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RESUME

Les travaux de recherche de la présente thésalistsds en deux parties principales:

- le screening de plantes médicinales rwandaisesljativité antiplasmodiale ;
- lisolement des principes actifs responsables dactilité antiplasmodiale,
I'évaluation de l'activité antiparasitaire et dadtivité anti-inflammatoire des plantes

sélectionnées.

Dans la premiere partie, 13 plantes ont été sélaudies sur base d’'une étude ethnobotanique
sur les plantes médicinales utilisées pour trégtenalaria au Rwanda. A partir de ces plantes,
19 échantillons ont été collectés et 46 extraisdéte contrePlasmodium falciparum. La
majorité des extraits testés ont montré une aétimitvitro dont 16% avec une activité tres
elevée (IGy < 5ug/ml). Le testin vivo nous a permis de choisir deux plant@anthoxylum

chalybeum et Terminalia mollis pour des analyses plus poussées.

Dans la deuxiéme partie, tout d’abord, un fractemeant bio-guidé nous a permis d’identifier
des composeés responsables de l'activité antiplasteodeZ. chalybeum et deT. mollis. Il
s’agit respectivement de la nitidine §Ct 77 ng/ml) et de I'acide ellagique @&+ 175
ng/ml). Ensuite, les deux plantes ont été tesbéestro pour I'activité antitrypanosomiale,
antileishmaniale, antiamibienne et anti-inflammiaoZ. chalypeum a montré une activité
prometteuse sur la leishmaniose, une activité néedgur le trypanosome, une activité faible
sur I'amibe et une activité intéressante sur lanfmation.T. mollis a présenté une activité
trées élevée sur la leishmaniose, une activité mifsignte sur le trypanosome, une activité

modérée sur 'amibe et une activité remarquabld’isflammation.

Il est probable que la nitidine, le composé resables de l'activité antiplasmodial dé
chalybeum, joue également un role dans l'activité de lanfdasur la leishmaniose et sur
linflammation et que l'acide ellagique interviemtans I'activit¢ deT. mollis sur le
trypanosome, I'amibe et I'inflammation. De plds,mollis contient de 'acide gallique, des
punicalagines et leurs dérivés qui contribuent propriétés thérapeutiques de la plante

notamment au niveau anti-inflammatoire.

En bref, le présent travail a révélé les composégipalement responsables de l'activité
antiplasmodiale des plantes sélectionn@eshalybeum et T. mollis et I'effet de ces deux

especes vegetales sur d’autres parasites etrdlarfimation.
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SUMMARY

The work presented in this thesis is divided im0 thain parts:

- the screening of Rwandan medicinal plants for ¢amipodial activity;
- the isolation of the active ingredients responstbleantiplasmodial activity and the

evaluation of antiparasitic as well as anti-inflaatory activity of selected plants.

In the first part, 13 medicinal plants were seldcteased on an ethnobotanical survey
conducted on medicinal plants used in Rwanda & trealaria. From the selected plants 19
samples were collected and 46 extracts tested stgdasmodium falciparum. The majority
of the plant extracts analysed exhibitaditro antiplasmodial activity and 16 % presented a
high activity (IGo < 5ug/ml). Thein vivo assay allowed us to select two pla@ithoxylum

chalybeum andTerminalia mollis for further investigations.

In the second part of this work, firstly, a bio-ded fractionation made it possible to identify
nitidine (IGo £ 77 ng/ml) and ellagic acid (kg = 175 ng/ml) as the main compounds
responsible for the antiplasmodial activityzfchalybeum andT. mollis, respectively. Then,
the two plants were evaluatauvitro for antitrypanosomal, antileishmanial, antiamoeind
anti-inflammatory activityZ. chalybeum showed a very promising antileishmanial activay,
moderate antitrypanosomal activity, a weak antidsmoand an interesting anti-inflammatory
activity. T .mollis presented a very high antitrypanosomal activity, nagligible

antileishmanial activity, a moderate antiamoebid amemarkable anti-inflammatory activity.

Nitidine, the most antiplasmodial compound fr@nthalybeum, probably plays a role in the
antileishmanial and anti-inflammatory activity tetplant, whereas ellagic acid intervenes in
the antitrypanosomal, antiamoebic and anti-inflatamyaactivity of T. mollis. Additionally,

T. mollis contains gallic acid, punicalagins and their datixes which contribute to the

therapeutic properties of the plant, especiallysranti-inflammatory activity.

Briefly, this work revealed the most active producesponsible for the antiplasmodial
activity of selected plantZ. chalybeum andT. mollis and the effect of these two species on

other parasites and on inflammation.
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CHAPTER | GENERAL INTRODUCTION
.1. MALARIA

I.1.1. General description

Malaria is a parasitic disease caused by

o L protozoa called Plasmodium which is
o transmitted to human by the bite of
9 infected female anopheles mosquitoes.

Malaria is the main tropical disease, in

2010 according to WHO, about 3.3 bhillion

people were exposed to it and the highest
’ risk was for people living in sub-Saharan

Figure 1.1 Plasmodium falciparum in red blood cells (from Africa where approximately 81% of
http://insciences.org/articles.php?tag=Plasmodium%@falci

parum) cases and 91% of deaths occur mostly

among the children population under
five years of age and pregnant women (WHOb, 20hteed, in some areas transmission is
very high and people may be bitten by infected mdegseveral times a day, but the risk

may change from one season to another (Ashley, &Cf8).

I Countries or areas where malaria transmission occurs
Countries or areas with limited risk of malaria transmission

This map is intended as a visual aid only and not a5 a definitive source of information about malaria endemicity. Source: @WHO 201 | Al rights reserved.

Figure 1.2 The distribution of malaria in the world (from WHOa, 2011)
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This high morbidity and mortality has an importaebnomic and social impact particularly
in developing countries. Five species of the gdrlasmodium can cause malaria in human:
Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, Plasmodium knowlesii and

Plasmodium falciparum. Plasmodium falciparum, the most dangerous and prominent in

Africa, attracts our attention in the present work.

1.1.2. Life cycle ofPlasmodium falciparum

The life cycle of Plasmodium falciparum occurs in the vector mosquitoes and in the
vertebrate hosts (human). When a malaria-infectedafe Anopheles mosquito takes her
blood meal, it inoculates sporozoites into the hanh@st. The sporozoites invade liver
parenchymal cells, multiply and transform into gomts during the exo-erythrocytic cycle.
The hepatic schizonts may burst and release meeszuaihich enter the bloodstream and
quickly infect red blood cells. This blood stagefestion, the erythrocytic cycle, is
responsible for signs and symptoms of malaria. gdrasite passes through different stages
from the early red blood cell infective stage, they trophozoite to the mature trophozoites
and the schizonts which rupture and release nevozoges. Some merozoites invade new
red blood cells and amplify the infection. Afteleasal multiplications a small proportion of
merozoites differentiates into male and female daoytes which are ingested by another

femaleAnopheles mosquito during a blood meal to start the mosoeytde.

During the mosquito cycle, male gametocytes redwh rmosquito’s stomach and after
exflagellation liberate microgametes. Microgametesdergo internal changes, fertilize
macrogametes and lead to zygotes. The zygotes apeveto motile ookinetes which
penetrate epithelial cell of mosquito midgut waildaransform into oocysts. After multiple
asexual replications, the oocysts produce sporzoithich invade the mosquito salivary
glands from where they will be injected to humanmtyanother eventual blood meal.
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Figure 1.3 Life cycle ofPlasmodium falciparum (from Centers for Diseases Control and Preventio(CDC)
http://www.cdc.gov/malaria/about/biology/index.html)

1.1.3. Diagnosis, treatment and prevention

The signs and symptoms Bfasmodium falciparum malaria vary and according to WHO
recommended surveillance standards, most infectegle have fever which is commonly
associated with splenomegaly and anaemia. Othepteyns are headache, back pain, chills,

sweating, myalgia, nausea and vomiting but theyatespecific to malaria (WHOb, 1999).

Plasmodium falciparum malaria is diagnosed in laboratory using blood ametained with
Giemsa and the parasitaemm determinedunder microscope. Antigen detecting rapid

diagnostic tests can be also used.

No vaccine is currently available to prevent malaaven if one developed by GlaxoSmith
Kline (GSK), the RTS, S vaccine, is actually in gidll clinical assay (Regules et al., 2011;
Sherman et al., 2012). Many drugs can be usec&b tnalaria but we will focus only on the
treatment recommended by the WHO. Since the e2®b®, WHO recommended the use of
artemisinin combination therapy (ACT) in many endengountries and the currently
recommended combinations are: artemether plus hméfe, artesunate plus amodiaquine,

artesunate  plus mefloquine, artesunate plus suliadgpyrimethamine, and

3
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dihydroartemisinin plus piperaquine. Chloroquin@igy used in some countries such as the
Central America (WHODb, 2011). In case of uncompéddelasmodium falciparum malaria a
single dose of primaquine could be used as an gamtietocyte in addition to ACT
(considering the risks of haemolysis in patientshwglucose- 6-dehydrogenase (G6PD)
deficiency). Severe malaria should be treated wpidnenteral artesunate followed by a
complete course of an effective ACT as soon ap#tient can take oral medications. When
it is not possible, patients should be alternagivgiven pre-referral treatment such as
artesunate (rectal), quinine (IM), artesunate (Id) artemether (IM) and referred
immediately to an appropriate facility for furtheeatment. The doses are as follows (WHOc,
2010):

Table 1.1 The recommended doses in the treatment wfalaria

UNCOMPLICATED PLASMODIUM FALCIPARUM MALARIA

Drug Dose

Artemeter  + 5-14 kg: 1 tablet; 15-24 kg: 2 tablets; 25 - 34 Bgtablets; > 34 kg : 4
lumefantrine | tablets in six doses regiments for a period of gsdd@he therapeutic dose
range is 1.4—4 mg/kg of artemether and 10-16 mafkgmefantrine

Artesunate + 4 mg/kg/day artesunate and 10 mg/kg/day amodiaqomoe a day for 3
amodiaquine | days, with a therapeutic dose range between 2—-1Kghagy artesunate and
7.5-15 mg/kg/dose amodiaquine

Artesunate 4 Target dose: 4 mg/kg/day artesunate given onceydata3 days and 2!
mefloquine mg/kg of mefloquine either split over 2 days asmid/kg and 10 mg/kg g
over 3 days as 8.3 mg/kg/day once a day for 3 dBys.therapeutic dos
range is between 2 — 10 mg/kg/dose/day of artesumad 7 — 11
g/kg/dose/day of mefloquine

D - V!

Artesunate 4 Target dose: 4 mg/kg/day artesunate given oncg &od@ days
sulfadoxine — and a single administration of 25/1.25 mg/kg sudtade-pyrimethamine of
pyrimethaming day 1, with a therapeutic dose range between 2 md/@g/day artesunate
and 25 — 70/1.25 — 3.5 mg/kg sulfadoxine-pyrimetimam

—

Artesunate 4 Artesunate (2 mg/kg once a day) plus tetracyckhm@/kg four times
tetracycline on a day) or doxycycline (3.5 mg/kg once a day) anadimycin (10 mg/kg
doxycycline or| twice a day). Any of these combinations should ivergfor 7 days
clindamycine

SEVERE PLASMODIUM FALCIPARUM MALARIA

Artesunate Artesunate 2.4 mg/kg (body weight) bMI.M. given on admission (time
0), then at 12 h and 24 h, then once a day isst@mmended treatment.
Artemether, or quinine, is an acceptable altereafiparenteral artesunate
is not available: artemether 3.2 mg/kg (body wei¢iiM. given on
admission then 1.6 mg/kg (body weight) per dayquinine 20 mg salt/kg
BW on admission (IV infusion or divided IM injectip, then 10 mg/kg
(body weight) every 8 h; infusion rate should nateed 5 mg salt/kg (body
weight) per hour.
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The prevention oPlasmodium
falciparum malaria is based on
individual people protection

against infective malaria

o ® * e , [ mosquito bites and on the
o e A . .
Oielall * /S o — reduction of the intensity of
] e : [ ] ' i . ) .
" ko= g Jocal malaria transmission. For
»
°t. aMomgingmalia  that, the main strategies are:
transmission
e’ e | /" o0ngoing malaria - The use of Long_
B~ gy s Lasting  Insecticidal  Nets

(LLIN): nets that are treated

with an insecticide which Kkills

Figure 1.4 Malaria-endemic countries in Africa repoting the mosquitoes that touch it,
resistance to pyrethroids in at least one malariaector in at leas
one monitoring hence protect the person

sleeping under the net. This only assures an iddaliprotection as people sleeping
outside the net are less protected,;

- The use of Indoor Residual Spraying (IRS): redigusecticides are sprayed to the
places where many vector species of anopheles ntoggeand to rest after taking a
blood meal. This leads to a rapid and effectivetr@drof malaria transmission by
reducing the local burden of malaria morbidity anadrtality.

Another way to prevent malaria transmission is ¢betrol of larva but this option is only

applicable in few cases easy to identify and imlised breeding sites.

Pyrethroid can be used for LLIN as well as for IR&wever, many cases of pyrethroids
resistances were observed especially in Sub-Africanintries (see Figure 4). The
management of this resistance is very importanfaass the most endemic countries are

concerned.

.1.4. Malaria case in Rwanda

1.1.4.1. Brief description of the country

Rwanda is a developing country located in East4@entf Africa. It has the highest
population density of the continent (area of 26,888 for a population of approximately
10.7 million) and with an annual population grow#te of 3%. It is a land-locked country
surrounded by the Democratic Republic of Congo @)ydsanzania (East), Uganda (North)

5
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and Burundi (South). Commonly known as “Countntladusand hills”, the country relief is

mainly marked by steep mountains and deep vallelysanm altitude average of 1700 m. The
weather is quite stable (annual temperature avesiegend 20°C) with a temperate climate
and two rainy seasons separated by a summer pdRednda still has to face many
challenges after the genocide of Tutsi in 1994 rdumvhich an estimated 1 million people
died. The government of Rwanda put many effortsetmild the country after that tragedy

and the health sector is one of its major prigi{i@NILPa, 2005).

1.1.4.2. Malaria in Rwanda

Malaria was known in Rwanda since the beginnind @t century in some areas with low
altitude (< 1500 m) and the exploitation of valleltging the colonisation contributed to the
spread of the disease (Munyantore, 1989). The m@stominant Plasmodium species in
Rwanda isPlasmodium falciparum (95%) followed byPlasmodium malaria (4.5%) and
Plasmodium ovale (0.5%) (PNILPb, 2005). Efforts were made to figh&laria but in vain
because of insufficient financial support. In 1984re was a surge in morbidity of malaria
which was the first cause of mortality in RwandadN([EPa, 2005). In 1993, thanks to the
cooperation between Belgium and Rwanda, the Ndtiwtadaria Control Program (NMCP)
whose French acronym was PNILP “Programme Natidngékgré de lutte contre le
Plasmodium” was created and became operationa¢ sif85. At that time, Rwanda was
suffering fromPlasmodium falciparum malaria resistance to chloroquine which was regalac
later by a combination of sulfadoxine-pyrimethamiseld under the brand name Fansidar®).
Between 1982 and 2003 malaria incidence rate inndaancreased from 3.5 to 59.94 % and

the morbidity raised from 50% in
160 000

e, 1998 up to 59.94 % in Rwandan
F e .

20 000 L R e hospitals (PNILPa, 2005).

106 0 o "

80 000 g . . . .
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:Eix - L Y the United Nations International
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Figure 1.5 Trends in malaria and nonmalarial admissions i
Rwanda, 2000-2010 (from WHO, 2011)

and the World Bank through their initiative Roll &aMalaria, attempted to implement
different strategies to combat malaria. The NMCé&eneed financial support from different

partners among which we can cite the US Presid&mlaria Initiative, which launched in
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2005 a five years program to quickly reduce maleglated mortality in Sub-Saharan Africa,
Global Fund and WHO. To facilitate malaria contriile country was then divided into
different zones according to the level of transiorssdisease vector prevalence, altitude and
climate. Rwanda is currently divided into 30 adistirative districts among which 19 were

classified as endemic and the rest as epidemicgs®e Figure 5 below) (USAID, 2010).

i b ke e ok b
Proportional Malaria Legend
morbidity1 2003 | |:D|s‘.rdboundar>as

| Catchment areas of HC

n Natignal park

Waterbody i

Fropartion of Malaria
morbidity (%)

St bem Tapogrpe
Weaps (105 by CORE-NLR
Fiealth Facles Seslers
gt by TRAC Plie-
Matara tint

Malina moekaisy Sata tem
My o Maatm

Snepcton
A L e
Tieesaerse Mafcator

T T T T T T
Anonad 456000 Gon0en BE0000 0000 B50000

Figure 1.6 Proportional morbidity (% of outpatient visits attributed to malaria) of confirmed and
presumed malaria cases by district in 2009 (frorSAID, 2010)

With the full support from government and WHO, NM®RBs set up a strategic plan to
effectively prevent, control and treat malaria. &8ese of the rise of sulfadoxine-
pyrimethamine resistance, WHO recommends the usArtmisinin-based combination

therapy (ACT) and the one used in Rwanda is arteendtimefantrine. ACT are available,
long lasting insecticidal treated nets were disteld since 2005 (up to 81% of entire
population), health insurance scheme was introdunethe whole country since 2004,
training sessions were organised nationwide forraamity health workers and diagnosis and
treatment are accessible to everyone affected HgrimaConsequently, in 2010, Rwanda
experienced a reduction of approximately 74 an&®btor the number of confirmed malaria
cases among outpatients of all ages and malartasiesspectively. Those reductions were
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even greater for children under 5 years old (WHZI4,1). It appears clearly that Rwanda is
on the right track to reach the objectives of i82@ vision as well as global health
millennium goals. However, efforts are still neededmaintain an effective surveillance
system to prevent and to treat malaria properlythes risk of Plasmodium falciparum

resistance to available drugs and insecticidesilishgyh. In this context, the search for new

anti-malarial agents still remains a priority.

.2. TRYPANOSOMIASIS

[.2.1. General description

Trypanosomiasis is a parasitic disease caused by
{ , trypanosoma, which is a genus of parasitic
- H'-_..‘# :
Q” - flagellate protozoa of the family
Trypanosomatidae, transmitted to the vertebrate

[ ‘“.._ J:f.

bloodstream, lymph, and spinal fluid by certain
{'-h v insects and often causing diseases in humans and
in domesticated animalsTrypanosoma was
Figure 1.7 BloodstreanTrypanosoma brucei  found for the first time in trout blood by Valentin
and in 1845 it was observed for the first time in
mammalian (in blood of mole and field mouse) by (Wery, 1995)Many trypanosoma

species exist, some are able to affect human acauge some diseases:

- Trypanosoma brucei gambiense found in West Africa, responsible for chronic
sleeping sickness or human African trypanosomidisis, transmitted to humans
by Glossina palpalis (Tsetse fly);

- Trypanosoma brucel rhodensiense commonly found in Eastern African countries,
vector isGlossina morsitans and it causes acute sleeping sickness;

- Trypanosoma cruz, found in South and Central America, the parasi®onotic,
mainly transmitted by blood-feeding witRhodnius prolixus but can be
transmitted to human through contaminated bloadsftegsion (Salem et al., 2006)

to cause American trypanosomiasis or chagas disease

Some trypanosome species cause animal trypanossmigh adrypanosoma brucei brucel
and trypanosoma vivax (cattle, antelope, horses and camelg)ypanosoma equiperdum

(horses and donkeys). In this section we will fooaoky on human African trypanosomiasis.

8
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1.2.2. Human African trypanosomiasis

1.2.2.1. Description

As earlier mentioned, human African trypanosomi@lsi&T) also called sleeping sickness,
is caused by two flagellated protozdaypanosoma brucei rhodensiense (in East and South
Africa) and Trypanosome brucei gambiense (in West and Central Africa) (Hoet et al., 2004,
Salem et al.,, 2006). As mentioned above, the disesstransmitted to human by the
bloodsuckingGlossina palpalis called tsetse fly. Since 1970 this disease hascased
dramatically and caused then a significant healtheconomic problems in Sub Sahara areas
because of limited heath systems. Up to 40 000scpee year and as many deaths were
reported by the 1990s (Jung and Elain et al., 2008)it estimated that HAT is endemic in
over 30 African countries and in some countriehsag Angola, the Democratic Republic of
Congo, Uganda and South Soudan more than 60 mpkople reached epidemic proportions
(see figure 1) and about 300 000 to 500 000 undseph cases were reported. According to
WHO report, T. b. gambiense is endemic in 24 countries of west and centralicafrand
causes more than 90% of reported cases of slesjpkigessT. b. rhodesiense is endemic in

13 countries of eastern and southern Africa, reqmtasg less than 10% of reported cases. The
African Region has the largest proportion of repdrtcases (90%) and the Eastern
Mediterranean Region the remaining 10% (WHOb, 200y the first time, new cases of
HAT has dropped below 10 000 in 50 years. Indee@009, there were 9 878 reported cases
compared with more than 17 600 in 2004 and alm@$td® only in 1998 (WHODb, 2010).

1.2.2.2. Life cycle and transmission

Tsetse fly ingests bloodstream trypomastigotes femminfected mammalian host during a
blood meal. The parasites enter the digestive thtte fly and during the following 3 to 5

weeks undergo multiplication and morphologic change well as migration into the salivary
glands, transform into epimastigotes and then imfiective metacyclic trypomastigotes. The
cycle in the fly is rarely finished in the field dwonly about 0.1 % of flies reach the mature
infection phase (Brun et al., 2010). When the &sé#isbit another mammalian host during a
blood meal, it injects trypomastigotes in the skihe injected metacyclic trypomastigotes
transform into bloodstream trypomastigotes, whiehaarried to other sites via the lymphatic
system and multiply by binary fission in variousdgdluid. During this stage (1 to 3 weeks
after inoculation) some general symptoms like boltfever, headaches and joint pains

appear. Then the trypanosome may eventually migtateintestinal space to cause

9
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endarteritis. In the last stage of the diseaseatrgpoma may pass through the blood-brain
barrier and reach the central nervous system negulh the progressive neurological

deterioration and probably encephalopathy (Jungeaieh et al., 2008).

Tsetse fly Stages Human Stages
Epimastigates multiphy TE'E::E;L"' m‘“-'f'
in salivary gland. They a med! Injected metacyclic
transform into metacyclic (injects metacycl Inypomastigotes) trypomastigotes transform

into bloodstream
trypomastgotes, which
are carried to other sites.

Wpagmngmes. ‘.ul—'_‘ *
A
i

Trypomastigotes multiply by
birary fission in varnious
body fluids, e.g., blood,

Procyclic trypomastigotes
leave the midgut and transform

into epimastigotes i
& lymph, and spinal fluid,
Tsetse fly takes
a blood meal
[bloodstrearn frypomastigabes
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6 ¥ 2 A

Bloodstream Irypomastigoles t ‘h' 'Lé N
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Figure 1.8 Life cycle ofT. brucei gambiense and T. brucei rhodesiense (from Centers for Diseases Control
and Prevention (CDC) http://www.cdc.gov/parasitesieepingsickness/biology.html)

1.2.2.3. Diagnosis, treatment and prevention

Diagnosis is very important but requires some dgebiochemical analysis and qualified
staff and those requirements are lacking in mostl rareas where the parasite is endemic.
The diagnosis of this disease is done by confirntimg presence of the parasite in any
biological fluid, usually in the blood and lymphssgm. The main challenge is the absence of
specific symptoms during the first stage of theeds®e as well as the lack of sensitivity of the
parasitological methods available. The diagnosishen very difficult and sometimes
symptoms observed fron atient are mis-interpret®dnalaria or influenza (Hoet et al.,
2004). So far, the only available serological tést screening is Card Agglutination
Tryparnusomiasis Test (CATT), used exclusively forb. gambiense infections and for
establishing suspicion of infection. Parasitolc 1asts determine the presence of
trypanosomes in the patient to confirm the infattiBven if trypanosome is present in any

10
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body fluid, the parasitaemia could be to low (esgbcin the gambiense form of the disease)
to be detectable by available parasitological mithwhich have a low sensitivity. This
means that a negative parasitological result inptlesence of a positive serological test does
not necessarily prove the absence of infectionnTthets must be repeated a couple of times

to complete diagnosis (WHO).

The treatment of HAT is complicated because otdst and the lack of efficient drugs. So
far, the only commercial drug available for theatreent of advanced stage sleeping sickness
cases is Melarsoprol (Arsobal®). However, in thst lgear some endemic countries like
Angola, the Democratic Republic of Congo, Sudan &lyanda reported some cases of
Melarsoprol treatment failure with a rate of ovél92 (WHOa, 1999).T. b. rhodesiense
resistance to pentamine and to eflornithine wase alsserved in laboratory (Croft et al.,
1997). Table 1.2. provides the recommended tredtwieHAT according to World Health
Organisation (1999) and CDC (2010) (CDC, 2010; WHT299).

To prevent HAT transmission, two principal stragsgcan be used:

- Reduction of human reservoir of infection by finglimand treating individual
cases. This requires a surveillance system. Fiange, suspected or endemic
villages should provide village-based data befozatment.

- Reduction of man-fly contact using adapted vectmmtiol| (tsetse fly). Various
methods may be used including the use of tsetdeaibs and insecticides (ground
or aerial spraying) (Wery, 1995; WHOb, 1999).

11
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Table 1.2 The recommended treatment of HAT (WHO, 199; CDC, 2010)

Name of the drug Indication Dosage Most frequent
adverse reactions
Pentamidine Early stage of HAT due 4 mg Generally reversible:
isethionate to T. b. gambiense base per kg body hypotension,
infections weight daily or every| abdominal pain,
other day by vertigo,
intramuscular hypersalivation and

injections (7 to 10) | mild nephrotoxicity

Suramine sodium | Early stage of HAT due Adult dosage: 1 g pernausea, vomiting,

to T. b. rhodesiense a single urticaria and less
infections weekly intramuscular often renal

injection for 6 weeks| damage and
Pedriatic dosage: 20| exfoliative dermatitis
mg/kg intravenous on
days 1, 3, 5, 14 and

21

Melarsoprol Advanced stage of 2-3.6 mg per kg body reactive

(Arsobal®) HAT, when the weight by strict encephalopathy (the
central nervous system intravenous most serious)
is affected, in botf. b. | injections (3 series of myocardial damage,
gambiense andT. b. 3) given with a 7 to | hypertension and
rhodesiense 10 day rest period | exfoliative dermatitis
infections between each series

Eflornithine late stage of HAT 400 mg per kg body | Reversible:

(Ornidyl ®) dueT. b. gambiense weight evenly diarrhoea, anaemia,
infections. Suitable in | divided in 4 thrombocytopenia,
patients where daily intravenous vomiting and fever

melarsoprol has failed | infusions (every 6
hours) during 7 or 14
days

1.2.2.4. Trypanosomiasisin Rwanda

In 2009, only sporadic cases of trypanosome weaverted in Rwanda and transmission of
the disease seems to have stopped (see Figutdayever, there are still some areas where
tsetse flies, the vectors of HAT are still presidte in National Park of Akagera in Eastern
Province of Rwanda and according to WHO (2011), Rdaais a part of endemic country
even if no updated data about trypanosomiasis enciel are available (WHOa, 2011).
Furthermore, Rwanda is the most densely populatechtcy in Africa (Ndaruhuye et al.,
2009) and people are looking for some availablasamehere they can cultivate, hunt or fish.
They don't hesitate to venture in the National PafrlAkagera where tsetse flies can easily
transmit the disease. Recently, a project to ptdatex whole Akagera National Park started

and will hopefully contribute to the preventiontbé disease. It must be pointed out also that

12
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countries bordering Rwanda, particularly the Deraticr Republic of Congo (RDC) and
Uganda are affected (WHODb, 2010); meaning thatrisie is still there. Rwanda is sadly
exposed to both types of African Trypanosomiésb. gambience present in RDC and
Uganda and.. b. rhodensis in Uganda. Rwandan refugees from neighbouring tcmsncould
also bring back the parasite and another risk of d8ntamination looms large if appropriate

prevention strategies are not implemented.

1.3. LEISHMANIASIS

[.3.1. General Description

Leishmaniasis is a parasitic disease caused by tywen
pathogenicLeishmania species and transmitted through the
bites of infected female sand fBhlebotomus and Lutzomyia.
Leishmania is a flagellate protozoan which belongs
Trypanosomatidae family and parasites the tissués o

vertebrates causing different types of the dise@sganeous

Figurel.9 Lieshmania form is the most common (skin ulcers usually formexposed
areas, such as the face, arms and legs) and riZarlgf patients of cutaneous form may
develop a mucosal leishmaniasis which occurs somethm or years after apparition of
cutaneous lesions (Bonaventura et al., 2006). it m@voke progressive lesions that can
partially or totally destroy the mucous membrankethe nose, mouth and throat cavities and
surrounding tissues. The most severe form is v@édeishmaniasis, also known as kala azar,
which attacks various internal organs (spleen aret)land can be fatal within two years if
untreated. Rare is post kala azar dermal leishmesniehich is a chronic cutaneous
leishmaniasis appearing in some patients prio-eftedy visceral leishmaniasis. Another
form of leishmaniasis, difficult to treat, is diffa cutaneous leishmaniasis which produces

disseminated and chronic skin lesions.

According to WHO, leishmaniasis is one of the mosglected diseases in the world, it is
prevalent in 88 countries mainly in rural areas] ahout 350 million people are at risk to get
contaminated (WHOa, 2010). Approximately more th&million new cases occur annually
but only about 600,000 are reported. From 1.6 amllestimated cases about 500,000 cases
are visceral mostly (90%) in Bangladesh, Brazihigpia, India, Nepal and Sudan and 1.1

million cutaneous mainly in Afghanistan, Algeria;aBil, the Islamic Republic of Iran, Peru,

13
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Saudi Arabia, Sudan and the Syrian Arab Republimococutaneous mostly in Brazil, Peru
and the Plurinational State of Bolivia (WHOb, 2010)

1.3.2. Life cycle and transmission

The life cycle of leishmania has two stages, thedsty stage which is a flagellated
promostigote stage and the human stage, a nontfisgeamastigote stage.

Human stage during a blood meal, infected sand fly injectsoithe skin promostigotes
which are phagocytised by neutrophils presentabtte site. The promostigotes are released
by neutrophils and then consumed by macrophage&clies and monocytes of different
organs where they transform into amastigotes, idsai¢ stage of the parasite. Amastigote
multiply by simple division in cell (including mamphage) of various tissues. The destruction
of host cell provokes the dissemination of the piéeanto blood and lymph system and the
parasite are again phagocytised by new cells.

Sand fly stage during another blood meal, sand fly ingests itddcmacrophages. After
ingestion of the parasite, amastigotes migratéenmidgut and transform into promastigotes
which after division reach the anterior midgut dacegut. From there, another human stage
will start if the infected sand fly takes blood rhaad injects promastigotes into the skin of a

mammilia host.

Sand fiy injects promastigotes Promastigotes are phagocytized
imto the skin during a blood by neutrophils that are rapidly
Promastigotes divide meal. "infective stage recruited 1o the bite site
and migrate to the/!
anterior midgut i _— s
and foregut. 3 .f-;/, _,._-_.;Jf ¥ ! Infected neutrophils
& A st gyl s - releasa fhe parasies,
Jr-" ) » | ] \ % which are then consumed
F M= = by macrophages.

Sand Fly Stages __IJ = .. Human Stages Q
|

Amastigc;les fransform
into promastigotes in midgut

| Fromastigotes transform
| il ."., | into amastigotes inside
y - (] | macrophages.

(s L O *diagnostic stage

=y o

L,
g oF = Sand fly inge& /
parasitizad call macrophages when it takes Amastigotes mulliply in

a bicod meal. calls {including macrophages)

of varous tissues, *diagnostic stage

Figure 1.10 Life cycle of leishmania (from Nationalnstitute of Allergy and Infectious Diseases (NIAD))

The transmission can be zoonotic (rodent or dogardhroponotic for example by blood

transfusions or contaminated needles or rarely figgregnant woman to her baby.
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1.3.3. Diagnosis, treatment and prevention

The signs and symptoms of visceral leishmaniasts cuite similar to chronic malaria,
schistosomiasis or other systemic infection’s on®gnilarly, cutaneous leishmaniasis
symptoms may mimic that of staphylococcal or stieptcal skin infections or
mycobacyterial ulcer, leprosies, etc. It is alsidlilt to distinguish from mucocutaneous
leishamaniasis cases to, for example, allergicitihjrdeep mycoses, lymphoma infections
(WHOa, 2010). In case of cutaneous leishmaniasigndisis may be done by parasitological
test from the lesion. A microscopic examinatiorst#fined smear can detect the presence of
intracellular amastigotes in macrophage. Accordm@DC, visceral leishmaniasis may be
diagnosed by taking a blood sample and/or takibgpsy from the bone marrow to show the
parasite. Diagnosis of cutaneous leishmaniasisragjlire a small biopsy or scraping of the
ulcer whereas a biopsy of the affected tissuesesded to diagnose mucocutaneous
leishmaniasis. Biopsy samples are examined usimgostopy, culture oother methods to

isolate the parasite and identify the specific kafideishmania causing the ulcer.

