
THE EFFECTS OF NUTRITIONAL STATUS ON COGNITIVE FUNCTION

by

L. Valerie Siemens

À thesis
presented to the University of Manitoba

in partial fulfillment of the
requirements for the degree of

I"la ste r of Science'
in

Foods and NutriLion

I,¡innipeg, Man i toba

(c) L. valerie Sienens, 1987



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or sell
copies of the film.

The author (copyright owner)'
has reserved other
publication rights, a nd.
neither the thesis nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permission.

L'autorisation a êté accordée
à la Bibliothèque nationaLe
du Canada de microf i Imer
cette thèse eÈ de prêter ou
de vendre des exemplaires du
fi lm.

L'auteur (titulaire du droit
d'auteur) se rêserve 1es
autres droits de publication;
ni la thèse ni de longs
extraits de celle-ci ne
doivent être imprimês ou
autrement reproduits sans son
autorisatíon écrite.

rsBN 0-3t 5-37235_4



EFFECTS OF NUTRITIONAL STATUS ON COGNITIVE FUNCTION

BY

A thesis submitted to rhe Faculty of Craduate Studies of
the University of Man¡toba in partial fulfìllment of the requirements

of the degree of

}fASTER OF SCIENCE

o t9B z

L. VALERIE SIEMENS

Permission has been granred ro the L¡BRARy OF THE UNMR-
SITY OF MANITOBA to lend or sell copies of this thesis. to
the NATIONAL LIBRARY OF CANADA to microfilm this
tl¡esis and ro lend or sell copies of the film, and UNIVERSITY
MICROFILMS to publish an abstract of this thesis.

The author reserves other publication rights, and neither the
tl¡esis nor extensive extracts from it may be printed or other-
wise reproduced without the author's writte[ permission,



À pilot study was desígned to investigate the association between

cognitive and nutritional status in Àlzheimer patients. Fifteen

Àlzheimer subjects, aged 51-78 years and fifteen control subjects, aged

55-81 years volunteered for lhe study. Cognitive functioning l{as

assessed using the Extended Dementia ScaIe (EDS), Èhe Mini Mental State

Examinalion (l'o{SE), and functional status was assessed with the London

Psychogeriatric Rating ScaIe (LPRS). Food intake rlas recorded for three

days by caregivers and control subjects, Nutrient inLake and functional

blood metabolites of pyridoxine, thiamin, and ascorbic acid were deter-

mined for alJ. subjects. Multiple regression analysis was used !o shor{

the relationship of dietary and blood parameters to EDS scores. Dietary

ascorbic acid, plasma ascorbic acid, and plasma pyridoxal phosphate

(PtP) were significant predictors of the EDS scores (p<0.02) for the

Àlzheiner group. Plasma levels of ascorbic acid were a rnore significant

predictor of EDS than PLP levels. À significant increase (p <0.05) in

nean stimulated transketolase activity was observed in the Alzheimer

group, 9.5% compared Eo 2.9% in lhe control group. This indicated tha!

there is less thiamin associated with the enzyme in Èhe Àlzheimer group.

EDS scores correlated l{ith MMSE scores (r=0.92). Dietary and blood

variabLes were not predictive of LPRS scores. The results of this study

suggest that dieLary ascorbic acid, pJ.asna ascorbic acid, plasma pyri-

doxal phosphate, and lhiamin pyrophosphate may be related to the

processing and retention of Ínformation in elderly subjects who have

cognitive def icits.
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Chapler I

LITERATURE REVI EW

The elderly constitute a popuLation at risk of deveLoping nutritional

deficiencies. Many studies have assessed nutritional intake and blood

levels of specific nutrients in this populaÈion and found it lacking.

In a populaLion of. 4277 healthy, elderLy persons over lhe age of 55,

7,2% of women and 5.5% of nen exhibited a clinical deficiency of

thiamin, and 15.8% of the men were at high risk of developing vitamin C

deficiency when serum ascorbate was measured (Health and l,relfare, 1973).

Thiamin inlake was reported to be inadequate in 14.5% of the women, and

ín 10.7% of the men, whereas vitamin C intake was inadequate in 1.9% of

the wonen and in 4.0% of the nen. A more recent study reported biochem-

ical deficiencies of pyridoxine, thíanin, and ascorbate in a population

of free-l-iving and institutionalized elderly (Baker et aI., 1979).

The clínicaI effects of these observed inadequate intakes and

biochemical deficiencies of thiamin, pyridoxine, and ascorbic acid in

lhe elderly are not knoh'n. It has been postuLated that the subclinical

vitamin deficits noted among the elderly may contribute to cognitive

dysfunction (Baker et al., 1979) but 1illle research has been conducted

on the relationship of nutriLional status to functional nenory.

-1



'1 .1 THE IMPORTÀNCE OF THE CHOTINERGIC SYSTEM TO MEMORY

The mechanism of age-related memory loss is unknown, but experimental

evidence suggests that a disruption in the cholinergic neurotransmitter

system (Bartus et al., 19821 is related to memory loss. The neurotran-

snitter, acetylcholine (ÀCh), is reLeased at neuronal synapLic junctions

during times of nervous excitat.ion. ACh is synthesized from choline and

acetyl coenzyme A by choline acetyl!ransferase(CÀT) and is hydrolyzed by

acetyJ.cholinesterase(ÀchE). Ànticholinergic drugs have been used exten-

sively to investigate the function of ACh in memory. Much of the infor-

rnation implicating a cholinergic function in memory loss has been

reported in pharmacological studies.

The relationship of the cholinergic system of the brain to memory and

cognitive functions was investigated in human volunteers using the drugs

scopolamine, nethscopolamine bromide, and physostigmine (Drachnan and

LeaviLt., 19'141 , Scopolamine, an anticholinergic agent, crosses the

blood-brain-barrier (BBB) and produces amnestíc symptoms.

Methscopolamine bromide acts peripherally and does not affect the CNS.

Physostigmine is an antichoLinesterase agent prolonging the action of

ÀCh. The subjecLs used in this experinent were divided into t.hree

groups: 1) drug treated subjects consisted of 20 male and 20 female

students (aged 19-25 years), 2) normal controls consisted of 23 male and

fenale students aged 18-26 years, and 3) 24 normal male and female

volunteers aged 59-89 years. ÀII drugs were administered subcuÈaneously

in a dose of '1 .0 mg. A series of tests were administered to evaluate

immediate nemory span, nenory slorage and retrieval and nonmemory cogni-

tive ability.
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Subjects receiving scopolamine showed impairment of memory storage,

retríeval, and nonmemory cognitive functions. MeLhscopolamine and

physostigmine did not produce any significant changes in memory or other

cognitive functions. When conpared to nornal young subjects. the aged

subjects showed significant impairmenl of rnenory storage (p < 0.05).

When nenory and cognitive profiJ.es of aged subjects were compared to

those of lhe young scopolanine trealed subjects, functions were simi-

larly preserved or impaired in both groups. In lhe subjects aged 59-89

yearsf the differences in memory storage were significantly less (p <

0.05) when conpared to nornal young subjects. when the young scopola-

mine treated group and the elderly group were conpared to normal

controLs, significant impairnent of cognitive funclion was observed (p <

0.05 ) for both groups.

The similarity of the changes in cognitive function observed in the

aged subjects and in Uhe younger scopolarìine treaLed subjects imply thâl

lhe cholinergic system is involved in memory function. Drachman and

Leavilt (1974) hypothesized that the cognitive and nemory function in

aging may reflect some relatively specific disorder of cholinergic

neurotransnitter function such as impaíred synthesis, reJ.ease, or

receptor uplake of acetylcholine.

The role of acetylcholine in memory function was also sludied by

Potamianos and Kellett (1982). Thirteen non-psychiaLric, non-demented

patienLs aged 75 to 92 years took part in the experiment. À double-

blind trial investigâled the effecLs of benzhexol (a centrally acting

drug) and a placebo. The tests used to neasure memory function included

a word list, a short sÈory, a new word learning test, digit span, and
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orientation. Subject.s were given 2 mg of benzhexol or the placebo ând

tested one-and-a-half hours after the treatment. Treatments were given

on tl{o consecutive days. Paired t-tests showed significant differences

between the placebo group and the benzhexol treated groups in three

psychological tests! lhe word list, short story, and nerr word learning

test. Benzhexol significantly decreased performance (p < 0.01) in all
three tests, The authors slated that the results conlributed !o the

importance of the cholinergic syslem in lhe formation and storage of new

nemor i es .

Potamianos and Kellett (1982) stated lhat the tests used to neasure

memory t,,ere not slandardized, and suggested that t{elL-standardized tests

are needed to assess cognitive function in persons over the age of 70.

Such tests would enable cognilive function to be validly assessed in

this age group.

More recent research has documented a decrease of ÀCh in senescent

mice (Gibson and et al., 1981). THo strains of male mice at 3 (n=11),

10 (n=11), and 30 (n=11) months of age were injected wth U-1aC Alucose

or 2H¡-choline. U-14C Alucose Labetled the acetyl moiely of ÀCh,

whereas the 2H¿-choline labelled lhe chotine rnoiety of ACh. The incor-

poration of either of these precursors into ÀCh provided a direct method

for assessing the dynanics of the cholinergic system (Gibson et al.,
1981). The concentration of ÀCh in whole brains was deternined by gas

chromatography,/mass speclrophotometry, and the incorporalion of U-r¿C

glucose was determined by liquid scintilLaLion. The synthesis of ÀCh

from either precursor decreased by 10 months and decreased Hith

increasing age of the mice. In one strain (c57BL), the raËe of Àch
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synthesis from Uraglucose declined 49.3 and 68.5% in the 10 and 30 monlh

animals when compared with the 3 - month o]d mice. In the other strain

( feff/c ), the estimated rale of ÀCh synthesis declined 42.3 and 65.1%

a! 10 and 30 months, respectively. The incorporation of 2H4choline into

ACh declined with senescerìce as well. In lhe BÀLB/c strain, ACh

synthesis decreased by 50.4 and 75.9% in the 10 and 30 month oLd mice

compared to the nice at 3 nonths of age. Depressed ACh synthesis in

senescent mice was correlated with behavioral deficits as measured by a

string test (r=0.98). The string test is a standardized test which

provides an index for experinentaLly-induced CNS dysfuncLion and is

specific for the detection of behavioral changes associated with thiamin

deficiency (Barclay et ai., 1981). Scores for 10 and 30 month old mice

of both strains were 35-42 anð 7'l-78% lower than those of the 3 month

old an imals.

This study denonstrated that reduced ÀCh synthesis occurs in senes-

cent mice and is correlated rrith the developnent of behavioral deficits
(Gibson el a1., 1981). i,|hether these results can be applied to eJ.derly

humans remains lo be delermined. Pharmacological manipulation of the

cholinergic system in aged humans results in nemory impairment (Drachman

and Leavitt, 1974, Polanianos and KelIett, 1982). Taken together, these

findings support the hypothesis that memory is dependent upon cholin-

ergic function. The behavioral changes in senescent mice and lhe memory

impairment which sometimes occurs in hunans as a consequence of aging

may be attributed to a decrease in ÀCh metabolisrn.

NuLrients have been identified as components intrinsic to brain func-

tion. Insufficíent intakes of lhianin have been associaLed wiLh reduced
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ÀCh synthesis (Barclay et aI., 1981). Àscorbic acid has been shor4n to

affect the release of ACh from synaptic vesicles (Kuo et al., 1979).

Inadequate intakes of pyridoxÍne may indirectly reduce ACh synthesis

and/or release by producing changes in the structure of brain cells

(Root and Longenecker, 1983). Therefore, vitamin deficiencies of

thiamín, pyridoxine,and ascorbic acid due to decreased metabolic func-

tion might interfere with cholinergic transmission in the brain which

could clinically be manifested as nemory loss.

1.2 EFFECT OF THIAMIN ON THE CENTRÀL NERVOUS SYSTEM

Thiamin plays an important role in inlermediary metabolism and in the

maintenance of the nervous system, The active forn of thianin is the

coenzyme, thiamin pyrophosphate (fpp), which is involved in carbohydraLe

oxidation, glycolysis, the TCÀ cycle, and lhe hexose monophosphate

shunt. Thiamin in the nervous syslem exists as TPP, thiamin nonophosp-

hate (TMP), thíamin triphosphate (TTP), and free Èhiamin. ÀIthough TMP,

TTP, and free thiamin have no coenzyme function, they have been reported

to have neurophysiological activity (Lipton et a1., 1979).

when thiamín intake is inadequate, a peripheral and a central effect

hâs been observed on the nervous system. Peripheral neuropathy (dry

beri-beri) occurs as a resuL! of primary thiamin deficiency, but is also

associated wiLh decreased intakes of other B-vitamins (Tanphaichilr and

i{ood, 1984). Experimentally induced CNS lesions associated with thiamin

deficiency have been described in rats, pigeons, and nonkeys (Prickett,

1934, Àlexander, 1940, Rhinehart et al., 1949).



