An experimental study of the therapeutic effect
of Nigella sativa aqueous extract and chitosan
nanoparticles on Acanthamoeba keratitis

Thesis
Submitted to Faculty of Medicine, Ain Shams University
For Partial Fulfillment of the M.D. degree in Medical Science
(Parasitology)

By

Omnia Sobhi Mohammad
M.B, B. CH, M. Sc, Assistant lecturer in Medical Parasitology
department, Faculty of Medicine, Ain Shams University

Under supervision of

Prof. Dr/ Azza Abdel Salam El Kadery
Professor of Medical Parasitology
Faculty of Medicine, Ain Shams University

Prof. Dr/ EIham Ahmed EI Sherif
Professor of Medical Parasitology
Faculty of Medicine, Ain Shams University

Prof. Dr/ Iman Abdel Fattah Fahmy
Professor of Ophthalmic Medicine and Surgery
Research Institute of Ophthalmology, Giza

Dr/ Khaled Sayed Habib Assistant
Professor of Medical Parasitology Faculty
of Medicine, Ain Shams University

Dr/ Hayam Mohamed Ezz Eldin
Assistant Professor of Medical Parasitology
Faculty of Medicine, Ain Shams University

Medical Parasitology Department
Faculty of Medicine, Ain Shams University

2017



& w2 oY Al g b

»
~

alpay guly wila ol o
{11T) Spallell 2 o1l slad

JsL 1l = sal Zllyg al S 4
41 Spaluall

(T J17) 2L alei¥l &y




ACKNOWLEDGMENT

06 ~~9o6——~9o

| wish to express my sincere gratitude and deep appreciation to Prof.

Dr/ Azza Abdel Salam El Kadery, Professor of Medical Parasitology,
Faculty of Medicine, Ain Shams University for her kind help, precious
advices, sincere encouragement and continuous guidance.

Many thanks go to Prof. Dr/ Elham Ahmed EI Sherif, Professor of
Medical Parasitology, Faculty of Medicine, Ain Shams University for her
advice and support.

Deep thanks are due to Prof. Dr/ Iman Abdel Fattah Fahmy,
Professor of Ophthalmic Medicine and Surgery, Research Institute of
Ophthalmology, Giza for her great help and co-operative spirit.

Thanks are due to Dr/ Khaled Sayed Habib, Assistant Professor of
Medical Parasitology Faculty of Medicine, Ain Shams University for his

support.

Dr/ Hayam Mohamed Ezz Eldin, Assistant Professor of Medical
Parasitology, Faculty of Medicine, Ain Shams University for her faithful
advices, sincere encouragement, precious help and constant support
throughout the whole work.

A word of thanks must go to the soul of the late Prof. Dr/ Yousry
Mahmoud Gohar (God bless his soul), Microbiology Department, Faculty of
Science, Alexandria University for his precious help.

Last but not least, many thanks to my dear colleagues and all the
members of Medical Parasitology Department, Faculty of Medicine, Ain

Q
S No words can express my sincere gratitude and deep appreciation to

Shams University, for their love, care and support.

C~9oG™~I0



%

<)

To my dearly beloved mother
To my second mom (Auntie)

