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Abstract 
Background: It is not well analyzed whether there are differences in plasma le-
vels of tryptophan (TRP) metabolites between healthy control people (HC) and 
patients of major monopolar depression (MMD). Methods: Ultra high-speed 
liquid chromatography/mass spectrometry has been used for the simultane-
ous determination of plasma levels of tryptophan metabolites in depressive 
patients. Results: There are no significant differences between plasma levels of 
TRP between HC and MMD. Plasma levels of TRP of HC are higher in young 
men, young women, old men, and old women in this order. Serotonin (5-HT) 
levels are higher in MMD than HC. Plasma levels of 5-HIAA of HC are also 
higher than those of patients of MMD. Plasma levels of kynurenine (KYN) of 
healthy old men and old women are higher than those of young men and old 
women. Plasma levels of KYN are higher in old women and young men of 
MMD than those of HC. Conclusion: Plasma levels of 5-HT are higher in pa-
tients of MMD than those of HC, which may suggest that use of drugs inhibit-
ing the 5-HT transportation may increase plasma levels of 5-HT in MMD. 
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Serotonin Reuptake Inhibitor), SNRI (Serotonin Norepinephrine Reuptake 
Inhibitor) 

 

1. Introduction 

Clinically useful antidepressant medications were discovered about 60 years ago 
[1]. Studies showed that these drugs increased synaptic concentrations of sero-
tonin and norepinephrine [2] and this action was hypothesized to support their 
antidepressant action. Later, a range of antidepressant drugs has been developed 
that, with few exceptions, act to enhance monoamine neurotransmission. 

It was recognized that the clinical onset of effectiveness of neurochemical and 
therapeutic effects of antidepressants had taken days or weeks. This finding led 
researchers to challenge the central role for acute monoamine potentiation in the 
mechanism of antidepressant action. Recent approaches have sought to target 
more directly the neurobiological processes that might underlie this delay. 

Since the discovery of antidepressants such as the selective serotonin reuptake 
inhibitor (SSRIs), hundreds of millions of patients have taken antidepressants. In 
2006, 5 of the 35 drugs with top sales in the USA were antidepressants [3]. 

Many randomized trials have been conducted with antidepressants. Statisti-
cally, significant benefits have been repeatedly demonstrated. However, some 
meta-analysis questioned the results [4] [5]. 

Cipriani A. et al. [6] reported the results of one of latest meta-analysis [6]. They 
reported the results of which the study is based on 522 double-blind studies, which 
included 116,477 patients randomly assigned to 21 individual first-generation and 
second-generation antidepressant drugs or placebo. 

They concluded that all antidepressants were more efficacious than placebo in 
adults with major depressive disorder. Smaller differences between active drugs 
were found when placebo-controlled trials were included in the analysis. 

The reason why there are conflicting results in meta-analyses of effectiveness 
of antidepressants may be due to the fact against depression which is not well 
explored. 

Recently we succeeded in the simultaneous measurements of TRP metabolites 
including 5-HT 5-HIAA or KYN by using an ultra high speed liquid chromato-
graphy/mass spectroscopy (LC/MS) [7] [8] [9] [10]. 

We reported that age and gender differences of plasma levels of TRP metabo-
lites disappeared in patients of major monopolar depression although differenc-
es of some metabolites levels were found in patients of some age and gender in 
bipolar depression [11]. 

We now report statistical differences of TRP metabolites of patients of major 
monopolar and bipolar depression at various age and gender. 

2. Statistics 

Statistical significance of the differences between groups was calculated accord-
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ing to one-way ANOVA. When ANOVA indicated a significant difference (p < 
0.05), the mean values of the treatment were compared using Tukey’s least sig-
nificant difference test at p < 0.05. 

The statistical comparison between groups is analyzed by the two way 
ANOVA. 

Statistical significance is expressed as followed. *p < 0.05, **p < 0.001. 

3. Methods 

1) Patients; Outpatients of depression were recruited in this study. Patients 
were diagnosed using the criteria of Diagnostic and Statistical Manual of Mental 
Disorders, the 5th edition (DSM-5, American Psychiatric Association 2013) [12]. 
Fasting blood samples were taken early in the morning. Their severity of depres-
sion was checked by CGI-S [13], SDS [14], and HDR-S [15]. The history of pre-
scriptions of drugs such as antidepressants, anxyolitics, mood stabilizers and other 
drugs were asked. 

Further characteristics of patients are described below. Outpatients who 
showed symptoms of depression were recruited in the studies at the Department 
of Psychiatry of Showa University Northern Yokohama Hospital. Patients were 
required to have had no lifetime history of psychosis, personality disorder, or 
drug or alcohol misuse. We also excluded patients who had organic problems of 
the brains. This study was carried out from 2016 to 2019. All patients gave their 
consent in a written form after receiving comprehensive information on the 
study protocol. 

