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Free Living Amoebae

• Emerging Parasitic Protozoa.

• Life Cycle.

• Trophozoite.

• Cyst.

• Species/Genera:

• Naegleria fowleri

• Balamuthia mandrillaris

• Sappinia diploidea/pedata

• Acanthamoeba spp.



Pathology

• Encephalitis

• Fatal in more than 90% of cases

• Keratitis

• Acanthamoeba spp.

• Issues:

• Diagnosis

• Therapy



Acanthamoeba spp.

• Invasive infection of the
cornea.

• Non specific symptons.

• Incidence rising.

Lorenzo-Morales et al., 2011

Main risk group: 

Contact Lens Wearers



Acanthamoeba spp. Therapy

Current first line treatments:

• Topical application of diamidines (propamidine isotionate or hexamide)

• And cationic antiseptics: biguanides (polihexametilenbiguanide , (PHMB) or

chlorhexidine digluconate)



WHAT WE DO IN OUR LAB

� Therapy

� Chemotherapy� novel active principles and products in the market

� Molecular Therapy� siRNA

� Combination� elucidation of drug targets

� Translational Medicine� ULL-HRYC



ISSUES TO SOLVE

• FLA biology is still under study

• Axenic media are required for B. mandrillaris chemotherapy assays

• Pathogenecity is poorly understood.

• Cyst stage

• In vitro FLA chemotherapy assays � standardization

• In vivo models



TARGETS

Henriquez and Roberts.,2010 Exp Parasitology
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Chemotherapy assays

IC50 and IC90



Chemotherapy assays

Cysts

drug



Cysticidal activity

Chemotherapy assays



Cytotoxicity Detection Kit (LDH)®

Roche � LDH activity
IC50 and IC90

Tested compounds

0-10 %: Non toxic

10-25 %: Low

25- 40 %: Moderated

>40 %: High

(Lorenzo-Morales et al., 2010)
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Our sources

• Natural origin� Plants (medicinal, folk/ traditional…)

• Synthetic

• Comercialized products� eye drops, …



Tunisia

Olive tree leaves, 
Used in traditional medicine

Dhokkar Limouni Chemlali Tataouine

Zarrazi, Limouni, Chemlali Tataouine, Dhokkar, and Toffehi



Cultivar Limouni Zarrazi Dhokkar Toffehi
Chemlali

Tataouine

IC50

(µg/ml)

Methanol 12.585 ± 1.514 23.828 ± 0.732 10.108 ± 2.953 33.661 ± 1.398 22.083 ± 1.379

Ethanol
17.505 ± 3.198 

bcB
26.172 ± 1.367 10.126 ± 0.189 22.992 ± 1.703 19.495 ± 0.378

Mixture 9.369 ± 1.325 19.397 ± 2.271 8.234 ± 1.703 24.402 ± 2.356 cB 19.617 ± 0.183 

Total extracts of OLE against A. castellaniiNeff

*Mean ± standard deviation 
a-b,means within a column row with different letters are significantly different (p<0.05)
A-B,means within a row different letters are significantly different (p<0.05)
NS, non-significant

control
Parasitology Research

August 2013, Volume 112, Issue 8, pp 2825-2829

Activity assessment of Tunisian olive leaf extracts against the trophozoite stage of Acanthamoeba



CONFIDENTIALMaslinic Acid Oleanolic Acid Oleuropein

Chromatography, 
HPLC
Mass spectrometry

Dhokkar crude extract

Methanol fraction Ethyl-acetate fraction

BIO-GUIDED 

ASSAY



• Moxifloxacin eye drops solution (VIGAMOX®) Alcon (0.5 %, 5 mg/ml) 

• Voriconazole (VFEND®) by Roerig/Pfizer Inc. (1%, 10 mg/ml)

• Clorhexidine digluconate , Alfa Aesar (0.1 %, 1 mg/ml)

• Anfotericine B, Sigma-Aldrich Chemistry Ltd (0.1 %, 1 mg/ml)

• Type strain: Acanthamoeba castellanii Neff (ATCC 30010, genotype T4) 

• Clinical Strains (CLC-16, genotype T3 and CLC-51, genotype T1)



Amoebicidal activity assays

C-

M 5mg/ml M 2.5mg/ml

V 10mg/ml V 0.08mg/ml



Voriconazole



Cytotoxicity Evaluation

controls





Successful customized voriconazole therapy for intraocular dissemination of 

Acanthamoeba. 

