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Abstract
Background: Vitamin B6 is a cofactor for various enzymes that are involved in neurotransmitter 
production. It has been shown that vitamin B6 administration reduces immobility time in mice forced 
swimming test (FST), which suggests potential antidepressant activity in humans. The aim of this study 
was to observe the possible involvement of the noradrenergic system in the antidepressant effects of 
vitamin B6 during FST in mice. Material and methods: Each of the following drugs was administered 
with vitamin B6: a tricyclic antidepressant (imipramine), α1 adrenoceptor antagonist (prazosin), α2 
adrenoceptor antagonist (yohimbine), and β adrenoceptor antagonist (propranolol) and α-methyl-p-
tyrosine (AMPT), a selective inhibitor of the enzyme tyrosine hydroxylase. Results: The antidepressant 
effect of vitamin B6 (100 mg/kg) was increased by adding imipramine (5 mg/kg), prazosin (1 mg/kg) 
to the treatment and slightly by propranolol (2 mg/kg). Yohimbine (1 mg/kg), to some extent, reversed 
vitamin B6 effects although not completely compared with the control group, whereas AMPT (100 mg/
kg) administration absolutely reduced vitamin B6 antidepressant effect during the FST. Conclusion: 
This study provides evidence indicating that the antidepressant-like effect of vitamin B6 in the FST is 
dependent on its interaction with α and β adrenoceptors and the noradrenergic system plays a critical 
role in its antidepressant benefits.
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Introduction

Depression is a mood disorder connected 
with high incidence of relapse, chronicity, 
recurrence, psychosocial damage, and 
suicide.[1] According to the monoaminergic 
hypothesis, the monoaminergic system 
is one of the most important targets in 
the pathophysiology of depression as the 
dysfunction of monoaminergic circuits in the 
central nervous system causes depression.[2] 
This theory is supported by a great number 
of neurochemical f indings[3] and by the 
successful treatment of depressed individuals 
with classical antidepressant drugs. These 
drugs have been used for decades and enhance 
monoaminergic neurotransmissions such as the 
monoamine oxidase inhibitors and the tricyclic 
antidepressants (TCA).[4] Dietary interventions 
and vitamin supplementation, especially the 
B vitamins, are among the most popular 
alternative medications for depression.[5]

Vitamin B6 vitamers are rapidly oxidized in 
the liver to pyridoxal and phosphorylate to 
pyridoxal 5-phosphate (PLP), which is the 

main circulating vitamer. The free PLP that 
is not bound to enzymes is dephosphorylated 
and oxidized to pyridoxic acid, which is the 
main urinary metabolite of the vitamin.[6] 
Vitamin B6 is one alternative treatment that 
could alleviate depression disorder through its 
role in the metabolism of neurotransmitters 
that are considered to be important in the 
manifestation of depression.[6]

Monoamine biosynthesis is reliant on two 
metabolic pathways: dihydroxyphenylalanine 
and 5-hydroxytryptophan (5-HTP) that 
are converted by aromatic l-amino acid 
decarboxylase (AADC) to dopamine and 
serotonin, respectively.[7] Dopamine is 
a neurotransmitter and it is the precursor 
for noradrenaline (NA) and adrenaline. 
Vitamin B6 is the cofactor for AADC,[6] 
and it was observed earlier that vitamin B6 
administration reduces immobility time in 
mice forced swimming test (FST), which 
indicates its possible antidepressant activity 
in humans.[8] There are well-known evidence 
regarding the role of noradrenergic system 
in depression; antidepressants (such as 
doxepin, amitriptyline, and nefazodone) 
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have a noticeable affinity for α1-adrenoceptors (ARs), 
and mirtazapine enhances NA release by directly blocking 
presynaptic α2-ARs.[9] Dopa decarboxylase compared with the 
enzymes 5-HTP decarboxylase and glutamate decarboxylase 
has a higher affinity for vitamin B6.[10]

This study was aimed to extend the previous findings regarding 
the antidepressant-like effect of vitamin B6 in mice FST in several 
ways: first, to evaluate its antidepressant effect following using 
low dose of imipramine (a TCA); second, to observe the changes 
in depressive behavior following the administration of α1-AR 
antagonist (prazosin), α2-AR antagonist (yohimbine), and β-AR 
antagonist (propranolol); and finally, to observe the change in 
behavior after administrating α-methyl-p-tyrosine (AMPT), a 
selective inhibitor of the enzyme tyrosine hydroxylase.

