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PART I POVERTY CAKE

A Head Start mother proudly gave me, the Head Start nutritionist in
Missoula, Montana, this recipe feor Poverty Cake to share with other
mothers, It symbolized the problems of nutrition among the Missoula

poor,

A, It tastes good; children <:f? /é;ﬂbw~€;— Z_ Clﬂd/%ia__

enjoy eating it. /w%/ da,é/ ;
B. It symbolizes sweetness and :: = é AL

love, The mother who bakes it ; Q
feels she 1s belng a good mother.

tired people. éZf? i l -ZZ ‘Eg 7,,?'; P \
D. It 1s immediately rewarding, /6L¢d7/aquzf
=2 Wm’m (27—

emotionally and physiologically.

One mother who spends 20¢ a day per / ;11L‘,ﬁ¢2u¢7‘7
person for food says this is the most :.? »/-Zf@w’ AU

satisfying food she can give her family. °3 /(t"é'[“%‘”’"’” %’U |
E. Because it 1s rewarding, the eating /ag ;t;LJL{Ljfufvvm |
e

of cake reinforces the eating of cake. - = ~C:°ﬁf=bd/
)%MJ

C. It supplies quick energy to

This most basic reinforcement promotes 7 X 1.5
the pattern of eating refined carbo- '777214‘4L_ = ﬁ£%4uéL<p,
hydrates. 4Qtaé/ /L/77 gIre —

a2 W, Il —
F. It saves money: no milk, (dried /UFZL4?41jZZL;jT71‘ _21/4¢A¢£/
i Coata

milk is cheap. but water is free). No ’EEZptAA_/
eggs, Sugar, fat and flour are cheap ,‘JZZELz/=¢—~,é¢11,444:/f4L;t>

o O PP,
sources of calories. 55’0 ’ 3 -] /Zeﬂ 4
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OBSERVED MALNUTRITION AMONG THE DISADVANTED

Poverty cake, macaroni, c;ackers and other easily prepared,
easlly eaten refined carbohydrates compete successfully with dried
beans for popularity, although dried beans are a cheap source of
protein, minerals and vitamins. Dandelion greens at no cost pro-
vide 14,000 IU of vitamin A per half cup. Liver is a good buy of
nutrients but is a waste of money if no-one eats it., Beans,
greens and liver do not give immediate satisfaction in elther
sweetness or quick energy. Nor do we hear on TV that "“Things go
better with liver."

In the three years I have worked as nutritionist for Head
Start, I have observed that many Head Start mothers did not accept
the Four Basic Food Groups or the Low Cost Food Plan developed by
the Department of Agriculture as practical standards. They could
not afford, or felt they could not afford those foods. By defini-
tion, Head Start families have less money than that needed to buy
the necessities of life. Eligibility for the program depends on
having incomes below the poverty level. Since in the cold climate
of Missoula, a warm house and warm clothes are immediately neces-
sary for survival, the money spend for food must be cut wlth re-
sultant less-than-optimum nutrition. Missoula has no commodlty
program or Food Stamp Program.

THE POSSIBILITY OF A MALNUTRITION - POVERTY CYCLE

Was this observed less-than-optimum nutrition related to the

children's performance in school? In "A Study of the Relatlonship

Between Hemoglobin Level and Mental Performance," no evidence was
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found that fall hemoglobin levels were significantly related to

fall intelligence test scores or teachers' ratings of behavior.

The evidence did suggest that changes in hemoglobin levels among
those who began with levels below 12,0 gms % were associated with
Changes 1n IQ: the correlation was .74. Hemoglobin levels did
not change differently in the groups of children who received 60
mg ferrous sulfate at school dally and those who received placebos.
There was no evidence indicating the cause of the change in hemo-
globin,

This study raised several questions: was iron in home diets
related to hemoglobin level? What, if not iron, did cause low
hemoglobin levels?

Since hemoglobin transports oxygen, some low level of hemo-
globln must have hypoxic effects. However, in hypoxla there is
first a lowering of the threshold of excitability and then a pro-
gressive failure of irritability. (1) This would make measurements
of effects difficult: averages of activity would be useless,

Gelhorn et al have suggested that hypoxia and hypoglycemia
have a simllar physiologic action on the central nervous system
and that they act synergistically in the production of convulsive
selzures, (2) Sugar and Gerard have also suggested that hypo-
glycemla acts much like hypoxlia on the function of the brain,
since it leads to interference with oxidation in that organ.

(3) Then hemoglobin levels cannot be considered without also con-
sidering nutrlients that influence blood sugar levels and oxidation.

Frontal lobe function is particularly sensitive to hypoxia,

Then any nutritional deficlency that interfered with cerebral




- oxldation would, theoretically, handicap frontal lobe function.

The syndrome of poverty i1s similar to the syndrome of frontal
lobe dysfunction (as documented in Table I.) The syndrome of
poverty includes behavior frequently described as typical of many
low income people: 1impulsive, seeks immediate gratification,
lacks goal committment, responds to immediate, tangible and con-
crete rather than the abstract, categorical and relational pro-
pertles, and lacks self-criticism, While these differences are
marginal, subtle and not unlversal among the disadvantaged, and
are deflnite 1n frontal lobe dysfunction, the similarities are of
a magnltude that demands investigation. These differences could
be caused by any malnutrition that affected cerebral metabolism.

Therefore a hypotheslis of this study i1s that the syndrome of
poverty has as one of many causes a physiological handicap caused
by malnutrition.

Poverty Cake i1s not deficlent in a single nutrient only.
Deficiencies of the poor, as of the middle class, are often mul-
tiple. To define what behavior may be expected to be influenced
by which deflciencles, the roles of various nutrients are summa-
rized. Malnutrition is assoclated with irritability and at the
same time wlth apathy and fatigue. The catecholamines, serotonin
and acetylcholine that influence emotional responses and brain
excltabllity are produced by enzymes of which specific vitamins
are a part. 1In undernutrition is a diminution of all drives
except a drive to satisfy some of the more elemental forms of
pleasure., (4)

Thus part of the poverty syndrome can be theoretically
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explained in terms of malnutrition. There may be a malnutrition-

poverty cycle:

/ Malnutrition \
04(// Fatigue
Apathy

Low income Irritability
Impulsivity
SQ\ Lack of ability to

consider several
factors simultaneously

Large families éZ/;a

Unstable famlily relationships
Poor education
Marginal employment

Not all of the disadvantaged are malnourished. Some mothers .
give their famllles excellent low cost dlets. And some children
are apparently thriving on apparently inadequate diets., Individ-
ual requirements of nutrients vary greatly. Perhaps children with
adequate diets or more effective utilization are better able to
get out of the poverty cycle,

The disadvanted are of course handicapped by more than mal-
nutrition., They are handicapped by the degradation of poverty,
the hopelessness, alienation, poor education and inadequate housing.
Adequate nutrition does not eliminate these,.

