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ABSTRACT

The intestine of poultry plays a significant role in the health and production through
enzymatic and microbial digestion of feed as well as absorption of nutrients. The current
study was designed to explore the gross and histological alterations in the broiler duodenum
and cecum triggered by dietary dexamethasone (DEX). The study was conducted on four
homogenous groups of one-day-old chicks (20 chicks/group) i.e. one control (Non-DEX) and
three treatment groups (DEX-1, DEX-2, and DEX-3). The broilers were fed commercial broiler
feed containing DEX at the rate of 0, 3, 5, and 7mg/kg feed in the Non-DEX, DEX-1, DEX-2,
and DEX-3 groups, respectively. The gross morphologic and morphometric data were
recorded immediately after the collection of samples on days 7, 14, 21, and 28. Then, the tissue
samples were processed for histological investigation. In the gross morphometric study, the
weight, length, and width of the intestine were found significantly less in the DEX groups.
Histopathological study results showed degeneration of intestinal glands (duodenum),
mucosa, and lymphatic nodules with loss of lymphatic nodules (cecum). The percentage of the
degenerated nodule was also increased. The length, width, and surface area of the duodenal
villi, thickness of the mucosal layer of the cecum, and diameter of the cecal lymphatic nodules
were substantially decreased in all the DEX groups. The magnitude of the alterations was
associated with both the dose and duration of DEX treatment. However, the current study
results indicate that DEX treatment significantly alters the morphologic and morphometric
characteristics of the broiler intestine.

INTRODUCTION

Poultry meat is a popular source of protein in the human diet which has made the
poultry sector economically valuable over the last few decades. It was predicted that
global food consumption will be doubled by 2050, and per capita meat consumption
would rise with the increasing purchasing capacity of the consumers in developing
countries [1]. In comparison to the traditional husbandry techniques, modern poultry
strains are genetically modified for rapid growth in a shorter period [2]. In this regard,
nutrient digestibility and absorbability of the gut play a crucial role in actualizing its
genetic potentiality [3, 4].

In the field of veterinary research, broiler 'gut health' is a widely discussed topic due to
its role in health and growth performance [4, 5]. Duodenum and cecum are the major
gastrointestinal parts for the digestion and absorption of nutrients from the diet. The
duodenum receives the digestive enzymes and bicarbonates produced by the pancreas
as well as the bile produced by the liver, which plays a major role in the digestion of
protein and fat. The cecum plays a significant role in its growth as it harbors a
diversified bacterial community and can ferment a wide variety of feed ingredients like
starch, cellulose, hemicellulose, polysaccharides, fructooligosaccharides, and lignin to
different final products [6]. The undigested compounds which are not absorbed in the
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small intestine, finally end up in the cecum, where they are digested by an anaerobic
fermentation process [7]. As the proximal region of the cecum is continuously exposed
to extra cecal bacterial or other antigenic invasions, the lymphatic nodules of the cecum
play a critical function against these foreign invaders [8]. Thus, the cecum impedes the
colonization of pathogenic microorganisms and detoxifies harmful elements to
maintain its optimum digestive and absorptive functions [3]. So, the importance of the
duodenum and cecum in broiler growth and development is indisputable. In this
context, understanding the role of the gastrointestinal tract is crucial, as it has an
enormous impact on the growth performance and health of broiler. However, stress,
both biological and nutritional, is one of the major concerns in broiler production [9, 10,
11].

Exposure to different stressors leads to the secretion of corticosteroids (CORTSs) by the
hypothalamic-pituitary-adrenocortical (HPA) axis, hence it is known as stress hormone
[12, 13]. Synthetic CORT dexamethasone (DEX) administration mimics the negative
impacts of increased CORT [12]. Besides inducing stress, corticosteroids can also
influence digestive function by markedly decreasing the digestibility of protein and
carbohydrates [10]. A great deal of research was performed earlier focusing on the
immunosuppressive effect of CORT [7, 9, 14, 15, 16]. According to the previous study
report, supplementation of steroid growth promoters like DEX with diet does not
improve the growth rate of broiler [12, 17]. DEX reportedly damages the kidney by
vacuolation of kidney tissue, shrinking the tubules, and decreasing the number of
nephrons [18, 19]. A high dose of DEX alters the morphology of breast and thigh meat,
and also results in the developmental arrest of immune organs in the broiler [15, 17].
DEX also reportedly alters the liver morphology [20]. The effects of prednisolone
related to gastrointestinal motility, intestinal histology, and mucosal mast cells were
studied in rats [21].

