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ABSTRACT
Studies on the factors which determine the survival of

Entamoeba h is to ly t ic a in cryopreservation

by

Titilola Abimbola Farri

Maintenance of E. h is to ly t ic a  in  v i tr o requires frequent 
subcultures which are time-consuming and may lead to 
changes in the biological characteristics of stocks. 
Cryopreservation avoids these problems, since amoebae can 
be stored at low temperature soon after isolation with 
their biological characteristics relatively unaltered.

To investigate those factors which may influence sur
vival after cryopreservation, a standard, reproducible 
method of cultivation was developed using Robinson's 
medium,which was found to be the best culture medium for 
growth of amoebae from low inocula. It was possible, using 
this medium, to prepare genetically homogenous populations 
of E. h is to ly t ic a by cloning.

A sensitive viability assay, based on titration of 
infectivity to cultures, was developed to measure the 
success of cryopreservation.

The effect of various cryoprotectants on the viability 
of E. h is to ly t ic a stocks before and after freezing was studied. 
It was found that polyvinylpyrrolidone (PVP), dimethyl- 
sulfoxide (DMSO) and glycerol, though cryoprotective, are 
toxic to amoebae. Although sorbitol, methanol and ethanol 
at the concentrations used were not in themselves toxic, 
they conferred no cryoprotection.

Up to 12.5% of the amoebic population survived when 
the amoebae were equilibrated for 15 minutes at 37 C with



7.5% (v/v) DMSO and then cooled at 1° C/min to -196° C 
followed by thawing at 37° C and inoculation into medium in 
less than two minutes. However, there was a partial loss of viabi
lity over a storage period of six months in liquid nitrogen.

Conditions which influenced survival were: the protec
tant, its concentration, the temperature and period of 
equilibration, freezing rate, suspending medium, culture 
medium and thawing temperature. A period of 'structural 
reconstitution' after thawing led to a decrease in viability.

It was possible to show, by characterization of iso
enzyme type, observation of concanavalin A-induced agglu
tination, reaction with antibody in the indirect fluorescent 
antibody test and studies on leucocytotoxicity, that the 
biological characteristics of E. h is to ly t ic a had been retained 
during cryopreservation. The generation-time of some 
amoebal stocks was found to change after cryopreservation.
It was not possible to demonstrate selection of a population 
with reduced sensitivity to freezing damage.



5

TITLE 1
ABSTRACT 3
CONTENTS 5
LIST OF TABLES 8

LIST OF FIGURES 12
ACKNOWLEDGEMENTS 15
A INTRODUCTION AND LITERATURE REVIEW 16
A.l Historical Review 16
A.2 Culture methods 30
A.3 Cryoprotection 37

i. What is cryopreservation? 37
ii. The physiology of Freezing 40

iii. Cryoprotectants 44
iv. The Mechanism of Cryoprotection 47
v. Methods of Cooling Living Cell Materials 52

A.4 Measuring the Success of Cryopreservation 53
A.5 The Stability of Biological Characteristics

after Cryopreservation 55
A. 6 Objectives of the Present Work 56
B MATERIALS AND METHODS 50
B. l GENERAL METHODS 59
B.1.1 Preparation of Solutions Used 59
B.l.2 The Bacteria 59

i. Isolation and Cultivation 59
ii. Standardization of the Bacterial Components

of Cultures 6°
iii. Determination of viable count of Bacterial

Suspensions 61
iv . Cryopreservation of Fa. o o li  -  B 61

B.l.3 The Amoebae 63
i. Origin of Stocks used 63
ii. Isolation of E. h is to ly t ic a stocks 64

iii. Methods of Identifying Amoebic Species 65
B.l.4. Culture Media 66

i. Robinson's Medium
ii. Locke-Egg-Serum Medium

CONTENTS



6

iii. Modified Locke-Egg-Serum Medium 7 1

iv. TTY Medium 72
v. TPS-1 Axenic Medium 72

B.1.5 Cloning of Amoebae in Robinson's Medium 72

B.1.6 Methods of Cultivating B la s to c y s tis-free
Amoebae in Robinson's Medium 73

B.1.7 Methods for Restraining Bacterial Contami
nants in Amoebic Cultures 74

B.1.8 Preparation of Amoebal Suspension for
Experimentation 75

B.1.9 Techniques for Testing Bacterial Contami
nation of Cultures 76

i. Preparation of Nutrient Agar 76
ii. Preparation of Blood Agar 77

iii. Preparation of Eosin/Methylene Blue Agar 77

iv. Techniques for Pouring and Drying Agar
Plates 77

v. Preparation of Gram Stain 78
vi. Use of Anaerobic Jars 78

vii. Sterilization Techniques 79
B.2 , ASSAY METHODS 79
B.2.1 Haemocytometer Estimation of 'Viability'

using Trypan-blue 79
B.2.2 Infectivity Titration Procedures 79
B.2.3 Estimation of the IDg3 End Points 80
B.3 SPECIAL TECHNIQUES FOR AMOEBAE 82
B.3.1 Methods for Growth-Rate Measurement of

E. h i s to ly t ic a 82
B.3.2 Immunological Methods 84

i. Procedure for IFAT using Culture Smears 84
ii. Procedure for J.FAT using Multispot Slides 85

B.3.3 Procedure for Concanavalin A-induced
Agglutination 87

B.3.4 Techniques for Starch-gel Electrophoresis 88

i. Preparation of extracts for Electrophoresis 88 

ii. The Enzymes Studied 89
iii. Preparation of Buffers 89
iv. Preparation of Starch Gels 90



7
v. Electrophoresis and Enzyme Staining 90

B.3.5 Techniques for Testing Leucocytotoxicity of
E. h is to ly t ic a 95

B.3.6 Measurement of Oxidation Reduction Potential
in Amoebal Cultures 96

B.4 CRYOPRESERVATION TECHNIQUES 97
B.4.1 The Cryoprotectant Used gy
B.4.2 Preparation of Amoebal Suspensions for Free

zing 99
B.4.3 The Freezing Container 99
B.4.4 The Freezing Machine 99
B. 4.5 Freezing Methods 100

i. Controlled-rate Freezing 100
ii. Two-step Freezing 100

C RESULTS 101
C. l Preliminary Investigations 101
C . 2 Optimizing Growth Conditions of E. h is to ly t ic a

in Robinson's medium 106
C .3 Comparative Growth Studies 121
C.4 Assay Methods 136
C.5 Cryopreservation 162
C .6 The Effect of Cryopreservation on the Bio

logical Characteristics of E. h is to ly t ic a 193
D DISCUSSION AND CONCLUSIONS 227
E SUMMARY 258

F APPENDIX 260

G REFERENCES 262

H PUBLICATIONS 290



8

LIST OF TABLES
I Culture media most frequently used in the

cultivation of Entamoeba h i s to ly t ic a 33
II Classification of cryoprotectants used in

Protozoology 46
Ilia One-point series 81

b Two-point series 81
c Three-point series 82

IV Details of enzymes studied 89
V Electrophoretic conditions for GPI, PGM,

ME and HK of E. h is to ly t ic a 93
VI Enzyme-staining conditions for GPI, PGM,

ME and HK of E. h is to ly t ic a 94
VII Chemical details of cryoprotectants used 98
VIII On the viability of Es. c o l i - B stabilate

before and after freezing 102

IX Viability of bacteria and of amoebae after 
treatment of E. h is to ly t ic a trophozoite sus
pensions with antibiotics 103

X Result of the sucrose-gradient separation
of E. h i s to ly t ic a  (SN) cysts from E. nana 
cysts and bacteria 105

XI Growth of amoebic populations in RSM with
various BRS concentrations 107

XII Changes of pH in relation to growth of
E. h i s to ly t ic a  (stock Fenn) in RSM of vary
ing BRS concentrations m

XIII The population of E. h is to ly t ic a (stock
Fenn) grown in oxygen-containing and 
oxygen-free gas phases. . 116

XIV The course of growth of E. h is to ly t ic a
(Thesiger) in Robinson's medium from 
varying initial inocula H ®

XV The growth of E. h is to ly t ic a stocks in
various preconditioned media 126

XVI Changes in pH and 0-R potentials of E.
h is to ly t ic a  (stock JEH) cultures growing in 
fresh and preconditioned media 129



XVIII

XlXa

XVII

XX

XXI

XXII

XXIII

XXIV

XXV

XXVI

XXVII

XXVIII

The growth of E. h is to ly t ic a (JEII) in dif
ferent volumes of various culture media 
Success rate in cloning E. h is to ly tic a by 
microisolation in RSM
Estimation of the numbers of amoebae in, 
and of the infectivity of five samples 
of E. h is to ly t ic a suspension 
Comparison of the numbers of E. h is to ly t ic a  
populations (by trypan-blue-exclusion) 
and their 'infectivity' to Robinson's 
medium
The infectivity of E. h is to ly tic a (stock 
Thesiger) suspensions to Robinson's 
medium at different times during culti
vation
The infectivity of E. h is to ly tic a sus
pensions to Robinson's medium after incu
bation at different temperatures for 1 hr 
The viability of E. h is to ly tic a (JEH) after 
treatment with different concentrations 
of DM SO at various temperatures and times 
The viability of E. h is to ly tic a (JEH) after 
treatment with different concentrations 
of glycerol at various temperatures and 
times
The viability of E. h is to ly t ic a (JEH) after 
treatment with different concentrations 
of PVP at various temperatures and times 
The viabilities of E. h is to ly tic a suspen
sions treated with various cryoprotectants 
at 0°, 25° and 37° C, after freezing and 
thawing
Infectivity estimates of frozen DMSO- 
treated amoebal suspensions 
The percentage survival of E. h is to ly tic a  
variably treated in the presence of DMSO 
after freezing and thawing 
Observed geometric mean values of percen
tage viability and values fitted by using 
a model of main effects only

135

138

139

140 

143 

145

147

149

155

156

159

133

161



XXX

XXXI

XXXII

XXXIII

XXXIV

XXXV

XXXVI

XXXVII

XXXVIII

XXXIX

XL

XLI 

XLII 

XLI 11

XXIX Freezing temperatures of cryoprotectants 
in RSM
The effect of 2-step freezing on the via
bility of E. h i s to ly t ic a  suspended in DMSO 
The viability of E. h is to ly t ic a suspensions 
after freezing at single subzero tem
peratures
The viability of DMSO-treated E. h i s to ly t ic a  
suspensions after freezing at -25° C for 
20 minutes
The effect of 2-step freezing on the via
bility of E. h i s to ly t ic a  suspended in gly
cerol
The effect of 2-step freezing on the via
bility of E. h i s to ly t ic a  suspended in PVP 
The viability of frozen E. h is to ly t ic a sus
pensions cooled at different freezing 
rates
The viability of E. h is to ly t ic a suspended 
in various cryoprotectant combinations 
after freezing and thawing
The viability of.DMSO-treated E. h i s to ly t ic a  
after freezing in various suspending media 
Showing the viability of young and old 
cultures of E. h i s to ly t ic a  after freezing in 
DMSO
The viability of E. h is to ly t ic a suspensions 
frozen in different volumes of suspending 
media
The viability of frozen and unfrozen 
samples of amoebal suspensions inoculated 
into cold and prewarmed cultures 
The viabilities of repeatedly frozen E. 
h is to ly t ic a suspensions
The viability of frozen suspensions of E. 
h is to ly t ic a thawed at different temperatures 
The viability of frozenE. h is to ly tic a sus
pension after periods of 'structural recon
stitution '



XLIV Survival of NIH:200 grown axenically and 
with C rith id ia af ter frozen storage 190

XLV The viability of E. h -is to ly tio a (stock JEH)
after storage in liquid nitrogen for various 
lengths of time 191

XLV I The distribution of E. h is to ly t ic a stocks
into various iso-enzyme variant groups 209

XLV 11 Showing IFAT endpoints for E. h is to ly t ic a
before and after cryopreservation 210

XLVIII Measurement of generation time of stocks of 
E. h is to ly t ic a before and after cryopreser
vation 215

XLIX Agglutination induced by con A of living
E. h is to ly t ic a stock NIH:200 217



12

LIST OF FIGURES
1. The life cycle of Entamoeba h is to ly t ic a , after

Dobell, 1928 25
2. Two stages in the life history of E. h is to ly t ic a

in Robinson's medium 27
3. A mature, tetranucleate cyst of S. h is to ly t ic a 27
4. Front view of an electrophoretic tank in use 92
5a. The growth curves of E. h is to ly t ic a (Stock

Fenn) in Robinson's medium with various BRS 
concentrations 106

b. The growth curves of E. h is to ly t ic a (stock JEH) 
in Robinson's medium with various BRS concen
trations 109

6 . The relationship between pH and growth of an
E. h is to ly t ic a (stock Fenn) population in RSM H2

7. The growth curves of E. h is to ly t ic a (stock Fenn) 
grown in oxygen-containing and oxygen-free
gas phases 114

8 . The growth curves of E. h is to ly t ic a stocks grown
in oxygen-containing and oxygen-free gas phases 115

9. The growth curves of E. h is to ly t ic a (Thesiger) in
RSM with various inoculum sizes 117

10. The growth curves of E. h is to ly t ic a stocks from
small inocula in RSM with 16.6% serum 120

11. The growth curves of E. h is to ly t ic a (stock Fenn)
in RSM with varying BRS concentrations 122

12. The growth curves of E. h is to ly t ic a (stock JEH)
in fresh and preconditioned media 124

13. The growth curves of E. h is to ly t ic a stocks in
various preconditioned media 127

14a. Changes in pH and O-R potential of different
fresh culture media during amoebic growth 130

b. Changes in pH and O-R potential of different 
preconditioned culture media during amoebic 
growth 131

15. The effect of different volumes of various pre
conditioned culture media on the growth curves 
of E. h is to ly t ic a (JEH) *3^



- 13 -
I 16. The relationship between age of culture and 

infectivity of E. h i s to ly t ic a  (stock Thesiger) 
in Robinson's medium 141

17. The viability of E. h is to ly t ic a (JEH) after treat
ment with different concentrations of DMSO at 
various equilibration temperatures and times 146

18. The viability of E. h is to ly t ic a (JEH) after treat
ment with different concentrations of glycerol 
at various equilibration temperatures and times 148

19. The viability of E. h is to ly t ic a (JEH) after treat
ment with different concentrations of PVP at 
various equilibration temperatures and times 150

2 0. The viability of frozen E. h is to ly t ic a (JEH) after 
prefreeze treatments with DMSO at various tem
peratures 160

2 1 . Mean/variance plot (scatter diagram) using a log 
transform which produces the geometric mean 162

2 2. The viability of frozen E. h is to ly t ic a (JEH) sus
pensions cooled at various freezing rates. 176

23. Diagrammatic representation of starch-gel elec
trophoretic patterns of soluble extracts of E. 
h is to ly t ic a  stained for 4 enzymes GPI, PGM, ME 
and HK (=GK) 196

24. Photographs showing starch-gel electrophoretic 
patterns of soluble extracts of E. h is to ly tic a  
stained for GPI, PGM, ME and HK (=GK) 198

25. Diagrammatic representation of starch gel elec
trophoretic patterns of soluble extracts of E. 
h is to ly t ic a  stained for GPI, ME and PGM 201

26. Photographs showing starch-gel electrophoretic 
patterns of soluble extracts of E. h is to ly tic a  
stained for GPI, ME and PGM 203 1

27. Starch-gel electrophoretic patterns for soluble 
extracts of E. h i s to ly t ic a stained for PGM 205 I

28. Starch-gel electrophoretic patterns for soluble 
extracts of E. h i s to ly t ic a  stained for HK (GK) 207 1

29. Graphical method for the estimation of pre- 
20,000 time (Thesiger) 212 1



“ 14 -
30. The relationship between pre-20,000 time and 

log inoculum in culture (stock Thesiger)
31. Showing concanavalin A-induced agglutination 

of E. h is to ly t ic a (NIH:200) axenically culti
vated in Diamond's TPS-1 medium

32. Showing changes in human polymorphonuclear 
leucocytes brought about by contact with
E. h is to ly t ic a (stock JEH) grown in Robinson's 
medium

213

218

225



15

ACKNOWLEDGMENTS
I am greatly indebted to the Lagos State Government 

(Nigeria) for providing the funds for these studies. I 
also wish to express my gratitude to the following: to 
Professor W.H.R. Lumsden, for making facilities available 
in his Department: for these studies and especially for 
supervising the preliminary stages; to Dr. David C. Warhurst 
for supervising the major part of the work, for his 
encouragement, help and advice throughout, and for patiently 
going through the manuscript and typescript; to the entire 
academic, technical and secretarial staff of the Department 
of Medical Protozoology (L.S.H.T.M.) for their cooperation, 
especially to Doctors D.G. Godfrey, Veronica Kilgour,
V/.E. Ormerod, D.S. Ketteridge and D.A. Evans; to Messrs.
P.G. Sargeaunt and J.E. Williams for their help and 
cooperation with regard to technical matters; to Dr. John 
Grant of the Bacteriology Department (L.S.H.T.M.) and his 
technical staff for helping with bacteriological problems; 
to Mr. Tom Marshall of the Statistical Department for the 
statistical analysis of some of the results; to Dr. Yinka 
Qnololu for translating all German papers and Dr. Olusegun 
Owolabi for his part in translating Russian papers; to the 
entire library staff of the School, especially Miss Mary 
Gibson for her invaluable assistance; finally, to Miss 
Hazel Falconer for typing the thesis, and to Miss Fiona 
Weir for helpful comments on the typescript.



A INTRODUCTION AND 
LITERATURE REVIEW

A.l Historical review

The word 'amoebiasis' (Musgrave and Clegg, 1904) was 
first used to denote 'a state of infection with amoebas'. 
Today, it denotes the condition of harbouring Entamoeba h is to 
ly t ic a  'w ith or without clinical manifestation (WHO, 1969). 
However, the term amoebiasis is often used to describe a 
clinical condition attributable to E. h is to ly tic a alone.

Entamoeba h is to ly t ic a is a sarcomastigophoran protozoon 
belonging to the class Rhizopoda von Siebold, 1845 and 
genus Entamoeba Casagrandi and Barbagallo, 1895.

The trophozoite lives and multiplies in the contents 
of the large intestine of man but under certain conditions, 
yet unknown, can invade the tissues. Invasion can spread 
to the liver, brain, lungs and other organs.

The trophozoites (size 10-40 pm) have a characteristic 
nucleus (2 .8-4 . 5  pm) with a small central karyosome and 
peripheral chromatin (see Fig. 1). The cytoplasm consists 
of an outer clear ectoplasm and an inner granular endo
plasm enclosing food vacuoles which in pathogenic'strains' 
usually contain ingested erythrocytes.

Reproduction is by binary fission. Locomotion is 
sluggish and is achieved by the use of lobose pseudopodia. 
Feeding is by phagocytosis. The trophozoite feeds on the 
content of the gut, on bacteria and on mucus.

The cyst, which is the only known infective form, is 
spherical (average size 12 pm) and is more compact than 
the trophozoite. Its nucleus divides by mitosis to produce 
two, and then four, nuclei which have the same characteris
tics as those of the trophozoites but are smaller. The



cyst wall is relatively tough; within it are chromatoid 
bodies which stain black with iron-haematoxylin. Cysts 
are usually found without the trophozoites in the faeces of 
symptomless individuals and have never been found in extra- 
intestinal lesions.

Before the classical work of Losch (1875), many people 
had reported finding amoebae in association with man but 
were not appreciative of the significance of their findings. 
Gros, 1849 (Dobell, 1919) found amoebae in the mouth; this 
amoeba was to be known in later years as Entamoeba g in g iv a lis .  
Lambl,1859 (Councilman and Lafleur, 1891) discovered 
amoebae in the stools of children suffering from enteritis. 
Lewis, 1870 (Dobell, 1919) found amoebae in the intestine 
of man and Cunningham, 1871 (Dobell, 1919) in a sanitary 
report on cholera to the Governor of India, claimed to have 
found amoebae in the stools of healthy as well as sick 
people; the amoeba he found was later considered to be 
Entamoeba o o li from the description he gave.

It was Losch (1875) who first recognized that amoebae, 
found in association with man, could give rise to clinical 
conditions. In his classical work at St. Petersburg in 
1875, he isolated trophozoites of amoebae from the dysen
teric stool of his patient and successfully established 
dysentery in one of three experimental dogs which he inocu
lated with the amoebae. His experimental success made it 
possible for him to record a vivid description of the 
amoeba's morphology. He made what many people later recall 
as 'accurate and careful observations' and description of 
the clinical condition and autopsy findings. After 
rigorous histological investigations, he became convinced 
that he was dealing with a true parasite. He called it 
'Amoeba e o l i \ after the site at which it was found. He was 
cautious and considered that amoebae alone could not have 
been responsible for his patient's condition but that there 
must have been a pre-existing disease, probably dysentery, of 
other origin, before the infection with amoebae which later 
sustained the inflammation.



Kartulis (1886) and Quinine and Roos (1893) amongst many 
others described dysentery amoebae exactly as did Lösch,with 
only minor differences in the sizes of the trophozoites 
which they observed, e.g. Kartulis reported the size of his 
amoebae as 0.012-0.03 mm in diameter, Lösch recorded a 
diameter of 0.02-0.035 mm.

For many years after Lösch, the position of Amoeba o o li as 
the causative agent of dysentery was uncertain. Different 
views were held at different periods by different workers, 
the concensus of opinion swung from one side to the other 
(Elsdon-Dew, 1968). The controversy might not have arisen 
if only people had known that dysentery can be a symptom of 
several pathological conditions which could be caused by 
viruses or bacteria.

It was not until the work of Councilman and Lafleur 
(1891) that it became clear that other dysentery conditions 
exist that bear no relationship to that caused by amoeba.
They showed that the dysentery amoeba was the causative 
agent of 'tropical dysentery' because amoebae were cons
tantly present in the stools and in the anatomical lesions 
from patients and corpses; that its clinical manifestation 
was different from any other form of dysentery and should 
therefore be regarded as a distinct disease. They decided 
that the Amoebae o o li of Lösch deserved a new name - 'Amoeba 
d y a e n te v ia e '. They showed further that amoebic dysentery may 
be followed or accompanied by the formation of a hepatic 
abscess which is bacteriologically sterile, as earlier 
observed by Kartulis (1887). In such cases amoebae apparently 
identical with those found in faeces may be present in the 
liver (Koch and Gaffky, 1887; Councilman and Lafleur, 1891).

In 1893, Quincke and Roos were not only able to produce 
dysentery in cats by injecting faeces containing amoebic 
trophozoites into their recta but also by feeding cats with 
faeces containing cysts. They were the first to show that 2 kinds of 
amoebae exist in man, that which caused dysentery in cats,



which they called 'Amoeba c o l i  m itia ', and that found in the 
faeces of apparently healthy people, which they called 'Amoeba 
in tea t-in i v u lg a r is '.

Casagrandi and Barbagallo (1895) distinguished between 
Entamoeba of man as distinct from Endamoeba Leidy, 1879 of 
cockroaches (Dobell, 1919). In 1897, the same workers 
proved that the intestinal amoebae were distinct morpho
logically and culturally. Entamoeba from healthy individuals 
was called Entainocba hom inis.

Celli and Fiocca (1895) observed that not all intestinal 
amoebae caused dysentery in man. Casagrandi and Barbagallo 
(1897) made similar observations.

By the end of the 19th century, it had been confirmed 
that there is a particular kind of dysentery caused by 
amoebae, as Losch (1875), Kartulis (1887, 1889), Councilman 
and Lafleur (1891), Quincke and Roos (1893) had demonstrated, 
and that not all intestinal amoebae cause dysentery in man 
(Casagrandi and Barbagallo, 1897; Celli and Fiocca, 1895).

Work on the establishment of the life history of E. 
h is to ly t ic a and further advances took place at the beginning 
of this century with the work of Huber (1903) who re
discovered (first discovered by Quincke and Roos; 1893) the 
cyst of the dysentery amoeba. He showed that the cyst of 
dysentery amoebae may have one, two or four nuclei. Hartmann 
(1908) also described the quadrinucleate cyst of E. h is to ly tic a  
but he believed it was a different species.

Elmassian (1909) described, from the faeces of a quies
cent case of recurrent dysentery, amoebic trophozoites 
closely associated with quadrinucleate cysts and differing 
from the forms encountered in dysenteric stools only in 
their size (12-14 pm) and in the fact that they contained 
ingested bacteria. He thought he was dealing with a new 
species and so called it 'Entamoeba m inu ta '.
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Schaudinn (1903) confirmed the observations of earlier 

workers on the existence of at least 2 different amoebae 
inhabiting the bowels of man - one pathogenic and the other 
harmless. He differentiated E. c o l i found in healthy people 
from the haematophagous amoeba found in dysentery cases, 
which he called E. h is to ly t ic a . In an attempt to describe the 
development of E. h i s to ly t ic a , he misled a great many workers 
by stating that E. h is to ly t ic a propagates itself by sporulation 
and that completely dry spores gave infection to cats. He 
also stated that E. c o li reproduced by schizogony. He believed 
that the quadrinucleate cyst described by Huber (1903), 
which he himself had observed, was a different species, 
naming it Entamoeba tetragena.

Walker (1911), in his extensive research on the compara
tive study of the amoebae in Manila's water supply, in the 
intestinal tract of healthy persons and in persons with 
amoebic dysentery concluded that amoebae from the intes
tinal tract which were cultivable in Musgrave and Cleggte 
medium (Musgrave and Clegg, 1904X were probably derived from 
the cysts of amoebae that had been ingested with water or 
food and had passed unchanged through the gut. He concluded 
that the amoebae parasitic in man were strict obligate para
sites which were incapable of multiplication outside their 
host: infection from them must always come directly or 
indirectly from another infected person. He recognized E. c o li  
as a non—pathogenic species which produced cysts with as 
many as eight nuclei. He showed that E. tetragena and E. 
h i s to ly t ic a  produced quadrinucleate cysts and were associated 
with clinical disease in man. He demonstrated that tetragena 
and minuta forms referred to a phase of E. h is to ly t ic a inter
vening between tissue stage and the formation of cysts and 
that E. h is to ly t ic a has the same life history as E. c o l i .

In 1913, Walker, in collaboration with Sellards, proved 
all the statements made in an earlier paper (Walker, 1911) 
by experimenting with human volunteers. These human 'guinea- 
pigs' were fed with all the different species of amoebae 
that could be cultivated in Musgrave and Clegg's medium from



- 20 -
Schaudinn (1903) confirmed the observations of earlier 

workers on the existence of at least 2 different amoebae 
inhabiting the bowels of man - one pathogenic and the other 
harmless. He differentiated E. c o l i found in healthy people 
from the haematophagous amoeba found in dysentery cases, 
which he called E. h is to ly t ic a . In an attempt to describe the 
development of E. h is to ly t ic a , he misled a great many workers 
by stating that E. h is to ly t ic a propagates itself by sporulation 
and that completely dry spores gave infection to cats. He 
also stated that E. c o l i reproduced by schizogony. He believed 
that the quadrinucleate cyst described by Huber (1903), 
which he himself had observed, was a different species, 
naming it Entamoeba tetragena.

Walker (1911), in his extensive research on the compara
tive study of the amoebae in Manila's water supply, in the 
intestinal tract of healthy persons and in persons with 
amoebic dysentery concluded that amoebae from the intes
tinal tract which were cultivable in Musgrave and Cleggfe 
medium (Musgrave and Clegg, 1904\  were probably derived from 
the cysts of amoebae that had been ingested with water or 
food and had passed unchanged through the gut. He concluded 
that the amoebae parasitic in man were strict obligate para
sites which were incapable of multiplication outside their 
host: infection from them must always come directly or 
indirectly from another infected person. He recognized E. c o li  
as a non—pathogenic species which produced cysts with as 
many as eight nuclei. He showed that E. tetragena and E. 
h is to ly t ic a produced quadrinucleate cysts and were associated 
with clinical disease in man. He demonstrated that tetragena 
and minuta forms referred to a phase of E. h is to ly t ic a inter
vening between tissue stage and the formation of cysts and 
that E. h is to ly t ic a has the same life history as E. c o li.

In 1913, Walker, in collaboration with Sellards, proved 
all the statements made in an earlier paper (Walker, 1911) 
by experimenting with human volunteers. These human 'guinea- 
pigs' were fed with all the different species of amoebae 
that could be cultivated in Musgrave and Clegg's medium from
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stools of healthy persons and stools of cases of amoebic 
dysentery: E. c o l i from healthy persons, cysts of ff. tetragena  
from carriers and motile E. h is to ly t ic a from acute cases of 
amoebic dysentery and amoebic liver abscesses. They 
observed that:
(i) amoebae which could be cultivated in Musgrave and 
Clegg's medium did not infect volunteers or cause dysentery, 
and so play no role in the aetiology of tropical dysentery;
(ii) E. c o l i and E. h i s to ly t ic a  are strict or obligate para
sites uncultivable in the artificial media then available;
(iii) E. tetragena was identical with E. h i s to ly t ic a and its 
cysts represented a stage in the life history of E. h is to ly t ic a ;
(iv) E. h is to ly t ic a was the essential aetiologic factor in en
demic tropical dysentery, carriers of E. h i s to ly t ic a  pass 
large numbers of cysts in their stools and they constitute 
the chief agent in the dissemination of amoebic dysentery;
the motile forms of the parasite passed in bloody mucous 
stools in acute dysentery quickly die and disintegrate and 
are probably, under natural conditions, incapable of withstan
ding passage through the human stomach.

Walker and Sellards' work showed conclusively that E. 
h is to ly t ic a could live as a commensal in the gut lumen of man. 
It appeared that only when conditions became abnormal owing 
to depression of the natural resistance of the host or his 
tissue, or when there was pre-existing inflammation or 
lesions,could amoebae penetrate the intestinal epithelium to 
produce characteristic lesions of amoebic dysentery.

Kuenen and Swellengrebel (1913) recognized the commensal 
phase of E. h is to ly t ic a as an integral and essential part of 
its life history. They found that in healthy individuals, 
and in dormant periods of chronic infections, the amoebae 
correspond to Elmassian's E. minuta, and they called it the 
'minuta' stage. At this stage, the amoeba lives as a com
mensal in the lumen eventually producing quadrinucleate cysts. 
On invading the tissue these amoebae assume the appearance
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and haematophagous habits of the large E. h is to ly tic a forms.
The commensal phase was called the 'saprozoic' phase.

It was reported (Elsdon-Dew, 1968) that, at the 
'Reunione d 'Information sur l'Amibiase' in Paris 1961, 
Swellengrebel explained that he and Kuenen had retained the 
name 'M inuta' not as a different species but to show that in 
the evolution of E. h is to ly t ic a there is a stage that is 
independent of the tissue phase. However, Walker thought 
this should not be, because, he explained, ' the minuta form 
is a direct descendent of the tissue form, the absence of 
pathology in some cases was due to the good immune response 
of the host'. Kuenen maintained that, although the minuta 
forms are direct descendantsof the commensal form, they 
have variable tendencies to metamorphose into tissue forms 
and therefore invasion would depend on the quality of host 
defence and the inclination of the amoebae in question to 
metamorphose.

In 1917, Wenyon and O'Connor showed that a great many 
more symptomless than symptomatic people are colonised by 
amoebae, that the cysts produced by carriers could give 
dysentery to kittens when artificially inoculated, and that 
stages of acute dysentery may alternate with quiet infections 
with E. h is to ly t ic a . At this stage the amoeba lives as a com
mensal. They confirmed that there is no evidence of patho
genicity in E. c o l i .

Dobell (1918) disagreed with the concept that the 
h is to ly t ic a tissue-invading phase plays no part in the normal 
life history of E. h is to ly tia a t as concluded by Kuenen and 
Swellengrebel (1913) and Walker and Sellards (1913). In his 
review of the work of Wenyon and O'Connor (1917) he wrote 'A 
parasite which feeds upon its host may obviously do so to a 
greater or less extent. The ideal condition for host and 
parasite alike is a state of equilibrium like that between 
Prometheus and the Eagle - the former generating sufficient 
tissue each day to compensate the ravages of the latter. The
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natural condition of man infected with E. h is to ly tic a is 
similar . . .  A human being in the state of Promethean 
equilibrium with his amoebae is called the carrier arid there can 
be little doubt that this is the normal or most common con
dition of infection of humans with E. h is to ly t ic a in nature. 
When amoebae devour more tissue than the man can regenerate, 
destruction outruns construction and disharmony or distur
bance of equilibrium results . . . The ravages of the
amoebae soon produce a state of dysentery in their host, 
blood and mucus flowing from the destroyed surface carrying 
away many of the parasites and being painfully evacuated by 
the host at frequent intervals in his attempt to get rid of 
the irritation."

Thus, by the end of the second decade of this century, 
there existed two schools of thought - the Prometheans, 
Dobell's school who held that the carrier state was a 
disease state, and the commensalists, Swellengrebel's school, 
who held that this was not necessarily so (Elsdon-Dew, 1968).

Dobell and Jepps (1918) studied the diverse races of E. 
h is to ly t ic a by measurement of their cysts and from the size- 

distribution curves for many cysts from seven cases, they 
concluded that E. h is to ly t ic a is a collective species compri
sing an unknown number of distinct races, strains or pure 
lines of which five had been demonstrated by them-. At about 
the same time, Smith (1918) accurately described the morpho
logical criteria for differentiating E. h is to ly t ic a from E. c o l i .  
He also constructed a size-distribution curve based on the 
measurement of 1000 cysts and showed that the size of the 
cysts divides Entamoeba with quadrinucleate cysts naturally 
into two strains, the small and the large. He studied the 
two groups extensively and was able to distinguish between 
the two strains by the frequency of the number of nuclei 
which their cysts contained and by the differences in their 
cytoplasmic inclusions.

In 1919, Dobel published a book "The amoebae living 
in man". In his book he stated that the species of the genus
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Entamoeba parasitic in man include E. h is to ly t ic a , E. c o l i and 
E. g in g iv a l is . He also mentioned that other genera existed - 
Endolimax, Iodamoeba, and Dientamoeba. He emphasized that the 
name Entamoeba should apply to amoebae similar to those of 
man.

Brumpt (1926) maintained that three species of amoebae 
parasitic in man produce quadrinucleate cysts: E. dysen teria e3 
E. d isp a r and E. hartmanni von Prowazek, 1912. He described the 
cyst of E. hartmanni as being small, less than 10 vm in diameter, 
and those of E. dysen ter ia e and E. d isp a r as being large being 
10-16 umin diameter. E. dysen teriae , according to him, differs 
from E. d ispar only in the sense that E. d ispar is never patho
genic, and E. d ysen ter ia e can be invasive and cause dysentery.

The life history of the amoebae in man remained confused 
for many years until a suitable culture medium for E. h i s to ly t ic a  
was discovered by Boeck and Drbohlav (1925). This medium was 
used by Dobell to carry out extensive researches on the 
growth and development in  v i tr o of E. h is to ly t ic a of man 
and of intestinal protozoa of monkeys, concentrating largely 
on the influence of bacterial flora on growth (Dobell and 
Laidlaw, 1926a, 1926b; Dobell, 1927, 1928; Dobell and Meal, 1952). 
These researches led Dobell to revoke his earlier view that 
E. h i s to ly t ic a  could not exist as a harmless commensal in man, 
feeding on bacteria. He observed that the E. h is to ly t ic a  o f  
monkeys lived in this manner.

According to Dobell (1928), there are four stages in the 
life history of E. h is to ly t ic a - the trophic amoeba, the pre- 
cystic amoeba which is capable of encystation, the encysted 
amoeba, and the metacystic amoeba which ultimately gives rise 
to the trophic forms. The cycle, he said, can be induced to 
occur in  v i t r o  "ad in fin itu m " or "ad lib itu m  "(see Figs. 1-3).

Sapero e t  a l  ( 1942), from the results of their statistical 
studies on over 3,000 cysts alongside with the data of Dobell 
and Jepps (1918) and Smith (1918), were able to show conclu-





26
Legend to Figure 1

A ■ trophic haematophagous amoeba from dysentery stool

B = trophic amoeba from culture.

C = precystic amoeba from culture.

D = encysted amoeba, mature cyst in culture.

E ■ cyst ready for excystation.

F = metacystic amoeba (quadrinucleate amoeba)

n ■ nucleus; rbc = ingested red blood cell; end = endo 
plasm; ect = ectoplasm; ib = ingested bacteria; sg = 
starch granule; v = vacuole; cb = chromatoid body; cw 
cyst wall; (g = gap between cyst wall and cytoplasmic 
wall); cm = plasmalemma, cell membrane.
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Fig 2 Two stages in the life history of E. histolytica in Robinson's 
medium
A = trophozoite; B = immature cyst; N *• nucleus;
P = pseudopodium; cb« chromatoid body.

* 10|MI

Fig 3 A mature, tetranucleate cyst of E. histolytica 
N , nucleus; cw , cyst w a ll.
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sively that two races of amoebae producing quadrinucleate 
cysts occur in man - the small and the large races. In 
1949, Hoare, following the information provided by statis
tical studies of Sapero e t  a l , suggested that the large race 
and the small race remain subspecies rather than separate 
species in view of the overlap in the size of their cysts. 
He suggested that the small race be designated E. h is to ly t ic a  
harlmar.ni and the large race E. h. h is to ly t ic a . Goldman (1960), 
used fluorescent antibody technique (FAT) to establish 
that there was a difference in antigenic constitution bet
ween E. h is to ly t ic a and E. hartmanni. Hoare (1961) concluded 
that the small race genuinely deserved a species rank and 
so Entamoeba hartmanni von Prowazek, 1912 became recognized 
as a separate species.

To confuse the issue even further, Dreyer (1961) 
reported that another strain of E. h is to ly tic a had been iso
lated by Dr. F.H. Connell (1956) as trophozoites from the 
diarrhoeal stool of a patient in Laredo, Texas. It was 
called the Laredo strain. It differs from E. h is to ly tic a  
(large race) only in its ability to grow at a temperature 
of 25° C in  v i t r o . The difference between Laredo strain and 
E. h is to ly t ic a was confirmed by Entner and Most (1965) who 
showed that they differ in their susceptibility to various 
chemotherapeutic agents. Goldman and Gleason (1962) and 
Richards e t  a l (1966) also showed differences in their anti
genic make up.

At least five strains of E. h i s to ly t ic a -like amoebae 
which have essentially the same antigenic properties as the 
Laredo strain have been isolated (Richards e t  a lt 1965,1966), 
all from North America. The inability of Neal and Johnson 
(1966 and 1968) and of Robinson and Sargeaunt (1969) to iso
late similar strains of amoebae in England led them to 
suggest that this type of amoeba may be region-specific. All 
Laredo-type E. h is to ly t ic a strains have been shown to be 
avirulent in young laboratory animals (Neal and Johnson 1966 
and 1968; Richards e t  a l t 1965).
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The classification of Entamoeba has been based pri
marily on morphology, host specificity and pathogenicity 
but these are not reliable because, for example, there are 
few consistent morphological differences between species 
other than size (Gelderman e t  a t , 1971), and because host 
specificity and pathogenicity are unstable characteristics 
(Neal, 1971). It is unfortunate that after a century of 
research in amoebiasis a suitable method has not been 
developed to distinguish between strains of typical E. h is to 
l y t i c a  - especially between pathogenic and non-pathogenic 
strains.

Several biochemical, physiological and drug-sensiti
vity methods have been sought to differentiate between 
strains of Entamoeba. For example, Gelderman e t  a t (1971) 
demonstrated that there is a significant difference in 
deoxyribose nucleic acid base composition in strains of 
Entamoeba thought to be of the same species indicating the 
existence of more than one genostrain within the typical 
E. h i s to ly t ic a  group. Trissl e t  a l (1977) showed that strains 
of amoebae considered to be pathogenic formed much larger 
agglutinates than other strains in the presence of 50 ug/ml 
of ooncanavalin A. The same authors also showed that 'non- 
pathogenic' strains showed negative surface charge and 
'pathogenic' strains showed a very low charge which was 
impossible to measure by the technique of cell'electro
phoresis under their experimental conditions.

By immunofluorescence after cross absorption of anti
sera between typical E. h is to ly t ic a strains, Nayebi(1971) 
demonstrated that there existed some minor differences. 
Serological methods of this nature have been unquantitative 
and are therefore of little value; there is therefore an 
indication for an extra taxonomic tool.

Krupp (1966) analysed the antige ns of typical Entamoeba 
strains and showed that there existed some minor differences 
in their electrophoretic mobilities. Montalvo and Reeves
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(1968) and Reeves e t  a l (1967) developed a technique by which 
amoebae could be characterized by their isomerase and gluco- 
kinase enzymes by electrophoresis on cellulose acetate 
strips. They indicated that their method might be a convenient 
means of classifying amoebae and of distinguishing typical E. 
h is to ly t ic a from atypical forms and related species.

More recently, Sargeaunt and Williams (1978) 
have extended this use of isoenzymes (malic enzyme, glucose- 
phosphate isomerase and phosphoglucomutase) in characterizing 
amoebae by thin-layer starch-gel electrophoresis. Intra- and 
inter-specific differences have been shown. E. h i s to ly t ic a  
strains fell into three groups based on their isoenzyme 
electrophoretic patterns. There appears to be an association 
between clinical amoebiasis and the presence of amoebae in 
isoenzyme group II. Isoenzyme characterization may very well 
be an important tool in taxonomy of E. h is to ly t ic a .

A.2 Culture methods

Cultivation of organisms in  v itro , f irst unequivocally 
achieved for E. h is to ly t ic a by Boeck and Drbohlav (1925), is an 
attempt to reconstruct the conditions in the natural habitat 
of the organism by artificial means. Anaerobic and reducing 
conditions which appear to be important in the survival of 
E. h is to ly t ic a in the colon are the result of the presence of 
a very large bacterial flora. Nutrients such as starch and 
other food materials including bacteria and fungi are 
available to the amoebae in endless supply. A rich supply 
of vitamins is available from the food ingested by the host 
or synthesized by the bacteria. The colon appears to be 
well buffered so as to maintain an optimum pH at which the 
amoeba thrives.

These anaerobic and reducing conditions are achieved 
in the artificial medium through consumption of available 
oxygen by the concomitant organism such as bacteria, chick- 
embryo extract, trypanosomes or C rith id ia , or by inclusion of
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reducing agents such as cysteine, thioglycollate or ascorbic 
acid in axenic media. Starch granules, peptides, amino acids 
or chick-embryo extracts are the chief sources of food in 
amoebic media in which concomitant organisms exist. But in 
the axenic medium glucose is the main source of carbo
hydrate. Vitamins are essential constituents in axenic cul
tivation, being supplied by the serum and liver components 
and also added separately. In other media they are provided 
by the concomitant organisms and are also available from 
serum and liver extracts when used.

A good buffer system is needed in an artificial medium 
to maintain optimum pH for amoebal growth. Good buffer sys
tems are provided in diphasic media partly by the solid 
part of agar, coagulated egg or inspissated serum and partly 
by the presence of phosphate and/or phthalate salts in the 
overlay. The buffer systems in monophasic media are 
generally of the phosphate type.

The original medium of Boeck and Drbohlav is essen
tially a diphasic medium consisting of a solid egg slant 
overlaid with dilute egg-white or serum in Locke's physio
logical solution. Dobell and Laidlaw (1926$ were the first 
to exploit and improve on this technique. They found that 
the original Locke-egg-serum or LES (of Boeck and Drbohlav, 1925) 
could not maintain Entamoeba continuously for more than three 
days because Locke's solution contained dextrose, which is 
readily split by accompanying bacteria with production of 
acid which is highly detrimental to the amoebae. They re
placed dextrose by starch and found that growth was greatly 
improved. After several experiments, they were able to con
clude that rice-starch was the optimum source, accessible 
only to the amoebae without the risk of production of acid 
by the usual faecal bacteria, although starch-splitting 
bacteria still cause trouble in the isolation of amoebae.

In the years that followed, Dobell (1931) was able to 
show that inspissated horse serum was as good as whole egg



for the solid phase and that diluted egg-white in Ringer's 
solution was more effective as an overlay. He was thus 
able to produce a culture medium (HSre) in which amoebae 
could thrive for several days and sometimes weeks without 
serial passages. However, passages at 2-3 days intervals 
were shown to support growth in  v i t r o  indefinitely.

Additional culture media have been developed empiri
cally for the isolation and cultivation of intestinal 
amoebae, especially E. h is to ly tic a . These media have been 
prepared from a variety of materials and may be diphasic 
with a solid slant overlaid with fluid, semi-solid, liquid 
or more rarely entirely solid. A summary of the most com
monly used media is given in Table I.

Basically, the conventional diphasic medium invariably 
has one or more bacterial components, rice-starch and a 
protein mixture, usually serum. The development of bacteria- 
free media for E. h is to ly tic a was first achieved by Shaffer 
and Frye (1948) who grew amoebae in a medium containing 
chick embryonic extract. As an outgrowth of the develop
ment of Shaffer and Frye medium (S-F), Phillips (1950, 1951) 
developed a procedure for the monoxenic cultivation of E. 
h is to ly tic a with Trypanosoma cru z i o r other trypanosomatids. 
Diamond (1968a) developed a method for the cultivation of E. 
h is to ly tic a and E. h i s to ly t ic a-like amoebae in association with 
either C r ith id ia species (isolated from a hemipteran, A rilu s  
c r is ta tu s ) or T. c ruzi.

In 1968, Diamond unequivocally developed a medium for 
the indefinite cultivation of amoebae in an environment free 
of metabolizing bacteria, fungi, protozoan or metazoan cells, 
i.e. the axenic medium (Diamond, 1968b).

One of the difficulties of studying protozoa in  v i tr o is 
the maintenance of strains. To maintain a rich and 
healthy growth of amoebae indefinitely, whatever the culture 
medium, it is necessary to passage the cultures frequently 
at between 48-96-hour intervals. Such serial passages have



Table 1

Culture media most frequently used in the cultivation of Entamoeba h isto ly tica

Name of 
medium

Type of 
medium Components Concomitant

organism Reference

L-E-S Diphasic Solid part - whole egg and Locke's 
solution
Overlay - dilute egg-white or serum 
in Locke's plus starch

Bacteria Boeck and
Drbohlav
(1925)

• Ehsr Diphasic Solid part - coagulated egg and 
Ringer's solution.Overlay - horse serum, Ringer and 
starch

Bacteria Dobell and 
Laidlaw (192»)

LIA Diphasic Solid part - liver infusion ■ 
agar
Overlay - horse serum, Ringer 
and starch

Bacteria Cleveland and 
Collier (1930)

HSre Diphasic Solid part - inspissated horse 
serum
Overlay - dilute egg white, 
Ringer's solution and starch

Bacteria Dobell (1931)



Table I contd.
St. John's Monophasic

(fluid)
Beef heart extract in modified 
Locke's solution

Bacteria St. John
(1932)

Semi-solid 3% agar in serum diluted in Locke's 
physiological solution

Bacteria Adler and 
Foner (1941)

EY1 Monophasic(fluid)
Buffered aqueous egg-yolk infusion 
without serum

Bacteria Balamuth
(1946)

Solid medium 
(anaero
bically cul
tivated)

Monophasic
(solid)

Horse serum, yeast, peptone, agar, 
cholesterol and Ringer's solution

Bacteria Snyder and
Meleney
(1946)

Jones's MonoDhasic
(fluid)

Dilute horse serum or dilute horse serum supplemented with yeast ex
tract

Bacteria Jones (1946)

Nelson's Diphasic Solid part - egg yolk alcoholic 
extract and agar
Overlay - plain buffered solution

Bacteria Nelson (1947)

S-F
(original)

Monophasic(fluid)
Thioglycollate agar - containing 
medium and horse serum

Bacteria 
(only for pre
conditioning)

Shaffer and Fry (1948)



Table I contd.
Amoeba-
Trypanosome
medium

Diphasic Solid part - NIH 
blood agar
Overlay - thioglycollate prepa
ration and horse serum

Live or heat 
treated
T. cruzi

Phillips (1950)

EY1 Diphasic Solid part - liver and agar 
Overlay - egg yolk infusion and 
horse serum

Bacteria Balamuth (1951)

S_f
(modified)

Monophasic
(fluid)

Chick embryonic material None Shaffer 
e t al 

(1953)

Whole blood 
medium

Diphasic Solid part - agar in Ringer's 
solution
Ove rl a y  - w h o l e  h um an or rabbit 
blood in buffered saline

Bacteria Inoki e t al 
(1953)

McQuay's Diphasic Solid part - agar charcoal and 
cholesterol
Overlay - plain buffered solution

Bacteria McQuay (1956)

MS-F Monophasic
(fluid)

Enzymatic casein digest, glucose 
thiomalate and salts in 
demineralized water

None Reeves e t al 
(1957)
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Robinson's
BRS

Diphasic Solid part - saline agar 
Overlay - buffered phthalate 
solution and serum with peptone 
and antibiotic

Bacteria
(Escherichia
co li)

Robinson
(1968$

TTY Monophasic(fluid)
Tryptose, trypticase, yeast 
extract and blood

Crithidia  
species or T. cruzi

Diamond(1968$

TP-S-I Monophasic
(axenic)

Trypticase-Fanmede broth, serum 
and vitamins

None Diamond
(1968b)

• Modified 
. As ami

Monophasic
(solid)

Meat extract peptone, agar, 
glucose and horse serum

Bacteria Myjak (1971)



the disadvantage of being tedious and time consuming 
(Diamond, 1964). If several strains are being passaged, 
this calls for the expenditure of time and material 
(McEntegart, 1954; Kasprzak and Rydzewski, 1972). There is 
also the risk of contamination by bacteria and fungi of 
axenically cultivated amoebae (McEntegart, 1954). Quite 
apart from the disadvantages mentioned above and the 
materials involved, frequent passages in  v i t r o  may lead to 
changes in the strain until it bears little resemblance to 
the freshly isolated one (McEntegart, 1954; Gordon e t  a l., 
1969; Kasprzak and Rydzewski, 1972). It is a well known 
fact that changes in the biological characteristics of 
amoebae can occur when they are repeatedly passaged (Wenyon, 
1926X e.g. virulent strains invariably become attenuated 
(Thompson e t  a l ,1954; Elsdon-Dew, 1958; Koare, 1958; Neal, 
1958; Vincent and Neal, 1960; Biagi and Marwin, 1964;Wittner 
and Rosenbaun, 1970; Tanimotoet a l , 1971; Neal, 1971; Phillips, 
1973 and Zaslavaskaya, 1975); there may also be a loss of 
infectivity, that is,the ability to establish itself in a 
host, and of pathogenicity, that is, the ability to produce 
detectable disease in a host (Chang, 1945).

