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ABSTRACT OF RESEARCH

(An abstract of between 100 and 200 words must be prepared in Bahasa Malaysia and in English.
This abstract will be included in the Annual Report of the Research and Innovation Section at a later date as
1 means of presenting the project findings of the researcher/s to the University and the community at large)

Amoebiasis is one of the three most common fatal parasitic diseases in developing countries. Fatality is
orimarily due to amoebic liver abscess (ALA), an important cause of space-occupying lesions of liver due tc
nvasion of Entamoeba histolytica via the colonic mucosa. This research project was undertaken to establish
and maintain an axenic culture of E. histolytica in Universiti Sains Malaysia; then utilized it to identify and

subsequently characterize a specific E. histolytica antigen that has diagnostic value via animal
oxperimentation.

The HM1:IMSS E. histolytica axenic strain was established and maintained since March 2009 in Biomedicine
_aboratory at School of Health Sciences, Universiti Sains Malaysia, in the customized TY1-S-33 medium.
Preservation of the amoeba at -80 °C was successful up to approximately 7 days. As such, the culture is still
continuously maintained at 36 °C to sustain the E. histolytica project. In the animal study, ALA was
oxperimentally developed in Syrian golden hamster by inoculating E. histolytica trophozoites into the portal
vein. Cardiac puncture was later performed on the morbid hamsters to obtain the ALA serum samples.
Based on Western blot analyses on the ALA sera, the ~77 kDa protein was identified as a potential
liagnostic biomarker, as it was recognized by 26/31 (83.87%) hamster ALA serum samples, but not
letected by any of the healthy hamster sera. MALDI-TOF mass spectrometry results revealed that the
yotein has a pl value of 5.91 and the amino acid sequence was similar to acetyl-CoA syntase (NCBI
J4LUV9) in Entamoeba histolytica database. In addition to delivering the two objectives, other studies
slated to diagnosis of amoebiasis were performed. For instance, we also reported a rapid staining method
y detect E. histolytica trophozoites in spiked stool sample using Eosin-Y stain. This microscopy staining
wchnique enabled almost instantaneously detection of the trophozoites as compared to the 2-hour
‘eparation period required by the routine Wheatley Trichrome staining technique. Another additional
ntribution is the application of specific hamster polyclonal antibody in immunohistochemical staining of E.
stolytica trophozoites in hamster liver. This approach gave better visualization of the trophozoites than

her the routine haematoxylin & eosin stain or the periodic acid Schiff stain.
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Abstrak Penyelidikan

(Perlu disediakan di antara 100 - 200 perkataan di dalam Bahasa Malaysia dan juga Bahasa
Abstrak ini akan dimuatkan dalam Laporan Tahunan Bahagian Penyelidikan & Inovasi sebagai
untuk menyampaikan dapatan projek tuan/puan kepada pihak Universiti & masyarakat luar).

Amoebiasis ialah satu daripada tiga jenis penyakit parasit yang menyebabkan paling banyak ke
negara membangun. Kematian terutamanya disebabkan oleh abses hepar amoeba (ALA), iaitu se
hepar akibat daripada jangkitan Entamoeba histolytica yang menembusi mukosa kolon. k
dilaksanakan untuk mewujudkan dan mengekalkan kultur aksenik E. histolytica di Universiti Sains
yang dapat diguna untuk eksperimen haiwan bagi mengesan dan menciri satu antigen E. histolytic
yang mempunyai nilai diagnosis.

Strain aksenik E. histolytica HM1:IMSS telah dan masih dikultur dalam medium TY1-S-33 sejak |
di Makmal Bioperubatan, Pusat Pengajian Sains Kesihatan, Universiti Sains Malaysia,. Ameba i
disejukbekukan pada -80 °C sehingga ~7 hari sahaja. Berhubung dengan kekangan ini, kultt
terpaksa dikekalkan secara berterusan pada 36 °C untuk memastikan projek E. histolytica dapat d
Dalam kajian haiwan, trofozoit E. histolytica diinokulasi pada vena portal hamster untuk menghas
di dalam heparnya. Darah diperolehi daripada jantung hamster nazak untuk memperoleh samy
ALA. Menerusi analisis blot Western blot, protein dengan berat molekul ~77 kDa telah dikenal pas
biomarker yang berpotensi diguna dalam diagnosis ALA manusia. Protein ini telah dicam o
(83.87%) sampel serum hamster ALA, tetapi langsung tidak dikesan oleh serum hamster sihat. k
spetktrofotomeri massa MALDI-TOF menunjukkan protein ini mempunyai nilai pl 5.91 dan ur
aminonya adalah sama dengan acetyl-CoA syntase (NCBI C4LUV9) pada pangkalan data E
histolytica. Di samping menunaikan dua objektif kajian di atasi, kajian tambahan berhubun
diagnosis amebiasis juga dilaksanakan. Kami telah berjaya memperkenal satu kaedah pewarn
menggunakan pewarna Eosin-Y untuk mengesan trofozoit E. histolytica yang berada di dalam sa
Teknik ini membolehkan pemerhatian trofozoit dilaksanakan dengan segera berbanding dengan |
(Wheatley Trichrome) yang mengambil masa hampir dua jam. Satu lagi penemuan tambahan pe

penggunaan antibodi spesifik dalam pewarnaan imunohistokimia terhadap trofozoit E. histolytic

hati hamster. Pendekatan ini memberi visualisasi yang lebih jelas berbanding dengan pewa

haematoxylin & eosin atau pewarnaan Schiff asid periodik.
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SUMMARY OF RESEARCH FINDINGS
Ringkasan Penemuan Projek Penyelidikan

The research has generated:

'F
2.

One (ongoing) PhD student.

One MSc student is waiting for his viva voce and another has submitted his notict
submission.

Three undergraduate final-year projects

Four published articles in peer-reviewed journals (Total Impact factors: 1.812 + 0.65 + |
3.112) and one more is under review at Journal of Vaccine and Clinical Immunology
Nine (9) oral and six (6) poster scientific presentations in both national and international
A sustainable axenic culture of E. histolytica in Biomedicine Laboratory, School ¢
Science, USM.

One patent filed for the Malaysian Patent

One international collaboration with Dr. Alfonso Olivos Garcia (Universidad Auton
Mexico) and one national collaboration with Professor (Dr.) Lalitha Patthabiraman (AIMS
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COMPREHENSIVE TECHNICAL REPORT

Applicant are required to prepare a Comprehensive Technical Report explaning the project.
(This report must be appended separately)

Sila sediakan laporan teknikal lengkap yang menerangkan keseluruhan projek ini.
[Sila gunakan kertas berasingan]

PLEASE REFER TO APPENDIX 1: COMPREHENSIVE TECHNICAL REPORT

List the key words that reflects your research:

Senaraikan kata kunci yang mencerminkan penyelidikan anda:

English

Bahasa Malaysia

Entamoeba histolytica

Entamoeba histolytica

Amoebiasis

Amebiasis

Amoebic liver abscess (ALA)

Abses hati amoeba

Hamster

hamster

Esoin-Y stain

Pewarna Eosin-Y

Immunohistochemical (IHC) stain

Pewarna imunohistokimia (IHC)

Western blot

Blot Western

Acetyl-CoA syntase

Acetyl-CoA syntase
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a) Results/Benefits from this research

Hasil Penyelidikan
No. Category/Number: . s
Bil: Kategori/ Bilangan: Pramisen fehigved
5 research publications:
Research Publications @1 ?n Para;itology Regegrch;
(Specify target journals) (b) 2 in Tropical Biomedicine;
1. Penerbitan Penyelidikan 4 (c) 1 in Asia Pacific Journal of
: Tropical Biomedicine,. g ,, An
(Nyatakan sasaran jurnal) (d) -stillund % %. nal/ogf
Vaccine & Clinical Immunology
2. | Human Capital Development
a. PhD Students 1 1 (ongoing)
b, Waster Studonts 0 2 [1 waiting for viva voce; 1 submit
) notice for thesis submission]
c. Ilalpggg:t;raduate Final Year 0 3 (Completed)
d. Research Officer 1 1 (Assistant RO)
e. Research Assisstant Y T4RA)
f. Others: Please Specify 0 1 (Completed an industrial training 1
one MSU student)
B, || T 0 1 (Filed for patent)
4 Specific @ Potential Applications 1 1 (Recombinant proteins of the poten
| Spesifik/Potensi Permohonan biomarkers for diagnosis of ALA)
5, ?:;ﬁ;;gigﬂjikggkzggjsama 2 2 (Dr Alfonso OG & Prof. P. Lalith
Possible External Research Grants
6 to be Acquired 0 0
| Jangkaan Geran Penyelidikan Luar
Dipohon
7 Product/Prototype 0 0
" | Produk/Prototaip

Kindly provide copies/evidence for Category 1 to 7.
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b) Equipments used for this research.

Peralatan yang telah digunakan dalam penyelidikan ini.

Items

Perkara Approved Equipment Approved Additional Equipment Location
1.0ne Micropipettor 5. One Refrigerator All equipment are in

Specialized 2. One SDS-PAGE 6. One -20°C Refrigerator Biomedicine Laboratory

Equipment electrophoresis 7. One 37°C Incubator School of Health Scien

Peralatan 3. One 12-Channel pipettor USM

khusus 4. One Pipette-aid

PaBiity Not applicable Not applicable Not applicable

Kemudahan PP

Infrastructure ) .

Infrastruktur Not applicable Not applicable Not applicable

in PPSK.

Note: Although the hemocytometer was approved in the grant, it was not purchased as it was availak

L. BUDGET / BAJET

Perbelanjaan :: Expenditure

Project Account No.

Total Approved Budget
Total Additional Budget
Grand Total Approved Budget

Total Expenditure
Balance

: 1001/PPSK/81300

: RM 197,476.00
:RM 56,003.03
: RM 253,479.03

Yearly Budget Distributed

Year 1 - RM 80,660.00
Year 2 . RM 62,158.00
Year 3 . RM 54,658.00

Additional Budget Approved

Year 1 :RMO
Year 2 :RMO
Year 3 : RM 56,003.03

: RM 253,099.13
: RM 379.90

o Please attach final account statement from Treasury
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ABSTRACT .

Amoebiasis is one of the three most common fatal parasitic diseases in developing
countries. Fatality is primarily due to amoebic liver abscess (ALA), an important cause of
space-occupying lesions of liver due to invasion of Entamoeba histolytica via the colonic
- mucosa. This research project was undertaken to establish and maintain an axenic
culture of E. histolytica in Universiti Sains Malaysia; then utilized it to identify and
subsequently characterize a specific E. histolytica antigen that has diagnostic value via

animal experimentation.

The HM1:IMSS E. histolytica axenic strain was established and maintained since March
2009 in Biomedicine Laboratory at School of Health Sciences, Universiti Sains Malaysia,
in the customized TY1-S-33 medium. Preservation of the amoeba at -80 °C was
successful up to approximately 7 days. As such, the culture is still continuously
maintained at 36 °C .to sustain the E. histolytica project. In the animal study, ALA was
experimentally developed in Syrian golden hamster by inoculating E. histolytica
trophozoites into the portal vein. Cardiac puncture was later performed on the morbid
hamsters to obtain the ALA serum samples. Based on Western blot analyses on the
ALA sera, the ~77 kDa protein was identified as a potential diagnostic biomarker, as it
was recognized by 26/31 (83.87%) hamster ALA serum samples, but not déteoted by
any of the healthy hamster sera. MALDI-TOF mass spectrometry results revealed that
the protein has a pl value of 5.91 and the amino acid sequence was similar to acetyl-

CoA syntase (NCBIi C4LUV9) in Entamoeba histolytica database.

In addition to delivering the two objectives, other studies related to diagnosis of

amoebiasis were performed. For instance, we also reported a rapid staining method to



.detect E. histolytica trophozoites in spiked .stool sample using Eosin-Y stain. This -
microscopy staining technique enabled almost instantaneously detection of the
trophozoites as compared to the 2-hour preparation period required by the routine
Wheatley Trichrome staining technique. Another additional contribution is the application
of specific hamster polyclonal antibody in immunohistochemical staining of E. histolytica
~ trophozoites in hamster liver. This approach gave better visualization of the trophozoites

than either the routine haematoxylin & eosin stain orthe periodic acid Schiff stain.

KEYWORDS: Entamoeba histolytica, amoebiasis, amoebic liver abscess (ALA),
hamster, Eosin-Y stain, immunohistochemical (IHC) stain, Western blot and acetyl-CoA

syntase

*Corresponding author: Tel: +6097619; Fax: +6097677515; limbh493@gmai|.cbm



- 1. INTRODUCTION

Amoebiasis is a parasitic infection acquired through ingestion of food or water
contaminated with cysts of E. histolytica. The parasite causes intestinal infection,
diarrhoea and extraintestinal amoebiasis. The estimated global burden of the
disease in humans is about 50 million with up to 100,000 deaths annually
(Tanyuksel & Petri, 2003; Wells & Arguedas, 2004). In Malaysia, 9.9 % of children
were infected (Rajeswary et al., 1994) and about 40% of liver abscess cases were

found to be amoebic in origin (Goh et al., 1987; Jamaiah & Shekhar, 1999).

Despite its inherent drawbacks, microscopy continues to be the diagnostic method
used in most laboratories around the world (Clark, 2004). The existing Wheatley
trichrome staining technique is time-consuming as it requires at least 2-hour to
prepare, and the stain cannot differentiate E. histolytica from non-pathogenic E.
dispar (Tanyuksel & Petri, 2003). Unfortunately, only ~12% of patients with amoebic
liver abscess (ALA) were reported with the amoebas in their stool samples (Wells &
Arguedas, 2004). E. histolytica trophozoites were reported in up to 85% of liver
abscess (Juimo et al., 1992), but aspiration of the abscess material is both invasive
and technically demanding (Stanley, 2003). Culture/zymodeme analysis is specific;
however one species may outgrow the other in cultures of specimens from mixed
infections (Wells & Arguedas, 2004). Molecular techniques are highly sensitive and
specific but they require a longer time to perform, technically complex, and also
relatively costly (Stanley, 2003; Tanyuksel & Petri, 2003). A bromising commercially
available noninvasive antigen detection test was reported to detect circulating
galactose/N-Acetyl galactosamine-specific lectin (or Gal/GalNac lectin) antigen in
sera of 96% (22/23) ALA patients (Jamaiah & Shekhar, 1999). However, in another

4



~study, the test kit detected-the antigen in only 2.3% (1/43) of patients suspected of .
having ALA, although 76.7% (33/43) of them were found to be positive for anti-lectin

antibody (Wan Nor Azilah, 2007).

Hence this study aimed to establish an axenic culture of E. histolytica in Biomedicine
Laboratory of School of Health Sciences, Universiti Sains Malaysia, and
subsequently utilizes the amoeba for research to improve on the existing diagnostic
tools. Obtaining truly human ALA serum samples for research is difficult, as current
diagnosis depends on ultrasonic and serological investigations. Technically,
confirmation of ALA should be based on identification of E. histolytica trophozoites in
abscessed liver biopsy, but this approach is invasive and considered unethical as
most trophozoites are found in the healthy liver cells at the peripheral of the liver
abscess. Thus, this study also aimed to identify and characterize a specific E.
histolytica antigen that has diagnostic value via animal experimentation, in which
ALA will be developed in susceptible hamster to obtain truly ALA serum samples for

Western blot analysis.



2.~ MATERIALS AND METHODS

2.1 Maintenance of E. histolytica trophozoites

2.1(a) Preparation of TYI-S-33 medium for E. histolytica culture

To prepare 1 L of TYI-S-33 medium, solutions A and B have to be prior prepared.
| Solution A was prepared by dissolving 30 g of Biosate peptone (Becton Dickinson, Lot
No: 7050570) and 10 g Dextrose in 500 mL of distilled water. For solution B, 1 g of
Dipotassium phosphate (K;HPOy), 0.6 g of Monopotassium phosphate (KH,POy), 2 g of
Sodium chloride (NaCl), 1g of Cysteine and 0.2 g of ascorbic acid were dissoived in 370
mL of distilled water. Solutions A and B were then mixed and subsequently added with
22.5 mg of ferric ammonium citrate. The pH of the solution was.adjusted to 6.8 with 2 N
NaOH, and filtered (Whatman, Cat. No: 1004240) before it was autoclaved at 121 °C for
10 minutes. When the autoclave temperature dropped to 90 °C, the bottle of solution
was taken out and allowed to cool until it reached room temperature. Then, 30 mL of
vitamin solution (SAFC Bioscience, Lot No: 7L0326) and 100 mL of decomplemented
bovine serum (Invitrogen, Lot No: 667195) were added into the sterilized solution to form

the TYI-S-33 medium, which was kept at 4 °C until it was ready to be used.

2.1(b) .Preparation of Streptomycin-Benzylpenicillin-Kananmycin Antibiotics

Six gram of streptomycin sulfate and 3.6 g of benzylpenicillin sodium salt were dissolved
in 6 mL of distilled water. Then, 2 g of kanamycin was added. The mixture was syringe-
filtered through 0.20 pm filter disc (Schleicher & Schuell, Lot No: DR0700-3) and kept in

4 °C.



2.1(c) Viability Testing

First, a 1:1 dilution of amoeba suspension with 0.4% Trypan blue solution was prepared.
Next, the mixture was loaded onto a hemocytometer counting chamber. The number of
unstained amoebas (viable cells) and stained (non-viable cells) were counted. Finally,

the viability of amoeba was determined based on the calculations below:

Total number of viable cells = average number of viable cells x 10* x dilution factor

=nx10*x2

Viability of amoeba = Total number of viable cells x 100 %

Total number of cells

2.1(d) Hemocytometer Counting
A clean cover-slip was placed on a clean hemocytometer counting chamber. A drop of
amoeba suspension was loaded at the edge of the chamber and the suspension was
allowed to be drawn into the chamber by capillary action. The chamber was then placed
on the microscope stage and the average number of amoeba was determined using the
formula below.

Formula: c= n/v

Where ¢ = cell suspension in cells/mL; n = average number of cells/mm? area

and v = volume counted = 10* (1Imm? = 0.1 mm® = 10*mL).

Thus, ¢ = n x 10*



2.1(e) Harvesting of Amoebic Culture : : "

Prior o culturing of the axenic E. histolytica, a viability test was performed. Then, an
appropriate amount of the amoeba was transferred into each culture tube containing 7.5
mL of TYI-S-3 medium. The culture tube was placed in a horizontal position 36 °C for 72

hr. (Diamond et al., 1978). The amoebas were harvested by first cooling the culture

 tubes on ice for 5 minutes. Then, the culture medium were transferred into sterile 1.5 mL

microcentrifuge tubes and spun at 440 x g for 3 minutes at 4 °C. After decanting the
medium, 1 mL of sterile 1X PBS was added to resuspend the amoeba pellet. The
amoeba suspension was again washed by centrifugation. After removing the

supernatant, the amoeba pellet was stored at -80 °C.

2.1(f) Maintenance of Virulent E. histolytica and Collection of Hamster ALA

Serum Samples

To maintain the virulence of axenic E. histolytica (HM1-IMSS), each fortnight the
amoebas in TYI-S-3 medium were used to develop ALA in a Syrian golden hamster
(Mesocricetus auratus). The experimental development of ALA in hamster was
performed as described by Olivos-Garcia et al. (2004) and Weber et al. (2008). Briefly, 1
x 10° trophozoifes suspended in 0.2 mL phosphate buffer saline (PBS) was inoculated
into the portal vein of an anesthetized (6 mg pentobarbital / 100 g body weight) male. -
hamster. To prevent excessive bleeding, a small piece of gelfoam (Pharmacia & Upjohn
Co., USA) was placed onto the injected site of portal vein and held for one minute with a
piece of gauze. About a week later, the morbid animal was sacrificed with 3X overdose
of pentobarbital. Cardiac puncture was performed on the euthanized animal to colléct
the hamster ALA serum sample. Following which, the abscessed liver was transferred
aseptically onto a sterile Petri dish and cut into small fragments. Some fragments were
transferred into a sterile culture tube and filled with 7.5 mL of TYI-S-33 medium followed

8



« by adding' 15 pL-of streptomycin-benzylpenicillin-kananmycin. antibiotics. The culture
tube was then incubated at 36°C in a horizontal position. After 24 hours of incubation,
the tube wall was observed under inverted microscope to check for amoebas. The
medium was replaced with fresh medium and antibiotics. The procedure was repeated
each 24 hours for 5 days, in which the antibiotics were gradually reduced. Finally, the
| amoebas were cuitured in the absence of antibiotics and ready to be harvest in TY[-S-33
medium. The animal experimentation above was approved by USM Animal Research
Ethics Committee [No. Animal Ethics Approval: USM/Animal Ethics Approval/

2008/(40)(129)]

2.1(g) Preservation of E. histolytica

Preservation of E. histolytica was performed as suggested by Samarawickrema et al.
(2001) with modifications. Following the DMSO stop, the amoebas was immediately
preserved in a -80 °C freezer instead of being first subjected to rapid cooling at -70 °C

for 48 hr, followed by cryopreservation in liquid nitrogen.

2.2 Analysis of E. histolytica antigens

2.2 (a) SDS-PAGE

Protein samples were electrophoretically separated via SDS-PAGE using Bio-Rad Mini
Protean Ill Electrophoresis Cell and Protean® Il xi Cell according to Laemmli (1970)
protocol with modifications. Prior to SDS-PAGE, crudes soluble antigen of E. histolytica
was mixed with 2X Laemmli sample buffer and boiled for 5 min. Subsequently, it was
separated using 6% or 10% SDS—PAGE gel, at constant current of 25 mA per gel fbr

about 1 h.



2.2 (b) Western blotting

Upon completion of SDS-PAGE, proteins in the gel was electrophoretically transferred
onto a 0.45 pm nitrocellulose membrane (NCP) using semi-dry transblot (Bio Rad, USA)
at a constant voltage of 15 V for 30 min. The NCP was blocked for 1hr at RT with 5 %

skim milk prepared in 10 mM Tris buffered saline, pH 7.2 (TBS). Subsequently, the NCP

| was washed (3 x 5 min) with TBS containing 0.1 % Tween-20 (TBS-T). Then, the NCP

was cut into multiple strips and incubated with hamster sera at dilution of 1:50 (in TBS-T)
for 2 hours at RT. The NCP strips were then washed three times with TBS-T, and then
incubated with monoclonal mouse anti-hamster igG conjugated with horseradish
peroxides (HRP) at dilution of 1:4000 for 1hr. Subsequently, the NCP strips were again
washed (3 x 5 _min) with TBS-T. Western blot substrates ie. enhanced
chemiluminescence (ECL) blotting reagent (Roche diagnostics, Germany) or
tetramethylbenzidine (TMB) substrate for membrane (Sigma, USA) were used as

substrates. The Western blot sighal was captured using camera (Lumix, Germany).

2.3 Rapid Eosin-Y Staining
The Eosin-Y stain (Sigma HT110316, USA) used in this study was in its working dilution,

thus was applied directly on stool samples without fuss. Alternatively, Eosin-Y staining

- solution can be prepared by mixing 1% (w/v) Eosin-Y, 1% (w/v) phloxine-B, 95% ethanol

and glacial acetic acid in appropriate volumes (Mayer, 2009). Briefly, approximately one
million axenic E. histolytica was washed with 1X PBS and spiked in 2 g of fresh semi-
solid stool sample obtained from a healthy volunteer. An applicator stick was used to
mix ~30 ulL of the Eosin-Y stain With. ~2 mg of stool sample on a clean slide. DPX was
used to seal the cover slip placed over the sample to the slide, which was then observed

under a microscope at 400X and 1000X magnification. The images of the stained
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trophozoites were captured using-Olympus: Image Analysis System (Olympus System

Microscope Model BX41, Japan).

2.4. Immunohistochemical Staining

indirect staining was performed on processed tissue sections with some modifications
on the standard protocol as described by Bancroft and Gamble (2002). First, the ALA
and non-ALA tissues were-deparaffinized with two changes of xylene for 5 min each,
followed by rehydration with two changes of absolute, 70% and 50% alcohols for 3 min
each and washing in running tap water for 5 min. Tissues were then blocked with 3%
hydrogen peroxide for 5 min, dipped in distilled water for 5 min and followed by 30 min
incubation with 1:100 dilution of the corresponding polyclonal hamster serum sample i.e.
sera from the ALA-induced hamster and control hamster used for the infected and
control tissues, respectively. Washing steps were then carried out five times with
PBSTween 20 (PBST), 2 min each. Tissues were incubated with 1:1 000 dilution of
HRP-conjugated anti-hamster antibody (Sigma-Aldrich, USA) for 30 min and again
washed with PBST. After washing, the tissues were developed with ' 3,3-
diaminobenzidine (DAB) substrate solution for 3 min and again washed with PBST.
Finally, the tissues were counterstained with Hérris’s haematoxylin (Sigma-Aldrich,
USA) for 1 min, followed by washing, differentiation with- 1% acid alcohol, bluing with
ammonia water, another washing step, dehydration with increasing graded alcohols,

clearance with xylene and then mounted with DPX.
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3. — RESULTS AND DISCUSSION s sep & .

The procedure involved in maintaining the HM1:IMSS axenic strain of E. histolytica
trophozoites is not as straight-forward as culturing cancer cell lines, where chemically
defined media such as RPMI and DMEM are commercially available. Here, the TYI-S-3
medium has to be freshly prepared and precautions have to be taken to ensure that
each batch/lot of chemicals such-as biosate peptone, vitamin solution and bovine serum
are compatible and non-toxic to the amoebas. In addition, during the autoclaving
process, the medium must be allowed to cool at room temperature when the autoclave
temperature reaches 90 °C. This is to prevent the caramelisation or browning of sugar
during the long duration in the autoclave, which is detrimental to the growth of the

amoebas.

Since March 2009, the E. histolytica HM1:IMSS axenic strain has been successfully
maintained in the Biomedicine Laboratory of School of Health Sciences. This has
generated numerous applied and basic research projects involving E. histolytica. In
trying to preserve the amoebas, the longest duration in which the amoebas could be
revived from -80 °C was only about one week. Similar difficulty was reported by Clark

(http://entamoeba.lshtm.ac.uk/cryo.htm), who cryopreserved the amoebas in liquid .

nitrogen. He concluded that the axenic amoeba cells are much more sensitive than

many other cells.

in the animal exberimentation, it was pertinent to use hamster as it is lsusceptible to E.
histolytica infection. Experimentally induced ALA hamster normally dies after 7-10 days
post-inoculation of the amoebas via the portal vein. Thus, cardiac puncture was
performed on the morbid animal to obtain serum sample from hamster with confirmed

12



ALA, .whi.ch is-based on our success in-culturing the virulent E. histolytica strain obtained
from infected liver tissues. As expected the ~7-day post-infection antibody titre was low
but by optimising the primary antibody dilution at 1:50, Western blot analysis revealed
some interesting resuits. Animal experimentation is important as obtaining truly human
ALA serum samples is very difficult as current diagnosis of ALA in patients depends
mainly on ultrasonic and serological investigations. Confirmation of ALA based on
identification of E. histolytica trophozoites in abscessed liver biopsy is considered
invaéive and unethical as most trophozoites are found in the healthy liver cells at the

peripheral of the liver abscess.

in the Western blot analysis on 31 hamster ALA serum samples, the ~77 kDa protein
was found to be a potential diagnostic biomarker (Figure 1). The protein was recognized
by 26/31 (83.87%) ALA serum samples, but not detected by any of the healthy hamster
sera. MALDI-TOF mass spectrometry revealed that the protein has pl value of 5.91, and
the amino acid sequence was similar to the acetyl-CoA syntase (NCBI C4LUV9) in

Entamoeba histolytica database.
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Figure 1. Representative Western/IgG blot of E. histolytica crude soluble antigen
when probed with- hamster serum samples. Lane 1-31: Individual hamster ALA
serum samples (n=31); Lane 32: Hamster ALA pooled sera; Lane 33-38: Healthy
individual hamster serum samples (n=6); Lane 39: Healthy hamster pooled serum

samples; Lane 40: TBS control.
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Besides delivering the two main objectives of this project, further experiments were
performed in relation to diagnosis of amoebiasis. We also introduced the Eosin-Y stain
as a rapid staining method for E. histolytica trophozoites in spiked stool sample. Based
on the technique, microscopy detection of the trophozoites can be observed almost
instantaneously as compared to the 2-hour period required by the routine Wheatley
Trichrome staining technique. The compound phloxine-B in Eosin-Y stain was reportedly
used to stain nuclear structures in histological sections (SPI.Supplies, 2009). Until-now,
there were no reports on the use of phloxine-B to stain nucleus of E. histolytica. Here,
we showed that Eosin-Y was just as accurate as Wheatley trichrome staining method in
identification of trophozoites in stool samples. Besides staining the characteristic nuclear
features of the trophozoites and/or the engulfed erythrocytes, it could be performed
easily to give spontaneous results. Another major advantage of Eosin-Y staining
technique is that the stained trophozoites could easily be visualized under 400X

magnification (Figure 2).

Another additional finding was the application of hamster polyclonal antibody in
immunohistochemical staining of E. histolytica trophozoites in hamster liver. This
approach gave better visualization than either the routine haemétoxylin & eosin staining
~or the periodic acid Schiff s_taining (Figure 3). This is probably because
immunohistochemical staining is presumed to be more specific as it is the consequence

of specific reactions of amoebic trophozoite and antibodies against them.
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Nucleus

Nucleus
(unclear)

Figure 2. Stained trophozoites. (a) Wheatley trichrome stained trophozoite, 1000X
magnification (b) lodine stained trophozoite, 1000X magnification (¢) Eosin-Y stained
trophozoite, 1000X magnification (d) Eosin-Y stained erythrophagocytic trophoizoite,
1000X magnification (e) Eosin-Y stained trophozoite showed clear chromatin granules
and karyosome, 400X magnification (f) Eosin-Y stained trophoizoite without DPX seal
indicated unclear characteristics after an hour, 400 magnification
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Figure 3. Micrographs indicating the different staining of E. histolytica
trophozoites. A: H&E stain; B: PAS stain; C: IHC stain (400X); CV: Central vein.
E. histolytica trophozoites are indicated with arrows. (A) Trophozoites (arrow) are
visible as round, oval to pear shaped cells lying in lacunar spaces with occasional
ingested red blood cells inside, very similar to macrophages in morphology. (B)
PAS stained section showing the trophozoites (arrow) with magenta coloured cell
membrane in a necrotic background. (C) IHC stain showing brown coloured
trophozoites (arrow) with a distinct cell membrane easily identifiable against a
background of necrosis and inflammation.
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4.  CONCLUSIONS

In conclusion, this research project has established the HM1:IMSS E. histolytica axenic
strain of E. histolytica in Biomedicine Laboratory at the School of Health Sciences, USM.
The availability of the amoeba culture has supported numerous applied and basic
researches related to E. histolytica and will continue to facilitate future researches in
better understanding the control of this simple yet deadly eukaryotic parasite. Among
them is the rapid staining method for E. histolytica trophozoites in spiked stool sample
using Eosin-Y stain, which allowed instantaneously observation of the parasites as
compared to the 2-hour period required by the routine Wheatley Trichrome staining

technique.