Thianin deficiency can be induced experimentatly with antimetaUofites

such as oxythiarnine and pyrithiamine. The action of antimetabolites on

whole anímals was reviewed by von Muralt ('1962) and performed by Gurtner

using 35S-thiamin. Von l,!uralt conducted experiments using isoLated

nerve fibers from frogs and demonstrated that antinetabolites of thiarnin

decreased nervous excitability, whereas thiamin-like substances such as

hydroxyethylthiamine restored nervous excilability.

The effects of the antimeLabolites oxythiamine (0T) and neopyrithia-

mine (Hpf) were studied by Gurtner. Seventy-five rats rlere divided into

four treatnent groups. Group 1 received a thianin-free diet, group 2

received 250 u9 NPT plus 400 ug thiamin injected intraperiloneally (Ie),

group 3 received 10 mg 0T plus 400 ug thiamin injecled IP, and controls

were maintained on a thianin-free diet rlith 40 u9 thiamin supplenent.

Results shoned that neurologicaL symptons of cramps and paralysis

occurred ín 73 % and 93% respectively, of the anirnals in the NPT group,

as compared to 20% and 46%, respectively, of the anirnals in the thiamin

deficient group. No neurological symptoms were observed in the OT

group. When 35S-t,hiamin was given to rats and frogs, free thiamin and

TI*IP increased in stimulaled peripheral nerves. The increase in free

thianin and TMP Has atlribuled to the hydrolysis of TPP. These findings

gave conclusive evidence lha! thiamin has a definite role on the trans-

mission of nervous impulses which is separate from its coenzyme func-

tion,

Changes in central nervous system function due to thiamin deficiency

are clinically manifested in the Wernicke-Korsakoff syndrorne; a condi-

tion primarily confined to alcoholics. Wernicke-Korsakoff's syndrome is

composed of two entities: lternicke's disease and Korsakoff's psychosis.
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The former is a neurological disorder characterized by ocular abnormali-

ties, ataxia, and gIobaI confusion. Korsakoff's psychosis is character-

ízed by memory loss and learning impairment. Since most patients

present with both components, the disease is known as the

l,¡ernicke-Korsakoff syndrome (victor et aI., 1971).

victor and associates reported that thiamin administration prevented

the progression of Wernicke's disease. They observed 254 hospitaLized

alcohoLics with Wernicke-Korsakoff's syndrome from 1950 to 1961.

Undernutrition was defined as gross dietary inadequacy or weight loss

of a least 20 lbs in the year preceding Ehe illness, and occurred in 147

cases (84%). The dietary inadequacies were descriptive in naLure and

were obtained by patient reporls. These reports indicated that a

balanced meal had not been consumed for a period of several months.

Meals were skipped and alcohol had been substituted for food. No

biochemical tests rlere performed to assess nutritional status.

Therefore, nutritional deficiency could not be assessed specifically.

It was reported that 2 to 3 rng of thianin were sufficient to nodify

the ocul-ar signs, but 50 mg daily administered intravenously and intra-

muscularly were more beneficial in reversing both the ocular synptoms

and at,axia. The reversibility of the ocular abnormalities and the

ataxia suggest that lhere is a biochemical abnormality which has not yet

caused significanl structural changes in the brain. viclor and

co-workers slated that patienls t{ith Korsâkoff's psychosis who present

t{ith ocular and ataxic signs should be promptly treated with thiamin to

prevent the development of the irreversible memory changes and learning

impairment. Scores on the Ì,lechsler Memory Scale have indicated that

patients with Korsakoff's psychosis are severely impaired 1{ilh respect
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to the acquisi!íon and retention of new information (victor et al.,'1959,

Butters and Cernak, 1980). The memory loss is resistant to thiamin

treatment, and 80% of all Korsakoff patients will show little improve-

ment in mernory with vitamin supplementation, The authors stated thât

amnesia will persist as a chronic, lifelong disorder in the Korsakoff

pat ient.

Because thiamin reversed the opthaLmoplegia, ataxia, and nystagnus of

I,lernicke's disease it was hypoÈhesized that these neurological effec!s

were due to an altered biochemical reaction (Victor et al., 1971).

Thiarnin supplementation did not consistently reverse the annesia in

Korsakoff patients, and thus a structural lesion nas implied.

Pathological examination of brains of palients with Korsakoff's

psychosis demonstrated diencephalic lesions. The intensity and extent

of these Lesions nay account for the faiLure of the amnestic symptoms to

respond to thiamin (victor et al., 1971).

It has been hypothesized that a lack of lhiamin in the diet of the

alcoholic may induce the diencephalic lesions characteristic of

Korsakoff's psychosis (Freund, 1973) and may be indirectLy responsible

for the memory loss. However, alcohol could directly exert a neurotoxic

effecl and reduce the absorption or metabolism of thiamin to produce

amnestic symptoms (Butters and Cerrnak, '1980).

Long term alcohol consumption has been directly related !o reductions

in dendritic spines in the hippocarnpi of mice (niley and Walker, 1978).

The hippocampus has been implicated as the rnemory repository in humans,

thus alcohol may produce menory impairment in humans by reducing

dendritic spines as seen in mice. Therefore, a reduced intake of



10

lhiamin or an inability to metabolize thiarnin may produce changes in lhe

hippocampus which would be rnanifested as nemory Loss. Extensive

research in this area is needed to confirm this hypothesis.

À lack of thianin has been linked to mental changes in psychiatric

in-patients (Carney et aI., 1979, Carney et aL., 19821 . In a study by

Carney and co-workers (19i9) , 154 psychiatric patients aged 15-83

years(i=51.3) with a history of inadequate dietary intakes were investi-

gated as part of nornal clinical care. Dietary, physical, and psycho-

logical histories and examinations rrere completed on all subjects.

Serum pyruvate (Sp), and red ceLl transketolase (tX) were measured and

thiamin status was estimated, Decreased activity of transketolase indi-

cated poor thianin status. Thianin deficiency was defined as a TK

activity coefficient greater than 1.3. The activity coefficient is

equivalen! to the activity of enzyme after !hiamin was added (tpp

ef.tecL/ units of enzyrne activity per gram of hernogJ.obin).r Serun pyru-

vate levels greater than 79 unot/L were also indicative of thiamin defi-

ciency. Twenty-three patients showed increased TK activi!y coeffi-

cienls, 42 had raised SP values, and 58 patients had elevations of both

values. when these pâtients nere grouped together as 'Iow thiamin'

group and comparisons made to patients considered to have adequate

lhiamin nulrition, significant differences (p < 0.05) were observed with

respect to one or rnore signs of malnutrition. The symptoms of naLnut.ri-

tion nerer weight loss greater than 3.2 kg, angular stomatitisr cheil-

osis, red raw tongue, and nutritional edema. Significantly more (p <

I The stimulation of TK activity r{ith
TK activity without the addition of
TK activity may then be expressed
cient, or more conmonly as a percen!,

the addition of TPP is compared to
the coenzyme. The enhancement of
in terms of an activation coeffi-
known as %TPP or the TPP effect.
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0.01) alcoholics, drug addicts, schizophrenics, and endogenous depres-

sives showed evidence of low thiamin status than did the controls.

À differen! population of psychiatric patients vlâs sludied by Carney

et al. (19821 , and they confirmed the earlier findings tha! thiamin is

associated with mental changes. Diet histories and erythrocyte transke-

tolase (ntX) activity were determined on 172 psychiatric in-patients.

Thianin deficiency was defined the sane way as in the previous study.

The nutritional status for pyridoxine (aspartate transaminase or ÀST)

and riboflavin (glutathionine reductase or cR) was aLso assessed.

Normal ranges of activity coefficients for GR were 1.0-1 .25 as defined

by r,lilliarns (1976l, , and normal ranges for ÀST were 1.0-1 ,75 as defined

by Carney and associates (1982). values exceeding the upper limits

indicated deficiency. Trlelve percent of the patients were deficient in

more than one vitamin, and of these, 30% were thlamin deficient.

PaLients who had a TK activity coefficient > 1.3 were significantly (p <

0.05) more likely to have schizophrenia and alcoholisn than pa!ients who

were considered to have riboflavin and pyridoxine malnutrition.

The data presented by Carney et al.(1979) and Carney et aI.(1982)

suggests that thiarnin deficiency, as defined by TK acLivity coefficients

> 1.3, may have some etiological significance to mental synptons. These

studies did not propose a mechanism of the role of thiamin in netabolism

and the contribution to the development of specific mental symploms. It
rnay be that mental disorders could alter the requirement for thíamin

and/or absorption of thiamin, thereby accounting for the increased TK

activity coefficients. Whether the thiamin deficiency is â result of

the menlâl illness or is a causative faclor in lhe genesis of lhe mental
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syrnptoms rernains speculative at this lime. Suffice to say, these find-

ings indicate that thianin deficiency is related to abnormal CNS func-

t ion.

The role of thiamin relative to the confused state in eLderly ort,ho-

paedic patients was assessed by Older and Dickerson (1982). Thiamin

stalus rlas esÈimated by the active form of thiamin, thianin pyrophosp-

hate(TPP). Values of 0-14% TPP were associated with saturation of

tissues with thiamin, vaLues of 15-25% represented a risk with respect

to deficiency, and values oE > 25% indicated severe thianin deficiency.

In group I (17 females, 13 males), patients underwent arthroplasty

and were in good thiamin status as %TPP values were within lhe normal

Iimits prior to surgery. A significan! rise in lhe TPP effect was

observed 48 hours later but returned to normal by 14 days post-

operatively. Five patients who were noticeabLy confused after the oper-

ation showed a considerable increase in %TPP, ranging f.ron 25% to 55%.

These values began to decrease two days after surgery, which suggested

that there nay have been an increased requirenent for t.hiamin in these

patients afler the operation.

Group II (30 females, and 4 nales) underwent surgery for a femoral

neck fracture. For 14 days post-operatively, patients were noticeably

deficient in thiamin as indicated by %TPP values between 20 and 25%.

The authors observed that patients r{ho were confused and sleepy had the

higher TPP values. The au¡hors suggested that the patients who had

femoral neck !ractures nay have been thiamin deficient before the

surgery, based on the findings of an earlier study (Otder and Dickerson,
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1980). In thal study, voluntary food intake of 19 wonen (mean age =

78) was measured aE 3t '7 | and 14 days after surgery. Food was weighed

before and after each meal was served. Mean intakes of Èhiamin for

post-operalive days 3, 7, and 14 were 571, 603, and 555 ug, compared to

the recommended inlake of 700 ug.

Older and Dickerson ( 1982 ) hypothesized that elderly orthopaedic

patients Hho consume diets which are marginal in thiamin could becone

deficient due to the increased reguirenent as a result of increased

rnetabolism following surgery. Decreased thiamin status t.las observed in

patients who were noticeably confused, and this pos!-operative confusion

was atlributed to inadequate dietary thianin.

However, confusion and the dietary intake of the subjects rras not

quantitated, lhus objective studies could assess the role of lhÍamin

upon post-operative confusíon more specifically. Às well, studies with

elderly subjects are needed to assess the requirement of dietary

thiamin.

The effects of decreased thaimin intake ând status on behavior and

ACh rnetabolism in male t.¡istar rats !¡as investigated by Barclay et

af.(1981). Thianin deficiency was induced by a thiamin deficient diet

in conjunclion Hith lhe thiamin antagonists oxythiamine (0T) and pyrit-

hiamine (pT). Oxythiamine acts peripheraLly, whereas PT accumulates in

the brain and produces neurological symptons associated rrith lhiamin

deficiency, for exanple, ataxia. Rats were divided into four groups

which consisted of ad-líbitum controls, pair-fed controlsr oxythiamíne-

treated, and pyrithiamine-treated aninals. Àd libitum fed controLs and
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pair-fed controls received 0.1 mg/k9 of thiamin hydrochloride (Hcl)

daily by IP injections. Oxythianine-HCl treated rats received 40 ng/kg

IP, and the PT treated group received 0.5 m9,/t9 Ie. Behavior was

assessed by a string test which is used to neasure behavioral changes

related to thiarnin deficiency. Thiamin status rias determined by meas-

uring TK activity. ACh levels and synthesis rlere measured by

U-taC-9lucose and 2Hr-choline injecLed via jugular cannulae of polyethy-

)-ene tubing. After one day of lreatment with PT and a thiamin free

diet, 37.5% of the rats performed poorly on the string test. By day 12,

89.6% ot thianin deficient (pr) rats, but only 8,1% of. the pair-fed

controls had decreased string test scores. The 0T treated raÈs did not

have decreased string test scores, which inplies !ha! there is a cNS

effecl related to thiamin deficiency (Barclay et aI., 1981).

Decreased ÀCb synthesis was reported in the late stages of PT treat-

nent. The addition of an acetylcholinesterase inhibitor, physostigmine,

improved low scores on the string test ín 69.2% of the PT treated rats,

The authors suggested that the reversal of neurological impairment by

physostigmine and the decrease in ÀCh synlhesis implicale a central

cholinergic dysfunction in lhe pathophysiology of thiamin metabolism.

