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ABSTRACT

Late stage Human African Trypanosomiasis (HAT) is manifested by brain degeneration
following infection by Trypanasoma brucei rhodensiersed Trypanasoma brucei gambiense
parasites. This stage can only be treated with melarsoprol (Mel B) which inadyeridotes
Post Treatment Reactive Encephalopathy (PTRE) and a mortality of 5% among HAT infected
patients. This is an unacceptable mortality for a modern human drug. Investigations were
conducted to establish the protective role of Coenzyme Q10 (CoQlO)erahubenous
antioxidants (Manganese Superoxide dismutase (MnSOD), Glutathione Reductase (GR),
CopperZinc Superoxide dismutase (SA) and reduced glutathione (GSH)) against PTRE
and putative resultant brain degeneration in a mouse model. This studtyyedng well
characterizeadnouse model in which female swiss white mice infected With. rhodesiense
were manipulated to simulate all phases of HAT, including PTRE. Expressions levels of the
endogenous antioxidants in the brain tissues were assessed imunoblot or
spectrophotometric procedures. There were significantly higher expressions of MnSOD
(P=0.0014), SOR (P=0.0001), and GR (P=0.0083) in infected than uninfected mice 21 days
post infection (dpi), which were twiolds lower than those obsen/at 57 dpi. Levels of GSH
were significantly lower (P=0.0347) in infected 57dpi than uninfected mice 21dpi. Expressions
of SOD (P=0.0429), GR (P=0.0001) and GSH (P=0.0001) were significantly higher in infected
than in uninfected mice among Mel B treatedcen Mel B treated uninfected mice had
significantly lower expressions of GR (P=0.0001) and GSH (P=0.0001) and MnSOD
(P=0.0035), than untreated (uninfected) controls.-tfi@ment with CoQ10 significantly
increased expression of GSH (P=0.0001) relativehto Mel B treatment alone. This is a
significant finding that demonstrates that CoQ10 exposure prior to Mel B could boost GSH and
neuroprotect in late stage therapy. The results indicate that the parasites and Mel B suppress the
antioxidant system. The seltant time dependent dynamics of antioxidant suppression due to
Mel B, and potential ameliorating effects of CoQ10 on the same, shed light on putative
mechanism of toxicity of the drug during treatment of late stage HAT and a possible antidote of
the toxcity. CoQ10 and endogenous antioxidants can find application in 1) formulation of
novel Mel B based drugs against late stage HAT and 2) development of novel markers for

staging the disease.
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CHAPTER ONE
INTRODUCTION
1.1 Background information

Human African Trypanosomiasis (HAT), or sleeping sickness, is a disease caused by
infection with the protozoanTrypanosoma brucei gambiensa Trypanosoma brucei
rhodesienseHAT is a neglected disease, affecting poor people in Africa (Trowtlal,

2002). The neurological manifestations of HAT appear after the invasion of the central
nervous system (CNS) by the parasites (Kennedy, 20040e Qarasites have established
themselves within the CNS, a progressive breakdown of neurological function aceessnpan
the disease, due to oxidative stress (Halliwel, 2001). It is evident that such oxidative stress
results when cellular antioxidant capacity has been overwhelmed. A wide array of enzymatic
and norenzymatic antioxidant defenses exist in the brain treatestwes radicals, they include
superoxide dismutase (SOD), glutathione peroxidaseg)(GRtalase (CAT) and glutathione
(GSH) (Mataixet al, 1998). Alteration of this cellular antioxidant system can lead to neuronal
degeneration.

Regulation of antioxidanenzymes in brain cells challenged with trypanosome
infection or drugs (potentially toxic) such as melarsoprol has not been well studied in HAT.
Inflammatory response in CNS pathology due to the parasites and post melarsoprol treatment
has nevertheless &e implicated, with microglia and astrocyte activation occurring during the
CNS invasion process (Kennedy, 1999). Additionally, induction of nitric oxide synthase
(INOS) and synthesis of nitric oxide (NO) metabolites in the brain prior to neurological
dysfunctions in HAT has been documented (Kataal, 2000), with potential disruption of
brain antioxidant system.

Whereas constitutive neuronal N&@Snerated NO exerts a variety of normal
neurological functions, continuous production of iIN@&herated NGnduces toxic effects and
contributes to pathological disorders (Clark and Cowden, 1999). Specifically, NO facilitate
generation of lethal reactive metabolite species such as peroxynitrite (PNOe brain,
which nitrate vital proteins and/or enzymaestlne brain, altering their structure and rendering
them dysfunctional. Moreover, the metabolites depletes cellular antioxidant defenses such as
glutathione (GSH) (Bolanost al, 1997; Heales and Bolanos, 2002), increasing susceptibility
of the neurons toxidative stress, which in turn impairs their functions with putative resultant
neurological dysfunction generally observed in the late stages of HAT infections. Other
antioxidant enzymes (e.g. superoxide dismutase) and vital enzymes of the electqoorttrans

chain have been found to be targets of oxidant damage, further aggravating the biochemical
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and neurological impact of the metabolites (Adahal, 1986).Therefore, it is important to
explain how the antioxidant system is controlled to maintaimleglintegrity in conditions that
may trigger oxidative stress, such as HAT.

It is possible that chronic astrocyte activation in trypanosomiasis can interfere with
one of the major functions of the astrocytes in the brain i.e. neuroprotection and nma@tena
of a robust antioxidant system. It is vital to note that impaired astrocyte function could be
highly deleterious to brain integrity in HAT. Although the neurons when cultured with NO
generating astrocytes show some minimal damage in their mitochdhihaevaet al,
2002), longterm exposure of the same generate neuronal death. This suggests that
neurodegenerative disorders and pathological responses to trypanosome invasion of the brain
may be associated with chronic iINOS induction, with decline impaired GSH trafficking
(Arnaudo et al , 1991) . This is evidenced in Parki
diseases (most debilitating neurodegenerative diseases) where induction of NO results in
impairment of mitochondrial function (3 al, 200), implicating astrocytic NO in neuronal
demise.

One of the goals in this study was to determine if antioxidant coenzyme Q10 can

attenuate Mel B toxicity and pathological lesions in the hippocampus. Therefore in this study
we endeavored to determine iabadministration of coenzyme Q210 in the brain protected this
pivotal organ from melarsoprol induced toxici§oenzyme Q10 is a powerful antioxidant that
is known to cross the blood brain barrier. There is an increasing interest in the potential
usefuinesofccenzyme Q10 to treat neurodegenerati ve
Huntingtonds di sease, a rMéredahmatyah 2009) pnpartantly,l at e r .
CoQl0 has been s ho-amyloit toxicipy (McCaehget al.,2094 Winkset b
stucket al.,2004). Also Coenzyme Q10 has been reported to effectively attenuate toxicity in
transgenic mice following administration withNBtropropionic acid (Matthewst al, 1998).
In cultured cerebellar neurons Coenzyme Q10 providetegtion against glutamate toxicity
(Favitet al, 1992).Hence there is need to full understand the potential neuroprotective role of
CoQ10 in the brain, potential involvement of antioxidant capacity failure in HAT and Mel B
toxicity.

In this study, we ‘ealuated the effect of melarsoprol on antioxidant proteins, in
particular MNSOD, SOD1, GSH and GR and the effect of CoQ10 on Mel B toxicity. It is vital
to note that these antioxidants are regulatory protein that are highly sensitive to oxidative
stress ad thus there inactivation results in neurodegeneration (Pietrangelo, 2003; Eentze

al., 2004). Since arsenics are known to cause cell injury by oxidative stress, we hypothesis
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that melarsoprol impairs these antioxidant enzymes and therefore impacisatggat the
performance of the brain to quench oxidative stress.

Melarsoprol induces post treatment reactive encephalopathy (PTRE) in patients after
treatment resulting in death of up to 5% of patients (Pepin and Milord, 1994). This is a big
challenge tathe management of late stage HAT because melarsoprol is the only late stage
drug that can be used to treat bdthb. rhodesiensand T. b. gambienseThe molecular
processes that lead to PTRE are unclear however many hypotheses have been presented. They
include immunological reactions to the parasite following therapy, immune complex
deposition, and toxicity of the arsenical moiety of melarsoprol, autoimmune reactions or
subcurative chemotherapy (Hunggral, 1992).

In a clinical study involving leukerma patients, melarsoprol resulted in neurological
seizures suggesting that melarsoprol itself is responsible for the reactive encephalopathy
(Soignetet al, 1999). It has also been shown that melarsen oxide (metabolite of melarsoprol)
could bind to vitalmetabolic enzymes and result in oxidative stress (Fairleired, 2003).

The importance of Melarsoprol in late stage HAT cannot be overemphasized, hence the need
to fully understand molecular events that trigger PTRE.
1.2 Statement of the problem

Late stage HAT results in brain degenerat@amd death if untreated. Moreover, the
treatment of latesstage HAT with melarsoprol is complicated by PTRE which augments the
ongoing CNS pathology and can be fatal. After administration of this drug life threatening
PTRE is induced with the overall mortality rate from melarsoprol therapy being 5%, which is
unacceptably high. However, the underlying molecular events that contribute to the demise of
brain nerve cells due to melarsoprol induced PTRE are not well chazedtePotential
implication or involvement of the antioxidant system in PTRE could open new avenues that
can be manipulated pharmacologically to reduce its occurrence and improve treatment
outcome in HAT.