The treatment of leishmaniasis is given only aftnfirmation of the disease, patients should
consult with their primary health care provider aswine may be recommended to look for
specialist, such as a dermatologist or infectiageake specialist. The treatment depends on
the form of the disease and sometimes the diseasg mot require treatment. As
recommended by WHO, the treatment regimen of lesshasis must follow national and
regional guidelines to avoid drug resistance. ldesmic countries drug policy, therapeutic
decision will be based on the individual benefskrratio, health service setting, public health
consideration and on the availability of anti-lersednial drugs. Indeed, it has already been
reported that the infecting species and geographégpon affect the efficacy of treatment
(WHOa, 2010). Special attention is paid on Afrieardemic countries and the recommended
treatment regimens for each form of leishmaniasis given below. Antileishmanial
medicines and treatment regimens are qualifiedraglegof evidence as follows:

**x%. evidence found with at least one properly dgged randomized controlled trial

*** - evidence observed from well-designed trialghvout randomization

**: opinions of respected authorities based oniciihexperience, descriptive studies

or reports of experts committees

* : expert opinion without consistent or conclwesstudies (WHOa, 2010).
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Visceral leishmaniasis caused blyeishmania donovani in East Africa (Ethiopia, Eritrea,

Kenya, Somalia, Sudan and Uganda) and Yemen

1. Combination: pentavalent antimonials (20 mg +/kggsey intramuscularly
or intravenously) + paromomycin (15 mg (11 mg bassr kg body weight per day
intramuscularly) for 17 days ****

2. Pentavalent antimonials: 20 mg /kg per day intrasulasly or intravenously
for 30 days ****

3. Amphotericin B deoxycholate: 0.75—-1 mg/kg per dgyrifusion, daily or
on alternate days, for 15-20 doses ****

4. Miltefosine orally for children aged 2—-11 years thg/kg per day; for people
aged 12 years and < 25 kg body weight, 50 mg/day5@ kg body weight, 100
mg/day; > 50 kg body weight, 150 mg/day; orally 28rdays for 28 days****

5. Liposomal amphotericin B: 3-5 mg/kg per daily dbgenfusion given
over 6-10 days up to a total dose of 30 mg/kg***.

In some special cases like pregnancy or lactatiehl@shmania-HIV coinfection, we can use

preferentially Amphotericin B deoxycholate anddigormulations.

Post-kala-azar dermal leishmaniasis (PKDL) in EasAfrica

1. Pentavalent antimonials: 20 mg/kg per day intramlasty or intravenously
for 30—60 days, when indicated**
2. Liposomal amphotericin B: 2.5 mg/kg per day by sifun for 20 days,

when indicated**.
Cutaneous leishmaniasis

Local therapy
Leishmania major:
- 15% paromomycin plus 12% methylbenzethonium chéodohtment
twice daily for up to 20 days****;
- Intralesional antimonials, 1-5 ml per session phystherapy
(liquid nitrogen: — 195 °C), both every 3—7 daysgkessions)****

- Thermotherapy: one or two applications of localibedt (50 °C for 30 seconds) ****
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- intralesional antimonials or cryotherapy indeperilyeas above.
Leishmania tropica, Leishmania aethiopica andLeishmania infantum

- 15% paromomycin/12% methylbenzethonium chloridéroent, as above*

intralesional antimonials plus cryotherapy, as &bv

thermotherapy, as above****

intralesional antimonials, alone, as above***

cryotherapy, alone, as above**

Systemic therapy
Leishmania major
- fluconazole, 200 mg oral daily for 6 weeks****
- pentavalent antimonials, 20 mg/kg per day intramlasty or intravenously for 10-20
days*
- pentavalent antimonials, 20 mg/kg per day intramlasty or intravenously plus

pentoxyfylline, 400 mg three times a day for 10-€d2Qs****

Leishmania tropica andLeishmania infantum
- pentavalent antimonials, 20 mg /kg per day intrazulasly or intravenously for 10—
20 days*
- pentavalent antimonials, 15-20 mg/kg per day intrseularly or intravenously for 15
days plus oral allopurinol 20 mg/kg for 30 days,tteat leishmaniasis recidivans

caused by.eishmania tropica**

Leishmania aethiopica
Pentavalent antimonials 20 mg/kg per day intramiasiyu or intravenously plus
paromomycin, 15 mg (11 mg base)/kg per day intrauasly for 60 days or longer

to treat diffuse cutaneous leishmaniasis**.

Mucocutaneaous leishmaniasis
All species
- pentavalent antimonials: 20 mg/kg per day intramalaty or intravenously for 30

days**
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- pentavalent antimonials: as above plus oral pefyitre at 400 mg/8 h for 30
days**+*
- amphotericin B deoxycholate: 0.7-1 mg/kg by infasavery other day up to 25-45
doses**
- liposomal amphotericin B: 2—-3 mg/kg daily by infuisiup to a total dose of 40-60
mg/kg**
Note that there is little data available on therdbg of mucocutaneaos leishmaniasis due to
Leishmania aethiopica.

No vaccine for general use against leishmaniasevagable but usually strong immunity
was observed after recovering from infection megurtimat there is a possibility to find a
reliable vaccine. Moreover, one vaccine, Leish-11I¥IPL-SE, is being evaluated for the
immunotherapy of PKDL in the Sudan, in phase2 frials in Peru and in a phase-1 trial in
India. Another option to get immunity is leishmaatibn where liveLeishmania major
promastigotes from a fresh culture are inoculatéd the derma but it is not recommended in
normal conditions and should be used for resedti@a, 2010).

The prevention of leishmaniasis infection is basedhe control of reservoir hosts (WHOa,
2010). Individual protection from sand fly bites a®ll as the continual case detection,
surveillance, adequate treatment and preventiomewifection are highly recommended.
Furthermore, in some endemic areas, human comrstiit important reservoir for visceral
leishmaniasis and some parasites suchembmania tropica depend on humans to survive.
WHO and CDC recommend the use of insecticide-tcedied nets or insect repellent to

exposed skin.

[.3.4. Leishmaniasis in Rwanda

Similar cases of leishmaniasis are known in Rwandértunately there is no official data
about the prevalence of the disease. Considermgthie spread of HIV infection (pandemic
in Rwanda (MOH, 2011) makes people susceptibleigoeval leishmaniasis (Alvar et al.,
2008) we may say that the degree of risk in Rwasdégh. Furthermore, there is no national
disease control plan to address fight against oegleropical diseases such leishmaniasis in

Rwanda ittp://cghed.ei.columbia.edu/?id=projects ntd).

18



General Introduction CHAPTER |

1.4. AMOEBIASIS

1.4.1. General description

Ectoplasm . Food Vacuole

Amebiasis is a parasitic and infectious disease
caused by a protozoan -calle@Entamoeba

@

Endoplasm
| -
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histolytica. People affected by amebiasis may

have a wide range of symptoms, including

2 diarrhea, fever, and cramps. The disease may also

y Small Plant
Contractile Vacuoli

Figure 1.11E. histolytica affect the intestines, liver, or other parts of the
body. Invasive amoebiasis is the second most
common cause of mortality due to parasitic infewion the world (Stanley et al., 2003)
whereas amoebic colitis amoebic abscesses arbitddading cause of death from parasitic
diseases worldwide (Salle et al., 2007). It isneated that more than 280 million people are
infected (Upcroft et al., 2001). The disease islewide distributed, but the high rate is
found in tropical areas especially in developingrdaes as a result of poor sanitation where,
according to WHO, the disease has a prevalenc8 &6 6f the general population and causes

more than 100.000 deaths every year.

Entamoeba hystolytica is a pathogenic amoeba, associated with intestindlextraintestinal
infections and is one of the main protozoal pathegef the human intestinal tract (Jung et
al., 2008). Mobile trophozoites dintamoeba hystolytica were found for the first time in
1875 at Saint Petersbourg by Ldsch from the faetesfarmer with acute dysentery. The
parasite may occur in two forms either in infectif@m, cyst or in invasive form,
trophozoite. Trophozoites are sensitive to outbidgy conditions whereas cysts can survive
weeks in external milieu. Most of the time, thegsile affects human and primates but can

attack dogs and cats.

1.4.2. Life cycle and transmission

Human consumes water or food contaminated by oykish migrate to small intestine
where they transform in feeding stage, trophozditephozoites invade large intestine of the
host and multiply by binary fission. Some parasw@tstay colonizing the lumen or invade
the wall of the intestine and multiply in tissuedathis continual invasion may cause both
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superficial and deep lesionr&moeb: may enter portal venous lymphatic system and th
reach other organs such as liver, brain, luispleen.kidney, genital organs, urinary trac
and skin. Themost affected organ is the liver where hepatic efses appear but otf
abscess of the lungs and brain were obser(Virk, 2008). Other parasites aft
multiplication by binary fission transform in cysihich will exit the body transported |
faecal matter (Wery, 1995ntamoeba histolytica transmission will be done by cysts pres
in water contaminated with faeces or food. Mostheftime human is infected after ingest
of contaminated water or food but amoebiasis caspbead from amoebic pers-to-person
contact for example for peapivho have anal intercourse. Only human and someénamar

primates constitute the natural reserv(Virk, 2008).
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Figure 1.12 Generalized life cycle cEntamoeba histolytica (from LadyofHats, 2008’

1.4.3. Diagnosis, treatment and preventio

At early stage of anmebiasis infection, most people do not present gnypsorr (in case for
example of luminal amoebiasis e.i. asymptomatiedtibn) but some symptoms may
observed one week after contamination. It is esgch¢ghat only 1(— 20 % of people ifected

by the disease present sympto(Roy et al., 2012)Symptoms vary from mild diarrhos
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(lower abdominal pain or cramps, diarrhoea, fatigaxeessive gas, rectal pain etc.) to severe
dysentery (bloody stools eventually with signs gpdvolemia, fever, vomiting etc.). The
symptoms of intestinal amoebiasis are dysenterjtis;cappendicitis, toxic megacolon and
amebomas. In case of chronic disease, colitis, wdast and intermittent abdominal pain
may be observed (Virk, 2008).

Intestinal amebiasis is commonly diagnosed by eratidn of the stool by identification of
trophozoites and cysts in fresh faeces but it magifficult to distinguish them from non-
pathogenic amoeba species litamoeba dispar or faecal leukocytes. Then it is
recommended to repeat the exam at least two ti@#ser specific methods exist, for
example the usEntamoeba histolytica-specific antigen or other immunologic tests bugyth

are not widely available.

Liver abscesses diagnosis may be done using bésbdlével of liver enzymes), radiographic
studies or serological tests. Some enzyme immuagakis for Entamoeba histolytica
antibody or antigen detection are more useful is tase, but there are only available in
developed countries like United States (Virk, 2008)

The most common drug for the treatment of amebiasmetronidazole, a derivative of 5-
nitromidazole. However, this drug has variable osdficy, serious side effects such as
headache, nausea, dry mouth, metallic taste, redcoeffects which are manifested as
incoordination, dizziness, convulsions and atakKiappor et al., 1999). Some metronidazole
failures were already observed (Virk, 2008). Timiole, a structural analogue of
metronidazole approved by US Food and Drug Admiatisin (FDA) has fewer side effects
and is also indicated in some countries such USAk(\M2008). There are other non-
imidazole drugs such as nitazoxanide, paramomyaith @ridazole which are effective
against amoeba but all those drugs are less aatjamst the cyst dEntamoeba histolytica
(Nagpal et al., 2012). The treatment with metronadia or tinidazole should be followed by a
luminal agent such as iodoquinol or paromomycinahee it is less active against intestinal
forms (Wery, 1995)The recommended doses are:
a) Intestinal amoebiasis
- Metronidazole:
» Adults: 2 g orally per day in 2 — 3 doses for 50-days
» Children: 35 — 50 mg/kg orally per day in 3 dos&ss - 10 days
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- Tinidazole:
» Adults: 2 g orally per day, single dose for 3 days
» Children > 3 years old: 50 mg/kg orally per day (a2 g) for 3 — 5 days

Amoebic colitis should be treated by metronidazoted a luminal agent such paromomycin
or iodoquinol to avoid colonisation (Gilbert et,&#010; Stanley et al., 2003). The dose for

paromomycin is 25-35 mg/kg per day divided intethdoses for seven days.

b) Amoebic liver abscess
- Metronidazole: 750-800 mg three times daily for(Gbethys
- Tinidazole: 2 g daily for five days (Ximénez et &011).

No vaccine or recommended chemoprophilaxis is abkEl However, amoebiasis infection
may be prevented by improving personal hygieneteclt is then recommended to wash
hands before eating food or after going to totlet;onsume clean and safe water (boiled and
or filtered water) and food, to prevent the contaation of water supply with faeces, to avoid

sexual practices involving contact with faeces etc.

[.4.4. Amoebiasis in Rwanda

There is no official or reliable updated informatiabout amoebiasis in Rwanda. However,
Rwanda as well as other tropical developing coesthas high prevalence of the disease.
According to the local Malaria control program,astinal parasitosis was the third cause of
morbidity in Rwanda in 2004 (Figure 13). Even if macefforts were made to ameliorate

health care systems especially after the 1994 Tgesbcide, Rwanda suffers again from

inadequate sanitation in some rural areas. Indeet)04, the use of public sanitation service
was estimated at 28.6 % only (PNILPa, 2005). Maages of heavy transmission and

continual infection are very common. It should Banoted that many people do not consult
and resort to self-medication with a risk of dregistance. Moreover, people from rural areas
prefer to use medicinal plants which are more abél and more affordable meaning that the
real incidence of amoebiasis is even higher th&oialfy reported.
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Figure 1.13 The causes of morbidity in Rwanda in ZB! (from PNILP, 2005)

IAVRS (Infection Aigués des Voies Respiratoire Stugudres): Acute upper respiratory tract
infections.

IAVRI (Infection Aigués des Voies Respiratoire In&res) : Acute lower respiratory tract
infections.

1.5. INFLAMMATION

[.5.1. Overview

Inflammation is fundamentally a protective and ctarpesponse mainly from blood vessels
and leukocytes (white blood cells), designed tothiel organism of both the initial cause of
cell injury (e.g., pathogens, damaged cells, otaimts) and the consequences of such injury
(e.g., necrotic cells and tissues). Mediators amdulating leukocytes, as well as tissue
phagocytes that are derived from circulating catesthe major defenders of our body against
foreign invaders. The presence of mediators anoldes in the blood gives them the
ability to go to any site where they may be needstause invaders such as pathogens and
necrotic cells are typically present in tissuestsmie¢ the circulation, it implies that the
circulating cells and mediators have to be raprdlyruited to these extra-vascular sites. The
inflammatory response coordinates the reactiongessels, leukocytes, and plasma mediators
to achieve this goal. In the practice of medicthe, importance of inflammation is that it can

sometimes be inappropriately set of or poorly raggd, and then becomes a
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pathophysiologic basis to many disorders (Kumaalet 2009; Serhan et al., 2010). The

inflammation may be a cause of morbidity and maytéRevillard et al., 2001).

The inflammation is characterized by the increab®lood flow to the tissue concerned,
temperature rise, redness, swelling and pain (Rediket al., 2001) and can be classified as
acute or chronic event. Acute inflammation is thaial response of the body to harmful
stimuli and is mainly characterised by the exudatod fluid and increase movement of
plasma proteins and immigration of leukocytes (iyaipolymorphonuclear neutrophil
leukocytes) from the blood into the damaged tiss@&sonic inflammation is defined
morphologically by the presence of lymphocytes, ijplsages and plasma cells in the tissues
and may persist for a long period. It is also asded with the proliferation of blood vessels,

fibrosis and damaged tissues (Serhan et al., 2010).

Inflammation is a biological response in tissues @arious types of cells such as neutrophils,
mast cell, eosinophils, basophils, lymphocytes, no@tages and fibroblasts intervene in this
complex reaction. Among those cells implicated nflammation, polymorphonuclear

neutrophil leukocytes play a specific role.

1.5.2. Polymorphonuclear neutrophil leukocytes

Polymorphonuclear neutrophil leukocytes (PMN) also
called neutrophils are the most numerous leukocytes
present in peripheral blood (90% of cells and 610—

% of leukocytes in the blood) (Lévy et al., 200A%.

part of innate immune response, PMN act as the firs

line of defence against pathogens. The presence of

B PMNs remains one of the most consistent markers of
inflammation as they play a major role in

Figure 1.14 Polymorphonuclear neutrophils ] ]

(from www.paolobellavite.it/neutrophil.html)  inflammatory response (Firestein et al., 2008;
Serhan et al., 2010PMNs have various functions

such as motility, phagocytosis, and bactericidévag (Walrand et al., 2004) by their ability

to generate reactive oxygen species (ROS) suchupsraxide anion (@), hydrogen

peroxide (HO;), Hypochlorous acigHOCI) and nitric oxide (NQ via an activation cascade

of several enzymes such us NO synthase, NADPH sgidad myeloperoxidase (MPO).

Moreover, those cells are also specialized in thkease of granular enzymes having

proteolytic (elastase, colagenase) or oxidant (MR@)ivities and also mediators of
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inflammation (cytokines, bioactive lipids) which Iicontribute to the destruction
pathogen agents. Figure 1.15 below illustrates mth&n elements involved in tf

inflammatory response of PM"

Activating stimuli

. Granular enzymes
| Oxygen metabolites ‘ Y
acid proteinase, collagenase,
2O2 — *OH / cathepsin G, gelatinase,

stromelysin elastase,

Myeloperoxidase
(HOCI)

NADPH <5
oxidase
YA @

Llpoxygenasl : 7 \ -
Phospholipase A2 e z —| Cytokines

PAF-Acetyltransferase

— /| Anti-bacterial proteins ‘

‘ Increased adhesion |

| Bioactive lipids ‘
Increased adhesion molecules

LTB4, PGE,, PAF

Figurel.15Neutrophil, a key cel involved in inflammation and immune response(Franck et al.,
2009)

[.5.3. NADPH oxidase

NADPH oxidase is multiprotein enzyme with membraenponents (gp 91phox and
phox (gp: glycoprotein; p: protein; phox: phagocgtedase) and cytosolic on(p40phox,
p47phox, p67phox). Once PMN is activated by triggeragents such as agonists (Pro
Kinase C: PKC), the cytosolic component undergosphorylation, migrate through tl

plasma membrane and associate to membrane compadadi@came a multiptein enzyme.

This enzyme will reduce oxygen into superoxide ani@;") (see Figure 1.16) from whic
other ROS will be generated (see Figure 1.15) ellgespontaneous superoxide dismuta
dismutaseenhanced dismutation of superoxide anion, yieldipdrogen peroxide (,O,) the

substrate of myeloperoxidase (MP(Bokoch et al., 2002).
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FMLP, CytochalazrineB
CS5a; Zymosan opsonisé (ZOP) FMLP, CytochalazineB

C5a: Zymosan opsonisé (Z0OP)

Cyrosol

Figure 1.16 Assembling of NADPH oxidaséMouithys-Mickalad, 2007)
PMA: Phorbol 12-Myristate 13-Acetate

1.5.4. NO synthase

Nitric oxide synthase (NOS) is a key enzyme for pheduction of Néwhich is implicated

in physiological and pathological events such asinterine development, cirrhosis, etc.

NO' cancombine with Q-'to produce ONOOVvery reactive and responsible for the majority

of toxic effects from Né(Massion et al., 2002).

1.5.5. Myeloperoxidase

Myeloperoxidase (MPO) is a haemic enzyme from prymgranules, plentifully released
during degranulation of neutrophils and in lessee’t by some monocytes and some type of
macrophages. MPO with the membranous NADPH oxidgeeerates ROS and participates
then in innate immunity (Arnhold, 2004). The exeessoncentration of MPO in tissues and
in plasma indicates a huge activity of neutropf#srteyn et al., 2003). However, elevated
concentrations of MPO in patients contribute teuesdamage resulting in significant risk for
initialisation and propagation of acute and chrorascular inflammation diseases. MPO is
considered as a biomarker of inflammatory diseasel as cardiovascular events including
atherosclerosis (Hazen et al., 1996), cancer (\Wioten, 1985) (chronic inflammation) and

sepsis (acute inflammation) (Kumara et al., 20@4).this enzyme is implicated in various
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diseases, it has recently attracted many researadsgecially in the evaluation of new

products capacity to modulate the MPO activity.
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Figure 1.17 Structure of human MPO (heme part) (An@rsson et
al., 1996)

For this purpose, a new and original method caldBFED (Specific Immunological
Extraction Followed by Enzymatic Detection) canused to specifically detect the activity
of equine MPO and to assess the direct interactioeome substances with the enzyme
(Franck et al., 2006). The Figure 1.18 below déssrithe production of ROS from MPO.

_ Cd I inactif
MPO - Fell
HOCI H*+CI
Cd 1
(I calien
radical)
MPO -Fe i | | MpPO*.Feivi=0

1 HO,

/ HOCIH "
; 2 oo | = _ — DH
Hecr o &S5 MPO-Fe™i=0 (réd)
' DH call T DeH
Cal | (réd)

Figure 1.18 Steps of enzyme activity of MPO and thproduction of ROS. (Serteyn et al.
2003). Cd: compound; réd: reduction reaction
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The use of equine MPO gives quite similar resut©iaman MPO even if each enzyme has
its own specificities (Deby-Dupont et al., 1998; thgHartert et al., 1998; Pincemail et al.,
1991).

[.5.6. Mediators of inflammation

The mediators which intervene in the inflammatiorogess come from either cells
(histamine, serotonin, prostanglandins, leukotiseneactive oxygen speciesjtokines etc...)
or from plasma (some complement fragments, proseasgvated during coagulation, etc...).
In the present study we will focus on the reactixggen species and cytokines which are
closely related to our work.

1.5.7. Reactive oxygen species (ROS)

As a consequence of neutrophils exposure to patisoge other natural stimuli, oxygen-
derived reactive species can be released. WithiN&Nhe main source of ROS is NADPH
oxidase. The production of ROS depends on theatiivof NADPH oxidase which reduces
molecular oxygen to superoxide anion radical one tbhé main substrates for
myeloperoxidase. As described above, different eresyare implicated in the production of
ROS (Deby-Dupont et al., 1999). The figure 1.1%iellustrates their role.

H,0, H,O
oo | N2, (10, |+ o
) MPO
NADPH NADP 0,* o, Fe?*  Fed+
02 &—L 02._ M H202 = OH. = H20
NADPH
| 0D H,0 .
oxydase r NO,
NO* = O0ONO- — 2 HOONO

Figure 1.19 Products generated by neutrophils oxidaon activity via NADPH oxidase, myeloperoxidase
and NO synthase activity (Derochette, 2011)
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Considering the key role of ROS in the inflammatiprocess, the decrease of ROS
production is an important parameter to study newi-inflammatory agents. The anti-
inflammatory capacity of a sample such as a plamtaet can be evaluated in vitro by
measuring its potentiality to reduce ROS producgdstimulated equine neutrophils using
lucigenin-enhanced chemiluminescence (CL). Theudtitron of neutrophilsn vitro can be
obtained by phorbol 12-myristate 13-acetate (PMs&p(Figure 1.16).

1.5.8. Cytokines

Cytokines are soluble proteins or glycoproteinsdpoed by leukocytes and in many cases by
other cell types (Fitzgerald et al., 2001). Theyenanany roles; most cytokines play a key
role as triggers and regulators of immune resposses as innate immunity and/or the
inflammation response. Therefore, they constitetey interesting targets for new therapeutic
strategies. However, since more than 90 cytokime$ eytokines receptors have been
identified, the selection and identification of whi cytokines are involved in the
development and pathogenesis of a particular dessass crucial step. Cytokines are involved
in many diseases such as inflammatory diseasex Hmworders, metabolic diseases etc
(Adkinson et al., 2008; Kopf et al., 2010). Theldaling few lines will briefly deal with the

role of inflammatory cytokines in systemic infecteodiseases especially malaria.

There has been a great deal of discussion aboum#éohanism of the disease caused by
Plasmodium falciparum (malaria). On one hand, some researchers argug/gothesis based
on the concept of insufficient oxygen reachingitgjans. On other hand, other researchers’
hypothesis is based on cytokine, in which excessi@ase of pro-inflammatory cytokines
are the primary driving force of malaria diseasd aftimately, death. However, it seems
clear and many researchers agreed that cytokires asi Tumour Necrosis Factor (T&F
and interleukin-1 (IL-1) are the essential cytokire systemic diseases caused by infectious
agents (Clark et al., 2006). Recently, there lenkan increasing interest on cytokines such
as TNFu that are produced during the early stage of infhation (Kopf et al., 2010). We
hope that further researches focusing on the rbleytokine in pathophysiology of malaria

and other parasitic diseases will contribute todixeelopment of new drugs.
l.6. THESIS OBJECTIVES

During the past decade, undivided attention has geen to malaria from both political and

scientific communities. However, falciparum malaig still a major health problem
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especially in subtropical countries such as Rwantta.Rwanda,Plasmodium falciparum
resistance to chloroquine and sulfadoxine-pyriniha was observed and the use of long-
lasting insecticidal nets to prevent the diseaseaslonger safe as the resistance to the
insecticides pyrethroids was already reported. Eguently, it is imperative to look for new
anti-malarial drugs, and medicinal plants constitarn interesting source.
The present work consists of the phytochemical stigation and evaluation of the
antiplasmodial activity of Rwandese medicinal ptansed in the treatment of malaria. This
work involves the investigation of the antitrypaaosl, antileishmanial, antiamoebic as well
as the anti-inflammatory activity of selected ptanto reach the aim of our thesis, the
followed steps were done:

1. Ethnobotanical survey of medicinal plants usedwaRda to treat malaria,
Preparation of crude extracts from selected plants;
In vitro andin vivo screening of the antiplasmodial activity of creracts;
Determination of plant extracts selectivity foripfgsmodial activity;

Bioguided fractionation and structure determinabbractive ingredients;

o g bk~ w N

Evaluation of the antitrypanosomal, antileishmgniantiamoebic and anti-

inflammatory activity of selected plants.
1.7. THESIS OUTLINE

The composition of the present thesis consistg/ofrhain parts. The first compartment deals
with the evaluation of the antiplasmodial activitymedicinal plants used to treat malaria in
Rwanda and the second consists of the identificatib the active ingredients and the
determination of the antiplasmodial, antitrypanoabrantileishmanial, amoebic and anti-
inflammatory activity of selected plants. The figsrt, preceded by a general introduction
(Chapter 1) is divided in two chapters: Chapter@viges the ethnobotanical survey on the
medicinal plants used in Rwanda to treat malarideM®hapter 3 deals with tha vitro and

in vivo evaluation of the antiplasmodial activity of sééztplants. The second part has two
chapters: Chapter 4 which focuses on the antigarasmnd anti-inflammatory activity of
Terminalia mollis and Chapter 5 which provides the antiparasitic and-inflammatory
activity of Zanthoxylum chalybeum. Chapter 6 forms the general discussion and €hapt

deals with conclusions and perspectives of theystud
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PART ONE

The first part of this dissertation compiles alsuks from the screening of Rwandan
medicinal plants for antiplasmodial activity. Itdszided in two chapters:

1) Chapter Il which deals with the ethnobotanical syref medinal plants used in the
treatment of malaria;

2) Chapter Il which reports the results from timevitro andin vivo evaluation of the
antiplasmodial activity of selected plants.

CHAPTER II. RWANDAN MEDICINAL PLANTS USED IN THE
TREATMENT OF MALARIA

Although Rwanda is a small country, it has a ricbdlversity of flora. Ethnobotanocal
research is a crucial step in the screening of oneali plant for their beneficial properties.
For this purpose, in collaboration with Rwandantitnge of Scientific and Technological
Research, a list of traditional healers and theiresponding address was established. Each
participant was interviewed individually. All ethipatanical and ethnopharmacological data
obtained were compiled and analysed based ontiiteraThe results from this study are
presented below as article under submission.

Abstract

Concerned about the search for new antimalariajgjran ethnobotanical survey was carried
out in Rwanda. The aim of the study was to iderf#fyandan medicinal plants used in the
treatment of malaria through a questionnaire adée$o local traditional healers. As results,
111 folkloric preparations were inventoried maiaky mixtures of various plants and only 35
(31.7%) were used alone. From the most cited asddan literature review, 13 plants were

selected and 19 plants samples collected for fughgplasmodial activity evaluation.

Key worlds: ethnobotany, malaria, Rwandan medicinal plamtg]itional healers, voucher
specimen

1.1 INTRODUCTION

Despite the strenuous efforts of the internatidredlth community, malaria remains a major
cause of illness and death especially in tropicaintries (WHOb, 2011). As it is the case in
many Sub-tropical areas, malaria in Rwanda is not a serious health problem but also an

important economical challenge (Ettling et al., 198agara et al., 2009; Tabuti, 2008; UN,
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2011). The government of Rwanda through Nationalaki& Control Program and his
partners committed to eradicated malaria in thentguby using the recommended
artemisinin based combination therapies (ACTs)gdtiside-treated bed-nets and health
education (Fanello et al., 2007; USAID, 2010). Hoare an increase in malaria cases locally
observed in 2009 may again happen and recentigsibeen reported that malaria affects one
out of six children under five years of age at Beitaone of the endemic areas in Southern
Province of Rwanda (Gahutu et al., 2011). Therefoew approaches for development of
new drugs to treat and to prevent malaria will baterest and medicinal plants constitute an
incomparable source (Ginsburg et al., 2011). Moeeomedicinal plants play an important
role in health care in Rwanda; it is estimated Hetveen 60 and 80 % of the population use
to initially consult a traditional healer beforeimgg to health care or hospital facilities (Balick
et al., 1996; Barnes et al., 1996). Several medigtants have been used to cure malaria in
Rwanda and continue to serve especially in rurabsreven if artemeter + lumefantrine
(Coartem®), the recommended ACT is available (RNAQ9; WHO, 2008). However,
traditional medicine practitioners in Rwanda are allowed to treat malaria and they are
then afraid to talk about the plants they are scusing to cure this disease. As a part of the
search for new antimalarial drugs an ethnomedigoaley was conducted and this study is

reporting the results of that investigation.

II.2. METHODOLOGY

[1.2.1. Study area

The investigation on the traditional medicinal gtansed to treat malaria in Rwanda was
conducted in the whole country. As the origin ofnypalrugs discovered is plants used in
traditional medicine (Cotton et al., 1996; Ginsbatal., 2011; Matu et al., 2003; Njoroge et
al., 2006), the approach used in this study isdadso on traditional medicine. Traditional
healers from Nyagatare, Kayonza, Rwamagana and atga(Eastern Province), Musanze
(Nothern Province), Kigali (Kigali Province), Muhga, Huye and Nyamagabe (Southern
Province), Rubavu, Karongi and Rusizi (Western Praes) were contacted and interviewed.

The areas of collection are shown in Figure 2.1.
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[1.2.2. Data collection

The study was conducted between April and Octob8éi7 2Targeting medicinal plants used
to cure malaria for which modern therapy is recomaeel by local ministry of health and
WHO, it was not easy to get the needed informafram traditional healers who are
supposed to follow the policy. Therefore, all ethot@nical information was obtained from
traditional healers who are already in contact whke local Institute of Scientific and
Technological Research whose French acronym is IR8dugh his Phytomedicine and Life
Sciences Research Programme, the former “CURPHAMETRhose traditional healers are
ready to collaborate and freely give all neededrmfation about the plants they are using.
Data were collected through a survey employingrumes based on a checklist of the
following questions: the name of traditional healarown signs and symptoms of malaria,
the name of the plant and the part(s) used totharelisease, the mode of preparation, doses,
side effects and contraindications. All data cd#dcwere analysed and compared to
available literature review. Voucher specimens ofahic species of our interest were

collected, identified by a specialist and depos#&elNational Herbarium (Butare).

[1.2.3. Collection of the plants

Plants were selected according to their frequeriayse in different regions, their use in the
most endemic regions, the fact that they are usedea(not in combination with other
preparations) and the fact that the plant has ebbgen or poorly studied for antiplasmodial

activity.
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UGANDA

TANZANIA

NORTHERN
PROVINCE

SOUTHERN
PROVINCE

Location of
traditional
healers
interviewed

BURUNDI

Figure 2.1 Map of Rwandan, provinces and residences traditional healers interviewed (adapted from
http://www.rwandaworks.com)

[1.3. RESULTS AND DISCUSSION

A total number of 74 traditional medicine practitgss were interviewed and as
recommended by the ministry of health in Rwanda thajority (almost 99 %) were
members of an association or cooperative. The nuofomen and women was quite similar
(53 and 47% respectively for men and women). Feliegdache and asthenia were the
common known symptoms of malaria but most of thepoedents did not distinguish
between malaria and fever. Only 3 traditional hea{eg 5 %) claimed that they used to treat
patients with malaria infection already confirmeg & health centre. Rwandan traditional
healers use mainly a mixture of various plantgeéattmalaria. Indeed, among 111 different
folkloric preparations recorded as malaria remededy 35 plants (31.7%) were used alone.
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However, we found that some medicine plants usedkedby some traditional healers are also
used in combination with other plants by their eafjues. It means that, traditional healers
use a combination of plants either to reinforcedkisting activity of one plant or to hide the
real active plant. Nevertheless, some plants aed @3 their antipyretic activity (example
Polygala luteoviridis), for their potent diarrheic or emetic activity st they have many
beneficial properties. Plants with emetic and theic activity likeRumex sp, andSolanecio
mannii are used because some traditional medicine poaeis believed that malaria
parasite can be eliminated by vomiting or by dieahSome plants such Atoe dawel,
Moringa oleifera are used for their therapeutic activity or nubritl values (Fahey, 2005)
and then are often added in many preparations.nfdjerity of traditional healers does not
have enough information about the biology of paeasnd try to treat the disease considering
the whole body. Based on available literature ievid Rwandan medicinal plants, 78 new
plants used for the treatment of malaria were folrds may be explained by the fact that
new traditional healers came in Rwanda from neighigocountries after 1994 Tutsi-
genocide and some vernacular names given by wadltihealers were from neighboring
countries. This is the case @anthoxylum chalybeum at Rusizi County where traditional
healers call the plant “igugu”, a Burundian nambereas the vernacular name of the plant in
Kinyarwanda is “intareyirungu”. It was also noticdit some plants coming from aboard are
cultivated in Rwanda and used to treat malariasTihithe case oRfzadirachta indica,
Artemisia annua, from Asia andCinchona officinalis already known for their antiplasmodial
activity (Druilhe et al., 1988; Prakash et al., 200onk et al., 2006). Different vernacular
names were attributed to one plant even in the sae®e For instancé&jthonia diversifolia’s
vernacular names are “Cyimbazi”, “lcyicamahirwelgitwelve”. Contrarily, some authors
attributed for one vernacular name different sdienthames which vary from known
synonyms. This case concerns “Umunyuragisaka” d¢aledonaea viscosa (L) Jacg. or
Solanum terminale Forssk. (Bloesch et al., 2009; Rwangabo, 1993) lalgo

Blepharispermum pubescens S. Moore (Desouter, 1991).
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Table 2.1 Plants commonly used for the treatment ahalaria in Rwanda and their non exhaustive ethnobi@nical information

Scientific and family
name

Local vernacular
name

Part
used

Frequency
(%0)

Ethnobotanical information

Conyza aegyptiaca (L.)
Aiton
ASTERACEAE

Wambuba

Leaf

36

Used alonc

1) A decoction of powdered dried leaves is made witttew The
solution obtained is filtered and one cup is gitleree times &
day.

