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ABSTRACT

The potent analgesic property of acetylsalicylilaand acetaminophen makes these the
most commonly used analgesics in the world. Easgsaibility and cost effectiveness of
these agents are attractive to patients seeking nedief. However, the abuse of non-
narcotic analgesics such as acetaminophen andlsaditylic acid by alcoholics and
patients seeking to relieve dysphoric moods id d@tumented. These agents therefore
impact on the brain neurotransmitter levels andetioee all processes involved in the
synthesis and metabolism of neurotransmitters neagftected. The use of non-narcotic
analgesics has been reported to reduce the in@denweurodegenerative disorders such
as Alzheimer’s disease (AD) and Parkinson’s dis¢@fy. The mode of action by which
acetylsalicylic acid and acetaminophen elicit n@uotection is however unclear as many

mechanisms of action have been inconclusively etsiul

The first part of this study aims to elucidate tharious mechanisms by which
acetylsalicylic acid and acetaminophen affect theymes responsible for the catabolism
of tryptophan, which is a precursor for the moacglating neurotransmitter serotonin, as
well as to investigate whether these agents alieriterplay between serotonin and
pineal indole metabolism. The second part of thislys focuses on the neuroprotective
properties of acetylsalicylic acid and acetaminaptigizing the neurotoxic metabolite of
the kynurenine pathway, quinolinic acid and the epbt Parkinsonian neurotoxin,

1-methyl-4-phenylpyridinium (MPPB.

The ability of acetylsalicylic acid and acetaminephto alter TRP metabolism was
determined by investigating the effects of thesen&gyon the primary enzymes of the
kynurenine pathway i.e. tryptophan 2, 3-dioxygeras# indoleamine 2,3-dioxygenase as
well as to investigate whether these agents woudvehany effects on 3-
hydroxyanthranilic acid oxygenase. 3-Hydroxyantiii@macid oxygenase is the enzyme
responsible for the synthesis of quinolinic acidetylsalicylic acid and acetaminophen
alter tryptophan metabolism by inhibiting tryptoph2, 3-dioxygenase and indoleamine
2,3-dioxygenase thus increasing the availabilitytryptophan for the production of
serotonin. Acetylsalicylic acid and acetaminophé&so anhibit 3-hydroxyanthranilic acid

oxygenase thus implying that these agents couldiceedjuinolinic acid production.



Acetaminophen administration in rats induces a insserotonin and norepinephrine in
the forebrain. Acetylsalicylic acid curtails the etmminophen-induced rise in brain
norepinephrine levels as well as enhances serotoaiabolism, indicating that analgesic
preparations containing both agents would be adgmaus, as this would prevent
acetaminophen-induced mood elevation. The resudia the pineal indole metabolism
study show that acetylsalicylic acid enhances pinegtabolism of serotonin whereas

acetaminophen induces an increase in melatonifsl@véhe pineal gland.

Neuronal damage due to oxidative stress has beeplicated in several
neurodegenerative disorders such as AD and PD.s&bend part of the study aims to
elucidate and characterize the mechanism by whiclktyBalicylic acid and
acetaminophen afford neuroprotection. The hippocerp an important region of the
brain responsible for memory. Agents such as quiimoacid that are known to induce
stress in this area have detrimental effects amdddead to various types of dementia.
The striatum is also a vulnerable region to oxidastress and hence (MPPwhich is
toxic for this particular region of the brain, wakso used as a neurotoxin. The results
show that ASA and acetaminophen alone and in caatibim are potent superoxide anion
scavengers. In addition, the results imply thatséh@gents offer protection against
oxidative stress and lipid peroxidation induced d¢mveral neurotoxins in rat brain

particularly, the hippocampus and striatum.

Histological studies, using Nissl staining and Attidhsin, show that acetylsalicylic acid
and acetaminophen are able to protect hippocampalons against quinolinic acid-
induced necrotic cell death. Immunohistochemicaksgtigations show that QA induces
apoptotic cell death in the hippocampus, whicmlghited by ASA and acetaminophen.
In addition, ASA and acetaminophen inhibited MR®luced apoptotic cell death in the

rat striatum.

The study also sought to elucidate possible meshani by which ASA and
acetaminophen exert neuroprotective effects irptesence of MPPas these agents are
shown to prevent the MPAnduced reduction in dopamine levels. The resshisw that
acetylsalicylic acid and acetaminophen inhibit #hetion of this neurotoxin on the
mitochondrial electron transport chain, a commourse of free radicals in the cell. In

addition, these agents were shown to block the atexic effects of MPP on the

iv



enzymatic defence system of the brain i.e. supdeodismutase, glutathione peroxidase
and catalase. The reduction in glutathione levattuéed by MPP is significantly
inhibited by acetylsalicylic acid and acetaminoph€&he results imply that these agents
are capable of not only scavenging free radicals dlso enhance the cell defence
mechanism against toxicity in the presence of KPFhese agents also block the
MPP'-induced inhibition of dopamine uptake into thel.c€his would therefore reduce
auto-oxidation of dopamine thus implying anotherchanism by which these agents

exert a neuroprotective role in MRRduced neurotoxicity.

The discovery of neuroprotective properties of @eaticylic acid and acetaminophen is
important considering the high usage of these agant the increased incidence in
neurological disorders. The findings of this thgsignt to the need for clinical studies to
be conducted as the results show acetylsalicylid aod acetaminophen to have a
definite role to play as antioxidants. This studhgrefore provides novel information
regarding the neuroprotective effects of these tsgamnd favours the use of these agents
in the treatment of neurodegenerative disorderd) ais AD and PD, in which oxidative

stress is implicated.
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Literature Review

CHAPTER ONE

LITERATURE REVIEW

1.1. INTRODUCTION

Manipulation of the kynurenine pathway of tryptopHd@ RP) metabolism has yielded a
plethora of agents that are being developed apsatectants and antidepressants. TRP
is the essential amino acid that plays an integodd in the synthesis of the
neurotransmitter serotonin (5-HT), which is imptes in depression. The interest in the
neurobiology of the metabolites of this pathway veasused with the discovery that
integral components of this pathway such as guimobcid (QA), could be implicated in
the neuronal damage that characterizes neurodegmeedisorders such as Alzheimer’s
disease (AD) and Parkinson’s disease (PD) (Std@0)2

Alzheimer’'s disease and PD are late-onset neuroeegive diseases that have
tremendous impact on the lives of affected indialdu their families and society as a
whole. Remarkable efforts are being made to elteittee dominant factors that result in
the pathogenesis of these disorders. Extensive-rpodem studies of PD and AD
patients suggest that oxidative stress is a pramifeature of these neurodegenerative
disorders. The frequent presentation of intracgemic inclusions in the patients of both
disorders suggests the involvement of a common rlyidg aberrant process. It can
therefore be surmised that oxidative stress, whghcooperatively influenced by
environmental factors, genetic predisposition, aedescence, may be the link between

these disorders (Trojanowsdtial., 2002).

Alzheimer’s disease is the major cause of demémtiae United States with a typical age
of onset as early as 60 years of age for sporagiescand a prevalence that can reach as
high as 30% by the age of 80 (Zabar and Kawas, )200fpical sporadic PD has a
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prevalence of 0.6% at 65 years of age, but theaigkeveloping PD increases with age
with a prevalence of 4-5% by the age of 85 (Zalpar lsawas, 2000).

Therefore there is a dire need to investigate g#eeaf novel, cost effective agents in the
treatment of these prevalent neurodegenerativedise Hence this study focused on
using common, non-narcotic analgesics namely aadigylic acid (ASA) and

acetaminophen to investigate any possible neuregtive effects that they may possess.

1.2. TRYPTOPHAN (TRP)

Tryptophan is a dietary essential amino acid (Benti@82). The chemical structure of
TRP is shown in figure 1.1. It has the greatesteuwbr weight of the twenty amino
acids and is encoded by messenger ribonucleic @uRINA) to be incorporated into

protein synthesis.

NH,

COOH
N\

N
H

Figure 1.1 Chemical structure of the essential amino agigtophan (TRP)

Tryptophan derivatives constitute a number of piilggiically important molecules such
as the neurotransmitter 5-HT, the neurohormone towta (aMT), the vitamin niacin,
proteins, and the pyridine nucleotides (Maurizi9@p There are essentially two sources
of plasma TRP in the body: (1) increased hepatitapoutput after a protein rich meal
and (2) secretion by the tissues as a consequdnaleetions in the concentration of

bound and free TRP pools in the body.
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Following protein ingestion and the efflux of TR®rmh bound and “free” pools in the
tissues, TRP enters the circulation as the overfitom the portal circulation. TRP leaves

the plasma via:

(@8 Metabolism in the liver by TRP-2,3-dioxygenase amakt significantly
(2)  uptake into the tissues,
(3)  excretion into the urine (Fernstrom and Wurtmarr,1)9

In individuals, the metabolism of the dietary amamd exhibits a rhythm depending on
the food consumed. Peak levels are found to ocoungl the latter part of the dark

period or the early light period (Sudgen, 1979).

1.2.1. TRP Uptake System

Green and Curzon (1968) demonstrated that followiRg induction of TDO in the liver
by the administration of glucocorticoids, there veasignificant reduction in the rate of
5-HT turnover, and in the steady state concentratib 5-HT in the central nervous
system (CNS). Conversely a number of studies hawevis that the administration of
loading doses of TRP leads to an increase in tieeafeb-HT turnover (Ecclestoat al.,
1965).

Little is known about the enzymology of the transpf amino acids across membrane
systems. However there has been greater knowleddgleecspecificity of the amino acid
transport systems, regardless of the enzymologlgeoprocess. The mechanism of uptake
in the intestinal mucosa, renal tubule and the BBBe similar specificity. A common
carrier, transports not only TRP but also phenylak, tyrosine, threonine, leucine,
isoleucine and valine, the so-called large groupeaftral amino acids. In the brain this
common carrier system was first described in bshizes (Blasberg and Lajtha, 1966),
and has since been demonstrated at the blood-baaiier by single perfusion studies
(Olendorf, 1971).
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The rate of amino acid uptake into the brain frdra bloodstream is extremely high.
Thirty-fifty percent of a labeled amino acid presgnan infusion bolus may be extracted
during a single pass through the brain capillarg @lendorf, 1971). There are at least
ten different groups of amino acids in the bragsuie, concerned with uptake from the
bloodstream, efflux from the CNS, exchange acrbssBBB (counter transport rather
than active transport) and uptake into specifidscahd regions of the brain. These
systems can be differentiated by their sensitiwitie inhibition by substrates and

analogues (Sershen and Lajtha, 1979).

The uptake of TRP by the brain is essential dubedact that TRP is a precursor to the
synthesis of useful indoleamines in the body s&ch-BT and aMT. The passage of TRP
and other amino acids between the blood and the l&rdacilitated by a carrier system.
Tryptophan is a water-soluble molecule hence itr&sported between tissues and
organs via a diffusion process. Tryptophan trarspion is dependent on a carrier
system to cross the blood brain barrier. The neatréno acids compete with each other
for attachment to this carrier molecule and heraesport to the brain (Wurtman, 1982).
The affinities of the BBB amino acid transport gystfor the various large neutral amino
acids, their potencies as inhibitors of the tramsmd other amino acids and their
potencies as inhibitors of transport in the blooglsin are all closely similar. This
suggests that competition between amino acidsb&ithn important factor in determining

the rate of TRP uptake into the brain.

In individuals, the metabolism of the dietary amamd exhibits a rhythm depending on
the type of food consumed. Peak levels of TRP haen found to occur during the latter
part of the dark period or the early light peridggu¢igen, 1979). A high protein meal
reduces the plasma ratio of TRP to the competingqh@racids and would therefore
decrease the amount of TRP crossing the BBB andegulently its availability to the
brain (Wurtman, 1982; Fernstraghal., 1971). A high carbohydrate intake would cause a
rise in insulin secretion which reduces the plasewvals of competing amino acids and
the ratio of TRP to competing amino acids is higesulting in a an increased amount of

TRP crossing the BBB. Tryptophan is bound to tlespla protein, albumin, isolated in
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the albumin reservoir and is immune to the effeftesulin (Wurtman, 1982). The flux
of amino acids traversing tissues is influenced abwariety of hormones such as
glucocorticoids and by antidepressants (Fernsatoah, 1971).

1.2.2. The Binding of TRP to Serum Albumin

Tryptophan is unique among the amino acids in ithatbound non-covalently to serum
albumin, a phenomenon that was first observed biidtamy and Oncley (1958). The
binding is specific, and only a limited number ohlgues and metabolites of TRP will
compete. Albumin binding is specific for the L-etiamer; D-TRP is not bound. Non-
esterified fatty acids displace TRP form albuminding. The binding sites for TRP and
fatty acids are separate, but there seems to be slegree of overlap or interaction
between them (McMenamy, 1965).

This may be important under physiological condisiofihe percentage of TRP that is free
increases with the concentration of non-esterifétly acids in response to fasting and
exercise, and falls following the intake of foode(®ler, 1982). A number of drugs have
been shown to displace TRP from albumin bindingm@ounds such as indomethacin,
benzoate and clofibrate have been shown to disgiR&ebothin vivo and when added to
albumin or serunm vitro (Spanoet al., 1974; Smith and Lakatos, 1971). The equilibrium
of TRP binding to the albumin and is very rapidd énhas been suggested that because
of this the binding of TRP to albumin will not ba anportant factor in controlling the
uptake of TRP into the brain. Much of the bound TR&uld be stripped off albumin
during a single pass through the brain capillany @éuwiler et al., 1977). This therefore
suggests that the factor that will be importanti@ermining the rate of uptake into the
brain will be total concentration of TRP in the ddistream, rather than that which is

freely diffusible, and not bound to albumin.

The albumin—bound TRP represents a considerabfertpdol that can replenish the free
pool of the amino acid available and is considgrgoéater than the free pool of amino

acid, which is immediately available to the tramsmystem. TRP competes with other
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large neutral amino acids for the transport sysa@chapproximately only 10% of serum
TRP is free. The role of the albumin-bound pool&P is to maintain this pool of free
TRP at a more or less constant level despite uga&eder, 1982). Further evidence of
the importance of albumin binding in controllingetiptake of TRP into the nervous
system has come from the perfusion studies of B&ieand coworkers (1976). Inclusion
of albumin in the infusion bolus used in singlefpsion studies of amino acid uptake

leads to a considerable decrease in the rate ofupiRike.

1.2.3. TRP and Mental Depression

Evidence indicates that TRP deficiencies are comamhhave a role to play in human
disease (Vaughan, 1984). Tryptophan depletion apgeahave a negative effect on the
learning ability of individuals (Parkt al., 1994). A negative correlation exists between
free plasma TRP levels and depression during atRfe depletion (McDouglet al.,
1993), where a lack of the amino acid has a procedireffect on the depressive
symptoms (Curzon and Bridges, 1970). There is densble evidence that TRP
metabolism is disturbed during depression, nameéytd:

(1) The therapeutic activity of MAO inhibitors (MADwhich is enhanced by TRP (this
implies a lack of 5-HT). TRP treatment has alsonbfeind to be efficacious in some

depressives.

(2) Low levels of 5-hydroxyindoleacetic acid, theceetory product of TRP metabolism,
implies a decreased level of 5-HT, and is also camiive of dysregulated TRP

metabolism.

(3) There is increased secretion of cortisol witlcansequent rise in TDO, 3-OH-

kynurenine and 3-HAO concentrations.

Abnormal 5-HT levels in the brain and the cerebmapfluid could be due to a number

of biochemical variables e.g. high tryptophan 2id@ggenase (TDO) activity. Curzon
6
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and Bridges (1970) demonstrated that there is eddvBDO activity even after recovery
from depressive patients. Most antidepressives meveither 5-HT or noradrenaline

(NA), or both neurotransmitters. It is believedtttize therapeutic effect of certain drugs
could be dependent on the availability of 5-HT @2eloet al., 1990).

1.2.4. TRP Catabolism via the kynurenine pathway

Tryptophan is primarily metabolized via the kynunenpathway which is illustrated in
figure 1.2. This pathway is responsible for thenfation of various kynurenines

including the potent neurotoxin, QA.

1.2.4.1.  TDO (EC 1.13.11.11)

Tryptophan 2, 3-dioxygenase is a heme-dependentrenzin the human liver, as in a
number of species, including the rat. There is @sicterable proportion of the enzyme
that is present as the apoenzyme form, and isfureraactive until the additional heme
is made available, either by the administrationhefme precursorgn vivo or by the

addition of hematin during incubationvitro (Bender, 1982).

1.2.4.1.1. TDO Regulation

1.2.4.1.1.1. TDO Induction

Tryptophan 2, 3-dioxygenase is subject to hormanal substrate induction as well as a
number of other effectors (Knox and Auerbach, 1993yptophan 2, 3-dioxygenase
activity can be increased by the administration aafrtisone or TRP. Adrenal
glucocorticoids also increase synthesis in thdivat (Civen and Knox, 1959) but via
direct interaction with the genome which resultsramsed levels of mRNA leading to
increased apoenzyme synthesis (Fiegetsah, 1961; Greengard al., 1963; Greengard
etal., 1966).
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Tryptophan administration prevents the rapid degfiad of the pre-existing apoenzyme
(Badawayet al., 1975; Schimkest al., 1965) and enhances the conjugation of hematin
with the apoenzyme while preserving the active ceduholoenzyme (in the absence of
TRP the reduced holoenzyme is inactivated reversibl the oxidized form of the

enzyme).

The similarity of the effect that adrenal glucoaids and TRP have on the regulation
of TDO has been thought to be the result of difiermechanisms. Puromycin, an
inhibitor of protein synthesis, can inhibit cortiinduced elevation of TDO.
Actinomcyin D, which inhibits RNA synthesis, abdles the cortisone-induced rise in
apoenzyme and holoenzyme but does not influencel Rie-mediated increase in the
level of TDO. This suggests that there is a diffieee between the hormonal- and
substrate- induced stimulation of enzyme synthasisivo (Greengardet al., 1963;
Greengarckt al., 1966).

The administration of heme or its precursor 5-ataeeulinate (5-ALA) also stimulates
the enzyme activity (Badaway al., 1987). The mode of action of these compounds is
increase the saturation of the endogenous apoenapchdaeme. Activation of TDO by
exogenous heme is not prevented by actinomycin Cbyompuromycin. They block
pyrollase activity only when 5—-ALA is administerelhis suggests that the step in heme
synthesis beyond 5-ALA synthetase requires theimaaion of mMRNA and protein
synthesis for activation to occur.
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Figure 1.2. Representation of the kynurenine pathway whichreisponsible for the
catabolism of tryptophan with the resultant proauctof kynurenic acid (KYNA) and
guinolinic acid (QA), antagonist and agonist of tNemethyl-D-aspartate receptor

respectively (Martiret al., 1992).
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1.2.4.1.1.2. TDO Inhibition

Novel indoles have inhibitory effects on TDO adiywvith some members having 5-HT
reuptake inhibitory activity (Madget al., 1996). These compounds thus lead to increased
levels of L-TRP and 5-HT in cerebrospinal fluid ®Swhich could be vitally important
for antidepressant therapy. In support of this Walsd Daya (1997) showed that TDO
activity is regulated differentially by the indoJeaMT and 5-HT. Melatonin is a
competitive inhibitor of TDO and 5-HT is predominigran allosteric inhibitor. Badaway
and Evans (1981) showed that MAO inhibitors arekarhibitors of TDO.

1.2.4.1.2. Mechanism of Action of TDO

The mode of action of TDO is dependent on thretofac

1) TRP alone can activate the enzyme,
2) hemin is essential for the activity and bind¢h enzyme in a reversible manner, and

3) the heme iron, which is indispensable for atstivi

The inactive form can be converted to the fullyiactform by the substrate TRP
(Fiegelsoret al., 1961), and the prosthetic group hemin can detitlae enzyme in the
presence of TRP. Tryptophan binds directly to tieyse and not to the prosthetic heme.
During the catalytic process, the heme iron isesxtio a cyclical chain of events due to
TRP and oxygen. The binding of L-TRP to the enzyndkices a fundamental change in
the ligand binding affinity of the catalyst in atldn to increasing the reactivity of the
heme iron towards the substrate (Makigb al., 1980). The sequential events in

enzymatic catalysis due to substrate induction are:

1) enzyme saturation by activator heme, and

2) increases in levels of total enzyme concentratiniedenet al., 1961).
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1.2.4.2. Indoleamine 2,3-Dioxygenase (IDO) (EC 1.13.17)

This enzyme was first discovered in the rabbit gtite (Higuchi and Hayaishi 1967).
Hayaishi (1976) described that the enzyme IDO agpmaperficially to catalyse the same
reaction as TDO, but with a broader specificitgyfie 1.2). Tryptophan 2, 3-dioxygenase
is specific for L-TRP, and is found only in thedivin mammals whereas IDO will act on
D- or L-TRP. This enzyme is widely distributed imamber of tissues, including brain,
lung, gastric and intestinal mucosa, kidney, haad adrenal gland. Although like TDO,
it is @ heme enzyme, IDO uses the superoxide awidical (Q) as a source of oxygen,
rather than molecular oxygen and is not inducedeitger TRP or glucocorticoids.
Indoleamine 2, 3-dioxygenase is induced by HNirus infections or the administration

of bacterial endotoxins and tumor cells.

The induction of IDO causes a marked increase iR TRabolism in the body with the

production of kynurenine and total depletion of TRRhe cells as shown in figure 1.2

(Antonellaet al., 2001). The activity of intestinal IDO is of tsame magnitude as that of
TDO in the liver (Bender, 1982). Indoleamine 2,i8xggenase is distributed in a variety
of tissues, unlike TDO, which is found only in tier and may provide a pathway for

extra-hepatic tissues. Since tissues such as kidaeg the other enzymes of the TRP
oxidative pathway, this suggests that IDO may beoirtant in the overall metabolism of

TRP in the body. Intestinal IDO possesses a reguging for a reducing agent e.g. sodium
ascorbate in the presence of methylene blue. ladofe 2, 3-dioxygenase provides a
pathway for the conversion of any ingested D-TRMDt&ynurenine. Ligands such as
cyanide, azide, and CO inhibit catalysis by theestinal enzyme (Yamamoto and
Hayaishi, 1967).

1.2.4.3. Kynurenine Pathway

One percent of dietary TRP in the peripheral tissseonverted to 5-hydroxytryptophan,
while 95% is metabolized to kynurenines (Stone,3199chwarcz, 1993). The term

kynurenine refers to a specific metabolite of tgaucenine pathway of TRP degradation
11
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(Stone, 1993; Schwarcz, 1993). Tryptophan is oxidbt cleaved to form L-kynurenine
via n-formylkynurenine by TDO and IDO in the pergpal tissues and brain as evident in
figure 1.2 (Antunes, 1998).

1.2.4.4. Formamidase (EC 3.5.1.9)
The immediate product of TDO and IDO is formylkyenine (figure 1.2). However, the

activity of the hydroxylase, which removes the fgrngroup, formyl kynurenine
formidase is extremely high. This means that uradeconditions except when highly
purified enzyme preparations are used, the appapemtiuct of TDO or IDO is
kynurenine rather than formylkynurenine (Bende2)9 The enzyme has low substrate
specificity and is able to release formate from aiety of aryl-formylkynurenines
although its greatest activity is towards N-fornylkrenine (Bender, 1975; Stone,
1993).

1.2.4.5. Kynurenine

L-Kynurenine (L-KYN) is an intermediary formed irhgé KYN pathway of TRP
metabolism as evident in figure 1.2. Approximatg¥p of the TRP that enters the brain
from the plasma is metabolized to KYN and is noifeumly distributed ranging from
0.03 pmol/mg to 1.05 pmol/mg tissue in the cereimelbnd putamen pool respectively
(Specialeet al., 1989). Kynurenine uses a large neutral amino dditA@) transporter,
which can readily penetrate the BBB (Schwarcz, J9B$nurenine is competitive with
other substrates for the high affinity, sodium ipeledent transporter of LNAA's.
Kynurenine is transported with high affinity an@stospecificity into the astrocytes by a
sodium-independent process that prefers brancha&id elmd aromatic neutral acids such
as TRP, phenylalanine and leucine (Schwarcz, 19f8cialect al., 1989). Kynurenine is
then stored or converted to kynurenic acid (KYNAY the enzyme kynurenine
aminotransferase (KAT) localized in the glial cellsd then rapidly exits the cell. Uptake
of KYN into glial cells is likely to be mediated k& neutral amino acid carrier (NAAC)
(Stone, 1993).

12
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1.2.4.6. Kynurenine transaminase (EC 2.6.1.7)

Kynurenine transaminase (KAT3cts both on KYN and 3-hydroxykynurenine in the
presence of pyridoxal phosphate to give rise tt Bghurenic acid and xanthurenic acid
(figure 1.2). This enzyme is present in mammaligarland kidney (De Castret al.,
1957). In humans KAT is present in 2 isoforms: KAdnd KAT Il (Jauchet al., 1995).
The enzyme is preferentially localized in the gli@mpartment, which suggests that
astrocytes are in close proximity to the excitategyapses making contact with the

dendritic synapses (Antunes, 1998).

1.2.4.7. Kynurenic acid

Kynurenic acid(KYNA) is a broad-spectrum antagonist and is aldleinteract with
ionotrophic excitatory amino acid (EAA) receptoiSchwarcz, 1993; Chiarugi al.,
1995). Kynurenic acidhas been identified as a natural brain constitueih its
concentration varying within the brain of severaingal species. It has also been shown
to possess anticonvulsant and neuroprotective piepeand therefore could act as a
possible endogenous anti-excitotoxin. The polaucstire of KYNA prevents it from
penetrating the BBB. Kynurenine aminotransferaspréderentially located in the glial
cells, surrounds the synapses that may allow KYblAd synthesized and released at the
sites where it may reduce excitatory amino aciddiated neurotransmission (Rugsi

al., 1992).

1.2.4.8. Kynurenine 3-Hydroxylase (EC 1.14.13.19)

Kynurenine 3-hydroxylase (3-HK) governs the coniers of KYN to 3-

hydroxykynurenine as shown in figure 1.2. This eneywas first identified by De Castro
et al., (1956) in rat and cat liver and kidney. It i€dtized in the outer mitochondrial
membrane and is NADPH-dependent monoxygenase. ihane present in the brain

has low activity (Antunes, 1998).
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1.2.4.9. 3-Hydroxykynurenine

3-Hydroxykynurenine (3-HK) is a metabolite of KYN the production of QA in the
periphery (figure 1.2). This is a neurotoxic metdbaf KYN with the ability to produce
convulsions and neuronal damage (Stone, 1993; Schwh993). This metabolite has
been proven to exist in high concentration in niagical diseases such as Huntington’s
disease (HD) (Nakaganet al., 1996). Schwarcz (1993) and Nakagami (1996) sHowe
that the damage caused by 3-HK is due to the gemeraf hydrogen peroxide @,)
rather than the direct action on the EAA receptdtse interaction of 3-HK with kD,
results in 3-HK toxicity, which may be enhancedtbg presence of iron and prevented
by the presence of the antioxidant catalase (Easttat., 1990; Nakaganet al., 1996).

1.2.4.10. Kynureninase (EC 3.7.13)

Kynureninase catalyses the hydrolysis of both L-K&hd L-3-HK to form anthranillic
acid and 3-hydroxyanthranillic acid, respectivey shown in figure 1.2. Kynureninase
has pyridoxal phosphate as co-enzyme (Braunsteih, 1949) and is present in the liver
and kidney of mammals (de Casttoal., 1957). The enzyme shows the highest activity
towards 3-HK (Antunes, 1998). Oestrogenic compouna®tinylalanine (NAL) (KYN
analogue) and o-methoxybenzoylalanine (o-MBA) dnle #o inhibit kynureninase which
results in an increase in urinary and plasma KYN &HK with the resultant
modification of the cerebral concentration of thetatolites (Stone, 1993). Inhibition of
this enzyme results in the enhancement of the KY@&&ls and prevents the metabolism
of QA.

1.2.4.11. 3-Hydroxyanthranilic acid oxygenase (EC.13.11.6)

3-Hydroxyanthranilic acid oxygenase (3-HAO) is mmtsin the mammalian liver and
kidney (Stevens, 1959). 3-Hydroxyanthranilic ackygenase is an anabolic enzyme and
is responsible for the synthesis of QA via an Uista intermediate 2-

acroleylaminofumurate QA as evidenced in figure (B€hwarcz, 1993). The enzyme is
14
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present in the outer and inner surfaces of theamdodrial membrane (Stone, 1993). The
enzyme was shown to be located in the thin andhigdmified astrocytic processes,
which engulf excitatory synapses (Antunes, 199&nd¢ QA synthesis is in the position
to act on the N-methyl-D-aspartate (NMDA) recept(®sone, 1993; Schwarcz, 1993).
There is an increase in activity of 3-HAO in respemo lesions, which could result from
an increase in QA production. Several excitatorynanacids, TRP and KYNA have no

influence on the enzyme with regard to its actiyyone, 1993).

1.2.4.12. Quinolinic Acid

Quinolinic acid (QA) is an endogenous metaboliteT&P, which is neurotoxic when
injected into the rat striatum (Farnetral., 1984; Stonet al., 1984). Quinolinic acid acts
preferentially on the NMDA receptors as shown gufe 1.3 (Stonet al., 1984; Birley
et al., 1982) and is synthesized in the liver and theSGNue to activation by human
macrophages). Quinolinic acid is a rigidly planarl@cule due to its aromatic ring while
NMDA is a flexible non-planar molecule (Stone, 188pBhe action of QA on the NMDA
receptors results in neuronal lesions after hippged or striatal injections by activation
of the EAA receptors (Blightt al., 1995).

Activation of the NMDA receptor is accompanied wéth influx of calcium and delayed
calcium neurotoxicity (Rios and Santamaria, 1994)shown in figure 1.3. The high
concentrations of excitatory receptors in the coderrelate with the high concentration
of QA in the cortex, therefore increasing the spsibdity of the cortex to the excitotoxic

effects of QA (Schwarcet al., 1983; Moronkt al., 1984).
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Figure 1.3. Calcium entry due to stress induction by the exoita amino acid,
glutamate. AbbreviationsCa?* (calcium), EAA (excitatiory amino acids), anMDA
(N-methyl-D-aspartate) (Daya, 1994).

Lipid peroxidation is enhanced through calcium eritence it may be through this
mechanism that QA induces lipid peroxidation. Qtimo acid is found to be a potent
convulsant. Quinolinic acid could possibly playcderin the etiology of various diseases
such as HD, temporal lobe epilepsy, hepatic endapathy and AD due to its ability to
reproduce the various histological and neurochenfeatures of the various diseases
especially in the case of HD (Misz&tlal., 1996; Blightet al., 1995; Basilest al., 1995;
Beal, 1992).

Huntington’s disease was first described by Gedtgetington in 1872. It is an inherited
neurodegenerative disorder in which the clinicaktdiees are divided into two areas: (1)
progressively worsening choreoathetotic movement @) neuropsychiatric problems
(Antunes, 1998). Long term lesions caused by QA&mdse the neurochemical features
of HD which are increases in: (1) 5-hydroxyindoletéx acid, (2) 5-hydroxytryptamine,
somatostatin and neuropeptide Y concentrationscenamcreasing possibility that an
NMDA receptor mediated process is involved in tlahpgenesis of HD (Bea al.,
1991). Various disease states are accompanied bycesase in QA, such as hepatic
encephalopathy (HE) (Saigbal., 1996).
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Dexteret al., (1991) reported increased concentrations of eoppd iron in the caudate
nucleus, putamen, substantia nigra and cerebredcof post mortem HD human brains.
This pattern of increased copper in HD patientsoisshared by other neurodegenerative
diseases of the basal ganglia, such as PD andgasige supranuclear palsy, suggesting
that specific changes in transition metals areelihto the different neuronal populations
affected. In the same report, however no differenceianganese content was found in

HD brain regions as compared against control brains

Increased release of glucocorticoids results irugtidn of TDO activity and hence an
increase of QA production. Due to the poor intggoitthe BBB, QA is able to penetrate
it during the last stage (IV) of HE. Induction dietenzymes: IDO, 3-HK, kynureninase,
and 3-HAO may result in an increase in synthesi@Af(Blight et al., 1995).

1.3. PINEAL GLAND

1.3.1. The History of The Pineal Gland

The human pineal gland was discovered by the faramasomist Herophilis (325-280
BC). Rene Descartes proclaimed that the pinealdglaas the “seat of the soul”. The
word “pineal” is specified from the Latpinealis, pinea which means pine cone, as this
is the shape resembled by the human pineal glamel.tdrm epiphysis means, “what is
grown on something” (Erlich and Apuzzo, 1985). B tend of the 19 century there
was a suggestion that the pineal gland had an eindaole. It wasn’t, however until the
1950’s that scientists conducted serious reseancthe pineal gland. The subsequent
research confirmed the endocrine role and alsowered the neural connection between

the pineal gland and the hypothalamus.
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Figure 1.4.View of the brain showing location of the pineadmy (Rowett, 1968).

The pineal (figure 1.4.) is an endocrine gland ligesituated anatomically to receive,
integrate and compare information from both thesedl environment and the internal
physiological milieu. By transducing photoperiodidormation into a hormonal signal,
the pineal plays an integral role in the temponajaaization of numerous metabolic,
physiological and behavioural processes. For #asan the pineal has been defined as a
“neuroendocrine transducer” (Axelrod, 1974) witle ihdoleamine aMT as the principal
hormone secretion (Erlich and Apuzzo, 1985).

1.3.2. The Anatomy of the Pineal Gland

The mammalian pineal gland is a glandular struct(firgure 1.5) derived as an
evagination of the neural tubule (Kappers, 196b}he rat it appears as a neuroepithelial
protrusion from the roof of the diencephalons, #iea between the habenular and

posterior commissures. It's connection with the oosaral region is through the pineal
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stalk. The human pineal gland is attached to tis¢epodorsal aspect of the diencephalons
and occupies a depression between the superioicuipliof the mesencephalon.
Proximally the pineal gland, in humans, is closalsociated to the third cerebral
ventrical. The pineal gland is composed of two pehgmal cell types, the pinealocytes
and interstitial cells (Wartenberg and Gusek, 19@B)d are both of neuroectodermal
origin. The chief cellular component of the pingdand is the pinealocyte (pineal
parenchyma cells) (Young al, 1982). The rat pineal is highly vascularised,nitgjor
blood supply being provided by branches of thegrast choroidal and posterior cerebral
(Hodde, 1979) arteries. Venous drainage occurtheialistal end of the cerebral vein into

the superior saggital sinus (Hodde, 1979).

3rd ventricl
oroid pley /?Vmeal

|
/ 2

~ Spinal cord

Spinal canal

Optic chiasma

Figure 1.5.Median sagittal view of the rat brain (Rowett, 1268

The pineal gland plays an important role in photmagsm (figure 1.6.). Within the

pineal, the neural (photic) information is transeldignto a hormonal input (Reiter, 1980).
The gland responds to the photic information via ldteral eyes. Mammals depend on
neural connection between the eyes and the glatdisimilates the photic information.
The pineal is connected to the phototransducinglgancells of both retinas through a
specific polyneuronal pathway. An independent cdtypothalmic tract connects these
ganglion cells to the paraventricular nucleus amgrachiasmatic nucleus (SCN) of the
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anterior hypothalamus. From here, fibres run thhotlge brain stem and the medial
forebrain bundle, terminating on preganglionic sgthptic neurons in the

intermediolateral cell columns of upper thoracicccdfferent axons pass in the cephalid
direction via the sympathetic trunk to synapseh@a superior cervical ganglia (SCG).
Post-ganglionic fibres of the sympathetic nervogstesn (SNS) enter the cranial cavity
via the internal carotid plexus and terminate pritpan the perivascular processes of
the pinealocytes. In this way, the parenchymakaglmammalian pineals are unusual in
that they receive direct sympathetic innervationgdrating pineal responses to

environmental lighting (Erlich and Apuzzo, 1985).

Capillary

Retina Suprachiasmatic ‘\ 3 ""\f S-hydroxytryptophan

nucleus =
N p-adrenergi

— \%, receptor-,
N\

A
Intermediolateral
cell column

Figure 1.6. Schematic representation of the sensory inputwsattand the effect of light

and dark on the synthesis of the various indoleasin the pineal gland (Reiter, 1989).

Hypothalamic SCN represents the site of the endmgeribiological clock” or the
internal “zeitgeber”. Light acts as an entrainirggiat to readjust the clock to a period of

24 hrs (i.e. a circadian rhythm) in response ttydaid seasonal shifts in the photoperiod.
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The onset of darkness (i.e. the absence of liggs)lts in the disinhibition of the SCN
triggering a surge in the synthesis and releasdvif at night (Armstrong, 1989; Reiter,
1989; Moore, 1993). Hence aMT has been called ¢herhical expression of darkness”
(Reiter, 1991).

1.3.3. Serotonin

NH,

HO

L

Figure 1.7.Chemical structure of serotonin.

1.3.3.1. Introduction

Serotonin was discovered approximately a centurp dany physiologists as a
vasoconstrictor in serum after blood clotting. 1848 it was isolated as a crystalline
complex and was named ‘5-HT’. The active moietp-¢1T is 5-hydroxytryptamine. The
chemical structure of 5-HT is shown in figure 1Synthetically manufactured 5-HT
possesses all the properties of naturally prod&ekid. The 5-HT concentration is very
high in the pineal gland and levels exceed anyrotihgan in the body (Reiter, 1989;
Reiter, 1991a; Reiter, 1981). Thirty percent of th&al 5-HT stored in the rat pineal is
located in the sympathetic nerve endings; onlypihealocytes, in the pineal gland, have
the ability to produce 5-HT which is taken up itihe adjoining nerve endings.

Serotonin, a precursor to several indoles may bedagpon by several enzymes and its

pineal concentration at night may be decreasedtduaree pathways: (1) oxidative

deamination by monoamine oxidase (MAO), (2) N-degiyn and (3) release to the

extracellular spaces (Reiter, 1989; Reiter, 19&ird@ali, 1981). Availability of 5-HT
21



Literature Review

for these pathways depends on the granular 5-HE&quilibrium with “free” 5-HT
(Cardinali, 1981). It is in the latter state in wii5-HT is broken or metabolized.

1.3.3.2. Serotonin Receptors

There are several subtypes of the 5-HT receptar @dha believed to exist, namely
5-HT1a, S5HT1s, 5HTZ;, 5-HT1,, 5-HT1, 5-HT2, and 5-HT3 (Zemlast al., 1988).

These subtypes are classified pharmacologicallprdony to the drug that blocks the
normal expression of the signal transducers andnsemessengers. The action of 5-HT

at the receptors is shown in figure 1.8.

As is the case with other biogenic receptors (deotiic, dopamanergic and adrenergic),
the various 5-HT receptor subtypes are linked tauanber of different second
messengers (Frazetral., 1990). Three clearly defined 5-HT receptor spesyhave been
found linked to adenyl cyclase (AC) in the vertébrbrain — namely, 5-HT] 5-HT1s
and 5-HT.. Even though these receptors are known to actmagtimulate AC via G-
protein couplings, it is not yet possible to discevhether the individual receptor
subtypes are linked to inhibitory (Gi) and stimolgt G-protein (Gs). Thus far, in the rat
hippocampus, the 5-HT receptor has been found tdinked to both inhibitory and
stimulatory G-protein. Two receptor subtypes 5-dT&hd 5-HT2 are believed to be
linked to phosphoinositide hydrolysis via phosppadie C activity (Hansoat al., 1987).

1.3.3.3. Serotonin and Depression: Indoleamine Hypeesis

Interest in the possible role of 5-HT receptor agien in depression was stimulated by a
number of observations:

a) The requirement of an intact 5-HT system is edefbr an antidepressant-induced

effect to occur in adrenergic receptors (Sulse84).9
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b) The effects of antidepressants due to sensidizaif postsynaptic 5-Hilreceptors (De
Montigny, 1981).

¢) Animal models revealed post-synaptic 5-HT regepgensitization, as well a certain
pre-synaptic effects on the 5-HT system usinguitih(Price, 1989).

A substantial body of evidence has thus far bedleated to support the 30-year-old
indoleamine hypothesis, which asserts that modifina in the 5-HT neuronal function
are a core feature of depression. It is hypothdsiteat there is a monoaminergic
hyperfunction in depression, and antidepressanéesate so as to downregulate post-
synaptic monoamine receptors (Van Praag, 1982) caspared to the traditional
hypothesis that asserts that there is a metabiodicfanctional aberration in depression,
and drugs which curtail the availability of 5-HTdaNA precipitate while those which
enhance their abundance are therapeutic (Copp6i).19

Some major findings are:

a) The prime metabolite of 5-HT, 5-HIAA depicts vedd levels in the CSF of drug free
patients (Davigt al., 1981).

b) Post-mortem studies on brains of depressed ioidalipatients have shown reduced
concentrations 5-HT and 5-HIAA (Gibbons and Da¥B&36)

c¢) Chronic efficacious antidepressant treatmenaeoés 5-HT neuronal transmission in
the laboratory rat (De Motigny and Aghajanian, 1978

d) Depressed patients have a reduced level of plagRP, and serotonergic
antidepressant-dependent remittance depicts addg@ndence on an adequate supply of
TRP, given that a lack of this precursor resultarnimmediate relapse (Delgaeoal.,
1990).
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e) Post-mortem brain tissue of depressed suicidéms (Mannet al., 1986) display
definite increases in the levels of 5-HT2eceptor-binding sites (Arora and Meltzer,
1989).

The question that arises from such conclusionshisther these abnormalities in 5-HT
levels are necessary for depression to occur othehéhey increase the susceptibility of
the particular individual to depression. Reseancetlifigs thus far point to aberrant 5-HT
metabolism increasing the risk of depression. Hdmgemplication, increasing 5-HT
levels should be prophylactic, because if 5-HT glagn important role in the
pathogenesis of depression then factors that &BfétT synthesis should be effective in
treating depression. The substances that are dignesad increase 5-HT availability at
the receptors. The effectiveness of anti-depresbenapy depends to a certain extent on
dietary factors involved in 5-HT synthesis, as wadl other changes in the implicated

monoaminergic neurobiological system (Jimerebal ., 1990).

1.3.3.4. Antidepressant Drugs Targeting Serotonin

Monoamine oxidase inhibitors, such as isocarboxaaidi phenelzine block the
degradation of 5-HT by MAO. This permits more 5-Hdcumulation in the presynaptic
stores and therefore more 5-HT can be releasederstashdably these drugs are more
specific for MAO-A as MAO-B is responsible for DAatbolism (Hollister, 1995).

Another class of drug is the selective 5-HT reuetathibitors (SSRI's) and examples of
this group are fluoxetine and paroxetine (Holliste995). These drugs as the class name
suggests prevent the reuptake of 5-HT, which isstithted in figure below, thereby
preventing 5-HT inactivation (Sanders-Bush and NMgey®96). Antidepressant drugs
such as mianserin and mirtazepine, inhibit the 5Adlirons (heteroreceptors) in the CNS

thereby resulting in enhanced 5-HT release (Hari@97).
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Figure 1.8. Action of serotonin (red spheres) at the receptors (shadgseeh) on a

postsynaptic cell (Nemeroff, 1998).

1.3.3.5. Serotonin Pathway

The synthesis of 5-HT and the other indoleaminassidgsvn in figure 1.9.
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Figure 1.9.The pathway of indole metabolism (modified from Yigiand Silman, 1982).

1.3.3.5.1. Tryptophan-5-Hydroxylase(EC1.14.16.4)

The first step in 5-HT synthesis is 5-hydroxylatoinTRP to yield 5-hydroxytryptophan

(5-HTP) as shown in figure 1.9. Friedman and cowmsk1972) demonstrated that the

TRP hydroxylase is a biopterin-dependent enzymeak noted that the stimulation by

Fe* ions was not the result of the enzyme but the wamof H,O,, which accumulates

as the result of side reactions of the enzymehénpresence of catalase to remove this
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peroxide, there is no stimulation by ?Feons. The hydroxylation of TRP requires
molecular oxygen, and in the reaction the co-fadietrahydrobiopterin, is oxidized to
dihydrobiopterin. This is reduced to the activefactor for further hydroxylation by a
second enzyme, dihydrobiopterin reductase (ECLB.9Which uses NADPH as a
reductant. Friedman and coworkers (1972) noted3HdTP was inhibited by excess of
TRP. The activity of TRP hydroxylase could thereféwe the rate-limiting step in 5-HT

synthesis.

1.3.3.5.2. Aromatic Amino Acid Decarboxylase (EC 4.1.1.28)

Aromatic amino acid decarboxylase (5-hydroxytryptap decarboxylase) causes the
conversion of 5-hydroxytryptophan to 5-hydroxytpiine (figure 1.9). The enzyme
requires the presence of pyridoxal phosphate (tmfaAlthough the decarboxylation of
5-hydroxytryptophan is not normally the rate-limdistep of 5-HT synthesis, changes in
the activity of the decarboxylase may be physiaally important (Bender, 1982).
Bowen and coworkers (1974) showed that there igrfisant loss of aromatic amino
acid decarboxylase activity in patients with préleetlementia. In view of the importance
of both 5-HT and catecholamines in affective digosd and possibly in psychosis this

may be an important finding.

1.3.3.6. Serotonin Metabolism

1.3.3.6.1 Monoamine Oxidase (MAO) (EC 1.4.3.4)

The principal metabolism of 5-HT in the CNS is @atidn, catalysed by MAO and
aldehyde dehydrogenase, to yield 5-hydroxyindoléaeeid and 5-hydroxytrytophol as
shown in figure 1.10. Unlike the catecholaminesthylation of the hydroxyl group does

not seem to be an important part of the inactivetib5-HT.

27



Literature Review

There are 2 isoenzymes of MAO in the CNS. MAO-Asguteferentially on 5-HT, while

MAO-B acts on phenylalanines and the catecholamimés increase in CNS amines
after the inhibition of MAO has been central to tevelopment of the amine hypothesis
of affective disorders. The development of inhikstthat are specific for one or both of
the isozymes (Clorgyline for MAO-A and Deprenyl tdAO-B) has aided the dissection
in vivo of serotonergic and catecholaminergic mechanisimg,the parts they play both
in the affective disorders and in normal patterfisbehaviour. MAO is distributed

throughout the CNS and periphery. The ratio of MACand MAO-B expression is

distinctly cell-, tissue-, and species specific afbws ontogenic development. This
differential expression of A and B isoforms in CN@d peripheral tissues may be

regulated independently by tissue-specific fac{dhsi et al., 1992).

The product of MAO action on 5-HT is 5-hydroxyindacetaldehyde. Normally this is
oxidised further to 5-hydroxyindoleacetic acid (PAA) by acetaldehyde
dehydrogenase. Measurement of the excretion of MAHis a useful indicator of
serotonergic activity. Under some metabolic condsi when the redox potential of the
brain is shifted to a more reducing state than agras, for example after the ingestion
of alcohol, a significant proportion of the aldehyde may be redlicto
5-hydroxytryptophol, which is excreted in the uri{iBender, 1982).
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Figure 1.10.The catabolism of 5-HT (modified from Young andngiin 1982)
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1.3.3.6.1.1. Clinical Significance of MAO

Monoamine oxidase has been implicated in numeroas liseases and psychiatric
disorders. Although human platelets contain execelgi MAO-A and MAO-B is of
primary importance for the metabolism of centraHb; there is a strong positive
correlation between central serotonergic turnowveg.(5-HIAA levels in CSF) and
platelet MAO-B activity. For this reason, platelAO activity has been suggested as a
trait-dependent indicator of vulnerability to psggathology, which implies a stability of
the enzyme in an individual irrespective of changesnood, season and symptoms
(Schallinget al., 1987). Low platelet MAO activity and low 5-HT rhwover have been
associated with eating disorders, impulsivity, rtyweseeking, substance abuse,
aggression, borderline personality, antisocial ledrrent suicidal behaviour (Sullivah
al., 1979; Mosst al., 1990). Transgenic mice lack the MAO-A gene, stadwormal
levels of 5-HT and NA and aggressive behaviour é€a&s al., 1995). PD is also
associated with low platelet MAO-B, whereas therevidence for very high levels of
MAO-B in plaque-associated astrocytes in the braindlzheimer’s patients (Williams
et al., 1991; Saurat al., 1994). Studies have failed to find an assoaiatietween the
intronic Maelll polymorphism of MAO-B and PD (Kur#t al., 1993; Hoet al., 1994).

1.3.3.6.2. Melatonin (aMT)

| H ;CHS
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Figure 1.11.The chemical structure of melatonin.
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1.3.3.6.2.1. Introduction

The neurohormone aMT is a ubiquitously acting lbadal substance within the

mammalian body (Reiter, 1991b), and can be fourttienpineal and extra-pineal tissue.
The nocturnal patterns of aMT production in theepingland vary between species and
its significance is not clear. Melatonin is notrsetd in any significant amount and is
released into the blood vascular system and interdluids such as the cerebrospinal
fluid (CSF) (Reiter, 1981; Tricoret al., 2002). Blood and CSF levels of aMT closely
relate to those in the pineal gland, with the hggjheoncentration in the night. The

chemical structure of aMT is illustrated in figurel1.

Melatonin is rapidly broken down in the blood ordhgxylated and conjugated with
sulfate (70-80 %) and glucoronide (5%) by hepaticrosomes. These metabolites are
excreted in the urine (Reiter, 1981; Komhal., 1961;Walhauseet al., 1993). Rats
appear to have extra-pineal aMT synthesizing machidue to the fact that large TRP
doses increase serum aMT levels, but not pinealcdtiyh transferase (NAT) or
hydroxyindole-O-methyltransferase (HIOMT) activifyagaet al., 1993). In humans no
such effects are evident and no extra-pineal plaski@ producing centers have been
demonstrated as yet (Lewgy al., 1979). Melatonin secretion by the rat pinealndla
provides a realistic assessment of noradrenergicotransmission within this species
(Thompsoret al., 1985). Denervation of the pineal gland prevéimésnocturnal elevation
in both brain and plasma aMT levels, which cleatdmonstrates that the rise in the

neurohormone is a consequence of pineal secraifatst, 1996).

1.3.3.6.2.2. Functions of Melatonin

Studies have shown aMT to bind to complex metadsetty reducing metal-induced
toxicity (Limsonet al., 1998). These authors demonstrated aMT to fornpémas with
toxic metals, such as aluminium and copper. Consigehat aluminium is implicated in

AD, aMT may have serious implications in the treatbtof AD.
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Melatonin is also able to detoxify free radicala electron donation (Reitet al., 1996).
The indoyl cation that is formed is able to scaeehgth the @ and peroxynitrous

forming N-acetyl-N-formyl-5-methoxykynuramine alidtrated in figure 1.12.

Glutathione peroxidase (GPx), an enzyme which Ie tdhmetabolize kD, to water, is
known to be stimulated by aMT (Reiter, 1997), thgrstimulating a major antioxidative
defense system. Melatonin has also been demorssti@atguppress the activity of nitric
oxide synthase (NOS). Nitric oxide interacts witie toxygen molecule to generate the

peroxynitrite anion, which degrades to produce @id.

Melatonin *OH
A
e
.OH Fe2+
HzOz
\4 BN
indolyl cation radical
e | SOD
0,~
0,7
e
v
N'-acetyl-N*-formyl
S-methoxyKynuramine O,

Figure 1.12.The mechanism thought to be responsible for thiexadant effects of aMT
(Reiteret al., 1996).
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1.3.3.6.3.  Serotonin N-acetyltransferase (NAT) (E€.3.1.5)

It is generally assumed that the first step, thecHtylation of 5-HT during the
scotophase, is rate limiting. The vesicular 5-HTprisferentially utilized (Rackét al.,
1991) in the N-acetylation. The activity of 5-HT ddetyltransferase (figure 1.9) shows a
diurnal variation in the pineal that correspondghe variation in the concentrations in
aMT in the CNS and the circulation in the light kdaycle (Deguchi, 1975). Daytime
5-HT content is crucial for determining the amowft NAS synthesized. The N-
acetylation of 5-HT to yield N-acetylserotonin (NAS achieved by the provision of the
acetyl group from the acetyl co-enzyme (figure 1R3iter, 1989).

Two forms of NAT are present in the pineal glande of which is highly specific for the
arylalkylamines and exhibits the 24 hour rhythmeTther form shows weak activity
towards arylamines and remains stable over a 2dpg®niod. The synthesis of aMT is the
greatest during the hours of darkness. If aduff aé maintained in constant darkness,
the cyclic variations in serotonin-N-acetyl-transfge activity persist (Deguchi, 1975).
The activity of the circadian variation in serotoriil-acetyltransferase activity differs
considerably in different species. In the rat thisras much as a 60-fold increase during
the hours of darkness, while in the hamster andilggvhich are nocturnal animals) it is
only 3-fold, and in the (diurnal) guinea pig itosly 1.5 fold (Rudeen, 1978).

