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Abstract - A relevant role has been attributed to phenethylamine in depressive disorders. It has been measured in human 
urine and rat brain in pathological conditions and after drug administration. Furthermore, a clinical correlation has been 
proposed between urinary elimination and depressive symptoms. Furthermore, its metabolic predecessor, D-phenylala-
nine, has been used as an antidepressant drug in the treatment of depressive disorders. The use of this amino acid has 
been realized alone, or in combination with classical antidepressants. In the present study, we tried to characterize its 
behavioural profile comparing it with imipramine and fluoxetine. Antidepressant drugs have been studied using diverse 
animal models. We used here the Porsolt test, or Forced Swimming Test (FST), measuring times of climbing, swimming 
and resting. When a comparison was performed between groups in climbing behaviour, significant differences were ob-
served between imipramine treated group and saline controls (p < 0.05), and imipramine versus fluoxetine and D-phe-
nylalanine (p < 0.01). When swimming was evaluated, clear differences between D-phenylalanine and the other groups 
were observed (p < 0.001). Additionally, a significant difference was also observed between imipramine and fluoxetine (p 
< 0.01). When resting was evaluated, high differences between D-phenylalanine versus all other groups were shown (p < 
0.001). Observed behavioural profile was according to serotonergic antidepressant drugs effects. It is supported by the 
fact that swimming behaviours were increased, and a correlative decrease in resting was also present. We conclude that 
D-phenylalanine showed higher antidepressant potency than other classical antidepressants, at least at the doses used. 
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Introduction 
A relevant role has been attributed to 

phenethylamine in depressive disorder [1-5]. It 
has been measured it in human urine and rat 
brain in pathological conditions and after drug 
administration [1,3-5]. Furthermore, a clinical 
correlation has been proposed between uri-
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nary elimination and depressive symptoms. 
Furthermore, its metabolic predecessor, D-
phenylalanine (DPA), has been used as an an-
tidepressant drug in the treatment of  depres-
sive disorders [6]. In Argentina, early studies 
of  Fisher and co-workers in 23 patients gave 
relevant evidences regarding the efficacy of  
D-phenylalanine association in patients who 
were not responders to classical tricyclic anti-
depressants or mono amino oxidase inhibitors 
[7]. This study was extended to 472 cases, also 
in Argentina, by Mesones and Cia [6]. They 
found important findings regarding urinary 
phenylethylamine concentration and depres-
sive disorders, and a relevant response to D-
phenylalanine in these patients. Similar find-
ings were obtained by Beckmann and Ludolph 
in Germany [8,9]. The use of  this amino acid 
has been realized alone [8,10], or in combi-
nation with classical antidepressants [6]. In 
the present study, we tried to characterize its 
translational behavioural profile comparing it 
with imipramine and fluoxetine. Antidepres-
sant drugs have been studied using diverse an-
imal models. We use here the Porsolt test, or 
Forced Swimming Test (FST), measuring time 
of  climbing, swimming and resting. 

In the last years, the FST has been largely 
used in the study of  antidepressant actions [11-
14]. The neurotransmitter systems involved in 
the action of  antidepressants have also been 
identified using this method [15]. The chosen 
antidepressants have different mechanisms of  
action. Imipramine is one of  the most clas-
sical tricyclic antidepressants, and its main 
mechanism of  action has been linked to nor-
adrenaline reuptake inhibition [16]. Fluoxetine 
has been characterized as a selective serotonin 
reuptake inhibitor [17]. The mechanism of  ac-
tion of  D-phenylalanine has been matter of  
several possibilities. Its role as amphetamine 
homolog, and as antidepressant has been re-
ported, as a precursor of  phenylethylamine 
[18,19]. Its efficacy has been compared to 
imipramine [19]. Consecutively, its use as anti-
depressant has been widely proposed [8,9,19]. 
Additionally, action of  trace amines on a spe-
cific receptor (trace-amine associated recep-

tor, TAAR1), has been considered matter of  
future studies in this research area [20]. Tak-
ing into account all mentioned evidences, we 
considered interesting to study a comparative 
effect of  the precursor D-phenylalanine with 
so called classical antidepressants in a transla-
tional approach. 

