ORIGINAL
ARTICLE

Veterinary
Research
Forum

Veterinary Research Forum. 2024; 15 (3): 125 - 130
doi: 10.30466/vrf.2023.2009320.3981

Journal Homepage: vrf.iranjournals.ir

Effects of vitamin C and early-age thermal conditioning on pituitary
adrenocorticotropic hormone cells in broilers chronically exposed to heat stress:
an immunohistomorphometric and hormonal study

Jovana Cukuranovi¢ Kokoris!*, Zoran Ruzi¢2, Zdenko Kanackiz, Slobodan Stojanovi¢z, Smiljana Paras3, Verica MiloSevi¢l

1 Department of Anatomy, Faculty of Medicine, University of Nis, Nis, Serbia; ? Department of Veterinary Medicine, Faculty of Agriculture, University of Novi Sad,
Novi Sad, Serbia; 3 Department of Cell Biology, Faculty of Natural Sciences and Mathematics, University of Banja Luka, Banja Luka, Bosnia and Herzegovina.

Article Info

Abstract

Article history:

Received: 17 August 2023
Accepted: 16 October 2023
Available online: 15 March 2024

Keywords:

Adrenocorticotropic hormone cells
Broiler chickens

Cortisol

Heat stress
Immunohistomorphometry

The aim of this study was to examine the effects of heat stress (HS) on the pituitary-adrenal
axis and whether the treatments with early-age thermal conditioning (ETC) and vitamin C,
alone and in combination, could have a beneficial effect in alleviating these effects. For the
experiment, 400 one day-old broilers (both sexes) were used, being divided into four groups.
The first group was the control (K), the second group (C) consisted of broilers which received
vitamin C from the 22nd to the 42nd day via water in the amount of 2.00 g L1, in the third group
(T), broilers were exposed to ETC for a period of 24 hr at a temperature of 38.00 + 1.00 °C and
the fourth group (T + C) was the combination of T and C groups. Immunohistochemically
positive adrenocorticotropic hormone (ACTH) cells of broilers in all groups were irregular or
stellate and distributed in the periphery and central parts of the pituitary gland, as solitary cells
or in clusters. In the T + C group of broilers, a significant increase in the area of ACTH cells
(18.91%) and their cores (22.75%), and cortisol level in serum compared to the control group
was observed. This reaction of broilers in the T + C group facilitated their adaptation to
unfavorable consequences of HS. These results suggest that hypothalamic-pituitary-adrenal axis
is stimulated after the exposure to chronic HS, enabling successful adaptation of broilers to
adverse conditions.

© 2024 Urmia University. All rights reserved.

Introduction

in chickens causes reduced growth, poor meat quality,
reduced feed consumption and increased mortality.8°

The global mean temperature increased by 0.80 -
1.70 °C during the late 19t and 20t centuries,! causing
numerous problems in the functioning of the living world,
especially in homeothermic animals such as chickens.2 An
increase in body temperature in birds above the regulated
range, in conditions of elevated ambient temperature and/
or excessive metabolic heat production, can lead to
irreversible fatal consequences for the birds.3 Heat loss in
birds can occur through respiratory-evaporative
mechanisms,* skin evaporation mechanism> and sensible
heat loss through radiation and convection.?
Acclimatization of birds to heat includes autonomously
controlled physiological mechanisms, working together to
improve the thermal endurance? at all levels of the body in
order to achieve homeostasis, effectively improving
thermotolerance in anew hot environment. Heat stress (HS)
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The first response to a thermal stressor is the
activation of the sympatho-adrenomedullary system,'0 and
in the case of a long-term stimulus, the hypothalamic-
pituitary-adrenal (HPA) system is activated in order to
alleviate physiological and structural changes in the birds,
as well as other vertebrates.!-13 After exposure to high
ambient temperature, the concentrations of adreno-
corticotropic hormone (ACTH) in plasma and circulating
glucocorticoids increase as a part of HPA system activation
in broilers and mammals.’>14 The function of gluco-
corticosteroids is important during the stress response
because by increasing the levels of amino acids, free fatty
acids and glucose in the blood,!5 energy-rich sources are
made available to the cells that animals may need for an
adequate "fight or flight" response or other responses to a
stressful situation. Under normal conditions, as well as
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during stress reactions, the secretion of glucocortico-
steroids is regulated by a negative feedback mechanism
involving the hypothalamus (corticotropic releasing
hormone), pituitary ACTH and adrenal glands.1213.16

Recently, there has been an increasing number of works
on the importance of cortisol in birds, and the attitude that
it is only found in very low concentrations is now obsolete.
Namely, researchers!” came to the result that there were
very high values of this hormone in the blood of broiler
chickens. This could be explained by a very high
concentration of this hormone in the pre-natal and early
post-natal periods, being especially important for broiler
chickens because the production cycle lasts 42 days.