1.3 Objectives
1.3.1 General objective
To investigate the role of antioxidant defense capacity in late stage HAT infection in an
experimental mouse model (Swiss white)lob. rhodesiense
1.3.2 Specific objectives
1. To investigate the modulatory effects of CoQ10 on the trypanosdewion process

and risk occurrence of melarsoprol induced PTRE.



2. To determine the impact of invasion of the brainTbyb. rhodesiensen antioxidant
defense capacity.
3. To establish the role of impaired antioxidant defenses in melarsapiotedPTRE
and toxicity.
1.4 Hypotheses
1. Coenzyme Q10 (CoQ1l0O) has no modulatory effect on the trypanosome infection
process.
2. T.b. rhodesiensenvasion of the brain have no effect on antioxidant defense
capacity.
3. Melarsoprolinduced PTRE and toxicity do not impair antioxidant defenses.
1.5 Justification
Late stage HAT due td.b. rhodesienseormally results in brain degeneration and the
molecular processes that induce such brain damaye Imot been studied. Therefore
understanding how brain cells die in HAT might help in development of strategies to protect
the brain in late stage HAT.
Melarsoprol induction of PTRE is a big challenge to the management of late stage
HAT because melarpool is the only late stage drug that can be used to fred.
rhodesiense Since there are no treatment options available for late stage HAT due to
rhodesienseapart from melarsoprol, it therefore means that understanding the role of
antioxidant capacjt may result in better management of HAT in patiefitee antioxidant
system therefore potentially presents critical pathways that can be targeted in development of
tools for management of neurological manifestations due to HAT or related drugs tha¢ deserv
further scrutiny. Such study will present alternative approaches e.g. antioxidant therapy to
improve treatment outcome and reduce PTRE prevalence. Thus the information generated
from this research will be critical in planning and execution of futurdntrexat, may find
application in facilitating use of nedrug interventions during therapy that might supplement
the therapeutic effects of existing medications while enhancing treatment outcome. Such

supportive interventions might include use of known éffecantioxidant supplements.



CHAPTER TWO
LITERATURE REVIEW

2.1 Trypanosome invasion of the brain and neuropathogenesis in HAT

HAT due toT.b. rhodesienseauses acute infection with CNS invasion occurring as
early as day seven post infecti@fevreet al, 2005).A number of successful attempts reveal
that injection ofTrypanosoma brucento mice via the intraperitoneal route leads to a chronic
infection in which the parasites are detectable in the CNS after 21 days. Additionally in other
studies it has been shown that if the drug berenil (diminazene aceturate), which does not cross
the bloodbrain barrier is administered and clears the parasites from the extravascular
compartment but not the CNS, is giveri 2& days after infection, the miaeill develop a
severe postreatment meningoencephalitis, which persists after the parasitemic phase is over.
This condition shows strong pathologic similarity to PTRE in humans. A consistent
observation in the same studies shows that astrocytes ardeattiia?21 days after infection
and prior to the development of the inflammatory respoNgelskaiaet al, 200§, and that
transcripts for several cytokines such as Tumor necrotic faktor( JUN F I nL 8- eukir
1), IL-4, IL-6 and Interferoro  ( -b) EaN be detected in the brain at this time. Early astrocyte
activation is therefore likely to be of central importance in generating the CNS inflammatory
response. The pathologic lesions observed in -dtatge sleeping sickness is a
meningoencephalitis iwhich cellular proliferation occurs in the leptomeninges, and a diffuse
perivascular white matter infiltration consisting of lymphocytes, plasma cells, and
macrophages is prominent (Atouguia and Kennedy, 2000). Also, the perivascular cuffs and
adjacent pgenchyma contain markedly activated astrocytes and macrophages, and the white
matter contains pathognomonic morular or Mott cells, which are thought to be modified
plasma cells containing eosinophilic inclusions comprising Immunoglobin M (Lejon, 2002).
PTRE shows an exacerbation of these pathologic features. Current understanding of the highly
complex pathogenesis of sleeping sickness is based mainly on studies carried out either on
patientsd blood and CSF samples or in exper:i

Several possible causes of PTRE have been suggested, including subcurative
chemotherapy, abnormal immune responses to glial atiched antigens released from
killed parasites following melarsoprol treatment, immune complex deposition, arsenical
toxicity, and atoimmune mechanisms (Legros, 2002). Furthermore, PTRE has been studied
in a reproducible mouse model that mirrors many of the pathologic features of the disease in

humans (Macleaat al, 2001).



2.2 Role of microglia and Astrocyte in the CNS during HAT

Microglia and astrocytes represent highly reactive CNS cell populations, which
respond to inflammatory and infectious stimuli by regulating molecules implicated in the
control of the immune reaction (Curéd al, 2004). On the other hand, microglia cegilay
the main role in CNS immune vigilance. Some studies show that microglia is the CNS sensor
of pathological events, as it is activated in the initial stages of responses to injuries, preceding
reactions of other CNS cells (Kreutzeberg and Reinvich, )18#&ides the classical response
repertoire, with migration to the injury site, functional, morphological and immune
phenotypic changes, the activated microglia can act as cytotoxic cells (&iedrd2003).

It has been determined experimentally tkta¢, synergic effects of microglia and
astrocytes are necessary for tissue repair after lesions, and they involve the control of the
BBB, the entrance of blood cells, removal of proinflammatory cytokines and their regulation
(Merril and Benveniste, 1996Dther experimental evidence suggests that in a response to
invasion, the CNS may create its own defense system through the resident cells, the microglia
and astrocytes, where by both cells modulate the function of hematogenous cells, establishing
integraton between the CNS resident cells and immune system cells €Gab 2002).

Previous and current literature demonstrates the important role astrocytes play in
neuroprotection and also as a source of reactive nitrogen species, which is a cell signaling
molecule that can induce neuronal damage (Hstadd, 2004). This observation is important
because a defect in normal astrocytic function will obviously render neurons more vulnerable
to oxidative stress. Understanding the astrocytic/neuronal interadtiaih maintain normal
brain function holds great promise in elucidating molecular mechanisms of neurological
diseases.

2.3 Chemotherapy and treatment

The current treatment of HAT is based on four main drugs, namely suramin,
pentamidine, melarsoprol, and eflornithine (difluoromethylornithine, or DFMO), with
nifurtimox undergoing evaluation. Earstage disease is treated with suraminhiodesiense
disese and with intramuscular pentamidinegambiensedisease according to established
treatment protocols. Treatment is effective and prevents disease progression. The trivalent
organic arsenical melarsoprol is the only effective drug fordige disease both forms of
HAT, as the drug crosses the bldmciin barrier (Atouguai and Kennedy, 2000). Therefore
staging of HAT is of paramount importance for effective chemotherapeutic administration.

Studies conducted using immunosuppressant drug azathighawes that this drug
can prevent but not cure PTRE (Huné&tral,1992), and the nepeptide Substance P (SP)
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antagonist RF7,580 has been shown to significantly ameliorate both the neuroinflammatory
reaction and the level of astrocyte activation (Kenn@®p8a; Kennedy, 2008b). Moreover,

SP plays a role in generating the inflammatory response in this PTRE, recent evidence has
shown that this is complex, since infected SP knockout mice show a novel phenotype in
which the clinical and neuroinflammatory pemses are dissociated with evidence of
alternative tachykinin receptor usage (Kennedy, 2003).

The trivalent organic arsenical melarsoprol is the only effective drug fostage
disease in both forms of HAT, as the drug crosses the {i@od barrierlt is a combination
of the trivalent organic arsenical melarsen oxide (Mel OX) with the heavy metal chelator BAL
(British antfl ewi si t e, di mer capr od Nel OXMetheaactwe grugo | 6 s
(Keiseret al, 2000). Mel OX inhibits the polyamingynthetic pathway in the trypanosome
and its primary target is trypanothione (Fairlaetlal, 2003).

