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ABSTRACT

OBJECTIVE: Mechanisms contributing to the post-traumatic stress disorder (PTSD) that involve several physiological sys-
tems, and the activation of the hypothalamic-pituitary-adrenal axis (HPA) is one of the most known systems in the PTSD
pathophysiology. The present study investigates the potential effects of methylprednisolone, metyrapone and their associ-
ation with the noradrenergic system within the rostral pons, a region containing the locus coeruleus (LC) in a rat model of
PTSD induced with predator scent.

METHODS: In this study, Sprague-Dawley rats were exposed to the stress by exposure to the scent of dirty cat litter, which is
a natural stressor of a predator. One week later, the rats were re-exposed to a situational reminder (clean cat litter). The rats
were treated using either methylprednisolone, metyrapone or physiological saline before exposure to a situational reminder
(n=8 in each group). Noradrenaline (NA) levels in the rostral pons homogenates were analysed using ELISA.

RESULTS: The anxiety indices of the rats exposed to the trauma were found to be significantly higher than the anxiety
indices of the control rats. Metyrapone produced a significant increase in the anxiety indices of the non-stressed rats, and
methylprednisolone did not produce a change in the anxiety indices of the non-stressed rats. Methylprednisolone treatment
suppressed the anxiety in the stressed rats. Metyrapone treatment increased the anxiety indices in the stressed rats but still
being lower than that of the saline-treated stressed rats. Significant decrease in the freezing time was observed following the
methylprednisolone treatment both in the stressed and non-stressed rats. NA content in the rostral pons of the stressed rats
was significantly higher than that of the non-stressed rats. Methylprednisolone or metyrapone treatments decreased the NA
content in the non-stressed rats as compared to the saline treatment. However, these decreases were not significant.

CONCLUSION: In this study, findings suggest that stress may give rise to endocrine, autonomic and behavioural responses.
The anxiety indices and NA levels in the rostral pons increased with the traumatic event. The methylprednisolone treatment
may suppress anxiety through interactions between the LC and the HPA axis.
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ost-traumatic stress disorder (PTSD) is a serious

mood and anxiety problem with important man-
ifestations for the patients, their families and the soci-
ety [1]. The disease is precipitated by a traumatic event
and is characterized by dysfunction in the mood lasting
for more than one month and the persistence of signs
are experiencing the stress after situational reminders,
avoidance behaviours, negative mood changes and hyper-
arousal or hyper-vigilance with new symptoms, such as
increased aggressive behaviour as stated in DSM-V [2].

Response to stress is accompanied by various emo-
tional and physical properties as a result of the activation
of several physiological systems [3]. Hypothalamus- pi-
tuitary-adrenal axis (HPA) activation is one of the most
known responses given to stress and is accused of being
involved in the PTSD pathophysiology [4, 5]. Dur-
ing stress, corticotropin-releasing factor (CRF) acts on
the pituitary gland to generate steroids that act on the
monoaminergic systems involved in the stress reaction.
The limbic structures, such as stria terminalis, and cen-
tral nucleus of the amygdala that are important in several
autonomic and behavioural manifestations of PTSD and
CRF mediates anxiety and emotional responses through
these systems [6-8].

There are controversial data in the literature regard-
ing the cortisol levels [9—13]. The change in the levels of
cortisol may cause false recall of memories in the PTSD.
The effects of hydrocortisone administration on auto-
matic memory recall were investigated in a randomized,
placebo-controlled study in patients with PTSD. How-
ever, hydrocortisone treatment was not found to be dif-
ferent from that of the placebo administration [9].

Noradrenaline (NA) is known to have a role in cog-
nitive functions in several psychiatric disorders [14, 15].
Recently, the increased NA concentration in the rostral
pons of rats demonstrated in a rat model of PTSD [16].
The Locus coeruleus (LC), a region located in the pons is
rich in NA-containing neurons. NA is not only involved
in the central effects occurring in the brain during stress
but it is also critical in bringing on the peripheral auto-
nomic effects. A study also demonstrated that NA con-
centrations increased in the cerebrospinal fluid following
exposure to psychological stress [17]. It was also shown
that NA in the LC is usually activated together with the
HPA axis activation following the stress exposure; this
activation is thought to be mediated by CRF [18]. CRF
projections from the central nucleus of the amygdala
(CeA) to the LC and the paraventricular nucleus of hy-

pothalamus produce excitatory effects and bring about
increases in the NA input to the CeA. Cortisol may in-
hibit noradrenergic activity resulting in the unopposed
neuroendocrine response to stress [19].

