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PfCRT Mutation and Chloroquine Response
Role of Amantadine for Chloroquine-R Malaria

[Thomas E Wellems1 Nature Medicine 10, 1169 - 1171 (2004)]

Wild-type parasites 
carrying PfCRT Lys76 

Positive charge of  PfCRT 
Lys76 prevent efflux of 
chloroquine from food 
vacuoles

M74I, N75E, K76T, 
A220S, Q271E, N326S 
and R371I PfCRT point 
mutation remove 
positive charge of Lys76 


 

resistance

Positively charged 
amantadine binds in the 
PfCRT pore of chloroquine- 
resistant parasites and 
prevents chloroquine 
efflux.

S163R 
mutation 
blocks CQ 
efflux and 
amantadine 
binding.

PfCRT mutation 
confer cloroquine- R

Amantadine reverse 
chloroquine resistance

I356V
Mutant 



Amantadine potentiated the effect of chloroquine and quinine in both CR and CS strains; it also 
potentiated the effect of mefloquine, halofantrine and primaquine in the chloroquine-resistant strain 
but had no effect in the chloroquine-sensitive strain. Amantadine had no effect on the response to 
pyrimethamine of either strain. Amantadine does not interfere with the activity of these compounds 
and may possibly enhance it.
In vitro drug interaction between amantadine and classical antimalarial drugs in Plasmodium falciparum infections Sandra Gail Evans, Ivan Havlik Volume 88, Issue 6, Pages 683-686 (November 1994)

Mefloquine

Halofantrine Primaquine

Quinine
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Amantadine
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Effective for both 
chloroqine sensitive 
(CS) and resistant 
(CR) strains



A verapamil-sensitive chloroquine-associated H+ leak from the digestive vacuole in chloroquine-resistant malaria 
parasites.Lehane AM. Hayward R. Saliba KJ. Kirk K. Journal of Cell Science. 121(Pt 10):1624-32, 2008 May 15. 

The chloroquine-associated increase 
in the rate of alkalinisation seen in 
chloroquine-resistant parasites was 
inhibited by the chloroquine- 
resistance reversal agent verapamil.



PfCRT actively pumps drug molecules (e.g. chloroquine) out of the target 
area, rendering them ineffective. Tricyclic acridone molecules with a short 
alkyl amine chain attached to the central nitrogen atom could make 
chloroquine-resistant parasites susceptible to the drug again. This action is 
attributed to blocking the PfCRT pump protein, meaning that the 
chloroquine can reach its target. (J X Kelly et al, Nature, 2009.)





The Breakthrough of anti-malaria therapy
An ancient drug in China REDISCOVERED

Artemesia annua or 
Chinese wormwood 
(中草药青篙，学名黄花篙) 


 
artemisinin (青蒿素)),



"Fifty-two Prescriptions" of Artemisia annua (annual wormwood), 
青蒿

 
from the Mawangdui Han Dynasty Tombs 200 B.C. unearthed.



瘧 (Nüe) Intermittent Fever

Materia medica =>青蒿 Qinghao

Ge Hong 284–363 肘後備急方

 Emergency Prescriptions to Keep 
up your Sleeve
Treatment of intermittent fever
‘Another recipe: qinghao, one 
bunch, take two sheng [2 × 0.2 l] 
of water for soaking it, wring it 
out (擰乾 ) take the juice, ingest 
it in its entirety’

屠呦呦 To Youyou
Dihydroartemisinin

Artemisinin is water insoluble

Artemisia annua





Artemisinin
 

is naturally-occurring 
endoperoxide

 
sesquiterpene

 
lactone



ArtemisininsArtemisinins  DerivativesDerivatives

Artemisinin derivatives

Methyl Ether

Hemisuccinate

Ethyl Ether
Arteether Artemether

Artesunate

Dihydroartemisin

Qinghaosu 
("ching-how-soo") 





Some features of CF3-DHA

Dihydroartemisin



Artemisinins
Derivatives

Reactive 
Oxygen 
Species

Potent schizonticide
10,000-fold per

asexual life cycle (2 days)

Gametocidal
activity

Limit Malaria’s
Transmission

Rapid Disease
Control

Short half life

↓potential for
selection of
resistant 
organisms

No  hypnozoiticidal 
activity

High valent iron-oxo species 
damage food vacuoles membrane

Depolarization of the 
mitochondrial membrane 



Artesunate  should not be used during 
the first trimester of pregnancy.