Trypanothione the primary target of Mel OX is the major Hoimhtaining molecule in
trypanosomes and is essential for maintaining an intracellularceddenvironment by
detoxifying oxygen radicals. As such, the binding of Mel OX to trypanothione leads to
oxidative stress in the trypanosomes. Trypanothione functions like GSH. It is therefore
possible that this could negatively affect human GSH. Throuwrnpacokinetic studies
Melarsoprol, is usually given as two to four series of three daily intravenously injections, or a
single daily injection for 10 days (Chappius, 2007). Since, it is insoluble in water then it must
be dissolved in propylene glycol, atien given intravenously. For this reason, it is painful to
administer and destroys veins after several applicati@us. the major problem with
melarsoprol treatment is that it is followed by a severe-jpeatment reactive encephalopathy
(PTRE) in up ® 10% of cases, with a fatality rate of about 50%. Thus the overall mortality
rate from melarsoprol therapy is 5%, which is unacceptably high (Pepin, 2&wugh the
mechanism of melarsoprol action has been extensively studied, it still remains .unclear
Experimental studies show that once, the parasites is exposed td eld) levels of the
drug rapidly lyses. Because the bloodstream forms are intensely glycolytic, any interruption of
glycolysis or interference with redox metabolism should produiseefffect. Thus a series of
reports has detailed melarsoprol inhibition of trypanosome pyruvate kinase (KgM))O
phosphofructokinase (Kk1 €M), and fructose 2, 6-bisphosphatase (Ki, 2M). It is likely
that the rapid inhibition of fructose, 6;bis-phosphate production is a key factor in halting
glycolysis through downregulation of pyruvate kinase (Wang, 2004). Other studies indicate

that melarsoprol and melarsen oxide form adducts with trypanothione (Ndisil8tathionyl



spermidine), a metabtdi unique to trypanosomes and believed to be responsible for the redox
balance of the cell and detoxification of peroxides.

It has been demonstrated that the meldtsgpanothionine adducts (Mel T), inhibits
trypanothione reductase, which has been aiteilh to the mode of action. However,
melarsoprol and related arsenicals may also bind to other sulfhydrylcontaining agents in the
cell, including dihydrolipoate and the closely adjacent cysteine residues of many proteins.
Similar to pentamidine and diminaxze, melarsoprol uptake into African trypanosomes has
been attributed to the P2 purine nucleoside transporter; thus, significant levels can be
concentrated in the cell from a low external (plasma) concentration (Faidaalh 1992).
Although most labortary-generated melarsopratsistant strains have lost or modified the P2
transporter, clinical isolates appear to have retained uptake capacity (Koning, 2007).

2.4 Oxidative stress and effects of antioxidants

Molecules, such as hydrogen peroxide@) and peroxynitrate (ONOO), are not free
radicals, but are generated through various chemical reactions. This free radicals and related
molecules are often classified together as reactive oxygen species (ROS) totlsegndépility
to promote oxidative cmges within the cell. Cells normally employ a number of defense
mechanisms against damage induced by such free radicals (&ualha2001). For instance,
body organs are liable to attack by this free radicals, but the brain is most susceptible to attack
by the free radicals as it is rich in polyunsaturated fatty acids and highly oxygenated (Dusica
and Vesna, 2002) and the damage so caused to the neurons by these free radicals cannot be
repaired Moreover pathogenic lesions in brain have been reportedhirslbeping sickness
patients and'.b. bruceiinfected rat (Perrgt al, 2002) that are brought about by the oxidative
stress.

Problems normally occur when production of ROS exceeds their elimination by the
natural antioxidant defense system, or whenl#tier is damaged. This imbalance between
cellular production of ROS and the ability of cells to efficiently defend against them is called
oxidative stress (OS). Oxidative stress can cause cellular damage and subsequent cell death
mainly by apoptosis in @urodegeneration because ROS oxidizes vital cellular components
such as lipids, proteins, and DNA (Gorman, 1996). Experimental studies have shown that iron
may be essential, particularly during brain development, but its presence also means that injury
to brain cells may release iron ions, which lead to oxidative stress via theatagzed
formation of ROS (Andoret al, 1990).

Nitric oxide (NO), is a key messenger implicated in a wide range of biological

processes including cardiovascular and nedrgwahan, 1992) systems, and has been shown
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to play a critical role in protection against parasitic infections as a regulatory molecule and
cytotoxic mediator of the immune system. For example, macrophagesTirdm brucei
infected mice have been shovanpgroduce high levels of nitric oxide (Mabbahal, 1995).

Although few physiological target molecules of NO have been clearly identified, its
role in the protective mechanisms would occur through inactivation of critical enzymes and
nitrosation of thols and other nucleophilic residues (Stangderl, 1992). Furthermore, NO
can also react rapidly with a variety of radical species, like superoxide radical afion O
While O” itself is not an efficient oxidizing agent, together with NO- it can produeenore
powerful oxidizing peroxynitrite anioFONOO- at an almost diffusiofimited rate (6.7 nM/s)

(Huie and Padmaja, 1993), which depends on the concentrations of both radicals

A number of experiments shows that peroxynitrite and its proasalyzed
decomposition products are capable of oxidizing a great diversity of biomolecules (Koppenol,
1998) including heme containing proteins such as hemoglobin and myeloperoxidase, seleno
proteins such as glutathione peroxidase, DNA or lipids within the celhitaating and
nitrosating phenolic compounds such as tyrosines of certain proteins like SODs, and can act as
a source of toxic hydroxyl radicals. Consequently, peroxynitrite anion, like NO-, seems to
play a major role in the protective mechanisms of th& lagainst parasitic infections, for
exampl e, it has been shown T rippaniosomia tcuz hi g
epimastigotes, the causal agent of Chagas disease, whereby it inactivates two key enzymes for
their energetic metabolism, succinate dehgdrase and NADH fumarate reductase (Rubbo
et al, 1994), portraying the critical role NO play in the CNS. Why is this important? It
demonstrates NO can be a source of toxic radicals during HAT in the brain.

Once oxidative stress results in, then appedprdefensive mechanisms that play a
pivotal role has to be activated or stimulated to counteract the effect of ROS; such a role is
played by the antioxidant defense mechanisms that enhances the process of superoxide
removal, scavenging reactive oxygermrmifen species or their precursors, inhibition of ROS
formation, binding of metal ions needed for the catalysis of ROS generation-aegulgition
of endogenous antioxidant defenses. The protective efficacy of such antioxidants depends on
the type of ROSHhat is generated, the place of generation (body barriers such as the blood
brain barrier reduce the permeability of most antioxidants) and the severity of the damage
(Halliwell, 1997).

The presence of a functional and versatile antioxidant system toeetie reactive
nitrogen and oxygen species, and block their deleterious cellular effects is vital for normal cell

function and survival. This antioxidant system is especially important in the brain due to its
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high energy requirements and higher productbiROS. As part of the antioxidant system,
SOD, GPx, and GSH are critical in this regard due to their ability to scavenge for reactive
oxygen and nitrogen species thus, thestabolize toxic oxidative intermediates in the brain.

They require micronutrignas cofactors such as selenium, iron, copper, zinc, and
manganese for optimum catalytic activity and effective antioxidant defense mechanisms
(Halliwell, 2001). SOD, catalase, and glutathione peroxidase are three primary enzymes,
involved in direct elimiation of reactive oxygen species (hydroxyl radical, superoxide
radical, hydrogen peroxide) whereas glutathione reductase, gl6gisEsphate
dehydrogenase, and cytosolic GST are secondary enzymes, which help in the detoxification of
ROS by decreasing pedide levels or maintaining a steady supply of metabolic intermediates
like glutathione and NADPH necessary for optimum functioning of the primary antioxidant
Enzymes (Singlet al, 2003).
2.4.1 Superoxide dismutase

The superoxide dismutase (SOD) ezquired for the initial dismutation of superoxide
anion to hydrogen peroxide £8,), which, in turn, breaks down into oxygen and water by the
actionof catalase and glutathione peroxidase (GPkg respiratory chain in mitochondria is
a major source ofxygen radicals. Mangana§&OD (MnSOD) is a nucleancoded primary
antioxidant enzyme that functions to remove this superoxide radical (dbml, 2002).

Several studies have indicated the major importance of SODs and their regulation in
protection of he brain from free radical injury. A study involving animal models of stroke
shows that Copper Zinc SOD (CuzZnSOD) is neuroprotective wherexypeessed (Savvides
et al, 2003), or given exogenously. It has also been hypothesized that neurons expressing
nitric oxide synthase (NOS), the synthetic enzyme for nitric oxide (NO), are protected from
peroxynitriterelated damage by their -@xpression of MnSOD. Furthermore, Over
expression of MNSOD has been observed to confer protection against both NGreatyN
D-aspartate toxicity in neuronal cell culture systems, thus emphasizing the critical role that
they play. However, some studies show thSOD, GPx and glutathione reductase are
inactivated by ONOO(Dukhandeet al, 2006). Thus alteration or perturipet of the
antioxidant system by ONOGQncreases its cellular toxicity and that of other R@Sother
experimental systems investigating cerebral ischemia/ reperfusion, excitotoxicity, and/or
cytokine toxicity, showed that all major cell types of the mrancluding neurons, and/or
astrocytes (Rohrdenet al, 2001), respond by up regulation of MNSOD and CuzZnSOD

portraying the functional role of this dismutase.
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MnSOD GPx

O, » H,0, » GSSG + H,0
2GSH
Fe2t
OH-
LOOH + 2GSH » GSSG + H,O
GPx

Fig.1.In the upper part dismutation reaction showing tlagomantioxidants in the brain while
the lower part shows&sSH-dependent reduction of fatty acid hydroperoxides (LOOH) to
alcohols by GPx. Adapted fro(Brigelius-Fohle, 1999).

