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INTRODUCTION 

Exotoxins were the first metabolites of microorganisms 

observed to play an important role in producing disease and 

inducing an immune response# Kitasato in 1889 demonstrated 

that the symptoms of tetanus ware due to a toxin. In 1688 

Roux and Yersin showed that a soluble toxin which produced 

the symptoms of diphtheria was produced by the diphtheria 

bacillus# In 1890 von Behring and Kitasato produced both 

diphtheria and tetanus antitoxins# 

Later, it became apparent that there were antigens oth¬ 

er than toxins which were important in inducing an immune 

response# Chandler (1953) emphasised the multitude of po¬ 

tential antigens which are introduced into an animal during 

a parasitic infection# Some of these are somatic and would 

be introduced into the circulation of the host by dead or 

dying cells* Others are produced by metabolic activity of 

the endoparasites or* in the case of ectoparasites * injected 

into the host during feeding# The possible importance of 

these physiologically derived antigens was emphasised by 

Chandler (OP. cit.). He went one step further to suggest 

that the extracellular enzymes of the parasites were the 



important antigens. According to this theory antibody pro¬ 

duced would inactivate the ensyma and interfere with the 

normal nutrition of the infecting organisms. In most of 

the work done with nematodes these antigens have been des¬ 

ignated excretions and secretions, "ES", antigens {Thereon, 

1951, 1953s Campbell, 1955s Chipman, 1957)? whereas, 

Chandler and his co-workers have called them “metabolic 

products" (Chandler, OP. cit.s Thillet and Chandler, 1957; 

Healy, 1956) or “metabolic antigens" (Warren and Chandler, 

1958), The term metabolic product implies products of in¬ 

termediary metabolism and does not seem to include the 

basic idea of Chandler that the ensymes are important, Ex¬ 

cretion and secretion also imply end products of metabolism, 

but do not include substances which diffuse out of ceils 

independent of specific excretory and secretory processes. 

In this work all of these antigens will be referred to as 

physiologically derived, "PD", antigens to differentiate 

them from somatic antigens. 

Unlike the toxins the role of the inocuous metabo¬ 

lites, and/or ensymes, received little attention until twen¬ 

ty years ago. One of the first organisms for Which PD anti- 



-3 

gens were postulated was Bacillus antitrade. Ascoli (1908) 

observed that immune serum inhibited the processes of growth 

and multiplication in these bacteria. Since the protective 

properties of anti-anthrax serum were not absorbed out by 

the bacteria (Ascoli, 1905) PD antigens were strongly sug¬ 

gested, The presence of PD antigens was confirmed by the 

work of Gladstone (1946) when he demonstrated that protec¬ 

tive antibodies could be stimulated by the culture filtrate, 

A similar type of inhibition was reported by Doches and 

Avery (1916), They showed that immune serum temporarily in¬ 

hibited the proteolytic and glycolytic activity of pneumo¬ 

cocci as well as their multiplication. 

Since much of the evidence for PD antigens in metasoan 

infections has been reviewed by Chandler (1953) and by Tal¬ 

iaferro (1940), only salient works are referred to in this 

discussion. The demonstration of these antigens has been 

both direct and indirect. One type of indirect demonstra¬ 

tion has been to show that immune serum or tissue reacts in 

vitro with the excretions of the organisms against which 

the antibody was directed. This type was first shown with 

the larvae of the African skin maggot, Cordvlobia anthro- 
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ppphacra (Blacklock, et al, 1930). When this larva was placed 

in immune serum a precipitate formed around the larva and at 

its orifices* Sarles (1938) demonstrated a similar precipi¬ 

tate at the orifices and along the digestive tract of Hippo- 

stroncrvlus murls. Similar reactions have been observed with 

the larvae of Ancvlostoma caninum (otto, 1940), with both 

the adults and the larvae of Trichinella spiralis (Oliver- 

Gonsales, 1940, 1941), with the larvae of Ascaridia galli 

(Sadun, 1949), and with the eggs and cercariae of Schisto¬ 

soma mansoni (Vogel and Minning, 1949s Kruidenier and Stire- 

walt, 1955s Kagan, 1958), Further indirect evidence for PD 

antigens has been the inhibition of ensymes in the antigen 

preparations by immune serum from infected animals. Thorson 

(1953) showed that the lipolytic activity of "ES" antigens 

of H, muris was inhibited by immune serum. Similarly the 

proteolytic activity of the esophageal glands of adult An- 

cylostoma caninum wa3 inhibited by immune serum. 

The first direct evidence that PD antigens played a 

significant role in stimulating immunity to metasoan infec¬ 

tions was the work of Chandler (1932). He found that dead 

H. muris larvae produced lower antibody titers than did 
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living larvae, Thorson (1951) obtained partial protection 

of rats by inoculating them with the medium in which larvae 

of these worms had been incubated, Although immune serum 

would precipitate somatic antigens, these antigens could not 

absorb out specific !'anti-ES" precipitins (Thorson, 1953) , 

Ehorson (1954) also showed that immune serum absorbed with 

somatic antigens lost none of its ability to protect, but 

that when it was absorbed with ,JES" preparations it lost 

some of its protective properties. Both Campbell (1954, 

1955) and Chute (1956) have demonstrated the antigenicity 

of the medium in which larval Trichlnella spiralis have been 

incubated, Campbell reported the rapid loss of adults, a 

decreased number of larvae recovered after 30 days and a 

smaller sise of adult females after immunisation with the 

“ES antigens,” A similar antigen can be obtained by incu¬ 

bating the adult worms (Chipman, 1957), Chipman showed that 

the effect on the numbers of larval worms was greater than 

that on the numbers of adult worms, Healy (1956) failed 

to demonstrate the antigenicity of a medium in which Fasci¬ 

ola hepatica had been inciibated, but with the serum-agar 

precipitin test he did demonstrate a reaction with natural 

immune serum. 



The importance of PD antigens ms extended to the 

protozoa by Thillet and Chandler (1957). They found that 

partial protection could be obtained by the inoculation of 

lysed washed Trypanosoma lewis!. but absolute protection was 

conferred only after the inoculation of the incubation medi¬ 

um or, as first observed by Kantback, Durham, and Blandford 

(1898), after recovery from an active infection* The nature 

of the antibody is discussed by Chandler (1958), Thillet and 

Chandler Coo, clt.)* and Taliaferro (1948). A second pro¬ 

tozoan for which PD antigens have been demonstrated is 

Trichomonas callinae (Warren and Chandler, 195S; Warren un¬ 

published data)* 

Humoral antibody was demonstrated against protozoa of 

the lower digestive tract very early (S. histolytica* Xzar, 

1914; Coccidia, Bechman, 1930)* However, their ability to 

produce PD antigens has not been investigated. Many of the 

protozoa of the intestine do not invade tissue and their 

metabolites, released into the gut, probably do not undergo 

humoral dispersion, B. histolytica* a parasite of the lower 

digestive tract of man, does invade the mucosa of the in¬ 

testine, and can occur in other tissues, notably the liver. 
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These locations would permit the introduction of both somat- 

ic and PD antigens into the blood stream., Hoover, the con¬ 

troversy which exists as to the value of the complement fix¬ 

ation test (reviewed by Anderson, 1953) suggests that either 

better antigen preparations are needed to facilitate demon¬ 

stration of the antibody, or that the titer of the antibody 

in natural Infection is never very high. E. histolytica is 

capable of eliciting an antibody response when inoculated 

into rabbits (Cole and Kent, 1953s Shaffer and Ansfield, 

1956s Goldman, 1953s Shaffer and Balsam, 1954), As all of 

these workers used whole, living cells, no conclusions about 

PD antigens can be inferred from their verb. 

Since E. histolytica is a tissue-invading parasite of 

the lower digestive tract audio known to elicit an immune 

response, and since it lends Itself to in vitro manipulation, 

a study of the antigenic properties of the organism was 

undertaken* The principle objective was to compare the an¬ 

tigenicity of physiologically derived substances with that 

of the somatic antigens. The present study was undertaken 

first to develop the techniques for making such a comparison 

by providing 1) methods of growing amoebae in sufficient 
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nun&ers to obtain antigens, 2) methods of separating somat¬ 

ic materials from physiologically derived materials, 3) a 

method of testing for the antibody formed, and second to 

carry out some preliminary experiments with the somatic and 

P0 antigens which might be obtained, . 



MATERIALS M7D METHODS 

A. Organisms 

The F-22 strain of Entamoeba histolytica with a single 

bacterial associate used in this study was kindly supplied 

by Dro. R, E. Reeves and H. E. Meleney of Louisiana State 

University. This strain was first isolated from a human 

brain abscess by Svjartswelder in 1947 and was designated 22. 