Another additional finding is the application of specific hamster polyclonal antibody in
immunohistochemical staining of E. histolytica trophozoites in hamster liver. This
approach gave better visualization than either the routine haematoxylin & eosin stain or
the periodic acid Schiff stain. Thus, it is potentially important for diagnosis of ALA in

identifying trophozoites in biopsied human liver samples.
The identification of Acetyl-CoA syntase (NCBI C4LUV9) via Western blot analysis using

hamster ALA serum samples as a potential diagnostic biomarker for human amoebiasis

shali be further explored in future studies.
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ABSTRACT

Amoebiasis is one of the three most common fatal parasitic diseases in developing
countries. Fatality is primarily due to amoebic liver abscess (ALA), an important cause of
space-occupying lesions of liver due to invasion of Entamoeba histolytica via the colonic
- mucosa. This research project was undertaken to establish and maintain an axenic
culture of E. histolytica in Universiti Sains Malaysia; then utilized it to identify and
subsequently characterize a specific E. histolytica antigen that has diagnostic value via

animal experimentation.

The HM1:IMSS E. histolytica axenic strain was established and maintained since March
2009 in Biomedicine Laboratory at School of Health Sciences, Universiti Sains Malaysia,
in the customized TY1-S-33 medium. Preservation of the amoeba at -80 °C was
successful up to approximately 7 days. As such, the culture is still continuously
maintained at 36 °C to sustain the E. hiétolytica project. In the animal study, ALA was
experimentally developed in Syrian golden hamster by inoculating E. histolytica
trophozoites into the portal vein. Cardiac puncture was later performed on the morbid
hamsters to obtain the ALA serum samples. Based on Western biot analyses on the
ALA sera, the ~77 kDa protein was identified as a potential diagnostic biomarker, as it
was recognized by 26/31 (83.87%) hamster ALA serum samples, but not detected by
any of the healthy hamster sera. MALDI-TOF mass spectrometry results revealed that
the protein has a pl value of 5.91 and the amino acid sequence was similar to acetyl-

CoA syntase (NCBI C4LUV9) in Entamoeba histolytica database.

In addition to delivering the two objectives, other studies related to diagnosis of

amoebiasis were performed. For instance, we also reported a rapid staining method to



detect E. histolytica trophozoites in spiked stool sample using Eosin-Y stain. This
microscopy staining technique enabled almost instantaneously detection of the
trophozoites as compared to the 2-hour preparation period required by the routine
Wheatley Trichrome staining technique. Another additional contribution is the application
of specific hamster polyclonal antibody in immunohistochemical staining of E. histolytica
" trophozoites in hamster liver. This approach gave better visualization of the trophozoites

than either the routine haematoxylin & eosin stain or the periodic acid Schiff stain.

KEYWORDS: Entamoeba histolytica, amoebiasis, amoebic liver abscess .(ALA),
hamster, Eosin-Y stain, immunohistochemical (IHC) stain, Western blot and acetyl-CoA

syntase
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1.

INTRODUCTION

Amoebiasis is a parasitic infection acquired through ingestion of food or water
contaminated with cysts of E. histolytica. The parasite causes intestinal infection,
diarrhoea and extraintestinal amoebiasis. The estimated global burden of the
disease in humans is about 50 million with up to 100,000 deaths annually
(Tanyuksel & Petri, 2003; Wells & Arguedas, 2004). In Malaysia, 9.9 % of children
were infected (Rajeswary et al., 1994) and about 40% of liver abscess cases were

found to be amoebic in origin (Goh et al., 1987; Jamaiah & Shekhar, 1999).

Despite its inherent drawbacks, microscopy continues to be the diagnostic method
used in most laboratories around the world (Clark, 2004). The existing Wheatley
trichrome staining technique is time-consuming as it requires at least 2-hour to
prepare, and the stain cannot differentiate E. histolytica from non-pathogenic..E.
dispar (Tanyuksel & Petri, 2003). Unfortunately, only ~12% of patients with amoebic
liver abscess (ALA) were reported with the amoebas in their stooi samples (Wells &
Arguedas, 2004). E. histolytica trophozoites were reported in up to 85% of liver
abscess (Juimo et al., 1992), but aspiration of the abscess material is both invasive
and technically demanding (Stanley, 2003). Culture/zymodeme analysis is specific;
however one species may outgrow the other in cultures of specimens from mixed
infections (Wells & Arguedas, 2004). Molecular techniques are highly sensitive and
specific but they require a longer time to perform, technically complex, and also
relatively costly (Stanley, 2003; Tanyuksél & Petri, 2003). A promising commercially
available noninvasive antigen detection test was reported to detect circulating
galactose/N-Acetyl galactosamine-specific lectin (or Gal/GalNac lectin) antigen in
sera of 96% (22/23) ALA patients (Jamaiah & Shekhar, 1999). However, in another

4



study, the test kit detected the antigen in only 2.3% (1/43) of patients suspected of -
having ALA; although 76.7% (33/43) of them were found to be positive for anti-lectin

antibody (Wan Nor Azilah, 2007).

Hence this study aimed to establish an axenic culture of E. histolytica in Biomedicine
Laboratory of School of Health Sciences, Universiti Sains Malaysia, and
subsequently utilizes the amoeba for research to improve on the existing diagnostic
tools. Obtaining truly human ALA serum samples for research is difficult, as current
diagnosis depends on ultrasonic and serological investigations. Technically,
confirmation of ALA should be based on identification of E. histolytica trophozoites in
abscessed liver biopsy, but this approach is invasive and considered unethical as
most trophozoites are found in the healthy liver cells at the peripheral of the liver
abscess. Thus, this study also aimed to identify and characterize a specific E.
histolytica antigen that has diagnostic value via animal experimentation, in which
ALA will be developed in susceptible hamster to obtain truly ALA serum samples for

Westerr: blot analysis.



2 MATERIALS AND METHODS

2.1 Maintenance of E. histolytica trophozoites

2.1(a) Preparation of TYI-S-33 medium for E. histolytica culture

To prepare 1 L of TYI-S-33 medium, solutions A and B have to be prior prepared.
~ Solution A was prepared by dissolving 30 g of Biosate peptone (Becton Dickinson, Lot
No: 7050570) and 10 g Dextrose in 500 mL of distilled water. For solution B, 1 g of
Dipotassium phosphate (K;HPO,), 0.6 g of Monopotassium phosphate (KH,POy,), 2 g of
Sodium chioride (NaCl), 1g of Cysteine and 0.2 g of ascorbic acid were dissolved in 370
mL of distilled water. Solutions A and B were then mixed and subsequently added with
- 22.5 mg of ferric ammonium citrate. The pH of the solution was adjusted to 6.8 with 2 N
NaOH, and filtered (Whatman, Cat. No: 1004240) before it was autoclaved at 121 °C for
10 minutes. When the autoclave temperature dropped to 90 °C, the bottle of solution
was taken out and allowed to cool until it reached room temperature. Then, 30 mL of
vitamin solution (SAFC Bioscience, Lot No: 7L0326) and 100 mL of decomplemented
bovine serum (Invitrogen, Lot No: 667195) were added into the sterilized solution to form

the TYI-S-33 medium, which was kept at 4 °C until it was ready to be used.

2.1(b) Preparation of Streptomycin-Benzylpenicillin-Kananmycin Antibiotics

Six gram of streptomycin sulfate and 3.6 g of benzylpenicillin sodium salt were dissolved
in 6 mL of distilled water. Then, 2 g of kanamycin was added. The mixture was syringe-
filtered through 0.20 um filter disc (Schleicher & Schuell, Lot No: DR0700-3) and kept in

4 °C.



2.1(c) Viability Testing -

First, a 1:1 dilution of amoeba suspension with 0.4% Trypan blue s‘olution was prepared.
Next, the mixture was loaded onto a hemocytometer counting chamber. The number of
unstained amoebas (viable cells) and stained (non-viable cells) were counted. Finally,

the viability of amoeba was determined based on the calculations below:

Total number of viable cells = average number of viable-cells x 10* x dilution factor

=nx10*x2

Viability of amoeba = Total number of viable cells x 100 %

Total number of cells

2.1(d) Hemocytometer Counting
A clean cover-slip was placed on a clean hemocytometer counting chamber. A drop of
amoeba suspension was loaded at the edge of the chamber and the suspension was
allowed to be drawn into the chamber by capillary action. The chamber was then placed
onthe microscope stage and the average number. of amoeba was determined using the
formula below.
Formula: c= n/v
Where ¢ = cell suspension in cells/mL; n = average number of cells/fmm? area
and v = volume counted = 10* (Tmm? = 0.1 mm® = 10™*mL).

Thus, ¢=nx 10°



2.1(e) Harvesting of Amoebic Culture -

Prior to culturing of the axenic E. histolytica, a viability test was performed. Then, an
appropriate amount of the amoeba was transferred into each culture tube containing 7.5
mL of TYI-S-3 medium. The culture tube was placed in a horizontal position 36 °C for 72
hr. (Diamond et al., 1978). The amoebas were harvested by first cooling the culture
" tubes on ice for 5 minutes. Then, the culture medium were transferred into sterile 1.5 mL
microcentrifuge tubes and-spun at 440 x g for 3 minutes at 4 °C. After decanting the
medium, 1 mL of sterile 1X PBS was added to resuspend the amoeba pellet. The
amoeba suspension was again washed by centrifugation. After removing the

supernatant, the amoeba pellet was stored at -80 °C.

2.1(f) Maintenance of Virulent E. histolytica and Collection of Hamster ALA
Serum Samples

To maintain the virulence of axenic E. histolytica (HM1-IMSS), each fortnight the
amoebas in TYI-S-3 medium were used to develop ALA in a Syrian golden hamster
(Mesocricetus auratus). The experimental development of ALA in hamster was
performed as described by Olivos-Garcia et al. (2004) and Weber et al. (2008). Briefly, 1
x 10° trophozoites suspended in 0.2 mL phosphate buffer saline (PBS) was inoculated
into the portal vein of an anesthetized (6 mg pentobarbital / 100 g body weight) - male
hamster. To prevent excessive bleeding, a small piece of gelfoam (Pharmacia & Upjohn
Co., USA) was placed onto the injected site of portal vein and held for one minute with a
piece of gauze. About a week later, the morbid animal was sacrificed with 3X overdose
of pentobarbital. Cardiac puncture was performed on the euthahized animal to collect
the hamster ALA serum sample. Following which, the abscessed liver was transferred
aseptically onto a sterile Petri dish and cut into small fragments. Some fragments were
transferred into a sterile culture tube and filled with 7.5 mL of TYI-S-33 medium followed
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by adding 15 pL of streptomycin-benzylpenicillin-kananmycin antibiotics.n.Thye.. culture
tube was then incubated at 36°C in a horizontal position. After 24 hours of incubation,
the tube wall was observed under inverted microscope to check for amoebas. The
medium was replaced with fresh medium and antibiotics. The procedure was repeated
each 24 hours for 5 days, in which the antibiotics were gradually reduced. Finally, the
| amoebas were cultured in the absence of antibiotics and ready to be harvest in TYI-S-33
medium. The animal experimentation above was approved by USM Animal Research
Ethics Committee [No. Animal Ethics Approval: USM/Animal Ethics Approval/

2008/(40)(129)].

2.1(g) Preservation of E. histolytica

Preservation of E histolytica was performed as suggested by Samarawickrema et al.
(2001) with modifications. Following the DMSO stop, the amoebas was immediately
preserved in a -80 °C freezer instead of being first subjected to rapid cooling at -70 °C

for 48 hr, followed by cryopreservation in liquid nitrogen.

2.2 Analysis of E. histolytica antigens

2.2 (a) SDS-PAGE

Protein samples were -electrophoretically separated via SDS-PAGE .using Bio-Rad Mini
Protean lll Electrophoresis Cell and Protean® Il xi Cell according to Laemmli (1970)
protocol with modifications. Prior to SDS-PAGE, crudes soluble antigen of E. histolytica
was mixed with 2X Laemmli sample buffer and boiled for 5 min. Subsequently, it was
separated using 6% or .10% SDS-PAGE gel, at constant current of 25 mA p.er gel for

about 1 h.



2.2 (b) Western blotting

Upon completion of SDS-PAGE, proteins in the gel was electrophoretically transferred
onto a 0.45 pm nitrocellulose membrane (NCP) using semi-dry transblot (Bio Rad, USA)
at a constant voltage of 15 V for 30 min. The NCP was blocked for thr at RT with 5 %

skim milk prepared in 10 mM Tris buffered saline, pH 7.2 (TBS). Subsequently, the NCP

| was washed (3 x 5 min) with TBS containing 0.1 % Tween-20 (TBS-T). Then, the NCP

was cut into multiple strips and incubated with hamster sera at dilution of 1:50 (in TBS-T)
for 2 hours at RT. The NCP strips were then washed three times with TBS-T, and then
incubated with monoclonal mouse anti-hamster IgG conjugated with horseradish
peroxides (HRP) at dilution of 1:4000 for 1hr. Subsequently, the NCP strips were again
washed (3 x 5 min) with TBS-T. Western blot substrates ie. .enhanced
chemiluminescence (ECL) blotting reagent (Roche diagnostics, Germany) or
tetramethylbenzidine (TMB) substrate for membrane (Sigma, USA)_were used as

substrates. The Western blot signal was captured using camera (Lumix, Germany).

2.3 Rapid Eosin-Y Staining

The Eosin-Y stain (Sigma HT110316, USA) used in this study was in its working dilution,
thus was applied directly on stool samples without fuss. Alternatively, Eosin-Y staining
solution can be prepared by mixing 1% (w/v) Eosin-Y, 1% (w/v) phloxine-B, 95% ethanol
and glacial acetic acid in appropriate volumes (Mayer, 2009). Briefly, approximately one
million axenic E. histolytica was washed with 1X PBS and spiked in 2 g of fresh semi-
solid stool sample obtained from a healthy volunteer. An applicator stick was used to
mix ~30 pL of the Eosin-Y stain with ~2 mg 01; stool sample on a clean slide. DPX was
used to seal the cover slip placed over the sample to the slide, which was then observed

under a microscope at 400X and 1000X magnification. The images of the stained
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- trophozeites were captured- using Olympus Image Analysis System (Olympus System

Microscope Model BX41, Japan).

2.4, Immunohistochemical Staining

indirect staining was performed on processed tissue sections with some modifications
on the standard protocol as described by Bancroft and Gamble (2002). First, the ALA
and non-ALA tissues were deparaffinized with two changes of xylene for 5 min each,
followed by rehydratidn with two changes of absolute, 70% and 50% alcohols for 3 min
each and washing in running tap water for 5 min. Tissues were then blocked with 3%
hydrogen peroxide for 5 min, dipped in distilled water for 5 min and followed by 30 min
incubation with 1:100 dilution of the corresponding polyclonal hamster serum sample i.e.
sera from the ALA-induced hamster and control hamster used for the infected and
control tissues, respectively. Washing steps were then carried out five times with
PBSTween 20 (PBST), 2 min each. Tissues were incubated with 1:1 000 dilution of
HRP-conjugated anti-hamster antibody (Sigma-Aldrich, USA) for 30 min and again
washed witk PBST. After washing, the tissues were developed with 3,3'-
diaminobenzidine (DAB) substrate solution for 3 min and again washed with PBST.
Finally, the tissues were counterstained'with Harris's haematoxylin (Sigma-Aldrich,
USA) for 1 min, followed by washing, differentiation with 1% acid alcohol, bluing with
ammonia water, another washing step, dehydration with increasing graded alcohols,

clearance with xylene and then mounted with DPX.
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3. RESULTS AND DISCUSSION

The procedure involved in maintaining the HM1:IMSS axenic strain of E. histolytica
trophozoites is not as straight-forward as culturing cancer cell lines, where chemically
defined media such as RPMI and DMEM are commercially available. Here, the TYI-S-3
medium has to be freshly prepared and precautions have to be taken to ensure that
each batch/lot of chemicals such as biosate peptone, vitamin solution and bovine serum
are compatible and non-toxic to the amoebas. In addition, during the autoclaving
process, the medium must be allowed to cool at room temperature when the autoclave
temperature reaches 90 °C. This is to prevent the caramelisation or browning of sugar
during the long duration in the autoclave, which is detrimental to the growth of the

amoebas.

Since March 2009, the E. histolytica HM1:IMSS axenic strain has been successfully
maintained in the Biomedicine Laboratory of School of Health Sciences. This has
generated numerous applied and basic research projects involving E. histolytica. In
trying to preserve the amoebas, the longest duration in which the amoebas could be
revived from -80 °C was only about one week. Similar difficulty was reported by Clark

(http://entamoeba.lshtm.ac.uk/cryo.htm), who cryopreserved the amoebas in- liquid

nitrogen. He concluded that the axenic amoeba cells are much more sensitive than

many other cells.

In the animal experimen{ation, it was pertinent to use hamster as it is susceptible to E.
histolytica infection. Experimentally induced ALA hamster normally dies after 7-10 days
post-inoculation of the amoebas via the portal vein. Thus, cardiac puncture was
performed on the morbid animal to obtain serum sample from hamster with confirmed

12



ALA; which is»based on-‘our_success in culturing the virulent E. histolytica strain obtained
-~ from infected liver tissues. As expected the ~7-day post-infection antibody titre was low
but by optimising the primary antibody dilution at 1:50, Western blot analysis revealed
some interesting results. Animal experimentation is important as obtaining truly human
ALA serum samples is very difficult as current diagnosis of ALA in patients depends
mainly on ultrasonic and serological investigations. Confirmation of ALA based on
identification of E. histolytica trophozoites in abscessed liver biopsy is considered
invasive and unethical as most trophozoites are found in the healthy liver cells at the

peripheral of the liver abscess.

In the Western blot analysis on 31 hamster ALA serum samples, the ~77 kDa protein
was found to be a potential diagnostic biomarker (Figure 1). The protein was recognized |
by 26/31 (83.87%) ALA serum samples, but not detected by any of the healthy hamster
sera. MALDI-TOF mass spectrometry revealed that the protein has pl-value of 5.91, and
the amino acid sequence was similar to the acetyl-CoA syntase (NCBI C4LUV9) in

Entamoeba histolytica database.
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Figure 1. Representative Western/lgG blot of E. histolytica crude soluble antigen

- when probed with hamster serum samples. Lane “1-31: Individual hamster ALA

serum samples (n=31); Lane 32: Hamster ALA pooled sera; Lane 33-38: Healthy

" individual hamster serum samples (n=6); Lane 39: Healthy hamster pooled serum
samples; Lane 40: TBS control.
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Besides. delivering the two main objectives of this -project, further experiments were
performed in relation to diagnosis of amoebiasis. We also introduced the Eosin-Y stain
as a rapid staining method for E. histolytica trophozoites in spiked stool sample. Based
on the technique, microscopy detection of the trophozoites can be observed almost
instantaneously as compared to the 2-hour period required by the routine Wheatley
Trichrome staining technique. The compound phloxine-B in Eosin-Y stain was reportedly
used to stain nuclear structures in histological sections (SPI.Supplies, 2009). Until now,
there were no reports on the use of phloxine-B to stain nucleus of E. histolytica. Here,
we showed that Eosin-Y was just as accurate as Wheatley trichrome staining method in
identification of trophozoites in stool samples. Besides staining the characteristic nuclear
features of the trophozoites and/or the engulfed erythrocytes, it could be performed
easily to give spontaneous results. Another major advantage of Eosin-Y staining
technique is that the stained trophozoites could easily be visualized under 400X

magnification (Figure 2).

Another additional finding was the application of hamster polyclonal antibody in
immunohistochemical staining of E. histolytica trophozoites in hamster liver. This
approach gave better visualization than either the routine haemétoxylin & eosin staining
or the periodic acid Schiff staining (Figure 3). This is probably because
immunohistochemical staining is presumed to be more specific as it is the consequence

of specific reactions of amoebic trophozoite and antibodies against them.
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Figure 2. Stained trophozoites. (a) Wheatley trichrome stained frophozoite, 1000X
magnification (b) lodine stained trophozoite, 1000X magnification (c) Eosin-Y stained
trophozoite, 1000X magnification (d) Eosin-Y stained erythrophagocytic trophoizoite,
1000X magnification (e) Eosin-Y stained trophozoite showed clear chromatin granules
and karyosome, 400X magnification (f) Eosin-Y stained trophoizoite without DPX seal
indicated unclear characteristics after an hour, 400 magnification
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Figure 3. Micrographs indicating the different staining of E. histolytica
trophozoites. A: H&E stain; B: PAS stain; C: IHC stain (400X); CV: Central vein.
E. histolytica trophozoites are indicated with arrows. (A) Trophozoites (arrow) are
visible as round, oval to pear shaped cells lying in lacunar spaces with occasional
ingested red blood cells inside, very similar to macrophages in morphology. (B)
PAS stained section showing the trophozoites (arrow) with magenta coloured cell
membrane in a necrotic background. (C) IHC stain showing brown coloured
trophozoites (arrow) with a distinct cell membrane easily identifiable against a
background of necrosis and inflammation.
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4, CONCLUSIONS

In conclusion, this research project has established the HM1:IMSS E. histolytica axenic
strain of E. histolytica in Biomedicine Laboratory at the School of Health Sciences, USM.
The availability of the amoeba culture has supported numerous applied and basic
researches related to E. histolytica and will continue to facilitate future researches in
better understanding the control of this simple yet deadly eukaryotic parasite. Among
them is the rapid staining method for E. histolytica trophozoites in spiked stool sample
using Eosin-Y stain, which allowed instantaneously observation of the parasites as
compared to the 2-hour period required by the routine Wheatley Trichrome staining

technigue.

Another additionalvfinding is the application of specific hamster polyclonal antibody in
immunohistochemical staining of E. histolytica trophozoites in hamster liver. This
approach gave better visualization than either the routine haematoxylin & eosin stain or
the periodic acid Schiff stain. Thus, it is potentially important for diagnosis of ALA in

identifying trophozoiteé in biopsied human liver samples.
The identification of Acetyl-CoA syntase (NCBI C4LUV9) via Western blot analysis using

hamster ALA serum samples as a potential diagnostic biomarker for human amoebiasis

shall be further explored in future studies.
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Abstract. The screening for anti-amoebic antibody among a group of donots was to obtain
negative control serum samples [or an on-going antigen development, assay in diagnosis of amoebic
liver abscess. Oul of 200 samples, 125 (62.6%) were negative, whereas 44 (21.5%) had IIHA titer of
less than 1:128 and 31 (16.0%) of the samples had significant IHA titers of 1:128 or more, in which

2 serum sawples gave titers of 1:4096.

The north-eastern state of peninsular
Malaysia, Kelantan faces the South China
Sea in the east and shares its border with
Thailand in the north. It occupies an area
of 15 020 sq. km and has a population of
1 478 800. Kelantan state is endemic for
water-borne diseases, in which the overall
incidence was less than 5 per 100 000
people from 2000 till 2004. The incidence
of typhoid/paratyphoid in year 2004 was
1.87 per 100 000 population whereas the
incidences of cholera, hepatitis A and
dysentery were lower and accounted for
0.35, 0.42 and 0.43 per 100 000 population
respectively (Ministry of Health Malaysia,
2004). Thus, according to the above figure,
the estimated incidence of dysentery for this
state is 6.36.

Though many pathogens cause
dysentery, the prevalence of amoebiasis
differs according to age, socioeconomic
status and geographical distribution. There
was no available data from previous
publication on the background seropositivity
of amoebiasis armong healthy population in
Malaysia. In Malaysia, blood donors are
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considered healthy adults aged more than 18
years, weighing more than 50 kg, clinically
healthy and are seronegative for HIV,
hepatitis B and C, syphilis and malaria. The
screening for anti-amoebic antibody among
this group of donors was to obtain negative
control serum samples for an on-going
antigen development assay in diagnosis of
amoebic liver abscess. The serum samples
were first screened by indirect hemagglu-
tination assay (IHA), then followed by THA
titrations to select serum samples with titer
of 1:64 or more, which were considered
positive for amoebiasis, as suggested by the
manufacturer (Dade-Behring Marburg,
Germany).

Two hundred pooled serum samples
from blood donors were screened by IHA;
125 (62.5%) were negative, whereas 44
(21.5%) and 31 (16.0%) had IHA titer of less
than 1:128 and 1:128 or more titer
respectively (Table 1). Detection of lower
titers among blood donors could be due to
previous exposure to amoebiasis among the
local healthy population with either
intestinal or extraintestinal forms. Thirty one



Table 1. Distribution of groups by IHA titers
(n=200)

THA titers Number (percentage)

Negative 125 (62.5)
Less than 1:128 44 (21.6)
1:128 and more 31 (16.0)

able 2. Distribution of THA titers among the
blood donors (n=200)

THA titers Number (percentage)

Negative 125 (62.5)
1:16 27 (13.5)
1:32 9 (4.5)
1:64 8 (4.0)
1:128 17 (8.5)
1:256 8 (4.5)
1:512 2 (1.0)
1:1024 2 (1.0)
1:2048 0 (0.0)
1:4096 2 (L0)

(16.0%) of the samples had significant THA
titers of 1:128 or more, in which 2 serum
samples gave titers of 1:4096 (Table 2). In
these cases, the possibility of having some
forms of amoebiasis at the time of blood
donation could not be ruled out, neither the
likelihood of being asymptomatic carriers.
In another report, the seroprevalence
of villagers from West Kalimantan, Borneo
who had IHA titers equal or greater than
1:128 was 7% (Cross et al., 1976) as compared
to this study which was 16.0%. The sero-
prevalence of blood donors from urban,
suburban and rural population of Puebla
State, Mexico which was done using IHA

alone was 8.6% whereas when IHA and
ELISA were employed together, as
recommended by WHO, the seroprevalence
was 6.4% (Sanchez-Guillén et al., 2000).

Lower IHA titers had been demonstrated
inpatients with amoebic liver abscess (ALA)
who were admitted to our hospital. In a
previous study, 27.6% (16/68) ALA patients
had antibody titer of 1:256 or less (Zeehaida
et al., 2008). The lower titers found in these
patients could be due to low antibody levels
in the early course of the disease.

The seroprevalence of amoebiasis
among blood donors in this study was higher
as compared to those reported previously in
Malaysia and other surrounding endemic
regions. The finding showed that the
background seropositivity is significantly
high among healthy population in this local
setting. A lower titer of 1:128 could not be
taken as a positive titer since it overlapped
significantly with titers found among the
blood donors. Thus, the titer had less value
for diagnosis of extraintestinal amoebiasis.
Supported by the clinical symptoms and
signs of amoebiasis, 1:266 is deemed a
significant titer for diagnosis of the disease,
particularly in this local setting.
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Abstract Entamoeba histolytica is the etiologic agent for
amoebiasis. The excretory—secretory (ES) products of the
trophozoites contain virulence factors and antigens useful
for diagnostic applications. Contaminants from serum
supplements and dead trophozoites impede analysis of ES.
Therefore, a protein-free medium that can sustain maximum
viability of E. histolytica trophozoites for the longest time
duration will enable collection of contaminant-free and
higher yield of ES products. In the present study, we compared
the efficacy of four types of media in maintaining >95%
trophozoite viability namely Roswell Memorial Park Institute
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(RPMI-1640), Dulbecco’s Modified Eagle Med

(DMEM), phosphate-buffered saline for amoeba (PBS
and Hank’s balanced salt solution (HBSS). Concurrently
effect of adding L-cysteine and ascorbic acid (C&A) to -
medium on the parasite viability was also compared. DV
and RPMI 1640 showed higher viabilities as compare
PBS-A and HBSS. Only RPMI 1640 showed no statis
difference with the control medium for the first 4 h, how:
the >95% viability was only maintained for the first 2 h.

other protein-free media showed differences from the ser
and vitamin-free TYI-S-33 control media even after 1 |
incubation. When supplemented with C&A, all media v
found to sustain higher trophozoite viabilities than tt
without the supplements. HBSS-C&A, DMEM-C&A,

RPMI 1640-C&A demonstrated no difference (P>0.05
parasite viabilities when compared with the control med
throughout the 8-h incubation period. DMEM-C&A shor
an eightfold increment in time duration of sustaining >9
parasite viability, i.e. 8 h, as compared to DMEM al
Both RPMI 1640-C&A and HBSS-C&A revealed four
and threefold increments (i.e, 8 and 6 h, respective
whereas PBS-A-C&A showed only onefold improven
(i.e., 2 h) as compared to the respective media without Cé
Thus, C&A-supplemented DMEM or RPMI are recommen
for collection of ES products.

Introduction

Entamoeba histolytica is an enteric protozoan parasite
causes amoebiasis. This disease affects more than
million people around the world and causes up to 100,
fatal cases annually (Que and Reed 2000). This cosmopol
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disease is common in human populations where poor
sanitation and substandard personal hygiene prevail. The
high prevalence areas include tropical and subtropical
regions, like Mexico, Central and South America, India,
South East Asia, Eastern and South Africa (Wells and
Arguedas 2004). The transmission of amoebiasis is via
fecal-oral route through the ingestion of infective stage
cysts. Severity of the disease ranges from asymptomatic
carrier to intestinal amoebiasis with symptoms that
include amoebic colitis and dysentery, and the potentially
fatal extra-intestinal amoebiasis caused by the haematog-
enous spread of active multiplying trophozoites to other
organs. Amoebic liver abscess (ALA) is the most
common manifestation of extra-intestinal amoebiasis
(Petri and Singh [999). Delay in diagnosis and subse-
quent treatment are the common causes of fatality in ALA
cases- (Akgun et al. 1999).

During active infection, Z. histolytica trophozoites
secrete and/or excrete products into the host environment.
These excretory and secretory (ES) products contain
virulence factors like amoebapores, cysteine proteases,
collagenases, glycosidases, and other proteases that had
been hypothesized to contribute to the pathogenesis of .
histolytica (Gitler et al. 1984; Guerrero-Manriquez et al.
1998; Debnath et al. 2005; Moncada et al. 2005). In
addition, these ES products had also been shown to possess
antigenic properties which are useful for diagnostic appli-
cations (Pal et al. 1996; Gupta et al. 1999; Sengupta et al.
2000). In order to collect the ES products, a protein-free
maintenance medium is necessary to avoid “contamination”
with non-parasite proteins and to maintain the viability of
trophozoites. In addition, to facilitate reproducibility of the
experiments, chemically defined medium would be preferred.

Previous studies have been performed to collect ES
products by incubating E. histolytica trophozoites in
various protein-free media, such as phosphate-buffered
saline (PBS), Hank's balanced salt solution (HBSS),
Dulbecco's Modified Eagle Medium (DMEM), and serum-
and vitamin-free TYI-S-33 (Reed et al. 1989; Gupta et al.
1999; Moncada et al. 2005; Pal et al. 1996; Sengupta et al.
2000). These ES products were collected at the time when
the viability of the trophozoites was at least 95%. The
results showed that chemically non-defined TYI-S-33
medium was the most suitable to sustain >95% viability
of trophozoites for up to 7 h. However the data in the above
studies lacked statistical analysis to make convincing
conclusions. Thus it is necessary that studies on media
comparisons using appropriate statistics be performed to
determine the best protein-free and chemically defined
medium, for collection of £. histolytica ES products.

An early study by Diamond (1961) reported that 0.1% of
L-cysteine and 0.02% ascorbic acid (C&A) could create an
artificial anaerobic environment in axenic media for
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cultivation of E. histolytica (Dutta 1981). In the latte
studies by Gillin and Diamond (1980a, b), they have showr
that the addition of C&A in maintenance medium contain:
ing bovine serum and vitamins can sustain the viable £
histolytica for 12—24 h (Martinez-Palomo 1982).

