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To elucidate the effect of cyclooxygenase-2 (COX-2) inhibition on corticosterone release, mice were divided into
a group receiving NS398, a selective COX-2 inhibitor at a dose of 3 mg/kg for seven days, and a group receiving
NS398 for fourteen days. After this time, the mice were sacrificed, and blood serum was collected. An ELISA
protocol was used to analyze serum corticosterone levels. Short-term COX-2 inhibition increased corticosterone

levels, while long-term inhibition lowered them. The exact schedule of experiments was repeated after the
lipopolysaccharide (LPS) Escherichia coli challenge in mice to check the influence of stress stimuli on the tested
parameters. In this case, we observed increases in corticosterone levels, significant in a seven-day pattern. These
results indicate that corticosterone levels are regulated through a COX-2-dependent mechanism in mice.

1. Introduction

Stress stimuli activate the hypothalamic-pituitary—adrenal (HPA)
axis, resulting in the release of glucocorticoids (cortisol in humans and
corticosterone in rodents) [1-3]. Chronic stress stimuli, evidenced by
the presence of elevated circulating glucocorticoids, are associated with
dysregulated HPA axis and systemic reorganization [1-3]. Adapting the
body to stressors through changes to maintain homeostasis is known as
allostasis [4]. Repeated stress stimuli or a one-time strong stressful event
results in the inability of the body to achieve homeostasis. This condition
is known as allostatic load [4]. It causes metabolic changes, alterations
in the nervous system, and hippocampal atrophy [4]. Breaking the ho-
meostatic barrier by stress is a recognized factor for depression [5,6].
Therefore, looking for regulators of coping mechanisms with stress is
essential.

During physiological challenges, stress, or dysregulation of the glu-
tamatergic system, prostaglandins are derived from arachidonic acid by
phospholipase A, through cyclooxygenase (COX-2) [7]. COX-2 is an
inducible form that has been shown to be expressed in the kidneys, and
such brain structures as the cerebral cortex, limbic system and spinal
cord, among others [7]. It has been observed that COX-2 inhibitors affect

corticosterone secretion in rodents [8-10] and display antidepressant-
like as well as pro-cognitive effectiveness [11-13]. Furthermore, it
was documented that COX-2 inhibitors impairs glucocorticoid levels in
rats, both in serum and renal cortex and adrenal gland [7,14,15]. A
massive set of our experiments has shown that by inhibiting COX-2 with
NS398, a selective COX-2 inhibitor, an effective modulation of rodent
behavior is observed [16,17]. NS398 was potent in depression-like
studies influencing the mGluR5 antagonist (MTEP) or imipramine and
in the cognitive part of the studies [17].

The most widely used adjunctive drug for treating depression and
refractory cases it is in fact a COX-2 inhibitor — celecoxib [7]. Although
plenty of indirect evidence points to the involvement of COX-2 in
regulating the HPA axis, no studies show the effect of COX-2 inhibition
on corticosterone levels straightforwardly. Since long-term COX-2 in-
hibition may be associated with changes in renal metabolism [18,19],
corticosterone undergoes deactivation in kidneys [19], it is essential in
such a study to monitor their status by histological inspection. It has
been documented that in the kidney, prostaglandins and COX-2 are
involved as regulators of renal hemodynamics and salt/water homeo-
stasis [18,19]. Furthermore, the role of adrenal cortex and adrenal gland
in regulation of HPA components has been documented [7,14,20]. In
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addition, COX inhibitors (aspirin or indomethacin) regulate the renin-
angiotensin system through signals from the macula densa [18,19].

This is the first study showing that COX-2-dependent mechanisms
are involved in corticosterone concentrations. Our hypothesis is based
on the fact that both psychological and microbe-induced stressors, e.g.,
LPS, were associated with glutamate (Glu) excitotoxicity [20,21], which
was showed as regulated by COX-2 [20,21]. Finally, acetylcholine (Ach)
levels were examined in the prefrontal cortex and hippocampus of mice
using ELISA. The literature documents the regulation of the HPA axis
indirectly as a stress response through Ach [20-25].