Later it was obtained from Faust, treated with high concen¬ 

trations of antibiotics to eliminate the associated bac¬ 

teria and designated Faust-22 or F-22 (Shaffer, Ryden, and 

Frye, 1949). The tropho2oites are fairly small, averaging 

19 ti. This is one of the hardier strains commonly used 

{Moloney, personal communication)♦ 

The bacterium used as an associate was also obtained 

from Reeves and Meleney, It is often referred to in the 

literature as an unidentified, gram-negative, anaerobic 

streptobacillus* (Shaffer, 1952). It was separated from 

the missed bacterial flora of the HRS strain of amoebae by 

^According to Reeves, Meleney, and Frye (1952), the name now 
used for this bacterium is Bacteriodes symbiosis. However, 
no taxonomic description or characterisation under this name 
has been published and the status of the organism thus re¬ 
mains in doubt. 
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Shaffer and Frye (1948); The HRS strain, with its accom¬ 

panying flora, was isolated from a macaque monkey by Dobell 

in 1834. 

B, Method 'of Cultivation 

The medium used throughout this study was the Modi¬ 

fied Shaffer-Frye (MS-P) medium described by Reeves, Keleney 

and Frye (1957). 

Ingredient Reeves, et al. Modification 

Trypticase (BBL) 20 gm./l.. none 

Glucose- 10 gm./l* "none. ^ 

Had 2.5 gm«/l* none 

K2HP04.3H2Q 2.0 gm./l. none ' 

Thiomalic acid 1*5 gm./l* none ,(Eastman ' 
Organic Chemi¬ 
cals) 

Sodium hydroxide to pH 7*Q±0,1 to pH 6,510,1 

Horse serum 0*1—0*5 ml,/tube 0.3 ml./tube 

Penicillin 5,000 units/tube none-. 

Bacteria 2 ml,/tuba - none•1 

This is an entirely liquid medium which facilitates rapid 

harvesting and washing of the organisms, originally, at the 

suggestion of Meleney (personal communication), only- unfil- 



1 
tered Csppel horse serum was used, hut it later became 

evident that the amoebae could grow when filtered horse sera 

from various sources was used. The lowered pH of the medium 

increased the motility of the organisms and prevented the 

discoloration of the medium resulting from steam sterili¬ 

sation for periods of 12 to 14 minutes, The aon-sterile 

basal medium (MS-F without horse serum, penicillin, or bac¬ 

teria) was tubed, stored at -20°C., and sterilised as needed 

Prosen medium stored up to three weehs gave reliable re¬ 

sults with both amoebic and bacterial cultures* The cul¬ 

tures were carried in ISO mm. ss 16 mm. screw-cap culture 

tubes. All glassware used liras' trashed with Microsolv2 and 

thoroughly rinsed with tap and distilled water. 

Transfer inocula were prepared by vigorously shafting 

a culture to dislodge the amoebae from the glass and yield 

a suspension of organisms. O.S ml. were used as an inoculum 

The cultures were transferred every 48 hours. Two to three 

sets were routinely maintained in duplicate. To decrease 

1 
Obtained from cappel Laboratories, west Chester, Pa* 
{Division of the Baltimore Biological Laboratory, Inc., 
Baltimore, Waryland)« 

r> 
“Detergent obtained from Microbiological Associates, Bethes- 
da, Maryland. 



the possibility of contaminating all of the amoebae eul- 

taros from a contaminated bacterial culture eacti tube of 

a single set of amoebae was inoculated with bacteria from 

a separate set of streptobacillus. The amoebic cultures 

and bacteria cultures were incubated at 37 °C. ± 1°C. ap-'r\ 

proxiirtately 200,000 organisms per culture could be obtained 

by this method. 

The bacteria were obtained in MS-F plus yeast medium* 

These cultures were transferred every 24 hours using the 

technique described by Reeves, Meleney and Frye too. cifc). 

Only 24 hour cultures were used for inoculating the bac¬ 

terial or amoebic cultures since longer periods of incu¬ 

bation gave irregular results. Cultures removed from the 

incubator after 24 hours and placed in the refrigerator were 

usable for a week or more. The bacteria x$ere also carried 

in two to,three sets to control contamination of the entire 

stock of bacteria. 

Both the bacterial and the amoebic cultures were peri¬ 

odically checked for bacterial contamination by inoculation 

of blood agar plates and liquid thioglycollate medium, he 

the streptobacillus does not grow on blood agar (Reeves, 

Meleney and Frye, ao. cit.) all contaminants encountered 
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were detected on this medium, Amoebic cultures in which 

bacterial contaminants were found were discarded. ■■ When con¬ 

taminants ware detected in the bacteria, cultures were re- 

isolated from a tube inoculated the day before the contami¬ 

nant could be demonstrated. One shipment of serum was con¬ 

taminated with a yeast. This was detected by microscopic 

examination of cultures, The use of mycostatin in one 

passage eliminated this contaminant. There was no evidence 

of any regularity in the appearance of contaminants nor in 

the types of contaminants encountered. Since transfers were 

not made in a bacteriological hood or transfer room, the 

occasional contamination encountered was not considered to 

be a permanent low-level associate in the cultures, 

C, Counts 

The amoeba© ware counted in a Levy Carebro-Spinal 

fluid counting chamber« Unless otherwise stated, four 

counts were made on each sacqale. The entire 16 mm, square 

was counted on each side, For every count a fresh portion 

from the sample was employed. These samples were concen¬ 

trated by centrifugation, or diluted with either basal 



medium or Krebs-Ringar solution so as to give counts not ex¬ 

ceeding 300 (9x 10^ organisms per ml.) or falling much be-' 

Xow 100 {3 x 104 organisms per nil*), When 95% confidence 

levels (Mean ± 1.96 x SD) were run on24 quadruplicate 

counts, it was shown that a variation of ±a.9& could he ex¬ 

pected with the techniques used. 

D, Method Used in Obtaining Rabbit Serum 

Rabbits were bled by heart punctures without the use 

of anesthetics. Five to thirty ml. of blood v*ere removed 

and placed in a flash or centrifuge tube to clot. The blood 

was left at room temperature until the clots formed and was 

liept at S°C, for 8 to 12 hours. The red blood cells were 

removed from the resulting serum by centrifugation at 600 

x g* for IS to 20 minutes. The serum was stored frosen in 

screw-cap tubes, 

8. animals 

The rabbits used in these experiments were young a- 

dulfc albino males ranging in viaight from two to four hg, 

Those used in experiments 122 and XV ware obtained from 
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Hay’s Rabbitry, San Antonio, Texas. Those used in ejq?eri~ 

raent y vmre obtained from .West scientific Babbitry, Houston, 

Texas 
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EXP8RXMEHTAL 

A. The Establishment of a Criterion for Virility 

£n order to collect nan-somatic antigens relatively 

free of ecstatic material it ms necessary to find a suspend¬ 

ing medium in which die-off would he minimal * She develop¬ 

ment of such a medium required the establishment of some 

criterion for viability, HahJcs and Wallace (1958), working 

with tissue cultures reported that dead and living cells 

can be distinguished with eosin, Andrews (1934) described 

the method of Specter and Suky (1934) for determining the 

viability of cysts with eosin. Methylene blue has also 

been used for differentiating between dead and living celts 

(Cameron, 1950), Preliminary observations indicated that 

these stains could be similarly applied to the trophozoites 

of E. histolytica. Substantial evidence for the utility of 

eosin as an indicator of viability was obtained by compar¬ 

ing its action to that of trypsin, 

The use of trypsin for the digestion of dead cells in 

tissue culture was described by Rinaldini (1954), Experi¬ 

ment X was designed to study the effect of eosin and tryp¬ 

sin on dead and on living amoebae. The organisms used were 
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obtained from 48 hour test tube cultures. They were con¬ 

centrated by pouring off a portion of the medium without 

disturbing the organisms. The organisms were resuspended 

in the remaining medium. Dead organisms were prepared by 

heating the thbes in a water bath at 47°C, for 45 minutes* 

The living organisms were harvested just prior to use. For 

each of the two series run the tubes (10 mm* x 75 mm.) were 

set up as indicated in Table 1* Each tube contained approx¬ 

imately 120 x 103 organisms* The 2% trypsin was made up 

according to the method of Moscona (1952), Tubes 1, 3, 5, 

and 7 were stained immediately and counted. The Remaining 

tubes were incubated at 37°C, for 17 minutes and then total 

and differential Counts made* The differential counts were 

made by adding two drops of 1V1*000 aqueous eosin to the 

tube, shaking well, and putting a drop of the solution on 

a slide* 500 to 700 organisms were examined for each count* 

Three types of staining with eosin were observed* 

Those amoebae which were rounded and apparently dead stained 

a deep red* The living organisms did not stain at all* A 
; * 

third type stained faintly pink* Although the cell wall 

Was still present, a break had occurred on one side and most 
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of the cytoplasm had leaked out. Since the latter type in¬ 

creased after trypsin digestion, they were thought to he 

cells which had been acted on by trypsin (or when trypsin 

was not present, naturally disintegrating), hut not to the 

point of complete destruction. Because of this these cells 

were not included either with the unstained (living) or the 

stained (dead, hut not acted on by trypsin) cells. 

