes of Health Develop-
mental Neurology grant NS-HD 09704 National Insttutes ot Health Children's Hospital
Medical Center Mental Retardation and Human Development Rescarch program
HD-03773: and Natonal Insttutes ot Health grant HE-T0093. T express my gratitude o
the tollowmy individuals for their comments and suggestions on reviewing the manusctipt
prior to its submission tor pubhcation: Dr. Charles Barlow, Children’s Hospital Medical
Center, Boston: Dr. Torben Fog, Kommunehospitalet, Copenhagen, Denmark: and Dr.
Flovd Gilles, Children's Hospital Medical Center. Boston. 1 am also gratetul to Lann
Gerrick tor her assistance in typing the manuscript.
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absence of a preliminary phase in this disease. seen in most viral intec-
tons, as well as the predilection of most known neurotropic viral infec-
tions for gray matter {11-12}. The possibility of a latent viral infection
causing multiple sclerosis is widely considered, as suggested by Gad-
jusek, Gibbs, and Alpers [13].

The hypothesis that the disease is associated with diffusion of a cir-
culating myelinolytic toxin or enzvme was proposed by Marburg in 1906
{14], and again by Brickner in 1931 [15]. y

A vascular, thrombogenic etiology of multiple sclerosis was postulated
by Putnam in 1933, by the observation of the close proximinv of the
plaques to small venules in both brain and spinal cord [16-17]. Torben
Fog has elaborated on this hvpothesis with extensive observations [18].

A dietary etiology of multiple sclerosis was proposed by Swank. who
has claimed improvement by treating multiple sclerosis patients with
low-fat diets, especiallv restricted in fats ot animal origin [19-20]. Others
have shown that there is a decrease in polvunsaturated tatty acids in
plasma [21-24] and in brain [25-28] in patients with multiple sclerosis.
These observations have been advanced as evidence tor a dietar
hypothesis for the disease. A diet relatively low in polvunsaturated fatn
acids and high in saturated tatty acids is considered to predispose to the
disease. The lack ot confirmation ot these decreases in linoleic acid in
plasma and brain in cases of chronic multiple sclerosis has been ad-
vanced as evidence against the saturated fauy acid dietary hypothesis
{29-30].

An autoimmune etiology is currently also considered possible. The
accumulation of lvmphocvtes and plasma cells in areas of demvelination,
as well as the deposition of gamma globulin in the same area, supports
this view. However, there is no raised plasma gamma globulin level in
< multiple sclerosis. On the other hand. cerebrospinal fluid gamma ¢globu-
| lin levels are frequently elevated. No correlation has been found be-
tween circulating antibodies and the clinical severity ot the illness. No
clear association exists between multiple sclerosis and known autoim-
i mune diseases. No convincingly consistent therapeutic response occurs

| to corticosteroid administration. Hence, no more than two of the
t parameters of immunological disease deseribed by Mackay and Burnet
[ .‘ are demonstrated uneqguivocally in multiple sclerosis [31]. Nevertheless, X
)! there has been much interest and il\\(‘f(ig;\(i«xm\ w expevimental allergic
. encephalomyelitis as a model for multiple sclerosis.

We are presenting a concept of this discase in which ecach ot these
hypotheses of the etiology of multiple sclerosis finds a role.

Hypothesis

The hypothesis of the etiology of multiple sclerosis that we are pre-
senting is based on lipid peroxidation.

364 | Hubert S. Mickel o Multiple Sclerosis
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Polvunsaturated fatty acids react in an autocatalvtic manner with
molecular oxvgen. The principal primary products of the autoxidation
of polvunsaturated fauy acids at ordinary rtemperatures are hvdroperox-
ides [32-40]. The mechanistic aspects ot lipid hvdropcroxide formation
has been proposed to involve a free radical chain mechanism [41-46].
The net effect of the propagating cvcle is a relauve decrease in the
concentration of polyunsaturated tatty acids due to their consumption in
the process [47]. Some antoxidants exert their etfect as tree radical
acceptors and in so doing terminate chain reactions [48].

The very high chemical reactivity of lipid peroxides can result in their
denaturation of proteins, by the attack on sulthvdryl groups an 1 other
nucleophiles [49-50]. Sulthvdryl groups are frequently associated with
reactive sites of enzvmes, so that enzvmatc activities can be afte cted by
the peroxidative attack of lipid peroxides on proteins [51].

The lipid peroxides that might be implicated in the pathogenesis of

multiple sclerosis might arise from the gastrointestinal tract. There ap-
pears to be a partial barrier to the absorption of pure lipid peroxides
from the intestine [52-33]. which might be related. in part. to shedding
of damaged mucosal epithelial cells into the intestinal lumen. Autox-
idized ftats contain hvdroperoxides and polvmers. but only the peroxides
are considered toxic [54]. Autoxidized fats are toxic it ted to animals in
sufficient amounts. Degwitz and Lang showed that teeding autoxidized
soy bean oil resulted in weight loss and was fatal to voung rats [535].

The absorption of lipid peroxides might be markedly atfected by en-
teric inflammation. The epidemiology ot multiple sclerosis parallels that
of poliomyelitis and suggests an enteric viral infection such as in
poliomyelitis to be associated with multiple sclerosis {36]. It might be that
any of a number of enteric viruses could produce the postulated de-
rangement of tat absorption. On the other hand. both Charcot and
Marie suggested a relationship to antecedent infectious illness. so that it
might be that the enteric intection need not be viral. It a number of
agents could produce this ettect, there would be no specific infectious
etiology demonstrable in multiple sclerosis. Epidemiology should paral-
lel that of enteric virus infections in general. In this manner, the relative
lack of immunity to enteric viruses in more northerly locations could
explain the relative risk of multiple sclerosis that migrating groups have
demonstrated [57-60]. Simply stated, it one had had exposure o enteric
viruses at an early age, there would be less chance of developing an
enteric viral infection during adolescence or adulthood, and. theretore,
less chance of developing multiple sclerosis.

However, there are epidemiological data supporting the concept of a
latent viral infection in multiple sclerosis. in that individuals, drinking
the same contaminated water supply in their vouth, developed multiple
sclerosis after a comparable “incubation period™ [61]. In this case, the
proposed primary infection is enteric, and the presumption is that the
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infection occurs secondarily in the brain. Could it not be that the latent
viral infection occurs in the intestine and that the pathogenetic
mechanisms evoked by the virus many vears later also be located there?

We propose the following relationship of acute or chronic enteric
infections to the absorption of lipid peroxides. The first is that, with an
enteric infection, the natural barrier to absorption of lipid peroxides is
broken down. The second is that, with an enteric infection, there is

enhanced peroxidation ot endogenous lipids as a result of the release of

lysosomal peroxidases. A third is that, with an enteric infection, there is

absorption of materials such as endotoxin, resulting in peroxidation of

lipids. A combination of these alternatives is possible. With each of these
possibilities, a diet rich in fats and low in antioxidants should be deleteri-
ous. Although fats of animal origin are more saturated than fats of
vegetable origin, they also contain less natural antioxidants. Unsaturated
fatty acids in animal fats might then be more susceptible to peroxidation
than those of vegetable origin.

Peroxidase activity is ubiquitous to all mammalian tissues [62]. The
neutrophilic granulocyte contains a mveloperoxidase which is involved
in the antimicrobial system associated with phagocvtosis [63].
Myeloperoxidase is present in the neutrophil in very high concentra-
tions [64-65] and appears to be associated with lysosomes [66-69]. Hy-
drogen peroxide is formed during the process of phagocvtosis [70~74].
Hydrogen peroxide formed might attack polvunsaturated faty acids.
Comparably, there might be a reduction in the cellular content of antiox-
idants, resulting from the diffusion of hvdrogen peroxide. Since perox-
idase activity is demonstrated in mammalian tissue, it is not unreason-
able to propose enzyme activity within intestinal mucosal cells, or within
cells responding to viral or bacterial infection within the intestinal mu-
cosa. Under these circumstances, one might presume that there is al-
tered absorption of lipid peroxides, or even tormation of lipid peroxides
de novo as a result of the inflammatory process in the intestinal mucosa.

Increased absorption of lipid peroxides would initiate turther chain
reaction propagation, resulting in peroxidative attack on other polyun-
saturated fatty acids. Plasma linoleic acid is reported to be decreased in
multiple sclerosis [21-24, 75]. That others have not tound decreased
plasma linoleate in cases of chronic multiple sclerosis, even in exacerba-
tion, suggests that a peroxidative mechanism might not be operative in
the chronic form of the disease [29, 76].

A correlation between the decrease in plasma linoleic acid and in-
crease in platelet adhesiveness has been found ir multiple sclerosis
[77-78). An alteration in platelet function is an obscrvanon reported
frequently in multiple sclerosis [79-85]. A decrease in plasma hinoleate in
multiple sclerosis might be the result of peroxidative consumption ot
polyunsaturated fatty acids [47]. Altered platelet function might be the
result of peroxidized fatty acids adsorbed onto platelet surtaces [86].
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It has been demonstrated that the phenomenon of platelet adhesive-
ness is comparable to platelet aggregation [87]. In elaborating this
hypothesis, the altered platelet adhesiveness found in multiple sclerosis
is correlated with the finding of enhanced platelet aggregation resulting
from peroxidized arachidonic acid. In the presence of peroxidized
arachidonic acid, human platelets harvested even 24 hours previously
aggregate vigorously and abruptly. Peroxidized arachidonic acid can be
recovered from a pellet of platelets, after incubation with the perox-
idized lipid in vitro, suggesting that the peroxidized fatty acid can be
associated with platelet surfaces without destruction [86]. Lipid perox-
ides have been recovered from human platelets. increasing with the
harvested age of the platelets [88-89].