2. Materials and methods
2.1. Animals and housing

The experiments were performed on group-housed male C57BL/6J
mice. The mice were 8-10 week old. The animals were kept under
recommended laboratory conditions (temperature of 21 + 1 °C, relative
humidity of 50 &+ 5 %), with lightning period 12: 12 h (light: dark cycle).
Each group included ten animals. Experiments were performed during
the light period (8: 00-17: 00). Food and water were freely available. All
procedures were conducted according to the guidelines of the National
Institutes of Health Animal Care and Use Committee and were approved
by the Ethics Committee of the Institute of Pharmacology, Polish
Academy of Sciences in Krakow (Approval Number: 178/2017 and 158/
2019).

2.2. Drug treatment

The following drugs were used: N-[2-(Cyclohexyloxy)-4-nitro-
phenyl] methanesulfonamide (NS398, Abcam Biochemicals, UK), LPS
serotype 0127:B8  (Sigma-Aldrich); 3-[(2-methyl-1,3-tiazol-4-yl)
ethynyl]-pyridine (MTEP; Tocris Cookson ltd., Bristol, UK). NS398 (3
mg/kg) was dissolved in 10 % DMSO; 10 % DMSO was used for vehicle
group injections. LPS was used as an aqueous suspension. All compounds
were injected i.p. once daily (before 11: 00), for 1, 7 or 14 consecutive
days. A separate cohort of mice was designated for LPS experiments with
the same experimental schedule. A control group without LPS challenge
was scheduled as a positive control during these experiments and was
treated in the same way as LPS — injected mice.

2.3. Blood serum and kidneys collection

Our main objective in this study was to determine the level of HPA
axis changes during prolonged administration of a COX-2 inhibitor
(NS398) by detecting serum corticosterone levels and analyzing renal
status since COX-2 is constitutively expressed in the kidneys and
metabolized there [18,19]. We chose serum corticosterone as the indi-
cating variable 24 h after the last administration to exclude a short-term
effect of the drug on the system. 24 h after the last administration of
tested compounds, animals were decapitated and trunk blood (about 1
ml) and kidneys were collected. The kidneys were weighed immediately
after collection. Serum obtained by centrifugation and kidneys were
frozen on dry ice and stored at —80 °C until the start of biochemical
analysis. Collection was scheduled between 8:00-11:00.

2.4. Endocrine assay (corticosterone)

Blood serum was centrifuged at 1800 x g for 30 min. We stored serum
aliquots at —80 °C until thawed for the assay. Serum corticosterone
concentration was determined by enzyme-linked immunoassay (ELISA)
using Corticosterone Rat/Mouse Elisa Kit (Demeditec Diagnostics
GmbH, Kiel, Germany), according to the manufacturer’s protocol.
Briefly, 10 pl of each standards, samples and control were dispensed into
96-wells plate. Next, 100 pl of incubation buffer and 50 ul of enzyme
conjugate were added and incubated for 2 h at room temperature on a
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microplate mixer. After washing, 200 pl of substrate solution to each
well was pipetted and color developed inversely proportional to the
amount of corticosterone in the initial step. The reaction was stopped by
adding 50 pl of stop solution, and the absorbance was determined at a
wavelength of 450 nm within max. 15 min using the Synergy 2 multi-
mode microplate reader and Gen5 Software (BioTek, Winooski, VT,
USA). All assays were performed in duplicate. The standard range was:
15-2,250 ng/ml. The intra- and inter-assay coefficients of variation
were < 8 % for all analyses.

2.5. Tissues collection

The mice were decapitated 24 h after the last injection. Then, the
prefrontal cortex (PFC) and hippocampus (HC) were dissected according
to the Mouse brain atlas [26], frozen on dry ice, and stored at —80 °C.
PFC was taken by cutting the anterior part of the forebrain at the level of
Bregma 2.20 mm. Olfactory bulbs and the anterior striatum were cut off.
Therefore the tissue taken for analysis contains a majority of the PFC.
Subsequently, the brain was cut into two hemispheres in the sagittal
line. Then, the whole HC was taken out from each hemisphere.

