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KEYWORDS Abstract Inflammation drives the development of depression and may affect neurotransmit-
AA-COX-2/5-LO ters and thus neurocircuits increase the risk of depression. To investigate the influence of in-
inflammatory hibition of inflammatory pathways on the biogenic amine neurotransmitters metabolism in
pathways; depressive rats, sertraline, and meloxicam, the inhibitors of arachidonic acid -
Bioamine cyclooxygenase-2/lipoxygenase (AA-COX-2/5-LO) pathways, were given to depressive rats. Af-
neurotransmitters; ter the development of depression model by chronic unpredictable mild stress (CUMS) for 6
Caffeic acid; weeks, Successful modeling rats were selected and randomly divided into CUMS group and
Depression rat; medication administration group. After given medicine, The biogenic amine neurotransmitters
Meloxicam; in rat cortex and hippocampus were measured by high-performance liquid chromatography
Sertraline equipped with an electrochemical detector (HPLC-ECD). Compared with the normal group,

the concentration of norepinephrine (NE) significantly decreased and the concentrations of
Tyrosine (Tyr), Tryptophan (Trp), 3,4-dihydroxyphenyl acetic acid (DOPAC), 3-methoxy-4-
hydroxyphenylglycol (MHPG), homovanillic acid (HVA) and 5-hydroxyindoleacetic acid (5-
HIAA) significantly increased in the CUMS group. Sertraline significantly inhibited the elevation
of 5-HIAA. Meloxicam inhibited the decrease of NE level in CUMS-induced rat and the increase
of Trp, MHPG, and 5-HIAA level in a dose-dependent manner. Caffeic acid inhibited the
decrease of NE and the increase of Trp and MHPG in a dose-dependent manner. The inhibition
of AA-COX-2/5-LO pathways can improve the behaviors of depression rats and suppress CUMS-
induced changes in biogenic amines. Compared with the single-dose lipoxygenase (5-LO) or
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Cyclooxygenase-2 (COX-2) inhibitor, the combination treatment with meloxicam 1 mg/kg and
caffeic acid 10 mg/kg have no significant improvement in CUMS-induced depression behavior
and the level of cortical monoamine neurotransmitters and their metabolites.

Copyright © 2018, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Introduction

Depression is a kind of emotional disorder with the major
characteristics of sustained depressed mood." Although the
mechanism of depression has not yet been completely un-
derstood, it involved the decrease of monoamine neuro-
transmitters such as serotonin (5-HT)/norepinephrine (NE)
or the alteration of their receptors in humber and sensi-
tivity, hypothalamic—pituitary—adrenal axis dysfunction,
and neuroplasticity dysfunction.? In 1995, Maes proposed
that depression was a disease caused by the dysfunction of
neuropsychiatric immune and the activation of the inflam-
matory response system.> Now, the anti-inflammatory is a
potential therapy, because pathogenesis of depression is
increasingly recognized as immune activation and secretion
of proinflammatory cytokines such as interleukin-1 (IL-1),
interleukin-6 (IL-6), tumor necrosis factor-o (TNF-a),
interferon-y (IFN-v), leukotrienes (LTs), and prostaglandins
(PGs).*®

Arachidonic acid (AA) is a precursor of many biologically
active substances and leukotrienes and prostaglandins are
inflammatory metabolites of it. At present, there are
mainly three types of enzymes involved in the metabolism
of arachidonic acid, namely cyclooxygenase (COX), lip-
oxygenase (LO), and cytochrome P450(CYP450). The key
enzymes and metabolites of these three metabolic path-
ways are closely related to the occurrence and develop-
ment of inflammation.” Arachidonic acid is converted into
PGH2 with the participation of COX-1/2 and then into PGE2
with microsomal PGE2 synthetase. In inflammatory re-
actions, PGE2 involves all the classical processes of
inflammation. PGE2 can be considered as proinflammatory
cytokines to regulate the differentiation of immune cells or
up-regulate the expression of cytokines during inflamma-
tion, thus promoting inflammation.®? Similarly, Arachidonic
acid can be converted into leukotrienes with 5-LO. In in-
flammatory cells, leukotrienes are converted into leuko-
triene B4 (LTB4) and cysteinyl leukotrienes (CysLTs) which
participate in central inflammatory responses.'® LTB4 is a
chemokine and agonist of inflammatory cells and plays a
role in allergic and inflammatory reactions. CysLTs are
considered as an important inflammatory mediator. In
asthma, CysLTS can significantly modulate inflammatory
responses and regulate the production and secretion of
cytokines."" CysLTs can also stimulate most cells to release
inflammatory mediators such as histamine.’? The key link
between the inflammation and depression may be 5-LO.
The pro-inflammatory cytokines are closely related to the
pathogenesis of depression. The possible mechanism is that
excessive expression of pro-inflammatory cytokines is
related to the depletion of central 5-HT and structural