In a previous work, Ruzi¢ et al.'8 have showed that
the synergistic effect of vitamin C during early-age
thermal conditioning (ETC) has a beneficial effect on
production characteristics under the conditions of HS in
terms of reduced food conversion and increased volume
of individual parts of the body in relation to the entire
body mass, as well as an increased number of breaths,
leading to the release of a greater amount of heat into
the environment; thus, producing lower body
temperatures predominantly in the T + C group. It is
precisely the beneficial use of vitamin C and ETC as a
method of reducing the harmful effects of HS that was
an incentive for us to examine the response of the
pituitary-adrenal axis in such circumstances, which was
the goal of this research.

Materials and Methods

Day-old chicks sex determination. In earlier works,
the feather sexing method for determining the sex of day-
old chicks was described.?

Animals and experimental design. For the
experiment, 400 one-day-old (both sexes) Cobb 500
broilers were used. The broilers were divided into four
groups, each with four repetitions of 25 individual
animals; 100 chickens per group divided into pens, all in
the same production facility. The first group (K) consisted
of controls, the second group (C) included broilers that
received vitamin C (Veterinary Institute Subotica, Subotica,
Serbia) from the 221 to the 42n day through water in the
amount of 2.00 g L1 (1.00 g of vitamin C contained 100 mg
of active substance), the third group (T) included chickens
exposed to ETC and the fourth group (T + C) included
those exposed to ETC and also received vitamin C, as
described in detail by RuZi¢ et al® Ambient temperature in
the facility was measured from 08:00 to 20:00 hr in 2-hr
intervals. Figure 1 shows the average temperature in the
facility for the study period between the 29t and 42nd
days of breeding and such high temperatures were the
result of natural environmental conditions. All groups
(including K) were subjected to HS conditions for 14 days
at the maximal temperature of 30.68 °C (Fig. 1). These

temperatures corresponded to chronic stress. Relative
humidity remained between 40.00 and 70.00%. The
composition of the food consumed by the chickens was
commercial, as it was also shown in the previous work.18
This paper is a part of the doctoral dissertation research
approved by the Ethics Committee on the Protection of
Animals Used for Scientific Purposes of the University of
Novi Sad, Serbia (EK: II- 2018-02).
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Fig. 1. The facility air temperature in the last two weeks
of production.

Pituitary gland extraction. At the slaughter line, the
pituitary gland was taken for immunohistochemical
examination of ACTH cells. The sampling was done
immediately after 42 days of breeding. Initial incision was
made to remove the skin from the head. The next step was
decapitation in the area of the 1t cervical vertebra. The tip
of the scissors was then introduced into the foramen
magnum and a superficial incision of the skull was made in
the laterocranial direction, just above the eye orbit. This
cut was made from one side and the other, and with it the
skull cap was obtained. After removing this bony structure,
the brain was visible and accessible. Pulling out the brain
in the caudal direction revealed the optic chiasm, which
needed to be cut with a careful incision. Immediately
below the optic chiasm is the floor of the 3 cerebral
ventricle and the sella turcica. The pituitary gland was
slightly raised with scissors and the infudibulum was cut.
If the pituitary gland got stuck in the bony structure, it was
necessary to perform a gradual and careful preparation,
along with cutting the bones of the base of skull. The whole
process was extremely slow and very demanding due to
the consistency of the brain mass.

