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ABSTRACT

Objective: The objective of the present study was to evaluate the influence of Loxoprofen in sucrose intake in the absence and presence of 
Lipopolysaccharide in chronic mild stress model of depression in mice.

Methods: There was a measurement of sucrose intake in chronic mild stress model (CMS), consisting of 21 days stress schedule in which mice were 
subjected to the treatment of Loxoprofen (16.8 mg/kg, p.o.) with or without treatment of lipopolysaccharide (LPS) (0.5 mg/kg i.p.) for the past 14 days.

Results: The result of the present study indicated that mice treated with Venlafaxine and Loxoprofen showed a significant increase in the sucrose 
intake in stressed mice in chronic mild stress model. LPS-treated mice presented a decrease in sucrose intake when compared to controls. Similarly, 
Venlafaxine and Loxoprofen in the presence of LPS could increase the sucrose intake as compared to LPS treated stressed mice.

Conclusion: The results of the present study showed that Loxoprofen could influence LPS induced alterations in sucrose intake in mice in chronic 
mild stress model. It can also indicate the possible anti-depressant effect of Loxoprofen in mice subjected to chronic mild stress model of depression, 
having its possible implication in future treatment of depression.
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INTRODUCTION

Depression is a major mood disorder which is characterized by altered 
mood with recurrent thoughts of suicide. It has been surveyed that 
depression may become the second-most disabling disease after 
cardiovascular disease by 2020 [1]. Various investigations have been 
reported for the explorations of pathophysiology of depression. Despite 
such growing evidences, there exist many limitations of current 
antidepressants treatment [2].

Considering such reports of limitations, it can be proposed that there 
is a need for more exploration of pathophysiology of depression. 
Further, the role of inflammation in the neurobiology of depression 
has received a considerable amount of research attention in the 
past few years [3-7]. It has been reported that there is an abnormal 
prostaglandin E levels in depression [8-10]. Various studies reported 
that that there was an elevated level of prostaglandins (PGs) especially 
PGE2 in depression [8-9,11]. Further, neuro-inflammation may be 
contributed by PGE2 as concluded from various preclinical studies [12].

Several studies indicated that there was an increase in levels of 
prostaglandin E2 (PGE2) in depressed individuals [8-10,13-14]. Further, 
a high prostaglandin E2 (PGE2) levels have repeatedly been described 
in major depression [15]. Further, an upregulation of cyclooxegenase-2 
(COX-2) is associated with increased PGE2 levels and neuronal 
apoptosis [16]. COX-2 inhibitors inhibited the PGE2 synthesis, suggesting 
a potential positive role in depression [17-18]. Several studies have 
reported that antidepressant drugs could inhibit PGE2 synthesis 
including MAO inhibitors [19-22] and Tricyclic antidepressants [23].

Loxoprofen is a drug of non-steroidal anti-inflammatory drugs category 
with anti-inflammatory properties. It has been found that Loxoprofen 
remarkably decreased the PGE2 levels in regions of brain in some 
preclinical studies [24].

Considering above mentioned reports, it can be hypothesized that 
Loxoprofen may affect depressive behaviors in experimental animals. 
Hence, it has been proposed to study the effect of Loxoprofen on 
sucrose intake in chronic mild stress model of depression in mice with 
or without presence of Lipopolysaccharide.

METHODS

Animals
Swiss albino male mice were obtained from Zydus Research Centre, 
Moraiya, Ahmedabad. They were housed under standard condition with 
free access to food and water, under 12:12 h light: dark cycle. Mice were 
allowed to acclimatize for 07  days before the initiation of behavioral 
tests. Each animal was used only once (n=6 animals per group). The 
experiments were performed after the protocol for experimental design 
was approved with protocol no. BIP/IAEC/2018/06 by the Institutional 
Animal Ethics Committee (IAEC) of Babaria Institute of Pharmacy. 
The experiments were conducted according to the guidelines of the 
Committee for the Purpose of Control and Supervision of Experiment 
on Animals (CPCSEA)

Drugs
Venlafaxine [VEN] as triple monoamine reuptake inhibitor was 
administered in the dose of 4 mg/kg i.p. [25]. Lipopolysaccharide [LPS] 
was administered in the dose of 0.5mg/kg i.p. [26]. Loxoprofen [LOX] 
was dissolved in 0.5% CMC solution [24]. Venlafaxine was dissolved 
in normal saline solution (0.9% NaCl) [25]. LPS was dissolved in 
phosphate-buffered saline (PBS) solution [26].