1.3.3.6.4. Hydroxyindole O-methyltransferase (EC 2.1.1.4)

HydroxyindoleO-methyltransferaséHIOMT) (figure 1.10) consists of two 38 kilodalton
subunits and is found in high concentrations ingimeal gland where it represents 2-4%
of the total soluble protein (Reiter, 1981). Hydyimxiole-O-methyltransferasdevels
decrease by 70% in chronically sympathetically deated glands, suggesting that NE is
responsible for maintaining basal levels of theyemz (Reiter, 1991). Hydroxyindol®-
methyltransferaseis a cytosolic enzyme which catalyses the O-metioyla of
5-hydroxyindoles by the methyl donor S-adenolsyhethionine (SAM). The
hyroxyindoles formed are 5-methoxyindole aceticdats-MIAA) from 5-HIAA, 5-
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methoxytryptophol from 5-HTOH and aMT from NAS (Rej 1989). In addition to the
pineal, the retinas, harderian glands, extra-drbigerimal glands, erythrocytes,
mononuclear leucocytes and various areas of thé&rogaestinal tract also contain
HIOMT and are therefore capable of synthesizingatogiin (Reiter, 1989)

1.4. PARKINSONS DISEASE

1.4.1. History of Parkinson’s Disease

James Parkinson became famousAarassay on the shaking palsy published in 1817
(Parkinson, 1817). He described six cases thatddrthe basis for his observations.
Some observations are still associated with modkginitions of PD. "Involuntary
tremulous motion, ...in parts not in action and ewdr@n not supported; with propensity
to bend the trunk forward, and to pass from walkioga running pace ....insidious
onset.....The patient’s infirmity gradually increasdéde hand failed to answer with
exactness to the dictates of the will”. He hopesl description would excite others to
extend researchers to this disease so they might @at the most appropriate means of
relieving a tedious and most distressing maladya Imstorical chapter Tyler describes
how such prominent figures in medicines as TroussRamberg and Charcot displayed
interest in the disease but were at a loss to @efs cause (Tyler, 1992). Charcot
regarded palsy as less relevant in a disease veherescle strength was kept until late
stages, shaking was not quite adequate as evemcadlalisease could occur without
tremor. In 1892 Charcot stated “everything or alm®gerything has been tried against
the disease”. Charcot was the first to use hyoseyanef which he wrote “..from which

some patients have obtained relief; its action,éwes, is simply palliative.”
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1.4.2. Epidemiology

Parkinson’s disease is a slowly neurodegeneratiseage of which there is no single
identifiable cause. Pathologically, PD is charaeger by loss of pigmented neurons and
gliosis, most prominently in the substantia niages compacta (SNpc) and locus
ceruleus (LC) and by the presence of ubiquitin{pasieosinophilic cytoplasmic
inclusions in degenerating neurons (Forno, 1980 Dewy bodies (LB) are concentric
eosinophilic cytoplamic intraneuronal inclusionghwperipheral halos and dense cores,
and their presence is essential for the patholbgaafirmation of PD. Unfortunately, the

LB is not specific to PD (Fearnley and Lees, 1991).

The diagnosis is clinical, as there is no testclis specific to PD. The diagnosis of PD
is based solely on clinical history and examinatishich implies an obvious risk of
misclassification. A clinico-pathological study sted clinical over-diagnosis in 18-24%,
depending on which clinical diagnosis criteria veggplied (Hughest al., 1992). Thus,
some cases of atypical Parkinsonism may be err@hediagnosed as PD. The clinical
manifestation of PD may be preceded by a long rilitstage (Kolleret al., 1991). The
disease process is slow, as shown by the usuallytime period from first symptoms to
diagnosis. The finding of LB in the brains of pempbt known to have clinical evidence
of PD during life is also suggestive of a pre-syompatic period. Incidental Lewy bodies
and clinical PD are both age-related phenomenan@rahal., 1997).

There are many factors associated with alteredaidkD. Demographic factors such as
age, male gender and race (caucasian) appear reasecrisk of developing PD. All
studies find age associated to an increased nigktlds could be interpreted as an age-
related neuronal vulnerability. Men appear to havglightly (1.5 times) higher risk of
acquiring PD than women (Fadt al., 1996; Marttila and Rinne, 1991). Some studies
suggest that African blacks and Asians may haveweer occurrence of PD than
Caucasians (Kessler, 1972). However, the differencey reflect different socio-

economic factors that influence e.g. life expecyaaed thus the risk of acquiring PD.
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The tragedy with pyridine 1-methyl-4-phenyl-1, 2 63tetrahydropyridine (MPTP) which
induced Parkinson’s like disease in young peopégted an interest in an environmental
cause of PD (Langstoret al., 1983). Studies seeking an association between
environmental exposure and PD have suggested aeased risk associated with
farming, rural residence, herbicide/pesticide eypesiron or mining, steel manufacture
and employment in industries manufacturing chersjcakood, pulp and paper
(Aquilonius and Hartvig, 1986). Besides the inciegsage, the strongest risk factor
associated with PD is the presence of the diseeadamily member. Most reports either
suggest an autosomal-dominant inheritance or affaeitirial causation. Three different
genes have been mapped out for rare familial Psokian syndromes. At present there is
no evidence that any of these genes for familiakiRsonian syndromes have a direct
role in the aetiology of the common sporadic forfiP® (Gasser, 1998). The manifold

putative causative factors are often supposedttoregenetically susceptible individuals.

1.4.3. Biochemical basis for Parkinsons Disease

It was not until almost half a century later tHa¢ biochemical basis for PD was clarified
by Arvid Carlsson as a depletion of dopamine (Dt the basal ganglia (Carlsson and
Lindgvist, 1978). His investigation also led to tidentification of the DA precursor L-
DOPA, which thirty years later is still the prinalpmedication used to alleviate the
clinical manifestation of PD. Since these earlyd&s, DA has been found to play a role
in a number of other physiological processes, oholg cognition, emotion, reward,
memory, and endocrine function. Moreover, DA neatodysfunction has been
associated with several prevalent neurobehaviasairders, including drug addiction,
schizophrenia, and attention deficit hyperactidiyorder (ADHD).

But despite almost half a century of intense ingasions into DA neurotransmission and
its clear role in neurological disorders, much remao be understood regarding the
regulation of DA signaling during normal physiologi states as well as what confers the
unique sensitivity of DA neurons to damage in PBe Tomplexity of the human brain,

which contains over a 100 billion neurons and teihthousands of DA-containing cells
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(Smith and Kieval, 2000), each capable of formingngn thousands of synaptic
connections, has greatly limited the ability toséist the regulatory machinery involved
in DA neurotransmission. Hence it is deduced thatlbss of neurotransmitter DA from
the basal ganglia, a consequence of the neurodegiemein the substantia nigra, triggers
postural instability and PD.

1.4.4. Dopaminergic Systems

Dopaminergic innervation in the brain is widespread diffuse and is illustrated in
figure 1.13. This is consistent with the modulatogture of DA, behaving more like a
hormone rather than a neurotransmitter. Dopamipeesents more than 50% of the total
catecholamine content of the CNS of most mammeals thie highest levels being found
in the caudoputamen, nucleus accumbens and tubercwlifactorium. The main
dopaminergic pathways are found in the basal gar@lioore and Bloom, 1978). Of
particular importance is high expression of D1 &&DA receptors in the striatum, with
a predominance of the D1 subtype (Cardpal., 1990). GABAergic interneurons in the
striatum and globus pallidus descending projectwits nerve terminals located in both
the pars compacta and pars reticula zones of thetamtia nigra. This is known as the

striato-nigral pathway.
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Figure 1.13.lllustration of the dopaminergic system in the brand the interaction of
DA with DA receptors and the DA transport systemw(whypsos.ch/presse/
0998barkley_brain_large.jpg).

1.4.5. Dopamine Biosynthesis

Tyrosine hydroxylase (TH) is the key regulatoryyene in the catecholamine synthesis
(Ribeiro et al., 1992). It catalyses the hydroxylation of tyresito DOPA, the rate

limiting step as shown in figure 1.14. The exteht-dyrosine bioavailability is a crucial

determinant of the synthetic rate and is dependeithe physiological rate of the neuron.
Pyridoxal phosphokinase catalyses the formatiopyoidoxal-5-phosphate, which is an
essential co-factor of aromatic decarboxylase. Adwspecific enzyme aromatic L-amino
acid decarboxylae is necessary for catecholamideraioleamine biosynthesis. The final
step in DA synthesis is the conversion of L-DOP Adapamine via decarboxylation by

aromatic-L-amino acid decarboxylase.
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Figure 1.14. The biosynthesis and release of dopamine in theapse.

(www.sane.org.uk/images/ Research/dopamine%?20si...)

1.4.6. Dopamine Catabolism

In mammals DA is metabolized by three distinct eneg: catecho®-methyltransferase
(COMT), MAO and phenolsulphotransferase and thesgraes are shown in figure
1.15. MAO and COMT are the two main catabolic enegnnfluencing dopaminergic
neurotransmission (Napolitang al., 1995). Dopamine is broken down to form 3,4-
dihydroxyphenylacetic acid (DOPAC), homovanillic icac (HVA) and 3-

methoxytyramine.
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Figure 1.15. The anabolism and fate of DA in the neuron (www.kofidk/ppaulev/

chapter2/images/n2-5.jpQ).

1.4.7. Dopamine and Parkinsons Disease

Parkinson’s disease results from the loss of grehten 80% of the DA neurons within

the SNpc. Although the specific etiology of PD ikoown, abundant pathological data

suggests that oxidative stress and mitochondrigfudiztion plays a role in the DA

neurodegeneration (Mitchelt al., 1996). Dopamine itself may be an endogenous

neurotoxin as shown in figure 1.16, clarifying gpecificity of DA neuron vulnerability

seen in PD.
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Scheme: Dopamine Mode of Action
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Figure 1.16.The role of DA in the production of oxidative prads and apoptotic cell
death (www.weizmann.ac.il/ molgen/images/schem.jpg)

Several studies have shown that a highly reactive molecule can cause striatal
neuronal death botm vitro andin vivo in a variety of organisms (Yalat al., 1986;
Jenner, 1998). Dopamine can be oxidized by at teastndependent pathways. It can be
oxidized enzymatically by MAO and it can be nonenafically auto-oxidized to
produce highly reactive quinones and th€".Both pathways produce;8,, which in

the presence of transition metals, such as iromcfwis found in higher abundance in PD
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substantia nigra, possibly due to abnormal ferntetabolism), can be futher oxidized to
form the highly reactive reactivéOH (Yahret al., 1986; Jenner, 1998). Several studies
suggest these reactive oxygen species (ROS) andregs could be major contributors to
DA neuron cell death because of their ability taussa protein denaturation, lipid
peroxidation, and DNA damage (Yahr al., 1986; Jenner, 1998). DA has also been
proposed to cause cell death via calcium chanrigdion in the DA receptor-dependent
mechanism (Yahet al, 1986). Figure 1.16 indicates the various mecmasiby which
excess DA can produce oxidative products that iadgypoptotic cell death.

Finally DA can confer toxicity to the DA neuronsavihe catechol hydroxylation to form
6-hydroxydopamine (6-OHDA) (Bluret al, 2001). Exposing the SNpc in rodents and
mammals to neurotoxins that cause DA neurodegeoer& most commonly utilized
animal model for PD. Vertebrates exposure to theatexins, 6-OHDA, MPTP (MPP

is the active metabolite of MPTP), or the insedicrotenone causes SNpc DA neuronal

death within several weeks, and the animals miymngpgoms as PD.

1.4.8. MPTP model for Parkinson’s Disease

Between 1979 and 1982, a population of young Qalidms addicted to a new synthetic
fentanyl derivative developed an irreversible L-dapsponsive PD (Daviesal., 1979).
The analysis of this synthetic compound showed ihabntained around 3% MPTP
(Langston et al., 1983). Patients exhibited symptoms very simitar PD with
bradykinesia, rigidty, postural instability and tieg tremors. Additionally, post-mortem
investigations clearly confirmed the lesion in théstantia nigra (Daviegt al., 1979).
MPTP was thus considered a powerful drug to indBBelike symptoms in several

species including rat, mouse, dog, cat and monkey.

One of the most acceptable animal models in Paskmslisease research is the MPTP
model (Ghorayeb, 2002). MPTP needs to be metalblme MAO-B to produce an
active neurotoxic metabolite MPPSpecies of animals that have inherent low agtivft
this enzyme are shown to be resistant to MPTP é\ital, 1994). However MPPcan
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be intracranially made available at the terminglioe, the striatum or cell body region,
the substantia nigra to make such animals parkiasdiWuet al., 1994; Mohanakumar
et al., 2002).

1.4.8.1. Neurotoxicity of MPTP

In the monkey, MPTP induces the loss of pigmentaarons of the SNpc (Hantrage
al., 1993) but rarely causes the appearance of g@sliminclusions resembling Lewy
Bodies (Fornoet al., 1988). Injections of MPTP into the SN and thedrakeforebrain
bundle as well as intrastriatal perfusion lead tmassive loss of DA in the striatum
(Chiuehet al., 1992 and 1993) and, more generally, to the depletf the dopaminergic
markers in the nigrostriatal tract (Heikkgtal., 1985). The effects of MPTP on animals
depend on several parameters such as the adntioistraode, dosage and animal age
(Gerlach and Reiderer, 1996).

Interestingly, studies on mice support the notiett blder animals are more susceptible
to MPTP (Jarvis and Wagner, 1985). When the MPDRBs&s the BBB and is converted,
mainly in the glial cells, into its effective fornMPP, by MAO B explaining the
effectiveness of MAO B inhibitors against MPTP regaxicity (Chibaet al., 1984).
MPP" then accumulates in the dopaminergic cells afedecsive uptake by energy-
dependent DA uptake sites (Chibaal., 1985). Besides this uptake, intracytoplasmic
accumulation of MPP also depends on two intracellular trapping syste(h¥ the
neuromelanin that forms the complex with MP&nd delays it cytoplasmic release
(D’Amato et al., 1986) and the vesicular monoamine transporteas tonfine the
neurotoxin to synaptic vesicles. Free cytosolic M@Rally enters mitochondria by an
energy-dependent mechanism (Ramsay and Singer) ¥88Biting the activity of this
organelle and leading to a drop in cellular ATPelsvand subsequent cell death as
illustrated in figure 1.17. Kalivendet al. (2003) demonstrated that #eplays an
important role in MPRinduced ‘OH formation which ultimately results in lipid
peroxidation as shown in figure 1.17. Blueh al (2001) reported that MPTP/MPP
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administration results in enhanced“Fdevels in the brain which propogates the
formation of ROS resulting in neurodegeneration.

MPP*
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chain | Complex-11
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MnSOD l

GPx
‘ VZER H,0,
GSSG GSH M Mitochondrial damage T
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Apoptosis T

Fe?! uptaki
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Figure 1.17 1-Methyl-4-phenylpyridinium (MPB-induced apoptosis and mitochondrial
oxidant generation (Kalivenét al., 2003).

1.4.9. Treatment Possibilities of Parkinsons Dissa

Aims of treatment are to:

* restore dopaminergic neurotransmission in the stgedal pathway
» adjust GABA-mediated effects on the ventrolatetadleus of the thalamus.
» inhibit the relative excess of cholinergic neurotéssion within the striatum

» reduce the relatively excessive glutaminergic neansmission in the neural circuits.
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GABA receptor agonists display a dual action on D@diated events. One includes a
decrease in DA release, reduction in DA receptorsithie and decreased response of
postsynaptic cells to dopaminergic stimulatiomg#ults in antidopaminergic effects. The
other consists of a reduction of striatal cholinergctivity resulting in a facilitation of
dopaminergic effects. These two effects could lssatiiated depending on the dose of
GABA receptor agonists. This dual action probablglains the results of clinical trials
showing either amelioration of parkinsonian sympmowith aggravation of L-DOPA-
induced dyskinesia or improvement of dyskinesiaheut or with aggravation of
parkinsonian symptoms (Bartholigtial., 1987). In animal models of Parkinson's disease,
NMDA and AMPA receptor antagonists were found teerse Parkinsonian signs or
potentiate the ability of L-DOPA to reverse akimeand to alleviate muscular rigidity.
Accordingly, the clinical use of NMDA antagonistsash been considered for the
symptomatic treatment of Parkinson's disease, baledon the observation that low
doses of NMDA antagonists potentiate the therapaifects of DA agonists and on the
hypothesis that even the beneficial effects ofclatinergic drugs may be mediated in
part by NMDA receptor blockade (Greenamyre and @MBr1991). Polypharmacy with
L-DOPA and a glutamate antagonist as adjuvant n&ya lrealistic prospect in the
pharmacological management of Parkinsonian symptomtss is based on the
pathophysiological hint that Parkinson's diseasea glutamate hyperactivity disorder
(Starr, 1995).

Unfortunately the drugs that have anticholinerdiieats in the striatum will decrease

cholinergic neurotransmission in the degeneratattpyway from the nucleus basilis to the
cerebral cortex. This may worsen memory failuréarkinsonism. The best therapeutic
approach is to enhance striatal dopaminergic neamsmission. This relieves

Parkinsonian rigidity, bradykinesia and loss ofoatsted movements more effectively it
helps tremor.

The agents currently being used in the treatmeRibare:
1) Dopamine agonists.
2) The dopamine precursor L-DOPA
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3) Agents which delay dopamine degradation, e.gOMype B inhibitors
4) Centrally-acting anticholinergic agents.

5) Gene therapy e.g. genetically engineered ctins cells.

1.5. LIPID PEROXIDATION

1.5.1. Introduction

Biological membranes have an important functiorhweégards to compartmentalization
of structures and are essential for cell functignidccording to the ‘Fluid Mosaic
Model’, biological membranes are dynamic, irreglilaid mixtures of phospholipids and
cholestrol, with globular proteins embedded witliie membrane (Matthews and van
Holde, 1991). The membranes are equipped to transpmecules across them and also
form part of metabolic activities such as electi@msport. Membranes are also the sites
of cell-cell interactions, such as hormone-celerattions (Clark and Switzer, 1977).
Physical or chemical disturbance lead to a changetégrity of cell membrane, which
results in the influx of ions such as“Gawhich causes destruction of the cell. Lipid

peroxidation is the ability of free radicals toeslthe integrity of cell membranes.

1.5.2. The Role of Molecular Oxygen

Molecular oxygen is required by living organismsl dniological systems to survive and
is depended upon heavily. It has a very high oxidizpotential and has the ability to
form non-toxic agents. It is therefore a very inpat part of metabolism in many
organisms. However oxygen has the potential to disopous at higher concentrations
than in air (Buechter, 1988). Single electron réidns of oxygen by compounds and
enzymatic reactions occur vivo and these reduced intermediates or oxygen spigies
are formed are reactive with toxic implications (&¥manret al., 1954; Green and Hill,
1984). These species are collectively known as RS include the following:
superoxide anion (J), hydrogen peroxide @#D;) and the hydroxyl radical QH) as

shown in figure 1.18 (Green and Hill, 1984).
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Figure 1.18 A summary of the multiple by-products generatedhe partial reduction of
O, (Reiter, 1998).

1.5.2.1. Reduction of Molecular Oxygen

The utilization of molecular oxygen (dioxygen og)(y the organisms comes with a
high price. Under normal physiological circumsta)ceerobic organisms utilize
approximately 98% of cellular £at cytochrome a; this is the terminal cytochroméhie
respiratory chain in the mitochondria (Chasetal., 1979). In so doing, Os reduced by
4 electrons without the release of partially reduosygen intermediates (Malmstrom,
1982). However, a small percentage (1-2%) of thg i© not consumed at the
cytochrome g rather, it is mono- and divalently reduced td&itthe Q" or to reactive

oxygen intermediate #- as illustrated in figure 1.18.
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Various physiological perturbations of cellular heostasis lead to a dramatic
enhancement in the production of the superoxideraaind HO, as well as related
species such as th@H (Freemaret al, 1981). All these species, but especially ‘él,
are potentially cytotoxic. These molecules interagth and frequently irreversibly
damage a wide variety of biomolecules includingiteins, phospholipids, nucleic acids
and sugars, i.e., virtually any molecule in thd.d8kllular damage produced by these
reactive oxygen intermediates, often referred to»adative stress, seriously jeopardize
cellular functions and eventually may kill cellsxi@ative damage may be prominent in
pathophysiological damage such as hypoxia (FreeandrnCrapo, 1980), tissue ischemia
and reperfusion (Flohe, 1988), and inflammation €@wet al., 1988). The OH is the
most reactive and therefore causes the most datoage cell (Halliwell, 1992) (figure
1.18). Reactions of th@®OH with other molecules are usually classified itiioee main
types: (1) hydrogen abstraction, (2) addition aByl €lectron transfer (Halliwell and
Gutteridge, 1991). The three reactions mentiongghligihts the important principle of
free radical chemistry, namely, the reaction ofiffeent free radical, which may be
more or less reactive in the formation of a différéee radical, which may be more or
less reactive than the original radical species.

02" + HO, > H:0 + OH +'OH Haber-Weiss Reaction (equation 1)

FE'+ 0" > Fé + 0 Fenton Reaction (equation 2)
FE" + H0, > FE* +"OH + OH

Hydrogen peroxide itself is not especially toxidass it is in high concentrations within
the cells. There are features of the molecule, kewewhich make it hazardous.
Hydrogen peroxide readily diffuses through cellulmembranes and can thereby
distribute to sites distant from where it was gatemt. Also, in the presence of transition
metals, most often Ee(figure 1.18.) but also Ctj H,0; is reduced to th#OH via either

Haber-Weiss or Fenton reactions (Halliwell & Gutge, 1990). The ultimate fate of

H,O, is not always théOH. In most cells KD, is converted to innocuous products by
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the actions of two important antioxidative enzymésat is catalase and selenium
dependent GPx (figure 1.18). In the brain GPx aesitlerably more important than
catalase because of the low activity of the lagteryme in most parts of the CNS (Jetin
al., 1991). Glutathione peroxidase utilizegdd and hydroperoxides as substrates during
the conversion of reduced glutathione (GSH) taligsilfide oxidized glutathione (GSSG)
(Griffith and Meister, 1985).

The "OH is perhaps not the only destructive species ithérmed during the Fenton
reaction (Bielski, 1991) but its formation is welbcumented as, is its ability to oxidize
adjacent molecules (Halliwell & Gutteridge, 198%he "OH is thus, probably the most
reactive of the ROS species (Poeggeleal., 1993; Dawson & Dawson, 1996) as it will
react with almost all molecules in living cells idavich, 1987). ThéOH is formed from
0O;" and HO, through the Haber-Weiss reaction or through theraction of metals such
as Fé" or CU* and HO; through the Fenton reaction (figure 1.18) as shiwequation

1 and 2 above. An intermediate in the reaction gHwith F&* may be the iron-oxygen
complex referred to as ferryl which is highly oxitig and which degrades to form the
"OH.

Superoxide anions, 4, and the’OH are all interrelated in the following way (figur
1.18). Superoxide anions are produced as a consegjud the @ metabolism and are
metabolized in the presence of an antioxidant eezimown as superoxide dismutase
(SOD) (Zimmermaret al., 1990); this results in the formation 0§®. However in the
presence of transiton metals especially’*FeH,0, is rapidly converted to'OH
(Finkelsteinet al., 1980). This step is known as the Fenton reacBexcause of the high
cytotoxicity of the’OH it is especially devastating (figure 1.18).
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1.5.2.1.1. Non-Enzymatic Lipid Peroxidation

Species that possess an unpaired electron or edragof molecule are called free
radicals, and may be generated by three differeathamisms (Cheeseman and Slater,
1993):

a) haemolytic cleavage of a covalent bond, wherdgh fragment retains one of the

paired electrons, XY—- X'+Y°
b) loss of a single electron (oxidation) -A A" + €
) addition of a electron A + e - A" (where A is a normal molecule)

The detection and measurement of lipid peroxidai®othe evidence most frequently
cited to support the involvement of free radicaat®ons in toxicology and in human
disease. Lipid peroxidation has been defined as dkelative deterioration of

polyunsaturated lipids, i.e. those lipids contagnmore than two carbon-carbon double
covalent bonds (Halliwell, 1992). Cell membranes iéch in polyunsaturated lipids, and
saturated fatty acids which give rise to membrahdadify. Damage to these

polyunsaturated fatty acid side chains reduces memebfluidity and as a result the

biological membrane is not able to function properl
Schematic diagram of the sequence of events in lgoperoxidation:

» Celldamage- OH + CH, -~ CH - conjugated diene + 0O CHO, + CH, -~ CH
+ lipid peroxide

« Fé*-complex + lipid peroxide- CHO

« Fe*-complex + lipid peroxide- CHO, + H" + F&*-complex

Lipid peroxidation is initiated by the attack ofyaspecies that has sufficient reactivity to

abstract a hydrogen atom from a methylene groubd£9CAn "OH can do this, as well as
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various iron-oxygen complexes. Abstraction from atmlene group leaves a carbon
radical, which then stabilizes by molecular reageament to form a conjugated diene.
This then combines with oxygen (which is hydropleo#ind thus concentrates into the
interior of membranes) to give a peroxyl or “perbrgdical (CHQ"). This radical can

then abstract hydrogen from another lipid mole@rslé may attack membrane proteins.
Once the peroxyl radical is formed it can abstragbther hydrogen atom from a
methylene group and combines with this hydrogeifiotmn a carbon radical and lipid

peroxide. This carbon radical may then react witigen to form a peroxyl radical and

so the chain of lipid peroxidation can continueslgwn in figure 1.19.

Iron plays an important role in lipid peroxidatiadot only can it generatéH via the
Fenton reaction, which initiates the chain of esel@ading to the formation of the
alkoxyl radical, but it also plays a second impotteole in lipid peroxidation. Lipid
peroxides are fairly stable at physiological terapares, but in the presence of iron, their
decomposition is greatly accelerated. Thus a retlirom complex can react with lipid
peroxides in a way similar to its reaction with@; it causes fission of O-O bonds to
form alkoxyl radicals. A Fé complex can form peroxyl radicals and by furtheaation
with the Fé*—complex can form alkoxyl radicals (Halliwell & Gatidge, 1990).
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Figure 1.19.An outline mechanism of lipid peroxidation (Guttkye & Halliwell, 1990).
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1.5.2.1.2. Enzymatic Lipid Peroxidation

Superoxide anion production was conclusively denrated in a biological system with
the oxidation of the xanthine oxidase system (Btex¢li988). The @ is not considered
to be directly responsible for the toxic effectsOaf Superoxide anions are able to reduce
transition metals and their complexes (Buechte88).9

Hydroxyl radicals may be formed in two ways: 1)nreatalysis and 2) by iron

complexes. The addition of an iron complex to comuia¢ and unsaturated fatty acids
will stimulate peroxidation through radicals beaaus biological systems there is a
surplus of lipid hydroperoxide (Gutteridge, 198+@rric irons precipitate rapidly to form
ferric  hydroxides in neutral solutions. However lebers such as

ethylenediaminetetracetic acid (EDTA) alter the osedpotential of iron thereby

preventing this problem (Gutteridge, 1987). Hydmogeeroxide is not a free radical;
however it has a status as a ROS in that it isradital oxygen that is involved in

oxygen radical formation (Cheeseman and Slater3199ydrogen peroxide has the
ability to cross the biological membrane but mafjude a long distance from the site of
production due to its limited activity (Fisher, 798

1.5.2.2. Antioxidant Defense System

The selectivity of damage to the membrane is irs@daby the efforts of £ which
exerts its effect directlyn vivo by producing more potent oxidants, by protonatory
metal salt-catalysed interaction witho® (Fridovich, 1987). An increase in the
availability of oxygen or the decrease in activitythe oxygen utilizing enzymes such as,
SOD, catalase and glutathione peroxidase (GPxhasrsin table 1.1, may lead to an
increase in the levels of Q Hydrogen peroxide is also produced with the etect
oxidation of phenols, thiols and catecholaminesridns et al., 1982; Cohen and
Heikkila, 1974). Induction of the cytochrome P-4§Gtem may result in an increase in
the production of bD,, thus contributing to lipid peroxidation (Van Gelkand

Sevanian, 1994). Microsomes, red blood cells apdsbme are sources of hydroxyl
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radicals and therefore affect peroxidation profdun8ickle cell anaemia and glucose-6-
phosphate dehydrogenase deficiency are diseasé vlbstrate that red blood cells are

susceptible to oxidative stress (Gutteridge, 1987).

Table 1.1. Cellular defense/anti-oxidant mechanisms access@laeurons to protect

against ROS species (Dawson & Dawson, 1996).

Enzymatic Non-Enzymatic

Cu/ Zn — Q@ Dismutase Ascorbic Acid (Vitamin C)
Mn — Oy Dismutase a-tocopherol (Vitamin E)
Glutathione Peroxidase Glutathione
Glutathione-S-Transferase Melatonin

Glutathione Reductase

Catalase

As mentioned earlier, the presence of scavengiagnees such as SOD and GPx enable
the cells to remain resistant to oxidative streSsitteridge, 1987). Reactive oxygen
species result in DNA, protein, and lipid damagd. ddmponents of DNA may be

attacked by the OH and HO, (Aruoma, 1994), via chemical damage or ionizing
radiation. Reactive oxygen species may attack tiyghgdral (SH) groups in proteins.

The protein often binds transition metals which egkhem the target of attack by site-
specific hydroxyl generation (Aruoma, 1994). Theegance of polyunsaturated fatty

acids makes the membrane phospholipids more siisieefat peroxidation (Van Ginkel
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and Sevanian, 1994). Membranal functions, such ABAGuptake, are also altered by
lipid peroxidation (Rios and Santamaria, 1991).

The principal cellular defence systems against eryigee radicals are SOD, GSH, GPx,
glutathione reductase (GRd), catalase (a heme e¥)zyand antioxidant nutrients (figure
1.18). These enzymes scavenge reactive chemioakspand help to maintain cells in a
reduced state. Cellular reducing agents such asthione anda-tocopherol appear
predominantly in the reduced state rather tham thedized form to enable them to gain
electrons (Fahn & Cohen, 1992). The breakdown ofly SOD vyields HO, and oxygen
(reaction 1). There are two distinct SOD’s in eyk&es; the manganese-containing SOD

localized in the mitochondrial matrix and the cappanc-containing SOD found in the

cytoplasm.

202_. +2H o H.Os + O, (1)
2GSH + HO, - GSSG + 2HO )
GSSG + NADPH + H - 2GSH + NADP (3)
2H.0O, - O, + 2H,0 (4)

Hydrogen peroxide is decomposed by two reactiorislo concentrations, D, is
removed by reacting with GSH to form GSSG and waiatalysed by GPx (reaction 2).
GSH is regenerated by the action of GRd (reactiorABhigh concentrations, however,
H,0; is removed by the enzyme catalase (reaction dhr(land Cohen, 1992).

An important antioxidant in the brain @-tocopherol (figure 1.20). This is the most
potent antioxidant that can break the propagatiathenfree radical chain reaction in the
lipid part of the biological membrane. In ratswiis shown that in the long term, low
levels of antioxidants, such as vitamin E, ascodu (vitamin C) as shown in figure

1.20 and figure 1.21, and GSH in all tissues cdeddl to tissue peroxidizability. Vitamin

E deficiency also influences the activities of S@Btalase and GPx (Buechter, 1988). In
addition, severe and prolonged deprivation of thaistioxidant produces severe

neurological derangements (Muller and Goss-Samd$i9qQ).
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1.5.3. Protection against Lipid Peroxidation by Atioxidants

The term ‘antioxidant’ is frequently used in biongad literature. However Halliwell and
Gutteridge (1989) refer to an antioxidant as ‘anopstance that, when present at low
concentrations compared to those of an oxidizablestsate, significantly delays or
inhibits oxidation of that substrate’. Antioxidant&n act at different levels in the

oxidative sequence. As far as lipid peroxidatiocaacerned, antioxidants could act by:

1. Decreasing localized,@oncentrations (e.g. sealing of foodstuffs undeogen)
2. Preventing first-chain initiation radicals suagiOH.
3. Binding metal ions in forms that will not ger@rauch initiating species &H,

ferryl, or Fé*/ F€"* /0, and /or will not decompose lipid peroxides to pgror

alkoxy radicals.

4. Decomposing peroxides by converting them to-maalical products, such as
alcohols.
5. Chain breaking, i.e. scavenging intermediatécedsl such as peroxy and alkoxy

radicals to prevent continued hydrogen abstract@main-breaking antioxidants

are often phenols or aromatic amines.

Antioxidants acting by mechanisms 1, 2, and 3, lmarcalled preventative antioxidants.
Those acting by mechanism 3 are not usually conduineing the course of reactions.
Antioxidants of the fourth type are also prevem@&t@ntioxidants, but they may not be
consumed during the reaction, depending on theamital behaviour (e.g. glutathione
peroxidase acts by this mechanism and being angimenzis a catalyst and is not
consumed). Chain-breaking antioxidants, act by dom@p with the intermediate

radicals.

It should be stressed that many antioxidants hauéipie mechanisms of action. In
addition, rapid repair of oxidative damage (e.g@avhge of peroxidized fatty acids from
membrane lipids) will tend to diminish the ratelipfd peroxidation; repair mechanisms

exist for damage to DNA and proteins.
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Figure 1.20.Vitamin E acting as a chain-breaking antioxidaagating with lipid peroxy

radicals to give an unreactive vitamin E radical¢Bhter, 1988).
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Figure 1.21. Vitamin C (ascorbic acid) plays a protective rble reacting with free
radicals including the Vitamin E radical to giversRydroascorbate, which is then able to

go on to form L-threonic acid and oxalic acid orrbduced back to ascorbate (Buechter,

1988).
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1.5.4. Oxidative stress in Parkinsons Disease

The role of oxidative stress in neuronal degenematin PD is substantiated by
pathological findings and animal models that hak@vided experimental paradigms to
delineate the possible mechanisms. Perhaps the faeior in the vulnerability of
dopaminergic neurons are their intrinsic predigmsito generate reactive species. The
normal enzymatic metabolism of dopamine resultthéngeneration of 0, by MAO-B.
The nonenzymatic autoxidation of dopamine at néydkhresults in the formation of
reactive quinones and semiquinones, this processhanced in the presence of iron,
leading to the further formation of,8,, O,”, and’OH radicals (Hastinget al., 1996). It
also has been suggested that the oxidation of dopamesults in the formation of
6-OHDA, which readily undergoes rapid autoxidatwith molecular oxygen to generate
reactive free radical species (Baumgarten and Grazrgc, 2000). Although the
importance of the formation of 6-OHDA under norrpalysiological conditions is still
unknown, it has been widely used as a model of mhopergic neuronal injuries. These
findings have provided further credence to the psapthat dopamine metabolism results

in oxidative stress (Ungerstedt, 1976).

IMPAIRED ENERGY
METABOLISM
w Protein, lipid, and DA damage

Prolease, phosphalipase, and

oxidative calclum Gm"gmx;my decraased)| (Tee radical endonuciease aclivation

0 g ATP | generation ATP deplation
Amyloid deposition
Tau polymerization

OXIDATIVE
STRESS %

Figure 1.22. Possible cycling mechanism between impaired enengyabolism and

oxidative stress (Bowling and Beal, 1995).
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1.54.1. Mitochondrial dysfunction

It has been hypothesized that mitochondrial dygfanand consequent production of

ROS may cause neuronal death evolving in the psaaeRBD (Halliwell, 1987).

1.54.1.1. The mitochondrial electron transport chia

Each mitochondrion consists of two phospholipicayelrs, the outer membrane and the
inter membrane. The mitochondrial electron transpbain (ETC) is located in the inner
mitochondrial membrane. Between the two bilayeistermembrane space. The primary
function of ETC is ATP synthesis. It comprises aeseof electron carriers grouped into
four enzyme complexes: (i) complex | (NADH ubiquioreductase), (ii) complex I
(succinate ubiquinone reductase), (ii) complex(Ubiquinol cytochromes reductase),
and (iv) complex IV (cytochrome oxidase). In brief, flow of electrons along the ETC
from NADH or FADH, to molecular oxygen is coupled to the pumpingrotgns across
the inner mitochondrial membrane, resulting in themation of a proton gradient.
Dissipation of this proton gradient drives ATP $yetis (Mandavilliet al., 2002). The
brain is dependent on mitochondrial energy supplyngtintain normal brain function.
Therefore, damage to one or more of the respirattigin complexes may lead to
impairment of cellular ATP synthesis. However, eaéhithe complexes exerts varying
degrees of control over respiration, and substiafdgs of activity of an individual
respiratory chain complex may be required beforePA3ynthesis is compromised
(Schapira, 1998).

1.54.1.2. Mitochondrial DNA and oxidative phosphaylation system

Mitochondrial DNA is a circular double stranded emlle comprising a heavy (H) and a
light (L) chain but without any histone coat. Mitmndrial DNA encodes a full
complement of 22 transfer RNAs (tRNAs) and 12S B8 ribosomal RNAs in addition
to 13 proteins, all of which are part of the reamry chain and oxidative
phosphorylation system (OXPHOS). Five different ptares involve in OXPHOS
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system: complex I, II, Ill, IV and ATP systhase.MNA is dependent upon the cell
nucleus for encoding its replication, transcriptidranslation, repair and regulatory
factors (Schapira, 1998).

1.54.1.3. Interaction between oxidative phosphorgtion and oxidative damage

There are significant interactions between oxidatlamage and mitochondrial energy
metabolism, especially the OXPHOS. Oxidative phosyhtion results in generation of
free radicals in cells. Inhibition of the ETC inéscfree radical generation. In addition to
producing free radicals, OXPHOS is vulnerable tmage by free radicals. There are two
mechanisms involved in this process: can be affettieough damage to mtDNA. This
susceptibility is probably due to lack of proteetikistones, limited repair ability, and
proximity to ECT (Halliwell, 1987); ECT can also bdfected directly by free radicals.
Complex | is particularly sensitive t®H and Q”. The vulnerability of ECT may due to
the damage that occurs in the protein and phogpdsl(Zhanget al., 1990). A cycling
process may occur between oxidative damage anatovedphosporylation, due to the
fact that free radicals attack this system thab @enerate them (Figure 1.22). When
oxidative phosphorylation generates free radiasse radicals damage mtDNA, proteins,
lipids and induce the greater level of free radidhlt may result in addition oxidative
damage. This process may also reduce ATP levetgssive release and reuptake of
mitochondrial calcium (Schlegel al., 1992).

1.54.1.4. Mitochondrial dysfunction in ParkinsondDisease

A consequence of mitochondrial dysfunction is iased by generation of free radicals
and oxidative damage, which is strongly implicatéad the pathogenesis of
neurodegenerative diseases including PD. Subdtamtedence, has shown a
mitochondrial defect in PD. It has been demonstrgitat MPP inhibits complex | in SN
and is not altered in other brain regions (Manhal., 1992). Increased oxidative stress in
PD also induces increases lipid peroxidation inisNatients (Dexteet al., 1989). It has

been hypothesized that increased iron levels caxidative stress in substantia nigra. By
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the Fenton reaction, iron can react withOHto produce’OH. Total iron levels are
elevated in PD substantia nigra. Iron is also foummleased in MPTP-treated-primate
(Mochizuki et al., 1994). Mitochondrial dysfunction in PD also ntigle a consequence
of either nuclear DNA or mtDNA (Beal, 2000).

1.54.2. Antioxidant enzymes Systems in Parkinsomdsease

Free radicals are constitutively produced undermadr physiological conditions
therefore; organisms develop various defense méharto protect themselves against
free radical injury. Such defense mechanisms irltite antioxidant enzymes, free
radical scavengers, and metal chelating agentsaifitiexidant enzymes, as illustrated in
figure 1.23, include CAT, GPx, and SOD. SOD catadythe dismutation of O to H,O,,
while catalase and GPx convert® to HO. The scavengers include ascorbate,
a-tocopherol and GSH. GSH not only acts as a scarermyt also regenerates other

scavengers and serves as a substrate in the Giwne@lung and Lee, 1998).

Compared to other organs in the body, the brainldwer lever activities of detoxifying
enzymes like SOD, catalase and GR. It also con&dness unsaturated fatty acids which
are targets for lipid peroxidation. Mitochondriatric oxide synthase, arachidonic acid
metabolism, xanthine oxidase, MAO and p450 enzyamesall sources of ROS in the
brain. GPx is the major enzyme for the detoxifizatof HO, in the brain since the brain
has very low catalase activity (Bharattal., 2002).
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Figure 1.23. Schematic diagram of the antioxidant system. Abht@ns: O,"
(superoxide anion)SOD (superoxide dismutaselCAT (catalase),H.O, (hydrogen
peroxide), GPx (glutathione peroxidase)GSH (glutathione), GSSG (oxidised
glutathione),GR (glutathione reductaseNADP™ (Nicotinamide adenine dinucleotide
phosphate)NADPH (Nicotinamide adenine dinucleotide phosphate, cedy andG-6-
PDH (glucose-6-phosphate dehydrogenase)(Hung andlioég).

1.5.4.2.1. SOD

Several different SOD have evolved to inactivatthbotracellular and extracellular,O

as shown in figure 1.23. There are two types ohaullular SODs: the manganese SOD
(MnSOD) and the copper/zinc SOD (CuzZnSOD). MnSODlosalized within the
mitochondrial matrix, while CuZnSOD is confined goaninantly in the cytoplasm or the
nuclear (Weisiger and Fridovich, 1973). Klivergyial (1998) found that overexpressing
the human MnSOD gene in mice showed significantro@otection against MPTP-
induced depletion of dopamine levels, as well asopmitrite-mediated oxidative
damage. In a previous study, transgenic mice witheased Cu/ZnSOD activity were
also found resistant to MPTP-induced neurotoxidiyrther, inhibition of SOD activity
was reported to enhance MPTP toxi¢ityivo (Bharathet al., 2002)..
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1.5.4.2.2. GPx

The role of the key kD, converting enzyme, GPX, is controversial. Earlyd&s report
decreased GPx activity in the substantia nigradateu and putamen in PD patient
(Ambaniet al., 1975), however, are not supported by subsegugastigations (Chen
and Yu, 1994). Importantlyin vitro assessment of GPx levels in post-mortem tissues

may not reflect events occurringvivo.

1.5.4.3. GSH

Glutathione plays an important role in the adulibrby removing KO, formed during
normal cellular metabolism. In general, SN has lolggels of GSH compared to other
regions in the brain. It has been observed thahgu?D, there is a further reduction in
GSH levels within the SNpc. In fact, GSH depletisrthe first indicator of oxidative
stress during PD progression suggesting a conconiitarease in ROS. The magnitude
of GSH depletion occurs prior to other hallmarkstioé disease including decreased
activity of mitochondrial complex I, decreased eneyactivities in the mitochondria as
well as losses in ATP production. GSH may protemtirans against the build-up of
protein aggregation, which form Lewy bodies withie cell, the deleterious effects of
the lipid peroxidation by-product 4-hydroxynonef@&HNE) (Chen and Yu, 1994), and
protein oxidation (Ziegler, 1985).
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1.6. ACETYLSALICYLIC ACID

1.6.1. Introduction

Quinine from Cinchona bark is one of the oldesteadims for relief of mild pain and
fever. Willow bark was used in folk medicine forays for similar indications. In 1763,
Edmund Stone, in a letter to the president of tbgaRSociety, described his success in
treating fever with a powdered form of the barktled willow. He had noted that the
bitterness of the willow bark was reminiscent @ thste of the chinchona bark, a source
of Quinine. The active ingredient of willow barkalisin, which on hydrolysis yields
salicylic acid, was later found in other naturalises. Acetylsalicylic acid (ASA) was
synthesized in 1853, but the drug was not used 1889, when it was later found to be
effective in arthritis and well tolerated. The na®8A was coined from the German
word for the compound, acetylspirsauer (Spirea,géreus of the plant from which it as
obtained and Saure, the German word for acid). lBecaf its greater efficacy and lower
cost, ASA rapidly replaced the natural productsitimuse and has remained one of the

most widely employed remedies for the last century.

1.6.2. Chemistry and Pharmacokinetics

Acetylsalicylic acid has a pKof 3.5. The salicylates are rapidly absorbed friv

stomach and upper small intestine, yielding a pglakma salicylate level within 1-2
hours. The acid medium in the stomach keeps a egtion of the salicylate in the
nonionized form, promoting absorption. However, whégh concentrations of salicylate
enter the mucosal cell, the drug may damage theosalidbarrier. If the gastric pH is

raised to 3.5 by a suitable buffer then gastritation is decreased.

Acetylsalicylic acid is absorbed as such and igdigphydrolyzed to acetic acid and
salicylate by esterases in tissue and blood. Safeys bound to albumin, but, as the
serum concentration of salicylate increases thgreater fraction remains unbound and

available to the tissues. Ingested salicylate aat generated by hydrolysis of ASA may
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be excreted unchanged, but most is converted terwatuble conjugates that are rapidly
cleared by the kidney. Alkalinization of the urimereases the rate of excretion of free
salicylate. When ASA is used in lower doses (60Qn¥glicylate elimination is in

accordance with first-order kinetics and serum-hdfis 3-5 hours. With higher dosage,
a mix of capacity-limited and first-order kinetigwevails. Figure 1.24 shows the

chemical structures of ASA and salicylic acid.

OH O
OH

O CHs OH
Aspirin Salicylic Acid

Figure 1.24 The chemical structures of acetylsalicylic aoid aalicylic acid.

1.6.3. Principal Effects

Analgesic effects: is mild (less than that of cod¢ibecause prostaglandin G/H synthase
is readily regenerated. It seems to be due to lethtral and peripheral action.
Acetylsalicylic acid is most effective against mgdin of somatic as opposed to visceral

origin.

Antiplatelet effects Acetylsalicylic acid appears to offer some prtitet against
thrombotic and embolic events in various partsrtdral circulation, including transient

ischaemic attacks, where it reduces the risk ajkstr(Ramirez-Lassepas, 1984). Its

66



Literature Review

antiplatelet action depends on acetylation, and theversibly inhibiting, the enzyme
cyclo-oxygenase, which catalyses thromboxane férmation in platelets, and
prostocyclin formation in endothelial cells. Cydaygenase inhibition prevents
thromboxane thromboxane-mediated platelet aggmgabut simultaneously prevents
the anti-aggregatory effect of prostacyclin form&ud endothelial cells. Platelet
thromboxane Aformation may be more sensitive to inhibition bgAthan endothelial

cell prostacyclin synthesis (De Gaetabal., 1982).

Antipyresis: acetylsalicylic acid acts in the hypothalamugplace at a lower level the set
point of temperature regulation which is controlled prostaglandin synthesis. It does

affect temperature raised by exercise or heat ard dot lower normal temperature.

Respiratory Stimulation: is a characteristic of ASA intoxication and ocutirectly
both by stimulation of the respiratory centre andirectly through increased GO
production.

Metabolic effects including increased £consumption and C{production.

1.6.4. Uses

Acetylsalicylic acid relieves mild to moderate paihnonvisceral origin e.g. headache,
dysmonorrhoea, osteoarthritis, myalgia and painfoiny metasteases. The anti-
inflammatory reaction is prominent, e.g. rheumatdisease, Still's disease and acute

rheumatic fever.

1.6.5. Acetylsalicylic Acid in Neuroprotection.

Acetylsalicylic acid is the most widely used drugr fthe prevention of secondary
ischemic cerebrovascular events (Antithrombotialisis Collaboration, 2002). It has

been postulated that the ability of ASA to preveardrebrovascular incidents is
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complimented by a possible neuroprotective effeatas direct action on brain tissue
(Hissin and Hill, 1976; Grillet al., 1996).

Several mechanisms have been invoked to explaingheoprotective effects of ASA in
brain tissue (Asanumet al., 2001; Moroet al., 2002). It has been postulated that ASA
and its metabolite SA inhibit oxidative stress (&ag and Husney, 1987). One of the
principal mechanisms of brain damage during ischemihe formation of free radicals,
which, together with the impairment of the enzymaintioxidant mechanisms, give rise
to tissue oxidative stress (Kontos, 2001). AlthougBA inhibits prostaglandin
biosynthesis, a property that appears to explaihgiahe anti-inflammatory activity, this
mechanism does not appear to be the only modetiohdaoy which this drug exerts its
activity. Sagone and Husney (1987) demonstratedstiimylates react withOH radicals

in granulocytes which might directly relate to themti-inflammatory effects. Figure 1.25

illustrates the mechanism by which salicylates treeith "OH radicals to form stable

metabolites.
COOH COOH H COOH
@[ +HO -
—_— +
OH OH OH
Salicylic acic ~ 3-hydroxysalicylic acigy, , 5-hydroxysalicylic acd

Figure 1.25.Mechanism by which metabolite of acetylsalicyligdasalicylic acid, acts
as a hydroxyl free radical scavengaruoma and Halliwell, 1988).

Furthermore it has been shown that ASA rectifielicem (C£") homeostasis via a
mechanism involving the reduction of thg @vels possible by acting on protein kinase
C-induced NADPH activity and therefore decreaseSR®human endothelial cells)
vitro (Dragomiret al., 2004). As mentioned in section 1.5.2.1.1, irtay® an important
role in lipid peroxidation. Not only can it genexahydroxyl radicals via the Fenton
reaction, which initiates the chain of events legdio the formation of the alkoxyl

radical, but F& can also form peroxy radicals and by further rieactvith the F&'—

68




Literature Review

complex, can form alkoxyl radicals (Halliwell & Gatidge, 1990). The various roles of
Fe in oxidative stress are illustrated in figural.

H,O, + O,

|

Oxidized l
Ligands E*

™~

+ H,O, + O,
Fe(L) + — L)

HO v

Figure 1.26. Migration of Iron (Fe) Under Conditions of Oxidati Stress (Kotrly and
Sucha, 1985).

Acetylsalicylic acid has been shown to complex wig" (Kotrly and Sucha, 1985).
Figures 1.27 and 1.28 illustrate the mechanism higinsalicylates bind to Beand Fé*.
Salicylates compete with oxidized EDTA for *Fechelation and the mechanism is

illustrated in figure 1.28.

Acetylsalicylic acid may have neuroprotective pmbies, and their chronic use is
correlated with reduced incidence of AD (McGeer adhcGeer, 2001). Acetylsalicylic
acid has been demonstratéavitro, to attenuate the effects of 6-OHDA and MR®
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dopaminergic cells (Carrasco and Werner, 2002Vivo studies have shown that ASA
can protect dopaminergic neurons against systeljiealministered MPTP and have
attributed this protection to free radical scaveggiAubinet al., 1998).

Bidentate
Chelation
Site

COO +Fedt
Y s (O

n=12ar 3

Figure 1.27. Mechanism by which salicylates bind to’Feotrly and Sucha, 1985).
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+ H2O2
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Il Fe (DNA)
Fe (EDTA) ?
+ DNA
|
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]
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Figure 1.28.Mechanism by which salicylates compete with oxidiZ&DTA for Fé*
chelation (Kotrly and Sucha, 1985).
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1.7. ACETAMINOPHEN

1.7.1. Introduction

This is a popular domestic analgesic and antipyffeti adults and children. It is a major
metabolite of the now obsolete Phenacetin. Itsgamsad efficacy is equal to that of
Acetylsalicylic acid but in therapeutic doses hasyvmild anti-inflammatory effects.
Acetaminophen inhibits prostaglandin synthesis hia brain but hardly at all in the
periphery; it does affect platelet function. Figur€9 shows the chemical structure of

acetaminophen.

H H
\ |
>:o

acetaminophen

Figure 1.29.The chemical structure of acetaminophen

1.7.2. Principle Uses
Acetaminophen is effective in mild to moderate pairch as that of headache or

dysmenorrhoea and it is also useful in patients should avoid ASA because of gastric

intolerance, a bleeding tendency or allergy, oabse they are aged less than 12 years.
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1.7.3. Pharmacokinetics

Acetaminophen is well absorbed from the alimentaagt and is inactivated in the liver
principally by conjugation as glucoronide and salgh Minor metabolites of
acetaminophen are also formed of which one oxidatiroduct, N-acetyl-p-
benzpoquinoneimine (NABQI), is highly reactive cheatly. This substance is normally
rendered harmless by conjugation with glutathidg.the supply of hepatic glutathione
is limited and if the amount of NABQI formed is gter than the glutathione available,

then the metabolite oxidizes thiol (SH-) group&ey enzymes, which causes cell death.

1.7.4. Adverse Effects

There are few adverse effects. The drug may ramalge skin rash and allergy. It is well
tolerated by the stomach because its inhibitioprottaglandin synthesis in the periphery

is weak. But heavy long-term use may predisposétonic renal failure.

1.7.5. Acetaminophen in Neuroprotection

Therapeutic interventions aimed at reducing th&imiatory response in AD recently
suggested the application of non-steroidal antammatory drugs (NSAID’s). Although
the anti-inflammatory properties of acetaminophes @ntroversial, it emerged that in
the amyloid-driven astrocytoma cell degeneratiordehcacetaminophen proved to be
effective (Bisagliaet al., 2002). It has been demonstrated that acetamamopéscues
neuronal cells from mitochondrial redox impairmeapoptotic DNA fragmentation,
lipoperoxidative products and the generation ofomdialdehyde (MDA) (Bisagliat al.,
2002). Acetaminophen has been shown to also rettheceytoplasmic accumulation of

peroxides and inhibition of NkB activation.

