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ABSTRACT

Background: Heat stress leads to great economic losses in poultry industry because of increasing climate change globally. There
are several nutrients which are generally used as to combat against heat stress. Vitamin E is one of the feed additives used to
prevent losses due to heat stress. This study investigated the protective effect of vitamin E against cellular damage that may occur
in intestinal epithelial cells against the heat stress. There is no information on the response of vitamin E to cellular damage in
intestinal epithelial cells in broilers under heat stress.

Methods: In the current study, damage and the response to damage were tried to be revealed by considering both apoptotic
factors, necrosis and inflammation markers. For this purpose, a total of 30 broiler chicks were divided into three replicates and
analyzed. The control group was kept at 24°C, while the heat stress group was subjected to heat stress at 35°C (5 hours/day).
Finally, 300 mg/kg vitamin E (a-tocopherol acetate) was supplemented daily to the heat stress+vitamin E group while heat stress
was applied at 35°C (5 h/day).

Result: In the study, immuno-stainings were performed with caspase-9 to detect the intrinsic pathway of apoptosis, caspase-8 and
TNF-a to detect the extrinsic pathway of apoptosis and IL-6 primary antibodies to detect the pro-inflammatory immune response.
Consequently, it was determined in the study that caspase-9 activity, which was positive only in epithelial cells in all groups,
increased significantly in heat stress, but vitamin E decreased this activity by 75%. However, caspase-8 activity increased with
heat stress in both epithelial and connective tissue and vitamin E had a protective effect. It was observed that TNF-a activity
increased with heat stress in all three parts of the small intestine, especially in the duodenum. However, this activity in the group
with vitamin E was closer to the control group. IL-6 activity, an indicator of pro-inflammatory response, caused no difference
between the groups. As a result, the study indicates that apoptosis may occur even if there is no acute systemic inflammation in the
intestinal epithelial cells of living organisms exposed to heat stress. Additionally, this study reveals that vitamin E may reduce the
effect of apoptosis in the intestines against heat stress.
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INTRODUCTION
Heat stress is one of the most challenging environmental
stressors that affects poultry production worldwide and leads
to substantial economic losses annually (Lara and Rostagno
2013; Li et al., 2020). Especially in broiler, the gastrointestinal
system, which serves as the body’s largest inmune organ, is
highly susceptible to heat stress (Varasteh et al., 2015).
Apoptosis is a programmed form of cell death regulated
by the Bcl-2 family and the caspase protein family (Brentnall
et al., 2013). Caspases, an extended family of aspartate-
specific cysteine proteases, are evolutionarily conserved
proteins for the initiation and execution of apoptosis (Aral et al.,
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2019). Both the intrinsic and extrinsic pathways mediate
apoptosis. The extrinsic pathway is induced by cell death
receptors (DRs) that interact with specific ligands such as
tumour necrosis factor-a (TNF-a) and its associated
caspase-8 (Nunez et al., 1998) and also Fas ligand, TNF-
related apoptosis-inducing ligand (TRAIL) (Molnar et al.,
2021). The caspase-9 activation and subsequent activation
of effector caspases induce the intrinsic pathway.
Mitochondrial outer membrane permeabilization (MOMP)
mediates this type of apoptosis and is defined as
mitochondria-centered cell death (Brentnall et al., 2013).

Both TNF-a and IL-6 are the pro-inflammatory cytokines
of the immune response (Li et al., 2020). Elevations in serum
concentrations that are observed when exposed to heat stress
indicate a systemic inflammatory response (Li et al., 2020).

Vitamins are defined as a group of complex organic
compounds that are required for normal physiological
functions and are found in very small amounts in natural
foods. Vitamin E (VE) is a fat-soluble vitamin of plant origin
and is essential for the integrity of the reproductive, muscular,
circulatory, nervous and immune systems (Leshchinsky and
Klasing, 2001).



The Effect of Vitamin E on Intestinal Epithelial Cells in Broiler Subjected to Heat Stress

This study aimed to investigate the effects of heat stress
and vitamin E, which we believe to have a protective role
against heat stress, on TNF-a and IL-6, both of which are
pro-inflammatory cytokines and Caspase-9 and Caspase-
8, both of which are markers of apoptosis, in the intestinal
mucosa of poultry.

MATERIALS AND METHODS

A total of 30 broiler chicks, one day old, procured from a

private enterprise were utilized as material. This study was

conducted at the University of Harran Faculty of Veterinary

Medicine Laboratory in the Histology-Embryology. The

experiment was conducted between 2021 and 2023.

The chicks were divided into three groups.