Immunohistochemical staining. Isolated pituitaries
were prepared for histological analysis by the standard
procedure of dehydration in a series of increasing
concentrations of alcohol, enlightened in xylene and
embedded in paraplast (Histolab Product AB, Gothenburg,
Sweden). The ACTH cells were labeled immunohisto-
chemically on 5.00 pm-thick pituitary sections (hACTH
antiserum DAKO A/S, Glostrup, Denmark). The detailed
procedure of immunohistochemical labeling of ACTH cells
was previously described in detail.!2
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Morphometric analysis. Morphometric analysis was
performed on digital images of labeled pituitary sections
taken with a LEITZ DM RB light microscope (Leica, Wetzlar,
Germany) acquired with a digital CCD camera (DFC320;
Leica Microsystems, Heerbrugg, Switzerland). Thirty fields
of view were selected for each analyzed case.Image analysis
was performed using the Image] Software (National
Institutes of Health, Bethesda, USA). Regarding ACTH
immunoreactive cells, our analysis included the measure-
ment of their area and nuclear area. Nucleocytoplasmic
ratio was calculated as the quotient of the nuclear area and
cytoplasmic area, where the cytoplasmic area was
obtained as a difference between the area of the upper
cells and the area of their nuclei. The analysis was
performed using a Multi-purpose Test System Mies (length
of one test line = 17.88 um, area of one point of the test
system = 15.49 um?, surface of the test field = 2601.54 pum?
and length of test lines = 1501.92 pum), superimposed over
the analyzed digital image of histological sections. Volume
density of ACTH cells was obtained as the quotient of the
number of points in the test system hit by immunopositive
cells and the total number of dots in the system number of
test points was 168 per each analyzed field.2°

Hormonal analyses. Blood sampling to obtain serum
performed on the 42n day of age according to the 24
individuals from each group and an equal number of male
and female individuals (three male and three female chicks
from each replicate). Blood samples were taken by cardiac
puncture and collected into sterile test tubes. The extracted
blood was allowed to coagulate at room temperature for 2
hr, after which it was centrifuged for 20 min at 3,000
revolutions per min. The resulting serum was placed at
- 80.00 °C temperature until the hormone concentration
analysis. The level of cortisol hormone was determined
without diluting the serum using the radioimmunoassay
cortisol diagnostic kits (Institute for the Application of
Nuclear Energy, Zemun, Serbia) intended for quantitative
determination of total cortisol concentration. Radioactivity
was measured with a gamma scintillation counter
(CompuGamma LKB, Brussels, Belgium) at the Institute for
the Application of Nuclear Energy in Zemun, Serbia.
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Fig. 2. Representative photographs of immunopositive adrenocorticotropic hormone (ACTH) cells in the pituitary glands from A) control,

Statistical analysis. The results were processed by
standard statistical methods using the statistical software
package R programming language (version 4.3.2; R Core
Team Vienna, Austria) and the programming environment
for statistical calculations. Determination of the degree of
statistical significance of differences between the groups
was performed using the method of analysis of variance;
while, further analysis was performed using the Tukey's
post hoc test for multiple comparisons between groups for
a significance level of 95.00% (p < 0.05). The mean and
standard deviation were calculated and the values were
reported as such.

Results

Qualitative histological findings. In control broilers,
immunohistochemically positive ACTH cells were
irregular or star-shaped and distributed throughout the
periphery and central parts of the pituitary gland.
Cytoplasmic processes tended to encompass adjacent cells
or spread between them. The nuclei were oval in shape,
with visible nucleoli. In these cells, dark secretory granules
were visible in the peripheral ACTH cells. In the
experimental broilers, the shape and distribution of ACTH
cells were not significantly changed compared to controls;
but, it could be noticed that they were located near the
dilated capillaries. In T + C group broilers, ACTH cells were
slightly larger compared to the controls (Fig. 2).

Morphometric findings. Morphometric analysis of
the area of immunopositive ACTH cells in broiler chickens
in group C showed a significant increase by 12.70%,
compared to the controls (p < 0.05). In broilers of T + C
group, this parameter was also significantly increased by
18.91, 5.51 and 15.47%, compared to the control, C and T
groups, respectively (p < 0.05; Fig. 3A). The ACTH cells
area in T group broilers was significantly reduced by
8.63%, compared to the C group (p < 0.05; Fig. 3A). The
nuclear area of ACTH immunoreactive cells in C group
broiler chickens was significantly increased by 22.75,
15.02 and 15.29%, compared to the control, T and T + C
groups, respectively (p < 0.05; Fig. 3B).

B) vitamin C, C) early-age thermal conditioning (ETC)-exposed and D) ETC + vitamin C groups. Brown colour: 3,3'-diaminobenzidine

chromogen; Scale bar: 30.00 pm.
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Fig. 3. Morphometric parameters of immunopositive adrenocorticotropic hormone cells in the pituitary glands from control (K), vitamin C
(C), early-age thermal conditioning (ETC)-exposed (T) and ETC + vitamin C (T + C) groups. A) Aacru: Area of corticotropic cells; B) Anacrh:
Area of corticotropic cell nuclei; C) (N/C)acrn: Nucleocytoplasmic ratio of corticotropic cells; D) Vvc: Volume density of corticotropic cells. 2

p < 0.05 vs. group K; bp < 0.05 vs. group C; ¢p < 0.05 vs. group T.