Materials and Methods

Animals

Male albino mice weighing 28  ± 4 g were maintained at 
21°C ± 2°C with free access to water and standard mice 
chow, under a 12:12 h of light:dark cycle (the lights were on 
from 6 am to 6 pm). Each experimental group comprised six 
animals that were housed per cage and they were placed in 
the experimental room 24 h before the test for acclimatization. 
All the experiments were performed between 8 am and 1 pm 
in the pharmacology laboratory. All animal procedures were 
performed in accordance with the National Guide for the Care 
and Use of Laboratory Animals issued by the Isfahan University 
of Medical Sciences (ethical no.: IR.MUI.REC.1396.3.750). 
All the efforts in the experiments were made to minimize 
animal suffering and to reduce the number of animals used in 
the experiments.

Locomotor test

The locomotor activity should be tested before psychological 
tasks as variations in locomotor activity nonspecifically affect 
performance in many behavioral paradigms. The motor activity 
of mice was assessed in an open arena (Borj Sanat, Iran) divided 
by red beams into 15 zones in a 5 × 3 grid formation. Mice 
were placed facing toward the wall and were allowed to explore 
the field for 3 min. By passing animals through the beams, the 
number of zone entries was counted automatically, whereas 
rears on hind legs were recorded manually. Finally, total activity 
for each animal was calculated, which was the sum of zone 
entries (horizontal exploration) and rears (vertical exploration).

Forced swimming test

After the locomotor test, depression was assessed in mice by 
the FST.[11] Mice were forced to swim in 25°C water in a glass 
beaker (diameter 12.5 cm) for 6 min and the measurements were 
carried out in the last 4 min of the test. The depth of water was 
about a level that the mice could neither touch the bottom of the 
container with their paws or tail nor could they escape it (12 cm). 
The behaviors selected for measurement in the modified FST 
were climbing behavior, defined as the time animal intends 

to climb the glass beaker; swimming behavior, defined as 
horizontal movement throughout the beaker, which involved at 
least two limbs and included crossing across quadrants of the 
cylinder; and immobility, measured when no additional activity 
was observed other than that required to keep the head of the 
mouse above the water.[12] The whole experiment was recorded 
by a camera and analyzed later. After 6 min, the mice were dried 
carefully and returned to their home cage.

Drugs administration

Vitamin B6 (100 mg/kg) (pyridoxine HCl, 200 mg/mL, Caspian 
Tamin, Tehran, Iran) was injected intraperitoneally (IP) for 6 
consecutive days,[8] whereas the corresponding control animals 
received normal saline. Yohimbine (Sigma, Mumbai, India; 
1 mg/kg, IP), prazosin (A gift from Amin Industry, Isfahan, 
Iran; 1 mg/kg, IP), imipramine (Sigma, Steinheim,  Germany; 
5 mg/kg, IP), and propranolol (1 mg/mL, Polfa Warszawa S.A., 
Poland; 2 mg/kg, IP) were all diluted in normal saline and the 
doses were in accordance with previous studies.[13,14] They were 
injected on day six 30 min before vitamin B6 final dose. AMPT 
(Sigma, Mumbai, India; 100 mg/kg, IP) solution was freshly 
prepared in Dimethyl sulfoxide (DMSO) solution (0.1%) and 
administered 4 h before the final dose of vitamin B6.[15] The 
vehicle group received the relevant vehicle as the result for 
vehicle DMSO solution (0.1%) was not different from that of 
the normal saline group; hence, it is not reported separately. All 
the injections were adjusted for 10 mL/kg mice body weight.

Data processing and statistical analysis

Results were expressed as group mean value ± standard error 
of the mean (SEM). All results were analyzed by one-way 
analysis of variance, followed by Tukey’s multiple comparison 
tests. P values less than 0.05 were considered significant. The 
software programs used for data analyzing and making graphs 
were Excel 2010 (El Paso, Texas, USA) and the GraphPad 
Prism 6 (San Diego, California, USA).

