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Abstract | Glucocorticoid hormone is vital for the development of the fetal heart, but overexposure can harm adult
cardiovascular health. Dexamethasone (DEX) is a widely administered synthetic glucocorticoid. The focus of this study
was determining how DEX affects serum biochemistry (cholesterol and triglycerides), morphology, and morphometry
of broiler hearts. Eighty one-day-old chicks (DOCs) were randomly categorized into four groups i.e., one control
group and three trial groups (i.e., E1, E2, and E3). The control group was given commercial broiler feed and the trial
groups were given commercial broiler feed containing DEX at the rate of 3,5, and 7 mg/kg respectively for 28 days. On
days 7,14,21,and 28 of the trial, blood and heart samples were collected. The serum cholesterol and triglycerides levels
were determined. The heart specimens were prepared for histomorphological examination after the gross morphologic
and morphometric (weight, length, and width) examination. Results indicated that the DEX treated broilers had
significantly higher serum cholesterol and triglyceride levels than the control broilers. In the gross morphologic and
morphometric examination, the DEX supplemented groups showed varying degrees of congestion and significant
decrease in all parameters of heart. The histomorphological examination showed myofibrillar degeneration and
vacuolation in the DEX groups with an extensive degree at days 21 and 28 of the trial. It can be concluded that the
DEX treatment affect the serum biochemical markers as well as the morphologic and morphometric parameters of
the broiler heart.
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INTRODUCTION

he demand for meat and meat products has been in-
creased dramatically with population growth (Hamid
et al., 2017). Poultry meat is regarded as one of the main
sources of animal protein all over the world. Over the last
few decades, the broiler market has expanded, consolidat-

ed, and globalized to fulfill the soaring protein demand in
countries ranging from low to high income. However, the
enhancement of the growth performance of broilers has
always been a top priority for increasing meat production.
Therefore, different drugs like glucocorticoid (GC), growth
promoters (GPs) are added to broiler feed for maximizing
the genetic potentiality, decreasing feed conversion ratio,
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promoting survival rate and decreasing fatality in birds

(Mostafa et al., 2016).

Glucocorticoids, both natural and synthetic, are steroid
hormones. The GCs exert their effects by the glucocorti-
coid receptor (GR) almost in all organs of the body, in-
cluding the brain, heart, lung, and kidney (Ackermann et
al., 2010). Despite their therapeutic roles, prolonged con-
sumption of GCs at high doses causes some detrimental
effects like hepatic and cardiovascular disorders, hyper-
tension, dyslipidemia, diabetes mellitus, etc. (Duma et al.,
2006). Dexamethasone (DEX) is a familiar synthetic de-
rivative of GC that is prescribed for its anti-inflammatory
and immunosuppressant properties (Biagiotti et al., 2011).
GCs like DEX are also unlawfully used as GPs, to improve
the quality and quantity of meat (Capolongo et al., 2007).
They are frequently used at low dosages to increase feed in-
take, ameliorate weight gain, decrease feed conversion ratio
and nitrogen retention and increase water retention and fat
content (Odore et al., 2007). Steroid drugs bind to both
GRs and mineralocorticoid receptors (MRs) in cardiomy-
ocytes, which has role in cardiovascular diseases (Richard-
son et al., 2016). GCs induce hypercholesterolemia and
controversially, hypertriglyceridemia which are also a po-
tent risk factor for cardiovascular diseases (Félix-Redon-
do et al., 2013; Dolatabadi and Mahboubi, 2015). It was
reported that hypercholesterolemia and hypertriglyceri-
demia are associated with myocardial infarction and other
cardiac diseases (Langsted et al., 2011).

DEX use is supposed to improve body weight in broilers,
but it does not really improve (Afrose et al., 2018). DEX
significantly reduced organ weight (Mosier et al., 1982;
Rademaker and de Vries, 2009). It also reduced body
mass gain and muscular development which indicates
increased protein catabolism (Song et al., 2011). DEX
treatment leads to hypertrophy in heart, with thickening
in the left ventricular wall, elongation of cardiomyocytes,
and increased diameter with pronounced interstitial fibro-
sis (Kamphuis et al., 2007). It also caused degeneration in
the myofibrils of broiler heart and increases the distance
between the intercalated discs which indicates that the
junctions between two myocytes become larger (De Vries
et al., 2002). Reduced cardiac mass with cardiomyocyte
hypertrophy, which indicate a lowering in the number of
cardiomyocytes at adult age, and a severely reduced life ex-

pectancy (De Vries et al., 2006).

