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-. AB:'JSTRACT

_ Amant#rﬂme is used clinically to treat L ﬂuenza A virsl mfectmns and Parkmmns s '_
_ dxsease The 1ysosomotropm vature of amantadme suggested potential as an

. : antimalarial The air of this stnd_y was 1o detem_a_me and characterise the antimalatial

activity of amantadine. Sensitivity tests were carried out in vitro against dlﬂ’ermt |
| _Plasmocﬂ‘um Jalciparum strains. ‘The antimalarial activity was further mveshgated '

. using & vmety of techniques. Arantadine was found to effoctively inbibit
mtmerythrocyuc growih ofa chlq\roqmne-remstant strain of P, falcqmrum at chnically |
attainable concentrations. The sensttmty to amantadine was found fo be inversely

correlated with chloroquine sensitivity, This relationship differs from that seen with |

resistance “reversal” agents and thus amantadine was classified in a_'n_e\i:'z? category o_f._."
antimalasial drugs termed “inverse resistance” drugs. Amantadine does not iterfere
w:th the acnwty of standard antnnalanal Lozhpbﬁnds and may possible enhﬁnce their

actmty All stage. of the paﬂlsﬂ:e are suscepﬁble to amantadme however only

\ o
exposure to the late suages results in irreversible damage, Amantaame accm:mlates m 1\ '

 the food vacuole producing morphological changes typical of a 1ysoaomotxop1c agent;
~ howaver, amantadine ‘does not interfere with functioning of the food vacuole
 Sensitivity to amantadme is associated with a membrane component It does not block '_
parasite mduced pores directly but is able to mterfere with nutrient upt_ake either by a
direct memibrane offect or indirectly by inhibiting secretion of parasite proteins into the
erythrocyte membrane Amantadine does not block protein synthesis, The autimalarial
properties of amantadme are unique and complm A mambrane interaction is
implicated in the mr.chamsm of action of amanta&me '
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PREFACE

B Malaxia, a_pamsitié disease caused by prnfozoa. -.of the geﬁus _Plasmodmm, counts

B among the worst scoyrges of mankind, The global incidence of raalaria is es:imated to
be 110 million ?eﬁn’s per year, same 270 million caﬁy the parasite and the number of
: people at tlsk 18 2100 xm'llmn The number of deaths in sub-Saharan Afiica alone is

~ estimated at 1 5.3 mﬂhon annuuliy

A world—vude malaria. eradlcatum prog:ame was begtm in the 19505, by the 1970s

s.‘lgmﬁcant progtess Ilad been made, with malana having been emeated from Burope,
part of Asia and large areas uf South Amenca. However, the emzrgence of dmg |

| resistant malana paras:tes, the fa:lures of vector control due to msecucxde resmtance -_
and polmcal unrest have resultecﬁ in’ a resurgence of malaria in the 1980s. The WHO

estlmates the sumber of infected people is rising at a rate of 5 % per anmnum.

: Malana m:poses an econémlc bu:rden on households Scarce résources must be used to
amehorate the conscquence of mfectlon, both as direct costs - for example for
diagnosis and treatment - and as indirect costs in the form of morhdxty and mortality |

that can reduce the time available fér‘producﬁve pu:c'éuits aﬁd_ the productivity of the

~ times 50 allolcated. In addition there is growing evidence that the impact can be iﬁore-
subtle - retardiné physical .g,rowth, development of cqgﬁﬁ?e dlills amd educational

péri_b'rmance and participatinu."l?iis reduces the longer term economic potential of



individuals and perhaps society. By restricting economic pot'entigl malasia can
exacerbate existing inequalities i sdciew to a much g:eater extent than BoD-

' commnnicablé diseases,

The problem is mainly a Developig World problem. Ope major difficulty is the

_ atﬁmde of the'phaxmaceuiical industri;, which has begﬁ_n beating a steady retreat from -

the development of new anti-parasitic products. As the cost of bringing 2 drug onto

_-t].ie market have spirafled upwards, companies.hév& become less willing to invest in

diseases of poverty, 'where_-there is Tittle prospect of large profits. Curtent sirategies to

_c_:ombaf_ malaﬁa incIud_e the screening of drugs that have been de\}‘aloﬁed for other -

‘purposes for anti-parasitic activity.