2.4.2 Glutathione peroxidase

The seleniurtontaining peroxidases (glutathionerpxidase), catalyze the reduction
of a variety of hydroperoxides (ROOH and®) using GSH, thereby protecting mammalian
cells against oxidative damage. It has also been observedytbablic and mitochondrial
glutathione peroxidas@GPx) reduces fattyacid hydroperoxides and.8, at the expense of
glutathione. | t 6 s p | axskarebtheesubttrate,® onvithecatdlabea t al t
and itself alone can react effectively with lipid and other organic hydroperoxides.

Studies involving animalgells, especially in human erythrocytes, shows that the
principal antioxidant enzyme for the detoxification 03Qd is considered to be GPas
catalase has much lower affinity fop® than GR (Izawaet al, 1996). GR equally protects
against the oxidain of dihydrorhodamine 123 (an indicator dye) by peroxynitrite, requiring
GSH as reductant. Thus, there is also a function gfdbE potentially of other selenoproteins
containing selenocysteine or selenomethionine, in the -@&§iéndent maintenance of a
defense line against peroxynitritemediated oxidations, as a peroxynitrite reductaset ébjes
1997). Also it has been indicated elsewhere that Overexpression of GPx protects against
experimentallyinduced oxidative stress in stroke, equally GPx isrg effective and useful
antioxidant enzyme because it is localized in both the cytosol and mitochondria @t@hn
2003).

2.4.3 Glutathione

Glutathione (GSH), to-glutamyl L-cysteinyl L-glycine, is an important antixidant.

It accounts for about 90% mtracellular norprotein sulfur and is an essential reservoir for
intracellular cysteine. Glutathione is very critical in maintaining the redox homeostasis of the
cell and its depletion can induce oxidative stress, cell death, and ultimately de&laomtial

(Griffith, 1999). Reactive species and radicals can oxidize and damage proteins, lipids and
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DNA. Therefore reactive oxygen species (ROS), reactive nitrogen and reactive sulfur can
have deleterious impact on cells.

Reduced glutathione can neutzalithis ROS by directly reacting with them. It repairs
oxidized biomolecules and also can remove peroxide species with the help of the enzyme
(GPx). NADPH acts as an indirectly aottidant as it assists in the enzymatic conversion of
oxidized glutathiond GSSG) to reduced glutathione (GSH) by glutathione reductase (GR).
NADPH synthesizing enzymes such as NAD#Red isocitrate dehydrogenase (NADP
ICDH), Gluose6-phosphate dehydrogenase G6PDH) and malic enzymes play an important
role in oxidative stress kpyroviding NADPH needed for this conversion.

Thus, activities of enzymes revolving around glutathione regeneration such as NADP
ICDH, G6PDH, GR and GPx are important markers for determiningpaittant status of the
cell and the cellular damage induced R®S. Other experimental studies, suggest that the
female reproductive hormones may influence glutathione regeneration cycle and may render
more protective effects on the female brain from oxidative stress compared to those on the
male brain (Vikaset al, 2009). Moreover, physiological processes such as myelination, lipid
synthesis and critical growth spurt have been shown to control the activities of reduced GSH
regenerating enzymes during development. Thus GSH regeneration cycle may play a key role
in varous brain disorders where oxidative stress is implicated (\ékat, 2009).

In fact, the trypanosome parasite antioxidant trypanothione is synthesised from its
mammalian equivalent, glutathione (Sméhal, 1992). Such phenomenon implies that the
trypanosomes protect themselves from oxidative stress at the expense of the mammalian host;
and could deplete GSH needed to protect the human brain, resulting in oxidative stress. This
forms the essence of determination of GSH state in our HAT mice model.

12



—=1. Reducing power
A 2. Synthesis of FAs
Glycolysis - TCA cycle GSSG 3. Cholesterol
r " NADP+ 4. Steroid hormones
o |so&fﬁf§,_,/ 5. Reduced GSH

" NADPH .
NADP*-ICDH — qjl_in‘t_rjl_Cjne reductase
T *NADP*
AAT
Glutamate . a-ketoglutarate + NH_*
N GDH l
| > GSH
Neuron-astrocyte l
cycling
M l
Glutamine CO, + reducing equivalents (H) —» —» OXPHOS (I-IlI-11I-1\V-V)

| AAT — amino transferase; GDH — glutamate dehydrogenase |
Fig.2. NADP-ICDH: TCA cycle enzyme & role as an antioxidadtdapted fromBasic
Neurochemistry ¥ Edition Molecular, Cellular and medical aspects
2.5 Brain degeneration
Many neurodegenerative disorders may be associated with chronic iINOS induction
anddecline in or impaired GSH trafficking (Torreilles al, 1999; Estevez and Jordan, 2002;
Healeset al, 2004). Similarly, increased NO formation and impaired mitochondrial function

are also evident i n Aletdld99%)empaingdstrecgiadCe ( AD)
in neuronal demi se. | n-amglaidodeectly migbitst camplexnivdinl e | s o
brain mitochondria (Kishet al 1992), hence t hemybidlaret er i o

enhanced in the presence of NO (Cas#yal, 2002). Maeover, in both PD and AD,
astrocytic GSH status may dictate cellular susceptibility to reactive nitrogen species and have
an effect on ROS generated from the mitochondrial electron transport chain (Vodb\adltz

1996).

It is important to note that iother encephalopathies like prions disease (mad cow
disease; bovine spongiform encephalopathy), abnormal protein aggregation and folding is
major contributory factor to neuronal death. Recent findings demonstrate that accumulation of
iron might be criticaln the formation and aggregation of the infectious prion protein (Shgh
al., 2009a; Singlet al, 2009b). Since the invasion of the brain in late stage HAT interferes
with the brain cellular antioxidant capacity, resulting in neurodegeneration and
encephalopathy thus | further hypothesize that protein alteration and misfolding may
contribute to neuronal death
2.6 CoEnzyme Q 10 and neuroprotection

Coenzyme Q10 (CoQ10) is an essential coenzyme in the mitochondrial electron

transport chain that regulates cytoplasmic redox potential for oxidative phosphorylation. As an
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obligatory coenzyme in the respiratory transport chain, it is essential for thaemef ATP;

and hence is particularly important in cells with high metabolic demand such as the brain.
CoQ10 is also potent endogenous antioxidants within the LDL molecule that scavenges ROS
both in the blood circulation and CNS. The reduced form of IDp@biquinol, prevents the
initiation and propagation of lipid peroxidation in plasma lipoproteins and membrane proteins;
and is oxidized to ubiquinone in the process (Retpal.,2007). Stockeet al (1991) showed

that CoQ10 protected LDtholesterol mme efficiently against lipid peroxidation than did
Vitamin E. In addition, it has been shown that CoQ10 can also inhibit lipid peroxidation in
mitochondria (Glinnet al. 1997), protein oxidation (Erngt al., 2004) and DNA oxidation
(Tomasettiet al.,199). After its antioxidative action, ubiquinone can be recycled to its active,
reduced ubiquinol form via the mitochondrial Q cycle. Furthermore, CoQ10 is a potent
antioxidant capable of recycling and regenerating other antioxidants sueiocapherol and
ascorbate (Sohal, 2004).

Apogrlosis

Lactate Activated caspases
A 27, l
NAD -
LDH i} Apaf-1 active
Glucose
" >Pyruvate Apaf-1
Giutamate _ inactive

Fig.3. CoQ10 participates in electron transfer in the mitochondrial oxidative respiratory chain
Upper part. When reduced; it is a powerful antioxidant that prevents oxidative damage by free
radicals, including oxidation of lipglwithin the mitochondrial membrane lower part. Adapted
from William Copeland, Methods in Molecular Biology, Vol 197(2002)
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Chemicals

Tris-HCI, SDS running buffer,Tris-Glycine transfer buffer, -45% SDS gradient
acrylamide gels, SDS sample buffers, bovine serum albumin (BSA), Bromophenol blue,
Coomassie Brilliant Blud&k250 and SDS protein standards were purchased from BioRad
(Hercules, CA). Tween 20, sucrose;2NhydroxyethylpiperazindN™-2 ethane sulfonic acid
(HEPES), 3,Diaminobenzidine (DAB), tGlutathione reduced standard (GSH)(25
Aminoethyl)Dithio-2-Nitrobenzoic Acid (DTNB) were from Sigma (St. Louis, MO).
Propylene glycol, Manganese chloride, acetic atigdrogen peroxide, Skimmed milk,
methanol and sodium bicarbonate were obtained from Fischer Scientific (Fairlawn, NJ).
Primary and secondary antibodies for MNSOD, GR, 80S a radtin \Wlere purchased from
Santa Cruz Biotechnology (Santa Cruz, CA). Thatgase inhibitor cocktail was from Roche
Diagnostics (Mannheim, Germany) and the Lysis buffer was obtained from Active Motiff
(Carlsbad, CA).
3.2 Pathogenicity studies
3.2.1 Mice