The role of dietary DEX in regulating serum cholesterol
and triglyceride in broiler is still obscure. Few studies were
previously conducted to elucidate the effects of DEX on
blood profile (Afrose et al., 2018), morphology, and bio-
chemical adaptations in the liver (Sultana et al., 2020a),
and morphometry and biometry of immune organs (Sul-

tana et al., 2020b) in broilers. Therefore, the present study
extended those observations to determine the effects of
different doses of dietary GC, DEX on the serum choles-
terol and triglyceride levels, morphology, and morphome-
try of the broiler heart.

MATERIALS AND METHODS

ETHICAL APPROVAL

The experimental design was accomplished following the
institutional rules for the care and use of animals and ob-
tained an authorization by the Animal Welfare and Exper-

imentation Ethics Committee, BAU, Bangladesh approval
[AWEEC/BAU/2021(3)].

ANIMAL MODEL

Eighty clinically healthy one-day-old broiler chicks of
both sexes (Cobb-500 strain) were used for this study
which were obtained from a local commercial hatchery
provided (Provita Hatchery Ltd., Bangladesh). To relieve
transportation-induced stress, the day-old chicks (DOCs)
were given fresh, cool drinking water with vitamin C sup-
plement when they arrived at the research shed.

HOUSING MANAGEMENT

The DOCs were indiscriminately allotted to four groups
(n=20 for each group). They were housed in separate cages
and designated as control group (C), trial group-1 (E1),
trial group-2 (E2), and trial group-3 (E3). The birds were
reared on a deep litter system of housing using sawdust
with the provision of artificial light. The shed was well ven-
tilated and thermostatically controlled to maintain an in-
itial temperature of 35°C for the first three days. Then the
temperature was reduced by 2-3°C per day and kept stable
after reaching 21°C. The relative humidity of the shed was
maintained at 50-60 % throughout the trial.

FEEDING MANAGEMENT

The chicks were fed commercial broiler-type feed obtained
from a recognized poultry feed provider (Nourish Poultry
and Hatchery Ltd., Bangladesh). The purchased feed was
free from any kind of hazardous materials that may tamper
with the actual results. The birds were fed starter feed for
the first two weeks and then shifted to grower feed for the
rest of the trial period. The birds of the trial groups were
additionally supplied with dietary glucocorticoid, Dexa-
methasone (Decason®, BP 0.5 mg, Opsonin Ltd.) in three
different doses, 3mg/kg ration in group E1, 5mg/kg ration
in group E2, and 7mg/kg ration in group E3.The feed and
water were supplied to each bird with a separate feeder and
drinker. The feed intake was constantly monitored to make
sure that the broilers of the trial groups are receiving the
designed rate of DEX with their diet. The total duration of
the trial was 28 days.
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SAMPLE COLLECTION

On days 7, 14, 21, and 28, blood samples were collect-
ed from the cranial part of the thoracoabdominal cavity
of five birds per group. For obtaining heart samples, the
broilers were sacrificed by the manual cervical dislocation
method. Then the birds were dissected and heart samples
were obtained carefully from the cranial part of the thora-
coabdominal cavity of five birds per group. The obtained
samples were then washed with physiological saline (0.9%)
to remove the blood and preserved in formalin solution
(10%) after recording the gross morphological data.

SERUM BIOCHEMICAL ANALYSIS

Collected blood samples were kept undisturbed in an ac-
clivous position for clotting in sterile glass tubes. Then the
glass tubes were placed in the refrigerator at 4°C for 12
hours and the serum was separated by centrifuging at 1500
rpm for 10 minutes. The amount of cholesterol and triglyc-
eride (mg/dL) was then measured by spectrophotometer
using 2 Human type Humalyzer 2000 analyzer (Wies-
baden, Germany). Cholesterol-LQ_(CHOD-POD) and
Triglycerides-LQ_ (GPO-POD) enzymatic-colorimetric
reagent kits (CHEMELEX, S.A., Barcelona, Spain) were
used to determine serum cholesterol and triglyceride re-
spectively.

