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Abstract

"o A great (;eal of controversial evidence has arisen regarding the. artificial
- sy A i )AThis dipeptide is d of two aming”
acids that have been shown to have detrimental effects on brain/behavior
function (Olney and’ Ho, 1970; Nyhan, 1984; Wurtman, 1983B).. Aspartame .
ingestion causes a significant increase in brain phenylnlliline and tyrosine, and a
decrease in brain tryptophan (Wurtman, 1083), which may change brain
excitability (Racine and Coscina, 1079; Cadell, Harlow-and Waisman, 1062). The
purpose of the present study was to d ine if ion for a one

S

week perjod clunged brain excitability. by reducmg after-discharge thresholds as-_
measured by the ldndhng technique. Animals were ctereotmucally implanted with
one bipolar eleclrodu in. Area CA3 of the Hlppocnnpns Alter—dmh-rga were
obtained for all animals (Dly 0).; The ‘groups -were: Gmp 0, ammsls that
consumed water, Group 200, animals that : d mg/kg of in
wnter, and Group 800, animals that consumed 800mg/kg of aspartame. in water.
Aﬂ,e;udisch‘ruhol;is were obtained on Days 1 and 7 of liquid consumption.
The mass kindling procedure began on the day following thé end of the period of
& aspartame consumption. ANl animals ‘were stimulated two-or three times a day ;
with the inter-stimulus interval being at least four hours. This was @hﬂﬁ until

2 i P W 7Y

three Stage-5 seizures were obtained. A
. . {GST) was then obtained. The results show that there were no signiﬁeint
, differences between food consumption, liquid consnmptlon, weight gain or .uu

- discharge thresholds between the groups.  After-disgharge "thresholds were
significantly different over days. A Newmnn-Kueb unlyns ‘comparing  after-
discharge thresholdsefor days uhowed Dayo > Day 1> Day?, And ‘the ADT for
Day 7 > GST. This was an éxpected finding umce llter-dlpchnrge ‘thresholds do'
‘decrease with repeated atmmlmnns (Racme, mw However, brain excltalnhty '

is not altered by aspartame usu:g the ployed in,/this

pY
nhldy, nor was there any difference follll(LIll brain aiminé ac acid levels. Fulllre

~
studies should include a. more detnled uulym on lang-term -spnhme

- commmytlan ¥

Nz




Key Words:  Aspartame (APM), Kmdlin‘g,ﬁ;il:pé};, Phenylalanine (PHE), ‘
Aspartic - Acid (ASP), Tyrosine (TYR), Tryptophan (TRP),
Serotonin (5-HT), A{ter-dxschﬂge Threshold (ADT), After-discharge
(AD), Generslized Triggering Seizure Threshold (GST), Glutamate
(GLU); Seizure.




PR E
Aeknéwledgamehu
e .o .

1 would: like to express my ;ieepat appreciation to Dr. John Evans who gave me
the independence and the confidence to do this experiment. My. committee
members (Dr. Robert Adlmec, Dr. Chuck Mnlsbury and Dr. Mark Holder) are

" also to be thanked for their excellent suggestions in making tlm thesis very ~
S comprehenswe and qoncise. I would also like to express my appreciation to Shola
Elabanjo for his mistnnce in the amino acid analysis study. ’

~A  Mr. Dennis vaerse (of the Ammnl Cs.re Umt) also deserves recognition for his

|
st durmg this i that was iated due to an

excellent”

y

1 would also like to thank my family for their. morgl and financial suﬁport. as

unanticipated serious medlca.l condition, nsthma, that - developed |iprior to
’ experimentation. . « ) \ !

A well as Memorial, Upiversit§ of Newfoundland for their financial support, through. '

. teaehmg and bursaries they provxded to me, The Blochemlstry Depnrtment is nlxo :
\)to be recogmzed for their ussutahce inamino acid analysis. "

~




: ; } TABLE OF GONTENTS
. i N LN ¥ Page
7y List.of Tables: . . ... ovveveeeeesenee e ES—— . vi
. List of Figures. . ............... 075 A 4 SRR B ‘ﬁ viii
7  INTRODUCTION. i B T TTIY —oree 1
Blood-Brain Barrier Effects. . 3
' Serotonin Modulation Effects. 5
Phenylalanine Modulation Effects. N 8
ASDBRIC ACKL e 10
‘A{s:pnrt‘ar'ne ‘and Seizures. . ) 13 )
& _S‘i;c.l.ling ............................. o e S 4 S48 16
- X .
Present Study.-. {8 ]
Purpose. ............... T R e 19
S Dr:JETBODs. ............... s s s g 21
. 21
; _/ 22
; PROCEDURE. ....0.. 0 %0 cceeieinnn. [P 24
. ‘Stereo’tactic Brain Sur’gery. B P REEEPRTRRPRTR RS A : 24
!.ngei;ion Procedure.”. “ e v SR e e Lo wie wim mymiete ; 24‘
~ ’:
~
a5 ¢




Box Adnpt‘ntion{ A : » " 25\
Threshold Determination. . .. |-« +... . +.eruenieiriinn %5
Kin;llingProcedure. ........ RN SRR AT .25
Perfusion and Histology. .. .... NP —— .. Y, E 2;& "
RESULTS .|........00........0 A R st e BishiessiSRE, s 5 BT
DISGUSSION ...\ ieeeeeee e, a

" Amino Acid Analysls Study. ... ... I sl e s " 50

General Discussion.
|

REFERENCES ...
cl

N |




vi |

[ P % €.
. LIST OF TABLES 3 B

- Table No. “ Page

< -

1 One-Wny Analysis of meca to compare . *
\]

welghl gain in subjects over 7 days 2

o~

of APM ingestion. ..

3 o A fé‘/l

One-Way Analysis of Variance to compare

»

food intake in subjects over 7 days

of APM ingation‘.‘ .

(2

Two-Way Analysis of Variance to comps;é

liquid intake of the three

groups over seveii days.

-

One-Way Analysis of Variance to compare
the number of stimulations required to

kindle:the:animals. 5 o eein 6o 000 000 V5 B8 5300 000 50,00 5 4 40

Two-Way Analysis of Variance for a

wmpl;'is'on of Groups, Days and S;:bjects.

54.

. The average ADT for the three groups -

OVer days. ... .....uuiiiiin.s Sroemsess s i Vet mivissesmimas v 42




7. One-Way Analysis of Variance to compare i 2 .
the three groups for ADT’s on’ .D-ly | I, 5 SR AR 44

v S . -

-
* 8. Two-Way Analysis of Variance to determine _ .

N the immediate effects of APM ingestion * *

(liny O ad DAY L) OB GEOUPE: <+ s o ceeraviioiwiorisior s womiassine-aie s rsratississ sisg s 45

9. Two-Way Analysis of Variance to determine

the lorlxg-term effects of APM ingestion

(Day 7 and GST) on groups.

7

10. The average amino acid concentration (nm/ml)

in phslqn/ for the three groups.
! T

) .
K 11. The average amino acid concentration (nm/ml) -

& in brain for the three BEOUDE, 5w 5k e e S e S S A e e 8 57

_ oo N




viii

LIST OF FIGURES : ’
Figure No. | ' v h ‘r.\ Page-
1. A ch‘emicnl configuration of the aspartame
molecule, showing the position of the " ° ._,,.. “
;spnrtic acid (ASP) and the\methyl ester
s

.(MEOH) of phenylalanine (PHE). . ... ............................. 2

t

i
2. A block diagram illustrating the Apparatus

used in this experimient. . ..23
3. Examination of the distribution "aw X
of electrode tips in the hippocampus. ............ "ﬂ' ..... RO S 28
. E ¢ ’
4. Photograph of a brain slice showing the electrode ;
s o3 3y 5550 P T P ST W L ——— 30
.+ 5. Two examples of the development of the ’
progressive increase in duration of the * * ' \
A
after-discharge that occur as an animal
comes closer to being kindled. . . ..32
8. A figure depicting the change in ADT,- |
g .
-
over days for the'fr/hlee BIOUPS. « « v vveeene e d Bevernrionen 37




Il_)trdducﬁén iF = B o

* Low galorie artificial sweetening agents appéar to serve a useful social funetion.
The ilability of bl has ‘i t herapeutic’ and .

psychological implicati A i intheinukeol:imy;iemwgialdvouud

for the prevention of dental cavities; prevention and treatment of- obesity, and

. trestment of diabetes. Artificial sweehnlng ‘agents provide a decrease in cnvmeu,

’

 desteass in carbohiydraten foc absos persons aud a Hlocresse i sugar levels in the "

‘blood for persons who.are diabetié. -

3 4 .2 3
* One of the most common artificial sweetening ngents on the mfrket today is
A (Ni 0 et): A 5p ¢ (APM) s a dipeptide [L-uylrtyllf

'phenylnlanyl- methyl uur) wtﬁl a sweetening power of 180 to tlmu tlnt«ol

sucrose in aqueous solution (Stegink,-Filer and B‘lker, 1077) (aée Flg\lle 1). ln the
intestinal mucoss, APM is hych'olyzeg~ into the two\umho u:ndrlﬂ%upnrnc v.-ld
(ASP), 50% ylal " (PHE), and methanol (Rmney, m Muldoon N
and McMnhon, 1078). The two amino ulds are thetabolized {nnnluly tothe
amino acids arising from dietary protein. The sweet flavor in lmmm.s isa x_'emltof
the asp molecade i ing with taste on the tongne

1980). However, in rats -there is little evidence that APM is sweet.or pnhuble
{llke sucrose) since no dl!krence was found when APM or water eoxuumynon was
measured (Sclafani and Abrams, 1080)

Questions re;nrdmg the -safety ol aspartame have arisen becbuse of concern
about the potential hnrm!nl e"ects of elevited levels of the ammo nclds, ASP md

- PHE, and the mahbohte mathmol and its by-; pm&mt dlkuwplperume

The: intro'duction will be"!\lb-divider'l ifito ‘the pouible sub-sections that, gre .
lffectredvor altered by the consumption of APM of "\he\‘ amino acids that compose
APM. : & e




Figure 1:
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A_chemical configuration of the-aspartame molecule, showing
the position of the aspartic acid (ASP) and the methyl ester

© (MEOH) of phenylalanine (PHE).