All experimental procedures and protocols involving mice were reviewed g@novagl
by Institutional Animal care and Use Committee (IACUC) of Trypanosomosis Research Centre
(TRC) Muguga, Kenya. Eight weeks old Female adult Swiss White mice (weighing between
20-30g) from KABETEVET LAB colony were maintained on mice pellets (Ungad=eLtd,
Kenya) and watead libitum at a temperature of 225°c. Woodchippings were provided as
bedding material. All mice were treated with 0.02ml of evermectin (lvermectin®, Anupco,
Suffolk, England) injected subcutaneously to each mouse and leftlitmatize for two weeks.
This helped to eradicate both ecto and endo parasites which are known to interfere with the
experiment by consuming a lot of blood. A total of 62 mice (60 experimental and 2 donors)
were marked using picric acid to give them nurslder easy identification. Experimental mice
were randomly selected and then divided into eight groups of six mice each. Two donor
irradiated mice were obtained from ILRI for multiplicationTafb. rhoesiense clone, KETRI
2537.
3.2.2 Experimentaldesign

Ten groups of mice were used in this study. Group 1 mice were not infected and were
sacrificed 21 days post infection (DPI) of group 2. Group 2 were infected Tith.
rhodesiense clone, KETRI 2537 and sacrificed 21 bup 3 were infected and sacrificed
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after reaching terminal end. Groups 4 were uninfected and sacrificed the same period as group
5, 6 and 7. Group 5 were uninfected and treated with 3.6mg/kg x 4 of Mel B 21 DPI of group 6
and 7, Group 6 were infecteddatreated with 3.6mg/kg x 4 of Mel B 21 DPI, sacrificed 24
hours after the last dosage (i.e 25 day). Group 7 were infected after they were orally
administered with 200mg/kg CoQ10 every second day for one week and continued at the same
dosage until sacrifed they were also treated with 3.6mg/kg x 4 of Mel B 21 DPI. Group 8
were infected and treated with 5mg/kg DA after relapse they were treated with 3.6mg/kg Mel B
and then sacrificed 24 hours after the last dosage. Group 9 were infected after they Wyere oral
administered with 200mg/kg CoQ10 every second day for one week and continued at the same
dosage until sacrificed at 21 DPI they were treated with 5Smg/kg x 3 DA, after relapse they were
treated with 3.6mg/kg x 4 Mel B and sacrificed 24 hours the lasiggosGroup 10 was
uninfected (control) sacrificed the same period as group 8 and 9. (Group 8. 9 and 10 were for
severe late stage and they were treated with Mel B at the same period of time).
3.2.3 Infection of the mice and preparation of inoculum

Trypansome stabilates stored in the trypanosome banri&28°C liquid nitrogen in
small capillary tubes of 20ul each, were brought in a cryovial and left to thaw allowing time for
the parasites to adapt to the normal temperatures before infection. Viability patasites in
the capillary tube were checked by putting a drop of its contents on a slide and covered with a
cover slip and then viewed under a microscope. Thawed EDTA saline glucose (ESG) buffer
was used to dilute the parasites. Viability was checlgaina before injecting 0.2ml of the
dilution to each donor mouse.

Follow up of the parasitaemia was done by taking a drop of blood from the tail and
examining microscopically through a wet film. On the first peak of the parasitaemia (KKagira
al., 2005),a few drops of blood were taken from the tail of one of the donor mouse and were
mixed with 2 ml of ESG buffer in a bijou bottle. This blood solution was then diluted 10 times
with ESG P'8.0 buffer using a leukopipette. The number of trypanosomes wasagsdi using
an improved Neabauer chamber viewed under the microscope at 400x magnificatiorf. The 1
and the 2 count of the parasites (@nd G respectively) were made through all the 16 squares
of the haemocytometer and the average couptcélculated.Using the formulae below the
number of trypanosomes for infection was quantified.
No. of trypanosomes = Average count x dilution factor %tf@yipanosomes/ml.
Serial dilution was done so as to get a solution of 5.0 %ttpanosomes/ml. To each
experimemal mouse, 0.2 ml of this dilution was injected intraperitoneally so that each mouse

got 1.0 x 18trypanosomes (Gichuki and Brun, 1999).
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3.2.4 Parasitaemia, Body weight and Packed Cell Volume (PCV)

Mouse tail blood was collected daily for the first week and thereafter every two days. A
drop of blood was placed in a clean slide, covered with a cover slip, the parasites counted using
a light microscope. The pgatent period was determined as the titn®ok for parasites to
appear in the blood after which the parasitaemia levels were determined as the infection
progressed. The matching technique of Herbert & Lumsden (1976) was used to assess
parasitaemia level. The live body weight were determinedydw® days using the analytical
electronic balance (Mettler PM34, DoltaRange®) during the period of infection of each
individual mouse and those not infected. PCV was undertaken as outlined by Natssens
(2005) Infected and uninfected mice blood sveollected from the tail vein using heparinized
capillary tubes which were then sealed with plasticin at one end. The sealed capillaries were
then centrifuged in a haematocrit centrifuge (Hawksley H England) at 10,000 revolutions per
minute (RPM), for 5 rnmutes. PCV were read using the Micrbaematocrit reader and
expressed as a percentage (%) of the total blood volume.

3.2.5 Treatment of mice

Oral administration of 200mg/kg of coenzyme Q10 was done after every second day to
one group of mice, using a gaye needle was begun seven days prior to infection then
continued thereafter. Infected mice administered with CoQ10, infected and uninfected mice; all
were treated with melarsoprol 21 days post infection at a dosage of 3.6mg/kg x 4 days. After
treatment nmae were sacrificed 24 hours post the last dosage to obtain brain samples.

3.2.6 Severe late stage studies

To study severe late stage of HAT, three groups of mice were used; one group was
infected withT.b. rhodesiens&ETRI, 2537, another group of mice wagally administered
with coenzyme Q10 200mg/kg that was continued up to the last treatment with melarsoprol
following relapse and another group was used as control. At 21 days post infection these two
groups of mice were treatedibcuratively with DA Diaminazene aceturatBjng/kg x 3 days
of the active ingredientthereafter mice were monitored for relapse of parasitaemia. After
relapse mice were treated with melarsoprol at a dosage of 3.6mg/kg x 4 days, mice were then
sacrificed 24 hours post the lastsage to obtain brain samples. One group of infected mice but
untreated was left to go to the terminal stage of the disease after which they were sacrificed at
day fifty seven. Sensitivity and pathogenicity tests Tds .rhodesiensstrains are normally
monitored for 60 days after which were sacrificed to obtain brain samples.
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3.2.7 Brain harvesting and clinical changes

Each mice group, were sacrificed as per the experimental design (21 days post
infection, 25 days post infection, terminal and severedstatge after relapse of trypanosomes).
Briefly mice were euthanized witthloroform (trichloromethane)he brain samples were cut
into two halves, one half for histopathology and the other half was snap frozen in dry ice before
they were stored in liquiditrogen. These brains were used for biochemical analyses in concert
with the study objectives. The clinical picture, gross pathology and histopathology of mice
were determined. The clinical status of the mice was determined as described by Gichuki &
Brun (1999).
3.2.8 Determination of haematological values

Blood was collected directly from the heart during euthinization of the mice in a 1ml
syringe flashed with 5% EDTA and transferred to Bijou bottles. Samples were analyzed using
automated Bechman Coult€ounter (Coulter AT diff ™) and a complete blood haemogram
of each experimental mouse, giving hemoglobin levels (HGB), haematocrit red cell count
(RBC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean
corpuscular haemoglobin coentration (MCHC) and white blood cell count generated.
3.3 Sample preparation

Snapfrozen whole brains were homogenized on ice wati€)(# 0.5mls of 0.25M
sucrose, 5nM HepesTris, pH 7.4, with protease inhibitor cocktail to a final concentration of
10% (w/v). The homogenates were then aliquoted into 0.5 microfuge tubes (to avoid
excessive freezthaw process) and stored in liquidrogen for analysis.
3.4 Glutathione (GSH) assay

Total GSH content was determined by employing the method of Griffith (1980) with
slight modification. Briefly, the brain homogenates were mixed with a solution containing
sulphosalicylic acid (4.31% (w/v))nd 0.25mM EDTA. The GSH in the homogenates were
determined chemically by reacting the GSH
measuring the absorbance of the reaction product at#lizsing a multdetection microplate
reader (BieTek Synergy HT).
3.5 Coomassie Brilliant Blue staining for protein visualisation

An aliquot of each of the homogenized brain homogenate of different treatment
groups stock were used. 40ul of each brain homogenate was mixed with 20ul of 3x sample
buffer (500 mM Tris/HCIpH 6.8, 4.6% (w/v) SDS, 20% (v/v) glycerol, 10% (viv) 2
mecarptoethanol and 0.004% bromophenol blue) and boiled for 5 min. The brain

homogenate samples were then loaded onto anrFSAIEE gel 1.5 mm thick, 5% stacking
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and 10% linear gradient resolving gel.(Electrophoresis was performed at a constant
current of 20 mA (Laemmli, 1970). The resolving buffer (pH 8.3) used contained 25 mM
Tris, 192 mM glycine, and 0.1% SDGels were stained according to the protocol described
by Johnstone and Thorpe (1982).a8ly, after electrophoresis, the gels were transferred into
a clean glass plate container and 5 times gel volume of 0.025% Coomassie Brilliant Blue R
250 in 50% methanol and 10% acetic acid added. The container was covered and incubation
done overnight atoom temperature (RT) while shaking gently on an orbital shaker. The
used stain was decanted, discarded and the gel quickly rinsed in distilled water. Destaining
was thereafter done by successive incubation of the gel in several changes of the destain
soluion (5% methanol and 7.5% acetic acid) also at RT until proteins bands were
conspicuously visualised against a clear background. The sensitivity of this protein stain is
rated as 0-D.5 ug per protein band.
3.6 Western blotting