MEASUREMENT OF CHOLESTEROL

Cholesterol was determined according to Naito, (1984). A
reagent, composed of cholesterol esterase (1000U/L), cho-
lesterol oxidase (300U/L), peroxidase (650U/L), 4-ami-
nophenazone (0.4mmol/L) to 100 ml cholesterol buffer
solution, was used in this process (assay conditions of the
spectrophotometer: wavelength- 505 nm, light path for cu-
vette — 1 cm, and temperature- 37°C). Then three mixtures
were prepared in separate cuvettes as blank (1 ml enzyme
solution), standard (Sd) solution (1 ml reagent solution and
10 uL cholesterol aqueous primary standard (200 mg/dL),
and test sample (1 ml reagent solution and 10 pL serum
sample) and incubated at 37°C for five minutes. The ab-
sorbance reading of the spectrophotometer was set to zero
using distilled water. The absorbance value of the samples
(AbS) and standard (AbSd) were then recorded against the
blank (AbB). The concentration of the cholesterol (mg/dL)
in the sample was calculated using the following formula-

[(AbS — AbB) / (AbSd — AbB)] x Sd concentration.

MEASUREMENT OF TRIGLYCERIDE

Triglyceride was determined according to Kaplan, (1984).
A single, ready to use reagent was used in this process which
was composed of p-chlorophenol (2 mmol/L), lipoprotein
lipase (150000 U/L), glycerol kinase (500 U/L), glycer-
ol-3-oxidase (3500 U/L), peroxidase (440 U/L), 4-ami-
nophenazone (0.1 mmol/L) and adenosine triphosphate
(0.1 mmol/L). The assay conditions of the spectrophotom-

eter were set as 505 nm wavelength, 1 cm light path for the
cuvette, and 37°C temperature. Then three mixtures were
prepared in separate cuvettes as blank (1 ml reagent solu-
tion), standard (1 ml reagent solution and 10 pL aqueous
primary standard of TGs (200 mg/dL), and test sample (1
ml reagent solution and 10 pL serum sample) and incu-
bated at 37°C for five minutes. The absorbance reading of
the spectrophotometer was set to zero using distilled water.
'The absorbance values of the samples (AbS) and standard
(AbSd) were then recorded against the blank (AbB) and
the concentration of the TG (mg/dL) in the sample was
calculated from the absorbance values using the formula
previously mentioned.
GROSS  MORPHOLOGY MORPHOMETRY
EXAMINATION

The color of the hearts was visually inspected. The gross
lesions were carefully recorded. Then the weight was meas-
ured in gram (gm) using a high precision balance (FGH
Series, AND Company Ltd, Korea) and recorded. The
length and width of the heart were measured in centimeter

(cm) by a graded scale.

AND

HisTOMORPHOLOGICAL EXAMINATION

The obtained tissue samples were processed and stained
(hematoxylin and eosin; H & E) following standard pro-
cedure (Sultana et al., 2020b). All the stained tissue sec-
tions were examined under light microscope (Leica DMR;
Leica Microsystems, Wetzlar, Germany) blinded to the
treatment at 40X and 100X magnifications, and the lesions
were recorded.

Following the histomorphological examination, photomi-
crographs were taken using a photomicroscope (Model:
CX41U-LH50HG, Olympus Corporation, Tokyo, Japan)
for better representation of the histological findings.

STATISTICAL ANALYSES

Statistical analysis was conducted using the Statistical
Package for Social Science (IBM SPSS Statistics 22). The
Shapiro-Wilk test was used to test the normal distribution
of the data before statistical analysis was performed. Data
were then analyzed by one-way ANOVA and subsequent
post hoc Duncan’s multiple range test. Probability values of
less than 0.05 (P < 0.05) were considered significant. Data
were expressed as means * SEM (standard error of the
mean).

RESULTS

SERUM BIOCHEMICAL PARAMETERS

Serum cholesterol and triglyceride levels at difterent days of
the experiment were shown in Figures 1A and 1B respec-
tively. Serum cholesterol levels were significantly (P<0.05)
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Table 1: Gross morphometric data of heart of control and dexamethasone treated broilers.