The aim and rationale of  this preliminary 
study was to compare the action of  DPA with 
the above mentioned two classical antidepres-
sants, aiming to experimentally validate its an-
tidepressant behavioural action. Additionally, 
results may allow knowing if  DPA action is 
mainly mediated by noradrenergic or seroto-
nergic systems. 

Materials and Methods 

Subjects 
A group of  38 male rats of  a Holtzman derived 

colony, weighing between 280-310 g and aged 90 days 
old was used. Animals were maintained under con-
trolled temperature conditions (22 – 24 °C) and light-
ing (lights on 0500 – 1900 h). They were fed with Stan-
dard rat pellets. Pellets and water were freely available. 

Drugs 
Three drugs were used: imipramine (20 mg/kg), 

fluoxetine (10 mg/kg) and D-phenylalanine (30 mg/
kg). They were all for use in humans. Drugs were kind-
ly provided by Mrs. Sarita Roitman (Sevilla Pharmacy, 
Mendoza, imipramine and fluoxetine) and Mr. Henry 
Wittaker (Magister Pharmacy, Buenos Aires, D-phe-
nylalanine).

Apparatus
The apparatus is a plexiglass cylinder (height 60 

cm, diameter 30 cm) containing water (25 °C) up to 20 
cm of  the cylinder’s height. 

Test Procedure 
Forced swimming test consists of  two different 

expositions to the apparatus. The first one, or pretest 
treatment, was done placing the rats 15 min in the test 
apparatus, without drugs, 24 h prior to the experi-
ments. After 24 h of  the pretest, the second one or 
test phase was initiated. During it, the group of  38 rats 
was divided in four groups: saline (n = 9), imipramine 
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20 mg/kg (n = 9), fluoxetine 10 mg/kg (n = 10) and 
D-phenylalanine 30 mg/kg (n = 10). After 5 min of  
injection, the behavioural test was displayed accord-
ing classical criteria, measuring time spent in climbing, 
swimming and resting. Test phase durations was 5 min 
[11-15]. 

Statistics 
Kolmogorov Smirnov test was used to determine 

the parametric distribution of  data. Data were pro-
cessed with ANOVA 1 followed by Student Newman-
Kewls. In all cases, a level of  p < 0.05 was considered 
significant. 

Bioethics
Experiments were realized according to bioethical 

rules. Bioethical and legal dispositions were consid-
ered in animal’s care. All housing and all experimental 
procedures were carried taking into account the rules 
of  the project approval criteria of  the National Uni-
versity of  Cuyo. We followed also the guidelines set 

by European Community Council (Directive 86/609/
EEC). 

Results 

When a comparison was performed be-
tween groups in climbing behaviour, a signifi-
cant difference was observed between them 
(ANOVA, F 3.34 = 6.547; p < 0.01). When 
groups were compared using the Student 
Newmann Kewls post-test, significant dif-
ferences were observed between imipramine 
treated group and saline controls (p < 0.05), 
and imipramine versus fluoxetine and DPA (p 
< 0.01, Figure 1). 

An intergroup difference was observed 
in swimming (ANOVA, F 3.34 = 28.77, p < 
0.0001). The Student Newmann Keuls post-
test showed differences between DPA and the 
other groups (p < 0.001, Figure 2). A significant 

Figure 1. Effects of  imipramine (20 mg/kg), 
fluoxetine (10 mg/kg) and D-phenylalanine 
(30 mg/kg) on climbing behaviour time in the 
Forced Swimming Test. A significant statistical 
difference was observed between imipramine 
and control rats (p < 0.05). A high statistical dif-
ference was observed between imipramine and 
other antidepressant drugs (p < 0.01). Data are 
presented as means ± SEM. A value of  p < 0.05 
was considered significant. * = p < 0.05; ** = p 
< 0.01.