2) An infusion is made with a handful of the leaf ahditer of
water and a cup is administered orally three timday.

In association with Aloe dawei & Clerondendrum fuscum: 3 leaves of

C.aegyptiaca + %2 leaf of A.dawei + many leaves ofC. fuscum are
crushed, added to 1 liter of water. The mixturkefsto boil and filtered
A sip of the filtrate is given 3 times a day. Threparation may be take
during 3 days in case of high fever and headaches.

In association with Prunus africana and Tetradenia riparia: a handful
of the leaf of each plant is grinded and 1 teaspobithe obtaineg
powder is added into one liter of water. A half aoipthe solution is
administered orally.

1

Microglossa pyrifolia
(LAM.) O.Kunte
ASTERACEAE

Umunyuragisaka

Leaf

31

Usedalone: a decoction is made with 2 handfuls of the leat & liter
of water. The solution obtained is filtered and ragpmately 250 ml of
the solution is orally given per day during 2 daydcohol is strictly
avoided.

In association with Solanecio mannii and Cassia didymobotrya: a
handful of the leaf is crushed and extracted witfbaml. After filtration
two and four tablespoons per day during 2-3 daystiddren and adult
respectively. Milk should be avoided.

In association with Tetradenia riparia: grinded leaves arextracted
with water and one cup is given 3 times a day thrlta(a total volume
of 1.5 | is enough for adult). For child (at led€d years of age)

UJ
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teaspoons per day are orally administered.

N

Cinchona officinalis L. | IKinini Leaf 26 Used alon: 2 tablespoons of powdered stem bark is extrastddone
RUBIACEAE (Quinquina) & cup of water and the filtered decoction obtainenhiatstered 2 times
stem day. The leaf is also used but it is less active.
bark In association(see other preparations below).
Vernonia amygdalina Del. | Umubirizi Leaf 26 In associationsee other preparations.
ASTERACEAE
Tetradenia riparia (Hochst) | Umuravumba Leaf 22 Used alon: An infusion is made with a handful of the leaflahliter of
Codd water and one tablespoon is orally administeredethimes a day. 4
LAMIACEAE child (under 7 years of age) may receive a quaftére adult dose.
In association: see other preparations
Solanecio mannii (Hook.f.) | Umutagara Leaf 16 Used alon: A decoction is made with 10 leaves and + 200 iwater.
Jeffrey A half of cup 2 — 3 per day. The solution obtaimediven with enougk
ASTERACEAE quantity of porridge to provoke vomiting.
In association with Mitragyna rubrostipulata and Gomphocarpus
semilunatus. A mixture of five leaves o8 manii and five leaves ofl.
rubrostipulata plus and a handful o€. semilunatus is grinded and
extracted with + 70 ml of water. A half of the situn obtained is adde
to 500 ml of banana wine and then used for 2 days.
In association with Microglossa pyrifolia and Cassia didymobotrya
(see above).
Eucalyptus maidenii (F. Inturusu yera Leaf, 15 Used alon: syrup is made with 5 tablespoons of the powdeheed
Muell.) fruit fruit and 1 liter of water and 3 tablespoons gieeally two times a day.
MYRTACEAE lt‘glLower Alcohol and milk should be avoided.

In association with Conyza aegyptia (leaf), Tithonia diversifolia (leaf
and flower), Solanecio mannii (leaf), Leucas martinicensis (whole
plant) and Indigofera arrecta (root): two tablespoons of the filtere

d

decoction made with all plant samples grinded igegiorally three
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times a day during 3 days. At the last day the deseduced. Alcoho
and milk should be avoided.

O

d
t

A1%

A1%

Tithonia diversifolia Cyimbazi Leaf 11 Usec alone: A decoction is made with a handful of the leadl dnliter of
(Hensl.) A Gray water. The dose is one cup 2 times a day.
ASTERACEAE In association with Physalis sp.: A handful of the two plant samplé
(leaves) is extracted with 2 liters of water. Thecaltion obtained i
filtered and 3 sips taken orally two times a dayeTiotal dose i
between 1 litter and 2 liters of the preparation
Rumex bequaertii Nyiramuko Root 11 In association with Zanthoxylum chalybeum and Cinchona
De Wild officinalis: the leaf, stem bark and root barkDfchalybeum, the stem
POLYGONACEAE L . .
bark ofC. officinalis and the root oR. bequaertii are dried and crushe
and a decoction is made with a mixture of %2 teagpaloeach plan
sample and one liter of water. One third of cuptled hot solution
obtained is administered orally three times a dagindg 3 days. Ong
teaspoon and tablespoon are given respectivelynfant and child (at
least two year of age). This preparation may be@pte for severe
Plasmodium fal ciparum malaria.
In association with Capsicum sp. + Nasturtium officinale + Ocimum
gratissmum + Tetradenia riparia + Bidens pilosa and Cinchona
officinalis: the leaf of each plant and the root of Cinchorea@usheg
and a decoction is made with some water. A hatfugf is orally given 3
times a day during 4 days. Alcohol must be avoided.
Aloe dawei Berg Igikakarubamba | Leaf 9 In association with other plants (see other pagmms)
LILIACEAE
Zanthoxylum chalybeum Intareyirungu Root 7 Used alon:
Engl. bark 1) A juice made with the stem bark of the plant isigitl in 250 ml
of water and the solution obtained given orallysingle dose
RUTACEAE

This preparation should be avoided in pregnant wome
2) A decoction is made with the root bark of the saaat.

D
(2]
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In association with Capparis fascicularis. from a tablespoon Q@
powdered root bark of each plant a decoction isenaidh 80 ml of

water. The dose is 3 tablespoons three times aTadgl dose is 80 ml.

Each plant may be used alone with double dose.
See above for other associations.

—h

Mitragyna rubrostipulata

(K.schum.)
RUBIACEAE

Umuzibaziba

Leaf

stem
bark

Used alon:: A decoction is made with a handful of the rootkbaf the
plant with 1 liter of water. One cup of the filtdreolution is given orally
three times a day.

In association with Indigofera arrecta (stem bark) and Conyza
aegyptiaca (leaf). The leaf ofM. rubrostipulata, C. aegyptiaca and the
stem bark of. arrecta are grinded. A decoction is made with a han(
of the mixture and 500 ml of water. The filteredusion is given orally,
in single dose divided in three doses regimentsipgr

iful

Fuerstia africanaT.C.E. Fr.
LAMIACEAE

Ubushohera

Leaf

stem

Usedalone:

1) A decoction is made with 5 crushed leaves and 256f water.
The dose is one tablespoon two times a day per
administration. Additionally, 2 drops of the infasi made with
some leaves are given in each nostril. Alcohol &hbe avoided

2) An infusion is made with a handful of the wholergland 1 liter,
of water and a cup is administered orally threeetira day.

In combination with Aloe dawei and Tetradenia riparia: the filtrate (+

250 ml) of the decoction made with crushed leavesvaater is given ir
single dose orally. The dose varies according ¢oatpe and the weigt
of the patient.

oral

Trimeria grandifolia
(Warb.) FLACOURTIACEAE

Umusabanyama

Leaf

Used alon::
1) Aninfusion is made with a handful of the wholergland 1 liter|
of water and tablespoonful given three times a day.
2) A half of a cup of the filtrate decoction is giverally in single
dose in the morning on an empty stomach.

In association with Vepris stolzii: a decoction made with the leaves

of
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the plants is filtered and given as a single dnsaarning.
Bidenspilosa L. Inyabarasanyi Leaf 4.5 Used alont: a decoction is made with a handful of the leaf ane liter
ASTERACEAE of water and a cup of the filtrate given orally Bv8 hours.

In association with other plant (see above)
Rumex abyssinicus Jacq Umufumba Root 4.5 Used alon: an infusion is made with a handful of the whalenp and 1
POLYGONACEAE liter of banana juice and tablespoonful given ttinews a day.

The plant specimen was identified Mgcroglossa pyrifolia (LAM.) O.Kunte by specialists of the corresponding family, viadsem National
Botanical Garden (Meise). Similarlifuerstia africana T.C.E. Fr.(“ubushohera”) is wrongly calle@rthosiphon australis. Table 2.1. illustrates
the most cited malaria herbal medicines by Rwardaditional practitioners and their ethnobotanicdbrmation. The results indicate that the
family of Asteraceae is much more used to cure naalln contrast, a recent study conducted in fubes National Park of Rwanda, revealed
that the most significant number of species usedute malaria belongs to the family of Lamiaceaah®yo et al., 2010). This may be
explained by the fact that the study areas wefferdifit. Indeed, this study focused only on plardsfVolcanoes Park whose flora is unique.
The leaf was the most used part; decoction, then made of preparation used by Rwandan traditioealdrs in the treatment of malaria
whereas oral administration was the common waydofiaistration. The majority of malaria herbal renesdis preferentially administered
twice a day: in the morning (rising sun) and in &dvening (setting sun) and it seems that middaypisvell considering. The only reason given
by traditional healers is that bad adherence wasrebd when a medicine was supposed to be takea for more) times a day. Overall, the
doses were adjusted according to the ages of tienpaAlcohol was the most cited contraindicatfolowed by milk but, in some cases local
banana wine was used as solvent or added to ptieparprobably to facilitate the extraction of aetingredients or to ameliorate the taste of
the preparation. In some cases especially paediateparations, honey was added to cover up tlitbar baste. Traditional healers explained

that alcohol must be avoided because it can destrthe given medicine. A great number of participants
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declared that they preparations are so safe teausside effect. However, according to the
respondents, some preparations from plants Myeroglossa pyrifolia should be taken
carefully because they can be toxic. Moreover, iticathl healers (Eastern Province of
Rwanda) said that herbal medicines used during sampariod are more diluted than the
ones prepared during the rainy or wet seasons.means that the concentration of the plant
extracts is somehow controlled. Most of the tinnaditional practitioners use to control the
concentration by checking visually the colour a thscosity of a preparation. In some cases,
we noticed that all details about the preparatiom @ot given. Indeed, it is sometimes
difficult for traditional practitioners to explaiexactly the quantity of water or the amount of
the used plant material but, they can also kespdtet. Based on the present ethnobotanical
survey, 13 plants were selected from which 19 samplere collected. Some medicinal
plants such aerminalia mollis and Aristolochia elegans used to treat but also to prevent
malaria were selected even if they are not mostciThe selected plants akeistolochia
elegans, Conyza aegyptiaca (L.) Aiton (Asteraceae),Fuerstia africana T.C.E. Fr.
(Lamiaceae)Markhamia lutea K.Schum (BignoniaceaeMicroglossa pyrifolia (LAM.) O.
Kunte AsteraceaeMitragyna rubrostipulata (K.schum.) (Rubiaceae)Rumex abyssinicus
Jacq (Polygonaceadlumex bequaertii De Wild (Polygonaceae¥olanecio mannii (Hook.f.)
Jeffrey (Asteraceae),Terminalia mollis (Combretaceae)Tithonia diversifolia (Hensl.) A
Gray (Asteraceae)lrimeria grandifolia (Warb.) (Flacourtiaceaefanthoxylum chalybeum
Engl. (Rutaceae). Excef@ mannii, all plant samples selected were collected in et
endemics area (USAID, 2010) (see Figure 2.2). Betbout the selected samples were
already reported (Muganga et al., 2010). A copysmdcimen for each selected plant was
deposited at the National Botanical Garden of BRmigi (Meise) to uncertain their
authentication. The selected Rwandan medicinaltplaray be interesting as source of new
antimalarial drugs. However, as the problem of gynds associated with environmental
challengers (Hansen et al., 2010), the availabditg sustainability of Rwandan medicinal
plants as a part of environment is a critical peoatl Indeed, some medicinal plants are used
as source of construction material or energy in mla@awhere, according to Rwanda
Environment Management Authority (REMA), 94 % ogthverall energy consumption of
the country is derived from biomass (REMA, 2010urtRermore, medicinal plants and
generally forest resources in Rwanda decreaseilstéstause of rapid population growth,
environmental deterioration, and in particular ladegradation caused by soil erosion
(UNDP/GEF-MSP, 2007).
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Figure 2.2: Place of samples collection and altites. Samples fromFuerstia africana,
Markhamia lutea, Microglossa pyrifolia, Mitragyna rubrostipulata, Rumex abyssinicus, Rumex
bequaertii, Solanecio mannii, Tithonia diversifolia and Trimeria grandifolia were collected in the
same area aonyza aegyptiaca, whereasTerminalia mollis samples were collected in the same
area asZanthoxylum chalybeum

Figure 2.3Aristolochia elegans Figure 2.4Conyza aegyptiaca
(from www.jardins-interieurs.com)
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Figure 2.7Microglossa pyrifolia Figure 2.8 Mitragyna rubrostipulata
(from www.zimbabweflora.co.zw)

46



Rwandan medicinal plants used in the treatment of @laria CHAPTER Il

Figure 2.9 Rumex abyssinicus Figure 12.10 Rumex bequaertii

Figure 2.11 $lanecio mannii
(from http://www.flickr.com )

—

Figure 2.13Trimeria grandifolia Figure 2.14Terminaliamollis
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Figure 2.16. Traditional healers from Nyamata (Eastrn Province, Rwanda)
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Figure 2. 17 Traditional healers from Nyamagabe Figure 2.18 Traditional healers from
(Southern Province, Rwanda) Muhanga (Southern Province, Rwanda)

Figure 2.19. Traditional healers from Bugarame Figure 220 Traditional healers from Karongi &
(Western Province, Rwanda) Rubavu (Western Province, Rwanda)

14/07/2007

Figure 2. 21. Traditional healers from Mutara (Easern Province, Rwanda)

49



Rwandan medicinal plants used in the treatment of @aria CHAPTER I

I1.4. CONCLUSION

Our ethnobotanical survey conducted in all provinceRwanda showed that local traditional
healers still use medicinal plants in the treatnoénhalaria although local ministry of health

and WHO strictly recommend using modern drug, Gma®, an artemisinin based

combination therapy. The survey allowed us to $el8mplants among the most widely used
for in vitro andin vivo antiplasmodial activity evaluation. Rwandan meatatiplants are

threatened by rapid population growth and soilieroand needed to be protected.
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CHAPTER Il EVALUATION OF ANTIPLASMODIAL ACTIVITY
OF RWANDAN MEDICINAL PLANTS USED IN THE TREATMENT
OF MALARIA

The ethnobotanical survey described in previouptenaallowed us to select some Rwandan
medicinal plants used in the treatment of mald?lant samples were collected in Rwanda,
air-dried, grounded under strict hygienic condisoand then transported in Belgium for
antiplasmodial activity evaluation. Firstly, plasamples were extracted with methanol,
dichloromethane and water and crude extracts stdmmiorin vitro antiplasmodial activity.
Plasmodium falciparum chloroquine-sensitive and chloroquine-resistaraiss were used.
Samples which exhibited an interesting antiplaswloalctivity were also evaluated for their
cytotoxicity. Then selected plant extracts werdei@sn vivo againstPlasmodium belghei

infecting mice.

This chapter is divided in two parts: the first tpdeals with thein vitro antiplasmodial
activity of selected plant samples whereas therstome provides thia vivo evaluation of

the antiplasmodial activity of selected plants axts.

1.2 IN VITRO ANTIPLASMODIAL ACTIVITY OF RWANDAN
MEDICINAL PLANTS USED IN THE TREATMENT OF MALARIA

The results from this study are summarised in ghblil article: Raymond Muganga, L.
Angenot, M. Tits and M. Frédérich. 2010. Antiplagiia and Cytotoxic Activities of
Rwandan Medicinal Plants used in the Treatment allakia Journal of Ethnopharmacology
128: 52-57.

Abstract

Aim of the study

In our study, methanol, dichloromethane and aqueatracts of thirteen Rwandan medicinal

plants used in the treatment of malaria were tefsteith vitro antiplasmodial activity.

Materials and methods

The growth inhibition of chloroquine-sensitiv®asmodium falciparum strain (3D7) was

evaluated using the measurement of lactate dehgdesg activity. The active extracts were
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also tested against the chloroquine-resisRlasmodium falciparum strain (W2) and for

cytotoxicity assay using human normal foetal luibgdblasts (WI-38).

Results

The majority of the plants tested showed an ardiptadial activity and the best results were
observed with dichloromethane leaf and flower estiaf Tithonia diversifolia, leaf extract

of Microglossa pyrifolia and root extract oRumex abyssinicus, methanol leaf extract of
Fuerstia africana, root bark extracts atanthoxylum chalybeum and methanol bark extract of
Terminalia mollis. Those extracts were activéC{, < 15 ug/ml) on both chloroquine-
sensitive and resistant strainsRddsmodium fal ciparum. Zanthoxylum chalybeum, Solanecio

mannii andTerminalia mollis presented the best selectivity index.
Conclusion

The traditional use of most of the plant evaluated confirmed by the antiplasmodial test.
This study revealed for the first time the antiplaslial activity of two plantsTerminalia

mollis andRumex abyssinicus.

.1.1. Introduction

Malaria is still a major public health problem, espally in tropical and sub-tropical regions.
It is estimated that, in 2006, 3.3 billion peoplere at risk of contracting malaria and that it
causes nearly one million deaths each year, mo$thfrican children aged below 5 years,
who are susceptible to this disease. In Sub-Salragians, 45 countries were endemic for
malaria in 2008 (WHO, 2008). In Rwanda, malariang of the leading causes of outpatient
attendance and one of the principal causes of mhitybn each province (PNILP, 2005). This
is despite the fact that bed nets, artemisinindbasenbination therapies (ACT) and indoor
spraying have reduced the prevalence of the dis@aaeello et al., 2007). The ACT
recommended in Rwanda is artemether-lumefantrimaut€nt), but the use of this drug is
very limited in some rural areas where the popotatprefer traditional, less expensive
preparations (WHO, 2008; Rwanda News Agency, 2088emisinin, isolated from the
well-known Chinese medicinal plaArtemisia annua, is one of the best compounds used to
treat multi-drug resistant strains Bfasmodium falciparum. However, artemisinin-resistant
malaria parasites were recently detected in Canab@ddiaude et al., 2009). There is therefore

an evident need for new anti-malarial drugs, andioneal plants constitute a reliable source
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of these. Many Rwandan medicinal plants are claitoete active against malaria but, in
most cases, there is insufficient explanationmfact, any scientific proof of the efficacy of

these medicines.

In the present study, based on ethnobotanicalatdtaned from Rwandan traditional healers
and a literature review, thirteen Rwandan medigntahts used to treat malaria were selected
and submitted ton vitro evaluation of their antiplasmodial and cytotoxid¢idties. These
plants are listed in Table 1. Samples collectedevagred, then extracted with methanol and
dichloromethane and the crude extracts obtaine@ wealuated forn vitro antiplasmodial
activity. The aqueous crude extracts of the mosteplants were also evaluated. Cytotoxic
evaluation was only carried out for crude extrastich showed antiplasmodial activity
(ICs0) < 50 pg/ml.

.1.2. Material and methods

[1.1.2.1. Plant material

Plant samples were collected from the Rwandan msgwhere malaria is most endemic,
East, South and South-West, in November 2007 amsligust to October 2008 (see Table
3.1.1). Each species was identified and one vauspecimen deposited in the Rwandan
National Herbarium at Butare and another at theéoNat Botanic Garden of Belgium at
Meise. All samples collected were air-dried at rommperature with no direct sunlight for 3
days, except the leaf d¥olanecio mannii which were dried during 5 days. Dried plant

samples were then pulverized using an electricatigr under strict hygienic conditions.

111.1.2.2. Preparation of extracts

Crude methanolic and dichloromethane extracts wbtained by maceration of 5 g of each
powdered plant sample three times in 25 ml of sdlvier 30 min under constant shaking at
room temperature. For each solvent, a new planpkamas used separately. The extracts
were filtered and evaporated to dryness under estipcessure with a rotatory evaporator.
For the aqueous extracts, 100 ml of distilled watere used to extract 2 g of powdered plant
material and the mixture obtained was boiled ftwolir. The solutions obtained were filtered
and the filtrate freeze-dried to obtain the driedde aqueous extracts. All extracts obtained

were weighed and their yield calculated.
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111.1.2.3. In vitro antiplasmodial assays

The culture of Plasmodium falciparum strains wasried out as previously described
(Frédérich et al., 2001). All crude extracts wevaleatedin vitro for their activity against a
Plasmodium falciparum chloroquine-sensitive strain (3D7) and the mosiva@xtracts were
also evaluated againstRhasmodium falciparum chloroquine-resistant strain (W2). For each
crude extract, a series of 8 threefold dilutiomer(f 200 to 0.09 pg/ml) was prepared, placed
in 2 rows of a 96-well microplate and tested iplicate. Artemisinin (98%, Sigma-Aldrich)
and chloroquine diphosphate salt (Sigma-Aldrichyjemesed as standards, and infected and
uninfected erythrocytes were added as positivereagative controls respectively. After 48
hours of incubation at 37°C, the level of parasiiaewas estimated by measuring lactate
dehydrogenase activity, as previously describechfkagne et al., 2006). The results were
expressed as the meansd@he concentration of a drug that reduced thel leivparasitaemia

to 50%).

111.1.2.4. In vitro cytotoxic assay

Cells from the human normal foetal lung fibrobleslti line, WI-38, was cultivated in vitro in
DMEM: Dubecco’s Modified Eagle’s Medium (Lonzo, Baim), which contains 5% of L-
glutamate (Lonzo, Belgium), 5% of penicillin-streptycin (Lonzo, Belgium) and 10% of
heat inactivated foetal bovine serum (Lonzo, BetgiuThen, the cells were incubated at 37
°C in a humidified atmosphere with 5% €®or each sample, 6 threefold dilutions (from
200 to 0.82 pg/ml) were prepared, placed in 3 roixs 96-well microplate and tested at least
twice. Camptothecin (Sigma) was used as a positwverol. After 48 hours’ incubation, cell
viability was determined by measuring the fibroblasitochondrial enzyme activity, as
previously described (Stevigny et al., 2002). Tésuits were expressed by the mean g§dC
of at least 2 independent assays and the selgcindex (the ratio between the cytotoxic

(WI-38 cells) and antiparasitic (3D7 strain) adyyiwas calculated.
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Table 3.1.1: Selected species, their scientific nasy parts used, voucher number and place of collézn (altitude)

LS

Scientific name of the plant (family), date Plant Voucher Voucher number Place of collection
part? number Meise Botanical (altitude)
Rwanda Garden, Belgium
Aristolochia elegans MAST (Aristolochiaceae), 2007 Seed 2007V39 BRO@3OI®3953 Huye (1 684 m)
Conyza aegyptiaca (L.) AIT (Asteraceae), 2007 L 2007V38 BRO0O000058B83 Huye (1 684 m)
Markhamia lutea K.SCHUM (Bignoniaceae), 2008 L 2008R17 BRO0O0000®093 Nyaruguru (1 753
m)
Microglossa pyrifolia (LAM.) O.KUNTE L 2007R1 BR0000005093977 Bugesera (1 413m)
(Asteraceae), 2007
Mitragyna rubrostipulata (K.SCHUM.) (Rubiaceae), L&SB 2008R19 BR0O000005093595 Nyaruguru (1 648
2008 m)
Fuerdtia africana T.C.E. Fries (Lamiaceae), 2008 L&S - BROOOOOO®®™B Huye (1 719 m)
Rumex abyssinicus JACQ (Polygonaceae), 2008 R 2008R15 BR0O00000509367ye (1 670 m)
Rumex bequaertii DE WILD (Polygonaceae), 2008 R 2007R3 BR00000058940Huye (1 600 m)
Solanecio mannii (Hook.f.) JEFFREY (Asteraceae)l 2007R2 BR0000005093472 Musanze (2 033 m)
'zrgromsinalia mollis LAWSON (Combretaceae), 2007, SB & - BR0000005087167 Ndego (1 592 m)
and 2008 RB
Tithonia  diversifolia (HENSL.) A GRAY F&L 2007R12 BR0000005093793 Huye (1 680 m)
(Asteraceae), 2008
Trimeria grandifolia (HOCHST.) warb. subsp. L 2008R16 BR0O000005093496 Nyaruguru (1 722

tropica (Burkill) Sleumer (Flacourtiaceae), 2008
Zanthoxylum chalybeum ENGL. (Rutaceae), 2007SB&RB
and 2008

m)
BR0000005087266 Ndego (1 377 m)

2F = flower; L = leaves; R=root; RB= root bark; Stem: SB = stem bark
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.1.3. Results and Discussion

Thirteen plants were selected, 19 samples colleatetl from these 46 extracts tested for
antiplasmodial activity on the 3D7 chloroquine sewes strain of Plasmodium falciparum.
According to WHO guidelines and previous resultsrfrour team (Pink et al., 2005; Jonville
et al., 2008)antiplasmodial activity was classified as followgghly active at IGo< 5 pg/ml,
promising at 5-15 pg/ml, moderate at 15-50 pg/mal iaactive at > 50ug/ml.

Most of the plants tested (77%) showed an antipbasah activity with 1Go < 50 pg/ml.

Twelve extracts showed a promising level of aghiiCso < 15 pg/ml) and seven of them
had a very high level of activity (ko< 5 pg/ml) against 3D7 and WZPlasmodium

falciparum chloroquine resistant strain). We found that tihehldromethane extracts were
generally more active againgiasmodium falciparum, but for some plant samples the
methanolic extracts were the more active ones. Nixteacts with a promising level of
activity (ICsp < 15 pg/ml) were assessed for their cytotoxicvégtin order to determine the

selectivity index (see Table 3.1.2).

Aristolochia elegans, Rumex bequaertii and Trimeria grandifolia did not show any
antiplasmodial activityin vitro, although they are traditionally used to treat amal
(Hakizamungu and Weri, 1988; Rwangabo, 1993). @biss not mean that those plants are
not active againsPlasmodium falciparum. Indeed, then vitro antiplasmodial activity was
assessed on the asexual erythrocytic stagélasmodium falciparum and those plants may
act on other stages of the parasite. Those pla@atg aso be activen vivo where the
pharmacokinetics and metabolic process are involvadi could therefore make the plant
samples active. This is the case with the methanedif extract oMarkhamia lutea, which
had already been reported to be actimevivo (Hakizamungu and Weri, 1988) with an
important growth inhibition ofPlasmodium berghel (62.1%) but was found to be inactive
vitro (ICso > 50 pg/ml). Most of the time, traditional healese a mixture of different plants
SO as to increase the activity but also to hider¢laé active plant. This means that some plant
samples, which did not show any activity in ourdstumight still be active against
Plasmodium falciparum. It must be noted that, often, traditional healdosnot distinguish
fever from malaria. Some medicinal plants usechatreatment of malaria, in combination
with others, may have antipyretic activity or magluce joint pain and therefore impact on
the patient’s recovenAristolochia elegans did not show any antiplasmodial activity and this

plant contains aristolochic acid (Jou et al., 20@dhich has already been reported to be
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nephrotoxic (Vanherweghem et al., 1993; Nortiealet2000). The seed of this plant is used

by some traditional healers in the prevention ofamia and this usshould be avoided.

111.1.3.1 Mitragyna rubrostipulata

The only active extract from this plant was itshliicomethane stem bark extract, which
presented a weak antiplasmodial activitysgl€ 39.9 ug/ml). Further studies are needed to
confirm the use of the root and stem bark of tlapin the treatment of malaria by Rwandan
traditional healers, as a metabolization step neydressary to obtain a good activity. The
stem bark is also used to treat intestinal wornspeeially amoebiasis and it also has
antibacterial and antifungal activities (Rwangali®93). Another species d¥litragyna,
known as Mitragyna inermis, has been found to be more active agaiRkismodium
falciparum (Fiot, 2005) and has proved to also have antibattactivity (Zongo et al.,
2009).

1.1.3.2. Markhamia lutea

Dichloromethane leaf extract showed a weak antipdaisal activity (IGo = 29 pg/ml) but in
another recent study (Lacroix et al., 2009), tinyledcetate extract was found to be two times
more active (IG = 10.2 pg/ml). The methanolic leaf extract of fhant has been reported
also to be activen vivo (Hakizimungu and Weri, 1988). Our results, togethigh the results

of these studies may confirm the use of the plantaditional medicine. The plant has other
therapeutic properties and has been identified pstential treatment for viral respiratory

infections (Kernan et al., 1998).

111.1.3.3 Conyza aegyptiaca

Conyza aegyptiaca is one of the most used plants to treat malari@wandan traditional
medicine. It is also used in the treatment of haare(Rwangabo, 1993). In our study, the
methanolic leaf extract of the plant showed a maideantiplasmodial activity (kg = 22.7
ug/ml) and was slightly more active than the diohioethane leaf extract (= 36.8
pag/ml). The methanolic leaf extract showed a lovwotmxicity (ICso = 80.9 pg/ml) but
presented a low selectivity index (3.6). Furtheidgtin vivo is needed to confirm the use of

the plant in traditional medicine and its absenc®xicity.
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Table 3.1.2:1n vitro antiplasmodial and cytotoxic activity and selectity index of the
selected samples

Species Plant Extract Yield 3D7 ICso W2 ICsq (ug/ml)=%* WI-38 ICs SI®€
part® (ug/mi)° (ug/mi)*©
Aristolochia Seed MeOH 5.4 > 50 Nd nd nd
elegans CH,Cl, 7.6 >50
Conyza aegyptiaca L MeOH 54 22.7+4.2 2466 £2.4 819+1.6 3.6
CHZCI2 7.6 36.8+6.0
H,0 31.7 >50
Markhamia lutea L MeOH 10.7 > 50 Nd nd nd
CH,CI, 1.7 29.0+0.8
Microglossa L MeOH 18.7 42+19
pyrifolia CHZCI2 7.4 15+0.1 24+0.1 47+0.8 3.2
H.0 25.2 14321
2
Mitragyna SB MeOH 16.1 >50 Nd nd nd
rubrostipulata CH.Cl, 0.9 39.9+28
L MeOH 29.9 >50 nd
CH.CI, 2.4 > 50
: : L&S MeOH 13.3 6.9+£2.3 41%+16 13.0+£2.3 1.9
Fuerstia africana CH2C|2 58 40.2
H,O 5.3 > 50
Rumex abyssinicus R MeOH 16.2 > 50
CHZCI2 7.4 43+2.0 3.1+1.2 13.3+0.9 3.1
H,0 45.4 > 50
Rumex bequaertii R MeOH 19.1 > 50 Nd nd nd
CH.Cl, 0.3 > 50
: . L MeOH 10.6 21634 26.2+0.1
Solanecio manni CHCl 42 18.2+6.0 127+28 1223+38 6.7
H,0 40.7 > 50
Terminalia mollis L MeOH 10.6 > 50 Nd nd
CH,CI, 4.2 > 50
SB MeOH 16.9 > 50
CH.Cl, 7.4 > 50
RB MeOH 26.3 11.7+0.9 189+1.6 77.2+8.9 6.6
CH.Cl, 0.4 > 50
H,O 34.23 33.5+0.3
Tithonia diversifolia F MeOH 14.9 8.1+3.3 6.5+19
CH2C|2 48.0 1.1+£0.3 1.0£0.3 53 £1.3 4.7
L H0 28.6 245+3.9
MeOH 5.7 1.2+0.4 1.5+0.4
CHCL 491 0.6+0.1 0.7+0.2 25+0.2 4.2
H,0 42.1 156+1.8
Trimeria grandifolia L MeOH 23.0 > 50 nd nd nd
CH.CI, 4.3 > 50
Zanthoxylum SB MeOH 12.3 425+0.4
chalybeum CH,Cl, 4.4 415+0.9
RB MeOH 16.8 4.2+2.7 1.9+£05 40.0+8.5 9.5
CH,CI, 3.7 6.2 £0.6
H,0 134 > 50
RB° MeOH 15.2 38.34£2.0
Artemisinin 0.0063 £ 0.0009 0.0024 £ 0.0005 nd nd
Chloroquine 0.0016 £+ 0.003 0.329 +0.110 nd nd
Camptothecin 0.0197+0.025 nd

2F, flower; L, leaves; R, root; RB, root bark; Serat SB, stem barK, root bark collected in
August; ¢ ICso values shown in bold express promising antiplasatodctivity; ¢ For
chloroquine, n = 11d, not determined.
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[11.1.3.4. Solanecio mannii

This plant, also calle8enecio mannii, is used by Rwandan traditional healers to tresima
but also fever, burns, abscesses, leprosy, antmdxpoisoning (Hakizamungu and Weri,
1988). The dichlomethane leaf extract of the ptmdwed promising antiplasmodial activity
(ICso = 18.2 and 12.9 pg/ml respectively on 3D7 and W#h a quite low level of
cytotoxicity (IGo = 122.3 pug/ml) and a significant selectivity ind&fx6.7. Our results were
able to confirm the use of the plant in Rwandaiti@ahl medicine. This plant is then a

potential source of a new anti-malarial drug.