2.6. Acetylcholine assay

Acetylcholine (ACh) levels were determined in the PFC and HC using
a commercially available Amplex Red Acetylcholine/Acetylcholines-
terase Assay Kit (Invitrogen Molecular Probes, Paisley, UK) according to
the manufacturer’s protocol. Briefly, the tissue samples (PFC and HC)
were homogenized in the appropriate lysis buffer with a protease in-
hibitor cocktail (BioShop, Canada). After centrifugation for 5 min at
10,000 RPM (4 °C), the protein concentration in the supernatant was
determined using the BCA method (Pierce, Rockford, USA). Next, all the
samples were diluted with the reaction buffer. ACh measurements were
performed on 96-well plates and the reaction involved: 100 pL of a
sample, 50 M of Ach, 200 uM of Amplex Red Reagent, 0.1 U/mL of
choline oxidase, and 1 U/mL of HRP. After adding all reaction compo-
nents, the plates were incubated at room temperature for 30 min in the
dark. Fluorescence intensity was detected by Synergy2 Multi-mode
microplate reader and Gene5 software (Winooski, VT, USA) with exci-
tation and emission of 530 nm and 590 nm, respectively. Then, the re-
sults were calculated using GraphPad PRISM.

2.7. Hematoxylin and eosin (H&E) staining

The tissue samples of mouse kidney were fixed in 4 % para-
formaldehyde and embedded in Paraplast Plus (Sigma-Aldrich; Darm-
stadt, Germany). Five-micrometer sections were stained with
hematoxylin and eosin following standard procedures to evaluate the
whole structure of the tissue by contrast staining of the cell cytoplasm
and nuclei [27]. The microphotographs of kidney fragments in all
analyzed groups were taken using the Olympus BX43 microscope
equipped with the soft cellSens Dimension software.

2.8. Urine pH

Urine pH analysis was scheduled during daily injections so as not to
stress the animals. A pH was measured while the animal was kept for
injection (the litmus paper was placed directly under the mouse during
urination). Approximate urine pH analysis was performed using litmus
papers (Sigma, Che. Comp., Lot 010B164536, P-4536, pH Test Strips
4.5-10.0) [28]. Not all animals urinated during the experiment. Hence,
some of time points are interpreted only as observations due to the small
number of results in the group.

2.9. Statistical analysis

The results were presented as the means + S.E.M. t-test, one-way
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(followed by the Dunnett’s test, or Tukey’s) analysis of variance
(ANOVA) were used for statistical analysis. GraphPad Prism software,
ver. 8.0 (San Diego, CA, USA) was used. P < 0.05 was considered
significant.

3. Results
3.1. Decrease of serum corticosterone after prolonged COX-2 inhibition

There are significant changes in serum corticosterone levels
depending on the duration of COX-2 inhibition. Acute COX-2 inhibition
with NS398, a selective COX-2 inhibitor at a dose of 3 mg/kg (i.p.),
caused a significant increase in serum corticosterone levels in C57Bl/6J
mice (t-test: t = 3.673, df = 11; P = 0.004) (Fig. 1 B). Vehicle: 89.52 +
22.22, NS398: 172 + 8.82 (ng/ml). However, long-term COX-2 inhibi-
tion for seven days did not change corticosterone levels compared to the
control group of mice (ns) (Fig. 1 C). Vehicle: 143.0 + 11.40, NS398:
163.2 + 4.898 (ng/ml). Prolonged COX-2 inhibition for fourteen days
using NS398 resulted in a significant reduction in serum corticosterone
levels (t-test: t = 13.56, df = 10; P < 0.001) (Fig. 1 D). Vehicle: 238 +
6.91, NS398: 69.89 + 9.23 (ng/ml).