1. The control group (10 animals) was kept at 24°C.

2. The experimental group (10 animals) was exposed to heat
stress at 35°C (5 hours/day).

3. The experimental group (10 animals) was exposed to heat
stress at 35°C (5 hours/day) and supplemented with 300
mg/kg of vitamin E (a-tocopheryl acetate) (Khan etal., 2012).

The experiment was conducted in May and June. In
the first two weeks, the ambient temperature gradually
decreased from 34°C to 24°C. Groups were supplied with
feed and water ad libitum. The chickens were fed ad libitum

a starter diet and growth/finishing diet. In the first two weeks,

the ambient temperature gradually decreased from 34°C to

24°C on day 15. Application of heat stress (35°C) (5h/day)
began on the sixteenth day. The environment was constantly
iluminated. When the animals reached the 6" week of age,
seven chicks from each group (control, heat stress and heat
stress + vitamin E groups) were sacrificed through
decapitation. Tissue samples were extracted from the

duodenum, jejunum and ileum. The samples were kept in a

10% Neutral Buffer Formalin (NBF) fixative solution for 24

hours. After the routine tissue follow-up, they were blocked

in paraffin. Three 6-micron serial sections were cut at 50

um intervals from each block. The sections were subject to

the following staining:

1. Caspase-9 to detect intrinsic pathway apoptosis.

2. Caspase-8 and TNF-a to detect extrinsic pathway apoptosis.

3. Immuno-staining with IL-6 primary antibodies to reveal
pro-inflammatory immune response.

Immuno-histochemistry

Six-micron thick tissue samples placed on Poly-L-lysine-
coated slides were stained with streptavidin-biotin-
peroxidase complex technique (ABC). The tissues were

treated with caspase-8 (1:50, ab4052; Abcam, Cambridge,
USA), caspase-9 (1:100, ab52298; Abcam, Cambridge,
USA), TNF-a (1: 50, ab6671; Abcam, Cambridge, USA) and
IL-6 (10 pg/mL, RPA079Ga01-Recombinant Interleukin 6;
Cloud-Clone Corp, USA) primary antibodies were applied
(1 hour at room temperature) (Jackson and Blyhe 1995).

The stained slides were examined using a light
microscope (Leica DMLB-izmir-Turkey) and an image
analysis system (Leica DC200 CD camera and Q-win
standard image analysis program-izmir-Turkey).

Semi-quantitative score

The effects of heat stress and vitamin E supplement with
heat stress on apoptotic markers and pro-inflammatory
cytokines in the duodenum, jejunum and ileum were semi-
quantitatively scored by subjective scoring method as
(negative: 0 [<1% positive]; weak: 1 [1-25% positive];
moderate: 2) [>25-75% positive]; and strong: 3 [>75%
positives]) (Bianchi et al., 1992).

RESULTS AND DISCUSSION
Caspase-9 immunostaining findings

Caspase-9 activity was observed to be positive only in
epithelial cells in all groups in the present study.

In the control group, no immuno-reaction was observed
in crypts in duodenal sections, but there was moderate
immuno-reaction in villi epithelial cells (Fig 1A). At the same
time, a weak immuno-reaction was noted in the crypt and
villi in the jejunum (Fig 1B) and ileum (Fig 1C) (Table 1). In
the heat stress group, strong immunoreaction was observed
in the crypt and villi in the duodenum (Fig 2A). In the jejunum,
a strong reaction was observed in the villi, while there was
a weak immuno-reaction in the crypts (Fig 2B). In the ileum,
a moderate positive reaction was noted in the villi, crypts
(Fig 2C) and lymph follicles (Fig 2D) (Table 1). For heat
stress + vitamin E group, in the duodenum, moderate
positivity was found in the villi (Fig 3A), but not observed in
the crypts (Fig 3B). In the jejunum, the positive reaction was
found to be moderate in the villi and weak in the crypts (Fig
3C). In the ileum, there was a weak reaction at the crypts
and lymph follicles, while villi epithelium was found to be
moderately (Fig 3D) (Table 1).

Caspase-8 immunostaining findings

Regarding caspase 8 in all groups, a positive reaction was
found in both epithelium and connective tissue in this study.
Weak cytoplasmic staining was observed in the duodenum

Table 1: Semi-quantitative caspase-9 immuno-reactivity in duodenum, jejunum and ileum.