chang1e3$ of the brain, which can promote the death of nerve
cells.

When inflammation occurs, the expression levels of COX-
2 not only strongly increased in cells which were closely
related to inflammation such as monocytes, macrophages,
and central neurons but also are related to the severity of
inflammation.' 5-LO can promote the production of in-
flammatory factor LTs. The inhibition of COX-2 pathway can
lead to the compensatory of 5-LO, resulting in more LTs. It
is reported that 5-LO may be a common biologic mechanism
involved in both atherosclerosis and depression and that 5-
LO not only affects the deposition of amyloid-beta, but is
involved in the regulation of neurotransmitters receptor in
the brain.">'® The increased expression levels of COX-2 and
5-LO can accelerate the production of inflammatory fac-
tors, thus affecting the metabolism of monoamine
neurotransmitters.'”'8

Therefore, the purpose of our study was to explore the
influence of inhibiting of AA-COX-2/5-LO inflammatory
pathways on the monoamine neurotransmitters meta-
bolism including Tyrosine (Tyr), Tryptophan (Trp), Dopa-
mine (DA), NE, epinephrine(E), 5-HT, 3-methoxytyramine
(3-MT), 3,4-dihydroxyphenyl acetic acid (DOPAC), 3-
methoxy-4-hydroxyphenylglycol (MHPG), homovanillicacid
(HVA), and 5-hydroxyindoleacetic acid (5-HIAA). HPLC-ECD
was adopted to determine the neurotransmitters. In our
study, meloxicam was applied to improve the depression
symptom by inhibiting COX-2 pathway, however, caffeic
acid was used to inhibit 5-LO pathway to improve the
depression symptom. It was expected that AA-COX-2/5-LO
inflammatory pathways and the changes of monoamine
neurotransmitters metabolism were effectively linked to
depression.

Materials and methods

Standards and reagents

Sertraline, Meloxicam and Caffeic acid were provided by
Kunshan Rotam Reddy Pharmaceutical Co., Ltd (Kunshan,
China). Sodium carboxymethyl cellulose (CMC-Na) was
purchased from Sinopharm Chemical Reagent Co., Ltd
(Beijing, China). Tyr, Trp, DA, DOPAC, E, NE and vanillic
acid as the internal standard (IS) were purchased from
Aladdin (Shanghai, China). 5-HT, 5-HIAA, 3-MT, HVA, MHPG
were purchased from Sigma—Aldrich. 1-octanesulfonic acid
sodium salt (OSA) was supplied by J&K Scientific Ltd (Bei-
jing, China). Acetonitrile of HPLC grade was purchased
from TEDIA (America). Sodium acetate, citric acid and
ethylene-diamine-tetra-acetic acid disodium salt (EDTA-
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2Na) were of analytical grade. Ultrapure water was pro-
duced by a Milli-Q system.

Animals

A total of 90 male Sprague—Dawley (SD) rats weighing
180—220 g, 8 weeks old, were provided by the Experi-
mental Animal Center of Chongging Medical University and
housed under standard laboratory conditions (24 + 1 °C,
60—70% humidity, 12: 12 h dark: light cycle) with free
access to both water and food. Rats were acclimatized for
one week prior to experiments. All procedures were car-
ried out by the National Institutes of Health guide for the
care and use of Laboratory Animals. The animals in this
research was approved by Chongqing Medical University
Animal Experimental Center Ethics Committee.