However, with adequate nutrition, one can cope better with
the stresses., Just as ilnadequate nutrition does not cause infec-
tion, but enables the body to fight infection, so the levels of

nutrition commonly found in the United States may not directly

cause poverty. Less than adequate nutrition handicaps the ability




of the poor to cope with environmental problems. Gomez Mont
describes adulthood undernutrition: "Adaptation to decreased food
intake is so great that people are able to carry on during this
period and even to do heavy physical work when dailly obligations
force them to do so, If there is no need for physical exertion,
they will do as little as possible....The undernourished family
can survive under these conditions for long periods of time,
'masking a very unstable equilibrium ready to break in the presence
of any stress." (&)

For example, an irritable child with lack of abllity to keep
his attention directed toward a goal, lack of abllity to consider
several factors simultaneously and without ability to delay re-
sponse would react to a punishing teacher by dropping out of
school., A less impulsive child who was able to correlate more
information might stay in school and avoid behavior that precipi-
tated the punishment. In either case the punishing teacher, and
the poor education are handicaps, stresses that the well-nourished
child can handle better than the poorly nourished child.

The parable of the straw that broke the camel's back is
il1lustrative., With poor nutrition the camel has a weak back.
The environment of the disadvantaged piles on straws of stress,
With the combination of weak back and one too many straws, the '
camel collapses. The weak back is not disabling without a heavy
load; the heavy load is not disabling wilth a strong back. Our
task must be to strengthen the disadvantaged as well as to reduce
their burdens,

Part II presents the Malnutrition-Poverty Cycle and the




rationale behind 1it.
DOES NUTBITION INFLUENCE BEHAVIOR?

Does this cycle really exist; if so, to what extent? To
establish that the behavior of the disadvantaged has a physiological
handicap that is caused by (among other things) malnutrition, it
1s necessary to establish thaﬁ:

A. Malnutrition affects intellectual function

B. Malnutrition exists among the dlsadvantaged

C. This level of malnutrition is actually related to some

function or behavior,

Therefore a survey of home diets was made, Hemoglobin levels
were determined, ‘feachers rated behavior. WPPSI and Lorge Thorndike
Intelligence Tests were given, Heights and weights were recorded.

The effects of malnutrition cannot be isolated from the
effects of the rest of the environment. Therefore soclio-economic
data were collected and attendance at school recorded., It was

- intended to look for relationships among these varlables. The
problem was complex, However, this data provides a description of
& poverty among Head Start famllies in Missoula. It also provides

insights about types of malnutrition and the behavior that may be

assocliated with them, These are discussed in Part II1I,.

ERIC
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PART 11

A MODEL FOR THE CYCLE OF MALNUTRITION AND POVERTY

In the education and sociological literature about the
disadvantaged, a syndrome of poverty 1ls usually explained in terms
of the attitudes of the subculture and of the social envlironment.

For instance Deutsch (5) wrote:

"Phere is much emphasis [on cognitive effects] at the present
time...The current emphasis comes from the observation of the types
of cognitive deficits that the disadvantaged child shows at the
time of school entrance. Both these observations and the research
showing that absence of early stimulation 1is extremely detrimental
to the development of function have led to interest on the part of
researchers in identifying the aspects of the disadvantaged environ-
ment that contribute to particular deficits in cognitive function-
ing and in skills basic to school success. The research on the
effects of the absence of stimulation includes, for example, experi-
ments in sensory isolation, and in early visual stimulation, "

Young (6) writes about the attitudes of the subculture:

"Wwhen the children of poverty reach the classroom of the
public school, they bring with them not only limitations of know-
iedge and experience, but, more fundamental, attitudes toward
iearning, and conceptions of the dominant group that are serious
obstacles to achievement... Disorganized families lack the compass
of purpose, of a clear gcai. Thelir horizon tends to be not next
year or even next month, but tocday's sunset. Without the orienta-
tion of purpose, planning becomes largely irrelevant, If there 1is
no image projected on the screen of the future, there is nothing to
plan for, Without planning there 1is much less incentive for posi-
tive action and consequently less resistance to the actions of
impulse -- those actions that translate the emotion of the moment
into behavior that at best dissipates energy to little purpose,
and at worst is destructive both to the actor and to hls immediate
surroundings. As a way of life it has within 1tself disintegra-
ting tendencies,

Along with its proneness to impulsivity, lack of purpose
promotes passivity. This may seem a paradox, but the two quali-
ties are in fact complementary. Without consistent direction and
planning, problems, whatever they may be, are allowed to develop
into overwhelming proportions and are felt by the individual as
calamities that happen to him, He has no control over them and
except for impulsive and largely ineffective attempts to escape
their impact, he sees little recourse but to let them roll over

him, "
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% Impulsivity, passivity, defects in cognition, and lack of purpose

é and planning are described as the result of poverty and the poverty
] subculture., The model here presented integrates these factors as
part of a cycle., Impulsivity, passivity, etc. are considered as a
vartial cause of poverty as well as belng one resuit. Physiologlcal

handicaps in mental function do cause similar symptoms of impulsiv-

e T T T AT RN TR e e B

ity, apathy, fatigue and irritability. The physiological handicaps
may result from chronic or severe untreated illness or inadequate
prenatal and natal care. The physiclogical handicaps considered in
: this section are nutritional in origin,

The poverty syndrome is similar to behavior at high altitudes

where higher brain functicns are handicapped. It is similar to the

behavior in frontal lobe dysfunction. Similar symptoms can be,

and have been, precipitated by nutritional deficiencies, and
corrected with adequate diets, These similarities are presented

in Table 1I.

