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cations of cholinergic synap

1e physiological basis

of memory ( Biederman,1970; Deutsch,1971; Deutsch & Rogers,

Q7§ I=mbhiira { areceomar 10 34 ¢ rol 1 -
1078; Hamburg ,1967; RKarczmar ,1975; Signorelli,h1976;

Squire,1970: Statens ,1976) . In these experiments examining
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behavior, e.g.
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long-term memory animals we taught

to run into a particular alley of a Y maze. Then at inter-
vals ranging from 30 minutes to 28 days the animals were
retested after being given a cholinergic drug. Their per-
formance on the behavior was then assessed to determine the
drug's effect on retention of learned behavior. It was
found that the influence of the drug varies with the type of
drug used, with the dosage employed, and with the age
(strength) of the memory. Drugs that increase ACh ( cholin-
ergics,e.g. physostigmine) improve the retrieval of behav-
iors learned more than three days before injection but tend

- |

to impair the retrieval of behaviors learned in the previ-

ous one to three days. Drugs that reduce or interfere with
ACh (anticholinergics) almost always impair retrieval.

Deutsch and Rogers (1979) suggested that the cholinergic

was due to a synaptic blockade ( a decreased ability
to respond to stimulation) by excess acetylcholine, and that
the anticholinergic amnesia was due to a lack of acetylcho-

line. 1In either case a role for acetylcholine in memory and

learning is indicated.




Numerous studies on the effect of cholinergic drugs on
various aspects of human memory have also been conducted. In
general, anticholinergics (e.g. scopalamine, atropine) have
been found to impair certain aspects of human memory
series of studies Drachman (1966,1971,1974

1977a,1977b,1978)

looked at scopolamine's effect on immediate

/, memory

storage, and retrieval from old storage in young normal sub-

jects. The subjects were either of scopola-

mine, treated with methscopolamine (to control for peri-
pheral effects), or used as a control. In all of these
studies scopolamine markedly interfered with the subject's

-
1

ability to retrieve old memories. However, S

i

memory, as measured by the digit-span test, was spared. Ost-

#

feld and Aruguette (1962) found that scopolamine interfered
with the subject's ability to recall 10 common objects or to
paragraphs. Ghoneim and MeWaldt ( 1975,1977) found

opolamine impaired 1long term memory in normal sub-

jects, The deficit appeared to be in the
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and the retrieval process was unaffected. Studies by Peter-
sen (1977) also support the view that scopolamine inter

primarily with the acquisition of new information (learn-

memory

learning ( Crow, Grove &

fued
e
)
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1971; Sitaram & Weingartner, 1977). Thus, in normal human

subjects centrally acting anticholinergic agents appear to

g
produce marked impairment of memory storage, some impairment

of retrieval, and little or no impairment of short-term

memory.

The role of cholinergic agonists in human memory has

also been investigated. These agonists work by inhibiting
acetylcholinesterase, the enzyme that breaks down ACh, and

thus they slow the destruction of ACh and increase the con-

centration of ACh at the synapse. Davis, Hollister, Ove-

rall, Johnson, and Train (1976) gave either varying dosa

r .1
L

of physostigmine or a saline solution to young adults and

0
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observed the effects on LTM. Results indicated that the
drug impaired memory in addition to producing adverse side
fects. The experimenters concluded that all dosages used

were too high and in a second study a smaller level was

o

employed ( Davis, Mohs, Tinklenburg, Pfefferbaum, Hollister,

& RKopell, 1978). 1In this study subjects were able to recall

more words on Buschke's (1973) selective reminding task

(measures both storage and retrieval) wunder the drug condi-

tion, but only when tested at 80 minutes. This result
.

appears to support Deustch's theory that only the older

memories will be aided by a cholinergic agonist. A second

agonist, arecoline, has also been shown to produce a similar




improvement in the number of words recalled ( Sitaram, Wein-
gartner, & Gillin, 1978). 1In addition it was found that the
improvement produced by arecoline was inversely related to
baseline performance, that is, the subjects who performed
the worst in baseline showed the largest improvement. 1In a
separate study Drachman and Leavitt (1974) gave one mg. of
physostigmine to young normal subjects and found their LTM
performances showed a trend toward improvement. In general
it appears that small dosages of cholinergic agonists pro-
duce small increases in memory recall, particularly on

recall tasks with a long delay period.

