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Key facts: Malaria

= |n 2021, nearly half of the world's
population was at risk of malaria.
The parasites travel to your

y A% \ i = That year, there were an estimated

four weeks 247 million cases of malaria
worldwide.

» The estimated number of malaria
deaths stood at 619 000 in 2021.

= The WHO African Region carries a
disproportionately high share of the
global malaria burden. In 2021, the

Parasites leave the Iver and nfect red Region was home to 95% of malaria

blood cells. This Is when malana signs o

and symptoms typically develop. cases Clnd 96% Of mCI|CII'ICI deCﬂ'hS.

S MAR LN Children under 5 accounted for about

80% of all malaria deaths in the

Region.

Malaria is transm ’.tw&
to an uninfected

mosquito when it bites
someone with the disease.
That mosquito can then
spread malania to other humans.

FigureWt@ken from https://www.mayoclinic.org/diseases-
conditipiAs/malaria/symptoms-causes/syc-20351184
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Figure taken from
https://sites.google.com/a/cornell.edu/public-health-care-
sustainability-malaria-in-sub-sahara-africa/intfroduction

Overview on Malaria

» Malaria is a disease caused by a

parasite. The parasite is spread 1o
humans through the bites of infected
mosquitoes. People who have malaria
usually feel very sick with a high fever
and shaking chills.

» \While the disease is uncommon in

temperate climates, malaria is still
common in fropical and subtropical
countries. Each year nearly 290 million
people are infected with malaria, and
more than 400,000 people die of the
disease.

Taken from https://www.mayoclinic.org/diseases-
conditions/malaria/symptoms-causes/syc-20351184
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Overview on Malaria

» To reduce malaria infections, world health

programs distribute preventive drugs and
insecticide-treated bed nefs to protect
people from mosquito bites. The World
Health Organization has recommended a
malaria vaccine for use in children who live
in countries with high numbers of malaria
Cases.

Protective clothing, bed nets and
insecticides can protect you while
traveling. You also can take preventive
medicine before, during and after a trip to
a high-risk area. Many malaria parasites
have developed resistance to common
drugs used to treat the disease.

Taken from https://www.mayoclinic.org/diseases-
conditions/malaria/symptoms-causes/syc-20351184



Factors that Influence Transmission

» There are several factors that can influence
the intensity of malaria fransmission - factors
that concern the human host, the mosquito
vectors, the parasite itself, and the
environment.

®» Human immunity to malaria increases with
age in populations that are at high risk for
malaria infection. Many adults earn partial
Immunity after being exposed to the
parasite for years, which does not offer
complete proftection from the disease but
does provide some immunity. This is why
' malaria predominately affects young

Mol a serious and sometimes fatal disease caused by a parasite children in high—risk areas (hOWGVGI’, in low-

Syt \of melcric aom range iam mid o severe and inciude 115K Areas where litfle fo now immunity is

can Gautk permio, low blood pressue, and arsen faiure, - jormed, all groups are af equalrisk).
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Factors that Influence Transmission

Malanialis a serious and sometimes fatal disease caused by a parasite
that is “» smitted to people through the bites of infected mosquitoes.
Symptomnsof malaria can range from mild to severe and include
fever, chllls\headache, muscle pain, and fatigue. In severe cases, it

e Qnemia, low blood pressure, and organ failure.

®» Anopheles mosquitos that transmit the

Plasmodium parasite breed in water, but the
different species all have unigue and specific
preferences that will allow them to breed more
rapidly and efficiently. For example, some
prefer shallow collections of water (like
puddles, shallow ponds, or rice fields). The
transmission is most intense in areas where the
mosquito species' lifespan is longest, so that the
parasite has time to become completely
developed in the mosquito.

Finally, the environment plays a large role in
determining the intensity of transmission. In
many areas of the world, malaria fransmission is
seasonal - highest during and just after the rainy
season, when rainfall is heavy, temperatures
are high, and the air is humid (‘Malaria’).



Professor Gerry Killeen in Lancet

» |n the renowned journal The Lancet,
Professor Gerry Killeen, the AXA
Research Chair in Pathogen Ecology at
University College Cork (UCC), states
that the results of a major frial on bed
nets freated with a combination of two
insecticides instead of one highlight the
significant impact that such
combinations can have on reducing
the burden of malaria in rural Africa.