It has been reported, by numerous authors, thainthertance of an anti-inflammatory
therapy reduces the occurrence of AD (Stewbal., 1997; Bouret al., 2000; Ogawat
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al., 2000). Recent data show that in the human gédllline T98G, acetaminophen is
able to reduce prostaglandin @GE) production following A stimulation (Landolfiet
al., 1998) thus providing evidence of inhibition of-#Aiggered glial activation.
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1.8. RESEARCH OBJECTIVES

The first objective of this study was to investeg#he effect of ASA and acetaminophen
on the enzymes involved in the regulation of TRRlsalism including the effects of
these agents on the enzyme responsible for QA ptioduto determine whether these
agents are capable of favourably altering the kgmime pathway which is implicated in a
number of neurodegenerative disorders such as ADHIl Furthermore, any effects
that these agents may have on TRP catabolism wilhkestigated by measuring brain
neurotransmitter levels such as 5-HT, which iscéfé by TRP levels in the brain. The
rationale behind this study was due to the highgesand abuse of non-narcotic
analgesics as it is hypothesized that this coukllrefrom an elevation of mood
enhancing neurotransmitters in the brain. Duertaraber of pharmaceutical preparations
containing the combination of ASA and acetaminoplitemas decided to also investigate
the effects of the combination of these agentsadadition, it was decided to investigate
the effects of these non-narcotic analgesics ooléasnine metabolism in the pineal
gland. This study would serve as confirmation oy @hanges that these agents may
induce in brain neurotransmitter levels and the@taholites. These studies mentioned
above would provide important information on thesgible antidepressant properties of
these drugs as well as any effects that they maggss in inhibiting the enzyme

responsible for the synthesis of endogenous, QAGhwik a potent neurotoxin.

The second objective was to determine whether AS& acetaminophen could act as
neuroprotective agents under a number of neuroleggical conditions and to attempt to
elucidate the mechanism of neuroprotection, shitldd occuring. Thus, this part of the
study was undertaken to observe the neuroprotecgkeperties of ASA and
acetaminophen against damage induced by varioustogins such as KCN, QA and
MPP". This was investigated by measuring, Ogeneration, lipid peroxidation
histological and immunohistochemistry studies tocielate whether these agents are
effective against the neurotoxins employed. Dueth® controversy surrounding the

mechanism by which these agents are neuroprotedtives decided that these studies
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would provide information as to whether ASA andtaognophen possess antioxidant

properties.

Due to the implication of oxidative stress in MARduced neurotoxicity, it therefore
would be beneficial to investigate any effects tihaise potential antioxidant agents may
have in preventing MPPnduced neurodegeneration. It was therefore ddcitte
investigate whether these non-narcotic analgesios @apable of attenuating
MPP-induced striatal DA depletion in rats. Should thegjents attenuate the MPP
induced striatal DA depletion, it would be beneficio determine the mechanism by
which this occurs. Therefore, it would be essernbaihvestigate if these agents altered
any of the mechanisms by which MPRduces neurotoxicty in the striatum ie. Complex
| inhibition, antioxidant enzymes such as SOD, GAill GPX, glutathione levels and DA
uptake.

It was hoped that following this investigation,shvould provide scientists with a better
understanding of the mechanisms by which ASA amdasxinophen affect indoleamine
synthesis and catabolism as well as alter braimobe@nsmitter levels. In addition, the
potential neuroprotective properties and the ingpions of these non-narcotic analgesics
in MPP-induced Parkinsonism would be better understond,that knowledge gained
could ultimately be used by future researchers he treatment of a number of

neurodegenerative diseases.
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CHAPTER 2

REGULATION OF THE KYNURENINE PATHWAY

2.1. INTRODUCTION

In mammalian cells, the essential amino acid, (TRPYHegraded primarily by the
kynurenine pathway via a cascade of enzymatic steps$aining several biologically
active compounds. This pathway is the major rotdite-6RP catabolism (Heyes&t al.,

1997). Figure 2.1 is a schematic representatioRnRI®? catabolism during inflammatory
neurological diseases in the brain such as HD, RD AD with the consequent

production of QA, is a known agonist of the NMDAeptor and neurotoxin.

The liver is a major site of systemic kynureninéghpay metabolism, and substrate flux
is predominantly regulated by tryptophan 2, 3-dgeyase (TDO) (Bender, 1982). This
enzyme has high substrate specificity for L-TRP @ndnduced by corticosteroids.
Saturation of this enzyme with heme, whether by iattration of hematin (Badaway
and Evans, 1975) or with the heme precursor, 5-A&gults in an increased activity of

the enzyme, resulting in enhanced catabolism oRRT

Indoleamine 2, 3-dioxygenase (IDO) was first ddsemtiin rat intestine in 1963 but only
recently has the biological significance of thiszgne been examined in a broader
context (Haiyaishi, 1963; Taylor and Feng, 1991jldeand Munn; 1999). Indoleamine
2, 3-dioxygenase degrades the indole moiety of T&fotonin and melatonin, and
initiates the production of neuroactive and immueguoitatory metabolites, collectively
known as kynurenines (Grohmaetral., 2003). Indoleamine 2, 3-dioxygenase is induced
by interferony in most human cells, and TRP, which is an indispbte constituent of all
proteins as shown in figure 2.1. In parallel tmsireo acid represents the source for two
pivotal biochemical pathways: the generation of b-#hd the IDO-catalysed formation
of a series of biologically active metabolites rede to as kynurenines.
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Tryptophan is also utilized in the formation of QPhe product of the enzymatic reaction
involving 3-hydroxyanthranilic acid was identifiecultimately as o-amino$-
carboxymuconie-semialdehyde, which is unstable and spontaneaaslyanges to QA
(Mason, 1957). The enzyme responsible for the amnwe of 3-hydroxyanthranillic acid
to QA is 3-hydroxyanthranilic acid oxygenase (3-HA®here is an increase in activity
of 3-HAO in response to inflammation, which resuttsan increase in QA production

(Heyes and Morrison, 1997) as evident in figure 2.1

There is considerable evidence that the metabaditimogenic amines is disturbed in
depressive illness, and no doubt there exist meéstmsnby which the various biogenic
amines and other neurotransmitters are mutuallylaéed. Evidence suggests that 5-HT
may play important role in the mood changes chartic of the illness (Badaway and
Evans, 1981). Hence increased TRP catabolism céedd to the disruption of
serotonergic functions leading to neuronal dis@d=oking neurological or psychiatric
symptoms (Widneet al., 2002).

Hence for all the above-mentioned reasons it wassingated to determine if these
enzymes; TDO, IDO and 3-HAO could be regulated bgtysalicylic acid (ASA) and

acetaminophen. Therefore any effect that thesetsgeould have on the kynurenine
pathway would therefore be consequential in disedates such as depression and

QA-induced diseases such as HD.
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Figure 2.1. A schematic representation of TRP catabolism flaimmatory neurological

diseases in the brain with the consequent productib kynurenic acid and QA.
Macrophages play an important role in the ceretyathesis of kynurenines by inducing

enzymes responsible for the synthesis of kynurenimbe following abbreviations are
used:3-HIAA: 3-hydroxyanthranilic acid,FN: interferon,QA: quinolinic acid,K'YNA:
kynurenic acid, AA: anthranilic acid, 3-HKYN: 3-hydroxykynurenine and DO:
indoleamine 2, 3-dioxygenase (modified from Hegteal., 1993).
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2.2. THE EFFECT OF ACETYLSALICYLIC ACID
AND ACETAMINOPHEN ON TRYPTOPHAN 2,3-
DIOXYGENASE ACTIVITY IN VIVO.

2.2.1. INTRODUCTION

The abuse of non-narcotic analgesics such as aceinen and ASA by alcoholics
(Seifertet al., 1993) and patients seeking to relieve dysphooods (Abbot and Fraser,
1998; Couradeet al., 2000) is well documented. It was previously mga that

acetaminophen administered in high doses resuliacireased serotonin levels in rat
forebrains (Daya and Anoopkumar-Dukie, 2000). Tige in serototin is accompanied
by a concomitant inhibition of the heme-dependérer|cytosolic enzyme, TDO (EC
1.13.11.11) (Badawast al., 1981). This liver cytosolic enzyme is the magparipheral

determinant of circulating TRP levels. This enzyspecifically catalyses the oxidative
cleavage of the pyrrole ring of L-TRP to form N+foylkynurenine which is metabolized

further in the kynurenine pathway of TRP degrada(®adaway, 1979).

Thus, increased activity of this enzyme resultseduced amounts of TRP becoming
available for uptake into the brain. The TRP takenby the brain is then available for
conversion to 5-HT (Fermnstrom and Wurtman, 197X|9San and Lindgvist, 1978). As a
result, there exists an inverse relationship betwieeer TDO and brain 5-HT levels
(Dayaet al., 1989). Tryptophan 2, 3-dioxygenase is comprisea holoenzyme as well
as an apoenzyme. The apoenzyme is dependent on drehematin for its activation
(Badaway and Evans, 1975) as shown in figure 202h Bhe holoenzyme and apoenyme
activities can be manipulated by drugs which imthas the potential to alter brain

serotonin levels accordingly (Hardeland and Rensifg8; Walsh and Daya, 1998).
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Apoenzyme + L-Tryptophan Holoenzyme

+ Heme

O, + L-Tryptophap| L-Tryptophan -0

Holoenzyme

(inactive + oxidized)

(inactive) (reduced + active)

Figure 2.2. The activation of TDO (modified from Walsh, 1996)

2.2.2. MATERIALSAND METHODS

2.2.21. Chemicals and Reagents

All chemicals used were of the highest analyticqaldg available. Acetylsalicylic acid,
acetaminophen, L-Tryptophan, hematin chloride, bevserum albumin (BSA) and
methylene blue were all purchased from Sigma Cha&m@o., St. Louis, USA.
Trichloroacetic acid (TCA), phosphate buffer, sedibydroxide (NaOH), ethanol (Abs),
potassium chloride (KCIl), copper sulphate (CuS&,0), sodium tartrate, sodium
carbonate (N£Os), sodium chloride (NacCl), Folin-Ciocalteu (F.C)daferrous sulphate
(FeSQ) were all purchased from Saarchem Limited, Krugems, South Africa.

2.2.2.2. Animals

Adult male rats of the Wistar strain, weighing beéw 200-250g were used in this

experiment. The rats were randomly assembled imtwpg of five, and housed in
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separate cages, in a controlled environment agibdeddn appendix I. All protocols for
the experiments were approved by the Rhodes Uniy&simal Ethics Committee.

2.2.2.3. Drug Treatment

The animals were divided into four groups (n=5) &reédted according to the protocol
described in table 2.1. The animals were injectathperitoneally with 100mg/kg/day,
every hour for three hours and killed on the founthur. The dose was chosen from
previous literature sources where these agentsevdiewn to be protective (Daggal.,
2000).

The animals were killed swiftly by cervical disldice and rapidly decapitated between

12h00 and 13h00 as described in appendix Il. Tver lvas removed and immediately

perfused with 0.9% NaCl. The liver especially netttebe perfused so as to remove the
blood and interfering heme, which could affect domjugation of the exogenous heme
with the apoenzyme. The liver was rapidly frozedignid nitrogen and stored at <10

When needed the liver was allowed to thaw on ickthan weighed.

Table 2.1. Treatment protocol of animal groups used in TDO.

Treatment Group Dosage

Group 1 Control Ethanol/Saline (40/60)

Group 2 ASA 100 mg/kg/day in
Ethanol/Saline (40/60)

Group 3 Acetaminophen 100 mg/kg/day in
Ethanol/Saline (40/60)

Group 4 ASA and Acetaminophen 100 mg/kg/day in
Ethanol/Saline (40/60)
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2.2.24. Sample Preparation

All chemical solutions were prepared in deionizeatew (Milli R/Q System, Millipore).
L-TRP (0.03M and 0.4mM) was prepared in 4mM NaOHentatin chloride, final
concentration M, was dissolved in 0.1M NaOH and prepared priothi start of the

experiment.

2.2.2.5. Tissue Preparation

The liver was initially homogenized with 60 ml 14BhKCl - 2.5mM NaOH with a
Junke and Kunkel Ultra Turrex warring blender forpariod of 1 minute at 1000
rev/minute. During the homogenization of the liveaire as taken not to allow excessive
foaming so as to prevent protein denaturation. Tésiltant suspension was further
homogenized with a hand held glass homogenizer aicbmplete homogenous solution
was obtained. Thereafter, sonication for a perib® minutes at 30s intervals proceeded
for complete removal of enzymes from the cellsafin 0.2M sodium phosphate buffer,
pH 7.0 was used to make up a volume required forah 20% w/v before being gently

stirred. The procedure was carried out on ice.

2.2.2.6. Determination of TDO Activity

Badaway and Evans, 1975, previously described ghayamethod for TDO employed in
this study as described in table 2.2. An aliquolLbiml of homogenate was added to a
beaker containing 12.5 ml water and stirred. Whegeessary 10@ hematin (final
concentration of @M) was added and a period of 1 minute as alloweddivation of
the enzyme. Finally, 2.5 ml of 0.03M L-TRP was atidie the overall mixture and was
gently stirred. The rest of the assay was carrigdrotriplicate. Three milliliter aliquots
of the reaction mixture was transferred to tesesund stoppered in an atmosphere of
COJ/O, (5%: 95%) and incubated for a period of one hdte reaction was terminated
by the addition of 2ml of TCA to the test tubeseThixture was then shaken for a period

of 4 minutes. The resulting precipitate was filtermto another test tube using a
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Whatman No.1 filter paper. To a volume of 2.5 mifilbfate, 1.5 ml of 0.6M NaOH was
added and vortexed. The final pH of the reactioxtune was tested to be 7. The
kynurenine present was measured at 365 nm withimdslzau UV 160A UV-visible
recording spectrophotometer and using an extinaaefficient of kynurenines = 4540
L.molt.cm! the concentration of kynurenine was determined rasoles/mg
protein/minute. The blank consisted of 2 ml TCA dnfl ml 0.6M NaOH. Holoenzyme
activity was measured in the absence of hematifevthé total activity was measured in
the presence of hematin. Apoenzyme activity wasutalled as the difference between

holoenzyme and total activity.

2.2.2.7. Protein Determination

All protein determinations were performed using thethod described by Lowst al.,
(1952). A standard curve was generated using bagngm albumin (BSA) as a standard

at concentration intervals of @@/ml, described in appendix Ill.

2.2.2.8. Statistical Analysis

The results were analyzed using a one-way anabfsiariance (ANOVA) followed by
the Student-Newman-Keuls Multiple Range test. ewell of significance was accepted
atp < 0.05.

2.2.3. RESULTS

As shown in figure 2.3, acetaminophen significamlyibits apoenzyme activity as well
as total enzyme activity without altering holoenzyactivity. In contrast, ASA inhibits
the apoenzyme, holoenzyme and total enzyme actiVity combination of ASA and
acetaminophen potentiates the inhibition of apoeregctivity compared to either agent

alone p<0.001). This is not observed with holoenzyme andl enzyme activity.
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Table 2.2. Scheme representing the method of the assay f@.TD

20 % wiv HOMOGENATE

Holoenzyme REAGANTS Total Activity
12,5 ml Water 12.5 ml
15.0 ml Homogenate 15.0 ml

0 ml Hematin 2M 100 pl
2.5 ml 0.03 L-TRP 2.5 ml

Continuation in triplicate

3ml Sample Transfer 3 ml

Incubation for a period of 1 hour

2 ml TCA 2 ml

Shake for a period of 4 minutes and filter through Whatman No.1 filter paper.

Remove 2.5 ml of filtrate into another test tube

1.5 ml 0.6M NaOH 1.5 ml

Absorbanceread at 365 nm

2.2.4. DISCUSSION

Liver TDO plays an important role in determiningtlevels of circulating TRP in the
blood (Badawayet al., 1981). An increase in activity of this enzymehamces the
conversion of TRP to N-formylkynurenine, thus reidgcthe amount of TRP available
for uptake into the brain (Badaway, 1979). Thusnégewhich inhibit these enzymes,
increase plasma levels of TRP and subsequentlgénduise in brain TRP and serotonin
levels (Dayeet al., 1989). Tricyclic anti-depressants inhibit TDCGdahis could be part

of their mode of action in attenuating depressBadaway and Evans, 1981).

The inhibition of TDO has been shown to occur wa tmechanisms: (a) interference of
the test compound with the conjugation of the apger® and its co-factor, heme
(Badawyet al., 1981), (b) the structure-activity relationshiptloe test compound at the
active site of the co-enzyme. The presence of dn gibup has been reported to be
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essential for the active compound to bind to thalgtc site of the enzyme (Uchida
al., 1992). The structure of acetaminophen possesseNH group, however ASA does
not possess a -NH group. This therefore explaires miode of action by which
acetaminophen inhibits TDO. The results exhibited figure 2.3 show that
acetaminophen significantly inhibit all forms of TD except the holenzyme.
Acetylsalicylic acid significantly inhibited all fons of TDO. The combination of ASA
and acetaminophen potentiated the inhibition ofeaggme activity compared to either
agent alonep<0.001). This is, however, not observed with hokyene and total enzyme

activity.

The inhibition of TDO by acetaminophen appears tocuo at the apoenzyme level
(Anoopkumar-Dukie and Daya, 2000). This impliesttA&SA individually exerts its

inhibitory action on the enzyme by inhibiting thmdting of the enzyme to its co-factor,
hematin. The results imply that ASA and acetamireopindividually and in combination
could cause a rise in circulating TRP levels andumm could result in elevated brain

serotonin levels.
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Figure 2.3. The effect of non-narcotic analgesic administraborrat liver tryptophan-2,
3-dioxygenase activity. The specific enzyme activit expressed as nmols of L-
Kynurenine formed/mg protein/min. Each bar représethe meant SEM,; n=6.

*(p<0.05), **(p<0.01), ***(p<0.001). Student-Newman-Keuls Multiple Range Test.
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2.3. THE EFFECT OF ACETYLSALICYLIC ACID
AND ACETAMINOPHEN ON INDOLEAMINE
2,3-DIOXYGENASE IN VIVO.

2.3.1. INTRODUCTION

In extra-hepatic tissues, the first enzyme of tileukenine pathway is IDO rather than
TDO. This enzyme has a much broader substratelgrfufi indoleamine containing
compounds (Carlinet al., 1989). In order to elicit catalytic activityn vitro, a
requirement for ascorbate and methylene blue has lemonstrated (Higuchi and
Haiyaishi, 1967). These enzymes, TDO and IDO, loatalyse the oxidative cleavage of
the pyrrole ring of L-TRP and to produce N —formyikirenine during the first and rate
limiting step of the kynurenine pathway of TRP defation as evident in figure 2.1
(Badaway, 1979).

The high efficiency of degradation of the TRP irelohoiety in the periphery contrasts
with the relatively poor efficiency of the corresgling reaction in the brain. Although

L-kynurenine can be produced in the brain to a matdedegree, the cerebral pathway is
driven mainly by the blood-borne L-kynurenine, whienters the circulation and is taken
up by astrocytes and microglial cells through tpamer-mediated mechanisms. It is
reasonable to assume that the level of IDO actvitthe periphery greatly affects the
dynamics of kynurenine pathway in a normal or disdabrain. In particular, decreased
delivery of TRP to the brain, due to increased IBQivity, might result in impaired

serotonergic functions and enhanced production e@dirgtoxins, with far-reaching

consequences for patients with conditions apparestidiverse as depression, Acquired
Immunodeficiency Syndrome (AIDS)-associated denaerdpilepsy, neurodegenerative

diseases, cognitive impairment and schizophrerdbw@rcz and Pellicciari, 2002).
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2.3.2. MATERIALSAND METHOD

2.3.2.1. Chemicals and Reagents

All chemicals were of the highest purity availabscorbic acid, catalase, and methylene
blue were all purchased from Sigma Chemical Ca.L8uis, USA. All other bench
reagents were purchased from Merck, Darmstadt, @gymand were of the highest

chemical purity.

2.3.2.2. Animals

As described in chapter 2, section 2.2.2.2.

2.3.2.3. Drug Treatment

As described in chapter 2, section 2.2.2.3.

2.3.24. Tissue Preparation

The small intestine was cut up and then homogeniz&0 mM sodium phosphate buffer
pH 7.0 with a hand held homogenizer (20% homoggmaiéC.

2.3.25. Determination of IDO Activity

The activity of IDO was assayed according to Shingzal., (1978). The homogenate
was centrifuged at 10 000 x g for 20 minutes. Tupesnatant was removed and placed in
test tubes. The experiment was carried out ini¢cag. An aliquot of 1.5 ml of
supernatant was added to 1.5 ml of reaction mixfline reaction mixture consisted of
100mM phosphate buffer, pH 6.5, containing 50mMhyikeine blue, 1Qug of catalase,
50mM of ascorbate and 0.4 mM L-TRP. The bufferaots were then shaken aG7for
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60 minutes. After incubation the reaction was teated with the addition of 2 ml of
0.9M TCA. The mixture was then, further shaken @iC5for a further 30 minutes to
hydrolyse N-formylkynurenine to kynurenine. The ubation mixture was then
centrifuged at 12 000 x g for 10 minutes. An aligob3 ml supernatant was used to
measure the product formed. The product formedmeasured at 335nm, the isosbestic
point of formylkynurenine, with a Shimadzu UV 160AV-visible recording

spectrophotometer and an extinction coefficier8%G0 M*cm™.

2.3.2.6. Protein Deter mination

As described in Appendix III.

2.3.2.7. Statistical Analysis

The results were analyzed as described in sectibi.g.

2.3.3. RESULTS

As shown in figure 2.4, ASA, acetaminophen and twebination of ASA and
acetaminophen significantly inhibited IDO activ(fy<0.001).

The administration of the combination of these drdtad a potentiating effect as

compared to either agent used alone. Acetaminop@esed a more significant inhibition
compared to ASAR<0.05).
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Figure 24. The effect of non-narcotic analgesic administration rat intestine
indoleamine-2, 3- dioxygenase activity. The specénzyme activity is expressed as
nmoles of L-Kynurenine formed/mg protein/min. Edwdr represents the meanSEM,;
n=5. *(p<0.05) Acetaminophen group vs. Acetylsalicylic aajloup, **([p<0.01)
Acetaminophen + Acetylsalicylic acid group vs. Adsalicylic acid group and

***( p<0.001) vs. control . Student-Newman-Keuls Multiplange Test.

2.3.4. DISCUSSION

Indoleamine 2, 3-dioxygenase uses,d &s a cofactor in its catalytic process (Hirata and
Hayaishi, 1975) and is not induced by TRP and gladocoids (Shimizwet al., 1978).
When immune activation is restricted to the CNS partment, such as ischaemic brain
damage (Saitoet al., 1993), large increases in brain IDO are accolepamy a
substantial increase in brain QA levels as evidernmethe pathway shown in figure 2.1.

The induction of IDO causes a marked increase IR T&abolism in the body (Takikawa
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et al., 1986) with enhanced production of kynurenine,iciwhis a precursor to the
production of QA.

As is evident from figure 2.4, ASA, acetaminopherd @& combination of these two
agents caused a significant reduction of IDO agtivihe combination of these agents

results in further inhibition of IDO.

Maharajet al. (2004) showed that ASA and acetaminophen arenpstavengers of O

in the presence of potassium cyanide, and thatdnabination of these agents has the
greatest effect. This has also been confirmed apth five. It is therefore logical to
assume that the mode of inhibition of these drugdlO activity could be due to the
ability of these agents to scavenge theé fee radical, which is the essential cofactor for

IDO activity. Hence the combination of these drhgs the greatest inhibitory effect.

Thus there are significant implications for the 0$ASA and acetaminophen as novel
agents in manipulating IDO activity. These agemsid therefore be useful in the
treatment of IDO-related serotonin depletion, inickbhigh activity of IDO is reported,
and therefore represents an important link in imobogical network and the
pathogenesis of depression in specific conditiswgh as pregnancy or neoplasia
(Widneret al., 2002).
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24, EFFECT OF ACETYLSALICYLIC ACID AND
ACETAMINOPHEN ON 3-HAO ACTIVITY IN
VIVO.

24.1. INTRODUCTION

Tryptophan is also utilized in the formation of QPhe product of the enzymatic reaction
involving 3-hydroxyanthranilic acid was identifiecultimately as o-amino$-
carboxymuconie-semialdehyde, which is unstable and spontaneaaslyanges to QA

as shown in figure 2.1 (Mason, 1957).

The role of endogenous QA in the brain remains wtesend controversial, but there is
increasing evidence that glia can synthesize aedse relatively high concentrations of
QA after activation by insults to the brain or arffimatory stimuli such as bacterial
infection. The increase of QA could produce or eweathe amount of neuronal damage
produced by primary brain insult. The reductionQ# synthesis could, therefore, limit

the amount of brain damage. A novel approach tegming the synthesis of QA is to

inhibit 3-HAO (Schwarcz, 2004).

24.2. MATERIALSAND METHOD

24.2.1. Chemicals and Reagents

All chemicals were of the highest purity availab@hydroxyanthranilic acid was
purchased from Sigma Chemical Co., St. Louis, USK.other bench reagents were

purchased from Merck, Darmstadt, Germany, and wetlee highest chemical purity.
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24.2.2. Animals

Animals were housed as described in section 2.2.2.2

24.2.3. Drug Treatment

Animals were treated as described in table 2.1.

24.24. Tissue Preparation

The liver was initially homogenized with 60ml, 50nmBbdium phosphate buffer

(pH 7.0) with a Junke and Kunkel Ultra Turrex Wagiblender for a period of 1minute
at 1000 rev/minute. During the homogenization, cses taken not to allow excessive
foaming so as to prevent protein denaturation. Tdwilting suspension was further
homogenized with a hand held glass homogenizer aicbmplete homogenous solution
was obtained. Finally the weight was adjusted W@mM Sodium phosphate buffer

(pH 7.0) to give a 20% homogenate. Process wasmpeatl at 4C.

24.2.5. Deter mination of 3-HAO Activity

The activity was assayed spectrophotometricallyiier homogenate as described by
Mehler (1956). The homogenate was centrifuged &@0I2x g for 10 minutes af@. The
supernatant was removed and placed in test tulbeseXperiment was now carried out in
triplicate. An aliquot of 1.5 ml of the cell homogge supernatant was added to the
reaction mixture. The reaction mixture consisted.&f ml of phosphate buffer 0.1M (pH
7.5) containing 1QuM ascorbate, 6mM FeSOand 1@M 3-hydroxyanthranillic acid.
The buffer extracts were then incubated for 30 meiswat 37C. After the incubation the
reaction was immediately terminated by the addité@ ml, 3M HCI. The mixture was
then centrifuged at 12000 g for 10 minutes “&.4An aliquot of 3ml of supernatant was

removed and used to measure enzymatic activityymaatic activity was calculated from
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the difference between product content before Wdprand after incubation. The
absorbance was read at 360 nm with a Shimadzu WA 18V-visible recording
spectrophotometer and an extinction coefficient4df500M'cm™ for the reaction
product @-aminof-carboxymuconic e-semialdehyde) was used to calculate the

concentration ofi-aminof-carboxymuconie-semialdehyde.

2.4.2.6. Protein Determination

Protein determination was performed as describ@d2r2.7.

24.2.7. Statistical Analysis

The results for the liver 3-hydroxyanthranilate-8idxygenase assay was analyzed using
a one-way analysis of variance (ANOVA) followed ltye Student-Newman-Keuls

Multiple Range test. The level of significance wasepted gb < 0.05.

24.3. RESULTS

As seen in Figure 2.5, all of the treatments useadult male rats significantly inhibited
3-HAO as compared to the control. Acetaminophen iadtration in rats results in a
more significant inhibitiong<0.001) of 3-HAO than ASAp<0.01) when compared to
the control group. The combination of ASA and acet@phen had a significant
(p<0.05) inhibitory effect as compared to either dgdone.
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Figure 25. The effect of non-narcotic analgesic administraton rat liver 3-HAO
activity. The specific enzyme activity is expressed nmoles ofa-amino$-
carboxymuconie-semialdehyde/mg protein/min. Each bar represémtsrteant SEM;
n=5. * (p<0.05) vs. Acetaminophen + Acetylsalicylic acid &ttl( p<0.001) vs. control.

Student-Newman-Keuls Multiple Range Test.

24.4. DISCUSSION

Quinolinic acid is a neurotoxic metabolite of 3-HAGDd is an endogenous agonist of
NMDA glutamate receptor subtype. Quinolinic acid akso able to reproduce the
pathological features of HD. Quinolinic acid alsdays an important role in
neurodegenerative inflammatory and infectious dissa(Heyes and Saito, 1992).
Ischemic brain injury results in increased QA prctthn in the hippocampal region
resulting in major neuronal death and neurodegénaravith increased activities of IDO

and 3-HAO (Heyes and Morrison, 1997).
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In an attempt to develop therapies for the treatraéneurodegeneration, the kynurenine
pathway has been manipulated in several ways. figmal approach involved the use of
analogues of kynurenic acid as antagonists at ki receptors. A second approach
uses pro-drugs of kynurenic acid or its analogwdsch can be hydrolyzed within the
CNS, whereas a third, and the most recent appraschhibition of the activity of the
enzymes responsible for synthesizing the NMDA rémepgonist, QA. This diverts
kynurenine metabolism away from the productionha& potent excitotoxin, QA (Stone,
2000).

The administration of these non-narcotic analgeaies effective at inhibiting 3-HAO
activity and the combination of these agents indaicenhibitory effect. As mentioned
earlier, a novel approach to reducing QA synthesit inhibit 3-HAO activity. The
inhibition of this enzyme was aptly achieved wille tuse of ASA and acetaminophen
either individually or in combination thus promotasgther research in the possible
therapeutic use of these agents in diseases irhvw# is implicated such as AD and
HD.

2.5. CONCLUSION

The potent inhibitory effects of these non-narcati@lgesics, on IDO and 3-HAO, noted
in the results (sections 2.3.3. and 2.4.3.) isifiggmt in the treatment of inflammatory
and infective disorders of the CNS and could helghe prevention of QA induced
neurodegeneration which would further aid in expfeg the anti-inflammatory effects of
these agents. Thus indicating the possible udeesktagents in HD and AD states.

The actions of these agents in regulating the lgmuoe pathway suggest that use of ASA
and acetaminophen could prove beneficial in thenattion of various disease states.
The action of these drugs in reducing the actigityrDO and IDO could result in an

increase in brain serotonin levels, which couldiaithe treatment of depression, which

was further investigated in chapter 3.
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CHAPTER 3

BRAIN NEUROTRANSMITTER LEVELS

3.1. INTRODUCTION

An inverse relationship exists between liver TDQI drain 5-HT levels (Dayat al.,
1989). The inhibition of TDO by ASA and acetaminephhas lead to an investigation
into the effects of these agents on brain 5-HTIe®&erotonin is known to play a role in
norephinephrine (NE) release in the brain (Xi-Mlrget al., 2002). It was also decided
to determine the effects of this combination onirbfdE levels. It has recently been
shown that acetaminophen administration in ratsiged a rise in brain 5-HT and NE
levels (Couradet al., 2000). Since dopamine (DA) is a precursor ofeporephrine it
stands to reason that acetaminophen has the @bteninduce a rise in DA levels in the
brain. Dopamine plays an important role in the bemical basis of Parkinsons disease
as well as schizophrenia. Figure 3.1, illustrabessynthesis of the neurotransmitters DA,

NE, and EN from tyrosine in the brain.

Therefore in order to understand the effects of AWM acetaminophen on normal brain
function, it is especially important to study the vivo changes in the regional

extracellular neurotransmitter release and metsloliHPLC and electrochemical
detection were used for the examination of smalinges if any in the brain tissue.
Rather than investigate individual neurotransnsttes single extracellular biochemical
events, a deeper understanding of the effect ofrtéie@ would result from the study of
several neuronal systems simultaneously. Conseguém important interplay and

interdependency between distinct monoaminergic esyst could be better defined.
Accordingly, the effect of these drugs on normalibactivity could be more accurately

assessed as the understanding of normal braindanistfurther defined.
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Figure 3.1. lllustration of the synthesis of the neurotrarttens DA, NE, and EN from

tyrosine in the brain (Mohanakumar, 2004).

3.2. MATERIALSAND METHODS

3.2.1 Chemicals and Reagents

Serotonin, 5-hydroxyindole acetic acid (5-HIAA),rapinephrine (NE), dopamine (DA)
and 3,4-dihydroxyphenylacetic acid (DOPAC) standawkre purchased from Sigma
Chemical Co., St. Louis, USA. Perchlorate, EthytBaminetetraacetic acid (EDTA)
heptane sulphonic acid, acetonitrile, triethylamarel phosphoric acid was purchased
from Merck, Darmstadt, Germany. All other reagerdsd in this experiment were of the
highest chemical purity.
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3.2.2. Animals

Adult male Sprague-Dawley rats were used in thid\stThe experimental protocol met
the National Guidelines on the “Proper Care and WO$eAnimals in Laboratory
Research” (Indian National Science Academy, NewhD&000) and was approved by

the Animal Ethics Committee of the Institute ashaslthat of Rhodes University.

3.2.3. Drug Treatment

Animals were treated as described in chapter Zjose@.2.2.3 and killed by cervical

dislocation. The brain was removed, dissected trdd as described in appendix II.

3.24 Homogenate Preparation

The whole brains were dissected and rinsed inechiiormal saline blotted dry on ash-
free filter paper. The forebrain was dissected fitbin occipital pole extending 4-5mm
caudally. The forebrain was deproteinized for thalgsis of the neurotransmitters and
metabolites, following sonication (50Hz for 60s) ize-cold 0.1M HCIQ containing
EDTA (0.01%) (1mg tissue in 0. The samples were kept in ice for 15 min and
centrifuged at 10 000 x g for 10 min and the suamt (1Ql) was injected into the
HPLC system for the analyses of the neurotransmgjtteand their metabolites
(Muralikrishnan & Mohanakumar, 1998).

3.2.5. | nstrumentation

The forebrain samples were analyzed for 5-HT, 5AJIAIE, DA and DOPAC on a
modular, isocratic high performance liquid chrongaéphic (HPLC) system
(Merck/Hitachi; Germany). The chromatographic systonsisted of a LaChrome pump
L-7110, a LaChrome L 3500A amperometric detectar aMerck-Hitachi integrator D-
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7500. Samples were introduced into the systengusiRheodyne 7725i injector, fitted
with a 2QuL loop.

Figure 3.2. Photograph of a modular, isocratic HPLC systerar@/Hitachi; Germany),
the LaChrome pump L-7110, a LaChrome L 3500A ampetdc detector and a Merck-
Hitachi integrator D-7500 that was used to meadon@n neurotransmitter levels
(Mohanakumar, 2004).

3.2.6 Chromatographic Conditions

Separation was achieved using g @n pairing, analytical column (4.6 mm x 250 mm;
Ultrasphere IP; Beckman, USA), with a particle if&um and a pore size of 80A. The
mobile phase composition was 8.65mM heptane sulphaeid, 0.27mM EDTA, 13%
acetonitrile, 0.4-0.45% triethylamine and 0.22% gptwric acid (v/v) and was degassed
using a 0.4pm membrane filter prior to use. The mobile phase ftate was 0.7ml/min

and the electrodetection was performed at 0.74V.
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3.2.7. Protein Deter mination

Protein determination was carried out accordinéoprotocol described in appendix Ill.
3.2.8. Statistical Analysis

All results were analyzed using a one-way analg$igariance (ANOVA) followed by
the Student-Newman-Keuls Multiple Range Test. p&0.05 was considered as

significant.

3.3. RESULTS

Solvent peak l\‘/ T

NE

DA
S-HT
/5-HIAA

Figure 3.3. lllustration of a typical chromatogram trace loé theurotransmitters NE, DA,

5-HT and their metabolites obtained from rat foeélohomogenate.

The chromatogram obtained showing the separatioth@fforebrain neurotransmitter
analysis is shown in Figure 3.3. The chromatogrdhea were obtained following

homogenate injection showed consistent, sharp, syndmetrical peaks for each
10z
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neurotransmitter analyzed. Each neurotransmitteak p@as well-resolved from the
solvent front (Figure 3.3).

Table 3.1. Effect of non-narcotic analgesics on rat forebrainT, 5-HIAA, and NE

levels.
Concentration (pmol/mg tissue) n=6
Treatments NE 5-HIAA S-HT 5-HT turnover
(5-HIAA:5-HT)
Control 5.53£0.32 1.96t 0.36 240 0.1 0.79t 0.02
Acetaminophen | 6.44+0.10** | 2.40+ 0.08* | 3.50+011** 0.69+£ 0.01**
ASA 552+ 0.20 | 3.69t 0.21**** 2.70£0.12 1.3+ 0.05%**
Acetaminophen+ | 5.49+0.11 2974 0.08** | 3.26+0.06** | 0.91+ 0.02***
ASA

Each value represents the MearSEM; n = 6. *p<0.05), **(p<0.01), ***(p<0.001),

***%( p<0.0001). All results were analyzed using a one-vemalysis of variance
(ANOVA) followed by the Student-Newman-Keuls MulgpRange Test.

As is evident in table 3.1, acetaminophen caussigrdficant rise in rat forebrain NE
levels, with a significance level pk0.01. However, ASA and the combination of ASA

and acetaminophen did not show any significantefie rat forebrain NE levels.

Administration of acetaminophen proved to inducsignificant rise in 5-HIAA levels
(table 3.1). The administration of ASA and the camalion of ASA and acetaminophen
also resulted in a significant rise in 5-HIAA lesgp<0.001 anp<0.0001 respectively)

as is evident in table 3.1.

Acetaminophen induced a significant rise in for@bra-HT levels (<0.01) with a
concomitant rise in 5-HIAA levels as shown in taBld. Acetylsalicylic acid on the
other hand did not change forebrain 5-HT levels didtresult in a significant rise in
5-HIAA levels. The combination of ASA with acetaraphen did not alter the
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acetaminophen induced increase in forebrain 5-n&l$eor 5-HIAA levels. The turnover
of 5-HT, as revealed by the metabolite to the neansmitter ratio was significantly
inhibited by acetaminophen, but increased by ASAmBined treatment of ASA and

acetaminophen in rats caused a significant increasenover of 5-HT [§<0.0001).
From table 3.2 it is evident that neither acetamiman nor ASA affected the forebrain
levels of DA. A combination of acetaminophen andAA&used a significant inhibition

in the DOPAC levelsp<0.05).

Table 3.2. The effect of non-narcotic analgesics on ratdoagn DA and DOPAC levels.

Catecholamines (pmol/mg tissue)
TREATMENTS DOPAMINE DOPAC
Control 8.51+0.21 1.00t 0.01
Acetaminophen 8.84+ 0.46 1.35+ 0.07
ASA 8.15+ 0.30 147 0.13
Acetaminophen + ASA 7.66+0.17 0.72t 0.06*

Each value represents the MeaSEM; n = 6; (*p<0.05). All results were analyzezing
a one-way analysis of variance (ANOVA) followed ltye Student-Newman-Keuls

Multiple Range Test.

34. DISCUSSION

Salient features of the present study are: (i) $ignificant and hitherto unknown
influence of acetaminophen on brain NE levels foitgy its systemic administration; (i)
overwhelming effects of ASA on 5-HT turnover ovee tacetaminophen effect, and (iii)
reversal of acetaminophen-induced rise in the &wéINE by ASA. The study also
confirms the earlier findings in chapter two theg¢@minophen has a profound inhibitory
effect on liver TDO activity, which culminates in @se in central 5-HT levels

(Anoopkumar-Dukie and Daya, 2000).

104



Brain Neurotransmitter Levels

Changes in central concentrations of neurotransmitby non-narcotic analgesics have
not been properly delineated. Thus far, there ary two reports, which show that
acetaminophen administration in rats increases &diiT levels (Couradet al., 2000;
Anoopkumar-Dukie and Daya, 2000). Such changesdcactount for non-narcotic
analgesic abuse since these agents have the pbtartiigh doses to increase the levels
of mood enhancing neurotransmitters. The increadwdin 5-HT and 5-HIAA induced
by acetaminophen is consistent with the inhibitmhapoenzyme and total enzyme
activity induced by this agent, since an inverdatienship is known to exist (Day al.,
1989) between liver TDO and brain 5-HT levels.

The rise in NE induced by acetaminophen furtheratestrates that this agent can bring
about the elevation of mood enhancing neurotramsraeitOne possible reason for the rise
in NE levels is that 5-HT is known to play a rateNE release (Xi-Ming Let al., 2002).

In contrast, ASA did not alter brain 5-HT or NE d¢v but did cause a significant rise in
5-HIAA levels, despite this finding, as shown inapker two, figure 2.1, that ASA
inhibits all forms of TDO measured in this studypBéssible reason for this could be that

ASA enhances 5-HT metabolism thus masking a rigeHT .

In comparison to ASA alone, the combination of AB#h acetaminophen did not cause
a further suppression of total enzyme and holoeezgotivity but did cause a significant
suppression of apoenzyme activity. However, thisrdit reflect a further rise in brain 5-
HT and 5-HIAA in comparison to acetaminophen alboéedid result in a blunting of the
acetaminophen-induced rise in NE. A combinatiolA8f with acetaminophen did not
alter the acetaminophen induced rise in 5-HT adl/SA but did however curtail the
acetaminophen induced rise in NE levels. A possixelanation for this phenomenon
could be that if ASA does indeed enhance 5-HT nwdiain, thus less 5-HT will be

available to induce NE release.

The ASA-induced increase in the turnover of 5-Hintsresting and important in view of
the indoleamine’s role in analgesia (Mohanakustaal., 1995) and depression (Walsh
and Daya, 1998; Charney, 1998; Elkind, 1991). lases in the turnover of 5-HT as
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observed in the present study indicate enhancedatwe metabolism of the mood
influencing neurotransmitter, 5-HT, which is alsookvn to mediate pain. On the other
hand, acetaminophen causes a decrease in its &urrnodicating shutting down of the
oxidative deamination, resulting in increased 5-ldVels, and thus compounding the
influence of the drug on TDO. Interestingly ASA wheadministered along with

acetaminophen could override the influence of thtet. This may have a direct
relationship to acetaminophen abuse, and provesk@orASA could be the drug of

choice.

The individual administration of ASA and acetamihep did not have any effect on DA
or DOPAC levels. However the use of these agent®mbination significantly reduced
the production of DOPAC, which indicates that thagents do affect the dopaminergic

system as well.

3.5. CONCLUSION

Both non-narcotic analgesics tested herein havigesia, antipyretic and to some extent
anti-inflammatory properties. Abuse of non-narc@ialgesics has been an area, which
is generally underestimated. These results denaiastne potential of these agents to
alter neurotransmitter levels in the brain. Thigum can influence mood and behaviour

leading to the abuse of these commonly used agents.
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CHAPTER 4

PINEAL INDOLE METABOLISM.

41. INTRODUCTION

The pineal gland is recognized as a fully functimrgan of the brain that is responsible
for the synthesis of indoleamines. The pineal glamdan integral and important
component of the neuroendocrine system (Reiter9)198he pineal metabolites are
synthesized from the precursor amino acid TRP. idela (aMT) is the characteristic
neurohormone that is synthesized from its precusddil. The bulk of 5-HT synthesized
in the pineal is metabolized by the enzyme MAO frofRP. The enzyme N-
acetyltransferase (NAT) acetylates a minor portbs-HT, followed by methylation by
hydroxyindole-O-methyltransferase (HIOMT) to syrdlze aMT. Methoxyindoles are
responsible for the mediation of pineal functiord ahese are exhibited in ascending
order of importance: 5-methoxyindoleacetic acid MBYA), 5-methoxytryptophol
(5-MTOH) and aMT.

The quantification of pineal indole metabolism regs a sensitive technique that is able
to mimic normal physiological processes and coodgias closely as possible. The organ
culture technique is an invaluable tool, which deslthe researcher to finely control
experimental conditions and avoid the complicatioh vivo interactions. The pineal
organ culture technique is well used to mimic ndrpte/siological processes that occur
in the pineal organ and is utilized by a numberesfearchers (Dayat al., 1989). The
pineal gland is able to utilize exogenous radisact{“C) serotonin to produce the
various indoles including aMT and 5-HT (Daghal., 1989). As much as 95% of the
various indoles synthesized are secreted into theire medium. These can then be
isolated and quantified. The pineal gland in tiesamall and easily accessible for intact

organ culture.
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Numerous researchers use organ and tissue cuthaigues since it is convenient and
not time consuming (Klein and Notides, 1969; Dalal., 1989). The isolation of indoles
can be achieved by organic extractions and queatifin using paper thin layer
adsorbents and finally different solvents. The imehsional thin layer chromatography
system was first employed by Kleat al., (1969) for separation of indoles. The pineal
indoles are separated by two solvent systems;isteutilizes chloroform, methanol and
glacial acetic acid [93: 7: 1] and the second suth\system uses ethyl acetate only. The
primary solvent system separates aMT and N-aceoits@n (NAS) and the 5-
hydroxyindoles from the 5-methoxyindoles. The gdheicetic acid effectively separates
5-MIAA and 5-MTOH from aMT and the separation oh$droxytryptophol (HTOH)
and 5-HIAA from NAS.

The aim of this experiment is to assess the daeffetts of ASA and acetaminophen on
pineal indole metabolism. It is important to deterenwhy acetylsalicylic acid, which
inhibits TDO significantly, does not result in amciease in 5-HT levels. A possible
reason for this is that ASA increases 5-HT metabolthus masking any increase in 5-
HT that may occur. The effect of acetaminophen oreg indole metabolism was
investigated to determine its effect on 5-HT mebgbo in the pineal organ. The pineal
gland contains high levels of 5-HT compared to obrain regions (Dayet al., 1989). It

is possible that the acetaminophen induced increabeain 5-HT levels could lead to

changes in pineal 5-HT and aMT levels.

4.2. MATERIALSAND METHODS

4.2.1. Chemicals and Reagents

5-Hydroxy (side-chain-2C) tryptamine creatinine sulphate was purchasedn fro

Amersham international, United Kingdom. The concaian of the radioactivity was

50microcurie £Ci) and the specific activity was 55mCi/mmol. BGdblture medium

(Fitton Jackson modification) was purchased froind@j Europe and aseptically fortified

with antibiotics such as streptomycin and penitilllThe composition of the media is
10€
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schematically represented in table 4.1. The thyerlachromatography (TLC) plates,
Kieselgel 60 Bss4 (20 x 20cm) aluminium sheets coated with silied were obtained
from Merck, Germany. The liquid scintillation coakt Packar8 Scinillator 299", was

purchased from Packard Instrument Company, Inadhédkands.

The indole standards: melatonin (aMT), serotonkHT5, N-acetylserotonin (NAS), 5-
methoxyindoleacetic acid (5-MIAA), 5-hydroxyindotedic acid (5-HIAA), 5-

methoxytryptophol (5-MTOH), 5-hydroyxtryptophol (KDH), were obtained from
Sigma Chemical Co., St. Louis, USA. Ethanol, glaatetic acid, chloroform, methanol

and ethyl acetate were obtained from Saarchem &imKrugersdorp, South Africa.

4.2.2. Animals

Male Wistar rats of the albino strain were assigiméd groups of 4 (n=5). The animals
were maintained as described in Appendix I. Aninvegse killed by cervical dislocation

and the brain was removed as described in Appdhdix

4.2.3. Sample Preparation

The indole standard solution was prepared usinggbheach of the pineal metabolites:
aMT, 5-HT, NAS, 5-MIAA, 5-HIAA, 5-MTOH and 5-HTOHThe pineal indoles were

dissolved in 2.5ml absolute ethanol. The solutiertheen vortexed after the addition of
2.5ml 1% ascorbic acid (an antioxidant) in 0.1N Hlie resultant solution was stored in

darkness at —2C until needed.
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Table 4.1. Compostion of the BGJb culture medium (Fitton 3ackmodification).

CONTENTS CONCENTRATION (mg/ml)
AMINO ACIDS
L-Alanine 250.00
L-Arginine 175.00
L-Aspartic Acid 150.00
L-Cysteine HCI 90.00
L-Glutamine 200.00
Glycine 800.00
L-Histidine 150.00
L-Isoleucine 30.00
L-Leucine 50.00
L-Lysine HCI 240.00
L-Methionine 50.00
L-Phenylalanine 50.00
L-Proline 400.00
L-Serine 200.00
L-Threonine 75.00
L-Tryptophan 40.00
L-Tyrosine 40.00
DL-Valine 65.00
INORGANIC SALTS
Dihydrogen sodium orthophosphate 90.00
Magnesium sulphate (%ZB) 200.00
Potassium Chloride 400.00
Potassium dihydrogen phosphate 160.00
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CONTENTS

CONCENTRATION

Sodium bicarbonate

Sodium chloride

OTHER COMPONENTS

Calcium Lactate
Glucose
Phenol Red
Sodium acetate

VITAMINS

A-Tocopherol phosphate
Ascorbic acid
Biotin
Calcium Pantothenate
Choline chloride
Folic acid
Inositol
Nicotinamide
P-Aminobenzoic acid
Pyridoxal phosphate
Riboflavin
Thiamine HCI

Vitamin B2

3500.00
5300.00

555.00
10 000.00
20.00

50.00

1.00
50.00
0.20
0.20
50.00
0.20
0.20
20.00
2.00
0.20
0.20
4.00
0.40
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4.2.4. Assay Procedure

424.1. Pineal Organ Culture

The pineal gland was removed and individually pliadeto sterile (borosclicate 10x
75mm) Kimble glass tubes. Each test tube contad2etiof BGJb by culture medium. In
those experiments that involved the addition of tesnpounds, a volume of AZl0was
added to the incubation medium to give the requiirel concentration in a total volume
of 7Qul. Finally, 8l (**C) serotonin (specific activity 55mCi/mmolar) waddad. In the
control test tubes, the test compounds were replagéh the vehicle test compound
(10ul). All the test tubes were then saturated withbogen (95% oxygen: 5 % carbon
dioxide) and immediately sealed. The vials weraildated for a period of 24 hours at
37°C in the dark. The incubation was terminated aZérhours by he removal of the

pineal glands from the culture medium. The cultuedium was then analyzed by TLC.

424.2. Separ ation of Indolesby Thin Layer Chromatography

Aliquots of 1Qul of the culture medium was applied to a 10 x 10dmomatography

plate, to form a spot no larger than 4-5mm. Thetsmptook place under a gentle stream
of nitrogen to aid in the drying of the spotted-maedrying with nitrogen prevented the
atmospheric oxidation of the indoles. Thereaftérl bf the standard solution containing
all the indoles, was spotted on top of the alrespiytted culture medium, the standard

was dried under nitrogen.

The TLC plate was placed in a TLC tank which caredithe following solvent system:

chloroform: methanol: glacial acetic acid (93:7Ihe plate was allowed to develop until
the solvent front had reached 9 cm from the stgpioint. The plate was removed from
the tank and dried under a stream of nitrogen. @neaequired distance was reached,
the plate was dried under a stream of nitrogen @aded in a second solvent system.

Once the required distance was reached, the pkgedwed under nitrogen and placed in
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the second solvent system (ethyl acetate) at ragigles to the first direction. The

movement of the second solvent front was approxdm&cm.

Once the plate was dried under nitrogen once af@nplates were placed under a UV-
Visible light to detect the spots of indoles. Theots were cut out and placed in
scintillation vials containing 3ml of scintillatioliquid. The vials were tightly sealed and
shaken for a period of 30 minutes. The radioagtivias quantified by a Beckman LS

2800 scintillation counter.

42.4.3. Statistical Analysis

The results were analyzed using a one-way anabfsiariance (ANOVA) followed by
the Student-Newman-Keuls Multiple Range test. ewell of significance was accepted
atp <0.05.
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4.3. RESULTS

Figure 4.1 shows a typical bi-dimensional thin fageromatogram of the pineal indole
metabolites. Clear separation of the six spots a@seved and the positions of the
metabolites were identified by following the schéimarepresentations of the

chromatogram in figure 4.1.

The results were expressed as disintegrations perten(DPM)/1@l spotted for each of
the indoles spotted. The data was statisticallylyaed and the difference between
control and drug groups was determined using theedit’s t-test. Ap value of <0.05
was accepted to be statistically significant. Taigactivity corresponding to each of the

metabolites isolated from the culture medium isesented in Figures 4.2, 4.3, and 4.4.

As evident in figure 4.2 and figure 4.3, ASA at @acentration of 1M was able to
increase 5-HIAA synthesis significantlyp<0.05) while acetaminophen significantly
reduced 5-HIAA synthesisp€0.01). However, the combination had no effectSen
HIAA synthesis as seen in Figure 4.4.

5-Hydroxytryptophol synthesis was significantly ieased by ASApE<0.001) (Figure
4.2) and the combination of ASA and acetaminopher0.05) (Figure 4.3.) while
acetaminophen had no effect on HTOH synthesis (Eigut).

From figure 4.3, it is clear that acetaminophensedua significant rise in aMT levels
(p<0.01). However, ASA and its combination with @reinophen had no effect on aMT
synthesis as evident in figure 4.2 and 4.4, respygt

Acetylsalicylic acid caused a significant rise iIASI synthesis f<0.05) as shown in
figure 4.2, while acetaminophen and the combinatibASA and acetaminophen caused
a significant reduction in NAS synthesip<(.05) as evident in figure 4.3 and 4.4
respectively.
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From figure 4.2 and figure 4.4, ASA individually cathe combination of ASA with
acetaminophen caused a significant increase in M#§Athesis [§<0.05 andp<0.001

respectively).
It is evident from figure 4.3 that acetaminophenl m® significant effect on MTOH

synthesis. However acetylsalicylic acid and the loioi@tion of ASA and acetaminophen
enhanced MTOH productiopg0.05.
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MA Om

Second direction with

Ethyl acetate
aMT aHT
HT/MT
«<—

First direction (twice)

Chloroform:Methanol:Glacial acteic acid

(93:7:1)

HT- Serotonin

MT- 5-Methoxytryptamine

aHT- N-Acetylserotonin

aMT- Melatonin

HA- 5-HIAA

HL- 5-Hydroxytryptophol

MA- 5-Methoxyindole acetic acid
ML- 5-Methoxytryptophol

Figure 4.1. A typical bi-dimensional thin layer chromatogramace illustrating the
direction in which the plate was run and the lawatof the pineal indole metabolites
(Klein and Notides, 1969).
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Figure 4.2. The effect of intraperitoneal administration oéadsalicylic acid in rats on
pineal indole metabolism. Each bar represents ts&EM, n=5. *p<0.05) and
***( p<0.001) vs. control. Students t test.
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Figure 4.3. The effect of intraperitoneal administration ofetminophen in rats on
pineal indole metabolism. Each bar represents 8\, n=5. *0<0.05) and **(<0.01)
vs. control. Students t test.
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Figure 44. The effect of intraperitoneal administeration thfe combination of
acetaminophen and acetylsalicylic acid in rats oreg indole metabolism. Each bar
represents the £SEM, n=5p&0.05) and *** £<0.001) vs. control. Students t test.
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4.4, DISCUSSION

Indole metabolism in the pineal gland occurs in thieealocytes. Pineal indole
metabolism commences with the uptake of TRP from ltoodstream and TRP is
converted to 5-hydroxytryptophan by the enzyme toypan hydroxylase. A
decarboxylase enzyme then converts 5-hydroxytry@odo serotonin. Serotonin is then
N-acetylated by NAT to form N-acetylserotonin asad&ed in chapter one, section
1.3.3.6.3.