lhe results of the findings on cholinergic drugs and
memory indicate that ACh does play an important role in
memory and that there appears to be a critical level of ACh
required, with either too much or too little producing a
memory deficit. The maintenance of this optimal ACh level
both in clinical disorders and in normal functioning indi-
cates the need for a long acting, safe oral cholinergic ago-
nist. Since both physostigmine and arecoline have short
durations, approximately one hour, and for the most part are
applied via injection, they appear to be ruled out. One sub-

stance that has recently been proposed as an answer 1is cho-
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Choline is the precursor to ACh. The reaction involves
combining choline and acetylcoenzyme A in a process cata-
lyzed by choline acetlytransferase ( sell & Spanner,
1977). The brain is unable to make choline de novo and
extracts it instead from the systemic circulation. There is

vidence that choline is primarily taken up into the axon
terminal buttons by a sodium-dependent high affinity system
that is 1localized fn the subcellular components that syn-

thesize ACh. Choline uptake is 1linearly related to the

plasma choline level, and the system is not saturated even

at high plasma choline levels ( Freeman, Choi, & Jenden,
1975; Haga & Noda, 1973; Yamamura & Synder, 1973). The

plasma choline level therefore appears to determine how much

choline is available for ACh synthesis

Choline's ability to increase ACh concentrations was
first demonstrated by Cohen and Wurtman (1975). These inves-
tigators administered choline intraperitoneally to rats and
found this 1led to an increase in both the plasma choline
level and the brain ACh level. The increase in plasma levels
of choline (22 percent) is maximal 40 minutes after injec-
tion, 1is dose dependent, and lasts for up to 80 minutes.
Other investigators found that the injection of choline in
rats caused an increase of choline and ACh in the corpus

striatum ( Haubrich & Chippendale, 1977; Haubrich & Reid,
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guinea pigs ( Haubrich, Wang, & Weduking, 1974). Cohen and

Wurtman (1976) have also shown that

the brain and free blood
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Dietary administra-

zheimers disease (presec

improvements in overall

& McQueen,

1977; Signoret, Whiteley, & Lhermitle, 1978; ©Smith Swash, &
Baily, 1978). 1In general, the less advanced cases were the
most responsive to treatment. Administration of choline to
Da ;-ii nts v j_«'"" Mardive Dvealkir & i' Y movement ']i("’/) L:[
patients wlTil rardive vyskKkinesila, a movementc girsorae
thought to be caused by a ic deficiency, has been
largely successful ( Davis, Berger, & Hollister, 975;




Davis, Hollister, Barchas, & Berger, 1976; Growdon, Hirsch,

& Wurtman, 1977). These double-blind controlled studies
indicate that the administration of choline improves some

Mo v A 3oy e T mlr 4 » 3 - 8 | CIES T \ W o By 4 " = -y T P,
lTardive Dyskinesia. However, the small sample

sizes of these studies leaves in doubt the conclusiveness of
the findings. Taken together these neurochemical, beha-
vioral, and clinical studies favor the theory that choline

1

increases brain cholinergic activity.

o]

f this theory is correct, choline should produce
memory effects similar to those produced by cholinergic ago-
nists, for example, physostigmine and arecoline. The find-
ings to date have been discrepant. One group of investiga-
tors has found choline to improve long-term learning and
memory in normals ( Sitaram, Weingartner, Caine, & Gillin,

o]
1978

; Sitaram;, Weingartner,& Gillin,1978,1979). Using: an
uncategorized serial 1learning test and Bushke's selective
reminding task as dependent variables, the examiners com-

pared the effects of 10 grams of oral choline to a placebo,
with 10 subjects in each condition. Ninety minutes after

1
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consumption the performance on the two tasks was measured

and compared to the subjects' baseline levels. The subjects

then repeated the procedure on a separate lay under the
naaite oc S+ 1 i oo - indieade hat Serntre ook
opposite condition. The results indicate that subjects took

fewer trials to 1learn the serial learning task ( 10 words)




in the choline condition. For the selective reminding tasks
the 12 words were classified as'either high imagery (easy to
visualize) or low. The results indicated that choline
enhanced storage and recall of the low imagery words but not

the high ones.

In contrast to these significant results are the

£
1

ings of the Davis group ( Davis, M

ter, Pfefferbaum, & Kopell, -1980; Mohs, Davis, & Darley,
19795 . In these studies subjects were tested on a digit

span test STM, a 15-i word learning and retrieval task,

and the selective reminding task. The choline was orally

1

consumed four times daily ( 14 grams per day) for: three

Pt

days. The researchers found no significant difference bet-
ween the choline subjects and controls on any of the tasks

either in a normal group or in an elderly normal population.

e

Finally, 1in patients with early Alzheimers Disease, Sig-
noret, Whitely, and Lhermitle (1978) found improvements in

long-term learning and recall as well as in daily function-

ing in patients taking oral choline.