SirniLar effects of pyrithiamine(PT) and oxythiarnine(OT) on ÀCh leveLs

were reported in the rat brain (vorhees et al., 1978). Three groups of

20 to 25 day old rats rvere fed a thiamin deficient diet which contaíned

less than 20 ûg/kg/day. This represented a severe thiamin deficiency as

the requirement for proper growth and reproduclion is 5 ng/kg diet

(National Research Council, 1978). The rats were injected subcutane-

ously wiLh one of the following: 40 ng/kg oxythianine-HCI plus 0.2 ng/kg
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thiarnin-HCJ./day, 1 ng/kg neopyrithiamin-HBr plus 0,2 ng/kg thiamin/day,

or 0.2 ng/kg thiamin-HCl/day. The group of rats receiving only the 0,2

mg/kg thiamin-HCl served as the controLs. pT treatment resuLted in a

significant decrease in ÀCh levels in all brain regions exanined: the

medul).a-pons, rnidbrain, diencephalon, corpus s!riatum, and the hippo-

campus. 0T treatment resulted in decreases in the rnedulJ.a-pons and

striatum. ÀCh utiLization was significantly reduced in the midbrain,

striatum, and hippocampus in the PT group, while OT reduced ÀCh utiliza-
tion only in the striatum. PT produced the neurological symploms asso-

cialed with thiamin deficiency: ataxia, incoordination, and opistho-

tonus. The conbined PT treatnent an¿l dietary deficiency of thiamin

produced neurological symplons which were not observed in lhe 0T treated

and control groups also fed the thianin deficient diet (Vorhees et al.,
1978). These resuLts suggest that neuropathy induced by thiamin

avitaminosis due to PT involves the cholinergic system,

Evidence to support the hypothesis that thianin is linked to cholin-

ergic activity has been recently pubLished by Micheau et aL.(1985).

This study investigated lhe effects of a thianin derivative, sulbutia-

mine, on memory and hippocampal cholinergic acitivity in nice.

Fifty-four maLe mice of the BALB/c strain, aged 14-16 weeks were

assigned to three groups! 18 mice were given 300 mgrlkg of sulbutianine

ín 0.2 mL of a gum arabic emulsion (15% w/v)¡ 17 nice received only the

0.2 mL of the gum arabic emulsion; and f9 mice received no treatment.

The last t¡{o groups represented the controls, The sulbutiamine and the

gum arabic aroups received the treatments orally by intragaslric intuba-

tion for a 10 day period.
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Behavior was assessed using a Skinner box. when the mice pressed the

lever, they were rewârded rrith a food pellet. À11 Lever presses lrere

registered on a pen recorder. The criteria of learning was defined as

the speed of acquisition of the lever-press response in a single session

of 30 minuLes. The crileria of memory consisted of a 15 minute acquisi-

tion session followed by a retention session rihich occurred 30 minutes

and 24 hours laler.

Neurochernical analysis was perforned on six animals in each group.

Sod i um-dependen I high affinity choline uptake (sDHÀcU) was neasured in

aliquots of resuspended crude synaptosomal pellets of hippocarnpi.

Results showed that memory significanlLy improved (p < 0.01) in the

suLbutiamine treated group as compared to the untreated group. The

authors concluded that sulbutiamine improved long term memory of a

partially learned response. Results fron the neurochemical anaJ.ysis

showed a significant increase (p < 0.025) in choline uptake over a four

rninute period in the dorsal hippocampi of the sulbutiamine treated mice

as compared to the two control groups. Thus, sulbutiamine enhanced both

nemory and chol ine upLake.

The authors postulated that the increase in choline uptake may have

been related to thiamin metabolism, in that thianin is necessary for the

synthesis of the acetyl moiety for ÀCh formation. Mention has been nade

of sludies demonslrãting a reducLion in ÀCh synthesis in animals where

metabolism was inhibited by thiamin deficiency (Barclay et a1.,1981, and

Vorhees et aI.,1978). Àn alternative hypothesis t{as that the observed

increase in choline uptâke by hippocampal neurons t+as the result of an
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increase in the synthesis and the release of ACh by sept oh i ppocampa I

neurons (tticheau et a1.,1985).

However, these resuLls should be interpreled with caution. Long term

metnory tias defined as the retention of a task over a 24-hour period. À

better measure of long term menory retention would be to test the mice

after a longer interval, for example, '12 hours or one week,

Furlhermore, the authors state that 300 m9/k9 of sulbutiamine is a large

dosage, and no mention is made of a nornal dosage for mice, or if there

nere any adverse side effects. Thus, anolher approach to test the

facilitaiton of sulbutiamine on memory would be to adninister varying

amounts of thiamin or its derivatives.

Despite these problems, the resuLts

conclusíve evidence which links Èhianin

activity. HoHever, research Ín animals

designed to determine a causal Link between

ergic act ivi !y, and memory.

of thí s invesÈigation give

melabolisn to cholínergic

and in humans needs to be

thiamin metabolism, cholin-

The data presented from rat studies implicate a cholinergic impair-

ment associated with thiarnin nalnutrition. It is possible that the

mental changes associated with the wernicke-Korsakoff syndrome, in

psychiatric patients, and in the post-operative confusion in lhe elderly

nay be pathologícal expressions of impaired cholinergic activity due to

thiamin malnutrition.
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1.3 EFFECTS OI' PYRIDOXINE ON THE NERVOUS SYSTEM

The lerm, vitamin 86, includes a number of for¡rs of the vitanin:

pyridoxine, pyridoxaJ., and pyridoxamine (DakshinâmurLi , 1982). The

rna jor form of vitamin 86 occurring in the tissues is the coenzyme pyri-

doxal 5'-phosphate (PLP). The coenzyme is a cofactor in metabolisrn, in

particular anino acid metabolism, Pyridoxine has a number of effects on

nervous syslem function in several species. Àtaxia, altered nobility

and aLertnessr abnornal head movements and convlusions have been

reported in the chicken, duck, lurkey, ra!, guinea pig, pi9, cor{, and

human when pyridoxine maLnutrition was identified (Dakshinamurti, 1982).

Hyperirritability and convulsive seizures in four young infants aged

5 weeks to 4 months were reporled to be due to a deficiency of pyri-

doxine in a commercial J.iquid formula (coursin, 1954). Vitamin assays

shoried that the fornula contained less than 60 mg of pyridoxine per

Iitre. The reconmended intake of pyridoxine for infanls is 0.015 rng/g

prolein per day which represents a requirement of 0,36 mg of pyridoxine

per day (Health and Welfare, 1983). Thus, the amount of pyridoxine

reported in the formula by Coursin is below the requirenenl.

Sleep-induced eLectroencephalographic measurenents assessed the status

of lhe central nervous systenr and showed abnormal electroencephalograms

for aLl subjects. When the infants were given an evaporated milk

formula the symptons disappeared, presumably due !o the presence of

sufficient amounts of pyridoxine in the evaporated nilk. However, the

amount of pyridoxine in the evaporated milk fornula Has not. quantilâted

ín this investigation. Hhen a pharmacological dose of 100 ng of pyri-

doxine was given inLranuscularly to one infant, the EEG became norrnal
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five minutes after injecLion. Coursin staLed that this was one of the

first actual recordings of a neurological response !o pyridoxine.

Pyridoxine appears to be a factor in depression. Depression associ-

ated rrith the use of oral contraceptives has been linked to pyridoxine

deficiency (Baunblatt and Winston, 1970, Adams et a).., 1973). BaurnblaLt

and I{inston (1970) investigaEed the response of women !o pyridoxine

suppLements whose symptoms of depression were thought to be related lo

oral contraceptive medication. Symptoms were emotional lability and

irritability, depression, fatique, mild paranoid ideation, difficulty
lrith concentration, and sleep disturbance. From a total of 58 wonen, 44

(75.8%) had complete resolu!ion of symptoms after receiving a thera-

peulic dose of 50 ng of pyridoxine during three nenstrual cycles. The

requirement of pyridoxine for adult women is 1.1 mg/day (Heatth and

WeIfare, 1983 ) .

The results of this study nay be confounded by several variables.

FirstIy, alI women received pyridoxine and therefore a possible placebo

effect could not be ruled out in the resolution of depressive symptorns.

Secondly, pyridoxine stalus in terms of intake or blood levels was not

neasured, thus il is difficult lo ascertain whether the observed effects

of pyridoxine on depression were due !o a functional deficiency of the

vitamin or to an increase in requirement. tastly, the depressive symp-

toms were volunleered by the wornen and gave a qualitative, rather than a

quant itat ive description of depression.

The effect of pyridoxine supplemenLation

contraceptive users t{as observed in a study

depression ín ora l
Àdans e! al, ( 1973 ) .

on

by
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women tvho were using contraceptives and altending a clinic were screened

for depression using the Beck Scale, which ís a valid self-rating ques-

tionnaire. À score of greater than 23 indicated noderaLe to severe

depression. Women who were judged to be depressed by factors other lhan

depression were elininated from the study. Depressive symptoms included

pessinisn, irritability, dissatisfaction, Iethargy, and Ioss of Libido.

Twenty-two women whose symptoms were attributed to 0C use took parl in

the study, and 11 of these subjects showed biochemical evidence of pyri-

doxine deficiency. Pyridoxine deficiency was defined by the presence of

trlo or more of the following: a urinary HK/HA ratio > 2,25

(t¡x=3-hydroxykynurenine, HÀ=3 hydroxyanthranitic acid), urinary

4-pyridoxic (4-p) acid > 2,5 g/24 hours, erythrocyte alanine transferase

(ÀI-AT) stimulation > 40%, and aspartate aminotransferase (,lsp-ll) stim-

ulatíon > 90%. With 0C use, lhe lryplophan metaboliles, HA and HK,

increase in the urine. Several enaymatic reactions in the tryptophan

pathway require PLP as a coenzyme. tow urinary excretion of 4-pyridoxic

acid is a measure of pyridoxine deficiency as this compound is a rna jor

excretory product of pyridoxine. The activity of the À1-ÀT and Àsp-ÀT

enzymes decrease due to unavaiLable pyridoxine. In a double-blind

crossover triaI, a pharmacological dose of 40 rng of pyridoxine rvas

administered daily to the 22 subjects for a 2 month period. Of these,

11 subjects rrho shor+ed biochemical evidence of pyridoxine deficiency

responded to pyridoxine suppLementation. The authors observed a signif-

icant improvenent in depression (p < 0.01) in these subjects as measured

by a decrease of 5 points or more in the Beck scores.
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wynn et aI. (1975) confirmed these resuLts in a double-blind cross-

over trial of 39 women who received oral contracepÈives and were diag-

nosed as depressed. Nineteen wonen showed biochemical evidence of pyri-

doxine deficÍency as defined by Àdams et al.(1973), ¡ significant

improvenrent in Beck scores (p < 0.05) was observed after the adminisLra-

tion of pyridoxine.

Further evidence that depression may be associated with pyridoxine

deficiency has been supplied by the work of Carney et aI. (19?9).

Thiamine and pyridoxine status rras examined in 154 newly admitt.ed

psychiatric patients. CompJ.ete dietary, physical, and psychia!ric

histories were obtained for all subjects. Pyridoxine deficiency was

determined by neasuring lhe activity of erythrocyte aspartate transami-

nase (ÀST). Àn ÀST activity coefficienl > 1.75 represented increased

stimulation of the enzyme and indicated depJ.eted pyridoxine stores,

Sixteen patienLs had increased ÀST values and of these, t had symptoms

of depression, Elevated ÀST rlas found in significantly nore depressives

than in control patients (p < 0.001). The authors concluded that

endogenous depression may be linked to pyridoxine avitaminosis.

More recenÈly, Carney et aI. (1982) confirmed previous results and

suggested that affective changes are characteristic of pyridoxine defi-

ciency. Às in the earlier study, psychiatric and dieLary histories and

physical examinations were obLained f.or 172 patients. Clinical pyri-

doxine deficiency was based on observed classical symptoms related to

changes in lhe skin, hair, finger nails, and tongue, and lhe presence of

cheilosis, angular stomatitis, edena, trophic ulcers, and peripheral

neuropathy. Ten percent of the patients were reported to have pyri-

doxine defíciency, but it is unclear rrheLher lhis diagnosis was solely
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due to elevated ÀST activity, or to a dielary deficiency of pyridoxine

or to the presence of clinicaL syrnptoms. The authors stated that

patients who showed biochemical and clinical evidence of pyridoxine

deficiency were more likely (p < 0.05) to have depression than those

patients who were diagnosed with thiamin deficiency, Since patients

rlith affective disorders exhibíted both riboflavin deficiency (gluta-

tione reductase activity coefficient > 1,25, Wil.liams, 19761 and pyrí-

doxine deficiency (AST activity coefficient > 1.75, Carney et aI.,
19791 , one cannot concLusively state that these disorders were due to

pyridoxine deficiency per se. Carney et al. (1982) concluded that both

pyridoxine and riboflavin deficiencies may have a primary role in the

eLiology of affective disorders, which are assumed !o be synonymous with

depression.