These difficulties call for methods by which strains 
of amoebae can be maintained under conditions which will 
prevent or minimize modification of their original charac
teristics. Cryopreservation appears to be an obvious 
solution to these difficulties (Weinman and McAlister, 1947; 
McEntegart, 1954; Diamond, 1964; Gordon e t  a l , 1969; Kasprzak 
and Rydzewski, 1972 and Dalgliesh, 1972 ).
A. 3 Cryoprotection

i What is cryopreservation?

Cryopreservation is the viable preservation of living 
organ isos at very low tonperature (lunsden and Hardy, 1965) in a state 
of suspended animation in which ageing or death does not 
occur and in which metabolic processes are arrested and can 
be restarted. The term was derived from cryogenics - the 
study of ice (Parkes, 1964). A new term was needed to
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designate populations whose reproduction was arrested by 
viable preservation, so the term 'stabilate' was suggested 
(Lumsdcn and Hardy, 1965) and this, has come into general 
use. A stabilate is defined as a population of organisms 
viably preserved on a unique occasion (Lumsden and Hardy, 
1965).

But cryobiology - low temperature biology - was first 
studied in 1884 when Fol succeeded in culturing amoebae and 
ciliates from earth which had been cooled to -100° C (Luyet 
and Gehenio, 1940). In 1936, Becquerel recovered living 
amoebae of various species, an Euglena and a Paramecium,from 
completely desiccated soil which had been exposed to liquid 
helium at -269° and -271° C.(9nith, 1961). However, Thy lor and 
Strickland in 1936 (Smith, 1961) suggested that some orga
nisms may have encysted before exposure to intense cold in 
the soil used by Fol and Becquerel. In 1912, Laveran and 
Mesnil showed that pathogenic trypanosomes survived and 
retained their virulence after 15 minutes exposure to 
liquid air at -191° C. Coggeshall (1939) recovered 
Plasmodium species from the frozen state in C02 and alcohol 
at -72° C to -80° C after 70 days. Wienman and McAlister 
(1947) cryopreserved various protozoa including Trypanosoma, 
Leishmania, Trichomonas, Plasmodium and amoebae in a Cc>2 (tlry- 
ice') cabinet at -15° C and -70° C for varying lengths of 
time. They were unable to recover Balantidium öfter freezing. 
E. h i s to ly t ic a  survived freezing to -15° C just once (but not 
to -70° C). At this temperature, it is likely that the E. 
h iT to ly tic a was supercooled but not frozen even though the 
suspending medium was. Smith e t  a l ( 1951) demonstrated that 
free-living amoebae appeared not to be frozen when cooled 
to -80° C even though the surrounding medium was; neither 
was there a change in their size during the short period of 
observation. Weinman and McAlister froze both tropho
zoites and cysts in their experiments but did not indicate 
which actually survived the freezing to -15° C.

Later workers were able to achieve more success when 
principles governing the survival of protozoa at low tern-
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peratures were better understood. These will be discussed 
later.

In parasitology research, it is necessary to isolate 
and maintain parasites in culture bottles and/or in 
laboratory animals. Such serial passages are tedious and 
time-consuming but, more important, lead to changes in the 
characteristics of the strain. It was soon realised that 
cryopreservation had a great many advantages over mainte
nance by serial passage. Cryopreservation is a convenient 
way of storing animal populations over very long periods 
of time until they are needed again for experimentation 
(Lumsden, 1972; James and Farrant, 1976). It is a con
venient way of transferring them from laboratory to 
laboratory without the need to send animals; it is a way 
of arresting the continuous reproduction of a population 
which occurs when it is maintained by serial passage in 
animals or cultures (Weinman and McAlister, 1947;
Kasprzak and Rydzewski, 1972; Lumsden, 1972). That changes 
can take place in the biological characteristics of amoebal 
populations during serial passage is well known and has 
been discussed above: cryopreservation is a means of 
avoiding this.

"Cryopreservation at a low passage level as nearly 
related as possible to the original wild population 
offered therefore a way of setting up a comprehensive col
lection of materials closely representative of those cir
culating in nature. Equally, it offered the possibility 
of comparing critically, in the same experiment and at the 
same time, the biological behaviour of populations 
separated more or less in a passage series" (Lumsden, 
1972). It prevents adaptation to laboratory animals of 
newly isolated strains (Walker, 1966). Virulence, it is 
said, may even be conserved (Weinman and McAlister, 1947; 
Lumsden and Hardy, 1965; Schneider et a l3 1968).

Freezing and thawing of cells, however, generally 
causes death (Dalgliesh, 1972; Farrant, 1972). Intracellu-



lar freezing is not the sole cause of death at low tem
peratures (Smith, 1961) but the presence of large internal 
ice-crystals almost invariably appears to be lethal (Mazur, 
1960, 1961).

ii The physiology of freezing

Living cells contain water up to 90% of their total 
weight and are also surrounded by it. Water surrounding 
cells usually contains various salts and perhaps proteins 
and other chemicals. When water freezes, several impor
tant physico-chemical changes occur, eg. alteration in its 
viscosity, its ability to dissolve gases and its thermal 
conductivity as well as osmotic and chemical effects 
associated with phase changes, as salts separate from 
water before the lowest temperature at which salts can 
exist in solution is reached (Meryman, 1966; Ashwood-Smith, 
1970). When water in a solution freezes, the solute is 
concentrated in the water remaining and the melting point 
of this remaining solution is lowered. Ultimately, all 
the water that can be crystallized as ice freezes, leaving 
only the solute and its water of hydration. Further 
reduction in temperature results in the solidification of 
the remaining solution (Meryman, 1960).

When water in the external medium freezes, the vapour 
pressure of the solution of salts remaining unfrozen out
side the cell is lowered below that of supercooled water 
(water cooled below its freezing point without solidifi
cation) within the cell. This vapour-pressure dif
ferential draws water out of the cell, where freezing has 
not yet taken places and further freezing takes place 
externally as cooling progresses (Mazur, 1960; 1963;
Mazur e t  a l, 1972). If the cooling-rate is slow or the 
permeability of the cell to water is sufficiently high, 
there is sufficient time for an appreciable quantity of 
water to leave the cells before they cool to the tem
perature at which intracellular freezing would ordinarily 
occur. By the time that temperature is reached, the
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residual intracellular solution is incapable of freezing 
so that crystallization becomes impossible (Mazur, 1960, 
1963). When cooling-rate is too high, or the permeability 
of the cell to water is too low, the water in the cell be
comes increasingly supercooled and eventually freezes 
intracellularly - because there is no time for sufficient 
water to leave the cell to prevent intracellular freezing. 
(Mazur 1960, 1963).

Living cells are usually not damaged during short 
periods in the supercooled state (-30° C) but as soon as 
freezing takes place, damage is likely to occur in a high 
proportion of cells of most types (Farrant, 1970).
Freezing also causes profound changes in the physical 
environment which are sufficient to denature the more 
sensitive lipoprotein complexes of the cell membrane, which 
are bound by weak association and are unstable. As 
mentioned above, when the medium in which a cell is sus
pended freezes, ice separates out as pure substance and 
the solutes and cells are concentrated in the spaces re
maining between the ice crystals. This process of concen
tration changes the physical environment of the cell in 
several harmful ways (Lovelock, 1957). But death from 
freezing is caused not by freezing itself but by the fol
lowing combinations of factors:
i. mechanical injury by ice crystals (Nei, 1970; Farrant,

1970);
a. extracellular ice from slow cooling;
b. intracellular ice from fast cooling (Farrant and

McGann, 1975);
ii. chemical injury from concentration of salts (Lovelock,

1953; Farrant and Woolgar, 1972);
iii. dehydration (Luyet and Gehenio,1940; Lovelock, 1957

and Meryman, 1968);
iv. metabolic imbalance (Farrant andMorris, 1973; Farrant

and McGann, 1975);
v. cooling rate (Mazur e t  a l , 1972).
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When temperature falls below freezing point ice forms 

initially outside the cell; once ice begins to form, latent 
heat is released that has to be removed as cooling pro
gresses (Meryman, 1966). There is concentration of all 
dissolved substances in the extracellular liquid phase.
The raised concentration of solutes, particularly electro- 
lytes> creates osmotic changes which may damage the cell by 
interacting with its lipo-protein membranes (Lovelock, 1954; 
Farrant, 1970). Increase in salt concentration increases 
membrane permeability in red blood cells, with a loss of 
phospholipids from the cell; this loss makes the cell mem
brane permeable to cations. When the ionic strength is 
suddenly reduced with thawing, the cells suffer osmotic 
lysis (Lovelock, 1953 ). The buffer systems are disturbed 
when salts precipitate and severe changes in pH can take 
place both inside the cell and in the surrounding medium 
(Lovelock, 1957; Van den Berg, 1959; Farrant, 1970).
Change in pH is said to be responsible for dénaturation of 
proteins within the cell (Mazur, 1966).

The concentration of solutes outside the cell during 
ice-formation tends to dehydrate the cell by causing water- 
flow outwards under an osmotic-pressure gradient. This 
dehydration brings about molecular contact within the cell 
(Lovelock, 1957). Lovelock investigated p-lipo-protein 
dénaturation in human plasma-cells and he obtained evi
dence that dénaturation was caused by the progressive 
removal of water which concentrated the lipo-protein mole
cules until they were in actual physical contact. There is 
the possibility that physical contact between protein mole
cules permits the formation of undesirable cross-linkages 
leading to distortion or rupture on rehydration.

Levitt (1962) proposed that damage may be due to 
oxidation of sulfhydryl groups, resulting in the formation 
of disulphide bonds between adjacent proteins or portions 
of the same protein. On rehydration, these SS bonds with 
50-60 kilocalories of bond-energy remain unbroken and the 
protein molecule is distorted, or weaker bonds are ruptured.
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His evidence was based on finding an increased SB content 
when freezing produced injury.

Damage during freezing can be prevented by avoiding 
freezing within the cell, that is, avoiding crystalli
zation of ice, by cooling very rapidly in such a way that 
there is no time for water molecules to assume an ice-like 
configuration so that the temperature quickly falls below 
that at which vitrification of water occurs or, if micro-ice- 
crystals do form, that there is not enough time for them 
to grow (Mazur, 1963; 1966). Otherwise freezing should 
proceed infinitely slowly. Ultra-rapid cooling was at 
first thought not to be practical for biological purposes 
as it was estimated that a rate of 5,000° C/sec. would be 
required (Farrant, 1970). Later, Farrant (1975) showed 
that if cell systems were held at a subzero temperature 
for some time and then cooled rapidly to -196° C some pro
tection was afforded the cell systems. Walter e t  a l (1975) 
showed that during the period at the subzero temperature, 
the formation of extracellular ice leading to outflow of 
water from the cells caused lymphocytes to shrink and 
their content of intracellular ice to be reduced. There is 
also the possibility that the time in the subzero condition 
alters the sensitivity of the cellular membranes in some 
way so that they become insensitive to injury on subsequent 
freezing (Farrant and Walter, 1976). Many cell components, 
e.g. nucleus, lysosomes, mitochondria, etc., possess semi
permeable membranes similar to the external cell membrane 
and composed of lipo-protein complexes. The high sensiti
vity of lipo-proteins to freezing suggests that the inner 
membranes and the external membrane suffer irreversible 
damage during freezing (Lovelock, 1957).

The fact that many living cells and tissues have now 
been successfully stored at very low temperatures in spite 
of all the above-mentioned formidable hazards is due to the 
discovery of cryoprotectants (Polge et aZ, 1949; Lovelock 
and Bishop, 1959; Bricka and Bessis, 1955; etc.). These 
substances alone, at concentrations which are not in them-
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selves harmful, are able to prevent many of the destructive 
effects of freezing from taking place.

iii Cryoprotectants
Chemicals which aid cryoprotection have been called 

cryoprophylactic agents and solute moderators (Karrow and 
Webb, 1964). But the word 'cryoprotectant' was suggested 
at the second annual meeting of the society for cryobiology 
(1965) to mean a chemical that aids cryoprotection.

The historic discovery of the protective effect of 
glycerol was made by Polge e t  a l (1949), when they found that 
avian spermatozoa that had been cooled to -79° C in Meyer's 
histological albumin solution recovered with little damage. 
Further investigations revealed that glycerol was the 
active ingredient.

Lovelock (1953 ) demonstrated that the red-cell haemo
lysis produced by freezing and thawing was related to the 
increase in concentration of electrolytes as pure water was 
removed from the solution as ice. The protection afforded 
by glycerol or any other protectant is related to proper
ties which are independent of its nature and dependent on 
the number of particles present (i.e. its colligative pro
perties). Since the first use of glycerol, cryopreser- 
vation of living materials has become a more practical pro
position and various workers have utilized it in preserving 
a variety of living materials from tissues to bacteria. 
Lovelock (1954 ) found that a variety of other mono- and 
polyhydric alcohols, sugars and amides protect human red- 
blood cells during relatively slow cooling.

In 1959, Lovelock and Bishop reported the use of di- 
methylsulphoxide (DMSO) as a protectant for erythrocytes 
and spermatozoa. In 1961, Diamond e t a l used IMSO to protect 
intestinal protozoa from the damaging effects of freezing. 
It was also found to be protective for blood parasites, eg. 
trypanosomes (Walker and Ashwood-Smith, 1961). Chang and 
Simon (1968) evaluated the effect of DMSO on cellular sys-



terns: they showed that it was a more effective cryoprotec- 
tant than glycerol in that it diffused more rapidly and 
freely through cell membranes when used in the same percen
tage concentration. DMSO also required a shorter equili
bration period: 30 seconds was required for bovine erythro
cytes while 2 hours was required with glycerol (Lovelock 
and Bishop, 1959).

Other chemicals, some related to and seme dissimilar frcm 
glycerol have been established as cryoprotectants (Doebbler, 
1966; Harrow, 1969; Callow and Farrant, 1973).

Bricka and Bessis (1955) and Doebbler e t  a l (±966) 
demonstrated the extraordinary effectiveness of dextran and 
polyvinylpyrrolidone (PVP) at concentrations of 40% (w/v) 
in permitting the recovery of nearly 100% of human erythro
cytes after low-temperature treatment. Persidsky and 
Richards (1962) and Persidsky e t a l (1965) reported the use 
of PVP in the protection of bone-marrow cells (Mazuret aZ, 
1969).

O'Connell e t  a l (1968) screened 83 chemicals consisting 
mainly of alcohols, sugars, amides and amines for their 
ability to protect C rith id ia species during freezing. They 
showed that the alcohols were generally most effective and 
that the sugars showed some protection. Glycerol and DMSO 
at 10% (v/v) concentrations were best. The classification 
of cryoprotectants which have been used in preserving pro
tozoa is given in the table below (see Table II).

Vos and Kaalem (1965) investigated the effectiveness 
of 26 different compounds as protective agents for slow 
freezing of cells from tissue cultures. The best protection 
was found in mixtures, which included DMSO and glycerol; 
less protection was found in the other polyhydric alcohols 
including sorbitol and some other sugars such as glucose 
and D-ribose. Little protection was afforded by PVP or 
serum. Primary alcohols (methanol and ethanol), they found, 
reduced survival below that of controls. Bender e t  a l ( 1960),
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Table II

Classification of cryoprotectants used in Protozoology

Type of protectant Examples

monohydric alcohols ethanol, methanol

polyhydric alcohols glycerol, sorbitol

macro-molecular
polymers PVP, dextran

amides Acetamide

organic sulphur 
compounds

DMSO

sugars glucose, sucrose, (dextran), 
xylose, dextrose, 
(sorbitol).

reported that up to 85% of bone-marrow cells survived 
freezirg when they were treated with 0.4 M or 0.8 M sor
bitol.

The addition of non-penetrating sugars or polymers 
can increase survival. Strumia et a l (1958) reported that 
when human erythrocytes were frozen rapidly with 0.2 M lac
tose or 0.7 M dextrose there was 95% recovery.

Considering the ability of DMSO to assist the pene
tration of compounds which are usually biologically imper- 
meant, Robertson and Jacob (1968) suggested that the com
bination of DMSO with other cryoprotectants might give a 
cryoprotective synergism. Diamond (1964) reported the 
recovery of up to 40% of E, inoadens when frozen with a com—
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bination of 4.5% (vv/v) glucose and 15 % (v/v) DMSO. Djer- 
assi and Roy (1963) found that rat platelets were better 
preserved in 5% (w/v) dextrose with 5% (v/v) DMSO. The 
use of these compounds alone at the given concentrations 
did not confer any protection. But Karrowei a t (1965) 
considered that cryoprotective synergism did not result 
when they failed to recover rat heart-muscles from freezing 
in the presence of 12.5% (v/v) DMSO in dextran whereas each 
individual protectant conferred protection on its own.

Nash (1962) studied a variety of neutral solutes that 
are cryoprotective for erythrocytes and found that they had 
the following common properties: the ability to penetrate 
cells, lack of toxicity and a high affinity for water.
These qualities agree with those suggested by Lovelock 
(1953 , 1954 ), Lovelock and Bishop (1959) and Bemrick 
(1961), but they added that a cryoprotectant must be miscible 
with salt solutions. It is obvious that few cryoprotectants 
can have all of these properties because, for example, cryo
protectants like PVP, having a molecular weight of 30,000, 
do not penetrate cell membranes by simple diffusion 
although they have been shown to penetrate bone-marrow cells 
when used together with pinocytosis inducers (Persidsky e t  a t ,  
1965). The characteristics that appear to be most important 
are lack of toxicity and a high affinity for water (Pegg, 
1976). The absence of intrinsic toxicity is a self-evident 
requirement and the ability to produce concentrated 
solutions with low freezing-point is important because such 
compounds will be the most effective in reducing the dama
ging effect of salt concentration due to freezing. However, 
the fact that many commonly used cryoprotectants penetrate 
cell membranes actually produces some problems and is cer
tainly not a necessary property for cryoprotection (Pegg, 
1976). If cryoprotectants are toxic, the freezing procedure 
is doomed to failure in spite of careful control of all 
other factors (Narrow and Webb, 1965).

iv The Mechanisms of cryoprotection
The protection of cells in  v i t r o  against freezing in



jury by added cryoprotectants such as glycerol, DMSO, suc
rose and PVP can be explained partially by their action 
in lessening the ionic strength reached in the remaining 
solution during freezing (Farrant, 1975) by reducing the 
amount of ice present at any temperature during freezing 
and thus moderating changes in solute concentrations 
(Lovelock, 1953; Mazur, 1960; Farrant, 1965, and Farrant 
and Walter, 1976). In addition, the penetrating cryo
protectants will reduce the osmotic stress during thawing 
or dilution since they will leave the cell more slowly 
than water enters. Compounds such as DMSO, even at con
stant ionic strength, reduce the effect of the electrolyte 
on the cells so that they are less sensitive to change 
when a constant osmotic stress is applied (Farrant and 
McGann, 1975).

Lovelock (1953) was the first to propound a theory 
on the mechanism of glycerol action during freezing of 
erythrocytes;today, this theory still holds good. He 
stated that glycerol lowers the freezing point of the 
medium and allows movement of water out of the cell, inc
reasing the proportion of bound water within the cell as 
it does so and limiting the degree of electrolyte concen
tration by dehydration (Lovelock, 1953; Smith, 1961).

Lusena and Cook (1953) and Rapatz and Luyet (1963) 
suggested that the addition of glycerol to an aqueous 
medium results in an increase in its viscosity and a dec
rease in the number of ice-nucleation centres and the
rate of growth of ice. The glycerol which enters a cell 
forms H-bonds with intracellular water at -80° C (Harrow 
and Webb, 1965) and its concentration may increase to a 
toxic level as freezing progresses. When freezing does 
not take place, in the presence of glycerol, the damage 
caused by dehydration and salt concentration is reduced. 
The rate of cooling has to be slow to permit 
diffusion of glycerol through cell membrane to maintain 
osmotic equilibrium (Lovelock, 1953). However, the rate 
of transfer through different types of cell membranes

- 48 -
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varies and is related to the solubility of the compound in 
water, its electrical charge, viscosity and the temperature 
of administration and such a range of permeability for 
glycerol therefore explains why different glycerol concen
trations are required to obtain protection for different 
biological materials (Karrow, 1969).

Lovelock (1953 , 1954) assumed that living cells 
can enjoy protection against freezing damage afforded by 
glycerol only when fully permeated by it before freezing. 
Sherman (1963) emphasised the need for an appreciation of 
variability in cell systems and an emphasis on experi
mental evaluation of cells of different types and sources 
rather than application of untested assumptions based on 
one type and source. He presented evidence which indi
cated that extracellular glycerol confers protection to 
non-fertilized mouse eggs or bull sperms while intracellu
lar glycerol is actually toxic to these cells.

DMSO is a dipolar solvent with a high dielectric 
constant. It has a tendency to accept rather than donate 
protons. Evidence has been produced that molecules of 
DMSO (and other penetrating cryoprotectants perhaps) have 
the capacity to bind to water molecules by H-bonds at low 
temperatures (Doebbler, 1966; Chang and Simon, 1968).
Levitt (1962, 1966) considered that the mechanism of pro
tection results from the stability of the hydrogen bonds 
established between the cryoprotectants and proteins. 
However, Chang and Simon (1968) considered that there are 
no grounds to believe that the protective action of DMSO 
on living cells at low temperature depends on hydrogen 
bonding but is related to the colligative properties of 
the cryoprotectant in solution. DMSO has low toxicity and 
can penetrate cellular membranes even faster than glycerol. 
It reduces the changes caused by high solute concentrations 
at usual freezing rates (Smith, 1961; Karrow, 1969;
Farrant, 1970). Cryoprotectants such as DMSO and poly
hydroxy compounds not only prevent freeze-induced cross- 
linking of proteins but also urea-induced hybridization.
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It has been reported that urea actually decreasesthe 
amount of cryoprotection afforded by cryoprotectants 
(Doebbler and Rinfret, 196a>,1965).

PVP is a polymer cryoprotectant, it is a large 
interface-seeking molecule which has been considered to 
coat erythrocytes immediately following thawing giving 
them mechanical protection against haemolysis due to 
osmotic stresses. It could prevent the seeding of super
cooled water inside the cells (Mazur, 1966) or it could 
coat sensitive membranes so that they are no longer de
natured by strong salt solutions. PVP is a pure hydro
gen acceptor which readily forms H-bonds (Mazur, 1966; 
Ashwood-Smith and V/arby, 1971).

The mechanism of PVP protection is not really very 
clear; the colligative theory of protection seems not to 
apply here (Harrow, 1969) but, to some extent, removal of 
some water during crenation of red cells following 
addition of PVP may help in preventing osmotic injury 
during cooling. It has not been shown to prevent intra
cellular crystallization of water (Meryman, 1966).
Lovelock (1957) considered that the loss of lipoprotein 
from the red-cell membrane makes it permeable to cations 
and also sensitive to osmotic lysis on thawing; therefore, 
a coating of polymer might either prevent the denatura- 
tion or stabilize the membrane against subsequent os
motic stress (Meryman, 1956; 1968) and PVP may possibly 
act in this way. Persidsky and Richards (1962) 
demonstrated that bone-marrow cells are protected by PVP 
during freezing and thawing. Although these cells can be 
induced to absorb PVP, protection seems not to be depen
dent upon intracellular PVP for the cells were still pro
tected when pinocytosis was inhibited. Meryman e t al(1962; 
Meryman, 1966) showed that tbawinE erythrocytes in a PVP solution 
improved recovery despite the fact that PVP obviously 
could not contact the cells until after thawing was com
pleted, suggesting that PVP imparts stability to the cell 
during the interval immediately following thawing. Woolgar
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(1972) considered that reduction in haemolysis by the 
presence of external PVP when frozen erythrocyte suspen
sions were thawed was probably due to the balance that the 
PVP provided for the intracellular colloid once the cell 
membranes had become leaky to cations.

Meryman (1966) emphasised that protection appears to 
be afforded to nucleated cells only by penetrating addi
tives; when these are used, at adequate concentration, 
slow freezing is tolerated. Rapid freezing is rarely 
tolerated by nucleated cells regardless of additive. 
Extracellular additives and polymers appear to be of value 
only for freezing of erythrocytes (Meryman, 1966).

Farrant and V/oolgar (1970) have shown that the pre
sence of 15-30% (w/v) PVP depresses the rise in salt con
centrations of the system PVP-NaCl-KgO sufficiently to 
enable human red cells to survive exposure to -10° C for 
20 minutes. Even though these compounds do not penetrate 
into the cells, they will reduce the build up of salt con
centrations inside the cells since intracellular solute 
concentrations will be in equilibrium with the reduced 
external salt concentration (Pegg, 1976).

Karrow e t  a l (1965) thought that dextran, an extra
cellular protectant, protects rat heart muscles.against 
freezing damage probably by blocking cell 'pores' to pre
vent the escape of intracellular water during freezing and 
by preventing the seeding of intracellular water by extra
cellular ice. This they considered might also explain the 
cryoprotective ability of other non-penetrating cryopro- 
tectants to cells. However, this explanation conflicts 
with that of protection by the holding period method using 
penetrating cryoprotectants. Walter e t  a l (1975) showed 
that during the holding time at -26° C, lymphocytes in 
5% (v/v) DMSO suspension were exposed to a high external 
osmolality, which caused cell shrinkage, and when they were 
cooled rapidly no intracellular freezing occurred and a 
high survival rate was obtained.



Heber and Santarius (1964) suggested that sugars are 
cryoprotectants by virtue of their abilities to retain 
water or substitute for water in structures sensitive to 
dehydration. They proposed that during freezing, a pro
portion of water bound to disaccharides may be lost and 
thereby permit disaccharide-protein interaction. Levitt 
(1962) also suggested that protection by sugars results 
from the stability of the H-bonds established between the 
cryoprotectants and protein and that the H-bond does not 
rupture during the freezing process. According to Harrow 
(1969) there is no strong evidence to support these 
theories because they fail to explain the cryoprotective 
ability of PVP and dextran.

v Methods of cooling living materials
The reliability and reproducibility of cryopreser- 

vation procedure has been questioned because workers have 
experienced inconsistency in their results. Some of 
these differences can be attributed to the duration of 
preservation or to performance of different samples of 
the same isolate. According to Lumsden, a major propor
tion of these differences results from the differences or 
irregularities in cryopreservation techniques (Lumsden, 
1972). To obtain consistent results, rigorously con
trolled techniques are desirable. Once stabilates have 
cooled to the storage temperature they should b6 main
tained at that temperature impeccably otherwise fluctu
ation of temperature may seriously affect results. For 
this reason, storage in containers cooled by solid carbon 
dioxide (C02) or liquid nitrogen (Ng) has been recommended 
(Meryman, 1963; Lumsden, 1972; Pegg e t  a l , 1973; Pegg, 1976) 
in preference to mechanical refrigeration. With solid 
COr, and liquid Ng systems strict maintenance of storage 
temperatures can be assumed so long as refrigerant is 
present (Lumsden, 1972).

Liquid Ng is cheap, it is non-inflammable, it has a 
low boiling point (-196° C) and a high heat of vaporiza



tion of 85.7 British Thermal Units (B„T.U.)/hr (Corriel e ta l ,  
1964). It is very easy to handle, and it can be stored in 
small storage containers which makes it more suited to 
laboratory conditions (Walker, 1966). Solid COg, when 
used with methanol also easily maintains a constant tem
perature. Unfortunately, the minimum temperature it gives 
is -79° C and COg-methanol mixtures cannot be used with 
confidence for prolonged storage.

There is much evidence that liquid N? storage is 
preferable to COg storage especially if materials are to 
be stored for prolonged periods (Polge and Soltys, 1957; 
Levine etaZ,1958; Jeffery, 1962; Diamond, 1964; Pegg e t a l ,  
1973; Pegg, 1976). Several sophisticated controlled-rate 
cooling machines have been described (Pegg e t  a lt 1973).
They are convenient to use and they also provide simul
taneously a record of the cooling curve actually obtained. 
Other reasons for preferring liquid Ng storage will be 
discussed in detail later.

A . 4 Measuring the success of cryopreservation

One of the most important aspects of freezing para
sitic protozoa is to be able to recover in a viable con
dition from the frozen state as large a proportion of the 
original population as possible. Experiments to study 
this cannot be done unless a technique is developed where
by the success of cryopreservation can be quantitatively 
measured. In the past, biological characteristics, such as 
ability of frozen inocula to grow in culture or to infect 
susceptible laboratory animals, morphology, motility or 
ability to exclude dyes or take up stains, have been used 
as the criteria for assessing the efficiency of cryopre
servation of living biological materials after retrieval 
from the frozen state. These criteria are unsatisfactory 
because they give no direct information on the percentage 
of individuals capable of multiplication in a frozen popu
lation. It has been shown that the estimation of the 
viability of a sample cannot be based on visual means
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alone since not all the organisms seen to be motile are 
capable of reproduction nor are those that are non-motile 
necessarily incapable. For example, Lumsden e t  a l(1966) 
showed that non-motile suspensions of T. vag in a lis were 
capable of reproduction when inoculated into cultures, 
whereas Kouwenhoven (1967) was unable to Infect chickens 
with the oocysts of b’imeria ten e lla after freezing and 
thawing even though the parasites looked morphologically 
unaltered (Dalgleish, 1972). Overdulve and Antonisse (1970a) reported that 
Leeflang was unable to infect mice with T. congolense from 
the blood of a mouse which had previously been treated 
with a trypanosomicide although their morphology and 
motility were unaltered.

In virology and bacteriology enumeration of particle 
numbers using a haemocytometer has not been practicable 
as an index of viability or infectivity; titration tech
niques based on serial dilutions of suspension of organ
isms have been used followed by inoculation of groups of 
animals or cultures. This technique is based on the ob
servation of the quantal (all or none) response in the 
group of inoculated animals or cultures using a standard 
inoculum at several serial dilutions, the end-point of 
which is determined by the dilution that infects 50% of 
the recipients (= infective dose 50 or ID5Q) (Reed and 
Muench, 1938) or 63% of them (infective dose 63 or IDgg) 
(Lumsden e t  a l , 1963).

These methods have been used to measure the infecti
vity of many protozoa to susceptible animals or cultures. 
For example, Collins and Jeffery, (1963) used the ID5q 
end point to compare the effect of glycerol and DMSO as 
cryoprotectants for Plasmodium species. Lumsdenei a l (1963) 
developed a simple method for the titration of the infec
tivity of T. bruoei to mice using the IDg3 end-point. The 
same method has been adopted for measuring the infectivity 
of other Trypanosoma species after freezing and thawing 
(Raether and Seidenath, 1972)-, for the infectivity of 

Trichomonas vag in a lis to cultures after cryopreservation 
(Lumsden e t  a l , 1966) and also for evaluating the effect of
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freezing on a variety of protozoa including Leiahmania 
(Mieth, I960). Thus, the IDg^ method allows quantitative 
measurement of the survival of parasites after cryopre- 
servation.

Simple techniques based on observations of the time 
elapsing between inoculations and the appearance of an 
infection in the blood (Overdulve and Antonisse, 1970a) 
or a defined level of parasitaemia (Warhurst and Folwell, 
1968) have also been developed. Warhurst (1966) titrated 
the infectivity of P. berghei frozen and thawed in the 
presence of DMSO using the period between inoculation and 
infection of 2% of the erythrocytes (which he called the 
pre-2% level) as the criterion for measuring success of 
cryopreservation. Overdulve and Antonisse (1970b) used 
linear relationship between infective dose and either pre
patent period or survival time in mice to measure the 
effect of freezing B. rodhaini in the presence of DMSO.

Dalgliesh (1972), assessing the cryoprotective effect 
of DMSO in B. rod ha in i, found that more reliable estimates 
of survival could be obtained by titration to an end-point 
and measuring the mean prepatent period for each group. 
Callow and Farrant (1973) assessed the success of free
zing L. tropica major promastigotes by the time taken for 
the flagellates to appear in cultures after thawing and 
inoculation.

A. 5 Stability of biological characteristics after
cryopreservation
The objective of cryopreservation is to ensure that 

the organisms can survive long-term frozen storage. 
Having established this, it is important to test whether 
their biological characteristics have been retained by 
comparing these characteristics before and after cryo
preservation. Biological characteristics such as infecti
vity, virulence, mutation frequency, drug resistance, 
antigenic pattern, immunizing capacity and drug-induced 
photosensitivity have all been suggested by Hawking and
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Walker (1966). Other characteristics such as chromosomal 
patterns and enzyme activities have also been suggested 
by Moline e t  a l (1962).

However, only a very few of these characteristics 
have been tested, and so far no evidence has been pro
duced to suggest their modification as a result of cryo- 
preservation; perhaps Lumsden (1972) was right in thin
king that cryopreservation has a selective effect on the 
population in a way unrelated to its biological variation 
(except perhaps selection for resistance to cryopreser
vation) .

One of the most important biological characteristics 
is virulence. Neal e t  a l (1974) tested several strains of 
E. h i s to ly t ic a  for their virulence to rats after retrieval 
from frozen storage; they showed that virulence was not 
changed although some differences in degree were observed. 
The same workers (Neal e t  a l ,1974) tested the response of 
E. h i s to ly t ic a  to emetine after storage for different 
periods in liquid nitrogen. They found that the drug 
sensitivity was virtually identical to that before free
zing. Gordon e t  a l (1969) compared antigens prepared from 
normal axenically derived amoebae and from descendants of 
frozen amoebae in cross-titration in an indirect haemag- 
glutination test, using known reactive human sera and 
hyper-immune rabbit sera. They found that the serum anti
body titres were identical at comparable antigen dilutions 
suggesting that no permanent antigenic changes had 
occurred as a result of freezing.

A.6 Objectives of the present work

The success of cryopreservation has hitherto been 
assessed by methods based on the exclusion of supravital 
stains, mobility, morphology and cultivability in culture 
media or in laboratory animals. Some of these methods 
are not easy to quantify for viability assays since they 
depend on subjective visual assessments. The method



based on dye exclusion does not permit precise quantifi
cation of the number of organisms that are still viable 
after freezing. It is therefore unsatisfactory. Its un
reliability will be discussed later. The introduction of 
an assay method based on Lumsden's IDg3 end-point offers 
an attractive alternative to other assay methods (except 
the IDgQ). This assay gives objective results and is a 
sensitive method for the measurement of 'viability' of 
amoebae after cryopreservation.

It has been reported that on the average (using the 
dye-exclusion method of assessment) about 10-20% o/ 
amoebae 'recover' from freezing, but the number could be 
as low as 0.2% or as high as 45% (Neal e t  a l1974). It is 
possible that other conditions apart from the method of 
assessment of viability may influence the number of 
parasites which are recorded to have survived freezing.
In cryopreserving amoebae, only DMSO and glycerol amongst 
83 chemicals known to have cryoprotective ability 
(O'Connell e t  a l31968) have been useful. DMSO has also 
been used successfully in combination with glucose. The 
investigation of the cryoprotective ability of other 
chemicals for E. h is to ly t ic a is therefore desirable.

Other factors which may have direct bearing on per
centage survival are the suspending medium used for free
zing and the type of medium used for cultivation after 
thawing. It is clear that an axenic medium is not a 
suitable medium for cultivating amoebae immediately after 
thawing (Neal e t aZ, 1974; Raether and Uphoff, 1976). There 
is still the need to find a medium which will very readily 
support the growth of amoebae on retrieval from frozen 
storage.

Other factors such as period of domestication, age of 
parasites, concentration of organisms in the suspension, 
volume of suspension, equilibration conditions and post
thaw handling may all play important roles in the survi
val of E. h is to ly t ic a after cryopreservation.



It is surprising that the controlled-rate method of 
cooling has not been fully investigated; most workers have 
used freezing rates of 1° C/min to freeze amoebae down to 
between -35° C and -45° C before rapidly cooling them at 
uncontrolled rate to the storage temperature. Neither is 
there enough information on survival; generally, samples 
have been routinely thawed in water baths at about 37° C. 
Only Diamond (1964) has produced evidence to show that 
thawing rate has an effect on the survival of cryopre-< 
served amoebae.

In view of all these irregularities; I have set out to 
investigate empirically the various factors which may be 
influential in determining the survival of E. h is to ly t ic a  i n  
cryopreservation by:

i. setting up a standard method for the cultivation of 
E. h is to ly tic a so as to measure survival from cryopreser
vation;
ii. optimising the growth conditions of E. h is to ly t ic a in 

the medium developed;
iii. setting up a sensitive and accurate system, based on 
infectivity titrations, for measuring the success of cryo
preservation;
iv. investigating the various conditions which might 
influence survival, with particular emphasis on the effect of 
onesuspending medium used for freezing, the cryoprotec- 
tants (such as PVP, glucose, ethanol, methanol and sorbitol), 
equilibration conditions, volume of suspension to be frozen, 
freezing rates, warming temperatures and length of storage.

Having established optimal conditions for cryopreser
vation of E. h is to ly t ic a  i t  was necessary to test, using sensi
tive methods such as growth-rate measurement, iso-enzyme 
characterization, concanavalin A-induccd agglutination, reaction 
in the indirect fluorescent antibody test and toxicity to 
leucocytes, that the biological characteristics had not been 
altered by cryopreservation.



B MATERIALS AND METHODS

Bl. General Methods

B1.1 Preparation of solutions used

i. Hank's physiological solution - This solution was 
prepared by dissolving the following ingredients in a litre 
of distilled water: 0.4 g potassium chloride, 0.152 g 
disodium hydrogen orthophosphate, 0.06 g potassium dihy
drogen orthophosphate, 8.0 g Sodium chloride, 0.14 g 
calcium chloride, 0.1 g magnesium sulphate, 0.1 g magne
sium chloride and 1.0 g dextrose. The pK was adjusted to 7.2 or
7.6 as required with Tris (hvdraxjmethyl) amino methanesolution, using 
phenol red as indicator. The medium was autoclaved and stared at 4° C.

ii. Phosphate buffered saline (PBS) - This was prepared 
either by dissolving 1 tablet of PBS (Dulbecco A, Oxoid) in 
100 ml sterile distilled water or from a mixture of 
0.001 M sodium phosphate and - 0.145 M sodium chloride. 
The pH of PBS from Oxoid was 7.2 and the other was 7.1.
They were sterilized by autoclaving.

iii. Peptone water - 10.0 g peptone (Oxoid L37) and 5.0 g 
sodium chloride were dissolved in a litre of distilled 

water and adjusted to pH 7.2. The mixture was distributed 
in 4.0 ml quantities in bijou bottles (a bijou bottle is a
5.0 ml glass bottle with screw cap) and au laved. It 
was used for cultivating and maintaining Escherichia c o li-B  
in the laboratory.

B1.2 The bacteria

i. Isolation and cultivation - Ea. c o l i - B  used in the 
cultivation of E. h is to ly t ic a in all my experiments was 
obtained from the National Collection of Type Cultures (No. 
10537) in lyophilized state in a vacuum ampoule.

To prepare cultures from this sample, the following



procedure was adopted. A file mark was made on the ampoule 
near the middle of the cotton-wool plug and a red-hot glass 
rod was applied at the file mark to crack the glass. Time 
was allowed for air to seep into the vacuum ampoule through 
the plug to filter atmospheric air. The tip of the ampoule 
was broken off very cautiously and disposed of aseptically. 
The cotton wool plug was removed with a pair of sterile 
forceps. Both forceps and plug were aseptically disposed 
of. 0.5 ml of 20% sterile peptone was added to the lyo- 
philized bacteria by the use of a sterile pasteur pipette. 
The suspension was thoroughly mixed by filling and emptying 
the pipette. Care was taken to avoid frothing. The sus
pension was then tested for purity by streak-plating it on 
to agar.

The plates (nutrient agar, blood agar and eosin/ 
methylene-blue agar) were incubated at 37° C for 24 hours 
to isolate pure colonies of Es. c o l i - B  and also to test 
purity of the sample. A colony from an eosin/methylene- 
blue agar plate was subsequently used in maintaining the 
strain in the laboratory. The colony to be passaged was 
picked up by a cooled, previously flamed loop and was 
aseptically placed in 4.0 ml peptone water in a 5.0 ml 
bijou bottle. The bottle was then incubated at 37° C for 
24 hours after which the bacterial suspension was left on 
the bench at room temperature. Subcultures were routinely 
made at weekly intervals by first streak-plating an exis
ting culture on to agar and then subculturing a colony 
from it. Contamination can thus be detected and avoided.

ii. Standardization of the bacterial component of cul-r 
tures - In order to obtain results which could be duplicated 
precisely during the whole exercise, it was desirable to 
have a standardized culture medium t o r  E. h is to ly t ic a . Such 
standardization requires that the bacterial components of 
the medium should be quantified so that approximately the 
same number of viable organisms, can be used to initiate 
cultures at all times. For bacteria, such quantification 
can be done by estimating viable counts of the organisms 
in the suspensions.



iii. Determination of viable count of bacterial suspensions- 
The procedure for the determination of viable counts of 
live vibrios by Ghosh e t  a l . (1966) was adopted. A bac
terial suspension to be tested for viability was carefully 
homogenized by repeated pipetting with a sterile pasteur 
pipette. Ten-fold serial dilutions were then made by 
carrying over 0.1 ml of the suspension in 0.9 ml of peptone 
water. 0.1 ml from each dilution was plated on to two 
nutrient-agar plates. The covered plates were incubated 
face downwards at 37° C for 24 hours. The colonies on 
both plates from an appropriate dilution giving between 
100-300 colony-forming units per plate were counted. The 
number of colony-forming units in each millilitre of undi
luted suspension was computed from their average.

When viable counts were to be made on frozen samples 
of Ee. o o li - B , the following procedure was adopted. A 
capillary tube whose content was to be tested for viability 
was scored and broken at both ends and weighed. The con
tent was expelled into 1.0 ml of medium on which the 
bacteria were grown and the tube was reweighed to determine the 
weight of the stabilate. The volume was then adjusted in 
such a way that 1.0 ml of medium contained 10.0 mg of 
stabilate. Ten-fold serial dilutions were made and esti
mation done as described earlier. Only the suspensions whose 
viable number of live organisms had been determined were 
used for cryopreservation.

iv. Cryopreservation of Eb . o o li — B — One of the reasons 
for cryopreservation of Eb . o o li - B was to be able to 
obtain a standard suspension of bacteria at all times.
Apart from this, it was necessary to cut down on the time 
spent on its maintenance in  v i t r o , to prevent any physio
logical changes that might occur with continuous serial 
passaging, to know beforehand its behaviour during and 
after freezing in the different media, and to test the 
effect of cryoprotectants on its viability after freezing.

The procer ire described by Lumsden e t  a l . (1966) for



the cryopreservation of trypanosomes was adopted. Ea. c o l i-  
B suspensions whose number of viable organisms had been 
estimated and adjusted in such a way that 1 . 0  ml of the 
suspension contained 368 x 106 organisms were used.

Es. c o l i - B were suspended in various media with or 
without cryoprotectants. Several stabilates were laid 
down for each type of suspension by half filling (25.0 pi) 
as many capillary tubes as possible with the suspensions 
using sterile techniques. The filled capillary tubes were 
flame-sealed on a microburner. Each batch of stabilate 
was stored in a screw-cap test tube containing methanol 
and appropriately labelled. Labelling was done by writing 
boldly in pencil on a strip of white blotting paper which 
was placed inside the test tube in such a way that it 
could be easily read.

The test tubes were placed in an insulating jacket 
which was then sealed with a piece of adhesive tape. It 
was deposited in a solid-COg cabinet overnight. On the 
following day, the insulating jacket was removed from its 
placement in the solid-COg cabinet, the test tubes were 
removed and quickly placed in a C0 2_metbanol bath (-79° C). 
The tubes were subsequently stored in an electrical freezer 
at -79° C.

All bacteria used in preparing "BR" were derived from 
the stabilates (see page 69).

When a stabilate was required for making BR , a 
capillary tube was withdrawn from deep freeze, thawed 
rapidly in tap water and wiped clean with 70% ethanol.
Both ends of the capillary tube were scored and broken off 
and the stabilate was expelled on to a sterile glass slide 
with the aid of a sterile holey blower and was thoroughly 
mixed using the end of the capillary tube.

1 0 . 0  pi of the thawed suspension was transferred into
4 . 0  ml peptone water using a sterile 1 0 . 0 ul microcap and



incubated at 37° C for 24 hours. The culture was left on 
the bench at room temperature overnight. On the fol
lowing day, 0 . 1 ml of this bacterial suspension was used 
to inoculate 20.0 ml of sterile medium R in 4.0 oz medical 
flat bottles and incubated at 37° C for 24 hours (see page 68).

B1.3 The amoebae

i. Origin of stocks* used - Thesiger, SN, JEH, Thirer 
and Bean stocks were isolated from semi-formed to formed 
stools of apparently asymptomatic cyst-passers. Stocks 
Rafiq, Mukerjee and Thirer were isolated and supplied by 
Mr. P.G. Sargeaunt.

Irvine was isolated from the stool of a patient with 
an amoebic liver abscess. Antibody to E. h is to ly tic a was 
present in the serum at a high titre.

Fenn was isolated from a brown formed stool specimen 
of an asymptomatic cyst-passer. The patient had a history 
of acute amoebic dysentery a year before this isolation 
was made.

Fox was isolated from dark-brown formed stool of an 
asymptomatic cyst-passer who had just returned from 
Tanzania. At the time of isolation, stool cyst concen
tration revealed mixed infection with E. c o l i and E. nana.

Atkinson (or ST21) was isolated by Dr. D.C. Warhurst 
as haematophagous trophozoites from rectal scrapings of a 
13 year old English patient with bloody diarrhoea. Her 
serum showed antibody against E. h is to ly t ic a and she was 
diagnosed as having amoebic dysentery.

* A stock is a population derived by serial passage in  v itr o and/or in  v ivo from a primary isolation, without any implication of homogeneity .or characterization. WHO (1978). This word has replaced the word'strain'which is more 
generally used.
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Biswas was isolated in 1964 from the formed stool of 
an apparently asymptomatic seaman at Devonport Laboratory. 
Serological tests later revealed invasive amoebiasis. CFT 
was positive at a titre of 1/90 (Sargeaunt, personal com
munication). The stock was kindly supplied by Dr. R.A.
Neal in HSre medium. It has undergone several serial pas
sages and even cryopreservation (Nealet a l . 1974).