2) Healthy volunteers; We asked volunteers to provide blood early morning 
before breakfast. The backgrounds of these people were reported elsewhere [9]. 

3) Measurements of TRP metabolites; Plasma factors were measured after 
plasma was separated from blood (3000 rpm/min. at 4˚C). Ethylenediaminete-
traacetic acid (EDTA) was used as an anticoagulant. 

The simultaneous measurements of TRP metabolites in plasma were per-
formed by using an ultra high speed liquid chromatography/spectrometry. De-
tailed methodology was described elsewhere [7] [8] [9] [10]. 

4. Results 

4) Comparison of plasma levels of TRP, 5-HT, 5-HIAA and KYN between pa-
tients of MMD and healthy control. 

Table 1 shows background and plasma levels of TRP metabolites. 
*1; TRP 
Sample name, old women < young men, young women and old men. 
There was significant effect of sample name (F(3, 105) = 10.693, p < 0.01), but 

there was no significant effect of diagnosis (F(1, 105) = 2.365, p = 0.127), and 
there was no significant interaction between diagnosis and sample name (F(3, 
105) = 2.088, p = 0.106). 

Tukey’s post hoc test showed that TRP level of old women was lower than that  
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Table 1. Comparison of tryptophan metabolites between HC and MDD. 

Diagnosis HC (n = 38) MDD (n = 38) 

significant 
differences sample name 

young men 
(n = 25) 

young 
women 
(n = 10) 

old men 
(n = 20) 

old women 
(n = 20) 

young men 
(n = 7) 

young 
women 
(n = 18) 

old men 
(n = 3) 

old women 
(n = 10) 

Tryptophan (μM) 
63.92 ± 
10.84 

67.79 ± 9.30 
68.89 ± 
13.32 

47.68 ± 7.19 
64.09 ± 
13.77 

58.48 ± 
10.40 

59.11 ± 
2.026 

51.24 ± 
11.01 

*1 

Serotonin (nM) 1.29 ± 1.97 
42.90 ± 
35.49 

68.61 ± 
90.31 

4.49 ± 6.03 
325.6 ± 
351.4 

267.6 ± 
204.4 

120.3 ± 
96.01 

160.2 ± 
145.2 

*2 

Kynurenine (nM) 
713.18 ± 
136.02 

1588.09 ± 
313.52 

1696.82 ± 
1074.65 

719.94 ± 
173.87 

2506.5 ± 
1042.9 

1653.0 ± 
510.16 

1014.2 ± 
418.25 

1666.4 ± 
534.60 

*3 

5-Hydroxyindoleacetic 
acid (nM) 

9.00 ± 1.92 30.87 ± 9.55 
33.15 ± 
12.57 

13.17 ± 3.30 
28.04 ± 
22.07 

35.00 ± 
28.99 

22.82 ± 
28.11 

48.68 ± 
58.22 

*4 

Two-way ANOVA with diagnosis (HC and MDD) and sample name (young and old men and women) was used for evaluating statistical significance. 
 

of young men (p < 0.01), young women (p < 0.01), and old men (p < 0.01). 
*2; Serotonin 
Diagnosis, HC (18.259 ± 43.138 nM) < MDD (250.150 ± 226.639 nM). 
There was significant effect of diagnosis (F(1, 86) = 30.685, p < 0.01), but there 

was no significant effect of sample name (F(3, 86) = 1.544, p = 0.209), and there 
was no significant interaction between diagnosis and sample name (F(3, 86) = 
2.583, p = 0.059). 

#3; KYN 
Sample name, F(3, 105) = 2.931, p < 0.05; 
Diagnosis, F(1, 105) = 14.380, p < 0.01; 
Sample name *diagnosis, F(3, 105) = 13.474, p < 0.01. 
In HC, KYN level of young men was lower than young women (p < 0.01) and 

old men (p < 0.01). 
And KYN level of old women was lower than young women (p<0.01) and old 

men (p < 0.01). 
In MDD, KYN level of young men was higher than *young women (p < 0.05), 

old men (p < 0.01) and old women (p < 0.05). 
In young men and old men, KYN level of MDD was higher than HC (p < 

0.01). 
*4; 5-HIAA 
Sample name, F(3, 105) = 1.849, p = 0.143; 
Diagnosis, F(1, 105) = 5.273, p < 0.05; 
Sample name *diagnosis, F(3, 105) = 3.475, p < 0.05. 
In HC, 5-HIAA level of old men was higher than young men (p < 0.01) and 

old women (p < 0.05). 
Plasma levels of 5-HIAA were higher in patients of MMD than HC (19.4668 ± 

13.0980 nM) < MDD (36.3560 ± 37.4453 nM). 
5; Plasma levels of TRP in HC and patients of MDD 
Figure 1 shows that there was no significant difference between TRP levels of 
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HC and patients of MMD. There are differences in plasma levels of TRP among 
HC of different age and gender. 