Even though these findings appear to support the association of pyri-

doxine nutritional status and depression, it remains to be shot{n whether

a causal. reJ.ationship exists between a vitamin deficit and the observed

depression (Stewart et a1,, 1984). In addition, affectíve disorders may

not be related to a deficiency of one vitamin as denonstrated by Carney

et al. (1982), but probably encompasses a range of vitamin deficits.

Irrespective of lhese inherent problems, the research findings reported

do provide evidence that pyridoxine is associated with depresssion.

Pyridoxine in the active form, PLP, is a cofactor in the catabolisn of

amino acids in the nervous system. Pyridoxine-dependent enzy¡nes are

necessary for the synthesis of neurotransnitters such as serotoninr

dopamine, and norepínephrine ( Dakshinamurti, 19821 , Serotonin and

dopamine have a role in Èhe mainlenance of nornal nood (Thornson, 1978).



23

It has been postulated that a deficiency of PLP nay resul! in inadequate

synthesis of these monoamines, thereby producing depression (Stewart et

al., 1984).

Evidence Iinking pyridoxine deficiency to Iearning in rats r,las

provided by Sloane and Chow (1964). These investigators studied the

effecbs of pyridoxine deficiency on the initial acquísition of behavior.

The pyridoxine deficient group was fed a diet ad libitum r,¡hich did not

contain pyridoxine. The control diet included 30 mg/kg pyridoxine-HCI.

The controls were divided into two groupst one fed, ad libitun, the

basal diet plus pyridoxine, the other lras pair-fed in anounLs sufficient

to maintain lhe aninals at the same weighl as the rats fed the pyri-

doxíne free diet. Total urinary xanthurenic acid estimated relative

pyridoxine deficiency. Deficient animals had nean values of 5.2 t1.1 m9

xanthurenic acid, whereas controls had mean values of 1.1 t0.4 mg.

Àtaxia and acrodynia were observed in the deficient animals, but none of

these an imals experienced convulsions.

Àcquired behavior was assessed in both groups of 5 lítterrnaLe pairs

by avoidance and escape responses to electric shock by pressing a lever

(SIoane and Chow, 1964). Control animals perforned significantly better

(p < 0.05) than lhe deficient animals both for the avoidance and escape

measures.

In a second experiment, 7 pairs of control and pyridoxine deficient

rats were eval-uated with respect to the time taken lo learn to press a

]ever to obtain water after water deprivation. In 5 of the pairs, the

pyridoxíne deficient animals learned significanlly rnore stowly (p <

0.05) than the control. animals.
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Evidence Linking pyridoxine deficiency to irnpairment of ¡nental

function was provided by cantt et al.. (1959). The effect of pyridoxine

deficiency on conditioned reflexes was examined in dogs and rats. Four

adult dogs were maintained on â slock diet which did not contain aII

vitamin requirements. Pyridoxine deficiency was induced by omitting

pyridoxine from the die!. Retention of conditional reflex Has tested in

pyridoxine deficient dogs and consisted of differentiaLion of ttio tones,

each one octave apart. Impaired differenliation in dogs occurred 4-15

days after vitamin depletion; but this loss rlas never complete and

returned to normal after lhe dogs were returned to an adequaEe diet

(canlt el al., 1959). Rats were divided into three groups of 5-10

animals: group I received a diet from natural- food sourcesf group II
received a synthetic diet úhich was nutritionalÌy adequate, and group

III received the same diet as group II, but lacked pyridoxine.

t'orma!ion of conditional reflex rras tested and consisted of maze running

to obtain food. Gross behavioral alterations and marked physiological

changes were observed in pyridoxine deficient rals. l.,fa ze running tine

and errors in the pyridoxine deficient animals r+as 7 minutes and 33

seconds with 9.8 errors compared to control values of one minute 38

seconds Ì{i th 3.8 errors,

The authors reported that rats showed much greater disturbances in

general behavior and conditional reflex (CR) disturbances than did lhe

dogs, possibly due to the fact lhat the rats rlere young when the pyri-

doxíne deficiency rlas initia!ed. FurtherÍìore, the relative weight Ioss

for the rats was greater than for the dogs.
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The authors concluded thal pyridoxine deficiency was related to a

loss of reflex function. There was a decrease in retention of CR in

dogs, and decreased CR in rats. ÀIso, Gantt and co-workers equated the

Loss of CR funct.ion in dogs rlith inadequate pyridoxine intake lo the

Loss of mental function in man. ResuLts of an earlier study (Ganlt and

Muncie, 1942) denonstraled a loss of CR in lhree alcoholic patients tiith

Korsakoff's psychosis. Thus, pyridoxine appears to be necessary for

normal conditional refLex function which is the basis of menlal perforn-

ance (Gantl et al., 1959). À mechanisn by which pyridoxine exerted this

effect t{as not proposed. Perhaps a stronger association of pyridoxine

to mental function could have been dernonstraled in the aninal sludies

conducted by cantt and co-workers if more animals had been studied, if
pair-fed controls had been used, if the samþIe size had been equal for

both species, and if reliable biochemical indices of pyridoxine status

had been determined and correlated to CR impairment.

The associaLion of pyridoxine deficiency in rats Hilh histoLogical

changes in the brain rlas documenled by Morr6 and Kirksey (1980).

Maternal pyridoxine deprivation was Linked to neurological changes in

the progeny during CNS development. Weanling rats $ere fed 1.4 or 20.0

nrg py r i dox i ne -HCL/kg during growth, gestation, and lactation. Pups were

maintained on the same maternaL diets. In 1S-day old pups who were fed

1.4 n9 pyridoxine, Purkinje cell degeneration in the cerebellum was

greater when conpared to the pups fed 20.0 m9. At fifty days of age,

the group fed 20.0 rng of pyridoxine in the diet had greater dendritic

Èhickness and cornplexity of basilar and apical dendrites. The authors

postulated that since pyridoxine is involved in protein synthesis, a
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deficiency of the vitamin may prevent the synthesis of enzymes and

structural pro!eins essential for dendrilic Arowth.

More recently, a functional role of pyridoxine in the naintenance of

cell structure in lhe brain has been demonstrated (Root and Longenecker,

1983). Weanling male al-bino rats were fed diets which did not contain

pyridoxine. Pyridoxine deficiency caused axonal swelJ.ings in the hippo-

campus and a decrease in dendritic arborization. Pyramidal cells from

the cerebral cortex of rats fed pyridoxine deficient dieLs showed no

basal dendrites when compared to controls who consumed 2.5 ng/kg

pyridoxine-HCt. Root and Longenecker (1983) stated that the rat brain

cells in rats fed pyridoxine free diels are similar in appearance to

abnormal cells found in the brains of Alzheimer patients as reported by

Scheibel (1978). These authors further stated that the changes seen in

the brains of pyridoxine deficien! rats suggest that nutritional defi-

ciency is capable of causing marked accleration of the lype of cellular

deterioration seen in human aging. The authors postulated that a

deficit of a combinatíon of nutrients over a Iifetime could cause suffi-
cient damage to neuronal processes !o account for functional impairment

assocíated with aging, and acceleration of this type could cause memory

loss.

1.4 EFFECT OF ASCORBIC ÀCID ON THE NERVOUS SYSTEM

Àscorbic acid (ÀÀ) deficiency has been shorln to be associated with

specific psychiatric symptoms, particuLarly depression and irritability.
In addition, animal studies have reported that acetylchol.ine (ÀCh)

reLease may be improved in ÀÀ conlaining media. Àscorbic acid has been
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shor+n to influence the release of ÀCh from isolated synaptic vesicles in

3 animal species studied by Kuo et al. (1978). Àddition of 10 ull of ÀÀ

in the presence of ÀTP, Mg.-, and Ca** at 20oC resulted in a progressive

increase in lhe release of ACh from the synap!ic vesicles over a 20

rninute interval. Àddition of 2.5 uM of ÀA resulted in the release of

50-60% of ÀCh in synaplic vesicles from the rat brain on incubation for

20 minutes in the presence of ATP, Mg*t, and Ca*'. The maximum release

was observed riith 5 uM of ÀÀ.

ÀLthough the brain has the highest concentration of ascorbíc acid of

all- tissues except for the adrenals and the pituitaryf the function of

ascorbic acid in the human brain is not known. Kuo and associates also

reported that norepinephrine release fron rat synaptic vesicles was

enhanced by ÀÀ. The research by Kuo et al.(1978) points to a physioLog-

icaL function of ascorbic acid in the release of norepinephrine and in

the rel.ease of ACh, tlhich is essential to memory function.

The effects .of ascorbic acid supplementation on 40 chronic psychi-

alric male patients was invesligated by Milner (1953). In a double

blind study, 20 men received a placebo preparation and 20 received 19 AÀ

per day for 3 weeks. Urine specimens were coll-ected for Z4-hour periods

during lhe experiment, and urinary excretion of ÀÀ lJas quantitated. the

number of 24-hour periods for urine collection was not specified. The

nean urinary excretion of ÀÀ in the placebo group was '15.2 mg per 24

hours. l,lílner stated that this value represented the Iol{es! limit of

normal as defined by a rninimum daily excre!ion of 20 m9. Estimated

nornaL excretion rates are 45-50 mg/day (Health and l,lelfare, 1983).

Mean urinary excretion values for Èhe lreatnent group were no! reporLed.
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PsychologicaL lests incLuded a self-rating scaIe, the Minnesota

Multiphasic PersonaliLy Inventory or MIIPI , and the Wittenborn

PsychiaLric Raling Scale. Significant (p < 0.01) inprovemen! in scores

related to depression using both scales were reported in the group

receiving the ÀÀ supplement. Milner (1963) suggested that ÀÀ !issue

saturation resulted in an overall improvement in personality func-

tioning. Àn estimate of tissue sâturation l{as derived by plottinq

urinary excretion in ng/ZA * against the number of days suppLenented.

When the body pool reached a maximal 1eveJ., urinary excretion increased.

The mean time for saturation to be cornpleted was 6 days, which indicaled

a deficiency state of ÀÀ. This is in contrast to normal subjects who

can be saturated l{ithin 24-48 hours r¡ith 1 I of ÀÀ/day (uilner, 1963).

The psychological and physical improvernent observed in these patients

after saturation with ÀA indicated that their diets had been inadequate

in lhe vitanin, which contributed to a deficiency state. However, no

quanlitation of dietary ÀÀ iras obtained prior to the sludy, nor was it
assessed dur ing lhe study.

Behavioral effects of ascorbic acid deficiency were described by

Kinsman and Hood (1971) in five healthy nale prisoners, The subjects

were assessed by a series of behavioral tests during vitamin depletion

and repletion. The subjects were deprived of ÀÀ for periods of 84-97

days following a conlrol period where they were fed a solid soy protein

based diet which contained 2.5 mg AA and r+as supplemented with 75 mg of

AÀ (Hodges et â1., 1971]., The depletion phase consisted of a liquid

diet which did not include any ÀÀ. Energy inLake t+as adequate. The men

received a mineral supplement as well, but the authors noted that this
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supplenent rras inadvertently omitted from the diets during the depletion

period. Biochenical tests of ascorbic acid status included daily

urinary excretion, and weekly p].asma and whoLe blood deterninations.

L-ascorbate 1-14C in â dose of 0.85 m9 rvas given orally on day 23, and

was neasured in urine, feces, and breaEh. Estimations of body pool size

of ÀA were derived by dividing the spectrophotometric activity of

urÍnary ÀÀ by the total radioactívity remaining in the body (Baker et

al.,1971). Body pool size and whole blood levels were separated using

the median to identify high and Ìow ascorbate subjecLs. Scores for

behavioral measures eere separated according to the high and low Levels

of body pool size and blood AÀ. Body pool sizes were 1314 mg and 161

mg, and whole blood levels l¡ere 1.65 m9/1 00 mL and 0.44 mg/100 nL.

Functional assessment invoLved a physical fiLness test. Impaired

performance on this test h'as associated wíth lower levels of AA, and i{as

due to scorbulic arthropathy or neuropathy or both (Kinsman and Hood,

1971). The Digit Symbo1 Substitution Test was the only mental function

task out of a total of 9 areas of mental function to show a significant

decrease (p < 0.05) with smaller body pool sizes. For tests of psycho-

notor function, measures of hand-arm dexlerity also decreased with

smaller body pool sizes. Four scales of the UMPI (Hypochondriasis,

Hysteria, Depression, and SociaI Introversion scales) showed significant

(p < 0.05) increases from high Èo low body pools of AA, Scores for

three MMPI scaJ.es (Hypochondriasis, Depression, and Hysteria) rlere

plotted againsl the 1o9 body pool of À4. Às the AÀ level increased,

scores for each of the MMPi scales increased. It should be noted that

the scores for the WPi are influenced by somatic complaints and may

reflect poor general heal. th.
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Personality changes occurred when whoLe blood ÀA decreased from

1.21-1 ,17 ng/100mt ,or decreased from 761 mg to 561 rng for body pool

ascorbale. Performance changes occurred when whole bLood ÀÀ decreased

fron 0.57-0.14 ng/100 rnL and when body pool ÀÀ decreased f rorn '190 to 63

rng. The impairmen! in psychonotor performance occurred at Lower l-eveLs

of ÀÀ than the observed personality changes. This t{as attributed to a

reduced arousal level. The personality chânges associated with ÀÀ defi-

ciency corresponded to the clinical neurotic triad of the MMPI

(Hypochondriasis, Depression, and Hysteria) (Kinsman and Hood, 1971Ì, .