The results of this experiment shown in Table 4r®jicates that acetaminophen
administration significantly increases melatoninvels (<0.01). The acetaminophen-
induced increase in pineal melatonin biosynthesidccbe not be due to an increase in
N-acetylation of 'C] serotonin by NAT which would result in elevated
N-acetylserotonin (NAS) as acetaminophen admiristraresults in a decrease (]

NAS in the rat pineal. N-acetylserotonin is a stdistfor conversion td{C] aMT.

Acetaminophen has been shown to be a potent iohibft TDO activity and therefore
reduces the primary metabolism of TRP thereby Bseirgy serotonin levels. This
confirms the results from chapter three where ate@phen administration significantly
increased forebrain serotonin levels. This incredke levels of serotonin available for
melatonin production, and subsequently enhancesatomeh levels. Studies have
demonstrated that selective serotonin reuptakdiioins increase melatonin synthesis in
rats as well as in healthy human volunteers (Wirgtide and Arendt, 1980). It is also a
possibility that the presynaptic inhibition of senoin, possibly by acetaminophen, may
increase the availability of serotonin within thegalocyte as substrate for conversion to
melatonin although pineal serotonin and pineal toala are unlikely to be affected by
changes in brain serotonin because the levelsair Iserotonin are 100-fold lower than
in the pineal gland (Dayet al., 1989). Thus, the relationship between brain semton

levels, and pineal serotonin and melatonin levetdrto be examined in greater detail.
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The results obtained confirmed earlier suspicidra &lthough ASA blocked the TDO
apo- and holoenzyme effectively (chapter two), i@t dot cause a rise in 5-HT levels
(chapter three) in the rat brain. This is due tagd increase in 5-HT turnover in the rat
pineal. The results obtained indicate that ASA edua significant rise in 5-HIAA and
5-HTOH levels in the pineal. Therefore ASA is uelikto play a role as a mood elevator

as compared to acetaminophen, which did causecagaise in brain 5-HT levels.

4.5. CONCLUSION

This study provide novel information that theserdageffect pineal indole metabolism.
The rise in melatonin induced by acetaminophenats mdicates that this agent could
play a significant role in neuroprotection as nwtat has been shown to be a potent
antioxidant (Maharagt al., 2002; 2004). The study also indicated that dsaligylic acid
enhances the catabolism of 5-HT in the pineal oagahtherefore plays an important role

in the monoaminergic system.
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CHAPTER 5

SUPEROXIDE ANIONS

5.1. INTRODUCTION

Reactive oxygen species are continually generatederu normal conditions as a
consequence of aerobic metabolism. Reactive oxgpegies are particularly transient
species due to their high chemical reactivity arah ageact with DNA, proteins,

carbohydrates and lipids in a destructive mannéfiiia, 1990).

The reduction of oxygen by its acceptance of alsie¢gctron produces the superoxide
free radical also referred to as superoxide an@)((Reiteret al., 2002). The major
source of @°, under physiological conditions is the mitochoondrand these radicals are
usually generated as a result of electron “leakdgeth the electron transport chain
located in the mitochondria (McCord, 1985), andabtivation of certain enzymes. Other
sources of @ include enzymes such as cytochrome p450 in thepdasimic reticulum,
lipoxygenases, cyclooxygenases, xanthine oxidagdeNsxDPH oxidase (Curtiret al.,

2002). Figure 5.1 diagrammatically illustrates diféerent sources of &.

During the production of ATP via the electron tqaod chain (Dawson and Dawson,
1996), the oxygen molecule can be reduceda ®itochondrial dysfunction and free-
radical induced oxidative damage have been imgitat the pathogenesis of several

neurodegenerative diseases such as HD (Reiter).1997

Superoxide toxicity appears to be through an imdieetion on living cells as O is
capable of producing the more powerful and damadiydyoxyl radical {OH) in the

presence of hydrogen peroxide (Haber-Weiss regcti®mce these reactions are
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reversible, there is a constant generation gf @nd the promotion of free radical

reactions is allowed for (Curtet al., 2002).
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L-arginine NOS, NO —*» NO; + ONOO-

Xanthine oxidase
?2.- —1_ Cu,Zn SOD » H,0, /*‘

“-\_\_‘_‘—\—\_
9 p ~—GSSG Oy T
i MaSoD i ) GR/~ N
mMNOS—NO+0,—0NOO y

Fasl,
Figure 5.1. Diagrammatic representation of the intracellulaurses of ROS and

principle defense mechanisms. Major sources of R@8duction include the
mitochondria, endoplasmic reticulum, plasma membramd cytosol. The mitochondria
generateO;" (superoxide anion) during respiration, which isnwerted to H,0,
(hydrogen peroxide) bin-SOD (Manganese-Superoxide Dismutase). In the cytosol,
0O, is converted to kD, by Cu,Zn-SOD (Copper,Zinc-Superoxide Dismutase). The two
major defense systems againsOhlare the GSH (glutathione) redox cycle present in
both the cytosol and mitochondria and catalaseeptesnly in the peroxisome fraction.
Other sources of O include the enzymes xanthine oxidase in the cytd$éDPH
(nicotinamide adenine dinucleotide phosphate, reddorm) oxidase in the membrane
and cytochrome p450 in tieR (endoplasmic reticulum). Abbreviations: T&Eumor
necrosis factor-alpha)NOS (nitric oxide synthase), ONOQ(peroxynitrite), GR
(glutathione reductase}3SSG (gluthatione, oxidized)Bcl-2 (B-cell leukemia), Toc
(tocopherol), an@Px (glutathione peroxidase) (Curtahal., 2002).
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The aim of the present chapter is to investigateetifiect of the neurotoxin, cyanide, on
the production of @’ in rat brain homogenaie vitro and to determine the effect of the
non-narcotic analgesics, ASA and acetaminophen etduce cyanide-induced ,O
generation. Secondly, a comparative study was dongetermine whether ASA and
acetaminophen could prevent or reduce quinoliniid aand MPP-induced Q"

generationin vivo, in rat hippocampal and striatal regions, respebti
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5.2. EFFECT OF CYANIDE ON SUPEROXIDE
ANION FORMATION IN RAT BRAIN
HOMOGENATE IN VITRO.

5.2.1. INTRODUCTION

Cyanide is a well-established respiratory poisonmictv exerts its primary toxic effect by
inhibiting Complex IV (cytochrome oxidase) which is the terminal electron acceptor
enzyme of the mitochondrial electron transport kh{#gsom and Way, 1984) and it must
give up its reducing equivalents to allow continuetkctron transport and ATP
production (Cadenas and Davies, 2000) as demosdgtiatfigure 5.2. Figure 5.2 further
shows the different inhibitors of electron trandgpdnain activity and the points where
they act. As can be seen cyanide inhibits cytockromxidase that is also known as

Complex IV.

HYPOXIA
1

'1 HEGE S Signal ik HPY

-
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Complex | i / \ 1500
oP| o H
Raterone \'\ ¥ o Su peroxide
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Figure 5.2. Schematic diagram showing mitochondrial ROS and @roduction at

Complex Ill. Solid arrows show electron transfezpst; solid bars show sites of electron
transport inhibition. The Q cycle converts the delaictron transfer in Complex | and II
into single electron transfer steps in ComplexUWisemiquinone (a free radical) created

in this process can generatg"@Waypa and Schumacker, 2002).
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These ROS are known to exert destructive effectscelular components with
neurodegenerative diseases being one such consequéhus, the aim of this
experiment was to demonstrate that cyanide indu@gs generation in rat brain
homogenate and to determine the concentration ahidg that causes the most

significant Q" production.

5.2.2. MATERIALSAND METHODS

52.2.1. Chemicals and Reagents

Potassium cyanide (KCN), nitro-blue tetrazolium aitdo-blue diformazan (NBD) were
purchased from the Sigma Chemical Company, St.d,®40 (USA). Glacial acetic acid
was purchased from Saarchem (PTY) Ltd, Krugersd@puth Africa). All other

chemicals used were of the highest quality aval&tolm commercial sources.

5.2.2.2. Animals

Adult male rats of the Wistar strain, weighing beérn 200-250g were used in this
experiment. The rats were randomly assembled imtwpg of five, and housed in
separate cages, in a controlled environment agibdeddn appendix I. Protocols for the

experiments were approved by the Rhodes Univetsitgnal Ethics Committee.

5.2.2.3. Sample Preparation

A 0.1% NBT solution was made by dissolving the NiBTethanol before making up to
the required volume with Milli-Q water. The finah@nol concentration in the incubation

flasks was less than 0.5%.
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Stock solutions were prepared so that on additid@b6ul of the toxin, the stock solution
would be diluted to the correct incubation concatiin. KCN was tested at the following
concentrations; 0, 0.25, 0.5, 1, 1.5mM. The KCN digsolved in Milli-Q water.

5.2.24. Prepar ation of Standards

Nitroblue diformazan was used as a standard. &sefi reaction tubes, each containing
appropriate aliquots of NBD dissolved in glaciaktc acid was prepared to a final
volume of 1ml. A calibration curve (appendix IV) sv@generated by measuring the
absorbance at 2Mnoles/ml intervals. The absorbance was read at rh60sing a

Shimadzu UV-160A UV-visible recording spectrophotder.

5.2.2.5. Brain Removal

Rats were sacrificed swiftly by cervical dislocatiand rapidly decapitated. The brains
were removed for use in experiments as describegppendix Il. The brains were either

used immediately or stored at “@until needed.

5.2.2.6. Tissue Preparation

Rat brain homogenate is a useful model for detengithe efficacy of agents to reduce
or potentiate @. Each brain was homogenized in a glass Teflon lyamiaer with
0.1M phosphate-buffered saline buffer (PBS), pHsb4as to give a final concentration
of 10% w/v. This is necessary to prevent lysosastaahage of the tissue. PBS buffer was
used as it has been shown not to scavenge fremladhnoopkumar-Dukiet al., 2001)
unlike Tris-HCI buffer, which is anOH scavenger (Yamamoto and Tang, 1996). The
homogenate was either used immediately or frozeiquind nitrogen and stored at 10
until use. All samples were used within 7 days @fbgenate preparation. Test samples
revealed that storage of the homogenate did net #ie Q" levels compared to fresh

brains.
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5.2.2.7. Nitroblue Tetrazolium Assay (NBT)

A modified method of Sagaat al., (1992) and Dast al., (1990) was used for this assay.
The lipid source viz. rat brain homogenate (Imiteming varying concentrations of
KCN (0, 0.25, 0.5, 1, 1.5mM) was incubated withrl.of a 0.1%NBT solution in an
oscillating water bath for 60 min at 7. Termination of the assay and extraction of
reduced NBT was carried out by centrifugation of uspensions at 2000 x g for
10mins. The supernatant was decanted and the pelletresuspended with 2ml glacial
acetic acid. The relative absorbance of the glamaltic acid fraction was measured at
560nm and converted tpmoles Diformazan using a standard curve generated f

NBD. Final results are expresseduasoles Diformazan/mg protein.

5.2.2.8. Protein Deter mination
All protein determinations were performed using thethod described by Lowst al.,

(1952). A standard curve was generated using baengm albumin (BSA) as a standard

at concentration intervals of g@/ml, described in appendix IIl.

52.2.9 Statistical Analysis

The results were analyzed using a one-way anabfsigmariance (ANOVA). If the F
values were significant, the Student Newman-Kees$ was used to compare the treated
and control groups. The level of significance wesepted ap<0.05 (Zar, 1974).
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5.2.3. RESULTS

The final results are expressedpmsoles of diformazan produced/mg protein. This data
represents the meaSEM of five determinations. It is clearly evidembr figure 5.3,
that thein vitro exposure of rat brain homogenate to the diffecemtcentrations of KCN

caused a significant increase in ' @eneration in a dose-dependent manner.

As is evident from figure 5.3, 1.5mM KCN inducece tlsignificant @ generation.
However there was no significant difference betwienlmM and 1.5mM KCN induced

O, generation. Hence it was decided to use the 1mM KCthe preceding experiment.
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Figure 5.3. Concentration-dependent effect of KCN og"@eneration in whole rat brain
homogenateg vitro. Each bar represents the mea®SHEM; n=5; 1<0.05 ; **p<0.01 ;

*** p<0.001 in comparison to control. Student-Newmanig&dultiple Range Test.
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5.24. DISCUSSION

The mitochondria possess a mechanism known asungdupling and this prevents a
marked increase in £ formation. Mild uncoupling is the first line of michondrial
antioxidant defense since it reduces @eneration (Skulachev, 1999). If, nevertheless,

some @~ is still formed, the next line of defense is aatad. This role is carried out by

the cytochromee oxidase (cyt c) that oxidizes,Oback to Q, thus the @ is merely

being converted back to,(Bkulachev, 1999).

The results from this chapter aptly demonstraté K@N is a potent neurotoxin which
results in the generation of,Oas is evident from figure 5.3. Cyanide interacith whe
hem-a-3 portion of cytochrome oxidase in the electron transport chain, in the
mitochondria (Slater, 1967) as illustrated in fig&.2, resulting in the disruption of the
homeostatic ATP-dependent®¥i& " and C&" pumps, causing an increase in intracellular
calcium. This initiates a cascade of events, cudtimig free radical generation that will
affect the lipids, proteins, and DNA (Southgate Braya, 1999).

Elevated calcium levels can lead to activation winerous neuronal calcium-dependent
events and ultimately results in oxidative stress face radical generation. Therefore the
elevation of calcium levels by cyanide in the mitordria could be another mechanism

by which it induces oxidative stress.
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5.3. EFFECT OF ACETYSALICYLIC ACID AND
ACETAMINOPHEN ON CYANIDE INDUCED
SUPEROXIDE ANION GENERATION IN RAT
BRAIN HOMOGENATE IN VITRO.

53.1. INTRODUCTION

Cyanide has been shown to induce oxidative stresst ibrain homogenate (section 5.2.).
The brain is susceptible to free radical formatmu damage due to it its high oxygen
consumption and relatively low concentration of i@itlant enzymes (Colye and
Puttfarcken, 1993).

Cyanide induces inhibitory effects on SOD and eaal Superoxide dismutase and
catalase, as well as reduced glutathione and thexatant vitamins A, C and E are
involved in the protection of biological membraniesm the harmful effects of free
radicals (Halliwell and Gutteridge, 1989; Bunce diéss, 1988; Tessiat al., 1999;
Paolisscet al., 1998).

These free radicals, which are generated in allobical systems, can cause tissue
damage. Thus, if indeed the tissue damage causegdoyde is due to inhibition of the
free radical scavenging enzymes, the administratioantioxidants to cyanide toxified

animals should exert an ameliorating influencerendeverity of resultant tissue injury.

It is of vital importance that novel agents arenfdun order to prevent the toxic effects of
free radicals in the brain. The present study tesefore performed to investigate
whether ASA and acetaminophen possess any praeeffiects against cyanide induced

O, " generation in rat brain homogenate.

131



Superoxide Anions

5.3.2. MATERIALSAND METHODS

53.2.1. Chemicals and Reagents

ASA and acetaminophen were purchased from the Sgmeanical Company, St. Louis,
MO (USA). All other chemicals used were of the lagh quality available from

commercial sources.

53.2.2. Sample Preparation

Samples for the NBT assay were prepared accordirtiget method described in section
5.2.2.3. Acetylsalicylic acid, acetaminophen ande tbhombination of ASA and

acetaminophen were prepared by dissolving in absoédhanol, and subsequently
diluting it with Milli-Q water so that the final ewentration in brain homogenate as 0.5%.

Fresh solutions were prepared daily.

53.2.3. In vitro Exposur e of Rat Brain to ASA and Acetaminophen

The experiments were conducted as described iloeee2.2.7. The brain homogenate
(1ml) was incubated at 32 for one hour, with the highest concentration wéride
(ImM) used previously, alone and in combinationhwiitcreasing concentrations (0O,
0.25, 0.5, 1mM) of ASA, acetaminophen and the comtion of ASA and
acetaminophen. Following this, the NBT assay wafopeed.
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5.3.3. RESULTS
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Figure 5.4. The effect of different concentrations of Acesfisylic acid on 1mM KCN-
induced @" generation in rat whole brain homogenateitro. Each bar represents the
mean +SEM; n=5%(p<0.001) vs. control, *46<0.01) vs. KCN and 1{<0.05) vs. KCN.
Student-Newmans-Keuls Multiple Range Test.

Figure 5.4, illustrates that the 0.5 and 1mM ASA dfective at reducing the

concentration of diformazan produced by 1ImM KCNwdwer the 1mM ASA together

with an equivocal concentration of toxin was effeetat reducing the £ product.
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Figure 5.5. The effect of different concentrations of Acetaophen on 1mM KCN-
induced Q" generation in rat whole brain homogenateitro. Each bar represents the
mean +SEM; n=5%(p<0.001) vs. control, **p<0.001) vs. KCN; **(<0.01) vs. KCN
and *(<0.05) vs. control. Student Newman-Keuls Multiplenige Test.

The treatment of the 1mM KCN-exposed rat brain hgemate with three varying
concentrations (0.25, 0.5 and 1mM) of acetaminopbimificantly inhibited Q"
generation as shown in figure 5.5. The 1mM acetaptien was approximately 30% and
20% more effective at reducing.Ogeneration than when compared to the 0.25mM and

0.5mM acetaminophen, respectively.
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Figure 5.6. The effect of different concentrations of Acetaaphen and Acetylsalicylic
acid on 1mM KCN-induced £ generation in rat whole brain homogeniateitro. Each
bar represents the mean +SEM; n¥p<0.001) vs. control, and **1(<0.001) vs. KCN.

Student Newman-Keuls Multiple Range Test.

All three concentrations (0.25, 0.5, 1mM) of thentnation of ASA and acetaminophen
were significantly effective at reducing the neosat effects of KCN in rat brain
homogenatep<0.001 (figure 5.6). The 1mM combination of ASA aacetaminophen
was effective as there was a low concentratiorfofrdiazan produced.
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Figure5.7. The effect of different concentrations of Acetaaphen and Acetylsalicylic
acid on 1mM KCN-induced £ generation in rat whole brain homogeniateitro. Each
bar represents the mean *SEM; nZf<0.001) vs. control, *4§<0.01) vs. KCN,
***( p<0.001) vs. KCN and 1<0.05) vs. Acetylsalicylic acid alone and Acetanphen

alone . Student Newman-Keuls Multiple Range Test.

Figure 5.7 provides a comparative evaluation of #ffects of the most effective
concentration, 1mM, of the three treatments usdtienstudy in rat brain homogenate in
the presence of KCN. 1mM KCN induced a rapid inseein Q" generation in the rat
brain homogenates. However, 1mM aspirin, acetanmieomr a combination of the two
significantly curbed this increase. It is also ewitithat the 1mM combination of ASA
with acetaminophen significantly reduces @eneration by 50% in comparison to the

1mM ASA and 30% in comparison to 1mM acetaminopdiene.
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5.3.4. DISCUSSION

Cyanide is a toxin that induces neurotoxicity tlglowa series of steps culminating in the
production of ROS that are responsible for celldamage (Pillayt al., 2002). These
ROS are known to exert destructive effects on llucomponents with

neurodegenerative diseases being one such consequen

Free radical scavengers are becoming increasingbylpr as a means of reducing or
preventing the hazardous effects of free radicat their inducers. The inhibition of
antioxidant enzymes by cyanide is believed to pecedoxidative stress and induce
neurotoxicity (Ardeltet al., 1989).

Results in from figures 5.4-5.7 clearly indicatattthese agents are also effective at
lower concentrations but are more effective wheregunivalent concentration of these
agents with toxin was used. The results of the gmestudy indicate that 1mM
acetaminophen and 1mM ASA, individually and in camalion, significantly reduce
1mM KCN-induced @ generation as illustrated in figure 5.7. Acetarpimen and ASA,
either alone or in combination, have the potertialimit the production of @ thus
limiting their undesirable effectgualities that satisftheir use as neuroprotective agents

in neurodegenerative disorders.

This study confirms that these agents possessxatditt properties in the presence of the
neurotoxin, KCN, in rat brain homogenate. However antioxidant properties of these
non-narcotic analgesics was investigated furtheastertain antioxidant effecis vivo.
Since it is not viable to use KCM vivo it was therefore decided to investigate the
antioxidant effectsn vivo using two different potent O generating neurotoxins, QA and
MPF".
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5.4. EFFECT OF ACETYLSALICYLICACID AND
ACETAMINOPHEN IN QA INDUCED
SUPEROXIDE ANION GENERATION IN THE
RAT HIPPOCAMPUSIN VIVO.

54.1. INTRODUCTION

Quinolinic acid has been shown to be present imabipost-mortem human brains at
levels similar to those of other species (Wolfemgbe et al., 1983), and with
concentrations not varying greatly among the dfferregions of the brain. Heyes and
Morrison (1997) demonstrated that the brain natuinthesizes QA, and that the rate
of QA formation increases in conditions of braindasystemic immune activation.
Quinolinic acid concentrations have also been shimaincrease during the natural aging
process in rats (Mororat al., 1984).The administration of quinolate is known to induce
seizures in various species of mammals (Lapin, 198pin et al., 1998). The most
vulnerable brain structures appear to be the striaglobus pallidus and hippocampus
(Schwarcz and Kohler, 1983).

The results obtained, from section 5.3, encourdgeder investigation into the effects of
ASA and acetaminophen @mvivo induced Q" generation. The toxin used was QA as it

was not viable to test KCN neurotoxicity, in ratsyivo.

54.2. MATERIALSAND METHODS

54.2.1. Chemicals and Reagents

Quinolinic acid (2, 3-pyridinedicarboxylic acid) @rdiethylether were purchased from
the Sigma Chemical Company, St. Louis, MO (USA). &her chemicals used were of
the highest quality available from commercial sestc
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54.2.2. Dosing of the Animals

Adult male rats of the Wistar strain were houseds@parate cages, in a controlled
environment as described in appendix I. The aniwalse separated into five groups of
five animals each. The dose and treatment pericsl ch@sen according to Southgate
(1999).

The control group received sweet oil (s.c.) while animals in-group 3 received a dose
of 100 mg/kg/d of ASA in 100 sweet oil, injected subcutaneously, 20 min ptor
intrahippocampal QA injection. Similarly the animah-group 4 and 5 received a dose of
100mg/kg/d of acetaminophen and a combination oA A8d acetaminophen in 1i0of

sweet oil respectively, administered in the samg wa

The injections were administered at the same tit#H(Q0) each day. The animals in
groups 1 and 2 received the vehicle for these dnigssweet oil. On day one, 20 mins
after dosing the animals with the respective drugehicle, the animals were injected
with QA directly into the hippocampal region. Quiinic acid was dissolved in PBS

made up to pH 7.4. A dose of QA (120nmol) was usethduce neurotoxicity as this

concentration of QA is known to cause severe behasi disturbances and total loss of
hippocampal neurons in rats (Lekieféteal., 1990; Schwarcet al., 1984).

Following the intrahippocampal injections of QA.ettanimals in groups 3, 4 and 5
received subsequent daily doses of the drugs regplgc each day for seven days, while

as before, the animals in groups 1 and 2 receigéy doses of sweet oil for seven days.
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Tableb5.1: Treatment regime for each group of animals

Treatment Group Administered Intrahippocampal | Daily treatment
20 minsprior to | injection for 7 days after
surgery (s.c.) surgery (s.c.)

1. Control 100ul Sweet oil | PBS 100ul Sweet oil

2. QA 100ul Sweet oil | 120 nmol QA in 100ul Sweet oil

PBS

3.ASA 100ul ASA in 120 nmol QA in 100ul ASA in
sweet oil PBS sweet oil

4. Acetaminophen 100ul 120 nmol QA in 100ul
acetaminophen in PBS acetaminophen in
sweet oil sweet oil

5.ASA + 100ul ASA + 120 nmol QA in 100ul ASA+

Acetaminophen acetaminophen in PBS acetaminophen in
sweet oil sweet oil

54.2.3. Surgical Procedures

54.23.1. Anesthesa

Diethyl ether anesthesia was employed for all saigbrocedures carried out. Animals
were placed, one at a time, in a dessicator cantarotton wool soaked in diethyl ether.
Once the animals were sedated, and were removeplaretl on the operating surface as
shown in figure 5.8. A small conical flask contaigicotton wool soaked in ether was
placed approximately 3cm from the rats’ nose. Tiask remained in this position
throughout surgery, except in cases where respiraliecame too weak. A good
indication of the depth of anesthesia was monitdngdhe colour of the limbs and talil,
which displayed a faint, almost pale pinkness. Wes indicative of the optimum level
of anesthesia, meaning a satisfactory rate andhddpespiration with good narcosis. A

purple colour of the limbs was an indication of cgsis.
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Figure 5.8. A view of the stereotaxic apparatus and Hamiltoringg used for the

bilateral intrahippocampal injection of QA (Stoedi IL, USA).

54.2.3.2. Bilateral Intrahippocampal QA Injection

Quinolinic acid was injected intrahippocampally ngsistereotaxic surgical techniques.
Each animal was anaesthetized as described abmexiion 5.4.2.3.1. Quinolinic acid
was dissolved in phosphate buffered saline (PBB¥% .4, and (120nmol in|2) was
infused bilaterally into the hippocampii employinmgt brain stereotaxic apparatus
(Stoelting, IL, USA) (figure 5.9). The skull wasientated according to the Kénig and
Klippel stereotaxic atlas (1963). After a saggaat in the skin of the skull, the bregma
and lambda suture were located and holes weredimith a Bosch electrical drill fitted
with a drill bit of 0.5mm in diameter at the follavg coordinates; 4.0mm caudal to the
bregma, 2.5mm lateral to the saggital suture, aBth® ventral of the dura. Care was

taken not to lesion the meninges. A Hamilton sygingith a cannula of diameter 0.3mm

141



Superoxide Anions

held rigidly in the stereotaxic micromanipulatorasvused to inject 120 nmol of
quinolinic acid in 2ul of PBS, 3.2mm ventral of tthera.

The injection was administered at a rate of 1plmpigute and the cannula was leftsitu

for a further 3 minutes following the drug injectiao allow for passive diffusion away
from the cannula tip and to minimize spread in®itijection tract. The cannula was then
slowly removed and the scalp was closed with satufmimals recovered from the

anesthesia after approximately 3-4 hours.

coronal suture

sagittal suture

Figure 5.9. A view of the rat skull after the skin has been. dite sutures shown are
used as a reference point for the measuremené afabrdinates for the intrahippocampal

injection (Konig and Klippel stereotaxic atlas, 396
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54.2.3.3. Sham Lesoned Rats

The rats used as controls were subjected to the samgical procedures described in
section 5.5.2.3 (i). However, stereotaxic injecsiomio the hippocampus were free of QA

and comprised solely of PBS.

54.24. Dissection of the Hippocampus

On the eighth day following the intrahippocampgedation of QA, the brains were
removed as described in appendix Il and the hipppdaapidly dissected according to a
modified method of Glowinski and Iversen, (1966)sdswn in Figure 5.10. Briefly, the
rhombencephalon is separated by a transverse seittion the rest of the brain. A
transverse section is then made at the level ofofhtee chiasma, which delimits the
anterior part of the hypothalamus and passes thrthg anterior commissure (section 2).
This section separates the cerebrum into two pBrend C. Part B is divided into five
fractions. The easiest way to reach the hippocangpts first dissect the hypothalamus
and the striatum from section B. The midbrain entlgently separated from the remaining
part of the brain. The hippocampus is then dissecte

54.25. Nitroblue Tetrazolium Assay (NBT)

The rat hippocampii were homogenized in PBS, pH t0.4/ield a 10% w/v homogenate
as described in section 5.2.2.6. The nitro-bluazelium (NBT) assay was performed as
described in section 5.2.2.7. The only differencaswhat the lipid source viz. rat
hippocampii homogenate (1ml) was incubated witm df a 0.1% NBT solution in an

oscillating water bath for 1 hr at 7.
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Figure 5.10. Diagrammatic representation of the dissection gulace for rat brain as
described in section 5.4.2.4 (Glowinski and Ivers€66).

54.3. RESULTS

As is evident from figure 5.11, QA caused a siguaifit increase in £ generation as
compared to the controp<€0.001). However ASA and acetaminophen alone and in
combination were all equally effective at signifitlg inhibiting the rise in @
generation [§<0.001) with no significant difference between ttieee non-narcotic
analgesic drug treatments that were administeredhéorats post operatively. The
combination of acetaminophen and ASA was howevég &b significantly reduce the
QA-induced @" generation below that of basal control valpe(.05).
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54.4. DISCUSSION

The rats treated with QA only showed severe beha&laisturbances and this in itself
provided preliminary evidence that neurological dgehad occurred.

The results show that intra-hippocampal injectiohQA caused a significant induction
of O," generation in the rat hippocampus. This is a texfithe activation of the NMDA
receptors in the hippocampus by QA, which resuitsC&* dependent increase in
oxidative stress (Stone and Perkins, 1981).

The results of the present study show that acetgshen and ASA significantly reduce
QA-induced Q" generation. When these drugs are used in combinatis effect is
potentiated with a resultant effect significantiidw that of basal control levels (Figure
5.11). Q" is known to exert destructive effects on cellutarmponents with lipid
peroxidation being one such consequence. The seddéined from this study therefore
indicate that acetaminophen and ASA have the patetd limit these undesirable

effects.

The results obtained from thi@ vivo study, using QA as the neurotoxin, provided
confirmation, of the antioxidant properties demeaaistd by ASA and acetaminophen, in
thein vitro study (section 5.3). Acetylsalicylic acid and aoeinophen either alone or in
combination have demonstrated their ability to prédvQ™ generationin vivo. These
agents therefore possess neuroprotective propsttesgthening the argument for their
use in neurodegenerative disorders.

14¢



Superoxide Anions

o
o
!

#

nn

Control Acetylsalicylic ~ Acetaminophen  Acetylsalicylic
acid acid +
acetaminophen

N w S
o o o
! ! !

Diformazan
(#moles/mg protein)

[HEN
o
\

o

Figure5.11. The effect of then vivo administration of acetaminophen and acetylsalicyli
acid alone or in combination on intrahippocampadjgcted QA-induced & generation
in rat hippocampal homogenate. Each bar repreteatmean +SEM; n=6; #0<0.001)
in comparison to control, **1§<0.001) in comparison to QA and(p<0.05) in
comparison to the control value. Student-NewmankK®ultiple Range Test.
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5.5. EFFECT OF ACETYLSALICYLICACID AND
ACETAMINOPHEN IN MPP" INDUCED
SUPEROXIDE ANION GENERATION IN RAT
STRIATUM IN VIVO.

5.5.1. INTRODUCTION

The results obtained from the previous studies imead in sections 5.3 and 5.4 fostered
an investigation into the possible effects of thagents in PD, in this disease state the
generation of free radicals has been known to ataymportant role in the progression of
the disease by contributing to the neurodegeneratiche substantia nigra (Lotharius
and O’ Malley, 2000).

The discovery of the selective neurotoxicity fognal dopamine containing cells by
1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (WP has provided possible clues as to
the probable causes of Parkinson’s disease (Lamgtal., 1984). Thus it has been
suggested that this disease may be induced by qapaund(s) similar to MPTP
(Kinmachi et al., 1987). 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydnogipe (MPTP) is a
good substrate for MAO-B and is metabolized to #utive neurotoxin, MPP The
primary effect of MPPis to inhibit complex | in the mitochondria (Rarjs al., 1986,
Ramsayet al., 1991). It has been shown that the potent inbibiof complex | by MPP

results in the generation ot O(Hasegawat al., 1990).

Several lines of evidence suggest ROS involvemenMPP—induced neurotoxicity.
Increases in ROS have been detected by using, Xammgle a ROS-dependent
fluorescence proben vitro (Kitamuraet al., 1998) or electron spin resonancevivo
(Rossettiet al., 1988). The involvement of ROS in MPiRduced neurotoxicity was also
confirmed by the cellular protection provided by [3@xpression in transgenic mice
(Przedborskyt al., 1992).
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Several factors contribute to MPTP-induced ROS gsion. Iron may be of great
importance in MPTP toxicity and triggers the Fenteaction in dopaminerigic cells that
results in the generation of free radicals in therh MPTP has been shown to increase
free iron levels in the SNpc of the brain (Mochizekal., 1994; Temletet al., 1994).
MPPF", which is a substrate for xanthine oxidase, mayl l® the formation of the MPP
radical compound in the metabolism of MPTP, and itself induce @ formation

during auto-oxidation (Zang and Misra, 1992).

The aim of this study was to demonstrate the patehiction of Q™ in the rat striatum
by MPP in vivo and to investigate any possible effects that ABA acetaminophen may

have in MPP -induced G generatiorin vivo.

5.5.2. METHODS AND MATERIALS

55.2.1. Chemicals and Reagents

1-methyl-4-phenylpyridinium ion (MP® was purchased from the Sigma Chemical
Company, St. Louis, MO (USA). All other chemicalsed were of the highest quality

available from commercial sources.

55.2.2 Dosing of the Animals

Adult male rats of the Wistar strain were houseds@parate cages, in a controlled
environment as described in appendix I. The aniwalse separated into five groups of
five animals each. The control group received ashamter (40/60); while the animals in
group 3 received a dose of 100mg/kg/day of ASA timaeol/water (40/60), injected
intraperitoneal post intrastriatal MPmjection. Similarly the animals in group 4 and 5
received a dose of 100mg/kg/d of acetaminophen ammbmbination of ASA and

acetaminophen in ethanol/water (40/60), adminidtemethe same way. The injections
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were administered initially twice in four hour intals, and followed by two injections in

eight hour intervals. The animals were sacrificedaurth day.

55.2.3. Surgical Procedures

55.2.3.1. Anesthesa

Diethyl ether is a desirable anesthetic to use Umx¢éhe mortality rate of the animals is
lower than with halothane or phenobarbitone. Diedtlyer is also easy to administer and

it is easy to monitor the depth of anesthesia.

55.23.2. Unilateral Intrastriatal I njections

The neurotoxin, MPPwas injected intrastriatal using stereotaxic staigiechniques.

Each animal was anaesthetized as described aboweciion 5.4.2.3.1. MPPwas

dissolved in saline, and (32nmol inull was infused unilaterally into the striatum
employing rat brain stereotaxic apparatus (Stagltin, USA). The skull was orientated
according to the Konig and Klippel stereotaxic &t(4963). After a saggital cut in the
skin of the skull, the lambda suture were located holes were drilled with a Bosch
electrical drill fitted with a drill bit of 0.5mmni diameter at the following coordinates:
L =0.24; AP = 0.30; and DV = 0.78, from LambdamqiPaxinos and Watson, 1998).
Care was taken not to lesion the meninges. A Hamikyringe, with a cannula of
diameter 0.3mm held rigidly in the stereotaxic mmanipulator, was used to inject

32nmol of MPP in 1pl of saline.

The injection was administered at a rate of 1plmpgute and the cannula was leftsitu

for a further 3 minutes following the drug injectiao allow for passive diffusion away

from the cannula tip and to minimize spread in®itijection tract. The cannula was then
slowly removed and the scalp was closed with sstuMimals recovered completely

from the anesthesia after approximately 3-4 hours.
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55.2.3.3. Sham Lesoned Rats

The rats used as controls were subjected to the samgical procedures described in
section 5.5.2.3. However, stereotaxic injectioris ihe striatum were free of MPRNd

comprised solely of saline.

55.24. Dissection of Striatum

On the fourth day following the intrastriatal injen of MPP, the brains were removed
as described in appendix Il and the striata rapdigsected according to a modified
method of Glowinski and Iversen, (1966) as shownFigure 5.10. Briefly, the
rhombencephalon is separated by a transverse sefttion the rest of the brain. A
transverse section is then made at the level ofofhtee chiasma, which delimits the
anterior part of the hypothalamus and passes thrthg anterior commissure (section 2).
This section separates the cerebrum into two pBrend C. Part B is divided into five
fractions. The easiest way to reach the striatuto fgst dissect the cortex, which reveals
the striatum as shown in Figure 5.10, section Be $triatum is then gently separated
from the remaining part of the brain.

55.25. Nitroblue Tetrazolium Assay

The rat hippocampii were homogenized in PBS, pH t0.4/ield a 10% w/v homogenate
as described in section 5.2.2.6. The nitro-bluazelium (NBT) assay was performed as

described in section 5.4.2.5.

5.5.3. RESULTS

The results illustrated in figure 5.12, clearly itate that MPPis a potent neurotoxin
that enhances the levels of On rat striatal homogenate as compared to thatrebd in

the control group.
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The use of ASA, acetaminophen and the combinatibthese agents significantly
reduced MPP O," generation with @ value of <0.001 in comparison to the MPP

treated group.

Postoperative treatment with ASA resulted in thg @eneration being below basal

control levels.
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Figure 5.12-. The effect of thein vivo administration of acetaminophen and
acetylsalicylic acid alone or in combination onrastriatal injected MPRinduced Q°
generation in rat striatal homogenate. Each baresgmts the mean 8EM; n=5;
#(p<0.001) in comparison to control, *¥&0.001) in comparison to MPPand
*(p<0.05) in comparison to the control value. Studeetvman-Keuls Multiple Range
Test.
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5.5.4. DISCUSSION

Reactive oxygen species formation due to NMRRay be dependent on indirect
excitotoxicity resulting from neuronal impairmenf energy metabolism and the
subsequent increase in cytoplasmic calcium (Steray., 1992; Cheret al., 1995). This

is due to the potent inhibition of complex | by MP®hich leads to a decrease of cellular
ATP levels (Di Monteet al., 1986), loss of mitochondrial membrane potenélierations
of calcium homeostasis and free radical formatibhmethyl-D-aspartate receptor
antagonists (Tursket al., 1991) and calcium channel blockers (Kupsttal., 1995,
1996) were shown to protect the SNpc efficientigiagt MPP.

These results, figure 5.12, implore that ASA anetaminophen, either individually or in
combination, have the potential to combat NHrfeluced Q" generation. Acetylsalicylic
acid and acetaminophen have been shown to be goféscavengers in section 5.3 and
5.4 counteracting capable inducers such as KCN @Ad Sairamet al (2003)
demonstrated that the non-steroidal anti-inflammyatbrug, such as sodium salicylate,
has antioxidant properties, which eventually ledhtese agents having neuroprotective
effects in MPP treated rats. The present study establishes tientm and novel
neuroprotective activity of ASA and acetaminopheMiPP treated rats.

5.6. CONCLUSION

The search for novel neuroprotective agents in auegenerative diseases involves a
number of screening methods to detect their abiditguench free radicals and prevent

neuronal death.

The results of the present chapter illustrate #tataminophen and ASA significantly
reduce KCNifn vitro), QA and MPP-induced {n vivo) O," generation in rat brain tissue.
These results are also significant and supporagisemption (section 2.3.) that ASA and

acetaminophen inhibit the enzyme IDO by scaven@g
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It is evident that acetaminophen and ASA, eith@nalor in combination, have the
potential to limit the undesirable effects of Qindicating qualities that would satistfye
use of these agents as novel antioxidant agentseirtreatment of neurodegenerative
disorders. The generation of free radicals affegigs, proteins and DNA (Southgate and
Daya, 1999). The findings of this chapter encouddgether investigation into the ability
of these non-narcotic analgesics to protect agaiastotoxin induced lipid peroxidation,

which is explored in chapter six.
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CHAPTER 6

LIPID PEROXIDATION

6.1. INTRODUCTION

Lipid peroxidation is a deleterious process thay participate in the induction of various
pathologies of man. Lipid peroxidation has beenashto occur in brain tissui vitro
andin vivo, and it has been associated with neuronal damfegret@uma and increased
membrane permeability (Rios and Santamaria, 1989®mbranal functions, such as
GABA uptake, are altered by lipid peroxidation, dimbperoxidative agents such ¥e

can induce epilileptiform discharges in the rat.

The brain is most vulnerable to oxidative stresshsas free radicals because: (1) the
activity of the antioxidant enzymes which are resiole for the conversion of the ROS
to less reactive components, is weak, (2) the lpassesses a high lipid content, and (3)
the consumption of ©in the brain is high compared to the rest of tbdyb(Choi and
Rothman, 1990). One of the tests used for lipidopdation detection is the
thiobarbituric acid (TBA) test, which is widely efoged in the measurement of lipid
peroxidation. The test measures the levels of nddddsiehyde (MDA), which is a
product of lipid peroxidation and is taken to beehable indicator for oxidative stress

(Reiteret al., 1995) as shown in figure 6.1.

Membranes of living cells are remarkable in molac@rchitecture, displaying a variety
of different functions. The plasma membrane surmisuall animal cells, including
neurons, and separates the cell interior from tkieaeellular environment, and also
compartmentalizes the internal structures of th#, eghich is essential for cell
functioning (Campbell, 1996). Membranes are noticsthoundaries that segregate
regions but are dynamic systems responsible forngmather things; to function as

permeable barriers for the selective transport ofeoules into and out of the cell,
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membranes are also responsible for the producfidT® and the binding of regulatory
molecules such as hormones, growth factors andifgndf neurotransmitters that
mediate neurotransmission (Bohinski, 1987). Theegfbiological membranes function
as important barriers, protecting cells from passibharmful compounds in the

surrounding medium.

The TBA test is widely used as an indicatof@H generation (Gutteridge & Halliwell,
1990). The TBA test was introduced to biologicadteyns for the first time by Kohn &
Liversedge in 1944 (Kohn & Liversedge, 1944) aseasurement for lipid rancidity in
the food industry (Gutteridge and Quinlan, 1983)isTtest is now the most widely
employed technique used in the determination obxéation in biological materials
(Yamamotoet al., 1990). Malondialdehyde is a degraded lipid prmtdfrom cell
membranes, and is taken as a reliable indicataxafative stress (Reitest al., 1995).
The foundation of this test is based on the reaatibone molecule of MDA with two
molecules of TBA to yield a pink coloured chromagEigure 6.1 outlines the reaction

that occurs during the TBA test.

A simple and accurate ultraviolet absorbance spplbtitometric method was used to
measure the TBA-MDA complex. This assay involves thaction of malondialdehyde
equivalents with TBA to yield a pink complex. A mbed method of Sagaet al.,
(1992) and Dast al., (1990) was used in this assay. The MDA-TBA comgtas an
absorption maximum at 532nm. Materials of animaliorusually contain large amounts
of protein, to which MDA may be bound (Draper & H&d 1990). It is therefore
imperative to release the protein-bound MDA, whiglachieved by hot acid hydrolysis
(pH of 2-3) using TCA, and is required for the fation of the complex and the release
of protein bound MDA as evident from figure 6.1.tJated hydroxytoluene (BHT) in
methanol is added prior to TCA precipitation to wmesthat no lipid oxidation occurs
during the assay and interferes with the resultsioéd.
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Figure 6.1. The formation of MDA by lipid peroxidation duringiéubation and to a

much greater extent during the acid-heating st&getéridge, 1987). Malondialdehyde
(MDA) which is a degraded lipid produdt’fl ) from cell membranes reacts with two
molecules of thiobarbituric acidBA) to yield a pink coloured chromagen. The MDA-
TBA complex has an absorption maximum at 532nm ekt of animal origin usually

contain large amounts of protein, to which MDA miag bound thus it is therefore
imperative to release the protein-bound MDA and thiachieved by hot acid hydrolysis

(pH of 2-3) using TCA.
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6.2. EFFECT OF CYANIDE AND QA ON LIPID
PEROXIDATION IN RAT BRAIN
HOMOGENATE IN VITRO.

6.2.1. INTRODUCTION

The brain is a primary target organ in cyanidedibxi(Gunasekaet al., 1996). Cyanide-
induced neurotoxicity is mainly attributed to ito@uction of cellular anoxia in the brain
(Yamamoto & Tang, 1996). Acute toxicity of cyanigeduces tonic and clonic seizures,
convulsions (Way, 1984) and in some individuals akison-like condition may
develop as a post toxicity sequel (Udtial., 1985). Cyanide produces dopaminergic
toxicity, characterized by loss of dopaminergic no@s in the basal ganglia, which is
accompanied by impaired motor function (Gunasekat., 1996). Due to the number of
antioxidant enzymes being inhibited by cyanidasitlso believed that oxidative stress
plays an important role in cyanide induced neunatox (Ardelt, 1989). Johnsost al
(1987) proposed that increased intracellular caicfallowing cyanide treatment in the
brain generates reactive oxygen species leadipgroxidation of lipids and subsequent
neuronal damage.

Quinolinic acid induced neurotoxicity results frothe activation of ionic channels
through which sodium, potassium and calcium flootb ithe cell (Stone, 1993). The
increased intracellular calcium sets off a cascafleevents that culminate in the
generation of free radicals.

The aim of this study is to determine the effecthe neurotoxins cyanide and QA on
lipid peroxidation in rat brain homogenate vitro. These neurotoxins have been
previously reported to increase lipid peroxidatievels in brain homogenate (Southgate,
1999; Dayeet al., 2000; Anoopkumar-Dukiet al., 2003; Maharagt al., 2004).
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6.2.2. MATERIALS AND METHODS

6.2.2.1. Chemicals and Reagents

All reagents used were of analytical grade. Cyar@ (2, 3-pyridinedicarboxylic acid),
2-thiobarbituric acid (98%) (TBA), 1, 1, 3, 3-tatrathoxypropane (98%) and butylated
hydroxytoluene (BHT) were purchased from Sigma ChalnCorporation, St. Louis,
MO, U.S.A. Methanol (HPLC grade) was purchased fl8BBH Laboratory Supplies,
Poole, England. Trichloroacetic acid (TCA) was aidd from Saarchem, Johannesburg,
South Africa.

6.2.2.2. Animals

Adult male rats of the Wistar strain, weighing beén 200-250g were used in this
experiment. The rats were randomly assembled imbupg of five, and housed in
separate cages, in a controlled environment agidedcin appendix I. All protocols for

the experiments were approved by the Rhodes Uiiy&simal Ethics Committee.

6.2.2.3. Sample Preparation

Butylated hydroxytoluene (0.5mg/ml) was dissolvedrniethanol; TCA (15%) and TBA
(0.33%) were prepared in Milli-Q water. All reagewere made up under de-aerated
conditions. Stock solutions were prepared so thaaddition of 10Ql of the toxin, the
stock solution would be diluted to the correct ination concentration. Potassium
cyanide and QA were tested at the following coneiohs: 0, 0.25, 0.5, 1, and 1.5mM.

6.2.2.4. Brain Removal

Rats were sacrificed and the brains removed asibdeddn appendix II.
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6.2.2.5. Tissue Preparation

Rat brain homogenate is a useful model for detangithe efficacy of agents to reduce
or potentiate lipid peroxidation (Maharej al., 2002). Each brain was homogenized
according to the method described in chapter Beetion 5.2.2.6. The homogenate was
either used immediately or frozen in liquid nitragand stored at -7C until use. All
samples were used within 7 days of homogenate @#épa Test samples revealed that
storage of the homogenate did not alter the ligicbpidation levels compared to fresh

brains.

6.2.2.6. Preparation of the Standard Curve

1, 1, 3, 3-tetramethoxypropane was used as a sthnflaseries of reaction tubes each
containing appropriate aliquots of water and steshdalution were prepared with Milli-
Q water to a final volume of 1ml. A calibrationrea was generated by measuring the
absorbance at 5nmoles/ml intervals as shown inretipd/. The procedure described in
section 6.2.2.6 was followed. The absorbance wad et 532nm. The absorbance of

MDA-TBA was plotted against the concentration of MD

6.2.2.7. The Thiobarbituric Acid (TBA) Test

Lipid peroxidation was determined using the thibltaric acid (TBA) assay. This assay
involves the reaction of malionaldehyde equivalemitsr TBA to yield a pink complex.
A modified method of Sagat al., (1992) and Dast al., (1990) was used in this assay.
In the in vitro study to determine the effective concentrationmbgenate (1ml)
containing varying concentrations of KCN (0, 0.0®5, 0.5, 1, 1.5mM) or QA (0, 0.05,
0.25, 0.5, 1, 1.5mM) were incubated in a shakintewaath for 1h at 3. At the end of
the incubation 0.5 ml BHT (0.5 g/l in absolute natbl) and 1ml 25% TCA were added
to the mixture. The samples were centrifuged a020@ for 20min at ZC to remove

insoluble proteins. Following centrifugation, 2mF grotein free supernatant was
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removed from each tube and a 0.5ml aliquot of 0.38A was added to this fraction.
All tubes were heated for 1h at“@5in a water bath. After cooling, the TBA-MDA
complexes were extracted with 2ml of butanol. Theogbance was read at 532 nm and
MDA levels were determined from a standard curveegated from 1, 1, 3, 3-
tetramethoxypropane. The final results were expreas nmol MDA/mg tissue.

6.2.2.8. Statistical Analysis

The results were analyzed using a one-way anabfsisariance (ANOVA). If the F
values were significant, the Student’'s Newmans-Eadlltiple Range test was used to
compare the treated and control groups. The lev@baificance was accepted@t0.05
(Zar, 1974).

6.2.3. RESULTS

As is evident from figure 6.2, all concentratioriSQA induced a significant rise in MDA
concentration. However it was the 1mM and 1.5mM tQ4t induced the significant rise
in lipid peroxidation i.ep<0.001. Therefore a concentration of 1mM QA acid waed

to induce lipid peroxidatiorin vitro, in the rat brain homogenate.

Cyanide induced lipid peroxidation was significap0.001, at a concentration of
1.5mM as compared to the control (figure 6.3). Efee a concentration of 1.5mM

KCN was used to induda vitro lipid peroxidation.

6.2.4. DISCUSSION

Quinolinic acid plays an important role in the &gy of various diseases such as HD,
temporal lobe epilepsy, hepatic encaphalopathyAhdlue to its ability to reproduce the
various histological and neurochemical featurethefvarious diseases especially in the
case of HD (Misztakt al., 1996; Blightet al., 1995; Basileet al., 1995; Beal, 1992).
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Quinolinic acid is an established agonist of thetaghate receptor and previous research
has shown that among a number of glutamate recagtarists including QA, kainic acid
and NMDA however only QA potentially induces lipideroxidation in rat brain
homogenate (Rios & Santamaria, 1991). The restilteepresent study are consistent
with this finding and show that QA causes a sigaifit induction of lipid peroxidation

products in rat brain homogenatevitro in a concentration dependent manner.

Figure 6.2, clearly demonstrates that 1mM and 1.5 are the most potent
concentrations of QA with regard to the degreepd Iperoxidation that was produced in
rat brain homogenate. This therefore provides emidethat these concentrations are

extremely effective to induce lipid peroxidationvitro in rat brain homogenate.

Figure 6.3 illustrated that KCN treatment in rataibr homogenate results in the
peroxidation of lipids in the rat brain. The resutiom figure 6.3 indicate that 1mM and

1.5mM KCN were most effective at enhancing the M@&centration levels.

Since the, 1ImM and 1.5mM concentrations of bothrotexins have no significant
difference in the amount of lipid peroxidation kgproduced, it would therefore be ideal
to use either concentration in the assessmentssilge therapeutic agents in attenuating
the deleterious effect produced by KCN and QA.

Johnsonet al, (1987) proposed that increased intracellular igalc after cyanide
treatment generates reactive oxygen species leaingeroxidation of lipids and
subsequent neuronal damage. The result of the rgresedy is consistent with this
finding. It has also been proposed that nitric exid promoter ofOH formation, is a
mediator of convulsions associated with cyaniddcigx(Yamamoto & Tang, 1996a).
Studies have also shown the activation of NMDA ptaes during cyanide toxicity
(Gunasekaret al., 1996). Cyanide induced seizures are inhibited Mig-801, an

antagonist of the NMDA receptor (Yamamoto & Tan§9ab). MK-801 is also known
to inhibit cyanide-induced cerebellar granule delth (Gunasekat al., 1996).
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The concentrations of KCN and QA used are suprap&eological and above the
concentration that is normally presemt vivo, in aging and in neurodegenerative
diseases. However this study aptly demonstratédhtbse agents are capable of inducing
lipid peroxidation in rat homogenate and the coibregion that was most effective
provides a benchmark to assess whether ASA andrmaceiphen possess antioxidant

capabilities in the presence of such toxins, ithierr lipid peroxidation studies.
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Figure 6.2. Concentration-dependent effect of QA of lipid pedaxion generation in
whole rat brain homogenats vitro. Each bar represents the mean *SEM; n=5.
**(p<0.01) vs. control and **1§<0.001) vs. control. Student Newman-Keuls Multiple

Range Test.
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Figure 6.3. Concentration-dependent effect of QA of lipid pedaxion generation in
whole rat brain homogenat® vitro. Each bar represents the mean +SEM; n=5.
**(p<0.01) vs. control and **1§<0.001) vs. control. Student Newman-Keuls Multiple

Range Test.
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6.3. EFFECT OF ACETYLSALICYLIC ACID AND
ACETAMINOPHEN ON KCN AND QA INDUCED
LIPID PEROXIDATION IN RAT BRAIN
HOMOGENATE IN VITRO.