Bloo;i-Br-(n Barrier Effects.

. Que. important source of potential harm is that ingestion of APM mn’y alter
bnm levels of amino acids. The brain requuw amino acids for the uynthesu of

and

pephdes, «proteins, and i such as
uorepmephnne Amino acids that are not synthesized within the brain must be
taken from the blood across the blood-brain barrier (BBB). In mammals the BBB
is located at the endothelial célls of cerebral capillaries. The endothelial cells are
joined by tight junctions and suhsf:mtfes must pass through. two capill{;ry

membranes in order to reach brain extracellular fluid. Hence, tfansport through ,

the BBB depends on lipid- solubl.hty or medntxon ofr specific carriers in the

capillary cell membranes (Pardndge. 1983) The tnnsport mechanism is

upon the characteristics of the particular amino acid to be transported.
There are three distinct cartjers; one for neutral amino acids, one for basic-amino

acxds, and one for dicarboxylic amino scids, Most of the umlno Mlds enter the

brain fmm bluod by systems which show g ity,
and ion, that follow Michaelis-Ment. aration kinetics (Pardridge and

Oldendorf, 1975). Neutral amino acid upuke into the  brain -is via a single

faclhtx.led system and is uniquely sensitive to itive inhibiti C

between many neutral amino acids I'nr a common' carrier system is an important
aspect of the regulation of the amino acids thnt/a;e available in the brain. All
large neutral amino acids are assumed to compete for the same active® carrier-
mediated transport system located at the l;BB (Fernstrom, 1981). _Thus, if large
imbalances in the plasma concentration of one or ‘several neutral amino acids
occur large. changes in transport across the BBB and brain cpncent}stions of all
competing amino acids change. For e;‘mm’ple, in the disesse Phenylkef.onu\ria
(PKU). PHE cannot be-converted to tyrosine (TYR) (a large.neutral va:mim?‘acid)
in the liver, leaving, aii excessive.concentration of PHE )n the blood sup_bly.'w

- this large neutral amino acid reaches the BBB its concentration in the blood is




greater and therefore it has more molecules available to compete for carrier sites,
hence causing an elevated PHE brain level. The metabolites that accumulate in
PKU _individuals (phenylactic acid and phenylacetic sacid) inllibit' 5-

hydroxytryptophan decarboxylase (Nyhan, 1984) elmg a deeruse in 5-HT.
Hence, in PKU children the levels of other amino acids (not including PHE) and

are d d (Heuther, Schott, Sprotte, Thoemke and Neuhof,
1984). The concentration in the brain of 3ome amino acids are directly dependent

on plasma concentrations while others are not. Fernstrom and Wurtman (19072)
showed that brain TYR uptake and brain 5-HT levéls were directly proportional
to the ratio of the plasma concentratioh of TYR to the sum of the large neutral
amino acids that compete with TYR for transport across the BBB. Wurtman,
Larin, Mostafapour and Fernstrom (1974) have also shown that brain

holamine f¢ is directly dependent on brain TYR concentration. The

concentration of TYR in brain is itself directly proportional to the ratio 6f TYR
to large neutral amino acids in plasma. The d‘ependenee of PHE and TYR levels

“in bx;nin on their levels in blood has been shown many times. It was confused by

Peng, Gubin, Harper, Vavich and Kemmerer (1673) who showed that with a high
PHE diet the levels of leucine, isoleucine, methionine and histidine m brain fell
while in blood they did not change. ~This was in agreement ‘with Kennett,
Curzon, Hunt and Patal (1988) who hsve shown that the amipo acid levels in the
blood and the amino acid levels in the bn.inllppeu to be partly independent.
‘They showed that some amino acid levels in the blood can decrease while the
amino acid lev:ls in the brain remain stable or even increase. This demonstrates

that some amingacids may very well be independent jn their ions in

blood versus. brain, whereas others are mnot. “Although the relationship of
plasma/brain concentrations are not simple, the literature on amino acids show a
consistent elevation in_brain if plasma PHE is elevated. PHE has a powerful
effect.

In a non-PKU individual, consumption of dietary PHE in the usual way,
through protein ingestion, does not elevate plasma or brain levels of PHE any




more “than other amino acids (Yokogoshi, Roberts, Caballero, and Wurtman,
_ 1084). Amino scids are 'Abundmt in the plasma, and only the Pranched-chain
amino acids, unlike PHE, are lugely unmetabolized when th it through tila
portal circulation. - However, when PHE is consumed in the form of APM '
(34mg/kg of body weight) plasma PHE rises threefold above the normal rise in

" the other large neutral amino acids (S‘u‘gink, Filer, Baker, and McDonnell, mso}

This elevation in plasma PHE causes a proportional ‘rise in bnin PHE and
decrease in the other large neutral amino acids in brain. Maher and Wurtman
(1087) stated that APM is probably the only PHE-contnmng food that elw;tu
!he{n_ho of the concentration of PHE to the summed concentrations of the other

large neutral amino acids. .

Brain amino acid imbalances caused by competition at the BBB are important

when studying the path sis of genetic hyp ,, ylalaninemia or PKU (Choi

and Pardridge, 1986). These problems (hyperphenylllininemiu or PKU) gain" even

more significance with the global use of APM. The postprandial
)

hyperphenylalaninemia that is d with APM ingutiui\‘uusel‘\l’ulecﬁva

utumnon of the nqutnl umno acid- transport, system at the BBB with PHE .

(Pudrldge, 1986).

An exhaustive investigation of APM’s -effects on brain amino acids ~and

* Serotonin Modulation Effects.

4

Brain neumtnnsmitten\ change as ‘a result of food consumption. Two exainples *

of these are catecholamines and serotonin. The rates at whi’cl; t_he nte-limiti:ng{
enzymes tyrosine hydroxylase and tryptophan hydl;oxylnse convert TYR to I-dopa
and tryptophan (TRP) to serotonin, respectively, can similarly be modulated by

treafments that change brain levels of TYR and 'TRP. ln-gest')oi\ of-either pure

m, APM or :uhohydn‘t'us can increase brain TYR levels (Wurtman, 1085ﬂ ~




mnhnl amino acid TRP. Sul es that can raise or lower the level of TRP in
brain can rapidly clnnge the rate at which TRP is hydroxylated and converted to

5-HT. Despite the fact that tryptophsn hydroxylase is the rate-limiting step for 5-
HT synthesis, 5-HT changes upon TRP availability. One example of this is the -
of a high by , protein-poor meal. This meal elevates brain
TRP levels and sccelerates 5-HT synthesis (Fernsirom snd WugsafE\, 1071).
When 3g/kg of glucose and 200meg]/kg of APM was intubated into rats, the APM-
- carbohydrate combination doubl e PHE concentration in brain, increased the
TYR level apd’\suppressed by half the physiological increase in brain TRP chn“
would normally accompany a carbohydrate-rich meal.. APM also ;blocked'the

normal increase in brain 5-HT and 5-hy ind. i Mid that is produced by -
a carbohydrate meal (Wurtman, 1983B). Wunmnn uuggested that the
carbohydrates alone caused an insulin-mediated decnme in plasmd concentrations  *
of the amino acids that compete with P! and TYR for transport across the BBB
(Wurtman, 10838) 1f this decrease in ',he levels of the other plasma large néutral
amino acids occun, uptake of TRP into the brain is facilitated and brain 5-HT is
7 elcﬁte_d._'ml’, TYR, PHE and other hrge neutral amino acids compete with one
another -for transport «ron the_blood-brain barrier. -However, if APM is the
main c:rb;nhydglu substitute then two things should be uPected to happen; ’
brain TRP !l;i)“ld d_tueue, and circulating TYR and PHE should be elevated,
due to the high concentration of PHE in APM. When the rat consumes one test
load of APM in ‘water (200mg/kg), TYR and PHE u; significantly increased (the
means ar; 139.7 + 8.4nmol/g and 75.5 + 2.3nmol/g, respectively), as compared
to water intake (544 + 2.7nmol/g.end 39.3 -l_» O.O;Imol/g respectively), and TRP
and 5-HT (203 & ~0.6nmol/g and 484 + 15nmol/g, respectively) remain
untltered in the rlt brain (Wurtmln, 1983b). Fernstrom,Fernstrom and Gillis

(1083) showed that brain levelx of TRP signifi ca.nﬁy decreased and brain levels of '
TYR and PHE significantly increased 30min  and Mlmm after intubation of
200mg/kg of APM administration. However, the TRP chnng& were less reliable i

N

than the changes in the levels ol\\l’}[E and TYR.