Ali was isolated from a semiformed mucoid but not 
bloody stool of an Afganistan patient. The stool contained
cysts of E. h is to ly t ic a and E. nana.

NIH:200 was supplied by Dr. D.C. Warhurst in axenic 
(Diamonds) medium and also in association with C rith id ia  
species in TTY medium, and in Robinson's medium 
with mixed bacterial flora.

ii. Isolation of ff. h is to ly t ic a stocks - On the receipt of 
faecal samples or rectal scrapings direct microscopic 
examinations were made of fresh samples suspended in nor
mal saline and in double strenth Lugol's iodine to observe 
viable trophozoites or cysts. Whether this revealed cysts 
or not, a formol-ether concentration technique (see below) 
(Ridley and Hawgood, 1956) was used to concentrate cysts 
from faeces. Cyst concentrates were re-examined micro
scopically, using a x 20 objective and permanent.prepa
rations were made using alum-haematoxylin stain. Also, 
cyst concentrates were mounted in Sargeaunt's stain to 
differentiate nuclei and chromatoid bodies for correct 
identification of species. Amoebae were also isolated 
from faecal samples or rectal scrapings by direct inocu
lation into Robinson's primary medium.

Preparation of double-strength Lugol’s iodine
1 . 0  g iodine
2 . 0 g potassium iodide

50.0 ml distilled water
The iodine and potassium iodide were dissolved in



1 0 . 0 ml of the distilled water by shaking together in a
25.0 ml stoppered bottle. It was made up to 50.0 ml with 
the rest of the distilled water.

iii. Methods of identifying amoebic species
Formol-Ether method of concentrating faecal cysts - 

A piece of faeces about the size of a walnut was emulsi
fied with a pestle and mortar in about 30.0 ml 10% forma
lin in 0.9% (w/v) saline. It was strained through a wire sieve with
50 mesh to 1 inch into a bowl. The emulsion was used in 
filling two-thirds of a 25.0 ml centrifuge tube. 3.6 ml 
ether was added and the tube was shaken vigorously. The enulsion ws 
centrifuged in a bench centrifuge at 500 g for 2 minutes. 
The surface deposit was loosened with an orange-stick and 
the supernatant and debris were poured away leaving the 
sedimented concentrate. A drop of this was removed with a 
pipette on to a clean slide and examined under a x 20 
objective after staining with double-strength Lugol's 
iodine solution or Sargeaunt's stain.

Staining techniques for ff. h is to ly tic a
Sargeaunt's method for staining amoebic cysts - After 

f'ormol-jether concentrations of cysts, one drop of faecal 
concentrate was mixed with one drop of stain on a slide 
and examined under the microscope for the identification 
of cyst chromatoid bodies and nuclei.

Preparation of Sargeaunt's stain (Sargeaunt, 1962)
0 . 2  g. malachite green
3.0 ml glacial acetic acid
3.0 ml 95% ethanol

1 0 0 . 0  ml distilled water
The malachite green was dissolved in the alcohol; 

acetic acid was added and made up to 100 ml with distilled 
water.

Alum-haematoxylin staining technique (Robinson, 1968a)
Smears were prepared from sediments from formol—ether
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concentrates and stained as described below,or were pre
pared from suspensions of culture material.

To stain fresh amoebal suspensions, a drop was added 
to 4 drops horse serum on a clean glass slide and thoroughly 
mixed. A thin smear was then made. The slide was placed 
in a fixative mordant (overnight) as the edges began to dry. 
On day two, it was passed through 33% ethanol and stained 
in haematoxylin for 20 minutes. It was washed in tap 
water, differentiated in 2% alum solution for 3-5 minutes 
and washed again in tap water. It was dehydrated in 
alcohol, cleared in xylene and mounted in Canada balsam.

Preparation of haematoxylin
10% alcoholic solution of haematoxylin

0.3% phenol water
One part haematoxylin was diluted with 19 parts 

phenol water.
Preparation of fixative mordant

40.0 ml 2% alum solution
150.0 ml fixative base made up thus:

20 .0 ml glacial acetic acid
130.0 ml water
0.5 g phosphotungstic acid

Ethanol to 900.0 ml.

B1.4 Culture media
i. Robinson's medium (Robinson, 1968a) - The diphasic 

medium consists of a saline-agar slope and a fluid over
lay .

Saline-agar slopes - 15.0 g fine agar powder 
(British Drug Houses - BDH) and 7.0 g sodium chloride 
were dissolved by boiling in a litre of distilled water. 
It was distributed in 2.5 ml quantities in quarter-ounce 
screw—capped glass bottles Obijous) or in 1 0 . 0 ml quanti



ties in universal bottles. The bijou bottles had rubber- 
lined perforated screw caps to facilitate easy inocu
lation and minimize risk of contamination. The 
bottles were sloped and the saline-agar allowed to set after autocla
ving. They were stored at room temperature.

The overlay consisted of different solutions, 
the preparation of which js set out below:

Antibiotics - 0.5 g erythromycin powder (Abbot 
Laboratories) was dissolved in 2.5 ml 70% ethanol in 
a sterile container and left in the refrigerator 
at 4° C for 2 hours. 97.5 ml sterile distilled 
water were added aseptically. The solution was dis
tributed in 4.0 ml volumes in bijou bottles and 
stored at 4° C.

Bactopeptone - 20.0 g Bactopeptone (Difco) 
were dissolved in 1 0 0 . 0 ml sterile distilled water. 
It was dispensed in 4.0 ml volumes in bijou bottles, steri
lized by autoclaving and stored at 4° C. 10% . 
Lablemco (Oxoid) was substituted for bactopeptone 
when stock cultures were failing.

Starch - Rice powder (Oxoid) was distributed 
in small amounts in bijou bottles, sterilized by 
autoclaving and stored at room temperature.
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Phthalate solution - 204.0 g Potassium hydro
gen phthalate were dissolved in 1 0 0 . 0 ml freshly 
prepared 40% sodium hydroxide solution. This was 
made up to 2 . 0 litres with distilled water; the 
pH was adjusted to 6.5. It was then dispensed in
1 0 0 . 0  ml medical flat bottles, autoclaved and 
stored at room temperature, When it was required 
for use, it was diluted 1 : 1 0  with sterile distilled water 
to make a 0.05 M solution.

Medium "R" - The following ingredients were 
dissolved in a litre of distilled water: 62.5 g 
sodium chloride, 25.0 g citric acid monohydrate, 
6.25 g potassium dihydrogen orthophosphate, 12.5g 

ammonium sulphate, 0.625 g magnesium sulphate 
heptahydrate and 100.0 ml lactic acid (BDH, 90.08%). 
This stock solution, pH 7.0, was stored for at 
least 4 weeks before use to avoid change of pH.
For use, 7.5 ml freshly prepared 40% sodium hydro
xide and 2.5 ml 0.04% bromthymol blue were added 
to 1 0 0 . 0 ml stock solution and made up to 1 litre 
with distilled water. The medium was dispensed in
2 0 . 0  ml quantities in 1 0 0 . 0 ml medical flat 
bottles, autoclaved and stored at room temperature.



Basal amoebic medium "BR" - 10.0 pi of Ee. coli-B  
stabilate was inoculated into 4.0 ml peptone water in a 
bijou bottle, incubated at 37° C for 24 hours and left on 
the bench overnight. 0 . 1 ml of this was added to 20.0 ml 
medium R in medical flat bottles and incubated at 37° C 
for 24 hours. The BR was stored at room temperature for 
2 days before it was used.

Basal amoebic medium "BRS" - 400.0 ml uninactivated 
horse serum (Wellcome Laboratories, No. 3) was removed 
from -20° C storage and allowed to thaw on the bench. It 
was aseptically distributed in 20.0 ml volumes in univer
sal bottles. The bottles were kept at 4° C. To make BRS,
20.0 ml serum was added to 20.0 ml BR which had been kept 
on the bench for 2 days,and incubated at 37° C for 24 
hours. It was subsequently stored at room temperature for 
2 weeks before use.

Initiation and maintenance of cultures in Robinson's 
medium - All the amoebae used except stocks Atkinson and 
NIH:200 were derived from the faeces of patients. They 
were isolated in bijou bottles containing Robinson's pri
mary medium: 3.0 ml BR containing 0.06 ml 0.5% (w/v) ery
thromycin solution and 1 0 . 0 mg rice starch as a liquid 
overlay on the saline-agar slopes. The cultures were then 
incubated at 37° C. After 48 hours, the overlay was 
removed by pipetting without disturbing the sediment, and 
was replaced by 3.0 ml BRS diluted (1/2 - 1/5) in 0.05 M 
phthalate and containing 0.06 ml 20% (w/v) bactopeptone 
or 0.06 ml 10% (w/v) "Lablemco", 0.06 ml 0.5% (w/v) ery
thromycin solution and 10.0 mg rice starch. This BRS 
medium diluted with phthalate is referred to here as 
Robinson's 'secondary' medium or RSM. Isolates from rec
tal scrapings were inoculated straight into RSM.

Stock cultures were subsequently maintained in bijou 
bottles at 37° C in RSM at phthalate/BRS proportions which 
appeared to favour growth best. Four drops of sediment
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containing viable trophozoites from a pre-existing culture 
were routinely transferred to fresh culture bottles under 
sterile conditions at 48-72 hour intervals. When stock 
cultures exhibited decline in the growth of amoebae, the 
ratio of BRS:phthalate was adjusted, antibiotics were left 
out. Sometimes it was necessary to change from 20% bacto- 
peptone to 10% Lablemco. The presence of E. h is to ly t ic a  in  
primary isolations was suggested in the first place by the abundance 
and rapidity of amoebic growth (Robinson, 1968b).

For experimental purposes, stock cultures of amoebae 
were grown in large amounts in universal bottles. The 
overlay, which was made up in bulk, consisted of: 75.0 ml 
phthalate/BRS solution, 1.5 ml 0.5% (w/v) erythromycin 
solution, 1.5 ml 20% (w/v) bp.ctopeptone. This RSM was 
dispensed in 1 0 . 0 ml volumes in universal bottles con
taining sloped agar, and about 30.0 mg of rice starch was 
added.

For purposes of infectivity titrations, RSM was pre
pared in bulk as described above but was dispensed in
3.0 ml volumes in bijou bottles containing sloped agar 
and 10.0 mg rice starch. They were usually pre-warmed 
before inoculation of amoebae.

ii. Loc-ke-egg-serum (or LES) medium (Boeck and Drbohlav, 
1925) - Like Robinson's medium, it is diphasic,but the 
solid part consists of inspissated egg made up as fol
lows: 4 standard eggs were washed and cleaned with 70% 
ethanol. They were broken into a sterile flask containing 
sterile glass beads. 50.0 ml sterile Locke's physio
logical solution was added and the egg mixture was homo
genized by vigorous shaking. It was aseptically dis
pensed in 10.0 ml volumes in universal bottles* or in 3.0 
ml volumes in bijou bottles.

The tubes were sloped and inspissated at 75°-80 C 
in a hot-air oven for one hour. The slopes were further
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sterilized by heating at this temperature for 1 hour on 3 
successive days.

The overlay - This consists of 1 part sterile horse 
serum (inactivated by heating at 56° C for 45 minutes in a 
water bath) and 8 parts Locke's physiological solution.

Preparation of Locke's solution - 9.0 g sodium chlo
ride, 0.2 g calcium chloride, 0.4 g potassium chloride,
0.2 g sodium bicarbonate and 2.5 g D-glucose were dis
solved in 1 litre distilled water. The pH was adjusted to 
7.0. It was distributed in medical flat bottles and 
sterilized by autoclaving.

Initiation and maintenance of cultures in LES medium -
1 0 . 0  ml overlay was used to partly fill an egg slope con
tained in a universal bottle, and about 30.0 mg rice starch 
and 0.18 ml 0.5% (w/v) erythromycin solution were added. The 
complete medium was allowed to warm up to 37° C before it 
was inoculated with washed amoebal sediment from a 48-hour- 
old Robinson's medium. 0.2 ml of 2-day-old BR was added at 
the same time as the amoebal inoculum or, for pre-conditionirg, 
it was added 24 hours before amoebal inoculation and incu
bated at 37° C.

Cultures were maintained in universal bottles by inocu- 
latirg a few drops of sediment from a 72-hour-old culture into 
fresh culture medium, and incubating at 37° C. Subcultures 
were made at 72-hour intervals.

iii. Modified Locke-egg-serum (or M-LES) medium (Harinasuta 
and Harinasuta, 1955) - This is basically the same medium as 
described by Boeck and Drbohlav with a difference in the 
overlay solutions. Instead of Locke's physiological solution, 
buffered saline, pH 7.4,was used.

Preparation of buffered saline - 3.55 g sodium hydro
gen orthophosphate, 0.68 g potassium dihydrogen orthophos
phate and 8 . 0 g sodium chloride were dissolved in a litre of
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distilled water, i^e rii was adjusted to 7.4. It was distribu
ted in medical flat bottles, sterilized by autoclaving and 
stored at room temperature.

Initiation and maintenance of cultures was carried out 
as described for LES (Boeck and Drbohlav,1925).

iv. TTY medium used in maintaining crithidial and 
amoebic cultures was provided by Dr.D.C. Warhurst. It was 
prepared as described by Diamond (1968a).

Maintenance of crithidial culture - C rith id ia species 
was grown in the completed TTY medium at room temperature 
(25° C) with the screw-cap loosely screwed on to allow air 
into the tube. Maintenance was by subculturing 1.0 ml of 
C rith id ia into a fresh 15.0 ml TTY tube at 72 hour intervals.

Maintenance of amoebic cultures - Amoebae from a pre
existing culture were released from the side of the culture 
tube by chilling it in ice for 10 minutes. It was centri
fuged at 180 g for 2 minutes and decanted leaving 0.5 ml 
residue of amoebae. A few drops from this residue were 
used to inoculate fresh tubes of prewarmed TTY medium to 
which 0.5 ml C rith id ia culture had been added. Cultures were 
maintained at 37° C with twice-weekly subcultures.

v. TPS-1 Axenic medium (Diamond, 1968b) - This medium 
which consists of a nutrient broth supplemented with horse 
serum and vitamins was also provided by Dr. D.C. Warhurst.

Maintenance of amoebic cultures - Amoebae were pre
pared from stock cultures as described for amoebae grown in 
TTY medium. A few drops of the residue were used to inocu
late fresh tubes which had been prewarmed at 37° C. Sub
cultures were made twice weekly.

B1.5 Cloning of amoebae in Robinson's medium (Farri, 1978).
Once isolates from faeces or rectal scraping had been 

established in RSM, clones were derived from them. At



least 10 trophozoites were individually isolated on every 
occasion even though only one was subsequently maintained.

secondaryUsing the liquid phase of Robinson's/medium, 10-fold 
serial dilutions of thoroughly mixed 24 to 48-hour-old 
amoebic suspensions were made until a dilution was 
reached at which not more than one trophozoite could be 
picked up in a drop of suspending medium. A sterile 10 pi 
capillary tube was placed in thesuspension from which 
clones were to be prepared, the capillary tube was allowed 
to take up a small volume of the suspension and, with the 
help of a holey blower, about 2.0 jil of suspension was 
dropped on to a sterile coverslip (approximately 7 x 7  mm). 
This was quickly examined under a low-power microscope to 
confirm the presence of a healthy-looking, motile tropho
zoite with a few starch granules within its cytoplasm. The 
presence of only one organism was confirmed by at least 
one other observer. A coverslip carrying a single 
trophozoite was quickly transferred into a 5.0 ml bijou 
bottle containing the warmed culture medium with added 
starch. The cultures were incubated at 37° C and were 
checked for growth of amoebae on days 5, 7 and 10. Cul
tures which remained negative after day 10 were discarded 
and recorded as negative.

B1 .6 Methods for cultivating B lastocystw-free amoebae in 
Robinson's medium - Among the problems encountered 

during primary isolation in Robinson's medium was the pre
sence of B la s to cye tis  hominist a fungus, which when present in 
faecal samples quickly overgrew the cultures and prevented 
healthy growth of the amoebae. My source of faecal samples 
positive for E. hi.8tolytiaa.vta.s limited and I could not afford 
to discard positive faecal material simply because it was 
contaminated witn this fungus. I therefore performed 
experiments to eliminate these fungi from my cultures when 
they were present.

Tap-water washing method - Cyst or trophozoite sus
pensions positive for B. hom-inia were washed with tap water
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twice (trophozoites) or thrice (cysts), centrifuging at 
180 g for 5 minutes on each occasion. This caused lysis 
of the B lastocya tie when present; it also caused lysis of 
some of the amoebae. Washing cysts before subculture was 
preferred.

Use of chemicals - Amoebal suspensions with over
growth of B lastocyatia were treated with either of the fol
lowing chemicals: 0.1 N hydrochloric acid, 4.4% sodium 
bicarbonate or 5000 units/ml Nystatin fungicide. None of 
these was successful.

B1.7 Methods for restraining bacterial contaminants in 
amoebic cultures

An overgrowth of faecal bacteria was a problem in 
completely monoxenising (i.e. growing amoebae with one 
other species of concomitant organism) amoebal cultures 
in Robinson's medium. Cultivating amoebae the way Robin
son (1968$ suggested, proved wasteful of time since it 
usually took not less than 7 subcultures (over 2 weeks) 
with heavy doses of antibiotics before bacteria other 
than E8. c o l i  -  B were completely eliminated from the cul
tures. The whole point of cryopreservation is to elimi
nate the necessity of continual serial passages and to 
avoid physiological and genetic changes in the organisms. 
This point would have been defeated if amoebae were not 
cryopreserved in as short a time as possible after a 
successful initial isolation.

The antibiotic method - In order to eliminate as 
quickly as possible, bacteria from faecal samples and 
from primary cultures, single antibiotics of varying con
centrations or a combination of them were used. The final 
concentrations of the antibiotics are as follows:

gentamycin; 200, 4 0 0, 800 units/ml
penicillin; 1,000, 2,000, 4,000, 6,000, 8,000 units/ml
streptomycin/penicillin; 2 mg/2,000 units/ml and
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4 mg/4,000 units/ml

Chloramphenicol; 1.0, 10.0, 100, 1,000 and 10,000 
jig/ml.

Amoebal suspensions were treated with equal volumes 
of double-strength antibiotics so that the final concen
tration was achieved. The treated suspensions were then 
incubated at 37° C for varying lengths of time. They were 
microscopically examined for living amoebae using double
strength Lugol's iodine and tested for contamination with 
bacteria other than Es. c o l i  -  B by plating a loopful of 
each medium on to nutrient-agar plates. The agar plates 
were treated as described below. The remaining suspen
sions were then washed thrice with PBS by centrifugation 
and the sediments subcultured into fresh Robinson's medium 
to test viability.

The sucrose-gradient method - A sucrose-gradient 
technique as described by Cox (1970) was adapted to avoid 
the effect which antibiotics may have on the behaviour of 
amoebae. Sucrose gradients of 8.0 ml volumes were pre
pared by layering 2.0 ml quantities of 1.0, 0.8, 0.5 and 
0.2 M sucrose in Hank's physiological solution pH 7.2 
successively into a 1 0 . 0 ml centrifuge tube using pasteur 
pipettes. 1 . 0  ml of filtered stool suspension or amoebal 
suspension was applied to the top of the gradient which 
was then centrifuged at 1,200 g for 1 minute at 4° C.

The different layers were carefully pipetted into 
sterile Kahn tubes with sterile pasteur pipettes and were 
examined microscopically for their flora and fauna. The 
top layers were discarded after examination but the sedi
ment containing the cysts or trophozoites was subcultured 
in the usual way-KRobinson's medium) after washing it 
twice in PBS to remove excess sucrose.

B1 . 8 Preparation of amoebal suspension for experimentation
The sediments of several stock cultures were pooled
aftov chil l ing;  eul lure b o t t l e s  in i c e  ior  5 minutes^
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and were centrifuged in 1 0 . 0 ml centrifuge tubes at 180g 
for 5 minutes. The supernatant was pipetted off and the 
sediment was washed with sterile PBS three times to 
remove as many of the bacteria as possible in case of any 
contamination. The final sediment was resuspended in 
freshly made RSM, and the number of "viable" trophozoites 
was estimated using a haemocytometer and 0 .2% trypan - 
blue solution (trypan-blue solution was made up in a mix
ture of medium R and 0.05M phthalate solutions 1:2).
From this, the number of trophozoites inoculated into 
each culture bottle was calculated.

0 . 1  ml of such amoebal suspensions was used to 
initiate cultures. Each culture bottle was incubated at 
37° C for as long as the experiment lasted.

B1.9 Techniques for testing bacterial contamination of 
cultures

General bacteriological methods as described by
i t  OlLCruickshanV(1975) were strictly followed. Contamination 

of cultures was tested by streak-plating the culture medium 
on to nutrient and blood-agar plates. The plates were 
incubated aerobically at 37° C, and at 28° C and 
anaerobically in McIntosh and Fildes anaerobic jars at 
the same temperatures. Plates were discarded as negative 
when no growth occurred after 72 hours incubation. 
Bacterial colonies from positive plates were later identi
fied by Gram's staining method.

i. Preparation of nutrient agar - The medium was pre
pared by boiling 280 g nutrient-agar powder (Oxoid) in a 
litre of sterile distilled water in a conical flask over 
moderate heat. A little agar was added at a time with 
continuous stirring to prevent clumping until all had dis
solved. The medium was then dispensed in 4 oz medical 
flat bottles and sterilized by autoclaving. The sterile 
agar was stored at room temperature until it was required.
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When agar plates were to be poured, the stored agar bottle 
was placed in a boiling water bath heated over a bunsen 
until the agar had melted. It was allowed to cool down to 
about 45° C and then poured.

ii. Preparation of blood agar - The base was prepared by 
dissolving 40.0 s  blood-agar base powder (Oxoid) in a 
litre of distilled water which was then dispensed in 4 oz medical 
flat bottles, autoclaved, allowed to cool and stored at 
room temperature. When it was required for use, the base 
was melted and cooled to about 45° C when 7% defibrinated 
fresh horse blood (Wellcome) was added slowly. Ibis was care
fully mixed and poured into sterile Petri dishes. The 
plates were stored upside down at 4° C for not more than 
3 weeks.

iii. Preparation of Eosin/methylene- blue agar - The eosin/ 
methylene-blue agar was obtained in tablet form commercially 
(Oxoid). Two tablets were added to 10.0 ml distilled water 
and allowed to soak for 15 minutes before autoclaving. When 
it had cooled toabout 60° C it was shaken and then poured.
This was sufficient for one plate only. The plates were 
used for isolating colonies of Es. o o li - B .

iv. Techniques for pouring and drying agar plates - 
Prepared agar medium was aseptically poured into sterile
90.0 mm diameter disposable Petri dishes on a flat surface. 
The plates were left undisturbed until the agar had solidi
fied.

The condensed steam from the hot liquid agar was 
removed by drying the poured and set plates in an incu
bator at 37° C for 1 hour. The lid of the dish was first 
laid down on the incubator shelf, the medium-containing 
portion of the Petri dish was then inverted face downwards 
and placed in the incubator with the free edge resting on 
the lid.
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v. Preparation of Gram stairs- This method was used 
for diagnostic identification of various contaminants 
from amoebal and Eb . o o li -  B cultures. A colony unit iron the 
agar plate was taken up by means of a sterile wire loop 
and spread in a drop of saline over a dry, clean slide 
and heat fixed. Staining was then carried out as follows: 
The slide was stained with ammonium oxalate crystal 
violet solution for 30 seconds; it was rinsed briefly 
with cold water then fixed with one-strength Lugol's 
iodine solution for 30 seconds to prevent decolorization with 
100% acetone with which it was treated for about 3 seconds. 
The decolorized organisms, when present, were ultimately 
stained with safranin for 30 seconds. The slide was 
rinsed with tap water and allowed to drain and dry on the 
bench. Gram-positive organisms stained violet while Gram
negative ones stained pink. The types of bacteria, e.g . cocci, 
bacilli, were identified using an oil-immersion lens at 
x 100 magnification. Identification was confirmed by a 
trained, experienced bacteriologist.

Vi. Use of anaerobic .jars - McIntosh and Filde's anaerobic 
jars used were obtained from B + T (A Searle Company).

The metallic jar ( 8 x 5  in) is provided with a lid that 
can be clamped down to make it air-tight. The lid is fur
nished with two tubes and taps. A capsule containing pel
lets of palladiumized alumina is suspended under the lid. 
This acts as a catalyst in the reaction 2^+ Og = 2I20 
during anaerobiosis. The jar itself is connected to a tube 
near its rim, the bottom of which is filled with an 
anaerobic indicator (methylene blue in 0.8% agar).

When it was required for use, the jar was cleaned and 
dried. After putting the plates or culture bottles (with 
loose caps) in it, the lid was replaced and clamped on.
The air inside was then evacuated using a vacuum pump. As 
air was removed it was necessary to clamp down the lid even 
tighter. *
* For details of preparation see Cruickshank e t a l (1975).
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A gas mixture of 90% hydrogen and 10% CC>2 (BOC) was 
delivered to the jars via a football bladder attached to 
the gas cylinder. The jar was then incubated at the 
required temperature.

vii. Sterilization techniques - All chemicals and 
materials were sterilized by autoclaving at 121° C for 15 
minutes unless otherwise stated.

B2. Assay Methods

B2.1 Haemocytometer estimation of "viability" using 
trypan-blue stain

When it was required to estimate the number of viable 
amoebae in a culture using trypan blue, the sediment was 
first removed from the culture bottle into a clean, gra
duated centrifuge tube, then the fluid overlay. The mixed 
suspension was centrifuged at 180 g for 5 minutes. The 
supernatant was discarded and the sediment was resuspended 
in fresh RSM enough to make 1.0 ml of suspension. The sus
pension was thoroughly mixed with an equal volume of 0 .2% 
trypan blue in a mixture of phthalate solution and medium
R on a clean glass slide. Estimation was done in a haemo-

2cytometer (Improved Neubauer, depth 0.1 mm, 1/400 mm ) 
(Dacie and Lewis, 1963) using a x 10 eye-piece and a x 40 
objective and the number of amoebae per culture was com
puted from the result using the formula

N.X. 104 
9

where N = number of trypan-blue excluding amoebae in 9 
squares of haemocytometer cell 

X = the dilution factor with trypan-blue.

B2.2 Infectivity titration procedure
Forty-eight-hour-old cultures of E. h is to ly tic a main



tained in RSM were harvested and resuspended in fresh 
medium. Several ten-fold dilutions were made from the 
fresh suspensions by carrying over successively 0 . 1 ml 
quantities in 0.9 ml of medium in Kahn tubes. Sterile pre
cautions were taken to prevent contamination of media.

Five-millilitre bijou bottles, each containing 3.0 
ml RSM with agar slope and rice starch were set up in sets 
of 6 . A set was allocated to each of the dilutions which 
were to be tested for infectivity. 0 . 1 ml of the dilutions 
to be tested was inoculated into each bottle of the set 
(pre-warmed) by means of a 1 . 0  ml syringe and needle 
(gauge 20G lj) through the perforated bijou cap. The ino
culated culture bottles were incubated at 37° C and 
examined for growth of E. h is to ly t ic a  on days 2, 5, 7 and 10.

From the numbers of cultures showing amoebic growth 
at each dilution, the infectivity of the original suspen
sion to cultures was computed from the tables given by 
Lumsden e t  a l , (1963) and was expressed as the log1Q of the 
number of 63% infective doses (IDgg) per ml.
B2.3 Estimation of the IDg^ end-point

0/6 and 6 / 6 are regarded as weightless data and are 
not considered. The useful data lie between these results. 
For the IDgg table, ratios are:

number of cultures infected 
number of cultures inoculated (6 )

Proceeding in the dilution series from the T end, the 
first useful dilution is called "x"? The results of 
experiments were classified into one, two or three-point 
data. The table of Lumsden et a t (1963) was then used to 
give direct readings of IDg^ values and their standard 
errors (see Table Ilia,b and c) . *

* Sign changes to positive
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Table 11& . One-Point Series

Ratio l o g  ID63 SE Í

5/6 x.l o w

4/6 x .0 0.3
3/6 (x-l).8 mo

2/6 (x—1 ) . 6 0.3
1/6 (x—1 ) .4 0.5

Table 11lb. Two-Point Series

Ratio iog ID63 SE Î

5/64/6 x . 8 0.4
5/63/6 x.7 0.3
5/6
2/6 x . 4 0.3
5/6
1 / 6 x . 3 0.3
4/64/6 x . 5 0 . 6

4/63/6 x . 5 0.3
4/6
2/6 x .3 0 . 2

4/6
1 / 6 x.l 0.3
3/63/6 x .3 0.5
3/6
2/6 x . 2 0.4
3/6
1 / 6 (x-1).9 0.5
2/6
2/6 x.l 0 . 6

2/6
1 / 6

(x-1 ) . 8 0.5



Table lile.Three-Point Series

Ratio log IDg3 SE +

4/6
4/6 (x+1).2 0.6
3/6
4/6
4/6 (x+1).0 0.5
2/6

4/6
3/6 (x+1).2 0.6
3/6
4/6
3/6 x .8 0.4
2/6

Note (on Table Ilfc). Where one point is 5/6 or 1/6 it is 
ignored and 0.1 is added to the SE obtained for the two 
points. Where 2 points are 5/6 or 1/6 and are consecutive, 
the extreme result is ignored and 0.2 is added to the SE 
given for the two points. Where two points are 5/6 and 
1/6 (on each side of 4/6, 3/6 or 2/6) they are ignored, 
the value for the single central point is added, and 0 . 2  

is added to the SE. Otherwise the table is used.

Series with no useful points
In these the last 6 / 6 is treated as x, then the II>63 

= x.4 with SE = ± 0.5.

B3. Special techniques for amoebae
B3.1 Methods for growth-rate measurement of E. h is to ly tic a

The growth curve of E. h is to ly tic a is reported to con—
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form to the classical bacterial pattern but with a dec
rease in lag phase and an increase in log phase 
(Balamuth and Howard, 1946; Abioye, 1973). There is a 
short stationary phase, when it is likely that deaths of 
amoebae are keeping up with population increase. In late 
log phase, many deaths must already be occurring and 
measurement of the growth-rate of the organisms using the 
slope of the population growth curve in the log phase is 
liable to be inaccurate. A technique for growth-rate 
measurement based on the time elapsing before the popu
lation reaches an arbitrary low number, which was des
cribed for Plasmodium berghei in mice (Warhurst and Folwell, 
1968), was adapted here for cultures of E. h i s to ly t ic a . If 
cultures were started with serial dilutions of an inoculunv 
the number of days taken for each culture to produce a 
fixed low number of organisms, say, 2 0,000, should be 
linearly related to the log of the inoculum size provi
ding growth-rate remains constant. The slope of the line 
relating pre-20 ,00 0 time to log inoculum gives the 10 times 
increase time as a proportion of 1 day.

In order to get an accurate pre-20,000 time estimate 
for each serially diluted inoculum when sampling daily at 
the same time, two consecutive daily measurements above and 
below 20,000 were plotted on a log scale against time. The 
estimate of pre-20,000 time was then interpolated on a 
straight line drawn between the two values.

The equation used in calculating growth rate and
drawing regression lines (Figure 29), was derived
from the basic growth equation for infective par—
t icles : \  . tN ’ = N (2 9 )
where N' 

N
a
t

population after time t  
initial population 
generation time in days 
time elapsed in days.
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Expressing the equation in a linear form-
log N' = log N + log 2. — . t9
**. g = log 2 . t______log N ' - log N

When t is tenfold increase time, then,
g = log 2 . t

To convert to hours, the result was multiplied by 24 hence
9 = log 2.t .24

Growth rate = i

For statistical analysis of generation time, the 
method was as follows: The three pre-20,000 times from 
each inoculum were plotted (see Figure 29) and the common 
slope (b) of parallel lines (one for each sample) fitted 
to these points was calculated by regression analysis.
The fall in pre-20,000 time associated with an increase in 
inoculum of log 2 (equal to -b • log 2) was calculated 
using this slope. This was the estimated generation time. 
The SE of the slope calculated in the regression analysis 
was multiplied by log 2 to give the SE of the generation 
time.

B3.2 Immunological methods

The Indirect Fluorescent Antibody Technique (IFAT) was 
used in testing each of the E. h is to ly tic a stocks used for its 
reaction with human anti-i’. h is to ly tic a serum at a titre of 1 /1 0 0. 
All the stocks used gave a similar positive reaction.

i. Procedure for IFAT using culture smears - A thick 
smear of a 48-hour-old culture of E. h is to ly t ic a was made 
on a clean glass slide and allowed to dry. It was fixed 
for 15 minutes in methanol, allowed to dry and then 
wrapped in tissue paper and polythene and stored at -20 C 
until required (it was usually tested within a week of 
preparation).
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When required for use, the slide was removed from 
deep freeze and allowed to dry in front of a hair-dryer. 
Meanwhile, human anti-£. h is to ly tic a serum from a patient 
with a proved amoebic liver abscess, I FAT titre 1/512, was 
made up 1 in 100 with PBS (pH 7.1). A grease ring was 
made round the smear to prevent serum from running off 
the slide. The slide was placed in a moist tray.

The ringed area was covered with the dilute anti
serum and incubated at room temperature for 30 minutes. 
The slide was washed twice for 10 minutes with PBS. It 
was drained and allowed to dry on the bench in front of 
a hair-dryer.

Fluorescein-conjugated anti-human immunoglobulin 
(sheep) (Wellcome) was prepared 1:50 in PBS while the slide 
was drying. The smear was re-ringed with vaseline and 
replaced in the moist tray. The ringed area was covered 
with diluted conjugated antiserum and incubated at room 
temperature for 30 minutes. It was then washed twice 
with PBS for 10 minutes each. Excess PBS was drained 
off and the slide was allowed to dry as usual.

90% glycerol solution was made in PBS. This was 
used in mounting the slides. The amoebae were observed 
for fluorescence under a Zeiss fluorescent microscope 
(incident illumination) using a x25 objective and a x8 
eye-piece. In a positive test, E. h i s to ly t ic a  normally 
fluoresces a bright green against a green/black back
ground. Cross-reactions are not found with E. c o l i .

ii. Procedure for IFAT using multispot slides

Forty-eight-hour-old cultures of E. h is to ly tic a were 
harvested, washed and resuspended in PBS as before. The 
volumes of the suspensions were adjusted in such a way 
that 1.0 ml contained 6,000 amoebae. Using a 5.0 pi 
automatic pipette, 5 . 0 pi volumes were placed on each of 
12 spots of the teflon-coated multispot slide (Hendley
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Ltd). The drops were allowed to dry in warm air in 
front of a hair-dryer. When dry, they were fixed with 
methanol in a coplin jar for 20 minutes. They were 
dried as before, wrapped up back to back in tissue paper 
and stored as already described.

Before the slides were removed from the deep 
freeze, the anti- E. h io to ty tia a antiserum (No. 311) derived 
from a Madras case of liver abscess (titre positive at 
1/1024) and a * normal" serum (HI50) from a patient with 
Pneumocystis infection were separately diluted with PBS.
0.1 ml of serum was added to 3.1 ml PBS to give a dilution 
of 1/32. Two-fold serial dilutions were made by carrying 
over 1 ml from the 1/32 dilution until a dilution of 
1/1024 was reached.

The slides were removed from deep freeze and dried 
as before. Using a pasteur pipette and starting from the 
highest dilution, one drop from each control serum 
dilution was put on one spot of the dried antigen (6 
spots in all); the replicate antigen spots were treated 
with a drop from each of the diluted positive serum (6 
spots in all). The slides were incubated in a moist tray 
at room temperature for 30 minutes, after which the excess 
serum and antiserum were shaken off. The slides were 
washed with PBS for 2 x 10 minutes in a staining jar; 
they were drained and dried as usual.

Sheep anti-human immunoglobulin conjugated with 
fluorescein (Wellcome) was prepared (1:30 in PBS). A 
drop of this was placed on each of the antigen/antibody 
preparations and incubated at room temperature for 30 
minutes. The slides were drained and washed as before 
but not dried. They were counterstained with Evans blue 
(diluted 1:10,000 in PBS) for 5 minutes; this was fol
lowed by rinsing and drying. Slides were mounted in 90% 
glycerol in PBS. Fluorescence was observed as before.
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B3.3 Procedure for concanavalin A-induced agglutination

The method desci ibed by Trissl e t aZ(1977) was fol
lowed but with some modifications. Stocks of amoebae 
used were:

Biswas, Irvine, Thirer, JEII and NIH:200 (with bacterid
NIH:200 (with C rith id ia )
NIH:200 (axenic)

Amoebae grown with bacteria in Robinson's medium were pas
saged twice without added starch before they were harvested 
for these experiments. (Experience showed that fewer 
rice-starch granules in the culture medium facilitated 
easy observation and immediate reaction if any.)

All amoebae, whether monoxenically or axenically cul
tivated were harvested and washed twice by centrifugation 
at 200 g for 5 minutes in PBS (pH 7.2) and were resuspen
ded in fresh PBS so that the final concentration was 5 x 
1 0 5 - 1 x 1 0® amoebae/ml.

0 . 4 ml of the amoebal suspension was incubated in 
equal volume of concanavalin A (or con A) (Sigma - from 
Jack beans) of known concentration in PBS for 30 minutes 
at 37° C with intermittent shaking in Kahn tubes. Con A 
was used in the following final concentrations: 10, 25,
50, 100 and 200 pg/ml. A drop of the precipitate was 
observed on a clean glass slide at x 40 magnification 
using phase contrast.

The size of the amoebal clumps was measured using a 
calibrated eye-piece at x 10 magnification when the num
ber of amoebae forming a clump was difficult to estimate 
otherwise; the degree of clumping was estimated by coun
ting the average number of cells per clump in 3 experi
ments .

The specificity of the agglutination reaction was 
tested by pre-incubating an equal volume of double-strength

A
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con A with 0.2M <K -methyl mannoside (Sigma) to abolish 
the agglutination reaction.

A control was set up using PBS alone as spontaneous 
agglutination had been observed to occur in certain 
strains with PBS (Trissl e t  a l , 1977).

B3.4 Techniques for starch-gel electrophoresis

The techniques of isoenzyme analysis by means of 
thin-layer starch-gel electrophoresis used were originally 
developed by Wraxall and Culliford (1968) for enzyme 
typing of blood stains. The methods described for glucose 
phosphate isomerase, phosphoglucomutase and malic enzymes 
were adapted for amoebae from those described by Bagster 
and Parr (1973) and Miles e t al(1977) for trypanosomes.
The methods for hexokinase were adapted from those des
cribed by Harris and Hopkinson (1976) for mammalian red 
blood cells.

i. Preparation of extracts for electrophoresis - E'.
h is to ly t ic a was harvested from universal bottles after 48 
hours of growth at 37° C by centrifugation at 200 g for 5 
minutes at room temperature and washed twice in PBS (pH 
7.1).

The supernatant was pipetted off as much as possible 
and the last traces of water were removed using a strip 
of filter paper. The washed amoebae were lysed by mixing 
with an equal volume of a hypotonic solution of enzyme 
stabilizer containing l.OmM ethylene diamine tetra acetic 
acid (EDTA), 1. OmM dithiothrcitol and l.OmM E-aminocaproic 
acid. The mixture was kept on ice for about 30 minutes, 
then frozen at -20° C for 24 hours (Godfrey and Kilgour, 
1976), thawed by holding in the fist and then centrifuged 
at 11,000 g for 30 minutes at 4° C in an MSE high speed 
centrifuge.

The clean supernatant was removed by means of a drawn-
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out pasteur pipette and 'beaded' (frozen in droplets) 
immediately in liquid nitrogen. The beads were stored 
in half-dram glass vials with a hole in their caps at 
-196° C in liquid nitrogen. Vials were appropriately 
labelled using strips of lassoband (Lasso Ltd.).

ii. The enzymes studied - For details of enzymes 
studied see Table IV.

Table IV. Details of enzymes studied
EnzymeEnzyme Abbreviation CommissionNumber

Glucosephosphate
Isomerase GPI 5.3.1.9.

Phosphogluco-
mutase PGM 2.7.5.1.

L-Malate:NADP+ •
oxidoreductase 
(oxaloacetate 
decarboxylating)

ME 1.1.1.40

Hexokinase HK 2.7.11

iii. Preparation of buffers - 0.2M sodium phosphate buf
fer pH 7.0 was prepared for GPI and ME, 0.1M Tris maleate 
buffer pH 7.4 was prepared for PGM and Tris/boric acid 
buffer pH 8 . 6 for HK.

GPI and ME buffers - 17.4 g disodium hydrogen 
orthophosphate and 12.15 g sodium dihydrogen orthophos
phate were dissolved in distilled water and made up to 1 
litre. For making gels, this solution was diluted 3 in 
46 (0.015M final concentrations).
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PGM buffer - 12.14 g Tris, 11.61 g maleic acid,
2.03 g magnesium chloride and 3.72 g EDTA were dis
solved in distilled water and made up to 900 ml. The pH 
was adjusted with 10.0M sodium hydroxide to 7.4 and made 
up to 1 litre. The solution was diluted 3 in 20 for making 
gels (final concentration was 0.015M).

HK buffer - The stock solution consisted of 0.9M 
Tris, 0.2M boric acid, 0.02M EDTA and 0.025M magnesium 
chloride. The stock solution was diluted 1 in 7 to fill the 
electrophoretic tank and 1 in 10 to make gels.

iv. Preparation of starch gels - Forty millilitres of 
starch solution was made up for every plate at 11.9% final 
concentration. The weighed out starch was poured into a 
clean, dry, round-bottomed flask; to this was added the 
appropriate volume of buffer and the mixture was gently 
swirled to avoid lumping.

The starch solution was warmed on a bunsen flame 
directly with vigorous swirling. The starch first thi
ckened and then thinned out as the solution approached 
boiling, but it was not allowed to boil.

The solution was degassed with a vacuum pump until 
it was clear and free of bubbles. The glass gel-forming 
plates were placed on paper. The hot starch solution was 
poured against the bottom edge strip of the plate in a 
stream until about two thirds of the plate had been 
covered. With a spreader, the solution was spread over 
the plate by pushing it away from the lower edge in one 
quick stroke. The spreader was passed over the upper 
edge of the plate with the excess gel and the plate was 
pulled away to avoid back flow of gel. The gel, when 
poured was 14 x 22 x 0.1 cm. (i.e. 1 mm thick). The plate 
was covered with a cover plate and left to solidify.

v. Electrophoresis and enzyme staining (Bagster and 
Parr, 1973) - The electrophoretic tank was filled with
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approximately 1 litre of the appropriate buffer. The 
cooling unit was switched on and adjusted to +8° C. A 
pair of sponge wicks were placed in the buffer to soak.

The beaded lysates were removed from the frozen 
storage into small sample tubes and allowed to thaw on 
ice.

8—10 (0.8 - 1 .0 cm long) slots were made in the gels near 
the bottom edge strip of the plate using a template. Sample 
threads were cut a little shorter than the slots by wrapping cotton 
threads in graph paper and using the marking on the graph paper 
as a guide. Cut sample threads were soaked in the
lysate, one piece was applied to the gel at a time by 
placing it along the slot and tucking it under the sur
face with a pair of clean, fine forceps. Forceps were 
rinsed in distilled water and wiped between samples to 
prevent cross-contamination.

The prepared gels were transferred to the electro
phoretic tank. A glass plate was placed width-wise across 
the gel making sure that the edge of the plate was 
parallel to the line of the slots. The soaked wicks 
were moved close against the thin glass plate placed 
length-wise (see Figure 4). The tanks were connected and 
the power pack was turned on and run at constant voltage 
(See Table V ) .

Fifteen minutes before the end of each run, the 
developer was prepared by mixing together all ingredients 
except agar, PMS and MTT. The prepared agar was left to 
cool to approximately 50° C but not allowed to set, 
before the end of the run. When running-time was up,
1 0 . 0  ml of the cool agar was added to an equal volume of 
reaction mixture. The PMS and MTT were added last (see 
TableVI). The bottle was inverted once and the mixture 
was poured into an overlay surround (which had been pre
mounted on the gel plate on completion of the run) and



Fig. 4 Front view of an electrophoretic tank in use

a - Thick cover glass plate placed lengthwise 
b - Starch-gel resting on cooling plate 
c - Cooling plate 
d - Tank containing buffer 
e - Electrode in electrode chamber
f - Thin cover gloss plate placed widthwise across sandwich 
g - Spontex wick 
h - Melinex insulating sheet
i - Interconnecting hole between wick end electrode chambers 
j - Wick chamber

i
toto
l
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allowed to spread evenly. When set, the plate was incu
bated at 37° C for 30 minutes and photographs were taken 
using a Polaroid camera.

Table V
Electrophoretic conditions for GPI, PGM, ME and

HK of E. h is to ly t ic a .

Enzyme Tank buffer (pH) Volts/cm 
across gel

Current in mA Running time (hrs)

GPI 0.2M Sodium 
phosphate (7.0)

16.6 25 3

PGM 0.1M Tris 
maleate (7.4)

16.6 25 3

ME 0.2M Sodium 
phosphate (7.0)

16.6 25 3

HK Tris/boric 
acid (8 .6)

20.0 35 3

Control plates were run for each enzyme for every 
extract and were electrophoresed under the same con
ditions as the experimental plates,except that the spe
cific enzyme substrate was omitted when the enzyme loca
ting developer was being prepared.
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TABLE VI

Enzym e-staining cond itions fo r  GPI, PGM, ME and HK
o f E. hiotolytica

Developing conditions

Enzyme Buffer Coenzyme Substrate Other additions

GPI 7 .0  ml 0.3M Tris/ HCl 
pH 8.0

0.5 ml NADP 0-0 mg /ml) 0.2 ml D-fruct- ose-6-phosphate (10 mg/ml)
2.0 ml 0.1M magnesium chloride (MgCl„), 0.5 ml G6PDH (100 units/ml), 5.0mg MTT, 1.0 mg IMS,10.0 ml L28 agar (12 mg/ml).

PGM 7 .5  ml 0.3M Tris/ HCl pH 8.0

0.5 ml NADP (10 mg/ml)
0.6 ml glucose- 1-phosphate (20 mg/ml)

2.0 ml 0.1M MgCl2, 0.1ml G6P DH (100 units/ml)5.0 mg MTT, 1.0 mg IMS, 10.0 ml L28 Agar (12 mg/ ml).

ME 7.0 ml 0.3M Tris/ KCl pH 7.4

0.5 ml NADP (10 mg/ml) 0.1 ml 1 .CM L-malic acid 2.0 ml 0.1M MgCl2, 5.0 mg MTT1.0 mg IMS, 10.0 ml L28 agar, (12 mg/ml).

HK* 20.0 ml 0.1M Tris/ HCl pH 7.5

1.5 ml NADP (5.0 mg/ml),40 mg ATP (1.3nM final concentrât ion)

900 mg glucose
0.5 ml 0.02M 
MgCl2, 40 pi G6PDH (140 units/ 
ml),5.0 mg MTT, 1.0 mg PMS, 10 ml L28 agar (12 mg/ m l).

NADP = Nicotinam ide adenine d in u c leo tid e  phosphate
MTT = MTT tétrazolium  s a l t
PMS = Phenazine methosulphate
G6PDH = G lucose-6-phosphate dehydrogenase
* 10 ml of th e  reaction  m ixture was added to 10 ml agar
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B3.5 Techniques for t e s t i ng le u e o cy to to x ic ity  o f E, histo

lytica

The method described  by Jarum ilinta and Kradolfer 
(1964) was fo llow ed  w ith very s l i g h t  m o d ifica tio n s.

P reparation  of le u c o c y te s -Leucocytes were obtained  
from a person whose serum had no d e tec ta b le  antibody 
a g a in st E. histolytica. About 20.0 ml of blood was taken 
by venepuncture o f the a n tecu b ita l vein  and sto red  in  the 
r e fr ig e r a to r  (4 °  C) in  heparin ized  tubes for up to 24 
hours. When i t  was required  for u se , the blood sample 
was cen tr ifu g ed  at 2000 g  fo r  10 minutes at room tempera
ture. The leu co cy tes  were c o l le c te d  by p ip e tt in g  from 
the b u f fy co a t.