There are many possible reasons for these discrepancies.

First, the majority of subjects in

female; those in the Davis studies we

ages of choline, 10 grams 90 minutes before testing in the
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Sitaram study and 14 grams given throughout the day in the
Davis study, could have productd the differences due to the

sensitive nature of the ACh balance suggested by Deutsch.

There could have been an overdosage of choline in the Davis
study, for example. Finally, the small sample sizes compared
to a relatively large number of dependent measures makes any
statements of significance questionable. The true effects
of choline can only be determined through further replica-

tion research.

Choline therefore appears to have a possible applica-
tion as an agent in memory and movement disorders, and as

well it may provide a possible method of maintaining optimal

ACh levels and improving memory in normals. Unfortunately,
choline produces some adverse side effects. These ~include
nausea, slght depression, and a marked fishy odor. This

odor is thought to be caused by choline degradation in the
intestine to yield trimethylamine. These side effects, par-
ticularly the odor, have been reported in most of the stu-
dies involving choline. These side effects along with a
relatively short duration of action 1limit its clinical use-

fulness.

Lecithin ( phosphatidyl choline ), the normal dietary

i

form of choline, has been proposed as a possible substitute
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choline. In lecithin, choline is bound to a phospholipid

moiety. The normal metabolic fate of lecithin apparently

differs from that of free choline. Lecithin appears to be
resistant to enzymatic breakdown and consequently does not
produce trimethylamine ( Growdon, Gellenberg, Hirsch, &
Wurtman, 1978). Nor do any of the other choline-induced sit
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Lecithin's ability to increase ACh was first investi-

gated by Hirsch and Wurtman in 1978. In this study rats that
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consumed a single meal of ecithin showed
increase in the concentration of free choline and ACl
thelr brain and adrenal gland. These investigators also

looked at lecithin's ability to raise serum choline levels

in man (Hirsch, Growdon, & Wurtman, 1978; Wurtman, Hirsc

>
~J
~J

] Volunteers consumed either free choline or
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lecithin granules containing an equivalent amount of free

wline base. Lecithin produced an increase in plasma cho-

line that was greater than that under choline (an increase
of 256 percent compared to 86 percent) and the elevation

lasted far longer ( 12 hours compared to four). Houtsmalle

U

(1979) gave normal subjects half the 1lecith

. - - 3 B sww 4 " o B 3 A e Y 2 T " - - . 3 4
grams) as 1in the previous studies. He found the i1ncrease 1n

plasma choline levels to be comparable, but t

$

this increase was different, 1lasting six hours instead of
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A comparison of the experiments suggest that plasma cho-
line levels peak around .03 mmol. and that larger doses of
lecithin only increase the time this level 1is maintained.
This suggests that the «critical variable in any lecithin
study may be the interval since administration and not the
losage level. The ability of lecithin to produce a higher
and longer-lasting plasma choline increase that pro-
duced by choline may be due, in part, to lecithin's greater
resistance to enzymatic degradation. An additional possi-
bility for the increase follows from the theory that it is a
lipid-bound form of choline that is carried in the blood to

the brain ( Ansell &

Cry ne
opanner ,

1, Choi, & Jenden,

[

v

1975) . It may therefore be easier for lecithin to enter the
circulation directly. It should be noted that the technique

used to measure choline levels first removes any bound lip-
ids. Whether it was originally lecithin or free choline in

L% -

the blood cannot be determined (Schea & Aprison, 1973).
Several clinical studies have examined lecithin's
effectiveness in treating disorders that are thought to

cholinergic

4

involve

Growdon (1979) looked at

deficienc

leci

.
and

Wojeik,

thin's ability to trea fardive

Dyskinesia. Either 1lecithin (105 grams) or choline was
administered to patients in three daily dosages. All

patients improved on both

treatments with a toward

tendency




greater improvement under lecithin. However, lecithin dic
not produce any

with choline. Si

Gelenburg, Dolle

Barbeau ( 1978a2,1978b,1978¢,1979) has looked at lec-
ithin as a treatment for a variety of movement disorders.
In patients with Dyskinesia given 30 grams of lec-
ithin daily there was a marked reduction in the observed
abnormal movements. The patients ind they felt i
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marked reduction in t

slon and resulting movements. 1In 10 cases of Friedreich's
ataxia there was an average of 35 percent improvement in
movement performance scores when the patients ingested 30

grams of lecithin. In contrast to the above positive thera-

, lecithin was not found to be effective in
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.norea. In general, these uncontrolled case studies o
possible support for lecithin's potential therapuetic appli-
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cation. More studies using a controlle double-blin