These authors stated that the elevation of the neurotic triad, together

r{ith the Social Introversion Scale indicaLed a depressed and !riLhdrat,¡n

individual concerned aboul his bodi).y slate. The authors concluded that

the behavioral changes observed in their study were dependant upon

changes in AA levels in blood and rlhole body pools.

It should be noted that Kinsnan and Hood observed behavioraL changes

in five men r+ho had been totally deprived of ascorbic acid until defi-

ciency symptoms appeared. These resuLts cannot therefore be generalized

to the population as a whole, since a total lack of dietary ascorbic

acid in the diet is not a common nutritional problem. Furthermore, it
is possible that the omission of mineral supplementation during the

first 34 days of lhe 84-97 day depletion period (Hodges et aI,,1971)

created an additional variable in the study.

The findings of t'lilner (1963) and Kinsman and Hood (1971) indicated

that severe ascorbic acid restriction (Kinsman and Hood, 1971) or a

borderline scurvy condition (l.tiIner, 1963) is associated wiLh behaviorat

a1lerations. These psychological changes suggest that a deficit of

ascorbic acid has an effect on the central nervous systen.



31

1.5 ROtE OF VITÀMINS IN FUNCTIONAT CÀPÀCITY OF ÀLZHEIMER'S DISEÀSE

Alzheimerrs Disease is classified as an idiopathic denentia, ie. a

dementia of unknown cause. Since it appeârs that vitanins are associ-

ated with CNS function, it is of interest to apply this information to a

disease state in which nenory loss is identified. It has been postu-

lated that some cases of ídiopathic dementia are due to undernour i shmen t
of the brain with respect to !¡ater-soluble viLanins (Spector et aL.,

1919\ì notably thiamin, pyridoxine, and ascorbic acid. These vitamins

are transported fron the blood into the CSF via the choroid plexus,

which forms part of the blood-brain-barrier. When the choroid plexus

nalfunctions, transport of water-soluble vitamins from the blood into

lhe CNS is impaired. Consequently, the brain becomes depJ.eted of these

nutrienls, resul!ing in dysfunction or degeneration of neurons (Spector

et al., 1979). Spector and associates speculate that all of the patho-

J-ogical alterations observed in ÀD brains could be due to inadequate

central nutrition.

This hypothesis is substantiated by some of lhe Iiterature that has

been already cíted. Thiamin deficiency had definite CNS effects, and

nay adversely affect ÀCh melabolism. Pyridoxine deficiency in rats

produces histological changes in the brain which are sinilar !o the

dendritic alterations seen in ÀD. Àscorbic acid may have a physiolog-

ical role in lhe release of ÀCh, r+hich in turn appears to function in

menory. Furthermore, ascorbic acid enhances the reLease of norepineph-

rine (Kuo et aÌ., 1979), and functions as a reducing agent for lhe

enzyme ß-nonooxygenase which catalyzes the hydroxylation of doparnine to

norepinephrine. Thus, ascorbic acid is related to the synthesis and

stability of ACh and norepinephrine in the brain. Studies have shown
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conclusively that there is a loss of cholinergic neurons in ÀLzheiner's

Disease which accounts for the observed memory loss. There is not

similar data to support the hypothesis lhat deficits in the noradren-

ergic system are involved in the pathology of ÀD (Davies, 1983).

Therefore, this review has focused on the role of the cholinergic system

in nemory function. Deficiencies of thiamin, pyridoxine, and ascorbic

acid singly or conbined, could be responsible for the impaired cognitive

performance, specifically nemory Loss, in AD.

1.6 ÀLZHEIMER'S DISEÀSE ÀS À I'IODEL OF MEMORY IOSS

The two regions of lhe brain which are important for memory are the

amygdal.a and the hippocarnpus. Cellular abnormalities occur in these

regions of the brain as well as in lhe cerebral cortex, and are diag-

nostic of À0. Neuropathological exanination of the brains from

ÀLzheimer patients show tt{o dislinct Iesionst neurofibrillary tangles

which accumulate within the celL bodies of neurons, and senile or

neuritic plaques which consist of abnormal neurites (prirnarily axon

terninals)(Coyle et al., 1983). Since senile plaques and neurofibril-

lary tangles occur with high frequency in the hippocampal region of

Àlzheirner brains, it is thought that the memory loss in AD is due to the

presence of these structures caused by brain ceII loss (Coyle et al,,
1983 ) .

In addi!íon to the senile plaques and neurofibriLlary tangles

observed in the hippocarnpal regions of Àlzheimer brains, dendritic

changes have also been noted. Pyridoxine deficiency in the rat has been

shown !o produce histological changes in the brain which have sone simi-
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larity to the histo].ogical changes observed in the brains of Àlzheiner

patients (Root and Longenecker, 1983). These changes include loss of

dendritic spines and irregular swetLing of cell bodies (Scheibel and

Scheibel, 1981). Scheibel and Scheibel stated that the hippocampus is

particularly vulnerable !o these pathological alterations, which result

in the eventual disappearance of lhe enlire cel.l dendrite complex.

Reduction in the number of dendrites and extent of dendritic arboriza-

tion in ÀD has also been reported by Mehraein et al,(1975) and by Buell

and Coleman (1979). Scheibel and Scheibel (1981) posLulated that the

progressive loss of ensenbles of hippocanpal pyramids and the resulting

loss of enormous numbers of synaptic connecLions may be responsible for

the deficits in geographic and temporal orientation seen in ÀD.

Research has shown that cholinergic terminals in the hippocanpus are

inportant for menory function, and some of the cognitive deficits of

Alzheiner's Oisease (¿U) may be a direct result of a decrease in the

ÀCh-nediated transmission of impulses (Wurtman, 1985).

The above hypothesis is substant.iated by research carried out by

Davies (1978), who measured lhe activity of trro enzymes concerned with

the netabolism of ÀCh, the biosynthetic enzyme choLine acetylase

(choline acetyltransferase or CÀT) and the degradative enzyme acetylcho-

linesterase (AChE). The most significant decrease (p < 0.005) in cÀT

rias observed in the hippocampal regions of 21 AD brains, with a mean

reduclion of. 91 .2%. ÀChE was also significantly reduced to a mean of

78.4% ín the hippocarnpus (p < 0.005). Significant reductions in CÀT and

AChE were also observed in the cerebral cortex of ÀD patienls compared

to controls. The results indicated that extensive loss of lrlo enzymes

associated with cholinergic neurons occurrred in ÀÐ (Daviesr 1978).
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ofBased on these results, Davies proposed that extensive degeneration

cholinergic neurons occurs in ÀD.

Support for the cholinergic hypothesis in ÀD has been given by

Whitehouse et al.(1982). These authors observed that the neurons of the

nucleus basalis of Meynert (nbM) ; the major source of extrinsic cholin-

ergic innervation to the cerebral cortexf decreased by as nuch as 80% in

ÀD brains. The decrease in the number of neurons in the nbM of these

patienLs is congruent with the reduction in the concentration of

specific cholinergic presynaptic markers (t.lhitehouse et al., 1982) as

previously described in ÀD by Davies (1979). More recently, I,lurtnan

(1985) has staled lhat the observed levels in CAT activity reflects the

Ioss of choline or ÀCh releasing terminals in lhe hippocampus and cere-

bral cortex of Àl-zheimer patienLs.

EFFECTS OF NUTRITION ON COGNITiVE FUNCTION

Recently, interest in the role of nutrients and memory function in

the elderly has been stimulated by Goodwin et al. ('1 983). This study

reLated cognitive function with intake and blood values of vitanins.

Healthy, non-insLitutionalized nen and women older than 60 years took

part in this experiment (n=260). Nutritional status rras evaLuated by

three - day food records and by chemical deternination of blood levels

of specific nutrients. Cognitive status was measured by a non-verbal

test of âbstract thinking (Halsteâd-Reitan Categories Test or HRCT) and

by a memory lest (Russell revision of the WechsLer Memory Test or I{MT).

CoefficienLs of correlation between cognitive function and total intake

of specific nutrients showed no significant associations. When coeffi-

cients of correlalion between btood levels of specific nutrients and the
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results of cognitive testing were compared, blood leveLs of riboflavin

and ascorbic acid correlated positive).y l{ith verbâ1 memory, r=.14 and

.15, respectively (p < 0.05). Goodwin and associates found that the

results of the correlations betrleen nutritional intake or blood tevels

and results of cognitive testing were inconclusive. The relationship of

mean scores on the HRCT for the bottom 5%, bottom 10%, and lop 90% with

respect to total intake was determined. There }¡as a trend for those

subjects in the bottom 5% or 10% of intake in all nuLrients to do poorly

on the test when cornpared to lhe res! of the population, but was only

significant (p < 0.05) for ascorbic acid and folic acid. Ànalogous data

for the m'tT were compiled, and shor+ed that those subjects in the bottom

5% ot 10% of. intake did poorly compared to the remaining 90% of the

population. The mean scores for the HRÇT for subjects in the bottorn 5%,

botton 10%, and the top 90% were compared to blood levels of specific

nutrients. Subjects with low blood level-s of ascorbic acid, ribofJ.avin,

Btz, and folic acid scored lower on the test when compared to the

remaining 90% of the population. Ànalagous data r+as reported for the

WMT. Statistically significant deficiencies in perfornance were

observed in subjects wíth low blood levels of ascorbic acid and 812.

Normal ranges of blood levels for these vitamins were not defined.

Goodwin et al.(1983) concLuded that lhere is an association between

poor performance on cognitive tests and ]ow intakes and serum levels of

riboflavin, folate, vitanin Brz, and ascorbÍc acid. Such an association

suggests that there may be a contribution of nutritional status to
cognitive funclion in a healthy, elderty population¡ thereby giving

credence to the hypolhesis that nulrition does play a role in menory.

Àllernatively, the authors stated that poor cognitive slatus may be
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responsible for the developmen! of poor nutri!ionaL status, as subjects

with impaired coqnition night be Iess capable of rnainEaining adequate

nutrition. As the subjects in this study had nornal cogni!ive function,

the effect of memory on nutritional status could no! be determined.

Goodwin and coworkers failed to demonstrate conclusively a reLation-

ship between nutrient int.ake or blood level and cognitive status; indi-

cating that further research is required !o definitively link cognitive

function ÌJith nuLritional status.

Therefore, a pilot study r¡as underLaken in our laboratory to investÍ-

gate the effect of nutritional status on menory using a group of

subjects who had a diagnosed memory deficit, Àlzheimerrs Disease. The

nutritional status and nemory function tlere also assessed in a control

group of age-matched subjects. Since it appears that ascorbic acid,

pyridoxine, and !hiamin are involved in specific biochemical reactions

which are related to nemory, it ¡ias decided to atlempt to relate the

dietary and functional forms of the vitamins to menory performance.
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MÀTERIÀLS AND METHODS

2,1 SUBJECTS

Fifleen subjects diagnosed as having Alzheimer's Disease (ep) were

screened by Dr. M.0. Àgbayewa, Department of Psychiatry, University of

l"lanitobar using the DSM III criteria for Primary Degenerative Dementia

(American Psychiatric Àssociation, 1980). The DSM III criteria are

shown in Àppendix À. t'ifteen subjects who did not have a diagnosis of

Àtzheimer dementia were age-matched tó the fifteen individuals t{ith
Alzheimer's Disease and served as control (C) subjects. Both the

Àlzheimer and control groups r,lere seLected from volunteers who expressed

interest in participating in this study. The study was publicized in

the media and gerontologists in the city of Winnipeg were asked to refer

patients. ÀJ.l subjecls, except one, Iived in their own homes. À family

nember volunteered this subject in response to a nedia reques! for

subjects and it was not appropriate to refuse his partícipation. Table

1 depicts the characteristics of the sample population.

Individuals who met the DSM III criteria for Àlzheimer's Disease were

screened for the following:

1) Physical illness or psychiatric illness which could impair food

intake by patients. Thus, the subjects had to consume at least tr{o

neals per day. It r{as recognized that dementia nay affec! the nutrient

-37
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TÀBLE 1

Descript ion of Subj ec ls

Females Males Age Range

51 -78
55-81

intake of some Àlzheimer patients; consequently, any subjects with diag-

nosed nutritional disorders were excluded from the study. 2) Must be at

Ieast 50 years of age, 3) No diagnosis of multi-infarct dementia or

alcoholic denentia according to the DSM III criteria, 4) No use of medi-

cations knolln to influence absorption, excretion, or metabolism of pyri-

doxíne, thiamin, and ascorbic acid.