In the present study, four types of protein-free anc
chemically defined media commonly used in tissue culture
were compared to determine the most suitable maintenance
medium for sustaining a minimum of 95% viability fo
axenically grown E. histolytica trophozoites. Simultaneously
the effect of supplementing the media with C&A was alsc
studied.

Materials and methods
Axenic culture of Entamoeba histolytica

The E. histolytica HM-1:IMSS axenic strain was used in
this study. The trophozoites were hermetically cultured in
TYI-S-33 medium, containing 10% heat-inactivated bovine
serum (Gibco, New Zealand) and supplemented with 3%
Diamond vitamin (Sigma, USA), at 36°C (Diamond et al.
1978).

Preparation of protein-free maintenance media
with/without C&A

The four types of media used in this experiment were as
follows: PBS for amoeba (PBS-A; 15 mM potassium
phosphate and 175 mM sodium chloride, pH 7.0), HBSS
without phenol red, pH 7.0, DMEM (Gibco, USA),
Roswell Memorial Park Institute medium, No 1640 (RPMI
1640; Gibco, USA). All media were prepared using
distilled water. PBS-A was autoclaved and HBSS was
filter-sterilized using 0.22-pm filter. In addition, all media
with C&A supplementation were also prepared.

Viability study of Entamoeba histolytica in different
protein-free media over time

A preliminary study was performed to estimate the longest
time duration for survival of at least 95% of the
trophozoites in the four protein-free media. As the control,
trophozoites were maintained in serum- and vitamin-free
TYI-S-33 medium, i.e. undefined medium commonly used
to grow E. histolytica. The morphology of the parasite in
each culture medium was observed and recorded until the
cells became rounded. For quantitative data analysis,
viability of trophozoites was studied in RPMI 1640 media
and DMEM for 8 h; and for up to 6 h in PBS-A and HBSS.
The duration of incubation was set based on preliminary
observations.



Fig. 1 Morphology of axenic E.
histolytica trophozoites in PBS-
A at magnification of 200x
during a log phase and b after
incubation for 6 h

The trophozoites used in the viability study were 48—
72 h old, at which time they formed a monolayer on the
wall of the culture tube containing the axenic TYI-S-33
medium. At each hourly interval, duplicate amoebic
culture tubes containing each type of medium were
examined. First, each tube was gently rinsed twice with
5 mL of a protein-free medium. The tube was then filled
to the 80% level (10 mL) with the test medium. The
initial viability of trophozoites was assumed to be 100%
(Jimenez et al. 2004). At 1-h intervals, two tubes from
each medium were chilled in crushed ice for 5 min, and
then centrifuged at 500xg for 2 min. About 9 mL of
supernatant was discarded. The pelleted trophozoites were
gently mixed, and then the viability determined by Trypan
blue exclusion method using Neubauer's chamber. The
viability was expressed as mean of three separate experi-
ments, each with two data replicates.

Statistical analysis

Least Significant Difference post hoc test was used to
analyze the significant difference at hourly intervals
between control medium and the protein-free media. A P
value of <0.05 was considered as statistically different
between the control media and the protein-free media.

Results

Morphology of Entamoeba histolytica after prolonged
incubation in protein-free media

[n the preliminary study performed using serum- and vitamin-
free TYI-S-33 control medium, viable irregular-shaped
trophozoites with amoeboid movements and pseudopodia
attaching to the surfaces were observed throughout the 8-
h incubation period. However, in the other media with or
without C&A supplement, the trophozoites started to lose

their viable characteristics (as described above) after 3 h.
the incubation time in the protein-free media increases, 1
cells started to become rounded. Figure | shows the chang
in morphology when PBS-A was used as the medium.

Viability of Entamoeba histolytica in different protein-fir
medium over time

Figure 2 showed the comparisons among the protein-fr
defined media with or without C&A supplementation, ai
TYI-S-33 medium (serum- and vitamin-free) as the contre
The E. histolytica trophozoites in the control mediu
consistently showed >95% viability throughout tl
8-h incubation period. Without C&A supplementation,
the end of the 8-h incubation period, DMEM and RPN
1640 showed higher parasite viabilities as compared
PBS-A and HBSS. Only RPMI 1640 showed no statistic
difference in parasite viability as compared with the contr
medium for the first 4 h, however the >95% viability w:
only maintained at the first 2 h and decreased to 88% at 4 |
The other protein-free media without the supplemen
showed differences in parasite viabilities as compared wi
the control media even after 1 h of incubation.

With the addition of C&A supplements, DMEM-Cé&
showed a eightfold increment in parasite viability as con
pared to DMEM alone. Both RPMI 1640-C&A and HBS!
C&A revealed fourfold and threefold increments, respectiv
ly, whereas PBS-A-C&A showed only onefold improveme
as compared to the respective media without C&A. Percen
age viabilities of both DMEM-C&A and RPMI 1640-C&
were maintained at >95% throughout the 8-h incubatic
period. However, in HBSS-C&A medium, >95% trophozoit
viability was sustained for only 6 h; then the percentag
viability decreased to about 80%. In PBS-A-C&A, th
percentage viability of the trophozoites were sustained -
about 95% for the first 2-h incubation, but dropped to 87
(significantly lower than control medium, £<0.05) during tl
next hour.
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Fig. 2 Comparisons of percent-

age viabilities of E. histolvtica
trophozoites among the four

~ protein-free media with/without
C&A supplementation over
time. Serum- and vitamin-free
TYI-S-33 was the control
medium. a (I), PBS-A; a (II),
PBS-A-C&A; b (I), HBSS; b
(II), HBSS-C&A; ¢ (1), DMEM,;
¢ (II), DMEM-C&A; d (D),
RPMI 1640; d (1), RPMI 1640-
C&A; e, serum- and vitamin-
free TYI-S-33

Discussion

Current ES collection methods could not exclude most of
the proteins released from the trophozoites that lysed during
the incubation process. Furthermore, Trypan blue exclusion
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method could only estimate the viability at the end of t
incubation period but could not estimate the trophozoit

that lysed during the process. Thus protein-free mediu
that can prolong the viability of £. histolytica trophozoit
is pertinent in studies involving ES products. Tt will redu



the amount of trophozoite proteins released from dead cells
and the non-parasite contaminants from serum supplement.
A protein-free and chemically defined medium-will also
facilitate reproducibility of the experimental data. Protein-
free medium was also reported to be useful in immunolog-
ical testing and functional studies such as interaction of E.
histolytica with different cell lines (Guy et al. 1991).

In this study, viability of E. hisiolytica trophozoites in
four different protein-free and chemically defined media
suggested that among the media without supplementation,
RPMI 1640 was the most suitable in sustaining >95%
viability for the first 2 h and showed no statistical
difference (£<0.05) with the control medium as compared
with PBS-A, HBSS, and DMEM. With C&A supplementa-
tions, there were improvements in the general viability
profiles over time in all media. This was especially evident
by extension of the duration of >95% viability of
trophozoites in PBS-A-C&A (onefold), HBSS-C&A (three-
fold), DMEM-C&A (eightfold), and RPMI 1640-C&A
(fourfold). Similar result was also observed in the axenic
culture of Giardia lamblia, another anaerobic intestinal
protozoan. The RPMI 1640 medium supplemented with
L-cysteine was reported to promote the viability and
attachment of the parasite after prolonged incubation (Guy
et al. 1991).

E. histolytica is an anaerobic protozoan that needs a low
oxygen tension environment to grow (Sen et al. 2007).
Band and Cirrito (1979) revealed that it was able to tolerate
up to only 5% oxygen in culture media. In order to create
an artificial anaerobic media for its survival, supplementa-
tion of 0.1% L-cysteine and 0.02% ascorbic acid into the
axenic growth media (TYI-S-33 and TP-S-1) was intro-
duced by Diamond (1961). With these supplements, the
media was able to support the survival, as well as growth of
E. histolytica trophozoites. Other reducing agents such as
D-cysteine and thioglycolic acid have also been included
into £. histolytica trophozoites culture for the same purpose
(Gillin and Diamond 1980b). However, the combination of
C&A was found to be the best for growth of trophozoites
culture (Martinez-Palomo 1982). These supplements were
reported to act as reducing agent as well as protective agent
against oxidative stress. Later studies reported that good
growth of trophozoites was also achieved using reducing
agents like 0.2% v-cysteine and 0.2% reduced glutathione
(Tekwani and Mehlotra 1999). However, thus far these
supplements have not commonly been used in culture
media.

Results from the present study were consistent with the
earlier study by Gillin and Diamond (1980a, b), in which
the maintenance medium supplemented with C&A was able
to sustain the attachment, elongation, and amoeboid
movement, as well as short-term survival of E. histolytica
trophozoites. Similar report on cysteine supplementation in

PBS (0.15 mM CaCly, 0.5 mM MgCl, and 20
cysteine) showed that it could sustain >95% viability
trophozoites for 3=4 h (Reed et al. 1989). This sugge:
that adding L-cysteine in PBS could improve the viabilit,
trophozoites even in the absence of ascorbic acid.

There were obvious variations in the trophoz
viability periods when cultured in different media. In
study, >95% trophozoite viability was observed in PB¢
for less than 1 h, which is less than the 2 h reported
Sengupta et al. (2000) and 4 h reported by Gupta et
(1999). In comparison to the results by Sengupta et
(2000), the present study showed that HBSS sustained
same viability duration (2 h); but RPMI 1640 sustained
hour longer than the results in the former study.

In conclusion, among the four protein-free media used
this study, RPMI 1640 and HBSS could sustain >9:
trophozoite viability for up to 2 h, hence are not suitable
maintenance media for prolonged incubation. However, >9!
trophozoite viabilities were prolonged to 8 h with be
DMEM-C&A and RPMI 1640-C&A; and 6 h with HBS
C&A. In conclusion, this study showed that either DMEM
RPMI 1640 media supplemented with C&A were suitable :
ES production since they could sustain >295% trophozo
viability for up to 8 h.
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Abstract. Enlamocba histolytice causes about 50 million infections worldwide with a death rate
ol over 100,000 annually. In endemic developing countries where resources are limited, microscopic
examinations based on Whealley (richrome staining is commonly used tor diagnosis of intestinal
armoebiasis. Other than being a time-consuming method, it must be performed promptly after
stool collection as trophozoites disintegrate rapidly in faeces. The aim of this study was to compare
the efficacies of Eosin-Y, Wheatley trichvome and lodine stains in delineating the diagnostic features
ol the parasite, and subsequently to determine the suitable microscopy observation period for
detection ol erythrophagocytic and non-erythrophagoeytic trophozoites spiked in semi-solid stool
sample. Wheatley trichrome staining technique was performed using the standard method while
the other two techniques were performed on the slides by mixing the respective staining solution
with the spiked stool sample. One millioen of axenically cultured non-erythrophagocytic F.
histolytica and erythrophagocytic L. Ristolylica were separately spiked into 2 g of fresh semi-
solid faeces. Percentage viability of the trophozovites in the spiked stool sample was determined
al- 30 minute intervals for eight hours using the 0.4% Trypan blue exclusion method. The results
showed that Josin-Y and Wheatley trichrome stained the karyosome and chromatin granules
better as compared to Todine stain. The percentage viability of non-erythrophagocytic trophozoites
decreased faster than the erythrophagocytic form in the first 5 hours and both dropped to ~10% in
the 6" hour spiked sample. In conclusion, Bosin-Y staining technique was found to be the easiest
to perform, most rapid and as accurate as the commonly used Wheatley trichrome technigue;
Bosin-Y stained slide sealed with DPX could also be kept as a permanent record. A period not
exceeding 6 hours after stool collection was found to be the most suitable in order to obtain good
microscopy results of viable (rophozoites.

INTRODUCTION

Entamoeba histolytica is an enteric
anaerobic protozoan parasite that causes
about 50 million infections with a death rate
of over 100 000 worldwide annually (WHO,
1997; Jackson, 1998; Zlobl, 2001; Fotedar et
al., 2007). The amoebic infection is the third

e,

most common cause of death among
parasitic diseases, after malaria and
schistosomiasis (Tanyuksel & Petri, 2003).
The disease is widely reported in developing
countries like India and Bangladesh, tropical
African countries and in some areas in Brazil
and Mexico. The incidence is increasing in
non-endemic and developed countries such



as the USA and European countries, due to

the ease of world travel and immigration of

people from endemic areas (Nari el al.,
2008). High risk people are those who travel
to crowded endemic areas with low
standards of hygiene and sanitation; and
those who practice unnatural sexual
activities such as direct anal-genital and/or
oral-anal sex (Espinosa-Cantellano &
Martinez-Palomo, 2000, Haque et al., 2000;
Zlobl, 2001; Fotedar et al., 2007).

Entamoeba histolytica has a simple life
cycle, in which the transmission is via the
faecal-oral route. Infection occurs through
ingestion of infective cysts (size 8-20 yun) or
invasion of motile trophozoites (size 20-40
nm) (Martinez-Palomo, 1982; Lucas &
Upcroft, 2001). The infection causes a variety
of clinical presentations, from asymptomatic
colonization to invasive amoebic dysentery
and extraintestinal amoebiasis. Most
infected individuals do not show clinical
signs, and the problem is compounded by the
lack of reliable and practical diagnostic tools
(Martinez-Palomo, 1982; Huston et al., 1999;
Zlobl, 2001; Blessmann et «l., 2003; Huston,
2004; Fotedar et al., 2007).

The routine diagnosis of amoebic
dysentery is still based on identification
of erythrophagocytic trophozoites in
dysenteric specimens (Cheesbrough, 2005).
This low- cost diagnostic technique is still
the preferred method in developing
countries although numerous molecular-
based methods such as polymerase chain
reaction and immunological-based methods
such as enzyme-linked immunosorbent
assay, have been reported to be effective in
species-specific diagnosis of E. listolytica
(Fuston et al., 1999; Tanyuksel & Petri, 2003,
Visser et al., 2006; Fotedar el al., 2007). A
major setback in microscopy is the
requirement of freshly collected stool
samples as the trophozoites had been
reported to disintegrate in faeces from 30
minutes to 3 hours after collection (Gardner
el al., 1980; Tanyuksel & Petri, 2003; Fotedar
el «l., 2007); nevertheless there is no
conclusive published data to supporl this
claim., Another disadvantage of microscopy
is the time consuming Wheatley trichrome
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staining process, which requires at least 42
minutes to perform (Flournoy et al., 1982).

As amoebiasis mostly occurs in
resource-tight developing countries,
nmicroscopy technique will still remain the
diagnostic method of choice. Laboratories
worldwide reportedly used numerous
successful staining methods such as
Wheatley’s trichrome, Iron hematoxylin,
Giemsa, Wright’s, Methylene blue, Chorazole
Black E and lodine-trichrome stains (Koontz
& Weinstock, 1996; Tanyuksel & Petri, 2003;
Fotedar et al., 2007), but all are tedious and
time-consuming. Hence, a simple, rapid and
reliable staining technique is urgently
needed. The objectives of this study were
to compare the efficacies of Bosin-Y,
Wheatley trichrome and lodine in staining
the characteristic features of the parasite;
and subsequently to determine the most
suitable microscopy observation period for
detection of erythrophagocytic and non-
ervthrophagocytic trophozoites spiked in
semi-solid stool sample,

MATERIALS AND METHODS

Staining of trophozoites

Approximately one million . histolytica
axenically cultured in TYES-33 medinm was
washed with 1X Phosphate Buffered Saline
(PBS) and spiked in 2 g of fresh semi-solid
stool sample obtained from a healthy
volunteer. Then, spiked stool samples were
stained separately with Wheatley trichrome,
Iodine and Fosin-Y solution alcoholic with
phloxine B (Sigma HT110316, USA) (Eosin-
Y). Duplicate slide smears were prepared for
each staining technique. Wheatley trichrome
staining technique was performed based on
the standard operating protocol (SOP) used
at the Department of Medical Microbiology
and Parasitology, School ol Medical
Sciences, Universiti Sains Malaysia,
Malaysia. An applicator stick was used to
smear ~2 mg of stool sample on a clean slide.
The smeared slide was then immersed in
Schauddin's fixative for 2 hours. This was
followed by soaking the slide in succession
in tincture of iodine, 70% alcohol, Wheatley



{richrome stain (REMEL Inc., Lenexa, USA),
acid alcohol, absolute alcohol and xylene.
Finally, the slide was mounted with dibutyl
phthalate xylene (DPX) and observed under
a light microscope at 1000X magnification.
The iodine stained smeared slide was
prepared based on the protocol suggested
by Koontz & Weinstock (1996). Briefly, an
applicator stick was used to mix ~2 mg of
stool sample with ~30 ul, Lugol's Iodine
solution on a clean slide. A cover slip was
placed on the sample and sealed with DPX,
then observed under amicroscope. In Kosin-
Y staining technique, an applicator stick was
used to mix ~30 ulL of Eosin-Y with ~2 mg of
stool sample on a clean slide. A cover slip
placed over the sample was sealed with
DPX, then ohserved under a microscope
al 400X and 1000X magnification. The
images of the trophozoites stained by all
three methods were captured using an
Olympus Image Analysis System (Olympus
System Microscope Model BX41, Japan).
Jomparisons were made among the images
of the three types of stained trophozoites
based on the clarity of their characteristic
nuclear features.

Viability of non-erythrophagocytic and
erythrophagocytic trophozoites in stool
sample
About one million cultured trophozoites
washed with 1X PBS were spiked into 2 g of
fresh semi-solid stool sample. About 2 mg of
the sample was mixed with 50 pl Trypan
(0.4%) blue and the mixture was loaded
into a Neubauer chamber to determine
the viability of non-erythrophagocytic
trophozoites by microscopy. The procedure
was performed in duplicate and repeated
every 30 minute intervals for eight hours.
In order to determine the viability of
erythrophagocytic trophozoites, about 10 nL
of blood was first added into a sterile
microfuge tube containing 1 x 106 axenically
cultured trophozoites. After 30 minutes, the
trophozoites were washed with 1X PBS and
spiked into 2 g of fresh semi-solid stool
sample. Then, ~2 mg spiked stool sample
was mixed with 0.4% Trypan blue, and the
percentage viability was determined as
described earlier.
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Direct. wet mounts were also prepared
to observe the movement of motile
trophozoites and their disintegration over
time. An applicator stick was used to mix ~2
mg of spiked stool sample with ~30 pL
normal saline (0.85% NaCl) on a clean slide.
Then, a cover slip was placed on the sample
and observed immediately under a light
microscope.

RESULTS AND DISCUSSION

Staining of trophozoites
Images of the trophozoites were compared
based on the detection of the characteristic
features of trophozoites such as the
chromatin granules that line the nuclear
membrane and the small spherical
karyosome at the centre of the nucleus.
Nucleus of trophozoite has no fixed position
in the cytoplasm, but moves freely and
sometimes rotates rapidly (Martinez-
Palomo, 1982). Thus, observation of the
characteristic features of live trophozoites
requires fine focusing of the optical
microscope at 400X or 1000X magnification.
Permanent stains were much more
effective than the direct wet mount for
detection of trophozoites and/or cysts in
stool specimens (Gardner et al., 1980).
Figure 1(a) shows the image of a Wheatley
trichrome stained trophozoite; it was stained
blue-purple with greenish background, with
good delineation of the chromatin granules
and karyosome. The stain provided a good
contrast between the trophozoite and the
background debris. However, an obvious
disadvantage was the tedious protocol which
required 2 hours fixation period and a total
time of ~3 hours to complete. Appropriate
fixation periods coupled with sufficient
washing steps are pertinent in obtaining a
well-stained nucleus, thus may require the
preparation of a number of slides for each
stool sample. Repeated use of acid alcohol
in destaining trichrome stain will reduce its
efficiency and subsequently require a longer
destaining time although a better alternative
is to use a fresh solution. The suggested
fixation time with Schauddin’s fixative is
between 2 to 24 hours. Any increase in



lixation time must be followed by an
appropriate increase in washing time using
tincture of iodine. Moreover, Schauddin’s
fixative, which killed and fixed the
trophozoites contains mercury compound
which is not environmentally-friendly
(Garcia & Shimizu, 1998; Amin, 2000). This
staining technique demands technical skills
of an experienced microscopist, and would
be daunting to those unskilled personnel
who have to perform the technique
occasionally.

Iodine stain is mostly used to identify
E. histolytica cysts in stool microscopic
detection (Cheesbrough, 2005). However,
Koontz & Weinstock (1996) reported that the
stain could be used to delineate intestinal
amoebas by negating the motility of the
trophozoites. As shown in figure 1 (b), the
nuclear chromatin granules were only faintly
stained and the karyosome remained
unstained.

Figures 1(c) and 1(d) show Kosin-Y
stained non-erythrophagocytic and
erythrophagocytic trophozoites, respectively.
The former shows a trophozoite with its well-
stained nuclear chromatin granules and
karyosome; and the latter reveals well-
stained characteristic features of the
erythrophagocytic amoebic trophozoite and
the engulfed erythrocytes. The whole
trophozoite was stained light red, and both
the chromatin granules and karyosome
showed distinctly dark appearances. Eosin-
Y also clearly stained the engulfed
erythrocytes.

Various types of eosin stains are
available commercially and some are used
as counterstain to haematoxylin in
Haematoxylin and Eosin (H&LE) stain. Its
acidic property stains the basic components
of a cell, such as cytoplasm, light red in
colour. Others used eosin as an exclusion dye
to stain dead trophozoites light red in colour
to distinguish them from the unstained viable
trophozoites (Mirelman et «l., 1987, Behnia
et al., 2008). The stain was also reportedly
used to facilitate the detection of motile
trophozoites by staining the background
pink without staining the live parasites
(Cheesbrough, 2005). Interestingly, phloxine
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B in Fosin-Y was reportedly used to stain
nuclear structures in histological sections
(SPLSupplies, 2009). Until now, there were
no reports on the use of phloxine B to stain
nucleus of £. histolytica. Here, we showed
that Eosin-Y was just as accurale as
Wheatley trichrome staining method in
identification of trophozoites in stool
samples. Besides staining the characteristic
nuclear features of the trophozoites and/or
the engulfed erythrocytes, it could be
performed easily to give spontaneous
results. The Fosin-Y used in this study is
commercially available in its working
dilution, thus can be applied directly onto
the stool samples without fuss. Alternatively,
Eosin-Y staining solution can also be
prepared by mixing 1% (w/v) Eosin-Y, 1%
(w/v) phloxine B, 95% ethanol and glacial
acetic acid in appropriate volumes (Mayer’s,
2009).

Another major advantage of Eosin-Y
staining technique is that the stained
trophozoites could easily be visualized under
400X magnification. At this magnification, it
is very difficult to identify the Wheatley
trichrome stained trophozoites. The rounded
shape and immotile trophozoites left for 8
hours in stool sample were also easily
stained by Ilosin-Y [Figure 1(e)]. In fact, this
stain was able to preserve the general
morphology of the trophozoite for more than
24 hours. This was probably due to the
presence of alcohol and glacial acetic acid
in the stain, as these two chemicals are also
used in Schauddin’s fixative,

A major advantage of Wheatley
trichrome staining technique is that it be
used to prepare a permanent record of the
stained amoebas. In contrast, the stained
nuclear chromatin granules and karyosome
of an Fosin-Y stained trophozoite gradually
became fainter over time and almost
indistinguishable from its cytoplasm after an
hour [Figure 1(f)]. However, by sealing the
edges of the cover slip to the slide with DPX,
it prevented Eosin-Y from drying. This
permanent record of the Eosin-Y stained
slide could be stored longer if placed in a
horizontal position (instead of a vertical
position).
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Figure 1. Stained trophozoites. (a) Wheatley trichrome stained trophozoite, 1000X magnification ()
Todine stained Lrophozoite, 1000X magnification (¢) Eosin-Y stained trophozoite, 1000X magnification
(@) Bosin-Y stained erythrophagocytic trophozoite, 1000X magnification (e) Eosin-Y stained trophozoite
showed clear chromatin granules and karyosome, 400X magnification (f) Bosin-Y stained trophozoite
without DPX seal indicated unclear nuclear characteristics after an hour, 400X magnification.

Viability of non-erythrophagocytic and  test whereby the dead trophozoites were
erythrophagocytic F. histolytica  stained blue and the live ones remained
trophozoites in stool sample unstained (Figure 2). The viability chart of
Gonzalez-Ruiz el al. (1994) reported that  the non-erythrophagocytic trophozoites in
trophozoites started to disintegrate rapidly  spiked semi-solid stool is shown in (Figure
as soonas they were in the facces. However,  3). During the first hour, the percentage
the viability period of trophozoites outside  viability dropped rapidly and fluctuated at
its host was not studied. In the present study,  approximately 55%. This was probably due
the viability of trophozoites in stool sample to the unfavourable conditions in the stool
was assessed by Trypan blue dye exclusion as (:ompzlre(l\ to the optimal axenic
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Figure 2. Trypan blue

dye exclusion stained trophozoites, 1000X magnification.
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Figure 3. Viability chart of E. histolytice trophozoites in spiked semi-solid stool.

conditions of the trophozoites in TY[-S5-33
medium at 36°C. Thereafter, the viability
dropped to ~10% at the third hour. However,
during the 3 to 5% hours period, the
percentage viability increased slightly, and
then fluctuated around ~30%. At the 7th hour,
none of the trophozoites was detected but
~10% viability was again observed at the
8th hour. This was probably due to the fact
that E. histolytica in the stool samples was
being challenged with a toxic high oxygen
environment (30%) since it has been
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reported that amoebas can be supported in
only less than 5% Oy (Band & Cirrito, 1979).
Figure 4 shows the viability chart of the
erythrophagocytic trophozoites in spiked
semi-solid stool. In comparison with figure
3, the percentages viability of erythro-
phagocytic trophozoites was higher (656%
and 95%) during the first and third hours
in stool sample. This was probably due to
the antioxidant molecules (superoxide
dismutase, catalase, glutathione,
peroxirredoxin and vitamin E) present in the
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Figure <. Viability chart of &. histolytica erythrophagocytic trophozoites in spiked semi-solid stool.

engulled ervythrocytes (Kuypers, 2007),
which helped the amoeba to detoxily the
reactive oxygen species generated during
the oxygen reduction and/or because the
erythroeytes were source of nutrients for the
amoebas. Between the third and sixth hours,
the mortality of the trophozoites increased
gradually from about 65% to 90%, and none
was detected from the seventh hour
onwards. In general, the percentages
viahility of both forms of trophozoites
cropped to ~10% af the sixth hour in semi-
solid stool sample and none was detected
from the seventh hour onwards. Since ~90%
of the trophozoites were undetected at the
sixth hour, microscopy detection to detect
the amoebas should thus be performed
within six hours alter stool collection.
Observation of the direct wel mount
slide preparation during the fivst hour in
fresh semi-solid stool sample revealed that
the trophozoites did not have fixed shape and
were aclively pushing out the ectoplasm to
form pseudopodia, followed by the in-
flowing endoplasm. In addition, the
technigque allowed the disintegration process
of irophozoiles Lo be observed over time
(Figure ba). Uroid of the amoeha was located
at. the posterior end of the live trophozoites.
[Faint engulfed ervthrocytes were also visible
but (he characteristic nucleus was

impossible to visualize without staining
(Figure bb). Thus the direct wel mount
technique js neither sensitive nor reliable for
detection of It histolytica in stool samples.

All microscopy staining techniques -
(include those used in this study) cannot
differentiate . histolytica from the non-
pathogenic F. dispar. However parasite
identification by staining is still commonly
used in developing endemic countries
where resource are limited, as the costs
of commercially available IY. histolylica
antigen detection tests are prohibitive.
An bmportant supportive evidence for
microscopy is the detection of
erythrophagocytic trophozoites in stool
sample, although some non-pathogenic
Entamoeba species may also ingest
erythrocytes (Gonzalez-Ruiz el al., 1994).
Indiscriminate use of antiparasitic drugs may
lead to development of drug-resistant. Thus,
treatment should only be given to patients
where the presence of . histolylica in stool
is confirmed, and no treatment should be
administered il only E. dispar is found
(WHO, 1997). Until now, light microscopic
differentiation between the two amoeba
species is nol yel available and WHO has
highlighted the urgent need in developing
improved methods for the species-specific
diagnosis ol Is. histolytica inlection (WHO,



Disintegrated amoeba

Uroid

Figure 5. (a) Disintegrated trophozoite, 1000X magnification (b) Motile
trophozoite with uroid at posterior end examined using direct wet mount, 1000X

magnification.

1997). Hence efforts should also be on the
search for stains which can specifically
demonstrate structural compounds found in
E. histolytica but absent in . dispar.

In conclusion, this study showed that for
microscopic identification of £. histolytica
in patients’ samples, Ifosin-Y could stain the
characteristic nuclear chromatin granules
and karyosome of the trophozoites as
accurately as the Wheatley trichrome, and
better than the Iodine stain. Fosin-Y stained
slide could also be kept as permanent record
if the cover slip is sealed to the slide with
DPX, however further studies are needed to
determine the period of time before drying
occurs. Nevertheless, Eosin-Y technique
offers the added advantages of being rapid
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and easy to perform, thus is very useful for
the purpose ofidentification of £, histolytica
inpatients’ stool samples, especially in busy,
and/or understaffed laboratories. The
identification of E. histolytica was
supported by the signs and symptoms
presented by the patients and the detection
of erythrophagocytic trophozoites. This
study also suggests that the microscopy
observation for viable trophozoiles is best
performed within the first 6 hours after stool
collection.
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Ohjective: To compare the efficacy of three different tissue stains, namely haematoxylin ar
eosin (H&E), periodic—acid Schiff (PAS) and immunohistochemical (IHC) stains for detectic
of Entamoeba histolytica (E. histolytica) trophozoites in abscessed liver tissues of hamste
Wiethods: Amoebic liver abscess was experimentally induced in a hamster by injecling 1 X 1
of axenically cultured virulent E. histolytica trophozoites (HM1-IMSS strain) into the portal vei
Afler a week posl—inoculation, the hamster was sacriliced and the liver tissue seclions we
stained with H&E, PAS and IHC stains to cletect the amoebic trophozoite. Resulis: The thre
stains revealed tissue necrosis and amoebic trophozoites, but with varying clarity, H&E and PA
stained the trophozoites pink and magenta, respectively, however it ias difficult to differentia
the stained trophozoites from the macrophages hecause of their similarity in size and morpholog
On the other hand, IIC slain revealed dislinct brown appearance of the trophozoiles in t
infected liver tissues. Conclusions: It can be concluded that out of the three stains, IHC is t}
best for identification of E. histolytica trophozoites in lissue sections.