The results of the ACTH immunoreactive cells nucleo-
cytoplasmic ratio showed that it was significantly changed
in C (+14.28%) and T + C (- 13.79%) groups compared to
the control group (p < 0.05; Fig. 3C). In T + C group, nucleo-
cytoplasmic ratio of ACTH cells was significantly (p < 0.05)
decreased by 21.88 and 13.79%, in comparison with C and
T groups, respectively (Fig. 3C). Volume density of the
immunopositive ACTH cells in T + C group broilers was
significantly increased by 33.20, 25.56 and 27.65%,
compared to the control chickens (p < 0.05), as well as C
and T groups chickens, respectively (Fig. 3D).

Hormonal findings. Cortisol concentration in the
serum of broiler chickens was measured on day 42. It was
found that in all experimental groups (C, T and T + C); it
was statistically significantly increased by 12.86, 9.46 and
5.30%, compared to the control group (p < 0.05). In the
comparison of groups T and T + C with group C, there were
no statistically significant differences (p > 0.05; Fig. 4).
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Fig.4. Concentration of cortisol in the blood of chickens on day 42
in control (K), vitamin C (C), early-age thermal conditioning
(ETC)-exposed (T) and ETC + vitamin C (T + C) groups. 2p < 0.05
vs. group K; bp < 0.05 vs. group C.

Discussion

According to the data from the National Climate Center
in the United States?, the global mean surface temperature
has increased by 0.80 - 1.70 °C during the late 19t and 20t
centuries, and further increases of 0.60 - 2.50 °C are
expected over the next 50 years. This situation, in which
there is a global increase in temperature every year,
requires effective and economical means to overcome HS
in domestic poultry more easily. Increased environmental
temperature leads to the activation of the HPA axis in
chickens, being accompanied by an increased
concentration of glucocorticoids in the blood, regulating
metabolism to enable easier adaptation and survival of
chickens in HS conditions.>

Our findings of immunohistochemical analysis of ACTH
cells showed that they were oval or irregular in shape,
single or in groups, in all examined animals. The color
intensity of the secretory granules was almost identical in
all groups. The irregular shape of ACTH cells was
associated with their increased activity. In T + C group, the
cells were star-shaped, with cytoplasmic extensions
directed towards the vascular network. In this group,
morphometric measurements demonstrated hypertrophy
and hyperplasia of the examined cells compared to the
controls. The ACTH cells with increased cytoplasm were
also observed in Japanese quail exposed to chronic HS,2!
and changes in the shape of these cells were also noted in
rats exposed to the chronic!? and acute HS.10

Hypertrophy and hyperplasia of pituitary basophilic
cells have been described in White Leghorn chickens
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after exposure to a high ambient temperature of 38.00 °C.22
On electron microscopy, it was found that ACTH cells in
Japanese quail had a well-developed endoplasmic
reticulum and small rounded and poorly developed
mitochondria, and the Golgi apparatus was moderately
developed and localized around the nucleus.23

Histomorphometric changes in the ACTH level of
pituitary cells were followed by the physiological response
of the adrenal gland. The lowest cortisol values were
recorded precisely in the K group on the 42nd day, when
ACTH cells with reduced intensity of cytoplasmic staining
could be seen, and the highest values were observed in the
C group, where ACTH cells were larger and more
numerous with a modified form. Similar histological
changes of ACTH cells were also recorded after chronic HS
in White Leghorn chickens?2and rats.1216

Various studies have shown a positive correlation
between morphological changes of ACTH cells and their
functional state.13162425 [n the treated groups, the intensity
of cytoplasmic staining increased, as well as the level of
cortisol in the serum, indicating that the HPA axis
activation was the main neuroendocrine mechanism in
responses to stress.2* Corticosterone is primarily released
from the adrenal glands of birds; but, it is also synthesized,
although in much lower concentrations. Cortisol is
especially intensely synthesized in birds during the
embryonic and early post-natal periods, as well as in HS.26
It has been observed that in early embryonic period, the
concentration of corticosteroids from the adrenal gland
(coricosterone, cortisol and cortisone) equalizes in the
circulation and these hormones reach their peak values
just before hatching.27.28

