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a b s t r a c t

Clostridium perfringens alpha and epsilon toxins produce enterotoxaemia in sheep and goats. However,
the information regarding the pathophysiology of alpha and epsilon toxins in the bovine intestine is still
scanty. In this study, intestinal loops were performed in the ileum and colon of three one-week-old
Holstein and two four-week-old crossbreed calves. Laparotomy was performed in all calves under
anaesthesia and four loops -three cm long- were performed in the small and large intestines. For both
intestines, loops were inoculated with alpha or epsilon toxins. Tissue samples from all loops were ob-
tained and processed for routine histology and for transmission electron microscopy. Congestion was
observed in toxin treated loops. Fluid accumulation in the gut lumen was prominent in all treated loops,
but in epsilon treated ones the mucous was also haemorrhagic. The histology revealed large amount of
exfoliated epithelial cells in the lumen of alpha toxin treated loops and severe haemorrhage was
observed in the lamina propria of epsilon toxin treated colonic loops. Despite some necrotic exfoliated
enterocytes, no ultraestructural changes were observed in alpha toxin treated loops, though with epsilon
toxin the loops exhibited dilation of the intercellular space in the mucosa of both, small and large
intestines. These observations indicate that both, alpha and epsilon toxins can alter the intestinal barrier,
in calves and are pathogenic for this species.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Clostridium perfringens is a sporulating bacteria, often found as
a normal inhabitant of the intestine of most animal species and
humans [1,2]. C. perfringens alpha toxin is produced by all types of
C. perfringens and it has been associated with a variety of diseases
such as gas gangrene in livestock and humans or necrotic enteritis
in bovine and poultry. However, necrotic enteritis in poultry has
now been related to the effects of NetB toxin, produced by some
strains of C. perfringens type A [3,4]. Epsilon toxin, on the other
hand, is the most potent toxin produced by these bacteria and it is
also considered a category B toxin by the Centers for Disease
Control and Prevention (CDC) for its potential role in bioterrorism
[5]. Epsilon toxin is produced by C. perfringens type B and D as
a proto-toxin, and it is activated through proteolytic cleavage by the
animal’s trypsin, chymotrypsin or C. perfringens zinc-
metalloprotease [2,6] and plays a key role in the pathogenesis of
sheep and goat enterotoxaemia [7]. In sheep, this disease is acute
and fatal, characterized predominantly by neural signs [8]. In goats,
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the disease is most commonly an acute or sub-acute enterocolitis,
though lung and brain oedema can occur as well [9].

C. perfringens type D alpha and epsilon toxins are also consid-
ered as the causative agents for bovine enterotoxaemia, which is
known to affect mostly calves [10]. However, this bacteria and/or its
toxins have also been detected in the gastrointestinal tract of
healthy animals [7,11,12]. Furthermore, it is known that laboratory
evidence does not always support the clinical observations of this
disease in the bovine, and there are only a few reports about this
condition in cattle [2]. Therefore, the information about the clinical
and pathologic findings of the disease in calves is scant and
contradictory [13,14]. In an attempt to clarify the role of
C. perfringens type D as a pathogen for cattle, some experimental
studies have been performed [16,17]. These studies reported peri-
vascular oedema in the lungs and brain as well as mild acute
intestinal haemorrhage after intravenous-toxin or intraduodenal-
culture inoculations in calves. However, specific studies on the
effects of both, alpha and epsilon toxins in the bovine gut are still
scant. In order to provide further knowledge on the effects of
C. perfringens alpha and epsilon toxins in the bovine gut, the
present study, describes the gross, histological and ultrastructural
changes of the small and large intestine in one-week-old, and four-
week-old calves, after the exposure to alpha or epsilon toxins.
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Table 1
Mean and standard error of the fluid accumulation detected in either control or
toxin treated small or large intestine (in ml).

Small intestine Large intestine

Control 1.44 � 0.27 1.13 � 0.42
Alpha toxin 2.30 � 0.46 2.04 � 0.50
Epsilon toxin 2.07 � 0.16 1.58 � 0.32
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2. Material and methods

2.1. Animal welfare and care

Three one-week-old Holstein and two four-week-old crossbreed
calves were used in this study. The animals were kept with their
mothers until the day prior to the surgery.

The animal experiments were carried out according to the
recommendations and approval of the Veterinary and Agricultural
Research Centre (CICVyA) Animal Experimentation Ethics
Committee, at INTA Castelar.

2.2. Toxins

Semi-purified (ultrafiltered) alpha toxin, obtained from a batch
for vaccine production (CSL Ltd. Melborune, Australia) was used, as
described by Fernandez Miyakawa and Uzal [18]. The crude toxin
had been produced using an ovine isolate of C. perfringens type A. To
avoid loss of toxicity, a freeze dried vial was reconstituted in 25mM
sodium phosphate buffer (pH 7.4) on each occasion. The alpha toxin
preparation was tested in a mouse neutralization test with C per-
fringens type A and D antisera, and a lethal dose 50% (LD50) per
milliliter was calculated [19]. The purity of alpha toxin is >80%,
mouse neutralization test revealed that perfringolysin-O was not
present in any of the inocula used [20].