Results

Effect of different drugs on behaviors during the forced 
swimming test

As shown in Figure 1A, the drugs alone administered did not 
change immobility during the FST compared with the control 
group (180 ± 4.6 s). Thus, the selected doses did not change the 
depressive behavior. The mobile phase was different, although 
imipramine significantly increased the swimming time (83 ± 
7.6 s vs. control 55 ± 5 s) [Figure 1B], the climbing time was 
considerably higher for propranolol and AMPT (31 ± 7 s and 37 ± 
7 s, respectively, vs. control 1.6 ± 1 s) [Figure 1C]. Table 1 shows 
that prazosin caused less horizontal and therefore less locomotor 
activity compared with the control group, but the doses used here 
do not cause sedation as the one sample t-test shows a significant 
difference from zero (t = 6.5, df = 5; P < 0.001). Therefore, the 
drugs’ doses used here neither cause sedation nor stimulation, 
thus the changes in the immobility observed during the FST were 
considered as the effects of the drugs on depressive behavior.
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Effect of different drugs on vitamin B6-induced  
anti-immobility effect during the forced swimming test

As it could be observed in Figure 2A, vitamin B6 alone 
(vitamin B6 + vehicle) significantly reduced the immobility 
time during the FST, which indicates its antidepressant effect 

(140 ± 3 s vs. control 180 ± 3.2 s, P <0.01). By administrating 
imipramine concomitantly with vitamin B6 on the last day, it 
caused a plunge in the immobility time (94 ± 14 s, P < 0.05 vs. 
vitamin B6 alone). Propranolol coadministration with vitamin 
B6 on the last day did not alter immobility time in comparison 
with vitamin B6 alone, whereas prazosin administered before 
the last dose of vitamin B6 further reduced the immobility 
time (89 ± 6 s, P < 0.01 vs. vitamin B6 alone). On the contrary, 
exposure to yohimbine on the last day of vitamin B6 therapy 
prevented the useful effects of vitamin B6 on the immobility 
time (150 ± 3 s). Administrating AMPT completely inhibited 
vitamin B6 effects on the immobility time (170 ± 8 s, P <0.05 
vs. vitamin B6 alone) and the results were similar to the 
control amount.

The results of the mobile phase during FST showed that the 
swimming time [Figure 2B] increased when imipramine and 
prazosin were injected to vitamin B6–treated animals; 120 ± 
12 and 130 ± 1 s, respectively (P < 0.01 vs. vitamin B6 alone). 
By observing [Figure 2C], it was found that vitamin B6 alone 
significantly increased climbing time (31 ± 2 s vs. 1.3 ± 1 s, 
control), neither of the drugs coadministered with vitamin B6 
altered this figure except for yohimbine, which considerably 
reduced it to 11 ± 3 s (P < 0.05 vs. vitamin B6 alone).

Discussion

The following study showed that the antidepressant-like 
effects of vitamin B6 are influenced by the noradrenergic 
system modulatory drugs, which prove the possible 
involvement of the noradrenergic system in vitamin B6 
antidepressant effects.

In FST, the immobility time is related to depressive behavior 
because it is changed by antidepressants and stimuli that 
provoke depressive behavior.[16] In addition, during the FST, 
more precise description of behavioral effects can be helpful 

Figure 1: Effect of the drugs alone on behavior—(A) the immobility time, 
(B) the swimming time, and (C) the climbing time—during the forced
swimming test. Imipramine (5 mg/kg), propranolol (2 mg/kg), prazosin
(1 mg/kg), yohimbine (1 mg/kg), and α-methyl-p-tyrosine (AMPT, 100 mg/kg) 
were all administered intraperitoneally before testing. Number of animals 
in each group was six, control animals received normal saline. Results 
are expressed as group mean ± standard error of mean and analyzed by 
analysis of variance followed by Tukey’s comparison tests. **P < 0.01 and 
***P < 0.001 compared with the control group