» According to Professor Killeen, the trial
clearly demonstrates the potential of
these combinations to make a
difference in the fight against the
disease.



Global efforts to control malaria

» |n the past 150 years, roughly half of the
countries in the world eliminated malaria.
Nowadays, there are 99 endemic

Zﬁ;ﬂ;’,";;';““ countries—6/ are controlling malaria and

y 32 are pursuing an elimination strategy.

To reach global fargets,

Alrican governments ® This four-part Series presents evidence
must hamess innovation about the technical, operational, and

and this will require financial dimensions of malaria elimination.
ropid expansion of new, The first paper in this Series reviews

innovative and impaciful

il definifions of eliminafion and the state that

precedes it: controlled low-endemic
malaria.

WHO repor » Feasibility assessments are described as a
crucial step for a counftry transitioning from
controlled low-endemic malaria to
elimination.



Global efforts to control malaria

» Characteristics of the 32 malaria-
eliminating countries are presented,
= and confrasted with countries that
World malaria f R - .
eport 2021 L8 pursued elimination in the past.

T%?“Ch global fargets » Challenges and risks of elimination are
IEANgoiEmMinen's oresented, including Plasmodium vivax,

must harness innovation . . . .
N resistance in the parasite and mosquito
and this will require

ropid expansion of new, pppulohons, and p.o’r.enhol resurgence
innovative and impactful If iInvestment and vigilance decrease.
tools. » The benefits of elimination are outlined,

specifically elimination as a regional
and global public good. Priorities for the
e next decade are described.



Key messages » A three-part strategy is now agreed to

move the world to eventual malaria
eradication: aggressive control in the high-
_quite Sexual s burden regions; elimination from the

we Yooy Jes endemic margins inwards; and research
Gametocytes@ ﬁ% sporozoites  ANd development into new interventions

and technologies.
Transmission-Blocking Vaccines
Pfs25 » 99 countries have endemic malaria; of
these, 67 are controlling malaria and 32 are

Pfs230 J

Pfs48/45

Pvs230 . - . :
\/ pursuing an elimination strategy.

PfSEA1, PFGARP, Chemically PfSPZ vaccine,

attenuated parasites Chemoprophylaxis vaccination,
Placental Malaria Genetically attenuated *
VAR2CSA

Many of them have the prospect of
6; eliminating malaria within the next decade.

Blood Stage Vaccines Anti-Infection Vaccines . . . . .
Morvars o B vaccines: ~® The 32 malaria-eliminating countries span all
> AMA1, MSP1, MSP3, EBA-175, RTS,S/ASO1E, (1] . g H H
> PfRh5, AMA1-RON2 complex R21, Full-length CSP & Jgeogra phIC locations, sizes, and Incomes.
o®© Other antigens: Whole sporozoite vaccines: E : ,
@D
O
'

sporozoites

» Countries contemplating elimination should
comprehensively assess the feasibility of
malaria elimination.

°oQ, o

Merozoites

Taken from https://www.thelancet.com/journals/lancet/article/PlISO140-6736%2810%2961270-
6/fulltext



Key messages

Transmission-Blocking Vaccines
Pfs25

& Pfs230 g
Pfs48/45
Pvs230

Blood Stage Vaccines Anti-Infection Vaccines
Merozoite antigens: Subunit vaccines:
AMA1, MSP1, MSP3, EBA-175, RTS,S/ASO1E,
\ PfRh5, AMA1-RON2 complex R21, Full-length CSP
Other antigens: Whole sporozoite vaccines:
PfSEA1, PfGARP, Chemically PfSPZ vaccine,

attenuated parasites Chemoprophylaxis vaccination,
Placental Malaria Genetically attenuated 3
VAR2CSA sporozoites

‘“O

Gametocytes@

Sporozoites

°oQ, o

Merozoites

aken

ttps://MWw.thelancet.com/journals/lancet/articl

/PIISO140-%736%2810%2961270-6/fulltext

25 of the 32 malaria-eliminating countries are
solely or mainly fighting a battle

against Plasmodium vivax malaria. New
interventions and techniques are urgently
needed to detect and treat this infection.