6.3.1. INTRODUCTION

The brain is particularly susceptible to oxidatatack by free radicals because of its
high utilization of oxygen, its relatively low coectration of antioxidative enzymes and

free radical scavengers (Reiter, 1995).

Lipid peroxidation is able to cause extensive dareud is known to play a major role in
the deterioration of the brain and spinal cord thaturs after traumatic, excitotoxic or
ischemic injury. Radicals have been postulatedetiniportant mediators of tissue injury
in several neurodegenerative models (Bautista &z8pi 1990; Shuteet al., 1990;
Yoshikawaet al., 1994).

The results from the study in section 6.2 show @atand KCN are potent inducers of
lipid peroxidation in rat brain homogenaie vitro. Research has indicated that non-
narcotic analgesics possess antioxidant activitsgtdBkaet al., 1997; Maffeiet al.,
1993). Therefore the aim of the present study isdédermine whether ASA and
acetaminophen are capable of inhibiting QA and KioNuced lipid peroxidationn

vitro in rat brain homogenate.
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6.3.2. MATERIALS AND METHODS

6.3.2.1. Chemicals and Reagents

ASA and acetaminophen were purchased from the Smeanical Company, St. Louis,
MO (USA). All other chemicals used were of the Hgh quality available from

commercial sources.

6.3.2.2. Sample Preparation

Samples for the lipid peroxidation assay were megpaaccording to the method
described in section 6.2.2.3. ASA, acetaminophed ancombination of ASA and
acetaminophen were prepared by dissolving in absoédhanol, and subsequently
diluting with Milli-Q water so that the final ethah concentration in the brain
homogenate was 0.5%. The following concentratiohsASA, acetaminophen and

combination of ASA and acetaminophen were used23,®.5, 1, 1.5mM.

6.3.2.3. Lipid Peroxidation Assay

Adult male rats of the Wistar strain were usedtffiis experiment and were maintained as
described in appendix I. The rats were sacrificed t#he brains were rapidly removed
and placed on ice as described in appendix Il. EBaaim was homogenized as described

in section 6.2.2.5.

Lipid peroxidation was determined using a modifimatof the method described in
section 6.2.2.7. Briefly, homogenate (1ml) contagnlmM QA or 1mM KCN alone or in
combination with varying concentrations of ASA, &reinophen and a combination of
ASA and acetaminophen were incubated on an oscdlatater bath at 3T for 60min.

The procedure as described in section 6.2.2.7 Wwas followed. Final results were
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expressed as nmoles MDA/mg tissue and analyzedstatistical significance as
demonstrated in section 6.2.2.8.

6.3.3. RESULTS

The exposure of rat brain homogenate with 1mM KQN3ZC for 1lhr caused a
significant increase in lipid peroxidation when quared to the control (figure 6.4). The
1mM and 1.5mM concentrations of ASA significantlghibit KCN induced lipid

peroxidation as shown in figure 6.4. However theniM ASA is the most effective

concentration at inhibiting KCN induced lipid peidation in rat brain homogenate.

The 0.5, 1 and 1.5mM concentrations of acetaminopre effective at significantly
reducing the concentration of MDA in the present&K@N (figure 6.5). The 1.5mM
acetaminophen is the most effective concentratioproviding protection against the
KCN-induced lipid peroxidation with significance @k0.001. However there is no
significant difference when compared to the 1mMtacenophen in the presence of
KCN. In addition there was no significant differenibetween the protection offered by

the 1.5mM acetaminophen concentration and thdteo€ontrol value.

Figure 6.6 illustrates that the 1.5mM combinatid®A8A and acetaminophen is the most

effective concentration used in attenuating KCNuiceet lipid peroxidatiorp<0.001.

Figure 6.7, demonstrates that all concentration5SA are effective at reducing the QA-
induced lipid peroxidatiorp<0.001. The concentration of MDA obtained, in ASé&ated
homogenate, is below basal control levels for afiaentrations of ASA used indicating
that ASA was effective in reversing QA-induced dipperoxidation in the rat brain
homogenateén vitro and that ASA is possible acting as an agonidgteatNIMDA receptor

competing with QA.

The 1mM and 1.5mM acetaminophen are the most efeecbncentrations in inhibiting
QA-induced rise in lipid peroxidation in the raabr homogenate. In addition, the MDA
16€
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concentrations obtained for the 1 and 1.5mM acetaphien are below basal control
levels as illustrated in figure 6.8.

All concentrations of the combination of ASA andetmninophen are effective at
reducing lipid peroxidation in the presence of 1i@ as shown in figure 6.9.

6.3.4. DISCUSSION

The results obtained from this study demonstratd these non-narcotic analgesics
agents either alone or in combination offer pratectigainst cyanide and QA-induced
lipid peroxidation in rat brain homogenatevitro. Previous research shows that ASA is
an antioxidant in rat brain homogenate (Datyal., 2000) and the results of this study are

therefore in agreement.

It has been shown previously that acetaminopheractas a pro-oxidant (Anoopkumar-
Dukie, 1999). However at lower doses than thosertegd to be pro-oxidant, as was used
in this study, it was clearly demonstrated thataoéophen acts as an anti-oxidant. This
is confirmed in previous reports wherein acetamir@phas been shown to possess both
these abilities (Mason and Fischer, 1986; Nakareat., 1997). These agents have a
potentiating effect when used in combination, fartmotivating that the combination of

these drugs could result in the birth of novel patent neuroprotective agents.

This study provides novel and substantial evidghe¢ proves ASA and acetaminophen
are potent antioxidants in the presence of potentatoxins such as QA and KCN. The
use of these agents resulted in the attenuatitmegiotent induction of lipid peroxidation
by the neurotoxins QA and KCN. This therefore iadés the promising antioxidant
activity of these agentsn vitro, in rat brain homogenate and promotes further
investigations in the antioxidant ability of theagents to reduce lipid peroxidatiom

ViVO.
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Figure 6.4. The effect of varying concentrations of Acetylsgliic acid on 1mM KCN-
induced lipid peroxidation in rat whole brain horeogtein vitro. Each bar represents the
mean +SEM; n=5"(p<0.001) vs. control, 1{<0.05) vs. KCN and *1<0.01) vs. KCN.

Student Newmans-Keuls Multiple Range Test.
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acid on 1mM KCN-induced lipid peroxidation in ratele brain homogenai® vitro.
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Figure 6.7. The effect of varying concentrations of Acetylsdiic acid on 1mM QA-
induced lipid peroxidation in rat whole brain horeogtein vitro. Each bar represents the
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6.4. EFFECT OF ACETYLSALICYLIC ACID AND
ACETAMINOPHEN IN QA-INDUCED LIPID
PEROXIDATION IN RAT HIPPOCAMPUS I[N
VIVO.

6.4.1. INTRODUCTION

Quinolinic acid is a neuroactive metabolite of kymurenine pathway (Stone, 1993) that
has been implicated in the etiology of human newickl diseases. Quinolinic acid is an
endogenous glutamate agonist with selectivity lfew NMDA receptor (Tsuzukét al.,
1989; McLarnon and Curry, 1990), which causes nealrtoss in vulnerable regions in

the mammalian brain (Foster and Schwarcz, 1989).

It has been reported that QA activates the NMDAGbannel complex, followed by the
cytosolic accumulation of free &a(Daniel, 1991), which is believed to promote lipid
peroxidation (Gutteridge, 1977; Barbizhayev, 198®@)jch consequently induces nerve
cell death (Keilhoffet al., 1990). Quinolinic acid is able to reproduce gahological
features of Huntington’s disease, suchyamminobutyric acid (GABA) depletion and
striatal spiny cell loss. Zaleska and Floyd (19&&)nd a linear relationship between a
susceptibility of various rat brain regions to urgptelipid peroxidationin vitro and their
content of endogenous iron. Iron plays a crucif o initiating and propagating lipid
peroxidation (Halliwell and Gutteridge, 1995).

The aim of this study is to investigate whether ABAd acetaminophen either

individually or in combination could offer proteati against lipid peroxidation following

an intrahippocampal injection of QA.
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6.4.2. MATERIALS AND METHODS

6.4.2.1. Chemicals and Reagents

As described in section 5.4.2.1.

6.4.2.2. Dosing of Animals

The animals were separated into five groups of fimenals each. The animals in group
3, 4 and 5 received a dose of 100mg/kg/day of A&&taminophen and a combination
of ASA and acetaminophen in J@lGsweet oil, injected subcutaneously, 20 mins pior
intrahippocampal QA respectively. The animals iougps 1 and 2 received the vehicle
for these drugs, viz. sweet oil. On day one, 20nafter dosing the animals with the
respective drug or vehicle, the animals of grougis Were injected bilaterally into the
hippocampal regions with QA. Quinolinic acid wasstilved in PBS made up to pH 7.4.
A dose of QA (120nmol) was used to induce neuretboxas this concentration of QA is
known to cause severe behavioural disturbancedaabloss of hippocampal neurons
(Lekieffreet al., 1990; Schwarcet al., 1984).

Following the intrahippocampal injections of QA taeimals, groups 3, 4 and 5 received
subsequent daily doses of ASA, acetaminophen audrdination of ASA respectively.
The injections were administered each day for selss. The animals in groups 1 and 2

received daily doses of sweet oil for seven days.

6.4.2.3. Surgical Procedures

Rats were anaesthetized with diethelyether as ithesicin chapter five, section 5.4.2.3.1.
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6.4.2.3.1. Bilateral Intrahippocampal QA Injections
Quinolinic acid was dissolved in phosphate buffesatine (PBS), pH= 7.4. Quinolinic
acid (120nmol in gl PBS) was infused bilaterally into the hippocangiploying a rat

brain stereotaxic apparatus (Stoelting, IL, USAYuUfe 8.8). The same procedure as
described in chapter eight, section 5.4.2.3.2 vgaslu

6.4.2.3.2. Sham Lesioned Rats
The rats used as controls were subjected to the samyical procedures described in

section 5.4.2.3.3. However, bilateral stereotamjedtions into the hippocampal regions

were free of QA and comprised solely of PBS.

6.4.2.3.3. Dissection of the Hippocampus
On the eighth day following the intrahippocampgkedation of QA, the brains were

removed as described in 5.4.2.4 and the hippocarapidly dissected according to a

modified method of Glowinski and Iversen (1966).

6.4.2.4. Homogenate Preparation

Rats were sacrificed by cervical dislocation anénthdecapitated as described in
appendix Il. The brains were rapidly removed andcedl on ice. Each brain was
homogenized as described in section 6.2.2.5.

6.4.2.5. Lipid Peroxidation Assay

A modified method of Sagat al., (1992) and Dast al., (1990) was used in this assay.
The procedure as described in section 6.2.2.7 ellasved. Final results were expressed
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as nmoles MDA/mg tissue and analyzed for statissggnificance as demonstrated in
section 6.2.2.8.

6.4.3. RESULTS

The infusion of 120nmoles QA into the rat hippocaimegion induced a significant rise
in lipid peroxidation §(<0.001) when compared to the control as shown dpyrdi 6.10.
The intrahippocampal injection of QA resulted int&8% increase of MDA levels in

comparison to the control.

As shown in figure 6.10, the postoperative treatm@nQA lesioned rats, with ASA
significantly attenuated the peroxidation effedtthe neurotoxin in the rat hippocampus.
Furthermore, ASA treatment was more effective idusing the QA-induced lipid
peroxidation in the rat hippocampal tissue in congpa to the acetaminophen treatment
group 0<0.05).

Similar treatment with 100mg/kg acetaminophen alscked the effects of QA in the rat

hippocampus as shown in figure 6.10.

The combination of ASA and acetaminophen, which hadotentiating effect when
compared to either agent used alone, also signtficanhibited QA inducedn vivo lipid
peroxidation p<0.001 (figure 6.10.). In addition, the combinattomatment was effective

in reducing the MDA levels below basal control lsve
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Figure 6.10.The effect of then vivo administration of acetaminophen and acetylsalicyli
acid alone or in combination on intrahippocampaihjected QA-induced lipid
peroxidation in rat hippocampal homogenate. Eachdyaesents the meanSEM; n=5;
#p<0.001 in comparison to control, *¥5&0.001) in comparison to QA; (5€0.05) in
comparison to the acetaminophen group £ok0.05) in comparison to the control

value. Student-Newman-Keuls Multiple Range Test.
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6.4.4. DISCUSSION

The administration of QA into the rat hippocampasuited in an increase in the lipid
peroxide product, MDA, in the rat hippocampus. Tesults clearly demonstrate the
ability of QA to induce lipid peroxidation in ratrd&n homogenate. The poteimt vivo
induction of lipid peroxidation by QA is in agreemavith thein vitro study discussed in
section 6.2. which shows QA to induce severe lgacxidation in rat brain homogenate.

The results obtained from figure 6.10 corresponth whe in vitro study, performed in
section 6.3. and indicated that ASA and acetamieopare capable neuroprotective

agents against QA-induced lipid peroxidatinmwvivo.

Quinolinic acid is known to be an endogenous agarfisthe NMDA receptor, which
causes neuronal damage due to an influx of caldmbm the cell, resulting in the
production of free radicals. It is therefore poksithat these drugs are preventing lipid

peroxidation via a free radical scavenging meclmanis

Acetylsalicylic acid is a non-narcotic analgesicuglrwith a wide spectrum of

pharmacological activities and multiple sites ofi@t. Data from recent studies have
suggested mechanisms of action when explaininghéwoprotective effects of ASA.

These mechanisms include the reduction of oxidattvess (Pekoet al., 1982a;b) and

the inhibition of the activation transcription factNF+«B (Kopp and Gosh, 1994; Grilli

et al., 1996). It has also been reported that ASA inkibbxygen-glucose

deprivation—induced glutamate release by recovetiegfall of ATP levels in cortical

neurones (De Cribalet al., 2001).

Furthermore it has been shown that ASA rectifiekicam (C&") homeostasis and
therefore decreases ROS in human endothelial ¢elistro (Simionescuet al., 2004).
The alteration in Ca levels by QA which results in the generation of R@ould
therefore be attenuated by ASA which would alsdarphe potent action exhibited by
this agent in figure 6.10.

17¢



Lipid peroxidation

In addition, Stipéket al (1997) demonstrated that quinolinate does not reavirect
peroxidative effect, but that it modulates lipidrgeddation via its interaction with Eé
Acetylsalicylic acid has been shown to complex wi#h" and F&" (Kotrly and Sucha,
1985). Thus, the chelation of ASA with iron woukehge to further explain the protective
effects of this agent against QA-induced lipid pé&tation.

At this juncture it is of interest to mention thtite mode of action of ASA in prevention
of stroke is due to irreversible inhibition of taezyme COX-1 by acetylation in platelets,
resulting in blockade of thromboxane, Aroduction (Patrono, 1994). Furthermore,
COX-1 inhibition has been shown to be conducivattenuating théOH free radical
production during the metabolism of arachadonid,ashich is released from membrane
phospholipids under conditions of neuronal ded, as mentioned in section 6.1, play
an important role in the peroxidation of lipids atidis COX-1 inhibition may be the
primary mechanism by which ASA prevents QA indudipil peroxidation (Patrono,
1994).

These results provide novel information regardicgtaminophen antioxidant activity
with one other report of such activity, wherein taceinophen had been shown to
attenuate glutamate induced neurotoxicity in celiuprimary rat embryonic neurons
from mesencephalon (Caspetral., 2000). Furthermore, the potent inhibition ofidip
peroxidation by ASA provides novel knowledge on thechanism by which this agent
can offer neuroprotection. The actions of thesentsgas free radical scavengers in the
brain provides an alternative use of these, comynaséd drugs in neurodegenerative
disorders such as PD.
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6.5. EFFECT OF ACETYLSALICYLIC ACID AND
ACETAMINOPHEN IN MPP * INDUCED LIPID
PEROXIDATION IN RAT STRIATUM IN VIVO.

6.5.1. INTRODUCTION

Parkinson’s disease is a progressive neurodegeretisease characterized by the loss
of dopaminergic neurons in the nigrostriatal pathw&everal factors including
inflammation are believed to be involved in thehpgienesis of this disease. It has been
demonstrated that the enzyme cyclooxgenase (COM)etisas inflammatory mediators
are increased in PD (Iravadial., 2002; Knottet al., 2000). In the MPPanimal model

of PD it has been shown that inflammatory mechasisontribute to the neuronal
damage. There have been conflicting reports ashiether COX inhibitors are effective
in protecting neurons against MPfnduced neurotoxicity (Aubimt al., 1998; Thomas
and Mohanakumar, 2000).

Oxidative stress, with an increased production afvated oxygen species, such as
superoxide anion an®H radicals, has also been suggested to play aariam role in
nigral neuron death in PD. Oxidative stress in aligreurons in patients with PD
increases iron content (Dexter al., 1989), SOD activity and lipid peroxidation of
neuronal cells but decreases the levels of theceztlform of glutathione (GSH). Thus,
oxygen free radicals, especiall®H may be a causative factor in the onset and/or

progression of PD and may finally contribute tonogal cell death (Dextest al., 1989).
The aim of this experiment is to therefore dematstthe induction of lipid peroxidation

by MPF and to determine if ASA and acetaminophen are lapaf preventing the

MPP'-induced lipid peroxidation in rat striatuimvivo.
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6.5.2. MATERIALS AND METHODS

6.5.2.1. Chemicals and Reagents

As described in section 5.5.2.1.

6.5.2.2. Dosing of Animals

Adult male rats of the Wistar strain were houseds@parate cages, in a controlled
environment as described in appendix I. The aniwalse separated into five groups of

five animals each. Animals were dosed as descaligd.2.

6.5.2.3. Surgical Procedures

Rats were anaesthetized with diethyl ether as itestin chapter five, section 5.4.2.3.1.

6.5.2.3.1. Unilateral Intrastriatal Injections

Adult male Wistar rats were administered intrasséi injections of MPPas described in

section in chapter 5, section 5.5.2.3.2.

6.5.2.3.2. Sham Lesioned Rats

Sham lesioned rats were subjected with surgicatquhores as described in section
55.2.3.3.

6.5.2.3.3. Dissection of Rat Striatum

Striatum was removed as described in section 8.5.2.
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6.5.2.4. Lipid Peroxidation Assay

A modified method of Sagat al., (1992) and Dast al., (1990) was used in this assay.
The procedure as described in section 6.2.2.7 ellasved. Final results were expressed
as nmoles MDA/mg tissue and analyzed for statissggnificance as demonstrated in
section 6.2.2.8.

6.5.3. RESULTS

The results obtained from figure 6.11 illustratesttthe potent parkinsonian, neurotoxin
MPP" induced a significant rise +73%, in lipid peroxida in rat striatum when

compared to the control group (figure 6.11).

ASA was administered following MPRnfusion in the adult male rats and, as shown in
figure 6.11, the non-narcotic analgesic complebdtycked the potent lipid peroxidation
effect of the toxin in rat striata as there was significant difference in the MDA

concentration obtained for ASA treatment group tr@dcontrol group.

Figure 6.11, also demonstrates the effectiveneas@thminophen at attenuating the lipid

peroxidation when compared to the toxin group.

The combination of the ASA and acetaminophen sitanitly reduced MPRinduced
lipid peroxidation as shown in figure 6.13<0.001).
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Figure 6.11.The effect of then vivo administration of acetaminophen and acetylsalicyli
acid alone or in combination on intrastriatal iget MPP-induced lipid peroxidation in
rat striatal homogenate. Each bar represents than meSEM; n=5; #$<0.001 in
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Multiple Range Test.
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6.5.4. DISCUSSION

The important observations made from this studytheesignificant induction of lipid
peroxidation in rat striatum caused by the intrattt administration of MPPand the
potent antioxidant activity of the non-narcotic gesics, ASA and acetaminophen, in
attenuating the lipid peroxidation induced by MPPhe neuroprotection offered against
MPF, in vivo, by these two agents has not been previously tegpand is therefore

novel.

These results also indicate that the neuroprotecéiffects of these agents against
MPP'"-induced lipid peroxidation are independent of M@ibitory activity since MPP
was administered directly into the rat striatum.

Generation of free radicals is considered to be ohethe major factors in the
pathogenesis and progression of PD (Adams and @dur#91; Chiuelet al., 1994).
Primary cause of dopaminergic neuronal death instrstantia nigra following MPP
exposure has been reported to be the generatittre @H radical (Chiuelet al., 1994;
Obata, 2002). The use of antioxidants, such aspretgl and pargyline, has been
reported to protect dopaminergic neurons against TRIPor MPP-induced
neurodegeneration (Lerettal., 2002; LeWitt, 1994).

Kalivendi et al. (2003) demonstrated that¥glays an important role in MP#hduced
‘OH formation which ultimately results in lipid peddation as shown in figure 1.17.
Blum et al (2001) reported that MPTP/MPRdministration results in enhanced?Fe
levels in the brain which propagates the formati@m@ ROS resulting in
neurodegeneration. Since ASA has been shown tateheith Fé" and Fé&* ions (Kotrly
and Sucha, 1985), it can be postulated that thdirgnof ASA with iron could be

responsible for the results obtained from this gtud

Acetylsalicylic acid and acetaminophen have beewshin the present study, to possess

potent antioxidant activity at inhibiting MPfhduced lipid peroxidation in rat striatum.
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There is therefore potential that these drugs mayehan important role to play at
inhibiting the progression of the pathogenesis Bf $ince free radicals are widely

implicated in neurodegeneration in PD.

6.6. CONCLUSION

The results obtained from this chapter would séovencourage the use of these agents
as free radical scavengers in neurodegeneratigrdeiss such as Alzheimer’s disease
and PD since ASA and acetaminophen are capabédating the effect of the toxic free
radical inducers i.e. QA and MPPrespectively. This study provides substantial and
novel information regarding the potential of thesgents as free radical scavengers in
animal models mimicking neurodegenerative disord&srthermore ASA has been
shown to have neuroprotective properties howeventachanism by which this has been
achieved is controversial. These results show A8A¢ a potent inhibitor of lipid

peroxidation in the presence of QA thus maintairstrgctural integrity of neuronal cells.

The use of commonly used non-narcotic analgesicy as ASA and acetaminophen, in
MPP" induced PD would be a novel and cost effectiver@pgh in treating this
neurodegenerative disorder. ASA and acetaminoplam been shown to be potent
inhibitors of MPP-induction of free radicals in the rat striatumeTjpotential therapeutic
benefits that these agents may possess in pregektitP -induced neurotoxicity were

investigated in further chapters.
Thus the investigation into the neuroprotectiveefbf these agents was taken further by

performing histological and immunohistochemicalds#s in chapters seven and eight

respectively.
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CHAPTER SEVEN

HISTOLOGICAL STUDIES

7.1. INTRODUCTION

Histology is derived from the Greek wohitstos for web or tissue, antbgia, meaning

“the study of’ or knowledge and involves the exaation of preserved, sectioned and
stained tissues. It therefore refers to the sciefdissues of both plant and animal. Vast
knowledge of the internal structures of tissue frplents and animals has been gained
from this field of study (Hodgson & Bernard, 199Zhere are two basic types of cells

within the nervous system, which are referred toeagons and supportive cells.

Neurons are highly specialized cells that easilydemt nerve impulses and are easily
excited to produce them. A typical neuron exhibitgrge cell body with a large central
nucleus and many cytoplasmic extensions of whighrettare two types: dendrites and
axons. These features are also visible on a stametion of nervous tissue observed
under the microscope depicted in figure 7.1. Nesvissues have a wide distribution
throughout the body, innervating most visceral padpheral tissues.

The neuronal damage that characterizes neurodegmeatisorders such as AD and PD
is believed to result from, in part, over-activatiof glutamate receptors such as the
NMDA, which leads to a rise in intracellular €awhich promotes cell damage by both
activating destructive enzymes and the generatioaaxctive oxygen species. Quinolinic
acid, which is relatively selective for the NMDAceptor (Tsuzuket al., 1989; Mclarnon
and Curry, 1990), causes neuronal loss in vulneradgions in the mammalian brain
(Foster and Schwarcz, 1989). When introduced dyré@tio the mammalian CNS, QA is
a potent excitotoxin acting through excitatory amicid receptors to cause neuronal
excitation (Stone and Perkins, 1981), seizure #@ygti{tapin, 1981), and neuronal
degeneration (Schwaretal., 1984).



Figure 7.1. A high power magnified section of nervous tissuevehg large star shaped
neuronal cell body and the nerve cell processe8.(B%.184/.../ 40-03-Neuron.jpg).

In chapter six, it was shown that ASA, acetaminophed the combination of these
agents, protects against QA-induced lipid peroiatiabothin vivo andin vitro. Since,

these studies were only a measure of the MDA, wiich degraded lipid product, and
even though the decline in the formation of thagdliperoxidation product is indicative of
decreased cell damage, it is still important tongixe the structural changes in cells

following QA administration and treatment with A®Ad acetaminophen.
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The present study aims to examine the hippocampairons following an
intrahippocampal injection of QA, and treatmenthwvgubcutaneous injections of the
ASA and acetaminophen either alone or in combinatibwo different histological
techniques were employed and the hippocampal nalicalls were examined under a

light microscope attached with an Olympus camera.
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1.2 HISTOLOGICAL ANALYSISOF THE EFFECT
OF ACETYLSALICYLIC ACID AND
ACETAMINOPHEN AGAINST QA-INDUCED
NECROTIC DAMAGE TO HIPPOCAM PAL
NEURONSUSING CRESYL VIOLET STAIN.

7.2.1. INTRODUCTION

The Nissl stain, introduced by the German neurstogranz Nissl in the late nineteenth
century, is commonly used to study neurons underliht microscope. This stain is
extremely useful since it distinguishes neurons gl from one another and allows
histologists to study the arrangement or cytoaechitre of neurons in different parts of
the brain (Beaet al., 2001).

This study was performed to investigate the hippgza neuronal structural events that
intrahippocampal injections of QA induce in the CAshd CA3 regions of the

hippocampus. Acetylsalicylic acid and acetaminoplieas been shown to afford

protection against QA mediated oxidative stresshiapters five and six, it was decided to
determine whether ASA and acetaminophen offersapeatection against QA-induced

induced intrahippocampal lesions in the rat braifter treatment, the brains of the rats
were sectioned and the hippocampus was stainedcnesyl violet stain and examined
microscopically to detect changes in neuronal siinecand size, for evidence of any
morphological changes.
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1.2.2. MATERIALSAND METHODS

7.2.2.1. Chemicals and Reagents

Quinolinic acid was purchased from Sigma St. Loii), U.S.A. Paraffin wax was
obtained from Lasec (South Africa). Cresyl violgéais was purchased from BDH
Chemicals Ltd (England), while DPX was purchasesnfiPhilip Harris Ltd (England).
Haupt's adhesive consisted of the following: 1gagigk, 100ml water, 2g phenol and
15ml glycerol. All other chemicals were of the hagh quality available and were

purchased from commercial distributors.

7.2.2.2. Animals

Adult male rats of the Wistar strain housed in safgacages, in a controlled environment

as described in appendix I.

7.2.2.3. Surgical Procedures

The injection of QA into the hippocampus was carait as in chapter five, section
54.23.2.

7.2.24. Treatment Regime

The rats were dosed s.c. as described in chapterdection 5.4.2.2. Care was taken to

rotate the injection site as to allow for optimubsarption of the drug.

7.2.2.5. Histological Techniques

The histological techniques were performed accgrdim the methods described by
Southgate (1999).
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7.2.25.1. Fixation of brain tissue

The animals were sacrificed and the brains rem@gedescribed in appendix Il. Neural
tissues are extremely fragile and easily subjet¢tedapid anoxic and postmortem
changes. Immediately after death, animal tissuggnb® break down as a result of
autolysis and bacterial attack. To prevent thisnediate fixation of these tissues is
required (Chang, 1995). This process usually entaibmerging the tissues in stabilizing
or cross— linking agents or perfusing them withsthgubstances in order to preserve as
much as possible of the morphological and molecaleracteristics. The role of the
fixative is to maintain the morphology of the tissuas close tn vivo morphology as
possible and to prevent post-sampling necrosise@@mmended fixative used for the
study of brain tissue is Davidson’s solution. Thgar of fixative to tissue volume should
be at least 10:1 to ensure good fixation. Thustibn functions to chemically stabilize

proteins, and thus preserve structures (Southfags).

There is no universal fixative and choice shouldrize taking into account later use of
fixed material as well as practical aspects oftizeause (price, component availability,
etc). Davidson’s solution is an excellent choicegdreserving the structure of the tissues
(Lighter, 1996). In addition, tissue sections fixeith Davidson’s solution can be stained
later by different immunohistochemical methodswadl asin situ hybridization with
DNA proteins. Davidson’s alcohol formalin aceticicadixative consists of 220ml of
formalin (100%), 115ml of glacial acetic acid, 330of ethanol, and 335ml of water.

This mixture is stored at room temperature priaxge (Lighter, 1996).

Brains were rapidly fixed in the Davidson'’s fixaivnixture for 48 hours. After fixation,
a slice of brain, 2mm thick was prepared to excltidelocation of the injection track,
which was normally apparent from the residual dingbf the cortical surface produced
by the needle penetration. Exclusion of the tistivectly below the site of the injection
ensured that all damage was due to neurotoxin vg @nd not due to the physical
damage caused by the cannula needle. The 2mm bfdmlain tissues were then stored

in 70% ethanol.
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7.2.25.2. Specimen Preparation and Embedding

In order to be cut, the slices need to be suppoEetbedding involves the infiltration

and orientation of tissue in the paraffin wax suppoedium. Moisture was extracted

from the tissue fragments by bathing them succelsin a graded series of mixtures of
ethanol. This step was followed by the clearingcpss, which involves the removal of
ethanol by immersing the tissue in xylene twicedoe hour each. The tissue was then
submerged in molten paraffin wax at’67twice for one hour each, which facilitated the
removal of xylene and while infiltrating the tissw&hout encountering water. This stage
provides the hardness and support that the tigsperes for sectioning. The method used

is shown in Table 7.1

Table 7.1. Procedure for embedding brains in parafiiax.

Step Processing Agent Time (Hours)

1 70% Ethanol 1
2 90% Ethanol 1
3 Absolute Ethanol 1
4 Absolute Ethanol 1
5 Xylene 1

6 Xylene 1

7 Melted Paraffin Wax 1
8 Melted Paraffin Wax 1

7.2.25.3. Blocking Out

The brain material was fixed into a block and thwiecedure was performed in order to
form a support that would facilitate sectioningngsithe rotary microtome. The mould
used was a plastic ice tray and this was coatdd etitanol-glycine to prevent the block
sticking to the mould. The brain was removed frdva final molten wax stage (previous

section) and placed into the mould with warmeddpesc The brain was then completely
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covered in molten wax. Air was gently blown ovee turface of the wax until the top
solidified. The entire mould was then immersed aldevater overnight to facilitate
quicker solidification and to prevent the formatioh crystals that might disrupt the

tissue.

7.2.25.4. Sectioning

Sectioning is a technique performed using a mien@toThis is an instrument, which
consists of a sharp metal knife held in a fixeditgms, and a chuck in which a block of
wax with the tissue is held. Depending on the typmicrotome, a particular mechanism
oscillates the chuck up and down and with eacHlagon; the chuck is brought closer to
the knife by a fixed distance. In this way sectians cut from the wax block (Hodgson &
Bernard, 1992). The wax block was trimmed with zoreblade so that two of the sides
were parallel, while the other two converged sliglifigure 7.2). The sides were cut so
as to leave about 2 mm of wax around the tissue.Wdx block was attached to a small
wooden block with a small amount of molten wax.

Figure 7.2. Diagram of wax block ready for sectioning with batin embedded in the
centre (Southgate, 1999)
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Sectioning was done using a RMC MT-7 rotary micne¢o The microtome was set to cut
sections of 10um thickness. As sections were @settwould stick to one another, so as
to form long ribbons. When the part of the braimtaining the hippocampus was

reached, every second section was removed anddplaca water bath (40C) using

forceps, which smoothens out the wrinkles.

7.2.255. Transferring Sectionsto Slides

Three sections at a time were removed from the nmiaégh and placed onto glass
microscope slides using a thin paintbrush. Thesghklisle was initially brushed with a
thin layer of Haupt's adhesive before the sectimese mounted. The slides were left

overnight in an oven at 40 to enable the section to adhere to the slide.

7.2.25.6. Staining

This stain, stains the Nissl substances intens@lguand the nuclei purple. The

background is left clear (Bauet al., 1974). Figure 7.3 shows a Nissl-stained coronal

section through the caudal telencephalon of areah lepicting the hippocampus.

Yy

Figure 7.3. (Left) A coronal section through the caudal telgfwdon of a rat brain
displaying the hippocampal structure and three isigidns. (Right) A magnified view of

the rat hippocampus.
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Since this dye is water soluble, the entire embeglgrocess had to be reversed in order
to remove the paraffin wax from the tissue andvali@netration of the dye. The paraffin
was removed by running the slides through xyleneenor five minutes each, followed
by immersion in a mixture of xylene and absoluteaatl (1:1) for three minutes. This
step was followed by immersion in absolute ethafwl five minutes, and then

re-immersion in absolute ethanol overnight. This wane as per Table 7.2.

Table 7.2. Procedure for dewaxing and rehydrating brain sestio

Step Processing Agent Time (minutes)
1 Xylene (dewaxing) 5
2 Xylene 5
3 Xylene / Absolute Ethanol (1:1) 3
4 Absolute Ethanol 5
5 Absolute Ethanol Overnight at 30C

Sections were stained by placing in a 0.1% cresjévsolution for 2 hours. The cresyl
violet solution contained 0.25g cresyl violet, 2ZB0Milli-Q water, 0.75 ml glacial acetic
acid and 0.0512g sodium acetate. The pH was adjust®.5 before use. The slides were
differentiated rapidly in 95% ethanol by rinsinganflat dish until the background was

clear. Sections were then dehydrated again as shoWable 7.3.

Table 7.3. Procedure for dehydrating brain sections aftenstgi

Step Processing Agent Time (minutes)
1 Absolute Ethanol 5
2 Absolute Ethanol 5
3 Xylene 5
4 Xylene 5
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7.2.257. Mounting of the Slides

The stained section on the slide must be cover#d avihin piece of plastic or glass to
protect the tissue from external damage like shimafg and to provide better optical
quality for viewing under the microscope. While gleles were kept moist with xylene,
enough DPX was added to just cover the tissue.\v&rcslip was placed over the tissue.

The slides were allowed to dry on a flat surfage4f® hours.

7.2.25.8. Photo-microscopy

The slides were photographed using a combinatiogm@ls camera and light

microscope.

7.2.3. RESULTS

Neurons in the CAl1 and CA3 regions of the hippoaasnprvere examined

microscopically. Sections of the CA1 and CAS3 regiaf the control treated rats (figure
7.4, photomicrographs a and f) showed optimallgajzpyramidal shaped neuronal cells
with a clearly observable cell nucleus and contirugell membrane. The cells are
grouped closely together to form a band — like apgece, which is characteristic of both
the CA1 and CA3 regions. Thus the neurons in boehGA1 and CA3 region appear to
be undamaged. The neurons and nuclei were staméatemse purple colour while the

background appeared light purple to a pink colour.

The hippocampal neuronal cells of both regionshef QA treated animals (figure 7.4
photomicrographs b and g) show extensive degeparéis shown by the arrows). This
is evident by virtue of their roundness and swgllitThe hippocampal cells appear
scattered with little integrity of cell membranedaappearance of dense nuclei. Necrosis

of the neuronal cells in many areas is also evignindicated by arrows).
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It is evident from figure 7.4 that the CA1 and CA®jions of the rats treated with QA
and with either ASA (photomicrographs ¢ and h),tacenophen (photomicrographs d
and I) or the combination of these agents (photmygiaphs e and j), that the neurons
show significant protection in comparison to thenoas of the QA only treated rats. The
cells maintained their structural integrity follows exposure to QA and post surgical

treatment with ASA and acetaminophen.
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Figure 7.4. QA toxicity and the protective effects of acetyisgic acid and

acetaminophen alone or in combination on rat hippgzal neurons using cresyl violet
stain. Micrographs (a-e) indicate cells in the C#&Gjion of the hippocampus from a
control animal (a), an animal treated with QA (lapimal treated with QA and
acetylsalicylic acid (c), animal treated with QAdascetaminophen (d) and animal treated
with QA and acetaminophen and acetylsalicylic de)d Micrographs (f-j) indicate cells
in the CA3 region of the hippocampus from a con&oimal (f), an animal treated with
QA (g), animal treated with QA and acetylsalicydicid (h), animal treated with QA and
acetaminophen (i) and animal treated with QA anetaaminophen and acetylsalicylic
acid (j). Bar = 1qm.
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1.2.4. DISCUSSION

The results of the present study clearly illusttai@ QA is a potent neurotoxin, which
damages the structural integrity of cells resulimgell death. The cell damage induced
by QA is dependent on the NMDA receptor. Howewverpider for NMDA receptors to
be activated, another non-NMDA glutamate receptehsas AMPA must be activated.
This activation results in an influx of Niéons into the cell causing a depolarization of the
membrane. The depolarization results in the remo¥/#he magnesium block, allowing
the opening of the channel once QA has bound. ®peaed, C& ions move through
and into the neuron. In cases where there aredugbentrations of glutamate within the
synapse, excessive activation of glutamate receptmurs; resulting in a €adependent
rise in free radicals and acute toxicity follows:ute toxicity occurs because of the rapid
influx of Na" ions into the neurons, which causes passive veaigICl entry via osmotic
pressure. This toxic process may be associated wlthormalities in membrane

permeability and may be lethal, via osmotic lySisthgate, 1999).

The process that takes place may be direct, by-siiraulation of the neuron leading to
prolonged depolarization and depletion of energemees, or exchange. In addition, the
activation of the NMDA receptor by QA results infiather influx of C&" ions. This
together with the water uptake results in the gmgllof the cells evident in the

photomicrographs (figure 7.4 b and g).

The damage produced by QA is also partly depenaderthe gliosis and inflammatory
reaction, which occurs in response to excitotoxiallienge (Beharet al., 1999).
Activated microglia as well as activated macroplsagdich infiltrate the CNS in the
aftermath of insults or lesions are known to pred®©OS which could account for some
of the neuronal damage vivo. Quinolinic acid could act synergistically withetiROS
produced from this source to cause damage, whidependent on both the activation of
NMDA receptors and the oxidative stress imposedrég radical generation. However,
QA must also be able to generate ROS independehguch cells, in view of the O

generation and lipid peroxidation which was nateditro andin vivo in chapter five and
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chapter six. The neurons damaged due to the caneetiie were excluded ensuring that
all damage was of an excitotoxin-induced naturerastddue to physical damage caused

by the needle tract.

The results provide visual evidence that ASA anetaninophen reduce QA damage in
the hippocampus of the rat. These results alsoes&vconfirm that free radical
generation, as observed in chapters five and milyced by QA plays an important role
in cell degeneration. The ability of ASA and acetawphen to maintain cell integrity
further enhances the importance of the use of naum#ibxidants in the treatment of

neurodegenerative disorders such as AD and PD.
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7.3. HISTOLOGICAL ANALYSIS OF THE EFFECT
OF ACETYLSALICYLIC ACID AND
ACETAMINOPHEN AGAINST QA-INDUCED
NECROTIC DAMAGE TO HIPPOCAMPAL
NEURONSUSING ACID FUCHSIN STAIN.

7.3.1. INTRODUCTION

Acidophilia is considered as one of the hallmarkaaute neuronal damage and death in
brain ischemia, excitotoxic and traumatic lesiond apileptic seizure (Victoroet al.,
2000). Acidophilic (“red”) neurons stain intensiyekith acidic (anionic) dyes, such as
acid fuchsin. Histochemical analysis of the stainby these anionic dyes shows that
nuclear and cytoplasmatic acidophilia of degenegatieurons is due to proteins rich in
arginine and lysine (Kiernaet al., 1998). The principal features of damaged neurons
expressing acidophilia were initially describedSyielmeyer (1922) in autopsy material,
which included shrinkage of neuronal somata, de&bion and displacement of strongly

stained nuclei, chromatolysis, and acidophilighef tytoplasm.

In this experiment it was decided to investigateethier ASA and acetaminophen either
alone or in combination offer neuroprotection aghi®A -induced intrahippocampal
toxicity in the rat hippocampus. After treatmehg brains of the rats were sectioned and
the hippocampus was examined microscopically foidence of acidophilic and

hyperchromatic shrunken neurons.

20¢



Histology

7.3.2. MATERIALSAND METHODS

7.3.2.1. Chemicals and Reagents

Quinolinic acid, ammonium metavanadate, borax (sodietraborate), sodium acetate,

acid fuchsin, and toluidine blue were purchasednfrSigma St. Louis, MO, U.S.A.

Acetic acid glacial was purchased from SaarchemYJPOtd., Krugersdorp, South

Africa. All other chemicals were of the highest biyaavailable and were purchased

from commercial distributors.

7.3.2.1. Solution Preparation

a)

b)

9)

Ammonium metavanadate solutiorb00mg of ammonium metavanadate was

dissolved in 100ml of hot (80-90) distilled water with constant stirring.

Vanadium acid fuchsin (VAF)100mg of acid fuchsin was dissolved in 75ml of

distilled water and to this solution, 25ml of 0.5 monium metavanadate solution
and 1ml of glacial acetic acid was added.

Acetic acid —sodium acetate buffer (pH 3.B30mg of sodium acetate was dissolved

in 100ml of distilled water; to this solution 1.2oflglacial acetic acid was added.
Toluidine blue 25mg of toluidine blue was dissolved in 100mbkoétic acid-sodium
acetate buffer.

0.01% solution of borax. This solution needs tahbanged regularly.

Acid alcohol (1% hydrochloric acid in 70% alcohol).

1% solution of sodium bicarbonate. This solutioedgeto be changed regularly.

7.3.2.3. Treatment Regime

Adult male rats of the Wistar strain housed in sag@acages, in a controlled environment

as described in appendix I. Surgical procedure® wenducted according to the method

described in 5.4.2.3, and the rats were doseas aescribed in section 5.4.2.2.
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7.3.24. Histological Techniques

The histological techniques were followed accordiogthe methods described by
Victorov et al., (2000).

7.3.24.1. Fixingthebrain

The animals were sacrificed and the brains remoaedin section 2.2.2.4., and

immediately fixed as described in section 7.2.2.5.1

7.3.24.2. Specimen Preparation and Embedding

Dehydration of tissue fragments and embeddingssuig in paraffin wax was conducted
as described in section 7.2.2.5.2.

7.3.24.3. Blocking Out

The brain material was fixed into a block as désatiin section 7.2.2.5.3.

7.3.24.4. Sectioning

Sectioning was done using a rotary microtome ad@ Am thickness sections were cut

as described in section 7.2.2.5.4.

7.3.245. Transferring Sectionsto Slides

Sections placed onto glass microscope slides usinigin paintbrush as described in
section 7.2.2.5.5.
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7.3.24.6. Staining

Paraffin wax was removed from the tissue to all@mgiration of the dye. The paraffin
was removed by running the slides through xylene fiee minutes, followed by

dehydrating the slides in a graded ethanol solatid@®0%, 96%, 70%) for 5 min each.
Thereafter the slides were washed in distilled wakbe slides were then stained with
VAF for 1 min (maximum of 2 min) and thereafters@d in distilled water. The slides
were then rinsed with 0.01% borax solution for 28 until a light red colour of the
section was obtained and then rinsed again inlldstivater. The slides were immersed
in acetate buffer for 30s and then counterstaineth woluidine blue for 20-30s

(maximum of 1 min).

The slides were then rinsed with acetate buffeBfds until the sections were a pale sky
blue colour with at pale reddish brown backgrouhle slides were examined using a
light microscope to determine if staining was $atry. Abnormal neurons are stained
a deep red colour while healthy neurons stain & diare colour. Once staining has been
achieved satisfactorily the slides were rinsed Wiitilled water, blotted gently dry with

filter paper and dehydrated as described abovealneT7.3.

The stained sections were mounted with cover sigpdescribed in section 7.3.2.5.6 and

photographed using a combination Olympus camerdiginidmicroscope.

7.3.3. RESULTS

From the photomicrographs, of the CA1 and CA3 megiof control group, it was evident
that the nuclei and cell membrane of healthy, uratged neurons were stained blue
while abnormal hippocampal neurons stood out aghbried objects against a brownish
pink background (figure 7.5, photomicrographs a §ndt is evident from figure 7.5.
(photomicrographs b and g), by the extensive rathisig of damaged neurons, that QA
caused excessive damage to the CAl and CA3 regbrthe hippocampus. The

abnormal neurons were variable in appearance atdbdition. The dose (100mg/kg) of
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ASA (photomicrographs ¢ and h), acetaminophen (phatrographs d and i) and the
combination of these agents (photomicrographs ejjansked was effective in protecting
the neurons of the CA1 and CAS3 regions of the hgapapus from QA induced neuronal
damage. This is due to the lack of acidophilic naarthat were visible. In order to obtain
a fair assessment of the effects of these agemiss#fime region (throughout the

rostrocaudal extent) of the hippocampus was vieagedompared to the toxin and control
groups.
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Figure 7.5. QA toxicity and the protective effects of acetyisgic acid and

acetaminophen alone or in combination on rat hippgzal neurons using acid fuchsin
stain. Micrographs (a-e) indicate cells in the Césbion of the hippocampus from: a
control animal (a), an animal treated with QA (lapimal treated with QA and
acetylsalicylic acid (c), animal treated with QAdascetaminophen (d) and animal treated
with QA and acetaminophen and acetylsalicylic del)d Micrographs (f-)) indicate cells
in the CAS3 region of the hippocampus from: a cdréwmamal (f), an animal treated with
QA (9), animal treated with QA and acetylsalicydicid (h), animal treated with QA and
acetaminophen (i) and animal treated with QA anetaminophen and acetylsalicylic
acid (j). Bar = 1qm.
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The combination of the acetaminophen and ASA was abnducive to protecting the
structural integrity of the hippocampal neuronse Hections from photomicrographs e
and j of the CA1 and CAS3 regions respectively, feg.5, clearly demonstrates the

neuroprotective effects of the combination of ASAlacetaminophen.

7.3.4. DISCUSSION

Acid fuchsin, a biological stain, has been utilized cell death of hypoglycaemia,
traumatic injury and excitotoxicity (Auet al., 1985). In any necrotic tissue the cells that
remain recognizable commonly exhibit increasechdffifor anionic dyes. In the CNS,
acidophilic neurons are a useful indicator of tkeelt of damage in incomplete lesions
such as the dispersed damage caused by the adatioistof an excitotoxin (Tanaka &
Simon, 1994).

Acidophilia is generally considered as a sign odversible (necrotic) neuronal damage
(Kirino et al., 1985). Shrunken neurons displaying ischemicaehges are necrotic, but
they differ from swollen “truly” necrotic cells (@aaet al., 1995; Rosenblum, 1997). In

subsequent studies, acidophilic (red) neurons vadrgerved in experimental brain

(Garcia & Conger, 1986; Garcit al., 1995; Kirinoet al., 1985). This type of acute

neuronal damage is not unique to ischemia (Kighal., 1985), but was also found in

hypoglycaemia (Aueret al., 1984), epilepsy (Chang & Baram, 1994), excit@ox

neuronal lesions (Kiernagt al., 1998), and brain trauma (Suttetral., 1993).

Initially, necrotic neurons were considered to lBeinons removed from brain tissue in
separate experiments studying the time course etiisue damage. However, it soon
became apparent that all neurons, which demongti@tpronounced affinity for acid
dyes, were moribund. However, reversible acidophilas observed in the hippocampus
of rats after epileptic seizures induced by kaad (Chang & Braham, 1994).

Excitotoxins such as QA are known to cause oxigatlamage to the hippocampus of

rats as shown in chapter five and chapter sixhénpresent study it is evident that this
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toxin brought about hippocampal neuronal deathoith the CA1 and CA3 region. These
results further support the Nissl stained sections.

These results further confirm the findings from tdissl staining, which indicate that
ASA and acetaminophen afford protection against @dAuced cell damage. This
confirmation further enhances the role of thesentsgas potent free radical scavengers in
the brain.

74. CONCLUSON

From the results obtained in this chapter, it iglent that ASA and acetaminophen
attenuate QA insult in the rat hippocampus. Hey€9§) reported that microglia and
macrophages might be an important source of QAatexicity. The protection elicited
by ASA and acetaminophen as well as that shownnsagahe increase in lipid
peroxidation in chapter six, could be due to itsicidant property. However it was
therefore decided to investigate whether QA camdedapoptotic cell death in the rat
hippocampus. QA is known to induce apoptosis instii@tum of rats (Qiret al., 2001;
Nakaiet al., 1999). Furthermore any effects that these ageatshave on potential QA-

induced apoptotic cell death, would be investigated
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CHAPTER EIGHT

APOPTOSIS

8.1. INTRODUCTION

Apoptosis is defined as a physiological and regdlatnode of cell death. Cells
undergoing apoptotic cell death exhibit several photogical characteristics, such as
chromatin condensation, nuclear fragmentation, itep of plasma membrane, cell
shrinkage, cytoplasmic condensation, nucleosomaR Ditdgmentation (DNA ladder),
and formation of apoptotic bodies. During the apes process, organelles especially
mitochondria, remain morphologically intact untétd stages. Apoptotic cells are
phagocytosed by macrophages or microglial cellgethe preventing inflammation that
occurs during necrosis. This may be a short prosess/o (Kerr et al., 1972; Clarke,
1990).

Apoptosis can be induced by a number of stimulta®wyn in figure 8.1. In some cases
apoptosis is initiated following intrinsic signalbat are produced following cellular
stress. Cellular stress may occur from exposumadation(2) or chemicals or to viral
infection (3). It might also be a consequence of growth factprigation or oxidative
stress. In general intrinsic signals initiate apsef# via the involvement of the
mitochondria(5). The relative ratios of the various bcl-2 protega often determine
how much cellular stress is necessary to inducetapis. In some cases the apoptotic
stimuli comprise extrinsic signals such as the inigcbf death inducing ligands to cell
surface receptor¢l) or the induction of apoptosis by cytotoxic T-lynaalytes by
granzyme(4). The latter occurs when T-cells recognise damagedrus infected cells
and initiate apoptosis in order to prevent damagells from becoming neoplastic

(cancerous) or virus-infected cells from spreadiveinfection.
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Figure 8.1. Some of the major stimuli that can induce apoptosis
(www.sghms.ac.uk/depts/immun.html). Cellular stresay occur from exposure to
radiation (2) or chemicals or to viral infectioB8). In general intrinsic signals initiate
apoptosis via the involvement of the mitochondi In some cases the apoptotic
stimuli comprise extrinsic signals such as the inigcbf death inducing ligands to cell
surface receptor¢l) or the induction of apoptosis by cytotoxic T-lynaalytes by
granzymeg4).

Conversely necrosis is characterized by cytoplasthrauclear swelling, loss of plasma

membrane integrity and release of cellular conteastening the immune response
(Clarke, 1990). Apoptotic cells exhibit apoptotiodies containing the cellular material

and are recognized and removed by phagocytes.didivof a cascade of proapoptotic

proteins, known as caspases, precedes the morptadlcganges. Eventually, activated

caspase-3 cleaves an inhibitory protein of the asesactivated DNase which then act as
endonuclease to digest DNA (Enefral.,1998; Sakahirat al., 1998).
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One of the hallmarks of apoptosis is fragmentat@nDNA, which is visible as

‘laddering’ on an electrophoresis gel. However, afitforms of apoptosis appear to
involve the same amount of laddering (Wylgeal., 1984), or this phenomenon may
occur at a relatively late stage in apoptosis. Aoddally, this method does not allow for
the identification of individual apoptotic cellshé&refore, labelling of DNA-strand breaks
in situ is useful for identification of cells undergoingagptosis, particularly for the

detection of early stages of apoptosis. FiguresB@ws the processes leading to DNA

cleavage and nuclear changes in the cell

Figure 8.2.Processes leading to DNA cleavage and nuclear elsanghe cell. AD)
caspase-activated deoxyribonuclea8AD ) caspase-activated deoxyribonuclease
inhibitor, PARP) poly(ADP-ribose) polymerase, ap83 is a pro-apoptotic gene.
(www.sghms.ac.uk/depts/immunology/%7Edash/apoptosis.html).

PARP is involved in repair of DNA damage and fuois by catalyzing the synthesis of
poly (ADP-ribose) and by binding to DNA strand tkea@and modifying nuclear proteins.
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The ability of PARP to repair DNA damage is preeehiollowing cleavage of PARP by
caspase-3 as shown in figure 8.2.