Parameters Groups Days
7

Weight C 1.14£0.03*
5l 1.05+0.06
E2 1.22+0.03¢
E3 1.14+0.07*

Length C 1.94+0.02*
15l 1.95+0.04*
E2 1.90+0.04*
E3 1.76+002°

Width C 0.96x0.02°
IEil 1.08+0.04
E2 1.04+0.02*
E3 1.04+0.02*

14 21 28

2.57+0.17¢ 4.23+0.35* 6.25+0.21a
1.79+0.04° 1.83+0.04¢ 2.66+0.02¢
2.05+0.21° 2.15+0.07¢ 3.65+0.06
2.63+0.20° 2.59+0.17° 2.72+0.10¢
2.40+0.04 3.01+0.10* 3.25+0.04a
2.36+0.05 2.26x0.02¢ 2.38+0.09¢
2.38+0.08 2.31+0.05¢ 2.67x0.09"
2.55+0.16 2.51x0.06" 2.44+0.05¢
1.50+0.06 1.74+0.06* 2.09+0.03*
1.14+0.05° 1.16+0.03¢ 1.74+0.02°
1.26+0.09° 1.41:0.04° 2.14+0.17*
1.47+0.07* 1.42:0.05° 1.74+0.05°

Data were expressed as mean + SEM and differences among the groups of birds were compared using one-way ANOVA with post-
hoc Duncan’s multiple range test. Values within the same column with different alphabetic superscripts are significantly (p<0.05)

different from each other.

higher in all the DEX treated groups when compared to
the control group except for group E2 on day 7 and E1
on day 21 respectively. Cholesterol level was significantly
(P<0.05) less in group E2 on day 7. On the contrary, group
E1 showed only a numerical decrease from the control
group on day 21. Significant (P<0.05) inter-group varia
tions were also found between the DEX treated groups.
Similarly, serum triglyceride levels significantly (P<0.05)
increased in the DEX groups when compared to the con-
trol group except for group E1, E2 on day 7,and E3 on day
28. Triglyceride levels numerically increased in group E1,
E2 on day 7 when compared to the control but decreased
in group E3 on day 28 which were statistically non-signif-
icant (P>0.05). There were also significant (P<0.05) varia-

tions between the treatment groups.

uC ®mEl ®E2 mE3 uC mE] ®mE2 mE3

>

=)

93

=)

w

— o W
9 S - S
& & & S

m Cholesterol (mg/dL)
o

=)
S

Serum Triglyceride (mg/d1.)

w
>

0

Day 7

Day 14 Day2l Day28

Day 7

Day 14 Day2l Day28

Figure 1: Dynamics of cholesterol (A) and triglyceride (B)
inserum of broiler at differentage and DEX treatment. Data
were expressed as mean * standard error of mean (SEM)
and differences among the groups of birds were compared
using one-way ANOVA with post-hoc Duncan’s multiple
range test. Columns with different alphabetic superscripts
are significantly (p<0.05) different from each other.

GROSS ~ ANATOMICAL
PARAMETERS

'The heart of the control group revealed normal appearance
with uniform greyish pale pink color, triangular shape and
yellowish-white coronary fat near the base. However, the
heart of the DEX treated groups revealed some noticeable
morphological alterations. In group E1, the heart appeared
somewhat elongated in shape. Group E2 and E3 exhibited
dark reddish discoloration of the heart with mild to mod-
erate degree of congestion in the heart wall. The amount
of coronary fat was found less in the DEX treated groups
when compared to the control group (Figure 2).

AND MORPHOMETRIC

A

Figure 2: Gross view of hearts of 21 day old broilers. A-
Control group; B- Experimental group-1; C- Experimental
group-2; D- Experimental group-3. CF- Coronary fat,
Cg- Congestion.
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The gross morphometric parameters of the heart at dif-
ferent days of the experiment were shown in Table 1.
Significant (P<0.05) differences in all the morphometric
parameters were evident at different days of the experi-
ment. No significant (P<0.05) difference in heart weight
between the control and treatment groups was found on
day 7. However, there was a significant (P<0.05) differ-
ence between group E1 and E2 on day 7. Weight of heart
was significantly (P<0.05) decreased in the DEX treated
groups when compared to the control group on 14, 21,
and 28 days of the experiment. There were also significant
(P<0.05) variations between the treatment groups. How-
ever, the lowest heart weight was found in group E1 on
different days of the experiment. No significant (P<0.05)
difference in heart length was found between the control
and treatment groups on day 14 but it was decreased sig-
nificantly (P<0.05) in the treated groups on days 21 and 28
when compared to the control group. Significant (P<0.05)
inter-group variations between the treatment groups were
also found on 21 and 28 days of the experiment. The width
of the heart was numerically increased in the DEX treated
groups on day 7 but decreased significantly (P<0.05) on
days 14, 21, and 28 when compared to the control. How-
ever, both the length and width of the heart were found
lowest in the E1 group on 14, 21, and 28 days of the ex-

periment.