Although malaria elimination has risks, the
alternative of maintaining controlled low-
endemic malaria for a long period also has risks,
many of them similar in nature and magnitude.

The benefits of malaria elimination are not
sufficiently understood, but include substantial
positive externalities in the form of benefits to
neighbouring countries (regional public goods)
and worldwide (global public goods).

Various overarching challenges exist, including
improved methods for diagnosis and
surveillance, multicountry collaboration, and
ensuring long-term commitment and resources
to achieve elimination and maintain it for
decades thereafter.



Shrinking malaria world wide

[ Malaria-free
[ Eliminating malaria
I Controlling malaria
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Categorisation of countries as malaria free, eliminating malaria, or controlling malaria



Recent trends In tfreatments of malaria

T o » Efficacy of a low-dose candidate
T malaria vaccine, R21 in adjuvant Matrix-
N I M, with seasonal administration to
| | children in Burkina Faso: a randomized
eV conirolled fri

: | » Mehreen S Datoo, MRCP * et all.

1001

= » Open AccessPublished:May 05,
e 2021DOl:https://doi.org/10.1016/S0140-

2 3
i1 / 6/36(21)00943-0
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0 o T T T 1
0 100 200 300 400
T — Time since 14 days after dose 3 (days)
Groupl 146 125 89 85
Group2 146 121 102 101
Group3 147 67 40 39

Kaplan-Meier estimates of the time to first episode of clinical malaria

The primary analysis was based on a modified intention-to-treat population. Group 1 received 5 ug R21/25 ug MM, group 2 received 5 ug
R21/50 ug MM, and group 3, the conftrol group, received rabies vaccinations (Rabivax-S). (A) Data beginning from 14 days to 6 months after
third vaccination. (B) Data beginning from 14 days to 12 months after third vaccination. MM=Matrix-M.



https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00943-0/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00943-0/fulltext
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Therapeutic switching against drug resistant malaric

Therapeutic switching against
drug-resistant malaria

* 97.64 % inhibition at 25 mg/kg/day x 4
days, ip dose

* 81.18% suppression at 20 mg/kg/day x
4 days, oral dose

* 91.77 % annihilation at 200 mg/kg/day
x 4 days, oral dose

Taken from https://www.sciencedirect.com/science/article/pii/S0753332221000603




malaria

The number of deaths from malaria per 100,000 people,

Death rate from Malaria in the Americas, 2000

Death rate in different countries due to
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Death rates in Middle east
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The number of deaths from malaria per 100,000 people.
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Time line for antimalarial drug resistance

As a Antimalarial
Introduced

Quinine 1632

Chloroquine
Proguanil

Amodiagquine

Pyrimethamine
Sulfadoxine

Clindamycine
Mefloquine
Artesunate

Doxycycline

Lumefantrine
Artemether
Atovaguone
Dihydroartemisinin
Piperaquine

Pyronaridine

1940

1950

1960

1970

1980

1990

2000

2010

2020

First Resistance
Identified

—0-00)—00-0—0—00—00-0-09—Qo—09

1910 Quinine, £~ falcipcarirm

1949 Proguanil, P falciparm

1957 Chloroquine. P _falciparim

1967 Pyrimethamine, P falciparim

1967

Sulfadoxine, P falciparirm

1971 Amodiaquine., P falcipcarim

1982

1997

2002

2010
2010

2010
2011

Mefloquine., P falciparirmn

Atovaquone, P falciparim

ATrtesunate, P falciparioan

Clindamycine, £ falciparim
Dihydroartemisinin, = falciparirm
Piperaquine., P falcipariem
Arxtesunate, P falciparimn



New Drug Discovery and Development
for antimalarial drugs

» Additional approaches to developing strong

antimalarial medications include rational targeting of
critical parasite activities (target-based) and whole-
cell phenotypic screening for chemicals that have
desired effect on parasite cells.

