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A simple intraperitoneal method of producing experimental hepatic
amoebiasis in hamsters without laparotomy is reported. After a small
incision in the skin behind xiphisternum, hamsters were infected by injecting
trophozoites of Entamoeba histolytica plus associated mixed bacteria through
intact muscular layer of the abdomen. A satisfactory system of scoring
hepatic lesions (0-4) has been described. The method is quick and
requires no post-operative stitching. Out of sixty hamsters (weighing
40-120 gm), fifty-nine were infected with STA strain, the average hepatic
lesion grade ranging from 3 to 4. Advantages of this method over other
methods are discussed. Infection by six strains of E. histolytica produced
acute liver lesions. This technique is being successfully used for screening
pbtential sysiemic amoebicides. Emetine hydrochloride at 4 mglkg
completely cured 669, of the hamsters infected with STA strain and the
average hepatic lesion grade was 0-7.

INTRODUCTION

Three main methods have been developed for the production of amoebic
liver abscess in hamsters for chemotherapeutic studies—direct intrahepatic
injection of Entamoeba histolytica trophozoites (Reinertson and Thompson
1951), intraperitoneal injection of amoebae in the region of umbilicus
(Jarumilinta and Maegraith 1962) and liver region and gelatin sponge method
(Jarumilinta 1966). In the last method a small piece of sponge is used to
localize the amoebae and the sponge is placed between the middle and the
left lobes of the liver at a point just above the gall-bladder. Jarumilinta
(1966) found that the infectivity rate and average grade of lesions produced
by these methods were approximately the same.

The methods developed, so far, involve laparotomy or damage to the
liver, involving risk of secondary infection. The gelatin sponge method
encourages ‘- the development of gelatin liquefying bacteria. Jarumilinta
(1966) observed that bacteria associated with E. histolytica produced walled-off
bacterial abscess containing yellowish liquefied material and partly liguefied
gelatin between the left and middle lobes in all the 10 animals killed after
5 days. In the present communication, an intraperitoneal method of
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producing hepatic amoebiasis in hamsters without laparotomy is reported.
It is being successfully employed for the screening of potential systemic
anti-amoebic agents in this Institute.

MATERIALS AND METHODS

Golden hamsters of either sex, weighing 40-130 gm, obtained from the
Central Drug Research Institute colony, were employed in this work.

Six strains of K. histolytica (STA, C, Bl, B1(502), RA and R) of the large
race, obtained in culture from acute and carrier cases (Singh, Das and Saxena
1963; Das and Singh 1965), were maintained with mixed bacterial flora
plus rice starch in modified Boeck and Drbohlav medium (M/40 phosphate
buffer in 0-85 per cent (w/v) NaCl was used to dilute inactivated buffalo
gserum 1 : 8; pH 7-0). Growth of amoebae in fresh buffalo serum was better
than in horse serum (Dutta and Mohan Rao 1966). In order to obtain
healthy and actively motile amoebae, the method of Singh, Das and Saxena
(1963) was followed. Twenty-four-hour-old culture of amoebae was pooled
and washed a few times by centrifugation with diluted buffered buffalo serum in
order to get rid of most of the bacteria. The amoebae were then inoculated
into buffered serum in which mixed bacterial flora was allowed to grow for
16-18 hours and incubated at 37 °C for 18-20 hours. Hepatic infection with
these amoebae gave hetter and more consistent results than the infection
created by 24-hour-old culture of amoebae from modified Boeck and Drbohlav
medium. The amoebae were kept at 37 °C throughout the operation.

For hepatic infection, about 0-5 cm long incision in the abdominal skin
was made a little behind xiphisternum. Connective tissue, underlying the
skin, was gently removed to expose the muscular layer of the abdomen.
With the help of a pair of forceps, the muscular layer was raised from the
viscera and 0-05-0-08 ml of the inoculum, containing 25,000-50,000 tropho-
zoites, was dropped in the peritoneal cavity near the liver with a tuberculin
syringe through the muscular layer. No post-operation stitching is required.
The time taken to infect a hamster by this method is about half a minute,
and the method is easy to manipulate. Moreover, this method ensures that
the whole inoculum containing amoebae is dropped in the peritoneal cavity
in the liver region and not accidentally injected into the viscera.