Animal handling

Rats were randomly divided into control group (n = 10) and
experimental group (n = 80). Control group were group
housed five per cage, while the experimental group was
individually housed in plastic cages with wooden shavings.
The CUMS model was established according to the protocol
described by Brotto with some modifications. Rats in the
experimental group were subjected to different stressors
for six weeks. Stressors included the following: tail nip for
1 min (1 cm from the end of the tail), cold water swimming
(5 min at 4 °C), hot water swimming (5 min at 45 °C), wet
bedding (24 h), noise (92 dB, 1500 Hz, 2 h), food and water
privation (24 h), water privation plus cage tilting 45°(24 h),
and inversion of light/dark cycle (24 h). The eight stressors
were applied randomly and each stressor was not applied
consecutively during 72 h. The control group was housed in
a separated room without contacting with stressed rats.
After six-week CUMS exposure, 70 rats of experimental
group with significant differences in behavior indexes were
selected, randomly divided into CUMS group (n = 10),
Sertraline 5 mg/kg group (n = 10), Meloxicam 3 mg/kg
group (n = 10), Meloxicam 1 mg/kg group (n = 10), Caffeic
acid 30 mg/kg group (n = 10), Caffeic acid 10 mg/kg group
(n = 10), Meloxicam 1 mg/kg + Caffeic acid 10 mg/kg
group (n = 10). The rats of the control group and CUMS
group were oral gavage with 0.5% CMC-Na, others were
orally treated with drugs depending on their weight. Drug
administration started after six-week CUMS exposure and
lasted for 3 weeks.

Behavior testing

Open Field Test (OFT)

OFT proceeded in dark with visibility of 5 m. The open
field apparatus was a wooden box with 25 black squares in
the bottom (100 x 100 x 50 cm). SD rats were individually
placed in the center of black squares and their activity of
vertical movement and horizontal movement was recor-
ded during 5 min. The apparatus was cleaned with 75%
alcohol and dried after each trial to avoid residual odors.
The experiment room was quiet, with dim lighting.

Forced swimming test (FST)

The test was performed according to the method described
by Makino. Et al with minor modification. Animals were
individually placed in an opened transparent cylindrical
container (30 x 50 cm) with water depth of 30 cm and
water temperature of 24 + 2 °C. After 2 min of adaptable
swimming, the total duration of immobility was recorded in
the following 5 min. When the rat floated without struggling
and kept its head above the water, the spent time was
defined as the duration of immobility.

Neurotransmitters determination by HPLC-ECD

Sample preparation and HPLC-ECD analysis were based on
the method of our previous research. "’

Preparation of standard solution

The individual stock solution of analytes was prepared by
dissolving the dry standards or its salt with 0.1 mol/L HCLlO,
solution, obtaining a concentration of 1.0 mg/mL for all
analytes, except bL-tyrosine stock solution which was
100 pg/ml. The stock solution was stored at —20 °C and
further diluted to mixed working standard solutions with
0.1 mol/L HClO, solution until use.

Sample preparation

The cortex of rat was separated immediately after decap-
itation on an ice plate and was stored at —80 °C until use.
The isolated tissues were weighed and then homogenized
with 6 pL chilled 0.1 mol/L HCIO4 containing 1 pg/mL
vanillic acid (IS) per mg tissue sample. The homogenates
were centrifuged at 4 °C for 15 min at 20,000 x g. Then the
supernatant was filtered using a 0.2 um Millipore® filter
(Millex, Millipore, Ireland) attached to a syringe. Finally,
20 L of liquor from the resulting solution was injected into
the HPLC-ECD system for analysis.

