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Abstract

An experimental study was performed in order to analyze the histopathological findings of gastrointestinal mucosa
and regional lymph-nodes in piglets intoxicated with T-2 toxin as well as the mechanism of T-2 induced apoptosis in the
intestinal crypt epithelia. Sixteen piglets were divided into 4 groups receiving a single oral administration of T-2 toxin.
Group A: 2.5 mg T-2/kg b.w.; group B: 2 mg T-2/kg b.w.; group C: 1.5 mg T-2/kg b.w.; group D: control group without
toxin. Organ lesions were classified in grades 0 to 4 according with severity and were statistically analyzed. Apoptosis was
examined in intestinal sections only in groups A and D. Group A piglets showed clinical signs and pathological changes
related with those seen in circulatory shock. Microscopic lesions were observed only in pigs from groups A and B. In
stomach, lesions consisted of congestion, hemorrhages and necrotic cells in the isthmus and neck regions. Submucosal
edema and necrotic crypt epithelial cells were seen in duodenum, jejunum, ileum, cecum and colon. The greatest grade of
lesions was observed in colon. In lymph node, grade of lymphocytes depletion and necrosis was significantly higher in
cortex than paracortex. Apoptotic bodies were present in intestinal crypt cells, lymphoid cells from lamina propria and ileal

Peyer’s patches. Apoptosis seems to be the mechanism involved in the development of intestinal lesions.
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Introduction

Trichothecenes are mycotoxins commonly found
on a worldwide basis in cereal grains, animal feeds and
forages (2, 3, 21, 29). Many toxigenic species of Fusarium
are the main producers of trichothecenes in cereals (21).
Within the trichothecene group more than 150 compounds
have been identified (20). Among them, deoxynivalenol
(DON), nivalenol (NIV), 3-acetyl DON (3-ADON),
diacetoxyscirpenol (DAS), T-2 toxin and HT-2 toxin occur
frequently in grains such as wheat, maize, barley, oats and
rice grown in the temperate regions of America, Europe
and Asia (21, 29). There are evidences implicating these
mycotoxins in livestock disorder in different parts of the
world (13).

T-2 toxin is a potent inhibitor of protein synthesis
both in vivo and in vitro (11, 33) and affect mitotic cells of
the gastrointestinal tract and lymphoid system inducing
necrosis and apoptosis (5, 10, 25, 31, 33).The effect of T-2
toxin on the immune response has been investigated
showing that T-2 toxin is a potent immunosuppresor in a
wide range of species (12, 31). It also has strong emetic
effects and greatly reduces the feed intake (26).

Pigs are more sensitive to trichothecenes than
other farm animals (3). Different pig breeds, ages and
source of the toxin have been used in controlled
experiments (3).The contamination of the pig diets with as
little as 0.5 mg/kg T-2 toxin may have deleterious effects
on a number of hematological and immunological
variables and may represent high hazard to pig production
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(27). However, pigs are generally less severely affected
because they refuse part or all any rations that contain
these mycotoxins (26). Reduced feed intake or complete
feed refusal and reduced weight gain have been observed
when pigs were given 5-10 mg T-2 toxin/kg feed (3, 7, 8).
Histological examination revealed that necrosis were
present in the epithelial cells of the mucosa and in the
crypt cells of jejunum and ileum, Peyer’s patches of the
ileum, lymphoid elements of the cecum, spleen and lymph
nodes of pigs administered intravenously with 0.13 to 3.2
mg T-2 toxin/kg body weight. The B and T dependent
zones of the lymph nodes showed a depletion of lymphoid
elements in pigs received feed contained 0.5 to 3 mg T-2
toxin/Kg (27). Although T-2 toxin induced necrosis has
been described elsewhere, there is a lack of information in
piglets with regard to the detailed histopathological
changes found in the gut and regional lymph-nodes and the
effects of T-2 as the effectors of the apoptotic mechanisms.

The aim of this study were to analyze the
histopathological findings at different levels of
gastrointestinal mucosa and regional lymph-nodes in
piglets experimentally intoxicated with 3 different doses of
T-2 toxin in a single oral administration as well as the
mechanism of T-2 toxin induced apoptosis in the intestinal
crypt epithelia.