The crucial targets include metabolite biosynthesis,
membrane transport, and signaling system, and the
hemoglobin degradation processes

KAI407, OKAF156, plasmodium phosphatidylinositol-4-
OH kinase inhibitors, KAE6Q9, P. falciparum P-type
ATPase 4 inhibitors, and DDD107498 are some of the
new antimalarial compounds discovered using a cell-
based approach

In contrast, Plasmodium DHODH inhibitor, DSM265, a
compound with multistage antimalarial activity and
the inhibitor of DHFR and P218 are the potent
parasite inhibitors found from target- based screening
techniques



Formulations products currently

available in market

Active ingredients

Artemether- Tablet/dispersible
lumefantrine (AL)
Tablet

Artesunate + Tablet
amodiaquine

Artesunate + Pediatric tablet
mefloquine

Adulis tablet

Artesunate + (No fixed dose combination)
sulfadoxine-
pyrimethamine

(M) I feTe s () IS | Pediatric tablet
n + piperaquine
Adult tablet

20 mg arfemether + 120 mg
lumefantrine

40 mg arfemether + 240 mg
lumefantrine

25 mg arfesunate + 67.5 Mg
amodiaquine

50 mg arfesunate + 135 mg
amodiaguine

100 mg artesunate + 270 mg
amodiaguine

25 mg artesunate + 35 mg
mefloquine hydrochloride
(equivalent fo 50 mg mefloquine
base)

100 mg artesunate + 220 mg
meflogquine hydrochloride
(eguivalent to 200 mg mefloquine
base)

Scored tablets containing 50 mg
arfesunate and fixed dose
combination tablets compprising 500
mg sulfadoxine + 25 mg
pyrimethamine

20 mg dihydroartemisinin + 160 mg
piperaquine

40 mg dihydroartemisinin + 320 mg
piperaqguine



ome new trends developing nano
rug delivery systems to treat malaria

®» Polymeric nanoparticles to treat malaria

: Surface Ligands

[ Polymer

Nucleic acid |

More no. of ligands can be included
due to high ratio of surface to volume

Higher tissue penetration

Small 'size makes them  prone to renal

clearance. Capable of bypassing BBB and

reticuloendothelial system

Dosing can be limited depending on the

size . .
Acquiescent to mechanism of cellular

uptake.

Larger size can lead to uptake by key
organs; Accumulation at off targeted

site Facile sterilization allows for removing

the need of aspectic manufacturing
processes.

Disadvantages Advantages




Various methods to prepare polymeric

nanoparticles

9 : B
Organic Orga.mc Phase (water Orgamc phase (walcr-
phase(organic solvent miscible organic Pombai:‘i:;n;f - miscible organic

| + polymer) | solvent + polymer) — ritical fluid in | solvent + Polymer)
» Add organic phase * Add organic phasc the presence of CO, * Add the organic
to aquesous phase to aqueous phase \ J phase into aqucous
\ dropwise =) \_ dropwise %
(Allow the solution to ) p ~
( Aqueous phase (water 1 M pass through the pre- Aqueous phase
+ stabilizer) ~~| expansio unit (saturated
__| Aqueous phase (water . | electrolytes/ non-
-+ carry out + stabilizer) Tam S At electrolyte +
Ct_nuls.iﬁcalion with \ s stabilizer + water)
high speed . J \
\_sonication / ~ ™
- N To the supercritical & 2
r w | solution add the
Stirring at room aqucous solution of L Addition of high
L Stirring at room ol temperature NaCl amount of water
temperature ~ 4
\_ y - S
. J [ 2
Supercritical fluid W a
| evaporates giving the solvent and saltingout
precipitate of solute | agent is eliminated
particles due to cross-flow
\ 4 filtration.
. J




Preparatlon of nan
using different

oformulation
methods

/\

NANOSPHERES
*

o -’6 ¥
b r:g,: Rt
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3 * 'k
.x &

entrapped drug adsorbed
drug on surface

\\

NANOCAPSULES
CER, oI
* %i Rk
"; % : : qci 2y
k.*ﬁ *‘-‘&.* K
entrapped  drug adsorbed
drug on surface

Drugs used o freat malaria using polymeric
nanoparticles

Artemether: Artemether (ART) is a methyl ether
derivative of dihydroartemisinin which is considered
to be effective in reducing mortality due to severe
malaria

Artesunate: Artesunate is a partial syntheftic
derivative of artemisinin. Artesunate has a short half-
life which requires its frequent administration. A lower
parasite suppression was found concerning free
artesunate.