_ The purpose of this thesis is to examine and defive the amtimalarial activity of -

amantadine; a drug developed in the 1960s for use against influenza A viral fmfections,

The thesis is divided into a tumber of different parts. Chapter one is an exﬁensive' '

literature review, dealing with all aspects of the drug amantadine hydrooﬁloride. The
second chépter looks at the methodology used to obtain parasites for e:qmmentai
purposes. Although similar methods were used throughout this study to obtain parasi:«.

samples, sample processing varied between chapters so protocols for each

experimental chapter are detailed iu the method sections within that chapter, The first

‘experimental chapter defines the antimalarial activity of amantadine and other

*
:



i

.. antimalarial agmts against departmenta. paras:te strams Th:= second chapter
Imveshgates ‘the potential of. amantadme therapeuucally, by analysmg the effect. of
'amwltadme. in oombmntxon with other annmalanala The third expenmental chapter

' zecords the momhologlcal changes assaclated with exposure of the parasrte to

| 'amantadme The- remammg expenmental chapters sock to deﬁne the mechanisms N

mvolved a:p the action, of amantadine, -

Parts of tbis. thesis have. beeﬁ presented- at a numher of confereﬁcés, both lc)Cai and | S

international. Sectmns of ﬂus thems have glso been pubhshed in ﬁﬂ], whiie othexs have |

N bee:n submrtted and sﬁ]l others are in preparatmn.



CHAPTER ONE - AMINOADAMANTANES

11 CHEMISTRY
Aminoadammntanes are lpophilic quasi-spherical ~compounds. The geometric

reiatinhshiil betweén the polar portion and the cage-«li'};e' apolar pbrtinn of amantadine

is unusaal as compared with other dzugs (ﬁgute 1 1 Amantadme hydmchlonde is a.

stable crystalime, water soluble amine salt with a- ,1_31";1 of 10.1. Four' |

ammoadamaﬂianes are cw:rentl:y in ehmcai use: amantadme (1—adamantanamme),

rimantadine . _(ot»msﬂiylui-adamantanethylamme), Memantine {1-amino-3,5-

_ -dimethyla‘damantane) {Parkes, 1974) and tromantadine (Diezel et al., 1993).

NH,

Figure 1.1: Stmm of aman_ta&ine
. Amaﬁtadine was first synthesised more than 30 years ago and initially introduced as an
antiviral agent (Davies et al., 1964). Clinical observations indicated aminoadamantanes

ameliorated symptoms of Parkinson’s disease (Schwab et al, 1-969-, Parkes ef al.,



1970). The snggested list of clinical apphcauons for the aminoadamantanes has grown
" in the ensuing years to include varions other cusebral disorders such as neurblepiic _ |

- malignant synﬁmme,- spasicity and dementia, _
12 BASIC PHARMACOLOGY

121 ENTRY AND INTRACELLULAR ACCUMULATION

Amantadme causes vacuolation in calls and a gross expansion of the mtrace]lular
vesmlar system dus to its weak base character Rneﬂy, amantadine penetrates ceIIs i
the uncharged form and mpxdly loads the cytesol to a conceﬁtrauon in the order ofthe |
extracellular _concentrauon. Then amantadine accumulates wxﬁnn the acidic organelles
| (uo_t_aﬁljr the i;ysosoma) to nmuch higher coﬁcenﬁations because it becomes tfap’}_ied iﬁ
the hardly pérméab]kﬁ orm (Richman ef al, 1981). The term “tysosoﬁldtmpic”
designates all substances taken up selectively into lysosomes, irospective of their

chemical nature or mechanism of uptake (De Duve et al., 1974).
122 DIRECT EFFECT OF AMANTADINE ON ENZYMES

1.2.2.a Phospholipases

Amantadine iﬁduceé phosphoﬁpidosis m cells in vifrb and in vivo (Burmester ef al.,
1987). Drug-induced fipidosis is due to impaired lysosomal ]Jpld dégradaﬁon.
Ammadine inftibits catabolist by forming a complex with phospholipids: this

- complex resists hydrolysis (Hostetler and Matsuzawa, 1981),



1.2.2.b P-450 cytochrome
| A.fnantadine, ﬁt high cioseé, ex;eﬂs'ciepressive éifebts_ bn the drug métaﬁoﬁsmg em'vme _
activities. An in vivo mechanisni that resnlts in loweréﬁ levels of ﬁi&owmal '
cytochromes P~450 and bs either by decreasing the synthesis of these protems or by

} accehz‘aﬁng their degradatlon is involved (Belanges ef al., 1979).