After parenteral administration, artesunate 
is rapidly hydrolyzed to the active metabolite 
dihydroartemisinin. The oral formulation is 
probably hydrolysed completely before 
entering the systemic circulation. 
Peak serum levels occur within one hour of 

an oral dose with elimination half-life of 45 
minutes. 
Artesunate has a minimal effect on hepatic 

cytochrome P450 activity and does not 
appear to influence the metabolism of 
mefloquine, a drug likely to be used in 
combination with artesunate. 
Artersunate does not inhibit the formation 

of carboxy-primaquine, a metabolite of 
primaquine.

Artesunate is water-soluble hemisuccinate derivative of dihydroartemisinin
- Available in oral, IVI, IMI and PR form



IV Administration of Artesunate
Step. 1 : The powder for injection should be reconstituted 
with 1ml of 5% sodium bicarbonate and shaken 
vigorously till the solution becomes clear. 
Step 2 : For I.V. use, add 5 ml (2ml for I.M. use) of normal 
saline or 5% of glucose and mix again.
Step 3 : For I.V. use, the required amount of the drug is 
administered slowly over a period of 2 - 3 minutes. 
The powder for Injection is difficult to dissolve and care 
should be taken to ensure that it is completely 
dissolved before parenteral administration. It should 
always be used immediately after reconstitution. If the 
solution is cloudy or a precipitate is present, the parenteral 
preparation should be discarded.
The speed for intravenous injection is 3-4 ml per minute. 



Hypotension 
if injected 
rapidly

Hypotension 
with rate 
controlled 
infusion

ECG QRS 
widening

ECG QT 
prolongation

Quinine +++ 0 + +

Quinidine +++ ++ + +++

Chloroquine +++ 0 + +/-

Artesunate 0 0 0 0

Cardiovascular effects of intravenously administered antimalarial drugs 
[Cardiotoxicity of antimalarial drugs. White NJ. The Lancet Infectious Diseases. 7(8):549-58, 2007 Aug.]



Cardiovascular effects of orally administered antimalarial
 

drugs



Pharmaceutical Preparations of Artemisinin

 
Derivatives for Rectal Administration 

[Karunajeewa: JAMA, Volume 297(21).June 6, 2007.2381–2390]



ArtemisininArtemisinin--based Combination Therapy (ACT)based Combination Therapy (ACT)
 A Major Breakthrough in AntiA Major Breakthrough in Anti--malarial Therapymalarial Therapy

Rationale for ACT Rationale for ACT 
Resistance to Resistance to ChloroquineChloroquine and and sulphadoxinesulphadoxine-- 
pyrimethaminepyrimethamine
Protect individual drug from resistanceProtect individual drug from resistance
To decrease rate of decline in efficacyTo decrease rate of decline in efficacy
To interrupt spread of resistant strainsTo interrupt spread of resistant strains
To decrease transmission in a regionTo decrease transmission in a region
The combination is often more effective
In the rare event of resistance to one of the drugs 
during the course of the infection, the parasite will be 
killed by the other drug



Artemisinin
Derivative > 3D

Lumefantrine Amodiaquine Mefloquine

Short half-life;
hence good

for combination

Rapid & substantial
↓parasite biomass

Rapid resolution
of clinical symptoms

Effective against
multi-drug resistant 

P. falciparum

Reduction of 
gametocyte 

carriage

Scanty documented 
parasite resistance

Sulphadoxine-

pyrimethamine

ArtemisininArtemisinin--based Combination Therapy (ACT)based Combination Therapy (ACT)
A Major Breakthrough in AntiA Major Breakthrough in Anti--malarial Therapymalarial Therapy



Second Line
Combinations
For Malaria

Artesunate
Or Quinine

For 7D

Tetracycline
For 7D

Doxycycline
For 7D

Clindamycin
For 7D

Second line Combinations TherapySecond line Combinations Therapy



Unit-dose packaged drugs for treating malaria. 
Orton L. Barnish

 

