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SUMMARY

Introduction/Objective The main objective of this study was to investigate the effect of prolonged
exposure (4,7, 14, 21, 60 days) of rats to moderately high ambient temperature (35 £ 1°C) on the im-
munohistomorphometric parameters of pituitary somatotrophic (GH) cells.

Methods The experiment was conducted on 42 adult Wistar rats, equally divided into six experimental
groups (n = 7). Five were continuously exposed to a temperature of 35 + 1°C, while the control group was
kept at 20 + 2°C. GH cells were visualized using the peroxidase-antiperoxidase immunohistochemical
method. The morphometric analysis was conducted using the M,, multipurpose test system.

Results Rats from all experimental groups had significantly (p < 0.05) reduced body mass compared
with the control. After four and 14 days of exposure to moderate heat, the absolute pituitary weight was
significantly (p < 0.05) increased by 23.1% and 27.7%, respectively, in comparison with the control. GH
cells in all groups were oval and located near capillaries with numerous dark granules. Morphometric
analysis of cellular and nuclear volumes of GH cells in the experimental group significantly decreased
(p < 0.05) compared with the control group.

Conclusion [t can be concluded that chronic exposure of adult male rats to moderately high ambient
temperatures reduced the immunohistomorphometric parameters of GH cells.
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INTRODUCTION

High ambient temperatures have become a sig-
nificant environmental factor in recent decades,
directly affecting all biological processes in the
body and causing numerous consequences for
the functioning of living organisms [1, 2, 3].
Due to climate change and global warming, the
impact of high temperatures on body growth,
food consumption, muscle mass growth [1],
bone mineralization, energy metabolism, and
reproduction has become an important aspect
of thermophysiology [4].

Exposure to high or low environmental tem-
peratures and continuous exposure to light or
darkness are considered environmental stress-
ors for the body [5-8]. In such conditions, a
stressogenic reaction occurs, causing the neu-
roendocrine system response and particularly
affecting the hypothalamic-pituitary axis [6,
9, 10]. Earlier studies showed that adreno-
corticotropic [6, 11], somatotropic (GH), and
mammotropic [7] cells of the pituitary gland
are most sensitive to this kind of stress reaction.

GH cells synthesize and secrete growth
hormone into the bloodstream; its release is
regulated by several circulating hormones and
metabolites [12]. The pulsatile control of GH
secretion and release into the pituitary portal
system is regulated by hypothalamic neurons
through the release of stimulatory (GHRH)
[12], or GH-inhibitory hormone, somatostatin
(SRIH) [13]. GH regulates numerous physiolog-
ical functions, including protein synthesis, cel-
lular proliferation, body growth [2, 14], neuro-
endocrine responses, behavior, and metabolism
through specific populations of neurons [15].

Current climate changes and global warm-
ing have also affected the Western Balkans
and Southeastern Europe. It is expected that
by 2035 the average annual temperature in this
region will increase by 0.5-1°C, especially dur-
ing the summer period [11]. Having in mind
that during summer all animals and humans
are subjected to longer or shorter periods of
warm climate, we hypothesized that their expo-
sure to high ambient temperatures might have
a significant impact on the morphofunctional
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characteristics of GH cells. Therefore, this study aimed to
elucidate the potential changes in the immunohistomor-
phometric characteristics of GH cells after short-term and
prolonged exposures of animals to moderately elevated
ambient temperature.

METHODS
Experimental animals and experimental design

The experiment was conducted on 2.5-month-old adult
Wistar male rats. A detailed description of the experi-
mental protocol can be found in our previous study [11].
Briefly, the experimental animals (n = 7 per group) were
continuously exposed (4, 7, 14, 21, 60 days) to moderately
high ambient temperature in a special heated chamber with
controlled air temperature (35 + 1°C) and air humidity of
30-40%, while the control group (n = 7) was kept at room
temperature (20 = 2°C). Food and water were given ad libi-
tum to all animals throughout the whole experiment. After
the sacrifice, the pituitary gland was removed, weighed,
and subjected to immunohistochemical staining for GH
cell visualization.

