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20There is an unmet need in the treatment of depression suggesting requirement of new therapeutic approaches
21having better efficacy and safety profile. Patients receiving antidepressant therapy generally consume caffeine
22in the formof tea or coffee. The objective of the present studywas to evaluate the augmentation of antidepressant
23effects of duloxetine and/or bupropion with caffeine. Male Swiss Albino mice received treatment of normal
24saline (10 ml/kg), ‘caffeine alone’ (10 mg/kg), ‘duloxetine alone’ (10 mg/kg), ‘bupropion alone’ (10 mg/kg),
25caffeine + duloxetine (5 mg/kg, each), bupropion + caffeine (5 mg/kg, each), and bupropion + duloxetine
26(5 mg/kg, each) through the intra-peritoneal route. The immobility period was analyzed 30 min after the treat-
27ment in forced swim and tail suspension tests. Norepinephrine, dopamine, and serotonin levelswere analyzed in
28hippocampus, cerebral cortex andwhole brain usingHPLCwithfluorescencedetector. Euthanasiawas performed
291 h after treatment. Comparison between vehicle treated group and other groups showed significant decrease in
30immobility in all drug treated groups in both antidepressant models. Caffeine plus duloxetine treated group was
31better among the combination treated groups in terms of decrease in immobility and increase in norepinephrine,
32dopamine, and serotonin levels in hippocampi, cerebral cortices, and whole brain when compared to their
33respective monotherapy treated groups. These combination approaches may help in reducing the dose of
34duloxetine/bupropion, and consequently lower the associated side/adverse effects.

35 © 2014 Published by Elsevier Inc.
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40 1. Introduction

41 Depression is a leading cause of disability and distress worldwide
42 (Castle et al., 2012). The delay in onset of action and intolerable side ef-
43 fects of available antidepressants have restricted the desired efficacy,
44 which suggests an unmet need in the treatment of depression
45 (Mojtabai, 2009; Richelson, 2013). The limited success rate (60–70%) of
46 first-linemonotherapy has resulted in preference of augmentation thera-
47 py as second line treatment (Q3 Thase, 2007). As per the American Psychiat-
48 ric Association Practice Guidelines on suicidal patients in antidepressant
49 section, non-tricyclic, non-monoamine oxidase inhibitor related drugs
50 are relatively safe, particularly on overdose (Jacobs et al., 2003).
51 Bupropion and selective serotonin reuptake inhibitors (SSRIs) are consid-
52 ered within the 5 most prescribed antidepressants (Grunebaum et al.,
53 2012). Duloxetine inhibits both serotonin and norepinephrine reuptake.
54 This dual action makes it an interesting drug in the treatment of

55depression (Hunziker et al., 2005; Reneman et al., 2001; Ressler and
56Nemeroff, 2001). It has better efficacy, safety, and tolerability with
57fewer side effects when compared against antidepressant like fluoxetine,
58paroxetine, and venlafaxine (Hunziker et al., 2005; Stahl et al., 2005;
59Thase et al., 2007; Zomkowski et al., 2012). Less than one week of
60duloxetine treatment has shown meaningful improvements in patients
61(Brannan et al., 2005). Duloxetine treatment in forced swim test resulted
62in significant reduction in the immobility period at 10 mg/kg dose (Ciulla
63et al., 2007; Rénéric and Lucki, 1998). In addition to serotonin andnorepi-
64nephrine reuptake inhibitors, dopamine transmission also plays a vital
65role in antidepressant action ( Q4Dunlop and Nemeroff, 2007; Gessa, 1994;
66Wilner, 1983). Bupropion, a preferential norepinephrine and dopamine
67reuptake inhibitor (Baldessarini, 2006), showed significant decrease in
68immobility at 10 mg/kg or lower doses (Kotagale et al., 2013).
69Caffeine, an adenosine A1 and A2A antagonist, is the widely con-
70sumed psychoactive substance in the world (Heckman et al., 2010).
71High amount of caffeine consumption has an inverse relation to the de-
72pression risk (Lucas et al., 2011; Ruusunen et al., 2010) and the risk of
73suicide (Kawachi et al., 1996; Lucas et al., in press) in normal popula-
74tion. Many depressed patients seek a ‘lift’ because of fatigue or negative
75affect (Bernstein et al., 2002), and consume higher amount of caffeine
76(Goldstein, 1987;Whalen et al., 2008). The considered doses of caffeine
77in many studies are either moderate or high (Bernstein et al., 1998,
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78 2002; Orbeta et al., 2006). Interestingly, the lower caffeine consumption
79 (250–400 mg/day) is known to produce beneficial effects (Fredholm
80 et al., 1999; Tse et al., 2009). The lower dose (10 mg/kg, i.p.) of caffeine
81 showed increased in locomotion activity in mice (El Yacoubi et al.,
82 2000). Thus, the present study aims to compare and evaluate the
83 augmentation effect of lower dose of caffeine with duloxetine or
84 bupropion in the treatment of depression.