G. Cochrane Database of Systematic Reviews. (2):CD004614, 2005.]

Blister- 
packed 
artesunate 
and 
mefloquine 
(from 
Cambodia) 

Blister-packed 
artemether- 
lumefantrine (trade 
name Coartem, 
Novartis) 

Blister-packed 
sulfadoxine- 
pyrimethamine 
and 
amodiaquine 
(from Rwanda) 

Sectioned 
polythene 
bags of 
chloroquine 
(from Ghana)







LumefantrineLumefantrine

SchizonticidalSchizonticidal; Safe in pregnancy; Safe in pregnancy
AMMS AMMS –– China discovered it 1970China discovered it 1970
Registered for use in 1987Registered for use in 1987
Half life 3Half life 3--6 days6 days
Lumefantrineumefantrine binds to toxic haemin (FP9) that is produced in the binds to toxic haemin (FP9) that is produced in the 
course of haemoglobin digestion course of haemoglobin digestion the food vacuole of parasitethe food vacuole of parasite. . 
The binding prevents the polymerisation of haemin to nonThe binding prevents the polymerisation of haemin to non--toxic toxic 
malaria pigment.malaria pigment.
The absorption of The absorption of lumefantrinelumefantrine is dependent on the presence is dependent on the presence 
of of foodfood in the stomach, which can be difficult as loss of in the stomach, which can be difficult as loss of 
appetite and nausea are frequent during malaria attacks. appetite and nausea are frequent during malaria attacks. 
Intake of about Intake of about 1.5 g of fat1.5 g of fat seems sufficient for satisfactory seems sufficient for satisfactory 
absorption.absorption.
Unlike halofantrine, it has no significant effect on the QT 
interval.



Artemether acts rapidly, 
reducing the infecting parasite 
biomass by approximately 
10,000-fold per asexual life 
cycle (2 days)

Lumefantrine acts over a longer period to 
eliminate the residual 100-100,000 parasites 
that remain after artemether is cleared from 
the body and minimizes the risk of 
recrudescence.



AL Dosage ScheduleAL Dosage Schedule

Artemether-Lumefantrine (Coartem, Lumether, Riamet)



AL Dosage ScheduleAL Dosage Schedule

Artemether-Lumefantrine (Coartem, Lumether, Riamet)



What to give in pregnancy ?What to give in pregnancy ?

In 1st trimesterIn 1st trimester
Quinine + Quinine + ClindamycinClindamycin 7 days7 days

In 2In 2ndnd and 3and 3rdrd trimesterstrimesters
Any ACT combination as per rec. orAny ACT combination as per rec. or

ArtesunateArtesunate + + ClindamycinClindamycin 7 days or7 days or

Quinine + Quinine + ClindamycinClindamycin 7 days7 days

Lactating women same ACTLactating women same ACT



AM



MALARIA  
Management Guideline



















MALARIA  
Management Guideline



Management of Acute Attack

Anti-malarial chemotherapy should be administered as soon 
as the diagnosis is made
Monitor blood for parasites and repeat testing is needed if 
the diagnosis is strongly suspected
Maintain fluid and electrolytes balance; avoid overhydration
Renal failure regime for blackwater fever; treat 
hypoglycaemia and/or shock if present
Pulmonary oedema may develop, treated by prop up, 
oxygen,loop diuretic, venodilator; if hypoxic may need 
positivepressure ventilation
Avoid sedatives and corticosteroids
Watch for relapse (usually within 2 months) and signs of 
peritoneal irritation (splenic rupture)



Anti-malarial Chemotherapy for Uncomplicated P. 
vivax, P. malariae

 
and P. ovale

Chloroquine 600 mg base po stat and 300 mg base 6 
hours later then 300 mg base daily for 2 more days plus 
Primaquine 15 mg base (0.25 mg/kg) po daily taken with 
food for 14 days in P. vivax and P. ovale infection to 
eradicate hypnozoites in the liver
NOTE 1 Chloroquine-resistant P. vivax reported from 
Oceania and South America, Mefloquine 750 mg po, then 
500 mg 12 hours later
NOTE 2 Primaquine-resistant P. vivax reported in South- 
east Asia and Western Pacific. An increased of the dose to 
22.5 – 30 mg daily (or 0.5 mg/kg) is effective 
NOTE 3 Primaquine is contraindicated in pregnancy. In 
G6PD deficiency, primaquine is safe in dosage of 30 mg 
once a week for 8 weeks. Monitor Hb level.