AK � extracorneal, ocular perforation

Keratoplastia

Inflammation after 5 days



Successful customized voriconazole therapy for intraocular dissemination of 

Acanthamoeba. Case report and review of literature.

Presence of Acanthamoeba Aqueous humor

The clear fluid filling the space in the front of 

the eyeball between the lens and the cornea



Successful customized voriconazole therapy for intraocular dissemination of 

Acanthamoeba. Case report and review of literature.

T4 genotype Voriconazole sensitive 

(IC90 10.63 µg/ml)

Intraocular voriconazole 100 µg in serial 0.1 ml doses

Oral voriconazol

Chlorhexidine and topic voriconazol





BEFORE AFTER





siRNAs



MOLECULAR THERAPY

� Extracellular serine proteases

�Entry was blocked



SERINE PROTEASES-siRNA

CONTROLRNAi -RNAi +



Protist Information Server

CYSTS� EXIT



Control

A. 12 h

B. 24 h

C. 48 & 72 h

NORMAL ENCYSTMENT PROCESS

CELLULOSE� GLYCOGEN PHOSPHORYLASE



CONTROL-RNAi GLYCOGEN PHOSPORYLASE

RNAi

CONTROL

A. RNAi 48 hrs

B. RNAi 72 hrs

C. Control 48 hrs

D. Control 72 hrs

CONTROL

RNAi



NO MATURE CYSTS



COMBINATION OF MOLECULAR 

THERAPY AND 

CHEMOTHERAPY



Sterol synthesis in amoeba

• Main sterol in the membranes� ergosterol

• Same pathway as cholesterol synthesis in humans

3-hydroxy-3-methyl-glutaryl-

CoA
Mevalonate

Cholesterol

Ergosterol

HMG-CoA reductase



siRNA HMCoA reductase

RNAi+���� non viable



• Simvastatin

• Pravastatin

• Lovastatin

• Atorvastatin

• Fluvastatin

• Strains:

• Acanthamoeba castellanii

Neff (ATCC 30010)

• Clinical strains:

• CLC-16

• CLC-41.r

• CLC-51.l

Statins� Inhibit HMCoA R



Results

IC50 (mM) 96h AcNeff CLC-16 CLC-41.r CLC-51.l

Lovastatin

Pravastatin

Simvastatin

Fluvastatin

Atorvastatin

17.14 ± 1.85

58.75 ± 11.01

10.24 ± 1.09

9.19 ± 0.98

15.12 ± 2.19

-

-

31.44 ± 2.06

54.64 ± 2.69

33.34 ± 2.64

46.65 ± 4.50

-

14.60 ± 0.59

24.29 ± 0.97

13.70 ± 0.81

-

-

39.73 ± 4.34

16.50 ± 1.03

26.63 ± 1.20

IC90 (mM) 96h

Lovastatin

Simvastatin

Fluvastatin

Atorvastatin

23.68 ± 0.32

21.37 ± 1.51

20.70 ± 2.15

41.09 ± 0.00



Results

� Cysticidal activity /Toxicity

Trophozoites when IC
90

 is used
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Unviable cyst when IC
90

 is used
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Conclusions

• Statins are amoebicidal and cysticidal (10X lower humans)

• Future therapy?� elucidated target using siRNA



First trials in AK Patients

• March 2015-May 2015

• 4 patients not responding to AK therapy (chlorhexidine 0.02%)

• 2 Contact lens wearers and 2 non-contact lens wearers

• Once Acanthamoeba was diagnosed � atorvastatin 20mg



Patient 1



Patient 4
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