Finally, Christie, Blackburn, Glen,. Zeisel, Shering,

ana Yates  (1979) have looked at
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with a selective degeneration of central cholinergic neurons

and produces a general dementia, particularly involving
memory impairment. In this study 12 patients were main-
tained on either choline or lecithin alternately. Twenty-
five grams of lecithin or 1.25 grams of choline were given

lmprovement seen in patients
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however, atings and numerous

memory/learning tests in three of the
1 1 . B o g oS o ’ - -~ i Th i
188 severely affected kai;qu undaer lecithin. 1ls

ilmprovement vanished when the subjects were under the cho-
line condition. The authors suggest that lecithin treatments
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may at least slow down the dementing process
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study Etienne, Gauthier, Dastor, Gollier, and Ratner (1979)
examined lecithin's treatment potential in seven

the early stages of Alzheimer's disease

L

. The patients con-
sumed between 25 and 100 grams of lecithin powder daily.
Psychological tests showed no change in retrieval, construc-
tional ability, or the ability to recognize faces. However,

the new learning ability of three patients improved during

the lecithin treatment as measured by the paired

T1aay 1 ¢ T . v . } . = ~ v ™ o - el ’ =1
learning test from the eschler lemory scale. lo si
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that these three cases may have been somehow less impaired

and therefore better able to réspond to ACh ther-
y - | " ™ o e 9 . AT e « by ~ AT £ arithi ren] = A
Y. Although these two studies show some lecithin-related

improvements it ma
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glven the small sam

variables employed.

fully replicated.
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y be that these are just chance findings
ple size and large number of dependent

Once again the studies need to be care-

appears to be helpful in some disorders,
nced cases, but not in others. Althougl

it is too early to make a definitive statement, the clinical
and biochemical studies on 1lecithin indicate that it may

brain and improve memory

cholin i
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with regard to memory in normals has /et been examined.
i1th regard to ory 1in normals not yet been 1ined
lecithin does indeed increase the levels of ACh, a memory
improvement similar to that seen with physostigmine in nor-
mals would be expected. 1In review these improvements were
seen in delayed recall paradigms and for difficult ( low
lmagery) words.
L e
The present study looked at lecithin's effec on
memory and learning as measured by five tests: a short-term
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memory test, a selective reminding recall test, a paired
associated learning test, a serial learning test, and a

visual-spatial memory test. Although previous studies have

not demonstrated a significant cholinergic effect on STM or

wn

visual-spatial memory, these two tests were included in an

effort to sample all areas of normal human memory. Based on

previous studies it was expected that lecithin would signi-

ficantly increase the performance of normal subjects on

o

these tasks as compared to a control group. Two experiments

were undertaken. The first one looked at the effect of a
single large dose of lecithin as measured six hours later;
the second experiment examined the effects of a week long
period of lecithin ingestion. Finally, it should be noted
that this study was 'concerneﬂ with lecithin's potential
effectiveness for day-to-day normal use. For this reason all
lecithin preparations used were commercially available and
all dosages were within the recommended level stated on the

containers.




EXPERIMENT ONE

Method

Subjects

College student volunteers were recruited from four

cla

(7]

ses at the University of Victoria. An additional four
university employees also volunteered for a total of 30 sub-

jects, 20 £ iles and ten males. The
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ranged from 20-35 vyears with the average age 25. The sub-
gned to the three groups, two treat-
ment groups and one control (see table one), by first ran-
domly selecting three subjects and then randomly assigning
each subject to one of the three groups. This produced ten

subjects in each experimental condition.

Lecithin

The lecithin used was a Soya Lecithin Powder (20 per-
cent phosphatidyl choline) produced by Trophic Canada LTD.

All information regarding the composition of the lecithin

preparation was obtained directly from the company without
l. L 4 x )
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verification. Since

independent

used the purity may have varied from sample to sample. This
study was interested in the effects of a relatively large
single dose; therefore a level of thirty grams was used.

This level is similar to that used in
and it was the maximum recommended leve

tainer. These 30 grams ( three tablespo

with an oatmeal muffin mix to yield 15
anuffins. Ground corn meal was used as

equivalant amount (15 grams) mixed into

muffin., The lecithin and placebo muffi

1

indistinguishable to naive testers.
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bake was the

(

goods method of consumptio

manufacture; the heating process does n

structure (information supplied by manuf

Memory Tests

Five diff

terent memory tests were. emp
each test were constructed and were
in a pilot study. A brief description o
please see appendix one for an example o

found

Barbeau studies

~

on the con-

ons) were then mixed

grams in each of two
a placebo, with an
each control oatmeal

ns were

Mixin

1
o
n recommended
ot change lecithin's

acturer) .