Table 1: Effect of the drugs on the locomotor test 
Treatment 
groups

Horizontal 
movements

Vertical 
movements

Total activity

Control 113 ± 6.8 10.9 ± 2.9 123.9 ± 9.5
Vitamin B6 127.5 ± 5.5 34 ± 4*** 162 ± 9
Imipramine 132 ± 18 18.3 ± 3.2 150.8 ± 21
Propranolol 82.3 ± 6.7 2.5 ± 0.4* 84.8 ± 7
Prazosin 55 ± 10*** 3.2 ± 1.7 81.6 ± 34**
Yohimbine 101 ± 10 7.6 ± 2 108.8 ± 11.6
AMPT 116.5 ± 10 9.5 ± 3 110.8 ± 19
*P < 0.05, **P < 0.01, and ***P < 0.001 compared with the control
group. Total animal activity is the sum of horizontal and vertical
movements. Vitamin B6 (100 mg/kg, IP) was administered for 6
consecutive days, imipramine (5 mg/kg), propranolol (2 mg/kg),
prazosin (1 mg/kg), yohimbine (1 mg/kg), and α-methyl-p-tyrosine
(AMPT, 100 mg/kg) were all administered IP before the test.
Number of animals in each group was six, control animals received
normal saline. Results are expressed as group mean ± standard error 
of mean (SEM) and analyzed by analysis of variance (ANOVA)
followed by Tukey’s comparison tests



Mesripour, et al.: Role of noradrenergic system in vitamin B6 antidepressant effect

136 Journal of Reports in Pharmaceutical Sciences | Volume 8 | Issue 2 | July‑December 2019

Figure  2: Effect of the drugs following vitamin B6 administration on 
behavior—(A) the immobility time, (B) the swimming time, and (C) the 
climbing time—in the forced swimming test. Vitamin B6 (100 mg/kg), 
imipramine (5 mg/kg), propranolol (2 mg/kg), prazosin (1 mg/kg), yohimbine 
(1 mg/kg), and α-methyl-p-tyrosine (AMPT) (100 mg/kg) were administered 
intraperitoneally. Number of animals in each group was six, control 
animals received normal saline. Vehicle group received normal saline + 
vitamin B6. Results are expressed as group mean ± standard error of 
mean and analyzed by analysis of variance followed by Tukey’s post hoc 
tests **P < 0.01,***P < 0.001 compared with the control group; #P < 0.05, 
##P < 0.01 compared with the vehicle group

in understanding the function of different neurotransmitter 
systems in the treatment of depression. The sequence of 
behaviors in the FST ordinarily appear like climbing that 
is performed during the first minutes of the test, periods of 
swimming occur throughout the interval, and immobility is 
most frequent at the end of the test. Climbing and swimming 
seem to be two separate responses that facilitate escape during 
the FST.[16] Following placement in an inescapable cylinder 
of water, the animals initiate escape-oriented movements, 
but they soon develop immobile posture. The immobility 
is reflected either as a progress of passive behavior that 
prevents the animal from active forms of managing the stressful 
condition or disappointment of persistence in escape behavior 
(i.e., behavioral despair).[17] Reference antidepressants reduce 
immobility time during the FST, whereas evaluating the mobile 
behavior may help to interpret different neurotransmitters. That 
is, the serotonin selective reuptake inhibitors (SSRIs) mostly 
increase swimming time, though climbing time is increased 
by antidepressant drugs with catecholamine transmission 
selective effects.[16,17]

The antidepressant-like effect of vitamin B6 that we observed 
during the FST is confirmed by previous data.[8] The following 
study extends earlier f indings by providing convincing 
evidence that its effect during the FST is probably mediated 
by an interaction with the noradrenergic system and possibly 
α- and β-AR. The chosen doses of the adrenergic modulatory 
drugs (imipramine, propranolol, prazosin, yohimbine, and 
AMPT) when administered alone did not cause any noticeable 
change in the immobility time during the FST, which was in 
agreement with previous results [Figure 1].[13-15] In addition, 
they did not induce important change in animal activity 
during the locomotor test, which was also parallel with 
previous literature [Table 1].[18] Although their differences in 
the mobile phase (swimming and climbing time) during the 
FST reflects the variety of effect they might have caused on 
the neurotransmitters.