Ai.I participants gave thè researchers permission to contact their

personal physicians. À11 subjects were required to give informed

consent before inclusion in the study. When individuals were unable to

give informed consent by reason of cognilive incapacity, the next-of-kin

was asked to give consent. Consent forms used in this study are sho$n

in Àppendix B.

2.2 COGNITIVE TEST] NG

Three neasures of cognitive functioning were enployed in this study.

I,lhere possible, the scales were administered to alL subjects in their

homes. The Extended Dementia Scale (eos) was developed by Hersch (1979)

fron the Mattis Scale (Coblenlz et al., 1973), and was used to díscrini-

78
123

AD
c
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nate between the demented and non-demented individuals in this project.

The EDS consists of 23 test itens serialLy measuring changes in cogni-

tive function. Criteria used to measure cognitive function incLude

orientation, arithmetic skills, intellectual assessment, and menory

impairment. Àfter administration of fhe EDS, subjects were assigned

scores to a maximum of 250 points.

The Mini-MentaI State Exarnination (to¡SE) was used in conjunction with

the EDS to detect cognitive impairment (enthony et aI., 1982), Several

tasks cornprise the MMSE and lhe maximum score is 30 points. CogniLive

functions that are neasured in this test include orientation to tine and

place, recall, short-lerm memory, ability to perform serial subtraction

or reverse spelling, constructional abilities, and use of language.

The London Psychogeriatric Raling Scale (fpnS) is a scale used to

provide gJ.obaI assessment of an individual' s leveI of functioning,

including mental status (Hersch et aJ.., 1978). The LPRS consists of a

36-ite¡n questionnaire where the answers are scored 0, 1, or 2. a higher

score reflects a greater degree of irnpairment in an individual's level

of functioning (Hersch et al., 1978). The LPRS vJas conpleted by the

care-givers of lhe Àlzheimer subjects. The contlol group did not

receive the IPRS.
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2.3 DIET RECORD

The control group and the care-givers of the Alzheimer subjects were

instructed to record food intakes in household neasures for a consecu-

tive three-day period. Three-day food records were chosen because they

give reliable estinates of food intake for elderly people (Yearick e!

aL., 1980). À copy of the instructions for completing the food records

is included in Àppendix C.

The food records were analyzed for energy and pyridoxine, thiamin,

and ascorbic acid by use of the computer nutrient data bank (Canadian

Nutrient File, Health and WeIfare, 1986) at the University of Manitoba.

BLOOD SÀMPLES

The bLood meLaboLiLes which rlere assessed were the functional forms

of thiamin (thiamin pyrophosphate) and pyridoxine (pyridoxal

5'-phosphate), and ascorbic ac id.

ÀpproximateJ.y 30 mL of blood was taken from all subjects after a

10-12 hour fast. The blood was separated for the analysÍs of red blood

cell transketolase, plasma pyridoxal. phosphate, and ascorbic acid.

Measurement of erythrocyle transketolase activity and ascorbic acid were

performed in the Departnent of Foods and Nutrition laboratory,

University of Manitoba, the same day the sanple pas tâken. PIasma pyri-

doxal phosphate was quantitated using samples that had been frozen at

-20 oc.
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2,4.1 Vitanin As sa ys

2,4.1.1 Plasna Ascorbic Àc id

Plasma ascorbic acid determination was performed using the nethod

described by Lynch et aI.(1969) as adapted from Roe and Kuether {1943).

In this nethod, plasrna ascorbic acid is oxidized to dehydroascorbic acid

which changes to diketogulonic acid in acid pH. This compound couples

with 2, 4,-dinitrophenylhydrazine to form a brown hydrazone which under-

goes molecuì.ar rearrangenent in strong acid to form a red compound whose

absorbance is compared with lhat of ascorbic acid standard similarly

treated.

2,4,1.2 Thiamin Assessment by Erythrocyte Transketolase Àctivity

Thiamin adequacy was assessed by neasuring erythrocyte transketolase

activity (ETK), and its stimulation by in-vitro addition of the coen-

zyme, thiamin pyrophosphate (Tpp) (warnock, 1975). In individuals with

adequat.e lhiamin nutriture, incubation of ETK r{ith sufficien! TPP r+iLl

produce maximum enzyne activity (Hoorn et al., 19i5). Individuals who

have poor thiamin status wilI exhibit a greater aclivation of ETK when

TPP is added. The enhanced enzyme activity is expressed in percent ând

is referred to as the TPP effect (Sauberlich, 1967).

Àctivity of ETK f{as determined by ultraviolet spectrophotometry based

on the melhod adapted from Sneets and Muller (19?1) and Bayoumi and

Rosalki (1976). This assay is NADH-dependent, and the rate of NADH

oxidation neasured spectrophotometrically at 340 nm, is proportional to

transketol-ase activity. Previous results in !his l-aboratory have shown
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that ETK activity and the TPP effect decreased 5-15% after 24 hours

eit,her at 4oC or at -20oC, and continued to decrease slowly and variably

over time. Therefore, it is recomnended that the enzyme assay be

perforned immediateJ.y after the preparation of the hernolysate.

2.4,1,3 Plasma PyridoxaL 5'-Phosphate Assessment

The functional form of pyridoxine is pyridoxal 5'-phosphate (PLP),

and a radioenzynatic nethod adapted from Camp et aI.(1983) was used to

assay PLP in the plasrna. This method quantitated lhe amount of

[3u]-tyramine from [3H]-tyrosine. Tyrosine decarboxylase is the enzyme

which decarboxyLates tyrosine to !yramine. The reaction is dependent on

the PLP concentraLion, therefore, the amount of tyramine formed is

directly proportional to the amount of PLP in lhe plasma.

Certain points in the published nethod r+ere uncJ.ear, and communica-

tion with V.M. Camp resulted in the following modifications:

1. tyrosine decarboxylase preparation: an additional step of

dialysis after purification was necessary and the concentration

rlas diluted 10-fo1d instead of eighteen-fold.

[3Hl-tyrosine preparation: a "carrier" of buffer with cold tyro-

sine added was used instead of buffer alone to dilute Ehe

l3Hl-tyrosine.

0.5M borate buffer, pH 10.5: the NaCL and NazCOr concentrations

were reduced fron 5.8M and 0.7M to 2.11't and 0.2M respectively,

and lhe lyramine concentration was increased from 95.4 uM to 730

uM.

¿.

3.
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The centrifugation step in the extracLion of [3u] -tyramine from the

assay mixlure was elininaLed in this laboratory because the phases sepa-

rated satisfacloriLy after standing for a few minutes.

2,5 STÀTISTiCÀL ÀNÀLYSI S

The 1984 and 1986 editions of the Statistical Ànalysis Systerì (SAS)

computer muì.tiple regression program was used to analyze the data.

F-tests deternined whether the independent variables differed signif-

icanlly in the Àlzheimer group compared to controls. À stepwise vari-

able selection technique was used to describe the best model for the

prediction of EDS scores. Both linear and quadratic terns for all
nutrients were examined for significant contributions to the EDS scores.



The nathematical linear regression model is as follows:

y¿ =ßo+ßrXrL
er,-N(0,4)
ßi=|fi.a280
ß r =-0.8496

ßz=9,0521
ßs=2 '5368
ß¡=-0.06596

+ßzXzL +ß¡X¡L +ß¡XqL +eJ

Y =EDS
xr =Di etary ascorbic acid

i =1,..nx
Xz =Plasna ascorbic ac id
X¡ =PIasma pyridoxal phosphate
X¡ =PIasma pyridoxal phospha te
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RESUTTS

3.1 NUTRTTIONAL FACTORS

Dietary ascorbic acid (DC), plasma ascorbic acid (BC), and plasma

pyridoxal phosphate (PLP) were significantly reLated to the EDS score

(F=5.16, p < 0.02). The statistical analysis is shown in Àppendix D.

The prediction equation for EDS based on the regression analysis was:

EDS=11?.4280 - -0.8496(DC) + 9.0521(BC) + 2.5368(BB6) - -0.06696(8862)

For this equation, the r2 is equal to 0.67, indicating thal 6?% of the

variability in the EDS score can be attributed to its Linear regression

on dietary and blood ascorbic acid and ptasma pyridoxal phosphate.

The contribution of pyridoxal phosphate to the predicLion of EDS

score is both linear and quadratic. Dietary ascorbic acid had a limited

linear contribuLion which appeared to decrease after a maxirnal point.

The plasma ascorbic acid coefficient of 9.05 was greater than the pyri-

doxine coefficient of 2.54 and consequentLy had nore predictive vatue

for the EDS. 
.

IndividuaL dietary intakes and plasma ascorbate leveÌs are given in

Àppendix E. Dietary intake of ascorbic acid for lhe ÀD group ranged

from an average of 60.9 to 158.6 ng/day, and tor the control group fron

49.7 lo 185 mg,/day. AII subjects in the study consumed diets which

conlained the recommended amounts of ascorbic acid, 45 mg/clay for

females, and 60 rng,/day for males (Health and tÍelfare, 1983). Plasma

- 45 -
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ascorbic acid leveLs for the AD and control subjects ranged from 0.5

ug/nt to 12.5 ug/mL and 4.0 ug/mt to 14,1 ug/ml respectively. No

signifícant differences were observed between the AD group and the

control group with respect to dietary intake or plasna levels of ascor-

bate .

Ðietary intake of pyridoxine and pJ.asma 5'-phosphate levels for aLl

subjects are presented in appendix n. The range of plasna PLP for the

AD group was 2,8-62.5 ug/L and for the control group was 1.5-135.0 ugrlL.

These ranges trère not significantly different between the two groups.

The mean dietary thiarnin individual intake and %TPP values for all
subjects are shown in Àppendix E. The mean %TPP value in the AD group

(9.5%) rras compared to the nean %TPP vâIue in the control subjecLs

(2.9%l and was significantly different as deLermined by a t-test
(q=0.05, p < 0.05). Eleven of the 15 AD subjects and 14 of the 15

conlrol subjects had %TPP values in the normal range of 0-14%. Three ÀD

subjecÈs and one control subject had %TPP values in the range of. 15-24%

and were thus considered to be rnarginally deficienl, One ÀD subject had

a %TPP value greater than 25% which represented severe thiamin defi-

ciency. No significant differences were observed between the ÀD group

and controls wilh respect to dietary intake of lhiamin.
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3,2 COGNITIVE ÀSSESSMENT

The mean EDS and MMSE scores for the ÀD group and the control group

are presented in Table 2. These results show that the ÀD group scored

lower on both measures of cognitive function. The EÐS and the MMSE were

highly correlated (r=.92) as shown in Appendix D. Individual scores on

TÀBLE 2

Mean EDS and MMSE Scores

ÀDC
itsd i tsd

EDS 104.2155 238.2t'1 ,8
r'fMsE 11 .5r8.0 28.4t1 .1

the LPRS for lhe AD subjects are shown in Table 3.
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TABLE 3

LPRS Scôres

Subj ec t

27
¿¿

6
12
41
36
26

6
11

9
12
34
41
2'l
20

ÀD1

ÀD2
ÀD3
AD4
À05
AD6
ÀD7
À08
À09
ÀD10
À01 1

À012
À013
À0',14
À015
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DI SCUSSI ON

The coefficient of dietary ascorbic acid on EDS scores is designated

as a negative value. This suggests that there is an effect of ascorbic

aciC on cognitive ability in lhe AD subjects at a rnaxirnal point of

intake. The effect then decreases and exerts no further effect. This

concept agrees in principle with the fact that there is an optimal

requirenent for ascorbic acid. It has been eslablished that there is a

saturalion effect of tissues with ascorbic acid (Basu and Schorah,

19821 . Consequently, there is an optimal amoun! of ascorbic acid which

has a netabolic effect. Plasma ascorbic acid rlas a significant

predictor of EDS scores. No values have been delermined for a normal

range of plasma ascorbic acid for this population, but values of 4-15

g/nf ate considered to be a normal range for the rnethodology used in

this study (Lynch et aI.,'1969). Nutrilion Canada (19?3) defined serum

ascorbic acid levels of < 2.0 ng/rnL to be at high risk for ascorbic acid

deficiency, and values of 2.0 to 4.0 ng/nL for moderate risk of ascorbic

acid deficiency. In lhis study, only one ÀD subject fe}1 in the high

risk group and one in the moderate risk group.

Goodwin et al.(1983) noted that low levels of dietary intake and low

serum levels of ascorbíc acid were associated with poor cognitive func-

!ion. However, it is not possible to make these comparisons in the

present investigation as the ÀD subjecLs had cognitive irnpairrnent and

49-
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the subjects studied by Goodwin and associates had normal cognitive

function. Furthermore, the subjecls in the present study had nornal

intakes and plasna levets of ascorbic acid. Studies by Milner (1963)

and Kinsman and Hood (1971) have established the occurrence of definite

psychiatric symptoms associated Hith ascorbic acid deprivation. These

studies suggest that ascorbic acid has a role in the maintenance of CNS

function. It is of interest to note that the highest concentration of

ascorbate in lhe hunan brain occurs in the hippocampus and the amygdala

(Mefford et aI.,1980) i tlio areas of the brain mainJ.y associated with

rnemory function.