loyed. Two forms of

to be equivalent

test

f each
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follows;
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f each test.




e

Bushke's restricted reminding task. A shortened form of

Bushke's test ( six trials compared to 12) vas used, with

(93]

Form One being a list of 20 animals and Form Two being
list of 20 foods. The list was first read to the subject
with the subject repeating each item. At the end of the list
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they were then asked to recall as many of the items as

sible. When a subject could not recall any additional items
within a 15-second period, they were told the items they had

not yet recalled. The subject was then asked to recall al

both the ones remembered the first time and the

be reminded. This procedure was
repeated for a total of six trials. A subject was only
reminded of a word until it was recalled once; therefore,

the later trials involved the subject recalling words with-
J

tional reminders. Twenty minutes after the

pie

subject was asked to recall as many of the
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tems as possible without any reminding; this constituted a
seventh trial. A subject's score was determined by all the
words recalled on the seven trials, a possible range of
0-140. According to Bushke (1973) this task tests long-t

memory and recall.

Digit recall. The digit recall test taken from the Wes-
chler memory test was used. Subjects were first asked to




length list correctly recalled was the subject's digit for-
ward score. The subjects were then asked to recall an
incraasi length series of digits backwards, with the long-
incr@asing lengtl ri fediglits rds, witl ! long

est series recalled being the subject's score. The digit

(&

forward and backward scores were then combined to yield the

total digit test score.

Associate word learning test. In this test subjects

attempted to learn 12 pairs of words. The words were chosen
to have little or no easy associations between them. This
was done to make the task more difficult than the standard
Weschler associate 1learning task. The first time through
both words in each pair were read to the subject. After all
12 pairs had been given the first word in each pair was then

1
1
i

AN ]
reac

and the subject tried to recall its partner. The cor-
rect answer, 1if missed, was not given by the experimenter.
This procedure ( both words then recall of the partner) was
repeated for a total of three trials unless the subject cor-
rectly recalled all the partners earlier. The score was the
3

total number of correctly recalled pairs, with the subject

receiving full credit on trials not given. This test was

designed to measure associate learning.

- ——— T ——————————————————
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Colored marker test. In this test the subjects were

first shown a white board divided into 36 squares, six by

Slx. Next, seven different colored markers were s

.

~11h S o b o i) N VR T ‘ - s el Fhaly AUusaE Sy
subjects. They were then instructed to shut their eyes and

the seven markers were placed on seven different squares on

mi
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the board. The subjects then opened their eyes for five sec-

”

1en sec-

onds, looked at the pattern, then shut their eyes.
onds later they were given the markers and told to recreate
the pattern with the proper marker in the proper square. If
the pattern produced by the subject was not correct, the
procedure was repeated with the original pattern set up.
This continued until the subject produced the correct pat-
tern or for a maximum of ten trials., A subject's score was

rials taken to 1learn the pattern. This test

ctr
0

the number of

was designed to measure visual spatial learning and memory.

Serial learning. 1In this test the subject learned a list

of 14 unrelated words in order. First, the list was read to

the subject then he/she was asked to recall the 1list,

-

starting from the beginning in correct order. When a subject

recalled a word out of order or could not remember the next

word, he/she was stopped and the entire 1list was re-read.
This procedure continued until the subject recalled all the

e A 1

words., A subject's score was the number of trials taken to

1

o

arn-the 1list. This test was designed to measure serial

learning and memory.




Procedure

Initial contact. In blocks of three the volunteers from

the sign-up sheet were first contacted by phone to set up a
convenient time in the morning. The purpose of the study was

explained in greater detail and any questions were answered.
The subjects were asked to come 1in for breakfast and not to
consume any food before they arrived. These procedures wer

designed to control the amount of lecithin that might have

been consumed by the subjects in their normal eating.

Double blind. In order to insure that neither the sub-

ject nor the experimenter knew what condition the subject

was in, the muffins were previously placed in bags labeled
one, two, or three by an assistant. The experimenter deter-

mined which subject received which bag but only the
tant knew the contents of each bag, to be revealed to th
experimenter only after all testing of the subject was com-
plete, It was hoped

; .
that by using

the double-blind proce-

dure the amount of experimenter bias would be re

Consumption of lecithin. After first signinga consent-

N

subject consumed the two oatmeal muffins

either lecithin or placebo in them. Sub-

jects were also 'offered juice and cereal  if desired. They

were then told to return in six hours for testing and not to
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eat anything in the intervening interval. This six-hour
interval was chosen based on the findings of Wurtman et al
(1978) that serum choline 1is elevated at four .- hours and
emains so for up to 12 hours depending on the dose. The six
ered to be long enough for the maximum
level to be reached but short enough to test the subject

when the level is still high.