From Table 1 it may be seen that a close correlation 

exists between the number of cells which have been heat- 

killed and stain with eosin and the number which are digest¬ 

ed by trypsin. Since the organisms were mined by volume in 

tubes 5 and 6, the ejected decline ms calculated on the 

basis of the counts obtained in tubes 1 through 4. The ex¬ 

pected decline and that observed differed by 14%, as the 

number of organisms Which stained in tubes 5 and 6 is not 

significantly greater than that in tubes 7 and 8, this dis¬ 

crepancy may be due to the error in counting. 

an attempt was made to determine whether 1:200,000 

aqueous methylene blue could be used instead of eosin. Two 

difficulties wore immediately encountered. First, even 

those organisms which appeared unstained initially stained 
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on standing. This was probably due to the groat number of 

particles v/hich tool; up the dye (Cameron, OP. alt,). Sec¬ 

ond, the methylene blue precipitated with trypsin making its 

use impractical. The results obtained with heat-killed 

organisms could not be compared with those obtained with 

organisms dying in culture, since the latter were found in 

small numbers even in the oldest cultures. This may indi¬ 

cate that dead cells rapidly disintegrate in culture* 

From these experiments it was concluded that failure 

to stain with eosln was a usable criterion for the viability 

of E* histolytica trophozoites. 

B. Suspending Media 

The presence of bacteria and horse serum in MS-F medi¬ 

um rendered it unsuitable for collecting PD antigens, since 

both represent assemblages of highly antigenic substances 

which cannot be separated from the soluble antigens of the 

amoebae. Therefore, an experiment was carried out to de¬ 

termine whether medium deficient in one or both of these sub¬ 

stances would support amoebae for a short period of time. 

Three types of suspending media ware employed in each 

series. One contained only basal medium? a second contained 



-20“ 

basal medium plus horse serum and penicillin; and a third, 

as a control on the condition of the organisms, contained 

bacteria as well as the horse serum and penicillin ♦ 10 mm. 

by 75 mm. precipitin tubes ware set up as follows.:.. 

Basal Horse Serum 
MS-F * penicillin Bacteria 

Amoebae: 

S 1-3 
Amoebae 
S 4+5 

Total 
, S .1—3, 

Total 
S 4+5 

.0 ml. .1 ml. 4 ml. 3 ml,' 5 ml, 4 ml. 

.2 ml. ,1 ml. .7 cc. 4 ml. 3 ml. 5 ml. 4 ml. 

1.0 ml. - 4 ml * 3 ml. 5 ml. 4 ml. 

The percentages of bacteria, horse serum, and penicillin 

used in series (s) 1 through 3 were the same as those used 

in MS-F medium. Due to the change in volume of amoebae add¬ 

ed in series: 4 and 5 the percentages were increased by a 

factor of 1.3. The final concentration of the organisms was 

25,000 to 65,000. These amoebae had been harvested from 

test tube cultures, washed once with basal medium in series 

2 and 3, twice in 4 through 6, and resuspended. The tubes 

ware incubated at an angle at 37°C, t 1°C, in an incubator. 

Before incubation and at various intervals, indicated in 

Tables 2 and 3, tubes were selected for making total counts, 



Table 2* Percent drop* in the number of organisms from time 0 

Series 
bo « 

Contents 
of Tube 1 2 firs*. 5 firs. 6 firs* r 8 Hrc*. 9 Hrs* 

1 H 16 29 - 29 mm 

W 19 10 mm +10 

B + 6 10 m 19 "" 

2 B 6 0 mm 16 . mm 

W 24 +22 - +64 - 

B . 10 19 - 27 * 

O' ' 3 H - ■mm 

■ mm 

19 
7 

37 mm 

W 4m 468 +20 mm 

- «*» >40 • • 

. B «* 37 .24 mm 

«*• - 26 - 

H «NP 21 49 
** 18 - 64 

VS ** ** +68 mm +102 
** «* +42 mm + 91 

B 34 mm 76 
** 69 *• 77 

5 H - - 0 40 - 

W - - +67 +102 «• 

B «» 28 47 #w» 

* Unless otherwise noted the percents given aro drops in 
ntnrfbero* 

H - Ms«F base pins horse serum and penicillin 
VS «* fihole medium 
a - I3S~P base 



2*able 3. The percentage of amoebae which stained with eosin 

Series Contents 
HO. of Tube 0 Hr3. 2 Hrs. 5 Hrs. 6 Hrs. 8 Hrs. 9 Hrs 

1 H 4 3 6 mm 5 - 

VI 2 3 m ■ 3 mm 

B 3 2 - 9 - 

2 H 3*5# 1,5* .5* mm 2* * 

W 
V* 

1,0# 1,0* - 0# - 

B 1.5# 2,0* «■» 2* • 

3 H 1# mm 5,5* 2.5* • 

1* - - 2.5* * mm 

W mm 2.5# 6# mm 

• mm 1,0* - - 

B mm mm- 7.5* 4.5* . mm 

- 7.0* - 

4 H 2,5* mm mm 2.0# 4# 
mm mm 3,0* - 5* 

W 2.5# 'mm mm 2,0* «. 1* 
mm mm 2*0® mm 2® 

5 H 2,5* • mm 2,5* 5.5# - 

W - - 2*0# 2.0* - 

B mm 3.0# 4.5# 

* Indicates that the figure given is the average of dupli¬ 
cate counts, 

H - MS-F base plus horse serum and penicillin 
w - Whole medium 
B - MS-F base 
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and differential counts with eosin. 

The eosin counts ware made by a modification of the 

method described by Banks and Wallace goo, cit,). . Two 

loopsful of eosin were applied to a slide with a platinum 

loop, the first being allowed to dry before the applica¬ 

tion of the second, These slides ware stored until needed. 

The amoebae war© then placed on the,slide and gently agi¬ 

tated to mis the eosin, A cover slip was applied and 200 

to 500 organisms observed. As indicated in Table 3,.most 

of these counts were done in duplicate. 

The total counts are reported in Table 2 as the per¬ 

cent variation from the initial count. The third Table 

gives the percentage of the number of organisms observed 

which were stained with eosin. 

Since the number of organisms increased in the whole 

medium after a lag phase of two to four hours, it was evi¬ 

dent that the organisms were in good condition. The data 

obtained from series 1 and 2 indicated no significant dif¬ 

ference in mortality at two or five hours between basal 

medium and basal medium with horse serum added. By six 

hours, a significant difference had developed between medi- 
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um with and without horse serum, in ail three series the 

mortality wa3 greater when serum was not added* By eight 

hours the effect of the serum is no longer apparent (see 

Figure 1), 

More precise analysis of the difference in the two 

deficient media would have required additional data? how¬ 

ever, the data did indicate that most suspensions could he 

maintained in either medium for four to sis hours, h 2B% 

drop was selected as the figure above which PD substances 

would not be collected, In subsequent suspensions (experi¬ 

ment 212) in which metabolites were collected in the ab¬ 

sence of horse serum, 4 out of 5 could be used for collec¬ 

tions when this criterion was used, Later experiments, in 

which rabbit serum was added to the Incubation medium, and 

the organisms were incubated for four hours, yielded similar 

results, 3?he data obtained on suspensions during the col¬ 

lection of potential antigen for Inoculation of rabbits is 

summarised in enable 4, In experiment 222 each 40 ml, bottle 

was counted both before and after incubation. In esspert- 

mento IV and V only one count was made initially since the 

organisms had been pooled, but every tube was counted after 



Table 4, The per cent change4* in the number of organisms 
after incubation in media used to collect antigen 

Ejroerimont ill / 
(Ho Serum, Incu¬ 
bated 6 Hrs.) 

Eisperlment IV 
(Serum, Incu¬ 
bated 4 Hrs.) 

Experiment V 
(Serum, Incu¬ 
bated 4 Hrs.) 

1. —19,4 («* 1. -28.0 <3) 1. -15.7 (2) 

2. 413.6 (i) 2. -11,8 (2) 2. - 7.8 (2) 

3. —57 *2 (2) 3, -£l.5 (2) 3* - 3*5 (2) 

4, - 8.2 (2) 4.- -18*9 (2) 4* 4 7,0 
* 

(2) 

5. 437.3 J32  5, 4 3*0 (2) 5 4 -24.0 (2) 

Av »« 6.8 6. ^28*2 (2) 6* -18*0 (2) 

7. -38,9 (2) 7. “17.5 (2) 

8* ;-24 *6 (3) 8*, ̂ -14 « 5 J2JL. 