PLP is the cofactor for over 100 enzymatic reactions in the body, 
including the enzymes involved in the synthesis or catabolism of 
neurotransmitters (AADC synthesis of dopamine and serotonin). 
The role of NA in the pathophysiology of depression has been 
proved earlier.[2,19,20] Reduced noradrenergic system functioning 
is associated with depression,[19] and common antidepressants, 
such as TCAs, mainly act by increasing the synaptic availability 
of NA. Imipramine, a TCA, acts by increasing the activity of 
the brain’s serotonergic or noradrenergic system by inhibiting 
the plasma membrane transporters for serotonin and NA.[21,22] 
Although the low imipramine dose alone did not change the 
immobility time in the FST, it induced profound antidepressant 
effects while coadministered with vitamin B6 [Figure 2A]. This 
reveals that vitamin B6 can improve imipramine antidepressant 
effect and it may induce similar effect on the neurotransmitter 
profile. Possibly the presynaptic and sometimes postsynaptic 
inhibitory α2-ARs combined with the excitatory postsynaptic 
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α1- and β-ARs play a role in the complex dynamics of NA 
modulation of target neurons.[23] This was verified by observing 
that the coadministration of propranolol (β-AR blocker) or 
prazosin (α1-AR blocker) following vitamin B6 therapy further 
reduced the immobility time, indicating that they augmented 
the antidepressant effect of vitamin B6, but yohimbine (α2-AR 
blocker) did not cause the similar change. In previous studies, 
the antidepressant effect elicited by lamotrigine, folic acid, 
or magnesium in the FST was reversed by prazosin and 
yohimbine.[14,15,18] Indeed, the α1- and α2-ARs have been 
proven to play a part in the antidepressant-like effects of drugs in 
behavioral models of depression.[15,24] Although the yohimbine 
results we observed concur with the previous findings, prazosin 
results are different. Evidently, chronic antidepressants and 
electroconvulsive therapy improve the density and functional 
activity of α1-ARs in the frontal cortex and hippocampus, and 
these receptors are linked to intracellular signaling pathways 
that control synaptic plasticity.[25] The α1B-AR subtype is 
essentially involved, which is in high density in corticolimbic 
structures and regions containing serotonergic and dopaminergic 
neurons.[25,26] In addition, a role of α1A-AR subtype has also 
been anticipated.[27] Therefore, the additional antidepressant 
effect of prazosin following vitamin B6 treatment, which 
was observed, opens new insights into the different effects 
of distinct α1-AR subtypes in depressive behavior. On the 
contrary, prazosin induced a rise in the swimming performance 
compared with vitamin B6 alone, which might be related to 
the serotonergic neurotransmitter.[16] The α1-AR stimulation 
in the dorsal raphe nucleus increases serotonin release,[28] 
which might be induced by prazosin and vitamin B6 interplay. 
Regarding the autoreceptors, α2A-AR subtype predominates 
over α2C-AR and its levels are higher in depressed individuals 
and following chronic stress.[26,29] Administrating yohimbine 
after vitamin B6 therapy slightly increased the immobility 
time or slightly reversed vitamin B6 antidepressant effects 
as no more difference was observed between this group and 
the control group [Figure 2]. Yohimbine also curtailed the 
climbing time in the FST, whereas the swimming time was 
unchanged when injected on the last day of vitamin B6 therapy. 
This further supports that vitamin B6 antidepressant benefits 
are related to the noradrenergic system. Literature is in favor 
of the beneficial effect of α2-AR antagonists on depression 
behavior following the administration of antidepressants,[30,31] 
but other researches are strongly against it.[32] Our results also 
supported the idea that the behavioral effect of antidepressants 
in the FST was antagonized by systemic administration of the 
α2-AR antagonist yohimbine.

The analogs of tyrosine, such as AMPT, are competitive 
inhibitors of tyrosine hydroxylase (the rate-limiting step in 
catecholamine synthesis) and they can induce depression in 
some individuals.[33] Depletion of the catecholamine system 
was specifically observed after treatment with AMPT.[23] 
Administration of AMPT following vitamin B6 therapy 
reversed the antidepressant-like benefits of vitamin B6 during 
FST. This further supports the involvement of the NA system 

in vitamin B6 antidepressant effect. The dose was chosen on 
the basis of previous research that showed treatment of mice 
with AMPT (100 mg/kg) was able to reverse the antidepressant 
effect of lamotrigine in the FST.[15] Thus, vitamin B6 cofactor 
effect on Dopa decarboxylase should be considered in its 
antidepressant effects observed in the FST. Thus, vitamin B6 
by indirectly affecting the noradrenergic system by releasing 
NA induces antidepressant effects that may in turn interact 
with AR.