{. Introduction

the incidence rale is also increasingly reported in non:
endemic and developed countries such as USA an

Amoebic liver abscess (ALA) is the most common clinical
presentation ol extraintestinal infeclion of the inteslinal
protozoon, Entamocba histolytica (E. histolytica). This
illness is prevalent worldwide and endemic in tropical
countries such as India, Bangladesh, tropical African
countries, some areas in Brazil and Mexico, China and
South—east Asia. Although less than 19 of patients infected
with £. histolytica develop ALA, this still represents an
alarming number. The ailment is easily acquired in poor
sanitation area, via ingestion of infective E. histolytica cysts
present in contaminated hands, food or water. Interestingly,

St sporching sothos Ving Bogn Huat, ~ Lol Plealth Serences, Vnieerile Sains
Ml sang s kobme Ledan, Lelantan, Ala

Pelon

Pl

by ey

el B bl s Lean

Foidativon Fege ez Supponted by acevans bom Diiversti sams flalocsia grant \o

European countries because of the ease of world travel an
immigration of people [rom endemic areas1-3].
Pathogenesis of ALA is known to be very complicatec
It develops through the hematological dissemination c
the pathogenic trophozoites into liver via the tributaries
portal vein after invasion of colonic mucosa, resulting in th
formation of solitary or multiple abscesses regularly foun:
in the right liver lobel4). The common virulence factor
involved include Gal/GalNAc specific lectin, cystein
proteinases, amoebapores and lipophosphopeptidoglyca
moleculesl5.6]. In the formation of ALA, the genera
sequence of morphological changes in liver tissues involve
acute inflammation where the acute cellular infiltration i
composed of polymorphonuclear leukocytes which surroun
the centrally located amoebas, then progress to granulom
formation after the leukocytes were being replaced b
macrophages and epithelioid cells and subsequentl;



Several kinds of laboralory animal models have reportedly
been used to study the formation of ALA. Since 1950s,
inoculation routes such as direct intrahepatic, intracaecal,
intraperitoneal and intraportal were performed to induce
ALA in hamster, mouse and gerbil. Currently, the intraportal
injection of E. histolytica trophozoites in hamster has been
widely used to produce ALA[.10} and this technique is
adopted in the present study.

A good staining method is pertinent in the pathogenesis
study on ALA. An excellent stain facilitates visualization
of the morphological changes in liver tissues and also
differentiates the amoebas against surrounding cells such
as hepatocytes, macrophages and other cell types(il]. The
staining techniques reportedly used are haematoxylin and
eosin (H&E), periodic—acid Schiff (PAS) and immunostaining.
However, comparison of the efficiency of these staining
methods in detecting amoebas has not been reported. Thus,
this study was aimed to compare the efficacy of H&E, PAS
and immunohistochemical (IHC) stains for detection of E.
histolytica trophozoites in liver tissue of hamster with ALA.

2. Wiaterials and methods
2.1, Development of ALA in experimentally induced hamster

ALA was induced in a Syrian golden hamster as described
by Olivos—Garcia and Weber et all12,13]. Briefly, 1x10° of
axenically cultured virulent strain E. histolytica rophozoiles
(HM1-IMSS) was suspended in 0.2 mL phosphate buffer
saline (PBS) and then inoculated into the portal vein of an
anesthelized male hamsler. Aller one week post—inoculation,
the animal was sacrificed with a three—time overdose
of pentobarbital. Immediately after the animal became
unconscious, cardiac puncture was performed to collect
‘the blood, then transferred into a sterile 1.5 ml. microfuge
tube and allowed to clot. The hamster serum containing
polyclonal antibody againsl E. histolytica was then slored
at =20 ‘C until used. The liver was removed aseptically,
followed by fixation in 10% formalin. The same procedures
were performed in the control healthy hamster, except
that the injection fluid comprised 0.2 mL PBS. The animal
experimentation was approved by USM Animal Research
Ethics Committee [No. Animal Ethies Approval: USM/Animal
Ethics Approval/2008/40)(129)].

2.2 Tisswe processing

-Both infected and healthy formalin—fixed livers were
cut into small pieces and kept in separate cassettes. The
tissues were then processed overnight in an automated
tissue processer (Leica TP 1020, Germany), which involved
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a total of 6 h, followed by 3 h clearing with xylene an
4 h tissue impregnation with embedding medium. Th.
processed liver tissues were then embedded in paraffi
wax to produce tissue blocks. Four #m thick formalin-
fixed, paraffin—embedded tissue sections were cut with -
microtome (Microm HM 325 Rotary Microtome, Germany) an
subsequently stained with the three stains. Triplicate tissu
sections were prepared for each stain.

2.3, Mistochemical staining methods

2.3 1 H&E stain

Staining of the processed tissue sections was performec
according to the standard protocol as described by Bancrof
and Gamble with some modifications[!4]. In brief, processes
tissues were deparaffinized with two changes of xylene for
min each, rehydrated with two changes of absolute, 95% anc
80% alcohols for 2 min each, followed by washing in runnin
tap water for 5 min. Then, the tissues were stained witl
Harris’s haematoxylin (Sigma—Aldrich, USA) for 20 min anc
washed in running tap water. Differentiation with 19 acic
alcohol was carried out for 10 sec, followed by washing anc
bluing by dipping the lissues in ammonia waler for 10 sec
After a washing step, the tissues were counterstained with
eosin Y (Sigma—Aldrich, USA) for 2 min, dehydrated witl
increasing graded of alcohols for 2 min each, cleared will
two changes of xylene for 2 min each and finally mountec
with dibutyl phthalate xylene (DPX).

2.3.2. PAS stain

Slides were prepared based on the conventional protoco
deseribed by Bancrofll and Gamble(!4]. Brielly, processec
tissues underwent the same deparaffinization, rehydratior
and washing steps as mentioned in the H&E stain. Next
the tissues were Lrealed with periodic acid solution (Sigma-
Aldrich, USA) for 5 min and washed with distilled water for
min. The tissues were then covered with Schift’s reagents for
10 min, followed by washing in running tap waler for 5 min
Counterstaining was performed with Harris’s haematoxylin
(Sigma—Aldrich, USA) for 1 min, then washed in running
tap water for 5 min and diflerentiated with 19 acid alcohol.
Subsequently, the tissues were dipped in ammonia wate
for 10 sec until the sample turned blue, washed in running
tap water for 5 min, followed by dehydration with increasing
graded of alcohols, cleared with xylene and mounted with
DPX.

2.4 hannolastochemical staining method (110 stain)
Indirect staining was performed on processed tissue

sections with some modifications of the standard protocol
as described by Bancroft and Gamblell4l. First, the tissues



were deparaffinized with two changes of xylene for 5 min
each, followed by rehydration with two changes of absolute,
70% and 50¢ alcohols for 3 min each and washing in running

“tap water for 5 min. Tissues were then blocked with 3%
hydrogen peroxide for 5§ min, dipped in distilled water for 5
min and followed by 30 min incubation with 1:100 dilution
of the corresponding polyclonal hamster serum sample i.e.
sera from the ALA-induced hamster and control hamster
used for the infected and control tissues, respectively.
Washing steps were then carried out five times with PBS—
Tween 20 (PBST), 2 min each. Tissues were incubated with
1:1 000 dilution of HRP—conjugated anti—hamster antibody
(Sigma—Aldrich, USA) for 30 min and again washed with
PBST. After washing, the tissues were developed with
3,3'—diaminobenzidine (DAB) substrate solution for 3 min
and again washed with PBST. Finally, the tissues were
counterstained with Harris’s haematoxylin (Sigma—Aldrich,
USA) for 1 min, followed by washing, differentiation with 1%
acid alcohol, bluing with ammonia water, another washing
step, dehydration with increasing graded alcohols, clearance
with xylene and then mounted with DPX.

Finally, the three differently stained tissues were observed
under a light microscope at different magnifications (40,
100X and 400X) and the images were captured using image
analysis system (Nikon eclipse 80i, Japan). Comparisons on
the ease and clarity of E. histolytica trophozoites detection
were then made hased on the captured images.

3. Results

Gross examinations of hoth the infected and non—infected
liver tissues were performed prior Lo processing for histology.
The infected liver was found to be enlarged and studded
with multiple small yellow—white abscesses, whereas the
non—infected liver was normal in size with a smooth clean
surface (Figure 1). All the triplicate stained tissue slides
revealed similar overall appearance. The healthy liver
lissue seclions revealed inlacl hepatic lobules with central
veins and cords of radiating hepatocytes surrounded by
the portal triads. On the contrary, in sections from infected
liver tissue, a well defined endothelial layer of central vein
was not observed as seen in normal tissue section (Figure
2). The abscesses in the infected tissue were seen as foci of
extensive necrolysis and degenerative changes. Efficacy of
each staining method was compared in terms of the ease and
clarity of trophozoites detection from tissue sections. With
H&E stain, the trophozoites were stained pink whereas the
PAS stain outlined the trophozoites magenta in colour. Both
the stains could not differentiate the trophozoites clearly, as
the amoehas resembled the macrophages. However, with the
immunostain, the trophozoites were stained hrown in colour,

an end-product of the enzymatic reaction between DAB and

horseradish peroxidase. Consequently, the appearances ¢
IHC-stained trophozoites were easily identified from th
background of inflamed and necrotic tissues (Figure 3). Ti
Figure 4, the images captured from IHC stained slides clearl

revealed central necrotic region in liver tissue surrounde:
by scanty inflammatory cells with amoebic trophozoite
along the margins. Islands of better preserved liver tissu
were also seen scattered among the necrotic foci.

Figure 1. Gross appearance of hamster livers.

A: Non—infected healthy liver with a smooth and clean sur(ace; B:
One-week post inoculation abscessed liver with multiple Liny whitish
spots.
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Figure 2. Photomicrographs showing normal liver tissues (left) and
infected liver tissues (right) using three different staining techniques.
1A, 1B: H&E stain; 2A, 2B: PAS stain; 3A, 3B: IHC stain (100X); CV:
Central vein. E. histolytica rophozoiles are indicated with arrows. All
the sections from non—infecled liver show normal liver architeclure
with intact central vein and cords of hepatocytes. Sections from the
infected liver show necrolytic tissues with distorted central vein.
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figure 3. Micrographs indicating the different staining of E.
histolytica trophozoites.

A: H&E slain; B: PAS stain; C: IHC slain 400X); CV: Central vein.

E. histolytica trophozoiles are indicated with arrows. (A) Trophozoiles
(arrow) are visible as round, oval to pear shaped cells lying in lacunar
spaces with occasional ingested red blood cells inside, very similar
to macrophages in morphology. (B) PAS stained section showing

the trophozoiles (arrow) with magenta coloured cell membrane

in a necrotic background. (C) THC stain showing brown coloured
trophozoites (arrow) with a distinct cell membrane easily identifiable
against a background of necrosis and inflammation.
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Figure 4. Photomicrograph from IHC stained liver tissue from
infected hamster showing extensive necrosis representing coalescing
microahscesses.

E. histolytica trophozoites (brownish, marked with arrow) are seen
along the abscess margins invading the better preserved liver tissue.
Magnification: 40X. N: necrotic area; LC: well-preserved liver cells.

4, Discussion

ALA has been known to be a potentially fatal extraintestir
infection of amoebiasis. Multiple factors involving parasi
and the host have been reported to be involved in t
development of ALA. The general concept of developme
of ALA involves the adaptation and survival of amoeb:
in liver tissuel9). Rigothier ez al(11], reported that the
was massive death of parasites after a few hours of pos
infection and inflammation in the hamsler liver lissue wi
caused. After 12 h, the parasites started multiplying and tt
size of inflammation foci increased. In addition, other facto
such as oxygen reduction ability, complement resistant, RC
and NOS scavenger capacity and immune evasion of tl
parasites also contribute to the parasites survival. Once th
parasites are able to adapt to the environment in the live
inflammation will be stimulated and followed by extensiv
tissue destruction(8,15,16].

In this study, the results showed that tissue destructio
and amoebae in the tissue sections can be visualized b
all the three stains, but with varying clarily. H&E and PA
stains required high technical expertise to identify an
interpret the staining results. Even though H&E stain i
the most widely employed histology stain to demonstrat
the morphology of different cells and tissuell4], it has bee
reported to be not ideal for detection of amoebic trophozoite
especially in the examination of fixed and stained biops
samples due to the difficulty in dillerentiating the staine
trophozoites from the surrounding tissues. PAS stains tissu
carhohydrales magenta, and il is commonly used to slai;
liver glycogen(!4. The problem arises because E. histolytic
trophozoites are also magenta in colour when stained wit]
PAS, possibly due to the presence of glycoprotein in th
amoeba cell membranel17l. Thus, with both the H&E and PA.
stains, amoebic trophozoites were difficult to differentiat
from macrophages because of their similarities in size an
morphologyl18].

In comparison, IHC is presumed to be more specific as i
is the consequence of specific reactions belween antigen
of amoebic trophozoite and antibodies against them. T
this study, immunostaining gave more distinct and easil
identifiable appearance of the trophozoites in a backgrounc
of necrosis and inflammation as compared with the othe
two staining techniques. Even though numerous reportec
studies on amoebic pathogenesis utilized H&E and PAS
stains, this study showed that IHC stain was more superio
than the two stains. As was previously described for hamste
and human ALAP.19), the images caplured [rom IHC slainec
slides clearly revealed central necrotic region in liver tissus
surrounded by scanty inflammatory cells with amoebi
trophozoites along the margins. Islands of better preservec
liver tissue were also seen scattered among the necrotic
foci. Moreover, serum sample could easily be obtainec
from 5-7 days post—infected hamster, and containec
sufficient polyclonal antibodies that recognize E. histolyticc
trophozoites(20].

A previous study has reported that monoclonal antibod,
can be used in cryopreserved tissue section to stain amoeh:
but not in formalin—fixed, paraffin~embedded tissuel2!]
However, this study showed that amoeba in paraffin-



embedded tissue can be visualized when polyclonal
antibody was employed. The use of polyclonal antibody may
he able to show stronger antigen recognition on amoebas
in the formalin fixed tissue sections as compared with
monoclonal antibodies which only recognize single epitopes.
Also, processed tissue is favored to cryopreserve tissue
because the structures of amoeba are physically supported
by the embedding medium, while amoebic structure might
be lost with frozen treatment due to the water crystallization.

Nowadays, in the diagnosis of amoebiasis, stool, blood,
liver pus, urine and saliva samples are ofllen invesligated
with various molecular—based and immunological-based
techniquesi22-25], whereas staining techniques are hardly
reported. However, IHC is still relevant for confirmation
of numerous pathogenic diseasesl!4], but rarely reported
for use in the investigation of invasive amoebiasis. Thus,
it is potentially important as a confirmatory test for ALA
if sample from aspiration of liver abscess, liver biopsy or
autopsy is available.

In conclusion, in this study, IHC stain was found to be
more superior than H&E and PAS stains for detection of E.
histolytica trophozoites in the inlectled tissues because the
THC allowed easy identification of brown—stained amoebas
among the inflamed and necrotic liver cells.
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ABSTRACT
Serodiagnosis of amoebiasis remains the preferred method for diagnosis of ALA.
However, the commercially available kits are problematic in endemic areas due to the
persistent high background antibody titers. Human serum samples (n=38) from patients
with amoebic liver abscess (ALA) who live in endemic areas were collected from
Hospital Universiti Sains Malaysia during the period of 2008-2010. Western blot analysis
using excretory-secretory antigen (ESA) collected from axenically grown E. histolytica
were probed with the above serum samples. Seven antigenic proteins of ESA with
varying reactivities were identified i.e. 152 kDa, 131 kDa, 123 kDa, 110 kDa, 100 kDa,
82 kDa and 76 kDa. However, only 152 kDa and 110 kDa proteins showed sensitivities
above 80 % in the Western blot analysis. All the antigenic proteins showed undetectable
cross-reactivity when probed with healthy human serum samples (n=30) and serum
samples from other infections (n=33). From the MALDI-TOF-TOF analysis, the proteins
were identified as heavy subunit of E. histolytica lectin and E. histolytica pyruvate
phosphate dikinase, respectively. Use of the E. histolytica lectin for diagnosis of ALA has
been well reported by researchers and is being used in commercialized kits. However,
this is the first report on the potential use of pyruvate phosphate dikinase for diagnosis of
ALA, thus this molecule merits further evaluation on its diagnostic value using a larger

panel of serum samples.
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INTRODUCTION

Amoebiasis is caused by the enteric protozoan Entamoeba histolytica, which
affects 50 million of the world population and leads to 100,000 fatal cases annually (17,
18). Amoebic liver abscess (ALA) is the most common clinical manifestation of
extraintestinal amoebiasis. It is due to the haematogenous spread of the E. histolytica
trophozoites from intestine to liver through the portal vein. Patients with ALA present
with hepatomegaly, right upper quadrant pain, tenderness of the liver, fever, jaundice and

nausea. It may lead to fatal outcome if early diagnosis and treatment are not sought (1,

10).

Diagnosis of ALA is often initiated with radiology imaging to examine the
presence of abscess in the liver. If indicated, aspiration of the sample is performed for
culture, DNA detection and/or antigen detection. Absence of bacteria growth in the
abscess culture could rule out the possibility of pyogenic liver abscess cases. The
definitive diagnosis of ALA is by microscopic observation of trophozoites in the abscess
fluid, but the sensitivity of microscopic examination is low as the trophozoites are easily
disintegrated and most of them reside at the peripheral margin of the abscess.
Nevertheless, it is unethical to perform abscess aspirate close to the peripheral margin of
abscess, as this may damage the healthy liver tissues. Many reports showed that DNA
and antigen detection-based methods performed on the abscess sample e.g. PCR, real-
time PCR, Techlab E. histolytica 11 antigen detection ELISA, gave high sensitivity (4, 9,

16).
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Whenever abscess aspiration cannot be performed due to small abscess size or
bad condition of the patient, serological test becomes the preferred choice for diagnosis.
The available antigen detection tests such as Techlab E. histolytica 11 ELISA, which
detects E. histolytica lectin antigen, can be used for diagnosis of acute ALA patient who
have not received treatment (21). However often patients who are admitted to the hospital
with liver abscess have received treatment prior to investigation for ALA, which
significantly reduces the sensitivity of the antigen detection test. Thus antibody detection
is currently the most common serological test used to detect ALA, either by indirect
haemagglutination assay (IHA) or ELISA. However, these tests mostly use amoebic
lysate antigen, and are problematic for diagnosis in endemic area where the background
anti-amoebic antibody titer is high. Thus in endemic areas, low specificities of these tests

were reported with the low cut-off values as suggested by the manufacturer (20, 22).

Comparison of crude soluble antigen (CSA) with excretory secretory antigen
(ESA) of E. histolytica have been shown to demonstrate higher positive detection rate
when tested with sera of patients with acute amoebic dysentery and asymptomatic cysts
passer, and equal sensitivity for diagnosis of ALA (8, 13). Therefore, in our quest to
identify new markers to improve the serodiagnosis of ALA, ESA of E. histolytica was
produced and analysed by SDS-PAGE, two-dimensional electrophoresis (2-DE) and
Western blot. The identities of the potential candidates were then identified by mass-

spectrometry.
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MATERIALS AND METHODS

Maintenance of E. histolytica trophozoites. Axenic strain E. histolytica
trophozoites HM1:IMSS was hermetically cultured in TYI-S-33 medium supplemented
with 12.5 % bovine serum (Invitrogen, New Zealand) and 1X Diamond vitamin Tween-

80 (Sigma, USA) at 36 °C. The medium was changed every 48-72 hours (2).

Collection and preparation of ESA. Mass culture of E. histolytica trophozoites
were collected at log phase and washed 3X with RMPI supplemented with 0.1 % L-
cysteine and 0.02 % ascorbic acid (RPMI-C&A) with centrifugation at 22 x g for 2 min,
RT. Subsequently, the cell density was determined via trypan blue exclusion method.
Trophoéoites were seeded into culture tube containing 80 % filled RMPI-C&A medium
with cell density of 0.8 x 10° cells per mL and incubated at 36 °C for 6 hours. Upon
completion, culture tubes were subjected to centrifugation at 22 x g for 2 min at 4 °C.
The supernatant in the culture tubes were collected and mixed with 0.5 M iodoacetamide
to a final concentration of 1 mM. Next, the supernatant was again subjected to
centrifugation at 10, 000 x g for 5 min at 4 °C and filtered through 0.2 pm membrane.
Subsequently, ESA in the supernatant was concentrated 1000X using U-Tube
concentrator with MWCO of 10 kDa. Cocktail protease inhibitor (Roche Diagnostic,
Germany) was then added to the concentrated ESA. The protein concentration of the ESA

was estimated using Bradford protein assay (8, 13, 19).



--109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

Serum samples and ethical approval. Serum samples in the current study were
collected from Hospital Universiti Sains Malaysia during the period of 2008-2010. The
procedures of collecting and handling the serum samples were approved by USM Human
Ethical Committee (Ref. No.: USMKK/PPP/JEPem[213.3(10)]). Human serum samples
included in this study were divided into four groups: (i) Group A: human ALA serum
samples (n=24) with consistent clinical symptoms (i.e. fever, abdominal/right hepatic
chest pain, hepatomegaly, and jaundice) and radiological image, and IHA positive results;
(ii) Group B: human ALA serum samples (n=14) from patients whose abscess were
positive by real-time PCR for E. histolytica DNA and negative by bacterial culture; (iii)
Group C: healthy blood donor serum samples which were negative by IHA (n=30); (iv)
Group D: serum samples from patients with other infections (n=33) i.e. salmonellosis
(n=5), shigellosis (n=1), Escherichia coli septicaemia (n=2), Staphylococcus spp.
septicaemia (n=2), H. pylori (n=6), pyogenic liver abscess (n=4), Stenotrophomonas
maltophilia septicaemia (n=1), Enteropathogenic Escherichia coli (n=1), Ascaris
lumbricoides (n=1), Klebsiella pneumoniae (n=1) and toxoplasmosis (n=9). These sera

were negative by IHA for amoebiasis.

SDS-PAGE. Protein samples were electrophoretically separated via SDS-PAGE
using Bio-Rad Mini Protean III Electrophoresis Cell and Protean® 11 xi Cell according to
Laemmli (7) protocol with modifications. Prior to SDS-PAGE, ESA was mixed with 2X
Laemmli sample buffer and boiled for 5 min. Subsequently, it was separated using 6%

SDS-PAGE gel, at constant current of 25 mA per gel for about 1 h.
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Western blotting. Upon completion of SDS-PAGE, proteins in the gel was

electrophoretically transferred onto a 0.45 pm nitrocellulose membrane (NCP) using

- semi-dry transblot (Bio Rad, USA) at a constant voltage of 15 V for 30 min. The NCP

was blocked for Thr at RT with 5 % skim milk prepared in 10 mM Tris buffered saline,
pH 7.2 (TBS). Subsequently, the NCP was washed (3 x 5 min) with TBS containing 0.1
% Tween-20 (TBS-T). Then, the NCP was cut into multiple strips and incubated with
human sera at dilution of 1:200 (in TBS-T) for 2 hours at RT. The NCP strips were then
washed three times with TBS-T, and then incubated with monoclonal mouse anti—-human
IgG conjugated with horseradish peroxides (HRP) at dilution of 1:6000 for Tlhr.
Subsequently, the NCP strips were again washed (3 x 5 min) with TBS-T. Western blot
substrates i.e. enhanced chemiluminescence (ECL) blotting reagent (Roche diagnostics,
Germany) or tetramethylbenzidine (TMB) substrate for membrane (Sigma, USA) were
usedas substrates. The Western blot signal was captured using camera (Lumix,

Germany).
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2-DE and Western blot. Selected protein bands which showed potential
diagnostic value were further analysed using 2-DE to ensure that the bands were well-
separated. OFFGEL fractionator 3100 (Agilent Technologies, Germany) was used to
separate the proteins by isoelectric points (pI) followed by SDS-PAGE and Western blot.
Agilent OFFGEL Kit pH 3-10 with a 12-well setup frame was used. Sample was
prepared by mixing 1600 pl of the ready stock solution (1.25X) with 400 pl of the sample
with total protein amount of 2 mg and then gently vortexed. Forty microliter of IPG strip
rehydration buffer was added into each well to swell the gel for 15 minutes. Wetted
electrode pads were placed at the cathode- and anode-ends of the IPG strip gel surface.
After re-swelling of the gel, 150 pL of protein sample was loaded into each well. Ten
microliter of rehydration buffer was reapplied onto the electrode pads at each of the IPG
gel ends. Cover fluid (mineral oil) was pipetted onto the gel strip ends. Subsequently, the
sample was focused with a maximum power of 200 mW, maximum current of 50 mA and
typical voltages ranging from 500 to 4500 V until 50 kVh was reached after 24 h. Upon
completion, each of the twelve fractionated ESA samples were separately mixed with 5X
Laemmli sample buffer without boiling and electrophoretically separated via SDS-
PAGE.Western blot was performed using pooled and individual human serum samples to

identify the selected antigenic proteins.

Mass spectrometry analysis & protein Identification. The selected proteins
were excised from 2D-SDS-PAGE gel and sent for MALDI-TOF-TOF (4800) analysis at

Proteomic Laboratory Service Center, Australia, and searched with Swiss-Prot protein

database.
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RESULTS

IgG blots of ESA. IgG blots of ESA probed with human ALA serum samples
from Group A showed seven antigenic bands with consistent reactivities (Fig.1). Besides,
these antigenic proteins were also similar with the bands present in the IgG blots probed
with human ALA serum samples from Group B (Fig. 2). However, mean sensitivities of
the bands to detect ALA vary from 16 % to 84 %. Only two of the antigenic bands i.e.
152 kDa and 110 kDa showed high sensitivities of about 80 % in both Groups A and B
sera (Table 1). Neither of these two antigenic bands showed reactivity in IgG blots

probed with serum samples from Groups C and D, thus showing 100 % specificity.

2-DE Western blot and protein identification. IgG blot of 12 ESA fractions
with pooled serum sample revealed that the 152 kDa and 110 kDa proteins were located
in Fraction 5 (pI: 5.33-5.91) and Fraction 6 (pI: 5.91-6.5), respectively (Fig. 3). Further
IgG blot analysis of these ESA fractions with individual serum samples (n=5) confirmed
the location of these antigenic proteins (Fig. 4). These protein bands were excised and
sent for MALDI-TOF-TOF analysis. According to Mascot search result from MSDB
search engine, the 152 kDa protein matched with E. histolytica lectin protein (C4ALTMO)
with the protein score of 273. A score >55 indicates identity or extensive homology at a
significant level (p < 0.05). Seven peptides matched to the Gal/GalNAc lectin heavy
subunit. The 110 kDa protein matched with pyruvate phosphate dikinase (EHI_009530)

with the protein score of 544, with nine matched peptides.
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DISCUSSION

Current diagnosis of ALA still depends on the results of clinical manifestations,
radiology imaging and laboratory tests, since stool examination is inapplicable for
diagnosis of extraintestinal amoebiasis. Detection of E. histolytica-specific DNA and
antigen in the aspirated abscess are more sensitive and specific, as compared to
microscopic examination of live trophozoites. However, in most settings when abscess
aspiration cannot be performed, serological test is the alternative laboratory method for
diagnosis of ALA. Besides being relatively less invasive, it is also less technical

demanding and thus is routinely used in most diagnostic laboratories.

E. histolytica ESA contains proteins shed from trophozoites during active
multiplication and metabolites released by trophozoites during incubation in RPMI-C&A.
Although great care was taken to produce good quality ESA, there were probably still
some partial proteins released from lysed trophozoites.In this study, the ESA antigenic
bands that ranged from 97.2-158 kDa consistently showed reactivities when incubated
with human ALA serum samples (n=7). Analysis of the IgG blots showed that 152 kDa
and 110 kDa proteins had higher association with serum samples from patients with
PCR-positive abscess (93 % and 86 %) as compared to serum samples from patients with
unknown PCR results (both 79 %). Besides, the sensitivity of both 152 kDa and 110 kDa
were similar, i.e. 84 % and 82 %, respectively. Both antigens showed high specificity as
there were undetectable reactivities in the IgG blot of ESA probed with serum samples

from normal individuals and those with other infections.
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The protein components of ESA in the current study were different from those
reported by Sengupta et al.(13). In the latter study, the ESA proteins ranged between 200-
20 kDa, with predominant protein bands below 66 kDa (e.g. 45 kDa and 29 kDa), while
the high molecular weight proteins (> 100 kDa) were faint. This may be due to the
differences in antigen preparations. The ESA in this study was concentrated 1000X
instead of 10X to enrich the low abundant proteins. In addition, to enhance the
reproducibility of ESA, protein-free defined RPMI-C&A was used in this study, instead
of serum- and vitamin-free TYI-S-33. Besides, iodoacetamide was added to the RPMI-
C&A containing the ESA upon its collection, in order to protect the protein from

degradation by proteases (3, 11, 13).

2-DE protein separation via Agilent 3100 OFFGEL Fractionator followed by
SDS-PAGE allowed only the selected ESA fractions to be tested with serum samples.
The protein bands excised from the 2-DE gels were well-separated, thus avoiding the
presence of multiple proteins in each band. In this study, the 152 kDa protein was
identified as E. histolytica lectin protein, which has been reported to be sensitive for
diagnosis of invasive amoebiasis (5, 6). Specific monoclonal antibody against this protein
has been used for antigen detection test in TechLab Entamoeba histolytica IT kit
(TechLab Inc, USA). The 110 kDa protein, identified as the E. histolytica pyruvate
phosphate dikinase, was also found to show similar high sensitivity for diagnosis of ALA.
This protein was reported to be a key enzyme in the anaerobic metabolism via
pyrophosphate dependent glycolysis, and has no counterpart with proteins in human

metabolism(12). Molecular modeling of this enzyme had been reported, and specific

10
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inhibitors to it for therapeutic purpose have been studied (15). The protein sequence of
pyruvate phosphate dikinase showed high similarity with a closely related pathogenic
intestinal anaerobic protozoa ie. Giardia lamblia; this suggests the possibility of
producing specific antibody for simultaneous detection of both species, as well as for
differential detection (14). To date, there is no report on the application of pyruvate
phosphate kinase for diagnosis of amoebiasis. Further studies on this protein will be
performed, which include production of the recombinant form of the protein and testing

with a larger panel of serum samples.
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Figure 1 Representative IgG blot of ESA probed with human serum samples. Lanes

1-7: individual ALA serum samples from Group A; Lane 8: pooled THA negative serum

sample (Group C); Lane 9: pooled ALA serum sample (positive control); Lane 10: TBS
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Lane 1: TBS; Lane 2: pooled ALA serum sample (positive control); Lane 3: pooled THA
negative serum sample (Group D); Lanes 4-10: individual ALA serum samples from

Group B.



Table 1 Sensitivity and specificity of antigenic bands of ESA from IgG blots

Antigenic Human ALA Human ALA Sensitivity, % Specificity, %
band, kDa serum samples, serum samples, Mean (A,B) Mean (C,D)
Group A, % Group B, % [n=238] [n = 63]
[n=24] [n=14]

152 79 93 84 100

131 46 43 45 100

123 17 14 16 100

110 79 86 82 100

100 21 14 18 100

82 38 43 39 100

76 38 43 39 100
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Figure 3 IgG blot of ESA separated by 2-DE, and probed with human serum
samples. H+: pooled positive ALA serum sample from Group B; H-: pooled IHA
negative serum sample (Group C).