Figure 3: Representative photomicrographs of transverse
section (H & E stained) of heart from 7 days old broiler
of group C (A1, A2), E1 (B1, B2), E2 (C1, C2) and E3
(D1, D2). Green arrow- Myofibrillar degeneration, Black

arrow- Congestion, Asterisks- Vacuolation of myofibers.

HiSTOPATHOLOGICAL PROFILE OF HEART

In the control group at all days, the heart revealed nor-
mal histological architectures. The thick wall of the heart
was primarily composed of cardiac muscle cells. The inner-
most layer was the endocardium which was formed from
a continuous endothelial layer. The middle layer was the
myocardium which was composed of bundles of cardiac
muscle cells. The myocardium was covered externally by

the epicardium (Figures 3-6).

Figure 4: Representative photomicrographs of transverse
section (H & E stained) of heart from 14 days old broiler
of group C (A1, A2), E1 (B1, B2), E2 (C1, C2) and E3
(D1, D2). Green arrow- Myofibrillar degeneration, Black

arrow- Congestion, Asterisks- Vacuolation of myofibers.

However, mild to extensive histological alterations were
found in the DEX treated groups on different days of the
experiment which were presented in Figures 3-6. Varying
degrees of myofibrillar degeneration was seen in the hearts
of the DEX treated groups along with vacuolation of my-
ofibers. The degenerative area and vacuolation were found
more extensively in the DEX treated groups on days 21
and 28 (Figure 5 and 6). A very mild degree of congestion
was seen in the myocardial layer of the heart in group E2
on day 7 and groups E2 and E3 on day 21. Severe conges-
tion in the myocardial layer was seen in the E3 group on
day 14 (Figure 3,4, and 5).
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Figure 5: Representative photomicrographs of transverse
section (H & E stained) of heart from 21 days old broiler
of group C (A1, A2), E1 (B1, B2), E2 (C1, C2) and E3
(D1, D2). Green arrow- Myofibrillar degeneration, Black
arrow- Congestion, Asterisks- Vacuolation of myofibers.
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Figure 6: Representative photomicrographs of transverse
section (H & E stained) of heart from 28 days old broiler

of group C (A1, A2), E1 (B1, B2), E2 (C1, C2) and E3
(D1,D2). Green arrow- Myofibrillar degeneration, Black

arrow- Congestion, Asterisks- Vacuolation of myofibers.

DISCUSSION

In comparison to most organs, the heart is functionally
active prior to hatch. To evaluate the time-dependent im-
pacts of DEX treatment, growth and development of my-
ocardium should be taken into consideration. GCs play a
role in both structural and functional maturation of the fe-
tal heart although excessive exposure to GC is detrimental
to adult cardiovascular health (Rog-Zielinska et al., 2015).
The time and dose-dependent effects of GC on broiler
hearts are not well documented. The current study aimed
to investigate the effects of different doses of dietary GC,
DEX on the serum cholesterol and triglyceride level, gross
morphology, and the histomorphology of the broiler heart.

SERUM BIOCHEMICAL PARAMETERS

The current study showed that serum cholesterol and tri-
glyceride levels significantly increased in the DEX treated
birds. This finding matches the result of previous research
on the influence of DEX on the lipid profile of male rats
and broilers (Dolatabadi and Mahboubi, 2015; Eid et al.,
2003). Another study on the effect of low dose DEX on
the biochemical properties highlighted that DEX signif-
icantly increased cholesterol levels without possessing a

major impact on triglyceride (Wang et al., 2012).