An aliquot of each of thénomogenized brain homogenate of different treatment
groups stock were used. Forty microlitre (40ul) of each brain homogenate was mixed with
20ul of 3x sample buffer (500 mM Tris/HCI pH 6.8, 4.6% (w/v) SDS, 20% (v/v) glycerol,
10% (v/v) 2mecarptoethanol &@n0.004% bromophenol blue) and boiled for 5 min. The
brain homogenate samples were then loaded onto anPABE gel 1.5 mm thick, 5%
stacking and 10% linear gradient resolving gel. Electrophoresis was performed at a constant
current of 20 mA (Laemmli 1970)he resolving buffer (pH 8.3) used contained 25 mM
Tris, 192 mM glycine, and 0.1% SDS. The separated proteins loaded were then electro
transferred from the gel onto 0.22 pum nitrocellulose blotting membrane following standard
protocol (Towbinet al. 1979,Towbin and Gordon, 1984). After electrophoresis, the gel was
placed onto transfer buffer presoaked 0.22 um NCM (BA85, Schleicher and Schuell, Dassel,
West Germany) laid on two sheets of Whatman 3MM filter paper which had previously
been soaked in transfeuffer (20 % methanol, 192 mM glycine, 25 mM THECI, pH 8.3).
Electrophoretic transfer of the antigens was carried out for 1.5 hr at a constant voltage of
100V at 4C. Following transfer of proteins from the gels to NCM but before probing the
blots, thesuccess of the transfer was determined by transiently directly adding 5ul of the
aliquots to the membranes inform of immushat blots spots after which they were blocked
and probed together with other membranes. Once the transfer was complete, the gseembran
were incubated in 5% fdtee milk (blocking solution) for hour at room temperature. The
blocking solution was discarded and the blots incubated in solutions containing, primary
antibodies (Santa Cruz Biotechnology, Santa Cruz CA) for @0MnSOD andGR
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respectively followed by their respective peroxidasajugated secondary antibodies. The
proteinantibody complexes were then visualized witle development system containing
0. 1 0 %di&ninoba&nzidine (DAB) in PBS (pH 7.4) containing 100 ul of 3@9drogen
peroxide The relative levels of SO, MnSOD and GR were determined using pixel
density analysis software (NIH, USCAN-IT). b-actin was used to confirm equal sample
loading for all gel electrophoresis.
3.7 Statistical analysis

The datawaseéner ed i n Microsoft excel (version
the significant differences of PCV, haematological profile, mean liver and spleen tissue weight,
prepatent and relapse periddso statistical analysis was carried out usomgway ANOVA
andposhoc Bonferronisdo test for multiple compa
The statistical analyses was done using GraphPad Prism version 5 Software Inc., (San Diego
CA).
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CHAPTER FOUR
RESULTS

4.1 The modulatory effect of CoQ10 on pathogenesis dfb. rhodesiensenfection in mice
4.1.1 CoQo altered the time to relapse in mice infected witfT .b. rhodesiense

The time to relapse in mice infected with b. rhodesiensand in which PTRE was
induced with DA and treated with Cofg was 37 + 3.512 days with a range ofi3® days. In
this group with Co@, two mice did not relapse and were declared cured after 180 days,
according to WHO guidelines. The relapse period in the PTRE mice thagweneCoQo was
longer than that of PTRE induced mice that did not receive,g£ag€Xxshown in table 1.
4.1.2 Packed Cell VolumeParasitaemia development patterngnd mean body weight

The changes in the PCV levels for the various treatment groups are presented in
(Fig.4.). There was a gradual decline in the mean PCV levels following infectionrwiih
rhodesiense1 dpi which was significantly (P=0.0012) different from the controlalpsis
with t-test revealed the means (x SEM) of 10.20 £ 2.083 with the 95% confidence interval
5.396 to 15.00). Significant improvement in the PCV levels in 200mg/kg orally admini3tered
b. rhodesiensénfected mice was witnessed comparableltd. rhalesiensanfected 21dpi
CoQyp un-supplemented group (Fig.4.). Similar, trend was observed in groups of mice where
PTRE was induced to study severe late stage of HAT (Fig.4.). The rate of PCV fall was higher
in T. b. rhodesiensmfected, PTRE induced Mel Beated after relapse compared to mice that
received similar treatment but were orally supplemented with;E£dd@dwever, the healthy
(controls) mice did not show any significant drop in the PCV during the period of study
(P<0.05).

The daily mean number dfypanosomes in blood in thE.b. rhodesiensenfected
mice andT.b. rhodesiensafected CoQ10 administered mice up to 21 days post infection is
shown in (Fig.6.) Although no significant (P>0.05) statistical difference in levels of second
parasitaemic aves between the groups was obserV¥dal, rhodesiensmfected mice showed
a higher second parasitaemic wave tfidan rhodesiensmfected CoQ10 group. Parasitaemia
was characterized by two prominent parasitaemic waves a first observed on the fowfth day
infection followed by a higher peak of wave on day eleven followed by a small decline in
wave between day 12 and 15. In the. rhodesiensmfected mice initial wave occurred 3 to
4 days post infection with a peak at day 11. Thé. rhodesiensanfecded CoQ10
administered mice had the initial wave between 3 to 4 days post infection with a peak at day
11 post infection of the prepatent period with a small wave at d4lfi@%.). The maximum

parasitaemia reached in the time course of the experimentawagan of antilog 8.7
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(5.01x16) trypanosomes foF.b rhodesiensimfected mice. With fluctuations in parasitaemia
development iT.b. rhodesiensmfected CoQ10 administered mice observed.

There is a high significant difference (P<0.05) in body weightscontrol mice
(uninfected),T.b. rhodesiensenfected mice and .b. rhodesiensenfected mice that went to
terminal stage (Fig.5.).Also there is a high significant difference (P<0.05) in body weight
among the group of mice for severe late stdgb; riodesiensenfected administered orally
with CoQ10 treated with DA and Mel B and Infected witlb. rhodesienst&eated with DA
and Mel B (Fig.5.) The mean body weight varied with an increase in body weight of mice
infected but minus CoQ10 drasticallycreasing between day 3 and 21 thereafter decreased
sharply. After treatment with DA there was intermittent alternating in terms of increase and fall
in body weight between 23 and 50 day even after relapse it normalized. While the group that
was administeed with CoQ10 showed different waves in body weight with increase in body
weight up to 3 day post infection (25.5g). Then drastic decrease between 5 and 13 day (219)
thereafter increased again after treatment with DA on the 23 day was witnessed. Afiee rel
there was a sharp decline in body weight between 55 and 59 day after which gain in body
weight remained constant after treatment with Mel B. The mean live body weight of a second
group of mice that were sacrificed on the 25 day showed a signifidéertedce (P<0.05).

With T.b. rhodesiensenfected mice treated with Mel B having a higher mean body weight
with a maximum of (29.5g). Whil&.b. rhodesiensmfected CoQ10 administered mice treated
with Mel B showered some fluctuations in terms of gain &®ing body weight when
compared to control (uninfected but treated with Mel B) (Fig.5.).

Table 1: Mean (£ SME) Relapse periodTob. rhodesiens&KETRI 2537 infected mice treated
with DA and of T.b. rhodesiens&KETRI 2537infected mice administereditiv CoQ10 treated
with DA.

Relapse period days

Mice (n=4) Mean Range
Infected withT.b. rhodesiense DA 27.25+2.869 1932
Infected withT.b. rhodesienseé CoQ 10 +DA 37.00+3.512 3044

Note: Results are mean = SEM of 6 mice, no statistical significance (P>0.05) for relapse.
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infected CoQ10 administered mice sacrificed 24 hours last dosage of Mel B.