[11.1.3.5. Terminalia mollis

The methanolic and aqueous root bark extract ofpthat are active againgiasmodium
falciparum with 1Csg values of 11.7 and 33.5 respectively. This justifihe traditional use of
the plant in the treatment of malaria, as wateussd as the solvent in the traditional
preparation. Subsequently, the cytotoxicity levEltlee plant was quite low (kg = 77.2
pag/ml) and its selectivity index was significantq6 However, further investigatian vivo is
needed to confirm its safety. The plant also hasfumgal, antibacterial and antiviral
activities (Maregesi et al., 2008). A recent st(iharegesi et al., 2009) reported nevertheless
that 80% methanol root extract has a very weak/ict{iCso = 125 — 150 pg/ml) against
Plasmodium falciparum. The difference in the results of both studies m@gxplained by the
fact that the plant samples were collected in tWf@ient regions and thélasmodium strains
used were different. The antiplasmodial activity akeady known in other species of
Combretaceae; the speciBsminalia bentzoe has already been reported to have a promising
effect onPlasmodium falciparum strains (Jonville et al., 2008) aff@ minalia bellirica on

the 3D7 strain (Valsaraj et al., 1997).

[11.1.3.6. Fuerstia africana

The whole plant without its root is used to trealania and fever in Rwandan traditional
medicine and the leaf is used to treat gonorrhBeafigabo, 1993). The methanolic leaf and
stem extract of the plant showed a very high aasiplodial activity towards both strains of
Plasmodium falciparum, 3D7 and W2 (I, = 6.9 and 4.1 ug/ml respectively) but the plant
was quite cytotoxic (165 = 13.0 pg/ml) and therefore the selectivity inaeas low (1.9). The

same antiplasmodial activity was already reportédtaura et al., 2007) but selectivity
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index were quite different. The high selectivitydéxes found in the paper from Muthaura
and co-authors could be explained by the factttiey calculated the selectivity indexes by
using Ckp for Plasmodium and Ggfor cells (and not G} in the two cases, as usual). One
compound, known as Ferruginol, has been previoislated from this plant and this
substance presented a strong antimalarial activitth an 1G, of 1.95 pg/ml, but also a
cytotoxic activity. Therefore, ferruginol is notdasirable antimalarial candidate (Koch et al.,
2006).

11.1.3.7. Rumex abyssinicus

The root of the plant is traditionally used to treaalaria, gonorrhoea, constipation,
poisoning, hepatitis, constipation and sciatic akgia, and the leaf is used to treat coughs
and gastric ulcers (Rwangabo, 1993). The dichlotharee root extract showed a very high
antiplasmodial activity (165 = 4.3 and 3.1 pg/ml on 3D7 and W2 respectivelg)date, there
has not been any scientific proof of the antiplagi@oactivity of this plant. The cytotoxicity
level of the same extract was not negligibles{l€ 13.3 g/ml) but there was a low to
moderate selectivity index (3.1). The cytotoxicitf this plant could nevertheless

compromise its medicinal use and more clarificategarding this toxicity is needed.

[11.1.3.8. Microglossa pyrifolia

The leaf of the plant is used traditionally agaimmstiaria, and for fever, pain relief, intestinal
worms, rheumatism, diarrhoea, gonorrhoea etc. irariRla and in many other African
countries (Rwangabo, 1993; Neuwinger, 1996). Agaeowethanolic and dichloromethane
leaf extracts of the plant presented a promisird)\ary high effect on 3D7 strain, with 4

values of 14.2, 4.2 and 1.5 pg/ml respectively. previous study had shown that the
lipophilic extract of the plant was active againmstlaria with an 16y = 10.5 and 13.1 pg/mli,

respectively on the chloroquine-sensitive strainvPand the chloroquine-resistant clone
Dd2. Two diterpenes, E-Phytol and 6E-geranylgetal®eoic acid, which have also been
found to be detectable in aqueous extract, have beend to be responsible for the
antiprotozoal activity of the plant (Kdhler et &002). The level of antiplasmodial activity
obtained in our study was higher than the one @yreaported. This slight difference could
be explained by the fact that we used differeratiissr of Plasmodium falciparum on the one

hand and, on other hand, by the fact that the ptamiples used came from different

countries: Rwanda and Ghana. Although the plant dagood effect onPlasmodium
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falciparum, its cytotoxicity level is relatively high (Kg= 4.7 pug/ml) and the selectivity index
moderate (3.2). The cytotoxicity and hepatotoxi@fythe plant is already described in the
literature (Zirihi et al., 2005; Mukazayire et &009).

[11.1.3.9. Tithonia diversifolia

The best antiplasmodial activities were found iaf land flower, especially when extracted
with dichloromethane (1.0 and 0.7 pg/ml). The metha leaf and flower extract presented
an interesting level of activity (1.2 and 8.1 g/mtd a moderate level of activity was found
with aqueous extracts (15.6 and 24.5 pg/ml respagtifor leaf and flower extract). An
artemisinic acid analogue was isolated from theuneastem of the plant and may contribute
to the antiplasmodial effect (Bordoloi et al., 199bhe aerial parts of the plant also contain
Tagitinin C, a lactone sesquitene with a very psng antiplasmodial activity, but this
component is also cytotoxic (Goffin et al., 20(Rgcently, the toxicity of the aerial parts has
also been shown in rats and this compromises th@futhe plant in the treatment of malaria
(Elufioye et al., 2009).

111.1.3.10. Zanthoxylum chalybeum

The plant is commonly used in traditional medicofeEastern African countries (Tabuti,
2008; Gessler et al., 1995). Different extractshef plant were analysed and the best results
were obtained with the methanolic root bark extf#€t, = 4.2 pg/ml (3D7) and 1.9 pg/ml
(W2)]. In vitro antiplasmodial activity of the plant has been presly reported (Gessler et
al. 1994; Runkunga et al., 2009). Our results vegrige similar to other 16 values already
reported for Kenyan and Tanzanian samples, exoefbiei case of aqueous extracts (Gessler
et al., 1995; Rukunga et al., 2009). The aqueooishark extract in the present study showed
a negligible activity towards 3D7, but previousdses have reported that this extract was
really active with 1Gy < 6 pg/ml (Gessler et al., 1994; Rukunga et &8l099. This noticeable
difference may be explained by the fact that themma used in this study was not fresh.
Indeed, plant samples used in this study were aeliein Rwanda and then analysed in
Belgium some months later. We found that the p&ambple collected in August, during the
summer period, was less active {J& 38.3 g/ml) than the one taken in November dutitgg
rainy season, suggesting that the rainy seasoppsopriate for the synthesis of the active
ingredients of our interest. It is known that tivee of collection and the locality of plant

material may play a major role in its beneficiabperties (Capasso, 1985; Gessler, 1994). In
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addition, the same methanolic extract presentedbtdst selectivity index from all plant
samples analysed (9.5). The level of cytotoxioityhe methanolic root bark extract shown
in this study (1G= 40.0 pg/ml) is similar to that already report&@&ifruhabwa et al., 2000).
This plant has a very promising antiplasmodial\éistiand a good selectivity index, and it
could be very interesting in further antimalarigidses if the problem of differences in

activity between batches is resolved.

[11.1.4. Conclusion

The majority of the plants analysed in this studgspnted an antiplasmodial activity, which
could justify their use in Rwandan traditional nede. This preliminary study confirmed the
interesting antiplasmodial activities of some pdamtiready used and studied in other
countries and revealed for the first time the dasmodial activity ofTerminalia mollis and
Rumex abyssinicus. Some plant samples, suchFagrstia africana, Rumex abyssinicus and
Microglossa pyrifolia, showed a very promising antiplasmodial activitgaiast two
plasmodial strains, but they were also cytotoxic darther investigations are therefore
needed to clarify which compound is responsibledone or both activities. Some extracts
were more active against the chloroquine resistdrdin than against the chloroquine
sensitive one (i.eZanthoxylum chalybeum and Fuerstia africana). This could be an
indication of a specific mode of action of thesdrasts againsP. falciparum. This study
indicated particularly that three plant®& minalia mollis, Solanecio mannii andZanthoxylum
chalybeum, have an important antiplasmodial activity andngigant selectivity index,

making them good candidates for further pharmadccébgtudy.
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1.2 IN VIVO ANTIPLASMODIAL ACTIVITY OF SOME RWANDAN
PLANTS USED IN THE TREATMENT OF MALARIA

The following sub chapter deals with vivo antiplasmodial assay conducted on selected
plant extracts, based on the results frionvitro antiplasmodial and cytotoxic assays. The
results from this subchapter are given in the foihg article under submission. Some results
were taken from a poster presented in the Trendataral Product Research: a PSE Young

Scientists Meeting (Crete, June 2011) (see anngxe 4

Abstract

Introduction

It is imperative to have new antimalarial drugs caese of a real increase of parasite’s
resistance to current drugs. Medicinal plants dtristan interesting source of new drugs
but, some plant extracts actiuevitro may be active or non vivo. Previous study reported
thein vitro antiplasmodial activity of some Rwandan plant &aiis, hence the need for them
to be also evaluated vivo.

Aim of the study

The aim of our study was to evaluatevivo the antiplasmodial activity and the safety of the
selected Rwandan medicinal plants used in the nieyat of malaria with a view to
developing them into improved traditional medicines

Methods

Plant extracts were selected according to theacselty index and thén vivo antiplasmodial
activity of aqueous, methanolic and dichloromethaxtracts was evaluated using the
classical 4 days suppressive testRbvasmodium berghei infecting mice. The activity of the
plant extracts was estimated as the percentagerasipemia inhibition and the possible
animal deaths were monitored.

Results

Four plants were selected namélyerstia africana, Rumex abyssinicus, Terminalia mollis
and Zanthoxylum chalybeum. The highest activity was observed with the methiarextract

of Fuerstia africana (> 70%) on day 4 and 7 post-treatment after ipgatoneal injection
and on day 7 using oral administration. After osalministration, the best parasitemia
inhibition was observed on day 4 post infectionhvitte dichloromethane extract Bfimex
abyssinicus (49 %) followed by the aqueous extract Tarminalia mollis (44 %) and
Zanthoxylum chalybeum (37 %). HoweverZanthoxylum chalybeum and Rumex abyssinicus
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extracts presented a high toxicity after intra{oereal injection with 0 % mouse survival on
day 1 post-infection wheredserstia africana was safer with 40 % mouse survival on day
20 post-infection.

Conclusion

Fuerstia africana has a very promising antiplasmodial activityvivo. Although most of
plants tested showed an antiplasmodial activityesofthem may be toxic. On one hand, the
use of those plants at low dose orally could be bat a chronic toxicity is still possible. On
the other hand, compounds responsible for the maledctivity of those plants may not be
equally responsible for their toxicity. Therefofferther investigations will be required to

clarify which compound is responsible for each\atgti

nm.2.1 . Introduction

Malaria remains a major public health problem embgc in Sub-tropical regions.
Worldwide, about 3.3 billion people were exposednalaria and the highest risk is in sub-
Saharan Africa regions where approximately 81%asts and 91% of deaths occur mostly in
children under five years of age and pregnant wo(iéHO, 2011). The rise and spread of
Plasmodium falciparum malaria resistance to chloroquine and sulfadopyranethamine
(Ginsburg et al., 2011) as well as the resistaridalaparum malaria vector to pyrethroids,
insecticides used to prevent malaria in endemionsgy is a serious challenge especially in
developing countries such as Rwanda (WHO, 2011)didfeal plants constitute an
interesting source of new drugs and worldwide thenmow a real interest in antiplasmodial
plants (Rasoanaivo et al., 2011). Many plant emdrdave early exhibited a promising
antiplasmodial activityn vitro and may be more or not actiwevivo. In our previous report
some medicinal plants used in Rwanda to treat matdwowed an interesting antiplasmodial
activity in vitro (Muganga et al., 20)0However, before those plants could be recommended
in the treatment of malaria, their activity andetgiin vivo should be evaluated. Therefore,
based on their antiplasmodial and cytotoxic agtjvibur plants,Fuerstia africana, Rumex
abyssinicus, Terminalia mollis and Zanthoxylum chalybeum were selected foin vivo
antiplasmodial assay. Those plants are used wadlty in many countries and the
antiplasmodial activity ofFuerstia, Terminalia and Zanthoxylum species is already well
known (Jonville et al., 2008; Koch et al., 2006nMai et al., 2010; Rukunga et al., 2009).
This work reports then vivo antiplasmodial activity of the selected plantsRiasmodium

berghei in mice.
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.2.2. Materials and methods

[11.2.2.1.Preparation of plant extracts

Crude methanolic, aqueous and dichloromethane p@atracts were prepared as early
described (Muganga et al., 2010) and then dissalvgdlyethylene glycol (PEG), in normal
saline (NaCl 0.9%) or in a mixture of 7% tween &td 3% ethanol according to their

solubility. The last vehicle was used for all plaatmples used intra-peritoneally.

111.2.2.2.In vivo antiplasmodial activity

Permission and approval were obtained for the pteseidy by the University of Liége
Ethical Committee for using animals (Case file nemi@21). All mice used were SPF
(Specific Pathogen Free) females approximately wdeks old (18-20 g) free from
Eperythrozoon coccoides andHaemobartonella muris and were obtained from Charles River
(France). The parasite used to infect micé’liasmodium berghei, NK173 strain.In vivo
antiplasmodial assays were performed based on l#ssical 4-day suppressive test as
previously reported (Frédérich et al., 2004; Jdewt al., 2008). Briefly, female Swiss mice
(5 mice /group) were infested Blasmodium berghei NK173 four hours before treatment.
Treatment doses (200 and 300 mg/kg of plant ejtnaetre given intra-peritoneally and
orally once daily from day O to day 3. On day 4 &ydhin mouse tail blood smears were
prepared and stained with Giemsa. Parasitaemia deteymined counting at least 500
erythrocytes under microscope. Chloroquine at 4kggboses and physiological serum (To)
or PEG were used as positive control and negativéral respectively. The percentage of
parasitaemia inhibition (activity) was determinedasuring the difference between the mean
number of parasites in the control group (100%) wade of the experimental group on day
4 and 7 using the formula below (Fidock et alQ£0

mean parasitaemia treated
% inhibition = 100 - x 100}
mean parasitaemia control
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1.2.3. Results and discussion

In our previous report (Muganga et al., 2010) soph@nt extracts exhibited a high
antiplasmodial activityn vitro with ICsg < 15 ug/ml. The cytotoxic activity of those plant
samples was then evaluated and selectivity indéarmdned. Based on the selectivity index
four plant extracts, methanol leaf and stem exi&&erstia africana, methanolic root bark
extract of Zanthoxylum chalybeum and Terminalia mollis and the dichloromethane root
extract of Rumex abyssinicus were selected. Firstly, the antiplasmodial assayivo was
done with tree plant extracts, the methanolic bvad stem extract dfuerstia africana and

the methanolic

120 98.8
100
30 T 70.04
61.19 I 6
€0 - 45.65 27 99
B Day 4
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Figure 3.2.1 Results ain vivo assay on parasitaemia inhibition in mice infecbgd
Plasmodium berghei. PEG (Polyethylene glycol) was used as negativetrcb and
chloroquine 4 mg/kg used as positive control. Mite= 5) received orally 300 mg/kg of
methanolic extract dfuerstia africana (leaf and stem)Terminalia mollis (root bark) and
Zanthoxylum chalybeum (root bark) separately during four days. The patiage of
parasitaemia inhibition indicated at the top offeaclumn was calculated for each plant
sample versus the parasitaemia in the control grakgn as 100 %.

root bark extract oTerminalia mollis andZanthoxylum chalybeum using oral administration.
On day 4 post-infection the methanolic extracZafthoxylum chalybeum exhibited the best
parasitaemia inhibition (37 %) followed by the nwaatblic extract ofFuerstia africana (25
%). On day 7, the highest parasitaemia inhibiti@s wbtained with the methanolic extract of
Fuerstia africana (70 %) followed by the methanolic extractT@ minalia mollis (45 %) (see

Figure 1). As methanol extracts Bf chalybeum and T. mollis did not exhibit a high activity
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in vivo and traditional healers use water as solvent eéir fpreparation, aqueous extracts of
Terminalia mollis and Zanthoxylum chalybeum, active alsan vitro, were also assessed for
their antiplasmodial activityn vivo in the same conditions as the dichloromethane root
extract of Rumex abyssinicus. On day 4 the activity of aqueous and methanoticaet of
Zanthoxylum chalybeum was quite similar (34 and 37 %) whereas the aguexdract of
Terminalia mollis was more active (44 %) then the methanolic on#)%see Figure 3.2.2).
This may be explained on one hand by the solubdftyactive ingredients in both solvents
and on the other hand by the fact that we usee@réifit batches. Unfortunately, we did not

determine the activity of plant samples on day @lbsiice from negative control

100 881_07
90
80
70 44.81
60 T 35.35 4616
50 T
40
30 m Day 4
20
10 0
O T T T T
Normal Chloroquine T. mollis Z. R.
saline water chalybeum abyssinicus
extract water CH2CI2
extract extract

Figure 3.2.2 Results ah vivo assays on parasitaemia inhibition in mice infedbyd
Plasmodium berghei. Normal saline (NaCl 0.9%) was used as negativareob and
chloroquine 4 mg/kg used as positive control. Micgroup of five received orally 300
mg/kg of aqueous root bark extractT@rminalia mollis and Zanthoxulum chalybeum as
well as a dichloromethane root extractRuimex abyssinicus separately during four days.
The percentage of parasitaemia inhibition indicasdthe top of each column was
calculated for each plant sample versus the pagmsit in the control group taken as 100
%

group had died before. In some cases standardtmevigalculated for the activity of plant
extract in one given group (five mice) was reldivhigh. This may be due to immune
response which differs from one mouse to anothém #ss study we use wild mice. The fact
that the antiplasmodial activity dfuerstia africana and Terminalia mollis on day 7 was

greater than the activity obtained on day 4 mayltem the low elimination rate of active
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ingredients from those plants or on the immune arse. Furthermore, it is known that
saponins stimulate lymphocyte proliferation (Addale, 2012; Jianshuang et al., 2011) and
their presence iferminalia mollis extract given to infected mice may help. Methanotiot
extract ofRumex abyssinicus showed a good antiplasmodial activity on day 4tqrdection
(46.16%). Methanolic root bark extractsTa minalia mollis andZanthoxylum chalybeum as
well as the dichloromethane root extractRuimex abyssinicus have a good antiplasmodial
activity in vitro (ICsp < 15ug/ml) (Muganga et al., 2010). However, those extrace less
activein vivo suggesting that the oral absorption of active idgmats from those plants may
be poor. Therefore, we tried to measure the astipdalial activity of the two plant extracts
using intra-peritoneal administration. Thevivo antiplasmodial assay using intra-peritoneal
route was carried out for four plant extracts, ngmeethanolic extract ofFuerstia africana,
Terminalia mollis andZanthoxylum chalybeum as well as the dichloromethane root extract of
Rumex abyssinicus. Only Fuerstia africana extract gave good results with parasitaemia
inhibition of 74 % and 71 % on day 4 and 7 respetyi whereas, mice which received
Zanthoxylum chalybeum and Rumex abyssinicus extract (separately) did not survive more
than one day post-treatment (see Table 1 below)idus study reported the antiplasmodial
and cytotoxic activity of ferruginol, the activegiredient fromFuerstia africana (Koch et al.,
2006). However, the plant presented a good mouséval time indicating that either
ferruginol toxicity in mouse is weak, or the lewdlthe toxic compound is very low in the
plant. Other constituents of the plant may also uheté its activity. All mice which received
the methanolic root bark extract daénthoxylum chalybeum died within 5-10 minutes after
intra-peritoneal injection indicating the high toity of the extract in mice. The toxicity of
this plant may result from its quaternary alkalojeuwinger, 1996) in particular candicine
which was early reported to have prominent curamfostimulating nicotinic and paralyzing
nicotinic actions (Takeshi et al., 1974). Furtheregust before sudden death, mice revealed
convulsions and paralysis and those symptoms wleeady observed in mice after intra-
peritoneal injection of candicine (Hori et al., DI8AIl mice treated withiRumex abyssinicus
extract died one day post-treatment. This plantbetdd already cytotoxicity toward human
normal foetal lung fibroblast cell (WI-38) but tbtempounds responsible for this toxicity are
unknown so far. The majority of mice treated wigrminalia mollis extract died on day 2
post-infection and only one mouse survived unty 88 post-treatment; suggesting that the
plant extract is also toxic in mice. The toxicitfyTerminalia species was previously reported

and may be attributed to saponins (Bulus et aD;720r to hydrolysable tannins (Mbwambo
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et al., 2007). We tried then to check if hydrolyisalannins present iferminalia mollis such

as punicalagin and its derivatives are respondibtethis toxicity. For this purpose, a
methanolic extract free of hydrolysable tannins wasde using a size exclusion column
(sephadex) and then administered intra-peritondallynice. The majority of mice (60%)
treated with this preparation free of hydrolysatalenins died within 6 days after infection,
meaning that other constituent may intervene in ttinacity of the plant. Moreover, a
condensed tannin called terminalin (MW= 603) issdiafrom Terminalia oblongata was
reported to be toxic (Oelrichs et al., 1994) and thxic compound may be also present in
other Terminalia species such asTerminalia mollis. Unfortunately, we were not be able to
verify the presence of this toxic condensed tammiaur preparation as the compound is not
commercialised. The toxicity of the plant was afseviously attributed to its saponins

contents (Bulus et al., 2007).

Table 3.2.1. Viability of the mice infected byPlasmodium berghei after plant extracts
treatment per oral and intra-peritoneal administration

Plant Extract tested Mouse survival time (day) (n=p
Per oral Intraperitonially
Fuerdtia africana (L&S) | Methanol extract 11.8+6.7 176+1.2
Terminaliamollis (RB) | Methanol extract 7.8+04 6
Aqueous extract 8.2+6.1 -
Aqueous extract free of tanning - 9.2+39
Zanthoxylum chalybeum | Methanol extract 14.2 +5.98 0
(RB)
Aqueous extract 10.6 £5.3 -
Rumex abyssinicus (R) | Dichloromethane extract 7.4+6.5 1

L, leaf; S, stem; R, root; B, bark. RB, root bark

as they possess deleterious haemolysing effearaulating red blood cells (Lacaille-Dubois

et al., 1996). However, haemolysis test done oneags and methanolic extract of
Terminalia mollis at a concentration of 200g/ml revealed no haemolysis effect from the
extracts (results not shown) suggesting that abffetic dose there no toxicity of the plant
from its saponins. After oral administration of 36@®/kg methanolic root bark extract of

Terminalia mollis per day during 3 days, no acute toxicity was olesin uninfected mice.
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This means that malaria causedRbgsmodium berghel in mice influences negatively mouse

survival time.

.2.4. Conclusion

From all plant samples testéa vivo, Fuerstia africana has the best antiplasmodial activity
and good survival time after oral and intra-pergainadministration. It would be interesting
to carry out further investigations on this plaBuen if extracts fromTerminalia mollis,
Zanthoxylum chalybeum and Rumex abyssinicus exhibited antiplasmodial activity vivo, we
must pay attention on the use of those plantsaditional medicine especially when they are
continuously used or used at high doses. Furthécdlmgical studies are then recommended
to guaranty the safety of those plants. Nevertselastive ingredients from those plants may
not be toxic and the isolation and determination tleé active compound are under

investigation.
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PART TWO

Like the first part, the second comportment of thesk is divided in two chapters:

- Chapter IV which reports the identification of thetive ingredient(s) responsible for
the observed antiplasmodial activity bfmollis, other antiparasitic activities and the

possible anti-inflammatory activity of the plant;

- Chapter V deals with the isolation and the idecdiion of the main antimalarial
constituent(s) oZ. chalybeum, the effect of the crude extracts of this plantobimer

parasites and the evaluation of its anti-inflammato

CHAPTER IV ANTIMALARIAL COMPOUND(S) FROM
TERMINALIA  MOLLIS AND THE
EFFECT OF THE PLANT ON OTHER
PARASITES AND ON INFLAMMATION

Based on the results from previous chapters, twatplnamelyl. mollis andZ. chalybeum,
were selected for further phytochemical and phaategical studies. This chapter provides
the results from the investigation performed on thet bark ofT. mollis. This chapter is
divided in three parts. Firstly, the active ingesdiresponsible for the antiplasmodial activity
of the plant was isolated and determined. Secofdiypllis root bark extracts were assessed
for their possible effect on other parasites lig@anosoma, leishmania and amoeba. Thirdly,
the extracts were evaluated for their anti-inflartonaactivityin vitro.

This chapter is presented as an article whichbelsubmitted in the near future.

In vitro antiplasmodial, antileishmanial, antitrypanosomal, antiamoebic and anti-

inflammatory activity of Terminalia mollis root bark
Abstract

Aim of the study. In this study, the antiplasmodial, antitrypanosbmantileishmanial,
antiamoebic and anti-inflammatory activities Términalia mollis root crude extract were
investigatedn vitro. The total polyphenol contents were determinedthadactive ingredient

responsible for the antiplasmodial activity of filant identified.
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Material and method: The antiplasmodial activity was tested on chloiog-sensitive and
mefloquine-resistanPlasmodium falciparum strains (3D7 and F32). The antitrypanosomal
and antileishmanial activities were evaluatadvitro respectively onlrypanosoma brucel
brucel (strain 427) (Tbb) and promastigotes dfeishmania mexicana mexicana
(MHOM/BZ/84/BEL46) (Lmm). The antiamoebic activityvas investigated using an
Entamoeba histolytica strain from a patient with acute amoebic dysentérige total
antioxidant activity was carried out using 2;a2inobis-3-ethyl-benzothiazoline-6-sulfonic
acid (ABTS ") radical cation decolorization assay. The anfiaimimatory activity of the plant
was determined by evaluating the effect of crudieaeks on reactive oxygen species (ROS)
production and on myeloperoxidase (MPO) releasepbgrbol 12-myristate 13-acetate
(PMA)-stimulated equine neutrophils and on purifegiine MPO activity using lucigenin-
enhanced chemiluminescence (CL) and Specific Imatogical Extraction Followed by
Enzymic Detection (SIEFED). Total polyphenol andirim content were determined as

described by European Pharmacopeia 7.0.

Results Crude methanolic and aqueous extract§@fminalia mollis root bark showed a
very promising antiplasmodial activity (4¢3.76 and 5.59 pg/ml respectively) and ellagic
acid was identified as the active constituent{kE£0.175 pg/ml). The methanolic, aqueous
crude extract and aqueous crude extract free oirtarexhibited good growth inhibition on
Tbb (1G503.72, 6.05 and 4.45 pg/ml respectively) but weeetive against Lmm (163> 100
pg/ml). The ethanolic crude extract of the plardptiyed a moderate antiamoebic activity
(MIC < 250 pg/ml). A very interesting anti-inflammatorgtiaity was observed with 50%
hydroethanolic, agueous crude extracts and aqueroge extract free of tannins @& 5
pa/ml for ABTS, CL, and SIEFED assay).

Conclusiort This study revelled for the first time the anfganosomal, antiamoebic and anti-
inflammatory activity ofTerminalia mollis as well as the presence of ellagic acid in aglgcon
form which plays a main role in the aforementionprbperties particularly in the
antiplasmodial activity. More researches on thenplre needed and its eventual toxiaity

Vvivo is under investigation.
IV.1. INTRODUCTION

Many studies have focused on the importance of oraliplants in the treatment of various

diseases. The management and control of malaypariosomiasis, leishmaniasis and
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amoebiasis is still among the major health problexapecially in developing countries
(WHO, 2007; WHO, 2008; WHOb, 2010).

Terminalia mollis M.A. Lawson (Combretaceae) is one of Rwandan niealiplants used to
treat malaria and gastrointestinal diseases. Thpt pt elsewhere used to treat diarrhoea,
gonorrhoea and may be beneficial for the managerardtthe control of HIV diseases
(Kisangau et al., 2007; Maregesi et al., 2010)aftsfungal and antibacterial activities were
all ready indicated (Baba-Moussa et al., 1999; ideseet al., 2008).

Several plant preparations are used to treat vagastrointestinal disorders in Rwanda and
most of time local traditional healers do not digtiish different intestinal parasites. It is
already known that some plants may be active agaarsous parasites (Asres et al., 2001;
Fernandez et al., 2010; Morais et al., 2012). Thisans thatTerminalia mollis based
preparation used by traditional healers to trealan@and gastrointestinal disorders (not
specified) may also treat amoebiasis and eventballgctive against other parasitosis such as
leishmaniasis, trypanosomiasis. Furthermore, imalsamoebiasis is often responsible for
diarrhoea (Tona et al., 1998) on which, accordmgraditional healersferminalia mollis is
active (Liu et al., 2009).

The antiplasmodial activity of the plant was pregly reported (Muganga et al., 2010) but

active constituents responsible for this activiéed to be identified.

Previous phytochemical study ®f mollis reported the presence of polyphenolic compounds
in stem bark (Liu et al., 2009) and the plant eitbiba good antioxidant activity (Masoko et
al., 2007). Polyphenolic are known to have manyapeutic properties such as antitumor,
antiviral and anti-inflammatory (Kurokawa et alQ®; Owen et al., 2000; Paixao et al.,
2007). The investigation of the anti-inflammatoffeet of T. mollis may also be helpful as
this activity may play an important role in redugitissue damage caused by various

pathogens or irritants (Rosdahl et al., 2008) et to prevent various diseases.
Many methods were already developed to evaluateatii®xidant and anti-inflammatory
property of various samples. In this study, prmretaluation of anti-inflammatory activity,

the total antiradical capacity of different rootrba&rude extracts were evaluated using the
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well known ABTS assay (Miller et al., 1996; Re &t 4999). This assay measures radical
scavenging capacity of the extract by reducing pne-formed radical cation ABTS
generated by oxidation of ABTS with sodium persgfeEven if reactive oxygen species
(ROS) are produced by normal cellular process atgl flor immune function, their excessive
production can also cause various diseases sudfiaamation (Conforti et al., 2008). This
may happen when the quantity of ROS exceeds thmalogphysiological level which is
controlled by the antioxidant defence systems & libdy (Masoko et al.,, 2007). On one
hand, we investigated the anti-inflammatory propert plant extracts by evaluating their
capacity to reduce ROS produced by stimulated eguautrophils using lucigenin-enhanced
chemiluminescence (CL) and their modulatory activin myeloperoxidase (MPQdy
SIEFED on the other hand. MPO is a hemic peroxidassent in the granules of the
neutrophils involved in the inflammatory respong®i{nen et al., 2007; Van Antwerpen,
2006). Indeed, MPO play a major role in acute amemic inflammation (Deby-Dupont et
al., 1999). SIEFED is new orginal method develofedtudy the direct interaction of some
molecules with the enzyme MPO (Franck et al., 2006)

The present study reports firstly the identificataf the active ingredient responsible for the
antiplasmodial activity ofl. mollis and then then vitro antitrypanosomal, antileishmanial,

antiamoebic and anti-inflammatory activities of fiant.

IV.2. MATERIAL AND METHODS

IV.2.1. Plant material

Root bark samples daf. mollis were collected from Eastern Province of Rwand®atober
2010. After authentication a voucher number waemgi(BR0O000005087167). The voucher
species of the plant was deposited at the Rwanddiomhl Herbarium (Butare) and another
at the National Botanic Garden of Belgium (MeisE)e samples were treated as previously
reported (Muganga et al., 2010). Commercial Gregm Was obtained from Tilman®
Pharmaceutical plant (Liege Pharmaceutical plarg/giBm) and Rwandan green tea

purchased from Rwandan Mountain Tea Rubaya-NyabdauFactories.
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vV.2.2. Bio-guided fractionation

In our previous report, the highest antiplasmodielivity of the plant was found with

methanol extract (Muganga et al., 2010), which ween fractionated to isolate active
constituents. Crude methanolic root bark extraas wbtained by macerating 500 g of the
plant material with 6 L of methanol for 72 hoursrabm temperature. Extracts were then
evaporated to dryness under reduced pressure. igaotlof the methanolic extract was
solubilised in a mixture of methanol and water J&Rd then consecutively extracted with
hexane, ethyl acetate and water. Fractions wetedidar antimalarial activity and the most
active fraction was fractionated by preparativehhgerformance liquid chromatography
(Armen Instrument AP 100) (size exclusion (Fract®@géSK HW-40 (s) (Merck, Germany)

and SEPHADEX® (Sigma-Aldrich, Belgium) to isolaterp compounds which were also
tested. HPLC (Agilent Technologies 1200 seriesjf@ala) analysis was performed using
acetonitrile — pure water as mobile phase, withdigrg mode and a Hypersil ODS C18
column (Alltech). Methanol was used to separateppmmd on fractogel while ethanol and
pure water were used as eluents for SEPHADEX. Pomgounds were further submitted to
NMR (Bruker Avance 500 MHz DRX 500 pectrometand mass spectroscopy (Micromass

ESI-Q-TOF Il instrumentjo determine their chemical structures.