123 EFFECT OF AMANTADINE ON MEMBRANE STRUCTURZL AND
 FUNCTION

1.2.3. a.])rug-hpzd mteraetmns )
Amantadme has a low affinity towards phospho]:pl.ds as determined by the calcmm
| _dlsplacement method (Burmester et al., 1987). Although, amantadine is abile to
produoe a dmmward shr& of the transition temperature (the temperatuxe at which a.
" membrane “me]‘.ts” to _adopt a fluid cxystalline' state - the temperature at which this
: happm_s is dependent on the packing of hydrocarbon tails and related to. the rﬁtio of |
' druglipid) the effect is small (AT, of 3°C) (Burmester ef al, 1987). The sbove
gvidence infers that amantadine does not havé strong drug-lipid interactions, probably
due to ﬂe geometry of amantadine, which hinders an effective intercalation of thg drug
between the phospholipids, X-ray diffraction and neutron profile studies orientates
~ amantadine in the bﬂaye:_:. 'I'he. hydrophobic cychc region .of the dmg- is located
between the phosphate and ester linkages of the phospholipids and the NH," group

protrudes into the water space. The cyclic carbon component is orientated on the



hydrophobic side of the phospholipid headgroup allowing for interaction with e
B }téﬁdgroup; Thé effects of ﬁmantadhe on bilayer structure and stability are likely to be
comple_x and to be depéndent upon inﬁ'msic and environmental factors (Duff ef al.,

1993),

1.2, 3.b Ion channels
.- Amantadme interferes with many membrane stmctures, preferenhally thh jon
| c_hannels. The channels blocked by amantadine inclade the voltage-dependent Na™
chamel (Netzer ef al, 1991), glycin-operated CT channel (Lampe and Bigalke,
199 1.), the nicotinic aéetylcholme ion channel (Masuo et al,, 1986); ATP-regulated K* |
cha:mei (Ashoroft et al,, 1991), the Ca"*-p'_ermeablé channel actwated -bjr.s-'H_T |
(Reiser and I{éch,. 1989), the NMDA channel (Komhuber et al, 1991) and a viral

| proton channel {Pinto ef al., 1992).
13 PHARMACOKINETICS

131 ABSORPTION

The oral foute is mainly used for amant#dine administration. Am@taditie is well
absorbed from the GI tract. In healthy. fohmtéer‘s ab'sorptic'm. is relatively oﬁmplete,
varying .froﬁl'SG to 9.0 % in. young healthy adults over a wide range of 'doées. Peak
phsma concentraﬁon is directly related to the dose ingested. The ﬁme_te peak plasma
conce::muon is 1 to 4 hours in healthy young adults. The rate of absorption amd '

' bloavazlabllny decreases in healthy elderly adults (Greenblatt etal., 1977).



| 132 DISTRIBUTION
Amaﬁtadiﬁe in plasma ig appro:&zﬂateiy 67% profein buunﬁ andthe pe:rdeﬁtage of dxug -
- bound is indebendeut of amaﬁtadine 'coﬁccntraﬁbm The volume of distﬁbution _-

correlates 'mersely'with the dosage bf amantadine. The V, for amantadine exceeds
the body v(:iliime by a éoﬁsiderable 'amoﬁnx mfemng extensive tlssue bmdmg R.cd
| blood cells sequester subs‘tﬁntial amounts of amantadine, with a élythmuyte:p'lasma.
) tatio of 2. 6€:i +£049in healthy males, Very little «.tl.ata is available in ]Illima:.ls..conceming _
| the extravaacular dzstn'butlon of amantadme A,m:mtadmﬁ sequesters m a]l bssuas.

hased on ns k‘.llletlc mSmMOn space (Greenblatt et al, 1977)

123 _EIJMINATION

The -mgtabcilism is ]meted, c-oj;sequeﬁﬂy elimmanon is via renal glomerular ﬁlﬁatiqn |
and acti{re 1ubular _secretion. The gliminaﬁon ha]fleé is between .9-3"? hours, with an_. .
average of 24 hours, The halfjife is prolonged in patients with impai':réd remnial ﬁin(_:tibn.