(positive control); HP- : pooled THA negative serum sample (group D).
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P1: RAPID STAINING OF Enfamoeba histolytica TROPHOZOITES IN
FRESH STOOL SAMPLE

Tan Zi Ning*, Wong Weng Kin®, Nik Zairi Zakaria®, Abdullah Bujang’, Rahmah Noordin®,
Zeehaida Mohamed’, Pattabhiraman Lalitha’, Tan Gim Cheong’. Lim Boon Huat'

'School of Health Sciences, Universiti Sains Malaysia
‘Department of Medical Microbiology and Parasitology. School of Medical Sciences,
Universiti Sains Malaysia
“Institute for Research in Molecular Medicine, Universiti Sains Malaysia
‘Facully of Applied Sciences, AIMST University, Malaysia

Background and aims

Amoebiasis is a ubiquitous disease caused by Entamoeba histolytica, an intestina! parasitic
protozoon, Commercially available £. fistolytica antigen detection kits for detection of
rephozoites in stool samples are not cost efiective for use in most of the underdeveloped
endemic countries. Thus, microscopy techrique is slill relevant for detection of intestinal
amoebiasis However, a major setback in the latter method is the requirement for freshly
collected faecal samples. Furthermore, there are no reports on the survival time of
trophozoites in fresh faecal sample Numerous staining techniques are employed for the
detection of trophozoites and/or cysts, and Wheatley trichrome staining is the routine
technique employed at the Department of Medical Microbiology and Parasitology, School of
Medical Sciences, USM The objective of this study is to determine the period of viability of '
trophozoites in spiked stool sample Secondly, the efficacy of Wheatley trichrome technique
was cormpared with the Eosin and Periodic Acid Schiff (PAS)techniques.

Methods

Two grams of fresh faecal sample were spiked with 1x10° trophozoites and about 2 mg !
duplicates of the spiked sample were stained with Trypan blue, and the viability determined
under the microscope using @ Neubauer chamber. The process was repeated at 30 minute
intervals for 8 hours. The efficacies of the three types of stains were compared based on the
ease of defection of the characteristic features of the trophozoites.

Results

The results showed that the trophozoites were slill viable within 8 hours but highly decreased
innumber; and the Eosin staining technique was the easiest to perform.

Conclusion
Eosin stalning technique is recommended for detection of trophozoites in stool sample
collected within 8 hours.

24
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Comparison of Growth Media and Effect of Cysteine and Ascorbic acid
Supplementation on fn-vitro Culture of Entamoeba histolytica

5 0 e s 7 0 ‘ o i
Wong Weng Kin', Tan Zi Ning®, Lim Boon Huat?, Zeehaida Mohamed”,
Alfonso Olivos Garcia!, Rahmah Noordin'

Institute for Research in Molecular Medicine, Universiti Sains Malaysia
2 . . 5 5 T Y A :
“School of Health Sciences, Universiti Sains Malaysia

Department of Medical Microbiology and Parasitology, School of Medical
Sciences, Universiti Sains Malaysia,

"Department of Experimental Medicine, Medical School, Universidad
Nacional Autdnoma de México

Entamoeba histolyvtica is the etiologic agent for amoebiasis. The excretory-
secretory (ES) products of this parasite have been shown to contain virulence
factors that contribute to its invasive characteristics. Besides, ES products
also possess antigenic properties that are useful for diagnostic application.
Therefore, a protein-free medinm that can sustain the viability of FE
histolytica for longer duration will greatly assist in the study on these ES
products. In the present study, we compared four different protein-free media
in maintaining 95% viability of the parasite namely phosphate buffered
saline for amoeba (PBS-A), Hank’s balance salt solution (HBSS), Roswell
Memorial Park Institute medium, No 1640 (RPMlI-1640) and Dulbecco’s
Modified Eagle Medium (DMEM). Concurrently we determined the effect of
adding cysteine and ascorbic acid to the medium on the viability of the
organism. With addition ofthe supplement, viability of £. histolytica at 95%
was prolonged for up to 6 hours, equivalent to a 1.5 fold hour increment in
DMEM; 5 hours (2.5 folds) in RPMI-1640 and 2 houwrs (no increment) in
PBS-A and HBSS. tn conclusion, DMEM was found to be the best protein-
free medium in maintaining viabilily of £. histolytica in-vitro, and that
DMEM and RPMI media with added cysteine and ascorbic acid sustained
the parasites’ viability longer than without the supplement.

Keywords: Entamocba hisiolvtica, Protein free media, Excretory secretory
(ES) products, Cysteine and ascorbic acid
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Cysteine and Ascorbic Acid Supplement Prolonged Viability of Entamoeba histolytica in Pro
Free Media -

WongWeng Kin', Tan Zi Ning?, Lim Boén Huat?, Zeehaida Mohamed®, Alfonso Olivos. Garcia’, Rahmah Noordin!
HInstitute for Research in Melecular Medicine, Universiti Sains Malaysia, Mal aysta

*School of Health Sciences, Universiti Sains-Malaysia, Malaysia

Department of Medical Micrabiology and Parasitology, School of Medical Sciences, Universiti Sains Malaysia, Molaysia

*Department of Experimental Medicine, Medical School, Universidad Nacional Autéioma de México, Mexico

Entamoeba histolytica Is the etiologic agent for amoebiasis. The excretory-secretory (ES) products of this parasite co

virulence factors that contribuce to its invasive characteristic. ES products alse possass antigenic properties that are v

for diagnostic application. Thus, a protein-free medium that cani sustain the viability of E. histolytica for longer duratior

faciliate in the study on these ES products. In the present study, we Investigated the effect.of adding cysteine and ascc

acid in maintaining the iability of E histolytica in several comman protein-free media namely phosphate buffer saline
amoeba (PBS-A), Hank’s balance salt solution (HBSS), Roswell Memorial Park Institute medinm, Ne 1640 (RPMI-1640)
Dulbecco’s Modified Eaglg:Mediu'm (DMEM).The target of achieving 95% viability of E. histolytica was determined using Try
blue exclusion method. The results showed that the viability of E. histolytica was prolonged in all media supplemented »
cysteine/ascorbic acid. With these supplements, 95 % viability of E. histolytica Was prolonged for up to 5 hours, equivalen
a 2.5 fold hour increment i RPMI-164C and 6 hours (1.5 folds) in DMEM, whereas, in PBS-A and HBSS the viabilities «
histolytica were prelonged for only 2 hours. In conclusion, eysteine and ascorbic acid were found to significantly prolong
viabiliey of E. histolytica in DMEM pratein-free medium. This enables the use of this medium for production of E. histolytice
products, thus reducing the interference of unwanted proteins present in serim supplemented medium,

PHPP40
Strategic Evaluation of Factors Invojved in the Development of Nutraceuticals

Shilpa Dua, Ajay Pise, N Udupa
Department of Pharmacy Management, Manipal Collegé of Pharmaceutical Sciences, Manipal-576 104, Karnataka, India

This study aims to analyse the factors responsible for the growth of nutraceuticals, to find out hurdles in the development
nutraceuticals, to find out factors responsible for the development of nutraceuticals, and to propose recommendations f
the development of nutraceuticals Secondary dara collection method was adopted for the study, Data was collected fre
authentic sources including books, official websites, jotirnals, news paper articles and related magazines, Collected data w
converted in to information to derive the results, Results and conelusion of this study were derived after analysing the da
During this study we have observed fallowing hurdles in the development of Nutraceuticals- Dilemma about the conce
of nutraceuticals, absence of clear cut distinction between nutraceuticals, dietary supplement, and functional foods, |
harmonized definition of nutraceuticals, Nutraceutical concept Is used as marketing gimmick, lack of adequate research
the area of nutraceuticals, absence of regulatory guidelines in many countries is undue advantage for healthcare compani
lack of proper categorization of nutraceuticals, Following advantages and potentials were observed for nutraceutica
Increasing purchasing power and per capita income will help te boost the demand for nutraceuticals, increasing awarens
about health maintenance and increasing cost of drugs, fear of disease and disease conditions, Government initiatiy
for public health maintenance, baby boomers are contributing more in increasing the demand of nutracéuricals. Fre
above study we can conclude that there is a need of a scientific and horminised definition, need of clearly differentiati
nutraceuticals from dietary supplements, and functional foods, need af properly framed hormepised regulations |
manufacturing, advertising and selling of nutraceuticals, more encoyragement should be given to the research in the ar
of putraceuticals, Nutraceudeals shotild be classified scieatifically in acceptable format.
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DETECTION OF INVASIVE AMOEBIASIS BY ELISA USING
DIFFERENT ANTIGEN PREPARATION METHODS

Tan Z.N.'. Wong W.K.* Zeehaida M.°, Rahmah N.” & Lim B. H.

' School of Health Sciences, “Institute for Research in Molecular
Medicine, *Department of Medical Microbiology and Parasitology School
of Medical Sciences, Health Campus, Universiti Sains Malaysia,
16150 Kubang Kerian, Kelantan, Malaysia

Amoebiasis is an invasive disease caused by a well-known enteric
protozoan, Entamoeba hislolytica. It is a ubiquitous disease and 100 000
people are estimated to die annually. Numerous diagnostic tests have
been performed to diagnose this jliness; however, serodiagnosis has
become a preferable method in most of the diagnostic laboratories. In
Hospital Universiti Sains  Malaysia (HUSM), Kelantan, indirect
hemeagglutination assay (IHA), Cellognost ® Amoebiasis (Dade Behring
Marburg GmbH, Germany) is being employed to diagnose invasive
amoebiasis based on detection of specific antibodies to E. histolytica in
patients” serumn samples. Although this commercial IHA kit has been
reported as a very sensitive diagnostic tool, it Is not cost effective to be
used In mass screening of invasive amoebiasis, particularly in poor
endemic countries. The aim of this study is to compare the sensitivity and
specificity of two different antigen preparations, namely crude soluble
antigen (CSA) and ether extract antigen (EEA) in an enzyme-linked
immunosorbent assay (ELISA) format. Here, 16 IHA seropositive samples
and 16 seronegative samples were used fo compare the sensitivity and
specificity of the two different antigen preparations, Prior to that,
parameters such as concentrations of antigens used for each well,
dilutions of primary and secondary antibodies, incubation time and
washing steps were optimized and subsequently the respective cut-off
values (COV) were determined. The results showed that the sensitivity
and specificity of CSA in detection of invasive amoebiasis were 93.76%
(15/16) and 76% (12/28) respectively. In comparison, the EEA results
indicated sensitivity of 81.256% (13/16) and specificity of 93.75% (16/16).
Both types of antigen preparations revealed high sensitivity of above
80%, but EEA showed higher specificity as compared to CSA. In
conclusion, EEA is recommended to as an in-house ELISA for diagnosis
of invasive amoebiasis at HUSM.
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IDENTIFICATION OF POTENTIAL EXCRETORY SECRETORY
ANTIGENS FOR DIAGNOSIS OF AMOEBIC LIVER ABSCESS

Wong, W. K., Tan, Z. N.2 Lim, B.H.?, Zeehaida, M.* & Rahmah, N.'

"Institute for Research in Molecular Medicine, 2School of Health Sciences,
Universiti Sains Malaysia “Department of Medical Microbiology and
Parasitology, School of Medical Sciences, Health Campus, Universiti
Sains Malaysia 16150 Kubang Kerian, Kelantan, Malaysia

Entamoeba histolytica is the etiologic agent for amoebiasis, which affects
an estimated 10 % of the world population. Diagnosis of extraintestinal
amoebiasis, such as amoebic liver abscess (ALA) is often based on
clinical manifestations, radiology imaging and serological test. ALA is
potentially fatal if early diagnosis followed by appropriate treatment is not
sought. Indirect Haemagglutinin assay (IHA) is a common antibody
detection test for diagnosis of ALA, but various reports revealed that its
diagnostic sensitivity is low. Previous studies had shown that excretory
secretory antigen (ESA) of E. histolytica was antigenic and possessed
potential diagnostic value. Therefore, the presence work is aimed at
identifying potential antigen(s) to improve the sensitivity of serodiagnosis
for ALA. ESA was produced from DMEM culture medium supplemented
with cysteine and ascorbic acid that supported >95% viable E. histolytica
trophozoites. Subsequently, the antigenic profile of ESA was analysed
using Western blot probed with sera from ALA patients (n = 7), with
positive IHA results and whose pus samples were positive for E.
histolytica by realtime PCR.. Four antigenic bands were identified as
potential candidates for further studies namely 185 kDa (5/7), 106 kDa
(7/7), 96 kDa (7/7), and 40 kDa (6/7).
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BIOCHEMICAL CHARACTERIZATION OF Entiuoebu .:
CHOLIN F KINASLE

CHANG CHIAT UAN, FEW LING'LING, LIN'BOON HUAT
AND SEETOO WEI CUN

School uf Liealth Sciznces, Univeesiti Sois Mgy sia. (ealth Campus,
16130 Knbanyg Keriae, Kelantan Deevd Noim, Madaysio.

Zotumieba bistolyrica is one of e most widespread eod elinjenlly. Tnportang
peotazoy - purasites. Annually, thete gre more thai 30 million cases of amo¢hasis
being rqmmd sith abodl 100,000 deaths. Patients may llt\t_k‘p amachic dysentery,
£ or brain abseesses which are fatal it untreated. hm_u«.na.lon of E: Disrofy
upid showed thar its total phospholipid was p[\.domuulul by phosphatidyleholipe
{MdCho). The knowledge of PdCha biosyuchesis is pedinent to understand 4.0
absolysica lipid bivchemistey and their physiologicat roles as well as its possible
relationship Lo infection. The ebjective of this swdy is 1 detenmine the biocheniical
propeslics ol putative £ fistolstica choline Kinase (ENCK), the firsl enzynic
picticipates i the main biesymbiesis pathway of PdClio. EhCK activity wag
mensured by spectrgphatemetric PK-LDI caupled  assay  with  cloline o
sttanolimine as sibstrate. This ussay systen: wis used (o n(»fu‘mmu the n]\umum
RN lunpcramn., kinetic parameters and erlects of different div aalent metal fans on
zywt retivity, Our result showed that ERCK was active al alkalime pH, with thé
oprimen astivity at pH 8.0, The enzyme possessed the highest avtivine at about
40°C, und hecame uustable t bighee temperatore, ERNCK shawed Vi, i
zainst choluie af 0,955 }unulhmll’mg and 235 p\L rL:],c\u\LI) \
covered that ERCK prefericd indaganese fon aver juagnesium fon as jts cafactar,
As a conelusion, we proved that ENCK veas actlve and reponted the kinetic
pilrameers ol this gizyme: Its metal jon cofucior, prefi eee is i nnigue featyre as
cumpdrcdl chullnukm A ”Nnc\lm ‘other spegics. )
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Staining of Entamoeba histolytica in hamster liver

Tan Zi Ning", Wong Weng Kin®, Shyamo// Mustafa’, A/efudd/n Ahmed", Rahmah Nomd:n
See Too Wei Cun'. Tan Gim (‘heong :Alfonso O//vos Garcia®, Lim Boon Huat

’Schoo/ of Health Sciences, Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malaysia,
/nst/tute for Research in Molecular Medicine, Universili Sains Malaysia, Penang, Malaysia,
Depan‘men( of Medical Microbiofogy and Parasitology, School of Medical Sciences,
Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malaysia, ’Depa/?amenro de Medicina
Experimental, Facultad de Medicina, Universidad Nacional Auténoma de México, México
D.F., México

“Corresponding Author: Tan Zi Ning
E-mail: zining0316@gmall.com

Background/Aim: Amoebic liver abscess (ALA) is lhe mosl common clinical
presentation of extraintestinal infection with Entamoeba histolytica. This disease leads to
significant morbidity and mortality in endemic countries. Although less than 1% of
patients infected with E. histolytica develop ALA, this still represents a large number of
patients throughout the world. Molecular-based methods have been used for diagnosis
of ALA; however most of them are not suilable for resource-limiled developing countries.
Thus, the conventional staining technique is slill relevant in these laboralories. The
objective of this study is to commpare the efficacy of three different stains namely
haematoxylin and eosin (H&E), periodic-acid Schiff (PAS) and immunohistochemical
(IHC) stains for detection of E. histolytica trophozoites in liver tissue of hamster with
ALA.

Methodology: ALA was experimentally induced in hamster by injecting HM-1: IMSS E.
histolytica trophozoites through the portal vein. Liver tissue samples were aseplically
removed and processed for histology. The processed lissues were slained separately
with H&E and PAS stains. IHC stain was performed on he processed lissues by using
polyclonal antibody against amoebic trophozoite.

Results: Tissue necrosis and amoebic trophozoites were observed in all the three kinds
of stained lissue sections. However, the use of IHC stain resulted in a more distinct
appearance of the lrophozoites in the infecled liver lissues as compared lo the other lwo

staining techniques.

Conclusions: IHC staining was found to be the best method to identify E. histolytica
trophozoites in tissue with ALA. Similarly it is expected to be a very good stain for
identifying the trophozoites in patient’s liver abscess aspirates. Therefore its use can be
recommended for the diagnosis of ALA.
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Cloning, expression and characterization of Entamoeba
histolytica choline/ethanolamine kinase

Chang Chiat Han', Tan Zi Ning, Few Ling Ling, Lim Boon Huat, See Too Wei Cun
School of Health Sciences, Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malaysia

“Corresponding Author: Chang Chiat Han
E-malil: chlathan@gmail.com

Background/Aim: Entamoeba histolytica is one of the most widespread protozoa which
causes amoebic liver abscess and intestinal disease. It is the second most death-
causing parasite after Plasmodium falciparum with 70,000 deaths annually. E. histolytica
is one of the primitive eukaryote known. Its total lipid is predominated by phospholipid
(60-70%) consisting of phosphatidylethanolamine (PtdEtn) and phosphatidylcholine
(PtdCho). Phospholipid has been reported to protect E. histolytica from self-toxin.
Hence, the understanding of PtdCho and PtdEtn biosynthesis is pertinent to control its
infection. This study aims to clone, express, purify and characterize E. histolytica
putative choline/ethanolamine kinase (EhCK/EK), the first enzyme in the main
biosynthetic pathway of PtdCho and PtdEtn.

Methodology: Using human choline kinase a1 amino acid sequence as a query, E.
histolytica putative choline/ethanolamine kinases were identified using NCBI blastp
program. Gene candidate was amplified from E. histolytica genomic DNA by polymerase
chain reaction and inserted into pGEX-RB vector to be expressed as Glutathione S-
transferase (GST) fusion EhCK/EK1. The construct was then transformed into
Escherichia coli BL-21 strain for protein expression. The activity of the purified
EhCK/EK1 was shown by spectrophotometric pyruvate kinase-lactate dehydrogenase
coupled assay. The mRNA expression of EnCK/EK1 in E. hislolytica was detected by
RT-PCR.

Results: EhCK/EKT gene was amplified and expressed as a recombinant GST fusion
protein. The protein was purified to homogeneity. It was shown to possess activity with
choline but not ethanolamine as substrate. RT-PCR result showed that ERCK/EK1 gene
was expressed in E. histolytica.

Conclusions: We reported the first isolation and characterization of a CK/EK from E.
histolytica. The enzyme was shown to be a choline-specific kinase and confirmed to be
expressed by E. histolytica. This enzyme is currently being further studied to
characterize its biochemical properties.
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’llt[c' Dcmnnqtratmn of lmlunlml antigenic cumpul]euls of: eurttur) 5ecretor l,ntigén.for
bcmdmgnosis of amoebic liv er abscess »

3 Abstract

il Wong Weng }xm Tan Zi Ning” * Nurulhasanah Othman, Lim Boon Huat®, Zeehaidas Mohamed® and Rahmah
Noordin'

‘Institute for Research in Molecular Medicine, Universiti Sains Mulaysia, Mulaysia

*Schoul of Health Sciences, Universiti Sains Malaysia, Malaysia

‘Department of Medical Microbiology and Parasitalogy, School of Medical Sciznces, Universiti Sains
Malaysia, Malaysia

[ Amoebiasis 18 & cosmopolitan parasitic disease caused by Entamoeba histolytica. The disease has
become a globalized prohlem doe to the ease of world travel, According to WHO report, this disease affects
ahout 10% af the workd population. Humans get infected theough the ingestion of the infective stage cysts.
The symptomatic patient may present with amoebic dysentery, amoebic ¢olitis, and amoebic liver abscess
(ALAY ALA is potentially faral if early diagnosis and treatment is nol sought. Currently, the diagnosis for
40 ALA aften depends on clinical symptoms, radiological imaging and serological test, Indirect Haemagglotinin
4 (THA) and TechLab E. histolytica 11 sre commonly used for the diagnosis in Amoebiasis. However, previous
reports revealed thal these bwo tests showed low sensitivity for the serodiagnosis of ALA.

‘ The present research aims at ideatifying novel potential antigen(s} ol £, fistelytica that can improve
the serodiagnosis of ALA, We are investigating the excretory-secretory antigens (ESA) of this parasite
as reports had shown that ESA showed good sensitivity for detection of amoebic cysts passers, amoehic
dysentery cases and ATA. Seven serum samples rom human cases of ALA were used, these were positive
by IHA sz well by real-time PCR of the abscess fluid, Thus far, our Western blot study had shown that ESA
(77} showed better sensitivity for detection of ALA as compared to crude soluble antigen (5/7),
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This study was supported by grant USM-RU-PGRS Grant i.e. No. 100I/INFORMM/8032030, LISM-RU
Grant i.e. No. JOOLPPSK/RI3009, and FRGS prunt e, No, 203/CIPPM/G711122. The author thanks for the
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COMPARISON OF ENTAMOEB A HISTOLYTICA PROTEIN PROFILES FROA TWO
DIFFERENT PREPARATIONS

Lim Boon Huat!, Tan Zi Ning!, "Wong TWeng Kin?, Foo Phiaw Chong! and Rahmali Noordin®

ISchool of Health Sciences, Universint § it
~Institure for Reseqvch in Molecnlar Afadicine. Universiti Sains Malavsia, Malaysia

rica is i enteric protozoan that causes mntestinal amoebiasis. which may manifests
(ALA)f left untreated. Previous studies reported that membrane-
bound proteius of the parasitz could be antigenic and play important role in diagnosis. However, some
other amoeba species might share similar membrane-bound proteins. Thos, to merease the specificity
of diagnosis, membrane-bound proreins can be removed by ether. The aim of this study 15 to compare
the protein profiles of erude solublz antigen (CSA) and erther extract antizen (EEA) of E. histolytica.
Furstly, 10 x 108 trophozoites were used to prapare either CSA or EEA. C5A was done by sonication
technique while EEA was prepared by adding ether to 1X PBS suspended wophozoites and the
supernatant was collected after removing the organic phase. Protein concentrations were determined
and both CSA and EEA protein profiles were comparad by rumning 12% SDS-PAGE. Several protein
hands such as ~40kDa and -32kDa not found in EEA protem profile were probably located in the
plasma membrane. T 1s interesung 1o note that both the antigen preparation techoiques showad a few
prominent protein bands such as ~100kDa. ~45kDa and ~38kDa. Furure study will focus on the
antigenicities of these proteins.

Entamoeba hisrol
into the fatal amoebic liver abscess

PP33

PREVALENCE OF TOXOPLASMA GONDIIANTIBODIES IN WONMEN IN TRIPOLI -
LIBYA

El-Gomati KXY, El Naas ASH, Rashed AM! and Elsaid MNMNA?

fiteny Meadicine, Aliarelr Urav
il Univ

i Deparmmens of Parasitology, Facuiny of Fer
“Depariment of Pavasitolgy, Faculr of Medical techrology, A

asin. PO, Bex: 13663
ing PO. Box: 13663

This study carried out to determine the sero-prevalence of Toxoplasma gondii antibodies in women.
A total of 240 samples of sera form fhe Obsreine qvna out patient clinic. The sero-positive were 131
out of 240 women (54,58 %), Among the age group 19-28 year the sero-positive 55 {48.25%) out of
114, comparing 1o the age group 29-345 vear and age group 39-45 vear were 62 (60.19%) out 103, 14
(60.87%) aut of 23 respecively. bur statisucaaly no significance according to age. Also found that
the women whom are seropositive and had ne history of contact with cats were(54.58%), while women
whom are seropositive and have history of contast with cats were (57.4%), staustical no significance
difference between seroposiuve. factor contact with cat. and no difference aceording their residence
at different part of Tripoli-Libya.
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-+ Potentially important antigen of

' Estamoeba histolytica for diagnosis of
i amoebic liver abscess: An animal
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Lim Boon Huat!, Aziah lsmail?, Siti
Shafigah Anaqi Azham'

L Sehool of Health Sciences’, Institute for

Molecular medicine?,
University Sains Malaysia

ﬂ

=nfamoeba histolytica is a causative
of amoehiasis. Most of the
~zctions are asymplomatic while others
amoebic liver
scess (ALA), which is potentially fatal.
The  commercially available indirect
is the

m

L

' 1‘1‘

mommon detection method for ALA. The
zzsay is expensive, thus is nof suitable for
e in poor endemic countries. This study

lzimed to identify potentially important
“antigen(s)

of E. histolytica based on the

LALA-positive serum samples of Golden

- Syrian
antigen
zeepared  from  axenic
‘zmoeba strain.

crude  soluble
histolytica "was
culture  of the
that, SDS-PAGE

hamsters. The
(CSA) of E.

Alfter

“protein profiling was performed, followed

‘ny  Western

blot analysis. Thirly-two

Jinfected hamster serum samples and 7

‘nealthy  hamster serum samples
4sed as

were
the primary antibody, and
Tris-buffered saline (TBS) was used as
ine  negative  control.  Anti-hamster
antibody was used as the secondary
antibody and tetramethylbenzene (TMB)
was used as the detection reagent. The
molecular weight of —antigenic  protein
pands were analyzed by using gel pro
analyzer. The results showed several

antigenic bands with different molecular
weights ranging from 70 kDa to 130 kDa.
The 97 kDa protein band showed a
sensitivity and specificity of 91% and
100% respeclively, In conclusion, the
protein hand was found to be polentially
important for detection of ALA in human.

Keywords: Entamoeba histolytica,
Diagnosis and Amoebic liver abscess.

Genetic Polymorphisms OFf The Inflam-
matory Bowel Disease 5 (IBD5) And
Interleukin-23 Receptor (IL23R) Genes
In Malaysian Crohn’s Disease Patients

Chua Kelk Heng, Lian Lay Hoong, Sathya
Marayanan A/L Patmanathan
Pepartment of Molecular Medicing,
University of Malaya

There are strong evidences that support
the role of genelic factors in the
susceplibilily of individuals lo inflammatary
bowel disease (IBD), especially Crohn's
disease (CD). Many CD susceplibility loci
have been reported by huge genome-wide
linkage-analyses and meta-analyses, i.e.,
inflammatory bowel disease 5 (IBD5S)
locus, DLGS,  interleukin-23  receptor
(IL23R), and autophagy-related 16-like 1
(ATG6L.). This study aimed 1o investigate
the possible association of CD with IBDS
gene  variants  (IGR2198a_1  and
IGR2096a_1) and IL23R gene variant
(rs1004819) in the Malaysian population.
Biood samples from 80 patients
diagnosed with CD and 100 controls were
collected from the Universily Malaya
Medical Centre (UMMC). DNAs were
extracted and analysed by polymerase
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Use Of stgA And spa4289 Genes For
Multiplex Polymerase Chain Reaction
For Detection Of Salmaonella Typhi
And Salmonella Paratyphi A

Mohammad Lukman, Y., Faizul
Rahman, S., Nor Amalina, Z., Kenny, D.
and Aziah, .

Institute for Research in Molecular
Medicine (INFORMM), Health Campus,
Universiti Sains Malaysia

Salmonella  Typhi  and  Salmionella
Paratyphi A that infect human {hrough
iecal-oral  route cause typhoid and
paratyphoid. Current diagnosis for typhoid
‘and  paratyphoid — carriers  is  the
Jdentification of the bacleria via culture
method and confirmation of the bacteria
via biochemical tests and serotyping,
which are laborious and time consuming.
Therefore the study aims 1o develop a
rapid multiplex PCR test for detection of 5.
Typhi and S. Paratyphi A. Genomic DNA
was isolated form S. Typhi, S. Paratyphi,
other Salmonella serovar, Klebsiella
pneumonia, Pseudornonas  aaruginosa,
Acinetobacter baumeanni, Escherichia coli
and Vibrio cholerae. Muliplex PCR based
‘on stgA gene encoding for a fimbrial
subunit  prolein  and spa4289  gene
encoding for DNA methyltransferase of &.
Paratyphi A was optimized with the
annealing temperatures ranging from of
550C to 75°C. Evaluation of the sensilivity
and specificilty of the test was performed
using S. Typhi, S. Paralyphi and- other
organisms. The optimized multiplex PCR
for detection of S. Typhi and S. Paratyphi
A was developed with the annealing
temperature of 61¢C with the amplicon

size of 70 bp for stgA gene, 93 bp for
spa4289 and 113 bp for IAC. Both
sensitivity and specilicily of the lest were
100%. The analytical sensitivily of the lest
was 3.13 ng. We conclude that multiplex
PCR using stgA and spa4289 genes has
polential to be used for simullaneous de-
tection of S. Typht and S. Paratyphi A ancl
further testing will be performed from blood
and stool samples of suspecled patients.

Keywards: slgA, spa4289, multiplex PCR

A Novel Protein for Diagnosis of
Amoebic Liver Abscess

Lim Boon Hual, Aziah lsmail, Tan Chong
Leong
School of Health Sciences, Institute for
Molecular medicine,
University Sains Malaysia

Amoebic liver abscess (ALA) is an
extrainlestinal manifestation of
Entamoeba histolylica infection. Diagnosis
of ALA still depends on he commercially
available indirect haernagglutination assay
(IHA). The kil is expensive and not suitable
for use in poor endernic countries. This
study aims to explore the efficacy of a
previously identified 106 kDa prolein of E,
histolytica HM-1:IMSS for diagnosis of
ALA by determining its sensitivity and
specificity.  The trophozoites cultivated
axenically in customized  TYI-S-33
medium were used to prepare crude
soluble antigen (CSA), which was then
used to perform Western blotting. Western
blotling was performed using 24 [HA-
positive and 30 IHA-negative human
serum  samples. The sensitivity and

Malaysicirt Syiposiuni on Biomedical Science 2011




specificity of the protein was shown to be
625% and 100% respectively. In
conclusion, the 106 kDa protein of E.
histolytica was shown to be polentially
important for diagnosis of ALA.

Keywords: Epntamoeba hislolytica, diag-
nosis and ALA.