Two drops o f th is  were put on a c lean , g re a se -fr ee  
ca v ity  s l id e  and was incubated for 30 minutes in  a m oist 
chamber at 37° C in  a drop of in a ctiv a ted  horse serum and 
Hank’s so lu tio n  (pH 7 .6 ) .  The proportion of serum to  
Hank's was 1 :3 . During th is  tim e, the leu co cy tes  adhered 
to the g la s s  su rfa ce . The s l id e  was rinsed  w ith  Hank's 
so lu t io n  to remove any red blood c e l l s  that might be pre
sen t. The s l id e  was examined for migratory leu co cy tes  
under phase con trast a t x400 m agnification  (x40 o b jectiv e  
and xlO e y e -p ie c e ) .

P reparation  of m ixtures of leu cocytes and amoebae -  
Amoebae were grown in Robinson's medium to which starch  
had not been added on 2 con secu tive  passages w ith  48- 
hourly passage. 24—hour—old  amoebae from the la s t  passage  
were u sed . (This procedure decreased the amount of starch  
gran u les present in the amoebal suspension. Large num
bers o f  starch  granules tend to obscure the leu cocytes  
and in h ib it  leu co cy to to x ic  r e a c t io n s .)  The amoebae were 
concentrated by ce n tr ifu g a tio n  at 200 g  for 5 m inutes.
They were subsequently washed tw ice in  Hank's so lu tio n  
in the same way. The amoebae were then resuspended in  
fr e s h ly  prepared Hank's/serum mixture and kept at 37 C
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( f in a l  concentration  was 500,000 nmoebae/ml).

One drop of amoebal suspension was added to the 
fr e sh ly  prepared leucocytes on the ca v ity  s l id e  and the 
m ixture was covered with a clean  c o v e rs lip .

The excess f lu id  was soaked up w ith a f i l t e r  paper and 
the preparation was sealed  w ith  p a ra ffin  wax. The pre
paration  was observed on a warm stage at 37° C with a dry 
le n s  (x40 o b je c tiv e  xlO ey e -p iece) under phase con trast.

B3.6  Measurement of ox id ation  reduction  p o ten tia l in
amoebal cu ltu res -  This method i s  e s s e n t ia l ly  as d es

cribed by Chang (1946) and Jacobs (1950). The e lectrod es  
were prepared from bright platinum w ire h eat-sea led  in to  a 
g la s s  p ip e tte . The p ip e tte  was f i l l e d  with mercury to make 
con tact w ith the platinum and connection was made to the 
potentiom eter (pH meter) by dipping an amalgamated copper 
w ire from the instrument in to  the mercury. The copper w ire  
was sea led  in to  the p ip e tte  with p itc h . The co iled  p la t i 
num wire was kept clean by f i t t in g  i t  into an empty d ispo
sa b le  n eed le 's  p la s t ic  tube. The tube was removed and the  
e lec tro d e  was washed in  70?? alcohol and s t e r i l e  d is t i l l e d  
water before u se . The standard h a lf—c e l l  con sisted  of a 
saturated  calomel e lectrod e in serted  in to  a beaker of 
saturated  potassium ch lor id e so lu tio n  (saturated at room 
tem perature). Liquid connection between the standard h a lf— 
c e l l  and the cu ltu re  whose p o te n tia l was to be measured was 
by means of a potassium ch loride-agar bridge tube, (1% agar 
in  saturated  potassium ch lo r id e  so lu tio n ) appropriately  
bent so as to f i t  in to  the u n iversa l c u ltu r e -b o ttle  and th e  
beaker. There was no permanent f ix in g  of any of the e le c 
trodes to the c u ltu r e -b o t t le .

The readings were made a t 1, 6, 12, 24, 48, 72 and 96- 
hour in te r v a ls .

Measurement of pH -  Readings of pH were made at the 
same tim e -in terv a ls  as O-R readings by means of a g la ss
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e lec tro d e  using n standard calomel h a l f - c e l l .

E xpression of r e s u lts  from 0-R and pH readings -  The 
0-R and pH were determined e le c tr o m e tr le a lly  with pH meter 
type PHM 26C (Radiometer, A/S, Copenhagen). The pH values  
were r e g is te r e d  to  1/100 of a u n it . The ox id ation  reduc
tio n  p o te n t ia ls  were expressed as Eh in  m il l iv o l t s  ca lcu 
la ted  from the equation of Chang (1946):

Eh = E, + Est
where Eh = the p o te n tia l with re feren ce  to the hydrogen 

e lec tro d e
E, = the p o te n tia l observed on the potentiom eter

Est = the p o te n tia l o f the standard calom el h a l f - c e l l  
with saturated  potassium ch lo r id e  which i s  
approximately 243 mv at 25° C

The accuracy o f the redox measuring system was tested  
using a sa tu ra ted  so lu tio n  of quinhydrone in  sodium dihy
drogen phosphate so lu tio n  pH 4 .7  and in PBS pH 7.2. The 
ca lcu la te d  va lu es of 0-R p o ten tia l fo r  these two buffer  
s o lu tio n s  were 420 mv and 272 mv r e s p e c t iv e ly  from the 
equation :

Eh = +699 -  59.2 . pH

B .4 C ryopreservation techniques

B4.1 The cryoprotectants used -  Chemical d e t a i ls  o f the 
cryop rotectan ts used in th is  work are given in  Table VII.

U n less  otherw ise s ta te d , cryop rotectan ts were pre
pared fr e s h  when required by d is so lv in g  the required quan
t i t i e s  in  fr e s h ly  prepared RSM w ithout a n t ib io t ic s  to  make 
tw ice the concentration  needed. A volume of the double 
strength  cryoprotectant was added to an equal volume of 
amoebal suspension  to g iv e  the required  f in a l  concentra
t io n . The content was thoroughly mixed a f te r  ampoules had
been f la m e -sc a led .
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Table VII
Chemical d e t a i l s  o f cryoprotectants used

Name of
cryoprotectant

Chemical
formula

Molecular
weight

Specif ic  
grav ity

Freezing
Point

Ethanol C2H50H 46.6 0.788 -117° C

Methanol CHgOH 32.04 0.992 -97.8° C

G lycerol C3H5 (0H)3 92.09 1.2620 0° C

DM SO 
(Analar)

ch3s o . ch3 78.13 1 . 1 0 18-
18.4° C

PVP K30 
(F luk a ,S w iss) — — 40,000 v a riab le so lid

!-CH-CH0- __ __pc

S orb ito l
(BDH)

Cl
II

«a0 » OH
182.17 1.2879 s o lid

HO H
M OF
II OH

c
(C6h

i9oh
, A >

Glucose C6H12°6 180.16 1.019 so lid
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B4.2  Preparation of amoeba! suspension for freezin g  -  
Amoebae used in the freez in g  experim ents were derived from 
4 8 -hour sto ck -c u ltu r es  grown in u n iversa l b o t t le s , u n less  
otherw ise s ta te d . The cu ltu res  were harvested in graduated  
cen tr ifu g e  tubes a se p t ic a lly  and were washed twice or th r ic e  
in  PBS, pH 7 .2  by cen tr ifu g a tio n  at 180 g for 5 m inutes. The 
supernatant was p ipetted  o f f  and the amoebae were resuspen
ded in fresh  RSM or any other suspending medium as in d i
cated  in the experim ent. Cryoprotectants were usually  
added to the amoebal suspension in  the ampoules.

B4.3 The freez in g  container -  A ll amoebae were frozen in  
s t e r i l e  1 .0  ml g la s s  ampoules. Before putting amoebal s u s 
pension and cryoprotectants in ampoules, the ampoules were 
flamed, and th e ir  necks drawn out in  such a way that 
m a ter ia ls  could only be introduced by syringe and needle. 
When i t  was time to introduce the freez in g  m ater ia l, the 
long th in  neck was a se p t ic a lly  scored and broken o ff  between 
clean  Kleenex t is s u e  papers about 1£ inches from i t s  b ase. 
The ampoule was f i l l e d  and flam e-sea led  immediately. A fter  
th e  sea l had coo led , the suspension was thoroughly mixed.
The thinning of the neck of the ampoule helped to reduce the  
amount of heat required to  sea l the ampoules and thereby 
prevented h eating of the amoebae, i t  a lso  helped to m ini
m ize contam ination.

Each ampoule was c le a r ly  la b e lle d  by w ritin g  with b a l l  
pen on a p iece  o f lassoband that had been wrapped round i t .

B4.4 The freez in g  machine -  The prototype m in i-freezer  
U nit Type R202 (Dewrance Controls L td .) with automatic 
cooling  cy c le  used for a l l  my freez in g  experiments was bor
rowed from Mr. C.D. Kimber (L.S.H .T.M ., Winches Farm F ie ld  
S ta t io n ) . The machine was designed **o that i t  could 
be programmed to  cool s te a d ily  at r a te s  between 0.1 C/min 
to  10° C/min from +20° C to  -190° C using liq u id  nitrogen  
as the coo lan t. I t  could a lso  be adjusted in  such a way 
th a t freezin g  could be done at a s in g le  sub-zero tempera
ture of ch o ice .
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B4.5  Fr oozing methods -  A fter the ampoules had been f i l l e d  
with the fr e e z in g  m ateria l and fla m e-sea led , they were 
l e f t  to  e q u ilib r a te  e ith e r  in an incubator at 37° C or on 
the bench at 23° -  25° C or they were kept in  Ice at 0° C 
(tim e of e q u ilib r a t io n  depended on th e  experiments being 
perform ed). Meanwhile the coo lin g  machine was allowed to  
coo l to  0° C and was held at that tem perature. At the end 
of e q u ilib r a t io n  the ra te  of co o lin g  was se t  and the canes 
(which held the ampoules in s id e  the freez in g  machine) were 
load ed .

i .  C o n tro lled -ra te  freez in g  -  When samples were to  be 
frozen  at a c o n tro lle d  r a te , the d ia l  operating rate-con
t r o l  was s e t  at the required ra te  and freezin g  proceeded 
from 0° C to  -6 0 °  C u n less  o therw ise sta ted .

i i .  Two-step free z in g  -  The machine was allowed to cool 
down to  the required sub-zero tem perature at any rate and 
was held at th a t temperature for at le a s t  f iv e  minutes 
b efore the canes were loaded. M ater ia ls were kept at t h is  
temperature for  as long as requ ired .

A fter the ampoules had cooled t o  the desired  tem
perature or a f te r  they had been held  at a temperature long  
enough, they were immediately tra n sferred  in to  a f la sk  o f  
liq u id  n itrogen  and kept there for a t  le a s t  one hour b efore  
they were tra n sferred  to a. liq u id  n itrogen  re fr ig era to r .
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B4.5 Frcozing methods -  After the ampoules had been f i l l e d  
with the fr e e z in g  m aterial and fla m e-sea led , they were 
l e f t  to  e q u ilib r a te  e ith er  in an incubator at 37° C or on 
the bench at 23° -  25° C or they were kept in ice  a t 0° C 
(tim e of eq u ilib ra tio n  depended on th e  experiments being  
performed). Meanwhile the cool ing machine was allowed to 
cool to  0° C and was held at that tem perature. At th e  end 
of e q u ilib r a t io n  the rate of coo ling  was se t and th e  canes 
(which held th e  ampoules in sid e the freez in g  machine) were 
loaded.

i .  C o n tro lled -ra te  freezin g  -  When samples were to  be 
frozen at a co n tro lled  ra te , the d ia l  operating ra te-co n 
tr o l was s e t  a t  the required rate and freezin g  proceeded 
from 0° C to -6 0 °  C u n less otherw ise s ta ted .

i i .  Two-step freez in g  -  The machine was allowed to cool 
down to  the required sub-zero temperature at any r a te  and 
was held at th a t  temperature for at le a s t  f iv e  m inutes 
before the canes were loaded. M ateria ls were kept a t  th is  
temperature fo r  as long as required.

After th e  ampoules had cooled t o  the desired tem
perature or a f te r  they had been held at a temperature long 
enough, they were immediately tran sferred  in to  a f la s k  of 
liq u id  n itrogen  and kept there for a t  le a s t  one hour before 
they were tran sferred  to a liq u id  n itrogen  r e fr ig er a to r .
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RESULTS

C.1 P relim inary In v estig a tio n s
Experiment 1. The e f f e c t  of cryopresorvation  on the 

v i a b i l i t y  of Escherichia aol-i -  B

For ty -e ig h t-h o u r -o ld  cu ltu res  of Es. coli  -  B  grown in  
peptone water were used . They were washed and resuspended 
in  PBS, eq u a lly  d istr ib u ted  in to  4 cen trifu ge tubes and 
centrifu ged  a t 300 g  for 10 m inutes. A fter p ip e tt in g  o f f  
the su pern atan ts, the volume o f each tube was made up to  
0 .5  ml using d if f e r e n t  suspending media. Tube 1 received  
0 .5  ml peptone water alone; tube 2, 0 .5  ml medium R alone; 
the volumes o f tubes 3 and 4 were made up to  0 .25  ml using  
medium R; in a d d ition  tube 3 received  0 .25  ml 20% (v /v )
DMSO and tube 4 , 0 .25 ml 15% (v /v )  g ly cero l. DMSO and 
g ly c ero l were made up in  medium R. E q u ilib ra tion  at 25° C 
was carried  out for 15 minutes before fr e e z in g .

About 2 5 .0  -  30 .0  p i of each suspension was s ta b ila te d  
in  g la s s  c a p il la r y  tubes. As many as f i f t e e n  c a p il la r ie s  
were la id  down for  each suspension .

Two s t a b i la t e  samples from each s e t  were te sted  for  
v ia b i l i t y  a f te r  e q u ilib ra tio n , before fr e e z in g  and a fte r  48 
hours', 2, 4, 8 and 12-weeks' storage at -79° C. No d i f 
ference in  v ia b le  count between frozen and unfrozen samples 
was observed when DMSO, g ly c e r o l and medium R were used. 
There was a d e f in i t e  reduction  in v ia b i l i t y  using peptone 
water. See Table V III.

Experiment 2 . Treatment of c y s ts  and trop h ozo ites of
E. histolytica  w ith  a n t ib io t ic s  w ith  a view  
to  m od ifica tion  of concomitant f lo ra

An overgrowth by b a cter ia  was a problem in my attempt 
to  produce monoxenic cu ltu res-u sin g  R obinson's method. 
C u ltiva tin g  amoebae in  the way described by Robinson proved 
w astefu l of tim e s in ce  i t  u su a lly  took not l e s s  than 8 sub
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cu ltu res w ith  sm all doses of a n tib io t ic s  before bacteria  
other than Es. coli — B were com pletely elim inated from cu l
tures .

Table VIII
On the v ia b i l i t y  of Ee. coli - B  s ta b ila te  before 

and a f te r  freez in g .

Suspen-dingmédium
Cryopro-tec ta n t

♦ Numbers ( in  thousands) of colony forming u n its/m l

BeforeFreezing

After freezin g  and storage for

48 hrs 2 wks 4 wks 8 wks 12 wks

Peptonewater none 19 .20 18.25
(96.4)

15.75
(82)

7 .0
(36)

13.0
(67)

15.17
(79)

Médium R none 40.65 44.62
(100)

46.5
(100)

44.87
(100)

39.10
(96)

41 .9 
(100)

Médium R 10%(v/v) 
DM SO

26.75 .27.58
(100)

28.28
(100)

17.12
(64)

27.3
(100)

28.0
(100)

Médium R 7.5% (v/v)
g ly c ero l

33 .18 34.8
(100)

36.78
(100)

34.7
(100)

32.95
(99)

35.18
(100)

* r e s u lt s  expressed as %  of unfrozen samples are given in  
b ra ck ets .

The whole point o f cryopreservation i s  to elim inate  
the n e c e s s ity  of con tin u al passages and to avoid changes in  
b io lo g ic a l  c h a r a c te r is t ic s  of the organism by s ta b ila tin g  
ea r ly . I t  was a lso  important to  avoid re s is ta n c e  of bac
te r ia  to  a n t ib io t ic s  brought about by repeatedly ch a llen 
ging them with su b -le th a l doses. So, experiments were per
formed to  see whether b acteria  could be elim inated once and 
for a l l  with a s in g le  heavy dose of a n t ib io t ic s .
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Table IX

V ia b i l ity  of b a cter ia  and of amoebae a fte r  treatment of 
E. histolytica  trop hozo ite  suspensions w ith a n tib io t ic s

Antibiotics Final concentration in units/mi or ms/ml

Survival of bacteria after exposure for Survival of after 24 hrs sure
amoebaeexpo-

2 hrs 8 hrs 24 hrs Microscopic Culture

Gentamycin 200* + + + + +
400* + + - + ±
800* + + - + +

Penicillin 1000* + + + + +
2000* + + + + +
4000* + + - + +
6000* + + - + -
8000* + + - +

Streptomycin/ 2/2000 + + + + +
penicillin 4/400Ö* + + - + +

Chloramphenicol 0.001 + + + + +
0.01 + + + + +
0 . 1 + + + + +
1 . 0 + + + + +
10.0 + + + +

Control + + + + +

+ = Rood growth, ± = poor growth, -  = no growth
Suspensions of amoebae from cu ltu res  were treated  w ith  

s in g le  a n t ib io t ic s  o f varying concentrations or a combi
nation  of them. They were kept at 37° C and examined for 
v ia b le  b a cter ia  (by p la tin g ) and v ia b le  amoebae (by sub
cu ltu r in g ) at in te r v a ls . See Table IX for summary of 
r e s u l t s .



Although th© a n tib io t ic  method i s  u s e fu lf p ers is ten t  
gram -p ositive b a c i l l i  or cocci were not always eliminated 
from cu ltu r es  even a fte r  24-hours' in cu b ation . Only repeated  
treatm ent w ith  strep tom ycin /pen ic i11 in  eventua lly  elim inated  
th ese  b a c te r ia .

Gentamycin was not sa t is fa c to r y  because i t  a ffected  the  
growth of amoebae adversely even when 200 u n its/m l concen
tr a tio n  was u sed . P e n ic i l l in  was u s e fu l  by i t s e l f  but at 
con cen tra tion s above 4,000 un its/m l growth of amoebae was 
com pletely in h ib ite d . S trep to m y cin /p en ic illin  combination 
was most e f f e e t i v e . With 4.0  mg streptom ycin and 4,000 u n it s  
p e n ic i l l in /m l , a l l  b a cter ia  were e lim in ated  w ith in  24 hours 
and amoebae remained v ia b le . Chloramphenicol at the concen
tr a t io n s  used was not e f f e c t iv e .

Because c y s ts  are le s s  vu lnerab le to  chemical tr e a t 
ment, i t  i s  suggested  that fa eca l con cen tra tes be treated  
with a n t ib io t ic s  and washed thoroughly in PBS before they  
are in ocu la ted  in to  RSM.

Experiment 3 . Sucrose-gradient sep aration  of E. histolytica  
cy s ts  and tro p h o zo ites  from concomitant 
organisms

When a l l  attem pts to  free  E. h is to ly tica  cu ltu res from 
Blastocystis hominis using  chem icals f a i le d  because they 
were in e f f e c t iv e  over lim ited  numbers of subcu ltu res, a su 
cro se -g ra d ien t method was tr ie d . Out of 4 cu ltu res so 
trea ted , on ly  one sto ck , Saigon, was su c c e ss fu lly  grown 
without B la sto cy stis . In th is  case, th e  trophozoite sediment 
c o lle c te d  from the sucrose grad ient had been washed in tap  
water in stea d  of the usual PBS. To t e s t  th is  fin d in g , 
tro p h o zo ites  from the other three B lastocystis  -contaminated 
cu ltu res  were washed three times by cen tr ifu g a tio n  with 
ordinary tap water before they were inocu lated  in to  RSM.
This proved very su ccessfu l as a l l  cu ltu res  were freed from 
Blastoaystia  contam ination. However, i t  was observed that a 
huge number o f the trophozoites were lo s t  through l y s i s .
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The ra te  at which amoebae grew in subcultures from the  
treated inocu la  suggested that the new generation pro
bably developed from mature c y s ts  which had survived the 
treatm ent. I f  s o , then E. histo lytica  must have completed 
i t s  l i f e  cy c le  in  RSM. This was la te r  in vestigated  and 
conf irmed.

A ll Rlaetocjt/st-is-contaminated fa e c a l concentrates were 
subsequently trea ted  with tap water before they were cu l
tivated  .

However, th e  sucrose-grad ien t method proved very use
fu l .  I t  was p o s s ib le  to  separate sm all cy sts  from larger  
ones: for exam ple, Endolimax nana from E. histolytica  and also
bacteria  from amoebae. B acteria  and E. mm c y s ts  when pre
sent in the s t o o l  preparation were found at the 0.2M layer 
and E. h isto ly tica  cy sts  at the 0 .8M and 1.0M layers ( se e  
Table X ). C y sts  so treated  were washed in PBS by c e n tr i
fugation , reconcentrated  and subcultured in to  RSM.

Table X
Result of th e  sucrose-grad ien t separation  of E. h istolytica  

(SN) c y s t s  from E. ram c y s ts  and b acteria

Sucrosegradient
Presence of f lo r a  and fauna

E. nana E. h isto ly tica Bacteria*

0 .2M + - 3+
0.5M - - +
0.8M - + +
1 .0M - 3+

* by m icroscop ica l observations
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C2 Optimi/.i ng growth co n d itio n s of E. histolytica in  
R obinson's medium

Experiment 1 . The e f f e c t  of BRS concentration on t.he 
growth of histolytica  in RSM

A fter i n i t i a l  c u lt iv a t io n  of is o la te s  in Robinson's 
primary medium, is o la te s  were subcultured in  RSM of vary
ing BRS/phthalate d i lu t io n s . I t  was observed th at  
amoebae u su a lly  grew in  a l l  the d ilu tio n s  used but to  a 
g reater  or le s s e r  ex ten t.

Experiments were se t  up to  in v e s t ig a te  the e f f e c t  o f  
BRS con cen tration  on the growth of E. histolytica s to ck s . 
RSM was made up as shown below:
Proportions o f  BRS/phthalate %  BRS %  serum RSMgroup

1: 2 33.0 16.6 a
1: 3 25.0 12.6 b.
1:4 20.0 10.0 c
1: 5 16.6 8.3 d

For every stock  used in  th ese  experiments 96 agar 
s lo p es  with added starch  were se t  up in  b ijou  b o t t le s .
They were d iv id ed  in to  4 groups o f 24. Group 1 rece iv ed  
3 ml RSM (a)-, group 2, 3 ml RSM (b ); group 3, 3 ml RSM 
(c )  and group 4, 3 ml RSM (d ) .

A ll c u ltu r es  were in ocu la ted  w ith 0.1 ml of a su s
pension con tain in g  20,000 amoebae/ml. They were incubated  
at 37° C. Four cu ltu res from each s e t  were examined 
sep arately  d a i ly ,  the numbers of 'viable' (trypan-blue-excluding) 
organisms were estim ated and th e ir  average taken as the  
number of v ia b le  o rg a n ism s/cu ltu re . R esu lts forE. histoly

tica stock s JEH and Fenn in d if f e r e n t  RSM are shown in  
Table XI. The growth curves are gra p h ica lly  represented  in 
Figures 5a and b.

i



Table XI
Growth of amoebic populations in RSM with various BRS concentrations

BRS
concentration

%(v/v)
Serum

concentration
%(v/v)

Amoebal
4 o Population (x 10 ) per culture after incubation at 37 C for

stock 0 hr 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 144 hrs

33 16.6 Fenn 0.2 1 . 0 12 .0 14.0 8.3 3.5 2.9
JEH 0.2 0.8 10.5 9.1 1.58 2.29 2.5

' 25 1 2 . 6 Fenn 0.2 1 . 0 14.0 12.5 8.3 3.2 2.0

JEH 0.2 0.5 7.9 5.8 2.0 2.3 1 . 6

20 10.0 Fenn 0.2 1.5 23.0 16.6 6.3 1.26 1.3
JEH 0.2 0.6 7.6 6.3 2.5 1 . 6 2.0

16.6 8.3 Fenn 0.2 0.79 7.6 3.2 3.2 3.2 0.5

1

JEH 0.2 0.35 4.0 3.8 3.3 2.6 0.52
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Fig 5a
Growth curves of E. histolytica (Stock Fenn) 
in Robinson’s medium with various BRS concentrations

Time in days

A =(16.6%  serum) 33% BRS 
B = (12.6% serum) 25% BRS 
C = (10% serum) 20% BRS 
D = (8.3%  serum) 16.6% BRS



Fig 5b
Growth curves of E. histolytica (slock J .E .H .)  
in Robinson's medium with various BRS 
concentrations

1 2 3
Time in <days

A = (16.6% serum ) 33% BRS
B =(12.6% serum ) 25% BRS
C = (10.0% serum) 20% BRS
D = (8 .3 %  !serum) 16.6% BRS

*
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The r e s u lt s  show that there i s  no appreciable d i f 
fere n c e  in  the maximum popu lation  of those stocks grown in  
RSM with 20 to  33% BRS (10-16.6%  serum). However, a l l  i s o 
l a t e s  grew b est in  RSM w ith 33% BRS(16.6% serum) excep t  
s to c k s  Fenn and R afiq  which grew b est in RSM with 20% BRS 
(10% serum). The medium which supported the growth o f  an 
i s o l a t e  b est  was used when experim ents were to  be performed 
on such i s o la t e .

Experiment 2. Changes in pH of R obinson's medium during  
growth of K. histolytica

The pH of th e  cu ltu res  of sto ck  Fenn in  experim ent 1 
was taken at the time v ia b le  counts were made and t h e ir  
means were recorded. (Stock  Fenn was chosen because p re
lim inary work proved i t  to  grow b est  in RSM of a l l  th e  
sto ck s  then iso la ted .)

I t  appeared that the on set o f  amoebic growth i s  
independent of th e  i n i t i a l  pH v a lu e  of the medium s in c e  
i n i t i a l  pH v a lu es  varied between 6 .9  and 7 .1 . There was a 
stead y  d e c lin e  in  pH towards a c id ity  as amoebae m u lt ip lie d ,  
probably due to  th e  so lu b le  w aste products of Es. c o l i  - B 
and, by the end o f  6 days, the pH had dropped to below 5 .5  in  
each of the experim ents. However, the period of maximum 
growth co in cid ed  with the time when the pH fe l l  to about 6 .5 .  
Below t h is  pH, growth grad u ally  d ec lin e d . Table XII and 
Figure 6 i l l u s t r a t e  th ese  p o in ts .

Experiment 3. On the growth of F. histolytica  in R obinson's  
medium using  an oxygen -free gas phase

The experim ent was performed to see  whether th e  re 
placement of the gas phase of RSM with 90% Hydrogen and 
10% C02 would enhance the growth of E. histolytica  s in c e  i t  
i s  known that E. histolytica  grows best in an anaerobic  
environment (Robinson, 1968b)-. Stock Fenn was u sed .



Table XII
Changes of pH in relation to growth of E. h is to ly tica (stock Fenn) in 

RSM of varying concentrations

Time in days
Population (x 104,>per culture pH value of culture medium

% concentration of serum in RSM % concentration of serum in RSM
16.6 1 2 . 6 10.0 8.3 16.6 1 2 . 6 10.0 8.3

0 0.2 0.2 0.2 0.2 7.0 7.0 6. S 6.9
1 1 . 0 1 . 0 1.5 0.79 7.1 7.05 6.8 7.0
2 1 2 . 0 14.0 23.0 7.6 7.0 6 . 8 6 . 5 6 . 5
3 14.0 12.5 16.6 3.2 6.4 6. 2 6.05 6.0

' 4 8.3 8.3 6.3 3.2 6.0 6.0 5.6 5.6
5 3.5 3.2 1.26 3.2 5.6 5.8 5.5 5.6
6 2.9 2.0 1.3 0.5 5.4 5.5 5.2 5.3
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Fig 6
Relationship between pH and growth of an E. histolytica 
(stock Fenn) population in Rsm

A =(16.6% serum) 33% BRS 
B = (12.6% serum) 25% BRS 
C = (1 0 %  seru.n) 20% BRS 
D = (8 .3 %  serum) 16.6% BRS

0
0
>
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T h irty  two cu ltu r e s  were s e t  up in  b ijou  b o tt le s  
using RSM with 10% serum. Each b o t t le  received  0.1 ml

4inoculum con tain in g  0 .2  x 10 amoebae. The cu ltu res  were 
divided  in to  2 s e t s .  Set a had th e ir  caps very lo o se ly  
screwed on w hile s e t  b had t h e ir s  t ig h t ly  screwed on. The 
s e t  a c u ltu r es  were incubated at 37° C in an atmosphere 
of 90% H2 and 10% C02 in  anaerob ic, McIntosh and F i ld e 's  
ja r s . The se t  b cu ltu r es  were incubated on the racks of 
the same incubator.

Four cu ltu res  from both s e t s  were removed and checked 
for th e ir  growth of amoebae a t  24-hourly in te r v a ls . The 
number o f  'v ia b le ' organisms were estim ated and th e ir  
averages taken as the number o f 'v ia b le ' am oebae/cu lture. 
See Table X III .

The r e s u lt  showed that maximum population  was reached 
in  both cases w ith in  48 hours. The maximum popu lation  of 
amoebae grown w ith 0 2-co n ta in in g  gas phase was s i g n i f i 
ca n tly  grea ter  (usin g  t t e s t )  than that reached by the  
other popu lation  (p< 0 .0 0 1 ). There was no d if fe r e n c e  in 
the shapes of the growth curves (see  Figure 7 ) .

When th is  experiment was repeated using a h igher ino
culum, the s itu a t io n  a ltered  a l i t t l e .  The d iffe r e n c e s  in 
the maximum p opu lations ceased to be s ig n if ic a n t  ( p > 0 .2 )  
but c o n s is te n t ly  remained h igh  in those experim ents incu
bated with an C2~containing gas phase. Other stocks of amoebae were 
a lso  employed using  appropriate RSM and the same r e s u lt s  
were observed (s e e  Figure 8 ) .

The absence of 0 2 from the gas phase o f amoebal cu l
tu res grown an a ero b ica lly  may have caused theFs. ooli - 
B  popu lation  to  grow more s lo w ly  because of 0 2 lack  
(Robinson, 1968b). B acteria  not only serve as source of 
amoebal n u tr ien ts  but a lso  provide e s s e n t ia l  anaerobic 
co n d itio n s  for the amoebae. The v a r ia tio n s  in growth 
curve with inoculum s iz e  were further in v e s t ig a te d .
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Rg 7
Growth curves of E. histolytica  (Stock Fenn) 
grown in oxygen-containing and oxygen-free 
gas phases.

A = gas phase -  air 
B = gas phase -  C O 2  and H2
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Fig 8
Growth curves of E. histolytica stocks 
grown in oxygen-containing and oxygen-free 
gas phases.

FA = gas phase -  air (Stock Fonn)
FB = gas phase - C 0 2 and H ,  (Stock Fenn)
TA = gas phase-air (Stock Thesiger)
TB = gas p h a se -C 0 2 and (Stock Thesiger)

Stock Thesiger was grown in RSM with 16.6% serum
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Table XIII
The population  of E. histolytica  (stock  Fenn) grown in  

oxygon-containing and oxygen-free gas phases

Time in hours
Population (x 10^) of 'v ia b le ' amoebae/eu1tur

Ô - contain! ng 
gas phase 0 2 ~free gas phase

0 0.2 o to

24 0.375 0 .625
48 13.75 7 .0
72 7.87 6.625
96 7.1 3 .5 5

Experiment 4 . The e f f e c t  of inoculum s iz e  on the growth 
curve o f E. histolytica

Two-fold s e r ia l  d ilu tio n s  of E. histolytica stock
4Thesiger were prepared from a suspension containing 8 x 10 

amoebae/ml. 90 cu ltu r es  were se t  up using RSM containing  
16.6% serum. The cu ltu res  were d iv id ed  in to  5 groups of 
18. Group 1 received  0.1 ml inoculum with 4000 amoebae; 
group 2 rece iv ed  the same volume w ith  2000 amoebae; group 3 
received  1000 amoebae; group 4, 500 amoebae and group 5,
250 amoebae.

They were a l l  incubated at 37° C. The number of 
v ia b le  amoebae was estim ated from the average of counts 

from 3 c u ltu r e s  per group. Counts were made at 24-hourly  
in te r v a ls . See Table XIV for d e t a i ls  of 'v ia b le ' counts.

I t  appears from the r e s u lts  th a t the growth curve of 
E. histolytica  i s  r e la t iv e ly  u naffected  by inoculum s iz e  (see  
Figure 9) but, as the number of amoebae decreased in the 
i n i t ia l  inoculum, a slower growth was observed w ith in  the 
f i r s t  tw enty-four hours. I t  i s  p o ss ib le  that a lag phase
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Fig 9
The growth curves of E. histolytica (Thesiger) 
in RSM with various inoculum sizes

a = inoculum 
b = inoculum 
c = inoculum 
d = inoculum 
e = inoculum

of 0 .4  x 104 amoebae 
of 0 .2  x 104 amoebae 
of 0. 1 x 104 amoebae 
of 0 .05  x 104 amoebae 
of 0.025 x 104 amoebae

b

d
a

c
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might even be experienced for 24 hours i f  the number of 
amoebae was reduced further to, s a y , 100.

The apparent growth ra te  of E. histolytica was 
observed to  be in v er se ly  p rop ortion a l to  inoculum s iz e ,  
maximum growth being reached w ith in  3 to 4 days regard less  
of inoculum s iz e .  A p o ss ib le  exp lan ation  i s  that growth 
m ateria l was a v a ila b le  in  equal amounts to  a l l  the cu l
tu r e s , th ere fo re , a cu ltu re  w ith a high i n i t i a l  inoculum 
would use up a l l  i t s  n u trien ts in  a much shorter time than 
one with a sm all i n i t i a l  inoculum . B esid es, the so lu b le  
w aste products from the b a cter ia  and amoebae would accu-

Table XIV
The course of growth of E. histolytica  (Thesiger) in  
R obinson's medium from varying i n i t i a l  inocula

Time in  
hours P opulation  (X 104 ) o f 'v ia b le '  am oebae/culture

0 0.4(inoculum) 0.2(inoculum) 0.1(inoculum) 0.05(inoculun) 0.05(inoculum)

24 3.5 2.8 1.6 0.5 0.05

48 23.4 28.9 16.0 14.8 9.5

72 26.4 28.2 21.4 24.0 33.3

96 47.7 32.2 27.6 23.0 27.6

120 16.6 14.7 19.6 16.6 15.4

144 4.2 7.1 2.2 5.4 3.8
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mulate to  to x ic  le v e l much quicker in  cu ltu res  w ith a 
large inoculum . From the p oint o f  view of maximizing 
population i t  i s  b etter  to use sm all in ocu la .

Experiment 5 . The growth curves o f  E. histolytica  in  
Robinson's medium u sin g  sm all inocu la

Experiments performed so fa r  had been checked for 
v ia b le  amoebae at 24-hourly in te r v a ls . The r e s u lt  of 

experiment 4 indicated  that a lag  phase might be d e tec 
ted in  the growth curve of E. histolytica  in  Robinson's 
medium ( i )  i f  fewer amoebae were used and ( i i )  i f  counts 
were made more freq u en tly .

This experiment was s e t  up to  see whether a la g  phase 
occurred in  RSM.

The f i r s t  experiment was performed to  see whether a 
decrease in  inoculum s iz e  brings about a pronounced lag 
phase. Suspensions o f Biswas, T h esiger, JEH, Irv in e  and 
Thirer were prepared. S ixty  c u ltu r e s  were se t  up with RSM 
containing 16.6% serum. They were d iv ided  in to 5 groups 
of 12. Each group received  0 .1  ml in ocu la  from th e same 
stock . They were incubated at 37° C and population  e s t i 
mates were made at 24-hourly in te r v a ls . The average of 
three cu ltu re-co u n ts  was taken.

The r e s u l t s  p artly  confirmed that a lag phase cer
ta in ly  e x i s t s  in the growth curve of E. histolytica  in RSM, 
but th is  was shown by 3 of the 5 stock s t e s t e d . See Figure 
10. The proportion of organisms in  the inoculum which are 
'in fective*  t o  cu ltu res may a lso  be resp on sib le  fo r  the lag  
phase.

The second experiment was carried  out to f in d  out 
when lag phase occurs and how long i t  l a s t s  during growth
in RSM.
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Again Fonn was u sed . 56 cu ltu res  were se t  up and 
divided  in to  4 groups o f  14. Group 1 received  RSM with  
16.6% serum, group 2, 12.6%; group 3, 10% and group 4, 
8.3%.

A ll were in ocu lated  with 0.1  ml suspension of 2,000  
amoebae and were incubated at 37° C. Two c u ltu r es  from 
each group were removed at 12-hourly in te r v a ls  during the  
f i r s t  48 hours, fo llow ed  by 24-hourly in te r v a ls . V iable  
counts were estim ated as usual.

Figure 11 i l l u s t r a t e s  the r e s u lt s  of th is  experim ent. 
It  appears that the growth curve of E. histolytica  in RSM 
fo llo w s  the ty p ica l growth curves obtained by previous 
workers (Balamuth and Howard, 1946; Harinasuta and 
H arinasuta, 1955; Abioye, 1971; e t c . )  in  which th ere  i s  a 
lag phase, which may be short or long depending on the 
inoculum s iz e  and the stock  being tested  (as w i l l  be d i s 
cussed la te r , growth r a te  appears to  be stock-dependent) , 
there i s  a lso  the prolonged log  phase which l a s t s  for 24 
hours at le a s t , and sta tio n a ry  and d ec lin e  p hases.

The lag phase in RSM can be d etected  only when ( i )  
the inoculum i s  very low or ( i i )  i f  counts are made at  
in te r v a ls  not too far apart, say 6-12 hours.

C3 Comparative growth stu d ies

Experiment 1. The growth of E. histolytica  (JEH) in d if fe r e n t 
fresh  and preconditioned media

The growth of E. histolytica  (JEH) was stu d ied  in RSM 
and LES medium (Boeck and Drbohlav, 1925). The media were 
chosen because, in an extensive comparative study on the 
growth of certa in  E. histolytica  sto ck s using HSre, LIA,
EYI and LES media, Harinasuta and Harinasuta (1955) 
showed that amoebae grew best in  LES medium. They a lso  
showed that the lag phase was considerably shortened and
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Fig 11
The growth curves of E. histolytica (stock Fenn) 
In Rsm with varying BRS concentrations

A =(16.6% serum) 33% BRS 
B=(12.6%  serum) 25% BRS 
C = 00.0%  serum ) 20% BRS 
D =(8.3% serum) 16.6%  BRS

< to U



growth was more p r o l i f ic  when media were preconditioned  
with b a c te r ia . In another report by Abioye (1 9 7 1), i t  
was s ta te d  that Ibadan s tra in s  o f  E. histolytica grew b est  
in R obinson 's and LIA media of a l l  the media he employed 
(th ese  included HSre., LIA, LES and Robinson's m edia).

T h is  experiment was designed f i r s t  to  see whether 
'p reco n d itio n in g ' of RSM (which already con tains b acteria  
in  t h e ir  sta tio n a ry  phase of growth) improved amoebal 
growth and secondly to  in v e s t ig a te  the e f f e c t  o f precon
d it io n in g  of LES medium on lag phase and growth.

S ix te e n  u n iversa l b o tt le s  o f  complete RSM and another 
16 o f L.ES medium were made up. 8 b o tt le s  of each se t  were 
prepared a day before experim entation to allow  overnight 
p reco n d itio n in g  at 37° C. On day 2, the r e s t  o f the 
b o t t le s  were made ready. Each o f  the 32 b o t t le s  received  
an inoculum of 60,000 amoebae from 48-hour-old stock  c u l
tu res (prelim inary in v e s t ig a t io n s  showed that a high in o 
culum was required to  e s ta b lish  amoebal growth in  LES 
medium in  u n iversa l b o t t le s ) .

The population of 2 cu ltu r e s  from each fresh  and pre
con d ition ed  s e t  was estim ated a t 24-hourly in te r v a ls  and 
th e ir  averages taken as the number of v ia b le  amoebae/ 
c u ltu r e . The growth curves of s to ck  JEH in fresh  and pre
con d ition ed  RSM and LES media a re  given in F igure 12.

I t  w i l l  be seen that the maximum population  was 
ach ieved  in fresh  LES medium, maximum population  being 
reached on day 3. This i s  contrary to  what Harinasuta and 
H arinasuta reported; however, a shorter lag phase was 
observed in the preconditioned medium. The prolonged lag 
phase may be due to the fa c t  th a t  stock JEH found i t  d i f 
f i c u l t  to e s ta b lish  i t s e l f  in a new cu ltu re environment 
having been passaged severa l tim es in RSM.
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Fig 12
The growth curves of F. histolytica (stock JEH) 
in fresh and preconditioned media

LES / F

r s m / p

RSM/F

LES /P

F refers to fresh medium 
P refers to preconditioned medium
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With RSM, th ere  appeared to  be no d iffer en ce  between  
the growth p attern s of amoebae in  the fresh  and precon
d itio n ed  media; no lag phase was observed probably 
because ( i )  the i n i t i a l  inoculum was rather high and ( i i )  
the fre sh  medium was already p recond itioned .

Experiments performed with lower (2000) inocula made 
no d iffe r e n c e  to  E. histolytica  growth in  fresh  and precon
d itio n ed  RSM, but i t  prolonged th e lag phase in  both 
fresh  and preconditioned  LES medium to more than 48 hours 
in  c e r ta in  c a s e s . A dditional experim ents using high in o 
cu la  gave comparable r e s u lt s  to  those described  above.

Experiment 2. The growth of E. histolytica  stock s in d i f 
fe r e n t preconditioned  m edia.

Having e s ta b lish ed  that precond itioned  media were 
b etter  than fresh  media for the i n i t i a l  growth of E. h i s t o 

lytica, an experiment was performed using preconditioned  
RSM, LES and M-LES (H arinasuta and H arinasuta, 1955) to  
see whether the slow growth observed in experiment 1  was 
(a ) stock-dependent or (b) due to  the shock of a new 
environm ent. LES medium was a ls o  compared with M-LES 
med ium.

Stocks Ir v in e , JEH and Thirer were used. Each s to c k  
was r o u tin e ly  passaged in  u n iv e rsa l b o t t le s  in  a l l  the  
three media for a t le a s t  3 weeks before u se . 48-hour-old  
c u ltu r es  o f each stock  m aintained in 3 media were p oo led , 
washed tw ice and resuspended in  PBS.

Twenty-four cu ltu res  were s e t  up in  un iversa l 
b o t t le s  for each preconditioned  medium. The cu ltu res were 
then regrouped in to  3, such th at each group had 8 c u ltu r e s  
of each medium. Each group rece iv ed  0 .1  ml inoculum o f
55,000 amoebae from the same s to c k . They were a l l  in c u 
bated a t 37° C and counts were made at 24 -hourly In te r v a ls
as u s u a l .
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The population  estim a tes of th e  amoebic stocks cu l
tured in  the 3 media are g iven  in  Table XV. I t  w i l l  be 
seen that the best i n i t i a l  growth occurred in RSM for  
a l l  the s to c k s , maximum population  being reached w ithin  
2 days. In LES and M-LES media, th e  maximum populations 
were reached a fter  2 - 3  days.

No lag phase was d etected  in  RSM for reasons 
already d iscu ssed  but lag phase was pronounced in the 
case of s to ck s JEH and Thirer in  both LES and M-LES media 
(see  Figure 1 3 ). The lag phase o f stock Irvine was short 
in LES medium and shorter s t i l l  in  M-LES medium.

R esu lts confirm th at lag phase was not due to  shock 
from a sudden change of environm ent. G enerally, growth 
was b est in  RSM, LES medium was b e t te r  than M-LES in my 
experience. Growth was more dependent on the cu lture  
medium than on the stock  of amoeba.

Table XV
The growth of E. histolytica  stocks in  various preconditioned media

Culture Amoebal P o p u la tio n ^  104) per cu lture af te rmedium stock incubation  at 37 C for

0 hr 24 h rs 48 hrs 72 hrs 96 hrs

Robinson's Irvine 5.5 113.0 152.0 76.4 54.6
(Robinson, Thirer 5.5 64.5 1 1 0 . 0 24.6 16.0

1968a) JEH 5.5 30.5 127.0 87.1 40.65

LES Irvine 5.5 5.8 89.7 41.7 23.0
(Boeck and Drbohlav, Thirer 5.5 1 .0 63.0 47.3 14.2

1925) JEH 5.5 2 . 0 1 1 0 . 0 63.4 47.3

M-LES(llarinasuta Irvine 5.5 15.3 103.0 70.8 45.0
9.5and Thirer 5.5 1.3 27.0 38.6

Harinasuta, 1955) JEH 5.5 1 .0 27.0 30.1 56.65
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Fig 13
Growth curves of E. histoly tica  stocks in 
various preconditioned media

Irvine

Thirer
JEH

LES
medium
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Experiment 3. Changes in ox id ation -red u ction  p oten tia l
and pH during amoebic growth in  v a rio n : media

The experiment was designed to  in v e s t ig a te  what aspect  
of the cu ltu r e  medium i s  resp o n sib le  for the s lo ”’ in i t ia l  
growth o f  E. histolytica  sto ck s in  LES and M-LES media.

Four preconditioned and 4 fresh  cu ltu res  were se t  up 
for each medium in u n iv ersa l b o t t le s .  A t o ta l  of 24 cu l
tures rece iv ed  the same volume of inoculum with approxi
m ately 60,000 amoebae. No attempt was made to count the 
amoebal population  during growth to avoid mixing of cu l
tures (prelim in ary  in v e s t ig a t io n s  had shown that the 0-R 
p o te n t ia ls  and pH valu es vary from the top to  the bottom of  
a c u ltu r e  b o t t l e ) .  This was another reason why cu ltures  
were kept u pright in stead  of being slan ted  as described by 
H arinasuta and Harinasuta (1955).

The pH and 0-R p o te n t ia ls  were measured at the bottom 
of the 4 cu ltu r es  of each experim ental s e t  at 6-hourly  
in te r v a ls  for 24 hours and th erea fter  at 24-hourly in te r 
v a ls .  Readings were made in such a way th a t disturbance at the 
bottom o f each cu ltu re was minimal. Readings were made 
from th e  same cu ltu res  throughout the experiment. Care was 
taken to  m inimize contam ination as described  in m ateria ls  
and methods.

At th e s ta to f  experiments a l l  cu ltu res  contained Es. n o l i - 
B  as te s te d  by p la tin g  on agar and from preparation of Gram 
s t a in s .

The r e s u lt s  are summarized in  Table XVI and a compari
son o f the pH and 0-R p o te n t ia ls  in  the various fresh  and 
precond itioned  media are shown in  Figures 14a and b.

The pH in  fresh  LES and M-LES media was on the alka
lin e  s id e  i n i t i a l l y ,  that in  RSM was neutral (pH = 7 .0 ) .  As 
growth continued, pH gradually  dropped to  a c id ity  w ithin 24
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Table XVI

Changes in  pH and 0-R p o te n t ia ls  of E. histolytica  (stock  
JEH) cu ltu r es  growing in fresh  and preconditioned media.

Medium
pH a fte r  c u lt iv a t io n  for

0 hr 6 hr s 1 2  hrs 24 hrs 48 hrs 72 hrs 96 hrs

RSM F 6 .9 6 . 6 6 . 6 6 . 1 6 . 1 5.9 5.7

P 6 . 8 6 . 8 6 . 8 6 .3 6 . 1 5 .9 5.9

LES
F 7 .6 6 . 1 4.7 5 .0 5 .6 5 .5 5.6

P 5 .1 5 .3 5 .5 5 .8 5.6 5. 6 5.6

M-LES
F 7 .4 6 .9 6 . 2 6 . 2 6 . 0 6 . 0 6 . 2

P 6 . 2 6 . 2 6 . 2 6 . 0 6 . 0 6 . 2 6 . 6

0-R p o te n t ia l in m i l l iv o l t s  (co rrec ted )

RSM
F ( + 103) -140

(-107)-350 (-317)-560 ( + 73) -170
(+3)
-240

( + 43) 
- 2 0 0

(-27)(-270)

P ( + 53) -190 (-117)-360 (-107)-350
( + 53) -190 (+73)-170 (-9 7 )-340 (-27)(-270)

LES
F (+ 233) 

- 1 0
(-327)-570

(-287)-530
(-2 7 7 )-520 (-177)-420

(-1 7 2 )-415 (-147)-390

P (+193)-50 (-3 0 7 )-550
(-292)-535 (-1 9 7 )-440 (-167)-410 (-1 6 7 )-410 (-167)-410

M-LES
F

(+313) 
+ 70 (-3 1 7 )-560

(-347)-590
(-1 6 7 )-410 (-177)-420

(-1 7 7 )-420 (-177)-420

P (+203)-40 (-2 5 7 )-500 (-317)-560 (-1 7 7 )  -4  20 (-177)-420 (-1 7 7 )-420 (-207)-450



Fig 14a
Changes in pH and O-R potential of different 
fresh culture media during amoebic growth
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RSM = Robinson's medium
LES = locke  -  egg-serum medium
M-LES = modified LES medium
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Fig 14b
Changes in pH and O -R  potential of different preconditioned 
culture media during amoebic growth.

