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ABSTRACT 

Background: It is not well analyzed whether there are differences in plasma levels of tryp-
tophan (TRP) metabolites between healthy control people (HC) and patients of type II bi-
polar depression (BDII). Methods: Ultra high-speed liquid chromatography/mass spectro-
metry has been used for the simultaneous determination of plasma levels of tryptophan 
metabolites in depressive patients. Results: Plasma levels of TRP are not different between 
HC and patients of BDII. Serotonin (5-HT) levels are higher in BDII than HC. Plasma levels 
of 5-HIAA of HC are higher than those of old women of BDII, but lower in young women of 
BDII. Plasma levels of kynurenine (KYN) of HC are not different from those of patients of 
BDII. Conclusion: Plasma levels of 5-HT are higher in patients of BDII than those of HC, 
which may suggest that use of drugs inhibiting the 5-HT transportation and lower trans-
porter biding may increase plasma levels of 5-HT in patients of BD. 

 

1. INTRODUCTION 
At the end of 19th century, Emil Kraepelin proposed a broad concept called “Manic-Depression In-

sanity” which included current day bipolar disorder (BD) and major depressive disorder (MDD) [1, 2]. In 
the mid 20 century, the current concept of bipolar disorder emerged. In the 1970s, a subgroup of BD was 
recognized, BDII, which was characterized by a prominent recurrences of major depressive episodes. BDI 
was characterized by recurrences of manic and depressive episode [3]. 
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It is well recognized that the differential diagnosis of MMD from BDI is very difficult when periods of 
hypomania were very short. 

Recently, we succeeded in the simultaneous measurements of TRP metabolites including 5-HT, 
5-HIAA or KYN by using an ultra high speed liquid chromatography/mass spectroscopy (LC/MS) [4-7]. 

We reported that age and gender differences of plasma levels of TRP metabolites disappeared in pa-
tients of major monopolar depression although some metabolites levels were in patients of some age and 
gender in bipolar depression [8]. 

By using the method, we reported that there are no significant differences between plasma levels of 
TRP between HC and MMD. Plasma levels of TRP of 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 [9]. 

In the present research, we compared plasma levels of TRP, 5-HT, 5-HIAA, and KYN of patients of 
BD with HC. 

2. STATSITICS 
Statistical significance of the differences between groups was calculated according 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 significant 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 
3.1. 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 As-
sociation 2013) [10]. Fasting blood samples were taken early in the morning. Their severity of depression 
was checked by CGI-S [11], SDS [12], and HDR-S [13]. The history of prescriptions of drugs such as anti-
depressants, anxyolitics, mood stabilizers and other drugs were asked. 

Sample numbers are 55 (male; 15, and female 40, and average age; 45.4 ± 11.9). The number of MDD 
is 36 and BD is 19. Further characteristics of patients are described below. Outpatients who showed symp-
toms 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, perso-
nality 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 af-
ter receiving comprehensive information on the study protocol. 

3.2. Healthy Volunteers 

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

3.3. Measurements of TRP Metabolites 

Plasma factors were measured after plasma was separated from blood (3000 rpm/min. at 4˚C). Ethy-
lenediaminetetraacetic acid (EDTA) was used as an anticoagulant. 

The simultaneous measurements of TRP metabolites in plasma were performed by using an ultra-
high-speed liquid chromatography/spectrometry. Detailed methodology was described elsewhere [4-7]. 
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4. RESULTS 
4.1. Comparison of Trp Metabolites between HC and Patients of BD 

Table 1 shows differences of plasma levels of TRP, 5-HT, 5-HIAA < and KYN between HC and pa-
tients of BD. Detailed explanations will be shown together with Figures. 

4.2. Comparison of Plasma Levels of TRP of HC and Patients of BD 

There was significant effect of sample name (F(3, 84) = 10.288, p < 0.01), but there was no significant 
effect of diagnosis (F(1, 84) = 0.530, p = 0.468), and there was no significant interaction between diagnosis 
and sample name (F(3, 84) = 1.357, p = 0.261). Figure 1 shows plasma levels of TRP metabolite in HC and 
patients of BD. 

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

There was no significant difference between plasma levels of TRP between HC and patients of BD. 

4.3. Comparison of Plasma Levels of 5-HT of HC and Patients of BD 

There was significant effect of diagnosis (F(1, 73) = 31.113, p < 0.01), but there was no significant ef-
fect of sample name (F(3, 73) = 2.252, p = 0.090), and there was no significant interaction between diagno-
sis and sample name (F(3, 73) = 1.767, p = 0.161). 

Figure 2 shows that plasma levels of 5-HT were higher in HC than patients of BD. 