The rate of 5-HT synthesis in the mammalian brain is extremely sensitive 0"
‘TRP supply. A chronic lowering of brain TRP causes a lowering of 5-HT hence
there appears to be no ln?ng l’erm compensstory ._meclnnixm for tllilv
neurotransmitter (Fgms&rol'n, 1988). Therefore, any change in brain TRP levels

that may result from chronic APM usage will cause a chronic change in 5-HT

ilability. De 1a Torre, K snd Mullén (1970) suggested that the brain 5
HT syst;m plays sn important role in epileptiform seizure activity. Hence an
alteration in this system may actually cause s change in seizure nctivity.'Ruin‘e
and Coscina (1970) demonstrated that a decrease in 5-HT can inereu_e seizure R
susceptibility. They found that the after-disch hresholds were ds d in :
the amygdala \Jut not the neocortex s.ﬁ,er nphe Ieslomng ‘These rats also

= required fewer gdaloid stimulations-to develop nerali convnlnlons Hence, i
there appem to be an mhlblwry role fgr 5-HT in kindling. Therefore, a decrease

in 5HT as g’result of APM consumption may make brain tissue more excitable

and this excitability would be even more pronmlnced in children or ymmg rats as
a result of their relatively immature BBB. ¥

ln sgreement with the effects of S-HT “modulation, Yuwi iltf—nnd‘lﬁtt't‘(ﬂoﬁ"—‘
showed that if hooded. rats received 2 .daily supplement of 5g/kg (of body weight)
of 'PHE the mesn serotonin content in plasma decrused significantly as
compared to non-supplemented rats. Hawevu, it was noted that the saimals that ¢ 5
were&d the I-PHE diet ate less food than the non-supplemented animals. A
second “study by Yuwiler and Louttit (1961), in which the sanimals were
g ~ supplemented with 2:8g/kg (of body weight)of -PHE, showed no significant

decrelse in serotonin concentration or in the amount of food ingested. Truscoft /
(1!175] demonstrated that PHE and SHT show an  inverse (almost * linear) .
relationship regardmg nelzuruevem}m mice. He devised a 3x 3 design where he
used three levels of 5-hydroxytryptophan (a 5-HT p ) (Omg, 0.75mg and
~1.50mg) “and three levels:of. -PHE (0%, 1% and 2% of dietaty PHE suppl¢ment).
Tt was found that ss. the. levels of FPHE increased so did th& severity of the-
- audiogenic seizures. When the highest doses of both chemicals Yvere




8

severity o}\‘ the seizure was minimal. The high dose of S-hytf}oxylrypwﬁﬁm pairmi
with the low-PHE dose also showed a minimal seizure. However, when the
animsl received the lowest 5HT dose and the highest 1-PHE dose Ll;e seizure
reached a maximum on the severity: scale. This demonstrates that high dos% of &
~hydroxytryptophan appear to offer protection against audiogenic suzures The
seizure severity appears to be inversgy related to the 5-hydroxytryptophan
dosage, and as -PHE increases and 5-hydroxytryptophan decreases the seizure

becomes more'severe.

Phenylalanine Modulation Effects.

. PHE can also have a dramatic effect on plasma and brain levels of amino acids
and peurotr i ‘When 200mg/kg of APM ‘was administered to rats by a

stomach tube, a twofold increase in brain PHE levels occurred (Wurtman,
1983b). This effect-was doubled if the rats received both APM (20mg/kg) and
glucose (3g[kg): The APM alone ‘completely blocked the normal ‘tise in brain §-

HT produced by carbohydrite Fion. and this reduction wss greafly -

facilitated -by gluct;se.

On the other hand, Stegink, Filer, Biker angMcDonnell (1979) found that the
maximum plasma and erythrocyte PHE levels following ingestion of 34mg/kg of
APM in orange iuicé by adults and adult PKU hetemzygotes‘wer.e slightly above
values noted postprandially in the infant and adult. Koch, Schaeffer and Shaw
(1976) showed that if 34mg}kg (of body weight} of APM or”the equivalent 1- i’HE
was given to PKU homozygotes and normal children in one test day the serum
PHE level was significantly inreased for_those with PKU. The adult PKU patient
appests to b able to metsballze the dose of APM given here with no nppment

ed a

problem over & day penod -Caballero, Mahon, Rohr, Levy and Wurtman 2980)’

showed that bumans’ ingesting relatively low levels of APM (10mg/kg)

- ificant increase in plasma PHE 1b7 after ingestion. This pattern was also seen

in" PKU carriers. They also found that the ratio of PHE/large neutral amino atids
. 2

" - . =




S :
was’ significantly increue{ in thue two groups. 'Tlm elevation in plnsnis
PHE/LNAA ratio potentiates the effects of APM on brain PHE luvels Thus large

un\mhncu in the plasma concentration of PHE will lend to mnked changes in ..

4 t and brain ions of all ing amino acids. The problem

with the above studies is that they only used one test load which msy not be

: generalizable since alterations in plxsmn amino acid levels may have been an'

immediate reaction instead of what one expects to see in the long-term An
individual would not consume this dosage in one sitting in the real wo;ld nor
would any equlllbnum mechanisms have come in to play to retngn condltlons to
normal with the time frame between ingestion and measn}ement in these one taz‘
load studies. The possibility of a cumulative effect of APM safter repeated,
hnbnual exposure has been explored by Matalon, Michals, Sullivan and Levy
(1987) They found that normal sdults ingesting APM (50mg/kg or 100mg/kg) for

" 12 weeks showed significantly higher urinary and blood concentration of PHE

metabohtes as compared to their baseline levels. The PKU heterozygutes also ]md
significantly - higher blood and urine concentration of the PHE metabolites IS‘

compared to their own baseline Ievel,as well ssto the levels uBtained from the .,

normals upon upeated exposure to APM. Hence habitual use of APM does. canse g

an.elevation in PHE ‘that may cause a pmlonged decreue n‘bmn S-HT

At an nqknown level the P}E,concentﬁﬁon in the brain ct_m: become toxic, as.
happens with PKU (Wurtman, 1083b). The toxic lével in' sesum is tlke;l.pp be

-20mg/100ml. Cadell, Harlow and Waismln, (1962) raised monkeys fro.m-birth o .

a I-PHE rich diet and since the animals exhlblwd the same symptoms 8a PKU
child, they were called PKU monkeys. Hence, even though the snimals npparently
had “the livér enzyme at birth the high level of PHE appeared to. cither mncnvm
the enzyme or mnke it less efficient so that PKU was mduced Forty percent ol
the PKU animals exhibited grand mal convulsions and tlus suggests that mnstani

A “exposure to PHE may md\lce epileptic stizures. Untreated PKU is also correlated -

with' intelligence (Flshler, ‘Azen, Hendetson .and Fnedmnn, 1987). They' campand
33 PKU children who from birth haﬂ been maintpined on a. restricted PﬂE _dxqt




for ten yéars vnth‘?i PKU children who dlscontmuetthelr mtncted PHE diet

after six years. These groups were pared on dized tests of il

language abilities, school achievement and perceptual skills. They found that the

intelligence, spelling gmd-?eading scores were higher for children iaintained on s
PHE-restricted diet. ﬁhu provides evidence to caution against the use-of APM in
specific populations such as PKU children and PMY heterozygote pregnant
women. However, many pregnant women do mot know if they are PKU
heterorygotes, therefore all preguant women should shy away frora foods that are
documented to possess an excess of PHE. The chances of having a !?Aby with
induced PKU may be increased since the’ fetus may be exposed to abnormally
high levels of PHE. -~

The sbove evidence ilustrates that APM intake affects plasma and erythrocyle
Jlevels of amino- acids and néurotransmitter levels. - These effects on
neurotransmitter levels could cause an alteration in the excitability of neurons in
the CNS i

n}rm Acld . 8

Olney (1978) hypothesized that the excitatory (d@ol‘arin\lion) “mechanism
derlies the neurotoxicity of smino acid excitants, and that the toxic action is
mediated through _Glutamate (GLU) or ASP excitatory receptors an the

" dendrosomal sirfaces of central neurons. These amino acids enter the brain rather

d very rapidly, | ition and self-

slowly and even though they are

can still be

effective in destroying the lcmnmvenmcnlar organs (CVO) in either infant mice
or rats if a‘dose as low as 0. Smg/kg is mg‘ested For exnmple, Perez snd Olney
(1972)- found thut GLU or ASP administered aystemu:nlly to 4-day old mlcs
resulted .in - a ugmﬁcmt mﬂux of smino ‘acids- into specific brain regxons,
' particularly the:.CVO. The CVO, even in an adi t, are areas in which'the BBB is
- reiitively ‘more permesble than in other areu,\however, they are even more -

‘.by sensitive techniques. GLU or ASP are




1
e infant. The GVO include the organum vasculosum of the lamina

the median emi the

1 'organ, and the area postrema. It

is suggested %hat the BBB in the immature rat brain is very permeable and allows ™

some chemicals to pass through it. As the BBB, matures these chemicals are
excluded. App ly, these chemicals only cireulate in the CVO. However, GLU
and ASP may attsin hyperosmolar concentrations in tile blood, thereby damaging
the BBB. If this occurs toxic levels of GLU and ASP may enter .udditional lnj in
rel.;ions Several excitatory a'mino acids, including L-glutnmnte, N-methyl-D-

* aspartate, and L-ASP, prodnce convulsions in mammals, provldmg that the blood-

brain barrier is ively i as in i animals (Cheema, Malathi,

Padamanaban, and'Ssrma, 1989), or by-passed by the route of administration
(Crawford, 1963) Johnston (1973) showed that the nbove excitant amino acids
produced convl.llslons in 10-day old rats; when lmected mtrhpen'.oneally These
convulsions wel{a characterized by repeated tonic smznres,» mvalymg all limbs,
head ‘and tail. Convnl.slons lasted several minutes. The time of onset of seizures
was dose dependent and was used to compare the relmve potencm of the
excitatory Amm$ acids. ‘This study suggested thnt the cnnvulsmns Jn lo-day-old
rats were dxrectl‘y related to the neumexcnatmy pm])erues of thae amino aclds
The. view taken by Johnston (1973) ~was that the convulsant and excitant

activities of thes‘e acidic amino acids have the sai : basic mechanism, i.e the

direct” depolanznuon of central neurons, Wenz, Merlub 'Amir and Reisner(1081)

d that i d brain aspartate levels may hwe an epileptogenic effect in

newborn humnns. They found elevateq/ASP levels in cerebral4pinal fluid in an
ml'unt who had intractable seizures. _\\

N

Although young animals are more vulnerable to ASP- mdllced brain damage, this
damage also occurs in adult animals (Olney, 1076). Pnce, Pusateri, Crow,

‘Buchsbaum, Olney and Lowry (1984) treated adult mice intraperitoneally with

ASP at one.of seveml doses (047 to 3.75mmol/kg) snd 30min later gave the same
dose of ASP subcutnneo\mly They chwx‘n‘lJ that, in the CVO, regions of the brain
the ASP leve]s were 1.5 and 3.0 times above the levels ‘in untreated animals,
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following the lowest and hlghest doses, respectively. The tissue ASP levels

remained unchanged in non-CVO brain regions.