Platelets have been described as spongelike, since they carry many
substances on their surfaces [90-91]. Free tatty acids have been adsorbed
onto platelet surtaces [92]. Therefore, we propose that peroxidized
arachidonic acid, which enhances platelet aggregation, might be ad-
sorbed onto the surface of platelets in vivo, without the labile peroxyl
group being destroyed, since this phenomenon appears to occur during
in vitro studies [86].

Still another possibility whereby lipid peroxides might occur in associ-
ation with platelets could be with formation of lipid peroxides by platelet
peroxidase [93]. The finding of peroxidase activity is a pronounced
histochemical feature of megakarvocyte derivatives [9:4]. The adsorption
of materials such as thrombin, polystyrene-latex particles, or heterolo-
gous antibody onto platelets results in the production of increased
amounts of lipid peroxides, presumably resulting from platelet perox-
idase [93]). It has been shown that endotoxin has a marked affinity for
adsorption onto platelets [96-97]. Platelet peroxidase might be activated
by the adsorption of endotoxin, which had been absorbed from the
intestine as a result of enteric inflammation. With the release and activa-
tion of platelet peroxidase, arachidonic acid—present in high concentra-
tion in platelet lipids [98]—would be one of the principal lipid con-
stituents peroxidized as a by-product.

Samuelsson has reported the formation of 12-hvdroperoxy
arachidonic acid from platelet lipoxygenase and the formation ot the
endoperoxide and 153-hvdroperoxide of arachidonic acid during pros-
taglandin formation in platelets [99-100]. The eftect of 12-hvdroperoxy
arachidonic acid on platelet aggregation has not as vet been studied.
Mickel & Horbar have reported vigorous platelet aggregation resulung
from 15-hydroperoxy arachidonic acid.

Some observations that suggest this sequence of events are available.
In perinatal telencephalic leukoencephalopathy, white matter damage in
the neonatal infant is strongly correlated with the finding ot postmortem
gram-negative bacteremia [101]. Furthermore, intraperitoneal injection
of endotoxin in the neonatal kitten results in significant white-mater
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damage [102-103]. As in multiple sclerosis. so in infants dving with
perinatal telencephalic leukoencephalopathy, a decrease in polvunsatu-
rated fauty acids is found in white matter [104], an observation that can
be explained by lipid peroxidation [47].

The marked adsorption of endotoxin onto platelets and the marked
peroxidase activity in platelets suggests that platelets serve a scavenger
function within the circulation [97]. With an overwhelming amount ot
endotoxin, there is development of endotoxic shock, possibly resulting
from widespread peroxidative damage. On the other hand, with lesser
amounts of endotoxin or other materials adsorbed onto platelets with
resulting lipid peroxidation as a by-product of the platelet peroxidase,
one can explain how affected platelets could pass through the lungs:
peroxidation of platelet arachidonic acid would occur to a greater extent
intraarterially, since a higher pO: occurs there. Furthermore, since
myeloperoxidase and uterine peroxidase have been shown to be en-
hanced by estrogens [105-106], it is possible that platelet peroxidase is as
well. The greater incidence of multiple sclerosis in females might be
explained in this manner.

Enhanced platelet aggregation associated with adsorbed peroxidized
arachidonic acid might be critical in the pathogenesis of multiple
sclerosis. If platelets tend to adhere to each other, they are most likelv to
do so in those sites where there is greatest stasis, such as postcapillary
venules. Aggregation of platelets there could result in the release of the
peroxidized lipid. With adherence of platelets to the post capillary venu-
lar wall, the lipid peroxide might damage endothelial cells and adjacem
oligodendroglial cells. Platelet thrombi as such need not occur. The
observed perivenular distribution ot demvelinating plaques in multiple
sclerosis might be the result of lipid peroxidative attack on susceptible
sulthydryl groups of membrane proteins associated with endothelial and
oligodendroglial cells.

The selective damage to white matter in multiple sclerosis might be
the consequence of its susceptibility to peroxidative attack. Since mvelin
does not contain much polvunsaturated faty acid {107}, oligodendroglia
might not require high intracellular concentrations of antioxidants to
protect against the random endogenous tormation of lipid peroxides.
White matter might have little enzymatic capability of destroving lipid
peroxides, since little lipid peroxide should be formed within myelin
itself. Appreciable peroxidase activity has been found in periventricular
glia and ependymodytes, but no mention is made of peroxidase activity
in oligodendroglia [108-109]. Srebro, Cichocki, and Godula stated. *Al-
though peroxidase activity in the brain is localized to only one or two
tvpes of glial cells, it is nonetheless constantly tound at characteristic
sites,” namely, periventricularly [108]. With less peroxidase activity,
oligodendroglia should not require as much protection against intracel-
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lular peroxidation. With less protection against intracellular peroxida-
tion, cells might become more vulnerable to damage trom exposure to
extracellular lipid peroxides, as is proposed here. The rarity of multiple
sclerosis in childhood might be related to different enzymatic activities
of oligodendroglia involved in the synthesis of myelin: that is, oligoden-
droglia migit be less susceptible to exogenous peroxidative attack under
these circumstances.

Enchanced platelet aggregation from peroxidized arachidonic acid
could explain the abnormalities ot small venules in multiple sclerosis
suggested by the frequent occurrence of perivenous sheathing of the
retina in the disease [18]. Roizin, Abell, and Winn examined blood flow
through small conjunctival vessels under direct microscopy in multiple
sclerosis patients and observed an increased tendency for cells to aggre-
gate in the majority of their cases [110]. Abnormalities in nail-bed capil-
laries were demonstrated in multiple sclerosis patients by Gomirato
[111]. Increased capillary fragility, which might be explained by damage
to the capillary endothelium, was reported by Shulman et al. [112].

It has been shown that erythrocytes are also altered in this disease.
Laszlo reported a highly significant increase in osmotic fragility of
erythrocytes in multiple sclerosis [113], a finding confirmed by Caspary,
Sewell, and Field [114]. Plum and Fog showed that the mean erythrocvte
diameter was increased in multiple sclerosis [113]. This phenomenon
can be explained by peroxidation of constituents of the ervthrocvte
membrane: conditions resulting in lipid peroxidation, such as exposure
of erythrocytes to a pure oxygen atmosphere at high pressures either in
vitro or in vivo, result in increased osmotic fragility and appreciable
hemolysis [116-117].

As with the intraperitoneal injection of endotoxin in Kkittens
(102-103], so the intraperitoneal injection of linoleate hvdroperoxide in
chicks, fed an antioxidant-deficient diet for 3-4 weeks containing
sufficient linoleate to produce encephalomalacia. results in cerebral
damage—including hemorrhage—and even death [118]. It is possible
that this effect results from the transport of linoleate hvdroperoxide to
brain from the peritoneal cavity on platelet surfaces [86].

Should a peroxidative mechanism be implicated in multiple sclerosis,
one might expect to see a decrease in the plasma lecithin-cholesterol
acyltransferase reaction (plasma LCAT reaction), since it has been re-
ported by us to be decreased by peroxidized lecithin in vitro and by
conditions predisposing to lipid peroxidation in vivo [119-121]. No ap-
preciable decrease in the plasma LCAT reaction is demonstrable in mul-
tiple sclerosis [122]. Also, we have unpublished results showing no ap-
preciable effect of peroxidized arachidonic acid on the plasma LCAT
reaction, although peroxidized lecithin produces a marked inhibition.,
The proposal that peroxidized arachidonic acid is implicated in multiple
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sclerosis is not in conflict with the lack of reduction of the plasma LCAT
reaction in multiple sclerosis. One might presume that peroxidized
lecithin is not involved in multiple sclerosis. Stated simply, clinical man-
ifestations associated with lipid peroxidation might depend upon the
specific lipid peroxidized.

If peroxidized fatty acids were to attack sulthyvdryl groups of proteins
associated with endothelial or oligodendroglial cells, there might be de-
naturation of proteins and destruction of enzvmes [51]. The denatured
protein could serve as an antigen for the induction of an autoimmune
process. An autoimmune response could result in the evolution of dam-
age in the area of the demyelinating plaque. The infiltration of lympho-
cytes could also be accounted for. The elevation of gamma globulin in
the cerebrospinal fluid in cases of chronic multiple sclerosis and the
frequent absence of elevation during the initial attack might well be
expected. In other words, there might be an inciting cause of multiple
sclerosis related to a peroxidative mechanism and a secondary response
related to autoimmunity. Exacerbations in multiple sclerosis might occur
as a result of recurrence of a peroxidative process or the development of
autoimmunity or both. The pathogenesis of chronic multiple sclerosis
might then be different from that of the initial attack, in that autoim-
munity could be predominant.

Another consequence of a peroxidative attack on white matter might
be a decrease in the concentration of polyunsaturated fauy acids {47]. A
significant decrease in polyunsaturated fatty acids has been observed by
some in areas demyelinated and even in areas of no overt demvelination
[25-28]. As one might expect in cases of chronic multiple sclerosis. no
reduction in polyunsaturated fatty acids has been tound [29-30].

The concept of lipid peroxidation and the effect of peroxidized
arachidonic acid on platelets provides a means whereby one can account
for diverse observations known about multiple sclerosis. The hypothesis
incorporates much of the dietary, toxic, infectious. and autoimmune
theories of the disease. The lipid peroxidative mechanisms outlined here
could account for the parallel in epidemiology in Finland between mul-
tiple sclerosis and nutritional muscular dystrophy, another entity in
which a peroxidative mechanism is presumably involved [123].