Dihydroartemisinin : Dihydroartemisinin (DHA) is
known to be one of the earliest identified derivatives
278 of artemisinin with substantial antimalarial
activity used PLGA, PEG nanoparticles

Lumefantrine: Lumefanirine was previously known as
benflumetol, which is an antimalarial drug 313
belonging to the phenanthrene class which is known
to be effective against all 314 malarial used Hydroxy
propyl methyl cellulose (HPMC polymers) for drug
delivery



Drug combinations used for delivery of antimalarial nanoparticles drugs

Drug
combination

Pimaquine and
dihydroartemisinin

Dihydroartemisinin
and Chloroguine
Phosphate

Curcumin and
artesunate

Artemether and
Lumefantrine

Artemether and
Lumefantrine

Chlorogquine
Phosphate and
azithromycin

Polymers used

Substituted
polyphosphagzen
es

Polycaprolactone

PLGA

Chitosan

Soy lecithin and
cjolesterol

PLGA

Route of
administration

Infravenous

oral

Oral

Trandepidermal

Ether injection
method

Double emulsion
oral

Physicochemic
a
characterizatio
n

130 to 180 nm
particle size
450 nm

250 nm

110 nm

125 nm

90 nm

Significant
ouicomes

Rapid uptake of
drugs and
prolonged action

Temperature and
time dependent
release

Better
antiplasmodial
activity

Alternative route
for delivery

Low toxicity,
biocompatibility
and tissue uptake
Synergistic action

and overcoming
drug resistance



Solid lipid nanoparticles for Treatment of malario

Bisogial baer wiochenical b _—
Most of Metabolic and | : / : ; -
biochemicl bariersthe dugs | (RN The released drug in the Gl intestinal metabolism due Phospholipid

to the presence of monolayer

get absorbed in GI tract and | [EERCR tract needs to be in solution »
; digestive enzymes.

| R | form s0 as to get dissolved
the absorption utility of the | GRS '
. - and permeate through the
PN | stomach is less as compared to | RS
itestinal membrane.
hsl lhe mlcstmes

, Solid lipid

o s first pass metabolism. core
The pH of the gastric fluid is
2.18 in the fasting state s [
WAL AR brush border metabolism Embedded
the drug needs to be stable in _ 0. bioactive
that environment. In addition, in the sl intestine.

they have to pass through
gastric  juice,  pericellular
matrix and a rich mucous layer

K KKK KA KARE



Solid lipid nanoparticles for Treatment of malaria

» Commonly used antimalarial drugs tried for nano SLN drug delivery

Drug
combination

Chloroquine
Primaquine
Dihydroartmisinin
Artemether
Lumefantrine

Curcuminoids

Zataria multiflora
essential oil

Polymers used

Modified double
emulsion

W/O double
emulsion

Solvent diffusion
method for lipids

High shear
homogenization

Ultra sonication

High shear
homogenization

High shear
homogenization

Route of
administration

oral

oral

Oral

Oral

Oral

Oral

Oral

Physicochemic
a
characterizatio
n

375 nm
240 nm
200 nm
365 nm
350 nm

120 nm

135 nm

Significant
ouicomes

Solubility
enhancement

Higher antimalarial
efficiency

Longer duration of
action

Solubility
enhancement

Enhanced oral
bioavailability

Improved
bioavailability and
localization

High protection
against Annapolis
stephensi



First generation

Second generation—z—zg

Third generation

Surface groups

ommon structure of
dendrimers

Dendrimers as potential carriers for antimalarial drugs

PAMAM (poly(amidoamine)) Tomalia
[nternal cavities (space

for molecular cargo)

Core

Frechet type Tomalia

PPl (poly(propylene imine)) Astramol

Core shell tecto Starburst

: . Chiral Pentaerythritol derivatives
Interior branching

Liquid crystalline Mesogen-functionalized
carbosilane

Peptide Beta casomorphin

Hybride Polysisesquioxanes

PAMAMOS Silarylene-siloxane
(poly(amidoamine-
organosilican

Amphiphilic SuperFect, Bolo-
amphiphiles

Types and examples of Dendrimers



Branching units

Core o —

Cavity \

Surface groups
»

Dendrimers for carriers for antimalarial drugs

Recently, dendrimers have been studied for the
management of malaria. In a study of Bhadra et
al., poly-L-lysine-based peptide dendrimers with @
PEG amine core (6G) coated with chondroifin
sulfate A (CSA) were used to get a controlled and
extended release of chloroquine phosphate (CQ)
[103]. The following chart shows a brief process of
production.