Cloning of Cytochrome PAS) 246
{CYP2A8)

Nurul ‘Aishah Shaili!, Nazila Talib”, W
MNur Ligna W Mathshor”, S.M. Mawami
Ramli?, Hamid Fauzi”
1School of Health Sciences and
Institute Tor Research in Molecular
Medicing (INFORMM),Health Campus,
Universili Sains Malaysia

Cylochroma P450 2A6 (CYP2AB) was
first identified as the hurnan coumarin 7-
This enzyms i
predominantly expressed in liver and
rasponsible for the clearance of 3% of
endogenous and exogenous substances.
During the last ten years, CYPZAE has
received a lol ol allenlion because it has
been shown in the principle of human
nicoline metabolism which determining an
indivicual smoking behavior and the risk of
fung cancer. The objective of his study is
o clone CYPZAG into expression veclor,
pEX-C-His. The cDNA of CYF2AG was
construcled purchased  from
ORIGENE USA. The cloning process was
performed by using RapidShutting ™ Kit
(Origene, USA) and E. coli slrain BL.21
was the competent cell.
GColonies grown were based an ampicillin
selection and the msert was screening by

hydroxylase.

and
chosen

as

7w Malaysian Symposium on Biomedical Science 2017

Colony PCR. The desired plasmids were
extracted by using QlAprep Spin Miniprep
Kit from QIAGEN. ABI PRISM 3130x
Genetic Analyzer has been used to
analyze the sequence of cONA. The result
showed this CYP2A6's cDNA was
successfully cloned into expression vector,
pEX-C-His with the sequence of CYP2A6
was confirmed as in GenBank with
accession number of NM_000762.5, In
conclusion, the involvement of CYP2A6
corncerning  interindividual differences in
smokirg behavior and the risk of lung
cancer is still very unclear, therefore this .
gene cloning is important for future study :
in delermining an individual susceptibility |
in lung cancer and also in drug-drug |
interaction, ‘

Keywords: cloning, CYP2A6, drug‘;
metabo'izing enzymes !
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Paraoxonase T QT192R Polymorphism '
in Keratoconus and Related Eye

Disorders

Yvonne Yong Fong Ling”, Rozaida Poh
Yuen Ying'. Meary Anne Tan Jin Ai',
Jenny Parameshvara Deva?
'Depariment of IMolecular Medicine,
facully of Medicine, University of Malaya,

“Tun Hussein Onn National Eye Hospital |

Keratoconus {KC} is an eye disorder due
lo progressive comeal thinning which

leads to comest coning (Rabinowitz, |
1998). Despiie intensive studies thal have |
few i

been camrried oul over the last
decades. the aetialogy and pathogenesis

of this eye disorger remains unknown.

i
)

One of the mszhanisms postulated was |
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Cloning, expression and characterization of Enfamoeba
histolytica choline/ethanolamine kinase (A%

Chang Ghiat Han', Tan Zi Ning, Few Ling Ling, Lim Boon Huat, See Too Wei Cun
School of Health Sciences, Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malaysia

“Corresponding Author: Chang Chiat Han
E-mall: chiathan@gmail.com

Background/Aim: Entamoeba histolytica is one of the mostwidespread protozoa which
causes amoebic liver abscess and intestinal disease. It is the second most death-
causing parasite after Plasmodium falciparum with 70,000 deaths annually. E. histolytica
is one of the primitive eukaryote known. Its total lipid is predominated by phospholipid
(60-70%) consisting of phosphatidylethanolaminé (PtdEtn) and phosphatidylcholine
(PtdChe). Phospholipid has been reported to protect £. histolytica from self-toxin.
Hence, the understandi ing of PtdCho-and PtdEtn biosynthesis is pertinent to ¢ontrol its
infection. This study aims to clone, express, purify and characterize E. #istolytica
putative choline/ethanolamine kinase (ERCK/EK), the first enzyme in the main
biosynthetic pathway of PtdCho and PtdEtn. ' )

Methodology: Using human choline kinase a1 amino acid sequence as a query, £
Histolytica putative choline/ethanclamine kinases were identified using NCBI blastp
program. Gene candidate was amplified from E. histolytica genomic DNA by polyimerase
chain reaction and inserted into pPGEX-RB vector to be expressed as Glutathione S-
transferase (GST) fusion EhCK/EK1. The construct was then transformed into
Escherichia coli BL-21 strain for protein expression. The activity of ‘the purified
EhCK/EK1 was shown by spectrophotometric pyruvate kinase-lactate dehydrogenase

coupled assay. The mMRNA expression of EhCK/EK1 in E. histolytica was detécted by
RT-PCR.

Results: EnCK/EK1 gene was amplified and expressed as a recombinant GST fusion
protein. The protein was purified to homogeneity. It was shown to possess activity with
choline but not ethanolamine as substrate. RT-PCR result showed that EhCK/EK1 gene
was expressed in £, histolytica.

CGonclusions: We reported the first isolation and ¢haracterization of a CK/EK from E.
histolytica. The enzyme was shown to bé a choline-specific kinase and o.onfirmed o be
expressed by E. fisitolytica. This enzyme is currently being further studied to

ehatacter umhﬁwmﬁlpjaﬂrtﬁp F 4 A
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COMPARISON OF ENTAMOEBA HISTOLYTICA PROTEIN PROFILES FROM TWO
DIFFERENT PREPARATIONS

75

Lim Boon Huat!, Tan Zi Ningl Wong Weng Kin?, Foo Phiaw Chong! and Rahmah Noordin?

’Sdtooi of Health Sciences, Universiti Sains le'u isia, Malaysia
*Bustitute for Research in Molecular Medicine, Universiti Sains-Malaysia, Malaysia

Eptainosha histolytica is an enteric protozoan that cawses intestinal amoebiasis, which may manifests
info the fatal amoebic liver abscess (ALA) if left untreated. Previous studies reported that membrane-
bound proteins of the parasite could be antigenic and play important role in diagnosis. However, some
other amoeba species might share similar membrane-bound proteins. Thus, to increase the specificity
of diagnosts, membrane-bound proteins can be removed by ether. The aim of this study is to compare
the protein profiles of crude soluble antigen (CSA) and ether extract anfigen (EEA) of E. histolytica.
Firstly, 10 x 10° trophozoites were used to prepare either CSA or EEA. CSA was done by sonication
technique while EEA was prepared by adding ether fo 1X PBS c.ugpemied trophozoites and the
supernatant was colleeted after removing the organic phase. Proteirl concentrations were defermined
and both CSA and EEA pmtem profiles were camp*ueé by running 12% SDS-PAGE. Several pi_otem
bands such as ~40kDa and ~32kDa not found in EEA protein proﬁie were probably located in the
plasma menibrane. It is interesting to pote that both the antigen preparation techniques showed a few

prominent protein bands such as wl(}DLDa ~45kDa and ~38kDa. Future sfudv will foeus on the

antigenicities of these proteins. pe
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PREVALENCE OF TOXOPLASMA GONDII ANTIBODIES IN WOMEN IN TRIPOLI -
LIBYA

Ei-Gomati KND, Ei Naas ASY, Rashed AM! and Elsafd M3AZ

'Department of Parasitology, Faculty of Vefortnary Medicine, Alfateh University, P.O. Box: 1? (‘563
’Department of Parasitolgy, Faculty of Medical technology, Alfateh University, PO. Box: 13663

This study carried out to determine the sero-prevalence of Toxeplasma gondii antibml}e:é in women. -
A total of 240 samples of sera form the Obstetric qyaa ouf patient clinic. The sero-positive were 13 L
out of 240 women (54.58 %). Among the age group 19-28 year the sero-positive 55 (48.25%) out of
114, cempmng fo the age gfoup 29-38 year and age group 39-48 year were 62 (60.19%) out 103, 14
{60 8 mmmwgggmﬁcmce accoxdmggo age. Also found that

w hom are seroposmve and have hzstory of contact mth cats were (57 4%) stanstical nc sxgmﬁ‘cianee
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RECOGNITION OF POTENTIAL ANTIGENIC FROTEINS FOR DIAGNQSIS OF
ARIOEBIC LIVER ABSCESS USENG TWO DIFFERENT ANTIGEN PREPARATIONS

Tar Zi XNingt, Wong Weng Kind, Rahmak Noordin® and Lim Boon Huat!

‘Schoolof Heailth Briences, Universiti Sains Melaysia, Malaysia
Tnstitete for Eosearch in Molocultr 3edficing, Univarsitt Sains Malayeia, Malaysia

Amosbic liver shscess (ALA) is the mozt common clinical marifestations of amesbizsis in lman
cauzed by an enteric protozomn, Entamosha histolptica. Thi€ neglacted diseaze has claimed zbowut
100,0C0 lives and nflicted many more annually. Iudiveet hémeagzlutination asesy (JHA), Cellognest
2 Amoebiasis {Dade Bebzing Marburg GmbH, Geamany)/iz feguantly used in dizznosis of ATA but
it 13 costly and wof suiteble to e ussd inmass sersening of invasive smoehizsis, partioulasdy In endemie
devaloping nations. Thus, the objsctive of {his study &= fo identify potautial anfizenic proteins fom E.
nistolysica cruds zoluble antigen (CSAY and sther extrae§ anfigens (EEAY} for/ the disgnosis of ALA
by wsing experimentally infectsd hamster sepure samples \Thirty Golden Syrian hamstery wers sach
tuoexlated with 1 % 106 of E. histolytica tophozoites to produce ALA. Fzeh anfmal was szevificed
with 3x pverdosz of pentobarbital and the cxrdiac-ponrhred’ bicod zample was collectad to abtzin the
- sermoe. The CSA was prepared w3z sozication of frophozoites whils the ERA was prepared by schibilizng
the frophosoites using ether. Protein conesntrafions from both anfigen preparations were then
datermined wsing Bio-Fad Assay. Subszegiently, Westem blot sualysis on both CE4 and EEA based
oun the hamsier ALA senwn saroples revealed that the ~F0kDz a3 a pofestizlly important anfizen for
‘diagnosts of harester ATA . In conelusion, thiz apfigdnie probein et the stage for finiber study i the
diaznos of buman ATA.
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PROGRAMME SCHEDULE

Preliminary Day (11th March 2011-Friday)
1800 — 2300 Arrival of Participants and Registration
Reception Dinner

Day 1 (12th March 2011-Saturday)
Operning Ceremony, Plenary Talk, Poster Presentation, Career Talk, Career and
Research Pathway Exhibition, Bookfair and Forum
0600 —0700 Subuh Prayer
0730 — 0830 Breakfast
Participant Regstration
0830 =0900 Opening Ceremony
Arrival of participants and students
Arrival of Guests
Arrival of Dean, Kulliyyah of Science, 1lUM,
Y. Bhg. Prof. Dr. Kamaruzzarnan Yunus
Arrival of Deputy Rector (Academic & Planning) TUM,
Y. Bhg. Prof. Dato’ Dr.'Md. Tahir Azhar .
Arrival of Deputy Secretary General (Policy),
Ministry of Seience, Technology and Innovation,
Y. Bhg. Dato’ Dr. Sharifah Zarah Syed Ahmad
0900 - 0920 Welcoming Remarks
National Athem (Negaraku) and IUM Song
. Doa and Quranic Recitation
0920 - 0930 Welcoming Speech by Programme Director, MySympBios 2011,
Bro. Mohamad Hafizi Abu Bakar
- 0930 - 0845 Speech by Depuly Rector (Academic & Planning), UM,
Y. Bhg. Prof. Data” Drr. Md. Tahir Azhar
09451005 Officiating Speech by Deputy Secretary General (Policy), MOSTI
Y. Bhg. Dato’ Dr. Sharifah Zarah Syed Abmad
1005 - 1025 Launching on “Malaysian Symposium on Biomedical Sclence 2011°
, Gimmick and Multimedia Presentation
1025 = 1045 Souvenirs Presentation
1045 ~ 1100 Refreshment for VVIP and VIPs
1100 — 1300 Plenary Talk by Prof. Dr. Syed Mohsin Sahil Jamalufiail,
Dean of Research for Biomedical and Health Science Platform, USM
Title: “The Influences of Biomedical Science Area toward Research in
Malaysia”
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PROGRAMME SCHEDULE

1300 - 1400 Lunch and Zuhr Prayer
1400 — 1630 Final Year Project Competition
Poster Presentation
Career and Research Pathway Exhibition
Bookiair
Career Talk 1 “Bioelhics in Biomedical Research”
Career Talk 2 "Career in Biomedical Research: The Challenge & Reward”
Career Talk 3 "Career in NIOSH: The Challenge & Reality”
1630 = 1700 Tea-break
1700 — 1900 Forum on “Biomedical Science: Past, Present and Future, Finding a

Bridge”
1800 Disperse
2100 - 2300 BBQ Dinner
2300 Disperse

v

Day 2 (13th March 2011-Sunday)
Oral and Poster Presentation, Career and Research Pathway Exhibition, Bookfalr,
Keynote Sessions and Closing Ceremony
9600 — 0700 Subuh Prayer
0700 — 0830 Arrival of Participants
Briefing
Breakfast
3200 - 1230 Talk by Keynote Speakers
Microbiology, Immunology and Gell Biology:
Assoc. Prof. Dr, Mohammad Tariqur Rahiman
Pharmacology, Toxicology and Biochemistry:
Prof. Dr. Mohammad b.Osman
Career and Research Pathway Exhibition
Bookfair
Final Year Project Competition
Oral Presentation Session 1
Poster Presentation
1230 — 1400 Lunch
Zuhr Prayer
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PROGRAMME SCHEDULE

1400 — 1630 Talk by Keynote Speakers
Anatomy and Physiology: Asst. Prof. Dr: Munirah Sha'ban
Molecutar Biology and Bloinformatics:
Assac. Prof, Dr, Shaharum Shamsuddin
Career and Research Pathway Exhibition
Bookfalr
Final Year Project Competition
Oral Presentation Session 2
1630 = 1700 Refreshment
‘Asr Prayer
1700~ 1800 Closing Ceremony
Arrival of Participants
Arival of Guests .
Arrival of Chairman, Malaysian Symposium on Biomedical Science 2011, .
Madam Norazsida Ramili ’
Arrival of Dean, Kulliyyah of Science,
Interiational Islamic University Malaysia
Prof, Dr. Kamaruzzaman Yunus
1600 ~ 1820 Closing Remarks
National Anthem (Negaraku) & [IlUM Sorg
1820 1825 Speech by Chairman, MySympBios 2011,
Madam Norazsida Ramli
18256 — 1835 Closing Speech by Dean, Kulliyyah of Science, IUM,
Prof. Dr. Kamaruzzaman Yunus
1835~ 1800 Presentation of MySympBios 2011 Awards (Oral and Poster)
Freseotation of Participants Certificates
Announcing the next host for Malaysian Symposium on Biomedical
Science 2012
1900 — 1920 Recitation of Du'a
Closing Remarks
: Group Photography Ssssion
1920 - 2000 Dispersg
_' Maghrib Prayer
2000 — 2030 Dinner
2030 ~ 2200 Participants check out
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Paotentially important antigen of
| Entamoeba histolytica for diagnosis of
{  amoebic liver abscess: An animal
e model

Lim Boon Huat!, Aziah lsmail?, Siti
Shatigah Anagi Azham'

- School of Health Sciences!, Institute for

: Molecular medicine?,

University Sains Malaysia

e e ey e

Entamoeba histolytica is a causative
2oent of amoebiasis. Most of the
iections are asymptomatic while others
zange from dysentery to amoebic liver
_=bscess (ALA), which is potentially fatal.
ha  commercially available indirect
‘mzemagglutination assay (IHA) is the
common detection method for ALA. The

-use in poor endemic countries. This study
‘=med to identify potentially important

i

‘antigen(s) of E. hisfolytica based on the
ALA-positive serum samples of Golden
%Eyrian hamsters. The crude soluble
izntigen (CSA) of E. hisfolytica was
~crepared  from axenic culiure of the
‘zmoeba strain. After that, SDS-PAGE
orotein profiling was performed, followed
oy Western blot -analysis. Thirty-two
nfected hamster serum samples and 7
‘healthy hamster serum samples were
used as the primary antibedy, and
Tris-buffered saline (TBS) was used as
e negative control. Anti-hamster
antibody was used as the secondary
antibody and tetramethylbenzene (TMB)
was used as the detection reagent. The
molecular weight of antigenic protein
bands were analyzed by using gel pro
analyzer. The results showed several

iassay is expensive, thus is not suitable for

antigenic bands with different molecular
weights ranging from 70 kDa to 130 kDa.
The 97 kDa protein band showed a
sensitivity and specificity of 81% and
100% respectively. In conclusion, the
protein band was found la be potentially
important for detection of ALAIn human.

Keywords: Entamoeba histolytica,
Diagnosis and Amoebic liver abscess.

Genetic Polymorphisms Of The Inflam-
matory Bowel Disease 5§ ([BD35) And
Interleukin-23 Receptor (IL23R) Genes
in Malaysian Crohn’s Disease Patients

-Chua Kek Heng, Lian Lay Hoong, Sathya

Narayanan A/l Patmanathan
Department of Molecular Medicine,
University of Malaya

There are strong evidences that support
the role of genetic factors in the
susceptihility of individuals to inflammatory
bowel disease (IBD), especially Crohn's
disease (CD). Many CD susceptibility loci
have been teported by huge genome-wide
linkage-analyses and meta-analyses, i.e.,
inflarnmatory bowel disease 5 (IBDS)
locus, DLGS, interleukin-23  receplor
(IL23R), and autophagy-related 16-like 1
(ATG1BL). This study aimed to investigate
the possible association of CD with IBD5
gene variants (IGR2198a 1  and
IGR2096a_1) and IL23R gene variant
(rs1004819) in the Malaysian population.
Blood samples from 80 patients
diagnosed with CD and 100 controls were
collected from the University Malaya
Medical Centre (UMMC). DNAs were
extracted and analysed by polymerase
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Analysis of Entamoeba histolytica excretory-secretory antigen (ESA) and

AN
identification of a new potential diagnostic marker /\ N
Running title: Entamoeba histolytica ESA of diagnostic potential ’/.'\;' ((ﬁ;{“\\ X
SRR iy
"“,,« D )
\\/t\ i
Wong Weng Kin,' Tan Zi Ning,” Nurulhasanah Othman,' Lim Boon Huat,” Z@e‘hamla o

> o ey

. Rl / g \ Y
Mohamed,® Alfonso Olivos Garcia,' and Rahmah Noordin'"

Institute for Research in Molecular Medicine, Universiti Sains Malaysia, 11800, Penang
Malaysia',
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ABSTRACT
Serodiagnosis of amoebiasis remains the preferred method for diagnosis of ALA.
However, the commercially available kits are problematic in endemic areas due to the
persistent high backgvround antibody titers. Human serum samples (n=38) from patients
with amoebic liver abscess (ALA) who live in endemic areas were collected from
Hospital Universiti Sains Malaysia during the period of 2008-2010. Western blot analysis
using excretory-secretory antigen (ESA) collected from axenically grown E. histolytica
were probed with the above serum samples. Seven antigenic proteins of ESA with
varying reactivities were identified i.e. 152 kDa, 131 kDa, 123 kDa, 110 kDa, 100 kDa,
82 kDa and 76 kDa. However, only 152 kDa and 110 kDa proteins showed sensitivities
above 80 % in the Western blot analysis. All the antigenic proteins showed undetectable
cross-reactivity when probed with healthy human serum samples (n=30) and serum
sarﬁples from other infections (n=33). From the MALDI—TOF-TOF analysis, the proteins
were identified as heavy subunit of E. histolytica lectin and E. histolyiica pyruvate
phosphate dikinase, respectively. Use of the E. histolytica lectin for diagnosis of ALA has
been well reported by researchers and is being used in commercialized kits. However,
this is the first report on the potential use of pyruvate phosphate dikinase for diagnosis of
ALA, thus this molecule merits further evaluation on its diagnostic value using a larger

panel of serum samples.
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INTRODUCTION

Amoebiasis is caused by the enteric protozoan Entamoeba histolytica, which
affects 50 million of the world population and leads to 100,000 fatal cases annually (17,
18). Amoebic liver abscess (ALA) is the most common clinical manifestation of
extraintestinal amoebiasis. It is due to the haematogenous spread of the E. histolytica
trophozoites from intestine to liver through the portal vein. Patients with ALA present
with hepatomegaly, right upper quadrant pain, tenderness of the liver, fever, jaundice and

nausea. It may lead to fatal outcome if early diagnosis and treatment are not soﬁght (1,

10).

Diagnosis of ALA is often initiated with radiology imaging to examine the
presence of abscess in the liver. If indicated, aspiration of the sample is performed for
culture, DNA detection and/or antigen detection. Absence of bacteria growth in the
abscess culture could rule out the possibility of pyogenic liver abscess cases. The
definitive diagnosis of ALA is by microscopic observation of trophozoites in the abscess
fluid, but the sensitivity of microscopic examination is low as the trophozoites are easily
disintegrated and most of them reside at the peripheral margin of the abscess.
Nevértheless, it is unethical to perform abscess aspirate close to the peripheral margin of
abscess, as this may damage the healthy liver tissues. Many reports showed that DNA
and antigen detection-based methods performed on the abscess sample e.g. PCR, real-
time PCR, Techlab E. histolytica 11 antigen detection ELISA, gave high sensitivity (4, 9,

16).
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Whenever abscess aspiration cannot be performed due to small abscess size or
bad condition of the patient, serological test becomes the preferred choice for diagnosis.
The available antigen detection tests such as Techlab E histolytica 11 ELISA, which
detects E. histolytica lectin antigen, can be used for diagnosis of acute ALA patient who
have not received treatment (21). However often patients who are admitted to the hospital
with liver abscess have received treatment prior to investigation for ALA, which
significantly reduces the sensitivity of the antigen detection test. Thus antibody detection
is currently the most common serological test used to detect ALA, either by indirect
haemagglutination assay (IHA) or ELISA. However, these tests mostly use amoebic
lysate antigen, and are problematic for diagnosis in endemic area where the background
anti-amoebic antibody titer is high. Thus in endemic areas, low specificities of these tests

were reported with the low cut-off values as suggested by the manufacturer (20, 22).

Comparison of crude soluble antigen (CSA) with excretory secretory antigen
(ESA) of E. histolytica have been shown to demonstrate higher positive detection rate
when tested with sera of patients with acute amoebic dysentery and asymptomatic cysts
passer, and equal sensitivity for diagnosis of ALA (8, 13). Therefore, in our quest to
identify new markers to improve the serodiagnosis of ALA, ESA of E. histolytica was
produced and analysed by SDS-PAGE, two-dimensional electrophoresis (2-DE) and
Western blot. The identities of the potential candidates were then identified by mass-

spectrometry.
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MATERIALS AND METHODS

Maintenance of E. histolytica trophozoites. Axenic strain E. histolytica
trophozoites HM1:IMSS was hermetically cultured in TYI-S-33 medium supplemented
with 12.5 % bovine serum (Invitrogen, New Zealand) and 1X Diamond vitamin Tween-

80 (Sigma, USA) at 36 °C. The medium was changed every 48-72 hours (2).

Collection and preparation of ESA. Mass culture of E. histolytica trophozoites
were collected at log phase and washed 3X with RMPI supplemented with 0.1 % L-
cysteine and 0.02 % ascorbic acid (RPMI-C&A) with centrifugation at 22 x g for 2 min,
RT. Subsequently, the cell density was determined via trypan blue exclusion method.
Trophozoites were seeded into culture tube containing 80 % filled RMPI-C&A medium
with cell density of 0.8 x 10° cells per mL and incubated at 36 °C for 6 hours. Upon
completion, culture tubes were subjected to centrifugation at 22 x g for 2 min at 4 °C.
The supernatant in the culture tubes were collected and mixed with 0.5 M iodoacetamide
to a final concentration of 1 mM. Next, the supernatant was again subjected to
centrifugation at 10, 000 x g for 5 min at 4 °C and filtered through 0.2 pm membrane.
Subsequently, ESA in the supernatant was concentrated 1000X using U-Tube
concentrator with MWCO of 10 kDa. Cocktail protease inhibitor (Roche Diagnostic,
Germany) was then added to the concentrated ESA. The protein concentration of the ESA

was estimated using Bradford protein assay (8, 13, 19).
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Serum samples and ethical approval. Serum sétmples in the current study were
collected from Hospital Universiti Sains Malaysia during the period of 2008-2010. The
procedures of collecting and handling the serum samples were approved by USM Human
Ethical Committee (Ref. No.: USMKK/PPP/JEPem[213.3(10)]). Human serum samples
included in this study were divided into four groups: (i) Group A: human ALA serum
samples (n=24) with consistent clinical symptoms (i.e. fever, abdominal/right hepatic
chest pain, hepatomegaly, and jaundice) and radiological image, and [HA positive results;
(if) Group B: human ALA serum samples (n=14) from patients whose abscess were
positive by real-time PCR for E. histolytica DNA and negative by bacterial culture; (iii)
Group C: healthy blood donor serum samples which were negative by IHA (n=30); (iv)
Group D: serum samples from patients with other infections (n=33) i.e. salmonellosis
(n=5), shigellosis (n=1), Escherichia coli septicaemia (n=2), Staphylococcus spp.
septicaemia (n=2), H. pylori (n=6), pyogenic liver abscess (n=4), Stenotrophomonas
maltophilia septicaemia (n=1), Enteropathogenic FEscherichia coli (n=1), Ascaris
lumbricoides (n=1), Klebsiella pneumoniae (n=1) and toxoplasmosis (n=9). These sera

were negative by IHA for amoebiasis.

SDS-PAGE. Protein samples were electrophoretically separated via SDS-PAGE
using Bio-Rad Mini Protean IIT Electrophoresis Cell and Protean® 11 xi Cell according to
Laemmli (7) protocol with modifications. Prior to SDS-PAGE, ESA was mixed with 2X
Laemmli sample buffer and boiled for 5 min. Subsequently, it was separated using 6%

SDS-PAGE gel, at constant current of 25 mA per gel for about 1 h.
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Western blotting. Upon completion of SDS-PAGE, proteins in the gel was
electrophoretically transferred onto a 0.45 pm nitrocellulose membrane (NCP) using
semi-dry transblot (Bio Rad, USA) at a constant voltage of 15 V for 30 min. The NCP
was blocked for Thr at RT with 5 % skim milk prepared in 10 mM Tris buffered saline,
pH 7.2 (TBS). Subsequently, the NCP was washed (3 x 5 min) with TBS containing 0.1
% Tween-20 (TBS-T). Then, the NCP was cut into multiple strips and incubated with
human sera at dilution of 1:200 (in TBS-T) for 2 hours at RT. The NCP strips were then
washed three times with TBS-T, and then incubated with monoclonal mouse anti—human
IgG conjugated with horseradish peroxides (HRP) at dilution of 1:6000 for Ihr.
Subsequently, the NCP strips were again washed (3 x 5 min) with TBS-T. Western blot
substrates i.e. enhanced chemiluminescence (ECL) blotting reagent (Roche diagnostics,
Germany) or tetramethylbenzidine (TMB) substrate for membrane (Sigma, USA) were
usedas substrates. The Western blot signal was captured using camera (Lumix,

Germany).
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2-DE and Western blot. Selected protein bands which showed potential
diagnostic value were further analysed using 2-DE to ensure that the bands were well-
separated. OFFGEL fractionator 3100 (Agilent Technologies, Germany) was used to
separate the proteins by isoelectric points (pI) followed by SDS-PAGE and Western blot.
Agilent OFFGEL Kit pH 3-10 with a 12-well setup frame was used. Sample was
prepared by mixing 1600 pl of the ready stock solution (1.25X) with 400 pl of the sample
with total protein amount of 2 mg and then gently vortexed. Forty microliter of IPG strip
rehydration buffer was added into each well to swell the gel for 15 minutes. Wetted
electrode pads were placed at the cathode- and anode-ends of the IPG strip gel surface.
After re-swelling of the gel, 150 pL of protein sample was loaded into each well. Ten
microliter of rehydration buffer was reapplied onto the electrode pads at each of the IPG
gel ends. Cover fluid (mineral oil) was pipetted onto the gel strip ends. Subsequently, the
sample was focused with a maximum power of 200 mW, maximum current of 50 mA and
typical voltages ranging from 500 to 4500 V until 50 kVh was reached after 24 h. Upon
completion, each of the twelve fractionated ESA samples were separately mixed with 5X
Laemmli sample buffer without boiling and electrophoretically separated via SDS-
PAGE.Western blot was performed using pooled and individual human serum samples to

identify the selected antigenic proteins.

Mass spectrometry analysis & protein Identification. The selected proteins
were excised from 2D-SDS-PAGE gel and sent for MALDI-TOF-TOF (4800) analysis at
Proteomic Laboratory Service Center, Australia, and searched with Swiss-Prot protein

database.
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RESULTS

IgG blots of ESA. IgG blots of ESA probed with human ALA serum samples
from Group A showed seven antigenic bands with consistent reactivities (Fig.1). Besides,
these antigenic proteins were also similar with the bands present in the IgG blots probed
with human ALA serum samples from Group B (Fig. 2). However, mean sensitivities of
the bands to detect ALA vary from 16 % to 84 %. Only two of the antigenic bands i.e.
152 kDa and 110 kDa showed high sensitivities of about 80 % in both Groups A and B
sera (Table 1). Neither of these two antigenic bands showed reactivity in IgG blots

probed with serum samples from Groups C and D, thus showing 100 % specificity.

2-DE Western blot and protein identification. IgG blot of 12 ESA fractions
with pooled serum sample revealed that the 152 kDa and 110 kDa proteins were located
in Fraction 5 (pI: 5.33-5.91) and Fraction 6 (pl: 5.91-6.5), respectively (Fig. 3). Further
IgG blot analysis of these ESA fractions with individual serum samples (n=5) confirmed
the location of these antigenic proteins (Fig. 4). These protein bands were excised and
sent for MALDI-TOF-TOF analysis. According to Mascot search result from MSDB
search engine, the 152 kDa protein matched with E. histolytica lectin protein (C4LTMO)
with the protein score of 273. A score >55 indicates identity or extensive homology at a
significant level (p < 0.05). Seven peptides matched to the Gal/GalNAc lectin heavy
subunit. The 110 kDa protein matched with pyruvate phosphate dikinase (EHI_009530)

with the protein score of 544, with nine matched peptides.
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DISCUSSION

Current diagnosis of ALA still depends on the results of clinical manifestations,
radiology imaging and laboratory tests, since stool examination is inapplicable for
diagnosis of extraintestinal amoebiasis. Detection of E. histolytica-specific DNA and
antigen in the aspirated abscess are more sensitive and specific, as compared to
microscopic examination of live trophozoites. However, in most settings when abscess
aspiration cannot be performed, serological test is the alternative laboratory method for
diagnosis of ALA. Besides being relatively less invasive, it is also less technical

demanding and thus is routinely used in most diagnostic laboratories.

E. histolytica ESA contains proteins shed from trophozoites during active
multiplication and metabolites released by trophozoites during incubation in RPMI-C&A.
Although great care was taken to produce good quality ESA, there were probably still
some partial proteins released from lysed trophozoites.In this study, the ESA antigenic
bands that ranged from 97.2-158 kDa consistently showed reactivities when incubated
with human ALA serum samples (n=7). Analysis of the IgG blots showed that 152 kDa
and 110 kDa proteins had higher association with serum samples from patients with
PCR-positive abscess (93 % and 86 %) as compared to serum samples from patients with
unknown PCR results (both 79 %). Besides, the sensitivity of both 152 kDa and 110 kDa
were similar, i.e. 84 % and 82 %, respectively. Both antigens showed high specificity as
there were undetectable reactivities in the IgG blot of ESA probed with serum samples

from normal individuals and those with other infections.
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The protein components of ESA in the current study were differel;t from those
reported by Sengupta et al.(13). In the latter study, the ESA proteins ranged between 200-
20 kDa, with predominant protein bands below 66 kDa (e.g. 45 kDa and 29 kDa), while
the high molecular weight proteins (> 100 kDa) were faint. This may be due to the
differences in antigen preparations. The ESA in this study was concentrated 1000X
instead of 10X to enrich the low abundant proteins. In addition, to enhance the
reproducibility of ESA, protein-free defined RPMI-C&A was used in this study, instead
of serum- and vitamin-free TYI-S-33. Besides, iodoacetamide was added to the RPMI-
C&A containing the ESA upon its collection, in order to protect the protein from

degradation by proteases (3, 11, 13).