To my dear sisters
To the blessed soul of my

beloved father




List of Contents

LIST OF

CONTENTS

Page
ACKNOWIEAGMENT ... -
ADSTFACT. ... s -
INErOTUCTION .o e 1
ReVIEW OF HTEFatUIe........coiiiiiieeee e 3
ACANTNAMOBDA SPP ...ttt 3
Historical background ............ccceviiieiieiecc e 3
TAXONOMY ..ttt e e esb e e b e e e nn e e s nn e e 4
MOFPROIOQY......ioiiiicece e e 4
LITE CYCIE. e 9
o] [0 [Ty g o] (o]0 Y OSSPSR 11
Clinical presentation 0f AK .........ccooiiiiiinee s 13
Other clinical presentations of Acanthamoeba infections ...................... 16
I-Granulomatous amoebic encephalitis ............cccoceviveiiiiiicsicce e, 16
I1- Cutaneous acanthamoebIasIsS ..........cccuevvererienieeresie e eee e e 17
[11- Chronic SiNUSItIS and OILIS .......cccvviviiiieriee e 17
Virulence factors of ACANtNAMOBDA.............cc.coveeververeerreeeeseersseienseean, 17
A. DirecCt VIrulence faCtorS........coceereriii i 17
1. Contact-dependant mechanisms...........cccccevvveveiiieieene e 17
ANESION ... 17
PRAGOCYLOSIS .....cveveveecee ettt 18
ECtO-ATPASE ACHVILY .....vvoveeeeeeeeveeeeereeeeereeeseeseeeeesesenens 19
2. Contact-independent mechaniSms ...........ccooeveveriierieeresieeseennens 20
ProteolytiC NZYMES .....ccveiviieiiiieeese e 20
B. Indirect virulence factors.........ccooviveveie i 21
Morphology and phenotypic switching ............c.ccccveveeen. 21
Temperature tolerance and osmo-tolerance ...................... 22
Growth at different pH ........ccooooiiiiii e, 22
Drug reSISTANCE......cveveiieieierie e 22
UDIQUILY .o 23
Biofilm fOrmation...........ccceevevevceeeeee e 23
o HOSEFACLOS ... 23
DiIagnoSiS OF AK ..o 25
e History and ocular examination ...........cccccccevvvevieiieenie e, 25
o Laboratory diagnosiS...........cceveveevereeersiceeieceeesecee e 26
Direct wet mount eXamination...............ccoeeeeveverereesreneseeennes 26
Staining and histopathological examination ....................ccce...... 27
CUIVALION. ...t e 30



List of Contents

IMMUNOAIAGNOSIS .......ceeieiiiee e
Molecular diagnoSIS..........cuoieieieriereieresese e

Treatment of AK .

o Medical treatment ........ccooieiiiieeee e
1- ChemOtherapy.......ccceiveiieie e
2- Natural medicinal agents .........ccccooeiiiiiiiniinicie e

o Surgical treatMent .........ccccviieeieiie e

Prevention of AK.
Nigella sativa ......

Anti-microbial properties of Nigella sativa seeds ...........cccccevvrirneennnns

1. Anti-parasitiC effeCtS .........cooviiiiiii s
2. Anti-viral, anti-bacterial and anti-fungal effects........................
Immuno-modulatory effects and therapeutic properties..........c.ccoceevenee.
Safety of Nigella sativa..........ccccccevveiiiiciicc e
Nanotechnology and NanomediCing ...........cccoccvvvvcveieese e
Chitosan N@nNoPArtiCIES ...........cceiieiiiiecic e
Medicinal applications of CS & CS NPS ........cccccevviiiiieiece e
1. ANti-parasitiC effeCtS.......cccviiiiiieiei s
2. Anti-bacterial effects ...
3. Anti-fungal effeCtS ......ccoviiiiii e
Chitosan nanoparticles-based VacCiNes..........cccevveveivieieeie s,

Ocular application

OF ChITOSAN .o

Safety Of CS & CS NPS ..o

ATM AN PlAN OF WOTK ..o eeeeeeeeeeeeeeeeeeeeeenes
MaterialsS anNd MEthOUS. .......eeeeeeeeeeeeeee e eeeeeeeeeeeeeeeeeeeeeeeeees

Results.....c..........
Discussion............