Chiloguin was used as antimalarial drug in
dendrimers showed promising applications , still
under study.

Movellan et al. evaluated encapsulation of
antimalarial drugs. They used four different
dendritic derivatives based on 2,2-
bis(hydroxymethyl) propionic acid (bis- MPA)
monomers. They studied chlorogquine (CQ) and
primaquine (PQ).



Dendrimers for carriers for antimalarial drugs

®» Janus dendrimers A and B were synthesized by
copper catalysed 1,3-dipolar azide- alkyne
cycloaddition of the azido-terminated glycine
containing dendron and the alkyne-terminated
stearic acid-functionalized dendron. A and B were
Eranchingnte obtained with total yields of 16% and 3%,

= ’ respectively.
» i

Hybrid dendritic-linear-dendritic block copolymers

S C and D were prepared from the commercial
\Surface goups  dMphiphilic block copolymer Pluronic F127. The

oil/water method, based on the emulsification of
an organic phase including the corresponding
dendritic derivative (compound A, B, C or D) and
an agueous phase including the drug, chloroquine
(CQ) or primaquine (PQ), or rhrodamine B, was
used to form the nanovectors




Liposomal drug delivery tor antimalarial drugs

Conventional
nanocarriers

Infected
RBCs

‘® : Infected
N ,®/ hepatocytes

!a
# @]
.@ 1 "’

Conventional nano
carriers

Conventional
NnaNno carriers

Surface modified
NaNo carriers

Infected RBC's

Surface modified
NAaNo carriers



Liposomal drug delivery tor antimalarial drugs

» Some of the efforts done In this regards
include:

» Applications of Liposomes

» Conventional and long circulating neutral
o DNA Liposomes

Protecive Layor aganst '...-u"""‘:o’ 4 . -
sortcaaall » Negatively charged Liposomes
» Targeted Liposomes for Antimalarial

» Pepfide coated Liposomes for targeting
Antibody mediated liposomes

™ » | ijposomes as adjuvants for malarial vaccines

o S ®» Liposome based vaccines for Sporozoite
" a00003 B g bl Stage malaria

ol = Liposome based vaccines for Meorozoite
Stage malaria

» | iposome based vaccines for Zygotes and
Ookinetes stage malaria

Liposome for Drug Delivery

" in
......

al Aoy,
,




+Can be taken up by a feeding
mosquito and transmitted

.
Form > Life Cycle Stage >Vaccine Strategy
+ Sporozoite | |+ Transmitted by mosquitoes + Vaccines targeting
+ Infects liver hepatocytes sporozoites or
infected hepatocytes
+ Develops into thousands of aim to prevent
merozoite forms infection
+ Merozoite ||+ Released into blood stream + Vaccines targeting
= + Replicates in red blood cells WL o
@ - - infected red blood
A ¢Exp0n§ntlal I'I.Se In. p.araslltemla cells aim to reduce
o associated with clinical illness || disease severity
+ Gametocyte | [+Some merozoites instead ¢+ Vaccines targeting
develop into gametocytes gametocytes aim to
block transmission

in a population

\

Liposomal drug delivery tor antimalarial drugs

= Antigens explored for Antimalarial

VACCInes :

FMP 013 and FMP 014
PfMSP -1

Pf 25

RTS.S

R32 NS 1

R 32 tet




Potential of micro/nano emulsions for
antimalarial drugs

Hydrophilic head Antimalarial drug

Poor
Solubility

Poor
Bioavailability

Hydrophobic tail

§

Oil droplet e ——
’ Microemulsion/Nanoemulsion

' i g8
Hydrophobic core P N
yarop Enhanced (/ Enhanced ) Improved

solubility ~~ . Ploavailability - stability

release ~ bio-efficacy

Challenges with Antimalarial drugse?