Uncomplicated P. falciparum
 

malaria

Definition: symptomatic malaria without 
signs of severity or evidence of vital organ 
dysfunction
Treatment:

a. Artesunate 200 mg (4 mg/kg) po daily for 
3 days plus Mefloquine 1000 mg base po on 
day 2, then 500 mg po on day 3
b. Quinine 600 mg salt (10 mg/kg) po 8 
hourly for 7 days plus Doxycycline 100 mg 
po bid for 7 days



Severe P. falciparum  malaria
Definition: presence of one or more of the 
following clinical or laboratory features, after 
excluding other obvious cause of their symptoms:
Clinical: Prostration, Impaired consciousness, 
Respiratory distress (acidotic breathing), Multiple 
convulsions, Circulatory collapse,Pulmonary 
oedema (radiological), Abnormal bleeding, 
Jaundice,Haemoglobinuria
Laboratory: Severe anaemia, Hypoglycaemia, 
Acidosis, Renal impairment, Hyperlactataemia, 
Hyperparasitaemia (>5%)



Treatment of Severe P. falciparum
 

malaria
a. Artesunate 2.4 mg/kg i.v. or i.m. given on admission 
(time = 0), then at 12 h and 24 h, then once a day until 
oral medication could be taken, treat for a total of 7 days 
plus Doxycycline 100 mg po bid for 7 days once oral 
medication could be taken or Mefloquine as in above 
section B2a
b. Quinine dihydrochloride 20 mg/kg loading dose in 5% 
dextrose infused over 4 hours, maintenance dose 10 mg/kg 
infused over 2 – 4 hours every 8 hours. Change to oral 
dose when feasible to complete a 7-day course plus 
Doxycycline as in above section C2a
Note 1 Consider Primaquine 45 mg single dose to eradicate 
gametocytes in blood at the end of treatment of falciparum 
malaria
Note 2 Do not use loading dose if patient has received 
quinine,quinidine, or mefloquine in preceding 24 hours.



Exchange transfusion
CDC recommends that exchange transfusion be 
strongly considered for persons with a parasite 
density of more than 10% or if complications 
such as cerebral malaria, non-volume overload 
pulmonary edema, or renal complications exist.
Its beneficial effect by removing infected red cells, 
improving the rheological properties of blood, and 
reducing toxic factors such as parasite derived 
toxins, harmful metabolites, and cytokines. 



36% counterfeit 
antimalarials



Prevention is Better than cure

Dusk to Dawn Feeders



Insecticide 
impregnated

Bednets

Protective 
clothings

Insecticides
Coil and spray

Screened 
windows 
& doors

Prevention of
Mosquito Bites



Providing prompt 
access to curative

treatment

Promoting 
the use of 

insecticide-Rx
mosquito nets 

Preventing & 
controlling 

malaria 
during pregnancy

Three Effective Malaria Interventions can
reduce all-cause child mortality by 20%-25%

$2.50 -- 5.00

Intermittent Preventive 
Tx in preg: $0.35

Malaria treatment:                
CQ, SP, AQ, Lap-Dap: 
$0.10 – 0.50
•Artemisinin- 
combinations: $2.00 or 
more



Insecticide-treated tarpaulins (天蓬

 及遮陽蓬)used for malaria prevention 
in a refugee camp in Sierra Leone.



Card for Travelers Who Expect to Be in 
Areas Endemic for Malaria

Malaria Information for Traveler
You will be visiting countries with malaria and may be exposed to malaria, which 
can progress rapidly and kill.

Ways to Reduce Risk
Stay in accommodations with screens in windows and doors.
Go indoors from dusk to dawn.
Use an effective insect repellant, such as one that contains diethyltoluamide (DEET).
Treat your clothing with insecticide, such as permethrin.
Sleep under an insecticide-treated bed net.
Take medication that suppresses malaria as recommended by a travel medicine 
specialist.
If you tolerate malaria medication well, continue taking it even if others tell you 
there is no need.