In summary, a diet rich in fat is likely to be rich in lipid peroxides. It
there were altered metabolism in the intestinal tract, as with infection, it
is possible that there would be increased absorption of these peroxides.
Peroxides adsorbed onto platelets would increase their tendency to
aggregate. Alternately, absorption of endotoxin or other material and its
adsorption onto platelets might result in lipid peroxides by peroxidase
activity. Aggregation of platelets might occur in the postcapillary venules
of the brain, with release of the adsorbed peroxidized arachidonic acid,
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which, in turn, crosses the “blood-brain barrier.” White matter might be
uniquely vulnerable to damage trom peroxidized fatty acids. Enzvmatic
damage to endothelial cells and surrounding oligodendroglia could re-
sult from peroxidative attack on sulfhydryl groups and other nu-
cleophiles. Denatured proteins, resulting from peroxidative attack,
might serve as an antigen in the development of an autoimmune pro-
cess, which,. in turn, could result in further damage to white matter,

possibly progressing to a chronic state of continuing damage to white
matter.
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SUMMARY

The present study compares cholesterol esterification,
vitamin E levels, carotene levels, phospholipid levels, and
total cholesterol levels in sera of patients with cystic fibrosis
and of unaffected individuals.

There is a reduction in the extent of esterification
of cholesterol by the plasma lecithin-cholesterol acyltransferase
(LCAT) reaction in patients with cystic fibrosis, compared with
unaffected controls. An unequivocal reduction in vitamin E
concentration as well as in carotene concentration was also
associated with the cystic fibrosis group. Both cholesterol
and phospholipid concentrations were reduced in the cystic
fibrosis group, although the extent of reduction was less marked
than the vitamin E and carotene levels,

The reduced LCAT esterification could result from
poor absorption of tocopherol from the intestine and subsequent
peroxidative damage to the sulfhydryl groups associated with the
enzyme as well as from reduced substrate concentrations

resulting from poor absorption from the intestine.




SPECULATIOlN

The observed reduced lecithin-cholesterol acyl-
transrerase esterification in cystic fibrosis could be tie
result of poor abtsorption of vitamin E from the intestine
and subsequent pcroxidative damage to the sullfhydryl Erouss
associated with the enzyme as well as be the result of reducec
substrate concentrations, also resulting f{roi their poon

o
v
apsorption from the intestine.

INTRODUCTION

The reduction in plasma &{-tocopherol concentrations,
which has been reported in cystic fibrosis (8), has been
attributed to poor absorption of fat-=soluble materials from
the intestine (10). Reduced cholesterol esterification by
the plasma lecithin-cholesterol acyltransferase reaction is
associated with vitamin E deficiency in the monkey (6,7) and
in the rat (11). The present study compares cholesterol
esterification, vitamin E levels, carotene levels, phospholipid
levels, and total cholesterol levels in sera of patients with
cystic fibrosis and of unaffected individuals. 3




MATERIALS AND METHODS

Sera from eight patients with cystic fibrosis and
from four unaffected controls were assayed for cholesterol
esterification by the lecithin-cholesterol acyltransferase
(LCAT) reaction. The increase in concentration of cholesterol
esters in serum was determined after a 24 hour incubation at
37 C. Lipids were extracted from the serum samples before
and after incubation with chloroform : methanol (2:1, v/v).
Chromatographic separation of cholesterol and cholesterol
esters was accomplished with 1 gram silica gel columns, using
the method of Hirsch and Ahrens (3). Cholesterol concentration
was determined by the method of Rosenthal, Pfluke, and
Busacéélia (719;)., Vitamin E and carotene levels were determined
by the fluorometric method of Hansen and Warwick (2). Phospho-
lipid levels were determined by the method of Bartlett (1).

RESULTS

There is a reduction in the extent of esterification
of cholesterol by tne volasma lecithin-cholesterol acyltransferase
(LCAT) reaction in patients with cystic fibrosis, compared with
unaffectec controls. An unequiVécal reduction in vitamin E
concentration as well as in carotene concentration was also
associated with the cystic fibrosis group. ©Doth cholesterol
and phospholipid concentrations were reduced in the cystic
fibrosis group, altnough the extent of reauction was less
marked than were the vitamin E and carotene levels.

Refer to the Table.




DISCUSSION

Since decreased cholesterol esterification has been
demonstrated in vitamin E deficiency (6,7,11), the reduction
in cholesterol esterification in sera from patients with
cystic fibrosis may also be related to the observed decreased
levels of vitamin E. The reduction in cholesterol esterification
might be related to a reduction in the activity of the enzyme
itself.

Plasma lecithin-cholesterol acyltransferase
esterification is sensitive to conditions predisposing to
lipid peroxidation. LCAT esterification is decreased on in vivo
exposure to a pure oxygen atmosphere in humans (4), and the
sulfhydryl groups of the enzyme are susceptible to peroxidative
attack in vitro (5). If vitamin E protects against in vivo

lipid peroxidation, then a reduction in vitamin E levels would
predispose to a reduction in activity of those enzymes which
are susceptible to such damage.

Reduction in phospholipid levels and cholesterol
levels in cystic fibrosis offers an alternative explanation for
the observed reduction in cholesterol esterification in sera.

A reduction in substrate concentrations will result in a
reduction in the amount of cholesterol esterified.

The role of lipid peroxidation in vitamin E deficiency
has not been fully established, so that additional information
is required before one can categorically attribute observed
reductions in cholesterol esterification in cystic fibrosis
to observed redyctions in vitamin E levels, especially in the

presence of reduced substrate levels,

|
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zrachiionic acid

(o8

Decreased rercentaze of linolelc acid an

was “ound in the total ztty acids of the whiteretter _iplds in
perinatal telencephalic ieukcericephalopathy, wrnicn 1s = common
atnormality in white matter in neonatal humans. =2 patnogenetic

mcdel is proposed for these ctservations.




IN-20DUCTION

Damage in develoring white matter in Infant:z free of
édiseases considered reurctoxic was descrited zs ccnsisting of
hiroertrophic astreccytes, amphophilic globules, nezro<ic foci,

ani acutely damaged slia in white matter (Gililes a.3d urphy,
9).

L‘\

1< Because of clustering of histologic features, the
mcrpnologic definiticn was subsequently narrowed o £2e cluster
of hypertrophic astrocytes and amphorhilic globules (Leviton and

Gilles, 1971). The entity is called perinatal telencephalic

lezkcencephalopathy. Hypertrophic astrocytes are zellis with

tvzle vesicular nucleil za2nd eosinophilic irregular =nyaline

cv-oplasm. Such celis &2 not occur in normal human myelinating
white matter (Mickel =2nd Gilles, 1970). Amrhopnilic zlobules
are PAS positive, prctesin-rich, mineralized Zepositis Zocated in
or near capillaries or venules.

Terminal gram-regative bacteremia is associzted with
rerinatal telencephalic leukoencephalopathy by secular trends
2=2 high risk ratio (iLeviton and Gilles, 1273). <Zurther,
exzosure to endotoxin in the newborn kitten induces a
lezkoencephalopathy which is chanacferlzed by celiuler

D

astrogliosis with hypertrophic astrocytes, Tocal zreas of cystic
necrosis, and deposits of globular debri, either mineralized or

ecsin ophilic (Gi’les es il KGTT).

1

Endotoxin has reen postulated as invelv it whe

rzThogenesis of damage to myelinated white mztter in multiple

Q.

m

clerosis, by incitins platelets to produce reroxidice
arachidonic acid, which, in turn, results in percxidative damage

2> endothelium and to perivenular oligodendrcslia {ilickel,




ol
1275). In this model, pclyunsaturated fatty z:ids would be

czrsumed ty a peroxidative process {(Parteshxo et =21, 1972) and
w22ld account for the decrease in polyunsaturztced fat:y acids in
/

uninvolved white matter in multiple sclerosis {Zarer,.1G63;

3srstl et 21., 1965; Cumings et al., 1965; aArnetoii et al.,
13%29). A decrease in polyunsa<urated fatty acids in white
=ziter of infants dying with rerinatal telericeznalic
leukoencephalopathy would be ccmpatible with an arnalogous lipid
ol oxidative model.

KLT:RIALS AND METHOC

Three cases of perinatal telencephalic leukoencephalopathy
#«1th total ages (gestaticnal age plus survivel age) of 34, 45,
ar.d L6 weexs were compared with four controls with total ages of
33, 35, 45, and 48 weexs. The mean age for the czses with
varinatal telencephalic leuxoencephalopathy was ~1.3 weeks and
f2> the control group was 40.3 weeks.

The frohtal pole of each brain was removed at the time of
aztopsy and frozen at -8 ¢ without fixation. When studied, the
cr2in was allowed to warm, but while still frozen, white matter
w28 dissected free of grey mattqq, weighed, nhomogenized and
extracted according to the method of Folch-Piaid Lees (1G651).

“2tayl esters of the fa<ty acids were prepareéd from the total

o

2ipids using boron trifluoride znd methanol.

-~
.

1as
giiromatograchle separaticn was carried out using columns of 10%
df2thylene slycol succinate on Anakron SD, SC-10C mesh, with
ne#lium as carrier gas, 2t a temperature of 195°C. The

fercentages were calculated Irom the relative areas of the peaks

uszing an Infotronics integrator.




PESULTS

Perinatal teler.cephalic leukoencepnhalopztny irains have
iecreased levels of lincleic acid (18:2) arndarachi<doniz acid
(27:4) in the white matter, comrared with unaffected controls of
comparable age range. Linolenic acid (18:3) was rot detected in

an: of the white matter samples.