9, ’445,6 (3) Av • a 8«1 

10. -21.7 (4) 

11. 414*3 (4) 

12. «■ v5,3 (4) 

13* 0 (5) 

14. ''15,0 (4) , 

15. -20*4 (4) 

16*. -35.0 J4?_ 

Av, O 20*4 

4- The numbers given represent drops tinless otherwise noted, 

* The number in brackets indicates the number of tubes 
counted after incubation. 
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incubation* 

,The only comparable data for differential counts .was 

obtained during experiment 2X2. This data is shown in 

Table 5. Two conclusions can be drawn from the low per¬ 

centages obtained* First, the majority of cells present’in 

suspensions after incubation are viable, Second, as noted 

in section III, part A, dead cells rapidly disintegrate in 

culture. Therefore, these eosin,counts were discontinued ■ 

after this experiment, 

Although neither of the deficient media tested gave 

consistently good results, the data indicated that, in most 

eases, viable organisms could be maintained with a minimum 

of mortality for four to six hours in either one. Six 

hours appears to be just on the border of an increased rate 

of mortality. The addition of horse serum was of some 

benefit in beeping the amoebae alive. 

G. Growing, Harvesting* and Resuspending amoebae for the 

Collection of antigen 

The limited numbers of organisms obtained from test 

tube cultures made it impractical to us© them for growing 



Table 5, The percentage of organisms stained with eosin 
after a six-hour incubation period. (Data summarized 

front the five series rim in Experiment III) 

% Organisms Stained 
Series Ko.   0 Hours 6 Hours 

1 3* 4* 

2 1* 0* 

3 1* 3* 
2* 6* 

4 1* 1 
2* 2 

5 1 1 
1 0 
1 0 

* Based on an average of duplicate counts 
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amoebae to inoculate animals, Frye and Meleney (1935) re¬ 

port the use ■ of Erlenmever flashs to obtain large numbers. 

of organisms in diphasic medium* In the present study small 

volumes of MS-F medium with large areas exposed to the air 

gave poor results, Anderson (personal communication) found 

.■that ■ screw-cap ■prescription bottles three-fourths filled 

with medium produced good growth. 

Basically the technique used was the same as that 

followed for test tube cultures. In experiment IV sis: 

ounce bottles were used. To these bottles was added 120 

ml. of basal medium and the bottles ware stored at -20 °C. 

without sterilisation. Before inoculation with amoebae 

the bottles wara sterilised and horse serum, penicillin, 

and bacteria were added (each ingredient was increased in 

proportion to the increase in the volume of medium). Three 

to five bottles- were inoculated from one 48 hour 6 ounce 

bottle culture. This increased the amoebic inoculum to be¬ 

tween 200,000 and 600,000 organisms, It was hoped that 

this increase would result in more consistent growth, The 

also of the inoculum was estimated from counts previously 

obtained from 6 ounce bottle cultures. The original data 
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and that obtained during the suspension of amoebae for. the 

collection of PD and somatic material is shorn in Table 5. 

The counts given do not represent any particular experiment 

but are the accumulated data obtained over the course of 

the entire study, since counts on the suspension material 

were not made until the organisms had been washed, the fig¬ 

ures reported may represent conservative estimates (see. 

discussion of suspensions below). The bottles were incu¬ 

bated at a thirty degree angle with the curved side down 

so as to provide a maximum surface area for growth. 

For experiments V and VS, 32 ounce bottles were used. 

These were filled with 600 ml. of basal medium. They ware 

stored and sterilised as described for 6 ounce bottles. 

The penicillin and horse serum were increased proportionally 

and 120 ml. of a 24 hour bacterial culture ware added. Two 

to five million amoebae ware used as the inoculum. This in¬ 

oculum was obtained from 48 hour 32 ounce bottle cultures. 

The method of estimating the size of the inoculum and the 

method of incubating the bottles was the same as that for 

the six: ounce bottles. The yield from the 32 ounce bottle 

was approximately 20 million amoebae (see Table 6). 



Table 6. Numbers of amoebae grown in screw-cap prescrip¬ 
tion bottles 

6 Ounce Bottles  32 Ounce Bottles 

3 X 10®+ 19.2 X 106 (3) 

2 X 10®+ 18.1 X 106 (3) 

.9 X 10
6 (5)* 27,0 X 10® (3) 

1*4 X 10® (7) 16.2 X IQ6 (4) 

2,0 X 106 <S) 12.8 X 106 (4) 

1.3 X 10® (16) 20.6 X 106 (4) 

2.1 X 10® ■(34)-,.- 10.0 X 10® (4) 

1.8 X 106 Average 9,9 X 10s (3) 

10.9 X 106 (3) 

13.6 X 10® (4) 

18.4 X 10® (4) 

24.0 X 10® (3) 

16.8 X 106 J3L_ 

19.2 X 10® Average 

+ These counts were made directly from the bottles, 

* The numbers in brackets indicate the number of bottles 
pooled for each count. 

These data were obtained during experiments for the col¬ 
lection of antigen. 
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During the course of this study a general method for 

harvesting and suspending the amoebae was developed. The 

points where each experiment differed from the general pat¬ 

tern will be noted under the specific esjperiment, 

The bottles were incubated 33 to 34 hours, or slightly 

longer if a heavy bacterial sediment still remained at the 

end of 32 hours indicating that growth had been poor. From 

the 32 ounce bottles about 600 ml. of fluid and from the 

6 ounce bottle about 120 ml. of fluid were poured off. The 

amoebae thro suspended in the remaining medium by vigorous 

shaking. The suspensions were immediately transferred to 

a 22S ml, centrifuge tube. This was necessary because the 

amoebae readhered to the glass on standing. The organisms 

were then concentrated by centrifugation for 10 minutes at 

80 25 g. and S°C. ? subsequently they were washed three times 

using three to fifteen ml. of basal medium. In later work 

the bottles were wasbed out with 20 to 30 ml. of basal 

medium and only two washes were used after concentration. 

After each washing the organisms ware spun down at 80 x g. 

for siss to eight minutes and the supernatant removed by 

suction with a Pasteur pipette attached to a water aspirator. 
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The: washed organisms were resuspended in 40 ml. off 

basal medium {plus added ingredients as indicated in indi¬ 

vidual escperimants) in 50 ml. centrifuge bottles stoppered 

with rubber stoppers. They ware incubated at 37°C. for 4 

to 6 hours. The bottles were placed at the maximum angle 

possible without wetting the stoppers. Approximately 2.5 

to 3.0 106, organisms ware suspended in each bottle. Con¬ 

trol medium was obtained by incubating basal medium, or 

basal medium plus inactivated rabbit serum, in the same man¬ 

ner. The number of organisms used was determined by remov¬ 

ing a sample from one bottle, diluting it ls5 with medium 

and then counting the organisms as described in General 

Methods. 

After incubation, the bottles were placed at 2° to 

5°C. for 30 minutes. The organisms could then be suspended 

by gentle shaking. A sample wa3 removed from each bottle 

and diluted for counting. The amoebae were then concen¬ 

trated by centrifuging them at 250 :c g. for 10 to 15 min¬ 

utes at 5°C. The suspending fluid was drawn off into an 

Erlenmeyer flash by suction. Three to five ml. of medium 

was left in each bottle to prevent drawing off any of the 
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organisms. The supernatant fluid from all the bottles was 

pooled and stored frosen until lyophilised. Throughout the 

harvesting and suspending operations, aseptic technique was 

maintained; however, it was found to he impractical to' con¬ 

tinue these precautions during lyophilisation. After ly- 

ophilisation the powder was either resuspended In small 

volumes of distilled water, or stored dry. If stored dry 

the material was;finely powdered by shaking the lyophili¬ 

sat ion flash with half a dosen glass heads. It */as found 

to he impractical to weigh the material because of its hy¬ 

groscopic properties. The powder was immediately trans¬ 

ferred to a screw-cap jar and stored at ~20°C. The amoebae 

were %-mished three times with 5 to 10 ml* of iCreho-Ringer 

solution, or basal medium. They were then stored at -20°C. 

or used immediately for inoculations, 

D. The Immunisation of Rabbits with Lysed Amoebae Incubated 

for Sir Hours and with the Soluble pp Antigens from the 

Incubation Medium 

Esgperimenfc III was designed to compare the immune re¬ 

sponse of rabbits immunised by inoculation of amoebae and 
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rabbits? similarly immunised with physiologically-derived 

antigens. The amoebae for this experiment irare incubated 

in basal medium for six hours. After ’washing with Krebs- 

Ringer solution and counting the cells ware lysed by repeat¬ 

edly freezing them in an alcohol-dry ice mixture and then 

thawing them at room temperature, until whole cells could 

no longer be detected by microscopic examination. The 

material was stored at -20°C* At the time of inoculation 

the homogenate was diluted so as to contain the equivalent 

of 1 x IQ6 organism per ml. After lyophilisafclon the incu¬ 

bation medium was stored concentrated and diluted when need¬ 

ed so that one ml, would contain the amount of medium in 

which 1 x 10s amoebae had been incubated {about 3 times the 

original MS-P concentration). The control medium, basal 

medium incubated without inoculation, was diluted in the same 

manner. Both incubation and control media were filtered im¬ 

mediately after incubation through a Belts filter to remove 

any amoebae or bacteria which might not have been removed 

by centrifugation. Following dilution, the media ware re¬ 

sterilised by filtration through a Millipore filter.* In 

both cases the filtrate was hept in an ice bath. 