. Sources for Table I
?- Characteristics of the disadvantaged quoted from:
t Milly Cowles, Perspectives in the Education of Disadvantaged
; Children, New York: Worid Pubiishing Co. 1967
2 Staten W, Webster, The Disadvantaged Learner, San Francisco:
| Chandler Publishing Co., 19¢6
TLester D. Crow, Murray, Walter and Smythe, High, Educating the
Disadvantaged Child. New York: McKay Co. 1966
Elizabeth Herzog, About the Pocr. Washington: Children's
Bureau, U.S., Government Printing Office, 1967
Characteristics of Frontal Lobe dysfunction:
Arthur C. Guyton, M.,D, Medical Physiology. Philadelphias
¥, B. Saunders Co, 1961
Characteristics of Hypoxia:
Edward J. Van Liere and Clifford Stickney, Hypoxia. Chicago:
University Chicago Press 1963
Philip Bard, Medical Physioclogy. St., Louis: C, V., Mosby
Co, 1961
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RELATIONSHIP BETWEEN HYPOHEMOGLOBINEMIC HYPOXIA AND HIGH ALTITUDE
HYPOXIA

The effects of hypoxia due to lowered hemoglobin levels on
cortical function are similar to effects of hypoxia due to high
altitudes. Regardiess of the dynamics of its development, or even
the tissue affected, it is probable that the mechanism of the dis-
ruptive actions of anoxia is the same in all forms not involving

poisoning of tissue enzymes, (7).

| Pertinent studies are cited in the Handbook of Physiology (8):
s | Reduction in cerebral oxygen consumption has been reported 1n
o various chronic anemias and in pernicious anemia...Successful

é treatment of the pernicious anemia only partially restored the
normal metabolic rate, evidence either of an irreversible effect

of a prolonged oxygen deficiency in the brain or of some other
intracellular effect of the disease quite independent of the anemla.
Changes in mental function closely paralleled the changes in cerebral
oxygen consumption, It must be pointed out, however, that the re-

g duction in cerebral oxygen consumption observed in the anemias may

; be the result of a methodological error in the application of the

; nitrous oxide technique. ‘

In malnutrition, the cardiac output does not compensate for
anemia: Bradycardia is one of the more constant findings in -
severe malnutrition and was notable in studies in Europe during
. and after the two World Wars. In the Minnesota experiment, the

cardiac output for the 32 men was reduced to 55% of the control
value at the end of semistarvation. (9). At this time their
average hemoglobin levels were 11.7 + .8 gm, These levels are
similar to those of the low hemoglobin group of the Missoula'Head
Start children.
According to Bard (10) when generalized anoxia occurs, the
g& order in which the different components of the central nervous

system fail follows roughly the same order of "descending depression"

©
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seen with increasing doses of a narcotic drug. Those parts with
the highest metabolism are first affected.

Van Liere and Stickney in a survey of the literature on
hypoxia (11) report:

A person exposed to lcw-oxygen tension often passes through
an initial stage of euphoria, accompanied by a feeling of self-
satisfaction and a sense of power., The oxygen want stimulates the
central nervous system so that the subject may become hilarious
and sing or shout, and manifest other emotional disturbances.

After a certaln length of time this initial stimulation is
followed by depression; emotional outbursts of a different nature
appear; and the personality frequently changes for the worse,
Hilarity gives way Yo moroseness and quarrelsomeness, and the
person may become pugnacious or dangerously violent.

Hypoxia quickly affects the higher centers, causing a b.unting
of the finer sensibllities and a loss of Judgement and of self-
criticism. The subject feels, however, that his mind is not only
quite clear but unusually keen. He developes a fixity of purpose
and continues to do what he was doing when hypoxia first began to
affect him, in spite of the fact that it may lead to disaster.

This fixity of purpose is highly dangerous, especially when such
an individual 1s responsible for the lives of others, such as is
true of an airplane pilot,

Individuals who suffer from oxygen want and who manifest a
fixity of purpcse often make no effort to remove themselves from a
zone of danger.

FRONTAL LOBE SENSITITIVITY TO HYPOXIA

Morrison (12) made comprehensive histologic observations on
25 dogs and 10 monkeys which had been subjected to various degrees
of hypoxla, BRepeated exposures of mocderate hypoxia (12-13 volumes
of oxygen in the bloocd) showed that the first histologic changes
occured in the cell bodies of the cortical gray matter. During
severe hypoxla, the frontal lobe was most often, and the temporal
lobe least often, involved.

In cats no neuronal damage occurred after ischaemia lasting

less than three minutes, but when the ischaemic period was extended
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to 3 1/2 minutes then neurones in frontal and occipital cortex were

destroyed. Successively longer periods of ischaemia first killed
the remainder of the cortical neurones, and then those of the basal
ganglia, while the medullary neurones were most resistant (13).

One of the diagnostic pathological features of snoxic brain injury
is that certain groups of neurones appear to be especlally suscep-
tible and are selectively destroyed by oxygen deprivation. These
include the nerve cells of the hippocampus, layers II and III of
the cerebral cortex, and the basal ganglia, (14)

The duration of hypoxia is a factor in its effect., Twenty
percent carboxyhemoglobin represented an anoxia too mild to elicit
any acute symptoms in dogs., After about three months of daily
exposure to maintain 20% carboxyhemoglobin, dogs showed signs of
degenerative changes in the cortex and basal ganglla of the brain,
which was confirmed by postmortem examination, There were lesions
similar to those produced by very actue anoxia . (15)

e ———— R R ——D N S I ————— S ————— SR T ———

ALTERED BEHAVIOR
Those changes in cerebral function due to high altitude hypoxia
are similar todescriptions of impaired frontal lobe function and to
descriptions of malnutrition syndrome and of low income sub-cultures.
Guyton (16) describes the function of the frontal lobes:

One of the outstanding characteristics of a person whec has
lost his frontal lobes is the ease with which he can be distracted
from a sequence of thoughts., Likewise, the abllity of lower animals
whose frontal lobes have been removed to concentrate on psycho-
logical tests is almost completely lost. The human being without
frontal lobes is still capable of performing many intellectual
tasks, such as answering short questions, performing simple
arithmetic computations, and so forth, thus illustrating that the
basic intellectual activities of the cerebral cortex are still
intact without the frontal lobes, Yet, if concerted sequences of
cerebral functions are required of the person, he becomes completely
disorganized. Therefore, the frontal lobes seem to be important in
keepling the mental functions directed toward goals, Here again,
though, this may not be a specific function of the frontal lobes,
but it may be simply that this extra mass of cortex supplements
the remainder of the cortex to a sufficient extent that
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distractibility will not result.