COXTROL LINOIETC ASASHTDONTIC
ACID ACID

TCT”4L AGE (VWeexs) x

a) 33 0.22% 7.35%

B 35 c.58% 8.39%

c) 45 1.27% 3.82%

d) u8 1.52% i2.43%

MIZN + S.D 0.95% + 9.53% 9.50% + 2.20%

Z=Z=INATAL

T=_ENCEPHALIC

L= _"XOENCEPZALOFATHY

TI3TAL AGE (Weeks)

e) 34 C.00¢% 9.67%

£Y is 0.48% 8.1€%

g) 46 0.C0¢% 0.80%

SEaN * S.D. 0.15% + 0.27% 6.21% * 4.75%

Using the student's t test,' the difference in percentage

pu |
bk
bezween the two groups is significant. TFor lincleic acid P«

Je <05 and.for arachidonic acid, s ¢ 0. 0L,
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CZSCUSSION
Althouzh decrezsed Zevels of polyunsaturezei fatty acids
na7e been demonstrated irn white matter without fc22) neerosis,

tn.ese results must be interpreted with caution in view of the

L ]

re_atively small numter ¢ cases. However, the Mriing o

L2

decreased levels of rolyursaturated fatty acids In the white

matter of brains with perinatal telencephalic

m

lezkoencernalopathy suprorts the nypothesis tha< peroxidative

€2hanism, Induced by encctoxin, is implicated.

Expcsure to endotoxin produces white matter damage in the
newborn xitten, the newborn rat, as well as therewdorn monkey.
“orphological findinss in the neonatal monkey corsist acutely,
0 small diapedetic hemorrnages surrounding many cf the small
veéssels in tne white mztier, whereas other small essels are
surrounded ty pools of eosinoprhilic, presumably crroteinaceous
mzterial or small, sosincrnhilic globules (Gillese al., 1977).
After 1-2 weeks following exposure to the endctexin, the lesions
were still pericapillary a2nd perivenular in location.

A perivenular location occurs with the small demyelinating
lesions of nmultiple sclercsis in adult human whicte matter

(Z2tnam, 1933; Fog, 1950; Fog, 1964; Fog, 18€5). Decreased

"levels of linoleic ac in the plasma (Thonmpson, _¢6€; Baker et

R-., 1965: 22 ker et al., -96b; Baker, 1966; Tichy and Vymaeal,
2273) and in the white mazter (Bdker, 1963; Jers:l et al., 1965;
canmings et 2l., 1965; Arnezoli et al., 1969) in ratients with

acute multiprle sclerosis suggested that a reroxidative mechanism

—-l

J

t be fnvelved in the rathogenesis of multirle sclerosis

-
-l
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(#2ckel, 1975). The zbsence of these decreases in

ro.yunsaturated fatty acids in chronic mulsiplesclercsis
(Ailing et al., 1971; Karlsscn et al., 1971) is rnst
scnsradictory, since a percxiZative mechanism is zrcrised only
as an inciting event.

Endotoxin has a marxked zffinity for adsorption :cnto

rlatelet surfaces (Nagayama et al., 1971; Das et 21., ->73) where

it, like a number of foreizsn —aterials, might result

increasing amounts of 1lipid peroxides (Okumaet al., 2359; Ckuma

Oy

et al., 1969; Ckuma et al., 1371). Arachidonic acid Is most
li¥ely to be peroxidized in tne platelet, since it is tresent in

-e highest concentration of zny polyunsaturated Zztty =2cid in

"y

latelet pnosrholipids (Mercus et al., 196%). Arachiicnic acid

J-to

& the only fatty acid, whicnh, when peroxidized, induces
rlatelet aggresation (Mickel znd Horbar, 1G74).

Endotoxin proposed as a possibie agent to induce the
Ttlatelet to form peroxidized arachidonic acid, whica In turn,

2 te adsorbed onto human platelet in vitro withcut Zestruction

0

'Yy
(44

¢)
e

i

he labile peroxyl group (Mickel and Horbar, 1 P

eroxidized 1lipid might then ce !carried on the surfzce of

tlatelets to the brain, where, in capillaries and veniles,
SR ebation of platelets would result in.release of <he
reroxidized 1i:nd and damage tae surrounding endothellzl and
oiigodendrogliial cells. ;

Supporting the noticn ziat lipid peroxides zare I:volved in
te white matter danase induced by endotoxin is the ciservation

o2 Nishida et al., (1960), in which the intravencus injection




irnzo chicks of linoleate hydro

white matter damage. It 1s

eroxide resulted

N
~N
".

ocsible that

[

PN

'o

was transported to the brain on the surfaces of plztelets.

Our intention ia describin

g these decreases

re’ative amounts of rolyunsatureted fatty acid in trains of

irfants with perinatal telencerhalic leukoencephalopathy is to

suzgest further a possible mechanism of damage t

white matter

to this disease of unmyelinazed white matter.
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Depression of lecithin-cholesterol acyltransferase
esterification in vitamin E-deficient monkeys'?

Hubert S. Mickel,® M.D.. Penelope L. Hill,* B.A., and K. C. Hayes,* D.V.M., Ph.D.

ABSTRACT

Vitamin E deficiency in two species of monkeys (capuchins and cynamolgus) re-

duced the in vitro cholesterol esterification by plasma lecithin- cholesterol acy ltransicrase. The re-

duction was greatest in the most deficient species and in animals fed a diet rich in polyuns

turated

fat (safflower oil) stripped of vitamin E. The best correlute of total estenihication was the plasma

concentration of free cholesterol which reflected the degree of hyperlipidemiz. found to be grea

st

in capuchins fed coconut oil. A logical explanation for the decreased LCAT activity in vitamin f
deficiency would be peronidative damage of substrate (the PUFA of lecithin) or of sulfhydryl sites

on lecithin cholest
suggesting that a

E is required.

Vitamin E has been considered a physio-
logical lipid antioxidant which protects
against continual, random. free radical-cat-
alyzed lipid peroxidation (1). Presumably due
to the increased incorporation of polyun-
satured fatty acids (PUFA) into tissue lipids
during consumption of a high PUFA diet. a
direct relationship between dietary unsatu-
rated fat and the of vitamin
E-deficiency discase has been established (2).
It has also been proposed that vitamin E may
function as a catalvtic agent in the intermedi-
ary metabolism of mitochondria, where it has
a dircet and immediate effect on terminal
respiration. Unielated to genetic transcrip-
tion, this effect has been described as the
antioxidant sparing of sulfhydryl sites or
other highly sensitive loci on enzymes indis-
pensable to respiration (3). In vitamin |51

oceurrence

deficiency there is a decrease in the activity of

the enzymes not spectfic o energy metabo-
lism. suggesting that tocopherol may protect
enzymes susceptible 1o peroxidative attack.
In vitro studics of e¢nzyme inactivation by
lipid peroxidation have shown sulfhydryvt en-

zymes are most susceptible to this form of

inactivation (4, 5). I vitamin |
against in vivo lipid peroxidation. and if hipid
peroxidation inactivates sulthvdryl-contain-
ing enzymes, one might expect a decrease in
plasma  lecithin cholesterol  acyltransferase
(LCAT)Y activity in vitamin E dehciency.
Plasma LCAT depends on sulfhydryl sites

protects

evitransferase itself. However, neither case was fully supported by the data
il information concerning the nature of the reaction and the role of vitamin
J. Clin. Nurr. 28: 994-999, 1975.

since its activity is lost on exposure to p-
chloromercuribenzoute (6). Furthermore. the
LCAT reaction was markedly inhibited by
hydrogen peroxide or peroxidized lecithin (7.
8) and activity was depressed in vivo in men
L‘\pt\\u’d 10 a pure oxvgen ;!llnt‘n\;‘h:l\', d
condition predisposing to lipid peroxidution
(9). A decrease in the plasma LCAT reaction
has been observed in humans suffering from
abetalipoproteinemia (10), a disease process
associated with low circulating vitanin |
concentrations and hypolipidemia in general
(AR AT

This study was undertaken to determine
whether there was any decrease in the esterifi-
cation of cholesterol in plasma by the LCAT
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REDUCTION OF LCAT IN VITAMIN £ DEFICIENCY

reaction in monkevs made deficient in vita-
min E and fed diets containing saturated or
polyunsaturated fats. Reduction in the
plasma LCAT reaction in vitamin E defi-
ciency would support the concept that one of
the metabolic effects of the vitamin is protec-
tion of the activity of the sulthydryl-contain-
ing enzymes by prevention of hipid peroxida-
ton.