IvV.2.3. Antiplasmodial activity

Crude methanolic, aqueous extracts and differeadtibns of the plant were prepared as
previously reported (Muganga et al., 2010) and stibchto in vitro antiplasmodial test

against two Plasmodium falciparum strains, 3D7 (chloroquine-sensitive) and F32
(mefloquine-resistant). Th&lasmodium falciparum mefloquine-resistant strain F32 was
chosen because it is coming from Tanzania, a cpuhbse to Rwanda where the plant is
used to treat malaria. The culture of the parasiés carried out as already described
(Frédérich et al., 2001) and the antiplasmodialvigtassay was performed according to the
method previously reported (Muganga et al., 20P3)emisinin (98 %) and chloroquine

(Sigma-Aldrich) were used as reference, all samplere tested in triplicate and the results

expressed as mean * standard deviation (SD).

IvV.2.4. In vitro haemolysis with plant extracts

Methanolic and aqueous root bark extract afnollis at a final concentration of 200 and 100
pg/ml in DMSO (1%) were tested with 10 % freshlyp&éenised human blood (A+) in
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phosphate buffer (PBS). To 10 ul of plant extra@® ful of 10 % human blood was added
and the mixture incubated for 1 hr under constamat slow shaking at room temperature.
After incubation, solutions were centrifuged fombn at 2000 rpm in Eppendorf centrifuge
5417 R (Hamburg, Germany). The supernatant wasvedand the absorbance (A) of
liberated haemoglobin measured at 550 nm with $@eltbtometer Perkin Elmer Wallac
Victor® (USA). DMSO (20 %) (Sigma-Aldrich, Belgium), Tritorl00 (20 %) and PBS
(Lonza, Belgium) were used respectively as solvgasitive (100 % haemolysis) and
negative control. Each sample was analysed inda and mean + S.E. was calculated. The

percentage of haemolysis was calculated as follows:
% haemolysis: [(A product — A solvent) / (A tritenA PBS)] x 100

IV.2.5. In vitro antitrypanosomal and antileishmanial assay

Samples free of tannins were prepared accordirgguropean pharmacopeia 7.0 (2.8.14).
Briefly, plant material was powdered to a size 5% 21m; a known amount was placed in 150
ml of distilled water and boiled in water-bath &0iC for 30 min. After cooling, the mixture
was filled to 250 ml with pure water then filtratddide powder was added to an aliquot and
the mixture shaked for 1 hr at room temperaturaerAfiltration, the filtrate obtained was
freeze-dried to give a crude aqueous extract ffemrmins. All dilutions and extraction

operations were protected from light.

The blood-stream forms dfrypanosoma brucei brucei (Tbb) strain 427 were cultured in
HMI9 medium which contains 10% heat-inactivatedd@béovine serum and incubated at 37
“C in a humidified atmosphere with 5% €@ already described (Hirumi et al., 1994).

The strain MHOM/BZ/84/BEL46 ot.eishmania mexicana mexicana (Lmm) in prostigote
form was cultivatedn vitro in a semi-defined medium (SDM-79) (Brun et al.949Brun et
al., 1979), supplemented with 15% heat-inactivdteztal bovine serum and incubated at
28C.

Thein vitro antitrypanosomal and antileishmanial activity tnp extracts was evaluated as
previously described (Hoet et al., 2004). Threga=ts were tested, methanol, aqueous and
agueous crude extract free of tannins and ellaga:. Suramine and Amphotericine B were
used as positive controls for antitrypanosomal fomdantileishmanial activity respectively.

Plant material samples and positive controls weepgred as described (Bero et al., 2011)
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and tested in duplicate. The results were expreasdtie mean Kg (the concentration of a

product that can reduce the level of parasitaemn&90).

IV.2.6. In vitro antiamoebic test

Crude hydro-ethanolic extract was obtained by nemer of 40 g of the powdered plant
material with 400 ml of 70% ethanol for 24 hourg@m temperature for 30 minutes under
constant shaking. The mixture was filtered and fiheate evaporated to dryness under

reduced pressure.

In this study, thézntamoeba histolytica strain used is a laboratory strain isolated fratigmt
with acute amoebic dysentery and was kindly offdogdProfessor G. Muhirwa from the
Department of Medical Biology, University Teachingdospital at Butare (Rwanda).
Entamoeba histolytica was cultured in sterile test tube containing SomBalamuth medium
(egg yolk based medium) (Anastopoulos et al., 1990 infected medium was incubated at
37°C and parasitic growth controlled one week beftwe test. Amoxicillin was added to
avoid contamination and pH maintained at 7 — 7 #wiluted NaOH. Neubauer’s cell was
used to determine the daily parasitaemia and oaljures presenting suitable growth of
motile forms were selected for the test. Metronad@z Axopharma, Belgium) was used as
standard while infected and uninfected medium plagee role of positive and negative
controls respectively. The number of amoeba in amtaminated tubes was estimated to be
approximately 2.5 millions/ml. To investigate anti@ebic activity, plant extract in the final
concentrations range of 0.007 — 2 mg/ml was addeal geries of test tubes containing the
contaminated medium. All tubes were filled up wétierile cotton, stirred and incubated at

37°C for 72 hours. Each test was performed in dugicat
IvV.2.7. Anti-inflammatory activity

IV.2.7.1. Measurement of antioxidant capacity

Crude hydro-ethanolic extract was obtained by nedmer of 2 g of the powdered plant
material with 3 x 25 ml of 50% ethanol for 30 miesitunder constant shaking at room
temperature. The mixture was filtered and thedi#revaporated to dryness under reduced

pressure. Samples free of tannins were preparddsasibed in section 2.5.

The total antiradical capacity of crude extractssweetermined using 2, 2'-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid (ABT$ radical cation decolourisation (Re et al.,
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1999). An amount of ABTS was oxidised overnightdark and at room temperature by
sodium persulfate to generate ABTSABTS™ was diluted 200 times with methanol to
obtain the absorbance of 0.800 £ 0.1 at 740 nmedharude extracts, hydro-ethanolic,
aqueous and aqueous crude extract free of tanmers, prepared at different concentrations
in water and in DMSO. Gallic acid (Sigma-AldricheglBium), ellagic acid (Alfa Aesar,
Germany) and a mixture of punicalagin A (30.7%) &85.6) (Chromadex, California) were
used as standards and methanol as blank sampliqiet of 20ul of standard solutions (at
different concentrations) and plant extracts aéjito 0.4, 2, 4, 10, 20 and 4@/mL final
concentration, were added to 198®f diluted ABTS™. The mixture was left to stand for 90
minutes at room temperature in dark room and thenabsorbance read and recorded. The
percentage decrease of absorbance was calculasdamiag that the absorbance of the

solvent (pure water or DMSO) is equal t0100% ang &Stimated.

IV.2.7.2. Isolation of equine neutrophils

Horse blood was drawn from the jugular vein of tleahorses fed and bred in identical
conditions (Faculty of Veterinary Medicine, Univigysof Liége, Belgium) using EDTA as
anticoagulant. Neutrophils were isolated usingistahtinuous percol density gradient as
already reported (Pycock et al., 1987). For eatthbaf neutrophils, 60 ml of blood from one
horse was used. The neutrophils were carefullyect#d, washed with two volumes of
physiological saline solution and resuspended imR0 phosphate buffered saline (PBS) (at
pH 7.4 with 137 mM NaCl and 2.7 mM KCI). The celere used within 4 hours and each
experiment was repeated at least twice with diffebatches of neutrophils.

1V.2.7.3. Measurement of the ROS produced by neutrophils activated with PMA (CL assay)

The level of ROS produced by activated neutroplvds determined by lucigenin-enhanced
chemiluminescence using a method adapted from Beklet al. (Benbarek et al., 1996).
Briefly, neutrophils suspensions were distributedhe wells of a 96-well-microtiter plate
(10° neutrophils per well) (white combiplate 8, FislSaientific) and incubated for 10 min at
37°C with PBS-solutions of the extracts. (mollis and green tea) at final concentrations of
0.4; 2; 4; 10; 20 and 40 pg/ml. After 10 min inctima, 25 pl of CaGl (Merck, VWRI,
Leuven, Belgium), 2 pl of 5 uM lucigenin and 25 q¢fl 16 uM PMA (Sigma, Bornem,
Belgium) were added. The chemiluminescence of gutraphils was immediately monitored

for 30 min (Fluoroscan Ascent, Fischer Scientiiod expressed as the integral value of the
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total CL emission. Gallic acid, ellagic acid andnature of Punicalagin A & B, initially
dissolved in DMSO, were used as references at éioatentration of 0.01; 0.05; 0.1; 0.5; 1;
2 and 4 pg/ml. Stimulated neutrophils incubatechwRBS containing 1% of the vehicle
(DMSO or pure water) instead of plant extracts wsed as control and taken as 100% of CL
response. The percentages of inhibition for all as were calculated in relation to the

control.

IV. 2.7.4. Viability test

This test was carried out to verify if the decreasehemiluminescence response is not due to
the toxicity of the samples analysed. For that eeduthe Trypan bleu exclusion test (Tenant,
1964). Samples at a final concentration of 20 a@dtg/ml for plant extract, and 2 and 4
ng/ml for references were incubated for 40 min wittstimulated neutrophils (1@ells) in
PBS. After incubation, the percentage of viabilitggs microscopically estimated for each
sample. Unstimulated neutrophils and DMSO or waiterplace of sample were used as

control.

IV.2.7.5. Measurement of active MPO by SEFED method

The SIEFED method allows to specifically detectig active equine neutrophil MPO
(Franck et al., 2006). This method includes thteps the first one consists of the extraction
of MPO from a solution or a biological sample byaffic immobilised antibodies followed
by a washing step to eliminate all other compourfdhe sample (proteins, modulating and
interfering substances) that do not bind to théadies. The third step deals with timesitu
detection of the nitration-peroxidasic activity BPO using 10 uM KO, (Merck, VWRI,
Leuven, Belgium) and nitrite anions (Sigma, Born&wglgium) as reaction enhancer and the
fluorogenic substrate Amplex® Red (Molecular Probegitrogen, Merelbeke, Belgium).

The MPO solution (50 ng/ml) was prepared from pedifequine MPO diluted in PBS at pH
7.4 with 5 % Bovin Serum Albumin (BSA) (Bornem, Beim) and 0.1% Tween 20 (Merck,
VWRI, Leuven, Belgium). The extracts and referensese incubated for 10 min with MPO
at a final concentration of 25 ng/ml. After incubat the solutions were placed in the well of
SIEFED microtiter plate already coated with ralgmtyclonal antibodies (3 pg/ml) against
equine MPO and then incubated again for 2 h & 37 darkness. This immunoextraction
step, during which MPO is specifically captured twe antibodies, was followed by 4

washing steps with PBS/Tween solution. The pemsedactivity of MPO was measured
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after adding 100 pl of a 40 uM Ampex® Red solutimshly prepared in phosphate buffer
(50 uM) containing KO, (10 uM), and N@ (10 mM). MPO in diluted buffer with 1%
DMSO or pure water was used as control and takd®@$6 MPO activity. After incubation,
fluorescence was determined with Fluoroscan Aspkaté reader at excitatioi € 544 nm)
and emission)(= 590 nm). The percentages of inhibition were Waked for all samples in
relation to the control.

I\V.2.8. Determination of total polyphenol and tanmn content

Total polyphenol was determined formollis root bark extracts and for green teas according
to the method recommended by European Pharmacdp@ed2.8.14) (EDQM, 2011). Plant
powder (x 1 g) was treated as described aboveciingse?.5. (samples free of tannins). From
the first filtrate obtained, 5.0 ml was taken aildtdd to 25.0 ml with distilled water. To 2.0
ml of the resulting solution we added 1.0 ml of ghlwomolybdotungstic reagent, 10.0 ml of
distilled water and we completed the mixture td2%l with sodium carbonate (290.0 mg of
NaCG;.10 HO in 1.0 L distilled water). After 30 min incubatiothe absorbance (Awas
read at 760 nm with spectrophotometer UVICON 92hhaqidistilled water as blank.
Pyrogallol (Baker, Netherlands) was used as standar that about 50.0 mg of the product
was immediately dissolved in distilled water anthRof the obtained solution treated as for
the plant extract. The absorbance of the pyrogatution was recorded ass;.ATotal
polyphenols was calculated according to the foreruliae percentage of total polyphenols =
[(62.5 x A) x mp] / (As X my) where m is the mass of the sample to be analysed anithen
mass of pyrogallol in grams.

To determine tannin content, samples were treaeadraady described above in section 2.2.
An aliquot from the second filtrate, obtained atelding hide powder, was treated following
the same procedure as for the determination of polgphenols and the absorbance recorded

as A. The percentage content of tannins = [62.5 Xx<A,) X my] / Az X my.

IvV2.9. Quantification of ellagic acid, punicalaginA & B and gallic acid in
T.moallis root bark

The level of ellagic acid, punicalagins and gadiaid was determined using HPLC-UV/DAD
analysis. Acetonitrile and 0.05 % trifluoaceticcaerere used as mobile in gradient mode and
ODS C18 column HYPERSIL 250/4.6 mm, (5 um) as citetiy phase.
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IvV.2.10. Statistical analysis
Each experiment was run at least two times. Foiplasmodial and anti-inflammatory
activity, each measure was repeated at least timess (n> 6). Statistical analysis was
carried out using GraphPad Prism 5.04 (GraphPativad, San Diego CA, USA). The €
values were calculated after converting the comagahs into their decimal logarithm and
applying the function “log (inhibitor) versus norhsad response-variable slope”. All results
are expressed as mean * standard deviation (SD)wéwede applicable p value < 0.05

considered as significant.

IV.3. RESULTS AND DISCUSSION

IvV.3.1. Bio-guided fractionation

All T. mollis root bark extracts tested showed an antiplasmadiality and the best activity
was found with methanolic extract (TMM) on bd®hasmodium falciparum strains (3D7 and
F32). Even aqueous crude extract of the plant (TkMhibited a high antiplasmodial activity
(ICs0 = 4.66 pg/ml) against 3D7 (Table 4.1), supportimg use of this plant in traditional
medicine. However, the previous study reported akvaetivity of the aqueous extract of this
plant (Muganga et al., 2010). This difference mayelyplained by the fact that the sample
used in the present study was fresh compared tb ahe@ used in the previous study.
Furthermore, significant difference in terms of ity was observed between samples
collected during summer period and those collecligihg rainy season and it was already
observed that the time of collection and the Idgalf plant material may play a major role in
its beneficial properties (Capasso, 1985; Gesdlal.£1994; Muganga et al., 2010). After
liquid-liquid partition, ethyl acetate fraction (TBA) was more active (l§ = 2.10 pg/ml)
than the aqueous one (Y= 4.66 pg/ml) and the insoluble fraction 4G 39.71 pg/ml)
while the hexane fraction was inactive {§G 50 pg/ml). The fractionation of ethyl acetate
fraction yields different fractions from which cooymd TMEAS3 was isolated (from fraction
87 — 88) and presented a very high activitys¢#C0.175 pg/ml (see Table 1). TMEA2
presented also a very important activity ¢€0.75 pg/ml) and its further analysis revealed
that it was a semi pure fraction containing addaiolT MEA3.

The spectral data of all constituents isolated weosenpared with their corresponding

references. Compound T1A was identified as an iellagd derivative (his structure is under
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elucidation) and was inactive againBt falciparum strain 3D7. These results support
previous report in which the important role of fregdroxyl groups in the antiplasmodial
activity of ellagic acid was observed (Simdes-Pietsal., 2009; Sturm et al., 2009).
Compound TMEAS3 was determined as ellagic acid aasl rgsponsible for the activity of the
plant. Ellagic acid is a polyphenolic compound caoniy found in different plant tissues
(leaves, fruits, stalks, stem and root bark). irhdtro antiplasmodial activity of ellagic acid
is already known (Banzouzi et al., 2002; Soh et2&l09; Verotta et al., 2001) and our results
are in accordance with those already foundq&tween 90 and 175 ng/ml).

Moreover, ellagic presented synergy activity withey antimalarial drugs like chloroquine,
atovaquone, mefloquine and artesunate and sligliganism with artemisinin (Soh et al.,
2009). The mechanism of action of ellagic acidRbasmodium falciparum is not very well
known. Some researchers suggested that, as thigocm has ability to makenmar complex
(Dell’'Agli et al., 2003), it may act at the maturephozoites and young schizont stage of the
erythrocytic life cycle by inhibition of -hematin formation in the parasite like
aminoquinoline antimalarial agents such as chlareg(Egan et al., 1999). Although ellagic
acid is very active against malaria, its bioavaligbis low. Therefore, the modification of
this compound is needed to improve its activitgafiral administration. Indeed, ellagic acid
has poor absorption (less than 1 %) and is ragbreted after oral administration (Hamad
et al., 2009; Seeram et al., 2004; Stoner et @D5P
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Table 4.1:1n vitro antiplasmodial activity and percentage of haemolys with T. mollis
root bark extracts and isolated compounds. Data arexpressed as mean + SD,>n3

Plant sample | Yield 3D7 (1Go F32 (ICso % Haemolysis
pg/ml) pg/ml) 100 pg/mi 200 pg/mi

TMM 27.22 3.84+1.23 3.42+£0.77 0.05+£0.03 0H1a 4

TMH 36.3 4.66 £ 0.89 12.3+1.18 0.08+0.06 0.03@2

TMFT Nd 25.77 £ 4.89 Nd Nd Nd

FXTMnH 1 >50 Nd Nd Nd

FXTMEA 45.66 2.1+0.48 Nd Nd Nd

FXTMH 38.14 19.72 £ 4.86 Nd Nd Nd

Fx Ins. 11.7 39.71 +2.18 Nd Nd Nd

T1A Nd >50 Nd Nd Nd

TMEA2 Nd 0.75 £ 0.059 Nd Nd Nd

TMEAS3 Nd 0.17£0.17 0.140 £ 0.028 Nd Nd

(ellagic acid)

TMEA4 Nd > 50 > 50 Nd Nd

Artemisinin 0.005 £ 0.00021 0.003 £0.0003 Nd Nd

Chloroquine 0.0017 + 0.004 Nd Nd Nd

TMM : crude methanolic root bark extractfmollis

TMH : crude aqueous root bark extractofollis

TMFT : crude aqueous root bark extract ofollis free of tannins

FXTMnH : n hexane fraction af. mollis

FXTMEA : ethyl acetate fraction @t mollis

FXTMH,O  : aqueous fraction af. mollis

Fx Ins. : fraction insoluble in water

T1A : fraction 1

TMEAZ2 : fraction 2

TMEA3 : fraction 3

TMEA4 : fraction 4

Ellagic acid possesses other beneficial propelitesanticancer, antimutagenic (Aggarwal et
al., 2006; Kasimsetty et al., 2010; Kaur et al.9Z9Loarca-Pina et al., 1998), antioxidant,
anti-inflammatory (Devipriya et al., 2007; Priyadiai et al., 2002; Rogerio et al., 2008;
Tasaki et al., 2008), antiviral (Ruibal, 2003) attibacterial activity (Reddy et al., 2007).
The fact that this compound presents antiplasmodiatioxidant and anti-inflammatory
activities may be an advantage, especially in cdssevere malaria (Dell'Agli et al., 2010;
Watt et al., 2002). Ellagic acid has also carditgotive activity (Lakovleva et al., 1998),
exerts antiulcer activity (Beserra et al., 2011} depatoprotective activity (Singh et al.,
1999). Moreover, the fact that a partRéésmodium falciparum life cycle occurs in the liver,

the hepatoprotective activity of ellagic acid iseal advantage.
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Figure 4.1 Ellagic acid Figure 4.2 Punicalagins

In this study, ellagic acid was foundTnmoallis root bark in aglycone form (free form). Most
of time the ellagic acid is present in conjugatedrf with a glycoside moiety and its free

form in the nature is uncommon (Clifford et al. 0P{.

Fraction TMEA4 was identified as a mixture of pwatagin A & B (anomeric isomers) by
comparison of their spectral data with those obmmercial sample. Punicalagin, like ellagic
acid, is a hydrolysable polyphenolic compound (flset al., 1900) commonly called
ellagitanin and found in plants where it plays fiteysiological role of protection against
microbial decay (Haslam, 1996). Various biologicativities from punicalagin were
reported: antioxidant, anti-inflammatory, anti-gemac, antiviral (Chen et al., 2000; Haidari
et al., 2009; Kulkarni et al., 2007) and hepatogetive (Lin et al., 2001). However, there has
been a great deal of discussion about the toxafitthis compound as it may provoke liver
necrosis and nephrotoxicity (Cerda et al., 2003igDst al., 1990; Filippich et al., 1991;
Oelrichs et al., 1994). Further studies are ne¢dgulove the safety of punicalagin in human.
The fraction TMEA4 did not present any antiplasnabdactivity on bothPlasmodium
falciparum strains. In contrast, previous studies reporteel dintiplasmodial activity of
punicalagin but did not specify which one (punigataA or B) was the active constituent
(Reddy et al., 2007; Shuaibu et al., 2008). Astes.g2001) reported that punicalagin was
active against 3D7 (l§g = 27.73 pg/ml). This punicalagin activity was véoy for a pure
compound and should be qualified as negligible cmexh to that one found with other pure
compounds like ellagic acid. Furthermore, in owdgt the crude aqueous extract free of
tannin (TMFT) was also active suggesting that thBve ingredient(s) is/are not totally
adsorbed by hide powder. HPLC analysis of this TMkiract demonstrated that ellagic acid
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was still present whereas punicalagin and its dévigs were almost absent. Gallic acid and
some condensed tannins such catechin, gallocateemd epigallocatechin were also
identified in the plant (data not shown) but weeparted to have lower antiplasmodial
activity, (IGso > 25 pg/ml) (Ramanandraibe et al., 2008) therotieefound with ellagic acid.
Consequently, ellagic acid is the main antiplasmlocibnstituent and those other compounds

present in the plant may reinforce its antiplasrabalctivity.

No haemolysis was observed on erythrocytes with Higlnest concentrations tested for
antiplasmodial activity (100 and 200 pg/ml). Thiseans that, at the concentrations
presenting antiplasmodial activity, there is noiddy of the plant extracts towards
erythrocytes.

The toxicity of aqueous extract ®f mollis in rats was already reported (Bulus et al., 2007)

and the safety of this plant in human must be detexd to guaranty its traditional use.

IvV.3.2. The effect of T. mollis root bark extracton other parasites

IV. 3.2.1.In vitro antitrypanosomal and antileishmanial activity

Methanolic and aqueous extractsTofmollis showed an interesting antitrypanosomal activity
and the highest activity was observed with the ar@lic extract (IG = 3.725 pg/ml), but
they were both inactive toward leishmania s()C> 100 pg/ml) (Table 4.2). The
antitrypanosomal activity is already known Terminalia species (Abiodun et al., 2011,
Shuaibu et al., 2008). In this study, ellagic gmidsented a good activity &= 1.92 pg/ml)
against trypanosome but this activity was not sigantly different from that obtained from
the crude extract; suggesting that the plant pessesthers active compounds. Indeed,
punicalagin and gallic acid, also present in thenplwere reported to have trypanocidal
activity (Asres et al., 2001; Hoet et al., 2004;id et al., 1998) meaning that those

compounds may act as antitrypanosomal by synergism.
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Table 4.2:1n vitro antitrypanosomal and antileishmanial activities ofT. mollis root bark
extracts

Plant extract Antitrypanosomal activity | Antileishmanial activity
Tbb (ICso, pg/ml + SD) Lmm (IC so, pg/ml + SD)

TMM 3.72+2.14 >100

TMH 6.04 £ 1.06 >100

TMFT 444 +£2.48 >100

Ellagic acid 1.92+0.25 18.43 +0.41

Suramine 0.11 £ 0.02 Nd

Amphotericine B Nd 0.1+0.01

TMM : crude methanolic root bark extractfmollis

TMH : crude aqueous root bark extracifomollis

TMFT : crude aqueous root bark extract.afollis free of tannins

TLC analysis of fractions obtained after fractogehfirmed the presence of some terpenoid
saponins in this plant (data not shown) which miay as well a role of active constituents
(Bulus et al., 2008). However, saponins may oceunanor components in many members of
the Combretaceae whereas tannins are often majasticents (Hegnauer, 1989).
Furthermore, another study (Asres et al., 20019nted that saponins isolated from another
combretaceae speci€mbretum molle, present low activity against trypanosomas{l€ 30
pg/ml). The determination of the active constitgesutd evaluation of the antitrypanosomal

activity of T. mollisin vivo are then recommended.

As already mentioned above, mollis root bark extracts were not active against leishiena
However, ellagic acid and punicalagin, two ellagitas present in this plant, have weak
antileishmanial activity. Indeed, in the presentst ellagic acid was moderately active4JC

= 18.43 pg/ml) and punicalagin was previously reggbrto have also a moderate
antileshmanial activity (165 > 10 pg/ml) (Asres et al., 2001). In contrast,ligadcid was
reported to have a good leishmanicidal activityl@€aiej et al., 2001). Based on our results,
T. mollis is not recommended to treat leishmania. Accortiing Rwandan traditional healer,
T. mollis based preparation is used to treat “gastrointastiisorders”. As we know, most of
time traditional healers do not have enough infdiomaabout the diseases they are claiming
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to treat. This means that the term “gastrointektirsorders” may describe for them various

diseases such as trypanosomia or another parastssitive td. mollis extract.

1V.3.2.2. In vitro antiamoebic activity

Balamuth medium (an egg yolk based medium) was bgeduse it is a simple medium,
cheap and able to maintain parasite life up to ¥ daut we opted to change the culture
medium every 3 days. Hydroethanolic extractToimollis root bark presented a moderate
activity (MIC < 250ug/ml) against vegetative forms Bhtamoeba histolytica obtained from

a patient while metronidazole, used as standard,agtive (MIC< 31.125ug/ml). Previous
studies used also a laboratory strain isolated fpatrent with acute amoebic dysentery to
evaluate the antiamoebic activity. The antiamoemtvity of metronidazole found in this
work was low compared to that one reported in mnevistudies (Calzada et al., 2003;
McGaw et al., 2000; Sohni et al., 1995) suggedtiegpossible resistance to metronidazole of
the usedEntamoeba histolytica strain. However, the resistance Eftamoeba histolytica to
metronidazole was already observed (Aguirre-Crtuzale 1990) and comparable low
antiamoebic activity of metronidazole (MIC = 1@/ml) was previously reported (Sohni et
al., 1995). Therefore, further study using a statidad Entamoeba histolytica strain is
needed to confirm the eventual resistance. The hitidal property of gallic acid and ellagic
acid is known (Alanis et al., 2003; Derda et 8002 and ellagic acid may play a major role
in the antiamoebic activity of. mollis. Unfortunately, we did not be able to evaluate the
antiamoebic activity of ellagic acid. HPLC analyeisT. mollis root bark extract shows that
ellagic acid and punicalagins derivatives are thgomconstituents and ellagic acid is a
metabolite of punicalagin (Aguilera-Carbé et ab08). This means that an important amount
of ellagic acid in free form is available in sitintestine) after oral administration and will
then react actively against vegetative forms of elmao Moreover, Alanis et al. (2003)
demonstrated that epigallocathechin has an integeamebicidal activitity (16 1.9 pg/ml)
comparable to emetine (Alanis et al., 2003). Previphytochemical study of the stem bark
of the plant indicated the presence of epigallagetiin among others condensed tannins (Liu
et al., 2009). According to a traditional healesnfr eastern province of Rwanda, the stem
bark of the plant is used to treat gastrointestisdrders in young children. The antiamoebic
activity of T. mollis found in the present study confirms its use idlitranal medicine, but

more investigations are needed including the toxiaf the plant. Then vivo determination
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of the activity of T. mollis against this parasite is highly recommended ad a®lthe
determination of active constituents.

IvV.3.3. In vitro anti-inflammatory activity of T. mollis root bark extracts

T. mollis root bark extracts and green tea aqueous extraet] as reference, displayed an
interesting total antioxidant activity on the ABT&t (1Go < 10 pg/ml). Comparable radical
scavenger activity was observed Tomollis root bark and green tea. Overall, the percentage
of ABTS radical activity decreased in a dose depahdnanner for all samples tested. A
significant inhibition (p < 0.05) was observed fdf plant extracts from concentration of 2
pg/ml and form 0.5 and 1 pg/ml for gallic acid, patagins and ellagic acid respectively.
The antioxidant activities of plant extracts usjmge water and DMSO as solvents were not
significantly different (p > 0.05) (data not showkjowever, we preferred to use pure water
as solvent with the exception of hydroethanolicratt and references which were more
soluble in DMSO. Pure water was chosen as solvecduse it is used to prepare traditional
remedies. Green tea is known to have a good adaoxkiactivity and was used in this test for
better evaluation of our plant extracts. Nevertselgallic acid famously known for its high
radical scavenger activity (Hagerman et al., 19983 used as reference and compared to two
polyphenolic compounds, ellagic acid and punicaagresent also i. mollis. Rwandan
and commercial green teas presented similar adaoxiactivity and only tea from Rwanda
was used in further analysis. The best results viarad with 50% hydroethanolic extract
(TMEt) (IC50 = 2.44 ng /ml) followed by the crude aqueous extoh green tea from Rwanda
(TEAR) (IC50 = 4.01 pg /ml) and the crude agueous extradt ofiollis (TMH) (ICso = 4.22
pnag/ml) (Figure 4.3). Ellagic acid and punicalaginesented a high antioxidant activity £C

= 1.54 ug /ml and 1§ = 1.76 pg /ml) whereas gallic acidsfvas 0.93 pg /ml (Figure 4.4).
The antioxidant activity of ellagic acid and purégn was previously reported (Reddy et al.,
2007).T. mollis crude aqueous extract free of tannins showed als@mising antioxidant
activity because the plant contains not only etigiins which are adsorbed on hide powder,

but also ellagic acid and some condensed tanngisasicatechin, epicatechin, gallocatechin
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Figure 4.3 Effect of plant extracts and gallic acicbn the ABTS cation radical aassay. Samples werested
at final concentration of 0.4, 2, 4, 10, 20 and 40g/ml for plant extracts and 0.01, 0.05, 0.1, 0.3, 2.5, 5
and 10 pg/ml for gallic acid. The percentage of inbition was calculated for each sample concentratio
versus the control DMSO taken as 100 % (mean + SD,> 3).

CTRL: control (pure water or DMSO)

TMH: T. mollis crude aqueous extract

TEAR: Crude aqueous extract of green tea from Rwand
TMELt: 50% hydroethanolic extract of T. mollis

and epigallocatechin (Liu et al., 2009) as weligaflic acid and derivatived.. mollis also
contains also some terpenoids saponins which ntayene in radical scavenging activity.
Previous study reported the antioxidant activityragérpenoid saponins from another species
of Terminalia, Terminalia ivorensis (Ponou et al., 2010). The hydroethanolic extrdcT.o
mollis at a concentration of 1y/ml exhibited total inhibition of ABTS radical aaty. This
very high activity may be explained by the facttttame antioxidant compounds present in
the plant like gallic acid and ellagic acid are meoluble in organic solvent. The antioxidant
capacity of this plant may also be beneficial ie tneatment of other diseases because
various pathology conditions are associated witilative stress (Ponou et al., 2010). The
results from this test show the capacity of ounpkxtracts to scavenge free radicals and the
results from CL and SIEFED assays gave furtherrin&tion about the anti-inflammatory

activity of the extracts.
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Figure 4.4 Comparison of the effect of pure compouds found in T. mollis on ABTS radical activity using
DMSO as solvent. Samples were tested at a final amntration of 0.01, 0.05, 0.1, 0.5, 1, 2.5, 5 anf 1
pug/ml. The percentage of inhibition indicated at tle top of the column was calculated for each sample
concentration versus the control DMSO taken as 10% (mean + SD, n = 3).

CL assay allows us evaluating the effect of platitaet and references on the total ROS
produced by equine neutrophils stimulated with PMAe aqueous extracts ©f mollis and
references reduced ROS production in concentratependent manner (Figure 4.5). A
significant inhibition (p < 0.05) was found for @bncentrations of samples tested (from 0.4
to 40 pg/ml for plant extracts and from 0.01 to {t@/ml for pure components). The JC
value of samples free of tannins was slightly higihan the one of corresponding extracts
with tannins but no significantly (p < 0.05). Aluge compounds tested strongly inhibited the
production of ROS, ellagic acid was less active;|@0.6 ug/ml) than punicalagin A & B
(ICs0,3.71 ug/ml) and gallic acid (I6s, 3.5ug/ml). Considering the molecular weight of the
components, punicalagin is the most potent ankligis activity results on the presence of 16
phenolic hydroxyls per molecule.
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Figure 4.5 Inhibitory effect of T. mollis, green tea extracts and gallic acid on the chemitinescence
response produced by PMA-stimulated equine neutrogls. Aqueous extracts ofT. mollis and green tea
were dissolved in pure water, hydroethanolic extracand gallic acid dissolved in DMSO and tested at
final concentrations of 0.4, 2, 4, 10, 20 and 40 fingl for plant extracts and 0.05, 0.1, 0.5, 1, 2.5 and 10
pg/ml for gallic acid. The percentage of inhibitionwas calculated versus the control pure water or DIBO
taken as 100%. All data were expressed as means ;DSn > 6 and experiments were performed using
different batches of neutrophils.