Symptoms of Malaria
Symptoms may start as early as 7 to 8 days after exposure but may be delayed for 
weeks or months (rarely >1 year) after exposure.
Symptoms include fever, which may be intermittent; body ache; weakness; 
headache; vomiting; abdominal pain; cough.

Seek Medical Attention
If you have any of the symptoms, seek medical evaluation as soon as possible, 
even if fever is not constant.
Inform the clinicians that evaluate your fever that you may have been exposed to 
malaria.
Check blood tests, including malaria smears, every 12 to 24 hours until at least 3 
sets of smear results are negative for malaria.



ABCDE of Malaria For Travellers
A – be AWARE of the risk
B – avoid mosquito BITES

Skin cover (wear long sleeves and long pants in tropical 
areas.)
Use a DEET based repellent
Knockdown sprays
Screens, air conditioning and nets

C – take your CHEMOPROPHYLAXIS (medication 
to help prevent malaria)
D – DIAGNOSE quickly
E – if more than 24hrs from medical attention 
take a course of EMERGENCY stand-by treatment







Reasons why travelers fail to take 
chemoprophylaxis

Incorrect belief that acquired immunity is 
maintained after leaving a malarious area
Incorrect belief that some areas are free of 

malaria
Don't know that resistance to chloroquine 

has developed
Fears of drug side-effects



Malaria Vaccine



Chloroquine-resistant malaria 2001: Wellems T E; Plowe C V The Journal of infectious diseases 2001;184(6):770-6.

Immunity and Chloroquine Treatment Outcome



Resistant genotype was more prevalent 
than in-vivo resistance is consistent 
with the view that acquired immunity 
contributes to parasite clearance

Application of a molecular marker for surveillance of chloroquine-resistant falciparum 
malaria The Lancet, Volume 358, Issue 9285, Pages 890 - 891, 15 September 2001





Malaria:  Plasmodium Life Cycle

Liver Stage

Blood Stage

Sporozoites

Merozoites

Gametocytes



Plasmodium life cycle and theoretical activity 
points of the different malaria vaccines.

 [Aide: Arch Dis
 

Child, Volume 92(6).June 2007.476-479]



Malaria:  Plasmodium Life Cycle

Liver Stage

SporozoitesPre-erythrocytic 
Stage



Pre-erythrocytic  Stage Vaccines

How they work:
Generates antibody response against 
sporozoites and prevents them from 
invading the liver
Prevents intra-hepatic multiplication 
by killing parasite-infected 
hepatocytes

Intended Use:  
Ideal for travelers - protects against 
malaria infection



Malaria:  Plasmodium Life Cycle

Blood Stage

Merozoites

Asexual 
Erythrocytic

Stage



Asexual Erythrocytic
 

Stage Vaccines

How they work:
Elicit antibodies that will inactivate 
merozoites and/or target malarial 
antigens expressed on RBC surface
Inhibit development of parasite in RBCs

Intended Use:  
Morbidity reduction in endemic countries



Malaria:  Plasmodium Life Cycle

Gametocytes

Sexual
Stage



Sexual Stage Vaccines

How they work:
Induces antibodies against sexual 
stage antigens
Prevents development of infectious 
sporozoites in salivary glands of 
mosquitoes
Prevent or decrease transmission of 
parasite to new hosts

Intended Use:  
Decreased malaria transmission



Major malaria candidate vaccines in clinical 
development 

[Aide: Arch Dis
 

Child, Volume 92(6).June 2007.476-479]



Challenges for Malaria Vaccine

Four antigenetically distinct malaria species
Each has ~6,000 genes
First gene only identified in 1983

Immunity in malaria is complex and 
immunological responses and correlates of 
protection are incompletely understood. 
Identifying and assessing vaccine 
candidates takes time and is expensive
There is no clear ‘best approach’ for 
designing a malaria vaccine



La Malaria (1850-1851), oil on canvas by French artist Antoine 
Auguste Ernest Hébert (1817-1908).

Useful websites on malaria.
Centers for Disease Control and Prevention 
http://www.cdc.gov/malaria/
World Health Organization 
http://www.who.int/topics/malaria/en/
The Malaria Foundation
http://www.malaria.org
Travel doctor
http://www.traveldoctor.co.uk/tables.htm

http://www.malaria.org/
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