*Ha white plain 047 mm, filters were used. Mllliport Filter 
Corp., Bedford, Mass. 
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The rabbits in this experiment were divided into 

three groups each containing four animals. Group 1 received 

control medium, group 2 the incubation medium, and group 3 

lysed organisms. At the time of the first inoculation, the 

average weight of the rabbits was 2.7 kg. Sach animal re¬ 

ceived 10 n: 106 organisms intraperitoneally, administered 

in four injections at three day Intervals. Rabbits inocu¬ 

lated with medium received 60 s: 10s amoeba hour units. The 

first two inoculations contained the equivalents of 2 :s 10s 

organisms and the last two 3 1G6 organisms. The sise of 

the inoculum was derived from the eisperience of Cole and 

Rent (1953) who described the immobilisation of amoebae in 

sera obtained after the Inoculation of the organisms from 

ten cultures. Since the number of organisms was not given 

by these authors, the else of the inoculum was estimated 

from the knowledge that test tube cultures are seldom re¬ 

ported to exceed 500,000 amoebae, 

49 days after the last injection, a "booster” injec¬ 

tion, consisting of 1*5 52 1G6 to 2.0 x 10s organisms or 

their equivalent in media (the dilutions were the same as 

for the earlier inoculations), was given. 
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Serum vias talsen from each animal before the series of 

inoculations, 12 days after the last inoculation, and 2, 8, 

10, and 25 days- after the booster* 

antibody response was measured by three techniques; 

precipitins, immobilisation, and electrophoretic serum pat¬ 

terns, Mter the precipitin test (Burrows, 1955) and the 

immobilisation test (Cole and Kent, o&. cit«) failed to 

give any indication of an immune response the serum pat¬ 

terns were determined by paper electrophoresis, b rise in 

gamma globulin, or in beta globulin, or the appearance of 

a °tM fraction are all commonly associated v/ith the rise 

of antibody in serum (Carpenter, 1956), In this experi¬ 

ment the "amidoschwaris" technique of Grassman and Hannig 

(1952) ms used, 0*005 ml. of serum were applied to the 

filter paper. This was the largest amount which would 

yield quantitative data for albumin (60% to 75% of the 

total protein) when the paper strips were evaluated with 

the Elphor scanner-integrator. The alburain/globulin ratios 

determined from the serum patterns obtained are reported 

in Table 7* Only seven out of the 12 animals are reported. 

The remainder died or had to be discarded because of atyp- 
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ical serum patterns at sero time. The ratios ware not dif¬ 

ferent at the 5% level when tested by Student’s ’*t” test. 

The serum of rabbit number 5 showed a significant decrease 

at the 10% level of confidence. Since the differences 

were not highly significant, this seemed to indicate that 

the immune response was of a low order, or that the methods 

vised were not sufficiently sensitive, 

E. The Inoculation of Rabbits with Large Quantities of 

Triturated amoebae and with Physiologically Derived Sub¬ 

stances from the Incubation Medium 

When experiment 2X1 failed to give any strong indi¬ 

cation of an immune response, a second experiment (IV) was 

carried out using a greatly Increased amount of antigen. 

In this experiment, the suspensions were incubated only four 

hours* For this reason, although the number of organisms 

used was increased 16.5 times over the first experiment 

(165 x 10^ amoebae), the amoebae-hour units were increased 

only 11 times. For incubation the basal medium was en¬ 

riched with 7,5% inactivated rabbit serum. This serum was 

either Cappel rabbit serum or freshly prepared serum. The 

amount of serum used was based on the amount of horse serum 
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added to stock cultures, talcing into consideration the num¬ 

ber of organisms incubated and the time of incubation* The 

control medium contained the same amount of serum. This 

serum was added to provide additional substrate which might 

increase the production of extracellular proteolytic ensyraes 

as veil as the over all metabolic activity of the amoebae. 

Since .no test has yet demonstrated the presence of PD sub¬ 

stances in the incubation medium, the effectiveness of 

this measure can not be evaluated . Homologous serum was 

selected in preference to horse serum because it was de¬ 

sirable to avoid the possibility of eliciting cross-reacting 

anti-horse antibody, neither medium was filtered after in¬ 

cubation since the number of intact organisms which would 

be present in this supernatant would not exceed the number 

used in eaiperiment 2XZ. The medium was lyophiliseci and re¬ 

constituted in a smaller volume. After dilution, the medi¬ 

um was sterilised by filtration through a Millipore filter 

in an ice bath. The concentration of media necessary to 

provide inocula containing the large Quantity of antigen 

desired increased the viscosity of the solution to such an 

extent that it was necessary to increase the volume of each 
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inoculation to 20 ail. This concentration is approximately 

5 times that of the original medium. Since the number of 

amoebae incubated per centrifuge bottle varied slightly from 

suspension to suspension, the concentration of medium cor¬ 

responding to the equivalent amoebae hour units varied 

from injection to injection. However, each animal in 

groups 1 and 2>received:the same total amount of medium, 

The control medium was diluted so as to contain the same 

amount of medium as the PD injection given on that day. 

The amoebae for this experiment ware triturated in 

the Omnimixer at high speed for five minutes, Microscopic 

examination of this material showed numerous remnants of 

cells, but no intact organisms. This antigen was diluted 

with Krebs-Ringer solution. 

Prior to inoculation, the average weight of the 9 

rabbits used in this experiment, was 3,9 kg. They ware 

divided into three groups. Group 1 received control medi¬ 

um, group 2 the incubation medium, and group 3 triturated 

amoebae. Two injections were given the first week and one 

during each of the following two weeks* The first two 

injections contained 30 x 106 organisms each, the third 
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45 x 10® and the fourth 60 x 10®. Group 1 and 2 received 

equivalent amoebae hour units of media. Of the nine animals, 

two of the controls died. Each rabbit was bled before the 

series of inoculations and ten days after the last inocu¬ 

lation. 

Since precipitin tests have been reported for E, his¬ 

tolytica (Wagener, 1924? Goldman, 1953; Moan, 1957) an at¬ 

tempt v/as made to utilise agar diffusion techniques to de¬ 

tect precipitating antibody in these rabbit sera. The 

sensitivity of these techniques should reveal precipitins 

even when they can not be detected by direct precipitin 

tube methods. The first technique used was Thorne and 

Belton's modification (1957) of the agar diffusion method 

of Ouchterlony (1953), The method was modified in that 15 

ml. of agar were used in the plates instead of 20 ml. and 

the holes in the plates were covered with agar to prevent 

flow of liquids tinder the agar (Lebedev and Tsilinskii, 

1958). 

Nine series of plates were run in attempts to detect 

antibody. Of these one series tested all of the sera from 

experiment iv. No specific precipitins were encountered. 
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Both the control medium and the triturated amoebae formed 

precipitin rings with normal rabbit serum* The rings ob¬ 

tained with the triturated amoebae formed immediately around 

the outer wells (see Figure 2). These rings failed to ap¬ 

pear in only 8 out of 38 trials, An attempt to absorb out 

antigens reacting with normal serum failed. The precipitin 

rings with the MS-F medium formed about half way between 

the wells (see Figure 3), The appearance of the latter was 

highly erratic, failing to appear about 30% of the time. 

These results indicated that some of the factors 

critical in the formation of precipitins, specific or non¬ 

specific, were not controlled. Other plates were set up 

to study the variations* Concentrations of medium 5, 5,2, 

and 10 times the original concentration of MS-F were tested, 

hll three did, upon occasion, give rings. The pH was varied 

from 6,5 to 7,9, When the pH was adjusted with phosphate 

buffer a precipitate formed in the wells and no rings re¬ 

sulted, When the pH was adjusted with HaOH, rings were 

formed at pH 6,5, 6.6, 6,9, 7.0, and not at 7,7 or 9.0. An¬ 

other factor influencing the results was the distance the 

serum diffused from the center well before the antigen was 



Figure II. Hon-specifAc precipitin reactions in 

double diffusion agar-gel plates: The top 

row of wells was filled with triturated amoebae 

in Krebs-Ringer solution, the middle row with 

normal rabbit serum, and the bottom row with 

the PD preparations from experiment IV. The 

precipitin against triturated amoebae was 

precipitated around the top wells. The pre¬ 

cipitin against the incubation medium was 

precipitated half-v/ay between the middle and 

bottom rows of trails. 
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added. Thorne and Belton (OP. cit.) allowed 18 to 24 hours 

for diffusion of the antibody. When plates have been stored 

for a few days, some evaporation occurs, and the serum mi¬ 

grates more rapidly. With such plates .24 hour incubation 

gave no rings, h serum migration boundary 7,0 to 7,5 non, 

from the center of the wall was fovind to be optimal. These 

rings could be measured because the eosin in the plates 

stained the serum. One factor, which has not heen consid¬ 

ered and which might have a bearing on the results is the 

age of the antigen. It may not be possible to store the 

antigens in solution at -20°C. The precipitin rings were 

heavier for control medium than for medium in which amoebae 

were incubated. Basal medium also produced a precipitin 

ring, since normal rabbit serum did not produce rings it 

would appear that the reaction substance was present in 

trypticase, and that its titer was reduced by the presence 

of amoebae. 