The enteric system is a major body system that is responsible for the digestion and
absorption of dietary nutrients. So, any alteration in its morphology affects the
functions of other organs or body systems. Nonetheless, the adverse effects of stress
induced by different doses of dietary DEX on morphology and morphometry of the
enteric systems of broiler are not yet well-documented. Therefore, the administration of
analogs of CORT like DEX can be an effective tool in investigating the adaptation in
intestinal morphology in broiler in response to DEX induced stress.

MATERIALS AND METHODS
Experimental animals

This experiment was ethically approved by the “Animal Welfare and Experimentation
Ethics Committee” of Bangladesh Agricultural University, Bangladesh [Approval No.-
AWEEC/BAU/2021(3)]. A total of 80 one-day-old healthy broiler chicks of Cobb-500
strain were used in this study.

Housing and feeding management

The broiler chicks were then randomly assigned to four groups i.e. one control (Non-
DEX) and three experimental or treated groups as DEX-1, DEX-2, and DEX-3. The
broilers were fed commercial broiler feed (Nourish Poultry and Hatchery Limited,
Bangladesh) containing CORT (DEX, BP 0.5 mg, Opsonin Limited) at the rate of 3mg/kg,
5mg/kg, 7mg/kg in group DEX-1, DEX-2 and DEX-3 respectively. The broilers were fed
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starter feed for the first 14 days, and then shifted to grower feed for the rest of the
experiment. A constant supply of an adequate amount of feed and fresh drinking water
was ensured. Standard rearing conditions were maintained throughout the experiment
[19].

Gross morphology and morphometry

Five broilers from each group were sacrificed manually on each sampling day (7, 14, 21,
and 28 days of the experiment) by the cervical subluxation method. Duodenum and
right cecum were collected from each broiler immediately after dissection. Color,
weight, length, and width of the cecum were considered for the gross morphologic and
morphometric study. The color of the duodenum and cecum was compared between
the Non-DEX and DEX groups by visual inspection. Weight (gm) was measured using
a high precision balance (FGH Series, AND Company Limited, Korea). The length and
width were measured by a graded scale (cm). The width of the cecum was measured
from the mid-region of the blind sac.

Histopathology

About one cm of the duodenal and cecal segments (from blind sac) were collected from
each broiler and fixed in 10% buffered formalin and then routinely processed into slides
with Hematoxylin and Eosin (H&E) stain according to the protocol described in the
earlier study [15]. For this, the formalin-fixed tissues were dehydrated in the ascending
grades (70%, 80%, 90%, 100% - I, II, and III) of alcohol followed by clearing in three
changes in xylene. Then, the tissues were infiltrated with three different grades of
melted paraffin (49 °C, 55 °C, and 58 °C) for 30 minutes each. The tissues were then
embedded in paraffin (58 °C). Finally, 5 um thin sections were cut using a sliding
microtome (MIC 509, Euromex, Japan). The cut sections were floated in a warm (37°C)
water bath for stretching followed by mounting on the adhesive (50% egg albumin and
50% glycerol) painted glass slides. Then the tissue sections were dried on a slide
warmer (37°C).

All the stained tissue sections were examined and analyzed blindly to avoid any biases.
The histomorphological attributes of the duodenal and cecal tissues were studied under
a light microscope (Leica DMR; Leica Microsystems, Wetzlar, Germany) at 100X and
400X magnifications. Length (measurements were taken from the tips of the villi to the
villi-crypt junctions) and width (measured from the mid-region of the villi) of duodenal
villi, mucosal thickness, and diameter of lymphatic nodules of cecum were measured in
micrometer (um) using a calibrated stage micrometer. The surface area of the villi was

calculated using the following formula- 2m X (V”llzﬂ) x Villi length; where m =
3:1416 [22]. The number of intact and degenerated lymphatic nodules in the cecum was

counted and the percentage was calculated. Measurement of all the variables was done
from 10 randomly selected focuses at 100X magnification.