|

O/W microemulsion

L 3 J “.,‘ J

O/W nano-emulsion

Potential of micro/nano emulsions for
antimalarial drugs

» Some Antimalarial drugs fried in
MICro / nano emulsions

» Cinchona alkaloids
» Quinoline methanols
» 4-Aminoqguinolines

®» 8 Aminoqguinolones
®» Sesquiterpenes

®» Diamonipyridimines
» Naphthoquinolones



Nano suspensions In the freatment of malaria

» Patho-biological processes observed in

human body after malarial infections

Top-down/Bottom- . . ,
STIRRING P eeroach T =™ Destruction of non infected RBC's

Q Q = |nvasion and destruction of reticulocytes

= Higher fragility of both non infected and
infected eruthrocytes

/‘\ ﬂ ®» |nfilfration of pulmonary tissues leading to
Blaayailanilit malaria related acute respiratory distress

syndrome

®» Pregnancy associated malaria

Suspension

Snosspenaon » Splenic hematoma with or without
trauma and thrombocytopenia



Nano suspensions In the freatment of malaria

- Re - %
Eeomnmy circulation -
- chalnber o

Coolant Large Charged
‘ drug with drug, 2
- crystals water,
stabilizer

At

itk D'T’-{I-“-

milling media
— in chamber
[ Milling e T
([ 1] _shaft - J
< [ O U:—“:’:U—‘U”—[I .U o.o Nanocrystals
l _— Media

e

chamber

Screen
retaining _

e )
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Nano suspensions In the freatment of malaria
» Combination of antimalarial

/

0 o ‘v tried in nano Suspension drug
.  delivery systems:
sufoceNodfedNanepartces (] o  slbiy , :
{\ - 0 & =™Artemether and Lumefanirine
q ‘C P i @ Artesunate and amodiaquine
;__Q, —— ‘_“@‘ :ﬁﬁﬂ ®» Artesunate and mafloquine
O ja. | Diﬂd | -Ar"esunq"e and ;ulfcdoxine
& = e plus pyrimethamine
. m,ﬁm » Dyhydroartemisinin and
— :&u | Piperaquine
i



Niosomes In freatment of malaria
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Niosomes in » Niosomes offer certain advantages as

'G:Advanfages follows [38—-42]:

o » Niosomes are biodegradable,
Ni lsadvanfages of biocompatible, and non-immunogenic.
iosomes

*
3 » No special handling and storage conditions

Nanoparticles Nanoemulsions Nanocapsules Nanospheres are reqU|red as nO|Some hOS Chemicgl ]83
stability due to its structural composition.

& ® \/arious properties, for instance, shape,
fluidity, and size of niosomes, are simply 185

Dendrimers controlled by altering their structural
components and manufacturing methods.
186 » The high stability exhibited by long shelt
ife of nlosomes permits the delivery of 187

R — woanvgtes —— JrUQs At specific targets in a controlled way.
\\Ono carriers targeting malaria

» Unacceptable solvents do not use for
production.




.
*

Nanoparticles

Y,
QLW

Niosomes

Nanoemulsions Nanocapsules Nanospheres

Nano conjugates

Death of Parasite

Nano carriers targeting malaria

Niosomes in malaria :Advantages and
Disadvantages of Niosomes

®» Niosomes can be easily administered by
different routes using different dosage
forms.

® |t improves the bioavailability of poorly
soluble drugs administered orally and 191
increases the permeability of drugs by
topical application.

®» They are a beftter alternative compared to
oily formulations in terms of patient
compliance.

®» On the contrary, niosomes show certain
stability problem during storage such as
“Yaggregation, fusion, drug leakage, or
hydrolysis of encapsulated drugs.”