Another function that has been ascribed to the frontal 1lobes
by psychologists is that called elaboration of thought. This

- means simply an increase in depth and abstractness of the differ-

ent thoughts. It can be shown by psychological tests that lower
animals presented with successive bits of sensory information
will forget these bits, however important they may be, within a
second or more if the prefrontal lobes are removed, Yet, if the
prefrontal lobes are intact, many successive bits of information

can be remembered for many seconds, Therefore there i1s much reason

to believe that the prefrontal lobes are especlally capable of
storing many bits of information for temporary periods of time
and then correlating these into thoughts of a very hlgh order.
This ability to hold and correlate many types of information
simultaneously in the frontal lobes could well explain the many
functions of the brain that we associate with the prefrontal
lobes, such as the abilities (1) to plan for the future. (2) to
delay action in response to incoming sensory signals so that the

sensory information can be weighed until the best course of response

is decided, (3) to consider the consequences of motor actions
even before these are performed, (4) to solve complicated mathe-
matical, legal or philosophical problems, (5) to correlate all
avenues of information in diagnosing rare diseases, and (6) to
control one's activities in accord with moral laws,

The person without prefrontal lobes ordinarily acts preclipl-
tously in response to incoming sensory impulses, such as striking
an adversary too large to be beaten instead of running away.
Also, he is likely to lose manv or most nf his morals;j he has no
embarrassment in relation tohis excretory, sexual and soclal

activities; and he is prone to quickly changing moods of sweetness,

hate, joy, sadness, exhileration, and rage, In short, he 1is a

highly distractible person with lack of ability to pursue long and

complicated thoughts,
HYPOXIA-CAUSED STIMULATION

It was shown by Thorner and Brink that if the human ulnar
nerve is deprived of its circulation for thirty minutes, there 1s
first a lowering of the threshold of excitability and then a pro-
gressive failure of irritability. (17)

Gerard reported on the response of the nerve flber to oxygen
lack, He found that in the course of asphyxia, action potentlials
first rise and then fall to zero., (18)

Lehmann, working with excised nerves of the cat under controlled

bl L,
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conditions of hydrogen ion concentration, found that when they
were immersed in pure nitrogen, a typical sequence of irritabillty
occurred. There was a lowering of the threshold of excitability

first, followed by a progressive faillure of irritablility of the

rierve fiber. The after-potentials disappeared before the spike (19).

Armstrong and Heim subjected rabbits for four hours dally to
simulated altitude of 18,000 feet. They first noted hypertrophy of
the whole adrenal gland and later observed degenerative changes
in the cortex. Armstrong suggested the possibility that the
fatigue seen in altitude sickness might be related to adrenal
insufficiency or exhaustion. (20)

Bagby (21) reports that hypoxia increased the subject's
distractibility, so that a marked reduction developed in the
ability to simultaneously carry on a number of discrete tasks.

When the hypoxia became severe, the subject was unable to concen-
trate on any task in a normal manner,

Disruptions in cerebral metabolism could be related to hyper-
activity, impulsivity, distractibility, impulsivity, and ablllty
to respond to abstract, categorical and relational properties.
BEHAVIOR CHANGES IN MALNUTRITION

The science of nutrition is in the paradoxical state of
having demonstrated that deficiencies of specific nutrients cause
drastic changes in physiological function and in behavior, but of
having only meager evidence that behavior of groups of people has
been influenced by malnutrition. Individuals testify that they
function better when anemia is treated. Psychotic pellagrins have
been treated with nutrients and released from institutions. Yet -
there are few objective, standardized studles of the relationship

between nutrition and behavior or intellectual function of groups.
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There is a great range in sensitivity of various enzymes to
deficiencies, and in differences in the effect of deficlency in
various tissues. (22). Individual varlations in experlmental
animals and in man are clearly attested as involving five-fold
differences in requirements and in 1lsolated cases the differences

may be forty-fold. (23). Thus while many metabolic functlons of

many nutrients are known, the assumption cannot be made that a
specific deficiency will result in specific handlcaps for any one

individual. Also, the standards based on average requirements can

not be applied with certainty to any individual., Some people on
adequate diets feel better when supplements are added.

This individual variation in requirements may partilally ex-
plain why some people can break out of the cycle of poverty while

others from the same environment remain trapped.

To demonstrate the effect of a borderline deficlilency, one

s aas

would need to measure the diet, the person's individual require-
ments, the environmental stress and changes with changes in dlet
as well as a measure of his abllity and behavlor,

Stoch and Smyth (24) have followed semi-longlitudinally two
groups, each of 21 Negro children. The essentlal difference be-
tween the two groups was in their states of nutrition, as judged
by anthropometric measurements....The results showed that at all
ages, concurrently with lower values for height, welght and head
circumference, the mean intelligence of the under-nourished group
was 22.62 points below the mean of the better-nourished group.

In six different communities in Mexlico and Guatemala, high
correlations between deficits in height and weilght and motor
adaptive developmental scores were found. No assoclatlon of
statistical significance could be demonstrated between mental
scores and cash income, crop income, parental educatlion, parental

'] hygiene or type of housing (25).

Kugelmass, Poull and Samuel (26) studied the effects of
- nutritional improvement on mental performance in normal and retarded
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children. A total of 182 cases of 2 - 9 years of age were lncluded.
Among these, 50 children were classified as "normal malnourished."
and 50 more were "normal well nourished®™, Each group was matched
for chronological age, I.Q., and interval between Kuhlman-Blnet

or Stanford Binet tests. After a period of observation, varlable
between one and three and a half years, the IQ's of the malnourlshed
group showed an average increase of +18 points in contrast of -0.9
change for the well-nourished group."

Poull (27) reported an average rise of 10 points 1in IQ for a
group of children who were definitely malnourished at the time of
the first test, and well nourished at the time of the final test,
in contrast to the average zero change in a group who were well
nourished through the period under consideration.

Kubala and Katz (28) grouped students (kindergarten through
college level) according to ascorbic acid levels. The group with
optimum ascorbic acid levels had in the beglnning higher IQ levels
which did not change upon supplementation wlth orange Jjulce. The
group with less-than-optimum ascorblc acid levels increased 3.54
points IQ upon supplementation with orange Jjulce.