Millan, Meldrum and Faingold (1988) found that a source of ASP (N-methyl-] D-
aspartate (NMDA)), when injected into the inferior colliculus, causes an mcnfsse
in audiogenic seizures as measured by the animals response to high ln;enslty
acoustic stimflation. This study, showed that high levels of ASP (in the form of
NMDA) were responsible for. the increased susceptibility of an snimal to have a
seizure. NMDA is also a potent convulsangy when injected into the rat
hippocampus, amygdala, cortex ‘and cerebral ventricles (Turski, ’Melﬂnlm and
Collins, 1085; Zaczek and CWe, 1982). However, when NMDA is ihjected into the
ventral mid-striatum it prevents amygdala kindled -seizures in rats. Since APM is

a source of ASP it is important to determme if APM has any neural excllotoxlc F

effects. It has been argued that GLU and ASP are safe fc
humans have been exposed to these compounds in “ne form ‘or another for many
years without snsQaining apparent harm. However, GLU and ASP-indnced brain

damage is a siledt and neuronal degel ion may be quite extensive

before behaviornl\paue;ns are disrupted (Olney, 1978)."

Moreover, approval .of unlimited APM use i children mg'noz be justified.
O_lney (lﬂid) found that when children ingested GLU and APM they had a five to
six fold incresse in plasma levels of these two chemicals. Stegink, Shepherd,
Brummel and Murray (1974) have estimated that a. six to ten fold elevation" of
plasma GLU + APM is required to destroy neurois if the ‘infant mouse

hypothalmuus H:gh doses of both ASP or GLU (1ing/gm of body weight) are *

capable of mduclng retinal and hypothalamic damage jn fetal and neonatal mice
(Olney and Ho, 1970). GLU and APM appear to have an-additive effect so that
only half the dose ( 0.5mg/gm ASP + 0.5mg/gm GLU of body weight) produces
the same hypothalamic and retinal damage. In agreement with the above stud;

Daabees, Fi il Stegink and ‘Appleb (1985) found that mice receiving -
" 250mg/kg (of body welght) of both ASP or GLU developed neuronal necrosis and

d additives becanse g




s the doses of both chemicals increased separately so did the severity of the
d .
necrosis.

Th?dministnﬁon of large amounts of ASP and/or GLU to neonatal rodents
equivocally been shown to produce elevated plasma ASP and GLU

concentrations and hypothalamic neuronal necrosis (as seen above). However, the

has

ability of these amino acids to produce neuronal necrosis in the nénhuman
primate is controversial. (;lney and Sharp (1069) and Olney and Feigin (1972)
reported neuronal necrosis in infant nonhuman pq'?utu gi;len large doses of GLU.
Contrary to this, Reynolds, Stegink, Filer and Renn (1080) found that infant .
monkeys receiving 2gm/kg (of body weight) of APM or 2gm/kg (of body weight)'
of APM plus 1gm/kg (of body weight)‘ol MSG (monosodium glutamate - a

develbned no hvbothal
P

source) no hy i damage. Reynolds, Lemkey- .
Johnston, Filer and Pitkin (1971), Stegink, Reynolds, Filer, Pitkin, &nz and
Brummel (1975) and Heyward and Worden (lDW) did not. find neuronal necrosis
even when plasma ASP and GLU concentrations may have been greatly elevated.
These findings n;g'ggt that there is a definite species difference. Hyp;:thnlunic
damage is not pxedicvhble. in nonhuman primates as itis in rodents. Given these
results the development of neuronal necrosis depends on the animal model being
utilized. !

*

Aspartame and Seizures.

As shown above, elevations y/{l'\lE and ASP (components of APM) and
lowering 5-HT increases the“pmbsbility of seizures. Wurtman (1985) showed that
_diminished brain levels of catecholamines were associated with lower seizure
thresholds in the genetically epilsps):-prone rats used by Jobe, Ko and Dailey
(1984). This suggests that exposure._to' large amounts of APM may ultimately

decrease brain levels of mnorepinephrine and adversely affect some people

d to seizures, C

were observed in a nudy in which monkeyl
were led -3.6g/kg of APM for 30 weeks (Health and Welfare Cy}ﬂl, 1981).




However, one criticism of this study was that ammnls were not given free access
to water. Therefore, it may no\ have been the APM that induced the seizure but
plasma hyperosmolarity, produced by dehydration, that may have caused the
seizures and alterations in brain dedirical activity. In & similar study by Reynolds,
Bauman, Stegink, Filer and Ngidu (1984), monkeys received-levels of APM up to
4g/kg !or’ 270 days. Wster]su

observed in this study. Reynolds et al (1984) concluded that convulsions observed

continuously available. No convulsions were

in the monkeys in the previous study were due to byperosmolarity and/or
hyperaminoacidemia induced by forced feeding.

Pinto and Maher (1986) have routhu doses of 250, 500, and 750mg/kg of
APM administered orallf1hr before p le (PTZ) was sub
administered to mice cn‘used no change in the PTZ CD50 (concentration able to
iuduce scizures 50% of the time). However, at 1000, 1500 snd 2000mg/kg of APM
the PTZ CD50 was significantly lowered. Seizures occurred in 75,81 and 1009,

pectively. This study d tes that APM does alter brain excitability. The

*effects of a high concentration of APM, in-plasms, on mice are unknown. In rats
the dossge required to produce equivalent plasma concentrations to humsns (a
dosage of 34mg/kg as defined as the 99 percentile daily human t‘lo‘sey (HB(NM,.
‘Henry, Montgomery, Bleiberg, Rulis and Bolger, 1983)) is 200mg/kg of® APM
(Stegnik, Koch; Blaskovics, Filer, Baker and Mchnnell, 1981). More recent
literature (Wurtman and Maher, 1988) indicated that 500mg/kg (of body weigh‘t)
of APM in rats may be required to produce the same effect in plasma as 34mg/kg
;»(of body weight) of APM does in humans. All APM doses that have been tested
in humans raise plasma PHE relative to TYR.- The PHE/TYR rg‘ti.o in plasma of
rodents is differdnt to that of humans, following PHE ingestion, because hepatic
PHE hydroxylase is more active in rodents. Thus there is.io simple comparison
for dosages of PHE between rodents and humans because equivalent PHE levels in

" plasma yleld unequal PHE/TYR ratios. Hence, it may be more reasonable to
determine APM doses that raise plasma PHE in bumans to that equivalent dose
~ that fhises the plasma in rats. Therefore, the dose used by Pinto and Maher
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(1088) mly or may not ‘have been i.nd & more

~ . of plasma Jevels bel.ween species needs to be completed. A mare sensitive form of.- &

. seizure “threshold determinstion may also be reqmred Nenns, Arnolde and
Haigler (1987) found that APM at doses of 50 or 500mg/kg administered by
gavage 05, 1, or 2hrs before PTZ-induced seizures or ECS in mice produced no
effect on threshold. The thresh Id was red by the pmenceorabsencz ot s
clonus (PTZ) or t‘u (ECs) that was recorded and ‘the percent of mice having
seizures in each group was calculated. The dll’lennte between the two studies -

indicates a possible dosage difference and if Wurtman' and Mshers (1088)
argument is correct than the dosage used in the Neyvins, Arnolde and Hasigler
f (1087) study was definitely too small. ’ . 35

High APM doses were found to‘poteutinte seizum in rodénu whethS the

N seizures were evoked by drugs, electroshock, or mlnhtlon of ﬂ\lorothyl (Mnher

4 ’ and Wugtman, 19087). They gave snimals doses of APM varying-from -250mg/kg
to zooo,ng/k; one hour before animals were given the. CD50 dose of PTZ They
found that as the'dose of APM iMMJJhg seizures "
increaised (50% to 100%, res, ly for the sbove doses). They then gavé
another group of animals 1 g/kg of APM and changed the ddse of PTZ. They
found that a lower dose of PT 'wu reqlured to produce seizures in APM snimals. -,
This enhanced susceptibility F!‘Z-mduced seizures was also seen among mice E
pretreated with an equimolar doss of PHE beforé reveiving PTZ. When, snimats R
< : were given APM and valing (large neutral smino acid that competes with PHE at . *

-

the BBB) the animals appéared to be protected from ;ei:m'es Therefore, we can
conclude that PHE from the APM. lppe&rs to have a seizure inducing ability vhen
) e, o .consumed in large amounts. ;
N 4 L4 b
There have also been a number of APM-suggestéd medical c’oniplnint.s from the v
consumer. In 1984 the Center for Disease Control presented a paper thﬂ "
represented over 200 people. The complaints were all very lubjechve :nd dierse.
Tbey were: 87% reported ne: ical _and /Bebavioral ‘symp! including %

& . ' g i




" dizziness, head: hes and mood ions, 24% reéported- gastrointestinal

symptoms, 15% reported allergic type and/or dermatologir;al symptoms, 6%

reporfevt—chmges in menstrual patterns, md 9% reported other symptoms. The

. Center for Disease Control concluded that these symptoms were not related to
APM consumption. Bradstock, Serdula, Marks, Barnard, Crane, Remington and
Trowbridge (1986) also found that people re’:«}gd a number of complaints with
regard .fo APM usage. They found that out of 517 reports, 67% had
1/behayioral bl 26% had i inal bl 17%

reported allermc reactwns, and 6% reported menstrual problems. They also

reported thsﬁ in general these  Symp were d to APM amption but’

they do state thnt some speclﬁc mlb]ects‘ symptoms appear to be related to APM
in 1} d' amounts. ‘Walton (1986) looked at a case

study of a 54 year old woman who had no previous history of seizures. This
woman had a seizure and manic eplsodes upon consumption of large amounts of
APM. When the APM was eliminated from her diet so were the manic “episodes

d seizures and

and no more seizures ‘were triggered. A child d
it was found that the mother had weaned her child from milk to diet Kool-Aid

(Wurtman, 1087). Even though these cases are subjective and may be lmpllcnhng

P

the wrong product it is suggestwe evidence. W

In summary, the evidence uuhcatw that the metabolic products of AFM can
alter CNS excxtabxlxty and may mduce convulsions. These data raise two very
Jimportant issues that have not yet been approached in the literature-on APM.