Summary and ConClUSION .........cccooiiiiiie e
ReCOMMENALIONS ......ccuv e e

References...........
Arabic Summary

101
169
193
199
200



List of tables

Table

10

11

12

LIST OF TABLES

Title
Infection rate of rats on the 5" day post-infection ...........c.cccocevuvenes
Pre-treatment grading according to the area of corneal opacity on
the 5™ day POSE-INFECHION ........ovveeeeieeieeeeseees e ceeseeessesniens
Pre-treatment grading according to the density of corneal opacity
on the 5™ day POSt-INFECHION .....veeveeeeeeeeeeee e,
Pre- and post-treatment keratitis grades among the individual rats
and the total grades of group la (NS 30 mg/ml)......ccccoeveiiiiiiiiinnnnn
Direct microscopic examination in 10% KOH, cultivation on NNA-
E. coli plates and PCR of corneal scraps among the individual rats
and the total percentages of group la (Ns 30 mg/ml) on days 10, 15
and 20 POSE-LrEAtMENT ......ooviiiiieieee e e
Pre- and post-treatment keratitis grades among the individual rats
and the total grades of group Ib (Ns 60 mg/ml).......cccccoeiiiiiiiinnnnnne
Direct microscopic examination in 10% KOH, cultivation on NNA-
E. coli plates and PCR of corneal scraps among the individual rats
and the total percentages of group Ib (Ns 60 mg/ml) on days 10, 15
and 20 POSt-treatMeNnt ...........cccviieiieiece e
Pre- and post-treatment keratitis grades among the individual rats
and the total grades of group Ila (nCs 50 pg/ml) ..o,
Direct microscopic examination in 10% KOH, cultivation on NNA-
E. coli plates and PCR of corneal scraps among the individual rats
and the total percentages of group lla (nCs 50 pwg/ml) on days 10,
15 and 20 poSt-treatMent ...........coveiieiiciecce e
Pre- and post-treatment keratitis grades among the individual rats
and the total grades of group Ilb (nCs 100 pug/ml) ..
Direct microscopic examination in 10% KOH, cultlvatlon on NNA-
E. coli plates and PCR of corneal scraps among the individual rats
and the total percentages of group Ilb (nCs 100 prg/ml) on days 10,
15 and 20 POSt-treatMent ..........ccveiiieiie e
Pre- and post-treatment keratitis grades among the individual rats

and the total grades of group Illa (Ns 30 mg/ml + nCs 50ag/ml).......

132



Table
13

14

15

16

17

18

19

20

21

22

23

24

25

List of tables

Title Page
Direct microscopic examination in 10% KOH, cultivation on NNA-
E. coli plates and PCR of corneal scraps among the individual rats
and the total percentages of group Illa (Ns 30 mg/ml + nCs 50
pg/ml)  on days 10, 15 and 20  post-treatment. 134
Pre- and post-treatment keratitis grades among the individual rats
and the total grades of group IlIb (Ns 60 mg/ml + nCs 100 pug/ml) 136
Direct microscopic examination in 10% KOH, cultivation on NNA-
E. coli plates and PCR of corneal scraps among the individual rats
and the total percentages of group Illb (Ns 60 mg/ml + nCs 100
reg/ml) on days 10, 15 and 20 post-treatment...........cccceeees vevnee. 138
Pre- and post-treatment keratitis grades among the individual rats
and the total grades of group IV (Ch 0.02%) .........ccceeovevevveiecieceee. 140
Direct microscopic examination in 10% KOH, cultivation on NNA-
E. coli plates and PCR of corneal scraps among the individual rats
and the total percentages of group IV (Ch 0.02%) on days 10, 15
and 20 POSE-TrEAtMENT .......cviiiieieie e e 142
Keratitis grades among the individual rats and the total grades of
group V (parasite control) on days 5, 15, 20 and 25 post-infection..... 144
Direct microscopic examination in 10% KOH, cultivation on NNA-
E. coli plates and PCR of corneal scraps among the individual rats
and the total percentages of group V (parasite control) on days 15,
20 and 25 poSt-INFECTION. ......oiiiiiiiicicee e e 146
The overall progression of the corneal lesions pre- and post-
treatment along different time intervals. .........c.ccccoviviis v, 149
General improvement of keratitis grades at the end of the study on
day 20 pOSt-treatmMent ...........ccceeiveiieieee e eerve e e 151
Comparisons of keratitis grades among the experimental groups on
day 10 POSE-TrEAtMENT ......ccuviiiiieiee e 154
Comparisons of keratitis grades among the experimental groups on
day 15 POSE-TrEatMENT ......ocuv i 156
Comparisons of keratitis grades among the experimental groups on
day 20 POSt-TreatMeNt .........c.eeiieiiecie e 158
Comparisons of microscopically-positive corneal scraps in 10%
KOH among the experimental groups on days 10, 15 and 20 post-
ErALMENT. ..o 160



Table
26

27

28

29

30

List of tables

Title
Comparisons of Culture-positive (NNA- E. coli plates) corneal
scraps among the experimental groups on days 10, 15 and 20 post-
EFEALMENT. .o
Comparisons of PCR-positive corneal scraps among the
experimental groups on day 20 post-treatment. ............cccocevviinrnenne.
The sensitivity and specificity of cultivation of corneal scraps
compared to clinical examination on days 10, 15 and 20 post-
ErEALMENT. ..iiiiiciceee e
The sensitivity and specificity of direct microscopic examination of
corneal scraps compared to culture on days 10, 15 and 20 post-
ErEALMENT. ..o
The sensitivity and specificity of PCR of corneal scraps compared
to culture on day 20 post-treatment. .........ccocceveereriierieeie s