Apparatus and analytical conditions

The SHIMADZU HPLC system consisted of a CBM-20A
communication bus module, a DGU-20A;r degassing unit,
and two LC-20AD pumps. Electrochemical detection was
performed using an amperometric detector ED723 coupled
with three electrodes including a diamond working elec-
trode with a surface area of 1.44 cm?, an Ag/AgCl refer-
ence electrode and a stainless steel counter electrode.
The flow cell is a thin layer type with the volume of 1.5 ulL.
Separation of analytes was performed on a Hypersil ODS2
column (250 mm x 4.6 mm, 5.0 um particle size, Elite
analysis instrument co., LTD, Dalian, China) fitted with a
C18 security guard cartridge (phenomenex, American) at a
flow rate of 1.0 mL/min. The mobile phase was composed
of an aqueous solution and acetonitrile in the ratio of 90/
10. The aqueous portion contained 25 mmol/L sodium
acetate, 25 mmol/L citric acid, 0.01 mmol/L EDTA-2Na
and 1.0 mmol/L OSA, adjusting pH to 3.5 with acetic
acid. The mobile phase was vacuum-filtered through a
0.22 pum cellulose acetate membrane and degassed for
10 min. The column oven temperature was set at 30 °C and
the injection volume was 20 uL. The analytical potential of
the detector was set at 700 mV within the output range of
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10 pA. The chromatograms were integrated with Shimadzu
Software.

Statistical analysis

All results were expressed as mean + SD (standard devia-
tion). Statistical significance was assessed through one-way
analysis of variance (ANOVA) followed by least significant
difference using SPSS17.0 software. A value of P < 0.05 was
considered to be statistically significant.

Results
Behavior testing

Open Field Test (OFT)

Fig. 1a and Fig. 1b indicated that CUMS rats showed a sig-
nificant decrease in vertical and Horizontal movements in
Open Field Test compared with the control group
(*P < 0.01), which indicated that CUMS-induced rats dis-
played depression-like obviously. The administration of
Sertraline 5 mg/kg, Meloxicam 3 mg/kg, Caffeic acid
30 mg/kg or Meloxicam 1 mg/kg + Caffeic acid 10 mg/kg
prevented a decrease in locomotive activity (#P < 0.05) in
those rats compared with CUMS rats. Whereas administra-
tion of Meloxicam 1 mg/kg or Caffeic acid 10 mg/kg showed
no significant significant decrease in vertical and Horizontal
movements in those rats compared with CUMS rats.

Forced swimming test (FST)

Fig. 1c indicated that CUMS rats showed that the duration of
immobility in the CUMS rats prolonged significantly
(*p < 0.01) in FST compared with the control group. Whereas
administration of Sertraline 5 mg/kg, Meloxicam 3 mg/kg,
Caffeic acid 30 mg/kg or Meloxicam 1 mg/kg + Caffeic acid
10 mg/kg inhibited the prolongation of immobility time
(#p < 0.05) in those rats compared with CUMS rats. Admin-
istration of Meloxicam 1 mg/kg or Caffeic acid 10 mg/kg
showed no significant inhibition the prolongation of immo-
bility time in those rats compared with CUMS rats.

Determination of monoamine neurotransmitters

The monoamine neurotransmitters and related metabolites
in the rat cortex were determined with our method.
Representative chromatograms were shown in Fig. 2. The
results of the control group, CUMS group, Sertraline 5 mg/
kg group, Meloxicam 3 mg/kg group, Meloxicam 1 mg/kg
group, Caffeic acid 30 mg/kg group, Caffeic acid 10 mg/kg
group, and Meloxicam 1 mg/kg + Caffeic acid 10 mg/kg
group were shown in Table 1.

The results showed that DA could be quantitatively
detected only in the control group, revealing that the level
of DA in the cerebral cortex of depressive rats was
decreased and that the increment of DA could not reach at
the detection level while varieties of anti-inflammation
treatments were applied to improve depressive symptoms.
Compared with the control group, the NE concentration in
the CUMS group was dramatically declined while the levels
of Tyr, MHPG, 5-HIAA, Trp, DOPAC, and HVA were
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Figure 1 Effect of drugs treatment on depressive-like be-

haviors in rats. *p<0.01 vs corresponding value of Normal,
#p<0.05 vs corresponding value of CUMS.

significantly increased, which suggested that the decreased
level of NE and increased levels of its related metabolites in
the cerebral cortex were probably connected to the pres-
ence of depression. What’s more, the increased Tyr and Trp
may be associated with the decline of NE and the
compensatory increase of monoamine synthesis precursors.
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Figure 2 Representative chromatographs of mixed standard solution (A), matrices of cortex (B), matrices spiked with IS (C), and
matrices spiked with standards and IS (D). Figure note: Tyr (1), MHPG (2), NE (3), DOPAC(4), E (5), 5-HIAA (6), DA (7), vanillic acid
(8), Trp (9), HVA (10), 3-MT (11), 5-HT (12).