' The first is what are the effects of APM on brain excitability, The second is what
are the effects.of APM on persons who are predisposed to epilepsy. The first
question will be dealt with in this study. ' '

\

Kindling. L

. g
. Kindling is 4 model of the development of epilepsy l(dedard‘, Melntyre and

Leech, 1969). Thisis a procedure where low intensity stimulations, repeated daily,:-




;,ocermn brain str causes a P sion of the epileptifc fter-disch
(AD). The mmul stimulation discharge, if it exceeds the nlter-dmchnge threshold
(ADT), continues for a duration of 10s (Racine and Burnham, 1984), and the

¢ behavioral ch istic that’ ies this is behavioral arrest. With repeated

.

stimulation, the AD increases in amplitude. As stimulations continue the
amplitude of the wave increases, the dnntiovn of the AD increases three to ten
:[old and the wave form increases in complexlty Kindling progresses behaviorally,

as well as physiologi s s itability can only be altered by

. inducing current intense enough to e\}oke an AD. It is the production of AD's that

n:mku the process of kindling possible. Animals nndergoing' kindling‘pmce’ed

Lhmugh ﬂve behavioral stages: Stage-1, m})uth movement (chewmg and smacking)

bqgnn to appear, Stage-2, mouth movements and head clohus, Stage-3, mouth

movement, head clonus and forelimb clonus, Stage-4, mouth movement, head and ;
’ forelimb c!omls, and renin"g, and Stage-5, total loss of post:urnl control (Racine, . {:"
- 1972B). These p ! i Quugza of beliaviors are ble to complex-partial E:
’ epilepsy (chewing, head—quddmg) to those seen in- tempoml (limbic) lobe epllepsy

(overt tonic-clonic sexzures) (Stage-5 seizure as defined by Racine (1912A)) These &
changes ‘are permanent (Goddard, Meclntyre and Leech, 1969). e

It'is not, the stimulation itself that causes kindling:but the production of AD’s.
ADT’s can be lowered in the hi and amygdald by the daily stimulati P
that is delivered to these areas to produce ki;xdling (Racine, 1072A). The aréa of =
interest in this st;ldy is ?ren'CA.'S of the hippocan:n.pus and is one of the areas’in

the limbic system where tempoml‘iobe epilepsy originates (Girgis, 1082).

ity to kindling is a .
reflection of tissue excitability. Therefore, if brain tissue excitability is increased,

Kindling itself alters brain tissue excitability. Suscepti

kindling should be enhanced. ADT ‘may be used to sssess Jocal ‘convulsive
- excitability, ‘the effects of drugs on this excitability may- be measured either with

respect(to acute drug elfects ‘or with respect to rate of.change of ’Ai)T with

“repeated stimulation. Thus kil;dling i5 a useful procedure for studying bnii{
. excitability.’ : A




Present Study.

The amount of water each animal consumes daily was previously determined to
be approximately 45-50ml, hence animals will be given 55ml. Animals in the
‘present st‘ndy will have free access to their drinking bottle with ®sweetened®

§ water (55ml) or plain water (55ml) in it. This ‘method of free access to a liquid
was chosen becmlsl? it provides the better analogy to a human consnngng APM at
their leisure. We want to mimic the effects of) APM usage in humans to rats.

Humans have access to a liquid the same as the rodents in this'study do.

Most of the research on the APM issue uses the method of gavage. This is a
good method if one wants to determine the immediate effects of a high dose of a
chemical. Ho,\‘wavef, when studying a daily consumed chemical that-virtually has -
1 and advant: o

to have free access. This method eliminates the stress, both physical and mental,

it is more b

replaced in many h
associated with gavage, and it mimics the constant alteration of blood amino acid

levels that accompany the many APM ingestion sessions during the day for a
human. Furthermore, the effect of a dose of relatively high' concentration at one:,
time in the day may be different from the same concentration ingested during the

normal drinking sciledule. 'l
\ %

There are also many different protocols that could have been implemented for
the present study. Of the many two will be discussed. In the first one ADT is
assessed on day 0, day’l (first day of APN{ ingestion) and day 7 (last day of APM
ingestion). Starting on day 8 the animals are stimulated two to three times a day
antil they are kindled. The second design would be identical with the exception
that APM would have been continued until the animal was kindled. These two

‘ designs are very different in terms of the issues they ‘addréss. Design 1 addresses
the issue of & permanent or long-term alteration induced by APM after APM had
been discontinued. Hence, are there any permanent consequences 2s & result of



previous APM ingmtio‘n'f l!esign 2 answers the question about el(eets during usage

of APM. The hypothesis being tested in the present study is does APM ingestion
cause a permanent effect in brain excitability? hence the method of choice here
was design 1. If one wanted to determine if APM causes a_ truﬁﬁﬁht?uge in
.excitnbility by using design 2 you would still have to use design 1 to détefmine if

this excitability alteration is'permanent or temporary.

The kindling method li,n sensitive indicator of brain excitability and is the
s ‘

hreshold:

ferred method impl d when ining seizure

The present study used three groups of animals; 0 group (animals received

water), 200 group (animals received 200mg/kg (of body weight) of APM in water) .

and 800 group (animals received 800mg/kg, (of body weight) of APM in water).
All animals received the specified liqni_d for seven days.éllke'dose of 200mg/kg (of
body weight) of APM was chosen because if it is thelHE and TYR sum that is
important then this dose is sufficient to produce an equivalent PHE elevation in_-
plasma.in rats if humans consume 34mg/kg (of body weight) of APM. How;ver, i
it is the ratio of PHI to the-large neutral smino acids thit is importait in both
\mnans and rodents then a dose of 500mg/kg (of body welght] of APM or more-is

required to increase PHE sﬁbstnntiully more than TYR in rat plasma. Hence,

U
" 800mg/kg {of body weight) of APM was chosen. If there was a permanent change

.in brain excitabilityat 800mg/kg (of body weight) of APM (as determined by.

ADT assessments and rate of kindling) but not at the 200mg/kg (of body weight) ’

of APM level then the critical dose could be determined. If there was o effect at
either dose, as compared to the water group, then one can say that even thoﬁgh
redent plasma *equilibrates® humans in terms of the amino ulds important here,
- APM does not change ADT nor does it cause a faster rate ol‘ kmdhng

° Purpose.

Sufficignt evidence indicates that APM alters plasma and/or brain levels of

3
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particular m& acids (PHE, TRY, ASP and TYR). All of these amino acids are
directly or indirectly related to-seizufes as a result of their abundance and/or

reduetion due to APM ingestion.
\

The purpose of the present study was two-fold: 1. Are there any permanent
effects of APM that cause animals to kindle faster even though APM consut}nption

" has ceased? and, 2. Do APM animals hgver Jimmediate, or s}lstaiued lower ADT's? RN
In other words, does APM alter local epileptic excitability and does prior ingestion ’

of APM affect the sibsequent Hevelopment of a seizure disorder.
.

-
> B e 3 g B %
v . Tt was hypothesized that ADT would decrease ‘as a result of APM consumption
and that the animals récei\;ing the higher dose of APM would kindle at a faster
' rate. * @
\
¥
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. . g Method

Subjects. me-elght mule Long-Evans Hooded rats (250-260g) were obtuned
from Charles River Canada and were housed in the Ammxl ‘Care Unit at
Memorial University of Newfoundland. All animals were housed in groups of three
per cage until two days prior to surgery when they were separated and placed in -
individual cages. Their room was maintained on a shifted 12-hr fight, 12-hr dark
schedule (i.e. dark period at 2:00 PM. to 2:00 AM.). All rats were implanted
with one bipolar stimulating/recording electrode in area CA3 of the hippocampus:~

The rats were randomly. assigned into three groups on Day 0 prior to ADT

determination. The groups were: 0 Group {nmmnls received only water to drink), ,

200 Group (animals received 200mg/kg (of body. weight) in;water to drjnk) and
800 Group (animals received BOOmg/kg of APM in water). Dosages were - .
determined by making up 200 or 800 nig/kg (of body wéigm) of. APM in 55ml or X

The amount of food md-ﬁquid d during the i 1 procedure was

recorked daily to determine if there were any consumption differences. % .

Thére was a large Algilion factor in fhis ex.periment During the surgery one
nmmal died. Seven animals dled due to & ﬁastro-mtuunll illness that was totally
lated to the

peti (u d by an autopsy), eleven animals were

sacrificed due to’duplnced caps (n.s a result of the waiting-period after the gutro-

i intestinal illness to ensure no sickness was introduced into the experiment and
—alter any vnrinbla); ‘one ‘animal wis kindled in the 800mg/kg Group although

there was no ADT found for Day 1. Finally, five animals could ot be kindled.

Four of these animals had incorrect placements and one had the correct *

placement but. did not kindle. S




Apparatus. There was one_bipolar stimulating/recording electrode for each
animal. The sti i dmini d and the dings obtained were also

bipolar. The two tips of the bii)olaf electrode were separated at a distance of
—

0.25mm. All electrodes were teflon coated except for the tip. The electrode
assembly and+the anchor serews to Keep the electrode in plsce were held by dental
acrylic applied to the screws and the sk\lll

The animal’s electrode was attached to a Lafayette 60 Hz sine wave stimulator
(model no: 22408) which was connected to a 12V power supply that was u;ed to
provnda power to ‘the switching box. Electrodes were disconnected from a
Beckman R411 Dynogrsph during stimulation by the switching box. Electrodes

were reconnected by a changing of the internal switch of the switching box to

enable ding of the el cephalograph. The stimulus, was delivered by a
footpad that w_’u also connected ‘to the switching box\and the stimulator. The
swftchin'g box was in turn connected to a Beckmah R411 Dynograph (ink-writing
polygraph] where a permanent copy of bram ac}vlty -was recorded for later
analysis (see Figure 2).. The fllter semng of the dynograph was > 30DC, the *

_ amplifier was set at ImV/cm and the pre-amplifier was adjusted for animals.