D J |
Groups
\% C \% C \% LF C
Cnt ++ - + + +
Heat +++ +++ +++ ++ ++ ++
Heat+VE ++ - ++ +- ++ + +

Negative: - [<1% positive]; Weak: + [1-25% positive]; Moderate: ++ [>25-75% positive] and strong: +++ [>75% positive]. D: Duodenum,
J: Jejunum, [: lleum, Cnt: Control, V: Villus, C: Crypt, LF: Lymph follicle.
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in the control group. There was a weak immuno-reaction in  observed in the crypts, while moderate immuno-reaction was
the crypts, villiand connective tissue (Fig 4A). In the jejunum, observed in the connective tissue, villi and lymph follicles
weak or negative immuno-reaction was observed in the (Fig 4C). Moderate positivity was observed in the villi and
crypts, while there was a weak reaction in the villi (Fig 4B). weak reaction in the crypt of the duodenum (Fig 5A). Weak
In the ileum, weak or negative immuno-reactions were immuno-reaction was observed in the villi and crypts in the

1A: Control duodenum, 1B: Control jejunum, 1C: Control lleum, C: Crypt, V: Villus, TM:
Tunica Muscularis, arrow: Lymph follicle.
2A: Heat stress duodenum, 2B: Heat stress jejunum, 2C: Heat Stress ileum, 2D: Heat Stress
Lymph follicle in ileum, C: Crypt, V: Villus, TM: Tunica Muscularis, SM: Submucosa, LF:
Lymph follicle, arrow: Immuno-positive cells in lymph follicle.
3A: Heat stress+E Vit duodenum,3B: Heat stress+E Vit duodenum,3C: Heat stress+E Vit
jejunum, 3D: Heat stress+ E Vit ileum, C: Crypt, V: Villus, TM: Tunica Muscularis, SM:
Submucosa, LF: Lymph follicle, arrow: Immuno-positive cells.

Fig 1-3: Distribution of Caspase-9 immuno-reactivity in duodenum, jejunum and ileum.

[

4A: Control duodenum, 4B: Control jejunum, 4C: Control ileum, C: Crypt, V: Villus, TM: Tunica
Muscularis, SM: Submucosa, LF: Lymph follicle.
5A: Heat stress duodenum,5B: Heat stress jejunum,5C: Heat Stress ileum, C: Crypt, V: Villus,
TM: Tunica Muscularis, SM: Submucosa, LF: Lymph follicle, arrow: Immuno-positive cells.
6A: Heat stress+E Vit duodenum, 6B: Heat stress+E Vit jejunum,6C: Heat stress+ E Vit ileum,
C: Crypt: Villus: Tunica Muscularis, SM: Submucosa, LF: Lymph follicle.

Fig 4-6: Distribution of Caspase-8 immunoreactivity in duodenum, jejunum and ileum.
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jejunum in the heat stress group (Fig 5B). Strong immuno-
reaction was observed in the villi and lymph follicles, while
negative immuno-reaction was observed in the crypts.
(Fig 5C). Negative or weak immuno-reaction was observed
in the crypts of the duodenum (Fig 6A), jejunum (Fig 6B)
and ileum (Fig 6C) in the Heat stress + vitamin E group.
There was a moderate immuno-reaction in the lymph follicles
(Fig 6C) (Table 2).

TNF-a immunostaining findings

As for TNF-a, a weak immuno-reaction was observed in the
villi, crypt epithelium and lymph follicles in the duodenum
(Fig 7A), jejunum (Fig 7B) and ileum (Fig 7C) in the control
group. A moderate immuno-reaction was found in all parts
of the duodenum (Fig 8A) while weak immuno-reaction was
observed in the villi, crypt and lymph follicles in the jejunum
(Fig 8B) and ileum (Fig 8C) in the heat stress group. The
reaction was less than heat stress in all regions of the
duodenum in the Heat stress + vitamin E group (Fig 9A). The
immuno-reaction in the jejunum was found to be not much
different compared to heat stress (Fig 9B). A weak immuno-

reaction was observed in both villi and crypt of the ileum in
de Heat stress + vitamin E group (Fig 9C) (Table 3).

IL-6 immunostaining findings

Regarding IL-6, weak positivity was observed in the
cytoplasm in all areas in the duodenum (Fig 10A) and
jejunum (Fig 10B) in the control group. In the ileum, weak
immuno-reaction was observed in the lymph follicles, but
there was a moderate immuno-reaction in the villi (Fig 10C).
A weak reaction was observed in all areas in all three regions
in the Heat stress group (Fig 11A, 11B, 11C). All regions in
the Heat stress + vitamin E group exhibited immuno-reaction
similar to the control (Fig 12A, 12B, 12C) (Table 4).
Caspases are a conserved family of cysteine-aspartic
proteases that mediate programmed cell death and
infammation (Avrutsky and Troy, 2021). Caspase-9, as the
most extensively studied initiator caspase, is an important
factor in the intrinsic or mitochondrial pathway involved in
various stimuli, including chemotherapies, stress agents and
radiation (Li et al.,, 2017). Miao et al. (2020) found no
significant variation in the protein levels of caspase 3 and