Page

161

162

164

166

168



List of Figures

Figure

10
11

12
13
14
15

16

17
18
19
20
21
22

23

LIST OF FIGURES

Title

Acanthamoeba cysts in interference contrast microscopy..............
Acanthamoeba castellanii (a) trophozoite (b) cysts (x1000)..........
Acanthamoeba  trophozoites  with  the  characteristic
ACANTNOPOAIA ...t
Microphotographs showing different morphological forms of
ACaNthamOEba CYSES.......eciiiieie e
Structure of an Acanthamoeba castellanii cyst by transmission
electron microscopy (X4500) ...ccocvvevieiiiiieiierie e
Transmission electron micrographs of Acanthamoeba spp. ..........
Life cycle of Acanthamoeba Spp. .....cccoovveiiriiniiciee s
Scanning electron micrographs of Acanthamoeba trophozoites
illustrating the presence of f00d CUPS ........cccvrvrerieiciiniriesas
Corneal melting and vascularization in a patient with AK..............
Slit-lamp examination of a patient’s €Ye.........cccccevvveveiie i cvieennnn,
Scanning electron microscopy showing that binding of
Acanthamoeba to corneal epithelial cells is mediated by
ACANTNOPOMIA ..ot
Nigella sativa FIOWET ..o
Nigella Sativa SEEAS .........cviirieieiee s
N o] 1101 - | SRS
Housing of the animals individually in separate cages...................
The operating ophthalmic microscope in the operating room of
the animal NOUSE .......cooviiiiiiiiiiii e e
Reagents of DNA extraction Kit..........c.ccccooevveviiiccc s,
Polymerase chain reaction StePS ..........ccoovvvrierene i
DNA thermal CYCIEr ........ooviiiiiiiiiiiceee e
Diagrammatic illustration of agarose gel electrophoresis. .............
Gel electrophoresis apParatus ...........cceevvvereeiiieerieesee e see e
NNA- E. coli culture plate examined by the inverted
microscope (x100) showing Acanthamoeba trophozoites and
(03] PSP
NNA- E. coli culture plate examined by the inverted
microscope (x200) showing acanthopodia of Acanthamoeba
TrOPNOZOITES ...

10

22



List of Figures

Figure
24

25
26

27
28
29
30
31

32

33
34
35
36
37
38
39

40

41

42
43

44

Title

NNA- E. coli culture plate examined by the inverted
microscope (x200) showing double-walled Acanthamoeba
(037 TSRS P VPSPPSR
Acanthamoeba trophozoite (A) and cysts (B) by the light
MICroSCOPE (XL00). ..evieiieiiiie e
Acanthamoeba trophozoite (A) and cysts (B) by the light
MICroSCOPE (XA00) ..ivieiieieeie et
Acanthamoeba trophozoite by the light microscope (x1000).........
Acanthamoeba cysts by the light microscope (x1000)

Normal cornea with clearly visible iris vessels

Infection rate of rats on the 5™ day post-infection

Pre-treatment grading according to the area of corneal opacity
on the 5™ day post-infection.

Pre-treatment grading according to the density of corneal
opacity on the 5™ day post-infection.

Corneal opacity of grade 1 in area and grade 1 in density

Corneal opacity of grade 1 in area and grade 2 in density

Corneal opacity of grade 1 in area and grade 3 in density

Corneal opacity of grade 2 in area and grade 2 in density
Corneal opacity of grade 3 in area and grade 2 in density

Corneal opacity of grade 3 in area and grade 3 in density

PCR amplification products of samples taken from left eyes of
groups la (Ns 30 mg/ml) and Ib (Ns 60 mg/ml).

PCR amplification products of samples taken from left eyes of
groups lla (nCs 50 pug/ml) and Ilb (nCs 100 pug/ml)

PCR amplification products of samples taken from left eyes of
groups llla (Ns 30 mg/ml + nCs 50 pig/ml) and Illb (Ns 60
mg/ml + nCs 100 prg/ml)

PCR amplification products of samples taken from left eyes of
groups V (parasite control) and IV (Ch 0.02%).