An enzyme known as CAD, as shown in figure 8.2 seauthe fragmentation of DNA
into nucleosomal units, or caspase activated DNdsemally CAD exists as an inactive
complex with ICAD (inhibitor of CAD, also known d3NA fragmentation factor45).
During apoptosis, ICAD is cleaved by caspasesudiol caspase 3, to release CAD.
Since CAD is a DNase with a high specific actifitpmparable to or higher than DNase
| and DNase II) rapid fragmentation of the nucB&lA follows.

The TUNEL method was designed as a histochemicahnique to detect
internucleosomal DNA fragmentation at the levelimdividual cells (Gavrieliet al.,
1992; Ben-Sassoet al., 1995). The TUNEL reaction preferentially lab&BIA strand
breaks generated during apoptosis and this allossrichination of apoptosis from
necrosis and from primary DNA strand breaks induogdytostatic drugs or irradiation
(Gorczycaet al., 1993). Several methods have been describecetdifiy apoptotic cells
(Afanasyewt al., 1993; Brysoret al., 1994; Darzynkiewicet al., 1992).

Endonucleolysis is considered as the key biochdn@eant of apoptosis, resulting in
cleavage of nuclear DNA into oligonucleosome-sifragments. Therefore, this process
is commonly used for detection of apoptosis bytyipecal ‘DNA ladder” on agarose gels
during electrophoresis. This method, however, camprovide information regarding
apoptosis in individual cells nor relate cellulgmoptosis to histological localization or
cell differentiation. This can be done by enzymatisitu labelling of apoptosis induced
DNA strand breaks.

DNA polymerase as well as terminal deoxynucleotiglghsferase (TdT) (www.roche-
applied-science.com) has been used for the incatiparof labelled nucleotides to DNA
strand break situ. The tailing reaction using TdT, which was alseai#ed as ISEL

(in situ end labelling) (Gorczycat al., 1993) or TUNEL (TdT-mediated dUTP nick end
labelling) (Gavrieliet al., 1992; Sgonet al., 1994) technique, has several advantages in

comparison to then situ nick translation (ISNT) using DNA polymerase:
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1. Label intensity of apoptotic cells is higher WiTUNEL compared to ISNT,
resulting in an increased sensitivity (Gorczgtal., 1993).

2. Kinetics of nucleotide incorporation is very ipvith TUNEL compared to the
ISNT (Gorczyceet al., 1993).

3. TUNEL preferentially labels apoptosis in comparistm necrosis thereby
discriminating apoptosis from necrosis and frommay DNA strand breaks

induced by antitumour drugs, irradiation or exatons (Gorczycat al., 1993).

Cleavage of genomic DNA during apoptosis may yeddble stranded, low molecular
weight DNA fragments (mono-and oligonucleosomes)vadl as single strand breaks
(‘nicks’) in high molecular weight DNA. Those DNArand breaks can be identified by
labeling free 3*OH termini modified nucleotides in an enzymaticctean. The working

procedure described below was published by Sgenal., (1994) and the TUNEL

method was used, for the experiments of this chafatdabel DNA strand breaks. Stage
one involves the labeling of DNA strand breaks Withr. This catalyses polymerization
of labeled nucleotides to free 3'-OHM DNA ends inteanplate-independent manner
(TUNEL-reaction). In stage two, the fluorescein dlb incorporated in nucleotide
polymers are detected and quantified by fluoreseenzroscopy (www.roche-applied-

science.com).

Apoptosis has been found to be implicated in cihicutcomes in neurodegenerative
disorders, such as AD and PD (Wyllie, 1998). Thaosthis chapter it was decided to
investigate the ability of QA and MPRo promote apoptosis in the hippocampus and
striatum, respectively, and protection offered Hye ttreatment with ASA and
acetaminophen using Situ Cell Death Detection Kits. This kit is designedaagrecise,
fast, and simple, non-radioactive technique for thetection and quantification of
apoptosis at single cell level in cells and tissbased on labeling of DNA strand breaks

(TUNEL technology) using either fluorescence micaysy or light microscopy.
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8.2. THE EFFECT OF ACETYLSALICYLIC ACID
AND ACETAMINOPHEN AGAINST
QA-INDUCED APOPTOSIS.

8.2.1. INTRODUCTION

Cells are consistently generating ROS during aerofetabolism. As a consequence,
each cell is equipped with an extensive antioxidkfense system to combat excessive
production of ROS. Oxidative stress occurs in cellsen the generation of ROS
overwhelms the cell's natural defense systems. efhera growing consensus that
oxidative stress plays a pivotal role in regulatagpptosis, a tightly controlled form of
cell death in which a cell partakes in its own dam(Cotteket al., 2002). The importance
of the excess generation of ROS has been dematsttat be associated with
neurodegenerative disorders including PD, AD, HIRI amyotrophic lateral sclerosis
(Sun and Chen, 1998; Matetal., 1999).

In chapter 5, QA was shown to cause extensive gtaduof Q" in the rat hippocampus

in vivo and thus apoptosis is postulated as a possiblee mécheuronal cell death.
Quinolinic acid has been reported to play a roldMA fragmentation (Ogatat al.,
2000). Ogatat al., (2000) showed that QA induced apoptosis viectspase pathway in
HL-60 cells. Quinolinic acid is a natural metabeliin the NAD cycle for NAD
biosynthesis and metabolism in animals and NADniswn as the substrate for PARP
involved in apoptosis (Ogatat al., 2000). Previous studies have suggested that NAD
metabolism, especially PARP participates in thecesses of apoptosis induced by

various stimuli (Shiokawat al., 1997).

Furthermore, the excitotoxin, QA is known to indumgoptosis in the striatum of rats
(Qin et al., 2001; Nakaiet al., 1999). Henchcliffe & Burke (1997) showed extegsi
apoptosis 24 hrs after striatal QA lesion. This wasther supported by recent

observations that suggest that QA induced desbrudf striatal cells occurs, at least in
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part, by an apoptotic mechanism (Portera-Cailigal., 1995; Qinet al., 1996; Dihnéet
al., 2001). Quinolinic acid lesioned neuronal cellavédh been shown to undergo
programmed cell death (Ubeetial., 2003).

Since the ability of QA to induce necrotic cell ttean the CA1 and CA3 hippocampal

neurons was shown in chapter seven, it was dedm@uvestigate whether QA causes
apoptotic cell death as well. The non-narcotic gesits, ASA and acetaminophen, alone
and in combination, have been shown to protectnafjadA-induced oxidative stress,

excitotoxicity and necrotic cell death in the hippmpus. Thus, the aim of this study is to
investigate whether lesioning of the hippocampu$ V@A results in apoptotic neuronal

death and if co-treatment of rats with QA and AW acetaminophen either alone or in
combination results in reducing the apoptotic nesyousing thein situ cell death

detection Kkit, fluorescein.

8.2.2. MATERIALS AND METHODS

8.2.2.1 Chemicals and Reagents

Quinolinic acid, ASA, and acetaminophen were pusedafrom Sigma St. Louis, MO,
U.S.A. Aminopropyltriethoxysilane (APES) was purskd from NT lab Fluka. Paraffin
wax was obtained from Lasec (South Afridaysitu cell death detection kit, fluorescein,
proteinase K (nuclease free) and DNase 1, gragesitive control) were purchased from
Roche Diagnostics, (Nonnenwald, Penzberg). Forrmgtiks glacial acetic acid, absolute
ethanol, xylene, and chloroform were purchased fBaarchem, Gauteng, SA while the
aqueous mountant, SHUR/MOUNTwas purchased from Triangle Biomedical Sciences
Inc, Durham, USA. All other chemicals were of thghest quality available and were
purchased from commercial distributors.
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8.2.2.2. Animals

Adult male rats were cared for as described in agppd.

8.2.2.3. Surgical Procedures

Animals were dosed as described in section 5.4vwhie the bilateral injection of QA
into the hippocampus was carried out as in se&tiér?.3.2.

8.2.2.4. Histological Techniques for Apoptosis Det&on

The histological techniques were followed accordimghe method described by tihre
situ cell death detection kit, fluorescein instructionanual (www.roche-applied-
science/pack-insert/1684795a.pdf).

8.2.2.4.1. Fixation and Processing of Brain Tissues

Fixation of the brain tissue can have dramatic oat$feon the cellular morphology of

histological sections. Fixation of brain tissue wWdobe performed rapidly without

unnecessary handling beforehand, because neurtasiaing artifacts generated by
manipulation can be misinterpreted as pyknotic @iuicl neurons. The brain tissue was
fixed according to the method described in chagg®en, section 7.2.2.5.1.

The fixation process was terminated by dehydratimg brain tissue. For apoptosis
detection, traditional processing and embeddingrtiegies cannot be used as described
in chapter 7, section 7.2.2.5.2. Thus, in ordeetiuce residual damage and improve the
fluorescence of the tissue, reagents that coukttthe fluorescence were eliminated
from the procedure. Moisture was extracted fromtibsue fragments by bathing them
successively in a graded series of mixtures ofrethand this step was followed by the

clearing and defatting process that involves thraoneal of ethanol by immersing the
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tissue in chloroform. The tissue was then submeigeaiolten paraffin wax (MP 57-
58°C) at 60C for one hour, which facilitated the removal oflabform and while
infiltrating the tissue without encountering watat.the end of this 1 hr period the brain
tissue was placed under vacuum to remove anyaimas trapped in the wax for 15min.
Subsequently, the brain tissues were placed inwaxy twice for a period of 1hr each.
Finally the brain tissue was embedded in molten arak this stage provides the hardness
and support that the tissue requires for sectionifige method used here is a
modification of the method described by Geigeal., (1997) and is described in Table
8.1. The tissues can be stored in paraffin indefiniwithout visible influence on the
guality of TUNEL reactions (Geiget al., 1997).

Table 8.1.Fixation and Processing of Tissues for Paraffin Edaling.

Step Processing Agent Time (Hours)
Fixation Davidson’s Fixative solution 48 hrs
Dehydration 50% Absolute Ethanol 1x2hrs

70% Absolute Ethanol 1x2hrs
80% Absolute Ethanol 1x2hrs
90% Absolute Ethanol 1x2hrs
96% Absolute Ethanol 2x2hrs
100% Absolute Ethanol 3x2hrs
Clearing Absolute Ethanol: Chloroform (1:1) 1x 2 hrs
Chloroform 1x2hrs
Xylene: Chloroform (1:1) at 6C 1x1hr
Wax Immersion | Melted Paraffin Wax (MP 57-58) at 60C 1x 1 hr
Vacuum at 66C 15min
Melted wax 2 X 1hrs
Embedding In molten Wax Overnight
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8.2.2.4.2. Sectioning

Paraffin sections were cut by standard methodseasritbed in chapter seven, section
7.2.2.5.4. The sections of paraffin-embedded tisgere cut fim thick and placed on the

APES coated slides. The treatment procedure foslities is described below.

8.2.2.4.3. Treatment of Slides

When mounting paraffin sections on slides, it iparant to use an appropriate adhesive
to avoid loss of sections during the subsequenhiwgsprocedures. Sections can be
mounted on Superfrost slides or on glass slidashtinge been coated (subbed) with either
aminopropyl triethoxysilane (APES) or poly-L-lysinAPES has been shown to be
superior to poly-L-lysine in preventing tissue dét@ent from the glass (Ben-Sas®bn
al., 1995) and thus, APES was use to treat the glasss prior to use. The slides were
subbed at least 2 days prior to the applicaticth@fparaffin sections.

The method described by Herrington and McGee (19&%2)used for treating the slides.
Briefly, the slides were placed in a rack and osghby immersion for 30 min in 2%
Decon 90 made in warm (BD) distilled water. This was followed by rinsingdistilled
water, and then in acetone and finally air dyinge Blides were then immersed into 2%
APES made in acetone for 30 min. Finally the slidese rinsed with acetone, washed in
distilled water and air dried at 37. The slides were then stored in a dry place fdays

prior to use.

8.2.2.4.4. Transferring Sections to Slides

One or two sections at a time were removed fromwater bath and placed onto glass
microscope slides using a thin paint brush. Theafpar slides were stored at room

temperature until use to enable the section toradioethe slide.
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8.2.2.4.5. Deparaffinising Sections

Deparaffination should be as complete as possgitee remaining paraffin adversely
affects the TUNEL reaction. The sections were lie&@C for 20 min (Gavrieliet al.,
1992) and then hydrated through several bathslehryand a graded series of ethanol at
concentrations ranging from 100 to 70% with an imsioe time of 3 min per bath as
shown in table 8.2. Thereatfter, the sections wierged in PBS (pH 7.4) for 30s. Care

was taken to ensure that the slides did not drylatihg the deparaffinising.

Table 8.2.Procedure for dewaxing and rehydrating brain sestio

Step Processing Agent Time
1 Heat at 68C 20 min
2 Xylene 2 x5 min each
3 100% Ethanol 2 X 3 min each
4 90% Ethanol 1 x 3 min
6 80% Ethanol 1 x 3 min
7 PBS 30 sec

8.2.2.4.6 Insitu Cell Death Detection Kit, Fluorescein

For the TUNEL reaction, tissue sections were preegsaccording to the procedure

described below.

8.2.2.4.6.1. Deproteinisation with Proteinase K

After the PBS wash, the tissue sections were plgirti@proteinised by incubation with
Proteinase K. Proteinase K treatment digests diassd proteins and thereby increases
cell permeability and access to the nucleic acidietis i.e. DNA. Proteinase K is
preferred because it does not require predigetgioeduce residual nucleases (Willson &

Higgins, 1990). The concentration, incubation timed temperature of proteinase K are
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extremely important and have to be optimized fochedype of tissue as high
concentrations can cause tissue damage and ingreaspecific staining (Tornuscio&t

al., 1995). The slides were incubated inug@0Onl proteinase K which was made up in
10mM Tris-HCI buffer, pH 8, for 15min at 3Z in a humidified chamber. Care was
taken to ensure that the sections did not dry owd drying out would prevent

fluorescence.

Since the final immunohistochemical stain is pedage-independent (Geiget al.,

1997), no inhibition of endogenous peroxidases tbat produce high levels of
background staining and interfere with the intetgtien of the results, was performed
because KD, weakens TdT activity (Mighelet al., 1995) and induces DNA breaks
(Wijsmanet al., 1993). Thus, incubation step was terminated bghing the slides four
times in PBS for 3min each. The experimental slidese kept in PBS while the positive

control slide was removed for DNase treatment asriteed below.

8.2.2.4.6.2. Positive DNase Controls

There is a substantial amount of variation in pesistaining when using the TUNEL
method; therefore, at least two DNase control slidaould be included with each
experimental run. The type, size and fixation & tissue are contribution factors to the
variation in staining. Since DNA fragmentation fsacacteristic of apoptosis, application
of DNase | to control slides is ideal. DNase Insemdonuclease that introduces breaks by
hydrolyzing double-stranded, or single-stranded DN¥eferentially at sites adjacent to
pyrimidine nucleotides (Sambroak al., 1989); therefore, pretreatment with DNase |
results in intensive labelling of all nuclei. IfefibNase | controls do not stain, staining on

the experimental slides may be artifact and noitipesstaining.

The concentration of DNase | used was 3000U/ml grexpin 50mM Tris-HCI, pH 7.4
containing 1mg/ml BSA. After finger flicking for @c, sufficient DNase mixture was
applied to the desired DNase control slides in otdecover the entire section and

incubated for 10min at 26. This mixture should not be made until neededcesi
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thawing of the DNase | causes its inactivationeAfDNase | pretreatment, the positive
control slides were washed thoroughly with PBSceimesidual DNase activity can

introduce high background.

8.2.2.4.6.3. Labelling Protocol

In the TUNEL method, TdT is used to incorporatetinidated deoxyuridine at the sites
of DNA breaks. Both single-stranded DNA and 3’ dwargs of double-stranded DNA
are good substrates for TdT. The TdT is generalyficient at catalyzing the transfer of
biotinylated dUTP to blunt or recessive ends (D&ng/u, 1983). Thein situ cell death
detection kit, fluorescein (Roche) contains twdssiaial 1 is the enzyme solution which
contains the TdT from calf thymus (EC 2.7.7.31¥iarage buffer while vial 2 which is
the label solution contains the nucleotide mixturereaction buffer. To prepare the
reaction mixture 10@ label solution is removed from vial 2 and keptagwfor the 2
negative controls. The total volume of the enzym&it®on (vial 1) is added to the
remaining 45Ql1 of label solution (vial 2) to obtain 5Q0of TUNEL reaction mixture.
The mixture is mixed well to equilibrate the compots. To maximize efficiency the
TUNEL reaction mixture is prepared during the 10MMase treatment step and kept on
ice until use. In addition, the TUNEL reaction nuise is sensitive to light therefore it

was prepared in the dark.

50ul/section of TUNEL reaction mixture containing tleezyme and digoxignenin-
labeled dUTP was added to both the experimentallCaxase control slides while, fD
of the labelling solution was added to each ofriegative controls. All the slides were
covered with a zip-lock bag, in order to preverg gides from drying out and this also
imposes an even layering of the reaction mixturer dkie whole tissue section. All the
slides were then incubated in a humidified chanitve60min at 37C in the dark. TdT is
temperature-sensitive; temperatures aboC 4idactivate the enzyme (Geiger al.,
1997) therefore the temperature was constantly towed in the humidified chamber to

ensure that a temperature off27C was maintained throughout the incubation period.
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The reaction was then terminated by immersing tides in PBS. The slides were
washed three times in PBS.

8.2.2.4.6.4. Mounting of Slides

In order to preserve the fluorescence and preventdrying out of the sections, the
sections need to be mounted. However, normal xyheoents such as DPX destroys the
fluorescence of the tissue therefore, while thedesli were still wet enough
SHUR/MOUNTO was added to them. SHUR/MOUNT is an aqueous mountant that
also assists in preserving the fluorescence dfiseae. Tissue sections were then covered
with coverslips and allowed to dry in the dark.

8.2.2.4.6.5. Photo-microscopy

To detect apoptotic neuronal death, once the mauhtd dried, the tissue sections were
viewed and photographed using an Olympus DX-61 nm#d epifluorescence
microscope (Wirsam Scientific, Gauteng) that istoafed by the Soft Imaging Systems
analysis 3.2 software (SiS Systems GmbH, Munsterim@ny). Photographs were taken
using a Peltier cooled Colorview camera. Apoptatidls can be detected using an
excitation (ex) wavelength in the range of 450-5800r by detection the range of 515-
565nm (green) therefore, two filter cubes, i.e. BP¥filter (excitation (ex)= 58nm and
emission (em)= 527nm) and Texas Red U-MWIYZ filgex= 596nm and em= 620nm),
that are capable of detecting fluorescence in Waselength region were utilized to
detect the apoptotic cell death. Filter cubes wbtained from Chroma Corp. (Battlebro,
USA). Sections were protected from light at allésn

8.2.3. RESULTS

The rationale for the use of DNase | controls veaprbvide a guideline, to ensure that

the staining on the experimental slides was ndfaattand was actually positive staining.
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The positive control slides, which were pretreatdth DNase |, illustrated intensive
labeling of all nuclei throughout the rat brain.eTapoptotic positive cells are shown in

figure 8.3 with arrows. The apoptotic cells obsdrwere scattered throughout the tissue

section and was intensely stained green by the TlUREatment and were easily visible.

B

Figure 8.3.Detection of apoptotic cells (green spots) by fasmence microscopy in the

positive control tissue section from a rat braiheTsection was assayed with thesitu
cell death detection kit, fluoresceiA. Bar, 20Qum andB. Bar, 10um. The apoptotic

positive cells are indicated with arrows

Figure 8.4 illustrates the absence of green flummese in the negative control tissues
section indicates that the experimental procedwae performed correctly as no TUNEL
solution was added. The arrows in figure 8.4 shbe presence of healthy neurons,

which have maintained normal neuronal structurearghgement.
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Figure 8.4. Absence of apoptotic cells (green spots) by fluorase microscopy,

indicated by arrows, in the negative control tissaetion from a rat brain. The section
was assayed with tha situ cell death detection kit, fluoresceia. Bar, 20Qum andB.

Bar, 10Qum.

From the experimental control sections no TUNELitpas apoptotic cells in the CAL1
and CAS regions of the rat hippocampus were obders evident in figure 8.5. The
neurons are clearly visible with the absence ofgileen staining of the nucleus and thus

indicate that apoptotic cell death has not occuffigdre 8.5, arrows).
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Figure 8.5.Hippocampus cells from a control treated rat. Bjub. A. CA1 region and

B. CA3 region of the hippocampus. Arrows show pydahineurons lacking the green

stained nuclei indicating apoptosis has not occlrre

As evident from figure 8.6, the TUNEL positive celippear surrounded by unstained
neurons (arrows). From figure 8.6, however, ieisdent that QA does cause some
apoptotic cell death, which is more prominent ia @Al region than the CA3 region of

the hippocampus.

A composite picture was taken using two differaliérf cubes i.e. the YFP and Texas
Red filter (sulfonyl chloride) cube to confirm thepoptotic cell death that was occurring,
as shown in figure 8.7. It is evident from thisufig that the apoptotic cell death is true as
there is co-localization of the staining. The codlized apoptotic cells appeared a
yellowish orange colour. This confirmed that theras a greater presence of apoptotic
cells in the CA1 region when compared to the CAiae of the rat hippocampus.

22€



Apoptosis

Figure 8.6.Hippocampus cells from a QA treated rat. Bap®m0A. CAL region and.
CA3 region of the hippocampus. Arrows show greeaminsd nuclei of the apoptotic
positive cells.

Figure 8.7.A composite image using Texas Red and U-YFP filkédsippocampus cells
from a QA treated rat. Bar pfn. A. CA1l region and. CA3 region of the hippocampus.
The yellowish orange stained nuclei of the apoptqibsitive cells indicate co-
localization.
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The treatment of QA-lesioned rats with ASA, acetaphen and the combination of
these agents was able to prevent the QA-induceptefio cell death as seen in figure
8.8, 8.9 and 8.10. As evident from figures 8.8-8thé CAl and CA3 regions of the non-
narcotic analgesics treated rats were quiescentaakdd apoptotic positive stained cells.
There was no indication of aggregation of apopto&lls into multicellular clusters as

observed in the QA treated rats indicated in figu8é and 8.7. Furthermore, there is no
visible difference between the hippocampal neuminthe control treated rats and the
analgesic treated rats, indicating that these ageete able to protect the CA1 and CA3

region of the hippocampus against QA-induced apmptoell death. The neurons

appeared to be tightly packed and the structuressistently exhibit normal cell

morphology.

Figure 8.8. Hippocampal neurons from a QA and acetylsalicyta areated rat. Bar
50um. A. CAl region andB. CA3 region of the hippocampus. The CAl and CA3

neurons are clearly visible with a lack of apomtatll death, indicated by arrows.
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Figure 8.9.Hippocampal neurons from a QA and acetaminophexteerat. Bar 50m.
A. CAl region and. CA3 region of the hippocampus. The CA1 and CAGromes are
clearly visible with a lack of apoptotic cell death shown by arrows.

..
Figure 8.10. Hippocampal neurons from a QA and acetaminopheh ametylsalicylic

acid treated rat. Bar pén. A. CAl region and. CA3 region of the hippocampus. The
CAl and CA3 neurons are clearly visible with a la€lkpoptotic cell death (arrows).
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8.2.4. DISCUSSION

The TUNEL kit used in this study was extremely #res easy to use and provided a
good signal-to-background ratio. The method utilizen this study allowed for
specifically labelled individual apoptotic nuclei the CA1 and CA3 regions of the rat
hippocampus. The DNase treated positive contralisecfigure 8.3, provided visible
evidence that the experimental method was carugaarectly and that any staining on
the experimental sections could be attributed tpagiic cell death, as the neurons were
intensively stained. Contradictory to necrotic ckdhth, cells having undergone apoptosis
appear scattered or follow a distinct pattern sfribution as is shown in figures 8.6 and
8.7.

Apoptotic mechanisms appear to contribute to et@ido neuronal injury in rat brain
(Portera-Calilliawet al., 1995; Qinet al., 1996). Ogatat al., (2000) demonstrated that QA
causes DNA fragmentation in HL-60 cells. Furtheren@gateet al., (2000) suggests that
since QA has two carboxyl groups in the moleculgenerally acts as a weak inducer of
apoptosis. The weak ability of QA to induce prognaead cell death is further confirmed
by the results obtained the TUNEL reaction as shawriigures 8.6 and 8.7. This
experiment confirmed that QA causes modest apaptoturonal death. In addition,
apoptotic cell death was more predominant in thd @&gion than in the CA3 region of
the hippocampus. Quinolinic acid-induced apoptbsis been suggested to occur via the
caspase pathway (Ogathal., 2000). This is supported by previous studies reineit
had been demonstrated that QA induced weak apoptwturonal death in the
hippocampus and striatum cells (Portera-Cailéaal., 1995; Qinet al., 1996; Dihnéet

al., 2001). Stimulation of NMDA receptors has beeovah to initiate the QA-induced
apoptotic cascade (Qatal., 2001).

ASA has been reported in previous studies to pess@#oxidant properties (Pekekal.,
1982; Kuhnet al., 1995). As mentioned in chapter six, it has besported that ASA
inhibits oxygen-glucose deprivation—induced gluteeneelease (De Crigbal et al.,

2001) and acetaminophen has been shown to atteglugiéenate-induced neurotoxicity
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in cultured primary rat embryonic neurons from nmesphalon (Caspest al., 2000).
These agents could therefore be acting by prewgntia consequences of QA, which
stimulates the NMDA receptors to initiate apopto3ise consequence of QA acting on
the NMDA receptor involves the generation of ROSuitng in lipid peroxidation and
subsequent cell death (Rios & Santamaria, 1991ghapters five and six the antioxidant
properties of these agents was aptly demonstratestemthese agents prevented QA-

induced superoxide anion generation and lipid pdedion.

Hence the results obtained from this study ard@&rrindicative of the potent antioxidant

properties of these agents in the presence of Q&sé results and those obtained from
chapter seven indicate that pre and postoperateagntent, of QA-lesioned rats, with

ASA and acetaminophen either alone or in combinatithibits both forms of QA-

induced cell death.
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8.3. THE EFFECT OF ACETYLSALICYLIC ACID
AND ACETAMINOPHEN AGAINST
MPP*-INDUCED APOPTOSIS.

8.3.1. INTRODUCTION

Apoptosis is an active, gene-directed mechanisnciaiy involved in the efficient
removal of cells, which are either no longer neededdamaged and thus possibly
dangerous (Keret al., 1972). PD is a neurodegenerative disorder chenaed by a
preferential loss of dopaminergic neurons of theg&MIthough the etiology of PD is
unknown, major biochemical processes such as ow@attress and mitochondrial
inhibition are largely described. However, desplitese findings, the actual therapeutics
are essentially symptomatical and are not ablddocklthe degenerative process. Recent
histological studies performed on brains from Plgpés suggest that nigral death could
be apoptotic (Blumet al., 2001). Since 1994, several studies have poiotedthe
potential involvement of apoptosis in PD. The fsgidy was performed by Mochizudti

al. (1994) using the 3’-end terminal labeling of DNAUNEL method) allowingn-situ
observation of DNA fragmentation, characteristi@pbptosis, in the SN of PD patients.
Using a similar method, Kingsburst al. (1998) observed DNA-end labeling in 10

idiopathic PD cases.

However since, post mortem studies do not alloveipeedetermination of the sequence
of events leading to apoptotic cell death, the mdbr pathways involved in this process
have been essentially studied on experimental rsoagdroducing the human disease.
These latter are created by using neurotoxic comp®isuch as 6-OHDA, MPRr DA.
Extensive studies on the MPRodel has shown that this model mimicesyitro andin
vivo, the histological and/or the biochemical charasties of PD and thus helps define
important cellular actors of cell death presumatlsical for nigral degeneration (Blum

etal., 2001). MPP has been shown to induce apoptotic and not neareli death (Blum
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et al., 2001) hence it was decided that investigatimghtistological changes using cresyl
violet and acid fuchsin, chapter seven, was consténconsequential as these stains
indicate necrotic cell death.
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Figure 8.11.Hypothetical mechanism of MPRoxicity (Blumet al., 2001).

Figure 8.11 illustrates the general overview of therious biochemical processes
hypothesized to lead to cell death in the braine Thocesses involved are major
inhibition of the mitochondrial respiratory chaindathe enhancement of oxidative stress.
The mitochondrial inhibition provokes an ATP des®gresumably responsible for
secondary excitotoxicity inducing a strong deletesi increase in cytoplasmic calcium
levels. Oxidative stress generated directly by M®P subsequent to mitochondrial

inhibition leads to macromolecule peroxidation aet death.
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The aim of this study is to illustrati& vivo, MPP-induced apoptotic cell death using the
In Stu Cell Death Detection Kit, POD. The POD kit is zéld for immunohistochemical

detection of apoptosis at a single cell level, Hase labeling of DNA strand breaks
(TUNEL technology) analysis by light microscopy.eTktudy also aimed at determining
whether ASA and acetaminophen, alone or in comionatire capable of preventing

MPP" -induced apoptotic cell death at single cell level

8.3.2. MATERIALS AND METHODS

8.3.2.1. Chemicals and Reagents
In situ cell death detection kit, POD, DAB/metal substrateroxide buffer, proteinase K
(nuclease free) and DNase 1, grade 1 (positiverapnivere purchased from Roche

Diagnostics, (Nonnenwald, Penzberg). All other citaie were of the highest quality
available and were purchased from commercial Qistoirs.

8.3.2.2. Animals

Adult male rats were cared for as described in agppd.

8.3.2.3. Surgical Procedures

As described in chapter five, section 5.5.2.3

8.3.2.4. Histological Techniques for Apoptosis Det&on

The histological techniques were followed accordimghe method described by tihre
situ cell death detection kit, POD instruction manwalv(v.roche-applied-science/pack-
insert/1684817a.pdf).
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8.3.2.4.1. Fixation and Processing of Brain Tissues

Fixation and processing of brain tissue was peréaras described in section 8.2.2.4.1.

8.3.2.4.2. Sectioning

Paraffin sections were cut by standard methodseasritbed in chapter seven, section
7.2.2.5.4. The sections of paraffin-embedded tisgere cut fiim thick and placed on the
APES coated slides.

8.3.2.4.3. Treatment of Slides

The slides were treated as described in sectiof.8.3.

8.3.2.4.4. Transferring Sections to Slides

One or two sections at a time were removed fromwater bath and placed onto glass
microscope slides using a thin paintbrush. The ffyaralides were stored at room

temperature until use to enable the section toradioethe slide.

8.3.2.4.5. Deparaffinising Sections

Deparaffination should be as complete as possérid, was performed as described in
table 8.2.

8.3.2.4.6 Insitu Cell Death Detection Kit, POD

For the TUNEL reaction, tissue sections were preegsaccording to the procedure
described in figure 8.12.
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The assay procedure is explained in the following flow chart.

Adherent cells, Cryopreserved Paraffin-
cell smears and tissue sections embedded
preparations
d l :
* Dewaxation
- ‘ * Rehydration
Fixation . Pro
treatment

| J
Permeabilisation of samples
4
Addition of TUNEL reaction mixture
d
OPTIONAL: Analysis of samples by fluorescence microscopy
i
Addition of Converter-POD
J
Addition of Substrate solution
J' e
Analysis of samples by light microscopy

Figure 8.12. The assay procedure for tHa Stu Cell Death Detection Kit, POD
(www.roche-applied-science/pack-insert/1684817 a.pdf

8.3.2.4.6.1. Deproteinisation with Proteinase K

After the PBS wash, the tissue sections were plgirti@proteinised by incubation with

Proteinase K as described in section 8.2.2.4.6.1.
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8.3.2.4.6.2. Positive DNase Controls

There is a substantial amount of variation in pesistaining when using the TUNEL
method; therefore, at least two DNase control slidgaould be included with each

experimental run. Dnase labeling was performecdeasribed in section 8.2.2.4.6.2.

8.3.2.4.6.3. Labelling Protocol

In the TUNEL method, TdT is used to incorporatetinidated deoxyuridine at the sites
of DNA breaks. Both single-stranded DNA and 3’ dwargs of double-stranded DNA
are good substrates for TdT. The TdT is generalyficient at catalyzing the transfer of
biotinylated dUTP to blunt or recessive ends (D&ng/u, 1983). Then situ cell death
detection kit, POD (Roche) contains three vialgl i is the enzyme solution which
contains the TdT from calf thymus (EC 2.7.7.31¥iarage buffer while vial 2 which is
the label solution contains the nucleotide mixtimereaction buffer and vial three
contains anti-flourescien antibody, Fab fragmeatatsheep, conjugated with horse-
radish peroxidase (POD). To prepare the reactiortum@ 10Ql label solution is
removed from vial 2 and kept away for the 2 negatientrols. The total volume of the
enzyme solution (vial 1) is added to the remairdd@ul of label solution (vial 2) to
obtain 50Qul of TUNEL reaction mixture. The mixture is mixecelvto equilibrate the
components. To maximize efficiency the TUNEL reactmixture is prepared during the
10min DNase treatment step and kept on ice ungil isaddition, the TUNEL reaction

mixture is sensitive to light therefore it was paggd in the dark.

50ul/section of TUNEL reaction mixture containing tleezyme and digoxignenin-
labeled dUTP was added to both the experimentallCaxase control slides while, fD
of the labelling solution was added to each ofriagative controls. All the slides were
covered with a zip-lock bag, in order to preverg gides from drying out and this also
imposes an even layering of the reaction mixturer dkie whole tissue section. All the
slides were then incubated in a humidified chanfibe60min at 37C in the dark. Since
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TdT is temperature-sensitive; temperatures aboV€ #tactivate the enzyme (Geigglr
al., 1997), the temperature was constantly monitoerede humidified chamber to ensure

that a temperature of 32°C was maintained throughout the incubation period.

The reaction was then terminated by immersing tides in PBS. The slides were

washed three times in PBS.

8.3.2.4.6.4. Signal Conversion

The resultant flourescien following labeling withJINEL reaction mixture was detected
by the addition of the POD antibody and DAB sulistravhich allows for the detection
of apoptotic cell death under light microscopy. Utey 8.13 provides a diagrammatic
representation of the reaction of fluorescein-labeDNA strand breaks with POD and
DAB substrate.

&
©
o
Fixed cells with Fluorescien —  Anti-Fluorescein antibody DAB Substrate for POD
labeled DNA stranc conjuaated with POC

Figure 8.13. lllustration of the reaction mechanism that allofes the viewing of
apoptotic cells under light microscopy, when udingin Stu Cell Death Detection Kit,
POD (www.roche-applied-science/pack-insert/16848idfa

Following the slides being washed with PBS, thaa®und the sample tissue was dried

with tissue paper. Thereafter @Gonverter POD was added to each tissue sampk. Th

slides were incubated in a humidified chamber for Binutes at 3. To ensure
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homogenous spread of converter POD across theetesd to avoid evaporative loss,
samples were covered with parafilm during incubatid he incubation was terminated
by rinsing the slide 3x with PBS.

A 10% concentration of DAB substrate was prepangditilizing peroxide buffer. The
DAB metal substrate is packaged underfdN long-term stability therefore after use the
bottle was sealed under; this enhances the life span of the substrate. Wiwking
solution of the DAB substrate was stored at’@-8hen not used. In order to stain the
presence of horse-radish peroxidase (PODulL6ODAB substrate was added to each
section of tissue and the slides were then incabat@3C for 10 minutes in a well light

room.

Thereafter the slides were washed 3x with PBS. drba around the sections was dried
with tissue paper. In order to prevent the dryingaf the sections and view the sections
under the light microscope, the sections need tonbented. Glycerol was used as the

mountant and the tissue sections were then covetbdoverslips and allowed to dry.

8.3.2.4.6.5. Photo-microscopy

To detect apoptotic neuronal death, once the mauhtd dried, the tissue sections were
viewed and photographed using the combination ofO&ympus camera and a light

microscope.

8.3.3. RESULTS

During the DAB substrate incubation period the pesiapoptotic control tissue sample
became stained an intense brownish colour whilentingative control tissue samples
appeared clear. This was an indication that theegxent had worked as the DAB

substrate stains the apoptotic positive cells avbish colour.
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The apoptotic positive cells are shown in figur&48with arrows. The apoptotic cells
observed were scattered throughout the tissueoseatid was intensely stained brown by
the TUNEL treatment and were easily visible. Thesgls exhibited apoptotic

characteristics, as they appear shrunken, fragmemie scattered as shown by arrows.

Figure 8.14. Detection of apoptotic cells (brown cells) in th&iatum by light

microscopy in the positive control tissue sectioonf a rat brain. The section was
assayed with thén situ cell death detection kit, POIA. 400 X magnification and.
1000 X magnification. Bar 10n.

Figure 8.15 shows the negative control sectiong &xaibited no TUNEL positive

apoptotic cells in the rat striatum. The neurorescearly visible with the absence of the
brown staining of the neuron and nucleus and thdkate that apoptotic cell death has
not occurred (figure 8.15, arrows). The neurondlsdeave a visible nucleus and are
tightly arranged. The cell wall appears intact dmhce the shape of these cells are

consistent with normal cellular morphology.

242



Apoptosis

Figure 8.15. Striatal cells from a negative control treated bbedin sectionA. 400 X

magnification andB. 1000 X magnification. Bar 10n. Arrows show healthy neurons

lacking the brown stained nuclei which is indicatof apoptosis.

From the experimental control sections no TUNEL tpaes apoptotic cells in the rat
striatum were observed, as evident in figure 8Tt& neurons are clearly visible with the
absence of the brown staining of the nucleus and thdicate that apoptotic cell death
has not occurred (figure 8.16, arrows). The neun@semble the neurons from the
negative control section in figure 8.15. The tesslid not exhibit any color change when
stained with DAB substrate.

248



Apoptosis

Figure 8.16.Striatal cells from a control treated rat. Bau® A. 400 X magnification

andB.1000 X magnification. Arrows show pyramidal newsdacking the brown stained

nuclei.

As evident from figure 8.17, the TUNEL positive Iseh the MPP treated rats appeared
to have an intense brownish stain. These neurailial ltave no particular uniformity in

shape, size and structure. The intense brown staisiindicative of apoptotic cell death.
The nucleus is absent in these cells indicating theclear fragmentation may have
occurred. The lack of shape of these neuronal osdlg result from blebbing of the cell

membrane.
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Figure 8.17.Striatal cells from a MPPtreated rat. Bar 30n. A. 400 X magnification

andB. 1000 X magnification. Arrows show brown stainectlei and cell membrane of

the apoptotic positive cells.

The postoperative treatment of MPts with ASA, acetaminophen and the combination
of these agents was able to prevent the MR®uced apoptotic cell death as seen in
figure 8.18, 8.19 and 8.20 as these lack the isténswnish staining that was visible in
the MPP-treated group (figure 8.17). As evident from figsir8.18-8.20, the striatal
regions of the non-narcotic analgesics treated wat® quiescent and lacked apoptotic
positive stained cells. There was no indicatios@dregation of cells as observed in the
MPF" treated rats indicated in figures 8.17. Furtheemdmere is a minimal difference
between the striatal neurons of the control treatgd and the analgesic treated rats,
indicating that these agents were able to protgatnat MPP-induced apoptotic cell
death. The neurons in figures 8.18-8.20 possegsevisuclei and intact cell membranes
that are absent in the neurons of the MRReated group (figure 8.17). These neurons
appear to be larger than the neurons of the MiRFated group which indicates the

absence/inhibition of apoptosis.
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Figure 8.18.Striatal neurons from a MPRNd acetylsalicylic acid treated rat. Bapt@
A. 400 X magnification and.1000 X magnification. The striatal neurons areadie

visible with a lack of apoptotic cell death.

Figure 8.19.Striatal neurons from a MPRNnd acetaminophen treated rat. Bapf A.

400 X magnification an®.1000 X magnification. The striatal neurons arauievisible

with a lack of apoptotic cell death.
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Figure 8.20. Striatal neurons from a MPRind acetylsalicylic acid and acetaminophen

treated rat. Bar 10m. A. 400 X magnification an8.1000 X magnification. The striatal

neurons are clearly visible with a lack of apomtatll death.

8.3.4. DISCUSSION

The TUNEL kit used in this study was extremely si&resand provided a good signal-to-
background ratio. The method utilized in this statlgwed for the detection of apoptotic
cell death, under light microscopy, induced by MPFhe DNase treated positive control
section, figure 8.14, A and B, provided visibledmnce that the experimental method
was carried out correctly and that any stainingtlom experimental sections could be
attributed to apoptotic cell death, as the neumase intensively stained brown. The
positive control provided a template for the idBoaition of apoptotic cells in the

treatment sections that were viewed under the fightoscope.

Figure 8.15 illustrates that the lack of brown rstag i.e. apoptotic cell death in the
negative control slides and provides further comfition that the experimental procedure
was performed correctly in optimal conditions assth sections were not treated with the

TUNEL reaction mixture.
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Numerous studies have suggested that MBPable to induce apoptosia vitro in
various cell types such as cerebellar granule,d8l$3 pituitary cells, catecholaminergic
cell lines such as PC12 and MES23.5 or in primaegencephalic dopaminergic cells
(Dipasqualeet al., 1991; Hartleyet al., 1994; and Yoshinaget al., 2000) using light or
electron microscopy using the TUNEL method. Conaatdfindings have also been
established in SNpc of mice treated with MPTP (Seoet al., 1998). Several recent
works suggest that MPEhduced apoptosis may be under the control ofgab8ein, Bcl-

2 family genes, and caspase activity, as showigurd 8.21 (Blunet al., 2001). Several
lines of evidence have demonstrated that MiRBuced apoptosis is regulated by the
Bcl-2 family. Thus, it was also described that aigdax mMRNA and protein levels were
increased in mice after MPTP exposure (\dal., 2001; Hasounet al., 1996), were as
animals deficient in this pro-apoptotic gene wergistant to this neurotoxin (Vilt al.,
2001).

Two studies support the involvement of p53 in MRurotoxicity (Kitamuraet al.,
1998; Trimmeret al., 1996). The results illustrated in figure 8.1/dastrate the dark
brown staining of striatal neuronal cells indicgtiinat MPP does induce apoptotic cell
death and is in agreement with the reports mentiolteis clearly evident from figure
8.17B that the apoptotic cells differed greatlystructure and shape when compared to
the control treatment group (figure 8.16). Theas#di cells indicated in figure 8.16 did not
exhibit apoptotic cell death characteristics sushcall shrinkage, blebbing of cell
membrane and nuclear fragmentation. The intensgrsgeof neuronal cells in the MPP
treated group indicated the formation of apoptbtidies, which was absent in the control

treated group.

Considering that the pathogenesis of PD involvesngt oxidative stress, reduced
antioxidant levels and mitochondrial defects, whieim be mimicked by MPRas shown

in chapters five, six, ten, eleven, and twelveain also be suggested that these may also
be contributing factors to MPRnduced apoptotic cell death. In particular, fradicals

and GSH depletion have been shown to trigger aatele death in neurons (Merad-
Boudiaet al., 1998). The decrease in mitochondrial membranerpial (figure 8.21) has
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been suggested to be one of the main phenomenadaadhe apoptotic process (Jacotot
etal., 1999 and Martinou, 1999).

6-OHDA PR
e

" ROS > £ p53

6-OHDA __
#Bax
Loss of mitochondrial
~* membrane potential

Resplratary Cvtochrome ¢
chain L e
iahibition e ?ﬂﬁ{f

Caspase-3
activation

Figure 8.21.Hypothetical molecular pathways leading to apopgtasggered by MPP
(Blumetal., 2001)

Postoperative treatment with ASA resulted in sigaift attenuation of MPFnduced
apoptotic cell death and this is clearly evidenthmy lack of brown staining illustrated in
figure 8.18. A recent study by Aubin et al., (1998Jlicates that greater amounts of
hydroxylated derivates of salicylates in brain usdollowing administration of ASA
with MPTP than following ASA alone, suggesting thlilaé neuroprotective effects of

ASA were related to free radical scavenging. Theults are confirmed by studies
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performed in chapters five and six were ASA redugdP-induced Q" generation and
lipid peroxidation, respectively. Carrasco and Veéer(2002) demonstrated the ability of
ASA to protect from neuronal death in mesencephagdit culture systems induced by
MPP" and 6-OHDA. Furthermore, ASA has been demonstratgievent MPRinduced
mitochondrial defects as was demonstrated by sudiehapter ten were it was shown
that ASA prevented MPHnhibition of mitochondrial respiration. The effeaf MPP" on
cellular antioxidant defense systems was also ®ffdg negated by postoperative
administration of ASA as shown in chapters eleved twvelve. The above-mentioned
reasons provide an underlying mechanism by whicA ABtects striatal neuronal cells
against MPPRinduced apoptotic cell death. The result from thisdy provides visual
evidence of the potent inhibitory effect of ASA ®&APP™-induced neurotoxicity and

further entrenches its role as a possible therapagént in the treatment of PD.

Figure 8.19 illustrates that acetaminophen offerstggtion against MPFnduced
neuronal death. The protection offered by acetaptien can be attributed to its
significant antioxidant properties. Acetaminopheas heen shown to have potential
neuroprotective effects. Bisagkhal., (2002) demonstrated that acetaminophen afforded
protection of hippocampal neurons and PC12 cultireea amyloidB-peptidesinduced
oxidative stress. This study suggested that thexadant properties of acetaminophen
could be exploited as a possible therapeutic approagainst neurodegenerative
disorders. This hypothesis made by Bisaglia e2@D2) can be confirmed by the results
shown in figure 8.19 and indicates a possible folethis agent in MPRinduced

Parkinsonism.

The combined effect of these agents in MPRIuced striatal degeneration is illustrated
in figure 8.20. The administration of the combinatiof these agents following MPP
infusion provides effective maintenance of cellutaorphology. The cells of this
treatment group illustrate cellular characteristicat were very similar to those of the
control group (figure 8.16). These results furtbgpports that these agents are indicated

for MPP-induced Parkinsonism and that formulations coimgirthe combination of
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these agents would also be of therapeutic benefithe presence of this potent

neurotoxin.

8.4. CONCLUSION

Results from chapters five and six show that ASAl atetaminophen are potent
antioxidants. However this study provides visualderice that the potent antioxidant
properties of these agents are converted to a peatective role in the presence of potent
neurotoxins such as QA and MPFhe results obtained from these studies involg#g
and MPP implicate the possible use of these agents inauegenerative disorders,
which these neurotoxins are capable of mimickirg AD and PD respectively. The
preservation of cellular integrity in the striatafion of the rat brain, by the non-narcotic
analgesics, implies that these agents could presdéhe concentration of the
neurotransmitter DA and therefore the effects esthagents on striatal DA levels, in

MPF" treated rats, was investigated in chapter nine.
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CHAPTER NINE

THE EFFECT OF ACETYLSALICYLIC ACID AND
ACETAMINOPHEN ON MPP" -INDUCED DOPAMINE
DEPLETION IN RAT STRIATUM IN VIVO.

9.1. INTRODUCTION

Parkinson’s Disease (PD) is a debilitating disor®racterized by tremor, rigidity, and
immobility. The biochemical basis of the disordeiai deficiency in the neurotransmitter
DA in the nigrostriatal pathway in the brain due to destruction of
dopaminergic neurons (Piggettal., 1999). The clinical symptoms of this disordelyon
manifest after about 80% of the neurons are lost.

A persistent increase in free radical generatioheléeved to be the cause of neuronal
death, which reaches more than 80% by middle (&geitsilieri et al., 2002). Thus
neuroprotective strategies employing antioxidastsrie approach to protect neurons and
to curtail the progression of this disorder. Thesrdgherefore a dire need to search for
neuroprotective agents with novel mechanisms andssess their potential benefit in
such disorders.

MPTP is considered as a powerful as a neurotoxiictwis used to induce nigral
degeneration in animals and was shown to inducékeBsymptoms in several species of
animals including rat, mouse, dog, cat and monk#hen administered to animals,
MPTP crosses the BBB and is converted mainly ial glells, into its effective form,
MPF", by MAO-B explaining the effects of MAO-inhibitosich as L-Deprenyl against
MPTP neurotoxicity (Chibaet al., 1984) as described in figure 9.1. MPBen
accumulates in dopaminergic cells after selectpake by energy-dependent dopamine
uptake sites (Chibat al., 1985; Piflet al., 1993). Free cytosolic MPFHinally enters
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mitochondria by an energy-dependent mechanism (Ram@sd Singer, 1986) inhibiting
the activity of this organelle and leading to apdno cellular ATP levels and subsequent

cell death as shown in figure 9.1.

Figure 9.1. Diagram illustrating the conversion of MPTP to thetive metabolite MPP

and the selective uptake of MPP into the dopaminergic neuron

(www3.utsouthwestern.edu/.../ gerimages/gerpic.jpg)

The metabolite of ASA, salicyli@cid is known to protect against nigrostriatal DA
toxicity induced by MPTP (Mohanakumat a., 2000) andASA is a drug known to
exhibit antioxidant effects in the brain (Dagtaal., 2000).Acetaminophen is often used

in combination with acetylsalicylic acid in drugioulations.
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The results obtained from chapters five, six, andhte confirm that ASA and

acetaminophen are extremely effective at reduchwy neurodegenerative effects of
MPP". The aim of this chapter was to therefore inveséigwhether these agents are
capable of preventing the reduction of DA, in MRRluced dopaminergic neurotoxicity

in rat striatum.

9.2. MATERIALSAND METHODS

9.2.1 Chemicals and Reagents
DA and DOPAC were purchased froBigma Chemical Co., St. Louis, USA. Heptane

sulphonic acid, EDTA, acetonitrile, triethylamiregdium chloride and phosphoric acid

were purchased from Merck, Darmstadt, Germany, wack of the highest chemical

purity.

9.2.2. Animals

Adult male Sprague-Dawley rats were used in thiglysiand the experimental protocol

was approved by the relevent authorities desciibbetiapter three, section 3.2.2.

9.2.3. Drug Treatment

Adult male rats of the Wistar strain were houseds@parate cages, in a controlled
environment as described in appendix I. The aniwalse separated into five groups of

six animals each. Animals were dosed as descrilied.3.

9.2.4. Surgical Procedures

The surgical procedure was performed as descrnibeldapter five, section 5.5.2.3.
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9.2.5. Homogenate Preparation

The rat striatum homogenate was prepared as deddrilchapter three in section 3.2.4.

9.2.6. | nstrumentation

The instrumentation used to determine striatal Bxels was as described in chapter

three, section 3.2.5.

9.2.7. Chromatographic Conditions

As described in chapter three, section 3.2.6.

9.2.8. Statistical Analysis

All results were analyzed using a one-way analg$igariance (ANOVA) followed by
the Student-Newman-Keuls Multiple Range Test. p&0.05 was considered as

significant.

9.3. RESULTS

Striatal DA was reduced by 59% on tH& day following intrastriatal administration of
MPF" in the ipsilateral striatum as compared to coateahl side, which received saline,

or the sham control (figure 9.2).
Figure 9.2, illustrates that the administrationasetaminophen (100mg/kg) four times

following MPF" resulted in a significant attenuation of the effetthe neurotoxin on

striatal DA levels.
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Interestingly, similar post treatment with ASA cdetgly blocked the MPPRinduced
striatal DA depletion in rats (figure 9.2.).

The combination of these agents resulted in theemtéon of the striatal DA depletion
induced by MPP, as shown in figure 9.2, and shows that when tagsats are used in

combination the effects of MP®nN striatal DA depletion is inhibited by their pemce.
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Figure 9.2. Neuroprotective effects of acetaminophen and ASAMRP™-induced
dopaminergic neurotoxicity in rats. ASA, acetaminep and the combination of ASA
and acetaminophen were given i.p. 4 times, afteastriatal infusion of MPPin rats.
Results presented are MeanS.E.M. n = 6. **<0.001) as compared to control,
@(p<0.001) as compared to MPRand *@<0.05) as compared to MPPStudent

Newman-Keuls-Multiple Range Test.
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94. DISCUSSION

In PD it is the free radicals, which ultimately fgi about neuronal death of the
dopaminergic neurons in the substantia nigra (Kleriset al., 2002). An agent that
could restore striatal DA levels would have theeptil to become a useful therapeutic
tool in this debilitating disorder. Logically, audy, which possesses this capability, could
be useful as an ideal adjuvant in PD therapy, tardethe progression of this disease
(Gangopadhyagt al., 2000).

In the present study, acetaminophen was used shiseanalgesic in high doses is
reported to induce a rise in biogenic amines, asvehin chapter three, such as serotonin
(Anoopkumar-Dukie and Daya, 2000, Couraeal., 2000) and norepinephrine levels
(Couradeet al., 2000) in rat brain regions. Another non-narca@ialgesic, ASA, the
metabolite of which (salicylic acid) has been shdwprotect against DA toxicity in PD
animal models (Mohanakumatr al., 2000; Sairanet al., 2003) was also included in the

study.

This model has been well characterized and has &densively used in screening anti-
parkinsonian drugs (Muralikrishan & Mohanakumar 89®ohanakumaet al., 2000;
Muralikrishnanet al., 2003). MPTP needs to be metabolized by MAO-Braduce an
active neurotoxic metabolite MPPSpecies of animals that have inherent low agtioft
this enzyme are shown to be resistant to MPTP @\ttal., 1994). However MPPcan
be intracranially made available at the termingiae, the striatum or cell body region,
the substantia nigra to make such animals parkiasafWu et al., 1994; Mohanakumar
et al., 2002). Rats are resistant to MPTP, and was édfirstracranially MPPto test the
neuroprotective effect of acetaminophen and ABAivo, since any influence of these

analgesics on MAO-B could be avoided.