RSM~ Robinson's medium
LES = Locke - egg-serum medium
M-LES = modified LES medium
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hours In M-LES and RSM and remained so throughout. However, 
the pH in  LES medium dropped very rap id ly to  below 5 w ithin  
12 hours, but gradually  rose again to about 5 .5  by the 48th 
hour, remaining so to  the end. The sudden drop in pH in LES 
medium could be a ttr ib u ted  to  i t s  in e f f ic ie n t  b u ffer  system.

In the preconditioned media, the pH in  RSM and M-LES 
medium was constant during the f i r s t  1 2  hours then gra
d ually  dropped to around 6 in  48 hours before r i s in g  again 
to  6 . 6  in  M-LES. pH in the LES medium rose s t e a d ily  from 
about 5 at the tim e of in ocu la tion  to  5 .8  during th e  f i r s t  
1 2  hours and remained so throughout.

The i n i t i a l  0-R p o te n tia l (Eh) of the d if f e r e n t  fresh  
media was between +100 and+300 mv, being low est in  RSM. 
Within 6 hours of in o cu la tio n , the 0-R p o te n tia ls  in  LES 
and M-LES media had dropped to below -300 mv but had risen  
again to  about -170 mv in 24 hours in M-LES medium and 48 
hours in  LES medium, remaining constantly  n egative there
a f te r . Although th e  0-R p o te n tia l in RSM sta rted  o f f  lower 
than those in the other media, i t  did not drop as fa s t  but 
i t  reached -300 mv w ith in  12 hours. By 24 hours, i t  had 
r isen  to  a p o s it iv e  le v e l .

The 0-R p o te n t ia ls  in  the preconditioned LES and M-LES 
media a t  the t i m e  of in o cu la tio n  were + 2 0 0  mv, only s l ig h t ly  
lower than those in  the fresh  media, otherw ise they  f o l 
lowed the same p a ttern . Although the i n i t i a l  0-R p o ten tia l 
in RSM was lower than in the other media, i t  did not f a l l  
below -130 mv and by 24 hours i t  had r ise n  again to  a low 
p o s it iv e  le v e l .  The re la tio n sh ip  between these co n d itio n s  
and th e growth of the amoebae i s  d iscu ssed  on page 231. 
Experiment 4. The e f fe c t  o f volume of medium on growth 

u sin g  various preconditioned media

To t e s t  the e f f e c t  of volume of cu ltu re  medium on the 
growth of E. histolytica, preconditioned media were se t  up in 
1 2  u n iversa l and 1 2  bijou b o tt le s  for each type o f  cu lture
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medium. Each cu ltu re  b o t t le  received  55,000 E. histolytica 
(JEH) tro p h o zo ites  per 0 .1  ml inoculum. They were iituba- 
ted at 37° C. V iab le counts were made of 3 c u ltu r e s  per 
group at 24-hourly in te r v a ls  and th e ir  averages recorded. 
Table XVII summarizes the r e s u lt s  of the counts.

I t  w i l l  be seen th a t u sin g  an inoculum of 55 ,0 0 0 , the  
maximum population  was reached a fter  48-hours' incubation  in  
RSM reg a rd less o f c u ltu r e  volume. In LES and M-LF.S media, 
maximum popu lations were recorded a fte r  48-hours incubation  
in  the sm aller volumes and a f te r  72 hours in  the larger  
volum es.

No lag  phase was observed in  the growth of cu ltu r e s  in  
large and sm all volumes of RSM, whereas lag phases were 
observed in  the growth curves of cu ltu res in o th er media, 
the lag phase being sh o r ter  in the sm aller volumes in both 
ca se s . See Figure 15. Volume of cu ltu re  appears to  have 
an e f f e c t  on the growth of E. histolytica in vitro. With an 
inoculum of 55,000 in  RSM, the larger the cu ltu re  volume,

Table XVII
The growth of E. histolytica  (JEH) in  d iffe r e n t  volumes 

of v a r io u s  cu ltu re media

Culture Culture
4Population of amoeba(x 10 ) after incubation at 37°C for

medium (ml.) 0 hr 24 hrs 48 hrs 72 h rs 96 hrs

RSM 3 5 .5 1 4 .5 49.0 4 5 .6 38 .63
1 0 5 .5 3 0 .5 127.0 8 7 .0 40 .65

LES 3 5. 5 1 .78 127.0 9 2 .2 70 .36
1 0 5. 5 0 .9 9 .0 170.4 47 .3

M-LES 3 5. 5 0 .9 27.0 13 .1 20.05
1 0 5 .5 0 .5 49.0 132 .5 9 3 .0
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Fig 15
Effect of different volumes of various pre-conditioned 
culture media on the growth curves of E. histolytica (JEH)

R =RSM 
L = LES 
M-L = M-LES

T = 3.0 ml culture volume 
2 = 10.0 ml culture volume
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the f a s t e r  the growth ra te  and the b igger the y ie ld  of 
amoebal p opu lation . In the other media with sm aller  
volumes, the i n i t i a l  growth i s  fa s te r  but the maximum 
y ie ld  i s  le s s .

Experiment 5. Cloning of E. histolytica  stock s in various  
media

The p h y s io lo g ica l and biochem ical nature of cer ta in  o f  
my experim ents made i t  necessary to work with homogenous 
p op u la tion s so as to  avoid s e le c t io n  and perhaps to  main
ta in  r e p r o d u c ib ility  o f r e s u lt s .  A microisolation technique 
as d escrib ed  by the author (F a rri, 1978, see  re p r in t  at 
back o f th e s is )  was used in  the cloning of a l l  the d i f 
fere n t sto ck s described  in to  small volumes (3 .0  m l) of RSM. 
An attem pt was made at is o la t in g  c lon es from each of the 
d if f e r e n t  stock s shown in Table XVIII in sm all and large  
volumes of LES and M-LES media w ithout su ccess. I was a lso  
unable to  is o la te  c lo n es o f any of the stocks in  large

Table XVIII
Success ra te  in  clon in g  E. histolytica  by m icr o iso la tio n  in  RSM

Amoebal Stock No. of attem pts at cloning No. p o s it iv eNo. inocu lated

Biswas 2 0 / 1 0  2 / 1 0

T hesiger 1 2 / 1 0

SN 1 7/10
Irv in e 2 4/10 8/10
Bean 1 8 / 1 0

Fox 2 2/10 4/10
T hirer 2 0 / 1 0  2 / 1 0

JEH 2 2 / 1 0  6 / 1 0

Atkinson 1 7 /10
A li 1 1 / 1 0

Saigon 3 0 /1 0  0/10 3/10
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volumes of RSM. At each attem pt 10 c lo n a l is o la t io n s  were 
attem pted. Experiments in  c lo n in g  in to  large volumes were 
not repeated because the RSM in  sm all volumes worked very  
w e l l .

U su a lly , amoebae were d e te c ta b le  in  cu ltu res derived  
from one in d iv id u a l w ith in  3 to  4 days depending on th e  
s to c k , except on one occasion  when amoebae were d etected  
5 days a f te r  i s o la t io n .

I t  was observed that la r g e , starch -con ta in in g  tropho
z o i t e s  from 24-hour-old  cu ltu r e s  were b e tter  for c lon in g  
than those derived from 48-hour-old  c u ltu r e s . On no 
o cca sio n  was I ab le  to  is o la t e  c lon es from 72-hour-old  
c u ltu r e s .

C4 Assay Method

Experiment 1. T esting  the r e p r o d u c ib ility  of in f e c t iv i t y  
t i t r a t io n s

F o rty -e ig h t-h o u r-o ld  E. histolytica  (stock  JEH) was 
harvested  and suspended in fr e s h  RSM. 0 .5  ml of t h is  su s
pension was d is tr ib u te d  in to  f iv e  Kahn tubes a fte r  thorough 
mixing by repeated p ip e tt in g . Using a 0.2% trypan—b lu e in  
1 volume medium R to 2 volumes PBS, and a haemocytometer, 
four separate estim a tes  were made of numbers of amoebae 
excluding the s ta in  for each of the f iv e  groups. In fe c 
t i v i t y  t i t r a t io n s  were then carried  out for each group of 
su sp en sion s and estim a tes  were computed from the ta b le s  of 
Lumsdenet a l (1963) . (Tables I I I a ,b  and c ) .

The r e s u lt s  on the r e p r o d u c ib ility  of in f e c t iv i t y  
t i t r a t io n  as an assay for v i a b i l i t y  o f £'. histolytica are sum
marized in  Table XIXa. The d y e -ex c lu sio n  estim ates o f num
bers of amoebae in  the suspensions were concom itant, vary
ing over 0 .09  on the log s c a le ,  about 1 .23—fo ld  a r ith m eti
c a l ly .  The estim ates of amoeba number by d ye-ex clu sio n  
were c o n s is te n t ly  higher than the e s tim a tes  using IDg3 . The
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s t a t i s t i c a l  s ig n - t e s t  (Armitage, 1971) showed that counts of 
dye-exclud ing amoebae obtained were s ig n if ic a n tly  d if f e r e n t  
from the estim a tes  using IDg3 at th e  3% le v e l (P -  0 .0 3 ) . 
Using the TDg3 method, the two most widely separated e s t i 
mates (B + D) were not s ig n if ic a n t ly  d iffer en t:  t  = 0 .86  
and 0.317 > P > 0 .0 5 .

If  one con sid ers the f iv e  r e p l ic a te s ,  the average d i f 
ference (exclud ing  correction  for  p ip e tte  error) between 
d y e-ex clu sio n  and in fe c t iv i t y  r e s u lt s  was 0.612 on the lo g  
s c a le , in d ica tin g  that only one ou t of four trypan-blue- 
excluding amoebae was in fe c t iv e  to  cu ltu res . When the 
r e s u lts  from various experiments were compared, i t  was shown 
that the number of trypan-blue excluding amoebae greatly exceeded  
the number of amoebae ca lcu la ted  from the IDg3 . However,
ID„„ estim a tes  of number of v ia b le  amoebae varied in d i f -  63feren t 48-hour-old  cu ltu res from 15.8 -  95.5% and was much 
le s s  than 15.8% w ith 72-hour-old cu ltu res (See Table X lX b).

Experiment 2. Using in fe c t iv it y  t i t r a t io n  to measure the  
e f f e c t  of age of cu ltu re  on the v ia b i l i t y
of g. histolytica

Twelve cu ltu res  were se t  up with RSM in  u n iversa l 
b o tt le s  as u su a l. Each cu ltu re received  400 amoebae in  
0.1 ml in o cu la . A fter 48-hours incubation, 4 cu ltu res  
were removed and the number of trypan-blue-excluding amoebae 
estim ated from the mixed suspension . Four separate counts  
were made and th e ir  average taken . The procedure was 
repeated a fte r  72 and 96 -hours incubation.

The suspensions were s e r ia l ly  d ilu ted  and in f e c t iv i t y  
t i t r a t io n s  made. The resu lts  o f  the estim ates are sum
marized in  Table XX.
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Table XlXa
E stim ation o f  the numbers of amoebae in , and of the 'in fec -  
t i v i t y ’ o f f i v e  samples of E. histolytica  suspensions

Sample Log no. of trypan—blue- Infect.ivity
Percentageexclud ing 

amoebae/ml & SE log No. infected Log IDro/ml and SE
Viable

dilution No. inoculated

- 2 6 / 6

-3 6 / 6
A 5.40 -4 2 / 6 4 .8 25.0

± 0.027 -5 1 / 6 ± 0 .5
- 6 0 / 6

- 2 6 / 6

-3 6 / 6

B 5.46 -4 5 /6 5.1 43.7
+ 0 .05 -5 0 / 6 ± 0 .5

- 6 0 / 6

- 2 6 / 6

-3 6 / 6

C 5.37 -4 3 /6 4 .9 31 .8

± 0.05 -5 1 / 6 ± 0 .5
• - 6 0 / 6

- 2 6 / 6

-3 6 / 6

D 5.44 -4 2 / 6 4.6 16.2
± 0.057 -5 0 / 6 + 0.3

- 6 0 / 6

- 2 6 / 6

-3 6 / 6

E 5.39 -4 2 / 6 4.6 16.2
± 0.027 -5 0 / 6 ± 0.3

- 6 0 / 6
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Table XlXb
Comparison o f  the numbers o f f .  histolytica  populations (by 

try p a n -b lu e-ex c lu s io n ) and th e ir  " in fa c tiv ity "  
to R obinson's medium

Samples log  no. of
trypan-blue-exeludingamoebae/ml

log ID 3/ml ana . SE
%v ia b i l i ty

1 5.35 5.0 + 0 .3 44.67
2 5.40 5.1 + 0 .5 50.12
3* 5.80 4 .8  + 0 .3 1 0 . 0

4 5.30 5 .0  + 0 .3 50.12
5* 5.34 3 .6  + 0 .3 1 . 8

6 * 4.84 3 .8  + 0 .3 9.1
7* 5. 50 4 .6  + 0 .3 12 .5
8 6 . 1 0 5.6  + 0 .3 31.6
9 6 . 1 0 5.8  + 0 .3 50.12

1 0 6.40 6.1 + 0 .5 50,12
1 1 6.06 6 .0  + 0 .3 87.10
1 2 6 . 0 2 6 .0  + 0 .3 95.50
13 6.37 5.9 + 0 .5 33.88
14 5.86 5.4 + 0 .5 34.67
15 6 . 1 1 5.4  + 0 .5 19.9
16 6 . 2 5.4 + 0 .5 15.8
17* 6 . 0 5.0  + 0.3 1 0 . 0

18* 6 . 0 4 .8  + 0.3 6.3
19 6 . 2 6 .0  + 0 .3 63.1
2 0 * 6 . 0 5.0  + 0.3 1 0 . 0

* Amoebae were derived from 72-hour-old  cu ltu r es .
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Table XX
The'inf ec tiv ity *  of E. histolytica  (stock  Thesiger) suspensions  

to R obinson's medium at d if fe r e n t  tim es during c u lt iv a t io n

L
Age of t culture c (hrs)

jog no. of 
.rvpun-blue «eluding moehae/ml SE

Infectivity
%viabilitylogdilution

No. infected Log  IDgg/ml 
and SENo. inoculated

- 2 6 / 6
-3 5/6

48 4.78 -4 2 / 6 4 .4 41 .17
± 0 .05 -5 0 / 6 ± 0 .3

- 6 0 / 6

- 2 6 / 6

-3 2 / 6

72 4 .98 -4 1 / 6 3 .8 8 .32
+ 0 . 0 2 -5 0 / 6 ±  0 .5

- 6 0 / 6

- 1 6 / 6

- 2 3/6
96 5 .0 -3 0 / 6 2 . 8 0.63

± 0 .0 5 -4 0 / 6 + 0 .3
-5 0 / 6

The r e s u lt s  show that although more try p an -b lu e-ex c lu -  
ding amoebae were counted at 96 hours, the m ajority of them 
were not in fe c t iv e . However, 48-hour-old cu ltu res  showed 
higher in f e c t iv i t y  and th erefore  contained more v ia b le  orga
nisms. See Figure 16.

Experiment 3 . Measurement of the e f f e c t  o f temperature on 
the in f e c t iv i t y  of g. histolytica  su spensions
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Fig 16
The relationship between age of culture and 
"infectivity" of F.. histolytica (stock Thesiger) 
in Robinson's medium

2.0 2 3
Time in days

4
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In cryoprcservation, e q u ilib r a tio n  with the cryoprotec- 
ta n ts  at varying times and tem peratures has been used. In 
th is  experim ent, the e f f e c t  of holding at various tempera
tures in  th e  absence of cryoprotectant was in v est ig a ted .

F orty -c igh t-h ou r-o ld  c u ltu r e s  of E. histolytica  (stock  
Thesiger) in  RSM were harvested , washed in PBS and resu s
pended in  fresh  RSM to a volume o f 2.0 ml. A fter thorough 
m ixing, the number of trypan-b lue-exclud ing amoebae was 
estim ated using  a haemocytometer. The suspension was d is 
trib uted  in to  3 Kahn tubes, the remaining suspension was 
t itr a te d  s tr a ig h t  away. One of the Kahn tubes containing  
amoebae was placed in  an incubator at 37° C, another at  
25° C and the third at 0° C in  an ic e  bath. A fter 1 hour's 
incubation , each tube was removed from the temperature at 
which i t  was being held and i t s  number of trypan-blue-excludlng 
amoebae was estim ated. I n fe c t iv i t y  t i t r a t io n s  were then 
made (T able XXI).

I t  can be seen from the r e s u l t s  that the temperature 
of e q u ilib ra tio n  on i t s  own has no d e le te r io u s  e f f e c t  on 
the v i a b i l i t y  of E. histolytica. There i s  no s ig n if ic a n t  d i f 
ference in  the v ia b i l i t y  of the suspensions a fter  exposure 
to  the varying temperatures fo r  at le a s t  one hour. For the 
two w idely  separated r e su lts  p < 0 .5  and > 0 .3 .  Experiments 
with other stocks showed comparable r e s u l t s .
Experiment 4

The e f f e c t  of e q u ilib r a t in g /?, histolytica  suspensions
w ith  d iffe r e n t  con centration s of DMSO, PVP and
g ly c e r o l at varying tem peratures

E. histolytica  stock  JEH was used in  t h is  experiment. 48- 
hour-old cu ltu res  were h arvested , washed w ith PBS and resu s
pended in  fresh ly  prepared RSM and kept on the bench.

5 . 0  ml q u a n titie s  of the fo llo w in g  concentrations of 
cryoprotectants wore prepared u sing  PBS:

10, 15 and 20% (v /v ) g ly c e r o l
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Table XXI

The "inf e c t i v l  ty" of E. histolytica  su spensions to  Robinson's 
medium a f t e r  incubation  at d if fe r e n t  tem peratures for 1  hr

Temperatureofincubation
Log no. of 
trypan-olue excluding arnoebae/ml

Infectivity
logdilution No. infected Log nWrnl and SENo. inoculated

0° C 5.09 -3 6 /6

-4 2 / 6 4.6 + 0.3
-5 0 / 6

25° C 5.15 -3 5/6
-4 1 / 6 4.3 + 0.3
-5 0 / 6

37° C 5.14 -3 6/6

-4 1 / 6 4.4 + 0.5
-5 0/ 6

Control 5.20 -3 5/6
-4 1 / 6 4.3 + 0.3
-5 0/6

10, 15 and 20% (v /v )  DMSO 
10, 20 and 30% (w /v) PVP

Nine sep a ra te  experim ents were performed a lto g eth er  as out
lin ed  below:

Expt.No.
F in a l con cen tra tion s  of cryop rotectan t

E q u ilib ra tio ntemperatures
Exposure time(min)

1 5, 7 .5  & 10% DMSO o 0 O < 2 ,1 5  a 30

2 5, 7 .5  & 10% DMSO 25°C < 2 ,1 5  a 30

3 5, 7 .5  & 10% DMSO 37°C < 2 ,1 5  a 30

4 5, 7 .5  a 10% G lycerol 0°C < 2 ,1 5  a 30

5 5, 7 .5  a 10% G lycerol 25°C < 2 ,1 5  a 30
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6 5, 7 .5  & 10% G lycerol 37°C < 2 ,1 5 a 30
7 5, 10 & 15% PVP o o o < 2 ,1 5 a 30
8 5, 10 & 15% PVP to Cl 0 o < 2 ,1 5 a 30

9 5, 10 a 15% PVP 37°C < 2 ,1 5 a 30

For each experim ent, 4 groups o f 3 Kahn tubes were set  
up, each group re ce iv in g  0 .25 ml of a d iffe r e n t  concen
tr a t io n  of the cryoprotectant being tested ; the fourth  
group (th e con tro l group) rece ived  0 .25  ml fresh  RSM. A ll 
tubes rece ived  in ad d ition  0 .2 5  ml o f the prepared amoebal 
suspension  at d if fe r e n t  tim es, the contents of each tube 
were mixed and were eq u ilib ra ted  at the desired temperature 
for the required length  of tim e. For 0° C e q u ilib r a t io n , 
tubes were placed in  an ic e  bath; fo r  25° and 37° C e q u i l i 
b ra tio n , tubes were placed in  incubators s e t  at the r e l e 
vant tem perature.

A fter the required time in te r v a l , each tube was taken 
from the eq u ilib r a tin g  temperature, i t s  contents were thorough
ly  mixed and in f e c t iv i t y  t i t r a t io n s  and in o cu la tio n s of cu l
tu res  made. C ultures were immediately incubated at 37 C. 
The timing of eq u ilib ra tio n  was so arranged th at th ere  was 
only  a 1-minute in te rv a l between the end of one s e t  of 
t i t r a t io n /in o c u la t io n  and the beginning of the n ex t. Each 
com plete experiment la sted  between 45 and 50 m inutes.

Tables XXII, XXIII and XXIV summarize the r e s u lt s  of 
in f e c t iv i t y  t i t r a t io n s  a fte r  the various treatm ents.
F igures 17, 18 and 19 i l lu s t r a t e  the v ia b i l i t y  r e s u lt s  a fter  
variou s treatm ents.

I t  can be concluded from th ese  r e su lts  th a t the su s
c e p t ib i l i t y  of E. histolytica  suspensions to the damaging 
e f f e c t s  of cryoprotectants i s  dependent not only on the 
con centration  of cryoprotectants but a lso  on the tempera
tu re and time of e q u ilib r a t io n .
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Table XXII

The viability  of E. histolytica  (JEH) after treatment with different 
concentrations of DMSO at various temperatures and times

Experiment Equilibration % final EMSO Equilibration Log n wNumber tonpe;rature concen tr at ion time (minutes) ml & s f 3

<2 5.0 ± 0 .35.0 15 5.1 ± 0 .330 5.0 ± 0 .3
<2 5.0 + 0.37.5 15 5.0 + 0 .330 5.1 + 0 .5

1 0°  c
< 2 5.0 + 0 .5

1 0 . 0 15 5.0 ± 0 .530 5.0 ± 0 .5
< 2 5.0 ± 0.3Control 15 5.1 ± 0.330 5.1 ± 0.3
< 2 4.0 ± 0.35.0 15 3.6 ± 0.330 3.1 ± 0.5
<2 4.0 ± 0.3

7.5 15 3.1 ± 0.5
30 3.1 ± 0.3

Z D  t
<2 4.0 ± 0.5

1 0 . 0 15 3.4 + 0.3
30 3.4 ± 0.3
<2 4.0 ± 0.3

Control 15 4.0 ± 0.3
30 4.1 ± 0.3
<2 4.4 ± 0.3

5.0 15 4.1 +  0.3
30 3.5 ± 0.5
<2 4.0 ± 0.5

7.5 15 3.5 ± 0.5
37° C

30 3.0 ± 0.3
3

<2 2.5 ± 0.7
1 0 . 0 15 2.1 ± 0.5

30 1.6 ± 0.3
<2 4.5 ± 0.5

Control 15 4.4 ±  0.3
30 4.4 ± 0.5



The viability of E. histolytica (JEH) after treatment with different 
concentrations of DMSO at various equilibration temperatures and times

Fig  17

0  Untreated control Q  5%  D M SO £ 3  7 .5 %  D M SO □  1 0 .0 %  D M SO
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Table XXIII

Hie v iab ility  of E. histolytica  (JEH) after treatment with different 
concentrations of glycerol at various temperatures and times

Experiment Equi 1 i brat, ion %  final glycerol Equilibration )cg ID /ml and SEnumber temperature concentration time (minutes)
<2 5.0 ± 0.35.0 15 5.1 ± 0.330 4.7 ± 0.3
< 2 4.9 ± 0.47.5 15 4.4 + 0.3

4 0°C 30 4.2 + 0.5
<2 4.8 ± 0.3

1 0 . 0 15 4.3 ± 0.330 3.7 ± 0.3
<2 5.0 + 0.5Control 15 5.1 ± 0.330 5.1 * 0.3
<2 5.3 ± 0.4

5.0 15 4.6 + 0.430 4.6 + 0.5
<2 5.2 + 0.3

7.5 15 3.6 + 0.3
30 3.4 ± 0.3

o L-
<2 5.1.* 0.3

1 0 . 0 15 2.9 ± 0.330 2.3 + 0.3
<2 5.3 ± 0.5

Control 15 5.1 ± 0.330 5.3 ± 0.3
<2 4.9 ± 0.4

5.0 15 4.2 ±  0.430 4.1 ± 0.5
<2 4.7 ± 0.3

7.5 15 1.9 ± 0.530 1.9 + 0.5
b Of U

<2 4.6 ± 0.3
1 0 . 0 15 1.4 ± 0.330 1.4 ± 0.5

<2 4.8 + 0.3
Control 15 4.8 ± 0.3

30 4.8 + 0.5



Fig 18
The viability of E. histolytica (JEH) after treatment with different 
concentrations of glycerol at various equilibration temperatures and times

/- ' *

fZ\ Untreated control 5%  g lycero l 7 .5 %  g lycero l n 1 0 .0 %  g lycero l
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The viab ility  of E. hietolytiaa  (JEH) after treatment with different 

concentrations of PVP at various temperatures and times

Experiment Equilibration %  final PVP fEquilibration Log ID o/ml and SEnumber temperature concentration time (minutes)
< 2 4.8 ± 0.35.0 15 4.8 ± 0 .530 5.0 ±  0.3
<2 4.9 ± 0.67.5 15 5.1 + 0.330 4.6 ± 0.3

7 cPc
< 2 4.5 + 0.3

1 0 . 0 15 4.3 + 0.530 4.6 ± 0 .5
< 2 4.8 + 0.3Control 15 4.8 + 0.330 4.9 ± 0.3
<2 5.0 ± 0.3

5.0 15 5.0 ± 0.330 5.1 ± 0.5
<2 5.1 ± 0.3

7.5 15 5.1 ± 0.3
25°C 30 4.5 ± 0.5

<2 4.7 ± 0.3
1 0 . 0 15 4.8 ± 0.3

30 4.7 ± 0.3
<2 5.0 ± 0.3

Control 15 5.1 ± 0.3
30 5.1 ± 0 .3
<2 4.4 ± 0.3

5.0 15 4.4 ± 0.3
30 4.5 ± 0.3
<2 4.5 ± 0.6

7.5 15 4.2 ± 0.3
9 37°C

30 4.3 ± 0.3
<2 4.1 ± 0.3

1 0 . 0 15 4.3 ±  0.3
30 4.1 + 0.6
<2 4.4 ± 0.3

Control 15 4.4 + 0.3
30 4.5 ± 0.3



The viability of E. histolytica (JEH) after treatment with different 
concentrations of PVP at various equilibration temperatures and times

Fig  19

Yfy Untreated contrai Q  5%  PVP ^  10% PVP r - i  13%  PVP
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PVP appears to  be le a s t  to x ic  of a l l  the p rotectants  
used w ith in  the l im it s  of th ese  experim ents. The incon
s is te n c y  of e s tim a tes  here could be a ttr ib u te d , at
le a s t  in  p art, to the v is c o s i t y  of PVP which makes i t  very 
d i f f i c u l t  to  mix thoroughly the amoebal suspensions before  
in o cu la tio n  and during t i t r a t io n s .

On the whole, DMSO was le s s  to x ic  to  amoebae than 
g ly c e r o l .  At 0° C, DMSO was almost n on -tox ic  at the con
c e n tr a tio n s  used, but, as temperature of e q u ilib ra tio n  in c
rea sed , DMSO became more to x ic . At 37° C, both DMSO and 
g ly c e r o l exerted th e ir  maximum to x ic  e f f e c t s  to the exten t  
that l e s s  than 1% of th e  amoebae survived treatment with  
10% C v / v )  DMSO for 2 m inutes.

The higher percentage su rv iv a l of amoebae treated  
with 7 .5  and 10.0% ( v /v )  g ly c ero l at 37° C for 5 to  15 
m inutes than that o f amoebae treated  with DMSO under sim ilar  
co n d itio n s  can be exp lained  by the d if fe r e n t  p erm ea b ilitie s  
of th e  cryop rotectan ts through c e l l  membranes. This pro
bably r e la te s  to r a te  of membrane pen etration ; g ly c ero l  
being more v isco u s p en etra tes  c e l l  membranes more s lo w ly .
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C6 C ryopreservation

The offrc-t of eq u ilib r a tio n  time anrt temperature on the 
v ia b il it .y  o f K. histolytica  a fter  freez in g  In d ifferen t, con
ce n tra tio n s  of DMSO, g ly c ero l and PVP

Prelim inary experiment -  With the r e s u lts  o f  experiment 
C4.4 in mind, th is  experiment was se t  up to  see  whether 
the le a s t  harmful of the cryoprotectant treatm ents would 
g iv e  the b est freez in g  p r o tec tio n . The e q u ilib r a tio n  con
d it io n s  g iv in g  the h igh est su rv iv a l were chosen for each 
of the three cryoprotectants stu d ied .

E. histolytica  (JEII) suspension  was prepared from stock  
cu ltu res  as usual and resuspended in RSM to  a to ta l volume 
of 3 .0  m l. The suspension contained 1 .5  x 10^ trypan-blue- 
excluding amoebae per ml.

Double con centration s of DMSO, PVP and g ly cero l were 
prepared w ith  RSM. Nine ampoules were s e t  up and divided  
in to  3 groups of 3 . Each ampoule received  0 .2 5  ml amoebal 
suspension and an equal volume of cryo p ro tecta n t. Ampoules 
of the same group rece iv ed  the same cryoprotectant but each 
varied  in i t s  con cen tra tion . A con tro l ampoule received  
0 .25  ml amoebal suspension  plus an equal volume of RSM.

Immediately the ampoules were f i l l e d ,  they were flame- 
sea led  and kept on ic e  at 0° C. A fter 15 m inutes e q u i l i 
bration  w ith g ly c ero l and 30 m inutes w ith DMSO and PVP, they 
were removed from ic e  and cooled at 1° C/min to -6 0 °  C and 
Immediately transferred  in to  liq u id  n itrogen  for 1 hour.
Each ampoule was in d iv id u a lly  thawed in a w ater bath at 
37° C and i t s  content inocu lated  in to  two 3 .0  ml RSM (pre
warmed). C ultures were incubated at 37° C and were checked 
for amoebal growth d a ily .

A ll the cu ltu res  inocu lated  with thawed DMSO-treated 
amoebal suspensions showed amoebae a fter  4 8 —hours' incubation.
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PVP and g ly c e r o l- tr e a te d  amoebae did not su rv iv e  freez in g , 
n eith er did the untreated  co n tro l. The n eg a tiv e  cu ltu res  
were d iscarded a fte r  7 days.

The r e s u lt s  show that, the le a s t  harmful of the cryo- 
p ro tecta n ts  did not n e c e ssa r ily  g iv e  the b e s t  freez in g  pro
te c t io n  .
Experiment 1

A suspension  of E. histolytica  (JEII) co n ta in in g  2.5  x
g10 tryp an -b lu e-exclud in g  amoebae/ml was prepared in  fresh  

RSM. D oub le-strength  concentrations of DMSO, PVP and g ly 
c e r o l were prepared u sing  RSM. 27 ampoules were s e t  up 
a lto g e th e r , they were divided in to  9 groups of 3 ampoules 
as o u tlin ed  below:

group Al rece iv ed 0.25 ml 10% (v /v ) DMSO
group A2 rece iv ed 0.25 ml 15% (v /v ) DMSO
group A3 rece iv ed 0.25 ml 20% (v /v ) DMSO
group B1 rece iv ed 0.25 ml 10% (v /v ) g ly c e r o l
group B2 rece iv ed 0.25 ml 15% (v /v ) g ly c e r o l
group B3 rece iv ed 0.25 ml 20% ( V / v ) g ly c e r o l
group Cl rece iv ed 0.25 ml 10% (w/v) PVP
group C2 re ce iv ed 0.25 ml 20% (w/v) PVP
group C3 rece iv ed 0.25 ml 30% (w/v) PVP

A control. group received 0.25 ml RSM . Each
th ir ty  ampoules rece iv ed  0 .25  ml of the amoebal suspensions 
at varying tim es such that fo r  each s e t  th ere  was an e q u i l i 
bration  period of 2, 15 and 30 m inutes.

A ll the ampoules were flam e-sea led  and were cooled  
from th e ir  ambient tem peratures at 1° C/min to -60° C, they 
were then tra n sferred  in to  liq u id  n itrogen  for at le a s t  one 
hour before thawing them one at a time a t  37° C and in ocu la
t in g  RSM as b efo re .

Three sep arate  experim ents were performed using the 
method described  except that in experim ent 1, the equilibration
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temperature was 0° C, in  experiment 2, i t  was 25° C and in 
experiment 3 i t  was 37° C. Each separate experiment la sted  
between 50 and 60 m inutes.

The r e s u lts  are summarized in Table XXV. I t  can be 
seen that DMSO i s  by fa r  the b est cryoprotectant used under 
th ese  experim ental co n d itio n s . DMSO-treated suspensions 
gave p o s it iv e  cu ltu res  w ithin 2 days, i t  took at le a s t  4 
days before PVP or g ly c e r o l-tr e a te d  suspensions became p o si
t iv e  in c u ltu r e s .

P o s it iv e  r e s u lt s  were obtained with PVP treatment only 
when suspensions were eq u ilib ra ted  in 1 5 %  (w /v) PVP a t 37° C 
fo r  30 minutes (provided that the number o f trypan-blue-  
excluding amoebae did not f a l l  below 2 x 10 /m l).

The r e s u lts  with g ly cero l were v a r ia b le  depending on 
the eq u ilib ra tio n  period  and the concentration  of amoebal 
suspension . Amoebae grew from suspensions which had been 
treated  with 5% (v /v )  g ly cero l at 25° C fo r  15 minutes at 
le a s t  before freez in g  but b etter  r e s u lts  were obtained when 
eq u ilib ra tio n  time was extended to 30 m inutes.

Experiment 2

The la s t  experim ent showed that DMSO, PVP and g ly c ero l  
could protect E. histolytica  from freez in g  damage. I t  was 
d esira b le  to know the percentage of amoebae protected under 
the various co n d itio n s; to do th is ,  in f e c t iv i t y  t i t r a t io n s  
had to be made and IDg3 estim ated for thawed suspensions.

The procedure o u tlin ed  in the la s t  experiment was 
adopted but only the con d ition s which had given p o s it iv e  
cu ltu re r e s u lts  were stu d ied . Cultures o f stock JEH were 
used, freezin g  was ca rr ied  out in ex a c tly  the same way. 
I n fe c t iv ity  t i t r a t io n s  of untreated , unfrozen samples were 
made. Ampoules con tain in g  thawed suspensions were a s e p t i-  
c a lly  scored and opened. I n fe c t iv ity  t i tr a t io n s  were made
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Table XXV
V ia b i l i t i e s  o f E. histolytica  su spensions treated  with 
various cryop rotectan ts at 0°, 25° and 37° C, a lt e r  f r e e 
zing and thawing

Equilibrationtemperature Equilibration period (min)
Oil ture results (viability) after freezing and thawing
Final %cryoprotectant concentration
DMSO glycerol PVP control

5 7.5 10 5 7.5 10 5 10 15
2 + + + -

0°C 15 + + + -

30 + + + -

2 + + + -

25°C 15 + + + + -  - -  -  - -

30 + + + + -  - -  - -

2 + + + -

37°C 15 + + + -

30 + + + -  -  - -

and the remainder of each thawed suspension was inoculated  
in to  c u ltu r e s . 0.1 ml of the s e r ia l ly  d ilu ted  samples were 
inoculated  in to  c u ltu r e s  as described  e a r l ie r .  The IDg3 
estim ates were obtained using Lumsden's ta b le s . Table XXVI 
summarizes the r e s u lt s  of in f e c t iv i t y  estim ates of DMSO- 
treated  amoebal su sp en sion s. .



Table XXVI
Infectivity estimates of frozen DMSO-treated amoebal suspensions

Equilibration
temperature

Equilibration 
period (min)

Infectivity: Log IDg3/ml + SE ( % survival) Viability of 
untreated 
frozen 
control

Final DMSO concentrations
5% 7.5% 10%

o o n 2 ♦Not measurable 
(0)

1.6 + 0.5 
(0.005)

♦Not measurable 
(0) Nil

15 1.4 + 0.5 
(0.003)

2.1 ± 0.5 
(0.015)

2.4 ± 0.5 
(0.03) Nil

30 1.6 + 0.5 
(0.005)

3.1 + 0.3 
(0.16)

2.4 + 0.5 
(0.03) Nil

untreated
unfrozen
control

5.9 + 0.5 (assumed to be 100) —

25° C 2 2.4 + 0.5 
(0.01)

2.6 + 0.3 
(0.015)

2.4 + 0.5 
(0.01) Nil

15 2.6 ± 0.5 
(0.015)

3.4 ± 0.5 
(0.1)

2.4 + 0.5 
(0.01) Nil
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30 3.0 + 0.3 
(0.04)

3.4 + 0.5 
(0.1)

2.6 + 0.3 
(0.015) Nil

untreated
unfrozen
control

5.4 y 0.3 (assumed to be 100) !

37° C 2 2.4 ± 0.5 
(0.4)

2.4 ± 0.5 
(0.4)

2.1 ± 0.5 
(0.2) Nil

15 2.4 ± 0.5 
(0.4)

3.8 ± 0.3 
(10.0)

3.8 ± 0.3 
(10.0) Nil

30 2.4 + 0.5
(0.4)

3.6 + 0.3 
(6.3)

2.4 + 0.5 
(0.4) Nil

untreated
unfrozen
control

4.8 i 0.3 (assumed to be 100) —

* direct inoculations of thawed samples gave positive culture results within 2 days 
percentage viability given in brackets

157



-158

The r e s u lt s  with PVP and g ly c e r o l showed that the num
bers of amoebae which su rv ived  freez in g  were so sm all that 
in f e c t iv i t y  was lo s t  at the low est d i lu t io n s .  C ultures ino
cu la ted  with undiluted sam ples were found to contain amoebae 
on day 4.

I t  can be seen from F igure 20 th a t , under the various  
experim ental c o n d itio n s , DMSO, at 7.5% (v /v )  concentration , 
o ffe red  £. histolytica  th e  b est  p ro tec tio n . The h ig h est sur
v iv a l  was achieved when amoebae were eq u ilib ra ted  at 37° C 
for  15 m inutes.

There was no a p p reciab le  d iffe r e n c e  between the r e s u lts  
obtained  from su spensions eq u ilib ra ted  at 0° and 25 C for 
15 and 30 m inutes, but a t  37° C, e s p e c ia lly  with 10% (v /v )  DMSO, 
v i a b i l i t y  was lower a f te r  30 minutes' e q u ilib r a tio n .

I t  was concluded th a t 7 .5  and 10% (v /v )  DMSO protected  
E. histolytica  best from fr e e z in g  damage when eq u ilib ra ted  at 
37° C for 15 m inutes. Under th ese  experim ental con d ition s  
about 10% of the amoebae su rv ived .

Experiment 3

The e f f e c t s  of DMSO co n cen tra tio n s, e q u ilib ra tio n  time 
and temperature on su r v iv a l a fte r  freez in g  were te s te d  using 
s to ck  JEH suspended in  RSM.

As in  the previous experim ents, v ia b i l i t y  was measured 
a f te r  freezing-dow n su sp en sio n s to -6 0 ° C at 1° C/min, then 
d ir e c t  in to  liq u id  n itro g en  follow ed by 2-hours' s to ra g e . A 
thawing temperature o f 37° C was used in a l l  the experim ents.

The r e s u lt s  of 15 sep arate experim ents performed using 
th e  d iffe r e n t  com binations o f treatm ents and changing 
v a r ia b le s  are summarized in  Table XXVII. In some of the  
experim ents the tem perature of eq u ilib ra tio n  was constant  
w h ile  the con centration  of DMSO and eq u ilib ra tio n  lim e



v a r ied . In o th ers , the concentration  of DMSO was constant 
w h ile  the eq u ilib ra tio n  temperature and time varied . 
P ercentage su rv iva l was measured as a percentage of untrea
te d , unfrozen co n tro l.

Table XXVII
The percentage su rv iva l of E. histolytica  variab ly  treated  in 

the presence of DMSO a fte r  freezin g  and thawing

Percentage survival after treatment with
bration"t 1IÏ1G 5% (v/v) raso for 7.5% (v/v) raSO for 10% (v/v) D'ISO for

2 min 15 min 30 min 2 min 15 min 30 min 2 min 15 min 30 min
o°c 0 0.003 0.005 0.005 0.018 0.158 0 0.03 0.03

25° C 0.03 0.28 0.06 
0.01 0.015 0.04 
0.04 0.025 0.04 
0.16 0.01 0.06

0.28 0.28 0.63 
0.015 0.1 0.01 
0.1 0.4 0.6 
0.25 1.0 0.16 

1.0

0.05 0.3 0.63 
0.01 0.01 0.015 
0.05 0.3 0.2 
0.2 0.6 0.3

37° C 0.06 2.5 2.5 
0.4 0.45 0.45 
0.13 0.4 0.4 
0.1 0.1 0.1

0.25 1 2.5 2.5 
0.4 10.0 6.3 
0.35 0.4 2.5 
0.4 0.3 0.4 

5.0 0.02 
2.5 0.1 

0.4 
0.3 
0.125 
0.3 
0.3 
0.6 
1.5 
3.2 
0.8

0.25 2.5 0.25 
0.23 10.0 0.4 
0.2 1.6 0.3 
0.2 0.01 0.2

The resu lts were analysed using a computer programme (see  
Appendix). A fter the arith m etic means of the f ig u r es  shown



The viability of frozen E. histolytica (JEH) suspensions after pre-freeze treatments 
with DMSO at various temperatures

0  Un.rea.ed „.frozen Q  »  DMSO S  7 . »  DMSO Q  10% DMSO
control



in the ta b le  of r e s u lts  had been transforined in to  lo g s , a 
v a r ia n c e -r a tio  p lo t was made (Figure 21). The log trans
form produces geom etric means (= a n tilog  of meansof log  
v a li ie s ) . The ca lcu la ted  f i t t e d  values obtained from the 
geom etric mea.n va lu es were used in in terp re tin g  these 
r e s u lt s ,  see  Table XXVIII. The r e s u lts  from experiments 
with a temperature of 0° C were not included because they 
were obviously very low and were not r e p lic a te d . Contrasts 
between the f i t t e d  v a lu es  are s t a t i s t i c a l l y  s ig n if ic a n t .  
D ifferen ces  between observed geom etric means and the f i t t e d  
v a lu es  are not s t a t i s t i c a l l y  s ig n if ic a n t .

Of the v a r ia b le s  t e s te d , i t  can be concluded that 
7.5% (v /v )  DMSO gave the best su rv iva l with 15 minutes 
eq u ilib r a tio n  at 37° C and th is  was with 1° C/min cooling  
r a te . There was no s ig n if ic a n t  in teraction "  between DMSO 
con cen tra tion , e q u ilib r a t io n  temperature and time and th is  
means that i t  i s  le g it im a te  to vary them sep a ra te ly .

Table XXVIII
Observed geom etric mean values of percentage v ia b i l i t y  and 

valu es f i t t e d  by u sing  a model of main e f f e c t s  only  
( s e e  Appendix I)

Mean percentage v ia b i l i t y
E q u ilib ra tion  time E q u ilib ra tio n  temp 

2 5 0  c

% EMSO concentrations
Equilibration temp. 37° C% DMSO concentrations

5 .0 7 .5 10.0 5.0 7.5 10.0
2 min gecmetric mean f i t t e d  mean 0 .0 4  0 .0 3 0.100.10 0.050.06 0.130.11

0.340.41 0.220.22
15 min geometric mean f i t t e d  mean 0 .0 3  0 .0 9 0.330.33 0.150.18 0.460.36 2.111.29 0.800.69
30 min gecmetric mean f i t t e d  mean 0 .0 50 .0 5 0.360.19 0.150.10 0.460.21 0.510.74 0.270.40
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Fig 21
Mean /  variance plot (scatter diagram)
using a log transform which produces the geometric
mean *
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Tho of f e e t of 2 -step  freez in g  on the v ia b i l i t y  of E, histo

lytica suspensions URin;; DMSO, g ly cero l :ind PVP as cryopro-  
te c ta n ts

Experiment 1
P relim inary s tu d ie s  were carried  out to  se e  whether E. 

histolytica  su sp en sion s would survive freezin g  b e tte r  i f  they 
were f i r s t  cooled to  th e ir  freez in g  point and held at a 
s in g le  subzero tem perature. Before th is ,  sim ple experiments 
were performed to s e e  at what temperatures d if fe r e n t  concen
tr a t io n s  of cry o p ro tecta n ts in RSM would fr e e z e  without the 
amoebae, so as to p lan  the 2 -step  freez in g  experiment and 
avoid unnecessary work.

V arious con cen tra tion s of DMSO, PVP and g ly c e r o l were 
prepared in RSM. 0 .5  ml of each was put in a separate  
ampoule and ap p rop ria te ly  la b e lle d . The ampoules were then 
cooled  a t 0 .5 °  C/min u n t i l  they fr o z e . Freezing was checked 
a fte r  evmy 5° C drop in tem perature. The r e s u lt s  are sum
marized in  Table XXIX.

Table XXIX
Freezing tem peratures of cryoprotectant in RSM

C ryoprotectant F in a l concentration Temperature of f reezing°C
(per cen t) -5 °  -10° -1 5 ° -20° -25°

DMSO 5 .0 - + + +
7 .5 - + + +

10 .0 - - + +
PVP 5 .0 - + + +

10.0 - + +
15 .0 - + + +

g ly c e r o l 5 .0 - + + +
7 .5 - + + +

10.0 - + + +
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Ex p er  ini o n 1 Fa
A suspension of E. histolytica (stock  JEII) was prepared 

in RSM. I,og tDg3 t h is  suspension was estim ated as 5.4  
± 0 .5 .

D ouble-strength con centration s of DMSO were prepared. 
12 ampoules were se t  up and divided  in to  4 groups o f 3. 
Group 1 received  0 .2  ml 10% (v /v )  DMSO
Group 2 received  0 .2  ml 15% (v /v )  DMSO
Group 3 received  0 .2  ml 20" (v /v ) DMRO
Group 4 received  0 .2  ml RSM (co n tro l group)

0 .2  ml amoebal suspension was added to each ampoule 
at varying tim es such th at eq u ilib ra tio n  period of ampoules 
from a se t  varied  between ? m inutes and 30 m inutes. 
E q uilib ration  was done a t 0°, 25° and 37° C. Ampoules were 
cooled from th e ir  ambient temperatures at -1 0 ° C fo r  20 
m inutes. They were then transferred  in to  liq u id  nitrogen  
for a t le a s t  1 hour b efore they were in d iv id u a lly  thawed 
and inocu lated  in to c u ltu r e s . One thawed suspension  was 
inoculated in to  2 cu ltu re  b o t t le s .  Cultures were incuba
ted at 37° C and checked for amoebal growth d a ily .

It  u su a lly  took l e s s  than 45 minutes between prepa
ration  of suspension and the beginning of fr e e z in g . The 
whole procedure was repeated sev era l tim es using a
d iffe r e n t s in g le  sub-zero temperature on each o ccasion . See 
Table XXX fo r  r e s u lt s .