The overall progression of the corneal lesion pre- and post-
treatment along different time intervals

General improvement of keratitis grades at the end of the study
on day 20 post-treatment. ............cooiiiiiiiiii,

Page

103

104

108

109
110
111
111
112
112
113
123

131

139
147
150

152



List of Figures

Figure Title Page
45 The sensitivity and specificity of cultivation of corneal scraps

compared to clinical examination on days 10, 15 and 20 post-

rEatmMENt. oo, 164
46  The sensitivity and specificity of direct microscopic

examination compared to culture on days 10, 15 and 20 post-

treatMeNt. ... e 166
47 The sensitivity and specificity of PCR compared to culture on

day 20 poSt-treatment. .............coouiiriiniiiieie e, 168



List of Abbreviations

LIST OF ABBREVIATIONS

A. astronyxis Acanthamoeba astronyxis

A. castellanii Acanthamoeba castellanii

A. culbertsoni Acanthamoeba culbertsoni

A. divionensis Acanthamoeba divionensis

A. glebae Acanthamoeba glebae

A. hatchetti Acanthamoeba hatchetti

A. healyi Acanthamoeba healyi

AIDS Aquired Immune Deficiency Syndrome

A. palastiniensis

Acanthamoeba palastiniensis

A. polyphaga Acanthamoeba polyphaga
A. rhysodes Acanthamoeba rhysodes
AK Acanthamoeba keratitis
ALT Alanine Transferase

AM Amniotic membrane
AMT Amniotic membrane transplantation
AP Alkaline phosphatase
ATP Adenosine triphosphate
B-cell Beta cell

bp Base pair

°Cc Degree Celsius
CaCl,,H.0 Calcium chloride dihydrate
CD Cluster of differentiation
CFwW Calcofluor White

Ch Chlorhexidine

cm Centimeter

CNS Central Nervous System
Co. Company

COX Cyclooxygenase

CS Chitosan

CSF Cerebrospinal fluid

CS NPs Chitosan nanoparticles




List of Abbreviations

CT Computerized tomography

dH,0 Deionized water

DNA Deoxyribonucleic acid

dNTPs deoxynucleotide triphosphates

DD Degree of deacetylation

DW Distilled water

E. coli Escherichia coli

EDTA Ethylene-diamine-tetra-acetic acid
E.L.P.1.CO. Egyptian International Pharmaceutical Industries Company
g Gram

GAE Granulomatous Amoebic Encephalitis
GGT Gamma-glutamyl transferase

HIV Human Immunodeficiency Virus
HPLC High performance liquid chromatography
Hr Hour

Hrs Hours

IgA Immunoglobulin A

IgE Immunoglobulin E

19G Immunoglobulin G

IgM Immunoglobulin M

IFN-y Interferon-gamma

IFN-a Interferon-alpha

Inc. Incorporation

kDa Kilodalton

Kg Kilogram

KH,PO, Potassium di-hydrogen phosphate monobasic
KOH Potassium hydroxide

LO Lipooxygenase

Ltd. Limited

MBP Mannose-binding protein

mg milligram

MgCl, Magnesium chloride

MgS04.7H20

Magnesium sulphate heptahydrate




List of Abbreviations

min Minutes

MIC Minimal inhibitory concentration
ml milliliter

MLC Minimal lethal concentration
mM millimole

MQ Macrophage

MRI Magnetic resonance imaging
MW Molecular weight

NA Nutrient agar

NaCl Sodium chloride

Na;HPO, Di-sodium hydrogen phosphate dibasic
nCs Chitosan nanoparticles

NK Natural Killer

nm nanometer

NNA Non nutrient agar

No. Number

NPs Nanoparticles

Ns Nigella sativa

N. sativa Nigella sativa

ODNs oligodeoxynucleotides

PAS Page Amoeba Saline

PCR Polymerase chain reaction

pH Power of Hydrogen

PHMB Polyhexamethylene biguanide
PMNs Polymorphonuclear cells

pmol picomole

PMSF Phenyl methyl sulfonyl fluoride
ppm Parts per million

RBC Red blood cell

RIO Research Institute of Ophthalmology
rRNA Ribosomal ribonucleic acid
rpm Revolutions per minute

SIgA

Secretory immunoglobulin A