2-DE protein separation via Agilent 3100 OFFGEL Fractionator followed by
SDS-PAGE allowed only the selected ESA fractions to be tested with serum samples.
The protein bands excised from the 2-DE gels were well-separated, thus avoiding the
presence of multiple proteins in each band. In this study, the 152 kDa protein was
identified as E. histolytica lectin protein, which has been reported to be sensitive for
diagnosis of invasive amoebiasis (5, 6). Specific monoclonal antibody against this protein
has been used for antigen detection test in TechLab Entamoeba histolytica II kit
(TechLab Inc, USA). The 110 kDa protein, identified as the E. histolytica pyruvate
phosphate dikinase, was also found to show similar high sensitivity for diagnosis of ALA.
This protein was reported to be a key enzyme in the anaerobic metabolism via
pyrophosphate dependent glycolysis, and has no counterpart with proteins in human

metabolism(12). Molecular modeling of this enzyme had been reported, and specific
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inhibitors to it for therapeutic purpose have been studied (15). The protein sequence of
pyruvate phosphate dikinase showed high similarity with a closely related pathogenic
intestinal anaerobic protozoa i.e. Giardia lamblia; this suggests the possibility of
producing specific antibody for simultaneous detection of both species, as well as for
differential detection (14). To date, there is no report on the application of pyruvate
phosphate kinase for diagnosis of amoebiasis. Further studies on this protein will be
performed, which include production of the recombinant form of the protein and testing

with a larger panel of serum samples.

ACKNOWLEDGEMENTS
This study was funded by FRGS grant No. 203/CIPPM/6711122, USM-RU Grant
No. 1001/PPSK/813009, and USM-RU-PGRS Grant No. 1001/INFORMM/8032030. The
first author is a recipient of USM Fellowship, and the third author received financial

support from the Vice Chancellor’s Award.

REFERENCES
L Akgun, Y., LH. Tacyildiz, and Y. Celik. 1999. Amebic liver abscess: changing
trends over 20 years. World J. Surg. 23:102-106.
2. Diamond, L.S., D.R. Harlow, and C.C. Cunnick. 1978. A new medium for the
axenic cultivation of Entamoeba histolytica and other Entamoeba. Trans R. Soc.
Trop. Med. Hyg. 72:431-432.
3 Flores, MLS., et al. 2005. Preparation of Entamoeba histolytica antigens without

enzymatic inhibitors. Parasitology. 131:231-236.

14,



262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

4.

10.

11,

12,

13.

Fotedar, R., et al. 2007. Laboratory diagnostic techniqiles for Entamoeba species.
Clin. Microbiol. Rev. 20:511-532.

Haque, R., et al. 1997. Entamoeba histolytica and Entamoeba dispar infection in
children in Bangladesh. The Journal of infectious diseases. 175:734-736.

Haque, R. and W.A. Petri, Jr. 2006. Diagnosis of amebiasis in Bangladesh.
Arch. Med. Res. 37:273-276.

Laemmli, U.K. 1970. Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature 227:680-685.

Pal, S., et al. 1996. Comparative evaluation of somatic & excretory-secretory
antigens of Entamoeba histolytica in serodiagnosis of human amoebiasis by
ELISA. Indian J. Med. Res. 104:152-156.

Paul, J., S. Srivastava, and S. Bhattacharya. 2007.Molecular methods for
diagnosis of Entamoeba histolytica in a clinical setting: an overview. Exp.
Parasitol. 116:35-43.

Petri, W.A., Jr. and U. Singh. 1999.Diagnosis and management of amebiasis.
Clin. Infect. Dis. 29:1117-1125.

Que, X. and S.L. Reed. 2000. Cysteine proteinases and the pathogenesis of
amebiasis. Clin. Microbiol. Rev. 13:196-206.

Saavedra-Lira, E., L. Ramirez-Silva, and R. Perez-Montfort. 1998.
Expression and characterization of recombinant pyruvate phosphate dikinase from
Entamoeba histolytica. Biochim. Biophys. Acta. 1382:47-54.

Sengupta, S., et al. 2000. Role of excretory-secretory products of Entamoeba

histolytica in human amebiasis. Arch. Med. Res. 31:226-228.

12



~285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

14.

LS.

16.

17.

18.

19,

20.

2.

Slamovits, C.H. and P.J. Keeling. 2006. P};I'uvéte-phosphate dikina;se of
oxymonads and parabasalia and the evolution of pyrophosphate-dependent
glycolysis in anaerobic eukaryotes. Eukaryot Cell. 5:148-154.

Stephen, P., et al. 2008. Molecular modeling on pyruvate phosphate dikinase of
Entamoeba histolytica and in silico virtual screening for novel inhibitors. J.
Comput. Aided Mol. Des. 22:647-660.

Tanyuksel, M. and W.A. Petri, Jr. 2003. Laboratory diagnosis of amebiasis.
Clin. Microbiol. Rev. 16:713-729.

Walsh, J.A. 1986. Problems in recognition and diagnosis of amebiasis: estimation
of the global magnitude of morbidity and mortality. Rev. Infect. Dis. 8:228-238.
WHO, WHO/PAHO/UNESCO. 1997. A consultation with experts on
amoebiasis. Mexico City, Mexico 28-29 January. Epidemiol. Bull. 18:13-14.
Wong, W.K., et al. 2011. Comparison of protein-free defined media, and effect
of L: -cysteine and ascorbic acid supplementation on viability of axenic
Entamoeba histolytica. Parasitol. Res. 108:425-30.

Zambrano-Villa, S. et al. 2002. How protozoan parasites evade the immune
response. Trends in Parasitology. 18:272-278.

Zeehaida, M., et al. 2008. A study on the usefulness of Techlab Entamoeba
histolytica 11 antigen detection ELISA in the diagnosis of amoebic liver abscess
(ALA) at Hospital Universiti Sains Malaysia (HUSM), Kelantan, Malaysia. Trop.

Biomed. 25:209-216.

i3



306 22.  Zeehaida, M., et al. 2009. Analysis of indirect hemagglutination assay results

307 among patients with amoebic liver abscess. International Medical Journal.
308 16:195-199.

309

310

14



MW (kDa) i bands
fgd b | (kDa)
320 ——
> 152
2 13T
130 — 2 123
100 — | > 110
—> 100
> 82
70 — ——
55 ==
Figure 1 Representative IgG blot of ESA probed with human serum samples. Lanes

1-7: individual ALA serum samples from Group A; Lane 8: pooled THA negative serum

sample (Group C); Lane 9: pooled ALA serum sample (positive control); Lane 10: TBS
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Figure 2 Representative IgG blot of ESA when probed with human serum samples.

Lane 1: TBS; Lane 2: pooled ALA serum sample (positive control); Lane 3: pooled IHA
negative serum sample (Group D); Lanes 4-10: individual ALA serum samples from

Group B.



Table 1 Sensitivity and specificity of antigenic bands of ESA from IgG blots

Antigenic Human ALA Human ALA Sensitivity, % Specificity, %
band, kDa serum samples, serum samples, Mean (A,B) Mean (C,D)
Group A, % Group B, % [ n=38] [n = 63]
[n=24] [n=14]

152 79 93 84 160

131 46 43 45 100

123 i} 14 16 100

110 79 86 82 100

100 21 14 18 100

82 38 43 39 100

76 38 43 39 100
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Figure 3 IgG blot of ESA separated by 2-DE, and probed with human serum
samples. H+: pooled positive ALA serum sample from Group B; H-: pooled THA
negative serum sample (Group C).

(positive control); HP- : pooled THA negative serum sample (group D).
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Objective: To compare the efficacy of three different tissue stains, namely haematoxylin
eosin (H&E), periodic—acid Schiff (PAS) and immunohistochemical (IHC) stains for detect
of Entamoeba histolytica (E. histolytica) trophozoites in abscessed liver tissues of hams
Methods: Amoebic liver abscess was experimentally induced in a hamster by injecting 1 X
of axenically cultured virulent E. histolytica trophozoites (HM1—-IMSS strain) into the portal ve
After a week post—inoculation, the hamsler was sacrificed and the liver tissue sections w
stained with H&E, PAS and IHC stains to detect the amoebic trophozoite. Besulis: The th
stains revealed tissue necrosis and amoebic trophozoites, but with varying clarity. H&E and |
stained the trophozoites pink and magenta, respectively, however it was difficult to different

Keywords:
Entamoeba histolytica
Amoebic liver abscess

H&E the stained trophozoites from the macrophages because of their similarity in size and morphols
PAS On the other hand, THC slain revealed distinct brown appearance of the trophozoites in
HC infected liver tissues. Conclusions: It can be concluded that out of the three stains, IHC is
Trophozoite best for identification of E. histolytica trophozoiles in lissue seclions.

i, Introduction the incidence rate is also increasingly reported in no

endemic and developed countries such as USA a

Amoebic liver abscess (ALA) is the most common clinical
presentalion of extraintestinal infection of the intestinal
protozoon, Entamoeba histolytica (E. histolytica). This
illness is prevalent worldwide and endemic in tropical
countries such as India, Bangladesh, tropical African
countries, some areas in Brazil and Mexico, China and
South—east Asia. Although less than 1 of patients infected
with E. histolytica develop ALA, this still represents an
alarming number. The ailment is easily acquired in poor
sanitation area, via ingestion of infective E. histolytica cysts
present in contaminated hands, food or water. Interestingly,

Lot a b Booa Hasi, S of Health Scisnces, Universiti Sains
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European countries because of the ease of world travel ¢
immigration of people from endemic areas(1-3].
Pathogenesis of ALA is known to be very complicat
It develops through the hematological dissemination
the pathogenic trophozoites into liver via the tributarie
portal vein after invasion of colonic mucosa, resulting in
formation of solitary or multiple abscesses regularly fot
in the right liver lobel4l. The common virulence fact
involved include Gal/GalNAc specific lectin, cyste
proteinases, amoebapores and lipophosphopeptidogly
molecules(5,6). In the formation of ALA, the gene
sequence of morphological changes in liver tissues invol
acute inflammation where the acute cellular infiltratio
composed of polymorphonuclear leukocytes which surro
the centrally located amoebas, then progress to granul
formation after the leukocytes were being replaced
macrophages and epithelioid cells and subsequer



followed by extensive necrosis with fused granulomas(7-91.

Several kinds of laboratory animal models have reportedly
‘been used to study the formation of ALA. Since 1950s,
inoculation routes such as direct intrahepatic, intracaecal,
intraperitoneal and intraportal were performed to induce
ALA in hamster, mouse and gerbil. Currently, the intraportal
injection of E. histolytica trophozoites in hamster has been
widely used to produce ALA.10) and this technique is
adopted in the present study.

A good staining method is pertinent in the pathogenesis
study on ALA. An excellent stain facilitates visualization
of the morphological changes in liver tissues and also
differentiates the amoebas against surrounding cells such
as hepatocytes, macrophages and other cell types(ill. The

staining techniques reportedly used are haematoxylin and-

eosin (H&E), periodic—acid Schiff (PAS) and immunostaining,
However, comparison of the efficiency of these staining
methods in detecting amoebas has not been reported. Thus,
this study was aimed to compare the efficacy of H&E, PAS
and immunohistochemical (IHC) stains for detection of .
histolytica trophozoites in liver tissue of hamster with ALA.

2. Materials and methods
2.1 Development of ALA in experimentally induced hamster

ALA was induced in a Syrian golden hamster as described
by Olivos—Garcia and Weber et all12.13]. Briefly, 1x10° of
axenically cultured virulent strain E. histolytica trophozoites
(HM1-IMSS) was suspended in 0.2 mL phosphate buffer
saline (PBS) and then inoculated into the portal vein of an
anesthetized male hamster. After one week post—inoculation,
the animal was sacrificed with a three~time overdose
of pentobarbital. Immediately after the animal became
unconscious, cardiac puncture was performed Lo collect
the blood, then transferred into a sterile 1.5 mL microfuge
tube and allowed to clot. The hamster serum containing
polyclonal antibody against E. histolytica was then slored
at =20 'C until used. The liver was removed aseptically,
followed by fixation in 104 formalin. The same procedures
were performed in the control healthy hamster, except
that the injection fluid comprised 0.2 mL PBS. The animal
experimentation was approved by USM Animal Research
Ethics Committee [No. Animal Ethics Approval: USM/Animal
Ethics Approval/2008/(40)(129)).

A /l\\ e proress 2\/.‘-‘.‘,'

Both infected and healthy formalin—fixed livers were
cut into small pieces and kept in separate cassettes. The
tissues were then processed overnight in an automated

tissue processer (Leica TP 1020, Germany), which involved

1 h fixation, dehydration through graded alcohols for
a total of 6 h, followed by 3 h clearing with xylene and
4 h tissue impregnation with embedding medium. The
processed liver tissues were then embedded in paraffin
wax to produce tissue blocks. Four #m thick formalin—
fixed, paraffin—embedded tissue sections were cut with a
microtome (Microm HM 325 Rotary Microtome, Germany) and
subsequently stained with the three stains. Triplicate tissue
sections were prepared for each stain.

2.3. Histochemical staining methods -
231 HEE stain

Staining of the processed tissue sections_was performed
according to the standard protocol as described by Bancroft
and Gamble with some modifications(14]. In brief, processed
tissues were deparaffinized with two changes of xylene for 2
min each, rehydrated with two changes of absolute, 959 and
80% alcohols for 2 min each, followed by washing in running
tap water for 5 min. Then, the tissues were stained with
Harris’s haematoxylin Sigma—Aldrich, USA) for 20 min and
washed in running tap water. Differentiation with 1% acid
alcohol was carried out for 10 sec, followed by washing and
bliing by dipping the tissues in ammonia water for 10 sec.
After a washing step, the tissues were counterstained with
eosin Y (Sigma—Aldrich, USA) for 2 min, dehydrated with
increasing graded of alcohols for 2 min each, cleared with
two changes of xylene for 2 min each and finally mounted
with dibutyl phthalate xylene (DPX).

2.3.2. PAS stain

Slides were prepared based on the conventional protocol
described by Bancroft and Gamblell4]. Briefly, processed
tissues underwent the same deparaffinization, rehydration

and washing steps as mentioned in the H&E stain. Next,

the tissues were lreated with periodic acid solution (Sigma-—
Aldrich, USA) for 5 min and washed with distilled water for 5
min, The tissues were then covered with Schiff’s reagents for
10 min, followed by washing in running tap waler for 5 min.
Counterstaining was performed with Harris’s haematoxylin
(Sigma—Aldrich, USA) for 1 min, then washed in running
tap water for 5 min and differentiated with 19 acid alcohol.
Subsequently, the tissues were dipped in ammonia water
for 10 sec until the sample turned blue, washed in running
tap water for 5 min, followed by dehydration with increasing
graded of alcohols, cleared with xylene and mounted with
DPX.

24 Tmmunolisiochemical staining method (TG staing
Indirect staining was performed on processed tissue

sections with some modifications of the standard protocol
as described by Bancroft and Gamblell4], First, the tissues



were deparaffinized with two changes of xylene for 5 min
each, followed by rehydration with two changes of absolute,

— 709 and 50% alcohols for 3 min each and washing in running

tap water for 5 min. Tissues were then blocked with 3¢
hydrogen peroxide for 5 min, dipped in distilled water for 5
min and followed by 30 min incubation with 1:100 dilution
of the corresponding polyclonal hamster serum sample i.e.
sera from the ALA-induced hamster and control hamster
used for the infected and control tissues, respectively.
Washing steps were then carried out five times with PBS—
Tween 20 (PBST), 2 min each. Tissues were incubated with
1:1 000 dilution of HRP—conjugated anti—hamster antibody
(Sigma—Aldrich, USA) for 30 min and again washed with
PBST. After-washing, the tissues were developed with
3,3’=diaminobenzidine (DAB) substrate solution for 3 min
and again washed with PBST. Finally, the tissues were
counterstained with Harris’s haematoxylin (Sigma—Aldrich,
USA) for | min, followed by washing, differentiation with 1%
acid alcohol, bluing with ammonia water, another washing
step, dehydration with increasing graded alcohols, clearance
with xylene and then mounted with DPX.

Finally, the three differently stained tissues were observed
under a light microscope at different magnifications (40,
100X and 400X) and the images were captured using image
analysis system (Nikon eclipse 801, Japan). Comparisons on
the ease and clarity of E. histolytica trophozoite"s detection
were then made based on the captured images. ‘

3. Results

Gross examinations of both the infected and non—infected
liver tissues were performed prior to processing for histology.
The infected liver was found to be enlarged and studded
with multiple small yellow—white abscesses, whereas the
non-infected liver was normal in size with a smooth clean
surface (Figure 1). All the triplicate stained tissue slides
revealed similar overall appearance. The healthy liver

" lissue sections revealed intact hepélic lobules with eentral
veins and cords of radiating hepatocytes surrounded by

the portal triads. On the contrary, in sections from infected
liver tissue, a well defined endothelial layer of central vein
was not observed as seen in normal tissue section (Figure
2). The abscesses in the infected tissue were seen as foci of
extensive necrolysis and degenerative changes. Efficacy of
each staining method was compared in terms of the ease and
clarity of trophozoites detection from tissue sections. With
H&E stain, the trophozoites were stained pink whereas the
PAS stain outlined the trophozoites magenta in colour. Both
the stains could not differentiate the trophozoites clearly, as
the umoebas resembled the macrophages. However, with the
immunostain, the trophozoites were stained hrown in colour,
an end-product of the enzymatic reaction between DAB and

horseradish peroxidase. Consequently, the appearances
IHC-stained trophozoites were easily identified from i
background of inflamed and necrotic tissues (Figure 3).
Figure 4, the images captured from IHC stained slides clea

revealed central necrotic region in liver tissue surround
by scanty inflammatory cells with amoebic trophozoi:
along the margins. Islands of better preserved liver tiss
were also seen scattered among the necrotic foci.

Figure 1. Gross appearance of hamster livers.
A: Non—infected healthy liver with a smooth and clean surface; B:
One—week post inoculation abscessed liver with multiple tiny whitis

Figure 2. Photomicrographs showing normal liver tissues (left) and
infected liver tissues (right) using three different staining techniques
1A, 1B: H&E stain; 24, 2B: PAS stain; 3A, 3B: [HC stain (100X); CV:
Central vein. £. histolylica lrophozoiles are indicated with arrows. A
the sections from non—infected liver show normal liver architecture
with intact central vein and cords of hepatocytes. Sections from the
infected liver show necrolytic tissues with distorted central vein.
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ffigure 3. Micrographs indicating the different staining of E.
histolytica trophozoites.

A: H&E stain; B: PAS stain; C: THC stain 400X); CV: Central vein.

E. histolytica trophozoites are indicated with arrows. (A) Trophozoites
(arrow) are visible as round, oval to pear shaped cells lying in lacunar
spaces with occasional ingested red blood cells inside, very similar
to macrophages in morphology. (B) PAS stained section showing

the trophozoites (arrow) with magenta coloured cell membrane

in a necrotic background. (C) THC stain showing brown coloured
trophozoites (arrow) with a distinct cell membrane easily identifiable
against a background of necrosis and inflammation.

500'um,
EErE]

ffigure 4. Photomicrograph from IHC stained liver tissue from
infected hamster showing extensive necrosis representing coalescing
microabscesses.

E. histolytica trophozoites (brownish, marked with arvow) are seen
along the abscess margins invading the better preserved liver tissue.
Magnification: 40<. N: necrotic area; LC: well-preserved liver cells.

4, Discussion

ALA has been known to be a potentially fatal extraintestinal
infection of amoebiasis. Multiple factors involving parasite
and the host have been reported to be involved in the
development of ALA. The general concept of development
of ALA involves the adaptation and survival of amoebas
in liver tissuel9]. Rigothier et allll), reported that there
was massive death of parasites after a few hours of post—
infection and inflammation in the hamster liver tissue was
caused. After 12 h, the parasites started multiplying and the
size of inflammation foci increased: In addition, other factors
such as oxygen reduction ability, complement resistant, ROS
and NOS scavenger capacity and immune evasion of the
parasites also contribute to the parasites survival. Once the
parasites are able to adapt to the environment in the liver,
inflammation will be stimulated and followed by extensive
tissue destruction(8.15,16],

In this study, the results showed that tissue destruction
and amoebae in the tissue sections can be visualized by
all the three stains, but with varying clarity. H&E and PAS
stains required high technical expertise to identify and
interpret the staining results. Even though H&E stain is
the most widely employed histology stain to demonstrate
the morphology of different cells and tissuel14), it has been
‘teported to be not ideal for detection of amoebic trophozoites
especially in the examination of fixed and stained biopsy
samples due to the difficulty in differentiating the stained
trophozoites from the surrounding tissues, PAS stains tissue
carbohydrates magenta, and it is commonly used to stain
liver glycogen(14l. The problem arises because E. histolytica
trophozoites are also magenta in colour when stained with
PAS, possibly due to the presence of glycoprotein in the
amoeba cell membranel17). Thus, with both the H&E and PAS
stains, amoebic trophozoites were difficult to differentiate
from macrophages because of their similarities in size and
morphologyl18].

In comparison, IHC is presumed to be more specific as it
is the consequence of specific reactions between antigens
of amoebic trophozoite and antibodies against them. In
this study, immunostaining gave more distinct and easily
identifiable appearance of the trophozoites in a background
of necrosis and inflammation as compared with the other

“two staining techniques. Even though numerous reported

studies on amoebic pathogenesis utilized H&E and PAS
stains, this study showed that IHC stain was more superior
than the two stains. As was previously described for hamster
and human ALAD.19), the images caplured [rom THC stained
slides clearly revealed central necrotic region in liver tissue
surrounded by scanty inflammatory cells with amoehic
trophozoites along the margins. Islands of better preserved
liver tissue were also seen scattered among the necrotic
foci. Moreover, serum sample could easily be obtained
from 5-7 days post—infected hamster, and contained
sufficient polyclonal antibodies that recognize E. histolytica
trophozoites(20].

A previous study has reported thal monoclonal antibody
can be used in cryopreserved tissue section to stain.amoeha
but not in formalin—fixed, paraffin—embedded tissuel21].
However, this study showed that amoeba in paraffin-



embedded tissue can be visualized when polyclonal

antibody was employed. The use of polyclonal antibody may .

_be able to show stronger antigen recognition on amoebas
in the formalin fixed tissue sections as compared with
monoclonal antibodies which only recognize single epitopes.
Also, processed tissue is favored to cryopreserve tissue
because the structures of amoeba are physically supported
by the embedding medium, while amoebic structure might
be lost with frozen treatment due to the water crystallization.

Nowadays, in the diagnosis of amoebiasis, stool, blood,
liver pus, urine and saliva samples are often investigated
with various molecular-based and immunological-based
techniques(22-25), whereas staining techniques are hardly
reported. However, THC is still relevant for confirmation
of numerous pathogenic diseases(!4}, but rarely reported
for use in the investigation of invasive amoebiasis. Thus,
it is potentially important as a confirmatory test for ALA
if sample from aspiration of liver abscess, liver biopsy or
autopsy is available.

In conclusion, in this study, IHC stain was found Lo be
more superior than H&E and PAS stains for detection of E.
histolytica trophozoites in the infected tissues because the
IHC allowed easy identification of brown—stained amoebas
among the inflamed and necrotic liver cells.
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Abstract. Entamoeba histolytica causes about 50 million infections worldwide with a death rate
of aver 100,000 annually. In endemic developing countries where resources are limited, microscopic
examinations based on Wheatley trichrome staining is commonly used for diagnosis of intestinal
amoebiasis. Other than being a time-consuming method, it must be perfonued promptly after
stool collection as trophozoites disintegrate rapidly in faeces. The aim of this study was (o compare
the efficacies of Eosin-Y, Wheatley trichrome and Iodine stains in delineating the diagnostic features
of the parasite, and subsequently to determine the suitable microscopy observation period for
detection of erythrophagocytic and non-erythraphagocytic trophozoites spiked in semi-solid stool
sample. Wheatley trichrome staining technique was performed using the standard method while
the other two techniques were performed on the slides by mixing the respective staining solution
with the spiked stool sample. One million 6f axenically cultuved non-erythrophagocytic E.
histolytica and erythrophagocytic £, histolytica were separately spiked into 2 g of fresh semi-
solid faeces. Percentage viability of the trophozoites in the spiked stool sample was determined
at 30 minute intervals for eight hours using the 0.4% Trypan blue exclusion method. The results
showed that Eosin-Y and Wheatley trichrome stained the karyosome and chromatin granules
better as compared to Iodine stain. The percentage viability of non-erythrophagocytic trophozoites
decreased faster than the erythrophagocytic fornt in the first 5 hours and both dropped to ~10% in
ihe 62 hour spiked sample. In conclusion, Eosin-Y staining technique was fouud to be the easiest
to perform, most rapid and as accurate as the commonly used Wheatley trichrome technique;
Eosin-Y stained slide sealed with DPX could also be kept as a permanent record. A period not
exceeding 6 hours after stool collection was found to be the most suitable in order to obtain good
microscopy results of viable trophozoites.

INTRODUCTION most commmon cause of death among

parasitic diseases, after malaria and

Entamoeba histolytica is an enteric  schistosomiasis (Tanyuksel & Petri, 2003).
anaerobic protozoan parasite that causes  The disease is widely reported in developing
about b0 million infections with a death rate  countries like India and Bangladesh, tropical
of aver 100 000 worldwide annually (WHO,  African counfries and in some areas in Brazil
1997, Jackson, 1998; Zlobl, 2001; Fotedar e and Mexico. The incidence is increasing in
al., 2007). The amoebic infection is the third ~ non-endemic and developed countries such
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as the USA and European countries; due to
the ease of world travel and immigration of
people from endemic areas (Nari et al.,
2008). High risk people are those who travel
to crowded endemic areas with low
standards of hygiene and sanitation; and
those who practice unnatural sexual
activities such as direct anal-genital and/or
oral-anal sex (Espinosa-Cantellano &
Martinez-Palomo, 2000; Haque et al., 2000;
Zlobl, 2001; Fotedar et al., 2007).
Entamoeba histolytica has a simple life
¢yele, in which the fransmission is via the
faecal-oral route. Infection occurs through
ingestion of infective cysts (size 8-20 pm) or
invasion of motile trophozoites (size 20-40
pm) (Martinez-Palomo, 1982; Lucas &
Upcroft, 2001). The infection canses-a variety
of clinical presentations, from asymptomatic
colonization to invasive amoebic dysentery
and extraintestinal amoebiasis. Most
infected individuals do not show clinical

signs, and the problem is compounded by the

lagk of reliable and practical diagnostictools
(Martinez-Palomo, 1982; Huston ¢£ al., 1999;
Zlobl, 2001; Blessmann et al., 2003; Huston,
2004; Fotedar et al., 2007). ]
The routine diagnosis of amoebic
dysentery is still based on identification
of erythrophagocytic trophozoites in
dysenteric specimens (Cheesbrough, 2005).
This low- cost diagnostic technique is still
the preferred method in developing
countries although numerous molecular-
based methods such as polymerase ¢hain
reaction and immunological-based methods
such as enzyme-linked immunosorbent
assay, have been reported to be effective in
species-specific diagnosis of E. histolytica
(Huston et al., 1999; Tanyuksel & Petri, 2003;
Visser et al., 2006; Fotedar ¢t al., 2007). A
major setback in microscopy is the
requirement of freshly collected stool
samples as the trophozoites had been
reported to disintegrate in faeces from 50
minutes to 3 hours after collection (Gardner
el al., 1980; Tanyuksel & Petri, 2003; Fotedar
et al., 2007); nevertheless there is no
conclusive published data to support this
claim. Another disadvantage of microscopy
is the time consuming Wheatley trichrome

80

staining process, which requires af least 42
minutes to perform (Flournoy ef al., 1982).

As amoebiasis mostly occurs in
resource-tight developing countries,
microscopy technique will still remain the
diagnostic method of choice. Laboratories
worldwide reportedly used numerous
successful staining methods such as
Wheatley’s trichrome, Iron hematoxylin,
Giemsa, Wright's, Methylene blue, Chorazole
Black E and lodine-trichrome stains (Koontz
& Weinstock, 1996; Tanyuksel & Petri, 2003;
Fotedar et al., 2007), but all are tedious and
time-consuming, Hence, a simple, rapid and
reliable staining technigque is urgently
needed. The objectives of this study were
to compare the efficacies of Eosin-Y,
Wheatley trichrome and Iodine in staining
the characteristic features of the parasite;
and subsequently to determine the most
suitable nﬁcroseopy observation period for
detection of erythrophagocytic and non-

" erythrophagoceytic trophozoites spiked in

semi-solid stool sample.

MATERIALS AND METHODS

Staining of trophozoites
Approximately one million E. histolytica

saxenically caltured in TYI-S-33 medium was

washed with 1X Phosphate Buffered Saline
(PBS) and spiked in 2 g of fresh semi-solid
stool sample obtained from a healthy
volunteer. Then, spiked stool samples were
stained separately with Wheatley trichrome,
Todine and Eosin-Y solution alcoholic with
phioxine B (Sigma HT110316, USA) (Eosin-
Y). Duplicate slide smears were prepared for
each staining technique. Wheatley trichrome
staining technique was performed based on
the standard operating protocol (SOP) used
al the Department of Medical Microbiology
and Parasitology, School of Medical
Sciences, Universiti Sains Malaysia,
Malaysia. An applicator stick was used to
smear ~2 mg of stool satuple on a clean slide.
The smeared slide was then immersed in
Schauddin’s fixative for 2 hours. This was
followed by soaking the slide in succession
in tincture of iodine, 70% alcohol, Wheatley



trichrome stain (REMEL Inc., Lenexa, USA),
acid alcohol, absolute alcohol and xylene.
Finally, the slide was mounted with dibutyl
phthalate xylene (DPX) and observed under
a light microscope at 1000X magnification.
The iodine stained smeared slide was
prepared based on the protocol suggested
by Koontz & Weinstock (1996). Briefly, an
applicator stick was used to mix ~2 mg of
stool sample with ~30 pl Lugol's Iodine
solution on a clean slide. A cover slip was
placed on the sample and sealed with DPX,
then observed under a microscope. In Fosin-
Y staining technique, an applicator stick was
used to mix ~30 pL of Eosin-Y with ~2 mg of
stool sample on a clean slide. A cover slip
placed over the sample was sealed with
DPX, then observed under a microscope
at 400X and 1000X magnification. The
images of the trophozoites stained by all
three methods were captured using an
Olympus Image Analysis System (Olympus
System Microscope Model BX41, Japan).
Comparisons were made among the images
of the three types of stained trophozoites
based on the clarity of their characteristic
nuclear features.