3.2. No changes in serum corticosterone levels after prolonged COX-2
inhibition in LPS-injected C57Bl/6J mice

We have studied the involvement of lipopolysaccharide (LPS)
Escherichia coli mechanisms in action of NS398. LPS is a structural
component of the outher membrane of Gram-negative bacteria with
documented effects in vitro and in vivo [29]. LPS is used as a model of
stress: LPS-induced depression-like model in mice [30,31]. LPS was used
in this context in our study. LPS challenge exerts a biphasic effect. It
induces “sickness behavior” during the first 2-6 h after the challenge,
then 24 h later, it triggers “depressive behavior” [32]. We challenged
mice 24 h before the last injection with the tested compounds in the
seven-day schedule to combine treatment with tested compounds with
the “depressive phase” of the LPS challenge. A completely different
response of the HPA axis to COX-2 inhibition in mice was observed when
LPS (0.83 mg/kg) was applied. Seven-day COX-2 inhibition, which was
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ineffective in modulating serum corticosterone (see Fig. 1), increased
corticosterone if LPS challenge was applied (t-test: t = 4.464, df =9; P =
0.002) (Fig. 2 B). Vehicle + LPS: 60.91 + 9.89, NS398 + LPS: 119.6 +
8.096 (ng/ml). Moreover, when COX-2 inhibition was extended to
fourteen days, there was no effect on corticosterone levels in LPS-treated
mice (ns) (Fig. 2 C). Vehicle + LPS: 85.39 + 15.09, NS398 + LPS: 127.8
+ 15.52 (ng/ml). The observed results suggest a completely different
response of the body to LPS challenge due to the duration of COX-2
inhibition.

3.3. Histological analysis of mouse kidneys after prolonged
administration of NS398 did not reveal tissue abnormalities

Here, kidney weight was increased in a group of mice treated with
NS398 (Suppl. 1A). Observed effects seem to be specific, because no
changes in mice weight were detected (Suppl. 1B). A cross-section of
mouse kidneys in the vehicle-treated group, as well as in groups treated
with NS398 for 14 days, revealed regular histology with no abnormal-
ities (Suppl. 1C). In the renal cortex some distal convoluted tubules (DC)
were found. The visible oval and round glomerular corpuscles (G),
which are capillary networks lined by a thin layer of endothelial cells,
were observed between the tubules. Thin Bowman’s capsule delimitated
the G.

3.4. Changes in pH of urine mice treated with LPS

Injections of tested compounds until day thirteenth did not affect
urine pH. However, injection of LPS (0.83 mg/kg) resulted in a signifi-
cant decrease in the pH of urine (Suppl. 2). Administration of NS398 (3
mg/kg) did not change that trend (F (6,30) = 16.07; P = 0.007) (Suppl.
2B and 2C). At the same time, no further increase in kidney weight was
observed with the simultaneous administration of LPS (Suppl. 2D). The
results above suggest changes in kidney activity during manipulations.
However, not all animals urinated during the experiment. Hence, some
of time points are interpreted only as observations due to the small
number of results in the group.
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Fig. 1. The first part of the panel shows an experimental schedule (A). The second part of the panel shows the effect of treatment with NS398 (3 mg/kg) on serum
corticosterone level of C57Bl/6J mice. Single injection results are shown in (B), 7-day treatment in (C), and 14-day treatment in (D). (B) Veh: 89.52 + 22.22, NS398:
172.4 + 8.821 ng/ml; (C) Veh: 143 + 11.40, NS398 163.2 + 4.898 ng/ml; (D) Veh: 238.9 + 6.913, NS398: 69.89 + 9.23 ng/ml. Corticosterone level was measured
using ELISA kits. Values are expressed as the means + S.E.M., and were evaluated by t-test, **P < 0.01, ***P < 0.0001 vs. vehicle group (n = 5-7).
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Fig. 2. The first part of the panel shows an experimental schedule (A). The effect of LPS challenge (0.83 mg/kg) on serum corticosterone level in mice treated with
NS398 (3 mg/kg) for 7 days (B), and for 14 days (C). (B) Veh + LPS: 60.91 =+ 9.89, NS398 + LPS: 119.6 + 8.096 ng/ml; (C); Veh + LPS: 85.39 + 15.09, NS398 + LPS:
127.8 + 15.52 ng/ml. Corticosterone level was measured using ELISA Kits. Inserts shows changes in vehicle group made by LPS challenge (7 day: t = 9,796, df = 10,
P < 0.0001; 14% day: t = 2,229, df = 9, ns). Values are expressed as the means + S.E.M., and were evaluated by t-test, **P < 0.01, vs. vehicle group; (n = 5-6).