(Greenblatt et al., 1977),

14 ANI'IVIRALACTI\TI‘Y OoF AM]NOAD:ANI.ANTANES

1.41 SPECTRUM OF ACTIVITY |

All strains of influenza A virus are sensitive to am.mtadine | Gzoup B inflnenza viruses
and otb,er resp:xatory pathogens such as thinoviruses and resp:ratory syncyual and

.aden(mruses are Tesistant to amantadme Other viruses including paramﬂuenza



pseudoraiﬁes, fubella, murcine and. avian tuniou_i viruses, ﬁrena ﬁsw, lyﬁiphocytic _
: chorimﬁﬁingiﬁs Jumn virus, déngu’e and EIV 1 are inhibited by'amﬁntédine in tissue
| culture or expenmsntal anmlals (Chang and Snydman, 1979). Chmcal use of
amantadme and rimantadine is Imnted to use agamst influenza A viruses. Tromantadme
is used chmca!ly as a topical cream against herpes simplex (Ickes etal, 1990, Dwzel

et al.,1993). -

142 INFLUENZA A VIRUS
Amantadme and ri'mantadine are uged fof'prﬁphjductic 'purposes'in high nsk £TOUjHE
during mﬂueuza A. epidemics (Oates et al.; 1990). 1~or al mﬂuen..a virus stra.ms, the
. amantadme block to virus rephcatlon oceurs at the early stage between ths steps of _
virys penetmtzon and uncoating. In addition to the ear];y effect of amantadme, the drug
hasa second Iate eﬁ‘ect on some subtypes, defined as havi'ng.ﬁ mtrécellulady dleaved |
haemaglntrinin_ ami a high pH optimom of ﬁ;éion; for example fowl plague vmzs
Characterisation o.f aniaut'adiné-reﬁstaﬂt mizt_ants identified the .Mz' protein as the -tai'get
of their action (Eay efal, 1979). |
1.4.2.a M protein
'I'he M: protein. is a small, 97 aming acid htegrél membrans pfbtein o::ient_ated m
Mrah% such .that #t has a 24 N-te:rmiﬁal. e:dx_aceﬂular residues, a 19 _rési&ué
traﬁsmembrane domam and a 54 residue 6ytoplasmic tail. Single aming acid

substitutions at positions 26, 27, 30 and 31 within the transmembrane domain of this



iﬁtegrél membmne comjxonént coﬁfef; dmg resistance (Wang p al., -1993) M: ..
| molecules expressed in Xenopm oocsytes form amantadme—sensmve channels for
B monovalent cations in the plasma membrane Desp:te its smuall size and simplicity, the . |
jon channel { 1s regulated by voltage pH and dmgs hke amantadme {Tosteson et al.
- 1994) Amantadme probably acts as an allosteric blocker - ‘bmdmg to part of the
_ chsmnel pmtmn that is not in the . ]aore-fomng region. The calculated ICso of
: -amantadme is 0.3 u.M, ie. one amanladme molecmle blocks each ﬁmctmnal- Mg
channel and the block has a very alow onset (Wang et aI. 1993) Mz~1lke channcls
| have ot been 1dent1ﬁed in mamma]xan systems, nor does tlhe M sequence share'.
a mgmﬁcant homologytu knownmmmmhanprotems (Pmto et aI 1992)

1 4 2.b Role of Mglll vu'us uncaatmg

-Figure 1.2 illustrates the process Of viral uncoating, (Slmons et al., 1982). Briefly,
 viruses enter cells by endocytoms. The first sta_ge. of entry is th@ attachment of spike
glycoproteins to the .cell su.ﬂ'a.ce. “The 1t;ziru_s then moves into a “coated iait”. The coate_zd
pii: folds inwards and the cell reiibrane pinnhee-; 6.ﬁ‘ around the vnruspamale t& form a
vesicle, As the co#ted'vesicle moves into the cytoplasm it Joses jts clathrin and ﬁxseé
with an endosane, 4 large vacuole with a’_ smooth cuter surface. The My protein is left
behind iﬁ the endosoral membme' afer fusion. Once the ﬁrion particle has been
.enﬁocytosed, the ion channel actmty of the vmon-assoclatex M, protem permits the

: ﬂow of ions from the endosome into the virion, mtenor to disrupt fhe protmn—protem_



interactions and -ﬁ'_ees :ﬁbunucleocapsid and M, protem, prioing the vidon for

 dissociation upon. peﬁetiﬁtion into the cytosol (fig 1.'3),

plasrna membrane

coated pif

7} codted vesicie

fusfon of viral and
ysosomal membiane

ajection of ﬂuéfeocqpsid. .