Some antimalarial drugs and combinations
sued in Niosomes

Antimicrobials | = Artemether: Artemether (ART) is a methyl ether

/

Iron chelating agents - Tetracycline derivative of dihydroartemisinin which is considered
=Resterioxinise i e e to be effective in reducing mortality due to severe
- Clindamycin malaria
- Fluoroquinolones . . .
e o e 1 -» Ar’rgsur!a’re: Ar’resuqq’rg Is a partial synthetic
derivative of artemisinin. Artesunate has a short
*Tzrzl;yd::;ﬁ::xes;m;gs \y /7 half-life which requires its frequent administration. A
. Sulphones lower parasite suppression was found concerning
- Sulphonamides Antimalarial free artesunate.

o L Drugs
*TV"”'“r‘:(',"’l':t:'s"g"’°'°'a‘° » Dihydroartemisinin : Dihydroartemisinin (DHA) is
- Proguanil known to be one of the earliest idenfified

- Chloroproguanil
- Pyrimethamine

derivatives 278 of artemisinin with substantial
anfimalarial activity used PLGA, PEG nanoparticles

Peroxides
e » Lumefantrine: Lumefantrine was previously known
Naphthogquinones - Arteether as benflumetol, which is an antimalarial drug 313
- Atovaquone - Artesunate

belonging to the phenanthrene class which is
known to be effective against all 314 malarial used

Hydroxy propyl methyl cellulose (HPMC polymers)
for drug delivery




Challenges with malaria freatment

» Over the past six decades, the drug resistance
of Plasmodium falciparum has become an issue
of utmost concern.

|

Half Life of
Drug
Multi-
Resistance

/ Cross -
\ Resistance

» Despite the remarkable progress that has been
made in recent years in reducing the mortality
rate to about 30% with the scaling-up of vector
control, infroduction of arfemisinin-based
combination therapies and other malaria

control strategies, the confirmation of
artemisinin resistance on the Cambodia-
Thailand border threatened all the previous

sucCcess.

» Antimalarial drug resistance, insecticide
resistance, and other mosquitos' survival tactics
are the critical challenges towards the goal.

Determinants of
Drug Resistant
Malaria

» For decades, antimalarial drug resistance
remained the greatest challenge for malaria
control and has been documented for almost
all antimalarial drugs in current use



Survivors of severe malaria

Neurological
sequelae

» Motor deficits>#141617

* Ataxia® '’

* Paresis®

» Movement disorders®'?
* Seizure'458

* Visual impairments8'1

* Hearing impairments™
* Speech or language
impairments3458.1416.17
* Development delay'®

Cognitive
deficits

* Attention
deficits*567.11.13

* Learning difficulties'>"®

* Cognitive ability

deﬁcits11,13,16,17,18,19
(fine motor, visual
reception, receptive
and expressive
language)

* Memory deficits"245610
* Non-verbal function

deficits®4>13

* Emotional reactions'
* Disruptive

* Attention deficit

* Conduct disorders'
* Oppositional defiant

Challenges with malaria freatment

» Remarkable failure rates of these
combinations have been olbserved
In several African countries where
resistance to one drug has been
previously encountered, like in the
case of artemether-lumefantrine.

Behavioral
alterations

» Artfemether-lumefantrine remains
highly effective in most parts of the
world, with the exception of
Cambodia. This combination mostly
shows failure rates less than 10%.

behaviors'>®
and hyperactivity

disorders'

disorders'

®» However, resistance to most of
these combinations will probably
lead to a global epidemic outbreak
of malaria.

* Sleep problems’
* Anxiety'1



Percentage conftribution of malarial global deaths :
Who should do the Antimalarial research ¢

India
Ethioipia
Kenya

Angola

Mali
Uganda

United Republic of Tanzania

Nigeria

o
X
u
o~

10 % 15 % 20 % 25 % 30 % 35%




|
CONCLUS

A

:

Work with the best - Hope for the best

» Currently, the biggest concern all over the globe is to

treat patients with safe and effective medications and
to avoid the emergence of drug-resistant malaria
parasites. However, the emergence of vector resistance
to widely used insecticides and parasite resistance to
first-line drugs including artemisinin combination therapy
has resulted in a rise in malaria incidence in many
endemic areaqs,

» This has called for development of new therapeutic

and tfechnology approaches to combat the disease
and impede drug resistance. However, more progress
and better understanding in terms of scientific research
and innovation is needed to develop these novel
technologies as tools to reduce the occurrence of
malaria.

New technologies are developed using RNAI (RNA
interference) Stem cells , peptides and nanotechnology

» | et us se who wins the race@?



If nothing works this works for sure,
age-old wise approach:
prevention iIs better than cure
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