Memory testing. The subject then returned that afternoon

and was tested on the five memory tests. An appointment was
then set up for the following week and the entire procedure
repeated. This one-week interval was considered to be more
than adequate in terms of controlling a drug state carry-

over since the longest perioc that lecithin produced eleva-

tions of serum choline was 12 hours. After the second test-
ing session the subject was first asked to guess which
condition he/she had been in as well as eporting any side
effects. The subject's experimental condition was then rev-
ealed to both the subject and the experimenter. After any
additional questions the subjects had were answered, they

were thanked and invited to return later to find out the

results of the study.




Design. The design used is summarized in Table One. As

B

was described earlier the 30 subjects were randomly assigned
to the three groups, giving 10 subjects per group. Group
Three is of course the control group. Groups One and Two are
counter-balanced with respect to treatment order. This helps
to control for any treatment order confounding. In addition,
this allows for a possible replication of the treatment

ef

h

ect in each of the two groups. Since one subject from
each group was run each day, the groups are balanced with
respect to testing days. In addition, five of the subjects
in each group were tested on Form One of the tests first and
the other half were given Form Two first. Therefore, the two
forms, even though supposedly equivalent, are counter-ba-
lanced within each group with respect to week of testing.
Each subject's scores on the five memory tests during test-
ing session one were compared with his/her scores for ses-
sion two. As such, each subject served as his/her own con-

trol since it was the difference in the two session scores

n

that was important and not the overall level of performance.

e,

The difference scor

4]

s for each subject were chosen instead
of the raw score in order to try to reduce between-subject

variability. For example, the scores on the colored marker

test ranged from one to en but the greatest within-subject
difference was only four. Also, since a difference score



analysis does not directly compare performance between

groups, it was hoped that some of the extraneous variables
that influence memory, i.e., sex and age, would fail to
produce confounding group differences because of the within-

subject control.

Finally, the average difference scores for each group

were compared to those seen in the control group.

Results

he average score for each group on each of the five
tests is given in Table Two. Here a larger score on the
first three tasks shows improvement, whereas on the Colored
Marker Test and the Serial Learning Test a smaller score
means improvement. The average difference scores for each

1

are given in Table Three. These were calculated by subtract-

ing the scores on the second week from the first. Here a
negitive score on the first three indicates improvement,
1e Colored Marker Test and the

whereas a positive number on t

Serial Learning shows an increased performance.

s o -

The first analysis was designed to partially test
whether the groups were different at the start. As such it

was a check on the success of the random assignment. A Mul-

tiple Analysis of Variance was run on the first week scores
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of groups two and three (before any lecithin had been
receivejl. The.Createst Characteristic Root (GCR) test showed
no significant group differences on the initial overall per-
formance (p=.88). Al though this procedure does not really
measure the initial condition, only an equal placebo had
been given to both groups. It was hoped that this would have
affected the two groups equally. 1In addition, it was not
possible to test the before-treatment 1level of Group One.
It can only be assumed that . the random assignment led to an
equivalent group. This finding of no difference between the
groups is important even when using difference scores. The

groups must not be significantly different before a co

=1
—
[s))
"~

.
|

son of the difference scores can be undertaken.

The second analysis compared the difference scores of
Group One and Group Three. The multivariate test indicated
no significant between-group difference ( GCR, p=.44); nor
did any of the individual memory tests differ significantly
between the two groups as measured by the univariate tests.
Examination of Table Three shows that the group differences
are not even in the expected direction. All five of the
tests showed the lecithin group to perform better while they
were in the placebo condition. Compared to. the control group

this second-trial increase was greater for the first three

tests but less for the CMT and the SL tests. Therefore, even
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including any possible learning effects, the first group

showed better performance under place

The difference between the second (placebo then lec-

hen analyzed. There

a1

ithin) group and the control group was
was no significant between group difference ( GCR p=.29)
although the univariate tests showed the digit recall test
to be significantly different in the two groups. However,
since the multivariate F was not significant, this must be
regarded as a chance finding. An examination of Table Three
shows the results to be in the predicted direction, with the
subjects higher while under lecithin on all five tests. 1In
xddition, on four out of five tests (not SL) this second-
week increase was greater than that seen in the control
group, which also showed a second-trial increase. However,
in view of the nonsignificant between-group differences it
appears that the increases seen under lecithin in the second
group are probably due to the overall second trial increase

seen in the control group.

A

As a final test to try to determine what effect, if
any, lecithin produced, a nonparametric sign test was used.