3.5. Changes in corticosterone level after MTEP (1 mg/kg) and NS398
(3 mg/kg) treatment for seven days

A decrease in corticosterone level was observed in the serum of mice
treated with MTEP (1 mg/kg) for seven days, while co-administration of
MTEP + NS398 resulted in restoration corticosterone to the basal level.
A one-way ANOVA detected significant changes (F(3,20) = 1.931, P <
0.0001) (Fig. 3). Vehicle: 143 + 11.40, MTEP: 99.36 + 12.07, NS398:
163.2 + 4.898, MTEP + NS398: 176.9 + 8.91 (ng/ml).

3.6. Changes in acetylcholine level in prefrontal cortex and hippocampus
after prolonged COX-2 inhibition

One-way ANOVA showed significant changes in acetylcholine (Ach)
levels in the prefrontal cortex when long-term COX-2 inhibition was
used (F (3, 23) = 4.836; P = 0.0094). No such changes were detected in
the hippocampus using one-way ANOVA (F (3, 24) =1.924; P = 0.1526)
(Suppl. 3). However, due to the increase in ACh levels in the control
group after fourteen days of COX-2 inhibition, the observed increases
should be regarded as apparent.
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Fig. 3. The effects of seven days of administration of MTEP (1 mg/kg), NS398 (3 mg/kg) and MTEP + NS398 on serum corticosterone in C57Bl/6J mice. Corti-
costerone level was measured using ELISA kits. Values are expressed as the means + S.E.M., and were evaluated by one-way ANOVA, ***P < 0.001 vs. vehicle group

(n = 6).
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4. Discussion

This study examined changes in the hypothalamic—pituitary—adrenal
(HPA) axis after the treatment with NS398, a selective COX-2 inhibitor.
The results show that a single injection of NS398 exerts a completely
different HPA axis response than the more extended applications. We
found a significant increase in serum corticosterone in mice treated
acutely with NS398. Quite different changes in the HPA axis response
were detected after seven days of NS398 treatment, at a time point when
antidepressant-like efficacy begins [7,17] and lasts up to fourteen days
with more pronounced corticosterone suppression. Detection of serum
corticosterone in rodents is used to indicate the stress response [33]. The
effect of a stressor on the body’s response and inflammation depends on
the duration and frequency of the stressor response, and repeated
exposure to a stressor can potentially exacerbate inflammation [33].
Thus, a completely different body response can be observed when
searching for inflammatory parameters (in this case, COX-2 levels).
Indeed, this is what was found in our study. COX-2 inhibition caused an
increase in corticosterone level after a single administration, and then
the response was weaker (day 7) to show a decrease in the parameters
studied after 14 days. Inhibition of COX-2 is associated with reduced
symptoms of stress, anxiety, and depression in animals [7,17], so the
decrease in corticosterone observed in our study seems to confirm the
involvement of COX-2 in these mechanisms.

