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We looked at the effect of inhibiting caspases on amebic liver abscess in the mouse model of infection. A dose
of the pan-caspase inhibitor benzyloxycarbonyl-V-A-D-O-methyl fluoromethyl ketone (Z-VAD-FMK; R & D
Systems) given to SCID mice 2 h prior to direct hepatic inoculation with Entamoeba histolytica trophozoites, and
12 h after amebic inoculation, reduced the mean liver abscess size by 70% at 24 h compared to a control group.
These data indicate that apoptosis plays a significant but not an exclusive role in amebic liver abscess
formation in the mouse model.

The intestinal protozoan parasite Entamoeba histolytica kills
mammalian cells in a contact-dependent manner (6, 9). How
these cells die remains controversial. A careful in vitro study
indicated that host cells die primarily by lytic necrosis, induced
by pore-forming molecules (amoebapores) produced by E. his-
tolytica trophozoites (1). However, E. histolytica trophozoites
can also induce cells to undergo apoptosis (5, 8, 11). Apoptosis,
or programmed cell death, is an ordered system of cell death,
with an initiator or signaling phase, followed by an effector
stage which executes cell death by degrading various cellular
components. A critical component of the effector stage is the
activation of caspases, cysteine proteinases with specificity for
aspartate residues. Activation of caspases results in the cleav-
age of a number of cellular substrates leading to the apoptotic
phenotype. A characteristic biochemical marker of apoptosis is
endonuclease cleavage of chromatin between histone bodies,
which results in a DNA ladder formation on separating gels.
DNA fragmentation can also be detected by labeling of single-
or double-stranded DNA breaks with terminal deoxyribonucle-
otidyltransferase (TUNEL assay) (10).

The major extraintestinal manifestation of amebiasis is ame-
bic liver abscess, where E. histolytica trophozoites cause large,
but circumscribed, areas of hepatocyte death with relatively
few signs of diffuse liver inflammation (2). Amebic liver ab-
scesses in mice are associated with apoptosis of hepatocytes
and inflammatory cells (11). DNA ladder formation was de-
tected in samples of abscessed liver from SCID mice by 1 h
following E. histolytica inoculation (11). TUNEL staining
showed areas of apoptosis within amebic liver abscesses, with
staining in inflammatory cells and hepatocytes directly contact-
ing amebic trophozoites, as well as staining in more distally
located hepatocytes (11). Studies using mice lacking Fas ligand
or Fas receptor and mice with targeted deletion of the tumor
necrosis factor receptor 1 (TNFR1) showed that E. histolytica-

induced apoptosis can occur independently of the Fas-ligand
or TNFR1 pathways (11).

To further investigate the contribution of apoptotic cell
death to amebic liver abscess formation, we set out to block
apoptosis by inhibiting caspases in SCID mice. A group of 14
SCID mice (female; age, 8 to 10 weeks) received 100 �l of a 10
�M solution of the general caspase inhibitor benzyloxylcar-
bonyl-V-A-D-O-methyl fluoromethyl ketone (Z-VAD-FMK;
R & D Systems) intraperitoneally 2 h before intrahepatic in-
oculation of 106 E. histolytica HM1:IMSS trophozoites, and a
second dose of the same quantity of Z-VAD-FMK 12 h after E.
histolytica inoculation (7). A second group of 14 age- and
sex-matched SCID mice received 100 �l of phosphate-buffered
saline (PBS) intraperitoneally, 2 h before, and 12 h after,
intrahepatic inoculation of 106 E. histolytica HM1:IMSS tro-
phozoites. A third group of five age- and sex-matched SCID
mice received two doses of Z-VAD-FMK on the same sched-
ule as groups 1 and 2, and an intrahepatic PBS inoculation
instead of E. histolytica trophozoites. There was one death
associated with anesthesia during the intrahepatic inoculation
of E. histolytica in a Z-VAD-FMK-treated animal. Twenty-four
hours after intrahepatic challenge, SCID mice in each group
were sacrificed. Venous blood was obtained for measurements
of serum alanine aminotransferase (ALT) from six randomly
selected mice in both the Z-VAD-FMK-treated and control
liver abscess groups and all mice in the Z-VAD-FMK-treated
sham-injected group. Livers were removed from SCID mice
and the area of liver abscess was excised and weighed to obtain
the percentage of the liver occupied by abscess (4).