Conclusion

The results indicate that the antidepressant-like effect of 
vitamin B6 during the FST is mediated through an interaction 
with the noradrenergic system. The observations suggest that 
vitamin B6 enhances NA levels that in turn influences α1, 
α2, and β-AR. Nevertheless, monoamine neurotransmitters 
do not function individually, these neurotransmitter systems 
are naturally interconnected and alteration in one of these 
neurotransmitters likely affects the function of the others.

Financial support and sponsorship

This work was supported by Isfahan University of Medical 
Sciences Research Council (grant number 396750, 12/26/2016).

Conflicts of interest

There are no conflicts of interest.

References

1. Wong  ML, Licinio  J. Research and treatment approaches to
depression. Nat Rev Neurosci 2001;2:343-51.

2. Elhwuegi AS. Central monoamines and their role in major depression. 
Prog Neuropsychopharmacol Biol Psychiatry 2004;28:435-51.

3. Ruhé HG, Mason NS, Schene AH. Mood is indirectly related to serotonin, 
norepinephrine and dopamine levels in humans: A meta-analysis of
monoamine depletion studies. Mol Psychiatry 2007;12:331-59.

4. Nemeroff CB, Owens MJ. Treatment of mood disorders. Nat Neurosci
2002;5:1068-70.

5. Williams AL, Cotter A, Sabina A, Girard C, Goodman J, Katz DL.
The role for vitamin B-6 as treatment for depression: A systematic
review. Fam Pract 2005;22:532-7.

6. Bender DA. Non-nutritional uses of vitamin B6. Br J Nutr 1999;81:7-20.
7. Allen GF, Land JM, Heales SJ. A new perspective on the treatment of 

aromatic L-amino acid decarboxylase deficiency. Mol Genet Metab 
2009;97:6-14.

8. Mesripour A, Hajhashemi V, Kuchak A. Effect of concomitant
administration of three different antidepressants with vitamin B6
on depression and obsessive compulsive disorder in mice models.
Res Pharm Sci 2017;12:46-52.

9. Richelson  E. Pharmacology of antidepressants. Mayo Clin Proc
2001;76:511-27.

10. McCarty MF. High-dose pyridoxine as an ‘anti-stress’ strategy. Med 
Hypotheses 2000;54:803-7.

11. Mesripour A, Hajhashemi V, Fakhr-hoseiny H. Effect of scopolamine 
and mecamylamine on antidepressant effect of rivastigmine in a
behavioral despair test in mice. J Rep Pharm Sci 2017;6:51-8.

12. Cryan JF, Markou A, Lucki I. Assessing antidepressant activity in
rodents: Recent developments and future needs. Trends Pharmacol
Sci 2002;23:238-45.



Mesripour, et al.: Role of noradrenergic system in vitamin B6 antidepressant effect

138 Journal of Reports in Pharmaceutical Sciences | Volume 8 | Issue 2 | July‑December 2019

13. Souza  LC, de  Gomes  MG, Goes AT, Del  Fabbro  L, Filho  CB,
Boeira SP, et al. Evidence for the involvement of the serotonergic
5-HT(1A) receptors in the antidepressant-like effect caused by
hesperidin in mice. Prog Neuropsychopharmacol Biol Psychiatry
2013;40:103-9.

14. Brocardo PS, Budni J, Kaster MP, Santos AR, Rodrigues AL. Folic
acid administration produces an antidepressant-like effect in mice:
Evidence for the involvement of the serotonergic and noradrenergic 
systems. Neuropharmacology 2008;54:464-73.

15. Kaster  MP, Raupp  I, Binfaré  RW, Andreatini  R, Rodrigues AL.
Antidepressant-like effect of lamotrigine in the mouse forced
swimming test: Evidence for the involvement of the noradrenergic
system. Eur J Pharmacol 2007;565:119-24.