- . ~
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FIGURE 2: A block diagram of the apparatus used
in this experiment.




Procedure.

Stersotactic Brain Surgery. The 58 animals were anesthetized ip. by
‘Avertin (1ml/100g). The bipolar electrode was lly impl in each

animal (under aseptic condmons) The electrodes were aimed at the CA3‘area of

the hippocampus wn}rcoordmstes at 3.8mm D-V (from skull), 2.8mm posterior
(from bregma), and 2.8mm lateral (from midline) (Kairiss, Racine and Smith,
1984). Three skull screws were necessary to anchor the acrylic head assembly.

Ingestion Procedure. During the rats’ recuperation frdm surgery the amount
of water each animal drank each day was recorded for five days. This was' done
to determme the smount of llqmd that had to be made-up. ThAe rats drank an
average of 45-50ml per day. There(ore, each rat was given 55ml of liquid per day
so that any effect on seizure threshold could not be attributed to hydnuon All
rats drank through a-vertical drinking tube with ball-bearing® at the end of the

spigot to minimize Qpillnge. All rats were randomly assigned to groups on Day 0

and were given free access to a liquid through-out the manipulation: 8 animals

received water , 13 animals received 200mg/kg of APM in water, and 12 animals

received 800mg/kg of APM in water. Animals received a fresh

AM. every morning for seven days. The APM dose was determined mdi
for each animal by obtaining that particular nn‘imal‘s weight and multiplying it by
the concentration of APM used for that animal's group. The dose of 200mg/kg (of
body weight) of APM was chosen because it produces the equivalent plasma
amino acid ratio in rats (Hatten, Henry, Montgomery, Bleiberg, Rulis and Bolger,
1083) as does 34mg/kg (of body weight) of APM in humans (Stegnik, Koch,
Blaskovics, Filer, Baker and McDonnell, 1981). A very high dose. of APM .
(800mg/kg (of body weight)) was used to determine if there was any effect on
seizure thresholds. If none are obtained, then it is unlikely that APM would affect

convulsive excitability at the levels d by the general popul
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Box Adaptation. All rats were handled daily after the stereotactic surgery and
on the tenth and eleventh post-operative days they were each given 15min in the

shielded test box. The rat was free to move as much as possible and no recording :
leads were attached. On the twelfth and thirteenth post-operative days the rats »
were again placed in the same box for 15min, however at these times the
recording leads were attached to the electrode.

Threshold Determination. One day prior to the ingestion procedure (the
fourteenth post-operative day-Day 0) the after-discharge threshold (ADT) for each

rat was d ined. The threshold was i by nsmg a stimulus train of
60Hz sine waves of 1.1sec duration. Threshold was determined to the nearest 5uA.
There was an  inter-stimulus jnterval of &n}m between stimulus trains when
determining the threshqld.’ Threshold was defined as the- lowest intensity of
stimulation required to evoke an AD.-The threshold was again determined after
the animals had ingested APM or water for one day (Day 1) and again on the last
day (seven days) of APM consumption (Dsy 7). Thn was done to determine if
APM affects brain excitability mmedn&ely after mgemon or if the effect may
occur after longer ingestion, if it occurs at all. Group 0 served as a control.
Fipally, a lized seizure triggering threshold (GST)'(Wuh, Osawa and”
achi, 1076) was determined one day after the.third stage-5 seizure. This was
obtained by reducing the kindling stimulation intensity by 5uA for every

stjmnlati& session to the point at which the stimulation was no longer sufficient
to induce a stage-5 seizure. The interVal of stimnlations was the same as that used
for the kindling procedure. The GST would be the lowest int:en!ity rez\uired to
evoke a Stage-5 seizure in a kindled animal and it was determined to the nearest
SuA. e S

Kindling Procedure. One day after the ingestion procedure (the day after




APM DBad been consumed for one week) the mass kindling procedure (Racine,
1972A) an for all animals. The-kindling stimulations were the same as those
used to determine threshold. The intensity each animal received was the lowest
current reqmred to evoke an AD on Day 7. The animal was stimulated two to
three times every day, with an inter-stimulus interval of at least four hours, until
the animal exhibited three stage-5 convulsions. Stage-5 ions consist of loss
of postutal control and head and bilateral clonus. The GST was determined on.
the day subsequent to the last stage-5 uizur;,

Perfusion and Histology. All animals werf sacrificed one week after being
kindled. The animals were perfused transca¥dially with 0.0% buffered saline
followed by a 10% formalin solution. The brains were removed and stored in 10%
formalin for later sectioning. The tissue was frozen in isopropyl alcohol that was
cooled in'liquid Nitrogen. Tissue was sectioned at 38 microns and- every third

section was retained and stained uling a

cresyl violet p
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Y Results

s v
Only subjects with electrode placements in area CA3 of the hippocampus were

reported in the analysis (see Figures 3 and 4).

Five animals were eliminated from the study because their ADT'S were above
the maximum intensity used for ADT determination (4004A). The animals that
did exhibit an ADT initially produced a wave of high frequency discharges
superimposed over a normal stimulus-response wave form. The amplitude of the
discharges decreased gradually and the AD's disappeared 10-20 sec after
termination of the stimulus. When this pattern was obtained it was taken as the
AD on Day 0,0n Day 1 the AD was more defined and longer in latency. With the
progression of more stimuli over days the AD became more characteristic.of a
seizure’ state -with initial AD followed by a progression of the behavioral
characteristics through the sequente of stages (Stage-1 through to Stagc-s)d\(‘s}e
Figures 5).

With regard to weight differences, there were no sligniﬁcant differences in weight
gain between the three groups over the seven days of water/APM consumptiqn,
X, = 17.25gm, X, = 25.77gm, and Xyo = 21.75gm; F(2,30) = 0.76, p > 0.05.
This referred to the weight gain between Days 1 and 7. Hence APM animals did
not gain 3;])' more or less weight than the water animals. Therefore, any
differences found in the dependent variable were not mediated by weight
differences (see Table 1).

There was also no significant difference in food consumption between the three

groups over the experimental manipulation (X, = 109.38gm, Xy90 = }07.15gm,

and im: 189.0gm; F(2,30) = 0.34, p > 0.05). Hence, drinking APM in water *
does not decrease or increase food intake in rats (see Table 2).
v .




Distribution of of electrode tips in the hlppocampus Blocked
area in CA3 indicates the conceng-atxon of the tipd.







Flgure‘4:

N,
\ +
Photograph-of a braih slice showing the electrode tip within
Area’CA3 of the hippocampus. .
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Figure 6t

>
Two examples of the progressive increase in the duration of .
the -after-discharge that occur as an animal comes closer to
being kindled.

A: This shows the after-discharge exhibited by Animal 41.

Bt This shows the after-discharge of Animal 19.
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Table 1: One-Way Anslysis of Variance to compare weight gain in
subjects over 7 days of APM ingestion.
/™ a
. gl
-
; '

Source daf 88 us F
G (GROUPS) 2 384.0 182.00 0.78
ERROR 30 7168.0 238.93




e ot

Table 2: * One-Wsy Analysis of Variance to compare food intske in
- subjects over.7 dsys of APM ingestion. —
\
) i
A
-
v
Source  df 88 U8 F
G(GROUPS) 2 642,98 " 32149 0.34
e : ‘e
ERROR - 30

28327.60 .26 L




. %
There were also-no significant differences in daily liq;lid consumption between

i the three groups (¥, = 4804ml, Xy == 48.31ml, and Xy = 4205ml; F(230) ) *
= 1.03, p > 0.05.). The total amount that an animal could consume, .per day was

55ml. There was no significant difference between groups over the seven days.
Hence, all groups drank the same smount of liquid per day (see Table 3).

With regard to kindling, there were no sigiificant differences in the number of
stimulations required to evoke three Stages seizum, X, = 45.1, Xy = 83.1,

and )_(m =454; F(2,30) = 0 14; p > 0.05. Hence APM ‘animals did not require

fewer stimulations to produce seizures (see Table 4).

u

Figure 8 shows ihe change in 'ADT over days. It.can be seen that groups 0 and

800 Pere initially the same at the start of the experiment with group 200 being
slightly, but not significantly, above. It shows that all groups deéressed over days
and that'group 200 decreased in ADT more than the other oups. It can also be .
seen that there was a .crossover hetween day 7 and » but this “was not
significant. A detmled look at, the annl*s]s follows. ) s ;

+ D

Mn overall Analysis of Variance was performed to determine whether there were

any differences in ADT between groups over days and to detenmne whether there «

\ was an interaction between the groups over days I there was 8 general APM
effect it would be revealed in the i ion. There were no si

between the groups, F(2,30) = 0.1013, p > 0.05, nor -was there an interaction
b)wéen groups over days, F(6,90) = 1. 14 p > 0.05. Hence, APM did not cause a
/dxﬂclence in brain excitability. There ‘was, however, a significant difference in
ADT over all ‘days, F(3,00) = 37.6381, y& 0.001 (see Table 5). The ADT"
between Day 0, ljly 1, Day 7 and GST was'not the same for any of the groups

(see Table 6 for the means). A Newman-Kuels test comparing each day with every
other showed that the ADT declined significantly for each day of testing (Day O «
> Day 1 > Day 7> GST). -




e Figure 6:




| : 5 ‘ i ~+02 g
% - - ez B
_, } ‘toe
-cg W.
2 Loy \..m
> few 13
LR m_M_\ma08_”__..._”_ o W//a R
83/8w 002V ——V - ‘ L

Lyen)—Q0Q"




Table 3: ‘Two-Way Analysis of Variance to compare liquid consumption
pef day of animals ovér the seven days of experimental

manipulation.