Amebic liver abscesses were significantly smaller in mice
receiving the caspase inhibitor Z-VAD-FMK. As summarized
in Table 1, the mean liver abscess size in Z-VAD-FMK-treated
SCID mice was 9.7% � 5.4% compared to 33.5% � 16% in
SCID mice that were treated with PBS. This difference was
significant at P � 0.001 (two-tailed t test). All mice in the
control group (PBS) had an amebic liver abscess, while one of
the mice in the Z-VAD-FMK-treated group did not have a
detectable abscess. SCID mice receiving Z-VAD-FMK alone
without any amebic challenge did not develop liver abscesses.
Thus, pretreatment of animals with the caspase inhibitor Z-
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VAD-FMK significantly reduces amebic liver abscess size in
the murine model of disease.

We also measured serum ALT levels, a marker for hepato-
cellular damage and liver inflammation in all three groups, to
exclude a toxic effect of Z-VAD-FMK on normal livers, and as
an independent marker of hepatocyte damage in SCID mice.
Serum ALT levels were above normal in both groups of mice
with amebic liver abscesses (Table 1). However, despite a
marked difference in abscess size, there was not a significant
difference in ALT levels between mice treated with the caspase
inhibitor and those receiving PBS. SCID mice receiving Z-
VAD-FMK and an intrahepatic inoculation with PBS did not
show a significant elevation in ALT levels, excluding an inde-
pendent toxic effect of VAD or hepatic inoculation on murine
liver cells.

To confirm that caspase blockade had been achieved, and to
determine whether the amebic liver abscesses seen in Z-VAD-
FMK-treated mice had signs of apoptosis, we looked for DNA
ladder formation in amebic liver abscesses from control and
Z-VAD-FMK-treated mice. Genomic DNA was obtained from
sections of abscessed liver as previously described (11). Five
micrograms of DNA was loaded onto a 1.2% agarose gel and
subjected to electrophoresis at 100 V for 75 min. Agarose gel
electrophoresis of DNA obtained from amebic liver abscesses
in SCID mice receiving Z-VAD-FMK showed no DNA ladder
formation (Fig. 1, lane 4), or faintly visible ladders (Fig. 1, lane
5), while prominent ladder formation was present in DNA
obtained at the 24-h time point in DNA from amebic liver
abscess in the control group (Fig. 1, lanes 2 and 3).

We compared the histologic findings in amebic liver ab-
scesses from Z-VAD-FMK-treated SCID mice and control
SCID mice. Sections of abscessed liver were fixed in formalin
and embedded in paraffin for TUNEL staining using the in situ
cell death detection kit POD (Roche, Indianapolis, Ind.) ac-
cording to the manufacturer’s instructions. A 10% solution of
3, 3�-diaminobenzidine in PBS (Sigma, St. Louis, Mo.) was
used for detection, and all slides were counterstained with
hematoxylin for 30 s. Amebic liver abscesses from control
SCID mice had large areas of dead hepatocytes, which showed
diffuse TUNEL staining (Fig. 2A). Small regions of normal-
appearing hepatocytes could often be seen within areas of
abscess. E. histolytica trophozoites were visible in sections, al-
most always surrounded by small numbers of inflammatory
cells. At higher magnification, dead hepatocytes with con-
densed TUNEL-positive nuclei were seen (Fig. 2B), indicating
that these hepatocytes had undergone apoptosis. Amebic liver
abscesses from Z-VAD-FMK-treated SCID mice showed
smaller regions of dead hepatocytes, with some cytoplasmic
uptake of the TUNEL stain. The dead hepatocytes bordered

areas of cellular infiltration, which was often more prominent
in amebic liver abscesses from Z-VAD-FMK-treated mice
(Fig. 2C). E. histolytica trophozoites were visible within the
cellular infiltrate, and at a higher magnification, neutrophils
were seen to be a prominent component of the inflammatory
infiltrate (Fig. 2D). Little to no TUNEL staining was seen in
nuclei from hepatocytes adjacent to E. histolytica trophozoites,
or in the nuclei of the surrounding inflammatory cells, consis-
tent with blockade of apoptosis by Z-VAD-FMK treatment.

Taken as a whole, these findings suggest that hepatocyte
apoptosis plays a significant role in the formation of amebic
liver abscesses in the mouse model of disease. They also indi-
cate that amebic activation of caspases is a key event in liver
abscess formation. These data are consistent with recent stud-
ies indicating that caspase activation is seen in Jurkat cells
within minutes of contact with E. histolytica trophozoites, and
that blockade of caspase 3 could block Jurkat cell death (5).