Under th ese  experim ental co n d itio n s, i t  appears that 
the b est p ro tection  was conferred by 5.0  or 7.5" (v /v )  con
centration s o f DMSO eq u ilib ra ted  at 37° C for a period of 
30 m inutes. The s in g le  sub-zero temperature of -2 5  C 
appears to be the b est  used.
Exneriment. 2b

In order to determine the b est s in g le  sub-zero tempera-



Table XXX

The e ffec t of 2-step freezing on the v ia b ility  of E. histolytica suspended in DMSO

Final concen- Equilibration Culture results of samples Day culture became positive
tration of time and frozen atncryoprotectant température • -10°C -15°C -20°C -25°C -30°C -10°C -15°C -20°C -25°C -30°C

5% (v/v) DMSO 2 min at 0°C - + + + + - 4 4 3 3
15 min at 25°C - - + + + - - 2 2 2
30 min at 37°C + + ++ +++ +++ 4 2 2 1-2 2

7.5% (v/v) DMSO 2 min at 0°C - • + + + + - 4 4 3 3
15 min at 25°C - - + + + + - - 2 1-2 2
30 min at 37°C + + + + + + + +++ 4 2 2 1-2 2

10% (v/v) DMSO 2 min at 0°C - + + + + - 4 4 2 3
15 min at 25°C + + + + + + + 4 2 2 1-2 2
30 min at 37°C + + . ++ + + 4 2 2 2 2

untreated 2 min at 0°C - - - - - - - - - -
frozen 15 min at 25°C - - - - - - - - - -
control 30 min at 37°C - - - - - - - - - -

no amoebae seen 
+ few amoebae seen
++ less than 10 trypan-blue-excluding amoebae/field (using a x20 objective) 
+++ more than 10 trypan-blue-excluding amoebae/field (using a x20 objective)
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tu re  for 2 -step  freez in g , i t  was necessary to measure in feo -  
t i v i t y  a f te r  freezin g  treatm ents.

A suspension of JEH was prepared as usual and in fec -  
t i v i t y  t i tr a t io n s  m adef^IDgg was estim ated as 6 .1  + 0 .5 .

Four ampoules were s e t  up; each received 0 .2  ml 15% 
(v /v )  DMSO in RSM. Three co n tro l ampoules rece ived  0 .2  ml 
RSM. A ll received  0 .2  ml amoebal suspension, they were 
se a led  and eq u ilib rated  at 37° C fo r  15 m inutes at varying 
tim es. One experimental ampoule was opened and i t s  content 
s e r ia l l y  d ilu ted  immediately w ithout freez in g .

One ampoule and a co n tro l were frozen at a s in g le  sub
zero  temperature of -15° C, another se t  at -20® C and the 
th ird  at -2 5 ° C for a period  of 20 m in u te s /se t.

The ampoules were then transferred  to  liq u id  nitrogen. 
They were thawed, t itr a te d  and inocu lated  in to  cu ltures as 
u su a l. Undiluted su spensions were inoculated in to  cu ltu res. 
The r e s u lt s  are summarized in Table XXXI.

This experiment and 2 others carried out under the same 
co n d itio n s showed that -2 5 °  C was the best s in g le  sub-zero 
tem perature tested  for u se during 2-step  freez in g  of E. his

tolytica  suspended in DMSO s o lu t io n .

Experiment 2c
Having esta b lish ed  th e  best sub-zero temperature for 

2 -s te p  fr e e z in g , experim ents were performed to  measure the 
su rv iv a l of E. histolytica su sp en sion s a fter  treatment with  
variou s concentrations of DMSO using the best eq u ilib ration  
c o n d it io n s .

Two s e ts  of experim ents were performed; they d iffered  
on ly  in that the f i r s t  s e t  was eq u ilib ra ted  a t 25° C and 
th e  other at 37° C.



Table XXXI

The viability of E. histolytica suspensions after freezing at single sub-zero temperatures

Freezing treatment 
(sub-zero temperature)

log IDfi„/ml 
and b*SE

Percentage
viability*

Culture results 
of undilultec samples

Untreated, unfrozen suspension 6.1 + 0.5 100 + day 1
Treated, unfrozen suspension 5.4 ± 0.5 20 + day 1
Suspension treated with 7.5% DMSO (-15° C) 1.4 ± 0.5 0.002 + day 2
Control untreated (-15° C) not measurable 0 -
Suspension treated with 7.5% DMSO 1 to o o C) 2.4 ± 0.5 0.02 + day 1
Control untreated (-20° C) not measurable 0 -
Suspension treated with 7.5% DMSO (-25° C) 2.6 ± 0.3 0.03 + day 1
Control untreated (-25° C) not measurable 0

* expressed as % of unfrozen, untreated control.
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Amoebal suspensions were sep arately  prepared for each 
and IDgg estim ates made. Eight ampoules were s e t  up and 
d iv id ed  in to  4 groups of 2. GrouiJ 1 received  0 .2  ml 10% 
(v /v )  DM SO, group 2 received  0.2 ml 15% (v/v) DMSO, group 3 
rece iv ed  0 .2 m l 20% (v/v) DMSO, group 4 received  0.2 mlRSM (con
t r o l ) .  To each ampoule was added 0 .2  ml amoebal suspension  
(JEH) a t varying tim es such th at eq u ilib ra tio n  took between 
15 and 20 m inutes. The ampoules were sea led  and cooled at 
-25° C for 20 m inutes and were subsequently trea ted  as des
crib ed  in experiment 2b. Table XXXII summarizes the r e su lts  
t y p ic a l ly  obtained from experim ents of th is  nature.

The r e s u lt s  show that there was no s ig n if ic a n t  d i f 
fere n c e  in  the v i a b i l i t i e s  of E. histolytica  su bjected  to the 
d if f e r e n t  treatm ents when frozen  at a s in g le  sub-zero tem
perature of -25° C. The b est v ia b le  recovery obtained  was 
1.0% I t  wasconcluded that the co n tr o lle d -r a te  co o lin g  
method at 1° C/min gave b etter  su rv iv a l than the 2 -step  
fr e e z in g  method. Maximal v ia b le  recovery for th e  slow  
fr e e z in g  method being 12.5% and fo r  the 2 -step  freez in g  
method used here being 1.0%.

Experiment 3a
Using glycerol

/  I t  was e s ta b lish ed  e a r lie r  that 5% (v /v ) solution pro
te c te d  E. histolytica  b est  during cryopreservation  when con
t r o l le d - r a t e  freez in g  method was used. Experiments were 
th ere fo re  performed to  see whether v ia b i l i t y  would be 
improved when the tw o-step  free z in g  method was employed.

Twelve ampoules were s e t  up; 9 received  0 .2  ml 10% 
(v /v )  g ly c e r o l and 3 received  the same volume o f RSM. Each 
tube then received  an addition  o f 0 .2  ml amoebal suspension  
(s to c k  JEH) at d if fe r e n t  tim es. The sea led  ampoules were 
allow ed 2-30 minutes e q u ilib r a tio n  at various tem peratures. 
The ampoules were frozen at -1 0 °  C. Other s e t s  were a lso  
prepared and frozen at the fo llo w in g  sub-zero temperatures 
-1 5 ° , -2 0 ° , -25° and -30° C. They were put in to  liq u id
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Amoebal suspensions wore separately  prepared fo r  each 
and U1q3 estim ates made. E ight ampoules were se t  up and 
divided in to  4 groups of 2 . Group 1 received  0 .2  ml 10% 
(v /v )  DM SO, group 2 rece iv ed  0.2 ml 15%, (v/v) DMSO, group 3 
received  0 .2  ml 20% (v/v) DMSO, group 4 received  0.2 ml RSI (con
t r o l ) .  To each ampoule was added 0 .2  ml amoebal suspension  
(JEH) at varying times such that eq u ilib ra tio n  took between 
15 and 20 m inutes. The ampoules were sealed  and cooled  at 
-25° C for 20 minutes and were subsequently treated  as des
cribed in experiment 2b. Table XXXII summarizes th e  r e su lts  
ty p ic a lly  obtained from experim ents of th is  nature.

The r e s u lt s  show that there was no s ig n if ic a n t  d i f 
ference in th e  v i a b i l i t i e s  of E. histolytica su bjected  to the 
d iffe r e n t  treatm ents when frozen at a s in g le  sub-zero  tem
perature of -25° C. The b e s t  v ia b le  recovery ob tained  was 
1.0% It wasconcluded th a t the co n tro lled -ra te  co o lin g  
method at 1° C/min gave b e t te r  su rv iva l than the 2 -s te p  
freezin g  method. Maximal v ia b le  recovery for the slow  
freezin g  method being 12.5% and for the 2 -step  free z in g  
method used here being 1.0%.

Experiment 3a
Using g lyc.ero l/ i t  was esta b lish ed  e a r l ie r  that 5% (v /v ) soUjbton pro

tected  E. histolytica  b est during cryopreservation when con
tr o l le d -r a te  freezin g  method was used. Experiments were 
therefore performed to s e e  whether v ia b i l i t y  would be 
improved when the tw o-step  freezin g  method was employed.

Twelve ampoules were s e t  up; 9 received 0 .2  ml 10% 
(v /v )  g ly c e r o l and 3 rece iv ed  uhe same volume of RSM. Each 
tube then rece ived  an a d d itio n  of 0 .2  ml amoebal suspension  
(stock  JEII) at d if fe r e n t  tim es. The sealed  ampoules were 
allowed 2-30 minutes eq u ilib r a tio n  at various tem peratures. 
The ampoules were frozen a t  -10° C. Other se ts  were a lso  
prepared and frozen at th e  fo llow ing sub-zero tem peratures 
-1 5 °, -2 0 ° , -25° and -3 0 ° C. They were put in to  liq u id



Table XXXII

The v ia b ility  of DMSO-treated E. histolytica  suspensions after freezing at -250 C for 20 minutes

Treatment In fectiv ity
Temperature 
of equilibration

—  Final DMSO 
concentration (%)

Equilibration  
time (minutes)

log ID „/ml 
and b SE Percentagev iab ility*

25°C*

5.0 1530 1.6 + 0.3 1.4 ± 0.5 0.10.06 1
7.5 1530 2.6 ± 0.3 2.4 + 0.5

Ci1.0 ® 0.6
10.0 1530 2.4 + 0.5 2.1 ± 0.5 0.60.3

Control 1530 Not measurable 00

37°C**

5.0 1530 3.1 ± 0.3 2.8 + 0.3 0.060.03
7.5 1530 2.6 ± 0.3 3.1 + 0.5 0.020.06
10.0 1530 3.5 ± 0.32.6 + 0.3 0.150.02
Control 1530 Not measurable 00____________ ______j_____________________ ___________________i_________ ;_____________

■^expressed as percentage of the untreated unfrozen control. * IDg3 estimate of untreated control =
antilog 4.6 ± 0.3. **IDg3 estimate of untreated control = antilog 6.3 ± 0.2
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nitrogen  io r  at le a s t  1 hour, thawed and inoculated into  
c u ltu r es  as b efore. Cultures were incubated and checked 
for amoeba 1 growth as u su a l. See Table XXXIII.

Table XXXIII
The e f f e c t  of 2 -step  freez in g  on the v ia b i l i ty  of

E. histolytica  suspended in  g ly cero l

E q u ilib ra tio n  E q u ilib ra tion  V ia b i l i ty  of samples frozen at

9 sa*

lLi u i j j m u r e i  m it:(minutes) -10°C —15°C I to o
o n -25°C u00CO1

o
0

o

2 _ __ _ __
15 - - - - -

Control(untreated)

30
30 - - - - -
2 _ _ _ _

*25°C 15 - - + - -

Control(untreated)

30
30 - -

+

- -
2 _ _ __ _

37°C 15 - - - - -

30 - - - - -

Control(untreated) 30 - - - - -

* P o s it iv e  cu ltu res  became p o s it iv e  for amoebae between 2-3 
days a f te r  incubation .

This experiment was repeated 4 times with comparable 
r e s u lt s  except on one occasion when cu ltures were negative 
a fte r  freez in g  fo llo w in g  treatment with 5% (v /v ) g lycero l 
at 25° C for 30 m inutes.

The r e s u lts  in d ic a te  that in the 2 -step  freezin g  tech
nique su rv iva l of E. histolytica in g ly cero l was achieved only 
when held at a temperature of -2 0 °  C.
Experiment 3b

Following the r e s u lt  of experiment 3a, i t  was necessary

*****
ri .. f V
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to measure the degree of p ro tection  by in i’c c t iv i t y  e s t i 
m ates. Suspensions of stock JEII were used . They were 
eq u ilib ra ted  a t 25° C for 15 and 30 minutes and frozen  at 
-20° C for 20 m inutes. A fter 1 hour in liq u id  n itrogen , 
they were thawed, t itr a te d  and inocu lated  in to  cu ltu res  as 
u su a l. The remainders of the u n d ilu ted , thawed suspensions 
were in ocu lated  in to  cu ltu r es . C ultures were incubated and 
checked for amoebal growth as u su a l.

I t  was expected that b e tte r  v ia b i l i t y  would be obtained  
using th is  method s in ce  i t  took 2-3 days for c u ltu r es  to  
become p o s it iv e  for amoebae in  the la s t  experiment, but th is  
was not the c a s e . I n fe c t iv ity  was lo s t  a t the low est d ilu tion  
although c u ltu r e s  from und ilu ted  samples became p o s it iv e  for  
amoebae on days 2 and 3.

Experiment 4a
The r e s u l t s  of e a r lie r  experim ents using the con tro lled -  

ra te  coo lin g  method showed th a t PVP p ro tects  E. histolytica 
a fte r  e q u ilib r a t io n  at 37° C fo r  30 m inutes. T h is may pos
s ib ly  be due to  the fa c t  that PVP only p ro tec ts  a f te r  entry 
of the c e l l  by p in o c y to s is .

This experim ent was performed to se e  whether the 2- 
step  freez in g  method would improve the su rv iv a l o f  E. histo

lytica a fte r  thawing.

Six ampoules were s e t  up, each received  0 .2  ml 30%
(w /v) PVP. 0 .2  ml amoebal suspension  (JEH) was added to 
each at varying times so that 2 ampoules were eq u ilib ra ted  
for 30 m inutes and another 2 for  15 m inutes a l l  a t 37° C.
The la s t  two ampoules had no time to e q u ilib r a te  and PVP 
uptake by p in o c y to s is  would be minimal. C ontrols were se t  
up as usual w ithout PVP. The ampoules were frozen  at 
-20° C for 20 m inutes. The experiment was repeated using  
various su b-zero  temperatures (see  Table XXXIV ) .  A fter 1 
hour in liq u id  n itrogen , they were thawed, in ocu lated  in to
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cu ltu res  and incubated as u su a l. C ultures were checked 
d a ily  for amoebal growth.

The r e s u lts  in d ic a te  that PVP does not p ro tec t E. histo

lytica a f te r  minimal e q u ilib r a tio n  under the con d ition s of 
t h is  experim ent. P r o tec tio n  is  conferred only a f te r  30-minutes' 
e q u ilib ra tio n  when PVP has presumably had tim e to pene
tr a te  c e l l  w alls.

o  oC ultures made from suspensions held at -10 and -15C 
became p o s it iv e  w ith in  2 days. The samples 
from suspensions held at —20° C took between 3 and 4 days 
to  grow. Holding tem peratures below -20° C f a i le d  to con
fe r  any p ro tec tio n .

Table XXXIV
The e f f e c t  of 2 -s te p  free z in g  on the v ia b i l i t y  of

E. histolytica  suspended in FVP
E q u ilib ra tion Culture r e su lts  af te r  freezing at

Temperature Time (m inutes) iU00tH1 15°C -20°C -25°C -30°C
37°C 0 

15 
30 + (2) + (2) +(3+4)

Untreated frozen co n tro ls - - -
Days when cu ltu res  became p o s it iv e  are given in  b rack ets.

Experiment 4b
The extent of PVP p ro tectio n  was measured by in f e c t i -  

v ity  es tim a tes . A suspension  of E. histolytica (JEI1) was used, 
log  IP63 estim ate  of t h i s  suspension before treatm ent 
was 5 .8  + 0 .3

Three ampoules were prepared: each received  0 .2  ml 
30% (w /v) PVP. 0 .2  ml o f  amoebal suspension was added to  
each ampoule at d if f e r e n t  tim es. Suspensions were 
allowed to e q u ilib r a te  a t  37° C for  30 m inutes. There
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were three con tro l ampoules which received  amoebal su s
p en sions w ithout PVP. The ampoules with treated  suspen
s io n s  were paired with th e co n tro ls . The f i r s t  pair was 
co o led  at -10° C for 20 m inutes, the second pair was cooled  
at —15° C for 20 minutes and the th ird  at -20° C for the 
same period. The experiment was planned in such a way 
th a t  there was only a tm in u te  in te r v a l between the com
p le t io n  of one freezin g  and the beginning of the next, time 
b ein g  allowed for f a l l  in  temperature. Thawed suspensions  
were s e r ia l ly  d ilu ted  and inocu lated  in to  cu ltu r es .
U ndiluted thawed suspensions were a lso  inoculated in to  cu l
tu r e s . Incubation and checking of cu ltu res were as u sual.

Cultures from the undilu ted  suspensions showed amoebae 
on day 2 but none of the cu ltu res inocu lated  with d ilu ted  
su spensions became p o s it iv e .  I t  was concluded that the 2- 
s t e p  freezin g  method had no advantage over the con tro lled -  
r a t e  cooling  method for the v ia b le  preservation  of E. histo

lytica  with PVP.

The e f f e c t  of d if fe r e n t  freez in g  ra tes on su rv iva l

Using optimal e q u ilib ra tio n  con d ition s and optimal 
cryop rotectan t con cen tra tion s, the e f f e c t  of d iffe r e n t  
free z in g  ra te s  on su rv iv a l was stud ied  using the co n tro lled -  
r a t e  freez in g  technique.

For tech n ica l reason s, i t  was not p o ss ib le  to t e s t  
th e  d iffe r e n t  freez in g  ra te s  sim ultaneously, neither was i t  
p ra c tic a b le  to use the same amoebal suspensions for the d i f 
fe r e n t  experim ents. Each freez in g  ra te  studied therefore  
co n stitu te d  an experiment in i t s  own r ig h t. Each was 
appropriately  co n tro lled  and IDg  ̂ estim ates of v ia b i l i t y  
were made of each amoebal suspension before freez in g .

Freezing ra te s  used were 0.2^ 0.5°, 1 .0° 2 .0° 5 .0 ° and 
1 0 .0 °  C/min. U ltra-rap id  freezin g  was by d ire c t  immersion
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of am poulesin liq u id  n itrogen  a f te r  e q u ilib r a t io n . Suspen
s io n s  of stock  JEI1 were used .

For each of the slow er ra te s  of freezin g , ampoules 
were cooled  at the sp e c if ie d  ra te  to -60° C before they 
were tran sferred  to  liq u id  n itrogen  and were subsequently  
trea ted  the standard way. For each of th e  freez in g  ra tes  
3 experim ents were performed using the co n d itio n s found in  
e a r l ie r  experim ents to be optimal for I'VP, g ly c ero l and 
DMSO treatm ents. The mean percentage v ia b i l i t y  for each 
group of experim ents i s  given in  Table XXXV.

The r e s u lt s  obtained from DMSO treatm ent are expressed  
in g ra p h ica l form in Figure 22. The means of percentage 
v i a b i l i t y  and th e ir  standard errors were p lo tte d .

Freezing r a te s  higher than 5° C/min re su lted  in to ta l  
lo s s  of E. histolytica  v ia b i l i t y .  None of the samples frozen  
at t h i s  ra te  and at 10° C/min survived . No recovery was 
obtained  from samples d ir e c t ly  plunged in to  liq u id  nitrogen  
n eith er  was there any in  a l l  the d if f e r e n t  untreated , fr o 
zen c o n tr o ls . PVP appeared to be p r o te c t iv e  only when 
fr e e z in g  ra te  was 1° C/min. G lycerol too  protected  at 
0 .5 °  and 1° C/min but v ia b i l i t y  was lo s t  at the f i r s t  ten 
fo ld  d ilu t io n  in d ica tin g  very sm all percentage su rv iv a l.

E. histolytica  in DMSO to ler a te d  free z in g  r a te s  between 
0 .2 °  C and 2° C/min although the b est su rv iv a l was 
obta ined  at 1 .0 °  C/min. The d iffe r e n c e s  between 0 .5 °  C 
and 1 .0 °  C/min, and between 0 .2 °  C and 0 .5 °  C/min freez in g  
r a te s  were s ig n if ic a n t  ( t  = 4 .9 8 , p < 0 .01an d  t = 3 .19 and 
p < 0 .0 5  r e s p e c t iv e ly ) .

The e f f ec t  of freez in g  amoebae in su spensions con
ta in in g  various com binations of c ry o n ro tec ta n ts .

Diamond (1964) found that the v ia b i l i t y  of frozen  
E. invadens  suspension  was improved when a combination of 
DMSO and g ly c e r o l was used .
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Table XXXV

The v ia b i l i t y  of frozen E. hiotolytiaa suspensions  
cooled  at d iffe r e n t  freezin g  r a te s

Final protectant Mean'/tDe^k SE Mean %
Expt concen tration Freezing of untreated viability(Eouilibration rate unfrozen (Mean logcondition) samples ID6a/ml + SE)

a 0
1 bc 0.2°C/min 5.0 ± 0.5 00.004 + 0.001(0.6 ± 0.4)

d 0
a 0

2 bc 0.5°C/min 5.4 ± 0.5 + (n.m)0.65 ± 0.202 (3.2 ± 0.5)d 0
a + (n.m)

3 bc 1.0°C/min 5.8 ± 0.3 + (n.m)2.72 ± 0.363 (5.2 ± 0.3)
d 0
a 0

4 b
c 2.0°C/min 5.4 ± 0.5 0+ (n.m)d 0
a 0

5 b
c 5.0°C/min 5.6 ± 0.5 0

0
d 0
a 0

6 bc 10.0°C/min 5.4 ± 0.3 00
d 0

a -  15% (w/v) PVP (37° C for 30 min) 
b -  5% (v /v )  g ly c e r o l (25° C for 30 min) 
c -  7.5% (v /v )  DMSO (37° C for 15 min) 
d -  Untreated frozen control 
(n.m) = IDg3 not measurable
+ = u n titra ted  thawed suspensions were c u lt iv a b le  but in fe c -  

t i v i t y  was lo s t  at the f i r s t  ten -fo ld  d ilu tio n .
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The viab ility of frozen E. histolytica  (JEH) suspensions 
cooled at various freezing rates

F ig  22

Mean percentage viability and SE

0 .2 ° C / min
0 .5 ° C / min
1 .0 ° C / min
2 .0 ° C / min
5 .0 ° C / min

10.0° c / min

= 0.004 t  0.001 
= 0 .65  ± 0.202 
= 2.72 ± 0.363 
= 0 (untitrated sample grew 
= 0 (negative, no growth)
= 0 (negative, no growth)

in culture)
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In view o f  the rather pool' r e s u lts  obtained so far on 
su rv iv a l of amoebae (u sin g  one cryoprotectant at a tim e), 
i t  was thought that a combination of another* cryoprotectant 
w ith DMSO m ight produce " cryop rotective synergism", as 
e a r l ie r  suggested  by Robertson and Jacob (1968).

In the f i r s t  experim ent, stock  JEII suspensions 
(2 x 10 /ml) were d istr ib u ted  in to  ampoules in 0 .25  ml 
amounts. Each o f the s ix  ampoules received an equal 
volume of a d if fe r e n t  cryoprotectant or combinations of
them as o u tlin ed below :

ampoule n o . 1 received 0.25 ml 15% (v /v ) DMSO
ampoule n o . 2 rece ived 0.25 ml 15% (v /v ) DMSO/

30% (w/v) PVP
ampoule n o . 3 received 0.25 ml 15% (v /v ) DMSO/

10% (v /v ) g ly cero l
ampoule n o . 4 received 0.25 ml 30% (w /v) PVP
ampoule n o . 5 received 0.25 ml 15% (v /v ) DMSO/

4.5% (w/v) g lucose
ampoule n o . 6 received 0.25 ml 30% (v /v ) DMSO/

9% (w /v) g lucose

Ampoule numbers 1, 5 and 6 were eq u ilib ra ted  at 37° C 
for 15 m inutes and 2 and 4 for 30 m inutes. Ampoule number 
3 was eq u ilib ra ted  at 25° C for 30 m inutes. A control 
ampoule rece iv ed  0.25  ml amoebal suspension and 0 .25  ml 
RSM and no cry o p ro tecta n t. They were frozen at 1° C/min 
as u su a l. A fter  2 hours at -196° C, they were thawed and 
t i tr a te d . The r e s t  o f the u n titra ted  samples were inocu
lated  in to  c u ltu r e s  as b efore .

Experiment 2 was a repeat o f experiment 1.

Experiment 3 was ex a c tly  the same as described for 
experiment 1 except that the freez in g  ra te  was 0 .5  C/min.
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Tlie r e s u lt s  (Table XXXVI) show that DM80 on i t s  own 
was more e f f e c t iv e  as a cryoprotcctant under these circum
stan ces than when i t  was used in com bination with other 
cryop rotectan ts. The use of 15% (v /v )  DMSO and 4.5% (w/v) 
g lu cose  did not enhance su rv iva l as reported by Diamond; 
in fa c t  the v ia b i l i t y  of samples so trea ted  was lo s t  at 
the f i r s t  te n -fo ld  d ilu tio n  although cu ltu r es  inoculated

Table XXXVI
The v ia b i l i t y  of £'. histolytica suspended in various cryopro- 

tec ta n t combinations a fter  freez in g  and thawing

Final eryoprotectant concentration (Equilibration conditions)

% viability after freezing at
1° C/min 0 .5°C/min

Expt., 1 Expt,, 2 Expt,, 3
7.5% (v/v) aviso(37° C for 15 minutes) 2.0 3.16 1.0

(3.4 ± 0.5) (3.8  ± 0.3) (3.4 ± 0.5)
7.5% (v/v) DMSO/15% (w/v) FVP (37° C for 30 minutes)

0.3 1.4 1.0 0.5)(2.6 ± 0.3) (3.4 + 0.5) (3.4 ±
15% (w/v) FVP(37° C for 30 minutes)

0.02 0.01 0.01* 0.5)(1.4 ± 0.5) (1.3 ± 0.3) (1.4 ±
7.5% (v/v) DMSO/10% (v/v) glycerol (25° C for 30 minutes) 0.005 0.01 0.3) 0.01 0.5)(0.8 ± 0.3) (1.3 + (1.4 +
15% (v/v) DMSO/4.5% (w/v) glucose (37° C for 15 minutes) (n.m) (n.m) (n.m)

7.5% (v/v) EMSO/2.25% (w/v) glucose (37° C for 15 minutes) 0.2 1.2 0.5) 0.1
(2.4 ± 0.5) (3.4 + (2.4 +0.5)

Log ID + SE are shown in  bracketsU *J(n.m) = IDG3 not measurable
* U ntitrated  thawed sample was negative fo r  amoebal growth 

in  cu ltu re
Log IDg3 estim ates of v ia b i l i t y  of unfrozen, untreated suspen

s io n s  of experiment 1, 2 & 3 were 5.1 + 0 .5 ,  5.3 + 0 .3  and 
5 .4  ±  0 .5  r e sp e c t iv e ly .
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from the u n titr a te d  sample grew amoebae w ith in  2 days. The 
u n treated , frozen  co n tro l did not produce any amoebic 
growth in cu ltu r e .

The e f f e c t  of o ther cryoprol tan ts on surviv a l
The s e n s i t iv i t y  o f  E. histolytica  to  various concen

tr a t io n s  of e th an o l, methanol and s o r b ito l  was te s ted  by 
e q u ilib r a t in g  amoebae in the fo llow in g  f in a l  concentrations 
for the variou s tim es and temperatures normally used:

S o rb ito l 0 .4 , 0 .8  and 2.0M (2M S o rb ito l = 3% (w /v))
Ethanol and methanol 5 and 10% (v /v )

A fter e q u il ib r a t io n , the su spensions were inoculated  
in to  c u ltu r es  w ithout free z in g . R esu lts  showed that, at the 
con cen tra tion s used, these chem icals had no detrim ental 
e f f e c t  on th e c u l t iv a b i l i t y  of E. histolytica,  cu ltu res be
coming p o s it iv e  in 2 days.

Suspensions of stock  JE1I were then prepared (2 x 
106/m l) w ith the variou s concentrations o f these substances 
and eq u ilib ra ted  at various tem peratures and tim es as 
b efo re . They were d is tr ib u te d  in to  ampoules and frozen at 
d if fe r e n t  r a te s  in 3 separate experim ents.

In experiment 1 , they were frozen a t 1° C/min, in  
experiment 2 at 0 .5 °  C/min and in experiment 3 at a holding  
temperature of —25° C. A fter storage a t  -196° C for 2 
hours, they were in ocu lated  in to  cu ltu r e s  u n titr a te d . None 
of the cu ltu r es  in ocu lated  from the thawed samples showed 
amoebic growth.

The experim ents were co n tro lled  on each occasion  with 
a 7.5% (v /v )  DMSO-treated suspension and another without a 
p ro tec ta n t. C ontrols with DMSO were v ia b le  on every occa
s io n , cu ltu r es  becoming p o s it iv e  for amoebae w ithin  2 days.

Samples which had been plunged d ir e c t  in to  liq u id  n itr o 
gen were a ls o  n o n -v iab le .



- 180

Tho o f f s e t  o f  s u s p e n d ing medium o n s u r v iv a l
During prelim inary in v estig a tio n s  on the cryoprotective  

a c t iv i t y  of g ly c ero l for  E. histolytica, i t  was observed th a t ,

5% (v /v ) g ly c e r o l, no amoebae survived fr e e z in g . This was a 
c le a r  in d ica tion  th at PBS was an u n su ita b le  suspending 
medium and other media such as 1-3% serum, BR, RSM and Hankte 
p h y sio lo g ica l s o lu tio n s  wore tried .

The r e s u lts  showed that g ly cero l on ly  protected  E. histo

lytica  during freez in g  when RSM was used a s  the suspending 
medium. With DMSO, v ia b le  amoebae were obtained  using  
RSM, PBS or BR, but not using Hank's or serum. However, 
th e se  r e s u lts  were not based on q u a n tita t iv e  work.

After the optimum eq u ilib ra tio n  co n d itio n s and freez in g  
r a te s  using RSM had been e s ta b lish ed , i t  was necessary to  
f in d  other e x tr in s ic  fa c tors  which would enhance su rv iva l 
r a te .  The use of other suspending media was te s te d .

Stock JE1I was harvested from RSM cu ltu r es  and d i s t r i 
buted in equal amounts to 4 cen trifu ge tu b es. The suspen
s io n s , containing 5 x 10^ amoebae/ml, were washed tw ice in  
PBS and the supernata.nt p ipetted  o ff  and treated  as fo llo w s:

Tube 1 was made up to  1 ml with PBS
Tube 2 was made up to  1 ml with RSM ( fr e s h ly  prepared)
Tube 3 was made up to  1 ml with RSM (in  which amoebae had

Tube 4 was made up to  1 ml with BR.
15% (v /v ) DMSO con centration s were made up using the d i f 
fere n t suspending media.

Eight ampoules were prepared and p a ired . One of each 
p air received  0 .2  ml d iffe r e n t amoebal suspension and was 
then made up to 0 .4  ml with the corresponding medium 
without p ro tec ta n t. The other se t  rece iv ed  0 .2  ml amoebal 
suspension and 0 .2  ml of the cryoprotcctant so lu t io n s . The

when amoebae were suspended Jn PBS and frozen  at 1° C/min in

grown)

m
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experiment was c o n tro lle d  using  the various media without 
p ro tecta n t. The ampoules were se a led , eq u ilib ra ted  at 
37° C for  15 minutes then cooled a t 1° C/min to -60° C 
before tran sferrin g  them to liq u id  n itrogen  where they 
remained for 2 h ours. They were thawed and t itr a te d  as 
u sual. Table XXXVII i l lu s t r a t e s  the r e s u lt  ty p ic a lly  
ob ta in ed .

I t  can be concluded that RSM i s  the b est suspending 
medium for freez in g  E. histolytica being at le a s t  20 times 
more e f f e c t iv e  than PBS or BR. N either of the untreated  
frozen co n tro ls  su rv ived  freez in g  treatm ent.

Table XXXVII
The v ia b i l i t y  of DMSO-treated E. histolytica  a fte r  

freez in g  in  various suspending media

Suspending medium Log IDgy/ml & SE % v ia b i l i t y
PBS 1 .9  ± 0 .5 0.04
RSM (fresh ) 3 .2  ±  0 .3  • 0 .8
RSM (used) 3 .2  ± 0 .3 0 .8
BR 2.0  ± 0 .3 0 .05
Untreated frozen c o n tr o ls (n.m) 0
O riginal suspension 5 .3  ± 0 .3 assumed to  be 100

(n.m) = IDg3 not m easurable.

The e f f e c t  of age of cu ltu re  on su rv iv a l
H itherto , 48-hou r-o ld  cu ltu res  have been used in  the 

freezin g  experim ents because i t  was shown in e a r lie r  
work that 48-hour c u ltu r e s  contained more v ia b le  organisms 
than did su spensions of o lder c u ltu r e s . On th is  b a s is ,  i t  
was assumed that such  young cu ltu res  would survive freez in g  
b ettor  than older o n es . An experiment was performed with  
48, 72 and 96-hour-old  cu ltu res  o f  stock  JEH. The suspen-
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experiment was co n tro lled  u sin g  the various media w ithout 
p ro tecta n t. The ampoules were sc a led , eq u ilib ra ted  a t  
37° C fo r  15 m inutes then cooled  at 1° C/min to -60° C 
before tra n sfe rr in g  them to liq u id  n itrogen where they  
remained for 2 hours. They were thawed and t itr a te d  as 
usual. Table XXXVII i l l u s t r a t e s  the re su lt  ty p ic a lly  
o b ta in ed .

I t  can be concluded th at RSM i s  the b est  suspending 
medium for  freez in g  E. histolytica  being at le a s t  20 tim es  
more e f f e c t iv e  than PBS or BIl. N either of the untreated  
frozen co n tr o ls  survived free z in g  treatm ent.

Table XXXVII
The v i a b i l i t y  of DMSO-treated E. histolytica  a fter  

free z in g  in  various suspending media

Suspending medium Log IDgy/rnl & SE % v ia b i l i t y
PBS 1 .9  + 0 .5 0.04
RSM (fr e sh ) 3 .2  ± 0 .3  • 0 .8
RSM (used) 3 .2  ± 0 .3 0.8
BR 2 .0  ± 0 .3 0.05
Untreated frozen  co n tro ls (n.m) 0
O riginal suspension 5 .3  ± 0 .3 assumed to  be 100

(n.m) = ID 63 not m easurable.

The e f f e c t  of age of cu ltu re  on su rv iva l
H ith erto , 48-hour-old  cu ltu res  have been used in  the 

freez in g  experim ents because i t  was shown in  e a r l ie r  
work th a t 48-hour cu ltu r es  contained more v ia b le  organisms 
than did  suspensions of o ld er  c u ltu r e s . On th is  b a s is ,  i t  
was assumed that such young cu ltu res  would survive freez in g  
b etter  than o ld er ones. An experiment was performed with 
48, 72 and 96-hour-old  cu ltu r es  of stock  JEH. The suspen



s io n s  ( l . f j  x 10(' amoebao/ml) were treated  s im ila r ly  using  
7.5% (v /v )  DMSO in  RSM. C ontrols received  no cryoprotec- 
ta n t, e q u ilib r a t io n  was a t 37° C for 15 m inutes. Freezing  
was done at 1° C/miri. Thawing and t i t r a t io n  were done as 
u s u a l.

Table XXXVIII shows that th ere  was no s ig n if ic a n t  d i f 
feren ce in su rv iv a l ra te  between the 48 and 72-hour-old  
cu ltu r es  but the r e s u lts  were not c o n s is ten t  enough to  
draw a firm  con clusion  on which o f the two ages was better. 
96-hour-old  cu ltu res  did not su rv iv e  freez in g  w ell as 
in f e c t iv i t y  was lo s t  at the f i r s t  d ilu tio n  and cu ltu res  
in ocu lated  from the u n titr a te d  samples became p o s it iv e  
a fte r  3 days. C ontrols w ithout cryoprotectant were nega
t iv e  .

Table XXXVIII
Showing the v ia b i l i t y  of young and old cu ltu r es  of E. histo

lytica a fte r  freez in g  in  DMSO

Age of cu ltu re
log IDp^/ml and SE of unfrozen sample*

%  v ia b i l i t y  a fte r  freez in g  
(lo g  IDq3 /ml and SE)

(hrs) Expt. 1 Expt. 2 Expt. 1 Expt. 2
48 5.1 ± 0 .5 5 .3  ± 0 .3 1.0(3 .1  ±  0 .5 ) 0.4(2 .9  + 0 .5 )
72 5.1 ± 0 .3 6 .3  ± 0 .3 2.0(3 .4  + 0 .5 ) 0.3(3.8 + 0 .3 )
96 5.7 ± 0 .5 6 .1  ± 0 .3 +

(n.m)
+

(n.m)
Untreatedfrozenco n tro ls

as in the exper iment as in the exper iment 0 0

* The v i a b i l i t i e s  of unfrozen samples were assumed to be
10 0%.
(n.m) = IDG3 not measurable.
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The o f f e e t  of vo lu me of su spem; ion on in f  a c t iv ity

Farrant et al{  1974) reported that, when th e  volume of 
lymphocyte su spension  was increased  from 0 .2  mJ to 1 ml, 
recovery r a te  was lowered. This experiment w as performed 
to  se e  whether the volume of suspension has an e f fe c t  on 
the su rv iv a l o f  frozen  E. histolytica.

Eight ampoules were s e t  up and p a ired , each  pair 
rece ived  d if f e r e n t  volumes of stock  JEH su sp en sion . Each 
pair was d ilu te d  w ith  an equal volume of 15% (v /v )  DMSO 
s o lu t io n . They a l l  contained approximately th e  same num- 
her o f amoebae (5 x 10 ) . ID ^  estim ates w ere made o f the 
o r ig in a l su sp en sion s as u s u a l. Ampoules were cooled at 
1° C/min a f t e r  eq u ilib r a tin g  for 15 minutes a t  37° C.

Table XXXIX shows the average su rv iva l r a te s  of the  
amoebae in th e  d if f e r e n t  volumes a fter  2 hours in liq u id  
n itro g en . The r e s u lt s  show that there i s  no appreciable  
d iffe r e n c e  between th e  four volumes used.

Table XXXIX
The v i a b i l i t y  of E. histolytica  suspensions fr o z e n  in d if fe r e n t  

volumes of suspending media

Volume of fro zen  suspension  (ml) % v i a b i l i t y  (log lDg3/ml

0 .4 2.0(3 .6  ± 0 .3 )
0.6 1.25(3 .4  ± 0 .5 )
0.8 3.0( 3 . 8 +  0. 3)
1.0 3.0( 3 . 8 +  0. 3)

+The and SE of o r ig in a l suspension was a n tilo g  5 .3  -
(assumed 100% v ia b le ) .

0.2
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The <■[' r e e l  o f  warming  o f  cu l tu re ' s  on s u r v i v a l

It i s  gen erally  assumed that subculturing of amoebae 
in to  pre-warmed c u ltu r e  media enhances in it ia l  
growth. I t  was n ecessa ry  to t e s t  the e f f e c t  o f prewarmed 
cu ltu res  on the s u r v iv a l of DMSO-treated suspensions  
a fte r  freezin g  and thaw ing.

Equal volumes of amoeba! suspensions (Stock JEH) 
were placed in 2 am poules; they were eq u ilib ra ted  with 
7.5% (v/ v)  DMSO at 37° C for 15 m inutes and cooled  at 
1° C/min as u sual. T itr a ted  samples o f the o r ig in a l unfro
zen suspensions and o f the thawed suspensions were inocu
lated  in to  2 s e ts  of c u ltu r e s  -  prewarmed, and cold  (23° C ). 
The experiment was c o n tro lle d  with untreated suspension .

The r e su lts  ob ta in ed  from 3 such experim ents are 
summarized in Table XL. It can be seen  that frozen  su s
pensions of E. h-iatolytioa are le s s  s e n s it iv e  to  temperature 
e f f e c t s  than the unfrozen  suspensions. The unfrozen con
tr o ls  co n s is te n t ly  showed b e tter  in f e c t iv i t y  when inocu
lated  in to  prewarmed c u ltu r e s  than when they were not.

The e f f e c t  of repeated c.ryopr e servation  procedures on 
v i a b i l i t y  a fter cryopreservation

I t  has been su ggested  that cryopreservation  may s e le c t  
fr e e z e -r e s is ta n t  in d iv id u a ls  w ith in  a popu lation . If  t h is  
i s  true, then, with repeated  cry o p reserv a tio n s, percentage  
survival should in c r e a se .

Suspensions of s to c k s  Irv in e , JEII and Thirer were d i s 
tributed  into 3 se p a ra te  ampoules. To each was added an 
equal volume of 15% ( v / v )  DMSO. The samples were e q u i l i 
brated and frozen in  th e  usual way. A ll the samples were 
inoculated in to  c u ltu r e s . When amoebae had grown for  48 
hours, they were h arvested  frozen and thawed again and 
th e ir  ID̂ ,., estim ates made. The process was repeated for



Table XL
The ^lability of frozen and unfrozen samples of amoebal suspensions 

inoculated into cold and prewarmed cultures *

Experiment Culture log IDgo/ml + SE *% viability of
number condition of original suspension frozen samples (log ID_0/ml + SE)6o

Cold 5.6 ± 0.3 1.5
(3.8 ± 0.3)

1
Warm 5.8 + 0.3 0.63

(3.6 ± 0.3)
Cold 5.4 ± 0.3 3.0

(3.9 ± 0.3)
2

Warm 5.6 ± 0.3 2.0
(3.9 + 0.5)

Cold 5.4 + 0.3 1.6
(3.6 ± 0.5)

3
Warm 6.1 + 0.5

'_____________l
2.0
(4.4 ± 0.3)

* Viability of frozen samples expressed as a percentage of the untreated, unfrozen 
original suspensions (shown in column 3 of table).

185
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each stock  th r ic e  more. Table XLI shows the re su lts  
ob ta in ed . There i s  no evidence from these r e s u lts  that 
sm'v.ivors showed any increased r e s is ta n c e  to  freez in g .
A ll attem pts to  c u lt iv a te  amoebae from repeated ly  frozen  
and thawed sam ples w ithout interm ediate growth in cu lture  
f a i l e d .

Table XLI
The v i a b i l i t i e s  of repeated ly  frozen?, histolytica

suspensions

No. o f times frozen
*% v ia b i l i t y  a fter  thawing
stock  Irv in e stock  JEH stock Thirer

1 5. 0 1 .5 0 .25
2 1.0 3 .2 0 .4
3 2.5 00o 1.0
4 0.6 1.2 0.2

* V ia b i l i ty  expressed as a percentage of untreated , unfro
zen o r ig in a l suspensions (assumed 100% v ia b le ) .

The e f f e c t  of thawing temperature on su rv iva l

Diamond (1964) observed that thawing temperature 
a f f e c t s  the v ia b i l i t y  of frozen ?. histolytica  suspensions. 
This experiment was carried  out to  confirm th is  observation  
under the co n d itio n s used here.

gA suspension  of stock  JEII (2 x 10 amoebae/ml) was 
d is tr ib u ted  to  6 ampoules, equal volumes o f  15% (v /v )  DMSO 
were added and eq u ilib ra tio n  was carried  out the usual way. 
A fter 2 hours a t -196° C, 2 samples were thawed at 25° C 
(on bench), another 2 at 0° C ( in  ic e )  and the la s t  2 at 
37° C (in  water b ath ). Thawing took between <2 minutes 
(a t  37° C) to  15 minutes (a t 0° C ). Each thawed sample 
was sep a ra te ly  t itr a te d  and the ID^g estim ated .
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The r e s u lt s  o f 2 experim ents are summarized in  Table 
XLII. I t  can be seen  that v ia b i l i t y  was c o n s is t e n t ly  b etter  
at th e  higher thawing temperature than at 0 °  C. The d i f 
feren ce  between sam ples thawed at 37° C and a t  25° C was 
marked although not s ig n if ic a n t ,  but that between 37° C and 
0° C was s ig n if ic a n t  (p<  0 .0 1 ) .

Table XLII
The v ia b i l i t y  of frozen  suspensions of E. histolytica 

thawed a t  d if fe r e n t  tem peratures

Exp.t. number Thawingtem perature Log IDg^/ml + SE unfrozen samples % v i a b i l i t y  of thawed samples ( lo g  ID63/ml +
0° C 0 .5

(3 .1 + 0 .5 )
1 25° C 5 .3  ± 0 .3  (assumed 100% v ia b le ) 1.2

(3 .4 + 0 .5 )
37° C 8.0

(4 .2 ± 0 .3 )
0° C 0 .3

(2 .1 ± 0 .5 )
2 25° C 4 .6  ± 0 .3  (assumed 100% v ia b le )

0.6
(2 .4 0 .5 )

37° C 3 .2
(3 .1 ± 0 .5 )

The e f f e c t  of a period of 's tru c tu r a l r e c o n s t i tu t io n '

Lunsden e t a l (19 68) found that frozen trypanosome suspen
s io n s  requ ire a p eriod  of 's tru c tu ra l r e c o n s t i tu t io n '  f o l 
lowing thawing and b efore animals were in o cu la te d . I t  
was necessary th e re fo re  to see whether fro zen  E. histolytica 
suspensions a lso  req u ire  t h is  period.
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Eight ampoules rece iv ed  0 .2  ml 15% (v /v )  DMSO so lu tio n  
and an equal volume o f sto ck  JEI1 suspension (1 .5  x 106 
amoebao/ml). They were e q u ilib ra ted  and frozen  in the usual 
way.

Thawing was done at 27° C in le s s  than 2 m inutes. 4 
thawed samples were l e f t  in  a water bath at 37° C, the r e s t  
were put on a rack a t room temperature (25° C ). At varying  
tim es, the ampoules were opened and t i t r a te d . U ntitrated  
samples that remained wore in ocu lated  in to  medium. Table 
XEIII summarizes th e  r e s u lt s  o f th e  t i t r a t io n s .  A repeat 
expei’iment showed comparable r e s u lt s .

I t  can be seen  that when frozen  E. histolytica  suspension  
i s  thawed and l e f t  fo r  a period b efore in o cu la tio n  in to  cul
tu res , i t s  v i a b i l i t y  d ecrea se s . I t  was not p o ss ib le  to show 
that E. histolytica  requ ired  a period of s tru ctu ra l r e c o n s titu 
tio n  a fte r  thawing. In ocu la tion  should be done as soon as 
p o ss ib le  a fte r  t i t r a t io n .

Table XLIII
The v ia b i l i t y  of frozen  E. histolytica  suspensions a fte r  

p eriod s of 's tr u c tu r a l r e c o n stitu tio n '

R econstitu  t io n Culturer e s u lt s  ofu n titra tedTemperature Time a f te r % v ia b i l i ty *
thawing (min) samples

2 0.98 P o s it iv e (1)
25° C 5 (n.m) P o s it iv e (2)

15 (n.m) P o s it iv e (2)
30 (n.m) P o s it iv e (2)
2 1.2 P o s it iv e (1)

37e C 5 0.05 P o s it iv e (1)15 (n.m) P o s it iv e (2)
30 (n.m) P o s it iv e (2)

( ) day on which amoebae were found in  cu ltu res  inocu lated  
with u n titra ted  sam ples, (n.m) = IDgg not measurable. 
♦ Viability expressed  as a percentage of untreated , unfrozen 
o r ig in a l su spensions (assumed 100% v ia b le ) .
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The v ia b i l i t y  of /■ /. h V- ' olytiaa. f rown_axeni r a lly  and
monoxen l e a 11 v w ith Criihidia  sp ec ie s  a f t e r f reezing

Suspensions of stock  NIII:200 a x en ic a lly  and monoxeni- 
c u lly  grown with Crithidia  and Eo. o o l i -  D were separately  
prepared. A fter c e n tr ifu g a tio n , they were resuspended in  
fresh  TPS-1 medium, TTY medium with Crithidia  and RSM re s
p e c t iv e ly  .

E a r lier  experim ents had shown that estim ation  of 
v ia b le  numbers of E. histolytica  by t i t r a t io n  technique  
gave in co n sisten t r e s u lt s  w ith axenic and c r ith id ia -
grown c u ltu r e s . Ilaemocy tome ter  estim ates were therefore made 
using the tryp an -b lu e-exclu sion  method.