Materials and methods

A total of 26 Old and New World infant monkeys were
selected from monkess born in the primate breeding
colony of the Department of Nutrition at the Harvard
Schoo! of Public Heahh. The 13 cynamolgus (Macaca
fascicufaris) wnd 12 capeching (Cebus albifrons and
apella) were remy at birth und raised
in the infant r ry (13). For the first 12 months of hife
all the monkeys were used | s related 1o protein

{ growth. ¢ animals were

) ;i!u.d to une of

I as to dietary fat
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reulter

requireny
randon

four di

vevies and

zed us to sex and
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in a Packard Tri-carb scintillation counter. The choles-
terol content of unesterified and esterified cholesteral
fractions, in both incubuted and nonincubated sampics,
was determined using the method of Rosenthal et al. (1

The extent of esterification by LCAT was calculsrod
from the cholesters] esters formed as measured by two
methods, the 1irst being the degree of estentication of

radiouctive cholesterol substrate and the second a colon
metric determination of the net increase in cholesters
ester concentration during incubation. The values
tained by the colonmetric method were higher since &
radioisotope method measures only exogenous labelo
cholesterol thot must first be mgorporated nto by o-
protein before it can be esteritied (8. [3) Since analy<is
of viriance indicated that the sipnificance of the duts
obtaned by boih metheds was comparahle. only the dats
from the radicisotope method are included

Methyl esters of fuity acids of the plusma cholester 2
esters were pre ng t i th (.5
s~ NuOH. then methyviating the free fat -
Bi. in methanol dv/va (Supelico. B
Analyss of e
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peak areas was determined by interfacing the gus chro-
matozraph with an Infotronies digital integrator (moded

CRS-208)
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Results

During the course of the 63-week pern
prior to samphing for plasma LCAT activity,
one ammal died from anesthesia and during

the 34th week two sudden deaths occurred in
g 5

monheys fed the safflower i
vitamin E. At the time of hleeding, there were
S animals in the group fed the sufflower
diet supplemented with vitamin E (3 cvna-
molgus and 2 capuchins) and 6 animals in the
group fed saiflower oil without tocophierol (2
cynamolaus and 4 capuchins). In the
fed coconut il diets, there were 6 monkey
recciving @ vitamin E supplement (3 cyni-
molgus and 3 capuching) and 6 not receiving
vitamin b (4 cynamolgus and 2 capuching
No specific signs of vitamin |k deficiency were
apparent nor was an ancmia present at thes
time. althouch vitamin |
tended to hove lower hematocrits and det
cient monkess of both eventualiy
developed o marked bemolytic anemia. The
plasma vitamin 1 concentrations were low i

Zroups

deficient monke s

spedics
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the unsupplemented monkeys several weeks
prior to this assay, whereas supplemerted
animals receiving 100 mg/kg dict at the tme
of the assay were found to be adequate at
subsequent intervals. Cynamolgus monkeys
had lower vitamin E concentrations than
capuchins. The data on the anemia .nd
plasma vitamin E concentrations have been
presented elsewhere (14).

A significant reduction (P < 0.001) in the
amount of cholesterol esterified by plasma
LCAT was observed in the vitamin E-defi-
cient monkeys, both the cynamolgus and
capuchins. This reduction was most pro-
nounced in thuse animals fed the diet contein-
ing safflower oil. Also. the capuchins fed

coconut oil had more than twice the esterify-

ing activity of those capuchins fed safflower
oil. This cocunut oil effect was much less

noticcable among the cynamolgus (Table 1).
Furthermore. those ¢
plus vitumin E demon
fving activity  of ¢
whereas compuarison of esterification betw cen
the two species Tor the monkeys fed saltl

oil showed no differences. On an overall basis

the LC AT activity was highly correlated with

puchins fed coconu: oil

¢ the e

mpar ¢y namoizus,

the concentraiion of a free cholesterol
(r = 0.83) and 1otal cholesterol (r = 0.68 nd

xC: T anifisant s 1t T st il e g -
less significanily with cholesteryl esters

0.61). The cholesterol values were, in turn. a

TARLE ]

Effect of vitamin © defic voon tt
mo nd percent of free cholesterol
wsterifl v ph LCAT n
two specics of munkeys
(l) " 1¢r \“ ¢ ,l -
Spes nd
d
con delicent :
F( b
Cynamolcus
Coconut oil TLE = 1.1 3 9.7 4 g 30
(3 )
Saftflower oil 8.3 LR 29 4.8 & 2.3 o8
( (o}
Capuchins
Coconit oil 6.2 =y it} 11 1.5 2R
] (2)
SafMower o1l L (0O 28, . 454+ 14 25
( h
Vialues repres el SN e
indicat mi Ioany s Swe re
found for fat (f 1.001) ity
(P < Ool)and fai - spes r
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reflection of the dictary fat consumed. On
considering the LCAT activity in terms of the
percent of free cholesterol esterified in 24
hours. it became apparent that there was no
dictary effect among the cynamolgus (all
esterified about 30 ), whereas the capuchins
fed coconut oil plus vitamin E demonstrated
an enhanced percent esterification (30%)—
roughly double that of any other group of
monkeys.

Vitamin E deficiency tended to lower the
total plasma cholesterol value in both species
consuming safflower oil diets. but not in those
fed coconut oil. This decrease was essentialiy
due to the significant decline in free choles-
terol concentrations. The ratio of cholesterol
esters to free maintained
between 3.50-5.75 with a tendency for higher
ratos in deficiency (Table 2).

The total plasma ch

was much lower in the capuchins fed the

cholesterol was

lesterol concentration

sifflower oil diets when compared to similar
- ove fod coconul oil: but the dietary fat
monkeys fed coconut o1l but the dictary iat
did not aifect the plasma cholesterol cor
wration of the cynamolgus. T hese differences
reflecied the doubling of cholesterol ester
and free cholesterol in the capuchins

cocontt

oil with essentially no

These

L PR
1ne Cvile

vy 1
TMOIgus.

data previeusly reported for these species
(18)

Assessment of the H
on plisma linok )
(20:4). and “other’ cholesteryl esters, boih as
percent of total esters and in ubsolute quan-
tities. proved intercsting. Dietary saftfower

twofold merca
both

¢
absolute amount of 18:2 in the

oil resulted in
¥ f v \ b
percentage of I8:2 mi Spect

Jred \‘.'\l LIC

cynamolgus monkeys only. The mainter

of the 18:2 ester pool in the plasma
capuchins fed coconut oil was assoct ited with
a douhling of the total cholesterol ester pool
an expansion resulting from a fourfold n-

ervl esters excluding

crease in Cother” cholest
18:2 and 20:4 (Table 3). By contrast. coconut
oil produced a 30% shrinkage in the absolute
amount of 18:2 in the cynamaleus, but onl
doubled the “other™ cholest | ter
tions resulting in no change i the total
asma cholesterol pool. The percent 3
20:4 was significantly increased by salllower
oil, even though the absolute u f this
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TABLE 2
Effect of vitamin | deficieney on esterified, free. ratio of esterified
to free, @

Species and dict — - . e e E
total

Cynamealrus
Coconut otl
Control (3) 129 =+ 4 33423 3.91 162 = 6
Deficient (51 127 =9 323 397 159 + 10
Saffioner oil
Control (3) 115 = 30 29
Beficient (20 97 « 6 17 +
Capuch:
Coconut Oil
Control (3) 185 = 35 5242 3.56 237 + 47
Deticient (2 206 & 35 44 2 10 4.68 250 = 24

Safflower

et
it

18
(W)

Control (2) 104 = 17 2Tx3 385 131 = 20

Deticient (4 89 - 16 18 4 3 4.94 107 2 17

lues represent mest SD. Numbers heses indicate number of animals. For estertfied cholesiciol

nt effects were found for fat (P (.4 g tes (F <. 6.0)). and fal » species (P < 0.001) for free
ol difterences were noted for fat (P < 0.001), vitamin E4F < 0.00), species (P < 0.03), and fat » species (P

1y for total cholestesol, fui (P < 0.001), species (P < 0.01). and fut » species (£ < 0.001).

¢ vitamin E deficivncs on the plasma concentration of linoleate, arachidonate,

other™ cholesterol esters in two species of munkeys

1 inojeate Nractudonate Othier

Species and dic - - - - —— = e =
rve/d e dl di
KA
caut Ol
trol (3) 329 = 1.7 424 + 1.3 38 1.0 45 =02 633 sl6
ficient (4 299 = 34 380<27 264 1.0 302 67.3

lower Oil
wrof (3 674 - L6 7.5 = 1.2 49+ L1 5.8

1.5 £t s
clent (2 67.8 = [.1 65.5 = 4.1 2.2 a DR 2.1 204 0.0 291

Capuchins

Coconut Ol

Control (3} 4.0 =27 G b= BN 432 11 8.0+ 1.5 61.6 1139
Deficient (2 308 « 3.0 634 = 109 46209 9.5 = li6 64.0 1331
Safficower Oif
Control (2) 1O = 3.7 Y 6.7+ 28 7.0+ 1.1 SIS 24.2
Deiicient (4 635 = 2.6 10.2 7.6+ 1.1 6.8 + 1.2 289 257
Values represent mean = st Numbers in parentheses indicate number of animals. For percent finoleate esters
significant effect was found tor fat (P - 0ty oy, For miligram linoleate, fat (£ < 0.01) and tat =« species (P <
0.035) were sighiticant. For pereent arachidanate, tat (P < 0.00), species (F < G.001), fat » spucies (P 0.03) and
ity spee o8 (P < 0.05) were sigmbicant. Fer milligram arachidonate only speaies (F < 0.01) was signiiicant

ester was not affected by dictary fat. The  chins fed the safflower oil diet (Table 3). Ina

capuchins mzintained a significently larger  similur fashion. the percentage and okl
pool of arachidenate than did the eynumol-  concentration of arachidonate cholesteryl es-
gus, i ters were d\‘{"l\‘\‘-cd in the deficient evnamaul

An analysis of the fatty acid content of the  gus monkeys led either type of dictary

plasma chofesieryt esters revealed a tendeney  Arachidonate esters were not aflecied by

for vitamin [ deficicricy to deerease linoicate  vitamin E status in the capuchins, In effect.
" I

esters. particularly remarkable in the cupu vitmin B odeficieney  resulted inoa shigh
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increase in the percentage of “other™ cho-
lesteryl esters (Table 3).

Discussion

These data suggest that vitamin E defi-
ciency depressed plasma LCAT esterifica-
tion, the eftect being greatest in those mon-
keys fed the diet rich in polyunsaturated fatty
acids and in the species that developed the
most severe deficiency (14, 19). Since the
requircment for vitamin E i1s related to the
amount of polyunsaturated fat in the diet (2),
it was not surprising that the monkeys fed the
stripped safflower oil had the lowest plasma
tocopherol values and were most severely
afflicted.