4.1.3 Effects ofT. b. rhodesienseCoQy, Mel B and PTRE induction on haematological
profile (Hemoglobin, White Blood Cells and Redlood Cells)

Results of the mean haematological profile levels for Haemogobin (Hg), Red blood
cells (RBC) and White Blood Cells in (i) PTRE induced, (ii) Mel B and (iii) go@eated
mice, intraperitoneally inoculated wiffrypanasoma brucei rhodesiensgce are presented in
Fig. (7-9.) One way ANOVA revealed that there was a significant difference in levels of Hg in
T. b. rhodesiensenfected minus treatment {3 =11.12, P = 0.0015) of. b. rhodesiense
infection treated with Mel B and Ca@treatment(Fs; »:=5.145, P = 0.0085) off. b.
rhodesiensanfection/PTRE induced/Mel B/ Co@ (F2, 10 =7.370, P = 0.0108) treatment in
responses to infection and treatment. Bonferroni's Multiple Comparison Test indicated
significantly higher Hg levels iif. b. rhodsiense21dpi relative to the infected mice that went
to the terminal end (95% confidence 0.7218 to 6.895 P=0)(fig7.). Infected mice treated
with Mel B had significantly lower Hg levels compared to the Infected Mel B and;£oQ
treated mice (95% comfence-6.219 t0-0.8806 P= 0.00085) (Fig.7.). Similarly, Bonferroni's
post hoc test comparison of the means revealed significantly lower levels of Hg in infected
mice (PTRE induced) treated with Mel B than in control mice (95% confidénh217 to
7.093 P0.0108). While in infected mice (PTRE induced) treated with Mel B alone, Hg was
significantly lower relative to (PTRE induced), CeQand Mel B treated mice, (95%
confidence-7.856 t0-0.3109, P=0.0108).(Fig.7.). Analysis of RBC using ANOVA revealed

that there was a significant difference in levels of RBCTinb. rhodesiensenfected mice
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(minus treatment) compared to the contrgl (F=12.34, P = 0.0010). Bonferroni's Multiple
Comparison Test indicated significantly higher RBC level$.ib. rhodesiese 21dpi relative

to the control (95% confidence 0.4641 to 4.549 P=0.0010) (Fig.9.). Infected mice treated with
Mel B had significantly lower RBC levels compared to the control (95% confidence 2.729 to
6.887 P=0.0001). While infected mice treated with diad significantly lower RBC levels
relative to infected Mel B and CagQtreated mice (95% confidenc®.382 to-1.224 P=
0.0001) (Fig.9.). Similarly, Bonferroni's post hoc test comparison of the means revealed
significantly lower levels of RBC in infealemice PTRE induced treated with Mel B than in
control mice (95% confidence 3.561 to 7.997 P=0.0001). Infected mice (PTRE induced) treated
with Mel B alone, RBC was significantly lower relative to (PTRE induced), ca@d Mel B
treated mice, (95% confidea-5.774 t0-0.5248, P=0.0001). (Fig.9.).

Similarly, analysis of WBC using ANOVA revealed that there was a significant
difference in levels of WBC i. b. rhodesienseanfected mice that were not treated (ks
=41.00, P =0.0001) or. b. rhodesiensimfection 21dpi/Mel B/ Co@) treatment (k 20=6.765,

P = 0.0139) ofT. b. rhodesiensenfection/PTRE induced/Mel B/ CoQ (F2 20 =4.804, P =
0.0112) treatment in response to infection and treatment. Bonferroni's Multiple Comparison
Test indicated signiantly higher WBC levels if. b. rhodesiens2ldpi relative to the mice

that went to the terminal end (95% confiden&8.71 to-1.394 P=0.0139) (Fig.8.). Infected
mice treated with Mel B had significantly higher WBC levels compared to the control (95%
confidence-1787 t0-169.3 P=0.0112). (Fig.8.).
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4.1.4 Mean weight of liver and spleen

Table 2: Mean weight of liver and spleenTib. rhodesiensifected and uninfected mice.

Mean tisue weight to body weight rat{g/kg)
Liver Spleen

Uninfected (Control)n=6 0.043 0.003
Infected n=6 0.092 0.044**
Infected Extremist n=5 0.095*** 0.06¢
Uninfected + Mel B n=6 0.044 0.003
Infected + Mel B n=6 0.074 0.034*
Infected + CoQ10 + Mel B n=6 0.054 0.019
Infected + DA+ Mel B n=4 0.088' 0.063
Infected + CoQ10 PA + Mel B n=4 0.063 0.032

Key: Significance difference between in liver sizes between uninfected control and infected
mice sacrificed 21 days post infection is denoted by (a). Extremely significance difference
between uninfected control aimtfected extremist is denoted by (***). Whereas that between
uninfected + Mel B and infected + Mel B, infected mice + Mel B and Infected mice + CoQ10
+ Mel B is denoted (b) and (c) respectively Sacrificed 24 hours the last dosage of Mel B. (d)
denotes sigificance difference between infected mice + DA + Mel B and infected + CoQ10 +
DA + Mel B for severe late stage. Very significance difference in spleen sizes between
uninfected control and infected mice sacrificed 21 days post infection is denotedviiilé).

that of uninfected control and infected extremist, between infected and infected extremist is
denoted by (g) and (**) respectively. uninfected + Mel B and infected + Mel B, infected mice
+ Mel B and Infected mice + CoQ10 + Mel B is denoted (h) ahde@pectively Sacrificed 24
hours the last dosage of Mel B. (i) denotes significance difference between infected mice +
DA + Mel B and infected + CoQ10 + DA + Mel B for severe late stage.
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4.1.5 Haematoxylin and Eosin stained sections through the hippocampal brain region
prepared from T .b. rhodesiensenfected and uninfected mice, treated at different times

The neuropathological evidence shows an exacerbation of inflammation in the
trypano®me infected mice in this study. As the infection progressed, there was an increase in
development of perivascular cuffing (Fig.10.), inflammatory cellular infiltration, encephalitis,
loss of distinct cellular structure and lining, reactive gliosis antif@ration of microglia cells as
the infection progressed to the terminal end of the disease. These lesions were more pronounced
and aggravated in the infected mice that were euthanized after reaching the terminal end
compared to those that were euthaniae®1dpi (Fig.10.). Detachment of the choroid plexus
(choroidosis) was observed only in the terminal group. A reactive encephalopathy was observed
in uninfected mice treated with Mel B. Additionally, perivascular cuffing and cellular infiltration
were evdent but these lesions were more marked in infected mice treated with Mel B at 21dpi.
The observed lesions were mild in infected mice that were given@oQ administered with
Mel B. For this group of mice, the hippocampus region showed distinctly ndayeis.
Treatment of infected mice with diminazene aceturate at 21dpi to induce and/or simulate PTRE
and administration of Mel B following relapse resulted in severe meningitis, prominent
perivascular cuffing by lymphocytes and macrophages, reactiveisgliosmorrhage (RBC
present in the parenchyma), encephalitis and marked increase in the cellularity infiltration. On
the other hand, infected Mice orally administered with ¢df@ated with diminazene aceturate
and Mel B after relapse showed less of tHesmns (Fig.10).
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Fig.10. Haematoxylin and Eosin stained sections through the hippocampal brain region prepared
from T.b. rhodesiensenfected mice with different treatments. The sections show different
neuroinflammation at different stage of disease course also with different treatments ; uninfected
(control) (1), earlyCNS stage (21dpi) (2), severe 18IS stage (3), uninfected Mel tBeated

PTRE (4), infected Mel B treated 21dpi (5), infected CoQ10 Mel B treated 21dpi (6), infected
CoQ10 DA and Mel B treated with less marked cellular infiltration and perivascular cuffing (7),
and infected DA and Mel B treated the increasing developwiethe perivascular cuffs, cellular

infiltration and encephalitis is demonstrated (8a & 8b). Original magnification x100.
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4.2 Effects of T.b.rhodesienseinfection, PTRE induced, Mel B treatment and oral
administration of CoQ10 on GSH synthesis in brain

Endogenous levels of glutathione were markedly increas@dbinrhodesiensenfected
mice sacrificed 21dpi (6.4184mM) (Fig.11.). Progression of the infection to the terminal stage
(extremist) induced a lowering of GSH levels (2.8209mM). Treatment wilrBMé uninfected
mice depleted GSH (2.2693mM). While in infected mice treated with Mel B the levels of GSH
was slightly higher (6.4184mM) when compared to the control but still lower when compared to
infected orally administered CoQ10 treated with Meg®up which registered high levels of
GSH (15.2225) (Fig.12.). Constitutive glutathione levels were prominently higher in infected
orally administered with CoQ10 DA and Mel B group compared to control. In infected DA and
Mel B group the levels of GSH westevated compared to control but lower when compared to
CoQ10 administered group (Fig.13.).