Infected . hamsters generally died within 4-6 days. The liver lesions
were cultured and also examined microscopically. With the help of a camera
lucida, sketches of the liver showing lesions were made on a sheet of graph
paper and the proportion of the liver infected was determined. The grading

Fias. 1~18. 1-6, grade 1 amoebic liver lesions usually produced after 1-2 days of infection;
7-9, grade 2 lesions usually produced after 2~3 days of infection; 10-12, grade 3 lesions; 13-18,
grade 4 lesions. Grade 3 and ¢ lesions are usually produced after 3 or more days of infection.
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K. Listolytica (Strain 8TA) was used for infecting hamster livers.
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K. histolytica (Strain 8TA) was used for infeeting hamster livers.
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of the liver lesions given below was based on more than 400 infected hamsters
sacrificed after various intervals and also after the treatment of infected
animals with emetine hydrochloride.

Grade O = No amoebic lesion, bacterial abscess may be present (Plate
IX, fig. 19); 1 = Tiny superficial amoebic lesions covering up to 5 per cent
of the liver surface (Plate VIII, figs. 1-6; Plate IX, fig. 20); 2 = 5-15 per
cent of the liver surface showing lesions or inflammation with superficial necrosis
(Plate VIII, figs. 7-9; Plate IX, fig. 21); 8 = Gross single or multiple lesions
involving less than 25 per cent of the liver surface with extensive necrosis
(Plate VIII, figs. 10-12; Plate IX, fig. 22); 4 = Acute single or multiple
lesions covering more than 25 per cent of the liver surface with necrosis and
pus, may be extending the whole thickness of one or more lobes (Plate VIII,
figs. 13-18; Plate IX, figs. 23-25).

Active trophozoites were present in all the 1-4 grade lesions.

Ten hamsters were inoculated intraperitoneally by the above method
with mixed bacterial flora of strain STA. 0-5 ml of the flora, without amoebage,
was inoculated in 10 ml of buffered serum and incubated for 48 hours at
37 °C. 0-05 ml of this bacterial suspension was given to each hamster.

Amoebic infected livers were fixed in 4 per cent formaldehyde, sectioned
and stained with Harris haematoxylin/eosin and Gram’s stain. The sections
were also stained with periodic acid-Schiff for the demonstration of bacteria
as follows: Sections were put in 0-5 per cent aqueous periodic acid for 5 minutes
(McManus 1956), washed with distilled water for 15 seconds, treated with
Schiff’s reagent (De Tomasi, 1936) for 15 minutes, washed in running water
for 15 minutes, dehydrated and mounted in Canada balsam as usual. If
desired, the sections were counterstained with Harris haematoxylin for 15
seconds and washed in running tap water before mounting.

In order to study the effect of emetine hydrochloride in hepatic amoe-
biasis, the' drug was fed orally. First dose was given on the day of infection
and one daily dose for four days after infection.

REsULTS

The effect of the number of amoebae inoculated intraperitoneally in
hamsters on the production of liver abscess is presented in Table I. In
order to get nearly cent per cent infection of the liver, it is important to
inoculate 25,000-50,000 amoebae per animal. It is clear from Table II that
mixed bacterial flora present in the culture of K. histolytica (strain STA),
inoculated intraperitoneally, did not produce bacterial lesions in any one
of the hamsters.

Fias. 19-26. 19, bacterial liver abscess; 20, grade 1 amoebic liver lesion; 21, grade 2
lesion; 22, grade 3 lesion; 23-25, grade 4 lesions; 26, section of grade 4 amoebic liver lesion showing
trophozoites, formaldehyde fixation and stained with Harris haematoxylin ( x 400).
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Seven hamsters were immunized with formalized mixed bacterial flora
of STA strain by two subcutaneous injections given after a week. After
14 days, the hamsters were inoculated with about 30,000 trophozoites per
animal, Five animals produced 4 grade lesions and two 3 grade lesions,
showing that immunization against bacterial associates had no effect on the
production of liver lesions.

TasLE 1

Effect of the number of amoebae (strain ST A of E. histolytica) inoculated intraperitoneally without
laparotomy in hamsters on the production of liver abscess

No. of Woeight of No. of Exa:mmatxo-n after Grade .of

inoculation hepatic Av,
amoebae hamster hamster .
{days) lesion

1,000 40 gm 3 3(D), 4(D), 5(8) 3,4,0 2-3
2,000 50 gm 3 6(3), 6(8), 6(S) 4,0,0 1-3
5,000 50 gm 3 6(8), 6(8), 6(8) 3,0,0 1-0
10,000 50 gm 3 6(S), 6(8), 6(S) 41,0 17
25,000 50 gm 3 4(D), 4(D), 5(D) 4,4, 4 3.7
50,000 50 gm 3 4(D), 5(D), 5(8) 4,4, 4 40

D = died; S = sacrificed.