Each subject's scores on the two weeks were compared. If,

of five of
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for example, a subject did better

the tests while taking lecithin, he/she would be considered



[

P

-

lecithin

-

[

[
Q
et
p

to SeX

1easured




EXPERIMENT TWO

Method

Subjects

An additional 30 subjects were recruited from five

[
|

classes at the University of vVvictoria. Theil

"~

ages ranged
from 19-39, with the average being 26. There were 17 females
and - 13 males in the sample.  The subjects were randomly
assigned to the three experimental groups as described in

Experiment One.

Lecithin

mi

The lecithin used was 3.6 (20 percent .phosphatidyl
choline) gram capsules manufactured by Swiss LTD. The sub-
ject received two capsules daily (7.2 grams total) for seven

days ( total 50.4 grams) . This was the dosage recommended on

the container and the 50-gram total corresponded to the

Ll

amount of lecithin used in previous studies. Capsules

-1

filled with corn meal were used as a placebo. Although the

n]l acebhe i v S e e s e el L s
placebo capsules were not matched to the 1lecithin capsules

- 30 -
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in terms of color, the yellow color and texture of the corn
meal corresponds to that of ‘lecithin granules. It was hoped
that subjects who had seen lecithin before would tend to
identify with this yellow color ( the lecithin capsules were
in contrast dark brown). <Later questioning of the subjects
often revealed this color identification with the placebo to

have occurred.

Memory tests

The two forms of the five tests were identical to

Procedure

After an initial phone briefing the subjects came to

he lab to pick up a packet containing 14 capsules and to
sign the release forms. At this time they were instructed to
take one capsule that evening and then to take two capsules
daily, morning and evening, for one week. They were then to
take the morning capsule on the testing morning and come in

and take the memory tests.

Once again, to insure that the experiment was double
blind, an assisstant prepared sealed envelopes containing

the capsules beforehand, the contents of which were unknown

to the experimenter until completion of the testing.




After the first testing session the subject was given

an additional 14 capsules and the procedure

ml

The subject debriefing after the

Similar to that used in Experiment One.

mh

The design used was identical to that

second testi

was repeated.

S10Nn was

U
)
1)

given in Table

One. All counterbalancing procedures were also repeated from

the first study.
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between-group difference sc

Results

'he average score for each group is pre
Four. Once again a higher score on the first
whereas a_ lower score on the

improvement,

improvement.

The first analysis partially tested whe

m

were initially equivalent. The first two week
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and Three were compared. the Greatest
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Root Test there was no overall multivariat

subject

were then com-

ores were then

sented in Table
three indicates

last  two shows

ther the groups
s of Groups Two

Characteristic

e between-group



33
The average group difference scores are presented in
Table Five. Here once agaih a smaller score on the first

three items indicates improvement, whereas on the last two a

larger score does

An analysis based on these difference scores was then
undertaken. A MANOVA showed no significant difference bet-
ween Group One and Three ( GCR p=.4), nor were any of the
univariate tests significant. An examination of Table Four
shows that the subjects did better under 1lecithin in three
out of five of the tests, although of course not signifi-

cantly better than the controls.

The second analysis compared Groups Two and Three.
Once again no significant difference was found overall ( GCR

P=.19), nor did any of the individual tests show significant

Qu
-
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ot
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Examination of Table Four shows that overall
the subjects in Group Two did better under lecithin in all
five of the tests. Further, in every case this difference
was greater than any second-trial increase seen in the con-
trol group. Due to the relatively large between-subject var-
iations the difference was not significant and must be

reported as a chance finding.

Finally, an examination of the subjects individually

-

indicated that thirteen did better under lecithin and seven




did worse. Once again this was not significant (p=.07). Nor
were there .any significant effects related to sex or perfor-
mance level . It therefore appears that a week-long period
-

of lecithin consumption does not significantly influence

memory.

Discussion

L
)

hese results indicate that for the particular aspects

s

of memory measured in this study lecithin did not produce

o1
v

any significant improvements . B d on a MANOVA on the five

o
-

a

memory variables the changes seen under lecithin were not
significantly different frqm those seen in the comparable
period in the control group. Nor were the groups signifi-
canlty different on any of the individual tests. Although
there appears to be a trend toward more of a lecithin effect
in the second study, one should be careful not to overinter-

pret this trend. The differences seen were still nonsignifi-

e

cant and as such must still be regarded as findings due to
chance. There are many possible reasons for failing to

detect lecithin's effect on memory, if indeed it exists.