The results observed here are consistent with findings showing that
the antidepressant effect of effective drugs is associated with cortico-
sterone suppression [34]. The changes in serum corticosterone levels by
NS398 we observe may take place at several levels: 1) at the brain at the
level of the structures involved in the stress response (hypothalamus Ht,
cortex Cx, hippocampus Hc, amygdala Am) via changes in the release of
stress hormones, and Glu [35-37], 2) peripherally at the level of the
adrenal glands [35-38], 3) and through receptors located in the kidneys,
via affecting the corticosterone metabolism [38,39]. These may all in-
fluence the back hormonal signals entering the brain, informing the
mind how to interpret the situation. Influencing COX-2 — changes in the
brain’s Glu level occur [7,17]. It was documented that the level and
activity of COX-2 impact both ionotropic Glu receptors and the metab-
otropic ones in the brain [7,17]. Behavioral MTEP’s (a ligand of
metabotropic glutamate receptor 5) action was modified by NS398 via
changes in Glu transporters in a synapse [20]. These changes may in-
fluence the signal reaching Hc to release hormonal signals [39]. More-
over, we should consider the impact of COX-2 inhibition on MTEP’s
potential to modify corticosterone levels via changes in Ca?! meta-
bolism [7,17]. Our preliminary data confirm this possibility, as while
COX-2 inhibition after seven days was not effective in modeling corti-
costerone levels, it did block the potential of MTEP (Fig. 3). Liu et al.
[40] found that LPS-mediated [Ca2+]i oscillations follow the same
pattern as those induced by mGIuR5 activation in microglia cell lines.
Furthermore, the mGluR5 antagonist, MTEP, abolished the LPS-
mediated [Ca2+]i oscillations [40]. This kind of modulation may take
place here. So we decided to check the mouse HPA axis response to the
LPS challenge. The results observed here indicating elevated cortico-
sterone levels in the serum of LPS-treated mice are consistent with the
results of Kelly et al. [33], who documented an increased HPA response
and doubly elevated corticosterone production in mice with early
priming. The authors found that the use of corticosterone in drinking
water over a long period elevates the response of cultured primary
microglia to LPS exposure and the secretion of interleukin-1f (IL-1),
interleukin-6 (IL-6) and tumor necrosis factor alpha (TNFa) [33]. In this
case, pre-exposure to LPS caused a twofold increase in serum cortico-
sterone in mice, suggesting similar mechanisms to those observed by
Kelly et al. [33]. However, prolonged exposure to COX-2 inhibition for
fourteen days potently stopped that trend (see Fig. 2). Comparing these
results with our earlier ones, it should be noted that elevated cortico-
sterone levels in mice challenged with LPS and COX-2 inhibition, which
was ineffective in this case, were accompanied by a decrease in spatial,
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hippocampal-dependent memory in the Barnes test [20]. This indicates
the coherence of the results we obtained and raises their importance.

COX-2, phospholipase A2 (PLA2), and G proteins (GPSRs) are
expressed in kidney tissue [41-44]. Regulation of hormonal systems
occurs in the kidney [45,46]. Experiments with COX-2 knockout mice
found renal abnormalities followed by animal death [46]. Our interest
was to check the influence of chronic treatment with tested compounds
on kidney tissue conditions, as any kidney abnormalities could influence
the results presented here. The renal diagnose with the use of COX-2
inhibitors is vital due to some side effects observed in patients with
nonsteroidal anti-inflammatory drugs (NSAIDs) use [18]. It was docu-
mented peripheral edema, increased sodium reabsorption, weight gain
which are observed in a first week of therapy [18]. However, following
side-effects are hearth failure [18]. COX-2 is expressed in kidney cortex
in macula densa [18]. Tubulointerstial injury was found when COX-2
inhibitors were used [18]. Furthermore, celecoxib was found to induce
renal papillary necrosis and tubulointerstinal nephritis [18]. Taking all
this into account, we performed a histological analysis of the kidney’s
condition using hematoxylin and eosin staining. The fourteen-day
treatment has been selected for a study as more aggravating. Howev-
er, in our histological analysis, we found no changes in renal tissue or
renal function (when assessing pH of urine) that would suggest an
impact on the observed results.

Our study shows that the COX-2 pathway is intimately linked to the
HPA axis response during stress. The interplay between COX-2/HPA axis
may be one of the most critical factors during depression and cognitive
changes. In the future, more long-term treatment will be valuable to
track changes in HPA axis parameters. It is known and accepted that the
response of the HPA axis is a dynamic process, so single-point experi-
ments are not sufficient. Therefore, we used three points, acute admin-
istration, administration for seven days and administration for fourteen
days. However, longer-term observations would have been desirable.
Fig. 4 — presents described mechanisms of corticosterone metabolism.