16. Cryan JF, Valentino RJ, Lucki I. Assessing substrates underlying the 
behavioral effects of antidepressants using the modified rat forced
swimming test. Neurosci Biobehav Rev 2005;29:547-69.

17. Lucki I. The forced swimming test as a model for core and component 
behavioral effects of antidepressant drugs. Behav Pharmacol
1997;8:523-32.

18. Cardoso  CC, Lobato  KR, Binfaré  RW, Ferreira  PK, Rosa AO,
Santos AR, et al. Evidence for the involvement of the monoaminergic 
system in the antidepressant-like effect of magnesium. Prog
Neuropsychopharmacol Biol Psychiatry 2009;33:235-42.

19. Brunello N, Blier P, Judd LL, Mendlewicz J, Nelson CJ, Souery D,
et al. Noradrenaline in mood and anxiety disorders: Basic and clinical 
studies. Int Clin Psychopharmacol 2003;18:191-202.

20. Delgado PL, Moreno FA. Role of norepinephrine in depression. J
Clin Psychiatry 2000;61:5-12.

21. Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ, Gold SJ, Monteggia LM.
Neurobiology of depression. Neuron 2002;34:13-25.

22. Gillman PK. Tricyclic antidepressant pharmacology and therapeutic 
drug interactions updated. Br J Pharmacol 2007;151:737-48.

23. Ressler  KJ, Nemeroff  CB. Role of norepinephrine in the
pathophysiology and treatment of mood disorders. Biol Psychiatry
1999;46:1219-33.

24. Masuda Y, Ohnuma  S, Sugiyama  T. Alpha 2-adrenoceptor
activity induces the antidepressant-like glycolipid in mouse

forced swimming. Methods Find Exp Clin Pharmacol 2001;23: 
19-21.

25. Stone  EA, Lin Y, Rosengarten  H, Kramer  HK, Quartermain  D.
Emerging evidence for a central epinephrine-innervated alpha
1-adrenergic system that regulates behavioral activation and is
impaired in depression. Neuropsychopharmacology 2003;28:1387-
99.

26. Millan MJ. The role of monoamines in the actions of established and
“novel” antidepressant agents: A critical review. Eur J Pharmacol
2004;500:371-84.

27. Nalepa  I, Kreiner  G, Kowalska  M, Sanak  M, Zelek-Molik A,
Vetulani  J. Repeated imipramine and electroconvulsive shock
increase alpha 1A-adrenoceptor mRNA level in rat prefrontal cortex. 
Eur J Pharmacol 2002;444:151-9.

28. El  Mansari  M, Guiard  BP, Chernoloz  O, Ghanbari  R, Katz  N,
Blier  P. Relevance of norepinephrine-dopamine interactions in
the treatment of major depressive disorder. CNS Neurosci Ther
2010;16:e1-17.

29. Flügge G, van Kampen M, Meyer H, Fuchs E. Alpha2a and alpha2c-
adrenoceptor regulation in the brain: Alpha2a changes persist after
chronic stress. Eur J Neurosci 2003;17:917-28.

30. Invernizzi RW, Garattini S. Role of presynaptic alpha2-adrenoceptors 
in antidepressant action: Recent findings from microdialysis studies. 
Prog Neuropsychopharmacol Biol Psychiatry 2004;28:819-27.

31. Sacchetti  G, Bernini  M, Bianchetti A, Parini  S, Invernizzi  RW,
Samanin R. Studies on the acute and chronic effects of reboxetine on
extracellular noradrenaline and other monoamines in the rat brain.
Br J Pharmacol 1999;128:1332-8.

32. Rénéric  JP, Bouvard  M, Stinus  L. Idazoxan and 8-OH-DPAT
modify the behavioral effects induced by either NA, or 5-HT, or
dual NA/5-HT reuptake inhibition in the rat forced swimming test.
Neuropsychopharmacology 2001;24:379-90.

33. Delgado  PL, Miller  HL, Salomon  RM, Licinio  J, Heninger  GR,
Gelenberg  AJ, et  al. Monoamines and the mechanism of
antidepressant action: Effects of catecholamine depletion on mood
of patients treated with antidepressants. Psychopharmacol Bull
1993;29:389-96.