F_iguxe" 1.2 Schematic diagram showmg amautadme block on vn'us mmatfmg



RNA

Figure 1.3 Molecular interaction hetween structual components of mihlenza v1rus
I-IA hemagluhrm, NA: neurannmdase | : :

The e_ﬁdosﬁﬂie itself then fuses w1th a 1y9050hae, tﬁe degrad#tive vaci;cle %ﬁat contams
a vanety of digestive enzymes at a low pH. '.the .acidi(:y of the interior of the Iysbsomes
induces changes in the viral membrane protein, heamgahutinin, that enables fusion with
the lysosomal membrane. The process takes pﬁwe 50 qulckly that the nucleod.ﬁpsid ig
expalied int.o' the oytoplasm w_itﬁout béing destroyed by the degradative enzymes of
thé lysosome. Thereafter, the VvRNPs (viral ribonucleic paiticles) .rapidly enter the
rucleus and jnitiate replication and:transm‘iption. The rélease of the nucleocapsid from
the lysosome z__:ompleltes'the'ﬁ:rst phase of infection. Amantadine blocks the c.hanﬁel
preventing the dissociation of the M; protein from the sibomcleoproteins and

subsequent viral repliéatiﬁn.



- 1.42.cBele of M in virns maturation
Virus imaturation .compriSes replication of the viral RNA, the manufacture and )
modification of viral proteins ‘and thé assembly of the micleocapsid; figure 1.4

illustrates this process (Simons ez gl., 1982).

R th_) different kinds of RNA molecules are mannfactured in large amounts; one is a
copy of the complete viral mmcleic acid moleéulé; the other contsins the 'ganbtic:
| ~ information réqu:':red to symhesise the viral-protehs’ The membmne proteins are nbt

'mmply Ieleased from the ribosome into the cytoplasan, but are mserted mto ths

'm.embrane of the endoplasmlc retwulum, a network oi mtex connected membranes .

that plays a critical rola in the syrrr.hems and modJﬁcatwn of host cell and seeretory
| pmtems 'I'.he viral protein complex on the endcaplamc reticulum is then trans;;orted
to the mn’face of the cell along the same route followed by host cell secretory and
membrane proteins ie. from the andnplasnnc reticulum they move to the Golgi :
‘apparatus, a complex org:melle with several interior spaces enclosed by membranes, Tn
the Golgi apparatus the ca’rbohydr#te chains are modiﬁéd.‘ At this stage the M,
moleaules, embedded in the Gulgi membrane, appear to be'-resptmsihle”for 'alevgﬁng.
the otherwise mildly acidic pH in the trans-Gulgt network, by forming proton channels
mmﬁgh which the proton gfadieni between the himen of these organelles and the
-oytoéol dissipates. The resulting elevation in the hrminal PH, ﬁcﬂitates the pﬁssage of

HA without acid conversion. Amantadine blocks the M channels, consequently the

10



HA'jmleﬂﬂe_s are exposed to Ibw pH and undetgo a .p:-émahue. conforknationa,l _
conversion that results in the formation of non-infective virus particle. Afer the
- proteins have passed_through the Golgi apparatus they are caxried to the surface of the

host cell and nserted in the'-bell membrane,

new vins pariicles

SPIWLM M :.Iu. . _ . | .
[r _ SP’mpro’reinf" ~ j} ..;...
W VW

endoplasmic reficuiurm ) . 1

HI>

golgl cppaoratus

ERIERE]

'Figuré 1.4: Schematic dmgram of virus maturation and block by amantadine
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| The final phase, the tranmt of th_e.virus through tﬁe' anjmal ce]i follows the assembly of
the nucleo@psids ” the cytoplasm of the cell. A section -o;f' the membrane, with viral

| mémbi‘ane .p'roteiﬂs embé&ded, wﬁps aronnd the. nucleucaﬁsid and tixe bnd releasﬁs
" 'from the cell. The complete virus pa:uclzs are released into the space between the

~ cells, from which they move outward toward other cells and spread the mfectlon _' :
'1.5  CEREBRAL DISORDERS

' Aminoadamantanés_’stimﬁlafe_s the in vzva release of d.opamme However, the

conp:ntraﬁoz} of amantadine needed to demonstrate a significant eiﬁ;:t is in_tﬁe high
mmmmolar rénge or low millimolar range. Plastia levels of effective doses of
amantadine are i the low micromolar range. The clinical eﬁ'ects could not be
 attributed solely to increased 'dop_amiﬁe release, Today, there is considerable evidence
that %;.nﬁnoadamaﬁtanes act as non-cbﬁ:petitive antagonists at the N-methyl-D-

aspartate. (NMDA) receptor (Bormann, 1989, Komituber ef al, 1994), and that

MA réceptor antagonism mediates the cerebral clinical effects.