Necessary photographs were captured from ten randomly selected focuses at 100X and
400X magnifications for better illustration of the obtained results. All the images were
captured by photomicroscope (Model: CX41U-LH50HG, Olympus Corporation, Tokyo,

Japan).
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Statistical analyses

All the data obtained in this study were analyzed using IBM SPSS Statistics 22.
Differences among the groups of birds were compared using one-way ANOVA with
posthoc Duncan’s multiple range test where P < 0.05 was considered significant. In all
trials, data were expressed as mean * standard error of the mean (SEM).

RESULTS
Gross morphologic and morphometric profile of duodenum

The gross attributes and alterations of the duodenum are shown in Figure 1. The
duodenum of the Non-DEX group appeared light greyish color whereas the DEX
treated groups revealed slightly darker color with a reddish tinge.

The gross morphometric parameters of the duodenum are shown in Figure 2. The
weight of the duodenum was significantly (P < 0.05) less in the DEX treated groups
compared to the Non-DEX group. Among the DEX treated groups, the highest weight
was found in the DEX-1 group and the lowest weight was found in the DEX-3 group on
all days of the experiment. Similarly, the length and width were also significantly (P <
0.05) less in the DEX treated groups. On day 7, the length was found significantly (P <
0.05) less in the DEX-2 and DEX-3 groups compared to the Non-DEX group. The
highest length was found in the DEX-1 group and the lowest length was seen in the
DEX-3 group. On day 28, there was no significant (P > 0.05) difference in length
between the DEX groups. There was a substantial (P < 0.05) difference in width on day
7 among the DEX treated groups. However, a significant (P < 0.05) difference in width
was found from days 14 to 28 among the DEX treated groups.

o

Figure 1. Representative images of gross view of broiler duodenum after collection of the sample on day 28.
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Figure 2. Effects of dietary DEX on the weight (gm), length (cm), and width (cm) of the duodenum in DEX
treated broiler. Data were expressed as mean SEM. Columns on different days with different alphabetic
superscripts are significantly (p < 0.05) different from each other.

Histopathological profile of duodenum

The histo-architecture of the duodenum of Non-DEX and DEX treated groups is shown
in Figure 3. The Non-DEX group revealed general histological architecture. However,
the DEX treated groups showed marked microscopic alterations, especially in the
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duodenal glands (crypt of Lieberkuhn) and villi. In the DEX-1 group, the intestinal
glands showed no alterations though they started to degenerate in the DEX-2 group. In
the DEX-3 group, almost all the intestinal glands were degenerated, resulting in the
reduction of the intestinal gland population.

The histomorphometric data of the duodenum are shown in Table 1. The
histomorphometric study revealed that both the length and width of duodenal villi
were significantly (P < 0.05) less in the DEX groups as compared to the Non-DEX group.
However, among the DEX treated groups, the highest length and width of duodenal
villi was found in the DEX-1 group and the lowest value was found in the DEX-3 group.
The surface area of the villi was also substantially (P < 0.05) decreased in the DEX
treated groups which were also dose dependent.

Figure 3. Representative photomicrographs of transverse section (H & E stained) of the duodenum from 28-
day old broilers. VL- Villi length, VW- Villi width, C- Crypts, dC- Degeneration of crypts.

Table 1. Histomorphometric data on duodenal villi length, width, and surface area, in Non-DEX and DEX groups.

Parameters Groups Day 7 Day 14 Day 21 Day 28
Non-DEX 799.30 + 1035 961.80 + 1552 1082.25 + 12.43 1211.85 + 1419
b b b b
- DEX-1 624.20 +11.99 668.50 + 11.67 692.75 + 9.43 747.30 + 8.49
Villi length (um) b be b c
DEX-2 609.10 + 10.65 637.45 + 10.79 678.30 + 10.14 712.35 + 7.66
DEX b c c d
-3 596.60 + 14.64 624.70 + 7.88 648.95 + 7.55 656.60 + 10.20
Non-DEX 128.90 + 4.96 162.75 + 6.49 196.15 + 6.47 21230 + 691
b b b b
o DEX-1 112.35 +4.12 126.90 + 4.65 146.45 + 5.41 172.20 + 6.02
Villi width (pum) . e . .
DEX-2 107.7 +5.07 122.75+5.72 138.60 + 4.30 159.10 + 4.58
DEX-3 92.85+3.68 107.85 + 451 119.10 + 4.63 133.25 +4.98
Non-DEX 322.83+10.62° 492.48 +23.63 667.24+25.86 80759 + 2571
b b b b
DEX-1 220.15 + 8.91 266.82 £ 11.31 319.37 + 14.14 404.55 + 15.38
Villi surface area (um?) . . . .
DEX-2 206.17 +10.39 246.11 + 12.78 294.76 + 7.88 356.60 + 12.69
c c c d
DEX-3 174.03 + 8.01 211.22 +7.83 242.17 +7.97 274.67 +10.57