'The low lipoprotein lipase activity in the liver may be re-
sponsible for the low degradation of cholesterol and tri-
glyceride (Kumar et al., 2011). The increased lipid content
makes the body vulnerable to the free radicals or reactive
oxygen species generated by GC induced stress (Eid et
al., 2003). This increased levels of serum cholesterol and
triglyceride are associated with myocardial infarction and
cardiac diseases (Langsted et al., 2011). The elevated cho-
lesterol levels were also shown to be strongly associated
with increased ischemic heart disease mortality (Lewing-
ton et al., 2007). Triglyceride alone is also an independent
risk factor for coronary heart disease (Cullen, 2000). This
increased triglyceride level contribute to coronary heart
disease by a direct atherogenic effect of triglyceride-rich
lipoproteins as triglyceride level often reflects an increase
in very low-density lipoprotein (Grundy and Vega, 1992).
The triglyceride-rich lipoproteins penetrate the arteri-
al wall which leads to the accumulation of cholesterol in
the intimal space which ultimately causes atherosclerosis
(Nordestgaard, 2018). The triglyceride also accumulates in
the heart muscle and causes lipotoxic cardiomyopathy and
cardiac steatosis (Zhang & Ren, 2011). Thus the high con-
centration of serum triglyceride leads to an increased risk

of cardiac failure (Varbo and Nordestgaard, 2018). There-
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fore, the findings of this study clearly imply that prolonged
DEX treatment might be responsible, at least partially, for
cardiac abnormalities in broiler.

GROSS ~ ANATOMICAL
PARAMETERS

'The heart of the control groups on different days revealed
normal gross morphology and morphometry (Getty,
1975). On the contrary, significant alterations in gross
morphologic and morphometric parameters were seen in
the DEX treated birds hearts. The amount of coronary fat
was lesser in the DEX treated groups. This mismatches the
previous findings where there was an augmentation of he-
patic lipidosis and fat deposition in the visceral organs of
the DEX exposed broilers (Cai et al., 2009). Heart weight
was also decreased significantly in the treated groups when
compared to the control. This finding is in accordance
with previous research where a significant reduction of
heart weight in response to DEX treatment was reported
(Mosier et al., 1982; Rademaker and de Vries, 2009). The
weight of the heart increases with body weight after birth
due to an increase in volume and size of cardiomyocyte
(Smolich et al., 1989). So, the decrease in weight might be
due to muscular atrophy as DEX treatment restricts mus-
cular growth by enhancing protein catabolism in the body
(Song et al., 2011). These findings also justify the signifi-
cant decrease in the length and width of heart in the DEX
treated birds although GC treatment was reported to have
a growth-promoting effect on the heart and causes cardiac
enlargement (Kurowski et al., 1984).

AND MORPHOMETRIC

HiSTOPATHOLOGICAL PROFILE OF HEART

In the histomorphological examination, the heart of the
control groups revealed normal histological architecture
(Eurell, 2006). On the other hand, histopathological inves-
tigation of the hearts of treated groups showed some no-
ticeable alterations in their histological architecture. These
definite histopathologic abnormalities indicated that post-
natal GC therapy in therapeutic or overdoses permanent-
ly affects myocyte growth. The histopathological include
degeneration of myofibrils in the treated birds which is
in accordance with previous research on alterations in the
heart of adult rats after neonatal DEX therapy (De Vries
et al., 2002). As, the incessant proliferation of cardiomyo-
cytes during early life is suppressed due to DEX treatment,
resulting in a reduced number of cardiomyocytes (Bal et
al., 2009). It was found that glucocorticoids play a direct
role in myofibrillar maturation and organization in sub-
sequent in vitro studies on isolated fetal cardiomyocytes
(Rog-Zielinska et al., 2015). DEX treatment also increases
the length and diameter of cardiomyocytes (Kamphuis et
al., 2007). However, growth and development of cardio-
myocyte is suppressed by GC exposure after birth (Ru-

dolph, 2000). Vacuolization of myofibers was also seen on

different days of the experiment which were more exten-
sive on days 21 and 28. This is a novel finding to the best
of our knowledge as there was no previous report of such
histopathological alterations.

'The goal of this study was to investigate the effects of dif-
terent doses of dietary DEX on serum biochemical mark-
ers, gross and histological characteristics of the broiler
heart. All the results obtained in this study, clearly indi-
cate that dietary DEX alters serum biochemical markers
as well as gross and histological characteristics of the heart
which may lead to cardiac dysfunction, heart failure, and
ultimately death of broilers. However, further study is rec-
ommended to see the expression pattern of GRs in the
cardiomyocytes.
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