Tukey’s post hoc test showed that TRP level of old women was lower than that 
of young men (p < 0.01), young women (p < 0.01), and old men (p < 0.01). 

6; Plasma levels of 5-HT in HC and patients of MMD 
Figure 2 shows that plasma levels of 5-HT are higher in MMD than those of 

HC. Two-way ANOVA with diagnosis (HC and MDD) and sample name (young 
and old men and women) was used for evaluating statistical significance. 

7; Plasma levels of KYN in HC and patients of MMD 
Figure 3 shows that Plasma levels of KYN are higher in patients of MMD than 

those of HC. Plasma levels of KYN are higher in young men than young women, 
old men and old women in MMD. In HC, plasma levels of KYN are higher 
young women and old men than young men and old women. 

8; Plasma levels of 5-HIAA in HC and patients of MMD 
Figure 4 shows that there is no significant difference between plasma levels of 

5-HIAA of HC and patients of MMD. In HC, plasma levels of 5-HIAA of old 
men are higher than those of young men and old women. 

Two-way ANOVA with diagnosis (HC and MDD) and sample name (young 
and old men and women) was used for evaluating statistical significance. 

Plasma levels of 5-HIAA were higher in patients of MMD than HC (19.4668 ± 
13.0980 nM) < MDD (36.3560 ± 37.4453 nM). 

 

 
Two-way ANOVA with diagnosis (HC and MDD) and sample name (young and old men and 
women) was used for evaluating statistical significance. **Sample name, old women < young men, 
young women and old men. There was significant effect of sample name (F(3, 105) = 10.693, p < 
0.01), but there was no significant effect of diagnosis (F(1, 105) = 2.365, p = 0.127), and there was no 
significant interaction between diagnosis and sample name (F(3, 105) = 2.088, p = 0.106). 

Figure 1. Plasma levels of TRP in HC and patients of MMD. 
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Two-way ANOVA with diagnosis (HC and MDD) and sample name (young and old men and 
women) was used for evaluating statistical significance. **Diagnosis, HC (18.259 ± 43.138 nM) < 
MDD (250.150 ± 226.639 nM). There was significant effect of diagnosis (F(1, 86) = 30.685, p < 0.01), 
but there was no significant effect of sample name (F(3, 86) = 1.544, p = 0.209), and there was no 
significant interaction between diagnosis and sample name (F(3, 86) = 2.583, p = 0.059). 

Figure 2. Plasma levels of 5-HT in HC and patients of MMD. 
 

 
Two-way ANOVA with diagnosis (HC and MDD) and sample name (young and old men and 
women) was used for evaluating statistical significance. Sample name, F(3, 105) = 2.931, p < 0.05; 
Diagnosis, F(1, 105) = 14.380, p < 0.01; Sample name *diagnosis, F(3, 105) = 13.474, p < 0.01. In HC, 
KYN level of young men were lower than young **women (p < 0.01) and **old men (p < 0.01). And 
KYN level of **old women were lower than **young women (p < 0.01) and **old men (p < 0.01). In 
MDD, KYN level of young men were higher than *young women (p < 0.05), **old men (p < 0.01) 
and *old women (p < 0.05). In **young men and **old men, KYN level of MDD were higher than 
HC (p < 0.01). 

Figure 3. Shows plasma levels of KYN in HC and patients of MMD. 
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Two-way ANOVA with diagnosis (HC and MDD) and sample name (young and old men and 
women) was used for evaluating statistical significance. Sample name, F(3, 105) = 1.849, p = 0.143; 
Diagnosis, F(1, 105) = 5.273, p < 0.05; Sample name *diagnosis, F(3, 105) = 3.475, p < 0.05. In HC, 
5-HIAA level of old men were higher than **young men (p < 0.01) and *old women (p < 0.05). 

Figure 4. Plasma levels of 5-HIAA in HC and patients of MMD. 

5. Discussion 

Although roles of 5-HT in etiology of depression are implicated and extensively 
studied, it recently has been paid to the suggestion that depression has some-
thing to do with the activation of the immune system and inflammation [16]. 
Activated immune-inflammatory system may be induced by many factors of de-
pression including psychosocial stressors and medical comorbidities. 

Disturbances of KYN pathway is considered as a factor contributing to the 
pathogenesis of depression [17]. Indoleamine 2,3-dioxygenase (IDO) is the ini-
tial and rate limiting extrahepatic enzyme of KYN pathway. Chronic inflamma-
tion and stress were known to stimulate IDO activity, thus KYN pathway. It has 
been suggested that not only monoamine systems are involved in depression, 
neuroplasticity, immune system and KYN pathway may be involved in symptom 
improvement in depression [18]. 