This research showed that the concentration of cortisol
in all experimental groups was significantly increased
compared to the controls after 42 days of fattening. It is
assumed that the increased surface area and number of
ACTH cells with cellular extensions extending into the
blood vessel bring about a rapid secretion of ACTH into the
blood flow, leading to an increase in circulating cortisol in
the serum, which has been shown in earlier studies.2%3° In
this way, the proliferation of adrenal cortex cells is
controlled and steroidogenesis is stimulated by
melanocortin 2 receptor activation,3132 being extremely
important for a successful adaptation. The stimulatory
effect of ACTH on adrenocortical zona fasciculata cells was
registered by hypertrophy and an increase in the activity
of steroidogenic enzymes.33

The presented results showed that the HPA axis was
stimulated after the effect of chronic stress, being
especially conspicuous in T + C group. In this way, it was
possible to achieve a successful adaptation and
acclimatization of the broiler to unfavorable conditions
caused by long-term effects of elevated temperature. In
earlier studies,!8 it was also shown that broilers from this
group adapted best to HS, being reflected in improved

breathing as a way of getting rid of excess heat, as well as
better meat quality. The production results were
therefore markedly improved, which was of great
importance for the economy.

Acknowledgments

This paper was written based in part on the results of
the doctoral dissertation titled: “Physiological principles of
enhancement of thermotolerance using different methods
in heavy hybrid chicken”, by assistant professor Dr. Zoran
Ruzi¢. The research described in this paper was in part
financially supported by the Ministry of Science,
Technological Development and Innovation of the
Republic of Serbia (Number of Grants: 451-03-47/2023-
01/200113), for which the authors are grateful.

Conflict of interest

No conflicting interests and no funding in connection
with this paper are applicable.

References

1. National Centers for Environmental Information web-
site. Annual 2001 National Climate Report. Available at:
www.ncei.noaa.gov/access/monitoring/monthly-report/
national/200113. Accessed Dec 31, 2023.

2. Yahav S. Alleviating heat stress in domestic fowl:
different strategies. Worlds Poult Sci ] 2009; 65(4):
719-732.

3. Janke O, Tzschentke B, Boerjan B. Comparative
investigations of heat production and body
temperature in embryos of modern chicken breeds.
Avian Poult Biol Rev 2004; 15(3/4): 191-196.

4. Marder ], Arad Z. Panting and acid-base regulation in
heat stressed birds. Comp Biochem Physiol A Comp
Physiol 1989; 94(3): 395-400.

5. Ophir E, Arieli Y, Marder ], et al. Cutaneous blood flow
in the pigeon Columba livia: its possible relevance to
cutaneous water evaporation. ] Exp Biol 2002; 205 (Pt
17): 2627-2636.

6. Yahav S, Shinder D, Tanny ], et al. Sensible heat loss:
the broiler's paradox. World's Poult Sci ] 2005;
61(3):419-435.

7. Horowitz M. From molecular and cellular to integrative
heat defense during exposure to chronic heat. Comp
Biochem Physiol A Mol Integr Physiol 2002; 131(3):
475-483.

8. Zaboli G, Huang X, Feng X, et al. How can heat stress
affect chicken meat quality? — a review. Poult Sci 2019;
98(3): 1551-1556.

9. Ruzi¢ Z, Kanacki Z, Jokanovi¢ M, et al. The influence of
vitamin C and early-age thermal conditioning on the
quality of meat and specific production characteristics



130 JC.Kokoris et al. Veterinary Research Forum. 2024; 15 (3): 125 - 130

of broilers during heat stress. Turk ] Vet Anim Sci 2020;
44(2): 314-322.

10.Jasnic N, Djordjevic ], Djurasevic S, et al. Specific
regulation of ACTH secretion under the influence of
low and high ambient temperature - The role of
catheholamines and vasopressin. ] Therm Biol 2012;
37(7): 469-474.

11.Kuenzel W], Jurkevich A. Molecular neuroendocrine
events during stress in poultry. Poult Sci 2010; 89(4):
832-840.

12. Kokoris ]JC, Ajdzanovi¢ V, Pendovski L, et al. The effects
of long-term exposure to moderate heat on rat
pituitary ACTH cells: histological and hormonal study.
Acta Vet 2022; 72(1): 1-15.

13.Popovska-Perc¢inic F, Manojlovi¢-Stojanoski M,
Pendovski L, et al. A moderate increase in ambient
temperature influences the structure and hormonal
secretion of adrenal glands in rats. Cell ] 2021; 22(4);
415-424.

14.Xu Y, Lai X, Li Z, et al. Effect of chronic heat stress on
some physiological and immunological parameters in
different breed of broilers. Poult Sci 2018; 97(11):
4073-4082.