Materials and methods

Animals and T-2 toxin

Sixteen crossbreed swine weighing an average of
5.9 kg were obtained from a commercial source, monitored
of health and allowed to individual pens following the
international guidelines (Canadian Council on Animal
Care, CCAC). Commercial ration, mycotoxins free by
previous analysis, and water were provided ad libitum until
the start of assay.

T-2 toxin was prepared and purified from cultures
of Fusarium tricinctum (NRRL 24631) (4). The standard
mycotoxin and the crude extracts were applied to TLC
plates pre-coated with silica Gel 60 and the plates were
developed in a solvent system. Relative amounts of T-2
were determined by visual comparison with known
amounts of standards under 365 nm UV light. The toxin
was dissolved in 50% ethanol, diluted in 5 ml PBS solution
and was administered as a single oral dose.

Pigs were fasted 12 hours before mycotoxin
administration and thereafter clinical condition was
recorded each hour. Animals were divided into 4 groups:
group A: 4 animals inoculated with 2.5 mg T-2/kg body
weight (b.w.); group B: 4 pigs inoculated with 2.0 mg T-
2/kg b.w.; group C: 4 pigs inoculated with 1.5 mg T-2/kg
b.w. and group D: 4 control pigs inoculated with 50%
ethanol. In each group, male and female pigs were
represented. All observable signs of toxicity were
recorded. The pigs from group A were euthanized by
humanitarian reason about 16 hours after treatment (HAT)
according with the methods proposed by the American

Association of Swine Practitioners -AASP- (National Pork
Producers Council) and the remainder animals were
sacrificed at 35 HAT. Necropsy was performed on
animals, gross lesion registered and tissues were sampled
for histopathology.

Histopathologic study

Tissue samples of brain, lung, heart, liver,
pancreas, adrenal gland, kidney, stomach, small intestine
(duodenum, jejunum and ileum), large intestine (cecum
and colon), lymph nodes, spleen and tonsil were collected
and fixed in 10% neutral-buffered formalin, embedded in
paraffin, sectioned at 4 um, stained with hematoxylin and
eosin (HE) and examined by light microscopy. Sections of
stomach (fundic region), duodenum, jejunum, ileum,
cecum and colon were studied by random observation of 4
fields (objective magnification x40). The evaluated lesions
were: a) stomach (gastric glands): necrosis of the
epithelium (isthmus, neck and base regions); b) intestine:
necrosis of absorptive and intestinal crypt epithelia,
necrosis of lymphoid cells in the lamina propria and
depletion/necrosis of ileal Peyer's patches and lymphoid
aggregates of colon and cecum.

In the same way necrosis and depletion of
lymphoid cells from thymus, lymph nodes, spleen and
tonsil were studied.

Above mentioned lesions were classified in
grades from 0 to 4 according to severity, as follows:
-Epithelial cells necrosis: *grade 0: no necrotic cells,
*grade 1: scattered necrotic cells, *grade 2: few necrotic
cells, *grade 3: numerous necrotic cells, *grade 4: almost
cells necrotic.

-Lymphocyte depletion: *grade 0: no depletion, *grade 1:
slight depletion, *grade 2: moderate depletion, *grade 3:
severe depletion, *grade 4: very severe depletion.
-Lymphocyte necrosis: *grade 0: no necrosis, *grade 1:
slight necrosis, *grade 2: moderate necrosis, *grade 3:
severe necrosis, *grade 4: very severe necrosis.

Statistical analysis

Microscopic lesions were analyzed by Fisher
(ANOVA). A value of P<0.05 was considered significant
(30).

In situ detection of fragmented DNA

DNA fragmentation was examined on the paraffin
sections of duodenum, jejunum, ileum, cecum, and colon
from groups A and D by the TUNEL method with a
commercial apoptosis detection kit (ApopTag®Plus
Peroxidase In Situ Apoptosis Detection Kit, Chemicon
International, USA&Canada). Briefly, fragmented DNA
3’-OH ends on the section were labeled with digoxigenin-
dUTP in the presence of terminal deoxynucleotidyl
transferase (TdT). Peroxidase-conjugated anti-digoxigenin
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antibody was reacted with the sections. Then the slides
were incubated with DAB substrate solution at room
temperature and counterstained with methyl green.