7A: Control duodenum, 7B: Control jejunum, 7C: Control lleum, C: Crypt V: Villus TM: Tunica
Muscularis 7 LF: Lymph follicle
Heat stress duodenum,8B: Heat stress jejunum,8C: Heat Stress ileum, C: Crypt V: Villus TM:
Tunica Muscularis LF: Lymph follicle.
9A: Heat stress+E Vit duodenum, 9B: Heat stress+E Vit jejunum, 9C: Heat Stress+E Vit ileum,
C: Crypt, V: Villus, TM: Tunica Muscularis, SM: Submucosa, LF: Lymph follicle.

Fig 7-9: Distribution of TNF-a immunoreactivity in duodenum, jejunum and ileum.

Table 2: Semi-quantitative caspase-8 immuno-reactivity in duodenum, jejunum and ileum.

D |
Groups
\% C C \% LF C
Cnt + +- +- ++ ++ +-
Heat ++ + + +++ +++ -
Heat+VE +- - +- - + ++ -

Negative: - [<1% positive]; Weak: + [1-25% positive]; moderate: ++ [>25-75% positive] and strong: +++ [>75% positive]. D: Duodenum,
J: Jejunum, I: lleum, Cnt: Control, V: Villus, C: Crypt, LF: Lymph follicle.
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caspase 9 in the livers of broilers that were exposed to a
maximum temperature of 35°C for 6 hours. Aengwanich and
Wandee (2022) examined the blood cells of broilers at
different temperature ranges. They found that caspase-9
and caspase-3 activities decreased at 42-43°C, but caspase
9 and caspase 3 activities increased at 44-45°C and higher
temperatures. This was attributed to the increase in heat
shock proteins (HSP70) against heat stress at temperatures
between 42 and 43°C and the suppression of apoptosis by
that increase. Caspase-9 activity was observed to be positive

only in epithelial cells in all groups in the present study. The
heat stress group in this study was exposed to heat stress
at 35°C (5 hours/day). Caspase-9 activity was found to
increase significantly in all small intestinal sections of the
animals in the heat stress group. Unlike, Miao et al. (2020),
it was considered that the increase in caspase-9 activity in
the intestines at 35°C may be caused by two reasons.
The first one is due to the small intestinal epithelium being
the most rapidly affected part of the intestinal epithelium by
environmental factors and the second one may be the

10A: Control duodenum,10B: Control jejunum,10C: Control ileum, C: Crypt, V: Villus, TM: Tunica
Muscularis, SM: Submucosa, LF: Lymph follicle, arrow: Immuno-positive cells.
11A: Heat stress duodenum,11B: Heat stress jejunum,11C: Heat stress ileum, C: Crypt, V: Villus, TM:
Tunica Muscularis, SM: Submucosa, LF: Lymph follicle.
12A: Heat stress+ E Vit duodenum, 12B: Heat stress+ E Vit jejunum, 12C: Heat stress+ E Vit ileum,
C: Crypt, V: Villus, TM: Tunica Muscularis, SM: Submucosa, LF: Lymph follicle.

Fig 10-12: Distribution of IL-6 immunoreactivity in duodenum, jejunum and ileum.

Table 3: Semi-quantitative TNF-o. immuno-reactivity in duodenum, jejunum and ileum.

D J |
Groups
\% C \% C \% C
Cntr + + +- + -
Heat ++ ++ +- + +-
Heat+VE +- +- +- +- + +-

Negative: - [<1% positive]; weak: + [1-25% positive]; moderate: ++ [>25-75% positive]; and strong: +++ [>75% positive]. D: Duodenum,

J: Jejunum, I: lleum, Cnt: Control, V: Villus, C: Crypt.

Table 4: Semiquantitative IL-6 immunoreactivity in duodenum, jejunum and ileum.

D J
Groups
\% \% C \% C
Cnt +- + +- ++ +-
Heat +- + + +- + +-
Heat+VE +- +- + +- ++ +

Negative: - [<1% positive]; Weak: + [1-25% positive]; Moderate: ++ [>25-75% positive] and strong: +++ [>75% positive]. D: Duodenum,

J: Jejunum, I: lleum, Cnt: Control, V: Villus, C: Crypt.
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exposure of the experimental group to heat stress for a long
period of time as three weeks. However, caspase-9 activity
in the vitamin E-supplemented group reacted closely to the
control group.