NA : not activated cells

CTRL DMSO: DMSO + stimulated cells

CTRL W : Pure water + stimulated cells

TMH: T. mollis crude aqueous extract

TEAR: Crude aqueous extract of green tea from Rwand
TMELt: 50% hydroethanolic extract of T. mollis

Plant extracts and pure compounds exhibited inbibibf MPO in dose-depending manner as
for CL assay. Significant inhibition of MPO was ebged for all concentrations tested for
plant extracts. The best results were found witbrbgthanolic extract (l§, 1.51 ug/ml)
followed by the agueous crude extracffomollis (ICso, 1.99ug/ml) (Table 4.3). Significant
inhibition was observed from pg/ml for ellagic acid, from 2.jug/ml for punicalagin and
from 0.5 ug/ml for gallic acid. Similarly punicalagin was agahe most active whereas
ellagic acid was less active compared to other marapounds tested. According to the
results of this study, punicalagin and ellagic asidy have pro-oxidant activity at low

concentrations<(0.1 for punicalagin and 1 ug/ml for ellagic acid).
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Figure 4.6 Inhibitory effect of ellagic acid, puni@lagin and gallic acid on the chemiluminescence resnse
produced by PMA-stimulated equine neutrophils. Purecompounds were dissolved in DMSO and tested at
final concentrations of 0.01, 0.05, 0.1, 0.5, 1525 and 10 pg/ml. The percentage of inhibition was
calculated versus the control DMSO taken as 100%.|Rdata were expressed as means + SD, n= 6 and
experiments were performed using different batchesf neutrophils.

NA: not activated cells

CTRL DMSO: DMSO + stimulated cells

Similar results were also found for ellagic aci@l{Set al., 2009) but further study is needed
as standard deviation values found at those coratemts were relatively high (Figure 4.6).
It is possible to found the two opposite activitgrh one compound. Indeed, previous study
demonstrated that curcumin, another antioxidantpmmd, may act as pro-oxidant and
antioxidant (Kang et al., 2005; Sandur et al., 2007

The anti-inflammatory activity of gallic acid israhdy known (Kroes et al., 1992) as well as
the anti-inflammatory property of ellagic acid gnghicalagin (Adams et al., 2006; Bae et al.,
2010; Chao et al., 2010; Corbett et al., 2010; Roget al., 2008). As already mentioned
above, the root bark of. mollis contains gallic acid, ellagic acid, punicalagimsl aheir
derivatives which may be mainly responsible for améi-inflammatory activity of the plant.
Indeed, those compounds, especially punicalagin gaikic acid, presented strong radical
scavenging and modulatory activities of on the awtdactivity of stimulated neutrophils and
myeloperoxidase.
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Figure 4.7 Effect of plant extracts and gallic acidon MPO activity measured by SIEFED. Samples were
analysed at final concentrations of 0.4, 2, 4, 120 and 40 ug/ml. The percentage of inhibition was
calculated for each sample concentration versus MP®BS or MPO-DMSO taken as 100% (mean * SD, n
2 6).

MPO- DMSO: Control for gallic acid

MPO - PBS: Control for plant extracts

TMH: T. mollis crude aqueous extract

TEAR: Crude aqueous extract of green tea from Rwand
TMELt: 50% hydroethanolic extract of T. mollis
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Figure 4.8 Effect of ellagic acid, punicalagin and gallic acidon MPO activity measured by SIEFED.
Samples were analysed at final concentrations of(, 0.05, 0.1, 0.5, 1, 2.5, 5 and 10 pg/ml. The gamtage
of inhibition was calculated for each sample concération versus MPO + DMSO taken as 100% (mean *
SD, n = 6). MPO+ DMSO: Control

Table 4.3 Summary of 1G, (ug/ml) and R2 values of plant extracts and refereces on
ABTS radical activity, ROS production (CL assay) aml MPO activity (SIEFED). Data
were calculated as 50% inhibitory concentration (IG0), n> 3 for ABTS assay and re 6
for CL and SIEFED. CL experiments were performed ugng different batches of equine
neutrophils.

ICsoin pg/ml + SD (R)

ABTS test Chemiluminescence SIEFED technique
Sample Tannins free| Sample Tannins Sample Tannins
free free
TMH 423+0.21| 6.76 £0.69 1.45+£0.26 0.38+x0.04 | 1.99+0.59| 2.11 £0.65
(0.979) (0.972) (0.962) (0.96) (0.9562) (0.9266)
TEAR | 4.01£0.02| 4.38+0.48 3.79+£0.38 1.32+0.11| 3.06 £1.57| 4.13+£0.77
(0.992) (0.978) (0.963) (0.957) (0.820) (0.831)
TMEt 247 £0.32 nd 1.75+£0.43 nd 1.51+£041 nd
(0.957)
E.A. 1.56 £0.14 - 10.51+£1.28 - 6.65+2.14 -
(0.986) (0.896) (0.926)
G.A. 0.89 £0.16 - 3.5+0.09 - 0.62 £0.37 -
(0.974) (0.897) (0.928)
PUN. 1.77 £0.13 - 3.71£0.09 - 1.74 £0.82 -
(0.985) (0.97) (0.870)
TMH : Crude aqueous extract ©fmollis E.A. :ellagic acid
TEAT : Crude aqueous extract of green tea from Rlaan G.A. :gallic acid
TMEt : 50% hydroethanolic extract ®f mollis PUN. : punicalagins
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The trypan blue exclusion test showed that thewability was> 94 % for both PBS taken
as control, and plant extracts at final concergratof 200 pg/ml; demonstrating no
cytotoxicity towards neutrophils.

IV.3.4. Determination of total polyphenol and tannn content and the level of
punicalagins, ellagic acid, gallic acid and derivaves in plant samples

Both T. mollis root bark and the green tea from Rwanda are nigholyphenols and tannins.
They contain quite similar level of total polyphéramd no noticeable difference between
their tannins and non-tannins content (Table 4.8jmilarly, T. mollis and green tea from
Rwanda presented comparable anti-inflammatory iagtsuggesting that polyphenol play a
key role in the anti-inflammatory capacity of thogknts. This results support previous
works on the importance of polyphenol in the antiammatory activity of various samples
(Gil et al., 2000; Tsumbu et al., 2012).

HPLC-UV/DAD analysis using commercial pure compasirallowed us to quantify the
amount of punicalagin A & B, ellagic acid, gallicid and their respective derivatives in
methanolic root bark extract af mollis, (= 0.99934, 0.99924, 0.99964 and 0.99995 for
punicalagins, ellagic acid and gallic acid respatyi (annexe 1). The highest level was
obtained with punicalagins (3.16% and 2.31% for ipalagin A and B respectively),
followed by ellagic acid (2.0 %) whereas galliccatevel appears to be low (0.08%). The
amount of punicalagins and derivatives in plant estimated to be around 11.35 % based on
punicalagin A (Table 4.4). Consequently, we maytbay the high level of punicalagins and
their derivatives play a major role in the antiamhimatory capacity of the plant. However,
samples free of tannins (like punicalagins andvaginies) exhibited also a remarkable anti-
inflammatory activity, suggesting the synergistatian of the othefT. mollis constituents
such as gallic, ellagic acid and their derivativiksshould be noticed that other aspects of

inflammation process should be also consideretdaapresent study explored some of them.

The antidiarrhoea of tannins is already known (Mazal958) and the fact that this plant
contains a big amount of tannins may confirm it® us traditional medicine to treat

diarrhoea.

Many researchers agreed about the role of proAmflatory cytokines in malarial disease

(Clark et al., 2006). Ellagic acid, the major alagmodial constituent of .mollis may also
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act on the release of pro-inflammatory cytokinesfdttunately we did not explore this point
of view. Inflammation is a complex biological resige and only some causes were

considered. Further studies are recommended tdyalkar

Table 4.4 Quantitative determination of total polyghenol and tannin content, level of
punicalagins, ellagic acid, gallic acid and derivates in T. mollis root bark and green tea
from Rwanda. The percentages of total polyphenol ahtannin content were calculated
according to European Pharmacopeae 7.0 whereas thenount (%) of pure constituents
was estimated using HPLC-UV/DAD

T. mollis root bark Rwandan green tea
Total polyphenol 14.03 +1.06 14.33 +0.75
Tannins 10.59 +1.38 8.75+0.42
Non-tannins 3.43+£0.32 5.58 +1.16
Gallic acid 0.08 0.08
Gallic acid & derivatives 1.85 1.09
Ellagic acid 1.42 Nd
Ellagic acid and derivatives 3.33 Nd
Punicalagin A 3.16 Nd
Punicalagin B 2.31 Nd
Punicalagins & derivatives 11.35 Nd

IV.4. CONCLUSION

The root bark off. mallis has a very promising antiplasmodial activity atidgec acid is the
main active constituent. However, the efficacy ld plant in the treatment of malaria per
oral administration may be low because of poorvadability of ellagic acid. The evaluation
of T. mollis antiplasmodial activityn vivo is under investigation.

The very high antitrypanosomal activity Dfmollis leads this plant to be a good candidate to
development of a standardised plant extract in theatment of trypanosomiasis.
Punicalagins, Ellagic acid, gallic acid and deiiived may be the major active constituents.
T. mollisis not recommended for the treatment of leshmanesen if it contains ellagic acid
active against this parasitosis. Our primary stadythe antiamoebic activity revels that
mollis has antiamoebic activity and further study is eeei confirm its traditional use.

The plant possesses a very interesting anti-inflatang activity mainly due to its high
polyphenolic content particularly punicalagin arelated compounds. This plant rich in
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polyphenol may have other beneficial propertiess Budy revealed for the first time the
antitrypanosomal, anti-inflammatory and antiamoedativity of T. mollis as well as the
presence of ellagic acid in an aglycone form as ¢benpound responsible for the
antiplasmodial activity of the plant.
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IV.6. SUPPORTING INFORMATION

Details about HPLC analysis of the plant (method emomatogram) antH NMR spectra

of ellagic acid are given as supporting informatidnnexe 1).
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CHAPTER V ANTIMALARIAL COMPOUND(S) FROM
ZANTHOXYLUM CHALYBEUM AND THE
EFFECT OF THE PLANT ON OTHER
PARASITES AND ON INFLAMMATION

The results reported in previous chapters illusttahe interesting antiplasmodial activity of
the root bark ofZanthoxylum chalybeum. We were then interested in the isolation and the
determination of the compounds responsible forathtglasmodial activity of the plant. Bio-
guided fractionation was performed on methanoliat feark extract of the plant, the most
active extract from the plant. Compounds were tsdlachromatographically, and their
chemical structure determined by using NMR and 8Bice the main active antimalarial
compounds known, the plant extract was then ewadluatvitro for its antiparasitic activity
and its possible effect on inflammation which is@sated to infectious diseases such as
malaria and other studied parasitosis. The an@iminatory activity was evaluated only on
the aqueous extract of the plant for good compangith the results previously reported on
the same extract (Muller-Jakic et al., 1993; Matalge 2003). Moreover, water is the solvent
mainly used by traditional healers to prepare themedies. This chapter is based on the

following article under submission:

In vitro antiplasmodial, antileishmanial, antitrypanosomal, antiamoebic and anti-

inflammatory activity of Zanthoxylum chalybeum root bark
Abstract

The aim of the study

The aim of this study was to determine the activdbstances responsible for the
antiplasmodial activity oZanthoxylum chalybeum, to evaluate the effect of the plant on other
parasites like trypanosome, leishamania and amaetido determine its anti-inflammatory
activity.

Methods

The antiplasmodial activity was tested on chlorogtgensitive and mefloguino- resistante
Plasmodium falciparum strains (3D7 and F32). Antitrypanosomal and aistieanial
activity was evaluateth vitro respectively odrypanosoma brucel brucei (strain 427) (Tbb)
and promastigotes dfeishmania mexicana mexicana (MHOM/BZ/84/BEL46) (Lmm). The

antiamoebic activity was assessed usindcatamoeba histolytica strain from a patient with
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acute amoebic dysentery. Total antiradical activitgs estimated using 2/-&zinobis-3-
ethyl-benzothiazoline-6-sulfonic acid (ABTS radical cation decolorization assay. The anti-
inflammatory activity of the plant was determingddvaluating the effect of crude extract on
the production of reactive oxygen species (ROSktimulated neutrophils and on purified
equine myeloperoxidase (MPO) activity. Total polgpbl and tannin content were
determined as described by European Pharmacojffkeia 7.

Results

Crude methanolic root bark extract showed a vepmising antiplasmodial activity (Kg
6.18 pg/ml respectively) and nitidine was identfias the main active constituent {§G
0.175 pg/ml). The methanolic crude extract of thenp exhibited a remarkable growth
inhibition on Lmm (I1G( 1.82 pg/ml) and moderate activity against Thbs{[1®.38 pg/ml).
The ethanolic crude extract of the plant preseatagak antiamoebic activity (MI€ 312.5
pag/ml). Aqueous crude extract presented a higlosidtnt activity and interesting capacity
to inhibit total ROS produced by stimulated neulitp(ICso< 5 pg/ml for ABTS and CL),
but its effect on myeloperoxidase was lowsg67.69 pg/ml).

Conclusion

This study revealed the active constituent respdmdopr the antiplasmodial activity &.
chalybeum which is potentially a good candidate for furthawestigations into natural
antileishmanial field. The plant has an interes@amgj-inflammatory activity and may act on

NADPH oxydase or on superoxide anion.

V.1. INTRODUCTION

Although alot of effort has gone into making the control oélaria a success, the disease
remains one of the most health challenges partiguia developing countries where,
according to WHO, 81% of cases reported worldwideuss (WHOb, 2011). In Rwanda, as
in many African countries, the majority of peoplefer the usage of medicinal plants to cure
various diseases (Elujoba et al., 2005) includinglama. Several studies reported the
promising antiplasmodial activity of some medicipénts used in the treatment of malaria
(Jonville et al., 2008; Kantamreddi et al., 2012jtNaura et al., 2007; Rukunga et al., 2009)
but few is finally known about their active consénts. In our previous report (Muganga et
al., 2010) some Rwandan plants, among which wecitaZanthoxylum chalybeum, were of
possible value for the development of new antinmaladrugs. Zanthoxylum chalybeum
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(Rutaceae) locally called “intareyirungu”, is ont Rwandese plants used traditionally to
treat malaria. It is widely distributed in otheruciries such as Ethiopia, Somalia, Kenya,
Uganda, Tanzania, Burundi, Zambia particularly ny thushland and woody grassland
(Neuwinger, 1996). Concerned about the possiblerigation of this plant in the treatment of
malaria, the determination of the active ingredi@sponsible for the antiplasmodial activity
constitutes an important step. Moreover, as sgaamthoxylum species have been reported to
possess antiparasitic properties in addition tapsmodial activity (Akhtar et al., 2000;
Ferreira et al., 2011; Ferreira et al., 20@&nthoxylum chalybeum was also assessed against
other parasites like trypanosoma, leishmania, andeba. Trypanosomiasis, leishmaniasis
and amoebiasis are tropical neglected diseasehahecdirectly associated with poverty and
then affect mainly developing countries. Howeveg global emigration phenomenon may
modify the geographical distribution of those dsssaworldwide (WHOa, 2011; Ximénez et
al., 2011). Since there is little incentive to phaceutical industries to develop new
medicines against neglected diseases, medicinatsptdfer an opportunity to provide new
effective products that are readily available affidrdable, andZanthoxylum chalybeum
could be a good candidate. Malaria, trypanosomjidsishmaniasis and amoebiasis are
infectious diseases and they are accompanied ninfation response (Clark et al., 2006).
Inflammation is an immune response to protect ésdtom irritants, or pathogens. However,
inflammation can sometimes be inappropriately debropoorly regulated, and leads to
various disorders even death (Kumar et al., 20@%jlRrd, 2001; Serhan et al., 2010). The
control of inflammatory is then important in the magement of various illnesses such as
infectious diseases. Some alkaloids constitueritsZamthoxylum chalybeum such as
protoberberines and benzophenanthridine have bemorted to possess anti-inflammatory
activity (Muller-Jakic et al., 1993). Previous rasghes demonstrated the interesting anti-
inflammatory activity of the plant using cyclooxygese (Matu et al., 2003) and 5-
lipooxygenase assay (Muller-Jakic et al., 1993)imlmmation is a complex reaction, it is
interesting to determine the effect of the plantotimer aspects of inflammation process. One
of the main active agents in inflammation is théypwrphonuclear neutrophil (Firestein et
al., 2008; Serhan et al., 2010). When polymorphl@aucneutrophils are stimulated, they
produce reactive oxygen species (ROS) and releastoperoxidase (MPQ)an enzyme
involved in the destruction of pathogens and abtivienplicated in acute and chronic
inflammations (Deby-Dupont et al., 1999; Kohneralet 2007; Van Antwerpen, 20Q6)he
anti-inflammatory capacity of a plant extract cdmert be assessed by measuring its
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potentiality to reduce ROS produced by stimulatguiree neutrophils. Additionally, the anti-

inflammatory activity can also be determined byleating the capacity of the plant extract
to modulate the activity of myeloperoxidase. Ondh&f most reliable methods that can be
used to measure the activity of MPO is a technizplied SIEFED (Specific Immuniological

Extraction Followed by Enzymic Detection). SIEFEDa new orginal method developed to
detect specifically the activity of MPO (withouttémference with the products and the
enzyme activity) and to study the direct interactmf some substances with the enzyme
(Franck et al., 2006). The anti-oxidant propertyr dge predicted by estimating the total

antiradicalar activity of a sample by 2-&inobis-3-ethyl-benzothiazoline-6-sulfonic acid

(ABTS ¥) radical cation decolorization assay (ABTS ass&BTS allows measuring the

radical scavenging capacity of the sample by redudhe pre-formed radical ABTS

generated by oxidation of ABTS with sodium perggif@Miller et al., 1996; Re et al., 1999).
In this paper, we are reporting the antiplasmodadtitrypanosomal, antileishmanial,
antiamoebic and anti-inflammatory activity @anthoxylum chalybeum, as well as the

determination of the active ingredient responsibiats antiplasmodial activity.

V.2. MATERIAL AND METHODS

V.2.1 Plant material

The root bark samples afanthoxylum chalybeum were collected at Ndego, Kayonza
(Eastern Province of Rwanda) in October 2010. Sesnmlere authenticated, a voucher
specimen representing the species was depositdtieaRwandan National Herbarium
(Butare) and another at the National Botanic Gardeh Belgium (Meise)
(BR0O0O00005087266). Rwandan green tea sample wahamed from Rwandan Mountain
Tea Rubaya-Nyabihu Tea Factories and all sampleg Wweated as previously reported
(Muganga et al., 2010).

V.2.2. Bio-guided fractionation

Powdered root bark dfanthoxylum chalybeum (500 g) was extracted with 6 L of a mixture
of methanol and acetic acid (1%) for 72 hours ahrdemperature. The solution obtained
was concentrated to about 500 ml and pure wateradded to precipitate pigments. After
filtration the solution was then extracted with ldaromethane to get two phases. Aqueous

phase (ZAl) was basified by sodium carbonate aed #xtracted with dichloromethane.
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Three fractions were obtained: aqueous fraction 2)Z/organic fraction (ZD2) and an
insoluble fraction (ZP) which were submitteditovitro antiplasmodial test. The most active
fraction was fractionated using preparative highgeenance liquid chromatography (HPLC)
with acetonitrile and trifluoroacetic acid 0.05 % mobile phase in gradient mode and a
Pursuit Diphenyl column (Varian) as stationary ghdsolated pure compounds were tested
in vitro and their chemical structure determined using N(BRiker Avance 500 MHz DRX
500 pectrometerand mass spectrometry (Micromass EHITOF Il instrument). The
aqueous fraction was acidified and quaternary aiddalprecipitated overnight with Mayer’s
reagent. On the next day the precipitate was cteantéh cold water and then eluted with a
mixture of acetone-water-ethanol (6:1:2) on iontexge resin column (Amberlite®) which
will give alkaloids in their chloride form. The alloids’ fraction obtained was further
fractionated using preparative HPLC and isolater jpuaternary alkaloids were identified as
described above.

V.2.3. Antiplasmodial activity

Different fractions and pure compounds obtainednfrihe bio-guided fractionation were
tested for their antiplasmodial activity toward 3[7 chloroquine-sensitivélasmodium
falciparum strain. Culture of the parasite and the antiplatialcassay were carried out as
previously reported (Frédérich et al., 2001; Mugar al., 2010). The first active pure
compound was also tested against F32, a meflogesistantPlasmodium fal ciparum strain.
This strain was chosen because it was found in draaz neighbouring countigf Rwanda.

All samples were analysed in triplicate and resaipressed as mean standard deviation.
Chloroquine and artemisine (98%) (Sigma-Aldrichyevesed as standards.

V.2.4. In vitro haemolysis assay

Thein vitro haemolysis assay was carried using 10 % freslpain@sed human blood (A+)
in phosphate buffer saline (PBS) and the methamobt bark extract oZ. chalybeum was
tested at a final concentration of 200 and 100 hgiMMSO (final concentration = 1%). An
aliquot of 10 ul of plant extract was dissolved1i90 pul of 10 % human blood and the
mixture incubated for 1 hr under constant and s$tvaking at room temperature. Solutions
were then centrifuged for 5 min at 2000 rpm in Hpmwef centrifuge 5417 R tubes
(Hamburg, Germany). After centrifugation, 1pl0of the supernatant was collected and the

absorbance (A) of liberated haemoglobin measuref58t nm with a spectrophotometer

117



Antimalarial compound(s) from Zanthoxylum chalybeum and the

effect of the plant on other parasites and on infllamation CHAPTER V

Perkin Elmer Wallac Victdr(USA). Triton -100 (20 %) (Lonza, Belgium), DMSQ%)
(Sigma-Aldrich), and PBS (Lonza, Belgium) were usedpectively as positive (100 %
haemolysis) and negative controls. Each sampleanals/sed in triplicate and mean = S.E.
was calculated. The percentage of haemolysis weslated as follows:

% haemolysis: [(A product — A DMSO) / (A triton —PBS)] x 100

V.2.5. In vitro antitrypanosomal and antileishmanial assay

Parasites were treated as previously reported (Besd., 2011). HMI9 medium containing
10% heat-inactivated foetal bovine serum was usedutture the blood-stream forms of
Trypanosoma brucei brucei (Tbb) strain 427 which were then incubated at G7in a
humidified atmosphere with 5% GOas already described (Hirumi et al., 1994).
Promostigotes ofLeishmania mexicana mexicana (Lmm) (MHOM/BZ/84/BEL46) were
cultivatedin vitro in a semi-defined medium (SDM-79) (Brun et al.949Brun et al., 1979),

supplemented with 15% heat-inactivated foetal beserum and incubated at €8

The in vitro antitrypanosomal and antileishmanial activity oéthanol root bark extract of
Zanthoxylum chalybeum was evaluated as previously described (Hoet g2@04). Suramine
and Amphotericine B were used as positive contras antitrypanosomal and for
antileishmanial activity respectively. Plant maaersamples and positive controls were
prepared as previously described (Bero et al., pahd tested in duplicate. The results were
expressed as the meansJGthe concentration of a product that can reduee l#vel of

parasitaemia to 50%).

V.2.6. In vitro antiamoebic activity assay

The strain Entamoeba histolytica used in this study was isolated from patient vétiute
amoebic dysentery and was kindly offered by Prafe& Muhirwa from the Department of
Medical Biology, University Teaching Hospital at tBte (Rwanda). Parasites were cultured
in Balamuth medium (a egg yolk based medium) inlstéest tubes (5 ml) (Anastopoulos et
al., 1950) and then incubated a@7Daily parasitaemia was determined using Neubsuer
cell and parasitic growth controlled one week befibie test. Amoxicillin was added to avoid
contamination and pH maintained at 7 — 7.5 witluitddl NaOH. Only cultures presenting a
suitable growth of motile forms were selected fbe ttest. Metronidazole (Axopharma,

Belgium), infected and uninfected medium were uaedstandard, positive and negative
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controls respectively. Crude hydro-ethanolic roatkbextract ofZanthoxylum chalybeum
was obtained by maceration of 40 g of the powdgilaedt material with 400 ml of 70%
ethanol for 24 hours at room temperature. The enatébic activity of the plant extract was
tested as follows: plant extract in the final camcations range of 0.007 — 2 mg/ml was
added to a series of test tubes containing theanunated medium. The initial parasitaemia
was estimated at 2.8 millions parasites /ml. Alidsi were filled up with sterile cotton, stirred

and incubated at 8C for 72 hours. Each test was performed in dugicat

V.2.7. Anti-inflammatory activity

V.2.7.1. Measurement of antioxidant capacity

The antioxidant or total antiradical capacityZainthoxylum chalybeum was estimated using
its agueous extract. The agueous extract was e gr extracting 1 g of powdered plant
material with 100 ml of distilled water heated omater-bath during 30 min. The solution
obtained was filtered and the filtrate freeze-drtedget crude extract. The antioxidant
activity of the plant extract was evaluated using'-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid (ABTS") radical cation decolourisation assay (ABTS as$Rg) et al., 1999).
The blue-green ABTS radical cation chromophore (S8BT was obtained by oxidising
overnight in the dark and at room temperature aousrinof ABTS by sodium persulfate. The
resulting coloured compound was diluted 200 timék methanol to obtain an absorbance of
0.800 + 0.1 at 740 nm. Green tea and gallic adgn{&-Aldrich) known for their antioxidant
capacities were used as references, methanol rss $danple and pure water or DMSO used
as solvent. An aliquot of 20l of reference (at different concentrations) andnplextracts
adjusted to 0.4, 2, 4, 10, 20 and d@/mL final concentration, were added to 19d0of
diluted ABTS™. The mixture was left to stand for 90 minutesoaim temperature in the dark
and then the absorbance was read and recordedperbentage of decrease of absorbance
was calculated and the §§stimated assuming that the absorbance of therstolpure water
for plant extracts and DMSO for gallic acid) is abto100%.

V.2.7.2. | solation of equine neutrophils

Horse blood was drawn from the jugular vein of tleahorses fed and bred in identical
conditions (Faculty of Veterinary Medicine, Univigysof Liége, Belgium) using EDTA as

anticoagulant. Neutrophils were isolated usingistahtinuous percol density gradient as
previously described (Pycock et al., 1987). Eadietbaf neutrophils was carefully collected
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from 60 ml of one horse blood, washed with two wads of physiological saline solution and
then resuspended in 20 mM phosphate buffered s@hiB8) (at pH 7.4 with 137 mM NaCl
and 2.7 mM KCI). Cells were used within 4 hours aadh experiment was repeated at least
twice with different batches of neutrophils.

V.2.7.3. Measurement of the total ROS produced by neutrophils activated with PMA
(CL assay)

The amount of ROS produced by activated neutropvals measured by lucigenin-enhanced
chemiluminescence (CL) under adapted the methad BBenbarek et al. (Benbarek et al.,
1996) as described by Tsumbu et al. (Tsumbu e2@12). Briefly, neutrophils suspensions
were placed in the wells of a 96-well-microtiteratel (18 neutrophils per well) (white
combiplate 8, Fisher Scientific) and incubated ¥6rmin at 37C with PBS-solutions of the
extracts Z. chalybeum and green tea used as reference) at final comtiemis of 0.4; 2; 4;
10; 20 and 40 pg/ml in pure water. After an incudrabf 10 min, 25 pl of CaGl(Merck,
VWRI, Leuven, Belgium), 2 pl of 5 pM lucigenin artb pl of 16 uM PMA (Sigma,
Bornem, Belgium) were added to neutrophils suspessiThe chemiluminescence of the
neutrophils was immediately monitored for 30 mitu(ffoscan Ascent, Fischer Scientific)
and expressed as the integral value of the tota¢i@ission. Gallic acid, initially dissolved in
DMSO, was used as reference at final concentratiéhO1; 0.05; 0.1; 0.5; 1; 2 and 4 pg/ml.
Stimulated neutroplils incubated with PBS contagni® of the used solvent (DMSO or pure
water) in place of plant extracts were used asrobahd taken as 100% of CL response. The

percentages of inhibition for all samples were aialted in relation to the control.

V.2.7.4. Viability test

This test allows assessing the safety of samplaraweutrophils during CL assay. It helps
then to verify if the decrease of chemiluminescemsponse is not due to the toxicity of the
samples analysed. For this purpose, we used tparrileu exclusion test (Tenant, 1964).
Plant sample at final concentration of 20 and 40mkgvas incubated for 40 min with
unstimulated neutrophils (1@ells) in PBS. After incubation, the percentageiability was
microscopically estimated for each sample. Unstatad neutrophils and water, instead of

sample, were used as control.
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V.2.7.5. Measurement of active MPO by SEFED method

The SIEFED method allows to specifically detectihg activity of equine neutrophil MPO
(Franck et al.,, 2006). This method includes thrésps the first one deals with the
immunoextraction of MPO from a solution or a biatad sample by specific immobilised
antibodies followed by a washing step so as toiehte all other compounds of the sample
such as proteins, modulating and interfering sutecgtsithat do not bind to the antibodies. The
third step consists of tha situ detection of the peroxidase activity of MPO byngsilO uM
H.,O, (Merck, VWRI, Leuven, Belgium), Amplex® Red (flugenic substrate) (Molecular
Probes, Invitrogen, Merelbeke, Belgium) and nitat@ons (Sigma, Bornem, Belgium) as
substrate, electron donor and enhancer of theioeastspectively. By using this method,
when a studied compound increases or diminisheBubrescence response, its enhancing or
inhibiting activity may be attributed to a directteraction with the enzyme catalytic centre
(Franck et al., 2006).

The MPO solution (50 ng/ml) was prepared from pedifequine MPO diluted in PBS at pH
7.4 with 5 % Bovine Serum Albumin (BSA) (Bornem,l@am) and 0.1% Tween 20 (Merck,
VWRI, Leuven, Belgium). Samples were incubated @ min with MPO at final
concentration of 25 ng/ml. Solutions were then g@taim the well of SIEFED microtiter plate
coated with rabbit polyclonal antibodies (3 pg/adjinst equine MPO and incubated again
for 2 h at 37T in darkness. After the specific capture of MPQiliiy antibodies, the solution
with potential interfering compounds was removed foyr washings with PBS/Tween
solution. The peroxidase activity of MPO was meedguafter adding 100 pl of a 40 uM
Ampex® Red solution freshly prepared in phosphatéeb (50 uM) containing kD, (10
pM), and N@Q (10 mM). MPO in diluted buffer with 1% DMSO or muwater was used as
control and taken as 100 % MPO activity. After ibation, fluorescence was determined
with Fluoroscan Ascent plate reader using an etaitawavelength of 544 nm and an
emission wavelength of 590 nm. The percentagesnbibition were calculated for all

samples in relation to the control.
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V.2.8. Determination of total polyphenol and tannincontent

Total polyphenol and tannin content was determif@d Z. chalybeum and green tea
according to the method recommended by Europeamnfalcapeaie 7 edition (2.8.14)
(EDQM, 2011). A known amount of plant powder (fiess of 250 um) was dissolved in 150
ml of distilled water and boiled in water-bath &0C for 30 min. The mixture was cooled,
completed to 250 ml with pure water and then fiéda From the obtained filtrate 5.0 ml were
taken and diluted to 25.0 ml with distilled watefo 2.0 ml of the solution 1.0 ml of
phosphomolybdotungstic reagent and 10.0 ml oflgidtivater were added. The solution was
completed to 25.0 ml with sodium carbonate (290g0ahNaCQ.10 HO in 1.0 L distilled
water). After 30 min of incubation, the absorbar(ée) was read at 760 nm with a
spectrophotometer UVICON 922 using distilled watemlank. About 50.0 mg of Pyrogallol
(Baker, Netherlands) was used as standard, wasdrataly dissolved in distilled water and
2 ml of the obtained solution was treated as desdriabove for the plant extracted. The
absorbance of the pyrogallol solution was recoraeds. Total polyphenols were calculated
according to the formulae: the percentage of tptdyphenols = [(62.5 x A x my] / (A3 X
m;) where m is the mass of the sample to be analysed anthenmass of pyrogallol in

grams.

To determine tannin content, crude agueous exwvastobtained as for the determination of
total polyphenols (see above). To a portion of fitteate, hide powder was added, the
mixture shaked for 1 hr at room temperature and fitiered. From the filtrate obtained, 2 ml
were taken, treated following the same procedurefaasthe determination of total
polyphenols and the absorbance recorded,ad e percentage content of tannins = [62.5 x
(A1 —A2) x mp] / Az X my.

V.2.9. Statistical analysis

Each experiment was run at least two times. Foiplasimodial and anti-inflammatory
activity, each measure was repeated at least timess (n> 6). Statistical analysis was
carried out by using GraphPad Prism 5.04 (Grapldtivare, San Diego CA, USA). The
ICs0 values were calculated after converting the comagans into their decimal logarithm
and applying the function “log (inhibitor) versusrmalised response-variable slope”. All
results are expressed as mean + standard devi@bhand p value < 0.05 considered as

significant where applicable.
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V.3. RESULTS AND DISCUSSION

V.3.1. Bio-guided fractionation, antiplasmodial adtity of fractions and isolated

compounds

Our previous work conducted ah chalybeum showed that the methanolic root bark extract
of the plant has a very promising antiplasmodigéivag (ICso = 4.2 pg/ml) (Muganga et al.,
2010). The bio-guided fractionation performed téedealkaloids because this plant is rich in
alkaloids which may intervene in its various thenafic properties (Neuwinger, 1996). After
alkalinisation and extraction of the aqueous fatt{ZA1l) by dichloromethane, the best
antiplasmodial activity was obtained with the ongdraction ZD2 (IGo = 4.8 + 0.26 pg/ml).