»bed Values in the same column with different alphabetic superscripts are significantly different from each other (P < 0.05)
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Gross morphologic and morphometric profile of cecum

The gross attributes and alterations of the cecum are shown in Figure 4. The cecum was
a paired organ with a lower diameter at the origin but gradually increased in size until
it formed a blind end terminally. The gross morphometry distinguished three distinct
regions in the cecum. The cecum of the Non-DEX group was greenish-grey in color
whereas the cecum of the DEX treated groups was greyish color with a slight reddish
tinge.

The weight of the left cecum in an individual group of broilers on different days of the
experiment is shown in Figure 5. The weight was significantly (P < 0.05) less in the DEX
treated groups as compared to the Non-DEX group. Significant (P < 0.05) differences
among the DEX treated groups were seen only on day 28 where the DEX-2 group was
significantly (P < 0.05) different from the DEX-1 and DEX-3 groups. The length and
width of the left cecum in the individual group of broilers on different days of the
experiment are shown in Figure 5. Both the length and width were significantly (P <
0.05) less in the DEX treated groups as compared to the Non-DEX group. There were
also significant (P< 0.05) differences among the DEX treated groups.

Figure 4. Representative images of gross view of broiler right cecum after collection of the sample on day 28.
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Figure 5. Effects of dietary DEX on the weight (gm), length (cm), and width (cm) of the right cecum in DEX
treated broiler. Data were expressed as mean SEM. Columns on different days with different alphabetic
superscripts are significantly (p < 0.05) different from each other.

Histopathological profile of cecum

The histo-architecture of the cecum of Non-DEX and DEX treated groups is shown in
Figure 6. The Non-DEX group revealed general histological architecture. On the other
hand, marked disruption of mucosal epithelial cells was seen in all the DEX treated
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groups. Mucosal degeneration was also noticed which was more extensive in the high
dose groups. Degeneration of mucosa started from the tip of the mucosal layer to the
base. The lymphatic nodules showed degenerative changes in the treatment groups
from day 7 which increased afterward. Degenerative changes were increased
significantly in the high-dose groups. On day 28, the histological architecture was
almost completely lost in the DEX-3 group. The thickness of the muscular layer also
decreased in the DEX treated broilers. Some extent of degeneration in the muscular
layer was also seen.

The histomorphometric data of mucosal height, the greater and lesser diameter of
lymphatic nodules are shown in Table 2. Mucosal height was significantly (P < 0.05) less
in the DEX treated groups as compared to the Non-DEX group. Both the greater and
lesser diameter of the lymphatic nodules was also significantly (P < 0.05) less in the
DEX treated broilers. There were also significant (P < 0.05) differences among the DEX
treated groups as the values were decreased gradually with the increased dose of DEX.

The percentage of degenerated lymphatic nodules is shown in Figure 7. The percentage
was increased with the progression of both age and DEX dose. The maximum
percentage (92.31%) of degenerated lymphatic nodules was seen on day 28 in the DEX-
3 group.

Figure 6. Representative photomicrographs of transverse section (H & E stained) of cecum from 28-day old
broiler at 400X magnification. ME- Muscularis Externa, LN- Lymphatic Nodule, Green arrow- Degeneration
of mucosa, blue arrow- degeneration of lymphatic nodule.
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Figure 7. Percentage of degenerated lymphatic nodules in cecum in the DEX treated groups on different days
of the experiment.

Table 2. Histomorphometric data on mucosal height and diameter of lymphatic nodule in control and DEX groups.