Treatment with sertraline (5 mg/kg/d) could not elevate increase 5-HT synthesis and reduce its metabolism mainly
the level of NE but significantly increase Trp level and through the 5-HT system, thus getting clinical depression
reduce 5-HIAA level, uncovering that sertraline may symptoms improved. Meloxicam inhibited the decline of NE
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Effect of Sertraline, Meloxicam, Caffeic acid on monoamine neurotransmitter together with their precursor amino acids and metabolites (mean + s, n = 5, ug/g).

Table 1

Trp DA DOPAC HVA

5-HIAA

NE
0.94 + 0.05

MHPG

Tyr

0.18 + 0.02

0.36 + 0.04

3.28 + 0.57 0.15 + 0.05

0.19 + 0.02

1.50 + 0.36

41.80 + 9.19

Control
CUMS

0.33 + 0.07*

0.58 + 0.19*

123.71 £+ 12.53* 2.41 + 0.48* 0.74 + 0.06* 0.24 + 0.03* 5.08 + 1.07*
128.09 £+ 9.77¢

103.76 + 7.87**
93.71 + 4.38**

0.14 + 0.01** 10.38 + 0.72**
6.09 + 1.68*

0.65 + 0.13*

2.48 + 0.31*

Sertraline 5 mg/kg

0.13 + 0.01**

0.22 + 0.06**

0.17 + 0.02**
0.16 + 0.02**
0.15 + 0.03**

0.81 + 0.15*
0.18 + 0.04"

2.42 + 0.28*

Meloxicam 3 mg/kg

0.13 + 001**

0.18 + 0.06**
0.08 + 0.01**

5.84 + 0.47*

0.67 + 0.05**

1.82 + 0.32*

Meloxicam 1 mg/kg

3.62 + 0.23%

2.27 + 0.39* 0.80 + 0.05**

52.96 -+ 7.55**
42.13 + 8.50%

Caffeic acid 30 mg/kg
Caffeic acid 10 mg/kg
Meloxica + Caffeic acid

0.18 + 0.04*"
0.45 + 0.16"

4.90 + 0.93*

0.62 + 0.01*"

1.77 + 0.427

0.23 + 0.01**

1.95 + 0.23* 0.61 + 0.08*" 0.17 + 0.03" 8.43 + 0.80*

109.09 + 6.93**
Table note: *, P < 0.05, VS control group; #, P < 0.05, VS CUMS group.

and increase of Trp, MHPG, and Tyr with a dose-dependent
manner and significantly reduced the level of DOPAC, 5-
HIAA, and HVA in the cerebral cortex of CUMS-reduced rats,
showing that the improved depression symptom by melox-
icam may be associated with inhibited COX-2. Caffeic acid
could significantly inhibit the increase of Tyr, MHPG, Trp,
and 5-HIAA in a dose-dependent manner, especially when
treated with caffeic acid 10 mg/kg, the increasing ten-
dency of Tyr, MHPG, and 5-HIAA could be dramatically
inhibited, which were no significant difference with the
control group. Caffeic acid inhibited reduction of NE and
increases of Trp and MHPG in a dose-dependent manner and
inhibited the increases of 5-HIAA, Tyr, and DOPAC at the
same time, revealing that 5-LO system had a relationship
with NE, 5-HT, DA, and it’s precursor metabolism and that
inhibition of 5-LO activity may slow down the metabolic
rate of NE, DA, and it’s precursor metabolism, thus
improving the symptom of depression.

Compared with CUMS group, the elevation of Tyr, MHPG,
and 5-HIAA caused by depression could be restored to normal
levels by the inhibition of 5-LO pathway, the elevation of 5-
HIAA and DOPAC could be restored to normal levels by the
inhibition of AA-COX-2/5-LO inflammation pathway,
revealing that the inhibition of AA-COX-2/5-LO pathway
indeed influenced the level of monoamine neurotransmitters
and their metabolites and that the combination therapy had
no obvious advantages than the single therapy.