The results from this study show that acetaminopdiords only a partial protection
against MPRinduced DA depletion in the striatum in these aisnHowever ASA is

capable of fully preventing the striatal damageseauby MPP. The results are in
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agreement with previous reports wherein acetamiaogdias been shown to attenuate
glutamate-induced neurotoxicity in cultured primargt embryonic neurons from
mesencephalon (Caspetral., 2000). Similarly, ASA administered prior to MPTRs
been shown to attenuate striatal dopamine deplatiomice (Teismann and Ferger,
2001).

In this study MPRinfused animals were treated post-operative ansd these results are
more meaningful in a therapeutic frame. The attBoneof the neurotoxic effects of
MPP" could well be due to the antioxidant propertiesttofse drugs. MPTP toxicity
results in oxidative stress causing lipid and progeeroxidation and DNA damage
resulting in cell death (Bluret al., 2000). Hence a possible reason for these resuisl

be due to the ability of these drugs to preverd feglical damage to cells.

9.5. CONCLUSION

The results obtained from this study show that ABW acetaminophen prevent striatal
DA depletion in the presence of MPPThese results indicated that the proven
antioxidant properties of these agents, as showmhiapters five and six, induced

favorable neurochemical changes in the presentteeqfotent PD neurotoxin, MPP
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CHAPTER TEN

MITOCHONDRIAL FUNCTION

10.1. INTRODUCTION

Parkinson’s disease is the second most common degeaerative disorder after
Alzheimer’s disease. Several reports on the assatiaf environmental toxins with
Parkinsonism including carbon monoxide (Gordon,5t36rinker, 1926; Klawanet al.,
1982), manganese, (Cooper, 1837; Mena, 1979; Huwsngl., 1993) and, most
importantly MPTP (Daviest al., 1979; Langstomet al., 1983) to support a possible role
for environmental agents. Both the genetic abndtimsland the environmental agents
result in remarkably similar clinical and patholog)i syndromes. This supports the

hypothesis that PD is a disease caused by moreotieaetiological factor.

Research into the mitochondrial involvement in faghogenesis of PD began with the
discovery that the metabolite of MPTP, MPRhibits complex | of the mitochondrial
respiratory chain (Mizunet al., 1987; Nicklast al., 1985; Ramsagt al., 1986). Within
cells MPTP enters the mitochondria and selectivahyls to and inhibits NADH Co
reductase, which leads to inhibition of ATP synthesd the generation of free radicals

(Kruegeret al., 1990; Ramsay and Singer, 1986).

Mitochondria are present in every cell and prowue majority of energy in the form of
ATP. Tissues with energy demands, such as bragletsk and cardiac muscle contain
the greatest number mitochondria. Mitochondria aonthe only source of extranuclear
DNA. Each mitochondrion harbours 2-10 moleculesmaochondrial DNA (mtDNA)
which is a 16.5kb circular double-stranded molecwalesisting of a heavy (H) and a light
(L) chain without any histone coating. mtDNA enced@?2 transfer RNA’s (tRNA'’s) and
12S and 16S ribosomal RNA as well as 13 proteihpaat of the respiratory chain and
OXPHOS. Of these 13 polypeptides, seven are suls-ohcomplex I, one is a sub unit
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of complex Ill, three are subunits of complex IVdatwo are sub units of complex V
(Orth and Schapira, 2002).
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Figure 10.1. A summary of potential pathways for mitochondrialvaolvement in
Parkinson’s disease (Orth and Schapira, 2002) Alditiens:HV A (homovanillic acid),
DA (Dopamine), MAO (monoamine oxidase)VMAT (Vesicular monoamine
transporter)NOS (nitric oxide synthaseNM DA (N-methyl-D-aspartate DOPAC (3,4-

dihydroxyphenylacetic acid) ar@x (complex).

Figure 10.1, illustrates the implications that dysftional mitochondria have in PD.
Impaired complex | activity may compromise mitoctoal function in dopaminergic
neurons endogenously. Mitochondria are involvedDiA metabolism. DA can be
compartmentalised by vesicular associated monoantiaesporters (VMAT) into
monoamine storage vesicles. Monoamine oxidase Bloglised to the outer
mitochondrial membrane and converts DA into DOPA®@ &VA. Hydrogen peroxide
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generated in this process is detoxified in the chiemdrial matrix. Cytochrome and
AlFs can activate proapoptotic proteins at the ootembane initiating apoptosis, which
is inhibited by Bcl 2. Increased cytoplasmic’Ceoncentrations lead to the activation of
NOS and, subsequently, NO and ONQg2neration. Increased €adnflux may occur
through the NMDA receptor when the ATP and magmagiependent blockade is lifted

leading to increased excitotoxicity.
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10.2. THE EFFECTSOF ACETYLSALICYLIC ACID
AND ACETAMINOPHEN ON MPP"-INDUCED
IMPAIRMENT OF THE RAT BRAIN
MITOCHONDRIAL RESPIRATORY FUNCTION
IN VIVO.

10.2.1. INTRODUCTION

Mitochondria are involved in a variety of celluleeactions, which can lead to the
formation of Q°, OH and HO,. These reactive oxygen species can cause oxidative
stress and, as a consequence, damage to celluigntm Complexes | and 1ll in

particular are associated with Qproduction.

A faulty electron transfer at any point in the EfigSults in an electron being accepted by
atomic oxygen thus resulting in the creation oéfradicals. The respiratory chain loses
two to three percent of the electrons during th@nsfer to molecular oxygen, most of
them participating in the production of,O (Boveris, 1977). Thus agents that can
scavenge ROS and promote mitochondrial ETC activéy serve to protect against

neurodegenerative diseases and the deleterioussedfeaging.

In chapter 5, ASA and acetaminophen were showreteffective scavengers of,0in

rat brain homogenate with the combination beingtredffective. Since much of the,O
radicals originate in the mitochondria, the follagriexperiment was conducted to assess
the effects of ASA and acetaminophen on the ET@ vemether these agents were able to
offer protection against MPPinduced impairment of the mitochondrial respirgtor

functioning.
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In the present study, the extent of damage thatidgacauses on rat brain mitochondrial
function due to impaired respiration was invesgdatusing a modification of the

biological oxidation assay described by Plumme#7 {19

This was done using a modification of the biologioaidation assay described by
Plummer (1971). Briefly, the experiment used todgtihe electron transport chain
function was done using a dye 2, 6-dichlorophewiaphenol (DPI) (blue) which acts as
an artifical electron acceptor and changes coloweduction or oxidation. In the present
experiment, DPI accepts electrons from reduceafiestein (fp.2H) and is itself reduced
to the colourless form as shown in figure 10.2. s hbe rate of electron transfer can be

measured by following the decolourization of thyg d

o

]
2, 6-Dichlorophenolindophenaol (DPI)

p.2H + DPI—> 1 + DRH
blue colourless

Figure 10.2. Schematic diagram of the reaction of DPI witheduced flavoprotein
(Plummer, 1971).
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10.2.2. MATERIALSAND METHODS

10.2.2.1. Chemicalsand Reagents

All chemicals and reagents were of the highestityuaVailable and were purchased from
commercial distributors. MPP nicotinamide adenine dinucleotide (NAD), sodium
chloride (NaCl), 2,6-diclorophenol-indophenol (DPI) and 3N-
morpholino]propanesulfonic acid (MOPS) were puredasfrom Sigma Chemical
Corporation, St. Louis, MO, U.S.A. Sucrose was hased from Saarchem (PTY) Ltd,

Krugersdorp, South Africa. L-Malate was purchagedifEastman Organic Chemicals.

10.2.2.2.  Dosing of Animals

Animals were dosed as described 5.5.2.2.

10.2.2.3.  Surgical Procedures

As described in chapter five, section 5.5.2.3

10.2.2.4.  Isolation of Mitochondria from Rat Brain Homogenate

The rats were sacrificed and the brains were ramgtised as described in appendix I
and chilled on crushed ice and thereafter these viesed in ice cold saline [0.9% (w/v)
NacCl) solution to remove traces of blood. Rat braitbchondrial suspensions were used
for the biological oxidation assay of the electttansport chain. The whole brains were
homogenized in 0.32M sucrose + 1M MOPS buffer at7pdHin a manual glass Teflon
homogenizer on ice to yield a 10% (w/v) homogenititochondrial suspensions were
prepared by differential centrifugation to obtawlatively pure suspensions of intact
mitochondria according to Plummer (1971). The bfa@mogenate was centrifuged at

600 x g for 10 minutes and then separated intoreapent and pellet. The pellet was
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resuspended in half the volume of sucrose and aga centrifuged at 600 x g for 10
minutes and the supernatant obtained was combiitidtive previous supernatant. The
combined supernatant was centrifuged at 8000 x gGaminutes and the pellet obtained
(crude mitochondria) was washed twice in sucroskethan stored on ice until required.
All procedures were carried out at 84 To ensure that the crude mitochondria were
obtained, transmission electron micrographs (TEM igure 9.3) were prepared by the
standard procedures described by Cebssé. (2001).

10.2.2.5. I nstrumentation

Samples for the biological oxidation assay werelyared using a Shimadzu UV-160A

UV-visible recording spectrophotometer.

Figure 10.3. TEM micrograph showing the mitochondria that wastaoted by
differential centrifugation (Magnification X 100 0}
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10.2.2.6. Biological Oxidation Assay

A modified method described by Plummer (1971) wasdu This spectrophotometric
technique was employed to determine the ‘activfythe inner mitochondrial membrane
electron transport chain of the whole ‘rat braintaohondrial suspension. The latter was
determined by the rate of reduction of the synthedéilectron acceptor dye
2,6-dichlorophenol-indophenol (DPI: @BI) in the presence of L-malate (substrate).
L-malate is used as an indication of the extenfaofivity’ of the inner mitochondrial
ETC. The substrate and NADwere present in saturating final concentrations of
0.0899mM. Potassium phosphate buffer pH 7.4 (1.5ednhtaining 3001 of
mitochondrial suspension was incubated for 5 meuk®llowing incubation 1.5ml of
incubated homogenate, 5000f substrate/buffer (control), 500NAD and 10@l DPI
was added in that order to a quartz cuvette. Tlais wverted once to mix solutions and
the decrease in absorbance at 600nm was read &dverimperiod at 30 s intervals. Data

was expressed @&A\bsseonn{min and corrected for appropriate controls.

10.2.2.7. Statistical Analysis

The differences in the means were analyzed usirapexway analysis of variance
(ANOVA) for statistical significance. If the F vas were significant, the Student
Newman-Keuls test was used to compare the treatddcantrol groups. The level of

significance was acceptedpt0.05 (Zar, 1974).

10.2.3. RESULTS

Exposure of the rat striatum homogenate to, thergoheurotoxin MPR caused a
significant decrease in mitochondrial electron $gort activity as compared to the

control group (Fig. 10.4.).
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Figure 10.4, also illustrates that ASA, acetamimopland ASA and acetaminophen
significantly attenuated the reduction in electteansport activity with ASA being the
most effective. Acetylsalicylic acid significantlyncreased mitochondrial electron

transport chain activity above that of the basalicd level.

0.07 +
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Acetaminophen

Figure 104. Effect of Acetylsalicylic acid, acetaminophen atiee combination of
acetylsalicylic acid and acetaminophen, in electiamsport activity, in MPPtreated
rats. Results are expressed are me&E:M. n= 5;p < 0.05 (ANOVA). # £<0.001)
MPP" vs control; *** (p<0.001) Acetylsalicylic acid vs MPP Acetaminophen vs
MPP"; Acetylsalicylic acid + Acetaminophen vs MPF?@(p<0.01) Acetylsalicylic acid
vs control and®(p<0.05) Acetylsalicylic acid + Acetaminophen vs goht
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10.2.4. DISCUSSION

It has been difficult to establish the primary stepthe oxidative pathway causing
neuronal death, since MPTP and MRRemselves alter many of its components and
manipulation of many of these components in tuteralmany neurotoxin endpoints.
Reactive oxygen species formation along severaktdtl metabolic pathways does not
help neuronal health. However, the key effect afcebn transport inhibition at
mitochondrial complex | set in motion numerous psses that seemingly send a neuron
into a downward death spiral. Decreased ATP foiwnatiom MPP or MPTP exposure
(Mizuno et al., 1987) would then jeopardize the neuron's abtiitymaintain critical
energy-dependent concentration gradients. Manipglantioxidant systems modulates
MPTP neurotoxicity. Antioxidants, such as ascorlzatd N-acetylcysteine, etc., protect
against MPTP neurotoxicity in mice (Pesatyal., 1985)

In striatal slices and brain mitochondrial preparst, MPP inhibits NADH-linked
oxidation, without affecting succinate oxidationi¢klaset al., 1985; Vyast al., 1986),
and parts of the mitochondrial electron transpadcade that generates ATP, but also
generates ROS. MPTP was inactive in the mitochahdeparation, but inhibited
oxidation in brain slices, where it could be mefaen to MPP. These studies
established that MPHs a specific inhibitor of Complex | (NADH dehydyenase or
NADH ubiquinone oxidoreductase) (Ramshwl., 1986) at the ubiquinone-binding site.

Mitochondria have an energy-dependent active upggtktem that can concentrate MPP
(Ramsayet al., 1986; Ramsay and Singer, 1986). The MB&hcentrations required to
inhibit mitochondrial respiration are relativelyghi (0.1-0.5 mM) (Vyast al., 1986), but
combined active neuronal plasma and mitochondriaimbrane transporters might
achieve more than 20mM in mitochondria (Ramstgl., 1986; Ramsay and Singer,
1986).

The results from section 10.2.3, clearly demonssrathat MPP adversely affects

electron transport (change in absorbance at 4 gsn@025) as compared to the control
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group (change in absorbance at 4 minutes is 0.(48§) 10.4.). The results show that
acetaminophen and ASA and acetaminophen aloneagible of preventing inhibition

of electron transport activity in MPRreated rats.

Acetylsalicylic acid however proved the most effeetn attenuating the effects of MPP

on the electron transport activity. The increaselgctron transport activity caused by
ASA and acetaminophen individually or in combinatiwould result in an increase in
ATP production. In addition, ASA caused an increaselectron transport activity above
that of the control value indicating that ASA pddgiacts at the level of complex | and

preventing the MPPinhibition of complex | activity.
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10.3. EFFECT OF ASA AND ACETAMINOPHEN IN
MPP"-INDUCED INHIBITION OF COMPLEX |
ACTIVITY IN RAT STRIATUM IN VIVO.

10.3.1. INTRODUCTION

NADH-ubiquinone (coenzyme Q) oxidoreductase (ECIB.8), Complex | is a large and
very complicated membrane bound multi-subunit ereyoomplex that plays an
important role in energy production by the mitoctioal OXPHOS system (Figure 9.6a).
As evident in figure 10.5, Complex | appears toeham ‘L-shape’ and this unique figure
is conserved between eukaryote and prokaryote Gotiplyano, 2002). Complex | is
located at the entry point of the ETC and initisgésctron transfer by oxidizing NADH
and the electrons are transferred to the lipiddelelectron carrier quinone (coenzyme

Qo) as an electron acceptor.

Complex | deficiency was first identified in thebstiantia nigra of post mortem PD brain
(Gu et al., 1998; Janetzkyt al., 1994; Schapirat al., 1989 and 1990). The defect
appeared to be restricted to both complex | instiestantia nigra and other brain areas
such as the striatum. Mitochondrial dysfunctionseliby inhibition of complex | leads
to electron leakage, which could further lead ®fthrmation of ROS. These free radicals
are a potential source of damage to DNA, lipidsmineanes and proteins (Dexigtral .,
1989; Sianet al., 1994). Mitochondria contain antioxidant defersstems such as
glutathione, CAT, and SOD to carefully balance freadical production and
detoxification. Oxidative stress is believed to ibgortant in the ageing process and
details of how reactive oxygen species are prodéroed various intra- and extracellular
sources as well as cellular defence mechanismgespbnses to oxidative stress have

recently been extensively reviewed (Finkel and IHmil, 2000).
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MPP" accumulates inside the mitochondria where it bitmd€omplex | (Javitctet al.,
1985; Ramsayet al., 1986) causing an inhibition of NAD-linked mitcaidrial
respiration (Nicklast al., 1985; Ramsagt al., 1986). The cellular damage caused by
MPP is primarily to energy depletion caused by specifinding to Complex |, a
secondary effect being the production of ROS asvehia figure 10.5 (Hasegawat al.,
1990; Fahn and Cohen, 1992).

NADH/NAL’ Increate
—» acldiosls
[MALDF] decrease
=3 Cancer
f OH™ 7 Apoptosiz, Mitapiasis,
NADH NAD*  ONOO~ ,re,cu Mitosis |
H,0 > ROS
Nﬂ% B g Oxidative damages
MnSO0 = DMNA mutations
{)1-‘ + Liphd peroxidation

* Protein damages
................. -
Decrease af complex I activity

--------------------- — ﬂ'“}l"‘ dtﬂ"ﬂl&
—+ ATP decrease
Inhibition by Envirommental toxins —+ ROS increase
+ Meuratoxing (MPPT)

= lnsecticidesTesticlies
Figure 10.5. L-shaped appearance of Complex | and generatiddG$ by Complex |

and its implicated consequences. Superoxide frdieala(Q,) is generated by a single
electron reduction of oxygen fOby SQ or cluster N2. Hydrogen peroxide,@2) and
hydroxyl radicals OH) are formed by Manganese superoxide dismutases(D) and

by Fenton’s reaction in the presence of iron (Rerapper (Cu), respectively. Nitric
oxide (NO) seems to react with,Oor SQ" species, generating a perinitrate species,

ONOQO" (Yano, 2002).

In the previous study, ASA and acetaminophen whmve to be effective in partially
reversing the inhibition of the mitochondrial ETCtigity induced by MPP. It was
therefore postulated from the above study that A84 acetaminophen could possibly

increase complex | activity in the presence of MPus, the present study investigates
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the effect of ASA and acetaminophen, either indiwitly or in combination, on complex

| activity in MPP treated rats activityn vivo.

10.3.2. MATERIALSAND METHODS

10.3.2.1 Chemicals and Reagents

All chemicals were of the highest quality availabfed were purchased from commercial
distributors. Potassium dihydrogen phosphate 4KB), potassium hydroxide,
Trisaminomethane (Tris), sucrose, Coenzymg NPADH, antimycin A and rotenone

were purchased from Sigma Chemical Corporation,@tis, MO, U.S.A.

10.3.2.2 Dosing of animals

Male Wistar rats were used for this experiment avete housed according to the
conditions described in appendix I. The rats wegated as described in section 5.5.2.2.

The striatum of the rat brain was homogenized amocmondrial B fraction was isolated

as described below in section 10.3.2.4.

10.3.2.3.  Surgical Procedures

As described in section 5.5.2.3.

10.3.2.4. | solation of Mitochondrial P, Fraction

Mitochondrial B fraction was isolated according to a modificatioh the method
described by Shultet al., 1995. Briefly, rat whole brain was homogenizadde cold
0.32M sucrose dissolved in 10mM potassium phosghafer (pH 7.2), in a Teflon glass
homogenizer with clearance of 0.1cm, to yield a M8 homogenate. The homogenate

is then centrifuged at 1 500 x g for 10min 8€4Thereafter, the pellet that forms is
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discarded and the supernatant is spun at 10 00@bx3p min at 4C. At this stage, the
supernatant that forms is discarded and the pslletsuspended in the same volume of
ice cold 50mM Tris in 10mM potassium phosphate déryfpH 7.2 (1:1 v/v) and this is
centrifuged at 10 000 x g for 30min &C4 The supernatant is discarded and the pellet is
resuspended in cold 10mM potassium phosphate byffér7.2. Finally the pellet is
sonicated until it is uniformly dispersed. The rmohondrial B fraction was used
immediately or stored for 24 hours at “20until use. Test samples revealed that storage
of the mitochondrial Pfraction did not alter complex | activity levelsrapared to fresh
samples. The submitochodrial particles were preplyesonication. All procedures were
carried out at 0-%. Protein content was determined by the methotoofry et al.,
(1951).

10.3.25. Complex | (NADH:ubiquinone oxidoreductase) Assay

Complex | (reduced nicotinamide-adenine dinuleot{l&®&DH)-CoQ reductase) was
determined using a modified protocol from Shettal., (1995). The oxidation of NADH
to NAD" by complex | was monitored by a fall in absorbaager a period of 2 min. DB,
is a synthetic water-soluble analogue of ubiguingc@enzyme @ (Estornellet al.,
1993). For then vivo study, the final 1ml assay mixture contained; Aguat of the
submitochondrial suspension sample @PB50ul of assay buffer (10mM KHPO,, pH
7.2, 5mM KCN, 21ig/ml Antimycin A, 5mM MgC}, 2.5mg/ml of defatted BSA) and
CoQ (54.uM). The antimycin was added in order to inhibit gdex Il and Ill activity
while KCN was used to inhibit complex IV activitigure 9.3). After adding the buffer,
mitochondrial fraction sample and CgtQe absorbance at 340nm was recorded for 0 and
2 min. The change in absorbance was noted andcabation time with CoQof 2 min
was given. Thereafter, NADH (0.12mM) was addednt® above assay mixture and the
absorbance at 340nm was noted at time O and 2 This. assay was repeated with
rotenone at a final concentration giM, allowing for the calculation of the rotenone-
sensitive complex | rate. The change in absorbaviteout NADH was deducted from
the change in absorbance with NAD& Aon = 159nmoles). The complex | activity was

expressed as nmol of NADH oxidized/min/mg protein.
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10.3.2.6. Statistical Analysis

The differences in the means were analyzed foisttatl significance as described in
section 10.2.2.7.

10.3.3. RESULTS

Sub-cellular fractions obtained from MPfeated rat brain showed a significant decrease
in complex | activity (Fig. 10.6.). Figure 10.6lustrates that post treatment of MPP
treated rats with ASA significantly blocked theeaff of MPP. Acetaminophen and the
combination of ASA and acetaminophen also inhibiterieffects caused by MPBn rat
brain mitochondria but were less effective than A8As evident from Figure 10.6, that
ASA treatment was able to significantly increaséostiondrial complex | activity in the

rat striatum above that of the basal control level.
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Figure 10.6. Effect of acetylsalicylic acid, acetaminophen am@& tcombination of
acetylsalicylic acid and acetaminophen, in compleactivity, in MPP treated rats.
Results are expresed are meaB.E.M. n= 5p < 0.05 (ANOVA).*(p< 0.001) MPP vs.
control; ***(p< 0.001) Acetylsalicylic acid vs. MPP**(p<0.01) Acetaminophen vs.
MPP" and Acetylsalicylic acid + Acetaminophen vs. MRRd@(p<0.05) Acetylsalicylic

acid vs. control.

10.3.4. DISCUSSION

Increasing evidence suggests that mitochondria lajle in the events leading to death
of the dopaminergic cells in PD (fig. 10.1.). Nofm@tochondrial function is important
for the preservation of cellular antioxidant defemasechanisms and the prevention of

excitotoxicity and inappropriate apoptosis.
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It has been demonstrated that ASA targets mitoati@nespiratory chain complex I-llI,
resulting in an increased ATP productionvitro (De Christébalet al., 2001). This
mechanism has also been shown to oatuivo models. De Christébat al. (2001) also
determined that the ATP levels, in the brain, reduby ischaemia is inhibited by the
previous administration of ASA, and that this disigable to increase the levels of ATP

by itself when it is administered to sham-operatennals.

MPP" toxicity produces loss of dopaminergic neurona irery similar distribution to the
pathology of PD (Fornet al., 1988). MPP is actively taken up into cell by monoamine
transporters in the membranes of dopaminergic mesurdVithin cells MPP enters
mitochondria and selectively binds to and inhibiBDH CoQ10 reductase (Complex 1),
which leads to the inhibition of ATP synthesis ate generation of free radicals

(Kruegeret al., 1990; Ramsay and Singer, 1986).

Figure 10.6 shows that intrastriatal infusion of M1fn rats results in a drastic reduction
in complex | activity in comparison to the contrdhis therefore confirms findings of
other authors (Fornet al., 1988) that the toxin does block the oxidationNDH to
ubiquinone. The mitochondrial inhibition leads talecrease in cellular ATP levels (Di
Monte et al., 1986), loss of mitochondrial membrane potentdterations of calcium
homeostasis and radical formation resulting in dedth.

However the inhibition of complex I, by MPPis reversed by post treatment with the
non-narcotic analgesics.

ASA was again shown to be most effective at rengrsie effects of MPP In addition,
ASA was effective in increasing complex | activitythe ASA treated group above that
of the control treated rats indicating that it ieyenting the MPPinduced inhibition of
mitochondrial complex | activity and possibly cortipg with MPP at complex I. These
results correlate with those obtained in figure4lGand therefore demonstrate that

inhibition of complex | by MPPalso occurs at the level of the electron transgivatn.
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The results in this chapter provides novel evidehe¢ ASA inhibits processes, such as

complex | activity inhibition, which results in &drease intracellular ATP content.

10.4. CONCLUSION

Strategies aimed at preventing mitochondrial dystion (Kass and Lipton 1982; Galeffi
etal., 2000) have been shown to be neuroprotectives Ebiupled with the potent free
radical scavenging properties of ASA and acetantieop as was demonstrated in
chapters 5 and 6, would therefore indicate the afsthese drugs as neuroprotective

agents in the treatment of PD.

The next level of endeavor would be to determinetivr these agents possess the key
role of reducing oxidative stress in the cell. Bffect of ASA and acetaminophen on the
cellular antioxidant defense system, which consit€AT, SOD and glutathione was

therefore investigated in chapters eleven and &velv
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CHAPTER ELEVEN

ENZYMATIC ANTIOXIDANT DEFENSE SYSTEM IN THE
BRAIN.

11.1. INTRODUCTION

Free radicals are chemical entities characterizgdthle orbital containing unpaired
electrons. These electrons confer to these moleaulstrong propensity to react with
target molecules giving or withdrawing one electfon them to complete their own
orbital (Castagnest al., 1999). Excess production of these molecules pentially
damage different macromolecules such as proteinsleic acids and lipids thereby
leading to cellular degeneration (Cohen and d’Agherty, 1987). The brain is
extremely vulnerable to free radical damage as ewetpto other tissues, because it
contains large quantities of oxidisable lipids, atgt and has comparatively less
antioxidant defense mechanisms. Hence the needrasepe the already existing,
antioxidant mechanisms such as SOD, CAT, GPx amer aholecules in the brain which

are essential in preventing neurodegeneration.

In idiopathic PD, antioxidant molecules such as GSED and CAT have been reported
to be altered (Perrgt al., 1982; Sagget al., 1989; Marttilaet al., 1988; Ambangt al.,
1975). The mitochondria are one of the major saiaféd " generation and an estimated
1-2% of the electron leak from the mitochondriaatton transport chain is utilized to
form O;" (Turrens and Boveris, 1980) which are dismutate@®D (Nohl and Hegner,
1978). These involve in the dismutation of Qo HO,, which is converted to # and
O, by CAT or by the oxidation of GSH in presence &G

There is a delicate balance between the rise ofutition of @ by SOD and removal

of H,O,. Catalase has a greater affinity to this substitze@ does GPx (Chanetal.,
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1979) and CAT is therefore more inducible to thespnce of higher concentrations of
H,0, than GPx (Jonedt al., 1981).

The interplay of these mechanisms of free radicavenging that exist in the brain serve
as important defense systems to prevent cell daath subsequent neurodegneration.
Figure 11.1 illustrates the interplay between theaous antioxidant molecules such as
GSH and the enzymes responsible for scavengingddieals in the brain. The diagram
also explains the biochemical pathways by whichahg&oxidant molecules react with

free radicals.
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Figure 11.1. Removal of oxygen and nitrogen free radicals ameroteactive species in

mammalian cells by the antioxidant defense mechanis the brain (Fang al., 2002).



Antioxidant Defense System

11.2. THE EFFECT OF ACETYLSALICYLIC ACID
AND ACETAMINOPHEN IN MPP"-INDUCED
ALTERATION OF SOD FUNCTION IN RAT
STRIATUM IN VIVO.

11.2.1. INTRODUCTION

Superoxide anions are free radicals, which can deemted in the brain by several
mechanisms, such as: (1) the inefficiency of thectebn carrying components of the
mitochondrial electron transport chain, (2) monaaniegradation, and (3) the xanthine
oxidase reaction. Nevertheless, the producgddan be metabolized by SOD, which is
present in both the cytosol and mitochondria (Hmsekal., 1995). The dismutation of
the Q" by SOD serves as one of the antioxidant defensehamésm in the brain.
Superoxide dismutase (EC1.15.1.1) is a secreta@trameric, copper- and zinc-
containing glycoprotein with a subunit molecularigi# of about 30 000 (Marklund,
1982; Tibellet al., 1987).

The potent parkinsonian neurotoxin, MPPas been shown to retard mitochondrial
function by inhibiting complex-I activity in the teichondria as demonstrated in chapter
ten and generate free radical production such @Asa® shown in chapter five. These
findings have been confirmed by previous report&Kds et al., 1985; Glucket al.,
1994; Mohanakumar and Steinbush, 1998; Mohanakwenal., 2002). In addition,
authors, Muralakrishnan and Mohanakumar, 1998; H®wrend Mohanakumar, 2003,
have shown MPPto damage the antioxidant machinery of the mitochia such as
SOD and CAT, in the brain.

ASA and acetaminophen have been shown to be capableprotective agents against

MPP'"-induced toxicity with regard to the scavengingfrek radicals (chapters five and
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six) and effective at preventing complex-1 inhibiti by this potent neurotoxin (chapter
ten).

Therefore the aim of this study was to investigateeffects of MPPon SOD activity in
rat striatum,n vivo, as well as to assess whether post-operative treatwtn ASA and
acetaminophen altered the effect of this neurotorisOD activity.

11.2.2. MATERIALSAND METHODS

11.2.2.1. Chemicalsand Reagents

All chemicals and reagents were of the highestityuabailable and were purchased from
commercial distributors. Pyragallol was purchasedfSigma Chemical Corporation, St.
Louis, MO, U.S.A. EDTA was purchased from Merckriatadt, Germany.

11.2.2.2.  Dosing of Animals

Animals were dosed as described 5.5.2.2.

11.2.2.3.  Surgical Procedures

As described in chapter five, section 5.5.2.3.

11.2.2.4. Preparation of Cytosolic/ Particulate fractions

The striata were homogenized in potassium phospha#ter (pH 7.8, 0.1M) using a

glass Teflon homogenizer. The homogenate was taetriftiged at 100 000 x g for 60

minutes at 4°C. The supernatant obtained correspiontthe cytosolic fraction containing

CuZn-SOD. The pellets were resuspended in the huftseze thawed three times, and
centrifuged at 100 000 x g for 60 minutes at 4°GisTsupernatant corresponds to the
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particulate fraction containing Mn-SOD. The cytaschnd particulate fractions were
mixed together in order to obtain the total enzyraetion.

11.2.25.  Superoxide Dismutase Assay

The method of Marklund and Marklund (1974) was eyt to assay the SOD activity,
with minor modifications. Pyragallol in the presenof 10mM EDTA auto-oxidizes

rapidly in alkaline solution (50mM Tris-HCI; pH §.2The reaction mixture consisted of:
supernatant (approximately 500ug protein), 300p2mmM pyragallol, 300ul of 210mM

EDTA and 62.5mM Tris-HCI was used to make up to.3Fytagallol auto-oxidation was
monitored over a period of 3 minutes with and withdhe enzyme protein. The
absorbance was read at 420nm using a SHIMADZU U¥ehbance Spectrophotometer.
The auto-oxidation of pyragallol was linear witle tactivity of the enzyme present. Fifty

percent inhibition/(mg proteimin™) was taken as one unit of enzyme activity.

11.2.2.6. Statistical Analysis

The results were analyzed using a one-way anabfsisariance (ANOVA). If the F
values were significant, the Student’'s Newmans-Eadlltiple Range test was used to
compare the treated and control groups. The lev@&baificance was accepted@t0.05
(Zar, 1974).

11.2.3. RESULTS

The intracranial administration of MPPin adult male rats, resulted in a significant
increase (= 25%) in SOD activity as compared tocthetrol (figure 11.2).

Postoperative treatment with ASA resulted in furtbp regulation of SOD activity by

approximately 55% and 24% when compared to the rabrand toxin groups,

respectively as demonstrated in figure 11.2. Figlte?, illustrates that similar post
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treatment with acetaminophen and the combinatioA®4 and acetaminophen resulted
in a down regulation of SOD activity, on day 4, wlempared to the MPRreated rats.
Acetaminophen had the more pronounced effect dfetheo treatment regimens with

regards to the down regulation of enzyme actiwitijch was lower than the control

group.
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Figure 11.2. The effect of the administration of acetylsalicyéicid and acetaminophen
alone or in combination on SOD activity followinggriacranial administration of MPfn

rat mitochondrial homogenate. Each bar represémtsttean +SEM, n=5(p<0.001)
control vs. MPP; *(p<0.001) Acetaminophen vs. MPRnd MPP vs. acetylsalicylic
acid; **(p<0.05), acetylsalicylic acid + acetaminophen vs.FMP**( p<0.001) control

vs. acetylsalicylic acid, an®(p<0.01) acetaminophen vs. control. Student Newman-

Keuls-Multiple Range test.
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11.2.4. DISCUSSION

Free radical generation, with increased produatibactivated oxygen species, such as
O,;" and’OH has been suggested to play an important radgiml neuronal death in PD
(Obataet al., 2001). Oxidative stress in nigral neurons inigras with PD results in an
increase in iron content (Dextet al., 1989), SOD activity and lipid peroxidation of

neuronal cells.

The aim of this study was to elucidate whether AfW@ acetaminophen either alone or in
combination are capable of altering any possilftecef of MPP on SOD activity.

The salient feature of this study is consistenhwait earlier report by Muralikrishnan and
Mohanakumar (1998), where the prolog of MPRPTP was administered to mice and
resulted in a significant upregulation of SOD aityiwhen compared to the control
group. Electron paramagnetic resonance studies imalieated that MPPacts at the

active site of NADH-ubiquinone (Adamet al., 1993; Zang and Misra, 1993), which
indicated the formation of £ in mitochondria. The effect of this toxin on the
mitochondria was also demonstrated in chapter wdrere a significant inhibition of

complex | activity was observed. The increase éttital SOD activity that was observed
in this study, following exposure to the neurotgxmnay indicate the induction of this
enzyme due to the oxidative insult of the neuratoan the mitochondrial electron

transport system which results in the generatio®,6f(Zang and Misra, 1993).

Acetylsalicylic acid treatment significantly enhadcSOD activity in the striatum (figure
11.2.). The protective effect of ASA, at preventig MPP-induced toxicity that was
investigated in chapter ten, could therefore be tduthe upregulation of SOD, which is
an important antioxidant molecule in the mitochaadmThe results obtained from this
study also indicate that ASA interferes with thdiah events of the neurotoxicity of
MPF".
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Previous studies have indicated that acetaminopiaetially alleviated MPP induced

neurotoxicity as well as the degenerative effedheftoxin on striatal DA levels (chapter
nine; Maharajet al., 2004; Sairanet al., 2003). The reduction of activity of SOD, in
comparison to the toxin group, could therefore be th the @ scavenging properties of
acetaminophen (as was demonstrated in chapter Wegh resulted in the low activity

that was observed.

Concomitant administration of ASA and acetaminopéiso resulted in a slight decrease
in SOD activity when compared to the toxin groupwéver this decrease was not
significant when compared to the control group, alhindicated that the combination

cancelled the neurotoxic effects of MAR rat striatum.

The results presented in this study add to thetiegisinderstanding of the free radical
mechanisms involving MPRnduced dopaminergic neurotoxicity. In additior tstudy
unearths the neuroprotective effects of ASA andamsmophen (which has so far been
known for the management of pain) and further iogi#s ASA in the treatment of PD.

28¢



Antioxidant Defense System

11.3. THE EFFECT OF ACETYLSALICYLIC ACID
AND ACETAMINOPHEN IN MPP*-INDUCED
ALTERATION OF GLUTATHIONE
PEROXIDASE FUNCTION IN RAT STRIATUM
IN VIVO.

11.3.1. INTRODUCTION

Although the etiology of PD is still ill definedhére is growing interest surrounding the
phenomena underlying the degeneration processarticplar oxidative stress has been
put forward as one of the major causes of the hidggeneration. A loss in detoxification
has been reported in PD patients with a reductio®$H levels, GPx expression and
CAT expression (Blunet al., 2001). GPx is present in large amounts in tlaénbaduring
the nervous system development, decreasing duregat adult life (Nandet al., 1996).
For these reasons free radicals have been pointeesdmportant molecules involved in
the nervous system pathologies such as PD, AD dnd@Jenner, 1998; Castageeal.,
1999).

Glutathione reacts with free radicals both non-emtycally and also acts as an electron
donor in the reduction of peroxides catalyzed byw.Ghhis results in the conversion of
GSH to GSSG, which induces a decrease in GSH lg&sbnas and Wong, 1999).
Glutathione peroxidase plays a major role in theyeckng of GSH as suggested by
Klivenyi et al., 2000, who reported that GPx knockout mice chgiel with MPTP
exhibited greater depletion of DA compared to ageched control mice. Experiments
involving GPx knockout mice treated with MPidicate that this toxin mediates its
deleterious effects at least in part through inidicof oxidative damage (Klivenyt al.,
2000; Przedborsldt al., 1992).
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The aim of the present study was to investigatetfeets of MPP on GPx activity in the
rat striatum as well as to establish whether treatrwith ASA and acetaminophen either

individually or in combination would alter the efts of MPP on GPx activity.

11.3.2. MATERIALSAND METHODS

11.3.2.1. Chemicalsand Reagents

All chemicals and reagents were of the highestityuaVailable and were purchased from
commercial distributors. NADPH, reduced glutathiomgutathione reductase (Sigma
type Ill) and tert-butyl-hydroperoxide t(butyl-HPx) were purchased fro from Sigma
Chemical Corporation, St. Louis, MO, U.S.A.

11.3.2.2. Dosing of animals

Animals were dosed as described 5.5.2.2.

11.3.2.3.  Surgical Procedures

As described in chapter five, section 5.5.2.3.

11.3.2.4.  Glutathione Peroxidase Activity

Glutathione peroxidase activity was measured byntie¢hod described by Sinet al.
(1975) using-butyl-HPx as a substrate. The striata was homagdrin PBS 0.05M (pH
7.4) in buffer solution (1mg/5ul) using a Teflomhogenizer. Striatal protein (30ug) was
added to 500 pl of PBS containing 30 reduced glutathione, 2 units of yeast
glutathione reductase (Sigma type Ill) and 2 X NADPH and incubated for 10 minutes
at 37 °C. The reaction was initiated by the additiof t-butyl-HPx to a final

concentration of 1M, under constant agitation. The oxidation of NADBf 6.22 x 18
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at 340 nm and the reaction was made for 5 mini@eg. enzyme unit was defined as
1uM NADPH/mU per mg protein. The results were gred using a one-way analysis
of variance (ANOVA). If the F values were signifitathe Student’s Newmans-Keuls
Multiple Range test was used to compare the treatedcontrol groups. The level of

significance was accepted at p<0.05 (Zar, 1974).

11.3.3. RESULTS

There was a significant increase in GPx activitytoa 4" day following intracranial
administration of MPPas compared to the control group, which receiahe (figure
11.3).

Figure 11.3 illustrates that postoperative treatmeh adult male rats with ASA

(100mg/kg) resulted in a + 42 % down regulatioraativity of GPx as compared to the
toxin. ASA also significantly reduced the activiof the enzyme in comparison to
acetaminophen and the combination of ASA and adgatgrhen. In addition GPx activity

in rats treated with ASA was reduced below basatroblevels by + 20 %.

Similar post treatment with acetaminophen and abdoation with acetaminophen and

ASA resulted in a significant decreagg0.0001, in activity of GPx as compared to the
toxin group (figure 11.3).
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Figure 11.3. The effect of the administration of acetylsalicyéicid and acetaminophen
alone or in combination on GPx activity followingtiacranial administration of MPRh
rat striatal homogenate. Each bar represents tae s8EM, n=5."(p<0.001) control vs.
MPP"; *(p<0.001) Acetaminophen vs. MPPacetylsalicylic acid vs. MPPand
acetylsalicylic acid + acetaminophen vs. MPP*(p<0.05) control vs. acetylsalicylic

acid. Student Newman-Keuls-Multiple Range test.

11.3.4. DISCUSSION

Although the generation of free radicals is parhofmal metabolism, overproduction or
reduced efficiency of defense systems to reactiygen species may greatly contribute
to their neurotoxicity. Hydrogen peroxide is nofree radical however it can react with
O, radicals via the Haber-Weiss reaction or with ivtathe Fenton reaction to produce

highly reactive hydroxyl radicals (Bellissingbal., 2001).

28¢



Antioxidant Defense System

The intriguing result obtained from this study clgalemonstrates that MPhfusion
into the rat striatum results in a significant emteament of GPx activity when compared
to the control group (figure 11.3). This clearlyndenstrates that the generation of

reactive oxygen species leads to an exacerbatithrecdctivity of GPx.

The ability of ASA and acetaminophen either aloménocombination to downregulate
the activity of GPx, in comparison to the toxin gpo(figure 11.3) could result from their
free radical scavenging properties demonstratethapters five and six. A lack of GPx
activity can result in a greater production hydrogeroxide, which can react with, Oto
form "OH (figure 11.1.). Obatat al. (2001) demonstrated that the infusion of MRP
rats, results in the generation ‘@H. The 'OH formed during MPPneurotoxicity can
result in the peroxidation of lipids and subsequeiitdeath (Obatet al., 2001). Further
evidence to support this was the enhanced MDA curaton levels, a lipid
peroxidation by-product, observed in chapter sixaits treated with MPRalone. These
non-steroidal agents reduce GPx activity in thesgmee of MPP but they have been
shown to inhibit the deleterious effects of tf@H by significantly inhibiting MPR
induced lipid peroxidation (chapter six, sectiof)6Lipid peroxidation was significantly
reduced in rats treated with ASA and acetaminopbgher alone or in combination, as
compared to the toxin group thus implying that ¢hagents were nullifying the effects
that the hydroxyl radical may have on cells.

Chapter five demonstrates that ASA and acetaminophe potent @ scavengers in the
presence of MPP Hence this provides another mechanism of acticthat these agents
could be preventing the availability of the Qo react with HO, to form the neurotoxic,

'OH via the Haber-Weiss reaction.
Therefore the reduced GPx activity that was obskiwvéhe groups treated with ASA and

acetaminophen alone or in combination would notehany negative consequences on

the integrity of the cell due to the potent antitant properties of these agents.
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11.4. THE EFFECT OF ACETYLSALICYLIC ACID
AND ACETAMINOPHEN IN MPP"-INDUCED
ALTERATION OF CATALASE FUNCTION IN
RAT STRIATUM IN VIVO.

11.4.1. INTRODUCTION

Mammalian catalase is probably one of the besteduehzymes in existence. It was first
crystallized from beef liver by Summer and DounoelB37 (Summer and Dounce,
1937). Catalase has a molecular structure of ab4&it0O00 Da and is composed of four
identical subunits, each containing a protoporhynmg and a central iron (Fe) atom.

Catalase catalyzes the destruction gDy following two reactions:

2H,0, CAT 2H,0 + 02

catalytic reaction

v

CAT

v

H-,O, + SH» 2H,O +S

peroxidatic reaction

Where (S) is any one of hydrogen-donating substrateluding ethanol, methanol,
formate, nitrite and quinones (Halliwell and Gutdege, 1999). KO, is produced in the
cells by a number of enzymatic reactions includihgse catalyzed by SOD, which
converts superoxide anions to water and oxygen aod-enzymatically by the
autoxidation of compounds such as thiol and asterbdnder normal physiological
conditions, catalase controls theQd concentration so that this does reach toxic levels

that could bring about oxidative damage.
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Catalase is present in most aerobic cells. In nzases the enzyme is localized in a
subcellular organelle such as peroxisomes of laed kidney or in much smaller
aggregates such as microperoxisomes found in atyaaf other cells (Sichak and
Dounce, 1986). Peroxisomes contain many of thelleelenzymes that generate@,
such as glycolate oxidase and flavoprotein dehygrages (Halliwell and Gutteridge,
1999). Mitochondria contain little if any cataladdence, any kD, diffuses to the

peroxisomes (Halliwell and Gutteridge, 1999).

Catalase activity can be measured by monitoring disappearance of J, in the
reaction system. For a given concentration eD4l the initial rate of its removal is
proportional to the concentration of catalase. Dguusition of HO, can be followed by
the loss of its light absorbance at 240nm, or byasueng the release of,@y using an
oxygen electrode (Halliwell and Gutteridge, 199@atalase activity in tissues with
relatively high activity, such as the brain, candpectrophotometrically determined if

complete lysis of all organelles and clear solgioan be obtained.

Research studies show that MPTP administrationige mesults in an increase in CAT
activity (Thomas and Mohanakumar, 2003). This ieglithat MPTP administration
results in oxidative insult to the cell, which trn results in the increased activity of the
cells antioxidant defense system. Similar studssgiMPP demonstrate that this potent
neurotoxin affects SOD and CAT activity in the hummreeuroblastoma cell line (Lest
al., 2000).

The aim of this study was to therefore determiredfiect of MPP on CAT activity in
the cytosolic and particulate fractions of the .c&he study also aimed to determine
whether ASA and acetaminophen alone or in comlmnatilter the MPP -induced

change in CAT activity, if any, in the rat striatum
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11.4.2. MATERIALSAND METHODS

11.4.2.1. Chemicalsand Reagents

All chemicals and reagents were of the highestityuaVailable and were purchased from
commercial distributors. Hydrogen Peroxide was pased fro from Sigma Chemical
Corporation, St. Louis, MO, U.S.A.

11.4.2.2.  Dosing of Animals

Animals were dosed as described 5.5.2.2.

11.4.2.3.  Surgical Procedures

As described in chapter five, section 5.5.2.3.

11.4.2.4. Preparation of Cytosolic/Particulate fractions

The cytosolic and particulate fractions were predaaccording to the procedure
described in section 11.2.2.4.

11.425.  CAT Assay

Catalase (EC 1.11.1.6) is a heme protein foundlifivang cells with the exception of
certain bacteria. Functionally, it removegd4d, which is toxic to the biological system by
virtue of its oxidizing action. Molecular weight tthis heme-protein is 240-250kD. In

humans, the activity is well established in bldogr and brain (Bergmeyet al., 1983).

In the ultraviolet range ¥, shows a continual increase in absorption with e#ging

wavelength. The decomposition ob® can be followed directly by the decrease in

29¢



Antioxidant Defense System

absorbance at 240nm{ = 0.00394 + 0.0002 liters mmbmm?). The difference in
absorbance per unit time is a measure of CAT &gtiVio avoid the inactivation of the
enzyme during the assay (usually 30 seconds) ardtion of bubbles in the cuvette due
to the liberation of @ it is necessary to use low concentrations gDH30mM). The
H,0; is crucial as there is direct proportionality beém the substrate concentration and

the rate of decomposition.

The assay of CAT activity was based on the decoitiposof H,O, as described by
Aebi, (1984). The rate of decrease in absorban&€®f at 240nm for 30s in presence of
CAT is taken as the enzyme activity. An assay mextonsisted of 5Q0 of (combined
cytosolic and particulate fractions) which contdinesuitably diluted enzyme
(approximately 10Qg protein) in 50mM phosphate buffer, pH 7.0. Thact®n was
started by the addition of 8, (30mM), which gave an approximate absorbance ®f O.
initially. The specific activity of the enzyme igxm@essed as change in absorbance per
minute per milligram protein.

11.4.2.6. Statistical Analysis

The results were analyzed using a one-way anabfsisariance (ANOVA). If the F
values were significant, the Student’'s Newmans-Eadlltiple Range test was used to
compare the treated and control groups. The lev&@baificance was accepted at p<0.05
(Zar, 1974).

11.4.3. RESULTS

The decrease in absorbance gOkat 240nm indicated that the CAT enzyme was active
in the combined cytosolic and particulate fractioiie results from figure 11.4,
demonstrate that MPPsignificantly enhances the activity of CAT in tleembined
cytosolic and particulate fraction as comparedht d¢ontrol. The change in absorbance
that was observed in the MPReated was significantly greater than the chaimge

absorbance exhibited in the contok 0.001.
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Post-operative treatment, with the non-narcoticlgesacs resulted in a significant
attenuation in the MPPinduced increase CAT activity, p<0.05, as illusdain figure
11.4. There was no significant difference in CATiaty in each non-narcotic analgesic

treatment group when compared to the control.
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Figure 11.4. The effect of the administration of acetylsalicyéicid and acetaminophen
alone or in combination on catalase activity follogv intracranial administration of
MPP' in rat striatal homogenate. Each bar represeetsrsan +SEM, n=5%(p<0.001)
control vs. MPP, *(p<0.05) vs. MPP. Student Newman-Keuls-Multiple Range test.
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11.4.4. DISCUSSION

There exists a delicate balance between the rigb@f formation via dismutation of O

by SOD and its removal by CAT/GSH (Freeman and €rap82). Thomast al. (2000)
demonstrated that CAT is more inducible to high@roentrations of kD, and thus their
findings that the increase in MPTP-induce&dH formation in the, mouse, striatum
resulted in enhanced CAT activity. Catalase mayesa@s a secondary defense as the
GSH system becomes limiting (Erhart and ZeevallQ120Erhart and Zeevalk (2001)
suggest that when GSH levels are depleted, andribufficient to effectively oppose the
generation of KO, CAT activity may subsequently become an importardtective

mechanism.

The results in figure 11.4 show that ASA and acataphen block the MPPRinduced
increase in CAT activity. The increase in SOD attjas shown in section 11.2, coupled
with the attenuation of CAT activity, following @ément with these non-narcotic
analgesics in MPPesioned rats, implies that these agents intevfétte the initial events
of MPF'-induced neurotoxicity. These agents have also lskewn to attenuate MPP
induced lipid peroxidation in chapter six and tliere the lack of enhanced CAT activity
in the presence of MPPin the ASA and acetaminophen treated rats, sugd¢fest these

agents are acting as free radical scavengers.

As mentioned earlier, CAT activity becomes a priyreantioxidant defense mechanism in
the cell when GSH levels are depleted. Hence itdeasded to investigate whether ASA
and acetaminophen alone or in combination are d¢apbaltering the MPP-induced

decrease in GSH levels in the rat striatum.
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11.5. CONCLUSION

The ability of these agents to modify the antioriddefense mechanism, SOD, Gpx and
CAT, in the presence of MPRurther indicates that the neuroprotective effeftASA
and acetaminophen are due to more than one meohartiese results correlate with the
results obtained in previous chapters, which indidhat these agents are free radical
scavengers. The effect of these agents on GPxtgatrarrants further investigation as
this enzyme plays a critical role in the availdpilof the potent antioxidant molecule,
GSH. The effects of the non-narcotic analgesic¢hese antioxidant enzymes could be
secondary as free radicals play a vital role irttedse mechanisms therefore this warrants
further investigation.

The conversion of kD, to H,O is catalyzed by GPx and involves GSH, which is a
cofactor of this enzyme (Meister and Anderson, 1948ister, 1995). As mentioned
earlier, GPx converts GSH to the oxidized form GS8@&he presence of free radicals.
Thus, the effect of these agents in the presend&Ps on GSH levels in the brain was
investigated in the following chapter (chapter el

Furthermore GSH was also investigated to determimether the action of these agents
on CAT activity was significant since CAT becomdspdmary importance only when
GSH levels are depleted (Erhart and Zeevalk, 2001).
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CHAPTER TWELVE

ROLE OF ACETYLSALICYLIC ACID AND
ACETAMINOPHEN IN GLUTATHIONE LEVELSIN MPP*
TREATED RATS.

12.1. INTRODUCTION

In recent years there has been substantial evideopporting the hypothesis that
oxidative stress triggers a cascade of eventsrigadi the death of neuronal cells during
PD (Adamset al., 2001). During different processes of cellularodg metabolism such

as mitochondrial oxidative phosphorylation ROS sashQ”, hydrogen peroxide and

‘OH are generated. Excess production of these mekccan potentially damage
different macromolecules such as proteins, nudeids and lipids thereby leading to
cellular degeneration (Cohen and d’ Arcy Dohert998). To counter this, the cell

maintains a battery of detoxifying enzymes viz. C&DD and GPx and small molecules
such as GSH.

The tri-peptide GSH is the most abundant intratailmon-protein thiol compound in
mammalian cells (Sies, 1999). Glutathione is alsesgnt as glutathione disulphide
(GSSG), the oxidised form of GSH, and is knownuoction as an antioxidant with a
crucial role as a scavenger of toxic free radieald in the detoxification of xenobiotics.
Recent research data suggests that GSH may alsoah@le in signal transduction, cell
proliferation, regulation of gene expression andpapsis (Arrigo, 1999; Seet al., 1999;
Hall, 1999). Furthermore, GSH also appears to plagle in various cellular processes
such as DNA metabolism, protein synthesis, actwatof certain enzymes and
enhancement of immune function (Lomaestro and Mgl&@895; Bains and Shaw, 1997)

as illustrated in figure 12.1.
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Dringen et al., (2000) reported that GSH is present in the brainmillimolar
concentrations. Apart from antioxidant functionghie brain, extracellular GSH has been
hypothesized to have additional functions as aateamsmitter (Janakgt al., 1999),

neurohomone, in the detoxification of leukotriend glutamate metabolism.
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Figure 12.1. The different roles of GSH: a schematic represemtaif the antioxidant
properties of GSH as relevant to SN dopaminergirorel cells in PD (Bharaté al.,
2002).