Parameters Groups Day 7 Day 14 Day 21 Day 28
Non-DEX 200.75 + 15.22° 261.10 +22.94° 307.50 + 18.04° 397.20 + 18.27°
g{fliosal DEX-1 174.80 + 6.75 193.00 +3.79" 144.00 + 9.68° 22545+ 15.66
1ICKNness
(um) DEX-2 137.40 £ 11.13" 152.35 £5.09° 179.55 £9.92" 22210+ 18.95"
DEX-3 134.55 +33.77 138.90 + 6.72° 154.10 £ 6.39° 144.90 + 8.84°
Nom-DEX 110.30 = 685 3,70 119.65 = . 13165 = . 148.00 + .
on- a o +35.70a a . + 4. a K + 5. a . + 2.
535 369 8120481° 88.45 £ 3.55 3,80 92.80 +2.71
Greater and
lesser DEXA 105.85 + . 9210 = . 4795 = . 10225 + .
diomter of 543" 5655+423° o 59.65+271 | o 63.80 £2.71 369" 89.90 + 6.72
Lymphatic 87.00 =+ 6140 =+ 83.90 =+ 88.00 =+
nodule DEX-2 c 42.05 + 4.23° . 49.30£2.71° b 56.55+2.61° . 63.80 +2.69"
3.24 3.99 3.15 3.63
(Hm) DEXS 58.00 + , 4345 = 4495 x 2. 6755 + . 81.70 =+ .
5130 2610+178° .« 5 075 59.45 + 4.81 603 4930 +2.71

abed Values in the same column with different alphabetic superscripts are significantly different from each other (P < 0.05)

DISCUSSION

Any sort of stress activates different biological mechanisms in the body in order to
maintain homeostasis and physiological activities. As the broilers are reared for
massive meat production purposes, they are constantly exposed to different stresses, i.e.
climate change, heat, high stock density, nutritional constraints, etc. during their very
short lifetime [9, 10, 23]. Exposure to these stressors activates the physiological stress
response through activation of the HPA axis which leads to a rise in the level of the
corticosteroid, a stress hormone [12, 13, 14]. DEX administration induces oxidative
stress in poultry and thus can mimic the adverse effects of increased levels of natural
corticosteroids [12, 24]. DEX had been used to induce stress in broilers in the previous
studies which demonstrated that it could exert effects homologous to the natural
corticosteroids secreted while exposed to different stresses [12, 13, 14, 24, 25]. The
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morphology and morphometric attributes of the intestine possess a significant role in
maintaining gut health, nutrient digestibility, and ultimately in the growth
performance of the broiler. Height and width of villi, the thickness of the mucosa, crypt
depth, etc. are commonly measured to assess gut digestibility and nutrient absorption
[4, 27]. In the current study, we induced stress in broiler chickens with dietary DEX at
three different doses to investigate the adaptations in the intestinal morphology and
morphometry in the DEX exposed broilers.

In the current study, we found that the color of the DEX-1 and DEX-3 groups are quite
different from the Non-DEX group where the color of the DEX-1 group was found quite
darker. The findings of gross morphometric measurements of the Non-DEX group on
different days of the experiment are also almost similar to the earlier report [2].
However, in the DEX groups, all the gross morphometric parameters were decreased
significantly in the DEX treated groups compared to the Non-DEX group. Intestinal
sizes are closely related to body sizes [28]. Dietary DEX reduces the growth
performance and weight gain in the broiler [12]. The previous study reports also
suggest that corticosteroids like DEX negatively affect organ weight gain and reduce
organ size [15, 20, 29]. However, the effects of DEX on intestinal volume and weight
gain had not been documented previously. Feed efficiency and the growth of broilers
greatly depend on the enzymatic activities in the duodenum and the diversified
microbial community that inhabits the caeca. Dietary lipid particles are mostly digested
and emulsified in the duodenum by pancreatic enzymes and hepatic bile acids [30].
Nutrients, such as undigested starch, protein, and fiber enter the caeca bypassing the
small intestine [6]. The blind end of the cecum helps to retain the digesta for longer
periods and thus enhances nutrient absorption [30, 31, 32]. So, the reduced intestinal
size may adversely affect the overall growth rate of the broiler.