To begin with, one reason may be the dosage of lec-
ithin used. As stated in the introduction, I was interested

oplication as a commercially available die-




tary supplement. As such I did not feel it was appropriate

to give either massive dosages or to obtain specially pre-

pared pure lecithin samples, since neither of these options

-

would be followed by an individual taking a lecithin supple-

2y
ment. It is also difficult to compare the dosages used in

this study to those of previous studies. The dosages in pre-

~

vious studies ranged from 10 grams to 150 grams. An addi-
tional complication is the fact that commercial lecithin
preparations vary from 10 to 40 percent in their composition
of pure lecithin, with the rest being filler. 1In general,
the dosage wused in this study appears to be slightly less
than the average wused in prior studies. Whether different
results would be obtained with higher dosages cannot be det-

ermined.

The length of time lecithin was consumed could also

have been critical variable. Although Wurtman et al (1977)

o

showed the serum choline level to be raised within four
hours, there is no guarantee that memory effects would occur
in the same time course. It may be that a longer period of
lecithin consumption (weeks or even months) would have pro-

£

uced  stronger effects. However, the fact that memory

o

effects were produced 90 minutes after the ingestion of cho-

line (Sitaram et al, 1978) argues against this possiblity.
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The population of subjects used may not have offered a
chance for memory improvement. College students are gener-

1

ally a very bright sub-sample of the population. This ma

indicate that they are already functioning at their optimum

ACh level. It may be that a wider sample of the normal
population would have produced larger effects. Arguing

against this point is the wide range of scores observed on
-he five memory tests. There appeared to be more than suf-

ficient room for improvement in the majority of the cases.

However , the main problem with trying to demonstrate a
lecithin effect is in trying to overcome the numerous extra-
neous variables that also influence memory. Some subjects
being tested indicated that they were on medication, getting
the flu, fighting a hangover,or in sleep deficit. All these
factors could easily mask a lecithin effect or conversely

-

ect depending upon when they occurred. In

W

ef

th

produce a fal s

p

either case the variability within each subject would be

4

increased, making it more difficult to produce a significant
overall effect. Perhaps the best method of dealing with
this problem is to greatly increase the number of subjects.
However, time and monetary constraints made this impossible.
Even if a study with a large sample did find a significant
effect, 1t might only be a statistical one and not a clini-

cal one, By  this I mean for 1lecithin to be useful to the

<




individual it must produce an effect that can be seen in

oncerned with a

Q

that individual, since he/she would not be

treatment that changes a group mean by a small amount.

=

As final method of determining if there was any

o

effect due to lecithin, the subjects were asked to guess
which group they were in based on how they felt their memory
had been in daily functions. Only 30 percent of the subjects
guessed correctly, less than expected .due to chance. It
therefore appears that even for memory functions not mea-

sured in the five memory tests, lecithin did not produce any

noticeable effects.

Lecithin's failure to produce an effect could be
attributed to any of the above reasons or to an actual inef-
fectiveness. Therefore, the most definitive statement that
can be made is that for the particular memory tests used

under normal commercial dosages of lecithin, this study does

not support lecithin's ability to influence memory.

It is recomended that future studies should examine
lecithin's effectiveness in populations where ACh may not be
at optimum levels, ie, in the elderly or learning disabled.
Additional long-term studies using a. wide variety of memory
and cognitive tests must also be undertaken before lecithin

should be forgotten.
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Average group scores.

Week Group Bushke Digit ASSL CMT Serla
1 1 4k} 108437 11.3 24.8 4.8 5.0
2 (P) 113 12.1 25.4 4.2 4.8
. 2(P) 104.8 11.2 26.1 6.1 57
2 (L) 108.5 12.5 26.4 4.0 5 C
1 3(P) 105.6 11.7 24.13 5.8 6.7
2 (P) 105.9 11.7 24,2 4.8 6.0

L=lecithin, P=placebo
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e group difference scores.

Groug Bushke Digit ASSL CMT

1(LP) -4,7 -8 -6 0 . L
1 14.9 1.5 4.3 . 2 1.8
2(PL)  mean 3 e wi319.9. 9 2
2 SD 12.9 | 3.9 Lo 2wk
3(P) mean -y 3 0 -l 1.4 1.3
3 5D 31,2 24 4.9 2.4 148
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TABLE 4

eek Group Bushke Digit ASSL CMT SerL.
1 1(L) 102. 12.9 5.9 4.3 547
2 (P) 98.3 13+ 2 24.6 4.5 5

1 2(P) 99.0 10.3 19.7 5.2 140
2 ) 99.5 1%.3 20.7 3.9 6.1
1 3(P) 92.8 1%.3 24.8 5.3 5¢7
2 (P 90.8 11.1 24.8 3 6.4
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