Discussion

In our previous study, we compared the 5-HT concentra-
tions between cortex and hippocampus and found that the
level of 5-HT in the cortex was too low to be quantified."®
The level of DA was also extremely low. It may due to
that DA was mainly synthesized, stored and released by
dopaminergic neurons which were primarily located in the
nigrostriatal system, mesolimbic system, mesocortical sys-
tem and tuberoinfundibular system. Previous studies re-
ported that anhedonia in major depression and abnormal
hippocampus activity in schizophrenia were associated with
the dopaminergic system.?’ %2 Previous animal experi-
ments have confirmed that inflammatory cytokines or cy-
tokines inducers affected the metabolism of 5-HT, DA, and
NE.2*>24 Trp was involved in two pathways for 5-HT pathway
and kynurenine metabolic pathway (KP), in which the first
rate-limiting enzyme, indoleamine 2,3-dioxygenase (IDO),
was inflammatory-inducible enzyme. When IDO was acti-
vated, Trp was more likely to decomposed into kynurenine
(Kyn), thus reducing the synthesis of 5-HT and leading to
depression. What’s more, the metabolites of KP presented
an influence on the metabolism of neurotransmitters. 3-
hydroxy-kynurenine (3-HK) could generate a large amount
of oxygen free radicals to enhance the activity of mono-
amine oxidase and accelerate the metabolism of 5-HT in
synaptic cleft.?>~%’ Studies confirmed that cytokines could
promote the synthesis of nitric oxide and lessen tetrahy-
dropterpine which was an important cofactor of rate-
limiting tyrosine hydroxylase in the process of tyrosine
converting into DA. The reduction of tetrahydropterpine
could result in tyrosine hydroxylase activity declining,
therefore decreasing the synthesis of DA.?%%°
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There was a potential antidepressant mechanism that
neurogenesis and synaptic connectivity could get enhanced
by synaptogenesis, reorganization, or reintegration of new
neurons into depression neurocircuitry.>>*! Sertraline, as
one kind of selective serotonin reuptake inhibitors (SSRI),
could inhibit the reuptake of 5-HT to increase the synaptic
cleft content of 5-HT. 5-HT was primarily released by
serotonergic neurons of which the activity was negatively
regulated by 5-HT44 receptors.>? Depression animal models
have shown that depression could decrease the 5-HTq,
autoreceptor susceptibility>® and that chronic unpredict-
able stress (CUS) significantly reduced 5-HT neural activity
and 5-HT;, autoreceptor sensitivity.>* There was a hy-
pothesis that the antidepressant effect of sertraline was
based on the presence of altered brain substrates such as
neural modifications, expression changes of serotonergic
receptors, or alteration in the firing of 5-HT neurons.*”
Sertraline may resist the reduction number of 5-HT neu-
rons. Consequently, the decreased metabolism of 5-HT
caused by sertraline may compensate for the alteration of
5-HT neurons. Compared with CUMS group, the increased
Trp and declined 5-HIAA in sertraline group may reveal that
sertraline may affect both on the central serotonergic
system and IDO activity to affect the metabolism of
monoamine neurotransmitters in the brain.

A literature reported that Caffeic acid (3,4-
dihydroxycinnamic acid), could enhance the activity of
superoxide dismutase, catalase, glutathione peroxidase to
maintain the balance of intracellular redox*® and that
caffeic acid could resist oxidative damages in a variety
ways to protect the pathophysiological process. This ca-
pacity of antioxidant made up an important foundation for
many pharmacological effects of caffeic acid.>”*® Caffeic
acid may present it’s anti-inflammation on the connection
with the antioxidant activity, inhibition of 5-LO and protein
kinase C*°%°. Caffeic acid could regulate inflammatory
mediator release and immune function, thus effectively
control the neuronal oxidative damages caused by inflam-
mation, which was responsed by inhibiting 5-L0.%%“! Caf-
feic acid could significantly inhibit the increases of Tyr,
MHPG, Trp, and 5-HIAA in a dose-dependent manner,
especially when treated with caffeic acid 10 mg/kg, the
increasing tendency of Tyr, MHPG, and 5-HIAA could be
dramatically inhibited, which were no significant difference
with the control group. It was a hypothesis that Caffeic
acid, an inhibitor of the 5-LO pathway, mainly affected the
synthesis processes of NE and 5-HT, thereby affecting the
metabolism of other neurotransmitters.