Tasre IL

Effect of mized bacterial flora of STA strain of E. histolytica inoculated intraperitoneally without
laparotomy in hamsters

Weight of No. of Exa'mmatlor.x after Pres'ence ?f
inoculation bacterial lesions
hamsters hamster ..
A (days) in lver
60 gm 2 37(D), 38(D) Nil
80 gm 4 17(D), 30(8), 30(S), 30(8) Nil
80 gm 4 6(8), 6(8), 6(8), 6(3) Nil

D = died; 8 = Sacrificed.

Production of liver abscess by strains of E. histolytica from acute and
carrier cases is presented in Table ITI. All the six strains were able to produce
3—4 grade lesions. Out of sixty hamsters, weighing 40-120 gm, 59 were
infected with the strain STA, the average hepatic lesion score ranging from
3 to 4.

When different weight hamsters were infected with strain STA intra-
peritoneally in the region of umbilicus after laparotomy by the method of
Jarumilinta and Maegraith (1962), the hepatic lesions produced were very
irregular and a number of hamsters were not infected (Table IV). When
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the inoculum, containing amoebae, was placed in the liver region according
to the method of Jarumilinta (1965) after laparotomy, all the eleven hamsters
were infected with the average hepatic score of 3-3—4-0 (Table V).

TaBLr IV

Production of liver abscess by STA strain of E. histolytica inoculated intraperitoneally (50,000
amoebaefanimal) in the region of umbilicus after laparotomy by the method of Jarumilinta and
Maegraith (1962)

Wt. of No. of Examination after Grade of Av
hamster hamster inoculation (days) hepatic lesion '
130 gm 4 4(D), 7(D), 8(D), 21(D) 4,4,0,0 2.0
130 gm 3 9(D), 10(D), 30(8) 4,2,0 2-0

90-114 gm 6 6(8), 6(8), 6(8), 6(S), 6(S), 6(S) 0,0,0,300 05

80 gm 4 8(D), 14(D), 30(S), 30(8) 0,1,0,0 0-3

D = died; S = sacrificed.

TABLE V

Production of liver abscess by STA strain of B. histolytica inoculated intraperitoneally (50,000
animal) in the liver region after laparotomy by the method of Jarumilinta (1966)

Wt. of No. of Examination after Grade of A
hamster hamster inoculation (days) hepatic lesion v
80 gm 4 4(D), 4(D), 4(D), 5(D) 4,4,4,4 40
80 gm 4 5(D), 5(D), 8(D), 11(D) 4,4, 4,4 4.0
120 gm 3 4(D), 5(D), 5(D) 3,3,3 3.3
D = died.

It may be pointed out that in the technique requiring laparotomy for
infecting hamsters in the umbilicus region, it was found that in a large propor-
tion of the animals there was adhesion of viscera to the body wall and the
formation of bacterial abscess containing pus. Inoculation in liver region
after laparotomy resulted in the adhesion of the liver to the body wall at
the point of incision. Bacterial abscess resulting in pus formation was also
very frequently observed.. In the intraperitoneal method of inoculation,
employed in this work, without laparotomy, occasionally small bacterial
abscesses containing pus develop along with the amoebic lesions. Bacterial
abscesses are found only on the surface of the liver adjacent to the viscera.
In animals in which no apparent amoebic infection was established or in
infected animals treated with emetine hydrochloride, tiny bacterial abscesses
are sometimes seen on the liver surface which may not show any adhesion
to the viscera or the diaphragm (Plate IX, fig. 19).
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The chemotherapeutic effect of emetine hydrochloride in hamsters
infected with strain STA is presented in Table VI. Sixty-six per cent of the
hamsters were completely protected and the average hepatic lesion score was 0-7.