The volumes of the suspensions were adjusted so that
6each suspension contained 2 x 10 amoebae/ml. 0 .25  ml of

each suspension  was mixed w ith an equal volume of 15% (v /v )  
DMSO s o lu t io n . A fter eq u ilib r a tio n  at 37° C for 15 m inutes, 
they were frozen  by the standard method and stored at -196° C 
for  one week. The samples were then thawed and the numbers 
of tryp an -b lu e-exclud in g  amoebae were estim ated before  
in o cu la tio n  in to  various pre-warmed c u ltu r e s . In th is  
experiment and in  many others of i t s  k ind, i t  was always 
im possib le to  c u lt iv a te  amoebae from frozen  NIH:200 derived  
from axenic or Crithidia  cu ltu res  in  th e ir  normal cu ltu re  
media a fte r  thawing, although on one occasion  i t  was p o ss ib le  
to grow them in RSM to which human fa e c a l b a cter ia  had 
been added provided the whole content of an ampoule (0 .5  
ml) was in ocu lated  a fte r  washing with PBS. Table XLIV sum
m arizes the r e s u lt s  obtained .

The e f f e c t  o f length of storage on su rv iva l

During the course of th is  work sev era l s ta b ila te s  of 
stock  JEH were la id  down. Such s t a b i la te s  had been sub
jec ted  to various p refreeze treatm ents w ith various concen
tr a t io n s  of DMSO. The f in a l  volumes of the s ta b ila te  wore



- 190 -

Table XLIV
Survival o f  NIH:200 grown a x en ic a lly  and with Crithidia 

a f te r  frozen storage

Source ofcryopreservcdamoebae
% excluding C u lt iv a b il i ty  in
trypan b lu e Robinson's p lu s  fa e c a l f lo r a TTYmedium TPS-1medium

Robinson's  (monoxenic) 10.0 p o s it iv e - -

TTY -
Crithidia (monoxenic)

15.0 p o s it iv e * negative —

TPS-1 ( axen ic) 50.0 p o s it iv e * n egative negative

* o c c a s io n a lly  p o s i t iv e .

0 .5  ml. A ll were cooled  at 1° C/min to  -6 0 °  C;they were 
subsequently  stored  at -196° C for v a rio u s len gth s of time. 
A fter 1 hour, 7 days and up to  7 months o f sto ra g e , they 
were thawed and ID„„ estim a tes  were made. The r e s u lt s  are 
given  in Table XLV. S ta b ila te s  of o th er  stock s were made 
using 7.5% (v /v )  DMSO and a f te r  e q u ilib r a t io n  at 37° C for

ooled a t 1° C/min to  -60° C ai 
estim a tes  for s to c k s  other than JEH

15 minutes; they were cooled  a t 1° C/min to -60° C and stored
at -196 C. The ID63 
were not made but th e ir  v ia b i l i t y  was te s te d  by inocu lating  
thawed sam ples in to  cu ltu re  medium.

The r e s u lt s  w ith JEH showed that th ere was a co n s is 
ten t lo s s  o f v i a b i l i t y  over s ix -m o n th 's  storage at -196° C. 
Using th e s t a t i s t i c a l  sign  t e s t ,  th is  lo s s  was shown to be 
h ighly  s ig n i f ic a n t .  In the sample th a t survived  frozen  
storage b e s t ,  80% o f the v ia b le  organism s had been lo s t  
w ith in  3 months.

Although the IDG3 estim a tes  of o th er  stock s were not 
estim ated , in o cu la tio n  of cu ltu res  showed that they a l l



Table XLV
The v ia b ility  cf E. histolytica (stock JEH) a fter storage in liquid  nitrogen for various lengths 

of time

% concentration 
of MSO

Equilibration  
temp. ( ° C)

jEquilibration  
time (min)

log ID63/ml & SE of fresh  
sample

% v ia b ility  
for

after storage at -196° C

1 hour 1 week Up to 6 
months

7.5 0 30 5.9 + 0.5 0.03 0.015 0.008
(2.4 + 0.5) (2 .2  + 0.3) (1.8  + 0.3)

in 25 15 5.6 + 0.3 0.25 0.32 0 . 1
(3.0 ± 0 .3) (3.1 + 0.5) (2 .3  + 0.3)

7.5 25 30 5.6 ± 0.3 0.63 0.63 0.32
(3.4 + 0 .5 )!(3 .4  ± 0.5)

1
(3.1 ± 0.3)

7.5 37 15 6.0 ± 0.3 12.5 6.3 2.5
(5.1 t  0.5) (4.8  + 0 .5) (4.4  ± 0.5)

7.5 37 15 6.1 ± 0.5 0.8 _ 0 . 5
(4 .0  ± 0 .3) (3.8  ± 0.3)

7.5 37 30 6.0 ± 0.3 2.5 1.5 0.8
1 (4.4 + 0 .5 ) j (4 .2  + 0 .3) (3.9 + 0.5)



Table XLV cont.

7.5 37 30 6.1

10.0 25 15 5.6

10.0 37 2 5.6

10.0 37 15 5.8

* period of storage was 7 months
logIDg? & SE of frozen samples shown in brackets 

% viability expressed as a percentage of fresh, un

+ 0.5 1 . 0 - 0.8
(4.1 ± 0.5) (4.0 ± 0.3)

± 0.3 0.35 _ 0.25
(3.1 ± 0.5) (3.0 ± 0.3)*

± 0.3 0.63 0.4 0.35
(3.4 ± 0.5) (3.2 ± 0.5) (3.1 + 0.3)

+ 0.3 3.9 _ 2.0
(4.4 ± 0.5) (4.1 + 0.5)*

sample.
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still contained viable organisms after 8 months' storage.
It took 1-3 days for cultures to show amoebae following 
inoculation and incubation of thawed samples; this suggests 
that the number of viable amoebae present could still be 
measured by the IDg3 method (from previous experience, a cul
ture which took only 1-3 days to show amoebae usually had origi
nally a measurable number of viable organisms using the IDg3 method) .

C6 The effect of cryopreservation on the biological
characteristics of E. h is to ly t ic a

Experiment 1. The effect of cryopreservation on 
encystation

It was observed during the early part of this work that 
profuse growth was obtained within 48 hours from tap-water- 
washed suspensions having very low numbers of trypan-blue- 
excluding amoebae in them.

It was not clear whether the profuse growth was due to 
the presence of mature cysts or was derived from surviving 
trophozoites.

An experiment was performed to see whether encystation 
took place in Robinson’s medium in which Es. o o li - B had 
grown. Various stocks of E. h is to ly t ic a were harvested, washed 
and kept at 4° C for one week. They were then suspended in 
0.1N HC1 and incubated at 25° C for 11 hours (Dobell and Neal, 
1952). The suspensions were then washed in PBS, examined for 
the presence of cysts and then subcultured into pre-warmed 
Robinson's medium. It was always difficult to find cysts in 
the suspensions because the numbers were probably very low. 
Cultures were examined after 48 hours at 37° C. After this 
treatment growth was found from stocks Fenn, Rafiq, Fox, SN, 
Biswas, JEH and Irvine.

In order to test whether the 'encysting ability' was 
retained after cryopreservation, cryopreserved samples were
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grown in Robinson's medium and treated the same way as the 
unfrozen samples. It was found that cryopreservation did 
not affect encystation, neither did it induce encystation 
in the normally non-encysting stocks such as Ali, Thirer 
and Atkinson.

Experiment 2. Iso-enzyme characterization of E. h is to ly tic a  
using thin-layer starch-gel electrophoresis

Soluble extracts from E. h is to ly t ic a stocks were sub
jected to horizontal thin-layer starch-gel electrophoresis 
and were specifically stained for GPI, PGM, ME and HK 
(= GK) as described earlier. The following results were 
obtained.

ME - a single band was common to all the E. h is to ly tic a  
stocks. No band was observed for Es. c o l i - B (Figs 
23 - 26 for ME). A slow migrating band was observed for 
E. irtvadens (Figs 23 & 24 for ME).

GPI - in interpreting the results of GPI and PGM the fast 
migrating bands shown above the lines (Figs. 24, 26, 27B) 
were ignored as they were probably bands associated with the 
bacterial population (Sargeaunt and Williams, 1978). All 
the stocks^xcept Thirer and Atkinson had single common GPI 
bands (Figs /24, GPJ^. Thirer had two bands while 
Atkinson had 3 (Figs/26, GPI). The slow band of Thirer was 
common to the single bands of other stocks. The three bands 
of Atkinson were equidistant from each other, with the 
slowest band moving slightly ahead of the single bands of 
other stocks, and the fastest band moving not as fast as the 
faster band of Thirer. It is not uncommon to find this type 
of 'laddering' with GPI. It may be a result of oxidation of 
this enzyme during storage in liquid nitrogen (Kilgour, per
sonal communication).

PGM - all stocks £g.d& a single band except Thirer which had a 
double band (Figs /26, PGM and 27). The mobility of the
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slow band of Thirer was the same as the single band of JEH. 
The single bands of all other stocks were ahead of the slow 
band of Thirer, and the single band of JEH, but not as fast 
as the fast band of Thirer. In Figure 24 (PGM), bands of 
Biswas had a higher mobility than those of Thesiger and SN. 
The band of E. invadens was running slightly ahead of that of 
Biswas.

HK - all stocks had 2 distinct bands. The pair of bands of 
Biswas were running faster than the pairs cf bands for 
Thesiger and SN. Although the control T. vag ina lis* (axenic) 
also had two bands, which were running differently from the 
bands of E. h i s to ly t ic a  (Fig. 24, HK). In Figure 28B, it can 
be seen that Es. c o l i - 3 had a single faint band which was 
similar to the fast moving bands of NIH:200, Irvine and 
Atkinson and the slow running band of E. c o l i . The bands of 
E. c o l i and that of Ee. o o li -  B were faint bands which 
appeared only after a prolonged incubation. Stocks Bean, 
JEH and Thirer (clone) had 2 prominent bands. Stocks AM25 
and Thirer (parent) had 3 bands, 2 of which were prominent 
and were similar to those of Bean, JEH and Thirer (clone); 
the third bands of AM25 and Thirer were faint and they all 
appeared between the pair of prominent bands. These faint 
bands were similar to the slow migrating bands of NIH:200, 
Irvine and Atkinson. E. o o li had 2 faint bands (suggesting 
weakness of enzyme activity); the slower moving band was 
common to the fast moving bands of NIH:200, Irvine and 
Atkinson, and the fast band was moving ahead of every other 
band.

Sargeaunt and Williams (1978) showed that the enzyme 
variants of 14 stocks of E. h is to ly tic a could be sorted into 
three groups using the enzyme patterns stained for GPI, PGM 
and ME. Using their methods, it was possible to group my 
stocks into three and to confirm the groupings with an addi-

* lysate of T. v a g im lie was kindly supplied by Dr Atef 
Soliman (L.S.H. ft T.M.).
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Fig 23
Plagramrraric representation of starch-gel electro
phoretic patterns cf soluble extracts of E. histolytica 
stained for 4 enzymes GPI, PGM, ME and HK (=GK) 
Position: 1 , Es. coli- B; 2, Thesiger; 3, Biswas; 4, 
SN; 5, E. invadens ; 6, Axenic Trichomonas 
vaginalis , 7, JEH. Positions 2-4and 7 refer to EJiisto* 
lytica stocks, a, parent; b, clone.
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Fig 24
Photographs showing starch-gel electrophoretic patterns of 
soluble extracts of E. histolytica stained for GPI, PGM,
ME and HK (=GK).
Position: 1 , Es. coli - B; 2, Thesiger; 3, Biswas; 4, SN;
5, E. invodens ; 6, axenic T. vaginalis; 7, JEH; a, parent; 
b, clone. Positions 2-4 refer to E. histolytica stocks.
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Fig 25
Diagramatic representation of starch gel electro
phoretic patterns of soluble extracts of E. histo
lytica stained for GPI, ME and PGM. Position:
1, Es. coli - B; 2, Atkinson (group II); 3, Biswas 
(group II); A, JEH (group I); 5, Thirer (Group lllfe 
6, NIH:200 (axenic, group II); a, lysate pre
pared from unfrozen sample; b, from successively 
frozen and thawed samples. Positions 2-6 refer to 
E. histolytica stocks.
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Fig 26
Photographs showing starch-gel electrophoretic 
patterns of soluble extracts of E. histolytica 
stained for GPI, ME and PGM. Position: 1, Es. 
coli - B; 2, Atkinson (group II); 3, Biswas 
(group II); 4, JEH (group I); 5, Thirer (group 
III); 6, NIH:200 (axenic, group II). a, lysate 
prepared from unfrozen samples; b, from succes
sively fraxen and thawed samples. Positions 2-6 
refer to E. histolytica stocks.
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Fig 27
Starch-gel electrophoretic patterns for soluble 
extracts of E. histolytica stained for PGM. 
Positions: 1, Es. coli - B; 2, Irvine (group II);
3, Bean (group I); 4, Thirer (clone, group I);
5, Thirer (parentgroup III); 6, NIH:200 (axenic, 
group II). a, l/sates prepared from fresh unfro
zen samples; b, lysates prepared from successively 
frozen and thawed samples.
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B. photograph of gel stained for HK
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Fig 28
Starch-gel electrophoretic patterns of soluble 
extracts of E. histolytica stained for HK(=GK).A 
potential difference of 20 v/cm of gel length 
was used.
A, diagrammatic representation
B, photograph
Position: 1, Es. coli - $ 2, Bean (group I); 3, 
JEH (group I); 4, Thirer (parent, group IID; 5, 
Thirer (clone, group I); 6, AM25 (group III);
7, NIH:200 (group II); 8, Irvine (group II);
9, Atkinson (group II); 10. E. coli ♦ Positions 
2-9 refer to E. histolytica stocks.
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tional enzyme - HK. The groups of stocks are given in 
Table XLVI.

Table XLVI
The distribution of E. h is to ly t ic a stocks into various iso

enzyme variant groups

Group I Group II Group III
Thirer (clone) Atkinson Thirer (parent)
JEH Biswas AM25*
Bean Irvine
Thesiger
Fenn
Fox
SN
All
Saigon

NIH:200

* AM25 was a known group III; the lysate was kindly sup
plied by Ur P.G. Sargeaunt (L.S.H. & T.M.).

Using thin-layer starch-gel electrophoresis, there 
was no difference between the enzyme patterns of my E. h is to 
l y t i c a  isolates and the clones derived from them except in 
the case of Thirer where a clone showed a different band 
pattern from the parent. The parent could be placed in 
group III and the clone in group I, see Figs. 27B (PGM) and 
28B (HK). This suggests that the parent Thirer was probably 
a heterogenous population which consisted of amoebae from 
groups I and III.

The enzyme patterns of amoebae were not affected by 
cryopreservation since after cryopreservation and subsequent 
growth in culture the electrophoretic patterns remained the 
same for all the enzymes used (Figs. 26 and 27).
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Experiment 3. The effect of cryopreservatlon on the anti
genicity of g. h is to ly t ic a

Bryan e t  a l(1976) reported that certain properties of 
cell membranes such as con A receptor sites were destroyed 
when they cryopreserved lymphocytes. Farrant (personal 
communication) also indicated that antigens may be stripped 
off cell membranes as a result of cryopreservation. However, 
these authors did not indicate whether these properties 
were restored after multiplication of the cells in  v i t r o .

This experiment was performed to detect possible per
manent changes in the surface antigens of various cryopre
served amoebal stocks. Antigens prepared from fresh, never 
frozen samples and from amoebae derived from successively 
frozen samples were compared after titration in an indirect 
fluorescent antibody test using anti-F. h is to ly t ic a antiserum 
and fluorescein conjugated sheep antihuman immunoglobulin 
as described earlier.

The results showed that serum antibody titres remained 
practically unchanged in the groups studied. This suggests 
that the antigens concerned had not been irrevocably lost as 
a result of cryopreservation. See Table XLVII.

Table XLVII
Showing IFAT endpoints for E. h is to ly t ic a before and after

cryopreservation

Stocks Titres at which positive
Before freezing After freezing

Biswas 1/256 - 1/512 1/256
JEH 1/256 1/256
Irvine 1/512 1/256
Atkinson 1/256 1/256
NIH:200 1/256-1/152 1/256
Bean 1/256 1/256
Thirer (parent) 1/512 1/256
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Generation-time of g. h is to ly t ic a : Effect of age of culture. 
source of stock and cryopreservatlon

Experiment 4a: Age of culture

The generation-times of E. h is to ly t ic a stocks were 
measured as described earlier. Preliminary experiments 
were carried out to test the effect of age of culture on 
generation-time.

48 and 72-hour-old cultures of Thesiger were harvested 
and suspended in RSM. These were used in two separate 
experiments. For each experiment, 3 groups of 16 culture 
bottles were set up. Each group received an inoculum of 
0.1 ml. Group 1 had 100 amoebae/inoculum, group 2 had 200 
and group 3, 400. They were all incubated at 37° C. At 
24-hourly intervals, four cultures from each group were 
removed from the incubator and the number of trypan-blue- 
excluding amoebae was estimated.

The average number of trypan-blue-excluding amoebae 
below and above 20,000 were plotted against time for each 
group of inocula. The mean pre-20,000 time was interpolated 
on the graph. Fig. 29 represents the graphical method used 
for the estimation of pre-20,000 time.

The results obtained from both experiments showed a 
negative correlation between inoculum size and the pre-
20,000 time; as inoculum size increased, the pre-20,000 time 
decreased (Fig. 30). For example, the mean pre—20,000 times 
for the cultures which received inocula of 100, 200 and 400
amoebae from 48-hour-old cultures were 1.7, 1.4 and 1.1 days 
respectively. However, this linear relationship broke down 
when inocula were as low as 50 or as high as 800 (results 
from preliminary investigations). Inocula of 100, 200 and 
400 amoebae were subsequently used in growth-rate measurements.

The slopes of the 2 regression lines were estimated as 
-0.45 using regression analysis, and the generation-time for
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Fig 29
Graphical method for the estimation of 
pre-20,000 time (Thesiger)

a

b
c

Pre-20,000
time

a = inoculum of 400 amoebae 
b = inoculum of 200 amoebae 
c = inoculum of 100 amoebae
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Fig 30
The relationship between pre-20,000 time 
and log inoculum of cultures (stock Thesiger)

A  - inoculum from 48 hr. old culture 
B - inoculum from 72 hr. old culture
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Thesiger was calculated as 0.135 day in both cases. 
Correlation coefficients were-1.0 (for 48 hour-old culture) 
and-0.9998 (for 72-hour-old cultures), p <0.001 in both 
cases.

Experiment 4b. Source of stock and cryopreservation

The generation-times of 4 different amoebal stocks 
were measured. 2 of the stocks used were derived from asym
ptomatic carriers and 2 from cases with clinical amoebiasis. 
The exercise was first to see whether a relationship existed 
between generation-times of amoebae in  v itro and clinical 
diseases and secondly, to examine the effect of cryopreser
vation on generation-times.

The generation-time for each stock was measured twice 
before freezing and twice after freezing, except in the case 
of Biswas where measurements were made at least 5 times 
before freezing because of the difficulty in obtaining a 
strong correlation between log inoculum and pre-20,000 time.

For each measurement, regression lines were calculated 
and correlation was analysed using regression analysis.
The generation-times obtained for the different stocks are 
given in Table XLVIII.

Generation-times for the different stocks were com
pared before and after freezing using the standard error 
of the difference of means to give approximate standard 
normal deviate values.

When generation-times for each stock, measured on more 
than one occasion were compared, no significant difference 
was observed. Therefore it was valid to use mean values 
for comparison of generation-times.

When the mean generation-times for each stock were 
compared before/freezing, significant differences were



Table XLVIII

Measurements of generation-time of stocks of E. histolytica before and after cryopreservation

Origin of 
Stock

Amoebal
Stock

Generation-time in days

Before freezing After freezing

g* mean g ft SE g mean g and SE

Asymptomatic
cases

JEH 0.135
0.135

0.135 ± 0.064 0.26
0.33

0.296 ± 0.01

Thirer 0.195
0.195

0.195 ± 0.005 0.08
0.10

0.089 ± 0.013

Symptomatic
amoebiasis

Biswas 0.45
0.43
0.39

0.428 1 0.008
0.499

0.45
0.476 ± 0.026

Irvine 0.287
0.299

0.293 ± 0.005 0.10
0.13

0.114 + 0.008

*g = generation time

215
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observed except in the case of Biswas (p <0.001).
It appears that freezing affects generation-times in 

different ways. The generation-times of stocks Thirer and 
Irvine decreased after freezing; that of JEH increased, and 
in the case of Biswas, it remained unchanged.

The very significant (p <0.001) differences between 
generation-times of stocks Irvine and Biswas which were 
derived from clinical cases suggest that no correlation 
exists between generation-time and pathogenicity of E. h is 
to l y t i c a .

Experiment 5. The effect of cryopreservation on the ability 
of g. h is to ly t ic a to agglutinate with 
concanavalin A

Con A-induced agglutination was reported by Trissl e t  
a l  ( 1977) to be related to pathogenicity of F. h is to ly tic a  
stocks. The agglutination reaction of stocks of amoebae 
derived from the different iso-enzyme variant groups, and 
origination from symptomatic and non-symptomatic case of 
amoebiasis was studied first to confirm that such a 
relationship existed and to test whether the ability to 
agglutinate with Con A was retained after cryopreservation.

Stocks JEH and Thesiger (group I), Irvine, Atkinson 
and NlH: 200 (group II) and Thirer (group III) were studied. 
All were cultivated in association with Es. c o l i  -  B in RSM 
except NIH:200 which was cultivated axenically in Diamond’s 
medium or in association with C rith id ia in TTY medium.

The agglutination reactions were studied using con A 
at the final concentrations of 100, 50, 25 l̂g/ml and the 
procedure described earlier was followed.

All attempts to induce agglutination in the stocks 
cultivated in Robinson's medium failed. However, aggluti
nation was easily induced in axenic and C rith id ia cultures
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of NIH:200. The degree of agglutination, as shown by clump 
size (see Figs. 31A,B,C,D), was proportional to con A con
centration. The results as Judged by the numbers of cells 
forming a clump are given in Table XLIX.

Table XLIX
Agglutination induced by con A of living E. h is to ly t ic a stock

NIH:200

con Aconcentrât ion Number of amoebae forming a clump

100 pg/ml 40-hundreds - very large variable clumps
50.0 jig/ml 10-40 - small clumps interspersed 

with isolated amoebae
25.0 }ig/ml 3-10 - many isolated amoebae 

interspersed with small 
clumps

Control (PBS) 0 - No clumps observed

It was thought that the presence of Es. o o li -  B in 
Robinsorts medium might probably be responsible for inhibi
ting amoebal response to con A. An experiment was performed 
to test this.

A small, thick suspension of Es. o o li -  B in PBS was 
prepared and was added to a culture of axenic NIH:200 and 
incubated for 2 hours at 37° C. The amoeba/bacteria cul
ture was then washed by centrifugation, resuspended in PBS 
and prepared as usual for a con A—agglutinâtion experiment. 
No change was observed in the pattern of agglutination.
There was agglutination of amoebae and bacteria together in 
the same clump.

When bacteria failed to inhibit agglutination induced 
by con A, it was thought that perhaps the rice-starch gra
nules were responsible for the inhibition by binding the 
available con A molecules. So, another experiment was per—
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Fig 31 D

Agglutination with 100 yg/m\ con A. x 100

Agglutination with 100 yg/ml con A x 400



Fig 31
Showing concanavalin A-induced agglutination of E. histolytica
(NIH:200) axenically cultivated in Diamond's TPS-1 medium.
Photomicrographs taken under phase contrast, 

magnification x 400

A. control. PBS alone, no agglutination
B. agglutination with 25 yg/ml can A. Many isolated amoebae, 

few clumps, 3-10 amoebae/clump.
C. agglutination with 50 pg/ml con A. Few isolated amoebae, 

many clumps, 10-40 amoebae/clump.
D. agglutination with 100 pg/ml can A. No isolated amoebae, 

very large clumps, 40-hundreds of amoebae/clump.
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formed using NIH:200 which had been Incubated with rice 
starch. Again, no inhibition was observed; amoebae engorged 
with rice starch granules agglutinated with the free rice- 
starch granules. It is noteworthy that bacteria in cultures 
in Robinson's medium actually agglutinated; so did the 
starch granules but not the amoebae.

4

If starch and bacteria failed to Inhibit agglutination
of NIH:200 (axenic) something in Robinson's medium must have beentherefore / responsible. Axenic NIH:200 was adapted to 
Robinson's medium and was used to test this hypothesis. No 
agglutination was observed: NIH:200 had apparently lost its 
ability to agglutinate in the presence of con A during its 
cultivation in Robinson's medium.

Because of the difficulty encountered in recovering 
axenic NIH:200 from frozen storage, it was not possible to 
study in this stock the effect of cryopreservation on con A- 
induced agglutination. However, agglutination was not found 
after cryopreservation in any of the stocks that did not 
agglutinate in the presence of con A before freezing.

Experiment 6 . The effect of cryopreservation on the toxi
city of g. h is to ly t ic a to human leucocytes

The toxic effect of live E. h is to ly t ic a trophozoites on 
human leucocytes was studied using axenic stocks NIH:200 
and stock JEH grown in Robinson's medium. The experiment 
was carried out to see whether a different reaction would 
be observed in stocks from symptomatic and non-symptomatic 
patients and also to test whether this toxic effect was 
retained after successive freezings and thawings.

After incubating the leucocytes for 30 minutes, the 
polymorphonuclear leucocytes spread out (Fig. 32A) and began 
to move. When amoebal suspensions were added, it was observed 
that the leucocytes moved towards the amoebae. It was also 
observed that the number of leucocytes responding to the
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amoebae depended not only on the concentration of living 
amoebae in the suspension added but also on the distance 
between the leucocytes and the amoebae.

When there were too many amoebae in relation to leuco
cyte number, the leucocytes did not move so far, but when 
fewer amoebae were present in the suspension amoeba-directed 
movement was easily observed. It was observed that not all 
leucocytes reacted.

As observed by Jarumilinta and Kradolfer (1964) leuco
cytes rounded off 10-15 minutes after coming into contact 
with the amoebae. After about 30-45 minutes, the leucocyte 
cytoplasm completely disintegrated as shown in Figs. 32B, C 
and D.

Under the same experimental conditions Es. o o li -  B was 
not observed to exhibit a toxic effect on human leucocytes 
even after 45-60 minutes of contact.

The response of leucocytes to amoebae and eventual 
death of leucocytes was not different in the two stocks 
studied, suggesting that the response was not dependent on 
stock and its origin but was a characteristic of the 
species. No change was observed in the behaviour of 
repeatedly frozen and thawed samples of stock JEH. It was, 
however, not possible to test change in the response of 
leucocytes to axenic NIH:200 after freezing because of the 
difficulty in recovering it.
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Fig 32
Showing changes in human polymorphonuclear leucocytes brought 
about by contact with E. histolytica (stock JEH) grown in 
Robinson's medium.
Photomicrographs taken under phase-contrast:magnification x 400
A. Normal leucocyte with extended pseudopodium
B. leucocyte (a) still active attached to trophozoite, leucocyte

(b) has now rounded off 15 minutes after contact.
C. An amoeba I trophozoite wi th rounded leucocyte attached 

toit.
D. Degeneration of leucocytes 45 minutes after contact wi th 

trophozoite (c) active leucocyte.
Am = amoeba, I = leucocyte
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D DISCUSSION AND CONCLUSIONS

Cryopreservation of parasitic materials should be done 
as soon as possible after isolation to avoid changes in the 
biological characteristics through several serial passages. 
But, in most cases, before E. h is to ly t ic a can be cryopreserved 
it is necessary to cultivate it in  v itr o until suitable num
bers are obtained. The cultivation of amoebae from faecal 
material is not always easy since two important problems 
have to be solved :1 ) unsuitable concomitant bacterial flora 
have to be eliminated; 2) populations are likely to be mixed, 
therefore cloning must be done.

The conventional way of eliminating faecal flora is by 
incorporating in the culture medium antibacterial compounds 
such as acriflavine and trypaflavine (Dobell and Laidlaw, 
1926a;Dobell and Neal, 1952) or antibiotics such as peni
cillin (Jacobs, 1947; Wittner, 1968), penicillin/strepto- 
mycin (Shaffer and Frye, 1948) or by treatment of cysts with 
mercuric chloride (Meleney e t  a l , 1940; Rees e t a lt 1941), 
hydrochloric acid (York and Adams, 1926b; Cleveland and 
Sanders, 1930; Adler and Foner, 1941; Singh e t  a l, 1963; 
Robinson, 1968b), emetine and chlorine (York and Adams, 
1926b). Other methods which do not require the use of 
chemicals have also been used, for example micro-isolation 
of cysts using a micromanipulator (Rees e t  a l3 1941; Chinn 
e t  a lt 1942) .

The treatment of amoebal cultures with antibiotics or 
other chemicals is not very satisfactory in view of the 
fact that some chemicals such as mercuric chloride and 
potassium permanganate are lethal to amoebic cysts (York 
and Adams, 1926b; Adler and Foner, 1941) and antibiotics 
do not always eliminate resistant vegetative forms of bac
teria or viable bacterial spores (Neal, 1952). When this 
happens, treatment is usually repeated in successive cul
tures until the concomitant organisns have been eliminated 
(Neal, 1952).

The microisolation of cysts by micromanipulator, on the 
other hand, is a tedious process which requires skill and



exper ience (Rees e t  a l t 1941). Although a simple method of 
cyst or trophozoite isolation has been developed (Farri,
1978) it is still time consuming. The sucrose-gradient 
method of isolating cysts from faecal concentrates is pre
ferable because it is quicker and sucrose does not interfere 
with the biological characteristics of amoebae. It can also 
be used in separating mixed populations. For example, it 
was possible to separate the small cysts ofE. nana from 
large cysts of E. h i s to l y t i c a ,

The production of vigorous cultures of amoebae is 
impossible in the presence of fungal overgrowth such as 
B la a to c y s tis. Elimination of associates by chemical treat
ment usually requires several serial passages which may 
result in biological changes of stocks; virulence, for 
example, may be lost (Thompson e t  a l3 1954; Elsdon-Dew, 1958; 
Neal, 1958; Vincent and Neal, 1960; Wittner and Rosenbaum, 
1970; Phillips, 1973; Zaslavaskaya, 1975; etc.). Elimination 
of concomitant organisms as soon as possible after isolation 
cuts down on labour, reduces the number of serial passages 
and hence chances of changes in biological characteristics.

The problem of B la a to cys tis  hominis in E .-h is to ly t ic a cul
tures was solved by treatment with chemicals such as HC1 in 
0.1-0.2 M concentrations (Cleveland and Sanders, 1930; Adler 
and Foner, 1941; Robinson, 1968b) or acriflavine (Singhet a l,  
1963). Unfortunately, these chemicals and others such as 
4.4% (w/v) sodium bicarbonate and 5,000 units Nystatin/ml 
have failed in my hands. I was, however, able to eliminate 
B la sto cya tis from my E. h is to ly t ic a cultures by washing them 
in tap water (provided that sufficient bacteria were incorporated 
in the primary cultures). Meleney e t  a l (1940) reported eli
minating concomitant organisms from their cultures by first 
washing the cyst concentrates in sterile tap water before 
treatment with mercuric chloride. It is possible that the 
tap water they used had already lysed the B la sto cystia before 
chemical treatment. However, 'Dobell and Laidlaw (1926b) 
were unable to eliminate B laatocy8tia from their cultures

- 228 -
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after treatment with distilled water and neither was I. It is 
difficult to explain this observation.

Cultures established in  v i t r o  from human amoebic 
infections of the gut may consist of one, two or more 
species as shown with the original cultures of stock Saigon. 
Even cultures of a single species are likely to be geneti
cally heterogenous. Krupp (1966) showed that within the 
true E. h is to ly tic a group some minor antigenic differences 
were detectable using Immunoelectrophoresis. Genetic 
heterogeneity was also reported within a population of long 
established E. h is to ly t ic a strains using trophozoite size 
as genetic marker (Goldman and Davis, 1965). In the iso
enzyme characterization studies of E. h is to ly tic a using thin- 
layer starch-gel electrophoresis, it was discovered that 
stock Thirer was a mixed population, and possibly stock 
AM25 also. The heterogeneity of stock Thirer was detected 
when parent and clone showed different GPI and PGM bands in 
electrophoretic runs separately performed by me and by 
Mr J E Williams. A run for HK (GK) with the two samples 
placed side by side confirmed that parent Thirer was a 
mixed population because it had bands common to group I as 
well as group III (see Fig. 28). Although the cathodally 
migrating band of AM25 was never seen with any of the amoebal 
stocks already tested, it is likely to belong to some other 
species present in the isolate. There was no chance of 
proving this because of lysate shortage.

In view of all these points it is necessary to use 
clones for precise biochemical, physiological and genetic 
studies. It is also necessary to preserve original isolates 
as representatives of the variability of populations in 
nature.

The need to cultivate E. h is to ly t ic a in a suitable medium 
after retrieval from low temperature storage has been 
emphasized (Neal e t a l t 1974; Raether and Uphoff, 1976). The 
axenic medium TPS-1 is clearly an unsatisfactory medium for
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this purpose since it requires a large number of viable 
cysts (15-250/ml of medium) to Initiate axenic cultures 
(Singh e t a t , 1973; Dutta, 1976) and 5,000 trophozoiteg'ml to 
maintain them (Diamond, 1968b). Besides, initial growth is 
extremely slow. Dutta (1976) reported that an inoculation 
of 250 amoebae/ml would produce, in his modified TPS-1 
medium, maximum yield in about 2 weeks. The best medium 
therefore has to be sought in the more conventional culture 
medium in which concomitant organisms are present.

In an attempt to find the best culture medium which 
will support growth of E. h is to ly tic a from small inocula, the 
growth curves of three stocks were studied in Robinson's 
medium (Robinson, 1968a), Locke-egg-serum (LES) medium 
(Boeck and Drbohlav, 1925) and modified Locke-egg-serum 
(M-LES) medium (Harinasuta and Harinasuta, 1955).

The growth curves of all the different isolates in 
the different media followed the classical growth curve 
obtained with bacteria,with a prolonged lag phase which 
lasted up to 24 hours, a log phase and a stationary phase. 
There was also a decline phase as already reported (Balamuth 
and Howard, 1946; Jacobs, 1950; Harinasuta and Harinasuta, 
1955 and Abioye, 1971).

The best initial growth was obtained for all the stocks 
in Robinson’s medium (see Fig 13), although the maximum 
growth reached within 48 hours of inoculation into 
Robinson's medium was not significantly higher than it was 
in LES medium. In M-LES medium, the growth of Irvine was 
similar to that in LES medium, but JEH and Thirer showed 
remarkably poor growth; maximum population was reached 7 2 
hours after inoculation.

The occurrence and length of the lag phase depended on 
the type of medium, the inoculum size and the stock being 
investigated. For example, a lag phase observed with a low 
inoculum (1.7 x 104/ml) of Fenn was very much shortened when 
the inoculum size was increased to about 4 x 10 amoebae/ml
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(Fig 9). No lag phase was observed in the growth of 
Thesiger when the Initial inoculum was increased from 0.254 4x 10 to 1 x 10 /ml (cf Figs 7 and 8). However, it is not 
clear why an inoculum of 0.25 x 104/ml should show a longer4lag phase than the one of 0.2 x 10 /ml (Fig 10) of the same 
stock Thesiger when experimental conditions were practically 
the same except, maybe, that the estimated number of viable 
amoebae as Judged by trypan-blue-exclusion was unreliable.

The same initial inocula of stocks Irvine, JEH and 
Thirer exhibited a lag phase to a varying extent in LES and 
M-LES media but no lag phase was observed in Robinson's 
medium (cf Figs 13 A, B and C). Also, when the growth 
curves of various stocks were observed in Robinson's medium, 
starting with the same initial inocula of 1 ,0 0 0 amoebae/ml, 
a prolonged lag phase which lasted for 24 hours was observed 
for Irvine, Thirer and Biswas but was much shorter for JEH 
and Thesiger (see Fig 10).

However, Balamuth and Howard (1946) thought that the 
yield of amoebae in each culture medium would be a function 
of the medium itself rather than the size of initial popu
lation, if the limiting factors were in the growth-promo
ting capacities of the nutrients.

The lag phase which was always observed in amoebae 
grown in LES or M-LES media regardless of inoculum size was 
shortened.when the culture media were inoculated with bac
teria and preconditioned at 37° C before inoculation. Pre
conditioning at 37° C of Robinson's medium had no signifi
cant effect on either the growth pattern or the maximum 
yield, suggesting that the fresh medium already contained 
all the nutrients and conditions required for growth. 
However, a number of factors may be responsible for the very 
slow initial growth of E. h is to ly tic a in LES and M-LES media. 
McConnachie (1955) and Botero (1961) reported that, when 
amoebae were transferred from one type of culture medium to 
another, they usually did not grow well in the second



medium. The failure of my amoebae to grow well initially 
in these media was unlikely to be due to this factor because 
the stocks were cultivated in the different media for 3 
weeks with 2 weekly passages before they were used.
Besides, harvests from the 3 different culture media were 
pooled for the comparative growth studies. It is likely 
that other factors may have been responsible.

Harinasuta and Harinasuta (1955) reported that the lag 
phase of their strains of amoebae decreased when the num
ber of bacteria increased or when the cultures were pre
conditioned with bacteria before amoebae were inoculated.
The lag phase Increased when the number of bacteria was too 
small or too ¡large. The number of Es. c o l i - B used in LES 
and M-LES media in this study were not counted but it was 
comparable to that used in Robinson's medium in the same 
experiments. Perhaps an increase in bacterial flora would 
have improved growth of amoebae in these media but then 
results would not have been comparable with those obtained 
with RSM.

Another factor could be thatEs. o o li -  B alone is inca
pable of providing the initial growth conditions (apart 
from low redox potential) for E. h is to ly t ic a in LES and M-LES 
media. The best results obtained by Harinasuta and 
Harinasuta on the growth of the E. h is to ly tic a stocks which 
they used were obtained from those grown with a mixture of 
bacterial flora. Strain PA which was grown with 'B. c o l i ' ( E s .  
o o li) alone showed inferior growth throughout their studies.

The patterns of pH changes in the different fresh and 
preconditioned media were also studied here. The pattern 
followed that observed by previous workers with very minor 
differences (Shaffer and Trye, 1948; Jacobs, 1950; Harinasuta 
and Harinasuta, 1955; Rees e t  a l t 1960). In fresh LES medium, 
there was an initial drop in pH from 7.6 to 4.7 followed by 
a gradual increase to 5.6. In fresh Robinson's medium there 
was an initial drop in pH from 6.9 to 6.2 which then remained
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steady for the rest of the experiment (Fig 14a). The pH 
changes observed in the preconditioned media were more or 
less the same as in fresh media except that the pH values 
of LES and M-LES media at the time of inoculation were 5.1 
and 6.2 respectively. That of Robinson's medium remained 
the same.

The finding that there was no correlation between 
initial drop in pH and the commencement of amoebal growth 
agrees with the observations of previous workers (Chang, 
1946; Balamuth and Howard, 1946; Jacobs, 1950), although 
there was no correlation between initial drop in pH and 
the rapid multiplication of bacteria which was shown by 
the very low redox potential. It was concluded that the 
onset of amoebic growth is independent of pH values within 
the range studied.

The relationship between 0-R potential and amoebic 
growth was studied in fresh and preconditioned media.
The initial potentials in fresh Robinson's, LES and M-LES 
media were +100, +230 and +320 mv respectively. These 
dropped to their lowest levels below -300 mv within 12 
hours, but rose again within 24 hours.to a low positive 
level (+70 mv) in Robinson's medium and to lower than -150 
mv in LES and M-LES media where they remained with slight 
fluctuations for the rest of the experiment (See Fig 14a). 
The pattern of O-R potential observed in the precon
ditioned media did not differ from those observed in the 
fresh media except in slightly lowered initial values. The 
initial fall of potential in preconditioned RSM (to -100 
mv) was not as low as observed in the fresh medium but it 
did rise to a low positive level within 24 hours as observed 
earlier.

Many workers who studied the effect of 0—R potential 
on the growth of E. h is to ly tic a with mixed bacterial flora 
have shown that the best growth of amoebae occurred when 
O—R potential was strongly negative (Chang, 1946; Jacobs,
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1950; Harinasuta and Harinasuta, 1955) and that, at low 
positive and slightly negative levels, the trophozoites 
were killed (Chang, 1946). Working with axenic cultures, 
Singh e t  a l (1973) reported that a negative O-R potential 
was necessary to initiate axenic cultures of £. h is to ly t ic a  
from small inocula. The same authors (1974) showed that a 
strong negative O-R potential not only cut dowry the 
lag phase but also helped in obtaining maximum population 
of E. h is to ly tic a in axenic cultures. However, Wittner 
(1968) suggested that amoebae probably do not depend 
entirely on anaerobic metabolism but that they also utilize 
atmospheric oxygen in axenic cultures since they tend to 
migrate to the top of the medium as the O 2 at bottom pro
bably becomes depleted. MOntalvo e t a l (1971), using Shaffer 
and Frye medium with attenuated bacterial flora,showed that
E. h is to ly t ic a is capable of consuming oxygen in cultures in 
the absence of any exogenous substrate because of its 
high reserve of glycogen.

The low O-R potentials obtained in this study with 
amoebal cultures in LES and H-LES media with Es. c o l i  -  B 
were comparable to those obtained by previous workers with 
mixed bacterial flora. Jacobs (1950) found that whenE. h is to 
ly t ic a was grown in Locke-egg-ringer (LER) medium with 
Clostridium  perfringens, the O-R potential during amoebic growth 
remained very low, below -240 mv, but when the bacteria were 
changed to organism 't', the potential during growth was at 
a low positive level and remained so throughout. A com
parable result was obtained here with amoebae grown'in RSM 
with Es. c o l i  -  B. At the time of maximum proliferation, the 
potential rose to +50 mv and fluctuated between low positive 
and slightly negative levels thereafter. The results of 
Jacobs with organism 't' in LER medium and mine with Es. c o li  
-Bin RSM seem to suggest that there was no correlation bet
ween rapid amoebal growth and reducing potentials of the 
media. It was also suggested that a range of O—R potentials 
probably exists at which E. h is to ly tic a can proliferate provi
ded there is an adequate supply of substrate (Jacobs, 1950).
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In view of these various and rather conflicting results, 
it is suggested that some factors other than the 0-R poten
tials are operative in providing the conditions for maximum 
growth of amoebae in cultures, especially in RSM. Factors 
such as the substrate present in the culture medium, the 
capacity or quantity of reducing substances have been 
suggested to cause fluctuations or variations in 0-R 
potential measurements (Jacobs, 1950). Boyd and Reed (1931) 
found that an addition of glucose to the broth in which bac
teria (Es. a o li) were grown caused a more precipitous fall in 
0-R potential to a negative limiting value than occurred in 
broth without glucose. The glucose in LES and M-LES media 
may have provided the additional supply of substrate for the 
bacteria and might have kept the potentials down at very low 
levels. The kind of nutrient present in a medium has also 
been found to influence the respiratory needs of the organisms 
present in it (Jacobs, 1950). This may explain why RSM 
failed to maintain a negative redox potential; Es. aoli. - B 
being a facultative anaerobe could revert to anaerobic 
respiration after initial growth as an aerobe in Robinsonfe 
medium.

Chang (1946) reported that the life-span of E. h is to 
ly t ic a in culture i n  v i tr o depended on how long the 0—R 
potential in the medium is maintained low enough to permit 
growth of amoebae, provided there is enough food supply for 
the activity of both bacteria and amoebae. The results with 
amoebae grown in RSM with Es. a o li — B showed that a low 0-R 
potential was not necessary for long life,because the 0-R 
potentials fluctuated between slightly positive and slightly 
negative values and amoebae survived for up to 2 weeks in 
culture without passage.

Although it cannot be claimed that Robinson's medium 
offers the best growth conditions for E. h is to ly tia a t it can be 
concluded that; apart from the low initial 0-R potential, it 
contains certain components, probably nutrient substrates yet 
unknown, which promote early proliferation of the amoebae and 
will support growth from an inoculum containing one amoeba.
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An important aspect of this work was to develop an 
assay method by which different conditions could be com
pared. The IDg3 assay method, origlnally developed for try
panosomes (Lumsden e t al,1963), enables quantitative deter
mination of E. h i s to ly t ic a  viability and provides a means by 
which optimal conditions can be established after retrieval 
from low temperature storage. It allows conclusions to be 
drawn about the effects of various treatments on the amoebae.

Quantitative measurements based on the ability of 
amoebae to exclude or take up dyes have been generally 
used as a measure of E. h is to ly t ic a viability (Diamond, 1964; 
Nealet a l , 1974; Raether and Uphoff, 1976).

With regard to exclusion of vital stains, it is 
necessary to be careful in the interpretation of viability 
results (Neal e t  a l ,1974; Raether and Uphoff, 1976; Raether 
e t a l, 1977). Stulberg e t  a l (1962) found no correlation bet
ween viability assessment of some tissue-culture cells 
based on trypan—blue-exclusion and their ability to attach 
to the plating surface and multiply (which they called the 
plating efficiency). Neither did Raether and Uphoff (1976) 
find any correlation between the percentage of unstained, 
cryopreserved and thawed axenically cultivated amoebae and 
their potential to establish themselves in culture.

In my experience, the number of trypan-blue-excluding 
amoebae did not correlate with the number of viable orga
nisms given by IDgg estimates, neither did resistance to 
staining with trypan-blue correlate with growth after 
thawing. There were two very marked instances of this lack 
of correlation, 1) when E. h is to ly t ic a was frozen in 7.5 and 
10% fy /v ) glycerol and 2) when amoebae were frozen in 5, 10 
and 20% (w/v) FVP. In these instances, after thawing, up to 
25% of the glycerol-treated and 100% of the PVP-treated 
trophozoites resisted staining and yet no growth was 
observed when cultured.
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Additives such as PVP may perhaps completely coat the 
surface of cells andprevent the uptake of dyes. Perhaps 
there exist other non-permeating polymeric cryoprotectants 
which behave in like manner. In such cases careful inter
pretation of results must be made and other methods of 
assay must be sought because assessment of viability based 
on dye-exclusion, for such cryoprotectants, will not only be 
unreliable but impossible. An assay method with an end 
point such as the IDg3 assay is recommended.

Although it was argued that the mathematical basis of 
Lumsden's tables 'is not statistically justified' (Overdulve 
and Antonisse, 1970a), my results from 2 dilution series 
after infectivity titrations using Lumsden's method were 
comparable to those using the Exact Probability test. For 
example, results fr^m^two dilution series of a frozen 
amoebal suspension (^Dg3 = 1.6 ± 0.3) and an unfrozen control 
sample = 4.4 + 0.5) were compared using the Exact
Probability test and the IDg3 method.

Log dilutions T 2 7 ? 3

A Unfrozen control = 
number of cultures

ri
positive

6 6 6 1 0

B Frozen sample = r2 

number of cultures positive
2 0 0 0 0

Number of cultures inoculated 6 6 6 6 6

where ri + r 2 are numbers of positive cultures.

The viability of the two samples can be compared using the 
formula

X? . <ri- V 2 • 121 r . (12 '-'"ST
where R = r^ + r2; = Chi squared of dilution 1.
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When the five Chi squared values have been separately cal
culated for each dilution, they are added. The significance 
of the differences between A and B can be tested using the 
number of degrees of freedom (*• number of dilutions) using 
the standard normal deviate (SND) table (Armitage, 1971).
In this case p <0.001.

When the IDg3 estimates were compared in the approxi
mate SND test using the formula:

samples A and B was comparable to that of the Exact 
Probability test because p was also <0.001.

It can be concluded that, in spite of the comments of 
Overdulve and Antonisse, IDg3 results are amenable to the 
usual statistical analysis.

• It was also argued that it is inherent in the IDg3 

method that at least half of the number of mice used do not 
contribute substantially to the result (Overdulve and 
Antonisse, 1970a). Admittedly, this is correct but a care
ful preliminary determination of the approximate IDg3 value 
will give an idea of the dilutions in the vicinity of the 
IDco to be inoculated. These authors also argued that someDOfactors other than the infectivity of the organism e.g. tech
nical failures, inhomogeneity of animal population and their 
response to infection may obscure results and therefore make 
exact determinations of infectivity impossible, and it is 
only when these factors are reduced to a minimum that the 

. IDg3 can be used with success;

SE(d )
where x = IDg3 estimate, and
SE(d) = Standard error of the difference
SE(d )

t h e  significance of the difference between the two

^  ■  i !- . y  v
^ — . " ■ 'V



239

These arguments may be true where animals are used as 
the recipients of inocula but, fortunately, such problems as 
antibody formation and heterogeneity of recipients are 
usually not encountered when cultures are used. In any 
case, when homogenous suspensions of organisms are used, as 
was the case in this study, and inoculations are made into 
culture media under identical experimental conditions, the 
IDg3 assay can be successfully used for measuring by titra
tion the viability of E. hi.8tolyti.ca populations.