Metyrapone is an agent that can prevent the synthesis
of cortisol. Hence, metyrapone can be used to show the
interaction between the NA and the cortisol by removing
the (-) negative feedback mechanism. In this setting, we
wanted to test the behavioural aspects and the NA con-
centration in the rostral pons using methylprednisolone
or metyrapone in a rat model of PTSD induced with
predator scent.

MATERIALS AND METHODS

Animals

Female Sprague—Dawley rats weighing 200-250 g were
supplied from Marmara University Experimental An-
imal Center (DEHAMER), and local ethical commit-
tee approval (22.05.2014, 13, 2013.mar) was obtained
before the experiments. The rats were kept in cages at
2143°C and 50+5% humidity with a reversed 12 h
light/dark cycle for 10 days. The rats were fed with stan-
dard food and water ad libitum. All in vivo experimental
procedures were performed in the dark phase at 10:00
am with a dim light source. There were six experimental
groups where each group contained eight rats. The rats
were either stressed or non-stressed and received physio-
logical saline, metyrapone, or methylprednisolone.

Predator Scent Test

Predator scent test was used in this study to elucidate
the PTSD-like manifestations using the scent of dirty
cat litter which is a natural stressor of a predator as de-
scribed previously [20]. The dirty cat litter was obtained
from a male cat that used the litter for two days, and
the litter was sifted for stools. The rats were kept within
plexiglass cages (30 cm X 30 cm X 40 cm) containing
150 ml dirty cat litter for 10 min where the control (non-
stressed) group was exposed to clean, unused, fresh cat
litter. Following one week after the onset of the stress,
the rats were exposed to the clean cat litter that acted
as a situational reminder. The behavioural parameters on
the elevated plus-maze were scored from the recordings
of an overhead video camera. The rats received either
saline (physiological saline, PS, 0.1 ml/100 g) or methyl-
prednisolone (20 mg/kg; Mustafa Nevzat, Turkey) or
metyrapone (100 mg/kg; Santa Cruz Biotechnology, Inc,
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CA, USA) intraperitoneal injections 10 min before the
exposure to a situational reminder (clean cat litter). The
effective doses of methylprednisolone or metyrapone
were used as stated [21, 22]. The doses were also checked
in preliminary studies.

The Elevated Plus-Maze

After exposure to the situational reminder, the rats
were placed on an elevated plus-maze for five minutes.
The elevated plus-maze consists of two open (50 cm X
10 cm) and two closed (50 cm X 10 cm) arms. Closed
arms were surrounded by 40 cm long walls, and the
height of the maze was 50 cm from the ground. The
labyrinth was cleaned with a 5% alcohol solution before
the placement of rats.

Each rat was placed in the central square of the plus-
maze facing the open arms. An arm entry was defined
when all four paws were present within the arm. Video
recordings were used for the scoring of the entries into
the open or the closed arms. The amount of time spent
in the open arms provides information regarding the
anxiety state of the animal. If anxiety-like feelings of
animals are reduced, then, the animal will spend more
time in the open arms of the maze. In contrast, animals
with anxiety will experience heightened anxiety-like
feelings and will spend less time in the open arms of the
maze. The number of entries in the open and the closed
arms and the total time spent on open arms are noted
and the anxiety index (N_ ) was calculated using the

y
following formula:
amdety:l — % [(a/300s)+(b/c)]

(a=cumulative time spent in open arms (s), b=open
arm entries, c=total arm entries).

The freezing behaviour is defined as the lack of all
movements of rats during experiments except for respi-
ration. The cumulative freezing time over a five minutes
interval was also recorded in both stressed and non-
stressed rats following exposure to the reminder. After
completion of experiments, the rats were sacrificed using
a high dose of pentobarbital and the selected brain re-
gions were dissected in frozen tissues.

Preparation of the Tissue Samples

Upon decapitation, the rostral pons found in the brain
stem was dissected. The rostral pons contains the dark
coloured LC. The tissues were weighed and ground into
a homogenate in the presence of ice-cold PBS (pH=7.4)

by adding 200ul per 1 mg tissue sample. After centrifu-
gation at 3000 rpm (4°C) for 20 min, the supernatant
was collected and kept at -80°C until assay. The protein
content of the tissue homogenates was measured using
the Lowry method [23].