Figure 2. Effects of  imipramine (20 mg/kg), 
fluoxetine (10 mg/kg) and D-phenylalanine (30 
mg/kg) on swimming behaviour time in the 
Forced Swimming Test. A high statistical differ-
ence was observed when D-phenylalanine effect 
on swimming was compared to controls, imip-
ramine and fluoxetine treated rats (p < 0.001). 
A very significant statistical difference was also 
observed between imipramine and fluoxetine 
groups (p < 0.01). Data are presented as means 
± SEM. A value of  p < 0.05 was considered sig-
nificant. ** = p < 0.01; *** = p < 0.001.
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difference was also observed between imipra-
mine and fluoxetine (p < 0.01, Figure 2).  

When resting was evaluated, intergroup 
differences were found (ANOVA, F 3.34 = 
12.15, p < 0.0001). The Student Newmann 
Kewls post-test showed differences between 
DPA versus all other groups (p < 0.001, Fig-
ure 3). 

Discussion
Considering different behavioural param-

eters, a clear effect was observed using these 
drugs. Imipramine induced an important in-
crease in climbing behaviour when compared 
to saline controls (p < 0.05), or fluoxetine and 
D-phenylalanine treated groups (p < 0.01, Fig-
ure 1). When swimming behaviour was stud-
ied, relevant differences between D-phenylala-
nine and the other groups were observed (p < 
0.001, Figure 2). A significant difference was 
also observed between imipramine and fluox-
etine (p < 0.01, Figure 2). Resting was also 
considered, and relevant differences between 

D-phenylalanine versus all other groups were 
observed (p < 0.001, Figure 3). Synthesiz-
ing, imipramine increased climbing, showing 
a prevalent noradrenergic profile. Swimming 
was decreased as showing a typical behav-
ioural displacement. An increase in climbing 
reduced significantly swimming time. Fluox-
etine did not increased swimming behaviour 
when compared to control group. However, 
this difference was observed when compared 
to imipramine that reduced swimming in-
creasing climbing. It may be interpreted as a 
behavioural displacement. In this experiment, 
D-phenylalanine was surprisingly active, in-
creasing some serotonergic parameters. In this 
way, climbing behaviour was not modified by 
this drug, but swimming and decreases in rest-
ing were observed. This last parameter, resting 
as an immobility state, has been over lighted as 
representative of  a mood lowered state, and it 
has been considered the best sign of  antide-
pressant drug actions [11]. In this experiment, 
this was the most affected by D-phenylalanine 
administration. It strongly suggests a clinical 
predictive value for this drug. The relevance 
of  the FST to assess antidepressant-like activ-
ity has been remarked in several reviews. An 
important number of  evidences have signalled 
that different antidepressants, acting on dif-
ferent neurotransmitter systems, may modify 
different responses in FST [15,21-28]. In this 
way, it has been reported that an elevation in 
serotonergic neurotransmission increases pre-
dominantly swimming behaviour [25-28]. By 
the opposite way, noradrenergic neurotrans-
mission increase induces higher climbing be-
haviours [25-28]. In our experimental sched-
ule, imipramine produced a noradrenergic like 
effect, and D-phenylalanine induced a clear 
serotonergic like behavioural effect. The ef-
fect of  fluoxetine at the dose used was not 
significant when compared to controls, but 
an increase in swimming behaviour was in-
sinuated, and it was different of  imipramine 
when both groups were compared. Negative 
results have been reported using DPA as anti-
depressant in a small group of  patients [29]. It 
was attributed to a low absorption of  D-ami-

Figure 3. Effects of  imipramine (20 mg/kg), 
fluoxetine (10 mg/kg) and D-phenylalanine (30 
mg/kg) on resting behaviour time in the Forced 
Swimming Test. A very high statistical difference 
was observed when D-phenylalanine effect on 
resting was compared to controls, imipramine 
and fluoxetine treated rats (p < 0.001). Data are 
presented as means ± SEM. A value of  p < 0.05 
was considered significant. *** = p < 0.001.
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no acids in the digestive apparatus. However, 
other studies performed in important group 
of  patients and delimitating subgroups with 
low urinary phenylethylamine excretion led to 
clear therapeutic results [6,8]. These evidences 
clearly point DPA as a therapeutic resource, 
in combination with other classical antidepres-
sants or even alone [6, 8], as it has been ex-
tensively reviewed [10]. Present findings give 
additional support to the evidences observed 
previously in our country [6] and corroborat-
ed in Germany [7]. Relation with urinary levels 
of  Phenylethylamine [1,4] was also observed 
in Argentina. Recently, new interest has been 
paid to trace amine associated receptor [30]. 
Treatment based in the stimulation of  these 
receptors has been proposed for several psy-
chiatric pathologies [31]. Administration of  
D-phenylalanine has been used in our country 
since a lot of  years ago in the treatment of  de-
pressive disorder [6]. 