A bio-guided preparative HPLC of the organic frantiZD2 yielded different fractions
among which fraction 7 (F7), a yellow needle-likgstal, was the most active with 4=
77.74 and 27 ng/ml respectively on 3D7 and F32irstrBased on NMR and mass
spectrometry spectra the active compound was ftehias nitidine (see Figure 1). The yield
of nitidine isolated from the root bark @f chalybeum was estimated to be 0.002%. Previous
study reported that the yield of nitidine from tlt of Z. chalybeum was about 0.0123%
(Kato et al., 1996) suggesting that the whole mfothe plant contains more nitidine. This
explains also why the root of the plant free ofkbams also active again8iasmodium
falciparum (ICso= 7.31pg/ml) (data not published). Nitidine is a quateynalkaloid already
known inZ. chalybeum and generally in Rutaceae family (Liang et alQ@Nakanishi et al.,
1998; Talontsi et al., 2011). It was isolated fog first time inZanthoxylum nitidium (Arthur

et al., 1959) and is commonly responsible for thépéasmodial activity of many anti-
malaria remedies (Bouquet et al., 2012; Gakunpal.efl995; Jullian et al., 2006; Nyangulu et
al., 2005). Considered as a potential anticanceg,dnitidine was reported to have other
therapeutic properties such as antileukemic (Cheml.e 2012; Nakanishi et al., 1998;
Tillequin, 2007), antimicrobial (Del Poeta et dl999) anti-inflammatory and analgesktu(

et al.,2006 and anti-HIV Tan et al.,199]). In our study, the high antiplasmodial activitly o
nitidine on chloroquine-sensitivi® asmodium falciparum strains is in accordance with what
was already reported (Bouquet et al., 2012; Gakahpl., 1995; Nyangulu et al., 2005). The
slight differences between thesi¥alues may be explained by the fact that differeathods
were used. Other alkaloids such as methyl canadhmerythine and tembetarin were also
isolated from the plant but their activity was muciwver (IGo > 1 pg/ml) compared to

nitidine’s one. Consequently, nitidine could be sidered as the main antiplasmodial

123



Antimalarial compound(s) from Zanthoxylum chalybeum and the

effect of the plant on other parasites and on infllamation CHAPTER V

ingredient ofZanthoxylum chalybeum and the other alkaloids like chelerythine and mleth
canadine already known in the plant (Neuwinger,6)98ay intervene by synergism in this
activity. Nitidine was already reported to be thativee ingredient of anotheZanthoxylum
species, Zanthoxylum gilletii (Zirihi et al., 2009). The mechanism of actiomdfdine may be
due to its ability to inhibit topoisomerase in tharasite (Gakunju et al., 1995). However, it
was recently reported that nitidine may possessdsragjuine-like mechanism of action
because of its capacities to bind to haem andhibii3-haematin formation (Bouquet et al.,
2012). More investigations on this compounds aitedftinterest to exploit its remarkable

antiplasmodial activity.

The plant extract at the highest concentratioretetr antiplasmodial activityn vitro (100
and 200 pg/ml) did not induce any haemolysis irtheocytes, suggesting that methanolic
root bark extract oZ. chalybeum at therapeutic concentratiomvitro has no toxicity towards

erythrocytes. Consequently, the plant extract e tbspecifically attack the parasite.

Table 5.1: In vitro antiplasmodial activity and percentage of haemolys with Z.
chalybeum root bark extracts and isolated compounds. Data & expressed as mean *
SD, n>3

Plant sample 3D7 (IGo pg/ml) | F32 (1Cs0 ug/ml) % Haemolysis

100 pg/ml | 200 pg/ml
MeOH crude extract 6.18 +1.23 - 0.17+0.15 0.3
ZD2 4.8 £0.26 - - -
ZA2 14.37 £5.49 - - -
ZP (precipitate) 22.53 +2.37 - - -
Methyl canadine 201+09 - - -
Chelerythine 1.35+0.7 - - -
NITIDINE 0.0775 £ 0.0062 0.021 +£0.01 - -
Artemisinin 0.005 = 0.00021 0.003 + 0.00038 - -
Chloroquine 0.0017 + 0.004 Nd - -
ZD2 : Second dichloromethane fractionZotthalybeum
ZA2 :second aqueous fractionafchalybeum
ZP . precipitate obtained after liquid-liquid frextation of ZD2
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Figure 5.1: Chemical structure of nitidine

V.3.2. Activity of the plant on other parasites

V.3.2.1 Antitrypanosomal and antileishmanial activity

Methanol root bark extract oFanthoxylum chalybeum exhibited a very significant
antileishmanial activity (Is= 1.82 pug/ml). The antileishmanial activity in Regae family

is known (Fournet et al., 1994) and may be due ip&in

their benzophenanthridine alkaloids like chelemyghi dihydrochelerythrine, nitidine and
dihydronitidine. Indeed, chelerythine and dihydrelelythine were reported to have a very
promising leishmanicidal activity (Kg= 6 and 69 ng/ml respectively) whereas nitidine and
dihydronitidine 1Go valuewas 480 ng/ml (Fuchino et al., 2010). Therefaechalybeum
could be a good candidate in further antileishmamgisearch particularly in external use as
the active constituents are toxic (Ulrichova et 4896). The same plant sample was also
active against Trypanosoma §§& 19.38 pug/ml) in accordance with a previous st{Mipret

et al., 2010). The antitrypanosomal activity ofchalybeum is not surprising as Rutaceae
species have been found to be active against trgptigote form ofTrypanosoma cruz
(Mafezoli et al.,, 2000) and offirypanosomal brucel rhodesiense. Some lignans such as
cubebin (Freiburghaus et al., 1996) isolated frdamthoxylum naranjillo showed potent
antitrypanosomal activity (Bastos et al., 1999) amaly be the active ingredient of the plant.
Previous study reported that nitidine is inactimevivo againstTrypanosoma cruzi and T.
brucei rhodesiense (Kinnamon et al., 1998) probably because of ther @bsorption of this
guaternary alkaloid. In contrast to our resultdy@low trypanocidal activity was observed
from the seed and stem @f chalybeum (Olila et al., 2001). This may be explained by the
fact that different plant samples were used in sbtidlies meaning that the root of the plant

may exhibit trypanocidal activity whereas the saged the stem are inactive.
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Table 5.2: In vitro antitrypanosomal and antileishmanial activities of methanol root
bark extracts of Z. chalybeum

Sample Antitrypanosomal activity | Antileishmanial activity
Tbb (ICso, pg/ml + SD) Lmm (IC so, pg/ml + SD)
Z. chalybeum (MeOH) 19.38 + 0.25 1.82+0.94
Suramine 0.11 £ 0.02 Nd
Amphotericine B Nd 0.+ 0.01
V.3.2.2. Antiamoebic activity

The hydro-ethanolic extraction gave a good yiel6l.13%). The antiamoebic activity of the
crude hydro-ethanolic root bark extract #f chalybeum was assessed using Balamuth
medium (an egg yolk based medium) which was changeery three days. Crude
hydroethanolic extract &f. chalybeum root bark presented weak activity against vegedati
forms of Entamoeba histolytica with MIC value> 312.5 pg/ml. Surprisingly, metronidazole,
used as standard, showed also a very low activtZ (< 156.25 pg/ml) compared to values
obtained in previously published experiments (Cidzat al., 2003; McGaw et al., 2000;
Tona et al., 1998). This may be explained by thesiibe resistance of the usEdtamoeba
histolytica strain to metronidazole. However, the resistanteEr@amoeba histolytica to
metronidazole was already observed (Aguirre-Cruzale 1990) and low antiamoebic
activity of metronidazole (MIC = 10 pg/ml) was piawsly reported (Sohni et al., 1995).
Entamoeba histolytica strain used in this study was obtained from agpativing in southern
province of Rwanda but no information about mettlazaple resistance was available.
However, considering the low availability of apprape drugs, common self-medication and
poor drug compliance in developing countries susiReanda, the metronidazole resistance
is very possible. Therefore, further study usirsgjaadardizedEntamoeba histolytica strain is
needed to confirm the possible metronidazole r@stet. According to a traditional healer
from eastern province of Rwanda, tea from the tdathe plant is used to treat intestinal
disorders. Unfortunately, we did not be able towmwhich intestinal disorder is targeted or
to evaluate the activity of this plant using Bntamoeba histolytica strain from this area.
Previous researchers reported high amoebicidalhead giaridicidal activity from the leaf of
Zanthoxylum liebmannianun (Arrieta et al.,, 2001). More investigations areerth

recommended to certify the possible antiamoebiwviacbf this plant.
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V.3.3. Anti-inflammatory activity

Water is generally mostly used to prepare traditisamedies, then pure water was chosen as
solvent for plant. Green tea is known to have adgaatioxidant activity and was used in this
test for better evaluation of our plant extracts.

ABTS radical cation decolourisation assay reve#hed the root bark oZ. chalybeum has a
very promising radical scavenger activity {4G 4.27 ug/ml) which is comparable to the
activity of the green tea (kg= 4.01). 1G, value of the reference (gallic acid) was Ou89ml
(see Table 3). Overall, the percentage of ABTScaldictivity decreased in a dose dependent
manner for all samples tested. A significant intdni (p < 0.05) was observed for all samples
from concentration of 0.5 and 2 pg/ml for galliadaand plant extracts respectively (see
Figure 1). HPLC analysis revealed that the plamntains caffeic acid derivatives (results not
shown) which may account for its antioxidant at¢yivirhe antioxidant capacity of this plant
may also be beneficial in the treatment of othesedses because various pathology
conditions are associated with oxidative stress\¢Bcet al., 2010). The results from ABTS
test indicate the effect of the root bark of ouarlon the reactivity of ABTS cation and the
results from CL and SIEFED assays gave furtherimétion about the possible effect of the
plant on total ROS produced by stimulated neutigsprand on the activity of

myeloperoxidase, an enzyme largely implicated éitfilammation process.
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Figure 5.2: Effect of Z. chalybeum, green tea aqueous extracts and gallic acid on t#BTS cation radical
assay. Samples were tested at final concentratior @.4, 2, 4, 10, 20 and 40 ug/ml for plant extractand
0.01, 0.05, 0.1, 0.5, 1, 2.5, 5 and 10 pg/ml fodlgaacid. The percentage of inhibition was calculeed for
each sample concentration versus the control pureater or DMSO taken as 100 % (mean + SD, & 3).
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Results from chemiluminescence assay show thatldm extract has an important capacity
to inhibit the production of ROS produced by stiatatl equine neutrophils. The aqueous
extracts ofZ. chalybeum reduced ROS production in concentration-dependeahner
(Figure 3). The plant extract exhibited significamhibition (p < 0.05) at all concentrations
tested (from 0.4 to 4Qg/ml) whereas for green tea aqueous extract sggmifiinhibition was
observed from the concentration ofi@/ml. As found for antiradical activity, the actyiof
the plant extract and green tea was similar withy IZalue of 3.78 and 3.7@g/ml
respectively forZ. chalybeum and green tea, whereass¢Gralue of gallic acid, used as
reference, was 3.pg/ml. Results form trypan bleu exclusion test shiwieat the cell
viability was > 94 % for both PBS (taken as control) and plantaets at the final
concentration of 20Qlg/ml indicating no cytotoxicity towards neutrophilkhe observed high
activity of plant sample with CL and ABTS assay wasnparable, clearly indicating the
remarkable capacity of the plant to scavenger ffagkcals in general and particularly ROS

produced by stimulated neutrophils.
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Figure 5.3: Inhibitory effect of Z. chalybeum, green tea extracts and gallic acid on the
chemiluminescence response produced by PMA-stimulked equine neutrophils. Aqueous extracts oF.
chalybeum and green tea were dissolved in pure water, galliacid dissolved in DMSO and tested at final
concentrations of 0.4, 2, 4, 10, 20 and 40 pg/mirfplant extracts and 0.05, 0.1, 0.5, 1, 2.5, 5 add pg/mi
for gallic acid. The percentage of inhibition was alculated versus the control (pure water or DMSO)
taken as 100% value. All data were expressed as mmesa+ S,D, n> 6 and experiments were performed
using different batches of neutrophils.

The results from SIEFED assay gave more informagioout the possible interaction of the

plant extract with MPO, an enzyme involved in timflammation process. The effect of
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agueous extract &. chalybeum (root bark) on myeloperoxidase was very low coragao
that obtained from green tea or gallic acid.s(l®alues = 67.69; 3.06 and 0.¢&)/ml
respectively for the plant, green tea and the eefeg). Even if the plant extract exhibited
inhibition of MPO in dose-depending manner, sigrfit inhibition (p < 0.05) was observed
only from concentration of 1QAg/ml whereas green tea and gallic acid presentgufisiant
inhibition at all concentrations tested. Previotuglg reported the anti-inflammatory activity
of Z. chalybeum which may result from the capacity of the planirtbibit cyclooxygenase
(Matu et al., 2003) and its benzophenanthridinalalds such as nitidine, may play a key
role in this activity Hu et al.,2006; Muller-Jakic et al., 1993). Muller et al. found thaot
bark extract of the plant reduces more 5-lipooxyggenthan cyclooxygenase, enzymes highly
involved in biosynthesis of inflammatory leukotréen and prostaglandins respectively
(Muller-Jakic et al., 1993). Indeed, the reportedcpntage inhibition of cyclooxygenase by
the aqueous root bark extract of plant (73.7 %) wlmined at high concentration (500
ug/ml) suggesting that the ability of the crude plaxtract to interact with MPO and
cyclooxygenase is very weak. Therefore, at thielleit could be argued that the plant
exhibits its anti-inflammatory activity by inhibitg mainly 5-lipooxygenase. However, the
results from CL assay illustrated well the high aaty of the plant extract to reduce ROS
produced by stimulated neutrophils, suggesting éiidwer the plant interact with NADPH
oxydase, enzyme responsible for the productionupfesoxide onion (&), or the plant
extract interacts with superoxide anion from whiti®,, the substrate of myeloperoxidase is
produced. MoreovetZ. chalybeum may be able to interact with other enzymes sucN@s
synthase, or on other aspects of inflammation htdrtunately, we were not able to cover all
mediators of inflammation. It should also be nalitkat pure compounds isolated from this
plant may exhibit more activity than the crude astr Indeed, crude extract contains many
ingredients that can interact with each other. arrstudies on other inflammatory aspects
are of interest, especially on pro-inflammationogynes, clearly implicated in infectious

diseases such malaria (Clark et al., 2006).
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Figure 5.4:. Effect of plant extracts and gallic acid on MPO advity measured by SIEFED. Samples
were analysed at final concentrations of 0.4, 2, 40, 20 and 40 pg/ml for plant extracts and 05, 0.0.5, 1,
2.5, 5 and 10 pg/ml for gallic acid. The percentagef inhibition was calculated for each sample
concentration versus MPO-PBS or MPO-DMSO taken ashe 100% value (mean £ SD, & 6).

As nitidine possesses both antiplasmodial and iaftimmatory activity, it may be very

interesting for the treatment of infection diseasgsh as malaria.

Table 5.3: Summary of 1G, (ug/ml) and R2 values of plant extracts and refereces on
ABTS radical activity, ROS production (CL assay) aml MPO activity (SIEFED). Data
were calculated as 50% inhibitory concentration (IGg), n> 3 for ABTS assay and r> 6
for CL and SIEFED. CL experiments were performed ugng different batches of equine
neutrophils.

Sample IG5 in pg/ml + SD (R)
ABTS test Chemiluminescence SIEFED technique
Z. chalybeum 4.27 +0.07 3.78+0.74 67.69 +5.87
(0.997) (0.812) (0.606)
Green tea 4.01 +0.02 3.79+£0.38 3.06 +1.57
(0.992) (0.963) (0.820)
Gallic acid 0.89+0.16 3.5+0.09 0.62 +0.37
(0.974) (0.897) (0.928)

V.3.4. Determination of total polyphenol and tannincontent

The total level of polyphenols iA chalybeum was estimated to be 5.61 + 0.31% whereas the
percentage of total tannins content in the plard 248 + 0.30. The analysis of the root bark
of the plant using HPLC-diode array showed that ghessence of caffeic acid derivatives

(results not shown) may mainly contribute to it¢ypbenols contentZ. chalybeum contains
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polyphenols and some alkaloids such us nitidinewkndor their antioxidant and anti-
inflammatory activity Hu et al., 2006; Tsumbu et al., 2012; Zirihi et al., 2009). Those
compounds may intervene in the anti-inflammatoryivdg of the plant by a possible

synergism.
V.4. CONCLUSION

The antiplasmodial activity of. chalybeum is mainly due to nitidine, but other alkaloids
such as chelerythine and methyl canadine may totéito this activity in a synergistic
manner. This study reported for the first time tinrked antileishmanial activity of the plant.
The root bark ofZ. chalybeum has an interesting anti-inflammatory activity, mate
antitrypanosomal and weak antiamoebic activitgeltms that the mechanism of action of the
plant extract in its anti-inflammatory activity do@ot target MPO activity. However, the
plant may interact with other enzymes implicatedthe production of ROS such as NO

synthase or NADPH oxidase, or with superoxide anion
V.5. ACKNOWLEDGMENTS

The authors wish to thank J.N. Wauters, M.J.C. Mangem and Jennifer for their technical
assistance. The authors express their grateful aasRology unit-University teaching
Hospital for providing and assisting to carry ouwitro antiamoebic test. This research was
financially supported by CUD (Coopération Univeasié au Développement) and PIC
Project ULg - UCL - UNR.

V.6. SUPPORTING INFORMATION

Scheme of the bio-guided fractionationZotthal ybeum, details about HPLC analysis of the
plant (method and chromatogrant$),NMR spectra of nitidine are given as supporting

information (Annexe 2 & 3).
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CHAPTER VI. DISCUSSION

This chapter deals with the general discussioh@fésults obtained in the present work and
it is divided in three parts:

- Antiplasmodial activity which was the main objeetiof our study;

- Effect of Terminalia mollis andZanthoxylum chalybeum on other parasites;

- Anti-inflammatory activity ofTerminalia mollis andZanthoxylum chalybeum.

VI. 1. ANTIPLASMODIAL ACTIVITY

VI. 1.1. Ethnobotanical survey

The evaluation of the antiplasmodial activity ofami samples was preceded by an
ethnobotanical survey conducted in Rwanda on toadit medicinal plants used locally to
treat malaria. Despite the reservations expressedirdditional practitioners, relevant
ethnobotanical data were obtained which allowedtaiselect some plants for further
scientific evaluation. The selection of plants skwpwas based not only on the
ethnopharmacological information obtained, but @isdhe literature. Then, some medicinal
plants among the most cited, were not selectec sher antiplasmodial activity was already
known by the scientific community. However, somant$ whose antiplasmodial activity was
scientifically proved but, their active ingredieratge still unknown were also selected. This
case concerns for instanZanthoxylum chalybeum and Markamia lutea. Medicinal plants
such asTerminalia mollis and Aristolochia elegans were selected due to the fact that they
have been used also to prevent malaria. In sonesaas were obliged to collect different
parts of the selected plants since the part opthet usually used was not revealed or varies

from one respondent to another. This happenedZvithalybeum and T. mollis.

VI.1.2. Screening of plant samples for antiplasmaél activity

Thein vitro antiplasmodial activity of selected plants samples determined on methanol
and dichloromethane extracts. Aqueous extracts ameevaluated for plant samples whose
methanolic extract presented an interesting agtivithe antiplasmodial activity of each
sample was classified as high, important, modevateveak and negligible based onsdC
values (Jonville et al.,, 2008; Pink et al., 200B% results, a great number of samples

analysed were active agaifdasmodium falciparum including 16 % with high activity
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High activity
16%

Negligible activity
48%

Weak activity
25%

Figure 6.1 Thein vitro antiplasmodial activity of 46 plant samples analy=d

(ICs0 < 5ug/ml), confirming the use of those plants in trexial medicine (see Figure 6.1).
Overall, the methanolic extracts exhibited the bgjhactivity and were more active than the
agueous ones. However, aqueous extracts of sarfiplesZ. chalybeum and T. mollis
showed comparable activity @&< 10 ug/ml). Nevertheless, plant samples which indicated
low or negligible activityin vitro, may be activein vivo or on anotherPlasmodium
falciparum stage, such as human liver stage (not assesdbds iwork). Thein vitro assay
used in the present study was based on human btagd ofPlasmodium falciparum and is
appropriate for the purpose of this study (Fréder006). Furthermore, possible non-polar
active ingredients from those plant samples werdttile quantity or were absent in the
agueous extracts. Tha vitro assay allowed us to select plants based on tGgjrvialues.
Their possible cytotoxic activity was evaluateddtermine their ability to selectively target
the parasite. Even if this test was performed amderextracts which contain various
substances, it helped us to detect the presen@nyfcytotoxic compound in the plant
samples before investing their vivo antiplasmodial activity. Nevertheless, it doesni&an
that all plant samples with low selectivity inde’lwe toxicin vivo. Indeed, toxic compound
from plant samples may have low absorption or lymination or could be transformed in

less toxic metabolites.

Four plants were selected fon vivo antiplasmodial activity evaluation. Methanol and

agueous extracts were tested using both oral atrd-peritoneal route, excepRumex
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abyssinicus for which only a dichloromethane extract was tstelethanol and aqueous
extracts of this plant did showed any interestiogvdy in vitro. Oral administration was
firstly used to test the activity of the plant sdespas it is the administration route commonly
used by traditional healers in the treatment ofamal Similarly, aqueous extracts were
analysed to mimic the mode of preparation mainkduis traditional medicine (data not yet
published). The methanolic extract &lerstia africana gave the best activity with a
percentage of parasitaemia inhibition > 70 % afi@l and intra-peritoneal administration.
Unfortunately, we did not do any further investigaton this plant since the active ingredient
was cytotoxic (Koch et al., 2006). This may expltia observed low selectivity index of the
plant sample (1.9) (Muganga et al., 2010). Mousdility was very low withZ. chalybeum,

R. abyssinicus and T. mollis extracts intra-peritonealy administered; clealiystrating the
toxicity of the plant samples. It should be notitedt the results frorm vivo antiplasmodial
assay using animal model cannot be transposedtlgiiechumans. Indeed, on one hand,
even if the metabolism system of mouse (used m ghidy) is comparable to human being
one, they are not totally the same. On the othed hRlasmodium strain used in timsvivo
assay Plasmodium berghel) is genetically different fronPlasmodium falciparum, which
affects human and then the two strains preserdrdift sensitivities. Even if the methanolic
extracts ofZ. chalybeum andT. mollis did not exhibit any good antiplasmodial activitying
intra-peritoneal administration; they were activéthworal administration. Therefore, a

bioguided fractionation was carried out on the phants to identify the active ingredients.

VI.1.3. Bio-guided fractionation

The bio-guided fractionation was based on the nexgive crude extractsn vitro.

Consequently, crude methanolic root bark extratc# chalybeum andT. mollis were used.

The fractionation oZ. chalybeum was done using different chromatographic techrscared
allowed us to isolate nitidine as the main antipladial ingredient of the plant (ig+ 77
ng/ml). Indeed, a compound is potentially interggtas antiparasitic if it has 4¢£< 1 ug/ml

or < 1uM/ml (Frédérich, 2006; Pink et al., 2005). Othekaddids such as chelerythine and
methyl canadine present in this plant, were alstv@on the parasite but presentedyl€ 1
ug/ml. Nitidine was already found in variodanthoxylum species (Bouquet et al., 2012;
Gakunju et al., 1995; Rajkumar et al., 2010; Taloat al., 2011) and reported as the active
ingredient of other plants but, to our knowleddues tis the first time that this molecule is
reported to be the main antiplasmodial compoundZofchalybeum. Despite the very
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promising activity of nitidine, as a quaternarytstilis compound has low bioavailability per
oral administration. Nevertheless, this may be oapd by structure modification of the
molecule. However, possible absorption of nitidives reported (Gakunju et al., 1995), and
other substances from the plant may amelioratealisorption; illustrating the observed
antiplasmodial activityn vivo and the use of the plant in traditional medicifleere has been
growing interest in synthesising nitidine espegidir its potent anticancer and antileukemic
activities (Ishii et al., 1985; Messmer et al., 29Rakanishi et al., 1998) but it may also be
an interesting candidate in the development of @evmalarial drugs if the problem of
absorption is resolved. Recently, Bouquet et amatestrated that Nitidine, known to be
cytotoxic (Gakunju et al., 1995), did no preseny aign of acute toxicity after intra-
peritoneal injection (Bouquet et al., 2012). Niidioffers a remarkable advantage as it
presents a very high and similar antiplasmodialigton differentPlasmodium falciparum

strains (mefloquino-resistance strain, chloroqugaasitive and chloroquine-resistant).

The fractionation ofT. mollis allowed us to isolate ellagic acid as the actiubstance
responsible for the antiplasmodial activity of tippant. Ellagic acid is a polyphenol
commonly found in fruits and thanks to its variobsneficial properties particularly
antioxidant, anticancer. Therefore, it has beenl @sedietary complement (Ascacio-Valdés et
al., 2011; Leonardo et al., 2011). Additionallylaglc acid has an interesting antiplasmodial
activity already reported (Dell'Agli et al., 2008erotta et al., 2001) and plays a major role in
the antiplasmodial activity of some other plank IByzygium cumini (Simdes-Pires et al.,
2009) andPunica granatum (Dell'Agli et al., 2010). HPLC analysis @t mollis revealed that
the plant contains an important amount of ellagdaand ellagitannins, mainly
punicalagines and ellagic acid derivatives. Thisas surprising as the genus Terminalia is
known to possess high total polyphenol content @tiral., 1990). Ellagic acid derivatives,
punicalagin and its derivatives do not presentrderésting antiplasmodial activiip vitro
but may release free ellagic acid as metabolitevo and may then contribute to the activity
of the plant (Aguilera-Carbo et al., 2008). Howe\tke low bioavailability of ellagic acid per
oral administration compromises its very promisargiplasmodial activity (Seeram et al.,
2004). Some researchers attempted structure malilins of the ellagic acid to enhance its
absorption and solubility. It seems that free hygltgroups have an important role in the
antiplasmodial activity of ellagic acid and struetily related compounds (Simdes-Pires et

al., 2009). Two compound, flavellagic acid and ¢eoellagic acid obtained by adding more
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hydroxyl groups into ellagic acid shown promisingsultsin vitro and primaryin vivo

studies. They represent then interesting antinmallad compounds (Sturm et al., 2009).

VI.2. EFFECT OF TERMINALIA MOLLISAND ZANTHOXYLUM
CHALYBEUM ON OTHER PARASITES

T. mollis andZ. chalybeum exhibited an interesting activity agaiiasmodium falciparum.
We tried to evaluate the possible effect of thenfglaon other parasites such as trypanosoma,
leishmania and amoeba.

Aqueous and methanolic root bark extracts Bf mollis exhibited a promising

antitrypanosomal activityin vitro leading to further investigation. Ellagic acid
antitrypanosomal activity was slightly high comphreo the activity of crude extract,

suggesting a very possible intervention of othempounds in this activity. The fact that
agueous crude extract was also active indicatésothar polar compounds intervene in the
activity of the plant. Punicalagin and gallic acikere reported to be active against
trypanosome (Asres et al., 2001; Hoet et al., 20@de et al., 1998) and they are more
water soluble than ellagic acid. Considering thve $olubility of ellagic acid in water (Bala et
al., 2006) we may say that punicalagin and galdicl play also an important role in the

activity of the aqueous extract.

All T. mollis extracts tested present a negligible antileishedaawtivity. Even the activity
found with ellagic acid (I = 18.43ug/ml) as pure compound is very low. This clearly

explains that the plant is inactive against leishiaa

T. mollis exhibited a moderate antiamoebic activityvitro but the fact that metronidazole
used as standard was less active indicates possiiktance of th&ntamoeba histolytica
strain used to metronidazole. Considering the kn@mtiamoebic activity of gallic and
ellagic acids (Alanis et al., 2003; Derda et 8009, those compounds may intervene in the
activity of the plant. Further investigation usistandardisedt. histolytica strain will be of
interest to determine the very possible interestiogyity of the plant as well as its active
ingredients. Moreover, we call special attentiorptssible metronidazole resistance in the

study area for further appropriate managementisfdisease.

Methanol root bark extract &f. chalybeum shown a remarkable antileishmanial activity

vitro (ICsp = 1.82ug/ml) which may be attributed to its benzophenadihe alkaloids mainly
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chelerythrine, dihydrochelerythrine, nitidine andhyironitidine (Fuchino et al., 2010).
Chelerythrine and dihydrochelerythrine have a vatgresting 1G, values (6 and 69 ng/ml
respectively) and deserve to be further investijafditidine and dihydronitidine may
contribute to the activity of the plant by synermgisHowever, as nitidine and chelerythrine
are quaternary alkaloids and then are poorly aleshrbdihydrochelerythrine and

dihydronitidine (easily absorbed) may be more ggéng forin vivo studies.

The activity ofZ. chalybeum against trypanosome was moderates{l€ 19.38ug/ml) but
good enough to show the interest of the plant tother antitrypanosomal studies. The
antitrypanosomal activity of this plant may be digmans such cubebin already isolated in
other Zanthoxylum species (Freiburghaus et al., 1996) but this plant maytaionother

antitrypanosomal substances.

Based on the classification of antiamoebic actipitgposed by Tona et al., the amoebicidal
activity of Z. chalybeumis low (MIC = 156.25.g/ml) (Tona et al., 1998). As it is the case for
T. mallis, the observed very low antiamoebic activity of taeommended amoebicidal drug,
metronidazole leads to suspicion of possible looatronidazol resistance. Further

investigation is of interest to clarify this case.
VI.3. ANTI-INFLAMMATORY ACTIVITY

The anti-inflammatory activity of pure compounds plant extracts with interesting
antiparasitic activity is an additional and impottaalue; because those kinds of diseases are
always accompanied with inflammation response.aimfhation is a normal protective
response of our organism vis-a-vis to invading pgéms. However, it can sometimes cause
tissue injury even death (Kumar et al., 2009; Sestaal., 2010) hence the interest to control
inflammation especially in case of infectious dseEsa (Clark et al., 2006). To evaluate the
anti-inflammatory activity of our plants, threetegere carried out:

- ABTS assay which indicates the capacity of the fplsample to scavenger free

radicals in general;

- Chemiluminescence (CL) assay which illustrates dffect of the sample on total

ROS produced by stimulated neutrophils;

- SIEFED assay which demonstrates the ability of Haenple to interact with

myeloperoxidase activity, enzyme largely implicatethe inflammation process.
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The ABTS assay of. mollis andZ. chalybeum extracts revealed the significant antioxidant
activity of the two plants comparable to the atyivf green tea used as control. All plant
samples inhibited ABTS radical activity in a dogpendent manner. A significant inhibition

was observed for all plant samples from concetnadif 2 pg/ml. Those encouraging results

lead us to analyse the effect of the same planpsnon stimulated equine neutrophils.

The results from CL assay demonstrated the highagpof our plant extract to inhibit total
ROS produced by stimulated equine neutrophils. &thnique used in this study targets
superoxide anions (produced by NADPH oxidase) fiwhich other ROS are generated.
Aqueous extract oZ. chalybeum and green tea showed quite similar activity wherdwee
activity of aqueous and hydroethanolic extractsmfr@. mollis were slightly high.
Considering the important role of myeloperoxidase inflammation response, we were
interested in the evaluation of the capacity of plant samples to interact with this enzyme.

For this purpose, SIEFED technique was used.

Based on the results from SIEFED assay, it wag thed methanolic root bark extract of
chalybeum weakly interacts with myeloperoxidase £{4G pug/ml). It was previously reported
that agueous extract of the plant acts on 6 lipgergse (Muller-Jakic et al., 1993), enzyme
implicated also in the inflammation process. Fumi@e, the plant sample showed good
capacity to scavenger ROS produced by stimulatattrahils, suggesting that the plant may
act on NADPH oxidase, superoxide anion or on otkbezymes such as NO synthase
implicated in ROS production. In contrast, dll mollis extracts analysed exhibited a
noticeable ability to interact with the activity thfis enzyme. This technique is advantageous
to specifically detect the inhibition of myelopeidase by the plant sample without any
interference from unwanted compounds. This meaas dhther the plant extract interacts
directly with the enzyme, modifies its structure,ades its active site and then limits or
blocks the fixation of substrate (Boly et al., 20Etanck et al., 2006; Tsumbu et al., 2012).
The interesting inhibition of myeloperoxidase aityiwbserved withT. mollis extracts could
be correlated with its high total polyphenol contespecially punicalagin, ellagic and gallic
acids (analysed also in this study) as well ag thaiivatives present in the plant. Overall, the
two plants have an interesting anti-inflammatoryivaty which will help in the control and
management of the parasitosis for which those plarg active. Indeed, in case of chronic
infection, PMNs continually stimulated produce pmammatory cytokines largely

implicated in systemic infectious diseases (Clarkale 2006; Gimenez et al., 2003). The
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observed positive effect di mollis andZ. chalybeum on stimulated PMNs could help in the
control of inflammatory cytokines advantaging th@magement of concerned infections.
Recently, a study tried to test the effect of etimnins from the fruit rind of pomegranate
(including ellagic acid and punicalagins, presdsb an T. mollis) on the pathways involved

in onset severe malaria. The study revealed that ahtiplasmodial activity of these
compounds may results not only in their direct -amftammatory activity but also in their
capacity to limit the excess inflammatory respoatéhe host, minimising then the risk of
progression of more severe form of malaria (Deli&g al., 2010). Moreover, ellagic acid,
the antimalarial compound forifh mollis, was previously reported to possesses the capacity
to reduce the levels of the inflammatory cytokisesh as TNFe (Beserra et al., 2011), the

essential mechanism of systemic disease causeddnyious agents (Clark et al., 2006).

144



Discussion CHAPTER VI

VIi.4. REFERENCES

1. Aguilera-Carb6, A.A.,C., Prado-Barragan, L.A., Hav&orres, E. 2008. Microbial
production of ellagic acid and biodegradation of oéllagitanninns.
Appli.Microbial.Biotechnol. 78:189-199.