Caspase-8 is the first cysteine protease identified as
an apical caspase that triggers exogenous apoptosis (Muzio
et al., 1996). Caspase-8 activates other caspases such as
caspase-3-7-9 to initiate apoptosis and thus induce
apoptosis (Aral et al., 2019). Imao et al. (2006) discovered
that recurrent heat stress increased caspase-8 activity while
studying apoptosis that heat stress induced in mouse liver.
The present study revealed that caspase-8 activity increased
in both epithelial and connective tissue in chicken intestines
that were exposed to heat stress at 35°C (5 hours/day).
However, vitamin E was observed to increase the caspase
activity closer to the control group. This indicates that vitamin
E showed antioxidant activity by decreasing the rate of
increase of caspase-8 in the broiler intestinal epithelium
because the control group was not exposed to heat stress.

Under stress conditions such as heat stress, different
immune cells secrete pro-inflammatory cytokines (Siddiqui
etal., 2020). TNF-a is reported to increase in egg-laying hens
under heat stress, resulting in a decrease in the number of
follicles and egg production in the ovary (Li et al., 2020).
However, Lendez et al. (2021) found that the expression of
TNF-a and its receptors decreased in dairy cattle under heat
stress conditions. They argued in their study that the immune
system of animals was affected by heat stress and that animals
that are physiologically unable to resist high temperatures may
have a less effective immune response and therefore may be
more susceptible to opportunistic infections. It is reported that
exposure of broilers to both acute and chronic heat stress can
elevate serum corticosteroid levels and induce intestinal
inflammation (Quinteiro-Filho et al., 2012). Tang et al. (2021)
reported that the levels of TNF-a and caspase-1 protein in the
duodenum and ileum of poultry were significantly increased
by heat stress. Duodenum in particular was reported to be
more susceptible to heat stress-induced inflammation than
other parts of the small intestine. It was observed in the present
study that heat stress increased TNF-a activity in all three parts
of the small intestine in broilers, especially in the duodenum.
However, TNF-a activity in the group with vitamin E was found
to be closer to the control group like caspase 8.

IL-6 is reported to be produced by immune-mediated
cells, mesenchymal cells, vascular endothelial (VE) cells,
fibroblasts and many other cells under physiological and
pathological conditions (Tanaka et al., 2014). In 42-day-old
chickens, heat stress was observed to raise the serum
concentration of IL-6. This was reported to be a systemic
inflammatory response (Li et al., 2020). The increase in IL-
6 induced by stress was observed to decrease in the jejunum
but not the ileum when Galacto-oligosaccharide was
introduced to the diets of chickens kept under heat stress
conditions. It was stated that a difference in the micro-biota
composition between the ileum and jejunum may be the
cause of the more severe heat-induced damage observed

in the ileum (Varasteh et al., 2015). In the present study, it
was observed that heat stress at 35°C (5 h/day), which
started in the 4" week and ended in the 6™ week after
incubation, caused no difference between the groups in the
level of IL-6 in all sections of the small intestine. However,
IL-6 activity was higher in the ileum in all groups but not in
all regions. This supports that the difference in micro-biota
composition causes IL-6 activity to be higher in the ileum,
as stated by Varasteh et al. (2015).

The intestinal mucosa has a unigue position in mucosal
immunity and exhibits complex defense mechanisms (Wu
et al., 2016). This study put forth the effects of heat stress
and vitamin E given for protection on TNF- q, IL-6, caspase-
9 and caspase-8 in the duodenum, jejunum and ileum
mucosa of broilers. It is of primary significance to expel
damaged cells from the healthy medium to inhibit
proliferative diseases in the life cycle (Li et al., 2017).

CONCLUSION

It would be of great benefit for animal nutritionists to better
understand the intestinal mucosa of broilers, which plays a
major role in nutrition since it is cost effective. This study
revealed that exposure to heat stress at 35°C (5 h/day) for
three weeks induced apoptosis in intestinal epithelial cells
and connective tissue, but no acute systemic inflammatory
response. This result suggested that prolonged heat stress
at low temperatures was not sufficient to induce an acute
response.

Over the last few years, the effects of antioxidants such
as vitamin E on gene expressions have been introduced.
Such dietary supplements can significantly stimulate
antioxidant-related gene activations. Exposure to long-term
heat stress at low temperatures may cause cellular damage,
such as increased apoptosis, even though it does not cause
systemic inflammation in the organism.

In conclusion, the study revealed that adding vitamin E
to the rations regularly can be effective in preventing possible
cellular damage.
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