The lack of changes in brain ACh levels suggests that the changes in
the HPA axis and subsequent corticosterone levels after long-term COX-
2 inhibition are rather peripheral. This hypothesis is supported by our
earlier study, in which we showed a decrease in COX-2 expression in the
brain after seven days of COX-2 inhibition, an effect that was not
observed after longer doses of NS398 [47]. This may also explain the
different responses of the system after seven and fourteen days in our
current study. If the changes are peripheral, a regulatory mechanism in
the kidneys and adrenal glands should be considered [48]. It has been
documented that the HPA axis regulates hormonal balance in response
to acute and chronic stress. Glucocorticoids, the main effector, are
released by the zona fasciculata of the adrenal glands under the control
of ACTH and re-released by the pituitary gland [49]. Previous studies
have shown that COX2 inhibitors reduce glucocorticoid levels in rats
[49]. It has been reported earlier that the immune system’s rapid
response by releasing ACTH and corticosterone is independent of the
induced PGE2 synthesis by COX-2 [50]. However, prolonged ACTH
release was found under the influence of PGE2 in cerebral vascular cells
[51], possibly due to weakened transcription of the CRH gene. It is,
therefore, observed that the enzymes involved in the constitutive and
inducible synthesis of prostaglandins may act in a complementary
manner, depending on the time of action, via the neural or humoral
route, activating the HPA axis in response to inflammation [50]. Sub-
sequent research by Elander et al. [52] using mice with genetic deletion
of the COX-1 gene did not show an increase in corticosterone levels 1 h
after the induction of inflammation by LPS injections compared to wild-
type mice. However, 6 h after LPS injection, corticosterone levels
increased significantly. After using a selective COX-1 inhibitor (SC-560)
in mice, inhibition of corticosterone levels was also observed. Therefore,
two different cyclooxygenase isoforms probably perform separate but
complementary stress hormone functions in response to the inflamma-
tory process [52]. Moreover, we may suspect that the entire system
underwent rearrangement after our manipulation to achieve
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homeostasis after LPS administration. It has been shown that a dramatic
increase in COX-2 expression in the kidney and adrenal glands is
observed after LPS provocation [48]. Moreover, LPS provocation was
associated with massive corticosterone release observed 24 h after
challenge, and increased blood-brain barrier permeability [53]. More-
over, ACh affects cortisol secretion, as observed on freshly isolated zona
fasciculata/reticularis (ZFR) cells isolated from the bovine adrenal cor-
tex and primary cultures of the bovine adrenal cortex [54]. Maximum
levels were observed after 48 to 72 h, and cortisol concentrations
declined [54]. This may explain the different corticosterone levels in our
results after introducing LPS — suggesting that central nervous system
changes joined with peripheral changes in regulating the HPA axis. Of
course, further studies are needed to delve deeper into this mechanism.

Undoubtedly, a limitation of this study is the lack of data on adrenal-
dependent mechanisms to understand whether the changes in cortico-
sterone levels are primary or secondary, pituitary-dependent or not. In
addition, we did not study the expression of steroidogenic enzymes in
the adrenal cortex, and such an approach would have allowed a more
direct link between changes in corticosterone and changes in HPA axis
activity. At the same time, since this study is a continuation of years of
research on COX-2 inhibition, changes in the parameter by sex were not
taken into account, which has recently been raised as one of the factors
guiding changes. However, this work is a simple but vital experimental
study that provides new data on the role of COX-2 activity and the pu-
tative mGluR5 unit in regulating corticosterone levels.

5. Conclusion

In conclusion, the data obtained in this manuscript indicate that
COX-2 inhibition affects corticosterone release in mice. The effects are
time-dependent, as demonstrated by seven-day and fourteen-day COX-2
inhibition. Short-term COX-2 inhibition released corticosterone, while
long-term inhibition reduced its serum levels in mice. In addition, the
effect of LPS challenge on corticosterone was regulated by COX-2 inhi-
bition. This mechanism may therefore suggest that COX-2 is a vital
factor modulating corticosterone synthesis/release in mice.
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