Interpretation of the LCAT data must be
made with caution since the activity measured
during a 2<4-hour incubation period mainly
reflects substrate concentrations and not nec-
essarily LCAT activity in vive which should
be estimated from the initial rate (first hour)
of esterification (13). The observation that
LCAT i
plasma con
keeping with
other species (20, 21). 1
activity was observed i

coconut oil, both in

ity was best correlated with the
entration

simtlar ob i t o

activ

e } 5 P X
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CAT
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sponds wit!
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ously repot
Sodhi(23) «
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vd Nestelet al, (24) have revealed
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trate

and increased LCA
ably resulting from

er (fecithin and
glyceride-rich lipop

lipoprotemns where

1 . 1 4
tCms Lo tNe mgn asnsity

LCAT acts ¢(13). It would

appe hat both substrates, free cholesterol
and | § 20:4 in the 3-postiion of

n. were depressed in vitat

lecitl n E-deficient
monkeys fed saftfov or oil. An explanation for
the decreased PUF A wouid be lipid peroxida-
tion of their doublc bonds,
oil-fed eapuchins
lower concentiatic

In the safflower

s appeared as a sifghtly

of cholesterol linoleate,
whereas the deficient cyvnamoleus demon-
strated a sianificantly decreased percentage
of arachidonate esters. It has also been dem-
onstrated (25) that phosphatides can be dam-

aged by in vitro peroxidation, although phos-
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phatidylcholine appeared to be more stable
than those containing a reactive amino group.

On the other hand, the concept of substrate
depression by vitamin E deficiency was not
supported by monkeys fed the coconut oil dict
without vitamin E since plasma from these
monkeys, at least the capuchins, tended to
have depressed LCAT activity without real
decreases in PUFA esters or free cholesterol.
In addition. a recent study in rats confirming
the depressed LCAT acitivity in vitumin E
deficiency (26) revealed no chuange in seruin
free cholesterol. but did describe an unex-
plained rise in cholestero! esters. The choles-
terol ester to-free cholesterol ratio was also

al rats 1e approximil

clevated in the defic
the same deoree observed in the
monkeys. However, ncithet lecithin
PUFA esters were meassured 1n that study
Another explanation for the depressed
LCAT activity would be thut tocopherol

deficieney predisposes (o peroxidative disrup-
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530-545 p.m.

545-6.00 p.m.

600-6.15 p.m.

Hausdérfer J., Heller W., Junger H. and Olden-
kott P. (W. Germany)
Modification of fat metabolism following expe-
rimental head injury.

Junger H.. Heller W. and Hausdérfer J. (W.

Germany)
Studies of fat metabolism in banked blood.

Gass G.H., Allaben W.T., Brown H.J., Liu S. L.
and Bentrley M. J.

The endocrine role of dietary lipids in mam-
mary tumor formation.

Van den Berg D (Netherlands)
Problems in initiating n-3 Deficiency in rat brain.

Karageosian C. G. (USSR)

Enzymatic systems involved in initial steps of
phosphatidogenesis in normal and pathological
states.
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DEPRESSION OF THE PLASMA LECITHIN.CHOLESTEROL
e?g#g\i}ANSFERASE REACTION IN VITAMIN E DEFI.

H.S. Mickel, L. Hill and K.C. Hayes.

Children’s Hospital Medical Center & Harvard School of Public
Health Boston, Massachusetts, US.A.

Vitamin E deficiency was studied in two species of monkeys; a
reduction in the extent of esterification by the plasma lecithin
cholesterol acyltransferase reaction occurred in both species. The
reduction was greatest in animals fed a diet rich in polyunsatura-
ted fat and stripped of vitamin E content. A decrease in the
concentration of circulating polyunsaturated fatty acid cholesteryl
esters occurred in the vitamin E deficient animals. Since the pla-

sma lecithin-cholesterol acyltransferase reaction has been shown
10 be dependent upon sulfhydryl sites on the enzyme, it is propo-
sed that the observed reduction in esterification of cholesterol is
due to alteration of these sulfhydryl sites. A reduction in the
plasma lecithin-cholesterol acyltransferase reaction has been repor-
ted by us 1o occur during exposure in vivo 10 a pure oxygen
n'tmosphcrc, a condition known to predispose to lipid pcro;.-ida-
tion.

82

PEROXIDIZED ARACHIDONIC ACID EFFECT ON HU.
MAN PLATELET AGGREGATION.

H.S. Mickel, ].L. Horbar and ]. Stamets.

Children’s Hospital Medical Center,

US4 Boston,

Massachusetts,

The addition of peroxidized arachidonic acid to suspension of hu-
man platelets in buffer or to platelet-rich plasma results in a-
brupt platelet aggregation. Unperoxidized arachidonic acid efiects
a much slower rate of aggregation, comparable 10 that described
for saturated fatty acids.

High concentrations of adenosine and prostaglandin E, blocked
the effect of peroxidized arachidonic acid-induced platelet aggrega-
tion in platelet-rich plasma. Similar, prior treatment iz vivo with
high doses of aspirin inhibited the in wvitro platelet aggregation
response to peroxidized arachidonic acid.

Peroxidized arachidonic acid can be adsorbed onto platelet aggre-
gates in vitro without desctruction of the lipid peroide.
Peroxid‘zed cicosatriencic acid and peroxidized linoleic acid had
no appreciable effect on platelet aggregation.

-
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September 5, 1974
Afternoon - 3.00-6.45 p.m.
Section 14 - Room D

AUTOXIDATION AND ANTI-OXYDANTS

,3.00-3.15 p.m.

3.15-3.30 p.m.

3.30-345 p.m.

345-4.00 p.m.

400-4.15 p.m.

4.15-430 p.m.

445-500 p.m.

5.00-5.15 p.m.

5.15-5.30 p.m.

Chairmen: Graille J., Fukuzumi K.

Fukuzumi K., lkeda N. and Egawa M. (Japan)
New antioxidants and synergists for the auto-
xidation of fatty acid esters.

Fromberz P. (W. Germany)

Lipoid pH- indicator in monolayers of lipids
and proteins.

Fricker A. (W. Germany)

Influence of thermal treatment on the lipid com-
pounds of spinach.

Tirzit G.D. and Dubur G. Ya. (URSS)

« 1,4 dihydropyridine derivatives ». A new class
of lipid antioxidants.

Allen J.C., Crook E.M. and Farag R.S. (UK.)
The metal-catalysed oxidation of [ipids in

aqueous emulsion and the influence of specific

phospholipids on the reaction.

El-Zeany P. A. and Pokorny J. (Czechoslovakia)

Brown products of oxidized fish oil esters - Pro-
tein interaction.

Meara M. L. and Weir G.S.D (UK.)

The effect of B-carotene on the stability of
palm oil.

Graille J., Guillaumin R. and Naudet M. (France)

Comparison of various chromatographic me-
thods in the field of isolation and study of oxi-
dative and thermal alteration products of fats.

Paled M. and Letan A. (Israel)

Studies of cottonseed oil exposed to condi-
tions of frying.

>5.30-545 p.m.

Mickel H.S., Horbar J. L. and Gerwitz M. (USA)

Autoxidation of polyunsaturated fatty acid me-
thyl esters in oxygen mixture atmospheres.

,545-6.00 p.m.

Pokorny J., Tai P., and Janicek G. (Czecho-
slovakia)

Autoxidatives browning of phospholipids.

27
180
AUTOXIDA.TION OF POLYUNSATURATED FATTY ACID
METHYL ESTERS IN OXYGEN MIXTURE ATMOSPHERES.
H.S. Mickel, ].L. Horbar and M. Gewirtz.
g;le‘iren’s Hospital Medical Center, Boston, Massachuseuts,

Autoxidation of methyl linoleate in vitro by exposure at 50 C 10
oxygen mixture atmospheres is greater in a 80% helium- 20% o
xygen (vol. %) atmosphere than in an 80% argon- 20% o
xygen atmosphere. In turn, autoxidation is ereater in an R0Gh

argon- 20% oxygen atmosphere than in an 80% nitrogen- 20 o-
xygen atmosphere. Comparable findings occurred with peroxida-
tion of methyl linolenate. 1t is proposed thar the observed pheno-
menon is attributable to a quenching gas effect or 1o physical
interaction of the inert gas with the unsaturated Jipid.

181
UTOXIDATIVE BROWNING OF PHOSPHOLIPIDS.

okorny, P. Tai and G. Janilek.

Dep\ of Food Chemistry, Prague Institute of Chemical Techno-
rague, Czechoslovakia.

Phosphat\yl ethanolanine and phosphatidyl choline isolated from
e oxidized in thin films at 20 - 100°C in dark and
f oxygen. At the same degree of oxygen absorption
phosphatityl chgline became only slightly coloured but phospha-
tidyl ethanolaminy turned dark brown. Brown products were for-
med through colouNgss intermediates by decomposition of peroxi-
des. The brown proqucts were fractionated by chromatography
on DECAE<ellulose add on Sephadex LH-20 and spectral chara-
cteristics of the fractions\were determined. One fraction was rich
in nitrogen, on contrary, sdge fractions were nitrogen free. Brown
products were saponified and the acidic fraction separated by
TLC on silicic acid. Less polar products were light in colour,
contained only traces of nitropen, a carbonyl and a hydroxyl
group. The brown less mobile frXtion was rich in nitrcgen and
oxygen and contained an imino grgup. The acetylation or trea-
tment with phthalic anhydride of pPN\sphatidyl ethanclamine did
not prevent oxidative browning but th& formaldehvde-treated pro-
duct did not turn brown. Mitures of Whyl linoleate and ecta
decyl amine became yellow only slowly ing autoxidation. All
fractions of brown products were bleached by treatment with
hydrogen peroxide.

under excess

182
ORAGE OF CEREAL PRODUCTS AND OXIDATION OF

e of certain cereal products (i.e. babyfoods, bre-
t of off-flavor is observed. This ofi-flavor is
e oxidation of flour lipids. White wheat
1.5% lipids. However this small quan
e deterioration of a number of pro-

probably formed by
flour contains only abo
tity can be responsible for
cessed cercals.