Since roles of TRP metabolites in major monopolar depression or bipolar de-
pression have not been studied well, we investigated changes in TRP metabolites 
in plasma of patients of MMD and BP by using a ultra high speed LQ/MS which 
we have succeeded for the first time in the world. 

As to involvement of 5-HT in etiology of depression, it has been shown that 
11 out of 16 studies have shown lower levels of 5-HIAA in the cerebrospinal flu-
id of patients suffering from an episode of major depression [19]. Since 5-HIAA 
is converted from 5-HT, such observation leads to the 5-HT deficiency hypothe-
sis of suicidal behavior [20]. According to its hypothesis, serotonergic activity 
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gives rise to an inhibitory effect on suicidal behavior. 
Strangely, these findings do not support the idea that 5-HT levels are low in 

the brains of depressive patients. 
Cell bodies in the dorsal and median raphe nuclei give serotonergic innerva-

tion throughout the brain. 5-HT is generated from TRP by tryptophan hydrox-
ylase 2 (TPH2). Surprisingly, TPH2 levels in ventral frontal cortex of suicide vic-
tims are shown to be elevated [21]. In addition to increased expression of TPH2, 
the presence of more 5-HT neurons exists in the raphe nuclei of suicide victims 
[22] [23], indicating that 5-HT synthetic capacity increases in suicide victims. 

These observations suggest the roles of 5-HT in depression are very much 
complicated and it cannot be said that 5-HT is deficient in the brain of depres-
sive patients. 

As to relationship between plasma levels of 5-HT or 5-HIAA and those in ce-
rebrospinal fluid, it is shown that plasma free 5-HT correlated significantly with 
CSF 5-HT (r = 0.411, p < 0.02), and plasma 5-HIAA correlated with the CSF 
5-HIAA/5-HT ratio (r = 0.508, p < 0.004). The concentration of 5-HIAA in CSF 
correlated with the plasma 5-HIAA/5-HT ratio (r = 0.405, p < 0.026) (which can 
be taken as an index of monoamine oxidase type A activity in peripheral tissues) 
and with the platelet 5-HT/plasma 5-HT ratio (r = 0.375, p < 0.05) [24]. The re-
sults of the measurements of 5-HT and 5-HIAA in the brain of suicide victims 
indicated that there is moderate increase in 5-HIAA levels in the hippocampus 
of suicide victims [25]. They concluded that there was no evidence of gross alte-
ration of 5-HT mechanisms in suicide or depression. 

5-HT transporters transfer 5-HT from the synaptic cleft to presynaptic neu-
rons. Platelets also have 5-HT transporters. In suicide victims serotonin trans-
porter binding was found to be lower in all but one of the 43 sampled regions. 
The reduction in binding was most pronounced in the ventrolateral prefrontal 
cortex, where the difference between suicides and controls ranged between 15% 
and 27%. Serotonin transporter and 5-HTIA binding were negatively correlated 
within the same brain areas, suggesting common regulatory factors with oppo-
site effects on binding to the two receptors [26]. This finding explains why plas-
ma levels of 5-HT were higher and those in the blood were lower in depression. 

In preliminary studies we reported that plasma levels of 5-HT of young female 
HC are higher than those of young female patients of MMD [8]. At that time we 
measured plasma levels of 5-HT of patients who did not take drugs affecting the 
transportation of 5-HT into platelets. 

In the present studies we increased number of patients who were given drugs 
such as SSRI (selective serotonin reuptake inhibitors) which affect 5-HT trans-
portation of 5-HT of platelets, since 5-HT is not uptaken by platelets who were 
given SSRI or SNRI (serotonin-noradrenalin reuptake inhibitors). 

It is also possible that 5-HT transporter binding may be decreased in patients 
of depression, which lower the uptake of 5-HT in platelets. 

AS to 5-HIAA levels, we report that plasma levels of 5-HIAA were higher in  
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Figure 5. Uptake of 5-HT by platelets and degradation by MAO. 

 
patients of MMD than HC. We suggested preliminarily that the activity of mo-
noamine oxidase (MAO) was enhanced in platelets of patients of MMD [8]. The 
present data support this suggestion resulting in increased levels of 5-HIAA in 
spite of lower 5-HT uptake into platelets. 

5-HT is uptaken by transporter into platelet and degraded by monoamine 
oxydase (MAO) into 5-HIAA. Reuptake inhibiter such as SSRI (selective seroto-
nin reuptake inhibitor) inhibits the uptake of 5-HT. 

Figure 5 illustrates the uptake of 5-HT by transporters of platelets and its de-
gradation by MAO into 5-HIAA. 

The present results suggest that in analyzing the results of assays of 5-HT or 
5-HIAA much attention has to be paid to drugs used. 
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