It has been observed that there is an age-depedéegidtion in intracellular GSH of
many organisms including humans (Sohal and Weiltdrd®96). In humans, there
appears to be a decline in GSH levels in the cesplimal fluid during aging (Cudkowisz
etal., 1999). Research studies have shown that in ageel a 30% decrease in levels of
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GSH compared with younger animals is evident (Gieh.,, 1989; Hussaiet al., 1995).
Since the brain requires extensive ROS detoxibeai is evident that a decrease in GSH
content could increase oxidative damage making Win@in more susceptible to

neurological disorders such as PD.

During PD there is a further reduction in GSH levelithin the SNpc (Riederett al.,
1989; Soficet al., 1992) and GSH depletion is the first indicatdrogidative stress
during PD progression suggesting a concomitantas® in ROS. Although GSH is not
the only antioxidant that is depleted during P2, thagnitude of GSH depletion appears
to be parallel to the severity of the disease armlis prior to other hallmarks of the
disease including decreased activity of the mitachial complex | (Perry and Yong,
1986; Jenner, 1998).

Furthermore, MPTP has been shown to contributexidative stress by depleting the
levels of GSH (Halliwell and Gutteridge, 1985; Banret al., 1984). This amplifies the
damage caused because depletion of GSH causesrfurtihease in ROS levels hereby
contributing synergistically to mitochondrial dysfition perhapsia direct inhibition of
complex | activity. Thomast al. (2000) demonstrated that MPTP administration icem

results in a significant depletion in GSH levels@uopanied by a reduction in DA.

The enzymic method used in this study, as describedietze (1969), is a sensitive
method for the quantitative determination of t@adl oxidised GSH in tissues in amounts
as low as nanograms. The sensitivity of the meth@iich as to permit GSH estimations
in extracellular fluids e.g., saliva, plasma andiney which normally contain
approximately fig/ml of the peptide, by the direct addition of temple to the assay
mixture (Tietze, 1969). Tietze (1969) demonstrdked the noninterference of cysteine at
high relative ratios to GSH suggests a correspanc@fiability in the presence of other
nonglutathione thiol components. The method is thasethe catalytic action of GSH or
GSSG in the reduction of Ellman reagent or 5,5%d#bis-(2-nitrobenzoic acid) (DTNB)
in a mixture containing glutathione reductase whjighds a chromophoric product with a

molar absorption at 412nm. Unlike other methodsmdlysis the procedure described
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here effectively measures the total GSH contentndhown mixtures and is not subject

to appreciable interference by the presence of ¢i@ components (Tietze, 1969).
The aim of this study was to determine whether éhemalgesics, ASA and

acetaminophen, have any effect on MPRduced decrease in GSH levels in rat brain

striatumin vivo.

12.2. MATERIALSAND METHODS

12.2.1. Chemicals and Reagents

All chemicals and reagents were of the highestityuaVailable and were purchased from
commercial distributors.2-chloro-2, 5,5’-dithio-H&-nitrobenzoic acid) (DTNB),
reduced glutathione (GSH), oxidised glutathione $G§ N-ethylmaleimide (NEM) and
GSH reductase were purchased from Sigma Chemicgbo€aion, St. Louis, MO,
U.S.A.

12.2.2. Dosing of Animals

Animals were dosed as described 5.5.2.2.

12.2.3. Surgical Procedures

As described in chapter five, section 5.5.2.3.

12.2.4. M easurement of Total Glutathione

Total GSH was determined by the method describedlibize (1969). The rat striatum
from each treatment group was homogenized (10%m/\gold 5% TCA in a glass

Teflon homogenizer. The homogenate was then cegétf at 10 000 x g for 15 minutes
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at 4°C. The pellet was discarded and the supematas used for the rest of the
experiment. An aliquot of 1 ml of reaction mixtunehich consisted of the reaction
mixture: DTNB (0.6mmol/L) and GSH reductase (1 imi} dissolved in 0.1M sodium

phosphate-EDTA buffer (pH 7.5), was added to 1 rnisopernatant and this was
incubated at 3 for half an hour in an oscillating waterbath. feadter, the reaction

was stopped and the formation of the GSH-DTNB cexplas measured at 412 nm with
a Shimadzu UV 160A UV-visible recording spectromhméter. Final results were
expressed gsmoles/mg protein.

To determine the concentration of GSH a standardecwith varying concentrations of
total GSH was constructed and the absorbance v ae 412 nm as described in
appendix VI. The known amount of GSH, used to qoicstthe calibration curve, was
added to the reaction mixture and the absorbanasuned at 412nm. Since the GSH
assay method was being employed for the first fimaur laboratory it was necessary to
validate the method to suit the requirements oflalbioratory before use. The validation
results are shown in appendix VI. Validation is @gess whereby the performance
characteristics of an analytical method are establ and the analytical method meets
the requirements for its intended purpose (USP9L9Bhis method was validated for

linearity, precision, accuracy, limit of quantitati (LOQ) and limit of detection (LOD).

12.25. M easur ement of Oxidised Glutathione (GSSG)

Oxidised glutathione was measured by the methodritbes by Tietze (1969). The rapid
and complete reaction of NEM with GSSG (Tietze, d)9prevents the participation of

the reduced form of GSH in the enzymic assay akagéts possible oxidation.

The experimental protocol was similar to that foe tmeasurement of total glutathione
except that the supernatant sample was first irtedbat 25°C for 20 minutes in 0.1mol/L
phosphate buffer containing 10mmol/L NEM. The NEMnis a complex with GSH,

which is then removed by column chromatography BR-C18 (Waters, Framingham,

MA) column. The supernatant, which now containsydB5SG, was then reacted with
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GSH reductase (1 unit/ml) and DTNB (0.6mmol/L) asatibed above in section 12.2.4.
Thereatfter, the GSSG was measured at 412 nm wghimadzu UV 160A UV-visible

recording spectrophotometer. Final results wereesged agmoles/mg protein.

To determine the concentration of GSSG a calibmatiarve with varying concentrations
of GSSG was constructed and the absorbance wasatedd2nm as described in
appendix VII. The known amount of GSSG, used tostroiet the calibration curve, was
reacted with the reaction mixture and measured 2nd. Since the GSSG assay method
was being employed for the first time in our lalborg it was necessary to validate the
method to suit the requirements of our laborat@fpie use. was being employed for the
first time in our laboratory it has been validatadd validation results are shown in
appendix VII. This method was validated for linggriprecision, accuracy, LOQ and
LOD.

12.2.6. Calculation of Reduced GSH
In order to determine the concentration of reduG&H in each treatment group, the

difference of between the total GSH and GSSG whsileéed (Tietze, 1969; Leret al.,
2002; Erhart and Zeevalk, 2001).

12.2.7. Statistical Analysis

The differences in the means were analyzed usirapexway analysis of variance
(ANOVA) for statistical significance. If the F vas were significant, the Student
Newman-Keuls test was used to compare the treatddcantrol groups. The level of

significance was acceptedm&0.05 (Zar, 1974).
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12.3. RESULTS

It is evident from figure 12.2 that the total GSehtent in the MPPtreated rat striatum
was significantly decreased in comparison to thetrod treated rat striatum. The MPP
treated group shows a +35% reduction in GSH lewet®mparison to the control group.
However, the administration of ASA and acetaminopéigher alone or in combination is
able to curb the MPHNnduced reduction of total GSH. There is no sigaifit difference
between the results obtained from the three nocetiaranalgesic treatment groups when

compared to each other as shown in figure 12.2.

The level of GSSG on the 4th day following MPiIRfusion in rats was significantly
enhanced as compared to the control group (figRré. )1 However the treatment of these
rats with ASA, acetaminophen and the combination ASA & acetaminophen
significantly inhibit the MPRinduced increase in GSSG levels in rat striatum.
Acetaminophen was the least effective from all déhréreatment regimens with
significantly increased levels of GSSG when compdoethe ASA group.

From figure 12.4, it is evident that MPRreatment causes a significant decrease in
reduced GSH levels in the rat striatum as compéweithe control group. Figure 12.4
aptly demonstrates that ASA, acetaminophen and dbmbination of ASA &
acetaminophen significantly inhibited the MPARduced reduction of the reduced GSH
levels. Furthermore, there is no significant défece when all three-treatment regimes

are compared with each other and the control group.

MPP" administration in rats results in the overall ease in GSSG/GSH (reduced) ratio
when compared to either the control or treatmeptus (figure 12.5). The treatment
groups are able to prevent the MRRJuced increase. Furthermore the overall efféct o
the toxin is completely blocked, as there is naidigant difference in the ratios of the

treatment regimes when compared to the controlgeasullustrated in figure 12.5.
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Figure 12.2. The effect of administration of acetylsalicyliacdh@and acetaminophen alone
or in combination on total GSH activity followingtracranial administration of MPRn
rat striatal homogenate. Each bar represents tlam B8EM, n=5."(p<0.01) control vs.
MPP" and *{<0.001) vs. MPP. Student Newman-Keuls-Multiple Range test.

30¢



Brain Glutathione Levels

**

**

Brain Striatal GSSG
@moles/mg protein)

Control Acetylsalicylic Acetaminophen Acetylsalicylic
acid acid +

Acetaminophen

Figure 12.3. The effect of administration of acetylsalicylidcdh@and acetaminophen alone
or in combination on oxidised glutathione levels S&s) following intracranial
administration of MPPin rat striatal homogenate. Each bar represeetsnian +SEM,
n=5. *(p<0.01) control vs. MPP **(p<0.001) vs. MPB ©(p<0.05) vs. control and

*(p<0.05) vs. acetaminophen. Student Newman-KeulsiplelRange test.
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Figure 12.4. The effect of administration of acetylsalicylidcdh@and acetaminophen alone
or in combination on reduced GSH levels followingracranial administration of MPP
in rat striatal homogenate. Each bar representsiétan +SEM, n=5"(p<0.001) control
vs. MPP and *{<0.001) vs. MPP. Student Newman-Keuls-Multiple Range test.
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Figure 12.5. The effect of administration of acetylsalicyliacdh@and acetaminophen alone
or in combination on the ratio of GSSG/reduced GIStels following intracranial
administration of MPPin rat striatal homogenate. Each bar represeetsnian +SEM,
n=5. *(p<0.001) control vs. MPPand *{<0.001) vs. MPP Student Newman-Keuls-
Multiple Range test.

12.4. DISCUSSION

The present study shows that intrastriatal admatisn of MPP increases the GSSG

content and decreases the content of reduced G3khim rats when compared to the
control group. Several authors have pointed outahaaccelerated striatal metabolism of
DA can lead to excess;8; radical production which can be inactivated by GEEiret

et al., 2002). However, since in this study MP$ignificantly reduced GSH levels, it

would result in an impairment of the ability of theain to clear the dangerous®j
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radicals. This implies that MPReontributes to oxidative stress in PD by reduding
levels of the antioxidant defense molecule, GSH.

Literature reports indicate that GSH levels de@efafiowing treatment with MPPin

rats with a concomitant increase in GSSG levelsdiet al., 2002) as was evident in
figures 12.2 and 12.3, respectively. Furthermoherd are no defects in the major
enzymes associated with glutathione synthesis iPMiRated rats (Siagt al., 1994) but

the alteration in the glutathione redox system amststent with an impairment of
mitochondrial function (Mithéfeet al., 1992) as was also demonstrated in chapter ten.
Studies in hepatocytes have shown that inhibitibmitochondrial respiration by MPP

is associated with an efflux of GSH (Davey and Kjl4996). Enzymatic conversion or
autoxidation of MPTP to MPPcan generate the formation of free radicals (Zang
Misra, 1993).

There exists a delicate balance between the riggydrbgen peroxide formation via the
dismutation of the @ by SOD and its removal by CAT/GPx (Freeman andp@ra
1982). Thus GSH plays an important role in defeagainst endogenous membrane
peroxidation and subsequent changes by reducingoggd peroxide via GPx. Hence
levels of GSH are believed to be rate limiting @sx of detoxification of the hydrogen
peroxide radical or other peroxides (Thoreaal., 2000). GSH depletion in animals has
been shown to enhance MPTP -induced oxidativess{i¥sllneret al., 1996).

These results are in correlation with the resultsioed from chapter eleven, where these
agents induced a decrease in activity of GPx, wiidhe enzyme that converts GSH to
GSSG (Salinas and Wong, 1999), when compared to"MeRted rats. The effects of
these agents on this enzyme, GPx, resulted in @sstlemetabolism of GSH to GSSG,
explaining the levels of GSH (reduced) and GSSGiclwviwere observed in these
treatment groups as demonstrated in figures 12d31&2¥. The induction of GPx was
therefore not required, due to the potent freeceddscavenging properties of these

analgesics, as the metabolism of GSH is unaffeatethe presence of MPPwhen
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compared to the control group (figure 12.2-4). dditon, the free radical scavenging
ability of these drugs in MPRreated rats was shown in chapters five, six agite

Erhart and Zeevalk (2001) demonstrated that CAlviactis not a primary defense
mechanism when GSH levels are not depleted. Thgsetsawould not compromise the
cellular antioxidant defense system as these agggtsficantly attenuate the MPP

induced decrease in cellular GSH levels.

The ability of ASA and acetaminophen either indiatly or in combination to increase
GSH (reduced) levels in the presence of MB@htributes to their ability to inhibit the
deleterious effects of MPPin the brain GSH levels. These non-narcotic arsibge
reverse the MPRinduced reduction in total GSH levels in rat saidissue (figure 12.2).
The results show that ASA and acetaminophen deerbasoxidation of GSH to GSSG,
as is evident from figure 12.3, indicating thatsth&ommon non-narcotic analgesics are
potent free radical scavengers and provide novelrmation on the neuroprotective

abilities of these agents.

125. CONCLUSION

The antioxidant defense mechanism in the braingisifscantly compromised in MPP
induced Parkinsonism. The results from this stuuynsthat the administration of MPP
significantly reduces the amount of GSH availalehe cell. However, the ability of
ASA and acetaminophen to prevent MR®duced reduction in total and reduced GSH
levels enhances the reputation of these agentws neuroprotective agents in the

treatment of PD.

This study is therefore important in enhancingrthefutation as agents that could aid the
antioxidant system in the brain. This chapter rates that these agents possess potent
antioxidant properties and shows a mechanism bgwthiese agents aid the cell against
oxidative stress.
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CHAPTER THIRTEEN

EFFECT OF ACETYLSALICYLIC ACID AND
ACETAMINOPHEN IN [°*H] DA UPTAKE IN RAT
STRIATAL SYNAPTOSOMESIN VIVO.

13.1. INTRODUCTION

The most important neuropathological change in PD tihe degeneration of
melanin-containing DA containing neurons in theitstgem. Selective nigral cell loss is
associated with a specific pattern of DA depletiorthe striatum (Agidet al., 1987).
Extensive research by various groups has shownottidative metabolism by MAO-B
with the formation of MPPis an essential step in the neurotoxic processgétanet al.,
1984) and mainly occurs outside the dopaminergicare The selectivity of MPTP for
dopaminergic neurons is considered to be a consequef the active uptake of MPP
into dopaminergic neurons via the neuronal DA tpamnter (DAT) (Nwanzest al., 1995).

MPP" toxicity is also marked by a rapid and large redeaf DA into the synaptic space
where DA is oxidized and produc&3H (Obata and Chiueh, 1992). In many studies, the
toxicity of MPP was generally based either on measurements dfédtaoncentrations
(Alexanderet al., 1995; Hariket al., 1987) and extracellular DA levels (Heikkgtal.,
1985; Santiaget al., 1991), showing loss of DA in the striatum, orbimding studies
showing decreased membrane expression of DAT (Albaeet al., 1995; Frohnat al.,
1985). However, the DAT is the primary target foe taccumulation of MPRind plays a
key role in the regulation of the central DA newzosmission (Baret al., 2002). By
ensuring the reuptake of DA into the presynaptigromes, it regulates the availability of
the synaptic DA effectively, which interacts witlmepand post synaptic DA receptors
(Giroset al., 1996).
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Dopamine transporter acts to terminate dopaminergieurotransmission by
reaccumulating released DA (Horn, 1990). Evidenes heen accumulated that the
process is reversible, supporting the existenca wénsporter mediated release of DA
(Levi and Raiteri, 1993). The activity of the DA&rcbe determined by different methods
(Naudonet al., 1992; Pellmaet al., 1995; Ramassanst al., 1995) and in differenin
vitro models: synaptosomes corresponding to synaptieresrdings (Horn, 1979), brain
slices (Neaet al., 1988) and transfected cells (Heffal., 1997). The DAT detected in
striatal-purified synaptosomes (Urwyler and Von Warg, 1981), of known molecular
structure (Giroset al., 1991), is considered one of the main elementsegulating

dopaminergic transmission (Jaleeal., 1997).

Heurctransmitters bind
1o receptors hane
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escorled via
transparters back lo the

presynaplic cell

POSTSYNAPTIC CELL

Figure 13.1 lllustration of the binding of the neurotransmitter the receptor and the
active process by which the neurotransmitter isriakp into the presynaptic cell.
AbbreviationsDA—dopamine an®AT-Dopamine transporter.

(www.medicineandbehavior.com).
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Figure 13.1 provides a visual context of the roleh@ DA uptake system. When the
receptors in the postsynaptic cell have been oedupy dopamine for a period of time
and depolarization has occured, DA is then releaseldrecycled back to its presynaptic
origin. This recycling is not a passive process TIAT protein actively participates in

escorting the neurotransmitter across the synapséack into the presynaptic cell.

The aim of this chapter is to elucidate the eff@tt®IPP on synaptosomal DA uptake in

adult male rats as well as to determine the effet&SA and acetaminophen, if any, on
MPF" alteration of DA uptake.

13.2. MATERIALSAND METHODS

13.2.1. Chemicals and Reagents

All chemicals and reagents were of the highestityuaVailable and were purchased from
commercial distributors. [7, &4]- dopamine 45Ci/mmol was purchased from Amersham
Biosciences, Buckinghamshire, United Kingdom. Dop@mnchloride was purchased
from Sigma Chemical Corporation, St. Louis, MO, IASALL other bench reagents
were of the highest quality and were purchased fBa@archem (PTY) Ltd, Krugersdorp,
South Africa.

13.2.2. Dosing of Animals

Animals were dosed as described 5.5.2.2.

13.2.3. Surgical Procedures

As described in chapter five, section 5.5.2.3
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13.24. Striatal Synaptosome Preparation

Rats were killed by decapitation, the brains weasel]y removed and the striata were
dissected on an ice-cooled dish according to Glskiinand Iversen (1966).
Synaptosomes were prepared from the striata frach emt as previously described by
Bonnet and Costentin (1989), with minor modificaso Striata were homogenized in 20
volumes of 0.32 M ice-cold sucrose in a pre-chillednual glass Teflon homogenizer.
The homogenates were then centrifuged at 1000 or ¢@ minutes at°€C to give a
nuclear pellet. Supernatants were stored &C 4or 10 minutes and the pellet was
resuspended in 20 volumes of 0.32M sucrose andifogetd for 10 minutes at 1000xg.
The two supernatants were then pooled and cengidfdd@ 500 x g for 30 minutes al@,
after which the supernatant is discarded and tia fiellet resuspended in ice-cold Krebs
Ringer Buffer, pH 7.6 (120mM NacCl, 4.8mM KCI, 1.3mMgSQ, 1.3mM Cad],
1.2mM MgSQ, 1.2mM KH,PQO,, 25mM NaHCQ, 6mM glucose). To ensure that striatal
synaptosomes were obtained, light microscopy miaqolgs (figure 13.2A) and
transmission electron micrographs (TEM; figure B3.2vere prepared by the standard
procedures described by Crassl. (2001).

13.2.5. [*H]DA Uptake in Rat Synaptosomes

Dopamine uptake was assayed using triturated do@antfH]DA= 10nM) and

non-radiolabelled DA to obtain a concentration 608M. Uptake was measured in two
series of synaptosomes, one at@and the other®€ in order to define total and non-
specific DA, uptake respectively (Holz and Coyl®74). The synaptosomes (3 mg
tissue/ml) were incubated for two minutes with DiAttee defined concentrations above.
Uptake was stopped by rapid filtration under vacypnessure 150-200 mmHg) through
Whatman GF/C filters. Vials were rinsed and filteigshed three times with 3 ml of ice-
cold Krebs-ringer buffer. The filters were thengad in scintillation vials containing 7.4
ml of Picofluor 15 (Packard) before being stored radm temperature overnight.

Radioactivity was determined by a liquid scintibett spectrometry (Beckmann, LS
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counter 2800) with efficiency of 35%H]DA taken up by the synaptosomes at@and
at £C, was expressed as fmoles/ mg protein.

Figure 13.2. A) Light microscopy micrograph (Magnification X 108) TEM

micrograph (Magnification X 100 000) showing theattl synaptosomes that was
obtained by centrifugation.

13.2.6. Protein Determination

All protein determinations were performed using thethod described by Lowsst al.,
(1952). A standard curve was generated using baengm albumin (BSA) as a standard

at concentration intervals of g@/ml, described in appendix IIl.

13.2.7. Statistical Analysis

The differences in the means were analyzed usirapexway analysis of variance
(ANOVA) for statistical significance. If the F vas were significant, the Student

Newman-Keuls test was used to compare the treatddcantrol groups. The level of
significance was acceptedpt0.05 (Zar, 1974).
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13.3. RESULTS

Figure 13.3 clearly illustrates that the intras#ianjection of 32 nmoles of MPReduces
the uptake of DA in striatal synaptosomes as coetpato the control. MPP
administration to rat striatum resulted in approadiely 70% decrease in DA uptake as
compared to the contrgb€ 0.001).

Dopamine uptake, in synaptosomes, of rats that @een post-surgical treatment with
ASA, showed an enhanced increase of DA uptake enpttesence of the neurotoxin
MPP" as shown in figure 13.3. ASA was also capablengfroving DA uptake with no

significant difference to the control group and wbd an approximately 4x greater

increase in DA uptake as compared to the MiBup.
Acetaminophen was also capable of preventing theP'MiRluced decrease in DA
uptake. DA uptake in rats treated with acetaminaplias greater when compared to the

uptake achieved in the MPBroup (illustrated in figure 13.3.).

Concomitant administration of ASA and acetaminoplhesulted in an increase in the

uptake of DA as compared to the MRId control groups.
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Figure 13.3. The effect of administration of acetylsalicylidcdh@nd acetaminophen alone
or in combination on*H]DA uptake following intracranial administratiorf BIPP" in rat
striatal synaptosomes homogenate. Each bar repsetenmean +SEM, n=5%p<0.01)
control vs. MPP, **(p<0.001) vs. MPP **(p<0.01) vs. MPP and *{<0.05) vs.
MPP". Student Newman-Keuls-Multiple Range test.
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13.4. DISCUSSION

Considering that MPPcannot cross the BBB, intracranial injection détbompound in
the rat is often used in order to induce neurodeggion of the nigrostriatal pathway.
Furthermore, most studies have focused either ermtbasurements of dopamine levels
or on binding experiments after administration oP™ or MPP. However, an
important step explaining the particular vulner&pibf the nigral dopaminergic neurons
projecting to striatal regions is the concentratdtMPP passing into the dopaminergic
neurons through the active DAT (Santiag@al., 1995; Santiaget al., 1996) which plays
an essential role in the modulation of dopaminetgamsmission (Girogt al., 1996).
This study was therefore performed to describe dffect of MPP alone or in
combination with ASA and acetaminophen on tritilattbpamine uptake in striatal

synaptosomes.

The results obtained from this study demonstraw #MPP induced a significant
inhibition of dopamine uptake in striatal synaptoss. According to the model and
experimental conditions used, the results show ttatdecrease in neurotoxin-induced
DA uptake is due to a direct effect of the toxi@mgon the transporter or from a non-
specific mechanism related to other toxic event® hhibition by MPP of DA uptake
has been previously shown to be dose-independdrd@as not result from a competitive
effect with DA for the transporter (Barnetsal., 1990).

MPP' is not defined as a specific inhibitor of trangpominding sites and thus of DA
uptake (Bonnet and Costentin, 1989). The MPEuced decrease in DA uptake results
from its active accumulation in nerve endings e tDAT (Javitchet al., 1985;
Gainetdinowet al., 1997). MPPis able to potentiate the release of DA whichxislized

in a chemical manner and produces dopaquinone adm@g as well asOH, which
initiate lipid peroxidation, resulting in DAT inhifoon (Bermanet al., 1996; Hasting and
Zigmond, 1997). Moreover, the excess DA in the pyigaspace could also undergo an
enzymatic oxidation by MAO leading to the produntiof H,O, and ROS which alter

membrane lipids and proteins. To date, all studigisg preventative treatment either
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with an antioxidant (Grunblatt al., 2000) or with a MAO-inhibitor such as L-deprenyl
(Chiuehet al., 1994; Wuet al., 2000) and pargyline (Wesemasnal., 1993) have
focused on the recovery of DA levels. It was therefdecided to investigate using ASA
and acetaminophen as preventative treatments er tovddetermine if these agents could
halt the progressive MPihduced decrease in DAT activity.

The results demonstrate that ASA and acetaminoplere and in combination in the
presence of MPPare able to reverse the reduction of DA uptakstriatal synaptosomes
induced by MPP. It has been demonstrated by Batal (2002) that free radicals are
continuously accumulating and gradually affectihg functionality of DAT following
MPP" infusion into rat striatum. It can therefore bepbthesized that these non-narcotic
analgesics are preventing MPiRduced inhibition of DA uptake by acting as pdtéee

radical scavengers in rat striatal tissue.

The results obtained in chapters five and six destnate the potent antioxidant properties
of these agents in the presence of MPMe antioxidant properties of these agents could
be a possible mode of action of attenuating MRluced DA uptake inhibition. In
addition, the results from chapter six, which shiibat ASA and the combination of ASA
and acetaminophen are most effective at reversiagtPP induced lipid peroxidation

of rat striatal tissue, correlates with the resolitained from this study where ASA and
the combination of these agents are shown to eehstnatal DA uptake levels in striatal
synaptosomes. These findings are novel and theteftd these agents on DA levels in
synaptosomes in the presence of MRRBs not been reported in literature to date. These
agents therefore provide a novel alternative inatttenuation of PD due to the ability of
these non-narcotic analgesics to increase thesl@f@A in the presence of MPP

The results, from this study, suggest that freécedsl are involved in the total inhibition
of the DA transporter-mediated uptake observedayn4after lesion with MPP These
findings are in accordance with many studies shgwime protective role of using

antioxidants such as-tocopherol acetate, ascorbate and pargyline tvepteMPP
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induced inhibition of {H]DA uptake (Pernet al., 1985; Yonget al., 1986; Barcet al.,
2002).

These results suggest the need for the use of tioesd neuroprotective agents, such as

ASA and acetaminophen, in the treatment of PD. Heunbore, these results aid in

defining the molecular mechanisms by which thesmtsgact in the presence of MPP

135. CONCLUSION

The use of non-narcotic analgesics in the treatroérD is unexplored and requires
further attention. From this study it is impliedaththese agents possess unique
mechanisms of action with regard to DA uptake, Wwhias not been reported previously.

32C



Conclusion

CHAPTER FOURTEEN

CONCLUSION

The results of the first part of this study invaven in depth investigation into the effect
of the non-narcotic analgesics, ASA and acetamiangione and in combination, on the
enzymes in the kynurenine pathway responsiblehiconversion of TRP to KYN and 3-

HA to QA i.e. TDO, IDO and 3-HAO, respectively. &aldition, the effect of these agents
on indoleamine metabolism in the pineal gland awdlfrain neurotransmitters and their
metabolite levels was measured. These studies warducted in order to create an
understanding of the role that these agents colalg ip altering indoleamine synthesis

which ultimately can affect neurotransmitter leveishe brain i.e. 5-HT. These results
aid in explaining the mood enhancing mechanismhefké¢ agents and assists future
researchers and formulators in the pharmaceutiodlisiry in creating an optimal

analgesic preparation.

Evidence suggests that the metabolism of biogemmes is disturbed in depressive
illness, and there is no doubt there exist mechaniby which the various biogenic
amines and other neurotransmitters are mutuallyla¢éed. Hence in chapter two it was
decided to determine if these enzymes TDO and IB@dcbhe regulated by ASA and
acetaminophen. In additidhe effect that these agents have on 3-HAO of ymeitenine
pathway would therefore be consequential in disstates such as Huntington’s disease.
The action of these drugs in reducing the activifyTDO and IDO decreased the
formation of KYN from TRP. In addition, these noarootic analgesics are shown to be
potent inhibitors of IDO and 3-HAO activity whichogld indicate their therapeutic
potential in the treatment of inflammatory and atiee disorders of the CNS and in the
prevention of QA-induced neurodegeneration whiclulddurther aid in explaining the
anti-inflammatory effects of these agents. Thuss thapter serves to implicate the

possible use of these agents in depression, HABnd

It is well documented that non-narcotic analgesiesh as acetaminophen and ASA are
abused by alcoholics and patients seeking to eelidysphoric moods. An inverse

relationship exists between liver TDO and brain B-lévels. Thus, in chapter three
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forebrain neurotransmitter levels were investigatad the results demonstrate that there
exists a correlation between the metabolism of dmag amines and brain
neurotransmitter levels. The results show thatamoiiophen enhances brain NE and
5-HT levels following its systemic administratiowhile the effect of ASA on 5-HT
turnover was also demonstrated. In addition, areafef acetaminophen-induced rise in
the levels of NE by ASA was evident. The study atsofirms the earlier findings in
chapter 2 that acetaminophen has a profound iombiffect on liver TDO activity,
which culminates in a rise in central 5-HT levdlbese results demonstrate the potential
of these agents to alter neurotransmitter levelthébrain. This in turn can influence

mood and behaviour leading to the abuse of thesenumly used agents.

The aim of chapter four was to assess the dirdettedf ASA and acetaminophen on
pineal indole metabolism in order to determine WA inhibition of TDO does not
result in an increase in brain 5-HT levels. It \&dent that ASA administration in rats
resulted in the enhancement of 5-HT metabolitethen pineal gland. The increase in
brain 5-HT levels induced by acetaminophen resulan increase in the formation of
aMT. These results indicate that the mechanisntidra of these agents is not confined
to just the forebrain but also the pineal glanchwegard to alteration of indoleamines.
The resultant increase in pineal aMT levels follogviacetaminophen administration
could have implications in neuroprotection as aMi been demonstrated to be a potent

antioxidant in the brain.

It can be concluded from the results of the studimentioned above that ASA and
acetaminophen have therapeutic potential in negicdb disorders associated with KYN
abnormalities such as AD and HD. Furthermore, éperted abuse of acetaminophen has
been shown to be attributed to its ability to etevarain 5-HT and NE levels. These
results are important in providing a novel underdiiag by which these agents act on
brain neurotransmitter levels since it has ofteanbanderestimated due to the lack of
understanding and literature surrounding the mash@anby which these agents act in the
brain. Future recommendations would be to invetditfze effect of these agents on brain
QA levels due to their potent inhibitory effect 8#HAO as shown in chapter 2. It is also
suggested that the effect of these agents on thgrenresponsible for 5-HT metabolism,
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MAO-A, also be studied, as this would provide d@Hhar understanding into the effects of

these agents regarding the role played by thesgsagealtering brain 5-HT levels.

The experiments conducted for the second partisfstindy point conclusively to a new
and emerging role of ASA and acetaminophen as peatiective agents by determining

their antioxidant properties in the presence oépbheurotoxins.

Initial studies were conducted to investigate whetASA and acetaminophen could
scavenge, the toxic, O The extent of protection that ASA and acetamirawpafford
the brain against oxidative stress in the form @f @as investigated in chapter five.
Initially, in vitro experimental results indicated that the cyanidis as a potent O
generator in rat brain homogenate. It was demaeskrthat ASA and acetaminophen
alone and in combination significantly attenuateel tyanide-induced O generationn
vitro. The combination of these agents afforded siggmificand complete protection
against cyanide- induced,Ogeneration by reducing the levels of elow that of the
control basal value. Acetylsalicylic acid and ao@teophen was shown to alleviate the
QA-induced rise in @ generation in the hippocampimsvivo. The combination of these
agents proved more potent than either agent alodereduced the £ levels below
control levels. This indicates that in the preseat®A, the combination of ASA and

acetaminophen would completely block the formatb,".

The promising @ scavenging properties of these agents promptedvastigation into
the effects of these agents in protecting againBPNinduced Q" generation in the
striatumin vivo. Acetylsalicylic acid and acetaminophen are effecin reducing the
MPP'-induced rise in @ levels. Acetylsalicylic acid is shown to be superio
acetaminophen and the combination of ASA and adatgphen in attenuating the MRP
induced @ generation and reduced diformazan levels belowalbasntrol levels.
Literature reports indicate that MRMRduces @Q° generation via inhibition of
mitochondrial complex | activity which results imleanced SOD levels. Therefore, the
potent activity exhibited by ASA could be attribdt® possible roles in the enhancement
of cellular respiration and SOD activity in the geace of MPP. Considering that &
generation plays an integral role in MARduced neurotoxicity, it can be postulated that

ASA has potential therapeutic effects in PD. Th€ 6cavenging ability of ASA and
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acetaminophen was postulated to be due to andinmflatory actions that result from the
inhibition of prostaglandin synthesis as well aseduction in NF<B as documented in
literature. Due to the deleterious effects @f @ cells, it is concluded that the potent O
scavenging properties exhibited by these agentddwemuip them in preserving cellular

integrity.

In chapter six, the neuroprotective effects of AGAd acetaminophen against QA,
cyanide and MPRinduced neurodegeneration and oxidative streghenform of lipid
peroxidation were investigated. It was demonstrétatithe neurotoxins, cyanide and QA
induced a marked increase in lipid peroxidatiorrahbrain homogenat vitro which
was attenuated by ASA and acetaminophen alonerandmbination. In addition these
agents are shown to be effective in attenuatinga@# MPP-induced lipid peroxidation,
in vivo. The significance of this is obvious when consitgthat damage to any plasma
membrane, albeit the cell or mitochondrial membyaresults in a disruption of
membrane fluidity and damage to proteins. The prtdn of ATP may also be affected.

Thus the effects of lipid peroxidation may be deéntal to cell survival.

Furthermore, neuronal damage due to oxidative sthes been implicated in several
neurodegenerative disorders, in which case ASAagetaminophen may be a therapeutic
advantage. It is postulated that the protection Af¥fared to lipid peroxidation induced
by QA is not only attributable to the antioxidambperties of this non-narcotic analgesic,
but also due to a possible chelation of iron (Wdaron (Ill) which has been shown
previously. Similarly, F& has been shown to be increased after M&Pninistration in
the brain which would result in the enhancemenROfS via the Fenton reaction. Since
ASA chelates F& it would also prevent MPRnduced lipid peroxidation by negating the
increase in F& levels induced by MPP From this chapter it can be elucidated that the
use of commonly used non-narcotic analgesics, a8cASA and acetaminophen, in QA
and MPP-induced toxicity would be a novel and cost effeetapproach in treating AD
and PD, respectively. The potential therapeuticebenthat these agents may possess in

preventing excitotoxin-induced neurotoxicity wemgestigated in further chapters.

The histological studies in chapter seven wereopedd to determine whether ASA and

acetaminophen, which exhibited antioxidant propsrtiare capable of maintaining the
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architectural integrity of the neurons and the rageament of the neurons in the
hippocampal region i.e. the CA1 and CA3 regions Nissl and acid fuchsin stains were
used to investigate the hippocampal neuronal stracevents that occurred following
intrahippocampal injections of QA. The Nissl stareells in the CA1 and CA3 regions
were damaged following QA infusion into the hippogas. This was evident by virtue
of the roundness and swelling of the neuronal cdlle hippocampal cells appeared
scattered with little integrity of cell membranedamppearance of dense nuclei. Necrosis

of the neuronal cells in many areas was also etiden

The principal features of the QA damaged neurorgressing acidophilia included
shrinkage of neuronal somata, deformation and atgphent of strongly stained nuclei,
chromatolysis, and acidophilia of the cytoplasmwhs evident from both types of
staining that the non-narcotic analgesics were dbletranslate their free radical
scavenging properties into maintaining the struadtintegrity of the cell. The changes
that were observed in untreated QA-lesioned ratee @t observed in the rats that
received post-operative treatment with these asalgelhe results obtained from the
acid fuchsin stains confirmed the findings from thissl| staining, which indicate that
ASA and acetaminophen afforded protection againAt i@luced cell damage. This
confirmation further enhances the role of thesensgas potent free radical scavengers in
the brain and their possible roles in the treatroé®D and HD.

Quinolinic acid has been reported by some authorgause necrosis together with
apoptotic cell death in the hippocampus (Ubetrél., 2003; Ferreet al., 1995), thus, the
ability of QA to induce programme cell death (apgd) in the hippocampus and the
protection offered by both ASA and acetaminophers wa&estigated in chapter eight.
The results of this chapter further support thesairigs, showing QA to induce apoptotic
cell death, which was inhibited by the treatmeniad$ with the individual or combination
of these non-narcotic analgesics. These resultéreoithe finding that QA induces
necrotic cell death as shown in chapter sevenhEurtore chapter eight demonstrated
that MPP induces apoptotic cell death in the striatal ragid the rat brain. The results
obtained from this study are in agreement with jo&y reports, which describe the mode
of cell death in MPRIesioned animals as apoptotic. The study demadestthe ability of
ASA and acetaminophen to convert their antioxidamperties into a neuroprotective

effect which resulted in the preservation of celtuhtegrity. Future recommendations are
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that Hsp 70 studies be performed, using QA and VRihce apoptosis is also
characterized by caspase-independent processeat) miay be inhibited by Hsp70. It can
also be recommended that TH- immunostaining stubiegerformed using MPRand

ASA and acetaminophen as this would further proedeence of the protection offered

by these agents in the striatum of the rat.

The biochemical basis of the PD is a deficiencthimm neurotransmitter DA in the nigro-
striatal pathway in the brain due to destructiondopaminergic neurons. A persistent
increase in free radical generation is believeldetahe cause of neuronal death. The aim
of chapter nine was to therefore investigate whetihese agents are capable of
preventing the reduction of DA, in MPRnduced dopaminergic neurotoxicity in rat
striatum. The results from this study indicate theetaminophen affords only a partial
protection against MPRnduced DA depletion in the striatum in these asnHowever
ASA was capable of fully reviving the nigral damageised by MPPthus indicating that
ASA and acetaminophen, individually and in comborat prevented striatal DA
depletion in the presence of MPH hese results indicate that the antioxidant prigs
exhibited by ASA and acetaminophen, induced favimeraeurochemical changes in the

presence of the potent PD neurotoxin, MPP

Since ASA and acetaminophen show protection agMi®® -induced GQ° generation,
and considering the fact that MPR a respiratory poison which acts by blocking
complex | activity of the ETC, the study in chapten was conducted to determine the
effect of these non-narcotic analgesicsyivo, on MPP -induced depression of the ETC
within the mitochondrial fraction isolated from that striatum. The results show that
ASA and acetaminophen are able to reverse the "NMtfeReced inhibition of the
mitochondrial ETC function. Acetylsalicylic acid wses complete abolishment of the
MPP'-induced inhibition of ETC function while acetampiten and the combination of
these agents where able to partially reverse th@'Ntiluced inhibition. This implies
that ASA serves as a superior agent in protectiegnitochondrial ETC against MPP
The action of ASA is postulated to be due to the fhat it augments the activities of a
number of antioxidant enzymes and it increases @ipactivity in the mitochondrial
ETC. The results show that these agents increasplew | activity in the presence of

MPP", with the activity in the ASA group above basalntol values,in vivo.
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Furthermore, complex | deficiency has been docuetkttd be intimately associated with
the onset of several neurodegenerative disordedstlaa aging process (Yano, 2002;
Venturaet al., 2002). In addition, by stimulating complex | iaity, these agents can
serve to possibly prevent the age and neurodedereerdisease-related decline of
complex | activity eg. PD. Considering the facttttespiratory inhibition of mitochondria
by MPF is the basis for its £ generation, it can be concluded that the proteaiféered
by ASA and acetaminophen alone and in combinati@minst Q" generation by MPPis
not due only to its antioxidant properties, bubaditie to the direct inhibition of MPP

insult and complex | activation within the ETC.

In idiopathic PD, antioxidant molecules such as GF®D and CAT have been reported
to be altered. The mitochondria are one of the msgairces of @ generation and an
estimated 1-2% of the electron leak from the mitoairial electron transport chain is
utilized to form Q" which are dismutated by SOD. This reaction medmaninvolves the
dismutation of @ to HO,, which is converted to # and Q by CAT or by the
oxidation of GSH in presence of GPx. The interpdayhese mechanisms of free radical
scavenging that exist in the brain serve as impbdafense systems to prevent cell death
and subsequent neurodegneration. MRRs been shown to significantly weaken the

antioxidant defense system in the brain, thus &iiopagating it's neurotoxicity.

The aim of chapter eleven was to investigate whiedls\ and acetaminophen could alter
the deleterious effects of MPRNn SOD, GPx and CATAcetylsalicylic acid treatment
significantly enhances SOD activity in the striaturhese results show that the protective
effect of ASA could therefore be due to the upragjah of SOD, which is an important
antioxidant molecule in the mitochondriscetaminophen administration in MPReated
rats result in a reduction of activity of SOD anduldl therefore be due to the, O
scavenging properties of this agent while the coiatiion completely reverses any effects
that MPP had on rat striatal SOD activity, as there was significant difference
observed when compared to the control group. Initiadd the ability of ASA and
acetaminophen either alone or in combination to rdegulate the activity of GPx, in
comparison to the toxin group could result fromirttieee radical scavenging properties
demonstrated in chapters 5 and 6. Hence any peskil radical generation, from

probable enhancement ot®% levels, that might occur would be negated by thetent
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antioxidant properties. Furthermore these agetgswdted the MPFinduced increase in

CAT activity in rat striatal tissue. The resultstaihed from this study show that these
agents act by simply nullifying the effects of thgetent neurotoxin on the enzymatic
defense system of the brain. The ability of thegents to modify the antioxidant defense

mechanism in the presence of MA@ther entrenches their neuroprotective rolelin P

During PD there is a further reduction in GSH leveithin the SNpc. GSH depletion is
the first indicator of oxidative stress during PBbgression suggesting a concomitant
increase in ROS. Research studies indicate thandgnitude of GSH depletion appears
to be parallel to the severity of the disease. Haurhore, MPTP has been shown to
contribute to oxidative stress by depleting theelewof GSH thus amplifying the damage
caused because depletion of GSH. The aim of chapédve was to investigate whether
ASA and acetaminophen are capable of attenuatiegddétrease in GSH levels are
observed following MPP infusion in rat striatum. The results show tha¢ thost-
operative treatment with these agents result indbereased metabolism of GSH to
GSSG. The ability of ASA and acetaminophen eithdividually or in combination have
a stimulant effect on GSH (reduced) levels conteuto the ability of these agents to
inhibit the deleterious effects of MPRn the brain antioxidant system. These non-
narcotic analgesics proved to reverse the MRRluction of total GSH levels in rat
striatal tissue. The results, in chapter twelveowshthat ASA and acetaminophen
decreased the oxidation of GSH to GSSG which intipt these common non-narcotic
analgesics are not only potent free radical scamsnigut that ASA and acetaminophen
enhance the levels of antioxidant molecules suc@H in the presence of the potent

neurotoxin MPP.

The selectivity of MPTP for dopaminergic neurongassidered to be a consequence of
the active uptake of MPRnto dopaminergic neurons via the neuronal DBY .ensuring
the reuptake of DA into the presynaptic neurons,TDAgulates the availability of the
synaptic DA effectively, which interacts with predapost synaptic DA receptors and thus
reduces the levels of DA available for auto-oxidiatin the post synaptic spadée aim

of chapter thirteen is to elucidate the effectavt#P" on synaptosomal DA uptake in
adult male rats and to determine the effects of ASAl acetaminophen on MPP
alteration of DA uptakeThe results obtained from this study demonstras MPP

induces a significant inhibition of DA uptake inriagtal synaptosomesThe results
32¢
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demonstrated that ASA in the presence of MRPable to reverse the neurotoxic effects
of MPP" on DA uptake in striatal synaptosomes. Howevertaa@mophen and the
combination of ASA and acetaminophen are less @ffeavhen compared to the ASA
group. This study shows novel information that éhagents possess unique mechanisms
of action with regard to DA uptake, which has neeb reported previously. It is
suggested that further studies involving these @gand DA be performed in order to

understand the mechanisms and kinetics by whicdethgents function on the DAT.

In conclusion, from the foregoing it is evidenttt#& A and acetaminophen alone and in
combination possess potent neuroprotective effe€tse use of these agents in
neurodegenerative disorders would provide a nopetaach to the treatment of PD and
other neurodegenerative disorders. The unique méxoha by which these agents
function provides a variety of alternatives in attating various biochemical processes
that are exhibited in neurodegeneration. This stoighlights the potential therapeutic
benefits that these agents could have in treaugadegenerative disorders such as PD.
These findings are hoped to initiate the use asehagents in PD clinical trials. Not only
are these drugs effective in preventing the varimoshemical processes that occur in PD
but also they provide a cost effective approachtfa treatment of this detrimental

disorder.
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APPENDIX |

Housing of Animals

All the work involving the use of animals was apyged by the Rhodes University animal
ethics committee. The animals used throughoutsthidy were male Wistar rats, that
were purchased from the South African InstituteMadical Research (Johannesburg,
South Africa), weighing 250-300g. The animals wemesen at random and assembled
into groups of five. They were housed in opaqustaages with metal grid floors and
covers, under a diurnal lighting cycle 12 light:d&k with food and watead libitum.

The animal room was windowless with an automatigperature and lighting controls.
Lights were turned on at 6am everyday. The intgrdithe light illumination during the

12 hour light phase was approximately @@¢atts/cmi. The temperature of the animal
room was maintained between’@0and 25C while an extractor fan ensured the constant

removal of stale air. The cages were cleaned daily.
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APPENDIX |1

Sacrificing and dissection of the animals

Rats were sacrificed swiftly by cervical dislocatiand rapidly decapitated. To remove
the brain, the top of the skull was removed andbtlaén was exposed by making an
incision through the bone on either side of thegpalrsuture, from the foramen magnum
to near the orbit. Using forceps the calvarium Vifeed and removed, exposing the brain
which was easily removed for use in experimentsadhering tissue and visible traces of
blood was eliminated by washing the tissue in 0s@dimne solution. The brains were

either used immediately or stored at°G@ntil needed.
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APPENDIX |11

Protein Deter mination

M aterials

Folin & Ciocalteu’s reagent was purchased from &samn (PTY) Ltd, Krugersdorg,
South Africa. The Bovine serum albumin (BSA) wap@ied by Sigma Chemical CO,
St. Louis, MO, USA. All other chemicals and reagenere obtained locally and were of

the highest available purity.

Protein Deter mination

The homogenate protein determination concentratesdetermined by using the
method of Lowry et al. (1951). An aliquot of 0.050ilhomogenate was added to
0.095ml of HO. To this 6ml of alkaline copper reagent soluticas prepared by mixing
1ml of 1 % CuS@5H,0 solution, 1ml of a 2 % sodium tartrate solutiow &8 ml of 2%
N&CQO; in 0.1 N NaOH in order. The mixtures were vorteged left to stand at room
temperature for 10 minutes. Following that, 0.3Awlin-Ciocalteau (F.C) reagent was
added to each of the tubes and left to stand ab temperatures for 30 minutes in the
dark. After the incubation, the absorbance was aredsat 500 nm using a Shiamdzu
UV-160 A UV-visible spectrophotometer. Protein stards containing 0 — 320/ml of

bovine serum albumin (BSA) were assayed in the saameer as described above.
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Appendix I11. Protein Standard Curve Generated from BSA
(y = 0.0015x + 0.00722 = 0.999)
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APPENDIX IV

Nitr oblue Difor mazan Standard Curve

Nitroblue Diformazan Standard Curve
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Appendix I V. Nitroblue Diformazan Standard Curve
(y = 0.0045x + 0.00332 = 0.9998)
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APPENDIX V

Lipid Peroxidation Standard Curve

MDA Standard Curve
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Appendix V. MDA (malondialdehyde) standard curve
(y = 0.0761x - 0.00997 = 0.9994)
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APPENDI X VI

Total Glutathione Assay Validation Data

Linearity

A linearity study was used to verify that the saempdlutions are in a concentration range
where the analyte response is linearly proportidnathe concentration (USP, 1999).
Samples of total GSH were prepared by serial dilutof a stock solution to yield
concentrations over the range of O-jf®les/ml and linearity was assessed by repeated
measurements (n=20) of six concentrations over cbecentration range. A known
amount of GSH was added to the reaction mixtureclwhtonsisted of DTNB
(0.6mmol/L) and GSH reductase (1 unit/ml) dissolie®.1M sodium phosphate-EDTA
buffer (pH 7.5), and measured at 412nm. Appendigidph shows a typical calibration
curve for total GSH over a concentration rangehwih excellent correlation coefficient
of r* = 0.9992. The’rvalue is within acceptable limits set out in th&RJ(1999).

Precision

Precision is the measure of the closeness of ddii@y to one another when a number of
measurements are taken under the same analyticditioms. The total GSH validation
data in shown in Table I. The intra-assay precisenealed % RSD values of 0.17-3.5%
and the inter-assay precision revealed valuesl®-8.93%. The % RSD values less than

4%, which is within the acceptable limits set authe USP (1999) and in our laboratory.

Accuracy and Bias

Accuracy is a measure of the closeness betweenut@nd measured values of a sample
(USP, 1999). The acceptable range set out by US89jlfor accuracy is between 98-
102% of the theoretical value. The results in Tdblghow that the test concentrations
were close to the theoretical value and fell wittiie acceptable range set of 98-102%.
The % bias is between 0.4 to -8% and this fallfiwithe bias acceptance criteria of £3%
set out by USP (1999) and in our laboratory.
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LOQand LOD

The sensitivity of the GSH method was evaluateddtgrmining the lowest reproducible
concentration of total GSH detectable. The LOQ measure of the level of analyte that
can be measured with the required accuracy andsmmecand LOD is the lowest analyte
that is detectable above the baseline noise ofyseem (USP, 1999). Repeat absorbance
readings of decreasing sample concentrations (yie&)ed a LOD value of 10moles/ml
and the LOQ value of 1@®noles/ml.

TOTAL GSH

0.3 -
@
5 02
2 g 02
c
5 ¥ 0.1
o 0.0
< 0 ‘ |

0 50 100

Concentration of GSH (umoles/ml)

Appendix VI. GSH (Total Glutathione) standard curve
(y = 0.0024x - 0.0009%~ 0.9991)
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Tablel. Total GSH assay validation data.

% RSD
Concentration Total GSH Intra-assay (n=6) Inter-assay (n=6)
(umoles/ml)

10 3.45 3.93

30 3.5 3.76

60 1.9 1.9

80 0.17 0.19

100 0.39 0.34

Tablell. Percent error obtained during determination mfdeld samples of total GSH in

accuracy testing.

Theoretical Concentration | Actual Concentration % Bias
(umoles/ml) (umoles/ml)
20 20.42 -8.42
50 50.05 -0.100
90 89.7 0.33
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APPENDIX VII

Oxidized Glutathione Assay Validation Data

Linearity

Samples of oxidised GSSG were prepared by setfligiah of a stock solution to yield
concentrations over the range of Qitfibles/ml and linearity was assessed by repeated
measurements (n=20) of six concentrations over cbwcentration range. A known
amount of GSSG was added to the reaction mixtureichw consisted of DTNB
(0.6mmol/L) and GSH reductase (1 unit/ml) dissolie®.1M sodium phosphate-EDTA
buffer (pH 7.5), and measured at 412nm. Appendixgvdph shows a typical calibration
curve for GSSG over a concentration range, witexarellent correlation coefficient of r

= 0.9991. The’value is within acceptable limits set out in th8RJ(1999).

Precision

The GSSG validation data in shown in Table Ill. Tihiga-assay precision revealed %
RSD values of 0.8-3.38% and the inter-assay pretisgvealed values of 0.86-3.03%.
The % RSD values less than 4%, which is withinabeeptable limits set out in the USP
(1999) and in our laboratory.

Accuracy and Bias

The results in Table IV show that the test con@iuins were close to the theoretical
value and fell within the acceptable range set&®162%. The % bias is between 0.4 to
-8% and this falls within the bias acceptance gatef +3% set out by USP (1999) and in

our laboratory.
LOQ and LOD

Repeat absorbance readings of decreasing sampterdoations (n=6) yielded a LOD

value of lumoles/ml and the LOQ value of ioles/ml.
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Appendix VII. GSSG (Oxidized Glutathione) standard curve
(y = 0.0031x + 0.0003? = 0.9992)

Tablelll. GSSG assay validation data.

% RSD
Concentration of GSSG | Intra-assay (n=6) Inter-assay (n=6)
(umoles/ml)
2 1.43 1.64
4 1.94 2.01
6 3.03 3.38
8 0.86 0.80
10 1.22 1.18

TablelV. Percent error obtained during determination midgld samples of GSSG in

accuracy testing.

Theoretical Concentration | Actual Concentration % Bias
(umoles/ml) (umoles/ml)
3 3.12 -4.42
5 4.96 0.8
9 8.93 0.77
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