The second agar diffusion test used was the double 

diffusion precipitin tube method described by Kagan (1957), 

Kagan’s method was followed throughout except in the prepa¬ 

ration of the tubes. For this step the method of Buchanan- 
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Davidson (1958) was followed. A complete series was not 

run on the sera from the rabbits of experiment IV, since 

normal serum reacted with the antigens to give non-specific 

bands. Mien clear non-specific bands could be observed 

five to sin separate ones were distinguishable. A control 

on the technique was run with rabbit anti-horse serum. Both 

times these tubes were set up, heavy bands appeared in from 

12 to 24 hours. When normal rabbit serum was used as the 

antiserum no bands appeared with horse serum. 

The serum patterns were determined using a Beckraan- 

Spinco Durrum type electrophoresis cell*. The strips were 

stained by the method of Jencks, et al. (1955), and scanned 

with a Beckman analyfrol apparatus. The curves obtained 

were not sufficiently resolved to allow strict quantitative 

evaluation. No obvious rise in globulin was apparent from 

these curves, nor upon visual examination of the stained 

strips. 

^Carried out through the courtesy of Dr. Leon Kraintz, Uni¬ 
versity of Texas, Dental Branch, Houston, Texas. 
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P. The Intravenous Inoculation of Rabbits with Somatic 

Antigens of E. histolytica 

Failure to demonstrate an immune response in experi¬ 

ment IV indicated that either the route of inoculation was 

critical, or that the method of handling the organisms 

destroyed their antigenic properties. Cole and Kent (op. 

cit.) and Shaffer and Ansfield (1956) had used the intra¬ 

venous route, Goldman (op. cit.) used the subcutaneous 

route. However, no report of intraperitoneal inoculation 

has been made. Essperiment V was designed to repeat the 

worlc of Shaffer and Ansfield, and to compare their antigen, 

living amoebae, with the amoebic preparations used in ex¬ 

periments III and IV. The amoebae ware divided into two 

groups. The organisms in group 1 were washed and immedi¬ 

ately prepared for inoculation. Those in group 2 were 

washed and incubated in basal medium plus rabbit serum (as 

in ejqoeriment IV) for four hours, then washed again and 

prepared for inoculation* The incubation medium was ly- 

ophilised and stored for serological tests. One half of 

each group of organisms was triturated in the Omnimixer at 

high speed for five minutes and the other half was used 



whole. No attempt was made to use sterile technique dur¬ 

ing trituration. The washed suspensions and the homogenates 

were diluted with basal medium to obtain a final concen¬ 

tration of 3 x 106 amoebae per ml. 

Shaffer and Ansfield (OP. cit.) administered between 

6 31 10® and 3 x 10® organisms per injection intravenously 

giving eight injections over a four week period. Following 

the maximum dosage used by the latter workers* an attempt 

was made to administer 3 x 10^ organisms in each Injection. 

Due to poor growth of amoebae cultures on several occasions 

13 of the 120 injections given fell below 3 x 10^, the low¬ 

est being 1.8 x 10s, No more them 3 x 10® were ever given 

in one injection. The route of inoculation and the inocu¬ 

lation schedule were the same as that used by Shaffer and 

Ansfield. The day before the first inoculation the average 

weight of the rabbits used was 2,2 kg. After the series the 

average weight was 3.3 kg. The rabbits were divided into 

four groups* each group receiving one of the preparations 

of amoebae described above. The group receiving triturated 

Incubated organisms contained only three animals. Blood 

was taken from all animals the day before the first inocu¬ 

lation and 10 days after the last inoculation. 
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A complete set of Ouchterlony plates was set up as 

described in experiment IV. On one side of the plate PD 

"antigen" preparations 5 times the original concentration 

were used, and on the other the triturated amoebic prepara¬ 

tion used for the inoculations. The pH of both antigens was 

6,5. The serum was allowed to diffuse for 23 hours, at the 

end of which time the edge of the rings was approximately 

7.5 mm. from the center of the inside wells. In all plates, 

both those testing the normal serum and those testing the 

"immune" serum two bands formed. These bands appeared much 

later than the non-specific bands usually appeared, 4 to 5 

days after the plates were set up. Although both bands ap¬ 

peared on the same side of the plate, the shape of the 

rings indicated that one formed against the amoebic anti¬ 

gen and the other against the PD preparation. Antigen- 

antibody bands are known to form in different positions, de¬ 

pendent upon concentration of the antigen or the antibody, 

and it is probable that the two bands were the same ones 

noted earlier. Double diffusion tubes were run with one 

serum from each group. Faint bands appeared with all sera. 

There was no indication that any band was unique for the 

“immune" sera 
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The seruia pattern of one animal from each group was 

determined using the method described in experiment XV*. 

The results are given in Table 9. All of the figures repre¬ 

sent duplicate determinations except tlie determination on 

the LO serum taken 10 days after the last inoculation. Al¬ 

though the data on this experiment are not complete, these 

samples indicate that ho significant rise in globulin has 

occurred. 

Since none of the tests for detecting antibody in ex¬ 

periment III and IV yielded positive results, a different 

method of detection was tested on these sera. To each tube 

was added 1.5 ml. (a dilution of approximately 1:10) of 

normal or immune serum from ten of the animals in experi¬ 

ment V. Those sera taken after the series of inoculations 

were run in duplicate. The other sera from experiment V 

were tested in 7 mm. by 47 mm. screw-cap bottles. These 

were set up by preparing test tube cultures and then dis¬ 

pensing the contents into sterile bottles in 3,0 ml. por¬ 

tions. To each bottle 0.3 ml, of the test serum was added. 

Ho differences were noted in the results obtained by the 

^Carried out through the courtesy of Mrs. S. Beerstecker, 
Clinical Chemistry Laboratories* M. D. Anderson Tumor Hos¬ 
pital, Houston, Texas, 
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two methods. The cultures were incubated at a 30° angle 

at 37°C,. ± 1°C. for 40 tp 42 hours* They were then placed 

at 5°C.for 30 minutes to loosen the amoebae from the trails. 

They were centrifuged at 250 55 g* and the supernatant re¬ 

moved through a Pasteur pipette attached to a water aspi¬ 

rator* The amoebae were resuspended in 1 ml. of basal 

medium and 0*2 ml, of 2% formalin was added as a fixative* 

These amoebae samples were stored at 5°C* until they could 

be counted* A sample of the amoebic- inoculum Was also pre¬ 

served in the same manner for counting. 

The results are summarised in Table 8. The fold in¬ 

crease in organisms was determined by dividing the concen¬ 

tration of organisms at zero time into the concentration 

at forty hours*, A ,highly significant difference between the 

four groups was obtained between the organisms in the pres¬ 

ence of the immune sera and the normal sera. There was no 

significant difference between the four groups after inocu¬ 

lation* These results indicate that inhibition of growth 

is a good method for detecting anti-E. histolytica anti¬ 

body. 
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DISCUSSION 

although amoebae have been under cultivation since 

1925 (Boeclt and Brbohlav, 1925), the small numbers produced 

per culture, and the complications introduced by actively 

multiplying bacteria, by diphasic cultures, and by particu¬ 

late material, such, as rice starch, have prevented the ac¬ 

cumulation of information on this organism. The develop¬ 

ment of completely liquid media, among them the Shaffer- 

Frye medium (Shaffer and Frye, 1948) eliminated the problem 

of variable absorption of nutrients by the solid phase and 

the problem of harvesting organisms from such a culture. 

The harvesting of the organisms was further facilitated by 

the elimination of starch from this medium. One objection 

which had been raised against mono-phasic cultures was the 

rapid growth of the bacteria in the enriched liquid phase. 

The S-F medium overcame this objection by the use of peni¬ 

cillin-inhibited associates. However, the preparation of 

the medium was still tedious. The simplifications of the 

S-F medium introduced in the MS-F medium (Reeves, Meleney, 

and Frye, op. clt.) finally provided a medium which was 

easy to prepare and which gave good yields of amoebae. 