Chronic mild stress (CMS)
Training of animals for sucrose intake test
At first, mice were trained to consume 2% sucrose solution for 1 week. 
After a period of 1 week, baseline test was carried out for sucrose intake 
(two tests per week) over a time period of 18 days for all mice. These 
tests consist of a 3 h of food and water deprivation period followed by 
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giving sucrose solution for 1 h. Intake was then measured by weighing 
the bottles before and after each test. After the baseline value of the 
sucrose intake, all mice were further divided into subgroups according 
to the matched baseline value of sucrose intake [27].

Groups of animals based on matched baseline value of sucrose 
intake
Total sixty mice were subjected to sucrose intake test at an interval 
of day 0, day 3, day 6, day 9, day 12, day 15, and day 21. In this set 
of experiment, 18 mice were housed under normal condition. They 
were subdivided into three groups: Group I received saline and served 
as vehicle control-  I (VC-I), Group  II received 0.5% CMC served as 
vehicle control-  II (VC-II), and Group  III received Lipopolysaccharide 
(0.5mg/kg i.p.) (LPS).

Rest of 42 mice were housed under chronic mild stress conditions 
and were divided as follows: Group  IV received stress and saline 
(10 ml/kg p.o.) and served as STR-I, Group V received stress and 0.5% 
CMC (10ml/kg p.o.) and served as STR-II, Group VI received stress and 
Venlafaxine (4 mg/kg i.p.), Group VII received stress and Loxoprofen 
(16.8 mg/kg p.o.), Group VIII received stress and Lipopolysaccharide 
(0.5mg/kg i.p.), Group  IX received stress and Lipopolysaccharide 
(0.5mg/kg i.p.) and Venlafaxine (4 mg/kg i.p.), and Group X received 
stress and Lipopolysaccharide (0.5mg/kg i.p.) and Loxoprofen 
(16.8 mg/kg p.o.)

Stress schedule followed in CMS
In this set of experiment, the stress schedule for producing chronic 
mild stress was followed according to the already reported stressor 
schedule [27]. The stress scheme included various stressors which 
included 3 periods of water and food deprivation of 5 h immediately 
before the sucrose tests, two periods of intermittent illumination, two 
periods (7 and 12 h) of 45° cage tilting, one additional 16 h period of 
water deprivation, one 12  h period in a soiled cage (adding 100  ml 
water in the bedding), and three periods (7, 9, and 12 h) of low intensity 
stroboscopic illumination (150 flashes/min). These stressors were 
scheduled every day for a total period of 21 days.

Treatment schedule of drugs administration in CMS
Sucrose intake was initially measured at day 0, day 3, and day 6. After 
day 7, mice were then subjected to the treatment of drugs as per group 
schedule for 14 days as mentioned above. Sucrose intake was later be 
measured consequently at day 9, day 12, day 15, day 18, and day 21.

Statistical analysis
All quantified data were expressed as mean±S.E.M. for the indicated 
analyses. Statistical comparisons were performed by one-way ANOVA 
followed by the Tukey’s Test. p<0.05 was considered as significant. All 
statistical analyses were performed using approved statistical software 
(Sigmastat software, Systat Software Inc, San Jose, CA, USA.).

RESULTS

Effect of stress schedule on sucrose intake in stressed mice
There was a decrease in sucrose intake in mice of STR-I and STR-II group 
when compared with mice of VC-I and VC-II group, respectively. There 
was a significant decrease in sucrose intake in LPS treated stressed 
mice as compared to LPS treated normal mice (Table 1).

Effect of Venlafaxine and Loxoprofen on sucrose intake in stressed 
mice without treatment of LPS
The treatment of Venlafaxine showed significant increase in sucrose 
intake when compared to STR-I. The treatment of Loxoprofen showed 
significant increase in sucrose intake when compared to STR-II. The 
treatment of Loxoprofen showed a non-significant increase in sucrose 
intake when compared to Venlafaxine (Table 1).

Effect of Venlafaxine and Loxoprofen on sucrose intake in LPS 
treated stressed mice
The treatment of Venlafaxine showed significant increase in sucrose 
intake when compared to LPS treated stressed mice on day 21. Similarly, 
the treatment of Loxoprofen also significantly increases the sucrose 
intake when compared to LPS treated stressed mice on day 21 (Table 1).