Apoptotic index (AI) of crypt epithelium was
calculated using the number of pyknotic cells positively
stained. Namely, Al (pyknotic cells/total cells counted x
100) in the intestine was calculated on 4 fields/section on
randomly chosen (5 crypts/field).

Results

Clinical observations

Signs of emesis, chewing movements, ptialism,
hind limbs locomotor’s disturbances, increased number of
mictions, dullness, hypothermia and diarrhea were seen in
group A pigs. Pigs from group B showed emesis, chewing
movements and hind limbs weakness. Group C and D pigs
appeared clinically normal.

Gross changes

Lesions were observed only in group A pigs killed
at 16 HAT. Mesenteric fold edema of ascending colon,
ascitis, edema gall bladder, congestion and hemorrhages of
stomach, cecum and colon, diffuse cortical hemorrhages of
adrenal glands, enlargement of mesenteric lymph-nodes
and hemorrhages of spleen were the predominated
changes.

Histopathologic study

Microscopic lesions were observed only in pigs
from groups A and B. Distribution of organ lesions
classified in grades from 0 to 4 and their statistically
significance are showed in tables 1 to 3.

In stomach the lesions consisted of congestion and
hemorrhages. Scattered to numerous necrotic cells were
seen in the isthmus and neck regions. Necrosis of base
region was not observed. There was statistically
differences of grade of necrotic cells in both isthmus and
neck, between groups A and B (P<0.0001) and within
groups (P<0.05) (fig.1 and table 1).

Submucosal edema and scattered to numerous
necrotic crypt epithelial cells were seen in duodenum,
jejunum, ileum, cecum and colon (fig. 2). Absorptive
epithelium was not affected. Significative differences were
seen in the grade of necrotic crypt cells and necrotic
lymphoid cells of lamina propria between groups A and B
(P< 0.0001) (table 2). Grade of depletion and necrosis of
ileal Peyer's patches were significantly higher in group A
(1.87+0.09 and 4+0.0 respectively) than group B
(0.67+0.25 and 0.67+0.0 respectively). The greatest grade
of lesions was observed in colon (P< 0.05) (table 2).

Lymphoid aggregates of tonsils, white and red
pulps of spleen, germinal centres of lymph-nodes, cortex
and medulla of thymus showed depletion, pyknosis and
karyorrhexis of lymphocytes.
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Figure 1 - Stomach - Group A (2.5 mg T-2 toxin/kg) Scattered
karyopyknotic cells in the neck and isthmus zones (arrows). H&E. Obj.
20X.

Flgure 2 - Colon - Group A (2 5 mg T- 2 toxm/kg) Necros1s of crypt
epithelial cells (arrows) and lymphocytes in the lamina propria (arrow
heads). H&E. Obj. 40x.

In  addition, large  mononuclear cells,
morphologically resembling macrophages with abundant
cytoplasm containing phagocytosed cell debris were
observed. In thymus, grade of lymphocytes necrosis was
significantly higher in cortex than medulla in group A
(P<0.05)(table 3). In lymph node, grade of lymphocytes
depletion and necrosis was significantly higher in cortex
than paracortex (P<0.05) (table 3).

In adrenal gland, generalized hemorrhages with
vacuolization and necrosis of cortical epithelial cells were
evident.

In heart, small subendocardial hemorrhages,
multifocal degeneration and necrosis of myofibers were
evident.

The liver showed scattered hepatocytes with
coagulative necrosis and edema of gall-bladder.
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Coagulative necrosis of single or grouped acinar cells in
pancreas was another change.

Table 1 - Stomach: graded score of necrotic cells in Groups A (2.5 mg T-
2/b.w.) and B (2.0 mg T-2/b.w.).

Zone Group
A B
(m=SEM) (m=SEM)
Isthmus 2.3+£0.15 a*** 0.20£0.13 55

Neck 1.7+0.15% 0.2040. 1355+

Data are expressed as means+=SEM; n= 15 per group. (¥***) Means within
the same region and raw, and with asterisks, indicate significant
difference between groups (P < 0.001). ®® Means within the same
column and with different superscripts letters (a, b), are significantly
different (P < 0.05). Score level:*grade 0: no necrotic cells,*grade 1:
scattered necrotic cells,*grade 2: mild necrotic cells,*grade 3: moderate
necrotic cells,*grade 4: majority of necrotic cells

In situ detection of fragmented DNA

TUNEL histochemistry clearly revealed a distinct
pattern of staining. Intense staining was observed in nuclei
and nuclear fragments with the morphological
characteristics of apoptosis. Apoptotic bodies in diverse
forms and sizes were present in intestinal crypt cells,
lymphoid cells from lamina propria and ileal Peyer’s
patches (Fig. 3).