Viability of non-erythrophagocytic and
erythrophageocytic trophozoites in stool
sample
About one million cultured trophozoites
washed with 1X PBS were spiked into 2 g of
fresh semi-solid stool sample. About 2 mg of
the sample was mixed with 50 nl Trypan
(0.4%) blue and the mixture was loaded
into a Neubauer chamber to determine
the viability of non-erythrophagocytic
trophozoites by microscopy. The procedure
was performed in duplicate and repeated
every 30 minute intervals for-eight hours.
In order to determine the viability of
erythrophagocytic frophozoites, about, 10 piL
of blood was first added into a sterile
microfuge tube containing 1 x 10% axenically
enltured trophozoites. After 30 minutes, the
trophozoites were washed with 1X PBS and
spiked into 2 g of fresh semi-solid stool
sample. Then, ~2 mg spiked stool sample
was mixed with 0.4% Trypan blue, and the
percentage viability was determined as
described earlier.
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Direct wet mounts were also prepared
to observe the movement of motile
trophozoites and their disintegration over
time. An applicator stick was used to mix ~2
mg of spiked stool sample with ~30 pL
noimal saline (0.85% NaCl) on a clean slide.
Then, a cover slip was placed on the sample
and observed immediately under a light
microscope.

RESULTS AND DISCUSSION

Staining of trophozoites
Images of the trophozoites were compared
based on the detection of the characteristic
features of trophozoites such as the
chromatin granules that line the nuclear
membrane and the small spherical
karyosome at the centre of the nucleus.
Nucleus of trophozoite has no fixed position
in the cytoplasm, but moves freely and
sometimes rotates rapidly (Martinez-
Palomo, 1982). Thus, observation of the
characteristic features of live trophozoites
requires fine focusing of the eptical
microscope at 400X or 1000X magnification.
Permanent stains were much more
effective than the direct wet mount for
detection of trophozoites and/or cysts in
stool specimens (Gardner et al., 1980).
Figure 1(a) shows the image of a Wheatley
trichrome stained trophozoite; it was stained
blue-purple with greenish background, with
gaod delineation of the chromatin granules
and karyosome. The stain provided a good
contrast between the trophozoite and the
background debris. However, an obvious
disadvantage was the tedious protocol which
required 2 hours fixation period and a total
time of ~3 hours to complete. Appropriate
fixation periods coupled with sufficient
washing steps are pertinent in obtaining a
well-stained nucleus, thus may require the
preparation of a number of slides for each
stool sample. Repeated use of acid alcohol
in destaining trichrome stain will reduce its
efficiency and subsequently require a longer
destaining time although a better alternative
is to use a fresh solution. The suggested
fixation time with Schauddin’s fixative is
between 2 to 24 hours. Any increase in



fixation time must be followed by #n
appropriate increase in washing time using
fincture of iodine. Moreover, Schauddin’s
fixative, which killed and fixed the
frophozoites contains mercury compound
which is not environmentally-friendly
(Garcia & Shimizu, 1998; Amin, 2000). This
staining technique demands technical skills
of an experienced microscopist, and would
be daunting to those unskilled personnel
who have to perform the technique
occasionally.

Todine stain is mostly used to identify
. histolytica cysts in stool microscopic
detection (Cheesbrough, 2005). However,
Kooniz & Weinstock (1996) reported that the
stain could be used to delineate intestinal
amoebas by negating the motility of the
trophozoites. As shown in figure 1 (b), the
nuglear chromatin granules were only faintly
stained and the karyosome remained
unstained.

Figures 1(c) and 1{d) show Eosin-Y '

stained non-erythrophagocytic and
erythrophagoceytic trophozoites, respectively.
The former shows a trophozoite with its well-
stained nuclear chromatin granules and
karyosome; and the latter reveals well-
stained characteristic features of the
erythrophagocytic amoebic trophozoite and
the engulfed erythrocytes, The whole
trophozoite was stained light red, and both
the chromatin granules and karyosome
showed distinetly dark appearances. Eosin-
Y also clearly stained the engulfed
erythrocytes.

Various types of eosin stains are
- available commercially and some are used
as counterstain to haematoxylin in
Haematoxylin and Kosin (H&E) stain. Its
acidic property stains the basic components
of a cell, such as cytoplasm, light red in
colour. Others used eosin as an exclusion dye
to stain dead trophozoites light red in.colour
to distinguish them from the unstained viable
trophozoites (Mirelman ef «f., 1987; Behnia
et al., 2008). The stain was also reportedly
used to facilitate the detection of motile
trophozoites by staining the background
pink without staining the live parasites
(Cheesbrough, 2005). Interestingly, phloxine

82

B in Eosin-Y was réportedly used to stain
nuclear structures in histological sections
(SPLSupplies, 2009). Until now, there were
no reports on the use of phloxine B to stain
nucleus of E. histolytica. Here, we showed
that Eosin-Y was just as accurate as
Wheatley trichrome staining method in
identification of trophozoites in stool
samples. Besides staining the characteristic
nuclear features of the trophozoites and/or
the engulfed erythrocytes, it could be
performed easily to give spontaneous
results. The Eosin-Y used in this study is
commercially available in its working
dilution, thus can be applied directly onto
the stool samples without fuss, Alternatively,
Eosin-Y staining solution can also be
prepared by mixing 1% (w/v) Eosin-Y, 1%
(w/v) phloxine B, 95% ethanol and glacial
acetic acid in appropriate volumes (Mayer’s,
2009). i}

Another major advantage of Bosin-Y
staining technique is that the stained

trophozoites could easily be visualized under

400X magnification. At this magnification, it
is very difficult to identify the Wheatley
trichrome stained trophozoites, The rounded
shape and immotile trophozoites left for 8
hours in stool sample were also easily
stained by Eosin-Y [Figure 1(e)]. In fact, this
stain was able to preserve the general
morphology of the trophozoite for more than
24 hours. This was probably due to the
presence of alcohol and glacial acetic acid
in the stain, as these two chemicals are also
used in Schauddin’s fixative.

A major advantage of Wheatley
trichrome staining technique is that it be
used to prepare a permanent record of the
stained amoebas, In contrast, the stained
nuclear chromatin granules and karyosome
of an Fosin-Y stained trophozoite gradually
became fainter over ftime and almost
indistinguishable from its e¢ytoplasm after an
hour [Figure 1(f)]. However, by sealing the
edges of the cover slip to the slide with DPX|
it prevented Eosin-Y from drying. This
permanent record of the Eosin-Y stained
slide could be stored longer if placed in a
horizontal position (instead of a vertical
position).
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Figure 1. Stained trophozoites. (a) Wheatley trichrome stained trophozoite, 1000X magnification (b)
Iodine stained trophozoite, 1000X magnification (¢) Bosin-Y stained trophozoite, 1000X magnification
(d) Eosin-Y stained erythrophagocytic trophozoite, 1000X magnification (e) Eosin-Y stained trophozoite
showed clear chromatin granules and karyosome, 400X magnification (f) Eosin-Y stained trophozoite
without DPX seal indicated unclear nuclear characteristics after an hour, 400X magnification.

Viability of non-erythrophagocytic and
erythrophagocytic E. histolytica
trophozoites in stool sample

Gonzalez-Ruiz et al. (1994) reported that
trophozoites started to disintegrate rapidly
as soon as they were in the faeces. However,
the viability period of trophozoites outside
its host was not studied. In the present study,
the viability of trophozoites in stool sample
was assessed by Trypan blue dye exclusion
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test whereby the dead trophozoites were
stained blue and the live ones remained
unstained (Figure 2). The viability chart of
the non-erythrophagocytic trophozoites in
spiked semi-solid stool is shown in (Figure
3). During the first hour, the percentage
viability dropped rapidly .and fluctuated at
approximately 55%. This was probably due
to the unfavourable conditions in the stool
as compared to the optimal axenic



Live amoeba

Dead amoebas

Figure 2. Trypan blue dys exclusion stained trophozoites, 1000X magnification.
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Figure 3. Viability chart of £ h-istolytiga trophozoites in spiked semi-solid stool.

conditions of the trophozoites in TYI-S-33
medium at 36°C. Thereafter, the viability
dropped to ~10% at the third hour. However,
during the 3 to 5% hours period, the
percentage viability increased slightly, and
then fluctuiated around ~30%. At the 7th hour,
none of the frophozoites was detected but
~10% viability was again observed at the
8th hour. This was probably due to the fact
that E. histolytica in the stool samples was
being challenged with a foxic high oxygen
environment (30%) since it has been
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reported that amoebas can be supported in
only less than 5% Oy, (Band & Cirrito, 1979).
Tigure 4 shows the viability chart of the
erythrophagocytic trophozoites in spiked
semi-solid stool. In comparison with figure
3, the percentages viability of erythro-
phagocytic trophozoites was higher (656%
and 95%) during the first and third hours
in stool sample. This was probably due to
the antioxidant molecules (superoxide
dismutase, catalase, glutathione,
peroxirredoxin and vitamin ) present in the
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Figure 4. Viability chart of E. histolytica erythrophagocytic troph'ozoites in spiked semi-golid stool.

engulfed erythrocytes (Kuypers, 2007),
which helped the amoeba to detoxify the
teactive oxygen species generated during
the oxygen reduction and/or because the
erythrocytes were source of nutrients for the
amoehas. Between the third and sixth hours,
the mortality of the trophozoites increased
gradually from about 65% o 90%, and none
was detected from the seventh hour
onwards. In general, the percentages
viability of both forms of trophozoites
dropped to ~10% at the sixth hour in semi-
solid stool sample and none was detected
from the seventh hour onwards. Since ~90%
of the trophozoites were undetected at the
sixth hour, microscopy detection to detect
the amoebas should thus be performed
within six hours after stool collection.
Observation of the direct wet mount
slide preparation during the first hour in
fresh semi-solid stool sample revealed that
the trophozoites did not have fixed shape and
were actively pushing out the ectoplasm to
form pseudopodia, followed by the in-
flowing endoplasm. In addition, the
technique allowed the disintegration process
of trophozoites to be observed over time
(Figure 52). Uroid of the amoeba was located
at the posterior end of the live trophozoites.
FFaint engulfed eryvthrocytes were also visible
but the characteristic nucleus was
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impossible to visualize withotl staining
(Figure b5b). Thus the direct wet mount
technique is neither sensitive nor reliable for
detection of E. histolytica in stool samples.

All microscopy staining techniques
(include those used in this study) cannot
differentiate E. hislolylica from the non-
pathogenic E. dispar. However parasite
identification by staining is still conimonly
used in developing endemic ¢ountries
where resource are limited, as the costs
of commercially available Z. histolytica
antigen detection tests are prohibitive.
An important supportive evidence for
microscopy is the detection of
erythrophagoceytic trophozoites in stool
sample, although somé non-pathogenic
Entamoeba species may also ingest
erythroeytes (Gonzalez-Ruiz el al., 1994).
Indiscriminate use of antiparasitic drugs may
lead to development. of drug-resistant. Thus,
treatment should only be given to patients
where the presence of . histolytica in stool
is confirmed, and no treatment should be
administered if only E. dispar is found
(WHO, 1997). Until now, light microscopic
differentiation between the two amoeba
species is not yet available and WHO has
highlighted the urgent need in developing
improved methods for the species-specific
diagnosis of F. kistolytica infection (WHO,
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Figure 5. (a) Disintegrated {rophozoite, 1000X magnification (b) Motile
trophozoite with uroid at posterior end examined using direct wet mount, 1000X

ragnification.

1997). Hence efforts should also be on the
search for stains which can specifically
demonstrate structural compounds found in
E. histolytica but absent in E. dispar.

In conclusion, this study shewed that for
microscopic identification of £. kistolylica
in patients’ samples, Eosin-Y could stain the
characteristic nuclear chrematin granules
and karyosome of the trophozoites as
accurately as the Wheatley trichrome, and
better than the Iodine stain. Eosin-Y stained
slide could also be kept as permanent record
if the cover slip is sealed to the slide with
DPX, however further studies are needed to
determine the period of time before drying

occurs. Nevertheless, Eosin-Y technique

offers the added advantages of being rapid
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and easy to perform, thus is very useful for
the purpose of identification of F. histolytica
in patients’ stool samples, éspecially in busy,
and/or understaffed laboratories. The
identification of E. histolytica was
supported by the signs and symptoms
presented by the patients and the detection
of erythrophagocytic trophozoites. This
study also suggests that the microscopy
observation for viable trophozoites is best
performed within the first 6 hours after stool
collection,
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Seroprevalence of anti-amoebic antibody among blood
donors by indirect hemeagglutination assay
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Abstract. The screening for anti-amoebic antibody among a group of donors was to obtain
negative control serum samples for an on-going antigen development assay in diagnosis of amoebic
liver abscess. Out of 200 samples, 125 (62.5%) were negative, whereas 44 (21.5%) had IHA titer of
less than 1:128 and 31 (16.0%) of the samples had significant THA titers of 1:128 or more, in which

2 serum samples gave titers of 1:4096.

The north-eastern state of peninsular
Malaysia, Kelantan faces the South China
Sea in the east and shares its border with
Thailand in the north. It occupies an area
of 156 020 sq. kan and has a population of
1 478 800. Kelantan state is endemic for
water-borne diseases, in which the overall
incidence was less than 5 per 100 000
people from 2000 till 2004. The incidence
of typhoid/paratyphoid in year 2004 was
1.87 per 100 000 population whereas the
incidences of cholera, hepatitis A and
dysentery were lower and accounted for
0.35, 0.42 and 0.43 per 100 000 population
respectively (Ministry of Health Malaysia,
2004). Thus, according to the above figure,
the estimated incidence of dysentery for this
state is 6.36.

Though many pathogens cause
dysentery, the prevalence of amoebiasis
differs according to age, socioeconomic
status and geographical distribution. There
was no available data from previous
publication on the background seropositivity
of amoebiasis among healthy population in
Malaysia. In Malaysia, blood donors are
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considered healthy adults aged more than 18
years, weighing more than 50 kg, clinically
healthy and are seronegative for HIV,
hepatitis B and C, syphilis and malaria. The
screening for anti-amoebic antibody among
this group of donors was to obtain negative
control serum samples for an on-going
antigen development assay in diagnosis of
amoebic liver abscess. The serum samples
were first screened by indirect hemagglu-
tination assay (IHA), then followed by IHA
titrations to select serum samples with titer
of 1:64 or more, which were considered
positive for amoebiasis, as suggested by the
manufacturer (Dade-Behring Marburg,
Germany).

Two hundred pooled serum samples
from blood donors were screened by THA;
125 (62.5%) were negative, whereas 44
(21.5%) and 31 (16.0%) had IHA titer of less
than 1:128 and 1:128 or more titer
respectively (Table 1). Detection of lower
titers among blood donors could be due to
previous exposure to amoebiasis among the
local healthy population with either
intestinal or extraintestinal forms. Thirty one



Table 1. Distribution of groups by IHA titers
(n=200)

THA titers Number (percentage)
Negative 125 (62.5)
Less than 1:128 44 (21.6)
1:128 and more 31 (16.0)

Table 2. Distribution of IHA titers among the
blood donors (n=200)

THA titers Number (percentage)
Negative 125 (62.5)
1:16 27 (13.5)
1:32 9 (45)
1:64 8 (4.0)
1:128 17 (8.5)
1:256 8 '(4.5)
1:512 ' 2(10) °
1:1024 2 (1.0)
1:2048 0 (0.0)
1:4096 2 (L0

(16.09%) of the sarmaples had significant IHA
titers of 1:128 or more, in which 2 serum
samples gave titers of 1:4096 (Table 2). In
these cases, the possibility of having some
forms of amoebiasis at the time of blood
donation could not be ruled out, neither the
likelihood of being asymptomatic carriers.
In another report, the seroprevalence
of villagers from West Kalimantan, Borneo
who had THA titers equal or greater than
1:128 was 1% (Cross et al., 1976) as compared
to this study which was 16.0%. The sero-
prevalence of blood donors from urban,
suburban and rural population of Puebla
State, Mexico which was done using THA

alone was 8.6% whereas when IHA and
ELISA were employed together, as
recommended by WHO, the seroprevalence
was 6.4% (Sanchez-Guillén et al., 2000).

Lower THA titers had been demonstrated
in patients with amoebic liver abscess (ALA)
who were admitted to our hospital. In a
previous study, 27.6% (16/58) ALA patients
had antibody titer of 1:256 or less (Zeehaida
et al., 2008). The lower titers found in these
patients could be due to low antibody levels
in the early course of the disease.

The seroprevalence of amoebiasis
among blood donors in this study was higher
as compared to those reported previously in
Malaysia and other surrounding endemic
regions. The finding showed that the
background éeropositivity is significantly
high among healthy population in this local

“setting. A lower titer of 1:128 could not be

taken as a positive titer since it overlapped
significantly with titers found among the
blood donors. Thus, the titer had less value
for diagnosis of extraintestinal amoebiasis.
Supported by the clinical symptoms and
signs of amoebiasis, 1:256 is deemed a
significant titer for diagnosis of the disease,
particularly in this local setting.
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Abstract Entamoeba histolytica is the etiologic agent for
amocebiasis. The excretory—secretory (ES) products of the
trophozoites contain virulence factors and antigens useful
for diagnostic applications. Contaminants from serum
supplements and dead trophozoites impede analysis of ES.
Therefore, a protein-free medium that can sustain maximum
viability of E. histolytica trophozoites for the longest time
duration will enable collection of contaminant-free and
higher yield of ES products. In the present study, we compared
the efficacy of four types of media in maintaining >95%
trophozoite viability namely Roswell Memorial Park Institute
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(RPMI-1640), Dulbecco’s Modified Eagle Medium
(DMEM), phosphate-buffered saline for amoeba (PBS-A),
and Hank’s balanced salt solution (HBSS). Concurrently, the
effect of adding -cysteine and ascorbic acid (C&A) to each
medium on the parasite viability was also compared. DMEM
and RPMI 1640 showed higher viabilities as compared to
PBS-A and HBSS. Only RPMI 1640 showed no statistical
difference with the control medium for the first 4 h, however
the >95% viability was only maintained for the first 2 h. The
other protein-free media showed differences from the serum-
and vitamin-free TYI-S-33 control media even after 1 h of
incubation. When supplemented with C&A, all media were
found to sustain higher trophozoite viabilities than those
without the supplements. HBSS-C&A, DMEM-C&A, anc
RPMI 1640-C&A demonstrated no difference (P>0.05) ir
parasite viabilities when compared with the control mediun
throughout the 8-h incubation period. DMEM-C&A showec
an eightfold increment in time duration of sustaining >95%
parasite viability, i.e. 8 h, as compared to DMEM alone
Both RPMI 1640-C&A and HBSS-C&A revealed fourfol
and threefold increments (i.e., 8 and 6 h, respectively)
whereas PBS-A-C&A showed only onefold improvemen
(i.e., 2 h) as compared to the respective media without C&A
Thus, C&A-supplemented DMEM or RPMI are recommende:
for collection of ES products.

Introduction

Entamoeba histolytica is an enteric protozoan parasite the
causes amoebiasis. This disease affects more than 5
million people around the world and causes up to 100,00
fatal cases annually (Que and Reed 2000). This cosmopolite
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disease is common in human populations where poor
~sanitation and substandard personal hygiene prevail. The
high prevalence areas include tropical and subtropical
regions, like Mexico, Central and South America, India,
South East Asia, Bastern and South Africa (Wells and
Arguedas 2004). The transmission of amoebiasis is via
fecal-oral route through the ingestion of infective stage
cysts. Severity of the disease ranges from asymptomatic
carrier to intestinal amoebiasis with symptoms that
include amocebic colitis and dysentery, and the potentially
fatal extra-intestinal amoebiasis caused by the haematog-
enous spread of active multiplying trophozoites to other
organs. Amoebic liver abscess (ALA) is the most
common manifestation of extra-intestinal amoebiasis
(Petri and Singh 1999). Delay in diagnosis and subse-
quent treatment are the common causes of fatality in ALA
cases (Akgun et al. 1999).

During active infection, E. histolytica trophozoites
secrete and/or excrete products into the host environment.
These excretory and secretory (ES) products contain
virulence factors like amoebapores, cysteine proteases,
collagenases, glycosidases, and other proteases that had
been hypothesized to contribute to the pathogenesis of £.
histolytica (Gitler et al. 1984; Guerrero-Manriquez et al.
1998; Debnath et al. 2005; Moncada et al.’ 2005). In
addition, these ES products had also been shown to possess
antigenic properties which are useful for diagnostic appli-
cations (Pal ct al. 1996; Gupta et al. 1999; Sengupta et al.
2000). In order to collect the ES products, a protein-free
maintenance medium is necessary to avoid “contamination”
with non-parasite proteins and to maintain the viability of
trophozoites. In addition, to facilitate reproducibility of the
experiments, chemically defined medium would be preferred.

Previous studies have been performed to collect ES
products by incubating E. histolytica trophozoites .in
various protein-free media, such as phosphate-buffered
saline (PBS), Hank's balanced salt solution (HBSS),
Dulbecco's Modified Eagle Medium (DMEM), and serum-
and vitamin-free TYI-S-33 (Reed et al. 1989; Gupta ct al.
1999; Moncada et al. 2005; Pal et al. 1996; Sengupta et al.
2000). These ES products were collected at the time when
the viability of the trophozoites was at least 95%. The
results showed that chemically non-defined TYI-S-33
medium was the most suitable to sustain >95% viability
of trophozoites for up to 7 h. Howeverthe data in the above
studies lacked statistical analysis to make convincing
conclusions. Thus it is necessary that studies on media
comparisons using appropriate statistics be performed to
determine the best protein-free and chemically defined
medium, for collection of E. histolytica ES products.

An early study by Diamond (1961) reported that 0.1% of
L-cysteine and 0.02% ascorbic acid (C&A) could create an
artificial anaerobic environment in axenic media for

@ Springer

cultivation of E. histolytica (Dutta 1981). In the I
studies by Gillin and Diamond (1980a, b), they have she
that the addition of C&A in maintenance medium cont
ing bovine serum and vitamins can sustain the viable
histolytica for 12-24 h (Martinez-Palomo 1982).

In the present study, four types of protein-free
chemically defined media commonly used in tissue cul
were compared to determine the most suitable maintena
medium for sustaining a minimum of 95% viability
axenically grown E.- histolytica trophozoites. Simultaneot
the effect of supplementing the media with C&A was :
studied.

Materials and methods
Axenic culture of Entamoeba histolytica

The E. histolytica HM-1:IMSS axenic strain was usec
this study. The trophozoites were hermetically culturec
TYI-S-33 medium, containing 10% heat-inactivated bov
_serum (Gibco, New Zealand) and supplemented with
Diamond vitamin (Sigma, USA), at 36°C (Diamond et
1978).

Preparation of protein-free maintenance media
with/without C&A

The four types of media used in this experiment were
follows: PBS for amoeba (PBS-A; 15 mM potassi
phosphate and 175 mM sodium chloride, pH 7.0), HE
without phenol red, pH 7.0, DMEM (Gibco, US
Roswell Memorial Park Institute medium, No 1640 (RE
1640; Gibco, USA). All media were prepared us
distilled water. PBS-A was autoclaved and HBSS -
filter-sterilized using 0.22-pm filter. In addition, all me
with C&A supplementation were also prepared.

Viability study of Entamoeba histolytica in different
protein-tfree media over time

A preliminary study was performed to estimate the lon
time duration for survival of at least 95% of
trophozoites in the four protein-free media. As the con
trophozoites were maintained in serum- and vitamin-
TYI-S-33 medium, i.e. undefined medium commonly 1
to grow E. histolytica. The morphology of the parasit
each culture medium was observed and recorded until
cells became rounded. For quantitative data anals
viability of trophozoites was studied in RPMI 1640 m
and DMEM for § h; and for up to 6 h in PBS-A and HE
The duration of incubation was set based on prelimi
observations.
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_Fig. 1 Morphology of axenic E.
 histolytica trophozoites in PBS-

A at magnification of 200x
during a log phase and b after
incubation for 6 h

The trophozoites used in the viability study were 48—
72 h old, at which time they formed a monolayer on the
wall of the culture tube containing the axenic TYI-S-33
medium. At each hourly interval, duplicate amoebic
culture tubes containing each type of medium were
examined. First, each tube was gently rinsed twice with
5 mL of a protein-free medium. The tube was then filled
to the 80% level (10 mL) with the test medium. The
initial viability of trophozoites was assumed to be 100%
(Jimenez et al. 2004). At 1-h intervals, two tubes from
each medium were chilled in crushed ice for 5 min, and
then centrifuged at 500xg for 2 min. About 9 mL ‘of
supernatant was discarded. The pelleted trophozoites were
gently mixed, and then the viability determined by Trypan
blue exclusion method using Neubauer's chamber. The
viability was expressed as mean of three separate experi-
ments, each with two data replicates.

Statistical analysis

Least Significant Difference post hoc test was used to
analyze the significant difference at hourly intervals
between control medium and the protein-free media. A P

value of <0.05 was considered as statistically different’

between the control media and the protein-free media.

Results

Morphology of Entamoeba histolytica after prolonged
incubation in protein-free media

In the preliminary study performed using serum- and vitamin-
free TYI-S-33 control medium, viable irregular-shaped
trophozoites with amoeboid movements and pseudopodia
attaching to the surfaces were observed throughout the 8-
Ii incubation period. However, in the other media with or
without C&A supplement, the trophozoites started to lose

3 :\f:uable
‘cells

B

their viable characteristics (as described above) after 3 h. As
the incubation time in the protein-free media increases, the
cells started to become rounded. Figure | shows the changes
in morphology when PBS-A was used as the medium.

Viability of Entamoeba histolytica in different protein-free

medium over time

Figure 2 showed the comparisons among the protein-free
defined media with or without C&A supplementation, and
TYI1-S-33 medium (serum- and vitamin-free) as the control.
The E. histolytica trophozoites in the control medium
consistently showed >95% viability throughout the
8-h incubation period. Without C&A supplementation, at
the end of the 8-h incubation period, DMEM and RPMI
1640 showed higher parasite viabilities as compared to
PBS-A and HBSS. Only RPMI 1640 showed no statistical
difference in parasite viability as compared with the control
medium for the first 4 h, however the >95% viability was
only maintained at the first 2 h and decreased to 88% at 4 h.
The other protein-free media without the supplements
showed differences in parasite viabilities as compared with
the control media even after 1 h of incubation.

With the addition of C&A supplementé, DMEM-C&A
showed a eightfold increment in parasite viability as com-
pared to DMEM alone. Both RPMI 1640-C&A and HBSS-
C&A revealed fourfold and threefold increments, respective-
ly, whereas PBS-A-C&A showed only onefold improvement
as compared to the respective media without C&A. Percent-
age viabilities of both DMEM-C&A and RPMI 1640-C&A
were maintained at >95% throughout the 8-h incubation
period. However, in HBSS-C&A medium, >95% trophozoites
viability was sustained for only 6 h; then the percentage
viability decreased to about 80%. In PBS-A-C&A, the
percentage viability of the trophozoites were sustained at
about 95% for the first 2-h incubation, but dropped to 87%
(significantly lower than control medium, £<0.05) during the
next hour.
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Fig. 2 Comparisons of percent-

age viabilities of E. histolytica
trophozoites among the four
protein-free media with/without
C&A supplementation over
time. Serum- and vitamin-free
TYI-S-33 was the control
medium. a (I), PBS-A; a (10),
PBS-A-C&A; b (1), HBSS; b
(II), HBSS-C&A; ¢ (I), DMEM;
¢ (II), DMEM-C&A; d (D),
RPMI 1640; d (II), RPMI 1640-
C&A; e, serum- and vitamin-
free TYI-S-33

Discussion

Current ES collection methods could not exclude most of
the proteins released from the trophozoites that lysed during
the incubation process. Furthermore, Trypan blue exclusion

@ Springer
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method could only estimate the viability at the end of
incubation period but could not estimate the trophozc

that lysed during the process. Thus protein-free med
that can prolong the viability of E. histolytica trophozc
is pertinent in studies involving ES products. It will rec



the amount of trophozoite proteins released from dead cells
and the non-parasite contaminants from serum supplement.
A protein-free and chemically defined medium will also
facilitate reproducibility of the experimental data. Protein-
free medium was also reported to be useful in immunolog-
ical testing and functional studies such as interaction of E.
histolytica with different cell lines (Guy et al. 1991).

In this study, viability of E. histolytica trophozoites in
four different protein-free and chemically defined media
suggested that among the media without supplementation,
RPMI 1640 was the most suitable in sustaining >95%
viability for the first 2 h and showed no statistical
difference (P<0.05) with the_control medium as compared
with PBS-A, HBSS, and DMEM. With C&A supplementa-
tions, there were improvements in the general viability
profiles over time in all media. This was especially evident
by extension of the duration of >95% viability of
trophozoites in PBS-A-C&A (onefold), HBSS-C&A (three-
fold), DMEM-C&A (eightfold), and RPMI 1640-C&A
(fourfold). Similar result was also observed in the axenic
culture of Giardia lamblia, another anaerobic intestinal
protozoan. The RPMI 1640 medium supplemented with
L-cysteine was reported to promote the viability and
attachment of the parasite after prolonged incubation (Guy
et al. 1991). :

E. histolytica is an anaerobic protozoan that needs a low
oxygen tension environment to grow (Sen et al. 2007).
Band and Cirrito (1979) revealed that it was able to tolerate
up to only 5% oxygen in culture media. In order to create
an artificial anaerobic media for its survival, supplementa-
tion of 0.1% vL-cysteine and 0.02% ascorbic acid into the
axenic growth media (TYI-S-33 and TP-S-1) was intro-
duced by Diamond (1961). With these supplements, the
media was able to support the survival, as well as growth of
E. histolytica trophozoites. Other reducing agents such as
p-cysteine and thioglycolic acid have also been included
into E. histolytica trophozoites culture for the same purpose
(Gillin and Diamond 1980b). However, the combination of

C&A was found to be the best for growth of trophozoites -

culture (Martinez-Palomo 1982). These supplements were
reported to act as reducing agent as well as protective agent
against oxidative stress. Later studies reported that good
growth of trophozoites was also achieved using reducing
agents like 0.2% L-cysteine and 0.2% reduced glutathione
(Tekwani and Mehlotra 1999). However, thus far these
supplements have not commonly been used in culture
media.

Results from the present study were consistent with the
earlier study by Gillin and Diamond (1980a, b), in which
the maintenance medium supplemented with C&A was able
to sustain the attachment, elongation, and amoeboid
movement, as well as short-term survival of E. Aistolytica
trophozoites. Similar report on cysteine supplementation in

PBS (0.15 mM CaCl,, 0.5 mM MgCl, and 20 mM
cysteine) showed that it could sustain >95% viability of
trophozoites for 3—4 h (Reed et al. 1989). This suggested
that adding L-cysteine in PBS could improve the viability of
trophozoites even in the absence of ascorbic acid.

There were obvious variations in the trophozoite
viability periods when cultured in different media. In this
study, >95% trophozoite viability was observed in PBS-A
for less than 1 h, which is less than the 2 h reported by
Sengupta et al. (2000) and 4 h reported by Gupta et al.
(1999). In comparison to the results by Sengupta et al.
(2000), the present study showed that HBSS sustained the
same viability duration (2 h); but RPMI 1640 sustained an
hour longer than the results in the former study.

In conclusion, among the four protein-free media used in
this study, RPMI 1640 and HBSS could sustain >95%
trophozoite viability for up to 2 h, hence are not suitable as
maintenance media for prolonged incubation. However, >95%
trophozoite viabilities were prolonged to 8 h with both
DMEM-C&A and RPMI 1640-C&A; and 6 h with HBSS-
C&A. In conclusion, this study showed that either DMEM or
RPMI 1640 media supplemented with C&A were suitable for

“ES production since they could sustain >95% trophozoite

viability for up to 8 h.
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