Using the IDg3 method, it was shown that young cultures 
(48-houis-old) of E. h i8 to ly tic a in Robinson's medium consist of 
significantly higher proportions of viable amoebae than the 
96-hour-old cultures although the number of trypan-blue- 
excluding amoebae is greater in the latter. This is pro
bably because at 48 hours the number of daughter amoebae 
being produced is slightly higher than the number dying, and 
at 96 hours the opposite is happening - more amoebae are 
dying than are being produced. It is therefore not surpri
sing that it was more difficult to isolate clones into RSM 
from 72-hour-old cultures than from the 48-hour-old ones. 
Although the viability of 24-hour-old cultures was not 
measured, it is believed that the percentage survival at 
this time would exceed that at any other time. The ease 
with which clones were produced from 24-hour-old cultures 
suggests that this is the case.

The ID„o method was also used to demonstrate that 63 qamoebae could withstand temperatures as low as 0 C for at 
least 2 hours without loss of viability.

The cryopreservation of E. h is to ly tic a at very low sub
zero temperatures is not new. What is generally lacking in 
the literature is the systematic study of the various fac
tors which tend to influence the viable recovery of frozen 
organisms after thawing. The aim of this work was to study 
the various factors involved in cryopreservation of E. h is to 
ly t ic a with a view to producing a high percentage survival of 
the amoebae after thawing.

» r. \J \
•9 • •. «r
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Using the ID03 assay method, it was shown that a cool
ing rate of 1° C/min, following treatment with 7.5% (v/v) 
DMSO equilibrated at 37° C for 15 minutes, offered the best 
cryoprotection to E. h is to ly t ic a . Maximum percentage viability 
observed after retrieval from storage at -196° C was 12.5%.

In this study, the effect of 6 cryoprotectants of dif
ferent types, namely DMSO, glycerol, PVP, sorbitol, methanol 
and ethanol, were evaluated in unfrozen amoebal samples. It 
was found that sorbitol, methanol and ethanol at the concen
trations used were not toxic to the amoebae. Although effec
tive in preventing freezing damage, glycerol, DMSO and PVP 
were found to be toxic in themselves.

The toxic effects ofcryoprotectants are related to 
their concentration, the temperature and duration of expo
sure, so that when the concentration increases toxicity 
increases (Karrow, 1969). The toxic effect of glycerol on 
unfrozen samples of T. va g in a lis was demonstrated by Lumsden 
e t  a l (1966). These authors found that there was an immedi
ate distortion of the organisms when placed in a suspension 
containing 10% (v/v) glycerol. Collins and Jeffery (1963) 
also observed an apparent pre-freeze toxicity of 10% (v/v) 
glycerol to P. gallinaceum since there was a drop in their 
IDg3 estimate. The toxic effects of DMSO have also been 
reported. Warhurst (1966) using an assay based on ’pre—2% 
period' reported that the treatment of P. berghei with 7.2% 
(v/v) DMSO without freezing reduced viability to 40-45%, 
suggesting a harmful effect of DMSO (he assumed that the 
viability of the untreated, unfrozen sample was 100%) and 
that,after freezing with DMSO to -78° C, the percentage 
viability decreased to about 3-5%. Herbert e t  a l (1968) 
reported also that the infectivity of a suspension of try
panosomes treated with cryoprotectants (glycerol and DMSO) 
prior to rapid freezing and storage at -196° C was less than 
when the suspension was frozen without cryoprotectants. 
Overdulve and Antonisse (1970b) found that incubation of B. 
ro d h a in iw ith 5 and 10% (v/v) DMSO at 0° C for 2 hours without



freezing caused a reduction in infectivity to mice. The 
results obtained from this study confirm the results of pre
vious workers.

The mechanisms of cryoprotectant damage were not inves
tigated here, but it has been suggested (Chang and Simon, 
1968) that DMSO affects enzyme systems of cells without 
affecting the permeability characteristics. It seems that 
not much is known about toxicity of DMSO or glycerol to 
cells.

Flux across cell membrane is temperature-dependent and 
varies not only with pH but also with the concentration of 
the cryoprotectant (Meryman and Hornblower, 1972). So that 
when cryoprotectants are administered at a lower temperature, 
there is a decrease in their toxicity at any given concen
tration. This temperature effect was demonstrated for gly
cerol on rat heart muscles (Harrow and Webb, 1965), on bull 
spermatozoa (Sheiman, ¿963) and on E. h is to ly t ic a (Smith, 1961).
In this study, glycerol was found to be non-toxic to E. h is to 
l y t ic a  at 0° C. But, as temperature increased, there was a 
progressive loss of viability; at 37° C the toxic effect was 
noticed most. These observations presumably relate to the 
increase in permeability of cell membranes to glycerol as 
temperature rises. As for glycerol, the toxic effect of 
DMSO is positively correlated with increase in temperature 
and concentration. The temperature effect on DMSO toxicity 
was demonstrated on rat heart muscle (Harrow and Webb, 1965) 
and on B. rodhaini (Dalgliesh, 1972). Dalgliesh found that 
when B. rodhaini was incubated with 3 or 4 M (approximately 21 
or 28% (v/v)) DMSO at 38° C, there was a complete loss of 
infectivity to mice, whereas at 4° C loss of infectivity was 
slight. At comparable molar concentrations of glycerol (22 
or 29%(v/v))infectivity was not eliminated, but a more marked 
reduction was noticed at 38° C than at 4° C. It seems likely 
that the low infectivity obtained after the exposure of B. 
rod ha in i to glycerol at 38° C was due to the toxic effect of
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glycerol at this temperature. Persidsky e t  a l (1965) demon
strated the temperature effect for PVP on rat bone-marrow 
cells. In this study the temperature effect was more pro
nounced in glycerol than in DMSO or PVP. It was shown that 
PVP was the least toxic of the three cryoprotectants below 
37° C probably because it did not penetrate the cells, but as 
soon as it did at 37° C, and depending on its concentration 
(about 15%(w/v)or above), its toxic effect was exerted.

It appears that cryoprotectants have conflicting 
effects on parasites, toxicity on the one hand and prevention of 
freezing damage on the other. Cryoprotectants which pene
trate cells protect them during freezing by preventing an 
excessive increase in the concentration of damaging salts as 
water in the suspension turns to ice. Therefore, for any 
cryoprotectant to exert its full protection it must be pre
sent within and around the cells (Lovelock and Bishop, 1959).
In terms of cultivability of amoebae in Robinson's medium 
after freezing and thawing, this theory is supported by 
results obtained in this study for DMSO, PVP and glycerol. 
Except for PVP, these cryoprotectants are considered to 
offer protection to other cells during freezing only when they 
have permeated the plasmalerama.. This is probably also the 
case with E. h ie to ly tia a . Although not harmful in themselves to 
amoebae in the concentrations used, sorbitol, methanol and 
ethanol wore not effective as cryoprotectants and it is not . 
clear whether this was due to non-penetration of cells or to 
inadequate concentration. Perhaps a more detailed study 
would elucidate the underlying factors. It is equally impor
tant to stress that, during the whole exercise, amoebae did 
not survive freezing once without cryoprotectant no matter 
the rate of freezing used.

There is no evidence in the literature that PVP has 
been successfully used to cryopreserve parasitic protozoa, 
although Persidsky and Richards (1962) and Persidsky e t a l
(1965) have reported its usefulness in preserving rat bone- 
marrow cells at a concentration of 15% (w/v) and at a free—
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zing rate of 1° C/min. Their results indicate that PVP 
exerts external cryoprotection to bone marrow cells. The 
results obtained here using different temperatures of 
equilibration suggest that PVP needs to be taken in by£. h is 
to ly t ic a before it confers cryoprotection. Lumsden e t a l,
(1966) reported that when T. va g in a lis was cooled in the pre
sence of 10% (w/v) PVP by dropping the ampoule into methanol 
containing C02, none of the organisms survived after 
thawing. It is suggested that PVP can be cryoprotective for 
parasitic protozoa only when it has permeated the cell mem
brane and in the case of E. h i s to ly t ic a  when cooling rate was 
1° C/min. Although 15% (w/v) PVP was protective for E. h is to 
ly tic a , a. lower or higher concentration was found to be ineffec
tive. Perhaps at a lower concentration, a longer equili
bration time would be required, at a higher concentration, a 
shorter equilibration time would be required, these were not 
fully investigated. PVP cannot permeate cell walls by 
simple diffusion because of its high molecular weight. 
Moreover, the high toxicity of PVP at 20% (w/v) may itself 
prevent active uptake by pinocytosis.

Glycerol, at 5% (v/v) concentration was also protective 
to E. h is to ly t ic a but, like PVP, the percentage viability was 
so low that infectivity was lost at the lowest serial 
dilution. Fulton and Smith (1953) cooled E. h is to ly t ic a step
wise to -79° C in the presence of 5, 10 and 15% (v/v) gly
cerol. After equilibration at 37° C for 1-2 hours, they 
were able to recover viable organisms from suspensions 
treated with 5 or 10% glycerol and frozen. They found 5%
(v/v) more satisfactory than 10% (v/v) glycerol. I was 
unable to recover from low temperature storage E. h is to ly tic a  
which had been equilibrated with various concentrations of 
glycerol at 37° C. This is possibly explained when one con
siders that a simple exposure of E. h is to ly t ic a to 7.5% (v/v) 
glycerol at 37° C for more than 15 minutes without freezing 
lowers the viability Id less than 1% (as assessed by the IDg2 
method). And, unless there are many millions of amoebae in 
the frozen suspensions, it is unlikely that any would survive



“ 244
after thawing. The success of Fulton and Smith may be due 
to this factor. In the first place they used a larger 
volume (0.5 - 1ml) of amoebal suspension which probably 
contained millions more amoebae than I have used (unfortu
nately, they did not state the number of amoebae they froze); 
secondly, their assay of viability was simply based on cul- 
tivability of the ampoule content in culture medium after 
thawing. It is probable that the few amoebae which sur
vived gave rise to their cultures. Kasprzak and Rydzewski 
(1972) recovered viable E. h is to ly t ic a from suspensions frozen 
at 1° C/min to -196° C after they had been exposed to 5 and 
10% (v/v) glycerol at 4° C for 30 minutes. They did not 
indicate the number of amoebae they froze, nor did they 
mention anything about how viability was assessed. Their 
result i6 therefore difficult to interpret.

DM SO was found to be cryoprotective for E. h is to ly tic a at 
concentrations of up to 15% (v/v) and viable recovery was 
always achieved regardless of equilibration temperature or 
time. It is apparent from my results that the degree of 
protection varies with concentration and equilibration condi
tions, but an unawareness of this has led previous workers, who 
based their viability assessment on dye-exclusion and/or cul- 
tivability in culture medium after thawing, to believe that 
their various conditions were optimal. For example, Diamond 
e t  a l (1963) believed that the optimum condition for cryopre- 
servation of E. h is to ly tic a was an equilibration with 5% (v/v) 
DHSO at 35° C for 30 minutes, while Gordon e t a l (1969) held 
that 8% (v/v) DMSO was required with an equilibration at room 
temperature for up to 1 hour. Neal e t  a l (1974) recommended 
the use of 7.5% (v/v) DMSO with an equilibration at 23° C. 
They did not vary equilibration temperature but suggested 
that equilibration time should be examined. The results 
obtained in this study indicate that the optimum condition 
for the cryopreservation of E. h is to ly tic a is a concentration 
of 7.5% (v/v) DMSO and an equilibration at 37° C for not 
longer than 15 minutes provided freezing is done at 1 C/ 
min.
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I have restricted myself to a maximum equilibration 
period of 30 minutes in this work, because an increase in 
equilibration time before freezing has been shown to increase 
the probability of toxic reactions at a given cryoprotectant 
concentration (Karrow e t  a l,1965). My results however, indi
cate the need to investigate further the equilibration 
period, especially with regard to low concentrations of DMSO, 
glycerol and perhaps PVP.

Neal e t  a l (1974) did not find a 'dramatic' difference 
in the recovery of E. h is to ly tic a which had been exposed to 
7.5% (v/v) DMSO at 23° C for various lengths of time (0.5-
5.7 hours); neither were Fulton and Smith (1953) able to 
detect differences in the recovery rate of amoebae equili
brated at 37° C for different periods (0.5-2 hours) in the 
presence of 5% (v/v) glycerol. An explanation for this would 
again be the lack of a sensitive method of assessing via
bility. Where an insensitive assay is used results are 
unlikely to vary dramatically unless there is a complete 
absence of viable amoebae in the frozen suspension after 
thawing. For example, Fulton and Smith failed to recover 
live amoebae from suspensions which had been held at 37° C 
for longer than 30 minutes in the presence of 10% (v/v) 
glycerol.

Callow and Farrant (1973) found no change in the infec- 
tivity of L. trop ica to mice when exposed to the same 1.5 M 
(11% v/v) glycerol at 28° C for varying lengths of time.
The difference in their results for L. tro p ica and in the 
results of Fulton and Smith (1953) for E. h is to ly t ic a , as well 
as those reported here with regard to the sensitivity of 
organisms to glycerol under varying equilibration conditionss 
confirm that living cells of different types and different 
species will have different optimum conditions for cryopre- 
servation (Pegg, 1976).

Since the suggestion of Robertson and Jacob (1968) that 
the combination of DMSO with other cryoprotectants might 
give a cryoprotective synergism considering the ability of
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DM SO to assist the penetration of compounds which are 
usually biologically impermeant, many workers have tried to 
cryopreserve E. h i s to ly t ic a in a combination of cryoprotec- 
tants. Diamond (1964) reported the Improved recovery (up 
to 40%) of E. inoaden8 when frozen with a combination of 4.5% 
(w/v) glucose and 15% (v/v) DMSO over 1% obtained from using 
5% (v/v) DMSO alone. Djerassi and Roy (1963) found that rat 
platelets were better preserved in 5% (w/v) dextrose with 
5% (v/v) DMSO. The use of these compounds alone at the 
given concentrations did not confer any protection. However, 
Karrow e t  a l (1965) considered that cryoprotective synergism 
did not result when they failed to recover rat heart muscles 
from freezing in the presence of 12.5% (v/v) DMSO in dextran 
whereas each individual protectant conferred protection on 
its own. My results with different combinations of cryopro- 
tectants (DMSO + PVP, DMSO + glycerol, DMSO + glucose) did 
not suggest the existence of cryoprotective synergism but 
rather the reverse. DMSO and glucose at the concentrations 
used by Diamond was relatively unsuccessful for E. h is to ly tic a .  
Viability was lost at the lowest serial dilution, whereas, 
when 7.5% (v/v) DMSO was used with 2.25% (w/v) glucose, via
bility was measurable by the IDgg method although estimates 
were still very much lower than when DMSO was used alone.

From the present study, DMSO proved consistently to be a 
more efficient cryoprotectant than glycerol or PVP for the 
preservation of E. h i s to ly t ic a . However, the proportion of 
amoebae which survived low temperature storage remained low, 
between 0.3 and 12.5%. Various workers at different times 
reported variability in the percentage viability of frozen 
amoebae. Results have even varied with the same workers at 
different times. Diamond (1964) recovered 30-40% of E. 
invadens af ter freezing them to —196° C in the presence of 
15% (v/v) DMSO and 5% (w/v) glucose, while Neal e t a l (1974) 
reported between 1 and 3.7% survival (measured by Evan's— 
blue-exclusion) for E. h is to ly t ic a frozen with 7.5% (v/v)
DMSO, and Raether and Uphoff (1976) using the same tech
nique as Neal et al recovered 10-44%.
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The varying results obtained by different workers can 
be partly explained by the unreliability of the assay 
methods, the differences in the culture media and the differences 
between species and stocks of amoebae. However, the reasons 
why I obtained variable results at different times cannot be 
easily arrived at, especially when efforts were made to keep 
experimental conditions standard. The only obvious cause 
could have been differences in the batches of serum used in 
cultivation although it is not clear what effect this might 
have on survival. A certain amount of variation is, however, 
to be expected in biological work.

While efforts were made to cryopreserve cultures of the 
same chronological age (48-houis-old), one cannot be sure of 
the exact stage of cultures for, at 48 hours, populations 
may be in their middle or late log phase depending on the 
stocks of amoebae, the medium in which they are cultivated and 
the number of viable (cultivable) organisms present in the 
initial inoculum. It is likely that at some points during 
growth, amoebae are less vulnerable to freezing than at 
other times.

E. h i s to ly t ic a  carries out phagocytosis and ingests rice- 
starch granules. The organisms, like other phagocytic 
cells, possess a large reserve of glycogen (Montalvo e t a l,  
1971) and a large number of lysosomes (Cappell and Anderson, 
1971). It has been reported that organisms which have many 
lysosomes such as T. fo e tu s (Feinberg and Morgan, 1953) are 
impossible to cryopreserve (McEntegart, 1954). Mammalian 
granulocytes, like Entamoeba,are known to have a large reserve 
of glycogen and many lysosomes and they are known to survive 
freezing very poorly (Cavinset a l , 1968; Knight e t  a l , 1975). 
Neal e t  a l (1974) suggested/the presence of many starch gra
nules in the cytoplasm of Entamoeba, especially E. terrapinae, 
may have contributed to their poor record of recoveries. It 
seems very probable that when glycogen is present in E. h is to 
ly t ic a in excessive amounts they become more susceptible to 
freezing damage. It is also likely that phagocytic cells

m
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like E. h is to ly t ic a are damaged during freezing because the 
lipoprotein membranes of their lysosomes are very sensi
tive to high concentrations of electrolytes (Lee and Allen, 
1972) and are denatured by freezing (Lovelock, 1957).
Damage to lipoprotein membranes of lysosomes as a result of 
freezing and thawing (Raether e t  a l , 1977) leads to the 
release of hydrolytic enzymes into the cytoplasm of the 
cells resulting in cell damage due to autolysis (Cappell 
and Anderson, 1971).

Not much time was spent in the present study on the 
cryopreservation of amoebae derived from axenic or C rith id ia -  
grown cultures. As a result of this I did not become 
sufficiently experienced in handling axenic and crithidial 
cultures and this in turn might have contributed to my lack 
of success in this aspect.

The success of previous workers could be attributed to 
the fact that a huge number of amoebae were preserved; for

gexample, Gordon e t aZ, (1969) preserved up to 20 x 10 (NIH: 
200) amoebae/ml while Raether and Uphoff (1976) preserved 
between 1 .1 x 106 and 1.2 x 107 amoebae/ml. The percentage 
viabilities quoted by these authors were based on dye- 
exclusion followed by cultivation in  v i t r o .

The rate of freezing giving optimal survival has been 
shown to be dependent upon the cell type and the nature and 
concentration of the cryoprotectant present (Farrant and 
Morris, 1973; Pegg, 1976). An arbitrary cooling rate of 
1° C/min had been employed with viable recovery of many 
parasitic protozoa including Babesia (Mieth, 1966), Eimeria 
(Norton and Joyner, 1968), Trichomonas (McEntegart, 1954; 
Resseler e t  a l, 1965), Trypanosoma (Lumsden e t  a l, 1963; Cunning
ham e t  a l , 1963), Plasmodium (Jeffery and Rendtorff, 1955; 
Warhurst, 1966; Schneider e t  a l , 1968) , Naegleria andAcanthamoeba 
(Willaert, 1976), Entamoeba species (Diamond, 1964; Neal e t  a l, 
1974; etc.), Tritriahomonas (Levine and Marquardt, 1955).
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Although this rate of cooling was satisfactory for E• h is to 
ly t ic a the viability after thawing was low, and it was there
fore decided to investigate experimentally the effect of 
different freezing rates. Controlled cooling rates of 0.2°, 
0.5°, 1.0°, 2.0°, 5.0° and 10.0° C/min were used for E> h is to 
ly t ic a suspensions in various concentrations of DMSO, PVP and 
glycerol using optimum equilibration times. Suspensions 
with 5% (v/v) glycerol survived freezing rates of 0.5° and 
1° C/min, those with 15% (w/v) PVP survived freezing rate of 1° C/min 
alone, while those suspended in DMSO survived a range of 
freezing rates between 0.2° and 2.0° C/min. At 2° C/min, 
the percentage survival was so low that it was not measurable 
by the IDg3 assay method. None of the suspensions survived 
freezing rates of 5° C/min and above. Using DMSO, PVP and 
glycerol a rapid rate of cooling to subzero temperatures was 
injurious to the amoebae. Diamond (1964) was unable to 
recover E. invadens cooled to -50° C at 8° C/min in the pre
sence of 15% (v/v) DMSO and 5% (w/v) glucose. However, he 
was able to recover E. h is to ly t ic a suspensions in 7.2% (w/v) 
glucose directly plunged into and stored in liquid nitrogen 
after one and seven days.

The two-step freezing technique originally developed by 
Luyet and Keane (1955) for lymphocytes has been used with 
different types of cells (Polge and Soltys, 1957; Rapatz and 
Luyet, 1963; Farrant e t  al, 1974; Walter e t  a l, 1975; Wilson ei at, 
1977). Protection is achieved because freezing of extra
cellular water to ice causes an osmotic gradient which leads 
to the dehydration and shrinkage of cells held at high sub
zero temperatures. This prevents intracellular ice for
mation when the cell is eventually stored at very low tem
perature and minimizes damage due to intracellular ice on 
thawing (Walter e t  a l ,1975). Under the experimental con
ditions in this study, the two-step freezing regime was 
successful only to a limited extent; it did not give improved 
protection to E. h i s to ly t ic a  against freezing and thawing. It 
is possible that the holding time at the sub-zero temperature 
was not ideal; it could have been too long or too short. A 
more detailed study in this direction may result in an



250

improvement in viable recovery of amoebae. On present infor
mation a cooling rate of 1° C/min gives the best viable 
recovery of E. h i s to ly t ic a .

Thawing rate has been practically neglected as one of 
the conditions for successful recovery of parasitic protozoa 
from low temperature storage. An arbitrary fast thawing 
regime at temperatures between 37° C and 40° C has been used 
by several investigators. Diamond (1964) investigated the 
effect of thawing rate on samples of E. h is to ly t ic a cooled to 
-170° C in the presence of 15% (v/v) DMSO and 5% (w/v) glu
cose. He thawed suspensions in an ice bath and at 37° C and 
45° C and found a significant 85-95% decrease in the percen
tage 'survival' of amoebae thawed in the ice bath compared 
with samples thawed at 37° C. Although Diamond's estimates 
of viability were based on exclusion of dye, his results were 
comparable to mine. I found, using thawing temperatures of 
0°, 25° and 37° C, that there was a significant difference in 
survival between thawing at 0° C and at 37° C (p <0.001). 
Although there was a difference in the IDgg estimates for sus
pensions thawed at 25° C and 37° C, 37° C being superior, it 
was not statistically significant. It is therefore suggested 
that a thawing temperature of 37° C should be used on 
retrieval of E. h is to ly t ic a from low temperature storage.

The viability of thawed E. h is to ly t ic a suspensions dec
reased considerably when they were left for longer than five 
minutes at the thawing temperature of 37° C, and viability \vas al
most lost when they were left for 30 minutes. It is apparent 
therefore that a period of 'structural reconstitution' (Lumsden 
e t  a l  t 1968) is detrimental to thawed amoebal suspensions. 
Fulton and Smith (1953) showed that a gradual withdrawal of 
glycerol from f. h is to ly t ic a suspension was detrimental to the 
amoebae. I found that when thawed suspensions of E. h is to ly t ic a  
preserved with PVP or glycerol were washed with PBS before 
subculturing there was a complete loss of viability which was 
probably due to dilution shock (Farrant and Morris, 1973). 
Washing in PBS, therefore, is not recommended. In the case of 
DMSO, washing is not necessary since the presence of DMSO in
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culture was not observed to affect the growth of E. h is to ly t ic a  
in this study, and infectivity titration for the IDgg assay 
made in Robinson's medium ensures adequate dilution of the 
cryoprotectant. Dilution shock is unlikely to affect DMSO- 
treated amoebae because of the relative ease at which it 
enters or leaves the cell.

There was no evidence from the results thatff. h is to ly t ic a  
which survived freezing treatment showed any increased 
resistance to subsequent freezings. In addition success
ively frozen and thawed samples without intermediate sub
culture failed to grow in culture medium, suggesting a com
plete loss of viability.

There are many reports on the progressive loss of via
bility in cells stored at temperatures above -100° C for 
prolonged periods (Manwell and Edgett, 1943; Levaditi, 1952; 
McEntegart, 1954; Eyles e t  al, 1956; Polge and Soltys, 1957; 
Moline e t  a l,1962; Jeffery, 1962; Diamond, 1964, etc.).

It is theoretically expected on physical principles 
that storage at below -130° C will result in essentially 
indefinite preservation (McEntegart, 1954) because formation 
and growth of ice crystals do not occur below this tem
perature (Diamond et al, 1961). Also, as absolute zero is 
approached,atomic and molecular movement is minimized and 
degradation of proteins, etc., is reduced. While -196 C 
storage has been routinely and successfully used for storing 
a variety of parasitic protozoa including E. h i s to ly t ic a  without 
apparent loss of viability (Diamond, 1964; Neal e t  a l, 1974, 
etc.), the results with E. c o l i and possibly E. ranamm have shown 
a reduction in viability with time (Neal e t  a l ,1974). It is 
rather interesting, though disturbing,to find, using the IDgg 
method, that E. h is to ly t ic a shows progressive loss of viability 
when stored at -196° C.

It is not clear what is responsible for this loss. Loss 
of viability over lengthy storage time may not have been
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detected in the past,probably because the method by which 
viability was assessed was insensitive, i.e. by exclusion 
of dyes and subculture without titration. On the other 
hand, the number of amoebae included per ampoule has often 
been enormous (for example Gordon e t a l (1969) used 20 
million amoebae/ml) so that, if loss was gradual, it was 
still possible to recover viable amoebae after 
several years. In this study, the maximum number of viable 
(cultivable) amoebae preserved per ampoule rarely exceeded

425 x 10 . Assuming that this suspension loses 80% viability 
every 3 months, and that there is a linear relationship bet
ween loss of viability and time (although there is no evi
dence that deterioration in viability is linearly related to 
time), it would still be possible to recover viable organisms 
after 21 months in liquid nitrogen for there will still 
remain 3 viable organisms (and one trophozoite is capable of 
initiating a culture provided the conditions in the medium 
are suitable). An experiment is therefore desirable to 
examine the relationship between loss of viability and 
storage at -196° C. If, however, it is found that deterior
ation in viability is linearly related to time, then it would 
be necessary to predetermine expiry date when stabilates are 
laid down, as suggested by Neal e t  a l (1974).

Various other factors may have been responsible for the 
loss in viability with time. It was suggested that oxidation 
probably occurs in frozen samples during storage at low sub
zero temperatures which might result in the production of 
lipid peroxides in the presence of serum (Ormerod.personal 
communication). These peroxides may be harmful to amoebae. 
Kilgour (personal communication) showed that oxidation of 
glucose phosphate isomerase takes place at -196° C and this 
results in the progressive loss of this enzyme's activity. 
Narrow and Webb (1964) reported that enzymatic degradation 
continues at temperatures far below 0° C since, for example, 
blood cells 'decay' significantly in a month even at -80 C. 
It is believed that, if such enzyme activity is allowed to 
continue, cells may be killed by autolysis or self-intoxi
cation. It is therefore suggested that this aspect of cryo—
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preservation be properly investigated and the problem solved, 
and.unless this is done, the idea of indefinite storage may 
become a fiction. However, in spite of all these, the freez
ing method described here makes the storage of E. h ie to ly tio a  
cultures possible for a useful period of time.

In addition to the determination of viability in terms 
of growth in Robinson's medium, the preservation of cellular 
characteristics of E. h is to ly tic a , such as its ability to encyst 
in culture, its cytopathic effect on living cells, its agglu
tination induced by con A, its growth rate, characteristics 
of the isoenzymes and antigenic properties.were also inves
tigated. The importance of these studies was demonstrated by 
the work of Bryan et a l (1976) which suggested that cryopre- 
servation might cause loss of certain surface properties such 
as con A receptor sites in lymphocytes. In this connection, 
certain techniques were used whereby the preservation of cell 
characteristics was evaluated and they are separately discussed 
below.

Dobell and Neal (1952) reported that the presence of 
certain Es. c o l i strains in amoebic cultures inhibited the 
production of cysts in their HSre culture media. My results 
with Es. a o li - B grown in association with E. h is to ly t ic a in 
Robinson's medium showed that amoebae could encyst and excyst 
in Robinson's medium although only a small number of cysts 
were formed. In view of the relatively low numbers of 
trypan—blue-excluding cysts found in cultures which had been 
treated with hydrochloric acid, it was always necessary to 
subculture to prove the presence of viable cysts. Some 
amoebae were found not to encyst in Robinson's medium and 
those which did continued to do so after successive freezings 
and thawings with intermediate cultivation, indicating that 
the ability of stocks of amoebae to encyst in Robinson's 
medium is not altered by cryopreservation.

Gordon e t  a l (.1969) were unable to detect any permanent 
antigenic changes in axenically cultivated E. h is to ly t ic a using



- 254

the indirect haemagglutination test after cryopreservation. 
The results obtained here from testing antigenic properties 
of cryopreserved E. h is to ly t ia a by the indirect fluorescent 
antibody technique confirm that no detectable antigenic 
changes occurred as a result of cryopreservation.

E. h i s to ly t ic a  stocks have been shown to exert a cytopa- 
thic effect on living tissue culture cells (Eaton e t  a l, 1970) 
and mammalian polymorphonuclear leucocytes (Jarumilinta and 
Kradolfer, 1964) with which they come into close contact.
The results obtained here using human leucocytes confirm 
those of Jarumilinta and Kradolfer. The cytopathic effect 
of E. h i s to ly t ic a  was observed to be exerted only when the 
amoebae and the leucocytes were in very close proximity. It 
was also observed that, when leucocytes became attached to the 
amoebae, hardly any movement was observed in the latter. 
Rounding off of leucocytes took up to 15 minutes after con
tact with amoebae and complete degeneration was not observed 
until after 30 minutes of contact.

Bos and Van den Griend (1977) showed that the speed at 
which degeneration of leucocyte was effected depended on 
the pathogenicity of the amoebal stock; pathogenic stocks 
were reported to exert a cytopathic effect quicker than the 
non-pathogenic ones. However, I was unable to correlate 
clinical condition of the patient from whom stocks of 
amoebae were isolated with leucocytotoxicity, for it took 
roughly the same length of time for each of the stocks tested 
to exert its cytopathic effects. It appears probable that 
leucocytotoxicity is a character of the species rather than 
that of the stocks, and this character should not be used as 
a criterion for assessing pathogenicity in amoebiasis. 
Leucocytotoxicity remained unaffected by cryopreservation.

The ability of amoebae to agglutinate in the presence of 
con A is considered to depend on tne presence of particular 
glycoproteins on the cell membrane and was considered by 
Trissl e t  a l (1977) to relate to their pathogenicity. These 
workers showed that the 'pathogenic' amoebae had a low sur-
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face charge and agglutinated more strongly with con A than 
did the 'non-pathogenic ' ones with high negative surface 
charge. The results obtained here appear to contradict those 
of Trissl and her colleagues for it was not possible to 
induce the agglutination reaction in amoebae from patients 
with proved clinical amoebiasis. However, it was possible 
to induce the agglutination reaction in stock NIH:200 which 
had grown in TPS-1 axenic medium or in association with 
C rith id ia .

It was at first thought that the competition of bacteria 
and starch granules for the binding sites on the con A mole
cules prevented amoebae from agglutinating, but agglutination 
was obtained with axenically cultivated NIH:200 which had 
been incubated with bacteria and starch for 2 hours prior to 
treatment with con A. Moreover, NIH:200 from axenic culture 
grown for several subcultures in Hobinson's medium also 
failed to agglutinate.

Although an explanation for this observation cannot be 
easily found without proper investigation, it is probable 
that growth in Robinson's medium and perhaps othe:media af
fects the surface properties of amoebal membranes in a way 
that does not affect their viability. An explanation for 
this could be that the erythromycin which is incorporated 
in RSM actually inhibits the ribosomal synthesis of speci
fic cell-surface proteins (Gale e t  a l 1972). unfortunately 
this idea has not been put to test experimentally. The 
observations made in this work cast doubt on the use of con 
A agglutination as a means of testing 'pathogenicity' in E. 
h is to ly t ic a . Since it was not possible to induce the agglu
tination reaction in descendants of frozen and thawed amoe
bae, it can be concluded that cryopreservation did not change 
this surface property of E. h is to ly tic a .

Using cellulose-acetate electrophoresis, Reeves e t  a l
(1967) , Reeves and Bischoff (1968) and Montalvo and Reeves
(1968) wereable to distinguish between GK, ME, PGM, GPI and
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NADP diaphorase patterns of typical and atypical E. h ie to ly t ic a  
strains and also between E. h is to ly t ic a and reptilian 
amoebae and bacteria, but they were unable to distinguish 
between typical E. h ie to ly t ic a strains .

Sargeaunt and Williams (19781 using thin-layer starch- 
gel electrophoresis, did not only distinguish between species 
of Entamoeba but also between typical E. h is to ly tic a stocks by 
their GPI, PGM and ME patterns. They found that the typical 
E. h is to ly t ic a fell into 3 iso—enzyme variant groups which 
they designated I, II and III. More recently, they were 
able to associate E. h ie to ly t ic a belonging to group II with 
clinical amoebiasis in the patients from whom the amoebae 
were originally isolated (Sargeaunt and Williams, in press). 
My observations using the enzymes used by Sargeaunt and 
Williams and in addition HK (GK) confirm and extend the fin
dings of Sargeaunt and Williams.

Wnen the HK patterns of E. h ie to iy tic a belonging to the 
3 different groups were studied each showed 2 prominent 
bands, but group III had an additional faint band between the 
two prominent bands (See Figure 28B). The pair of E. c o l i  
bands moved faster than those of E. h ie to ly tic a , but the pair 
of bands associated with group II moved slightly ahead of 
the pair of prominent bands of groups I and III wnich had 
similar electrophoretic mobilities. Once again, it was 
demonstrated that amoebae belonging to group II and derived 
from cases of clinical amoebiasis could be differentiated 
from the other typical E. h i s to ly t ic a  stocks.

Ee. c o l i - B had a single HK (GK) band which appeared to 
correspond with the faster-moving band of group II and the 
slower—moving band of E. c o l i . The lack of variation in the 
enzyme patterns obtained for GK in 'typical' E. h i s to ly t ic a  
by previous workers was due to the fact that they used 
strains of amoebae which were isolated from cases of cli
nical amoebiasis (except for one strain from a monkey). 
However, the GK double band found in these strains of E. 
h is to ly t ic a was also found in this study. It is reasonable to
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suggest that isoenzyme characterization is probaoly the most 
effective and sensitive method for differentiating stocks of 
intestinal amoebae. It was not possible to detect changes 
in the GPI, ME, PGM or HK isoenzyme patterns of E. n ia to ly tio a  
as a result of cryopreservation.

Lumsden (1972) suggested that cryopreservation probably 
selects in a way that is unrelated to the biological charac
teristics of the population. Tnis does seem to be the case 
because successively frozen and thawed samples (.with inter
mediate subcultures) did not show any significant increase 
In their survival after freezing, neither did freezing select 
fast- or slow-growing amoebae for, if it did, the results 
obtained from growth-rate comparisons between fresh and 
frozen cultures would have been consistent.

One might expect that stocks isolated from clinical 
cases would grow faster tnan those from non-cllnical cases, 
but there was no correlation between amoebic generation-time 
in  v i t r o and the presence of clinical symptoms of amoebiasis. 
Stocks Irvine and Biswas were both isolated from cases of 
clinical amoebiasis and their generation-times in  v itro were 
shown to differ very significantly (p<0.00l); Irvine was 
very fast growing whereas Biswas was very slow. The diffe
rences in their generation—times could, however, be related 
to the fact that Biswas is a long-established stock and 
Irvine was only recently Isolated.

However, conclusions cannot be drawn from these results 
because it is not clear why or how freezing affects growth- 
rate in different ways. I can only suggest with Kasprzak and 
Rydzewski (1972; that growth-rate is probably a characteris
tic of the stocks which changes ’at will' or spontaneously 
regardless of the clinical conditions of the patient from 
whom they are isolated. These changes could also be brought 
about by some extrinsic factors such as variation in culture 
medium, for the same batch of serum was not used for all the 
experiments. The length of time during which the stock had 
been maintained in  v itr o after freezing and thawing may also 
have an affect on changes in growth-rate.
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E . SUMMARY

The following general principles can be recommended 
for the preservation of E. h is to ly tic a at low sub-zero tem
perature .

1. E. h i s to ly t ic a  should be cryopreserved as quickly as 
possible after primary isolation in culture to avoid possible 
changes in biological characteristics which could be caused 
by prolonged serial passages.

2. The original culture material should be cryopreserved in 
addition to clones since it represents the variability in the 
natural population.

3. Isolates should be suspended in a suitable culture medium 
for cryopreservation. The suspension should contain at least

g10 x 10 viable amoebae/ml assuming an 80% loss in viability 
per 3 months.

4. 7.5% (v/v) DM SO should be used. Neat DMSO should never 
be added direct to suspensions because the reaction is exo
thermic! It should be prepared in double concentration using 
culture medium, then diluted with amoebal suspension 50:50.

5. It is advisable that the volume of stabilate should not 
exceed 1 ml/ampoule.

6. Suspensions should be equilibrated at 37° C for 15 
minutes with occasional shaking.

7. Time should be allowed for the suspension to reach 0° C 
to reduce thermal shock on further cooling. A controlled- 
rate freezing regime of 1° C/min from 0° C to -60° C is 
recommended; the frozen suspensions should be transferred 
to liquid nitrogen storage.

8. Thawing should be rapid and should be performed with con
tinuous agitation in a water bath at 37° C.
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9. Thawed samples should not be washed and should be Inocu
lated into preconditioned cultures as quickly as possible to 
avoid further loss from the toxic effect of DMSO.

10. There is now evidence for the need to predetermine 
expiry date so that further subcultures and stabilates can 
be made.
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Appendix

Statistical analysis of results on the viability of thawed 
E. h is to ly t ic a suspensions.*

A logarithmic transformation was used in the data ana
lysis. Results from experiments with a temperature of 0° C 
were not included, as they were clearly low and not repea
ted. The remaining data, logarithmically transformed, were 
analysed by non-orthogonal analysis of variance using the 
computer program GLIM.

Interactions between the three factors, equilibration 
temperature (E), per cent DMSO (D) and equilibration time 
(T), were found not to be statistically significant. This 
was established for the three-factor interaction by com
paring the fit of the model with main effects and all inter
actions (the completely saturated model) with the fit of the 
model with main effects and two-factor interactions only.
The two-factor interactions were tested by the change in fit 
of this second model as each of these interactions were 
removed separately. The two-factor interactions were tested 
again by comparing the fit of the model with main effects 
only with the model of main effects and each of these inter
actions separately.

The main effects were each tested statistically by com
paring the fit of the model with the three main effects 
with the fit of the model with the other two main effects 
only. All three were found to be statistically significant 
(for E, p <0.001, for D, p <0.01, and for T, p <0.05). In the 
case of DMSO (D), the largest contrast was between 5% and 
7.5% and, in the case of time (T), the largest contrast was 
between 2 minutes and 15 minutes.

The best estimates of the responses at the various com
binations of treatment are therefore given by fitting the 
model:
* By Tom Marshall, Dept, of Medical Statistics, L.S.H. ft T.M.



log (response) ■ DMSO effect + Temperature effect + 
time effect and these estimates are compared with the group 
geometric means in Table XXVII.
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A simple technique for preparing clone cultures of Entamoeba histolytica

T itiloia A. Farri
D epartm ent o f M edica l P rotozoology, London School o f  H ygiene a n d  Tropical M edicine, K eppel S treet,

U n d o n  W C i l i  7 H T

C ultures established in vitro  from  hum an amoebic infections o f  the gut may consist o f  one, two o r more species o f  amoebae, liven cultures o f a single species are likely to be genetically heterogeneous. For biochem ical, physiological and genetic studies, it is desirable to work w ith clones.M ethods of obtaining clones o f Entamoeba 
histolytica by micro-isolation using a complex 
m icrom anipulator have been described by previous workers (Rees, 1942; Rees et a!., 1950; Baernstein 
et a!., 1957; Rees et al., 1960).Isolated trophozoites have been cultivated in Shaffer and Frye medium (Shaffer & Frye, 1948) seeded with Trypanosoma cru si  (Phillips, 1950; Phillips & Rees, 1950) or in cultures with minced chick embryo without bacteria (Uaeknstein ct al., 1957) or with bacteria in HSre medium and starch (Das, 1972).T o  m y knowledge, the largest volume o f m edium  in which E . histolytica has been isolated is that 
which a cavity slide would contain (Das, 1972); otherw ise micro-volumes contained in 4 x 50 nun or sm aller microtubcs have been used (Phillips, 1950; Baernstein et a l., 1957). No one has successfully inoculated single trophozoites into- normal volumes o f  culture m edium . Rees and his colleagues (1960) inoculated single trophozoites into 3-5 ml of their culture medium  50 tim es w ithout success. 1 have successfully isolated clones from 10 strains of 
E . histolytica  into 3 ml o f  R obinson's culture m edium  (Robinson, 1968).

Origin of amoebae usedStrains Thesiger, SN , JE H , T h irc r, Bean and Fox w ere all isolated from  sem i-form ed to  formed stools o f  apparently asym ptom atic cyst-passers.
Table I— Success rate in cloning E. histolytica 
■ trains by micro-isolation

Strain  o f am oeba
No. o f a ttem pts at cloning

N o. positive
N o. inoculated

Biswas 2 0/10 2/10T hesiger 1 2/10
SN 1 7/10
Irvine 2 4/10 8/10
Bean 1 8/10
Fox 2 2/10 4/10
T liirer 2 0/10 2/10
JEH 2 2/10 6/10Atkinson 1 7/10
Ali 1 1/10

Strain Irv in e  was isolated from  a patient proved to  have am oebiusis (liver abscess serology positive). Strain A tk inson  was isolated as haem otophagus trophozoites from  rectal scrapings of a patient w ith  bloody d iarrh o ea  who wa3 serologically positive fo r amoebiasis. Biswas strain was isolated from th e  norm al stool o f  an apparently asymptomatic carrier whose serological tests later revealed invasive amoebiasis. C1;T  was positive at a titre  o f 1/96 (Sargeaunt, personal communication).T h e  I F A T  o f all the strains used in this rep o rt were tes ted  against hum an an ti-£ . histolytica sc rum  at a titre  o f  1/100. All were antigenically sim ilar. Biswas s tra in  is reported to  be pathogenic in  ra ts  (Neal & Johnson, 1968).
M e th o d

U sing th e  liquid phase o f  Robinson’s m edium , ten-fold se ria l dilutions o f thoroughly mixed 24 to 48-hour-o ld  amoebic suspensions were m ade u n til a d ilu tion  w as reached in which not more than one  trophozoite could be picked in a drop of suspending m edium . A  sterile 10 p i capillary tube was p laced in a suspension  from which clones were to be p re pared ; th e  capillary tube was allowed to take u p  a small vo lum e of the suspension and, with the he lp  of a holey blower, about 1 • 0 p i of suspension was dropped o n  to a sterile coverslip (approxim ately 7 x 7  m m ). This was quickly examined u n d e r a low pow er microscope to confirm the presence o f  a hcalthy-looking, motile trophozoite with few sta rch  granules w ith in  its cytoplasm. A coverslip carrying a single trophozoite was quickly transferred in to  a 5 ini b ijou  bottle containing the warmed cu ltu re  m edium  w ith  added starch. T h e  cultures w ere incubated  a t 37"C and were checked for grow th  o f am oebae on days five, seven and ten. C u ltu res which rem ained  negative after day ten were d iscarded a n d  recorded as negative.T h e  success rate o f this method o f cloning depends n o t  only on the age of the culture b u t also, to a very large extent, on the percentage o f am oebae infective to  cultures in the original suspension (see T a b le  1). Using the infectivity titra tion  techn ique described for trypanosomes by Lumsden 
et al. (1963), it was possible to show that n o t all actively m otile or trypan-blue-cxcluding amoebae were infective to cultures (author’s unpublished 
work).Das (1972) recorded 70% success w ith E. 
histo lytica  using one strain (Jawa). A success rate of up  to  8 0%  has been achieved with strain B ean  at the first a ttem pt and w ith strain Irvine at the seco n d ; bo th  th ese  results were obtained from 24-hour-old cu ltu res. Success has been limited w ith some
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»trains w hen 48-hour-old cultures w ere  used bu t im proved  w ith 24-hour-old cultures.
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1 Measurement of the ‘viability’ of
cryopreservcd Entam oeba histo lytica  T itilola A. Fakri

London School o f  Hygiene and T ro p ica l MedicineA daptation o f the ID 03 infectivity-assay method, originally developed for trypanosom es ( L u m s d e n , W . H . R . et a l., 1963; E xpl. P arasit., 14, 269-279), enables quantitative m easurem ent o f  th e  survival o f Entam oeba histolytica  after cryopreservation.48-hour cultures of E. h istolytica. S tra in  JE H , m aintained in Robinson’s m edium  (Robinson, G . L ., 1968; Tram . R . Soc. trop. M e d . H yg ., 62, 285-294) were used for these experim ents and infectivity to cultures before and a f te r  freezing in liquid Nitrogen (1°C per minute) was tested.T h e  reproducibility of infectivity titra tions was com pared with estimates of viability u sing  trypan- blue exclusion in five replicate am ocbal suspensions. T h e  results show that the dye-exclusion estimates o f num bers of amoebae in the suspensions were consistent, varying over 0-09 on the  log scale, about 1 '23-fold  arithmetically. T he estim ates of amoeba num bers by dye-exclusion were significantly higher th an  the IU 43 estimates (P =  0-03).Considering the five replicates, th e  average difference between dye-exclusion a n d  infectivity results was 0-612 on the log scale, indicating  that only one out o f  four dye-excluding am oebae was infective to cultures.T h e  m ethod was then used to  estim ate the num ber o f amoebae surviving cryopreservation  after treatm ent w ith varying concen tra tions o f D M S O , equilibration tem peratures a n d  time. T he  results showed that, w ithout titr& tion, comparison o f  the  efficiency o f different m e th o d s of cryopreservation is r.ot possible, and  th a t equilibration at 37*C  in 7 -5 %  or 10% D M S O  fo r 15 m inutes gave the best survival (10%  o f u n frozen  control).

2 C lo n a l  d e r iv a t i o n  o f  Entamoeba histolytica T itilola A . F arm ( N ig e r ia n  G o v e r n m e n t  S c h o la r )  
Department o f  Medical Protozoology,

London School o f  Hygiene and Tropical Medicine.Keppe! Street. London II'CIE 7H T  
I s o la te s  o f  Entamoeba histolytica  w e r e  c u l t iv a te d  

m o n o x e n ic a l ly  i n  R o b in s o n ’s " s e c o n d a r y "  m e d iu m  c o n 
ta i n i n g  1 6 -6 * , v / v  s e r u m  u s in g  tw o  m e th o d s .  O n e  m e th o d  
in v o lv e d  s u c r o s e - g r a d ie n t  c e n t r i f u g a t i o n ,  th e  o th e r ,  
a n t ib i o t i c  t r e a t m e n t .  S in g le  t r o p h o z o i t e s  o f  e ig h t  s t r a in s  
o f  E. histolytica  w e r e  su c c e s s fu lly  c u l t i v a t e d  a n d  s e r ia l ly  
p a s s a g e d .  C l o n e s  w e re  d e r iv e d  b y  th e  l im i t in g  d i lu t io n  
m e th o d  o r  by m ic r o - i s o la t i o n  o f  in d iv id u a l  t r o p h o z o i t e s ,  
o r  b o th .  A  t e c h n i q u e  fo r  g r o w th - r a t e  m e a s u r e m e n t  b a s e d  
o n  th e  tim e  e l a p s i n g  b e fo re  t h e  a m o c b a l  p o p u l a t io n  
r e a c h e d  a n  a r b i t r a r y  lo w  n u m b e r  w a s  d e s c r ib e d .  G e n e r a 
t i o n  t im e  fo r  s t r a i n  T h e s ig e r  w a s  e s t i m a te d  t o  b e  7 -2 h o u r s .
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