Ascorbic acid has been shown to affect the release of ÀCh.

Cholinergic terminals in the hippocarnpus have been. implicated in menory

function, thus memory loss in Àl-zheimer's Ðisease may be a direct. result

of a reduction ín the transmission of nervous impulses mediated by ÀCh

(Wurtman, 1985). In an in-vitro experiment, Kuo et al.(1979) demon-

strated that. concentrations of ascorbic acid in the media were related

to the release of ACh from isolated synaplic vesicles in three species.

These results suggest that ascorbic acid has a physíological function in

the CNS, and may indireclly enhance memory by slimuLating the release of

ÀCh, which by ílself appears to intimately linked to nemory function.

Since the findings in this study indicate that both dietary and plasma

ascorbic acid have an effect on nemory function in Alzheirner's Disease,

this effect may be manifesLed at the synapses of the cholinergic neurons

in t,he hippocampus.

The identification of the quadratic term in the linear regression

equation for pyridoxaJ. phosphale suggests lhat pyridoxat phosphate has a
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posilive effect upon memory to a maximal point fol.Lowed by a decreasing

effect. The quadratic relationship of PtP to EDS is expected as PLP

functions as a coenzyne and would be expected to show typical

Mi chael i s-Menten kinetics,

Normal values have not been identified for plasma PLP, however, a

nornaL reference range has been suggested by Tietz (1986) to be 5-23

vg/L, and normal values of 0-20 ug/L have been reported by Harnfelt

(1967), In lhis investígation, four ou! of the 30 subjects had values

in excess of the normal ranges which were 45.4, 62,5, 60.0, and 135.0

vg/L. Àt presentf aLl of the high plasma values observed here cannot be

exp].ained. In one case, the individual was taking supplements of pyri-

doxine which may have contributed to the high plasma PLP of 135 ug/L.

Plasma PLP concentration increases with increasing pyridoxine inLake

(personal communication, Dakshinamurti, 1987). This relationship has

been documenled in rats (Lumeng et al.,1977) and in human adolescents

(Tanphaichitr and Pakpeankitvatana, 1985). However, the effects of

pyridoxine supplementation on plasna PLP has not been assessed for an

el.derly population. One error which rnay have contributed to the

elevated PLP values may be that some of the control subjects or care-

givers did not report supplements of dietary pyridoxine.

Pyridoxal phosphate appears to play a role in the maintenance of the

cellular structure of the CNS (uorrl and Kirksey, 1980, Root and

Longenecker, 1983). The dendritic changes in Alzheimer's Ðisease could

contribute to memory loss in that lhere would be a concomittant decrease

in the number of functional neurons and synapses involved in neuroLran-

snission. Pyridoxine transport may also be affected in ÀD and lhe brain
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rnay become undernourished due to the failure of the choroid plexus

(Spector, 1979). If this is the case, a deficiency of pyridoxal phos-

phate in the brain region associated rrith memory, specifically !he

hippocanpal formation, couJ.d produce dendrilic changes which would lead

to the degeneration of neurons and subsequent memory loss.

UnLike dietary intake of ascorbic acid, die!ary pyridoxine did not

contribute to the EDS score of lhe AD group. This population consumed

adequaÈe amounts of pyridoxine, and appear to synthesize the active form

since the blood ranges are normal. Individuals with ÀLzheimer's Disease

have a decrease in lhe number of functioning cells. Since pyridoxine is

involved in protein synthesisr there may be an increased requirenent for

PLP to maintain cell function. In order to assess pyridoxine require-

ments in ÀLzheimer's Disease a study to determine reguirements would be

necessary.

In this study, the significant differences between the nean TPP

effect in the ÀD subjects and in the control subjects inilicated that the

AD subjects âs a group had poor thiamin nutritionaL status. Erythrocyte

transketolase (ETK) aclivity decreases in thiamin deficiency. When

thiarnin pyrophosphate (TPP) is added to lhiamin deficient red blood

ce1Is, ETK activity is restored. This change in enzyme activity is
neasured as the TPP effect or %TPP. The TPP effect is directly related

to the severity of the biochernical defect and is considered to serve as

a functional evaluation of thianin adequacy (Brin et al. ,1965). Of the

four ÀD individuals, 3 were classified in lhe marginaL thianin deficient

category, and one Has in the severe thiamin deficient category.

ÀIthough the sample size is small, the resulls are in agreement with the
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findings of other studíes Hhich demonstrate the existence of thiamin

deficiency based on inadequate intakes and/or reduced ETK activity in

lhe elderly populatíon (grin et aI., 1965, Hoorn et al., 19''5, Vir and

Love, 1977 ) .

The present study found no significan! differences between dietary

intake of the AD group as conpared to control subjects. À11 subjects in

the present study were consuming an average intake of at least 0,40

ng/tOOO kcal thiamin daily which meets the recommendations (Health and

Welfare Canada, 1983). Thus, the decreased thiamin status ii the ÀD

group compared to the control group cannot be attribuÈed to a decrease

in dietary thiamin intake.

Malabsorption cannot be identified as a specific problem in this

group. FoIic acid deficiency, magnesium deficiency, and alcohol

consumption may contribule to thiarnin malabsorp!ion (vir and Love,

1977],. An attempt was made to screen patients with malabsorptive disor-

ders from participating in the study. Folic acid and magnesium nutri-

tional status were not assessed, thus it l{as not possibLe to test

whether these factors affected thÍamin status. ÀlcohoL consumption

cannot be considered to contribute to the reduced thiamin status in the

ÀD group, as there was negligible reported alcohol consumption in this

group.

The decrease in stirnulaled transketolase activity observed in the ÀD

subjects compared to lhe control subjecls could be related to a meta-

bol-ic defect in AD. It is possible that the ÀD subjects are unable to

synthesize the apo-transketolase due to a decrease in the nurnber of

functioning cells, The metabolic defect may involve an error in gene
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expression tihich !¡ould result in a reduction in protein synthesis

(Crapper MclachLan and Lewis, 1985). These authors stated that positron

emission tonography has revealed ân overall reduction in prolein

synLhesis in Alzheimer brains, but does not identify which protein

groups are affected.

it has been shown tha! CAT activity is also reduced in AD, and a

reduction in activity of pyruvate dehydrogenase complex (PDHC) in

Àlzheimer brains has been reported (Sorbi et å1., 1983). It is of

inlerest to note that the PDHC system is involved in lhe oxidation of

pyruvic acid to acetyl-CoÀ and requires TPP as a cofactor.

Crapper McLachlan and Lewis (1985) cited results of studies rchich

indicated reductions of total RNÀ and nRNÀ and alterations in chromatin

structure in brains of individuals who were diagnosed r;ith ÀIzheimer's

Disease, Although lhere is not any experimental data to indicate an

aÌteration in transkelo]ase structure, tt,lo hypotheses are possible.

There could be a reduction in transketolase synthesized, or the presence

of an abnormal enzynatic protein which does not bind effectively to the

coenzyme. If this is the case, additional dietary thiamin may be

required to restore enzymatic activity.

The Extended Denentia scale (EDS), the Mini MentaI State Examination

(l,0,rSE), and the London Psychogerialric RaLing ScaIe (LPRS) were the

psychological tools used in this study to measure memory and functional

impairment in À]zheimer's Disease. The EDS is a validated instrument

which differenLiat.ed non-demented indÍviduals from demented individuals

and assesses the degree of denenEia (Hersch, 1979).
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The Ml'lSE rras also used to assess cognitive impairment. It requires

tess tine and is easier to administer than lhe EDS. It is a reliable

instrument (r=0.89) and at a cut off point of 23/24 has a sensitivity of

87% and a specificity of 82% (Anthony et al., 1982\. In this study, the

MMSE correlated weÌl with the EDS' indicating that the MMSE could be

used insLead of the EDS to assess cogniÈive inpairment. it should be

noled tha! two AD paLients riere arbitrarily given a score of "0" on the

t'tMSE because they were untestable, and one ÀD subject received a score

of. 26 out of a possible 30. The present findings support those of

Ànthony and co-workers (1982) who staled that the MMSE should not be

used as the sole criterion to assess cognitive function.

The LPRS was administered to the ÀD group to provide a global assess-

ment of the level of functíoning and mental status (Hersch et al., 1978)

as deLermined by a caregiver. Higher scores indicate less functional

ability, and the three subjects tiith the highest scores' 47,41 , and 36,

had just been adrnitted to extended care facilities. The rest of the

subjects were sliLl free-living and had lorler LPRS scores. These find-

ings agree r¡ith those of Hersch and co-workers ttho demonstrated that the

LPRS can be used as a guide to monitor changes. The LPRS did not corre-

IaLe with the MMSE nor with the EDS. These findings are contrary to

those of Hersch (1979) who denonstrated a high correlation betHeen LPRS

score and EDS scores in 104 individuals. À correlation between the LPRS

and the EDS may not have been observed in the present sludy due to lhe

small sample size and the fâct that the MMSE and the LPRS were not

administered at the same time for alJ. subjects, and were administered by

di fferent people.



Chapter V

CONCLUS ] ON

The results of this study suggest that dietary ascorbic acid, plasma

ascorbic acid, pyridoxal phosphate, and thiamin pyrophosphale may be

related to cognitive function in Àlzheimer subjecLs. These results do

not irnpLicate the role of these nutrients as a causative factor in

Àlzheiner's Disease but rather one of functional capability. It is

possible that the ÀD subjects have an increased requirement for ascorbic

acid, pyridoxine, and/or thiamin for the activation of enzymes' The

nutritional requirements of the elderly population as a Ìrhole are not

known. Furthermore, the nutritional requirements in memory function are

not rlelL defined. The results of the present investigation suggest that

requirements of ascorbic acid, pyridoxine, and thiamin be determined for

an elderly population who are free fron disease. Additional sludies are

required to investigate the effects of aging per se on cognitive func-

lion and how functional capacity rnight be maintained in the elderly with

nutri t ion intervent ion.

The Extended Dementia ScaLe (EDS), MÍni MentaL State ExaminaLion

(¡['lsB), and the London PsychogeriaLric Rating Scale assessed functional

capacity. The EDS and lhe MMSE are highly correlated and since the MMSE

is a less time consuming ínstrument it may be a more useful assessnent

tool for J.arge population studies of aging.
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DiagnosË1c Criterl.a for Primary Degenerative DenenËia

L A, l,oss of intellectural abílltles of sufficient severLty to
interfere ¡,¡fth social or occupaËiona1 functloning.

B, Mernory impaÍrmenË.

C. At least one of the following:

(l) lmpairment of absÈract thinking, as rnanifested by
concrete interpretaÈion of proverbs, ability to flnd
similarities and differences betweeen related words,
diffículty ín defining $rords and concepts, and otheÌ
sinilar tasks

(2) ftnpaired j udgnent

(3) other dlsturbances of hlgher cortical functlon,
such as aphasia (dísorder of language due to brain
dysfunctÍon) apraxia (inability to carry out motor activlties
desplte inÈack conprehensLon and motor functfon), agnosla
(failure Èo recogníze or identify objects despite intact
sensoÌy function), rr cons truc t ional difficulty" (e.g,,
tnabiliËy to copy Èhree-dlnens ional figures, assemble blocks,
or arrange sticks in speclflc desÍgns)

(4) personallty change, i,e., alterâtion or accentuation of
prenorbld traiËs.

D. StaËe of consciousness not clouded (i.e., does not meet the
critería for Delirlum or Intoxlcation, although these may be
superinposed).

E. Eíther (l) or (2):
(t) evLdence fron the hlstory, physlcal- examination, or
laboratory Èests, of a speciflc organic factor that is judged
to be etlologically related to Èhe dl.stuxbance

(2) in Èhe absence of such evidence, an organic facËor
necessary for the deveLopment of the syndrone can be presumed
if conditions other than organic Mental Disorders have been
reasonably excluded and lf the behavloral- change represents
cognitive inpairnent ln a variety of areas.

II Insidlous onset !¡ith unifonoly progressive deteriorating course,

III Exclusion of alL other speclfic causes of DementLa by the hlstory,
physlcal examlnatlon and laboratory test.

Fron: Amerlcan Psychlatric Assoclation, (1980)
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CORR.ELÀTION BETI{EEII NUfRIIIONÀL STÂÎIJS ÀHD ¡IEI{ORT

Äulho!ization for Release of xedical Inforration I

f, , a volunteer pårticipânl in Èhe

åbove-named study, hereby authorize ny physician' Dr.

and Sruce of Èhe University of Maniloba) rith info(nation on my

medic¿I sÈatus relevant Èo this study.

Dated at the 

- 

aaV oe 
' 

fS 

-.

Èo provide !he reseãrchers {Drs. A9båyeea

CORRELÀTIOI¡ BETIIE9II ¡{OfRIIIONÀL STÀTUS ÀND I{EIIORY

ÀuÈho!izaÈton for Release of Hedical Infor!âtion II

I. , hâving consented on behålf of

my kin trho is judged unabl.e of

informed consenc¡ hereby authotize Dr.

to provide èhe reseårchers {Drs. Àgbayeea Ànd Bruce oÉ the

lrniversi!y of Måni!oba) vith infornation on

nedical status relevånÈ Èo this study.