Histopathological study of the sections of 4 grade liver lesions, stained
with Harris haematoxylin/eosin, showed an extensive necrosis of liver paren-
chyma. Where the area of necrosis merged with healthy tissue, a large number
of trophozoites, accompanied with a marked leucocytic infiltration, predomi-
nantly of polymorphonuclear leucocytes, were noticed (Plate X, fig. 27).
In the necrosed tissue, faintly staining debris of nuclei of the leucocytes was
seen along with a few degenerating trophozoites, but no intact leucocytes
(Plate IX, fig. 26). A few aggregations of Gram positive bacterial rods were
also found in the necrosed tissue. They stained deeply in periodic acid-
Schiff (Plate X, fig. 28} and faintly in haematoxylin preparations (Plate X,
fig. 27). Smears made from the surface of the liver abscess revealed Gram
positive and Gram negative bacteria. They stained with periodic acid-Schiff
In infected animals successfully treated with emetine hydrochloride, no
necrosis of liver tissue or leucocytic and bacterial infiltration in the liver was
found in the sections.

DiscussioN

In order to produce 100 per cent infection of . histolytica in the liver of
hamsters by intraperitoneal route, three factors are of paramount importance:
(1) the trophozoites inoculated should be in healthy and actively motile condi-
tion, (2) they should be able to survive in order to colonize the host tissue and
(3) the number of parasites inoculated. Unless these factors are properly
standardized, the results cannot be consistent and reliable. Balamuth and
Brent (1954) found that én vitro the survival and growth of H. histolytica
were best in the complete absence of oxygen and were hampered at tension
even as low as 0-1 per cent. The methods used by the previous workers
(Reinertson and Thompson 1951; Jarumilinta and Maegraith 1962; Jarumi-
linta 1966) for creating infection in the liver after laparotomy do not seem to
be ideal for the survival of the trophozoites. In this work, the trophozoites
used for infecting the liver were in healthy and actively motile condition and
were inoculated intraperitoneally in the liver region without laparotomy.
The validity of this method can be judged by the results presented. All
the six strains from acute and carrier cases produced high-grade liver lesions.
There was cent per cent infection by STA strain in hamsters, weighing
40-120 gm, except in one animal weighing 120 gm.

Fres, 27-28. 27, section of grade 4 amoebic liver lesion showing heavy leucocytic infiltra-
tion and central area of necrosis, trophozoites are marked with arrows and bacterial
aggregates as B, formaldehyde fixation and stained with Harris haematoxylin (x 70); 28,
above section stained with periodic acid-Schiff/Harris haematoxylin, to show the. periodic
acid-Schiff staining of bacterial aggregates which are seen in the area of necrosis (x 400).
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E. histolytica (Strain STA) was used for infeeiing hamster livers,
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The method of infecting the liver by injecting trophozoites in the peri-
toneal cavity in the umbilicus region after laparotomy (Jarumilinta and
Maegraith  1962) was not found to be satisfactory, especially when older
hamsters were used. Liver region inoculation of the trophozoites after
laparotomy, although produced high grade liver lesions, resulted in the adhesion
of the liver to the body wall at the point of incision associated with the
development of bacterial abscesses with pus. In gelatin sponge method,
Jarumilinta (1966) found that the bacterial associate produced walled-off
abscess on the liver surface in all the animals after five days. Tn the present
wethod, bacterial abscesses were not produced on the liver surface by the
bacterial associate. Bacterial abscesses occasionally developed, as reported
in the text, when hacteria were injected along with the trophozoites.

It is apparent that the spread of amoebic infection by different methods—
intrahepatic, intraperitoneal and gelatin sponge method—is bound to be
different. A satisfactory method of scoring liver lesions is presented in this
work. It differs in certain ways to the method of scoring described by
Jarumilinta and Maegraith (1962).  Their 1, 2 and sometimes 3 grade lesions
(1-2 mm lesions more than ten) were found to be produced after one or two
days of infection and have been put in the present system as 1 grade lesions.
The grading adopted here is based on the percentage of the liver surface
infected and also on the depth of the lesions. 3 to 4 grade lesions are more
or less similar to that reported by them. Tt is simpler to record the proportion
of the liver infected for grading the lesions.

Presence of bacteria in amoebic liver abscess produced by intrahepatic
or intraperitoneal route of injecting the trophozoites has been reported
(Reinertson and Thompson 1951: Williams 1959: Neal and Vincent 1956).
In the present work, bacterial aggregates were also found in sections of
infected liver in the area necrosed. It seems that the leucocytic infiltration
surrounding the necrosed area is primarily due to amoebic invasion of the
tissue. This histopathological appearance is not found after emetine hydro-
chloride therapy.

It is hoped that the method of producing hepatic amoebiasis reported
in this paper will be of use to those engaged in the problem of chemotherapy
of systemic amoebiasis and also in testing the virulence of E. histolytica from
human acute and carrier cases.
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