Source at T o8 ¥ F

. -
G(GROUPE) 2 964.62 482.31.  1.03.
SUSUBJECTS) 30 14062.60 468.75
D (DAYS) “8 c .. 290.95 . 48.41 1.78
60 12 527:39. 43.95 1.62 -
D15 180 4886. 24 27.16




Table 4:

One-Way Analysis of Variance to compare the number of
stimulations required to kindle the animals (i.e. to reach 3
stage-5 seizures.

.
k Source at 58 Ms F
=
G(GROUPS) 2 39 19.6 0.14
ERROR 30 4083 136.0°




Two-Way Analysis of Variance for a'comparison of the ADT

Table 5:
for the three groups, for day 0, day 1, day 7 and GST.
N .
~

SOURCE at 88 us F

* G (GROUPS) 2 405.24 202.62 0.19
- . ; ,
S(SUBJECTS) 30 31767.50 1068.92 J
g

D (DAYS) 3- 6770.27 ' 2023.42 37.64 *+
" axd .8 668,04 100.67 ' 1.14

Dx§ < 90 6990.47 77.67

\ % p <0.01




Table 8: The average ADT in uA for the three g'rolx))s for Day 0, Day 1,

Day 7 and GST.

]

GROUPS )
|
DAY | Omg/kg APM 200mg/Xg APM 800mg/kg APM iovpnu
_;_..} 6.6 - 63.48 45.63 | 48.70
1 : w.63 4a7.69 40.83 : Bl
7 i .25 39.2 37.08 : 37.73
65T : .83 25.00 26.2 : 26.82
oversll  45.63 - 53.48 45.83




To ensure that group differences were not present at the outset, & One-Way
Analysis of Variance was completed for Day 0. It was found that- there were.no

significant diﬂ‘erenéa in the initial ADT for the groups on —Dnyio,l&elouany——”‘

APM was introduced into the experiment. Therefore, any difference seen cannot
be attributed to differences with respect to baselin: ADT (see Tables 6 and 7). }
E -y o .
The short-term effecte of APM ingestion were analyzed by perloléﬂng an .
Analysis of Variance on ADT on Day 0-and Day 1. There was a days el{eét‘only
on ADT, F(2,30) = 9.97, p < 0.01 (see Tables 6 and 8).

The long-term effects of seven days of APM ingestion were also examined by s
3(groups) x 2(days). anslysis of variance. The two days of importance here lwel"e
Day 7 and the day at \‘avhich'GST.‘wu measured. There was a significant
difference in the threshold over the two days, F(1,30) =305, p < 0.01 (see’
Tables 8 and 9). But there was no effect of APM ingestion on groups x days

interaction.

s ) .




# "

Table 7: One-Way Analysis of Variance to compare the tliree groups for
ADT on Day 0.
s
)
-
" Source T . 88 us F
G(GROUPS) 2 468.74 ' 234.37 0.52 o
ERROR 30 " 13462.80 449.43
-
e ;
™~




#+p <o0.01

'_l‘-.ble. 8: Two-Way Analysis of Variance for a comparison of the AD'F
. ) for the three groups, for day 0 and day 1.
© e
. I
g = - 7
(BOURCE » ¢ df - 58 M5, F
" a(aRoups) 2 846.34 423.17 0.58 |
S(SUBJECTS) - 30 21830.90 . 727.89
D(DAYS) a4 484.02 . 464.02 9.97 #s
GxD ° 2 2.33 1.17 . 0.03
Dx§ 30 1396.16 48.54
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Table 9: Two-Way Analysis of Vnriﬁce for a comparison ‘of the ADT

~ for the three groups, for day 7 and GST.

AN

SOURCE df 5§ M5 F
A
G (GROUPS) 2 31.17 16.58 0.03
8 (SUBJECTS) 30 13627.90 464.26
D(DAYS) T “To83.64 1963.64 30.96 ++
GxD . 2 183.44 91.72 1.45
Dx§ = @z ) 1802.92 . .  63.43 ar = ssmoms
#* p < 0.01 %
'
B
e
.
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Discussion

The hypothesis was not confirmed: APM did not produce changes in ADT
during the ingestion procedure, nor did it decrease the rate of kindling after APM
consumption was discontinued. It was expected that if APM altered brain
excitability, even in the short-term, then ADT would change between day 0 and

day 1. This was not the case here.

The determination of ADG for the subjects was observed from the behavioial
correlate, although the physlologwal correlate ‘was sometimes rather large when

pared to the This discrep: may exist for several possible
reasons; other literature studied ventral CA3 as compared to dorsal CA3,

" electrode impedance differences or filter setting differences.

In this experiment two variables could have changed brain- tiss excita!{ility:
APM and kindling. Three possible-outcomes could have occurred. The first, and
expected, was that both of these variables would work together to produce a

ic effect, hence in AP‘M animals would have been increased as

a result of these two variables, as determined by ‘a groups x days interaction in
the analysis. The second possible outcome could have been an APM but no
kindling effect. This would have been determined by a groups effect in the
analysis, where groups would have been significantly different. If this had
océurred it would have oppoded previous literature since kindling itself affects
ADT. Hence, if this occurred APM would act as protection against altered brain
excitability. Therefore, if APM had an effect it was independent of kindling. The
third possible outcome could have been a kindling but m; APM effect. This would
have been demonstrated by a days effect in the-analysis. The change in ADT over
days would have been signiﬁggnt.

Only a kindling effect was found. The ADT decreased over days as a result of
induced® excntub)my changes caused by the stm\llntlons (as has been reported by

0y




.many researchers, for example Racine (1972A). The ADT for all groups decreased
significantly for each testing day and there were no differences between water and
APM groups. Hence the magnitude of change wag unaltered and there was no
interaction. Thus.I conclude that under thése conditions APM does not change
brain, excitability. This evidence is not in agreement with the ﬁn;ﬂng\s of Maher
and Wurtman' (1087) and what wag initially hypothesized in this study. They
found that A.PM promotes seizures in animals who were already-at risk (that is,
animals treated with PTZ, ﬂ‘\lnm‘thyl or electroshock). These animals' that were
given APM before the seizure inducing treatment (PTZ, v fluorothyl or
electroshock) had more convulsions than animals that were not given any APM
but just the seizure inducing treatment. The present study showed that APM had
no effect on brajn excitability even with the sensitive kindling technique. This
. study mvesllga',ed here may. be contrary to Maher and Wurtman (1987) because '
they gave ' theit selzure lnducmg treatment one hour after APM ingestion. Hence,
“the plasmadnd bmln levels of amino acids may have been altered, thus the results
revealing an_immediate brain excitability effect.. The study performed here was
more interested, in the longer effects of APM and if any long term effects of bgain
excimbilit}; remained even after APM consumption ceased.: Although the Ert
term effécts were studied here (by measuring ADT on d#ys 0, 1 and 7) and it was
found that APM did not. have an immediate effect on brain excitability when
studied by the kindiing model. APM does not cause the rate of kindling to become

faster nor dogs it decrease the intensity of stimulation needed to evoke an AD.

. The fact that there were no differences among groups in the amount of liquid
c{msumed was in agreement with Sclafani and Abrams (1086). Rats did not mefer
e APM over water for the nmmsls receiving 200mg/kg or 800mg/kg of APM in
their drnnkmrwater for seven days. "APM also did not ‘have an effect’ on food
consuAmp'h_?n or weight gain between the groups over the experimental
manipulation. Therefore, it did not appear to upset their normal functions. The
groups’ data were all the same, rekardlw of APM consumption. If one of these
features had” changed along with ADT or number of stimulations to kindle
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changed then it would have been difficult to say what was specifieally causing the_

effect. However, this was not the'case here.

The absence of. APM effécts on ADT and kindling raises two questions. First,

" did APM ingestion increase plasma PHE, ASP, TRP and TYR? Secondly,~did
elevated plasma levels of these amino acids change brain concentrations of 5-HT, |
TYR, PHE: snd TRP?*There may still have been no effect, as was shown by .

_ kindling and ADT measuremex;ts,'bnt instead snia.lteration.in plasma or brain or
plasma and brain concentration of amino acids. The long-term effect, if theretis
one, was not detected in brain. excitability yin Area CA3 of the Hippocampus,
howewtt, it is not to say that all amino acids are normal in the long-term, or’even
after three weeks. The next logical step is to detern!iné plasma and brain amino
acid levels after animals had- consumed APM for one week. This study will tell

ong if the body for constant 5 ion of the\lmino acid levels or
does there exist a altered amino acid plasma/brain ratio. The subsequent study
outlines such an experiment where plasma and brain amino acid levels ‘were
analyzed. :




LS ’ Amino Acid Study

Plasma and Brain Amino Acid Analysis’

The previous study has shown that there were no slgmlics.nt differences between
APM animals and water animals in the number of utlmulsuons required to kindle
Area CA3, nor was there any difference in the ADT between the groups. It is
possible that there were no effects because although APM ingestion had raised
brain tissue levels of varidus amino acids this had not altered kindling or ADT. Or

* it may be that the levels of APM ingestion hnd not ﬁltered amino acid levels in
brain tissue. A.Ithough the levels used in the experiment were chosen on the basis
of other work (Stegink, Koch, Blaskovics, Filer, Baker and McDonnell, 1981) the
second possibility remains open. ;

ln order to dlstmgmsh between these two explanations for th,: lack of effect a

y wm fc d to d ine if .there actually was a

difference in plasmn and ‘brain amino acid levels among the groups. If there was a
difference in plasma and not brain  one can say that the brain acts as a buffer for
plasma amino acids (refer to BBB section of the mtrodnchon) hence not
permitting entrance. If this is the case then intraventricular administration of the

bolites of APM may be a better route to determine the effects of APM on

Qrain sensitivity, However, since we are interested in an analogue to the human

situation then this route of administration is not acceptable.. If* there was a
difference in brain levels among the groups one could siy that APM does affect
brain amino ‘acid levels with the possible concomitant change in ratios of

neurotransmitters (Fernstrom and Wurtman, 1971). In that casg the tests of '

kihdling and ADT used in the major experiment of this thesis were not
sufficiently sensitive to detect an effect or there was no effect.