Noradrenaline Assay

Tissue homogenates were assayed for NA level using
the colorimetric method at 450 nm. NA level was de-
tected with Rat Noradrenaline ELISA assay kit (Sunred
Biotechnology Company, China), according to the man-
ufacturer’s protocol. The NA content in the homogenates
was adjusted according to the protein levels in the tissues
and expressed as ng/myg tissue/mg protein.

Statistical Analysis

All data were expressed as mean+SEM. The anxiety in-
dices and NA levels of the stressed and non-stressed rats
were compared using unpaired student’s t-test. One-way
analysis of variance and the Tukey’s post-hoc test were
used for the analyses of anxiety indices and freezing
times in all groups. For all statistical calculations, signifi-
cance was accepted where p<0.05. GraphPad Prism 7.0°
is used for statistical analysis (GraphPad Software, San
Diego, USA).

RESULTS

The anxiety indices of the rats exposed to the stress were
measured as (0.86+0.02), and it was found to be signifi-
cantly higher than the anxiety indices of the control rats
(0.6240.05) (Fig. 1; (unpaired student’s t-test) p<0.05).
Metyrapone produced a significant increase in the anx-
iety indices of the non-stressed rats (Fig. 1; F=5.501;
p=0.0317). Methylprednisolone did not produce a sig-
nificant change in the anxiety indices of the non-stressed
rats (p=0.9991). The anxiety indices of the saline-treated
stressed rats were found to be significantly different from
that of all other groups (Fig. 1b; p<0.0001). Methyl-
prednisolone treatment decreased the anxiety indices
in the stressed rats (Fig. 1b; p<0.0001). These findings
indicate that methylprednisolone treatment suppressed
anxiety. Metyrapone treatment increased the anxiety in-
dices in the stressed rats but still being lower than that of
the saline-treated stressed rats (p=0.0001).

The mean cumulative freezing times in all groups
were analysed using one-way analysis of variance and the
treatments were found to be the source of variation both
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FIGURE 1. Anxiety indices of non-stressed (A) and stressed
rats (B) after injection of saline (vehicle) or methylpred-
nisolone (20 mg/kg) or metyrapone (100 mg/kg), p<0.05.
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FIGURE 2. Cumulative freezing times of non-stressed (A) and
stressed rats (B) after injection of saline and or methylpred-
nisolone (20 mg/kg) or metyrapone (100 mg/kg), p<0.05.
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FIGURE 3. Noradrenaline level after saline (A), methylprednisolone (20 mg/kg) (B) and metyrapone (100 mg/kg) (C) injections in

stressed and non-stressed rats, p<0.05.

in stressed and non-stressed groups (F=3.878; p=0.041
and F=21.21; p<0.0001, respectively). The post-hoc test
detected a significant decrease in the freezing time after
methylprednisolone treatment in both stressed and non-
stressed rats (Fig. 2A, B; p=0.0358 and p=0.0004, re-
spectively). Metyrapone treatment did not produce a sig-
nificant difference from the saline treatment both in the
stressed and the non-stressed rats (Fig. 2A, B p=0.5715
and p=0.2236, respectively).

The NA level was 7.394£0.89 pg/mg in the non-
stressed rats, and it increased to 18.89+3.37 pg/mg in
the stressed rats. NA content in the rostral pons of the
stressed rats was significantly higher than that of the

non-stressed rats (p=0.0109). The preventive effects of
drug treatments on NA levels following the exposure
of the situational reminder were shown in the subsets
of Figure 3. The NA concentrations of the rostral pons
in the methylprednisolone treated rats were found to
be 39.24+10.36 pg/mg and 22.54+4.78 pg/mg in the
non-stressed and the stressed rats, respectively; how-
ever, this decrease was not found to be statistically sig-

nificant (p=0.1688).

NA concentration of metyrapone treated rats de-
creased in the stressed rats compared to the non-stressed
rats being nonsignificant (77.14£21.91 pg/mg vs
44.49+15.29 pg/mg, respectively, p=0.2371).



Tanriverdi et al., Methylprednisolone and metyrapone in PTSD

331

DISCUSSION

Noradrenaline is an important neurotransmitter involved
in mood, anxiety, learning, and memory functions of the
central nervous system. Thus, noradrenaline has been
extensively investigated in psychiatric disorders, such as
depression, anxiety and PTSD. The role of NA is also
studied in the PTSD as the signs and symptoms imply
sympathetic hyperactivity [19, 24]. NA levels in the cere-
brospinal fluid were demonstrated to be increased after
stress exposure [14]. Previously, in the study of Terzioglu
et al. (2013), NA levels were found to be increased in a
parallel fashion with the anxiety indices in rats stressed
with a predator scent [16].