DISCUSSION

The results of the present investigations indicated the potential 
antidepressant-like effect of Loxoprofen in chronic stress model of 
depression in mice. However, such results did not answer the question 
of whether behavioral sampling information of any of animal models 
of depression could reliably be compared with clinical outcome of 
depression since screening for the antidepressant agents through the 
animal models of depression always demand the accurate validation of 
models with its greater construct validity, predictive validity, and face 
validity. Chronic mild stress was reported as one of the chronic models of 
depression with higher construct validity which can establish empirical 
relationship between the feature being modeled and depression in 
humans [28]. However, despite higher constructive validity of CMS 
model which might enable us to correlate the clinical symptoms, more 
evidences are required to be furnished to confirm whether Loxoprofen 
may affect the behavior in animals.

The mechanism by which Loxoprofen indicated a significant anti-
depressant like action in chronic mild stress model remains to be 
elucidated. However, the previously reported inhibitory action of 
Loxoprofen on PGE2 synthesis may show potential role of PGE2 in 
mediating the anti-depressant effect of Loxoprofen in animal models 
of depression. It can also be possible that antidepressant effect of 
Loxoprofen at specified dose as mentioned in the present study may 
be achieved by the inhibition of PGE2 in brain. It is also possible that 
such Loxoprofen induced PGE2 inhibition may be responsible for the 
inhibition of synthesis of inflammatory mediators.

Table 1: Effect of Venlafaxine and Loxoprofen on sucrose intake in stressed mice

Group 
No

Treatment Sucrose intake (g/kg)

Day 00 Day 03 Day 06 Day 09 Day 12 Day 15 Day 18 Day 21
1 VC-I 154.6 ± 19.80 159.61±19 105.09±9.07 72.96±9 92.75±9.9 89.6 ±11.7 98.9±5.7 146.7±19.2
2 VC-II 140.58±8.84 166.69±22.87 72.79±10 81.82±7.74 93.28±8.48 52.88±6.65 51.30 ±7.25 56.58±11.58
3 LPS 175.72±15.40 173.25±14.16 68.55±8.82 106.4±21.37 61.6±4.68 67.5±9.62 90±9.16 82.66±14.64
4 STR-I 149.48±17.19 160.92±36.68 66.01±12.2* 83.53±11.61 58±11.2* 54.4±10.5* 56.9±7.87* 51.10±8.32*
5 STR-II 139.81± 34.98 154.52±27.64 74.77±11.22 60.56±5.35+ 53.74±9.11+ 23.46±2.7+ 22.67±7.13+ 20.27±5.27+

6 STR+VEN 96.095±11.99 128.98±19.55 68.20±11.02 73.33±11.75 67.5±11 85.6±8.34$ 84.7±4.85$ 86.67±10.1$

7 STR+LOX 187.63±24.15 151.57±21.05 43.45±7.14 82.81±8.06@ 84.69±7.07@ 82.75±11.9@ 70.82±14.5@ 74.78±14.8@

8 STR+LPS 132.81±21.77 203.05±11.38 97.51±15.52 76.25±7.57 64.1±5.62 45.4±10.9 40.6±8.87 31.5±9.99#

19 STR+LPS+VEN 125.26±7.12 114.52±22.73 60.98±15.17 63.16 ±13.77 44.7±7.57 60.3±5.82 34.6±8.74 61.25±8.4£

10 STR+LPS+LOX 109.54±14.81 205.71±16.33 65.36±15.57 57.30±12.92 66.32±13.74 59.73 ± 10.57 35.31±7 60.67±8£

Each column expressed as Mean±SEM of six animals after respective treatments. Data were analysed by One-way Analysis variance (ANNOVA) followed by Tukey’s test. 
*p<0.05 when compared with VC-I, +p<0.05 when compared with VC-II, #p<0.05 when compared with LPS, $p<0.05 when compared with STR-I, ∞p<0.05 when compared 
with STR-II, £p<0.05 when compared with STR+LPS
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Although we were unable to measure brain PGE2 levels in brain, further 
research work is suggested to examine if Loxoprofen induced alteration 
in brain PGE2 levels may affect the molecular mechanism of depression 
such as alterations in expression of brain derived neurotrophic factor 
(BDNF) gene.

Although, the behavior sampling data of chronic mild stress model show 
the potential anti-depressant action of Loxoprofen in mice, further 
work is required for more exploration of the present investigations.

Regardless of the previous studies, these are the first results for the 
potential anti-depressant like effect of Loxoprofen in chronic mild 
stress model of depression in mice, having its potential implication in 
the pathophysiology and treatment of depression in future.

CONCLUSION

The results of the present study indicated that Loxoprofen could 
influence LPS induced alterations in sucrose intake in mice in chronic 
mild stress model. It also indicated the possible anti-depressant like 
effect of Loxoprofen in mice subjected to chronic mild stress model 
of depression, having its possible implication in future treatment of 
depression.
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