*




Method

Subjects. f
Forty-five Long-Evans rats were maintained on APM Idr seven days as outlined
in the previous study (15 animals on Omg/Kg of APM; 15 animals on 200mg/Kg
of APM; 15 animals on 800mg/Kg of APM). The animal's weight was recorded
on day -1 and again on day 7. Animals also had free access to food at all times.
The average weight of the animal for each group at the start,of the expenment
was 466 lg, 465.1g and 465.8g for the 0APM group, the 200APM group and the
SOOAPM group, res’pecuvely The animals were given free access to a liquid and
the .quantity drank was recorded daily. Plasma and bhms ‘were obtained from
each animal: All animals were given a sumclent smouh of Somnotol (osmg/Kg \
! for anesthesia. The skull bones were opened nnd the wrams were removed before
the plasma was extracted. - N
£ - Procedure . |

‘. & . s
This was a blind experiment. The person who extn‘ic'bed blood am_i brain coded
thewgamples and then gave the samples to another person that performed the
amino acid analysis procedure. Hence, biases were eliminated.

- Plasma Extraction
Blood (2mi) was collected from the descending aorta in heparinized syringes.
The bldod was then transferred to centrifuge tubes and centrifuged for 10min at’
4000RPM o that -the plasma could be obtained. The plasma (supernatant) Was
mixed with s equal amount of Lithiun’, Hydroxide (pH 2.2) and Ihen. injected into
the HPLC amino acid, analyzer (Beckman Bulletin 121M-TB-013) in the
Biochemistry Deput‘ment.‘The amino acids of interest have previously been
discussed in the i}ltroductionv and method of this th'esis‘




Brain Extraction

. Each animal’s brain was removed and sliced at the point where the spjnal cord
and cerebellum meet. The brain was immediately placed between pre-cooled (in
fliquid nil ) aluminium clamps for i diate freezing. The brain was then
pulverized to s fine powder, with frequent additions of liquid pitrogen,
homogenized with 40% Perchlorie acid (4ml/gm of brain) and allowed to stand
for 10min. on cold ice so that the protein precipitated. The brain was then

- centrifuged so that a Iml aliquot of the supernatant could be obtained, which was
adjusted to pH 2.2 by addition of sodium hydroxide. The HPLC analysis was
performed. in the Amino Acid Analysis facility of the Biochemistry Department at
» ial University of Newfoundland. One brain from each group was

climinated from the experiment as a result of breakage of the centrifuge tubes
during centrifugation.
L]
= 4 : Results
One animal’s data had to be removed from the statistical analysis. This animal
 had levels that were at least 3 standard deviations above the aversge in three of
the plasma amino acids measured. Hence, this outlier was removed from the
800APM group.

A series of independent t-tests were performed between the three groups to
determine. if there were any significant differences among the groups. Plasma
analysis revealed a significant difference between ASP levels in plasma between
animals that drank 200mg/Kg of APM “and 800mg/Kg of APM {t(27)) = -1.81, p
< 0.05), as well as, a significant difference between the 0Omg/Kg of APM animals ¢
and §ng/Kg of APM snimals for ASP ((4(27)) =.-2.13, p <'0.05). There was
also a significant difference in tyrosine concentration for the Omg/Kg of APM
animals and the 800mg/Kg of APM animals ((4(27)) = 22,68, p < 0.05). There
were no other differences found in the other amino acids analyzed. Table 10.
shows the means for the amino acids analyzed in the three groups. $




Another series of independent t-tests were also performed between the three

groups to determine if there was apy significant difference between the groups.
Brain amino acid analysis revealed no significant difference in any amino acid
studied here in brain between the three groups. Table 11 depicts the means for
the amino acids analyzed in the three groups. * ‘

There were no differences in liquid consumption among the three groups’over
the seven days of APM/water ingestion. The average amount of liquid consumed -
per day for the Omg/Kg APM animals was X, = 50.13ml, the 200mg/Kg snimals
X0 = 52.75ml, and the 800 mg/Kg APM aninials Xy = 61.1ml.

There were no differences in weight gain over the seven d’syj ingestion period for
«the 0mg/Kg APM animals, the 200mg/Kg APM animals and the 800mg/Kg APM
animals. The weight gains were 19.8g, 19.3g and 18.5g, respectively.




Discussion
Overall, there was a difference in plasma ASP between 200-800APM. animals
and 0-800APM animals. There was also a difference between plasma tyrosine
concentration in the 0-800APM animals. However, there were no differences found
between any amino acids tested in brain among the groups. This difference in

plasma is not Bffecting brain levels at the concentrations of APM used in this
experiment. It is also of interest to mote thatywe have not found the PHE
incrément in plasma that has been found in previous research (Wurtman, 1983B).
This was of importance because most v;’arevious research extracted brain/plasma

diately after APM ion or every half hour up to two hours after

APM ingestion, The other studies that found amino acid level differences also
used one test. load. Contrary to this, plasma and blood were extracted up to 6hr
after APM/water cansu};lption and these animals were maintained on the liquid
for seven dn.;s\Therelou, innigniﬁca‘;:ce in PHE may be due to a Iolllgw duration
for the liver to metabolize the metabolites of APM or it may be that there is a
compensatory mechanism that monitors and currects high levels of circulating
PHE when PHE is in the plasma at high concentrations for a prolonged p:iio;‘l of
- - 8

time.

i
’ X// The lack of effect in brain levels or_n\;i_.krids could_not be attributed to
. " methodol The p on of theliquids were déne with standard

procedure as that of high liquid chromatography. Hence, the results found in this

experiment nre\probably not due to chance or experimental error.
\"\\. ~

Recent research I?y Wurtman and Maher (1088) suggests that the concentration

of 200mg/Kg of “APM in rats.is not comparable to the 34mg/Kg of APM in

humans. _They suggest that due to the fast rate of x;netnbolism in rats as compared

to bumans the concentration should be 500mg/Kg of APM. If this idea was

correct than the concentration used in this experiment (800mg/Kg APM) should

have been sufficient to produce an effect. However, this was not the case.




1t is unlikely that humans would consume APM in higher concentrations than
used here. Hence, there appears not to be any detrimental effect of APM on the
brain with regard to ADT changes or 'possibly any other behavioral or *

neurological construct.
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The average amino acid concentration (nm/ml) in plasma for

Table 10:
the three groups.
\
_ -
|
\Chemical | Glutamic e
QAnllyzedl ASP  Acid * Glutamine TYR PHE TRY "
Group\ i
|
| .
0. APM 1162.90 88.56 219.68 23.26 24.27 14.08
| *! . >
200 APM 1168.41  94.00 214.33 25.63 26.60 12.49
| Lo .
800 APM 1239.29 91.79 261.48 28.26 26.69 13.43
P <'0.06, * refers to a signifi —dd bet:
the OAPM und B0OAPM groups. —

! refers to a significant difference between
the 200APM and BOOAPM groups.



Table 11:

‘The average amino acid concentration (nm/ml) in brain for the
three groups.
0
\ ’
|
.o \Chemical | Glutamic
\Analyzed| ASP Acid Glutamine TYR PHE TRY
Group\ |
2 |
* I ' -
0 APM | 999.21 2662.69 1161.68 15.31 14.89 2.46
e [
200 APM 11032.10 2611.70 1206.71 15.36- 14.71 2.81
| ) .
16.61 16.06 2.468

800 APM

11035.42 2777.48 1200.91
|




General Discussion . N

IR ,

Overall, APM did not affect the rate of kindling in Ares CA3 of the
Hippocampus nor were there any differences in brain concentrations of the amino
acids under study when animals ingested 0, 200, or 800 mg/Kg (of body weight)

_of APM. If the dvsage equivalence between humans and rats is correct then from
these two studies we can say that APM ‘;vcul_d not have any Central Nervous'
System effect on 'normal’ subjects. Hnwevgr, there may be certain subjects that
are semsitive to certain amino acid fluctuations. Also it may be that the effects of
APM are additive and that oer timie the amino acids may become even higher in . .
plasma and liave more molecules available to compete for transler across the BBB .
and then affect neurological functioning. 5

There are a nnmber of other studlu that can be done to detemune the effects of
APM on brain excitability. Some ideas are given |n this pnper One way to.
determine the effects of APM.on the development of m’gra would be to obﬁm =
EEG's from animals for a baseline period and then give them APM to jngest fora .
three month period while obtaining daily EEG’s. The nmmn.l.s can then be kindled -
-to determine any difference in the rate of kindling between poups and dle change
in EEG'S during mgutmn Ancther study is to kindle animals first and then let
them consume. APM in water as was carried out here. This would continue fors
reasonsble amount o‘nme ‘with animals always being videotaped to detect if any *
spontaneous nlnlru‘ were occurring. In this experiment you would be testing

“ whether epiléptiu hld‘ more seizures during APM col;sumption or if there were

any spontaneous seizures. This study should n|so teat ADT nt various times to
determine if the’ ADT for APM epileptics was lnwer than the ADT for control
epileptics. An alternate way to examine the question would be to take the snme
animals and only ‘determine their GST to see if it has significantly decreased for
APM animals. Yet another would be to replicate the study completed in this

thesis with “one exception, continue APM cgmumption from Day 1 until animals




exhibit-three Stage-5 seizures. This study would_ test the transient effects of APM
on ADT and rate of kindling. =

. ¥ '

The.question of, the effects of APM on brain excitability remains open. The
method used ‘in th-is thesis rely on demonstrating an average effect. It does not
deal vm.h the qeustion of effects on *susteptible® individuals. Given the present
findings, research using methods iate to ing for sensitive i

would be 2 useful. area to éxamine.
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