4.4. Comparison of Plasma Levels of KYN of HC and Patients of BD 

There was significant effect of sample name (F(3, 84) = 9.700, p < 0.01), but there was no significant 
effect of diagnosis (F(1, 84) = 2.500, p = 0.118), and there was no significant interaction between diagnosis 
and sample name (F(3, 84) = 1.739, p = 0.165). 

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

Figure 3 shows that KYN level of old women were lower than old men (p < 0.01) and young women 
(p < 0.01). 

4.5. Comparison of Plasma Levels of 5-HIAA between HC and Patients of BD 

Figure 4 shows that in HC, 5-HIAA level of young men were lower than young **women (p < 0.01) 
and **old men (p < 0.01). And 5-HIAA level of **old women were lower than **young women (p < 0.01) 
and **old men (p < 0.01). 

In BD, 5-HIAA level of old women were higher than *young men (p < 0.01), **young women (p < 
0.01) and *old men (p < 0.01). 

In **young women, 5-HIAA level of HC were higher than BD (p < 0.01). 
In **old women, 5-HIAA level of BD were higher than HC (p < 0.01). 

5. DISCUSSION 
Type II BD is a common and recurrent psychiatric illness. Initially, type II BD was considered a be-

nign form of type I BD, but type II BD is now considered to be as disabling as type I BD [14] because pa-
tients of type II BD show multiple and more protracted depressive episodes [15]. Patients of type II BD 
show more chronic form of depression compared with patients of type I BD. They show less chances of 
returning to premorbid levels of life between episodes [16]. 

Pharmacological treatments of type II are reviewed [17], so we do not further discuss merits and de-
merits of these drugs here. Since 5-HT reuptake inhibitors such as SSRI (selective serotonin reuptake inhi-
bitor) or SNRI (serotonin noradrenalin reuptake inhibitor) prevent uptake of 5-HT into platelets, thus in-
fluencing plasma levels of 5-HT, we mention about effects of such drugs. 
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Figure 1. Plasma levels of TRP of HC and patients of BD. ** Sample 
name, old women < young men, young women and old men. 

 

 
Figure 2. Plasma levels of 5-HT of HC and patients of BD. ** Diagnosis, 
HC (18.259 ± 43.138 nM) < BD (373.679 ± 329.281 nM). 
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Figure 3. Plasma levels of KYN of HC and patients of BD. ** Sample name, young 
men < young women and old men, old women < old men and young women. 

 

 
Figure 4. Plasma levels of 5-HIAA of HC and patients of BD. Sample name, F(3, 84) = 54.060, p < 
0.01; Diagnosis, F(1, 84) = 59.307, p < 0.01; Sample name*diagnosis, F(3, 84) = 82.635, p < 0.01. 
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Table 1. Comparison of TRP, 5-HT, 5-HIAA and KYN between HC and patients of BD. 

Diagnosis 
HC 

n = 38 
BD 

n = 17 
significant 
differences 

Sample name 

young 
men 

n = 25 
a 

young 
women 
n = 10 

b 

old men 
n = 20 

C 

old 
women 
n = 20 

d 

young 
men 
n = 2 

a 

young 
women 
n = 10 

b 

old men 
n = 3 

c 

old 
women 
n = 2 

d 
Tryptophan 

(μM) 
63.92 ± 
10.84 

67.79 ± 
9.30 

68.89 ± 
13.32 

47.68 ± 
7.19 

57.71 ± 
2.006 

61.68 ± 
16.96 

78.50 ± 
10.30 

39.66 ± 
11.91 

*1 

Serotonin 
(nM) 

1.29 ± 
1.97 

42.90 ± 
35.49 

68.61 ± 
90.31 

4.49 ± 
6.03 

302.0 ± 
45.28 

459.7 ± 
402.5 

250.3 ± 
184.6 

200.5 ± 
128.0 

*2 

Kynurenine 
(nM) 

713.18 ± 
136.02 

1588.09 ± 
313.52 

1696.82 ± 
1074.65 

719.94 ± 
173.87 

1119.0 ± 
161.08 

1389.8 ± 
342.36 

2426.2 ± 
628.86 

914.89 ± 
73.22 

*3 

5-Hydroxyindole
acetic acid 

(nM) 

9.00 ± 
1.92 

30.87 ± 
9.55 

33.15 ± 
12.57 

13.17 ± 
3.30 

10.62 ± 
6.362 

17.01 ± 
13.09 

29.83 ± 
7.324 

116.83 ± 
27.63 

*4 

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

 
Although antidepressants are used widely in clinical practice, efficacy is not well known and risk of 

inducing manic switches is concerned [18]. 
So far it is said that there was no evidence of antidepressant efficacy relative to placebo [18]. As to af-

fective switches antidepressants are not more likely to cause treatment-emergent affective switches than 
placebo [19]. 