Immunohistochemical staining

The rat pituitary glands were fixed in 4% paraformalde-
hyde, dehydrated in ethanol, cleared in xylol, and embed-
ded in paraffin. The distal part of the glands was cut in
a series of seven horizontal 5 pm-thick sections through
three levels (superior, middle, and inferior) [11]. The im-
munohistochemical localization of pituitary GH cells was
performed using the peroxidase-antiperoxidase method.
The procedure is described in detail elsewhere [5, 9, 11].

All animal procedures were compliant with EU
Directive 2010/63/EU and approved by the Local Animal
Care Committee of the Faculty of Veterinary Medicine -
Skopje (No. 0201-4506/2 from 7.11.2011).

Stereological measurements

The cellular volume (Vc,; pm?), nuclear volume (Vn;
um?), and volume density of immunopositive GH cells
(Vv %) were determined on 5 pm-thick sections.
Measurements were made with the multipurpose test
system M on 50 test fields at x 1000 magnification, pre-
viously described in detail by Popovska-Per¢ini¢ et al. [5].
Digital recordings were made on a DM RB photomicro-
scope (Leica, Wetzlar, Germany).

Statistical analysis

The morphometric data obtained for each rat were av-
eraged per experimental group, and the standard devia-
tion (SD) was calculated. One-way analysis of variance
(ANOVA) followed by a Tukey test was used to compare
differences between the groups. A probability value of 5%
or less was considered statistically significant.
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Ethics: All animal procedures were approved by the
Animal Care Committee of the Faculty of Veterinary
Medicine, University in Skopje (No. 0201-4506/2) and
followed the instructions provided in the EU Directive
2010/63/EU.

RESULTS
Body mass, absolute and relative pituitary weights

The body mass and the absolute and relative pituitary
weights are given in Table 1 and Figure 1. It was found
that the body mass in rats exposed to moderate heat for
4,7, 14, 21, and 60 consecutive days was significantly
(p < 0.05) reduced by 19.8%, 22.6%, 16.4%, 22.6%, and
37.6%, respectively, compared with the controls. After 4
and 14 days of exposure to moderate heat, the absolute
pituitary weight was significantly (p < 0.05) increased by
23.1% and 27.7%, respectively, in comparison with the
control group. The relative weight of the pituitary gland
was significantly (p < 0.05) increased by 36% only in rats
exposed to moderate ambient temperature for four days.

Immunohistochemical characteristics of GH cells

The GH cells of the control group were intensely stained,
with an oval shape and a prominent spherical nucleus lo-
cated centrally within the cell cytoplasm (Figure 2A). The

Table 1. Absolute and relative pituitary weight in animals exposed to
moderately high ambient temperature

Graits Absolute pituitary weight | Relative pituitary weight
(mg) (mg%)

Control 6.5+0.6 25+0.1

4 days 8.0 +0.4* (+23.1%) 3.4+0.3* (+36.5)

7 days 6.3+£0.5(-3.1%) 2.4 +0.2 (-4.0%)

14 days 8.3 £0.6* (+27.7%) 29+0.2 (+16%)

21 days 6.4+ 0.5 (-1.5%) 2.5+0.1(0.0%)

60 days 5.8+0.5(-10.1%) 2.6+ 0.2 (+4%)

The values are expressed as means + SD;
*p < 0.05 vs. control
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Figure 1. Body mass in animals exposed to moderately high ambi-
ent temperature 4, 7, 14, 21, and 60 days; the values are expressed
as means + SD;

*p < 0.05 vs. control
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location of GH cells was not significantly changed in the ex-
perimental groups. The shape of most cells was oval (Figure
2B-F). However, there were also some stellate cells with
noticeable cytoplasmic processes (Figure 2D). Generally,
rats exposed for a prolonged time to moderately elevated
ambient temperature had smaller GH cells containing dark-
er cytoplasmic areas throughout their cytoplasm. They were
found mostly arranged in groups (Figure 2B).