-45- 

This problem of obtaining sufficient material with 

which to work is encountered in metabolic studies as tssll 

as in immunological studies. Kun, Bradin and Bechary 

(1956) stated that they were abandoning studies on this 

organism because of the difficulty in obtaining material. 

Besides the fact that large numbers of test tube cultures 

are hard to handle, the variability obtained between cul¬ 

tures makes the use of single cultures, or even 1 to 2 

pooled cultures, as reported by Cole and Kent, undesirable 

as experimental material. MS-F tube cultures, although 

good in comparison to other amoebic cultures, still did not 

provide sufficient numbers of organisms for experimentation. 

It is worthy of note that those parasitic protozoa on which 

considerable Information is available, i.e. trypanosomes, 

Plasmodia and trichomonads, are those which can be raised 

in large numbers either in vitro or in vivo in the labora¬ 

tory. Although the 32 ounce bottle cultures employed in¬ 

creased the yield per ml. only 25% over test tube cultures, 

the ease of handling these cultures made the culturing of 

large quantities of amoebae feasible. 

The development of a fairly simple suspending medium 

provides not only a possible method for separating somatic 
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and PD antigens, but also provides a medium in which sub¬ 

strate utilization by amoebae can be studied in the absence 

of appreciable numbers of bacteria. The problem of eluci¬ 

dating factors in the metabolism of E. histolytica in the 

presence of associated organisms has always plagued workers 

in this field. The work of Baernstein, et al.(1953) illus¬ 

trates the difficulties involved in comparing the metabo¬ 

lism of the associate alone to that of the amoebae plus the 

associate. Lotan, Keraer and Anderson (1956) reported that 

the associate produced glucosamine which was in turn used 

by the amoebae, but that the amoebae alone could not uti¬ 

lize glucose. Although others, e.g., Becker and Geiman 

(1955), report the utilization of glucose directly by amoe¬ 

bae, the dependence of at least one strain of amoebae on 

its associate for this major source of nutrient seems prob¬ 

able. As long as E. histolytica cannot be separated from 

from an associate, or even from particulate material of an¬ 

other organism, the interpretation of data obtained on the 

metabolism of amoebae will be difficult to analyse. At 

present, the only recourse is to use preparations in which 

this problem has been reduced to a minimum. Baemstein, 
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ofc al. (1957) succeeded in developing microcultures in which 

amoebae grew without an associate but with particles from' 

chide embryo homogenate. In these.cultures they succeeded 

in partially replacing the horse serum requirements with 

vitamins. The relationship of the findings in this system 

to the physiological requirements of the amoebae under other 

conditions requires elucidation* The apparatus of Benham 

and Havens (1958) provides a method of raising amoebae 

without the living associates, although this is a very in¬ 

teresting advance in the understanding of the amoeba-associ¬ 

ate relationship, the complexity of the apparatus renders 

this method impractical for most studies. Therefore, the 

development of a medium in which amoebae will survive with¬ 

out an added associate for short periods of time seems to 

provide the best solution at the present time. 

The deficient medium used in the present study may 

provide a means of determining the role of horse serum in 

the metabolism of amoebae, In this study it has been ob¬ 

served that one action of horse serum is to agglutinate the 

bacteria; in this xmy making them available to the amoebae 

which adhere to the bottom of the container. Rabbit serum, 
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which is less effective in agglutinating the bacteria, does 

not support as luxuriant a growth as the horse serum, ; How¬ 

ever, the.survival studies seem to, indicate that horse : 

serum may play a direct nutritional role as well* ISost of 

the data, on growth requirements have heen obtained from 

cultures to Which supplements have been added;*; One; of the 

most effective media for this type of study is the essen¬ 

tially synthetic medium of Hansen and Anderson (1948), en¬ 

riched by Hallman, et al* (1949)« In this medium the lat¬ 

ter authors ware able to test the growth promoting Ability 

of various proteins and sugars* The use of a suspending 

medium would, provide a method of determining whether simi¬ 

lar. fractions of serum, egg,; or..liver-can be utilised by;-. 

the amoebae alone* However, as already noted, the metabo¬ 

lism of the bacteria has not yet been completely eliminated* 

Inability to remove intracellular bacteria from prepa¬ 

rations used for immunological studies again introduces the 

necessity of considering not only: the amoebae, but also the 

associate in the interpretation of the results obtained. 

There are two considerations Which suggest that the Mim- . 

munity** observed in experiment V is due to the amoebae in- 
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jected and not to the associate* Shaffer and Ansfield, 

using S-F medium and the same streptohacillus used in this 

study injected control animals with 1 ml* of the bacillus 

preparation, containing upwards of 2 billion ceils, by the 

same route and at the same intervals as the animals re¬ 

ceiving amoebae* It was found that the resulting sera did 

not inhibit phagocytosis. The second consideration is 

that no reduction of the immune response could be defected 

between rabbits receiving fresh and those receiving incu¬ 

bated amoebae. Since incubation would result in a graded 

depletion of intracellular bacteria, any response due to 

the antigen introduced by them should decline while that of 

the amoebae vTould be expected to remain more or less con¬ 

stant. However, titration of the antibody obtained will 

be necessary to determine whether the antibody levels in 

the two groups are in reality as nearly equal as they now 

appear. Any tests x*;hich are positive xd.ll require bacteri¬ 

al controls before the influences of anti-bacterial anti¬ 

body can be ruled out. In precipitin tests the use of bac¬ 

terial antigen in the test, or the absorption of the immune 

serum 'with bacteria would reveal the antibody. In the 
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growth inhibition studies two controls are possible, the 

serum could be absorbed with bacteria, or else, following 

the procedure of Shaffer and Ansfield, rabbits could be 

immunised with bacterial preparations and this serum tested. 

In any e:q?eriraent in which amoebae are to be main¬ 

tained at less than optimal conditions it becomes necessary 

to have criteria for viability. The viability of amoebae, 

unlike that of ciliates or flagellates, can not be adjudged 

by motility since amoebae rapidly round up and become in¬ 

active when placed in suspension, or when conditions of 

temperature, pH, etc,, are not optimal. Since these optima 

may be altered under experimental conditions, a criterion 

for viability, such as eosin staining, is necessary. 

Since antibody could not be demonstrated in experiment 

V by any of the methods applied in experiments III and IV, 

but since it could be demonstrated by growth inhibition 

(not tried with the sera of the other two essperiments) it 

is impossible to draw any conclusions about either the route 

of inoculation, or about the size of the inoculum used in 

experiment III. The results of experiment V indicate that 

neither the incubation of the amoebae nor trituration had 
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any detrimental effect on the antigen. The development of 

antibody with both living and triturated organisms suggests 

that, for amoebae, PD ‘‘antigens'* are not important* or that 

PD "antigens” are introduced with the somatic antigens even 

after washing, as amoebae have considerable intracellular 

digestion in their food vacuoles, it may be that sufficient 

PD “antigens" are introduced with the somatic material to 

stimulate the immune response. 

The use of triturated amoebae in experiment V gives 

an indication of the amount of antigen which will elicit an 

immune response. Previous authors had used only living 

organisms, Goldman (op. cit.) could find no amoebae in the 

nodules which resulted from subcutaneous Inoculations, but 

the amoebae could have multiplied for a tdiile before being 

destroyed, Shaffer and hnsfield (op. cit.) and Cole and 

Kent (op. cit.) made no attempt to see whether Infections 

had been established. Therefore, it is impossible to de¬ 

termine how much antigenic material had been introduced. 

The groitfth inhibition tests from experiments III and 

IV may indicate that PD antigens can not be collected in 

sufficient quantities by the methods described? it still 
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may be possible to demonstrate their activity through ab¬ 

sorption of the sera as described by Thorson (1954) with 

antl-|l» nrnris serum. If both somatic preparations and PD 

preparations could be shorn to absorb the antibody then 

there would be good evidence that it is inpossible to sepa¬ 

rate the two due to the intracellular metabolism of amoe¬ 

bae, If somatic antigens alone absorb the antibody* the 

possibility would remain that the method of collecting the 

PD "antigen" was not satisfactory. 