& Control
5 % B T ). rhodesiense infected 21dpi
< ab . . :
i 84 (3 T. b. rhodesiense infected terminal stage
3 67 a
3
I be
= B T
A

Fig.11. Mean reduced glutathione (GSH) concentration in brain homogenates of uninfected
(control), T.b. rhodesiensenfected mice (sacrificed 21 days post infection) ahdb.
rhodesienseinfected extremist mice (sacrificed after reaching terminal end). ab represent
significant intergroup comparison (P<0.05) (control vs infected 21dpi). bc represent significant
inter-group comparison (P<0.05) (infected extremist vs infected 21dpi)
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Fig.12. Mean GSH concentration in brain homogenates of uninfected (clean) treated with Mel B,
T.b. rhodesiensanfected mice treated with Mel B and.b. rhodesiensenfected orally
administered with CoQ10 and treated with Mel B. ad represents significant-girdep
comparison (P<0.05) (uninfected control vs infected CoQ10 Mel B treated). bd represent
significant intergroup comparison (P<0.05) (uninfected Mel B treated vs infected Cd(glL

B) dc represents a significant iiggoup comparison (infected Mel B treated vs Infected CoQ10
Mel B treated) (P<0.05).
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Fig.13. Mean GSH concentration in brain homogenates of uninfected (contboljhodesiense
infected mice treated with DA and Mel B afd. rhodesiensmfected orally administered with
CoQ10 and treated with DA and Mel B. ab represents significant-gnd@ip comparison
(P=0.001) (control vs infected, DA and Mel B treated). bc represent isgntifintergroup
comparison (P<0.05) (infected, DA and Mel B treated vs infected CoQ10, DA and Mel B
treated).
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4.3 Expression of Glutathione reductase in response td.b. rhodesienseinfected and
different treatments
4.3.1 GR protein expression profilen Mel B treated and orally CoQ10 administered

GR expression in uninfected mice that were treated with Mel B decreased in comparison
to the control. There was increase in expression of GR both in infected mice treated with Mel B
and infected CoQ10 adminiséel and treated with Mel B when compared to control (Fig.14.B.).
This observation indicates that treatment with Mel B depletes GR which is consistent with the
notion that Mel B is highly toxic and induces PTRE (Pepin, 1994). It appears to be expressed
stally and at large amounts in infected CoQ10 Mel B treated than in Infected Mel B treated
alone providing further compelling evidence that CoQ10 can protect GR by enhancing their

expression while on the other hand it counteracts the deleterious effect Bf Mel
a b c d

l || | |

[ | |
A
- “ 65kDa GR

---W ——— . — 43kDa f-actin
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P,E 3 Uninfected Mel B treated
§0- — —
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administered 10 Mel B treated
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-

Fig.14.(A) Blot showing differences in the expression of Glutathione reductase protein in brain

Protein expression level
pixel densily

homogenate fractions from@) control, (b) uninfected mice treated with Mel Bg) T.b.
rhodesiensénfected mice orally administered with 200mg/kg CoQ10 treated with Mel B 21DPI.
(P<0.05) is considered significant for comparative studieq@nt.b. rhodesiensmfected mice
treated with Mel B 21dpi sacrificed 24hrs after the last dosage (B)dr'he histogram shows
semiquantitative determinations of GR protein expression, presented as percentage pixel
intensity compared to that in the contralb represents significant intgroup comparison
(P=0.001) (control vs uninfected Mel B treated); bc represignificant intergroup comparison
(P<0.05) uninfected Mel B treated vs infected Mel B treated).
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4.3.2 Expression GR protein profile in T.b. rhodesiense infected brain sacrificed 21DPI,
infected extremist and uninfected

The effect ofT.b. rhodesiensmfection on glutathione reductase (GR) expression in brain
homogenates of mice sacrificed 21dpi was markedly increased by compared to those in the
controls. GR was more over expressed in brain homogenates of extremist (mice that went to the

terminal end)han those in the corresponding control and mice sacrificed 21dpi (Fig.15.B.).
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Fig.15. Determination of GR expressi¢A) Immunahblot of nitrocellulose membranes showing
specific expression of GR protein that was determine@)muifinfected (control)(b) infected
sacrificed 21dpi andc) infected extremist brain homogenate. P<0.05 is considered significant
for comparative studie$B)The histogram shows semuantitative determinations of GR protein
expression, presented as percentage pixel intermitypared to that in the contra@b represent
significant intergroup comparison (P<0.05) (control vs infected sacrificed 21dpi while bc
represent significant integroup comparison (P<0.05) (infected terminal stage vs infected
sacrificed 21dpi.
4.3.3 Expression of GR on severe late stage HAT

Compared to the control, brain homogenates of mice that was infected and treated with

DA and Mel B after relapse, GR expression was significantly elevated. Infected mice that were
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administered with CoQ10 treated with 24d Mel B after relapse was higher when compared to
the control (Fig.16.B).
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Fig.16. Determination of GR expressidqA) The blot shows specific expression of GR protein
which was determined ifa) uninfected (control)(b) infected PTRE induced and MBland(C)
infected orally administered with Cottid PTRE
was used to show equal loading. P<0.05 is considered significant for comparative studies.
(B)The histogram shows semuantitative determinations of GR pristeexpression, presented
as percentage pixel intensity compared to that in the coatvakpresents significant intgroup
comparison (P<0.05) (control vB.b. rhodesiensenfected mice administered with CoQ10
treated with DA and Mel B) and ac represeatsignificant integroup comparison (Control vs
T.b. rhodesiensmfected mice PTRE induced and Mel B) (P<0.05).
4.4 Expression of SOBL protein in mice brain infected with T.b. rhodesienseat different
time and treatment
4.4.1 SODL1 protein expressionin T.b. rhodesiense infected brain sacrificed at 21dpi, T.b.
rhodesiense extremist and control

This experiment determined hoWwb. rhodesiensenfection, treatment with Mel B, DA
and oral administration of CoQ10 affects SQ@xpression. Compared touninfected (control)
and infected sacrificed 21dpi, the percentage expression of1S®&s markedly increased in
T.b. rhodesiensanfected extremist (Fig.17.B), demonstrating dismutation activity against

increased oxidative stress. Also there was elewatigpercentage of SOD expression in brain
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homogenates of.b. rhodesiensénfected sacrificed 21dpi though not significantly different

from the control (P>0.05) (Fig.17.B).
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Fig.17. Increased expression of SQON T.b. rhodesiensmfected brain homogenatg#®\) Blot
showing Specific expression of S@Dwhich was determined irfa) uninfected (controlYb)
infected sacrificed 21dpi an@) infected extremist brain homogenafB) The histogram shows
semiquantitative determination®f GR protein expression, presented as percentage pixel
intensity compared to that in the contrab indicates significant (P<0.05) difference irgesup
comparison (control v3.b. rhodesiensafected 21dpi) while bc indicates significant (P<0.05)
difference inteigroup comparison (infected terminal stagd s rhodesiensifected 21dpi).
4.4.2 Expression of SOEL analysis during severe late stage

In analyzing the expression of SEDin brain homogenates of miagfected withT.b.
rhodesiensdreatal with DA to induce PTRE and then treated with Mel B following relapse and
T.b. rhodesiensmfected orally administered with CoQ10 treated with DA to induce PTRE and
then treated with Mel B following relapse. The result shows that, rhodesiensénfected
treated with DA to induce PTRE and then treated with Mel B following relapse expressed SOD
1 protein more abundantly than the CoQ10 administered and control group (Fig.18.B.).
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Fig.18. Increased expression of SQ@DON T.b. rhodesiensenfected brain homogenates ofb.
rhodesiensénfected treated with DA and Mel BA) Blot showing specific expression of S&D
which was determined irfa) uninfected (control)(b) infected orally administered with CoQ10
treated with DA and Mel B ant) infected treated with DA and Mel B following relapse brain
homogenate.(B) The histogram shows semuantitative determinations of GR .protein
expression, presented as percentage pixel intensity compared to that in the corgpkesdnts
significant inter-group comparison (P<0.05).p. rhodesiensénfected CoQ10 administered,
treated with DA and Mel B mice v&b. rhodesiensmfected treated with DA and Mel B mice).
4.4.3 Effect of Mel B treatment and oral administration of CoQ10 on infected and
uninfected brain on expression of SOEL

When challenged withl.b. rhodesiensénfection and treated with Mel B, the brain
homogenates of these mice showed a markeckglation in SOBL percentage expression in
comparison to the control. Infected CoQ10 Mdireated also uninfected treated with Mel B and
infected CoQ10 treated with Mel B indicated increase in percentage expression ef SOD
(Fig.19.B). Thus, this result indicates that expression of -30P a result of its exerting

protective effect againshéreased oxidative stress and the deleterious effects of Mel B.
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Fig.19. Increased expression of SQ@DON T.b. rhodesiensenfected brain homogenates ofb.
rhodesiensénfected treated with Mel BA) Blots showing specific expression of S&Dwhich
was determined in(a) uninfected (control)(b) uninfected treated with Mel B, infected orally
administered with CoQ10 treated with Mel B afg) infected treated with Mel Be brain
homogenate(B) The histogram shows semuantitative determinations of S@D protein
expression, presented as percentage pixel intensity compared to that in the egntepkesents
significant intergroup comparison (P<0.05) (control Vsb. rhodesiensmfected teated Mel B
brain homogenates
4.5 Expression of MnSOD protein profile inT.b. rhodesiensenfected brain, uninfected
under different treatment

Effects of T.b. rhodesiensmfected sacrificed at 21dpTl,.b. rhodesiensextremist,T.b.
rhodesiensenfectedtreated with Mel B, uninfected Mel B treated.p. rhodesiensenfected
Orally administered with CoQ10 treated with Mel BT.b. rhodesienseanfected Orally
administered with CoQ10 treated with DA and Mel B @ndl rhodesiensmfected treated with

DA and Mel B MnSoD proteins expression levels.
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