Storage experiments were carriedhout on wheat flour, roller dried
wheat flour and bread by followind\the changes in lipid compos:-
tion (tlc. and glc.). Wheat flour Y
fatty scids and a decrease in steroleste
components showed practically no changes

while the other hpid
roller dried wheat
W was the most o
bvious change while new bands appeared in t It was been
shown by GRAVELAND that the free farty ac re readily

—_ 106 —
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/1p Mr. HUBERT S. MICKEL, M.D.
Department of Neurology
Children's Hospital Medical Center

BOSTON, Massachusetts 02115 USA

Dear Sir,

with regard to your kind letter of November 13, 1976 we

inform you that the cost for 200 additional reprints of

your article "Effect of inert gases and nitrogen on the

autoxidation of cis and trans polyunsaturated fatty acid
methyl esters" will be 60,000 Liras + postage.

Awaiting your reply we are,

Yours sincerely

The Director

(Ing. C s{zi/Carola)




R O P e

R

el u ebedt by
- 8¢ .~JH«.10\1-¢'\-»

Lo
‘
Rl
’
.- 4
. 4
o \
War
N
T pe
-z ar -

1ely

R

W.—\h.rs

it %

Y

”ﬂ.\

i _M
e
Kol

.y




= THE EFFEGT OF UREMIC PEPTIDE ON INSULIN-STIMU-
13.8 19" LATED Mg ‘;-ATPIIO ACTIVITY OF EUMAR ADIPOCITES

¥, Lutg

Department of dedical Analytics, Institute of
Internal Medicine, 90-549 L4641 /Poland/

From ureaic plasma there was isolated a peptide with
strong alkaline properties, of which presence has not
been found in plasza of healthy men. This uremic pepti-
de, 8dded to incubative medium containing shadows of
buman adipocytes, inhibited stimulative effect of in-
sulin on Mg'*-ATPase activity. Inhibitory effect pro-
duced by the uremic peptide was greatly decreased after
introduction of albuxin to incudbative medium. The
uremic peptide had no direct influence on Mg'*-ATPase
activity.

AUTOXIDATION OF CIS AND TRANS POLYUNSATURATED FATTY ACIDS
IN OXYGEN AND INERT GAS MIXTURE ATHOSPHERES
H.S. Mickel, R. Ansari, and J. Horbar

Children's Hospital Medical Center, Bostom, MA 02115 U.S.A.
Harvard Medical School, Boston, MA 02115 U.S.A.
Wrentham State School, Wrentham, MA 02093 U.S.A.

13-8-196

Autoxidation of methyl linoleate and methyl linoleidate were studied
by coating & thin film of the methyl ester onto the wall of a swirling
flask, incubated at 50 C, and exposed to an atmospnere of approximately
204 oxygen with the balance an inert gas, carbon cioxice, or ritrogen.
Geses present in the atmosphere other than oxygen alter the rate of
the sutoxidation reaction witn fatty acids containing double bonds in
the cis configuration. Tne greatest sutoxidation cccurs in a helium-
oxygen atmosphere, less occurs in an argon—oxygen aimospuere, and
still less in a nitroger—oxygen atmosphere. Little cifference is
noted in the autoxication reaction in these oxygen mixture atmospheres
with fatty acids containing double bonas in the trans configuration.
Monolayer studies of autoxidation were carried out by incubating

fatty acids coated onto silica gel by the method of Mead and Sgoutas.
Differences in sutoxication of cis and trans fatty acids in oxygea
mixture atmospheres were again ovserved.

The observations indicate an interaction between the inert gases and
¢is double bonds, but pot trans double bonds. Such an interaction
wight ount for the pr of inert gas narcosis, the high
pressure neurological syncrome, as well as cther pnysiological
phenomena observed under hyperbaric conditions.

THE RELATIONSHIP BETWEEN THE CIT SUBCOMPONENT OF CIT AND
AMYLOID P-COMPONENT.

R. H. Painter, P, A, Taylor, 8 T. Hofrann s
Departrment of Biochemistry, Unfversity of Toronto,
Ontario. M55 1A1, Canada.

13-8-198

€1t 13 2 9.5 S al glycoprotein fsolated from human serum by affinity
Chromatography on [gG sepharose. It forms cart of the calcuim
Hnked macromolecular C1 complex, The molecular wefght of C1t has
Been shown by sedimentation equflibrium analysis to be 233,000 and
o be composed of 10 fdentfcal sutunits of molecular weioht 23,000
Srranged 1n the form of 2 pertagons joined at one of their faces.
TMs protefn asoears 1n elgctron microaraohs with necative staining
83 pentagonal fiaures 85 A~ fn dlameter which assertie as rods of
varying length. The electron microqarabhs show & strora resemblance
¢ of P-comoonent, & 9.5 S al plasma glycoprote!n purified from
amylofd. Indeed Clt and P-comoonent have been shown to react
fdentically with each others antisera. Both primary and secondary
®ylo1d ray be statned with antisera to Clt. The arino acid
rnlun and sequence studies Indicate marked similarities
..""" CIt and P-corponent althouah some sianificant differences
teeen the sequences were evident, The N-terminal amino acid
$equence of C1t shows about 503 homoloqy with the N-terminal
oiso ¢ of C reactive-protein, a phosphoryl-choline binding protein
", Corprised of 23,000 molecular weight subunits, The relation-
PS and differences between these three proteins wil) be discussed.

Swsorted by MC of Canade

13_8_1 95 THE PHYSICAL, CHFMICAL AND IMMUNOLOGICAL PROPERTIES OF AN
ADULT HUMAN KIDNEY PLASMINOGEN ACTIVATOR
Maciag, T., Pye, E. K. snd Iyengar, M. R.
- Department of Animal Bielogy, Laboratories of Biochemistry,
School of Veterinary Medicine, University of Pennsylvania,
Philadelphia, PA 19174 U.S.A.

A plasainogen sctivator was isolated from the tissue culture growth
media of adult human kidney (AHK) tissue culture cells. Purification of
the plasminogen activator by existing affinity chromatography methods
resulted in specific activities greater than 50,000 CTA units per mg
protein. Gel exclusion chromatography and SDS disc gel electrophoresis
studies showed that the AHK plasminogen activator possesses s molecu-
lar weight of 55,000 daltons. Ampholine disc gel electrophoresis of
the AHK plasainogen sctivator and urokinase (Serano Laboratories) gene-
rated am isoelectric point of pH 8.75 for both enzymes. Kinetic analy-
sis of the AHK plasminogen activator using the CTN assay yielded a kn
(CTN) value of 4.5x10-4 and a Vm(CTN) of 8.11x10-10 moles of p-nitro-
phenoxide released per second per CTA unit. Competitive inhibition
kinetics were observed with the ligands BAA and TAME. Inhibiticn con-
stants of 1.0x10-4 and 3.8x10-4 M were obtained for BAA and TAME re-
spectively. Using the casein assay, we observed a pH maximum of 8.9
for the AHK plasminogen activator. Rabbit antiserum was prepared
against the purified AHK plasminogen activator and upon double immuno-
diffusion, lines of identity were observed between the AHK and human
urine plasminogen activators. Double immunodiffusion experiments using
antiserum against urokinase also resulted i1n lines of identity between
the two human plasminogen activators. The AHK plasminogen activator
was observed to be immunologically similar but not identical to a
plasminogen activator purified from the tissue culture growth media

of adult pig kidney cells.

VERY LOW DENSITY LIPOPROTEIN (VLDL) COMPOSITION IN
FAMILIAL HYPERLIPCFROTEINAEMIA
1.C. Ononogbu and B. Lewls

13-8-197

Department _ Chemical Pathology, Royal Postgraduate
Medical School, DuCane Road, England.

VLDL concentratfon varies substantially in the different hyperlipo-
proteinaemic states. In the rare entity type !1l hyperlipcprotein-
aemia, YLOL composition 1s known to be abnormal, but in most forms of
human hyperlipidaema this has not been extensively studied. The
cholesterol and triglyceride contents of VLOL, isolated by precipit-
ation with sodium dodecyl sulpnate was measured in 19 controls and
26 patients with familial hyperlipoproteinaemia. In the controls.
cholesterol to triglyceride ratio was 0.32-0.0) (S.E.M.). The VLODL
lipid ratio was not significantly di."eren} in patients with raised
low density lipoprotein (LOL) levels {0.§9-0.03, n=6). In type III
the ratio was confirmed to be nigh (0.51-0.03, n=4) (p<0.001). In
8 patients with raised levels of LD{ and VLOL (type IIb), VLOL
composition was also abnormal (C.38-0.C2) (p €0.05). Those with
high YLOL levels (type 1V) had a significantly (p<0.01) low ratio
(0.24-0.02, n=8). In this condition, enhanced endogenous
triglyceride transport may be mediated by increased triglyceride
content of VLOL as well as increased number of circulating VLOL
molecules.

e
13-8-1QQ THE EPPECT OP EARLY KUTRITION ON LIPID METABO-
LISM OP THE ADULT RATS
M. Palkovi¥, N. Zkottovd .