This study is preliminary in nature and, 
strictly speaking, would constitute a pilot 
study. Successive additional studies should be 
carried out to see the scope of  these findings. 
We may conclude that DPA was very active in 
this predictive translational model. It was also 
interesting that this drug induced a serotoner-
gic-like behavioural pattern in the FST.

Acknowledgments
The authors thank Mrs. Sarita Roitman for 

her constant support. 

Conflict of Interest 
None to declare.

Funding Sources
This study was supported by Grants of  

the National University of  Cuyo (2022-2024. 
“Corticostriatal pathways: Induction of  be-
havioral and biochemical changes by psy-
chotogenic drugs in the rat”. Biennial Project 
Type 1. Code: 06/J020-T1. Director: Prof. Dr. 
Pascual Ángel Gargiulo. 2022-2024). All ani-
mals were cared in accordance with the Guid-
ing Principles in the Care and Use of  Animals 
of  the US National Institute of  Health. All 
procedures were approved by the Institutional 
Animal Care and Use Committee of  the School 
of  Medical Science, Universidad Nacional de 
Cuyo (Protocol approval N° 97/2017).

It was also supported by the Latin American 
Technological Corporation Foundation (Fun-
dación Corporación Tecnológica Latinoameri-
cana, FUCOTEL, First Neuroscience Grant).

References
1. Fischer E, Heller B, Miró AH. Beta-phenylethylamine in human 

urine. Arzneimittelforschung. 1968;18:1486. 
2. Saavedra JM, Fischer E. Antagonism of  beta-phenylethylamine 

derivatives and serotonin blocking drugs upon serotonin, trypt-
amine and reserpine behavioral depression in mice. Arzneimit-
telforschung. 1970;20:952-7.

3. Fischer E, Spatz H, Heller B, Reggiani H. Phenethylamine 
content of  human urine and rat brain, its alterations in patho-
logical conditions and after drug administration. Experientia. 
1972;28:307-8. 

4. Fischer E, Spatz H, Saavedra JM, Reggiani H, Miró AH, Hell-
er B. Urinary elimination of  phenethylamine. Biol Psychiatry. 
1972;5:139-47. 

5. Fischer E, Heller B, Spatz H, Reggiani H. Thin-layer chromato-
graphic assay of  phenethylamine content of  the rat brain and 
its changes after reserpine and imipramine administration. Arz-
neimittelforschung. 1972;22:1560. 

6. Mesones HL, Cía FM. Correlation between clinical picture and 
laboratory findings in depression. Therapeutic orientation us-

ing vitamins and amino acids. Acta Psiquiatr Psicol Am Lat. 
1985;31:25-36.

7. Fischer E, Heller B, Nachon M, Spatz H. Therapy of  depres-
sion by phenylalanine. Preliminary note. Arzneimittelforsc-
hung. 1975;25:132.

8. Beckmann H, Strauss MA, Ludolph E. Dl-phenylalanine in de-
pressed patients: an open study. J Neural Transm. 1977;41:123-
34.

9. Beckmann H, Ludolph E. DL-Phenylalanin als antidepressi-
vum (offene studie) [DL-phenylalanine as an antidepressant. 
open study]. Arzneimittelforschung. 1978;28:1283-4. 

10. Gargiulo AJM, Gargiulo MML, Gargiulo API, Mesones G, 
Martin G, Landa de Gargiulo A, et al. Biological markers in 
psychiatry and its relation with translational approaches. Brief  
historical review. In: Gargiulo PA, Mesones HL, eds. Psychia-
try and Neurosciences Update. Bridging the Divide. 1st Edition. 
New York (US): Springer; 2015. p. 311-33.