Stereological parameters

In rats exposed to moderate heat for 4, 7, 14, 21, and 60
days, the morphometric analysis of pituitary GH cells
showed a significant decrease in their volume (p < 0.05)
by 18.4%, 25.8%, 14.1%, 24.4%, and 19.1%, respectively
(Figure 3A), compared to the control. The nuclear vol-
ume of these cells was significantly reduced by 9.5%, 5.3%,
7.4%, 3.2%, and 10.6%, respectively, in comparison with
the control group (Figure 3B). The volume density of GH
cells was significantly reduced (p < 0.05) after 4, 7, and 60
days by 23.7%, 13.2%, and 15.9%, respectively, compared
with the control (Figure 3C).

DISCUSSION

Global warming is characterized by an increase in the
average annual temperatures. The Western Balkans and
Southeastern Europe have experienced prolonged periods
of high ambient temperatures during the summer months
[11, 16].

In this research, a significant decrease in body weight
was found in all groups compared with the control. The

Figure 2. Representative micrographs of immunopositive GH cells
in controls (A), in animals exposed to moderately high ambient tem-
perature 4 days (B); 7 days (C); 14 days (D); 21 days (E); and 60 days
(F); peroxidase—antiperoxidase method; bar: 16 um
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largest decrease (-37.6%) was recorded in animals that were
exposed to moderately high environmental temperatures
for 60 days. Similar results were obtained after exposure
of rats to a temperature of 35 + 1°C for 30 days [5], as well
as after acute exposure of mice to temperatures between
34-38.5°C [17]. Increased water intake and reduced food
intake are most probably the causes of body weight reduc-
tion, which was observed in rats [18] and broilers [1].

The increased absolute weight of the pituitary gland
was observed after the fourth and 14th day of exposure to
elevated ambient temperature, whereas increased values of
the relative weight were registered only after the 4th day.
A similar result was reported in earlier studies after acute
[19] and chronic [5] (30 days) exposure of rats to high
environmental temperature.

Literature data on the effects of temperature on GH cells
are very scarce. Most of them concern acute exposure, such
as studies from Vigas et al. [20], which describe the stimu-
latory effect of high temperature on GH release for several
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Figure 3. Stereological parameters of immunopositive GH cells in adult
male rats after exposure to moderately high ambient temperatures;
A) Vc-volume of cells (um3); B) Vn-volume of nuclei (um3); and C) Vvc-
volume of density (%); the values are expressed as means + SD;

*p < 0.05 vs. control
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minutes to an hour. The current study aimed to expand the
information on the properties of GH cells after prolonged
exposure to moderately high temperatures.

The stereological analysis in this study showed that the
cellular and nuclear volumes of GH cells were significantly
reduced compared with the control. These results indicate
a decreased activity of somatotropic cells during the en-
tire heat exposure period. A decrease in the stereological
parameters of GH cells was also observed after 30 days
of exposure to moderately high temperatures [5], which
is in agreement with our results. The inhibitory effect of
GH secretion and reduced blood GH concentration were
noticed after acute and chronic stress [21], as well as dur-
ing short-term acclimation to high temperatures [22]. This
can be explained by the increased secretion of SRIH from
the hypothalamus, which serves as a suppressor of GH
hormone release [21].

Trifunovic et al. [22] and Nestorovi¢ et al. [7] reported
similar findings after chronic exposure of adult rats to other
types of stressors (immobilization, sound, constant light).
The decreased somatotropes’ activity might be due to the
increased SRIH blood concentration, known to exhibit an
inhibitory effect on the secretion of GH from the pituitary
somatotropic cells [23]. Similar results after exposure to a
moderately warm ambient environment were also obtained
in birds [24]. Studies in rats reported that increased SRIH
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synthesis and storage and decreased GH-releasing hormone
mRNA synthesis play a major role in the GH inhibitory
effects on glucocorticoids [25]. In addition, it was shown
that glucocorticoids are directly involved in the increase of
pituitary GHS-R mRNA levels by stimulating GHS-R gene
transcription [26]. This might be a possible explanation for
the decreased activity of GH cells found in this study since
reduced serum corticosterone concentration was found in
our previous research in rats subjected to moderately high
temperatures for 7-60 days [11].