PROTEIN

Proteins function in all 'activities of living organlisms,
Enzymes, or essential parts of enzymes, are made of protein, A
number of hormones are protein. Amino acids are the bullding
blocks of tissue,

Most of the vegetable or graln proteins are low in some

T

essentlials such as lysine, tryptophan, threonine or methlonine
and therefore would not promote growth satisfactorily when fed by
themselves, If a glven protein or amino acid mixture does not

prcmote optimal growth because it contalns only half the neces-

sary amount of some essential amino acid, doubling the quantity of
protein consumed will not promote optimum growth., An eXxcess of
certain amino aclds not only decreases growth but also produces
metabolic disturbances. The sequence and position of the individ-
ual amino acid within the animal protein molecule may be more

- favorable., It is good practice, if possible, that at least a
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fractlion, perhaps one-fourth to one-half, of the daily protein
intake be in the form of animal proteins. (29)

The brain does not show any appreciable uptake of protein.
The liver and kldneys are most active in removal of proteln,
while skeletal tissue is less efficient. If enough non-protein
calories are provided, the amino acids are used for specific
purposes, e.g., the synthesls of oxytocin, enzymes, glutathione
or carnosine. The amino aclids may also be dlrectly transformed
into other physiologically important compounds such as epinephrine,
creatine, taurine and many others. (30)

The tissue proteins are not rigid structures but there 1is a
steady give and take between tlssue protelns and dietary amino
aclids. For optimum protein synthesls all constituent amino acids
must be present simultaneously and in adequate quantities; the
rest of the amino acids which have not been used for protein
synthesis are lrreverslbly metabolized., Excess amino aclds can
neilther be stored in the body nor used for formation of partlal
building stones. Any delay in supplementation of the missing:
amino acids decreases utilization so that, when 4 to 6 hours
intervene between feeding the incomplete mixture and the missing
amino acids, there is detectable interference with protein
synthesis. (31)

The first step in the regular pathway of amino acld catabo-
1ism is deamination. In this process the basic amino group is
split off and thus the amphoterlc monoamino aclds are transformed

into aketo acids. Deamination is an oxidatlive process and the

elimination of two -NHZ- groups requires the uptake of 1 mole of

ca b




19
oxygen. The deamination is accomplished by amino acid oxidases
@ which require as coenzyme the presence of flavo-protelns (of which

the coenzyme contains riboflavin). The liver is important 1n

deamination. (32)

An alternate pathway of amino acid catabolism is decarboxyla-
tion whereby the pharmacologically inert amino aclds are trans-
formed into for the most part highly active amines, Decarboxyla-
¢ tion itself involves splitting off CO2 and the enzymes which

perform this reaction seem to be hlghly specific for each amino
acid. With the exception of histidine decarboxylase all others
require the participation of pyridoxalphosphate as co-enzyme.
The kidneys and the liver seem to be responsible for the forma-
tion of amines such as tryptamine from tryptophan, of tyramine
from tyrosine, and possibly also of histamine from histidine.
The presence of large quantities of glutamic acid decarboxylase
was discovered in the brain. (33)

‘ Hydroxy-tryptophan is decarboxylated to form hydroxytrypta-
mine (serotonin). Nor-adrenalin seems to be a decarboxylatlon
product of dihydroxy-phenylalanine.

Upon decarboxylation or deamination these compounds lose
their character as amino acids. The further metabolic fate of
most of the derived compounds 1s closely linked to that of fats
and carbohydrates.

The lodination of tyrosine to monolodo- and diiodo-tyrosine,
and theilr condensation by the thyroid cells to thyroxine and
triiodo-thyronine, 1s currently the subject of numerous investigé-

. tions. Thyroxine influences the metabolic activities of essentlally
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all the cells of the body. It excites the mental processes; 1n
hypothyroidism, mentation is slow,(34)

VITAMIN A

Deficliencies of vitamin A occur when few green or yellow
vegetables and no liver are included in the dlet. The USDA (35)
reports in the 1965 survey that 36 per cent of families with in-
come levels under $3000 had diets below the recommended allowances
in vitamin A,

Deficiency of vitamin A in growing animals leads to degenera-
tion of cells and fibers in the central nervous system, especlally
in the cord and medulla. The changes are sufficiently clear and
regular to be employed as a biological assay for vitamin A, (36)

Numerous studies have indicated a relatlonshlp between vitamin
A and the endocrine system. Recently evidence has been presented
that a deficiency of vitamin A interferes with production of corti-
cal steroids. Adrenals of vitamin A deficient rats had marked
decreased ability to produce these steroids but this could be
raised almost to normal by injection of the vitamin (37). Adrena-
lectomized animals develop hypoglycemia readily on fasting, and
are hypersensitive to injected insulin. Corticosteroids enhance
gluconeogenesis, Animals deprived of thelr adrénal glands are
particularly sensitive to any kind of stress (38). Corticosteroids
especlally affect the electrolytes of the extracellular fluids., (39)

Dietary vitamin A has considerable 1lnfluence upon the rate of
thyroxin secretion. Administration of thyroid 1is assoclated with
jncreased oxygen consumption. The thyrold hormone also influences

glycogen synthesis (40). When the amount of thyrold is depressed,
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absorption of food‘stuffs across intestinal mucosa is interfered
with. Conversion of carotene to vitamin A i1s depressed. Hypo-
glycemia is quité g common finding. (41). In hypothyroidism,
mentation is slow (42).

One would expect to find then among people who eat few green
and yellow vegetables and 1little liver, poor response to stress,
and decreased physical and mental exertion., Low blood sugar
(which increases hypoxic reactions) causes tiredness which can be
relieved by eating sugar or crackers, which precipltates more
hypoglycemia, The optimum diet would be foods (particularly
protein foods) that maintain a steadier blood sugar level and
foods that restore deficient nutrients. Eating sugar 1s reln-
forcing for tired people with low blood sugar, and thls may be
part of the reason large quantities of refined carbohydrates are
eaten., This leads to further deficlencles, more fatigue, less
adequate absorption and utilization of vitamin A, and the cycle
descends.

THIAMIN

The richest sources of thiamin are pork, liver, yeast, whole
cereals and fresh green vegetables, The poorer sources are rice
and non-enriched processed cereals, In Missoula some bakers
enrich white bread, others did not, None of the bakers enriched
special breads or buns. All flour sold in retall stores was
enriched., Therefore some families received adequate amounts of
thiamine in enriched bread, others may not,.