TUNEL histochemistry disclosed significant
differences of the crypt epithelium. Al between groups A
and D. Animals from group A showed a significantly
higher number of apoptotic cells than control animals who
showed an Al nearly 0%. Although there were no
significant differences between intestinal regions, Al in the
jejunum, ileum and colon were less (20.31%, 15.16%,
17.79% respectively) than duodenum and cecum (32.24%
and 36.53% respectively).
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Figure 3 - Colon Group A (2 51 mg T-2 toxin/kg). High number of crypt

epithelial cells showing apoptosis (arrows) Immunohistochemical staining
by TUNEL method. Obj. 40x

Discussion

In pigs, several lesions were induced by T-2 toxin
when administered by oral gavages, inhalation,
endovenous or topical routes (7, 15, 16, 17, 18, 19, 27, 36).

In the present study, pigs intoxicated with a single
oral dose of 2 and 2.5 mg T-2/kg b.w. showed clinical
signs and pathological changes related to those reported
by inhalatory or endovenous exposure to this toxin (15, 27,
36).

Changes in posture and locomotion seen in groups
A and B have been previously described in T-2 toxicoses
(3, 16, 19, 36). Emesis was the common clinical sign
observed. T-2 toxin and other trichothecenes such as DON
or DAS can cause emesis (19). Although the vomiting seen
in oral studies may result from localized gastrointestinal
effect of the toxin, it has also been suggested that the
emesis is due to a direct central effect on the medulla
oblongata (19). In this study, necrosis in pancreas and
heart found in group A might be a consequence of a direct
cytotoxic effect of T-2 or secondary to a decrease of blood
flow (15). It was suggested that trichothecene mycotoxins
may have a direct effect on capillaries (16). Bilateral
adrenal cortical necrosis and hemorrhages might be the
results of systemic endotoxic shock that triggering a stress-
like response (36).

Changes in the stomach mucosa were found
mainly in the isthmus and glandular neck. Several pathway
mechanisms have been proposed: a) direct cytotoxic
effects of T-2 or its metabolites (16); b) indirect exposure
of T-2 via blood circulation (25); c) reduced blood flow by
shock-like syndrome (32); d) ischemia secondary to
microvasculature injury (16) and e) inhibitory effect of T-2
on DNA synthesis on cells of high mitotic activity (3, 35).

In the intestine, the colonic crypt epithelium was
the most sensitive to T-2 followed by duodenum and
jejunum. This marked cellular impairment could be related
to a long contact of these cells with the toxin or its toxic
metabolites via the enterohepatic circulation (1).

In the present study, besides the necrotic crypt
cells observed on HE-stained sections, some cells were
positively stained by TUNEL method. Apoptotic index
were higher in the cryptal cells of duodenum and cecum
than the other intestinal region. Results were different of
those seen in T-2-toxicated mice in which the above
mentioned cells in the small intestine were more sensitive
than those in the large intestine (25). In mice, normal small
intestine show a low level of spontaneous apoptosis in the
crypts while in the large bowel, is virtually absent (22, 23).
The rapid intestinal turnover could make this tissue highly
sensitive to cytotoxic agents. T-2 toxin is a potent inducer
of apoptotic cell death (10, 24, 25). The mechanism that
appears to be involved is the activation of several caspases,
resulting in DNA  fragmentation, chromosomal
condensation and nuclear fragmentation (9). The
heterogeneous response seen in intestinal regions might
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Table 2 - Intestine: graded score of necrotic cells in Groups A (2.5 mg T-2/b.w.) and B (2.0 mg T-2/b.w.)