The failure to detect antibody by the agar-diffusion 

techniques suggested that precipitating antibody was not 

present in the sera or that the methods used could not de¬ 

tect the antibody present, The first possibility would be 

in disagreement with the results of Goldman (1953), Wegener 

(1924), Moan (1957) and Menendes (1932), Swart swalder 

(1949) could not detect precipitin in the sera of dogs with 

cecal infections* However, since then infections usually 

have only superficial, tissue involvement,' antibody titers 

might be expected to be low. If the methods used in this 

study did not detect antibody which was present, this may 

be explained in several xsays. It has been shorn that even 
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When whole antl-phenylarsonic-azo-bovine globulin fails to 

show a precipitin reaction, a globulin fraction may still 

give a good reaction* The recombined fractions again fall 

to give a precipitin test (Caxm, Campbell, Brown, and Kirfc- 

wood, 1951) ♦ This type of reaction might explain the fail¬ 

ure to detect antibody in animals inoculated with amoebic 

preparations* Both Krebs-Ringer solution and basal.medium 

contain salt concentrations in excess of those recommended 

for precipitin reactions (Cushing and Campbell, 1957)* 

What effect these concentrations might have on the anti¬ 

body-antigen reaction being sought can only be postulated, 

A third possibility is that the "antigen*’ preparations used 

did not provide antigen in a form in which it could diffuse 

through the agar* Amoebic antigens have been prepared for 

Other serological tests in several ways* Goldman (OP* cit.) 

used a saline extract of lyophilysed cells* The antigen 

preparation used by Craig (1948) in the complement fixation 

test was an alcoholic extract of amoebae. It is possible 

that one of these methods might extract the effective anti¬ 

gen more satisfactorily than was done in a triturated prepa¬ 

ration in either basal medium, or Krebs-Elager solution. 
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Since no • test has demonstrated the presence, of PDk "antigens" 

in the incubation media, it is possible that the methods : 

used were; not adequate for the collection of these sub¬ 

stances , , On the other hand the.failure of these.substances 

to be detected by. the precipitin test may also be due to 

the type, of preparation used The salt concentration in 

the concentrated, media wpuld; be far in excess even to, that 

in.the amoebae preparations, This factor could he elimi¬ 

nated. by dialysis* A change of solvents in extracting the 

substance from the lyophilized preparation might result 

in a better antigen preparation. 

The regularity in the appearance of the non-specific 

bands suggests that they are not artifacts due ito transient 

conditions such as temperature; However, lete^ev and Tsi- 

lihski (1958) .recommended keeping the wells filled at all 

times, a procedure which was not followed, to maintain a 

constant, gradient of solvents as a disturbance of the lat¬ 

ter can lead to artifacts* With constant volumes, this 

artifact might consistently appear in the same position* 

On the other hand, it is possible that; these bands repre- 

sent cross-reacting antibodies. As these strong non- 
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specific bands might easily hide any specific precipitins* 

it will;he ■. necessary to ■ find some method'- of eliminating'' ! 

them, or of separating the bands sufficiently to be able to 

detect others* Although absorption o£ the antigen has 

failed so far, a more critical analysis of the methods used 

may -reveal a' method of using-this technique* Another so¬ 

lution might be to increase the distance between’ wells and 

in this vmy resolve close sone coefficients. 

Failure to detect a rise in globulin even when anti¬ 

body can be demonstrated by the inhibition of amoebic- 

growth could be due to the fact that the electrophoretic 

techniques employed were not sufficiently sensitive to de¬ 

tect antibody. However, globulin rises in rabbit sera were 

detected'by the • amidoschwarts method as a result of ear 

mite infections, and differences in serum patterns are 

regularly detected in the Clinical Chemistry Laboratory at 

H, D* Anderson Tumor Hospital. It is possible that there 

was no increment in globulin, but rather that ■ antibody re¬ 

placed normal globulin (Raffel, 1953). 

The detection of an antibody which inhibits the growth 

of amoebae in culture provides a method not only for detect- 
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ing antibody, but also for studying the effects of anti- 

amoebic serum on the organisms themselves, The fact that 

occasional test cultures contained clumps of apparently ag¬ 

glutinated amoebae, very distorted and partially lysed, 

suggests that agglutination may be an iicportant factor in 

the inhibition* Although Menendes (1932) observed lysis of 

sensitised amoebae in the presence of complement, he could 

not detect agglutination* He suggested that the natural 

clumping which occurred in his preparations would mask any 

agglutination. If agglutination takes more than two hours, 

it would not have been detected by Menendes, by Cole and 

Kent, or by Shaffer and Ansfield, as their tests were com¬ 

pleted in short periods of time. A second factor in the 

inhibition may be the temporary immobilisation reported by 

Cole and Kent, immobilisation and the reduction of phago¬ 

cytosis reported by Shaffer and Ansfleld, are probably the 

same phenomenon. This inhibition may have an effect on 

the growth rate, but, since cole and Kent note that after 

20 to 30 minutes the amoebae begin to resume activity, it 

is not likely that this is the sole factor involved. An¬ 

other possibility which exists is that the antibody Is 
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directed either against growth or reproduction. This type 

of inhibition has been reported against Bacillus anthracls. 

Hippostroncvlus muris. Trypanosoma lewisi and others and 

is probably wide spread (Raffel, OP. cit.s Taliaferro, 

1948: Chandler, 1953). Chandler speculated that the anti¬ 

body in these cases blocked metabolic pathways in the para¬ 

sites and in this way hindered growth. 

The elucidation of the inhibition reaction will re¬ 

quire observations on the conditions of the amoebae through¬ 

out the period of growth. although total counts give an 

indess of the number of viable cells, they do not reflect 

the condition of the organisms. During the present study 

iron hematoxylin preparations of amoebae from 32 ounce bot¬ 

tle cultures showed a great variation in the sise of the 

organisms and a muitinucleate condition in many of them 

(some of the amoebae contained as many as five nuclei). 

Taliaferro and Taliaferro (1922) reported a higher coef¬ 

ficient of variation for the sise of actively producing T. 

lewisi than for those in later stages of the infection. 

Taliaferro, et al. (1958) reported a reduction in nucleic 

acid synthesis in immune serum-treated T. lewisi. This 
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suggests the possibility that iron hematoxylin preparations 

of amoebae during the course of the growth of the cultures 

might provide valuable information in studying the growth 

inhibition reaction. 

Zn this study no attempt has been made to titer the 

antibody obtained. The variations between cultures has 

made it impossible to determine whether any differences in 

titer exist between the antibody obtained in the four groups, 

‘Titration may reveal some variations, Shaffer and Ansfield 

used a dilution of 1 to 8, Cole and Kent reported good re¬ 

sults up to a dilution of 1 to 8, These low titers sug¬ 

gest that the antibody response is of a low order and titra¬ 

tion may be difficult. 

The technique for detecting antibody by the inhibition 

of growth provides a method which, unlike either the immobi¬ 

lisation technique or the phagocytic index, requires no 

special techniques, Although it requires 40 hours to run, 

the necessity of excessive handling of the material has been 

eliminated. From the data obtained it appears to be a 

highly reproducible method. If the test is sensitive at 

low titers, it might provide a method for clinical diag¬ 

nosis 
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SXMMARY 

Studies ware undertaken to develop a method for sepa¬ 

rating physiologically derived (PD) and somatic substances 

of Entamoeba histolytica and to study the response of rab¬ 

bits to these potential antigens. In order to carry out 

these studies it was necessary to establish an index of vi¬ 

ability, to develop a suitable suspending medium in which 

to collect the desired substances, to raise sufficient num¬ 

bers of organisms to use as antigens and to develop methods 

for studying the antibody response* The following results 

were obtained5 

1, The eosinophobic property of living amoebae was 

found to be a suitable criterion of viability, However, in 

later experiments it was found that dead cells disintegrated 

so rapidly in cultures that a total count gave a sufficient¬ 

ly accurate index of viability, 

2, Basal Modified Shaffer-Frye (MS-F) medium and basal 

MS-F medium plus horse serum and penicillin were found to 

sustain growth equally well for four hours, at six hours 

the mortality was lower in the medium with horse serum, but 
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by eight hours the two media were equal, i.e., the rate of 

mortality had greatly increased, 

3. It was found that large numbers of organisms could 

be obtained by using 32 ounce prescription bottles* Al¬ 

though there was only a 25% increase per ml* by this method, 

the ease of handling and of harvesting was increased to a 

point Where it was feasible to collect material for the in¬ 

oculation of rabbits. 

4. A method for suspending the amoebae and separating 

somatic from PD material was described, 

5. An attempt was made to immunise rabbits with somatic 

preparations and with PD preparations. Double diffusion 

agar-gel tests revealed only non-specific precipitins, The 

electrophoretic serum patterns showed no rise in globulin, 

Growth inhibition studies on sera from animals injected in¬ 

travenously with living and triturated preparations of amoe¬ 

bae showed that an immune' response had been obtained in 

these animals. This test has not been conducted with sera 

from those animals receiving PD material or triturated amoe¬ 

bae injected intraperitoneally. 

The significance of the eosin staining index, and the 

defficlent, bacteria free suspension media, as well as the 



advantages gained by raising -large- Quantities of organisms 

in a ©ingle culture ie discussed with respect to immuno¬ 

logical and metabolic studies* The possible factors-con- - 

tribufc ing ■ to the negative results obtained by double dif¬ 

fusion agijr-gel and electrophoretic methods are analysed* 

application of the growth inhibition effected by immune 

serum on living amoebae are also considered. Suggestions 

for the continuation of the immunological aspects of the 

problem are outlined. 
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