According to the USDA 1965 food survey (43) 8 percent of the

diets did not provide recommended allowances of thiamine. (In
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their calculations, 44 percent of the graln products were enriched).
The allowances were defermined for an average amount of carbo-
hydrates. Those eating more carbohydrates would require more
thiamin,

A neurasthenic syndrome developed in 4-5 days on less than
150 pug thiamin daily, in some weeks on a diet giving 450 ug. The
symptoms of deficiency include lassitude, irritablility and anorexia.
The BMR is lowered 14 to 33 percent. There is an intolerance to
cold. In Wernicke's syndrome there is ophthalmoplegia and peri-
pheral neuropathy, ataxla, clouding consciousness, and high blood
pyruvate, Irreversible lesions may occur in cerebral structures,
In thiamin deficiency there are failure of memory of recent events,
disorientation in time and place, personality changes and lowered
performance in memory and dexterity tests, (44)

Anorexia is protective, for forced feeding leads to further
development of polyneuritis, Bed rest and fasting are ameliorative
in early stages of thiamine deficigncy. This is consistent with
the theoretical observations that thiamine 1s necessary for the
utilization of carbohydrates, that exercise causes a demand for
carbohydrate turnover, and that fat metabolism does ﬁot require
thiamin (45).

The requirement of thiamine increases with lncrease in dietary
CHO. This reflects the major point of metabolic utilizatlon of
thiamine as thiamine pyrophosphate in CHO metabolism; and the
considerable dependence of the brain on a specifically CHO metabo-
lism is likely to be a factor which makes symptoms in the CNS so

prominent in the deficiency., (46)
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The brain compared with other organs of the animal body 1s
moderately rich in thiamine. (47) The level of thiamine deriva-
tives in a given part of the brain, normally varying cnly moderately,
falls markedly in severe thlamine deficlency (48)., The fall in
cerebral thiamine appears to correspond to the time when signs of
disturbance in the nervous system begin. (49)

The lowered cerebral thismine pyrophosphate of deficlent
animals is associated with major disturbances in cerebral metabo-
1lism, The first of these to be clearly demonstrated was an accumu-=
1ation of lactic acid in thilamine deficient plgeons, shown to be
due to failure to oxidize lactate; for the respiration of separated
cerebral tissues of deficient animals, provided in vitro with
lactic acid as substrate, was lower than normal, Oxidation of
lactate proceeds through pyruvate, and this substance also accumu-

lated in vivo and when added in vitro was oxidized at an abnormally

slow rate. As oxidation of pyruvate is the main source of energy
for cerebral activities, fallure of cerebral function in the
deficient animals is understandable. (50)

Several other metabolic sequelae of thilamine deficliency can
be attributed to its role in pyruvate oxidation, Thus during in
vitro metabolism of cerebral tissues from deficient animals, the
formation of acetate, citrate and a ketogluterate is decreased,
This and other defects were made good by thlamine pyrophosphate.
Acetylocoenzyme A, which 1s the precursor of each of these sub-
stances and also of actylcholine, 1s an immedliate product of the
thiamine-catalyzed pyruvate oxidation, This makes understandable

the depression in acetylcholine synthesis observed in extracts
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from the brain of thiamine-deficlient rats, a depression made good
by added acetylcoenzyme A, (51)

Other cerebral processes involving thiamine phyrophosphate
also concern a ketoacids or diketones. About half the cerebral
thiamin is brought into play in pyruvate oxidation. As it 1s
involved also in other metabolic processes 1n the brain, there 1s
clearly little 1f any excess of thiamine and disturbances of
function with moderate depletion is understandable. (52)

The many metabollic and other disturbances of thiamine de-
ficiency make it understandable that hormonal changes should also
occur, either through the endocrine organs reacting to these dis-
turbances or becoming themselves deficient in thiamine. Both the
Talets of Langerhans and the adrenal medulla hypertrophy in
beri-beri; hyperglycemia and reduced glucose tolerance have been
found. Combined observation of changes in blood lactate, pyruvate
and glucose may glve an early indication of mlld thiamin deficliency
and has been applied to mentally disturbed subjects.

The widespread metabolic changes of the deficiency also make
it possible that cerebral functioning is disturbed in part in-
directly, for example by high blood pyruvate or methylglyoxal or
by changed hormone levels, (53)

One would expect then to find among people who ate small
amounts of pork, liver and fresh green vegetables, and large
amounts of non-enriched reflned carbohydrates (which increase the
thiamine requirement) a tendency to sit in front of the TV and not
be concerned about getting supper: They feel better with less
activity and less eating. Thils leads to meals that involve no
preparation: crackers, cookies, pop and candy. Wilth intellectual
function handicapped by inability to metabolize carbohydrates and
by deficiencies 1in acetylcholine, it would be difficult to under-
stand that eating liver and pork 1s related to behavior. The

splral continues downward.
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RIBOFLAVIN

It is not difficult to have a riboflavin-deficlent diet 1f
dailry foods and other animal protein sources are omitted. However,
according to the USDA 1965 survey (54) only 6 percent of diets
were below the recommended allowances,

Mammalian tissues have been shown to have a number of
different flavoproteln systems each containing a speclfic proteiln
(apoenzymes) and a riboflavin-contalning prosthetlc group (co-enzyme),
These enzymes are important components of the oxldatlive systems 1n
living cells, and it is axliomatlic that cellular growth can not
evolve in the absence of riboflavin (55).

Neural tissues are not the most sensitive to lack of ribo-

flavins., Changes are commonly first seen in the skin, mouth and
eyes but there occurs in man and experimental animals in ribo-
flavin deficlency a lowered physlical actlivity and appetite which
may be followed by sudden collapse and coma, Dogs deflcient to
varying degrees were found lacking in specific tests of perform-
ance; the deficiencies led ultimately to demyellnation especizlly
in peripheral nerves and in the posterlor columns of the spinal
cord. (56)
NIACIN

The best sources of niacin are liver, lean meat, poultry,
yeast, fish, peanuts and beef heart. Flour is enriched with
niacin to bring it up to the level of whole wheat, but whole wheat
1s not the best source of niacin, The USDA food survey did not
include estimates of nilacin. 60 mg of tryptophan can be converted

to form 1 mg of niacin., Thus niacin must be reported in terms of
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equivalents, both niacin and tryptophan, A diet of 60 gms of mixed
protein would provide 10 mg niacin-equivalents, Pyrldoxine, func-
tioning as a coenzyme, is necessary for the conversion of trypto-
phane to niacin, (57)