Epsilon proto-toxin was purified as previously described [14]
from an overnight growth of a C. perfringens type-D culture
(strain NCTC 8346). The purity of epsilon proto-toxin was >95%
when SDS-PAGE gel was stained with Coomasie blue. Prior to its
use, epsilon proto-toxin was reconstituted and activated by incu-
bation at 37� for 30 min with 0.1% trypsin (Sigma).The LD50 was
estimated as previously described [21].

2.3. Challenging inoculum protocol

Twenty 4 h previous to the surgery, all calves were housed and
fasted, with water provided ad libitum. Tranquilization was ob-
tained by intravenous injection of ketamine (10 mg/kg, Richmond,
Argentina) and acepromazine (1 mg/kg Holliday, Argentina).
Anaesthesia was induced by peridural injection of 1 ml of lidocaine
(Lidocaina 2%, Invi, Argentina). Laparotomy was performed via the
right flank, and the small intestine (ileum) and colonwere exposed.
Four segments (3 cm long) of ileum and four similar lengths of
colon were isolated by a ligature in each animal, avoiding inter-
ference with the blood supply and leaving an empty segment of gut
(4e5 cm long) between consecutive loops. All loops were flushed
and rinsed with saline, to remove any content from the lumen of
the bowel. One ml of inoculum containing either alpha (300 LD50)
or epsilon (4000 LD50) toxins were injected, separately, into either
of two small intestinal and either of two colonic loops, in each
animal. The remaining four loops (two small and two large intes-
tine loops) received a similar volume of 25 mM sodium phosphate
buffer (pH 7.4) and were used as controls.

The abdominal incision was then closed by separate muscle and
skin sutures and the animals were kept deeply anaesthetized with
ketamine until euthanasia.

After 4 h, all calves were euthanized and the abdominal cavity
was reopened. Both, ileum and colon loops of each animal were
removed and weight before and after emptying its content.

The volumes of fluid accumulation in the toxin treated loops
were compared with the control loops Wilcoxon signed-rank test
(STATISTIX 8.0, Analytical Software).

The tissues were then fixed in 10% buffered formalin, embedded
in paraffin wax, sectioned at 4 mm and stained with hematoxylin
and eosin. A 1 mm3 section of each loop, together with a similar
section of non-ligated small and large intestine were collected and
fixed in 2% buffered glutaraldehyde solution and post-fixed in 1%
osmium tetroxide. These tissues were then processed for routine
transmission electron microscopical examination. The electron
microscopy was performed using a Jeol 1010 transmission electron
microscope.

3. Results

All control and toxin treated loops exhibited fluid accumulation
(Table 1). The largest amount of fluid accumulated, was observed in
the small intestine of an alpha toxin treated loop (3.25 ml).

Statistical analysis was performed comparing the toxin treated
loops with the controls.

Significant differences were observed between small intestine
epsilon toxin treated and large intestine alpha toxin treated loops,
compared with their respective controls (p < 0.05). However, the
remaining treatments (small intestine alpha-treated and large
intestine epsilon-treated loops) had a higher p-value when
compared with their respective controls (p � 0.1).

The contents of the loops were transparent in the controls and
mucous anddense in alpha treated ones. In epsilon treated loops, the
mucosa and the mucous content had a haemorrhagic appearance.

Histopathological changes were observed in tissues treatedwith
either alpha or epsilon toxins. In alpha toxin-treated loops, short-
ening and villus blunting, together with epithelial cell detachment
and haemorrhage of the lamina propria was observed in ileal loops
(Fig. 1C). Congestion and mild haemorrhage in the lamina propria
were observed in the colon loops (Fig. 1D). Abundant exfoliated
epithelial cells, together withmucous forming pseudomembrane as
well as some leucocytes, were seen in the lumen of both, small and
large intestinal alpha toxin treated loops. These changes were more
severe in the small rather than the large intestine.

In epsilon toxin treated loops, congestion and erosion of the
mucosa with severe haemorrhage, affecting the mucosa, lamina
propria and sub-mucosa, with moderate polymorphonuclear infil-
trate was observed in either small and large intestinal loops (Fig. 1E
and F respectively). In these loops, fibrinonecrotic (diphtheritic)
membranes, consisting of mucus, leucocytes exfoliated epithelial
cells and erythrocytes were present in the lumen.