CONCLUSION

Prolonged exposure of adult male rats to moderately high
ambient temperature has an inhibitory effect on the immu-
nohistochemical and stereological parameters of GH cells.
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UmyHoxuctomopdpometpujckun ogrosop henuja xunoduse Koje npomsBoae XOpMOH
pacTa Kog, naLoBa Ha NPOAYKEHO U3narake yMepeHo NOBULLIEHOj TeMnepaTypu

OKOJ/IuHe

JoBaHa YykypaHosuh Kokopuc', MoHnKa [loBeHcKa?, busbaHa Mapanug?, J1a3o NMeHaoBckn?, MapTuH HukonoBscki?,
bpaua Kynganuh', iBaHa lpaosau', Page YykypaHosuh', Bepuua Munowesuh', ®nopuHa Monoscka MepunHuh?

'YHuep3utet y Huwy, MegnunHcki dakyntet, Kategpa 3a aHatomujy, Huw, Cp6buja;
*YHneep3uTet Cetor hupuna n Metoguja y Ckonsby, QakynTeT BeTepuHapcke MeauumHe, Katefipa 3a dyHKLMOHanHy Mmopdonorujy,

Ckomsbe, Penybnuka CeBepHa MakefoHuja;

3YHusep3utet y beorpagy, MegnunHcki dakynTeT, YHMBEP3UTETCKM KNMHWYKM LieHTap Cpbuje, Ofermbetbe 3a kapauonorujy, beorpag, Cpbuja

CAMETAK

YBoa/Linrb OcHOBHU Li/b OBOT MCTPaXMBatba 1o je aa ce nc-
nuTa edekat npoayxeHe n3noxeHoctu (4, 7, 14, 21, 60 gaHa)
naLoBa yMepeHo BUCOKOj TemnepaTypu okonvHe (35 £ 1°C) Ha
MMyHOXMCTOMOPdOMETpHjcKe NapameTpe comatponHux (MX)
henwja xunoduse.

Metope EkcnepumeHT je cnpoBefeH Ha 42 ogpacna Buctap
naLioBa, MOAE/beHa Y LECT eKCNepUMEHTaNHUX rpyna (n=7), of
KOjuX je NeT HenmpeKnaHO N3n0XeHo Temnepatypu og 35+ 1°C,
[lOK je KOHTpONHa rpyna ApxaHa Ha 20 + 2°C. X henuje cy
MIMYHOXMCTOXEMWjCKI BI3yenri30BaHe METOA0M NepoKCmaasa—
aHTnepokcuaasa. MopdpomeTpujcka aHanmsa je cnposefeHa
Kopuwhetbem BrLIEHAMEHCKOT TecT-cucTema M,,.

PesynrtaTtu [auLoBu U3 cBUX eKCNepuMeHTanHVX rpyna nma-
NN Cy 3HayajHo (p < 0,05) cMarbeHy TenecHy macy y OfHoCY Ha
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KOHTpOosnHy rpyny. lMocne yetvpw 1 14 faHa n3narakba yMepeHoj
TOMJIOTK, anconyTHa TeXMHa xunoduse je 3HayajHo (p < 0,05)
nosehaHa 3a 23,1% ogHocHo 27,7%, y nopehery ca KOHTpon-
Hom rpynom. X hienuje y cBum rpynama 6une cy oBanHor obam-
Ka 1 CMeLUTeHe y 6iIM3MHM Kanunapa ca OpojH M TaMHIM rpa-
Hynama. MopdomeTpujcka aHanmsa henmnjcknux 1 HykneapHmux
3anpemuHa X henuja y ekcnepymMeHTanHoj rpynu 3HayajHo je
cmameHa (p < 0,05) y ofHOCY Ha KOHTPOJTHY Fpymny.
3aksbyuak Moxe ce 3aK/byumTi Aa je XPOHUYHA N3/I0XKEHOCT
0fpacnux Myxjaka naLioBa yMepeHo BUCOKIM Temnepatypama
OKOJVHE CMakbuiia IMYHOXMCTOMOPHOMETPHUjCKE MapameTpe
X henwja.

KrbyuHe peunt: yMepeHo BCOKa TEMMEPATYPA OKOJINHE; UMY-
HoXUcToMoppomMeTpuja; comaToTponHe henwje; nauosu
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