We have recently shown that plasma levels of 5-HT and 5-HIAA were higher in patients of MMD 
than HC possibly due to use of reuptake inhibitors such as SSRI or SNRI [20]. In the present research we 
report that plasma levels of 5-HT were also higher in patients of BD than HC. The mixed results were ob-
tained about plasma levels of 5-HIAA, those oy young women being higher in HC than BD and those of 
those of old women higher in patients of BD than HC. 

Lithium salts used for the treatments of BD induced significant increased plasma levels of 5-HT and 
5-HIAA without affecting 5-HT in platelets [21]. 

We think that increased plasma levels of 5-HIAA in patients of MMD may be due to increased activi-
ty of MAO [20]. Using rats, it was shown that plasma levels of 5-HT increased significantly after injection 
of 5-HT reuptake inhibitors [22]. 

Determining medication free patients of MD, no changes were found in 5-HT reuptake parameters 
[23]. 

In suicide attempters of BD II, significant lower levels of platelet serotonin measured by plasma 5-HT 
levels were shown [24], which suggest that platelet serotonin may be important biomarker of suicide risk 
assessment. These patients were drug free. 

From these results it appears that plasma levels of 5-HT of BDII patients are lower in drug free situa-
tions and higher in use of 5-HT reuptake inhibitors. 

Since many kinds of drugs are used for the treatments of BDII, I just mention of lithium because li-
thium was shown to increase plasma levels of 5-HT [16]. Although lithium has been used for patients of 
BD for almost 40 years. Several studies have evaluated lithium as prophylactic treatment for BDII with 
mostly positive findings [3, 25-27]. 
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Figure 5. Serotonergic nerve in the brain and cerebrospinal fluid. 

 
Finally, we would like to comment on 5-HT and 5-HIAA levels in patients of depression.  
Low levels of 5-HIAA were reported in the cerebrospinal fluid (CSF) of depressive persons who tried 

suicide [28-30]. Strangely, higher 5-HIAA levels were shown in the raphe nuclei but no differences in the 
frontal cortex of patients of suicides [31] In other studies of depressed suicide victims increased 5-HIAA 
levels in the hippocampus [32] and amygdala [33] but no difference in 5-HT in the cortex and amygdala 
[33]. On the other hand drug-free nonviolent suicide victims had lower 5-HT and 5-HIAA [33]. 

Figure 5 shows serotonergic nerve in the brain. The nerve bodies of 5-HT nerves are located in raphe 
nuclei in the brain stem. 5-HIAA flows into the cerebrospinal fluid, finally to the blood. 

These results may indicate that there are still conflicting results of 5-HT and 5-HIAA levels in the 
brain of depressed patients. 

As to 5-HT transporter 5-HT transporter binding was lower in the suicide victims in most brain areas 
[34]. 

These results may suggest that lower plasma 5-HT levels in patients of depression may be due to use 
of reuptake inhibitors and lower transporter binding. 

So we need more data of plasma levels of 5-HT and 5-HIAA in patients of MMD and BD and such 
levels of suicide victims. 

Finally we must call your attention to roles of microbiota in producing 5-HT and their influences on 
depression. Evidence suggests that the gut microbiota play a key role in modulating depression [35]. Re-
cent studies show that patients with depression show significantly lower number s of Bifidobacterium and 
Lactobacillus compared with control subjects [36]. It is suggested that 5-HT is produced by gut microbes 
or enteroendocrine cells stimulated by microbes. [37]. These results may suggest that the origins of 5-HT 
in the blood is gut microbiota. If so, we must investigate roles of gut microbiota in the production of 5-HT 
to the blood. 

6. CONCLUSION 
Lower plasma 5-HT levels in patients of depression may be due to use of reuptake inhibitors and 

lower transporter binding. We also suggest that tryptophan metabolites such as 5-HT, 5-HIAA, and KYN 
in plasma may be produced by gut microbiota and gut endocrine cells. 
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ABBREVIATION 
Tryptophan (TRP), serotonin (5-HT), 5-hydroxyindole acetic acid (5-HIAA), indole-3-acetic acid 

(IAA), kynurenine (KYN), selective serotonin uptake inhibitor (SSRI), serotonin epinephrine reuptake 
inhibitor (SNRI), clinical global impression-severity scale (CGI-s), self-rating depression scale (SDS), 
Hamilton depression rating scale (HDRS). 
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