In the histomorphological study, the duodenum and cecum of the Non-DEX groups on
different days of the experiment revealed general histological characteristics as
described in the previous studies [2, 8]. On the other hand, significant alterations were
seen in the DEX treated groups. The length of the villi was found significantly less in
the DEX treated groups which matches the findings of the previous study report [7].
The length of the villi is one of the prominent indices of the intestine's capacity to
absorb dietary nutrition [26]. The reduction of the surface area of the villi might also
explain the lower weights of the duodenum and cecum due to reduced nutrient
absorption. The crypts of Liberkuhn lie between the intestinal villi and assist in the
protein digestion as well as protection of the host from enteric pathogens [32].
According to earlier studies, CORT decreases the digestion of protein and
carbohydrates [10, 28]. Crypt depth is considered an indicator of intestinal epithelium
maturation [26]. CORT treatment reportedly slows down intestinal epithelial cell
proliferation and thus decreases intestinal villi length and crypt depth which impairs
nutrient absorption in the intestine of broilers [26]. In the current study, the crypts have
almost degenerated in the higher dose group which may affect the overall gut health
and performance.

Marked disruption of the mucosal surface epithelial cells along with mucosal
degeneration was seen in the cecum of DEX treated broilers. Continuity of the intestinal
lining epithelium is crucial for maintaining intestinal permeability which is mainly
regulated by tight junction distribution and integrity. The epithelial cells overlying the
mucosa are derived from progenitors like stem cells residing within the crypt [33]. The
undifferentiated epithelial cells exit the base of the crypt and migrate through the
lumen and mature into highly specialized absorptive enterocytes [34]. If the mucosal
epithelial cells get damaged or destroyed due to adverse conditions in the intestine, the
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stem cells located in the crypt repair the epithelial layer by reproducing new
undifferentiated epithelial cells [35]. So, in case of degeneration or loss of crypt, the
damaged villous epithelial layer can’t regenerate which may greatly alter the intestinal
functionality. The extent of intestinal nutrient uptake is modulated not only by the
digestive secretions but also by the absorptive surface area of the intestine [4]. So, the
integrity of the mucosal layer is crucial for proper intestinal function and thus the
mucosal morphological features correspond with increased feed efficiency and growth
rate in broiler [36]. Histomorphometric investigation showed that the mucosal height
declined significantly in the treated broilers. This finding is similar to the results
reported by the earlier studies [13, 21]. The major role of the caeca is to separate the
intestinal contents into a nutrient-rich fluid fraction that enters the caeca for digestion
and absorption [6]. The villi of the mucosa extend into the lumen of the intestine and
thus increase the absorptive surface area [35]. So, the decrease of the mucosal surface
area will lead to the reduction of absorptive surface area in the cecum which may
negatively affect the feed efficiency and ultimately the growth rate and health of the
broiler.

Besides these, the degeneration and loss of lymphatic nodules were also seen in the
current study. Lymphatic nodules are among the gut-associated lymphoid tissues in
poultry, which is one of the main components of the lateral immune system. These gut-
associated lymphoid tissues react with the gut microflora and play a pivotal role in
controlling the incidence of poultry enteric disorders through its immunological
functions [37]. Hence, the structural integrity of lymphatic nodules is crucial for proper
functioning and achieving optimal production performance through digestion,
absorption of nutrients, and immunity.

The thickness of the muscularis layer was also seen to be decreased in the treated
broilers with scattered degenerative changes. DEX decreases protein synthesis, as well
as increases protein catabolism and proteolytic activities in the muscularis layer leading
to muscular atrophy [38]. However, the exact mechanism of the muscle degeneration
and reduction of the thickness of the muscularis layer of the broiler cecum is
ambiguous.

CONCLUSIONS

Looking at an overview of the obtained results from the current study, it is evident that
DEX treatment induces stress in broilers which significantly affects the morphology
and morphometry of the broiler intestine. The adverse effects of DEX induced stress on
the intestinal mucosa, glands, and lymphatic nodules may lead to impaired digestion of
food particles, reduced absorption of nutrients, and diminished gut immunity which
may affect the health and production of broiler. However, further study is
recommended to investigate the enzymatic activity in the duodenum as well as the
microbial population in the cecum of stressed broilers induced by dietary DEX.
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