We used female Sprague—Dawley rats as in the study
of Aykag et al. (2012) because the female rats were re-
ported to develop more anxiety when compared to the
male rats [25]. It was also reported that there are sex
differences in stress responses, and women increased
the incidence of stress-related psychiatric diseases [26].
Therefore, we used only female rats in this study.

We investigated the effects of methylprednisolone ad-
ministration on both NA level of the rostral pons and
behaviours in a rat model of PT'SD since glucocorticoids
were shown to exert negative feedback on the HPA axis
and stress causes HPA axis activation,

In PTSD studies, there are controversial data regarding
the cortisol levels, some data reported the increased circu-
lating cortisol levels, while other data showed a decrease
(10-13]. In a study conducted on patients with chronic
combat-related PTSD, higher CRF concentrations in the
CSF of traumatized patients were found, and researchers
concluded that CRF might play a role in arousal distur-
bances [10]. The urinary cortisol levels were also found to
be below the normal range in patients with PTSD [10],
and cortisol administration could reduce the symptoms of
PTSD in chronic cases [12]. It was also shown that neg-
ative feed-back inhibition of ACTH secretion by dexam-
ethasone treatment was more apparent in PTSD patients,
where no change was observed control subjects [11]. Low
cortisol levels causing increased neuronal CRF transmis-
sion that activates CRF/NA circuits -between the CeA
and the LC and may produce unopposed autonomic and
neuroendocrine responses to stress. As cortisol causes
the NA activity to decrease, it may be assumed that low
levels of cortisol may make the patients develop PTSD
easily [19]. These patients may be unable to restore the
increased noradrenergic activity in case of stress [19].

In our experiments, we observed that the increase in
the anxiety indices of stressed rats is reversed by methyl-
prednisolone treatment. In PTSD, the automatic recall
of memories and decreased cortisol levels may be related,
especially during the intrusions. However, it was also
demonstrated that administration of glucocorticoids fol-
lowing the memory reactivation results in a decrease in

the subsequent recalls [27, 28].

NA content is higher in the LC, and it coordinates
the structures related with physiopathology of the
disease in brain regions, such as the neocortex, the
amygdala, the hypothalamus and the hippocampus
(29, 30]. We demonstrated that noradrenergic input in
the rostral pons was increased during stress. Although
we detected a tendency to decrease in the NA levels
in methylprednisolone or metyrapone treated stressed
rats, no statistical significance was detected. The dis-
crepancy of this finding may be because we measured
the NA content in the rostral pons containing the LC
at the end of the experiments. We do not know the
time-course change in the NA levels. It might have
been reached to a higher level than we had detected.
Microdialysis experiments will provide more precise
measurements.

Administration of methylprednisolone may inhibit
the HPA leading to a decrease in the CRF and con-
sequent reduction in the stimulation of the LC. This
may account for the decrease in the NA in the LC fol-
lowing methylprednisolone administration when the
stressed rats were exposed to the situational reminder.
This effect was not observed with metyrapone admin-
istration; in contrast, NA content was increased when
compared to methylprednisolone treatment in the
stressed rats. The increase in the freezing time dura-
tion was observed when the stressed rats were exposed
to the reminder. The decreased freezing time may be
an indicative sign of adaptive defense response to fear
exposure [31-33]. Collectively, we also observed a
decrease in the freezing time in the stressed rats fol-
lowing methylprednisolone treatment, and this finding
confirms that the corticosteroids stimulate memory
consolidation (34, 35]. The reversal of this effect with
the metyrapone experiments also supports the reports
regarding the association of glucocorticoids with the
strong fear memories in PTSD [36]. The role of cor-
ticosteroids in the enhancement of memory consolida-
tion during contextual fear conditioning memory was
also shown in many studies [37-39].



332

NorTH CLIn ISTANB

Conclusion

Our findings also suggest that glucocorticoids are phar-
macologically prophylactic in stress, but the inhibition of
the synthesis is not effective in the stress circuitry. We
concluded that the anxiety indices and NA levels in the
rostral pons increased with the traumatic event. The
findings suggest that the methylprednisolone treatment
may suppress anxiety through interactions between the

LC and the HPA axis.
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