Niacin functions in metabolism chlefly as a component of two
coenzymes, coenzyme I (cozymase or diphosphopyridine nucleotlde,
DPN) and coenzyme II (triphosphopyridine nucleotide, TPN). DPN
and TPN serve as parts of the intracellular respiratory mechanlsm
of all cells. They assist in the stepwise transfer of hydrogen
from a product of glycolyslis to flavin mononucleotide whlch in
turn with the help of specific enzymes transfers thls hydrogen to
the cytochromes which in turn transfer the hydrogen to oxygen to
form water. (58)

Pellagra has remained an appreclable cause of secondary
illness among patlents in mental hospitals and in senlle condi-
tions. Probably contributing to this are the faulty feeding
habits found among such patients and also the greater dlfficulty
of recognizing in them the mental changes which are prominent
among the signs of pellagra, Instances are reported of subjects
with mental symptoms akin to those of pellagra often responding
to nicotinic acid though an apparently normal diet is being con-
sumed. Abnormality in tryptophan metabolism has been demonstrated
in several such people. (59)

Signs of disturbed cerebral functlion are among the earliest
symptoms of pellagra or of nicotinamide deficlency induced experi-
mentally. The symptoms include depression, sometimes with morbid
fears, dizziness and insomia, weakness, lassltude, anorexla and
indigestion, irritability and emotional instabllity. More severe
or prolonged deficiency brings with the apprehenslon hallucina-
tions, disorientation or delirium, At several stages and 1n many
subjects nicotinic acid deficlency has proved difficult to differ-
entiate from other psychoses, and indeed nicotinic acld can be
regarded as a therapeutic agent for a disease which 1n 1lts initial
stages 1s often largely a mental dlisorder.

If the disturbances described are not terminated by making
avallable nicotinic acid or a surrogate, permanent structural
changes take place in the brain, (60)

A diet low in meat and high in non-enriched carbohydrates
could be deficient in niacin.

VITAMIN C ASCORBIC ACID

The only significant dietary sources of ascorbic acld are

fruits, especially citrus fruits, vegetables and liver, Meats,
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cereals and dairy products contain such small amounts that they
are of little importance as antiscorbutic foods.,

Ascorbic acid may be involved in an important hydrogen trans-
fer system and may regulate oxidatlion-reduction potentials wlthin
the cells. Ascorbic acid is important in the oxidation of 1-
tyrosine and phenylalsnine by preventing substrate lnhlbltlon of
the enzyme para-hydroxphenyl pyruvic acid oxidase. In the ab-
sence of this vitamin, para-hydroxy phenylpyruvic acld and para-
hydroxy phenyllactic acid are excreted in the urine. These are
the products of the incomplete oxidation of the phenolic amino
acids., It 1s essential for the protection of folic acld reductase
which converts folic acid to dolinic acid, and it may play a part
in the release of free folic acid from the folic acid conjugates
found in food. It is involved in hydroxylation reactions such as
the conversion of proline to hydroxyproline, and tryptophane to
5-hydroxy tryptophane,

The specific chemical effects of ascorbic acid 1n cellular
metabolism are not yet clearly defined though its general effect
i1s that of a water-soluble antioxidant.

The pathologlc effects of ascorbic acid deficlency are most
apparent in structures of mesenchymal origin: newly formed fibrous
tissue, teeth, growlng bones and blood vessels,

The pigmentation of the scorbutic patient mlght be due to a

defect in dihydroxyphenylalanine (dopa) metabollism and the occasional

instance of megaloblastic anemia found in the scorbutic subject
probably is due to an abnormelity in the conversion of folic acld

to folinic acid since ascorbic acid protects follc acld reductase.




28
Mazur has shown that ascorbic acid and adenosine triphosphate (ATP)
are important for the reduction and release of iron., (61)

PYRIDOXINE (VITAMIN Bé)

Pyridoxine 1s widely avallable in natural foods, and a defici-
ency 1s not to be expected among people eating naturel diets. How-
ever, milling of wheat may reduce this vitamin by 80 - 90%, and
cooking frozen vegetables may reduce the content by 25%4. (62)

A dlet low in meat and high in refined carbohydrates may be de-
ficlent.

Mangay Chung prepared a week's "poor diet™, and analyzed it

for pyridoxine. The average pyridoxine supplied by the poor diet

was 1 mg dally, the lowest amount was 0.7 mg. (63) The recom-
mended allowance for By will fall between 1.5 and 2 mg a day (64).

The Mangay Chung diet provided four servings of fruits and vege-

tables a day, and. for the whole week, 4 servings of oats, 3 of
dried beans, two eggs, 3 servings of meat, 6 of milk, and sweets
were limited to sugar six times (on oats, in iced tea and lemonade)
and two servings of Jelly a week. (Quantities were not listed.)
Cornbread was served 9 times., Corn grits have amounts of pyridoxine
cfimilar to the lower range of whole wheat., Few Head Start diets
provide that much vegetables, oats and legumes.

It is possible that a famlly eating large amounts of refined
carbohydrates and small amounts of meat could have a diet deficient
in pyridoxine.

In addition to reports of pyridoxine deficiencies in infants
on synthetic diets, McIlwain (65) and Vilter (66) cite 14 reports

of groups in whom symptoms were successfully treated with pyridoxine.
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Hanson (67) reports that of 56 children with epilepsy given 160-200

mg pyridoxine dally, 5 cases showed significant clinical improvement.

Convulsions occur when an infant has an unusually hlgh pyridoxine

requlirement.