It should be emphasized that our data also indicate that
apoptosis is not the sole pathway for amebic liver abscess
formation in the mouse model. Amebic abscesses were seen in
livers from mice treated with the caspase inhibitor. We cannot
absolutely exclude the possibility that some of these abscesses

FIG. 1. Apoptotic changes are not detected in genomic DNA ob-
tained from regions of amebic liver abscess in Z-VAD-FMK-treated
SCID mice at 24 h after infection. Genomic DNA from amebic liver
abscesses in control SCID mice (lanes 2 and 3) shows the characteristic
180-bp DNA ladder formation, while genomic DNA obtained from
amebic liver abscesses in SCID mice treated with Z-VAD-FMK does
not ladder (lane 4) or shows faint ladder formation (lane 5). Lane 1
contains the 100-bp DNA markers (Promega, Madison, Wis.).

TABLE 1. Caspase inhibition with Z-VAD-FMK reduces amebic liver abscess size in SCID micea

Group No. of SCID
mice

E. histolytica
challenge

Z-VAD-FMK
treatment

% Liver abscessed
[mean � SD mean (ranged)]

ALT
(U/liter)b

1 (n � 6) 13 Yes Yes 9.7 � 6.3 (0–18) 329 � 276
2 (n � 6) 14 Yes No 33.5 � 20 (13–86) 386 � 172
3 (n � 5) 5 No Yes —c 40 � 11

a The difference in mean abscess size between the Z-VAD-FMK-treated and control groups was significant at a P of �0.001 (two-tailed t test).
b Normal range for ALT, 26 to 77.
c —, no abscesses.
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FIG. 2. Histologic findings in amebic liver abscesses from control and Z-VAD-FMK-treated SCID mice 24 h following infection. (A) TUNEL
staining of a section of amebic liver abscess from a SCID mouse. Most of the liver is occupied by dead hepatocytes (D), which have taken up the
TUNEL stain (brown coloration). Multiple E. histolytica trophozoites (some of which are indicated by the arrows) are visible throughout the liver,
usually surrounded by pockets of inflammatory cells. A small region of normal-appearing liver (N) is indicated. The portion of the abscess
examined in panel B is indicated by the box. Magnification, �50. (B) Detail from panel A, showing a region of dead hepatocytes surrounding an
E. histolytica trophozoite and a small number of inflammatory cells. Multiple apoptotic nuclei stained by TUNEL are indicated by the small arrows
(white and black), while a single amebic trophozoite is indicated by the large arrow. Magnification, �340. (C) TUNEL staining of a section of
amebic liver abscess from a Z-VAD-FMK-treated SCID mouse. A small rim of dead hepatocytes (D) surrounds a region of increased cellularity
(C) and E. histolytica trophozoites (some of which are indicated by arrows). Some take-up of TUNEL stain (brown coloration) is seen in the dead
hepatocytes. Most of the field is occupied by normal-appearing liver (N). The portion of the abscess examined in panel D is indicated by the box.
Magnification, �85. (D) Detail from panel C, showing multiple amebic trophozoites, (some of which are indicated by arrows) surrounded by
inflammatory cells (C) including many neutrophils. There is little to no TUNEL staining in nuclei of inflammatory cells, or in the adjacent region
of normal-appearing hepatocytes (N). Magnification, �340.
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could be secondary to apoptosis associated with residual
caspase activity, due to incomplete blockade by Z-VAD-FMK.
However, the complete absence of ladder formation in DNA
samples obtained from some abscesses in Z-VAD-FMK-
treated mice, as well as the absence of nuclear TUNEL-stain-
ing in histologic sections, makes it unlikely that residual
caspase activity was solely responsible for amebic liver abscess
formation in these animals. A more likely mechanism is direct
cytolysis of hepatocytes by E. histolytica trophozoites through
the action of the amebapore molecule (1). We hypothesize that
both E. histolytica-induced cytolysis and apoptosis may contrib-
ute to amebic liver abscess formation in the mouse model.
Direct contact with amebic trophozoites may cause either he-
patocyte necrosis or apoptosis, but hepatocyte death distal to
areas of immediate contact between E. histolytica trophozoites
and hepatocytes may be primarily due to apoptosis. This would
explain the predominant histologic findings in amebic liver
abscesses in control SCID mice: large areas of dead hepato-
cytes, many with TUNEL-positive nuclei, but relatively few in
direct contact with E. histolytica trophozoites. Apoptosis in
these cells could be secondary to molecules released by ame-
bae, such as amebapore or proteinases (13, 14), molecules
released by host cells that were lysed by E. histolytica tropho-
zoites (3, 12), or ischemia and infarction caused by amebic
disruption of the liver vasculature.
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