15. Fallahsharoudi A, de Kock N, Johnsson M, et al.
Domestication effects on stress induced steroid
secretion and adrenal gene expression in chickens. Sci
Rep 2015; 5: 15345. doi: 10.1038/srep15345.

16. Popovska-Percini¢ F, Jari¢ I, Pendovski L, et al. The
effect of moderate heat on rat pituitary ACTH cells:
histomorphometric, immunofluorescent and hormonal
study. Acta Vet 2017; 67(4): 495-507.

17.Kim DW, Mushtaq MMH, Parvin R, et al. Various levels
and forms of dietary a-lipoic acid in broiler chickens:
Impact on blood biochemistry, stress response, liver
enzymes, and antibody titers. Poult Sci 2015; 94(2):
226-231.

18.Ruzi¢ Z, Kanacki Z, Stojanovi¢ S, et al. Rectal
temperature and respiration rate as indicators of heat
stress in broiler chickens subjected to early-age
thermal conditioning and vitamin C supplementation.
Turk ] Vet Anim Sci 2023; 47(2): 160-166.

19. Escamilla-Garcia A, Soto-Zarazua GM, Toledano-Ayala
M, et al. A new application of morphometric variables
and image processing to determine day-old chicken
sex. ] Appl Res Technol 2022; 20 (5): 564-569.

20. Cukuranovié¢-Kokoris ], Pordevi¢ M, Jovanovic I, et al.
Morphometric analysis of somatotropic and folliculo-
stellate cells of human anterior pituitary during ageing.
Srp Arh Celok Lek 2022; 150(5-6): 274-281.

21. Sritharet N, Hara H, Yoshida Y, et al. Effects of heat
stress on histological features in pituicytes and hepato-
cytes, and enzyme activities of liver and blood plasma
in Japanese quail. ] Poult Sci 2002; 39(3): 167-178.

22.Clark CE, Das GP. Effect of high environmental
temperature on internal organs of chickens. Poult Sci
1974; 53(3): 859-863.

23.Mikami S, Yamada S. Immunohistochemistry of the
hypothalamic neuropeptides and anterior pituitary
cells in the Japanese quail. ] Exp Zool 1984; 232(3):
405-417.

24. Majekodunmi BC, Ogunwole OA, Sokunbi OA. Plasma
corticosterone and adrenal gland histomorphometry of
heat stressed broiler chickens given supplemental
electrolytes or vitamin C. Arch Zootec 2016; 65(252):
535-540.

25. Petrovic-Kosanovic D, Velickovic K, Koko V, et al. Effect
of acute heat stress on rat adrenal cortex - a
morphological and ultrastructural study. Cent Eur ]
Biol 2012; 7(4): 611-6109.

26. Caulfield MP, Padula MP. HPLC MS-MS analysis shows
measurement of corticosterone in egg albumen is not a
valid indicator of chicken welfare. Animals (Basel)
2020; 10(5): 821. doi: 10.3390/ani10050821.

27.Kalliecharan R, Hall Bk. A developmental study of the
levels of progesterone, corticosterone, cortisol, and
cortisone circulating in plasma of chick embryos. Gen
Comp Endocrinol 1974; 24(4): 364-372.

28. Scanes CG. Sturkie’s avian physiology. 6t ed. San Diego,
USA: Academic Press 2015; 489-496.

29. Tugalay CS, Bayraktar OH, Karul AB, et al. Effects of
ACTH and acute heat stress on oxidative stress in early
environmentally enriched broilers. ] Anim Prod 2021;
62(2): 93-98.

30. Beckford RC, Ellestad LE, Proszkowiec-Weglarz M, et al.
Effects of heat stress on performance, blood chemistry,
and hypothalamic and pituitary mRNA expression in
broiler chickens. Poult Sci 2020; 99(12): 6317-6325.

31.Chida D, Nakagawa S, Nagai S, et al. Melanocortin 2
receptor is required for adrenal gland development,
steroidogenesis, and neonatal gluconeogenesis. Proc
Natl Acad Sci USA 2007; 104(46): 18205-18210.

32.Lotfi CFP, de Mendonca POR. Comparative effect of
ACTH and related peptides on proliferation and growth
of rat adrenal gland. Front Endocrinol (Lausanne)
2016; 7: 39. doi: 10.3389/fend0.2016.00039.

33. Aguilera G, Kiss A, Lu A, et al. Regulation of adrenal
steroidogenesis during chronic stress. Endocr Res
1996; 22(4): 433-443.