Meloxicam inhibited both COX-1 and COX-2 activities,
primarily COX-2 to exert it’s anti-inflammatory and anti-
tumor activity. When inflammation occurs, over-expression
of COX-2 may cause accumulation of PGE2, which could
activate diverse biological effects by its binding to a family
of receptors.*>** We found that despite the different doses
of meloxicam, they all had a significant inhibitory effect on
the elevation of 5-HIAA, DOPAC, and HVA caused by
depression. It was a hypothesis that meloxicam may affect
the metabolic processes of 5-HT and DA and that the inhi-
bition of COX2 activity may result in the oxidation of Tyr
and Trp.

AA can produce leukotrienes and Lipoxin via the LO
metabolic pathway. Lipoxin is thought to have a

neuroprotective effect: lipoxin induces a large release of
the immunosuppressive factor IL-10 and also reverses
microvascular blood permeation during inflammation.
What’s more, it can inhibit lipopolysaccharide-induced in-
flammatory responses in endothelial cells and macrophages
by inhibiting activation of nuclear factor kB (NF-kB).***> A
study shows that COX-2 plays a neuroprotective role in the
central nervous system and that the inhibition of its activity
aggravates the  lipopolysaccharide-induced  neuro-
inflammatory response.“® Intrinsic COX-1 can cause damage
to the central nervous system with pro-inflammatory fac-
tors (lipopolysaccharide, amyloid B-protein (AB), inter-
leukin).*’ Studies have shown that up-regulation of COX-2
results in the accumulation of AB when inflammation oc-
curs.“® COX and LO, as the main metabolic pathway of AA,
are highly expressed in inflammation. The compensation
mechanism between COX and LO follows a compensatory
mechanism, namely, there is a balance between the two
sides. When one path is inhibited, metabolism will rush to
the other path. Actually, in Ying Luo’s previous study, she
had measured the expression of the mRNA and protein of
Cox-2/5-LO, superoxide dismutase (SOD) activity, malon-
dialdehyde (MDA) content, and inflammatory factors such
as IL-6, TNF-A, PGE2, and LTB4 levels in depression rats
brain tissue, which were the same batches as ours, when
caffeic acid, meloxicam, and combination therapy admin-
istered together. She founded that the combined effect of
AA-COX2/5-LO pathway intervention on learning and
memory dysfunction in depressed rats was significantly
better than single-channel intervention. However, our
experimental results show that the combined effect of
COX-2 and 5-LO inhibitors did not have a clear advantage
over neurotransmitters when compared to the effect of a
single administration. This may be due to this compensa-
tory mechanism resulting in a reduction of lipoxin and
weakness of its inhibitory effect on the lipopolysaccharide-
induced inflammatory response when simultaneous admin-
istration of caffeic acid and meloxicam was adopted. When
inflammation occurs, AB may accumulate and meloxicam
mainly inhibits COX-2, which may aggravate
lipopolysaccharide-induced neuritis. COX-1 may cause
nerve damage with the effect of AB. The simultaneous
administration of caffeic acid and meloxicam may weaken
the body’s inhibitory effect on lipopolysaccharide-induced
inflammatory responses, thereby aggravating central ner-
vous system injury. Therefore, the simultaneous adminis-
tration of caffeic acid and meloxicam is not superior to a
single dosing regimen in improving depression-related
monoamine substances. Of course, the reason remains to
be further studied.

Conclusion

The inhibition of AA-COX-2/5-LO pathway indeed influ-
enced monoamine neurotransmitters and their metabo-
lites. The anti-inflammatory therapy with inhibition of AA-
COX-2/5-LO activity can improve the behaviors of depres-
sion rats, which the mechanism may be associated with the
decrease of inflammation-related monoamine neurotrans-
mitters and oxidative metabolism of their precursors.
Compared with the single-dose COX-2 or 5-LO inhibitor, the
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combination treatment with meloxicam 1 mg/kg and caf-
feic acid 10 mg/kg have no significant improvement in
CUMS-induced depression behavior and the level of cortical
monoamine neurotransmitters and their metabolites.
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