85 2. Materials and methods

86 2.1. Animals

87 Male Swiss Albino mice weighing 22–27 g were group housed in
88 Perspex cage, 3 mice/cage, in a temperature (22–24 °C) and humidity
89 (50–60%) controlled central animal house facility under a light and
90 dark (12:12) illumination cycle. These mice were procured from Bharat
91 Serum Ltd, Thane. They had free access to standard food and water.
92 Experiments were approved by an Institutional Review Committee
93 for the use of Animal Subjects (Approval number- CPCSEA/IAEC/
94 SPTM/P-44/2011) and in compliance with the National Institutes of
95 Health Guide for Care and Use of Laboratory Animals (Publication
96 No. 85-23, revised 1985).

97 2.2. Drug solutions and treatment

98 Drugs were dissolved in normal saline (0.9%w/v NaCl) and adminis-
99 tered through intra-peritoneal route.Micewere randomly assigned to 7
100 groups (n= 6 animals/group) in each test. Theywere kept undisturbed
101 for at least 1 h before testing. Experiments were performed between
102 09.00 and 14.00 h. Groups I, II, III, IV, V, VI, and VII received treatment
103 of normal saline (10 mg/kg; control groups), caffeine (10 mg/kg; Elders
104 Pharmaceutical Pvt. Ltd), duloxetine (10 mg/kg; Dr. Reddy's Laborato-
105 ries Ltd.), caffeine (5 mg/kg) + duloxetine (5 mg/kg), bupropion
106 (10 mg/kg; Aurobindo Pharma Ltd), bupropion (5 mg/kg) + caffeine
107 (5 mg/kg), and bupropion (5 mg/kg) + duloxetine (5 mg/kg), respec-
108 tively. Pretreatment schedules were based on the available reports
109 (Kaster et al., 2004; Kotagale et al., 2013; Zomkowski et al., 2012).

110 2.3. Antidepressant models

111 2.3.1. Forced swim test
112 Forced swim test was performed as described byQ5 Porsolt et al.
113 (1997). In brief, mice underwent “pretest session” on 1st day. They
114 were individually forced to swim for 15 min in plexi glass cylinders
115 (21 cm height 12 cm internal diameter) containing freshwater up to a
116 height of 10 cm at 24 ± 1 °C. On 2nd day, each animal received treat-
117 ment 30 min before the test session and was allowed to swim for
118 6 min. Last 5 min session from total 6 min recorded video was used
119 for evaluation. Mice were considered immobile when there were no
120 limb movements while floating or made only small limb movements
121 necessary for floating. The immobility period was analyzed with the
122 help of Video Tracking software (SMART v2.5.21 Video Tracking
123 Software, Panlab Harward Apparatus).

124 2.3.2. Tail suspension test
125 The apparatus used was a set of aluminum stands measuring 58 cm
126 (high) × 30 cm (wide). At 58 cmheight of horizontally fixed aluminum
127 rod, adhesive tape was used to suspend each mouse by its tail. It was
128 placed approximately 1 cm from the tip of the tail (Vogel and Vogel,
129 2008). Mice received treatment 30 min before undergoing the 5 min
130 test session. Recorded video of each animal was evaluated using video
131 tracking software (SMART v2.5.21 Video Tracking Software, Panlab
132 Harward Apparatus) to analyze the immobility period.