Institute of Experimental Endocrinology Slovak
Academy of Sciamces,Bratislava,Czecnoslovakia

In order to demonstrate the possible late consegquences
of early nutrition on lipicd zetabolism in tne rats, we
studied the level of blocd lipides /triglyceriden,NLFA,
cholesterol,pnosprolipids and lipocproteins /and activity
of malic enzyme /L-zalate:NALP decartoxylating oxicore-
ductase, EC {.1.1.40/ and ATP citrute lyase /:C 4.1.).8/
in the liver of tne adult ratse /szotna old/ fed tne usu-
al laboratory diet wit: various content of choleeterol
between 16-to 30 postnatal caye. we did not observed any
metadolic disturbance under resting conditions. lowever,
after exposition of treee old animale to hign crolente~
rol diet, tne rats witn jower early intake of choleste-
rol rad nigher level of blocd chelesterol, higner con-
centration of beta lipoprotein choleaterol end nignsr
activity of liver enzymes, These results suggesated im-
portant role of early nutrition on lipid metabolism,
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AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS
— INCORPORATED —
ROBERT A. HARTE, EXECUTIVE OFFICER
9650 ROCKVILLE PIKE ol PHONE.
BETHESDA, MARYLAND 20014 Seria]: 6-406 AREA CODE 301
2 April 1976 530.7145

Dr. Hubert S. Mickel
Children's Hospital Medical Center
Boston, Massachusetts 02115

Dear Colleague:

It is a pleasure to advise you that the funds whose receipt was anticipated when you
were recently notified of the actions of the Travel Award Committee have materialized
and you are one of 201 awardees receiving travel grants in the amount of $500. Here-
with you will find the award to be used to facilitate your participation in the 10th
International Congress of Biochemistry, convening in Hamburg, Federal Republic of
Germany, 25-31 July 1976.

We hope that your participation in the Congress will help to make for effective U.S.
representation at the meeting, to advance biochemical science, and to contribute to
your personal and professional advancement as well.

You are reminded that the Federal Agencies as donors of the bulk of the funds being
distributed have specified that, wherever possible, individual awardees are expected
to use U.S. flag carriers, particularly for the transatlantic portions of their travel.

Please be sure to notify this office, as proumptly as possible, in the event that
circumstances change so that you will not need or cannot use this travel award. We
have a substantial standby list of highly qualified biochemists who would appreciate
the opportunity to use funds released by any of the present list of awardees. Your
prompt return of the money awarded you, in the event your plans change, will be much
appreciated by the individuals on that standby list.

You will also find herewith a certification of attendance at the Congress, which you
are requested to complete and return as promptly as possible following the conclusion
of the Congress. Attempts will be made to correlate your answers in the hope that they
will be useful in supporting future proposals for travel award funds. The responses of
the recipients of travel awards to the Stockholm Congress were of significant value in
obtaining funds for the present program.

All good wishes for a pleasant and profitable stay in Hamburg.
Yours/ sincerely,

Lt

Robert A. Harte

RAH/mak
Enclosures: 2

. . —— , —
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INTERACTION OF LIPIDS WITH INERT GASES

Mickel and coworkers have observed remarkable differences in the
extent of autooxidatioﬁ of cis and trans lipid molecules in various
oxygen-atmosphere mixtures. For the cis-lipid, autooxidation for a
fixed volume percent of oxygen is greater for a helium-oxygen atmosphere
than an argon-atmosphere, which in turn is greater than in a nitrogen-
oxygen atmosphere. For the trans-lipid, the extent of autooxidation is
not affected by the gas other than oxygen. The isomeric lipid molecules
differ only in the configuration of a pair of double bonds. The

molecule referred to as "cis" is cis-9, cis-12-octadecadienoic acid and

the molecule referred to as "trans" is trans-9, trans-12-oxtadecadienoic

acid. Thus the marked differences seen in the autooxidation strongly
suggest that there may be a specific interaction of the inert gas (helium,
argon, or nitrogen) with the carbon-carbon double bonds. Such an

effect would ha?e much fundamental interest and might elucidate many
unexplained in vivo phenomena involving autooxidation in the presence

of artificial atmospheres.

Discussions with Dr. Mickel have led us to propose a collaborative
study in which we seek to examine the interaction of these lipid
molecules and simpier model compounds with the rare gases and other
inert molecules to look for specific binding at the double bonds. This
work would take'advantage of molecular beam and mass soectrometric
methods to examine the moiecular interactions. Three experimental
programs are planned. (1) A gas flow kinetic apparatus would be
constructed to repeat under more controlled conditions the original

experiments of Mickel and coworkers, and to extend those to Xenon and




other molecules for which we suspect the effect might be even more
pronounced. (2) A molecular beam study would be carried out in which
the 1ipid is mixed in a supersonic nozzle source with various inert
gases and the mass spectrum examined for evidence of complex formation.
(3) In another molecular beam apparatus, beams of the lipid or model
compounds would be collided with beams of the inert gases and the
scattering pattern analyzed to derive information about the potential
energy function for the interaction.

Our laboratory has been devoted to molecular beam studies for the
past seventeen years and has developed many of the basic methods which
allow direct observation of molecular interactions. The studies of the
lipid systems would be carried out by a postdoctoral fellow, Dr. Will
Lee, and by two graduate students, Mr. Kit Bowen and Mr. Jonathan Sokol.
A1l would be involved in the three stages of the work. Dr. Lee has
much experience with molecular beam methods appropriate to this study.

In particular, he has just concluded a major research investigation of

th e complex formation in supersonic beams of water, ammonia, and methanol;
this involved the analysis of mass spectra patterns for clusters of these
molecules formed in the supersonic expansion. For example, he could
observe clusters of water or ammonia containing twenty or thirty molecules.
Messrs. Bowen and Sokol have also had much experimental experience with
beam techniques."

We would expect the design and construction of the kinetic apparatus
for the stage (1) study would be completed within 2 months and those
experiments would then be pursued under the'direct supervision of Dr. Mickel.

The first step in the molecular beam studies (2) and (3) could be started




immediately. This will involve a study of the vaporization properties
and the mass spectroscopic fragmentation pattern of the cis and trans
Tipid molecules. Unless unforeseen difficulties intervene, we would
expect that within 6 months the beam studies would have progressed

far enough to demonstrate whether a specific interaction of the

inert gases with double bonds exists in these compounds.
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Subcontract wiith the Department e Chenistey, llarvarc Uailversit
| ; PROGRESS REPORT

(August 15 to December 1, 1976)

The kinetic apparatus has been constructed and three sets of preliminary
experiments have been carried out to check the original results of Mickel and
f coworkers. Several runs have been made for He/0,, Ar/0, and N,/0, mixtures
interacting with the cis lipid. Satisfactory experimental reproducibility
has not yet been achieved. However, we hope soon to obtain marked improvement

by adding suitable normalization procedures and we have now almost operational

a gas chromatography unit for this purpose.

A "solubility meter" has been desianed and constructed to determine
Henry's law constants for interaction of gases with lipids. These measurements
will be carried out within the next month.

Molecular beam studies of the interaction of Ar, Kr, and N, with cis-and
trans-butene have been carried out. This simnle system was examined to provice
a reference model for comparison with the similar experiments beina prepared
for thé lipid systems. In these experiments with butene, the olefin vapor
at a partial pressure of a few torr was mixed with an excess of the interactina
gas at a pressure up to 1000 torr and expanded through a pin-hole nozzle into
the high vacuum system. The composition of the resulting molecular beam was
examined by mass spectroscopy. The experiments were repeated for a ranae of
source temperatures and mixing ratios of the gases. The mass spectra show
that the butene molecules interact strongly to form substantié] yields of
butene dimers and even higher polymers but there is no evidence for significant
formation of complexes between the butene and Ar, Kr, or N,. Of course, butene
differs drastically from tﬁe lipid mojecules of interest, which have a pair of

double bonds separated by a CH, group. However, this result already serves to
establish that any hypothesis which attempts to explain the auto-oxidation

behavior of the lipids in terms of formation of a comolex with the inert

9as must consider more-than a possible complex with a sinqle double bond.
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Hubert S. Mickel, M.D. Effects of Inert Gases on Lipids

SUMMATION

A phenomenon was observed during the period of this contract
which has high potential usefulness for the Navy in its understanding of
the effects of atmospheres on biological systems. There appears to be an
interaction between various gases and polyunsaturated lipids having two
or more bonds in cis configuration, and a mothylene carbon between the
double bonds, as in linoleic acid. There were limitations as to the kind
of information that might be proferred regarding a mechanism for this
interaction, should this investigation be kept within the lipid neuro-
chemistry laboratories at the Wrentham State School and Children's Hospital
Medical Center. For this reason, a collaborative undertaking was sought
and obtained with Professor Dudley Herschbach, of the Department of Chemis-
try at Harvard University, where the technique of molecular beam spectroscopy
was available to explore this topic. The contract has been renewed through
the Department of Chemistry with a new contract number, N00014-77-C-0216,
effective March 15, 1977. Definitive information regarding the nature of
the observation is expected by transferring the investigation to the Depart-
ment of Chemistry.

There are several topics which papers are expected to be submitted
for publication besides those listed in this report. An alteration of
arachidonic acid levels in the liver in children's dying with Reye's syn-
drome was observed and a manuscript on this topic is being prepared with
speculation regarding the mechanism of the polyunsaturated fatty acid
reduction and its role in the disease process. Further observations on
the effects of various peroxidized polyunsaturated fatty acids on platelet
aggregation were made, reported at the International Society for Fat Research
Meetings in Milan, Italy, in September, 1974, but not yet prepared for
publication. On each of these, as well as other topics, when submitted for
publication, acknowledgement will be made to the ONR and to this contract.

The biological aspects of peroxidized lipids are now being inves-
tigated in a collaborative undertaking with Dr. K. C. Hayes of the Department
of Nutrition, Harvard School of Public Health, and the instrumentation and
laboratory equipment not brought to the Department of Chemistry have been
transferred to these laboratories. Funding for this aspect of the work is
not currently supported by the Office of Naval Research.