The ultrastructure of alpha or epsilon toxin treated loops,
revealed epithelial cell detachment and necrosis of detached cells.
In epsilon toxin treated loops, haemorrhage of the lamina propria
with some polymorphonuclear infiltration was also evident.
Although in all loops the microvilli, the cell membranes, nucleus
and organelles of the enterocytes appeared intact in the attached
enterocytes, in epsilon toxin loops, the intercellular spaces were
markedly dilated, predominantly in the large intestine (Fig. 2D) but
also in the small intestinal loops as well (Fig. 2B). These separations
between adjacent enterocytes were at various sites, between the
tight junction and the basal membrane, although no obvious
changes were noted in the tight junction or other junction struc-
tures. According to their severity, these separations were scored as:
1 (mild), 2 (moderate) or 3 (severe). The average score in small
intestine loops was 1.5 ranging from 1 to 2 and in large intestinal
loops, the median score was 3, ranging from 2 to 3.



Fig. 1. Histology of bovine small (left column) and large (right column) intestine loops inoculated with vehicle (top), C. perfringens alpha (middle) and epsilon toxins (bottom).
Control small (A) and large intestinal loops (B), exhibited no evident histological changes. Epithelial cell detachment (arrow) and haemorrhage of the lamina propria (white arrow)
can be observed in alpha treated small intestines loops (C), while the large intestine (D) displayed congestion and mild haemorrhage of the lamina propria (arrow). In epsilon
treated loops, severe erosion and cell exfoliation can be observed in the small intestine loops (E), while oedema and haemorrhage of the lamina propria, extending from the sub-
mucosa, with leukocytic infiltration, can be seen in the large intestine loops (F). Hemoatoxilin and eosin. Bar ¼ 50 mm.
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No changes were observed in the endothelial cells of any of
these loops, and no histological or ultrastructural changes were
observed in any of the control loops (Fig. 1A and B).

4. Discussion

In the present study, some fluid accumulationwas noticed in the
lumen of all loops, with varying differences; although the largest
amount was noted in small intestine alpha toxin treated loops.
Significant differences between control and treated loops were also
detected.

In all alpha toxin treated loops, the fluid content was mucus but
epsilon toxin small and large intestinal loops had a haemorrhagic
content. Similar fluid accumulation has been reported in sheep,
goats and calves ligated loops treated with C. perfringens type A or
D culture supernatants, cells or alpha or epsilon toxins
[5,17,22e24].

Alpha toxin induced epithelial cell detachment, tip blunting,
erosion and mild inflammation of both the small and large intes-
tine. These changes have been reported in ovine intestinal loops
inoculated with C. perfringens alpha toxin (300 LD50/ml) [18].
Epsilon toxin, on the other hand, induced more severe changes
including severe oedema and haemorrhage of the lamina propria
and polymorphonuclear infiltration. The differences in the
pathology of either toxin highlight different biological activities
that each toxin has in the bowel [5,6,21].



Fig. 2. Transmission electron microscopy of enterocytes of small and large intestinal loops, treated with vehicle (A and C) or epsilon toxin (B and D). Enterocytes from a control small
intestinal loop exhibiting well preserved desmosome (circle) and close contact between adjacent cells, in contrast to the epsilon treated loops (B) in which mild (grade 1) separation
between adjacent cells (square) can be noted. In epsilon toxin large intestine loops (D), the severe separation (grade 3) is evident (arrow), extending from the apical junction
complex (arrowhead) towards the basal membrane. In these cells, the villi seem intact. Bar ¼ 1 mm.
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Theultrastructural changesobserved in this study,werealsomore
severe in epsilon treated loops, in which dilation of the intercellular
spaceswas evident, particularly in the colon. Recently, Goldstein and
co-workers [25], reported tight junction opening in small intestine
ligated loops of rats andmice treated with epsilon toxin, sufficiently
enough to enable horseraddish peroxidase to filter through the tight
junction [25]. In the present study, the tight junctions were not
evidently altered although the dilation of the intercellular spaces
suggests that subtle changes were present. These observations indi-
cate thatepsilon toxin alters the integrityof the intestinal epithelium,
affecting the fluid homeostasis, at least through the paracellular
pathway as well as the integrity of the intestinal barrier as a whole.
This could allow the toxin to cross the epithelial barrier, affecting
other structures in the lamina propria, inducing the inflammatory
changes and, finally, reaching the blood stream.

Both, one-week-old and four-week-old calves had similar
changes, indicating that both categories are probably equally
susceptible.

It has been demonstrated ein a mouse model- that alpha and
epsilon toxins have a synergic effect when they were inoculated
intravenously, but none when they were inoculated intragastrically
[20]. The results of the present study indicates that both, alpha and
epsilon toxins induce changes in the bovine small and large
intestine independently, though through different pathogenic
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mechanism. It also stands clear that he small intestine is more
susceptible to alpha toxin while the colon appears to be more
susceptible to epsilon.

Although there has been some controversy on the role of
C. perfringens type D as a cause of bovine sudden death [13], the
results of this study together with previous ones [15,16] demon-
strate that the toxins of this microorganism can induce clinical and
pathological changes to the intestine of calves.
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