MA receﬁtbr is an integral membrane protein, it includes réoogniti@n domains for
glutamate and several endogenous co-agonist and modunlatory subsia_n'ces inchlding |
glycine Qnd poiya::ﬁ‘n:nes. The receptor also contains a catioﬁ;-selective pore that serves -
a5 4 pathway across the neuronal menibraue for Na', K* and Ca®™ fons - see figure 1.5.
Activation of NMDA receptors by penrotransmitter gh:tamate_.i.s associated with a

conformational change in the receptor pore that permits cations to cross the

12



" membrane under the force of their respective electrochemical gradients, resulting in
membrane ~ depolarisation and ne*x&oﬁal excitation  {(Rogawsld, '1_992}.‘
Amiinoadamantanes antagonise NMDA responses by an ‘apen chanuel’ mechanism in

“which they bind to the ionphore of the NMDA receptor 6nly when it is in the ligand

gated'open state . Occupancy of the jonphore binding site prev. its cation flux through

| the channel, ﬂms producing a fnctional bldck--of NI\A])A r(_eceptor' taséonsés. The |
kme‘tms of the chamel block shows uncumpeﬁtive antagomsm thh fast blockiug'" and
mhlockmg ratcs ﬁcﬂ;tatmg bloekage of enhanced glntamergic acmnty at the NMDA.
receptor while leaving. phymolog[cal transmlssmn of glntamate largely unaﬁ‘ected and.
.ﬂxus yrevenﬁng the psychotlc symptoms assomated ‘with other NMDA antagomsts'

(Chen etal, 1992)
* ' polyamine glycine  glutamate  Na®
exirdcellulor

7

infraceliulor -

Figure 1.5 : Schematic representation of the NMDA receptor-channel complex

1.5.1 PARKINSONS’S DISEASE
A disturbance of neostriatal dopaminergic finction, through 1oss_ of dopaminergic

~imervation, plays an important role in the pathophysiology of Parkinson’s disease,

i3 .



._ Under phymological cundmons, the release of acetymholme i} tlus bram xegon is |
under the mhib:tory control of the mgrostnatal dopammergw mput, whereas a
comcnstnata], g]utamatergxc mput stimmulates 'acetylcholme release via NMDA
receptors. In the case of dopamme deﬁmency in the striatum, the chohnergm
become dmn]:ib:ted’ and the normal situation can be restored by applying elther
y dopammom:meuc or annchohnergc drugs. NMDA receptors activate the chohn.ergm. '
_. “cells in the neostnxtum NMDA. antagomsm wauld be expected to decrease the
0utpfut of acetylchohne and thﬁreby dJsplay anﬂ-Pa:kmson’s actmty (Kluokgether and |
| Turslﬂ, 1939)

* The enti-Parkinson offect is mediated both via NMDA receptor mtagonism as well a5
hjr a pbst—synapﬁd effect. Chronic admini#t_faﬁon of 'amm_ltédine enhances D, rece‘pfor o
expraséio:i in the striatum without changing the affinity of the receptor (Gianutsos ef
al., iQBSj. Rojas et al., 1992 described 2 partially'protective effect of afha_ntadine_ on
- the MPTP wiodel of Parkinson’s disease, snggesﬁg that anﬁnoadmmtm may not
 only ametiorate the motor maifostations of reduced mgrosﬁ:atal transmission but also ..
attesnate disease progression. There is no ev_idenﬁe thAt the molecular rechanism of
MI’P‘" toxicity involves NMDA recéptdrs, the molecular_ target is believed to be
complex I of the .mitochondrial. re@irafory chain. However, neﬁ:rdn'es show an
mcreise& suscepﬁbﬂlty t0 NI\EA receptor medigted glﬁtamate toﬁcity during low

energy crisis. Tnhibition of mitochondrial finctioning produces a distarbance in the
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inti'acellular enefgy fevel, iﬁterferh:g with the neuron's ability to maintain-a resb:ng
_ potentml and. consequently the Mg’+ biock of the NMDA J:eceptnr (Novelh et a.l

| 1988).