11. Porsolt RD, Anton G, Blavet N, Jalfre M. Behavioural despair 
in rats: a new model sensitive to antidepressant treatments. Eur 
J Pharmacol. 1978;47:379-91. 



224

Archives of Psychiatry Research 2023;59:219-224 Adaro, Bravo, Guevara, Mesones, Sabina, Mulet et al.

12. Porsolt RD, Bertin A, Blavet N, Deniel M, Jalfre M. Immo-
bility induced by forced swimming in rats: effects of  agents 
which modify central catecholamine and serotonin activity. Eur 
J Pharmacol. 1979;57:201-10. 

13. Arunrut T, Alejandre H, Chen M, Cha J, Russo-Neustadt A. 
Differential behavioral and neurochemical effects of  exercise, 
reboxetine and citalopram with the forced swim test. Life Sci. 
2009;84:584-9. 

14. Burda K, Czubak A, Kus K, Nowakowska E, Ratajczak P, Zin 
J. Influence of  aripiprazole on the antidepressant, anxiolytic 
and cognitive functions of  rats. Pharmacol Rep. 2011;63:898-
907. 

15. Bogdanova OV, Kanekar S, D’Anci KE, Renshaw PF. Factors 
influencing behavior in the forced swim test. Physiol Behav. 
2013;118:227-39. 

16. Humble M. Noradrenaline and serotonin reuptake inhibition 
as clinical principles: a review of  antidepressant efficacy. Acta 
Psychiatr Scand. 2000;402:28-36. 

17. Szoke-Kovacs Z, More C, Szoke-Kovacs R, Mathe E, Frecska 
E. Selective inhibition of  the serotonin transporter in the treat-
ment of  depression: sertraline, fluoxetine and citalopram. Neu-
ropsychopharmacol Hung. 2020;22:4-15.

18. Reynolds, GP. Phenylethylamine - a role in mental illness? 
Trends Neurosci. 1979;2:265-8.

19. Beckmann H, Athen D, Olteanu M, Zimmer R. DL-phenylala-
nine versus imipramine: a double-blind controlled study. Arch 
Psychiatr Nervenkr. 1979;227:49-58. 

20. Cichero E, Espinoza S, Gainetdinov RR, Brasili L, Fossa 
P. Insights into the structure and pharmacology of  the hu-
man trace amine-associated receptor 1 (hTAAR1): homol-
ogy modelling and docking studies. Chem Biol Drug Des. 
2013;81:509-16. 

21. Petit-Demouliere B, Chenu F, Bourin M. Forced swimming test 
in mice: a review of  antidepressant activity. Psychopharmacol-
ogy (Berl). 2005;177:245-55.

22. Slattery DA, Cryan JF. Using the rat forced swim test to as-
sess antidepressant-like activity in rodents. Nat Protoc. 
2012;7:1009-14.

23. Borsini F, Meli A. Is the forced swimming test a suitable mod-
el for revealing antidepressant activity? Psychopharmacology 
(Berl). 1988;94:147-60.

24. Borsini F, Lecci A, Sessarego A, Frassine R, Meli A. Discovery 
of  antidepressant activity by forced swimming test may depend 
on pre-exposure of  rats to a stressful situation. Psychopharma-
cology (Berl). 1989;97:183-8.

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

26. 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.

27. Detke MJ, Rickels M, Lucki I. Active behaviors in the rat forced 
swimming test differentially produced by serotonergic and 
noradrenergic antidepressants. Psychopharmacology (Berl). 
1995;121:66-72.

28. Detke MJ, Lucki I. Detection of  serotonergic and noradrener-
gic antidepressants in the rat forced swimming test: the effects 
of  water depth. Behav Brain Res. 1996;73:43-6.

29. Mann J, Peselow ED, Snyderman S, Gershon S. D-phenylalanine 
in endogenous depression. Am J Psychiatry. 1980;137:1611-2.

30. Gainetdinov RR, Hoener MC, Berry MD. Trace Amines and 
Their Receptors. Pharmacol Rev. 2018;70:549-620. 

31. Peitl V, Vlahović D. Trace amine-associated receptor 1 (TAAR1) 
agonists. Arch Psychiatry Res. 2022;58:131-4.