Dàted ât the _ day of _ l9_.
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CORR.SÍÀTIO{ BEIIiZEN I¡UTRITIONÀI¡ SîÀT1JS ÀND ¡{EXORY

ConBen¿ Por¡ I

f, hereby consen! Èo paEllcipate in the

above-naoed study. the purpose, Procedures and risk of ehich

håve been explåined ðnd are cleå! èo Ee.

I unde rs tân¿l thåt: t

1) Thè pu;pose of Èhe study is to expLoEe the aeIå!ionship
be tgeen nutrition ând ¡nenory.

2) ¡ly pårÈicipâtion in this study ei!l involve lnre!viees rith
the investiga!ors (Drs. Àgbayevä ànd Bruce, oÉ the
University of Hani tobå ) and/o( lheir assisÈants.
InforñåÈion about ñy nuÈritionaL intake ¿nd general heåIth
rili. be obtained,

3) I HiLI be .equested !o co¡ìplete dietary records of ny food
intake.

4l The invesÈigators rilI further åsk me to resPond to certôin
questions ehich Hill. help them in deÈerminj.ng ñy
intellecÈuaL abilities al liñe of intervies.

5) À venous bLood sanple eill be collected Èo deternine my

nutrienÈ level on one occasÍon. there ¿re no [not¿n risks
invoLved in på!tici.pating in this study except fo! the
ninimal risk of b).ood sanple collections.

I further understand that I cân refuse Èo par!icipate or eithdråe
froñ this study àÈ ðny ti¡ne eiÈhou! åny prejudicial e(fecÈs.

Àny info(nãtion ob!ained during lhis study eill be kePt
confidçfltið]..

Dàted a! lhis 

- 

Oay ot- r9--,

gnatu(e
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CORRE!.ÀTION AE1TEEII I¡TITRITIONÀL STÀÎUS ÀND I{EIIORY

Conaent For¡ II

f,

inforned consenÈ, consent Èo
pãrÈicipa!ion in the above study. The PurPose, Procedul
Eisks of Èhe said study have been erPlained' å¡d a(e clea(

being a next of kin/conñittee ot

rJho !s judged ùnåbIe to give ån

: unde ( s tand that:

1) The purpose of the study ls to dete¿nine the rela!ionshiP
be tHeen nutriÈion and neßory.

2) PârticiPðÈion in this study tJi).1 involve intervlet{s \¿i!h tbe
investiqators (Drs, Àgbayeea and Eruce) ånd,/o! their
åssistants, rnfo(tn¿Èion âbout nut¡i!ional intake and
gene(aI healÈh lJii.I be obtained.

3) The s po u s e ./ r e I å È i ve eÍll be requested to conP)ete diet¿ry
records of food intake and è questionnaire rhich !equesÈs
information on the iodividt¡als inÈellectual functioning-
câpâbilities and disabilities.

4) The investigâÈors sill fuEther !equest ansrers to ce!Èain
questions "hictr ,iirr heLp lhem in deternining his/hèr
intelLecÈuâl abiliti€s åt ti¡ne ot inte!viev.

5) BLood samples wilI be collected to deternine nutrient levels
on one oècasion. There are no knot¡n risks involeed in
pattici.Pa!ing in this study excePt for the mini¡nål risk of
blood såmple collection,

I further understand !haÈ I can refuse to Pa(ticipâÈe, or
ìrithd.at, fro¡n this sÈudy ÀÈ any time eithout any prejudicial
efÍects.

Àny inÉorñâ!ion obia i ned durin9 this s túdy ?ill be kePt
confidentiâI.

Dated at 

- 

lhis 

- 

daY of l9
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Suggested Yay of l{easurinq Foods.

- Illk. etc.(Íhol€, 2t, stlltl. - cupsr tôbìespoonsr teôspoons or Eì.
i¡ teÀ,coffe,on ce.eal )

- Cereåìs (dry, cooked, - cups, tôblespooni or ßì.
pre5Heelened)

- Pot¿toes (fi¡shed, boiìed _ clrps' srull or l¡rge slzer nuftber of
fried, chi Ps ) fries.

- Breåd (l.hlte, bro{rn, khole _ !ìices' ì¿rge or s àlì loôf.
Hheôt, rye)

- Biscuits, to¡ls, buns ' nuñber, slze ànd tyþe'

- He¡t _ sìlces, ounces, dlmntions'

- Fruit - number ànd size, or cups.

- Yegetàbìes - cups or numberr eg. I càrrot'

- sugàr _ teðspoons or tåblespoons or mì'

- Condií€ñts (jañ,ieÌìy, - tàhlespoons or teÀspoonsr ¡!¡ '
ketsup etc.)

- SHeets (candies, chocolôte) _ number of pieces or si¡e of påckåge'

- Eeverðqes (sodå pop, _ cups or ounces4ñl (ìoH càlorie produce)

À ì cohoì ic beveråqes,iuices)

- Plerse use the ðtt¡chêd pôges to r€coid your food ¡nd b€Yeràge
intðk€ for the d¡ys indlcated.

- It ls ímpo.tant th¡t you record everything you eat Ànd drinlr ¡t
hme ¡nd àHðy froor hoÉ.

- oescribe eàch food itefi ànd the àñount €ôten.

- Indicate if the food Hlt e¡ten råH or cootea (e.9. friêd, boiìed,
bÀked) ànd hoH it t{à5 served (e.9. trith 9.ôvy, s¡0cesr dr€ssings).

- 0o not chànge your eàting pàttern during the three dàys.

- Record ¿ny vit¡min ¿nd minerðl supplerÈnt you consum.



Sotnp /c Faod,4¿¿o rd I denti ricåtlor xløer------Q/!--
Llst beìor.ll the food you eÀt ànd dri¡.k on 

-Zltg9---TZILy'LJØ5
Food I tern pìu5

Addl tlonÀl foppings

âv2ttn¿Á¿s

kraff

"v /" tZ¿

oid you tàke àny vìtômin or mine¡àl supplenent todðy? _É*L_ If
yes, pteòse indic¡te the ör¡nd and dosåse. 1 One4'ÐrqY pl45 1,,10/y'



Food I tei! pì us
Addl tlonå I lopplñgs

¡drntlf lc¡tlon llurhcr----1Q!!-

oarcr{ptlon - br¿nd

) /r'lnnekr

Pa
,o o*a /oes

% J'k' f.f

Choca/a,ê Cahe â" x 3" ulfh

tþcJ1
t/e eØhtes

I beer
0id you tàke Àny vitðmin or ñineral supplefient todåy? 

-

yes, pìeÀse indicÀte the br¡nd ånd dosåqe.

Llrt belor ¡ll rhê food you r.t ¡nd ùlf,a oi fiJesdaí Jun¿ //, /985
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DEP VARIÀBLE: EDS

EXTENDED DEMENTTÀ SCÀLE

souRcE

MODEL
ERROR
C TOTÀL

îRHT=ÀLzHEI MER

ÀNÀT,YSIS OB VARI ÀNCE

SIJH OF
DF SQUÀRES

4 28480.62050
10 13800.27950
14 42280.90000

54.80210090
0.39942958
3.18371591
3.10470897
0.04919063

HEÀN
SQUÀRE

1120 . 15512
1380.02795

R-SQUÀRE
ÀDJ R-SQ

F VÀLUE

5. 159

0 .6735
0,5430

PRoB > lTl
0.0578
0.0s93
0.0175
0.4329
0.2033

PROB > F

0. 0162

ROOT HSE 37.148?3
DEP MEÀN 104.2
c.v. 35.55137

PÀRAMETER STÀNDÀRD
VÀRIÀBLB DF BSTIMÀTE ERROR

117 ,42802
-0.84965681
9.05207695
2.53684985

-0.06696122

PARÀMETER ESTI I'IÀTES

T 8OR HO:
PÀRÀMBTER=O

2.143
-2 .127
2.843
0.817

-1.361

VÀRI ÀBLE
LÀBEL

INTBRCEPT
DI ETÀRY VITÀMIN C
BLOOD VITÀMIN C

BLOOD PLP

INTERCEP
DC
8C
BB6
BB6-2

oBs ÀcTuÀL

1 44.0000
2 80.5000
3 120.s
4 91.0000
5 134,5
6 186.0
7 135.0
I 1J6.0
9 177.0

10 91.0000
11 83.0000
12 101.5
13 8.5000
14 14.0000
15 179.5

PREDICT STD ERR
VÀLUE PREDICT

41 .1823 27.2100
80.5760 13.9719

l0 5.5 24 ,7 991
10 6.5 13.3629
123,1 15.7 712
't4 9.8 14 ,5943
127.7 14.9249
t 60.5 21.1051
'I 79 . 1 23 .5527
r36,8 r4.2183

7s. 9505 29.41 1 s
83.090{ 19,7 31 6
11.7273 35.6055
67,9214 22.4980

112.9 15.8400

LOWERgSZ UPPERg5Z
PREDICT PREDICT RES I DUÀL

-60.8195
-1 .8626
6.0074

18 .538s
33.r987
60.8342
38.5453
6s.2669
81.0195
48 , 1479

-29.6240
-10.6341

-102.9
-28 .8419
22,9094

144.{ 2.2111
169.0 -0.0760
205.1 14.9707
| 94.5 -15,5038
213.0 11.31't'l
238 .7 36,2343
21't ,0 8,2512
255.1 -44.4565
277.3 -2,1462
225.4 -4 5.7 7 65
181 .5 ?,0495
17 6.8 18.4 096
126 .4 -3 .227 3

164 .7 -53 . 9214
202.9 66.50?1

St l'l OF RESIDUÀÛS 2.3¡¡4798-13
SUM OF SQUARED RESIDUÀLS I3800.28
PREDICTED RESID SS (PREss) 25854.08
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VÀRI ÀBLE

EDS
MINI

N

t5
'1 5

TRMT=ÀLZHEI I'IER

MEAN STD DEV SUì.I

104.20000 54.955112 1563.0000
11.53333 1.989875 173.0000

MI N I I,IIJ},I MÀXI MIJ}'I

8.5000000 186.00000
0.0000000 26.00000

PEARSON CORRELÀTION COEFFICIENTS,/ NNOA > INI UHONN HO¡RHO=O / N = 15

EDS MTNI

EÐS 1 .00000 0.92260
EXTENDED DEMENTIÀ SCÀLE O.OOOO O.OOO1

MrNr 0.92260 1 .00000
MINI MENTÀL STÀTE O.OOO1 O.OOOO
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Ðietary Intake and Plasma Ascorbic Àcid

Dietary Àscorbic ecid (rng) PIasma Àscorbic Àcid (ugrlmr )

ÀDÀD

102,1
125.8
60.9
94.0

109.4
83.0

111.7
93.9
68.1
84,7

114.2
146 .8
109.7
158.6
131.4

184.0
162.1

49.7
62.7
54.2
5'1 ,9

102.5
186.0
112.5
107.3
12'1 .7
17 4.8
'l 08. 6
118.0
93.9

0.5
6.5
2.3
6,4

10.1
9.5

10.6
12.5
10.6
7.9
8,7
a2

10.0
8.1

10 .7

5,7
11.5
14 .1
5.6
9.5

13.5
7.9

12.0
4,6
5.0

11.5
9.8

12.8
4.0

11.9
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Dietary Intake of Pyridoxine and Plasma Pyridoxal 5'-Phosphate

Dietary eyr idoxine (mg ) Plasma Pyr idoxal. 5'-Phosphate (ugÁ,)

ÀDAD

2.3
t.b

1.4
1.3
1.4
lo

1 .'l
t.b
1.3
2.0
1.8
1.1
1.4

1.9
1.8
1.0
1.4
1.2
t.t
t.J
1.0
1.3
t.t
t.5
1.8
1.1
1.9
1.9

2.8
5.1

10.3
5.0
3.1
8.6
L1
Á?

16.5
11.0
45.4
7.5

62,s
EE

4,6

3.1
135.0

5.4
5.0
8.0
3.9

60.0
5.4
1.5
9.1
6.0
9.8

17 .3
5.5
8.0
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Dietary Intake of Thiamin and % TPP values

Dietary Thiamin (mg) %TPP

ÀDÀD

1 .00
'i .40
2.20
'l .70
1 .50
1 .20
1 .30
1.20
0.90
1 .20
1 .20
1 .50
1 .70
1 .00
1 .40

1.70
1 .20
1.10
0.80
1 .60
0.78
0.90
1 .30
1 .00
1 .70
1 .00
1.30
0.90
1 .30
1 .30

29.90
18.40
0.00
5.10

18.80
15.20
4. 10
6.50
0.00
5.30
3. s0

11.60
9.50
5.10
o ?n

-5.30
7.90

-9.00
10.70
12.60
6.20
1 .60

- 12.00
5.30

20.40
0.44
0.00

_? 2n

5.10
3.60

ilsd 1.4210.34 1'1810.30 9,49i0.15 2,95!0.42