152 NEUROLEPTIC MALIGNANT SYNBROME

Dopamiue Teceptor antégonists, i.é. neuroleptic tlrugs are the principle class of d.mgs '
that: areusadmthephmmacology of schizophrenia, The ‘most conmmon side effects of |
ithese dtugs are symptoms of the extrapyramdal motor system mc]ndmg rlg ‘y _

tremor and akinesiz termed neurolept:c malignant Syndrome (NMS) Amautadme has

'_ been used to successﬁﬂly treat NMS pahents (McCarron et al.,1982, Amdursk: et aI.

- 1983 Gangadhar etai 1984, Wuo et al,, 1986).

153 DEMENTIA

| Treatment of dementia concentrates on mobi]_isatinn of the cerebral reserves still
present m the clinical condition while preventing further progress of the disease. 'fhe _
aim qf therapy. is to maintain as long as.possmle an independent fife style in the .
environmnnﬁ to whic;h the paﬁenf is accustomed. .
1.5.3.2 Senile dementia

‘The pathophysiological process in senile dementia is believed to be due .to a loss of
glntamergn neurons in the cortex. Memantine brings about a startlstp,ca]]:y significant |
and clinically xelevant influence on brain finction disturbances and jmprovement in

performance deficits in the dementia syndrome patient: t.at particularly improve
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mdependent handlmg dlﬂicult situations in eve:yday life and soczal mtagrauon. The

' emcacy appears after only 14 days uf treatment and there isa h1gh responder rate' o

 (Ditder, 1991).

| 1 5.3.5 AXD dementia- éompléi

As many as 2/3 of AIDS patwlts develop s:gns of human Jmnnmodeﬁczency vitus

’ (HIV) associated cogmnve ana}or motor cﬂnq:lex of which a severe form i is AIDS _. o

'-demsntm complex (ADC) The pathophymologm process that produces ADC 1s |
1mcIear It is behaved to be due in part to neurunnl mjmy caused by the vn'al px:otem _

| gp120, or ﬁ'agme.nts thereof, shed Hom I-IIV-I. Although gp_lzo has no direct eﬂ?‘act |
oq the NMDA receptor it sensitises c;]]s._.-to-. NMDA medlated _'to:cicity. Memantine
. completely prevents _i_njuzy in vitro, _suggestﬁ;g it_has therapeuntic potenﬁal (Liptop;
154 SPASICITY

Memantine can preveut semltes aud néurmo:dp “cell deafh | in:_lucéd' by various
chegnicals and electrical meaus and potéﬁtiates the antzconvulsant actions of other anti-

* epileptic drugs (Apland and Cann, 1995).
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155 OTHER

1.5.5.a Fatigue _ _ | _
Limited studies suggest that amantadine is effective i relieving fatigue associated with
'mulhple sclerosts (I{emp and Gora, 1993) and post poha syndrome (Da.wsou, 1991).
| T}wbamsforthlslsunknom |

1. S.S.b Atana _

.Amantadme reduces the functional disability uf Friedrich® s s,tam, an autosomal_:

recessive disorder with progresaxve cerebellar dysﬁmctmn, dying back neuropaﬁly, -
muscle weakness, scohos:s and hypertrophlc cardmmyopathy Its etmlngy ig ynknown |
(Peterson ot al, 1988)
.'1.'5'.‘..5.(: Braiﬁ Injury i
| g@m from travmatio brain injury is knowa to be associated with neutebehviousl
.seqllele;;, these include low. arousal, poor memory,'_ attention and 'ponceﬁtrﬁtion 5
deficits, mouonal lability, agitation, itritabikity, .aa'ssa;ﬂtivme_ss, executive flmcuonmg
- deficits and depression. Several studies report that traumatic brain injury subjects
e_xhibit some improvement in cognitive and/or physical function fpﬁowhg treatment |

| with amantadine (Nickels ef al., 1954).
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1.5.5.d Creutzfeldt—.]akob Syndrome

Cmetzfeldt-lakob dJseaSe isa wrtually fatal bram dlsorder that may be viral in ongm

: Several reports have shown significant mprwemem: in pauents treated thh

ama