Pyridoxal phosphate functions biochemically as a coenzyme for
transaminase, codecarboxylase, deaminase, desulfurase and many
other enzyme systems, Transamination is probably mediated through
the inter-conversion of pyridoxal phosphate and pyridoxamine
phosphate, The co-enzyme is necessary for the conversion of
tryptophan to the pyridine coenzymes. Thls vitamin is necessary
also for the formation of serotonin from tryptophane and of a
amino butyric acid from glutamic acid. Involvement in carbohy-
drate metabolism is suggested since certain protein apoenzymes as
lactic acid dehydrogenase, aldolase and catalase are not formed

b in adequate amounts when B, 1s deficient. It is also a part of
the phosphorylase enzyme s?stem and in this role 1is important for
the conversion of glycogen to glucose-l-phosphate., There 1s con-
siderable evidence linking it to the metabolism of polyunsaturated
fat but the exact role it plays is in doubt. (68)

An lmportant reaction is the conversion of glutamic acid to
GABA (o aminobutyric acid) by a decarboxylation reaction. This-
reaction requires as a coenzyme pyridoxal phosphate which is
synthesized from pyridoxine. Neurological disorders caused by a
deficiency in this vitamin may be due to its metabollic role in
decarboxylation, (69)

Glutamic acid and GABA change the exciltablility of neurons. A
diet deficient in pyridoxine can cause convulsions whlch are
rapidly antidoted by feeding pyridoxine. The interference wlth

. pryridoxal phosphate leads to a defliclency of GABA which leads to

- increased excitability in the neuron (70). Because of thelir
metabolic relationship, an accumulation of glutamlic acld rather
than a decrease of GABA level may cause an lncreased excitabllity
and convulsive waves when decarboxylation of glutamic acid 1s
blocked,

Pyridoxine is the coenzyme. for the decarboxylase that con-
verts dopa to dopamine, which is then converted to adrenaline and
noradrenaline, These are known medlators of the sympathetlics, (71)

The catecholamines (noradrenaline, dopamine and adrenaline)
have thelr chlief cerebral occurrence in the lower parts of the
brain; the richest areas are akin functionally in being the parts
of the brain connected with the activity of the sympathetlic nervous
¢ system, On stimulation they have among thelr effects the peripheral
release of adrenalline, with consequential glycosurla and increase
in blood pressure and heart rate, (72)
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Tryptophane hydroxylase yields 5-hydroxytryptophan which
readily gives serotonin in the brain itself and 1in cerebral prepa-
rations. Administration of 5-hydroxytryptophan to animals lis
followed by marked central actions, including catatonia and
apparent fear or rage which are accompanied by an increase in the
serotonin of the brain. (73)

Chemically or metabolically related to the catecholamines or
serotonin are many compounds which have characteristic actions on
the central nervous system: reserpine, a mathyl-m-tyrosilne,
pyrogallol, iproniazid and nialamide, emphetamine, mescaline,
harmine, lysergic acid diethylamide, yohimbine, methedrine,. (74&4)

Hypermetabolism may increase the vitamin B6 requirement as it
increased the requirements for other vitamins. (75)

The sedative or tranquilizing effect of reserpine is due to

its displacing cerebral serotonin and noradrenaline, Chlorpromazine

is an antagonist of serotonin., Amphetamine and methedrine irhiblt
amine-oxidase (which oxidase destroys serotonin). These compounds
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cause restlessness and insomnia and oppose the actlon of depressants.

Effects can depend on the personality and mood of the subject to
whom the agents are given, but include lncreased attention, alert-
ness, initiative and feeling of well-being. (76)

Thus alertness, initiative, depression, and personallty
changes in the directlion of schizophrenia have been demonstrated
to have physiologlical bases as well as social-environmental bases,
Nutritional deficiencies influence serotonin and catecnolamine
metabolism., Mental disturbances that are treated with tranquil-
izers are wldespread. We eat large quantities of refined car-
bohydrates with the perhaps false assurance that enrichment with
thiamin, riboflavin, some niacin and iron provides what we need,
Possibly for those who eat large quantitles of whlte bread, this
enrichment unbalances metabolism for pyridoxine, pantothenic acid,
folic acid and B12.

Then one might expect that a diet high in refined carbohy-

drates and low in meat would be a factor in causing susceptibllity

to depression and frustration, especlally when coupled with
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environmental stress, and particularly for those who have higher-
than-average requirements for pyridoxine.

PANTOTHENIC ACID

. Pantothenic acid owes its name to its wlde distribution in
living organisms, and such distribution makes it understandable
that well-defined deficiency is very rare in man though lack of
pantothenate may colour the symptoms of other nutritional de-
ficiencles, However, the "poor diet"™ snalyzed by Mangay Chung
(77) provided an average of 6 mg daily with a range of 5.2 to 7.2
. mg., Williams (78) recommended that 10 mg of pantothenic acid

would be a safe level of intake. Then a diet deficient in meat,

liver, whole grailn cereal and certain vegetables might be deficient

in pantothenic acid.

Pantothenic acid protects rats from the deleterious effects
of severe stress and together with salt, will maintain adrenalec-
tomized rats in reasonable good health, Ralll has reported very

v interesting results suggesting that pantothenic acid will improve
the ability of well-nourished subjects to withstand stress and has
bolstered her findings with biochemical corroborative evidence. (79)

: Experimentally induced pantothenic acid deficiency in humans
| produced fatigue, malaise, headache, sleep distrubances,..

parasthesias in the extremeties, muscle cramps, impaired coordina-

tions and increased sensitivity to insulin. (80)
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The contents of pyridoxine, pantothenic acid, folic acid and Blzare

not known for all foods, The following table, gathered from data
in Wohl (81) is presented to enable a rough estimate of pyridoxine
in various food groups. Note that milk, the most nearly ideal food
for growth, provides relatively small amounts of these vitamins,

AMOUNTS OF SOMEB VITAMINS IN VARIOUS FOODS

: Whole

Milk Meat Liver Vegetables Legumes Wheat
Pantothenic acid 3.7 5.4-8.9 70-93 2=-173 12-21
micrograms/gm ;
Pyridoxine 65=773 120-580 710-810 20-300 190-800 270-4103
micrograms/gm
Folic acid .0006 .0025-,0142 ,2941 .0039-,1425
mg/100 gm
Bys mug/gm 1.6-6,.6 9-66 310-1200

Individual fruits and vegetables contain the following amounts (ug
pyridoxine per 100 gm edible portion): cauliflower, 20, apples 26,
peas (fresh) 50-190, lettuce 71, oranges 80, spinach 83, turnips
100, potatoes 160, bananas 300, and legumes 190-800, Eggs contain
22 ug pyridoxine per 100 gm edible portion.
APPETITE FOR SWEETS

Van Liere and Stickney (82) cite 9 studies of mountain climb-

ing expeditions and troops stationed at high altitudes in which

J

"sweets were the most and meats the least palatable™, "the appetite
may be capriclous at high altitudes but that sweet foods such as
chocolate and jJjams are often relished,""there was an increase in
carbohydrate consumption (from 39.8% to 44,1%)", “"rather than eat
foods which did not appeal to them, some refused to eat anything.

On the whole, however, appetite for sweets increased." "There<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>