2. Alanis, A.D., Calzada, F., Cedillo-Rivera, Rdakleckes, M. 2003. Antiprotozoal
activity of the constituents d&ubus coriifolius. Phytotherapy research 17:681-682.

3. Ascacio-Valdés, J.A., Buenrostro-Figueroa, Aduilera-Carbo, A., Prado-Barragan,
A., Rodriguez-Herrera, R. and Aguilar, C.N. 2011lllagtannins: biosynthesis,
biodegradation nad biological properties. JournflMedicinal Plants Research
5:4696-4703.

4, Asres, K., Bucar, F., Knauder, E., Yardley, Kendrick, H. and Croft, S.L. 2001n
vitro antiprotozoal activity of extract and compoundsnir the stem bark of
Combretum molle. Phytotherapy Research 15:613-617.

5. Bala, V., Bhardwaj, S., Hariharan, M.N.V. andvR&. 2006. Analytical methods for
assay of ellagic acid and its solubility studiesurdal of Pharmaceutical and
Biomedical Analysis 40:206-210.

6. Beserra, A. M.S.S., Calegari, P.l., Souza, Mdbs Santos, R.A.; Lima, J.C.S,,
Balogun, S.O., Martins, D.T.O. 2011. Gastroprotectind ulcer-healing mechanism
of ellagic acid in experimental rats. Journal ofriggltural and Food Chemistry
59:6957-6965.

7. Boly, R., Dessy, S., Kohnen, S., Kini, F., Lompd., Mouithys-Mickalad, A.,
Guisso, I.P., Dubois, J., Deby-Dupont, G., Serteyp. and Franck, T. 2011.
Modulatory activity of Agelanthus dodoneifolius (Loranthaceae) exxtracts on
dtimulated equine neutrophils and myeloperoxidadévity. Internation Journal of
Molecular Medicine 28:261-270.

8. Bouquet, J., Rivaud, M., Chevalley, S., Deh&,Jullian V.and Valentin A. 2012.
Biological activities of nitidine, a potential amtialarial lead compound. Malaria
Journal 11:d0i:10.1186/1475-2875-11-67.

9. Clark, 1. A., Budd, A.C., Alleva, L.M. and CowdeW.B. 2006. Human malaria
disease: a consequence of inflammatory cytokireasel. Malaria Journal 5:85.

10. Dell’'Agli, M., Galli, G.V., Bulgari, M., Basitio, N., Romeo, S., Bhattacharya, D.,
Taramelli, D., Bosisio, E. 2010. Ellagitannins loé tfruit rind of pomegranat®nica
granatum) antagonizen vitro the host inflammatory response mechanisms involved
in the onset of malaria. Malaria journal 9:208.

11. Dell’'Agli, M., Parapini, S., Basilico, N., Vdta, L., Taramelli, D., Berry, C., Bosisio,
E. 2003.In vitro studies of the mechanism of action of two compasumdth
antiplasmodial activity. Planta Medica 69:162-164.

12. Derda, M., Hadas, E. and Thiem, B. 2009. P&tacts as natural amoebicidal
agents. Parasitol Res 104:705-708.

13. Franck, T., Kohnen, S., Deby-Dupont, Grulke,[#by, C. and Serteyn, D. 2006. A
specific method for measurement of equine activeelaperoxidase in biological
samples anth vitro tests. Journal of veterinary diagnosis investayafi8:326-334.

14. Frédérich, M. 2006. Contribution a I'étude ddsstances naturelles a potentialité
antiplasmodiales et cytotoxiques. Isolement, déteation de structure par résonance
magnétique nucléaire a haut champ et évaluatiomn@wlogique. University of
Liege, Liege.

15. Freiburghaus, F., Kaminsky, R., Nkuya, M.H.mdaBrun, R. 1996. Evalution of
African medicinal plants for theinn vitro trypanocidal activity. Journal of
Ethnopharmacology 55:1-11.

145



Discussion CHAPTER VI

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Fuchino, H., Kawano, M., Mori-Yasumoto, K., 8akS., Satake, M., Ishikawa, T.,
Kiuchi, F. and Kawahara, N;. 2010ln vitro leishmanicidal activity of
benzophenanthridine alkaloids frddocconia pearcel and related compounds. Chem.
Pharm. Bull. 58:1047-1050.

Gakunju, D. M., Mberu, E.K., Dossaji, S.F., Gra.l., Waigh, R.D., Waterman, P.G.
and Watkins, W.M. 1995. Potent antimalarial acyiwt the alkaloid nitidine, isolated
from a Kenyan herbal remedy. Antimicrob Agents Ch#rar 39:2606-2609.
Gimenez, F., Barraud de Lagerie, S., Fernar@e®ino, P., Mazier, D. 2003. Tumor
necrosis factor alpha in the pathogenesis of cafremalaria. Cell Mol Life Sci
60:1623-1635.

Hoet, S., Opperdoes, F., Brun, R and Quetineleg, J. 2004. Natural products
active against African trypanosomes:. a step towawels drugs. Nat. Prod. Rep.
21:353 - 364.

Ishii, H., Ichikawa, Y., Kawanabe, E., Ishikawd., Ishikawa, T., Kuretani, K.,
Inomata, M. and Hoshi, A. 1985. Studies on the abahtonstituents of rutaceous
plants. LX. Development of a versatile method fgnteeses of the antitumor
benzo[c]phenanthridine alkaloids. (9). Efficienhfyeses and antitumor activities of
nitidine and related nonphenolic benzo[c]phenadihe alkaloids. Chem Pharm Bull
33:4139-4151.

Jonville, M. C., Kodja, H., Humeau, L., Fournkl De Mol, P., Cao, M., Angenot, L.,
Frédérich, M. 2008. Screening of medicinal plantsmf Reunion Island for
antimalarial and cytotoxic activity. Journal of Btpharmacology 8:382-386.

Koch, A., Orljala, J., Mutiso, P.C. and Soajaid.D. 2006. An antimalaria abietane
diterpene fronfuerstia africana T.C.E. Fries. Journal of Biomedical Systematiod an
Ecology 34:270 - 272.

Koide, T., Nose, M., Inoue, M., Ogihara, Y., bta Y. and Ohta, N. 1998.
Trypanocidal effects of gallic acid and related ponnds. Planta Medica 64:27-30.
Kumar, V.A., A.K., Fausto, N. and Aster, J.009. Robbins and Cotran Pathologic
Basis of Disease, professional edition, 8th edVd®. Saunders, Orlando.

Leonardo, S., Alberto, A., Raul, R.H., Antonid,C., and Cristobal, N.A. 2011.
Ellagic acid: Biological properties and biotechrgéal development for production
processes. Afr J Biotechnol 10:4518-4523.

Lin, T.C., Nonaka, G. and Nishioka, I. 1990niiims and Related Compounds. CII.:
Structures of Terchebulin, an Ellagitannin HavingNavel Tetraphenylcarboxylic
Acid (Terchebulic Acid) Moiety, and BiogeneticallRelated Tannins from
Terminalia chebula RETZ. Chem. Pharm.Bull. 38:3004-3008.

Messmer, W.M., Tin-Wa, M., Fong, H.H.S., BeeellC., Farnsworth, N. R.,
Abraham, D.J. and Trojanek, J. 1972. Fagaronimewatumor inhibitor isolated from
Fagara zanthoxyloides Lam. (Rutaceae). J. Pharm. Sci. 61:1858 - 1859.

Muganga, R., Angenot, L., Tits, M., Frederidid, 2010. Antiplasmodial and
cytotoxicity of Rwandan medicinal plants used ia treatment of Malaria. Journal of
Ethnopharmacology 128:52-57.

Muller-Jakic, B., Miller, M., Probstle, A., Jof, T.A., Bauer, R. 1993. Anti-
inflammatory activity of Zanthoxylum chalybeum extracts and identification of
protoberberines and benzophenanthridine alkaloyd<s-MS and HPLC. Planta
Medica 59:A664.

Nakanishi, T., Suzuki, M., Mashiba, A., IshilkawK. and Yokotsuka, T. 1998.
Synthesis of NK 109, an anticancer Benzo[c]pheratitie alkaloid. J. Org. Chem
63:4235-42309.

146



Discussion CHAPTER VI

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Pink, R., Hudson, A., Mouriés, M.A., Bendig, BD05. Opportunities and challenges
in antiparasitic drug discovery. Nature ReviewsudpbDiscovery 4:727 - 740.
Rajkumar, M., Chandra, R.H. and Veeresham,0@02Production of nitidine from
callus cultures offoddalia asiatica International Journal of Pharmaceutical Sciences
and Nanotechnology 3:1028-1033.

Seeram, N. P., Lee, R., Heber, D. 2004. Bidabity of ellagic acid in human
plasma after consumption of ellagitannins from pgrarate (Punica granatum L.)
juice. Clinica Chimica Acta 348:63-68.

Serhan, C.N., Ward, P.A. and Gilroy, D.W. 20EOndamentals of inflammation.
Cambridge University Press, New York.

Simdes-Pires, C.A., Vargas, S., Marston, AelpJ.R., Paulo, MQ., Matheeussen, A.
and Maes, L. 2009. Ellagic acid derivatives fromzy@yum cumini stem bark:
investigation pf their antiplasmodial activity. N&rod. Commun. 4:1371-1376.
Sturm, N., Hu, Y., Zimmermann, H., Frits-Wad{f,, Wittlin, S., Rahlfs, S., Becker, K.
2009. Compounds structurally related to ellagiaahiow improved antiplasmodial
activity. Antimicrobial agents and chemotherapy622-630.

Talontsi, F.M., Matasyoh, J.C., Ngoumfo, R.MChepkorir, R. 2011. Mosquito
larvicidal activity of alkaloids fronZanthoxylum lemairel against the malaria vector
Anopheles gambiae. Pesticide Biochemistry and Blogy 99:82-85.

Tona, L., Kambu, K., Ngimbi, N., Cimanga, K. darVlietinck, A.J. 1998.
Antiamoebic activity and phytochemical screeningsoime Congolese medicinal
plants. Journal of Ethnopharmacology 61:57-65.

Tsumbu, C.N., Deby-Dupont, G., Tits, M., Angera, Frederich, M., Kohnen, S.,
Mouithys-Mickalad, A., Serteyn, D., and Franck,2012. Polyphenol Content and
Modulatory Activities of Some Tropical Dietary Ptaixtracts on the Oxidant
Activities of Neutrophils and Myeloperoxidase. Ihiol.Sci. 13:628-650.

Verotta, L., Dell'Agli, M., Giolito, A., Guemi, M.; Cabalion, P., Bosisio, E. 200h
vitro antiplasmodial activity of extract of Tristaniopspecies and identification of
the active constituents: ellagic acid and 3,4 5wthoxyphenyl-(6'-O-galloyl)-G-D-
glucopyranoside. J.Nat.Prod. 64:603-607.

147






CHAPTER VII. CONCLUSIONS AND PERSPECTIVES

The spread of drug resistance in falciparum maligriaecoming a serious health problem.
Moreover, populations living in developing coungriespecially in Sub-Saharan Africa have
the highest risk of acquiring malaria (WHO, 2014nd the implementation of policies for
adequate prevention, treatment and managemenisofiigease requires high costs. The use
of artemisinin combination therapy was so far cdeed as the best than ever solution, since
the emergence of chloroquine and sulfadoxine-pytharaine resistance. However, the
appearance of the resistance to artemisinin in &estambodia and its possible extent in
other malarious areas constitutes a worrying th{@tyo et al., 2012; White, 2010).
Inevitably, the development of new antimalarialgirus one of the appropriate alternatives;
becausall antimalarial treatments under phase Il and @ha<linical study are artemisinin
based combination therapies (Burki, 2009) and &t®¥e malaria vaccine still needs some
years to be available (Zhang et al., 2012)order to improve the chance to achieve this,goal
we preferred to focus on traditional medicinal péawhich offer an opportunity to develop

standardised plant extracts, cheaper and readiBsaible locally.

In this context, an ethnobotanical study was cdrdet in Rwanda on traditional medicinal
plants locally used in the treatment of malaria.résults, 13 plants, mainly from Asteraceae
family, were selected, from which 19 samples weskected and 46 extracts analysed
vitro. The selected plants werAristolochia elegans, Conyza aegyptiaca (L.) Aiton
(Asteraceae),Fuerstia africana T.C.E. Fr. (Lamiaceae)Markhamia lutea K. Schum
(Bignoniaceae), Microglossa pyrifolia (LAM.) O. Kunte (Asteraceae),Mitragyna
rubrostipulata (K. Schum.) (RubiaceaeRumex abyssinicus Jacq (PolygonaceaelRumex
bequaertii De Wild (Polygonaceae)Solanecio mannii (Hook.f.) Jeffrey (Asteraceae),
Terminalia mollis (Combretaceae)Tithonia diversifolia (Hensl.) A Gray (Asteraceae),
Trimeria grandifolia (Warb.) (FlacourtiaceaeXanthoxylum chalybeum Engl. (Rutaceae).

The majority of plant samples analyseditro for antiplasmodial activity were active and 16
% exhibited a high activity (1< 5 ug/ml). This allowed us to confirm the traditionaleuof
the selected plants in the treatment of malari@. @dst antiplasmodial activiti@s vitro (ICso

< 15 ug/ml) were obtained with methanol and dicholororaath leaf and flower extract of

Tithonia diversifolia, dicholoromethane, methanol and aqueous leaf axtfaMicroglossa
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pyrifolia, methanol root bark extract &f. chalybeum, dicholoromethane root extract of
Rumex abyssinicus, methanol leaf and stem extractFafafricana and the methanolic root
bark extract ofT. mollis. Based on their selectivity index, four plangs, chalybeum, T.

mollis, F. africana, andR. abyssinicus, were selected fan vivo assay.

The best results fromm vivo antiplasmodial assay were obtained with the metihaleaf and
stem extract of. africana whose active ingredient was already known and dotm be
cytotoxic. Two other plantsZ. chalypeum and T. mollis, highly activein vitro and
moderately activan vivo after oral administration, were then submittedatdio-guided

fractionation to isolate active compounds.

Methanolic root bark extracts of the selected @anere bio-fractionated using different
chromatographic techniques and identification olated pure compounds was done with
NMR and mass spectrometry. Nitidine and ellagial agere identified as the main active
ingredients ofZ. chalybeum and T. mallis, respectively. The presence of nitidine 4n
chalybeum was already known (Neuwinger, 1996), but to ounkiedge, this study revealed
for the first time the role of this compound as than active antiplasmodial ingredient of the
plant. Similarly, some ellagic acid derivatives ei@iready reported in the stem barkTof
mollis (Liu et al., 2009) but, ellagic acid in pure for® the active ingredient responsible for
the antiplasmodial activity of the plant is alspaged for the first time. Since the two plants
presented optimistic results to fight against malare were attracted to search the effect of

those plants on other parasites as well as thesiple anti-inflammatory activity.

The root bark extract of. mollis and Z. chalybeum were tested for antitrypanosomal,
antileishmanial, antiamoebic and anti-inflammateastivity in vitro T. mollis is a good
candidate for the development of new antitrypanadodiugs. Polyphenolic compounds
present in this plant such as ellagic acid, puagiale and gallic acid may act by synergism in
this activity. This plant was found to be inacti@gainst leishmania even if ellagic acid in
pure form exhibited a negligible antileishmanialiaty. The root bark off. mollis exhibited

a moderate antiamoebic activity on lntamoeba histolytica strain obtained from a patient,
and this strain was suspected to be resistant ttoméazole used as reference. Moreover,
this plant is rich in polyphenolic compounds amavtgch we can cite ellagic and gallic acid
and their derivatives. Consequently, it has arr@stitng antioxidant activity and a remarkable

anti-inflammatory activity. The results from thistudy demonstrate that the anti-
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inflammatory activity of this plant is due to itagacity to reduce ROS produced by stimulate
neutrophils and its ability to interact with myeéspxidase, enzyme implicated in the
inflammation process. However, mollis may also exhibit its anti-inflammatory activity by
targeting other sites of action.

Z. chalybeum has a very promising antileishmanial activityitro which may mainly result
from the presence of benzophenanthridine alkaloidspecially chelerythrine, and
dihydrochelerythrine. The plant showed a moderatitrgpanosomal activity but it can
contain interesting antitrypanosomal compound sudbebin present in othetanthoxylum
species and already reported to be active against tryganagBastos et al., 1999). This plant
did not present any interesting antiamoebic agtivtvitro. Indeed, as explained above, the
activity of the recommended drug, metronidazole va#s low, suggesting a possible
resistance to this drug.. chalybeum has an interesting antioxidant and anti-inflammato
activity and nitidine, the antiplasmodial compouoflthe plant, may play a role in this
activity. Previous study reported that the plantsaby reducing the activity of 5-
lipooxygenase (Muller-Jakic et al., 1993). Additidiy, this study showed that the plant has a
high capacity to reduce ROS produced by neutrophils has negligible effect on
myeloperoxidase; suggesting the possible capadithis plant to target other substances
implicated in the production of ROS such as NO lsgseé.

Definitely, the results from the first part of tlagidy allowed us to confirm the traditional use
of selected plants in the treatment of malariathie second part, ellagic acid and nitidine
were found to be the main active compounds resptenr the antiplasmodial activity af
mollis andZ. chalybeum, respectively, and those compounds may play a nnaiernot only

in the activity of the plants on other parasitestdd but also in their interesting anti-
inflammatory activity. However, both ellagic aciddanitidine have poor bioavailability and
their structure modification could help to bendfadm the remarkable therapeutic properties
of those compounds. Nevertheless, the fact thatetimoolecules have poor absorption is an
advantage for their use in the treatment of imestparasites against which ellagic acid and
nitidine are active. Although, the results obtaifedped to achieve our objectives, further
studies will be of interest to exploit the beneflgproperties of the plants investigated and

need then to be recommended.

Based on the results obtained framvitro antiplasmodial activity assay, some plants such as

Conyza aegyptiaca (the most cited by traditional healers) aBalanecio mannii, exhibited
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moderate activity (I between 15 and 2hg/ml) but were not selected fon vivo test.

Furtherin vivo analysis and the determination of their active édignts are recommended.

Fuerstia africana gave promising antiplasmodial activitg vivo. Although ferroginol the
previously isolated antiplasmodial compounds(#C1.95 mg/ml) (Koch et al., 2006) was

also cytotoxic, this plant may have other safeivadhgredients which need to be isolated.

In this study, HPLC methods developed to investéighe active ingredients @t mollis and
Z. chalybeum need to be validated.

The present work tried to determine the activitytlod selected plants on some neglected
diseases. Unfortunately, except for malaria, weewwt able to do any vivo assay or to
isolate active ingredients responsible for the olesk antiparasitic activity. Moreover, those
plants could be also active against other parastgsecially intestinal pathogens for which
the poor oral absorption of ellagic acid and nitedis not a handicap. If those plants show
promising activity, the development of standardisgttacts will be of interest for local use

in developing countries such as Rwanda.

According to the results obtained from timevitro antiamoebic activity off. mollis and Z.
chalybeum, the resistance to metronidazole is possible istdfa Province of Rwanda.
Further studies using a standardigstihmoeba histolytica strain is highly recommended not
only to certify the activity of the plants on tiparasite, but also to uncertain the suspected

resistance to metronidazole.

This study illustrated the very interesting anfiammatory activity of . mollis and Z.
chalybeum and attempted to give some ideas about the pedsitiets of the plants extracts
in the inflammation process. However, the detertmoneof the anti-inflammatory activity of
the plant samples on other aspects of the inflanomatill be of interest. Previous studies
reported the use of plant extracts in the treatroénaincer (Zacharia, 2007). Considering the
relation between cancer and inflammation and tleenging anti-inflammation activity of
our plants, further investigations on their possidhticancer properties is recommended. The
anticancer property is already known in otlierminalia species (Kandil et al., 1998; Yang

et al.,, 2010) and it was already reported thatgallaacid and ellagitannins such as
punicalagins present in this plants possess amgcatctivity (Seeram et al., 2005). Similarly,
the anticancer activity of nitidine found i chalybeum, is very known (Kinnamon et al.,
1998). Some plant extracts were already used itréament of cancer; in case those plants
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have an interesting anticancer activity (Zach&tf)7); the use of standardised extracts from

those plants may be considered.

Rwandan traditional healers believed in their miee and claim to cure several diseases
among which we can cite malaria for which a recomieel modern therapy should be used.
However, a public awareness campaign is needed soavoid the threatenirigasmodium
falciparum resistance. We are planning to give a feed batikadse traditional practitioners in
the beginning of July 2012, and this will be anaston to talk about the use of the medicinal
plant in the treatment of parasitosis especiallyane as well as the advantages of close

collaboration between us.

We hope that the results from this work will hetpr further investigations on Rwandese
medicinal therapy in general and particularly oanpd used in the treatment of various
parasitosis and inflammation. As those medicinahfd have been used for a long time, they
are often safe and cheap clinical studies are Iples@sraz et al., 2007); we should consider
doing them in order to benefit from their interagtipotentialities especially in the treatment

of infectious diseases.
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ANNEXE 1 HPLC ANALYSIS OF T. MOLLIS

1. HPLC METHOD

Stationary phase : ODS C18 column HYPERSIL 250/4.6 mm, (5 pm)
(Alltech);

Mobile phase . Acetonitrile (ACN) and trifluoroacetic acid (TFA).05 % in
gradient mode (see below)

Flow rate : 1 mi/min;

I njection volume 210 pl

Detector : UV diode array

Gradient time : 65 min

ACN (%) TFA 0.05

0.00 0.0 100.0

30.0 20.0 80.0

40.0 20.0 80.0

50 60 40

60 90 10

61 0 100
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2. HPLC CHROMATOGRAM
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HPLC chromatogram of the methanolic root bark extract of T. mollis
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CALIBRATION CURVES (quantification of pure compound s from T. mollis)
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'H NUCLEAR MAGNETIC RESONANCE ( 'H NMR) SPECTRUM OF ELLAGIC ACID IN DMSO
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ANNEXE 2 FRACTIONATION SCHEME OF THE ROOT BARK OF
Z.CHALYBEUM

Plant sample (Freeze-
dried powder) 500 g

Extraction with MeOH + acetic acid

0,
Evaporation MeOH— (1%)

<«—— precipitation of pigments
v by wate

Acidic filtrate

Extraction with CHCI»

Aqueous fraction 1 Organic fraction
7ZA1 DZ1
+ NaCOs
+ CH,Cl»
/\ Aqueuse fraction 2
Organique fraction Precipitate ZA2 (mainly
DZ2 (mainly tertiary quaternary alkaloids)
alkaloids) _ _
+ Acetic acid (pH 4)
precipitation of
. . . alkaloids by Mayer’'s
Fractionation with
. reager
HPLC preparative v

Quaternary alkaloidsMercuric—
potassium-iodide form)

Elution on ion
v exchange resin
nitidine, chelerythine + column .
. . (Amberlite®)
different fractions v

Quaternary alkaloids
(chloride form)
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ANNEXE 3 HPLC ANALYSIS OF Z. CHALYBEUM

1. HPLC METHOD

Stationary phase : Pursuit 5 Diphenyl SS 25046 mm, (5 um) (Varian);
Mobile phase . Acetonitrile (ACN) and trifluoroacetic acid (TFA).05 % in
gradient mode (see below)

Flow rate : 1 mi/min;
I njection volume 210 pl
Detector : UV diode array
Gradient time : 56 min

TFA 0.05
0.0 10.0 90.0
30.0 40.0 60.0
40.0 60.0 40.0
41 10.0 90.0

2. CALIBRATION CURVE (quantification of nitidine)

ELLAGIC ACID,
Area = 57.8575615*Amt -456.02381

Rel. Res%(1): 5.824

O — Correlation: 0.99964
- - - | - - - | - -
o 200 Amountlmicrog /Mml]
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3. HPLC CHROMATOGRAM

DAD1 B, Sig=265,4 Ref=460,100 (FAGARA\DEF_LC 2011-03-14 17-08-36\FAGARA000010.D)
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100

Nitidine derivative

43.828

10 20 30 40 50 min

HPLC chromatogram of the methanolic root bark extract of Z. chalybeum. Sample was dissolved in methanolic and then anabd using acetonitrile and 0.05%
trifluoroacetic acid as mobile phase and Pursuit Biphenyl as stationary phase. T: tembetarine, M: mgnoflorine, H: hesperidine, S: skimmianine, Fy fagarine, C:
methyl candicine, SE: sesamine



'H NUCLEAR MAGNETIC RESONANCE ( 'H NMR) SPECTRUM OF NITIDINE IN DMSO
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Toxicity of some Rwandan Medicinal Plants used in
the treatment of Malaria
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Abstract N°

INTRODUCTION METHODOLOGY

- - - - - - - - - - - *Plant extracts: 5 g of dry plant powder was macerated 3 times in 50 ml of
Malaria remains a major public health problem especially in sub tropical regions. New antimalarial drugs are highly methanol or dichlmimetahyn:fm SEW““;n wit‘:" constant shaking ;nd Ev'apma‘ed t©

needed because of a real increase of parasites’ resistance to current drugs'. Medicinal plants constitute an interesting dryness. The aqueous extracts were obtained using 100 ml of distilled water for 2

source of new drugs but sometimes, their toxicity may compromise their medicinal use. Previous studies reported a g powdered plant material and let to boil for 1 hour. After filitration of the

very promising antiplasmodial activity for some Rwandan medicinal plants? but few is known about their toxicity. solution, filtrate was freeze-dried. _ )

The aim of our study was to evaluate the antiplasmodial activity and the toxicity of some Rwandan medicinal plants "2 2ns2uS: cultures of falciparum,
. i/ ° P! ity ‘I ) B chloroquine sensitive (3D7) and resistant (W2) strains, were assessed following

used in the treatment of malaria. Samples from selected plants were dried and extracted with methanol, the procedure already described by Frédérich et al2. Each extract sample was

dichloromethane and water. Crude extracts obtained were tested in vitro for their antiplasmodial activity. The most applied in a series of eight 3-fold dilutions (0.09 -200 pg/ml) on 2 rows of a 96-

active extracts were evaluated for cytotoxicity assay and for in vivo antiplasmodial activity. The eventual toxicity of Well microplate and was incubated with a parasitic suspension (hematocrit= 1 %,
th Iahtsty IbYdetermined parasitaemia = 2 %) for 48 h at 37°C, under an atmosphere of 5% CO,. Parasite

OS€ plants wdsa'so dete ea: growth was estimated by determination of lactate dehydrogenase activity as
described by Kenmogne et al.4.

Selected species, their scientific names, parts used, voucher number and collection place (altitude)

W Terminaiia mollis

In vitro cytotoxic assays: human normal fetal lung fi (W1-38) were maintained in i culture in a
humid atmosphere at 37°C and 5% CO, in DMEM medium. After 24 h incubation of a 96-well microplate seeded
Scientific name of the plant (family), date Plant part® | Voucher Collection place with 200 pl medium containing 8000 cells/ well, the medium was replaced by six 3-fold dilutions of plant extract
mber (altitude) (0.82- 200 pg/ml). After 48 h incubation, cell viability was determined by colorimetric method using WST-1
cleaved by cellular enzymes (absorbance at 450 nm).
ia elegans MAST (Ari i 2007 Seed 2007V39 Huye (1684 m) oln vivo anti ial assays, based on the classical 4-day suppressive tests : female Swiss mice (5 mice/group)
B 200 2007V38 84 were infested by Plasmodium berghei NK173 4h before treatment. Treatment doses (200 and 300 mg/kg of plant
Conyza aegyptiaca (L) AIT (Asteraceae), v L A Huye (1 m) extract) were given intraperitoneally and orally once daily from Day 0 to Day 3. On Day 4 and 7, thin mouse tail
ia lutea K.SCHUM (B . 2008 L 2008R17 Nyaruguru (1 753 m) blood smears were prepared and stalr\ed with Giemsa. Pa'rasltaemla was determlned counting at least 500
er under . Mortality was controlled during 20 days. Chloroquine at 4 mg/kg doses was used
Microglossa pyrifolia (LAM.) O.KUNTE (Asteraceae), 2007 L 2007R1 Bugesera (1413m) as a positive control and physiological serum (T0) was used as a negative control.
- «Toxicity of the extracts: to ine the toxicity of the extract the survival-time was calculated and animal
(K.SCHUM.) , 2008 L&SB 2008R19 Nyaruguru (1 648 m) deaths was monitored.
Fuerstia africana T.C.E. Fr. (Lamiaceae), 2008 L&S BR-S.P502885|  Huye (1719 m) *Identification and_gquantification of aristolochic_acid: HPLC method was used to identify and to quantify
aristolochic acid in Aristolochia elegans seed. Aristolochic acid was used as reference.
Rumex abyssinicus JACQ (Polygonaceae) , 2008 R 2008R15 Huye (1670 m)
Rumex bequaertii DE WILD (Polygonaceae), 2008 RESULIS
i Ve g R 200783 Huye (1600 m) > Aristolochic acid was present in Aristolochic elegans seed at a rate of 0.04%. Even if this concentration s not so
Solanecio mannii (Hook.f) JEFFREY (Asteraceae) , 2008 high, chronic use of this plant in prevention of malaria should be avoided. Indeed, aristolochic acid is already
L 2007R2 Musanze (2033 m) known to induce intestinal fibrosis, tubular atrophy and renal failure. >
Terminalia mollis LAWSON (Combretaceae), 2007 and 2008 L, SB&RB |BR-S.P508716| Ndego (1592 m) > For in vivo antlplas.modlal.assays using |ntrape.nfonea! route, three of fou.r Iplar\ts t.ested namely Zant.hoxy/um
mollis and Rumex abyssinicus, presented some toxicity in mice. Most of the time, the
Tithonia diversifolia (HENSL.) A GRAY(Asteraceae), 2008 F&L 2007R12 Huye (1680 m) viability of mice treated with the extracts from those plants did not exceed 4 days.
Trimeria grandifolia (HOCHST.) (Flacourtiaceae), 2008 L 2008R16 | Nyaruguru (1722 m) 1C5, values expressing promising therapeutic activity toward P. falciparum (3D7 and W2 strains) and
ENGL. 2007 and 2008 SB&RB |BR-S.P508726| Ndego (1377 m) Selectivity Index (SI) corresponding to the ratio between cytotoxic (WI-38) and antiparasitic (3D7)
activity.
aF = flower; L = leaves; R=root; RB=root bark; S = stem; SB = stem bark |Species Plant part Extract Yield sl
(%) 307, 1C,, W2, ICy, (wg/ml)  WI-38, IC, (ug/ml)
. i . (ug/ml)
Areas of plant’s collection: regions where malaria is most
endemic: East, South and South-West of Rwanda Zanthoxylum chalybeum Root bark MeOH 16.8 4.2+27 1.9+0.5 40.0+ 8.5 9.5
RWANDA — o x —
Political Map VAN - L Amex cbyssinicus Root CcH,Cl, 7.4 4320 31%12 133+09 31
conco g off e Fuerstia africana Leaf & seed MeOH 133 69+23 41+16 13.0+23 19
Terminalia mollis Root bark MeOH 263 11.7+09 189+1.6 772+89 6.6
Aviability of mice after treatment Effect of the plant extracts (per oral) on mice
) ) infected by Plasmodium berghei
(intra-peritoneal)
80
6
HE
° 1 W Controj + (Chioroguine)
H 3 W Control- (NoCl0.9%)
5
3 2 W Fuerstia africang il mDays
2 mDay 8
5
z

W Rumexabyssinicus

w1 Dev2 Days Day12 Dav17De W Zanthoxylum cholybeurn o
Dayl Dey2 Day$ Day12Day17Day20 Terminalic  Zanthoxylum Rumex Fuerstia
Days mollis (MeOH)  chalybeur  abyssinicus africana
¥ MeOH) (cHzciz) (MeoH)

The use of Aristolochia elegans seed to prevent malaria should be avoided. Although most of plants tested
showed an antiplasmodial activity some of them may be toxic. On one hand, the use of those plants at
low dose could be safe but a chronic toxicity is still possible. On another hand, compounds responsible for
the beneficial activity of those plants may not be the toxic ones. Therefore, further investigations are
needed to clarify which compound is responsible for each activity.

= | ) ! > References
. — ) [1] Ginsburg and Deharo, Malaria Journal, 2011, 10 (Suppl 1) S1

Zanthoxylum  Terminalia mollis  Fruestia africana Rumex abyssinicus [2] Muganga et al., Journal of Ethynopharmarcology, 2010, 128, 52-57

chalybeum [3] Frederich et al. Journal of Natural Products ) 2002, 65, 1381-1386.
Stem et root bark Root barkisused to  The Whole plant The root of the plant is [4] Kenmogne et al., Phytochemistry, 2006, 67, 433-438.
of the plant are treat intestinal without root is used used to treat malaria, [5] Fidock et al., Nature Reviews Drug Discovery. 2004, 3, 509-520
used to treat parasites in Rwanda to treat malaria and gonorrhoea, constipation, (6 1Pozdkiz etal, Kidney international, 2008, 73, 595-607
malaria and and to treat malaria  the leaf is used to poison, hepatitis and the
intestinal parasites in Burundi. treat gonorrhoea leaf is used to treat cough,
in Rwanda gastric ulcer, etc.

Acknowledgements: the Belgium “Coopération Universitaire au Développement “(CUD) and the Belgian Fund for
Scientific Research (FNRS) are greatly acknowledged

Corresponding author: Tel +3243664336, Fax +3243664332, E-mail address: rmuganga@yahoo.fr