1332.4. Estimation of norepinephrine, dopamine, and serotonin by HPLC with
134fluorescence detector (HPLC-FD) method

135Analysis of monoamine levels in cerebral cortex, hippocampus, and
136whole brain (whole brain = cerebral cortex + hippocampus +
137remaining brain tissue) was performed using HPLC (Shimadzu,
138LC-2010C HT, autosampler) with FD (RF-20A-prominence, Shimadzu)
139method (Choudhary et al., 2013; Q6Madepalli and Lakshmana Raju,
1401997). Mice received treatment 1 h before euthanasia and heads were
141dropped in ice cold 0.1 M perchloric acid. Brains were removed and
142weighed. Then the cerebral cortex, hippocampus, and the remaining
143brain part were separated and individually weighed and homogenized
144in 2 ml of ice cold 0.1 M perchloric acid. Resulting mixture was centri-
145fuged at 20817 ×g (Eppendorf 5810 R, Rotor F-45-30-11) for 30 min
146(4 °C). The supernatant was filtered through 0.45 μm membrane
147(PALL@ Pall corporation, India) and stored at −80 °C until the time of
148analysis. Samples were injected and the chromatographic separation
149was achieved on reversed-phase analytical column (KROMASIL 100,
150C18, 5 μm, 25 mm × 0.46 mm) at room temperature. The acquired
151data was processed using LC Solution@ software. The mobile phase
152was prepared using sodium acetate (0.02M), ethylenediaminetetraace-
153tic acid (0.2 mM), methanol (16%), di-n-butylamine (0.01%) and hep-
154tane sulfonic acid (0.055%), at pH 3.92 adjusted with phosphoric acid,
155filtered through a 0.45 μm membrane. Flow rate of mobile phase was
156kept at 1.3 ml/min. Norepinephrine, dopamine, and serotonin were de-
157tected at an excitation wavelength of 280 nm and an emission wave-
158length of 315 nm. Monoamine peaks were identified by comparing
159the retention time of sample and standard. The concentration of each
160monoamine in the sample was analyzed according to their area under
161curve and using respective straight line equation. The linearity for
162norepinephrine, dopamine, and serotonin was in the range 0.99–
1630.997. Results were expressed as ng/g of wet weight of tissue.

1642.5. Statistical analysis

165The statistical evaluation was performed using the Graphpad InStat
166for 32 bit Windows version 3.06. Groups were compared to assess the
167statistical significance using one way analysis of variance (ANOVA)
168followed by Tukey's honest significant difference (HSD) post-hoc test.
169The data is represented as mean ± SEM values and n = 6 per group.

1703. Results

1713.1. Forced swim test

172The immobility period was significantly decreased in groups treated
173with ‘caffeine alone’ (10 mg/kg), ‘duloxetine alone’ (10 mg/kg),
174caffeine + duloxetine (5 mg/kg, each), bupropion + caffeine (5 mg/kg,
175each), and bupropion + duloxetine (5 mg/kg, each) when compared
176against control groups (Fig. 1). Group treated with caffeine+ duloxetine
177(5 mg/kg, each) showed significant decrease in immobility period when
178compared against ‘caffeine alone’ (10 mg/kg) treated group (Fig. 1). The
179same combination treated groups also showed significant decrease in im-
180mobility period when compared against ‘duloxetine alone’ (10 mg/kg)
181treated group (Fig. 1). Caffeine + bupropion (5 mg/kg, each) and
182bupropion+ duloxetine (5 mg/kg, each) treated groups showed signifi-
183cant decrease in immobility period, as compared to ‘bupropion alone’
184(10 mg/kg) treated group (Fig. 1).

1853.2. Tail suspension test

186Drug treated groups showed significant decrease in immobility period
187as compared to control groups (Fig. 2). Combination treated groups such
188as caffeine + duloxetine (5 mg/kg, each) and caffeine + bupropion
189(5 mg/kg, each) showed significant decrease in immobility period, as
190compared to caffeine alone (10 mg/kg) treated groups (Fig. 2).
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