20

Crypt epithelium Lamina propria
(m+SEM) (m+SEM)
Group A Group B Group A Group B

Duodenum 2.73+0.43 s 0.1320.09%x 1.662+0.25% 0.060.06%"«xx
Jejunum 2.80+0.31°%.. 0.26£0.15 s 1.93+£0.27 s 0.13+0.09"ss
Ileum 1.40+0.20% e 0.1320.09% 1.3320.21% 0.67+0.25%x
Cecum 1.78+0.21% s 0.1520.09%xx 2.132£0.27 s 0.67+0.25
Colon 3.4620.55% 0.404+0.25 3.5340.17 0.67+0.25

Data are expressed as means=SEM; n= 15 per group. Means within the same region and raw, and with asterisks, indicate significant difference between
groups (P < 0.001).*" Intestinal Regions: means within the same column and with different superscripts letters (a, b, c) are significantly different (P <
0.05). Score level:*grade 0: no necrotic cells,*grade 1: scattered necrotic cells,*grade 2: mild necrotic cells,*grade 3: moderate necrotic cells,*grade 4:
majority of necrotic cells

Table 3 - Lymphoid organs: graded score of lymphoid depletion and necrosis in Groups A (2.5 mg T-2/b.w.) and B (2.0 mg T-2/b.w.)

Lymphoid depletion Lymphoid necrosis
Organ (m:SEM) (m:SEM)
Cortex Medulla Cortex Medulla
Thymus Group A Group B Group A Group B Group A Group B Group A Group B
(n=15) 2.00+0.00 ws+ 0.1420.10sxx 2.14£0.10x 0.14£0.105x 1.71£0.27%us 0.14=£0.10x 1.00£0.15 s 0.142£0. 100«
Cortex Paracortex Cortex Paracortex
Lymph Group A Group B Group A Group B Group A Group B Group A Group B
node
(n=25) | 2.92+0.18a*** | 1.20+0.23%** | 2.40+0.12b*** | 1.00£0.19%%* | 3.36+0.11a*** | 0.2440.09a*** | 2.72+0.09b*** | (.08+0.06b***
‘White pulp Red pulp ‘White pulp Red pulp
Sol Group A Group B Group A Group B Group A Group B Group A Group B
pleen
(n=20)
3.35£0.18+x= 0.70+0.28+x+ 3.5040.18+x+ 0.7540.30+x+ .2040.20%xx 0.10£0.07+x 00£0.16%+x 0.10£0.07-+=
Nodular lymphoid tissue Diffuse lymphoid tissue Nodular lymphoid tissue Diffuse lymphoid tissue
Tonsil Group A Group B Group A Group B Group A Group B Group A Group B
n=20
( ) 1.8540.1554« 0.55+0.22+ 2.0040.15+ 0.7540.30++ 2.7540.14 0.25£0.10+++ 2.60£0.155 0.25+0.10+»=

Data are expressed as meanstSEM; n= 15 per group. (*¥) Means within the same region and raw, and with asterisks, indicate significant difference
between groups (*) P < 0.05; (**) P < 0.01; (***) P < 0.001. “ Means of groups, within the same raw but different region and with different superscripts
letters, are significantly different (P < 0.05). Score level: *grade 0: no depletion, *grade 1: slight depletion, *grade 2: moderate depletion, *grade 3: severe
depletion, *grade 4: very severe depletion. *grade 0: no necrotic cells,* grade 1: scattered necrotic cells,* grade 2: mild necrotic cells,*grade 3: moderate

necrotic cells,*grade 4: majority of necrotic cells

represent a different cellular susceptibility defined by the
topological position of each epithelial cell within the crypt,
the different expression of family genes whose products
are capable of both suppressing and promoting apoptosis
and the dose mycotoxin- response relationship (23).

The occurrence of necrotic lymphocytes in the
lamina propria and Peyer’s patches probably reflects an
inhibitory effect of T-2 on protein synthesis and the
damage in the immune system. Li et al examined T-2
toxin-induced changes in mouse Peyer’s patches and found
that morphological characteristics of dead lymphocytes
were well compatible with those of apoptosis (10).

Mesenteric lymph nodes and spleen were the most
severely lymphoid organs affected, followed by tonsil, and
thymus. Both, T and B dependent areas were comprised.
Similar changes were described in laboratory animals (6,
28, 34).

In summary, pigs intoxicated with a single oral
dose of 2.5 mg/kg b.w. of T-2 showed clinical signs and
pathological changes related with those seen in circulatory
shock and similar with those reported in other animal
species after T-2 treatment. In addition, apoptosis seems to
be the mechanism involved in the development of the
intestinal lesions.
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