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Abstract

The study examined plasma metabolite changes of monoamine neurotransmitters in patients with
treatment-resistant depression (TRD) and non-TRD before and after therapy. All 30 TRD and 30
non-TRD patients met the diagnostic criteria for a depressive episode in accordance with the

International Classification of Diseases, Tenth Revision. Before treatment, and at 4, 6, and 8 weeks

after treatment, the plasma metabolite products of monoamine neurotransmitters in TRD group,
including 5-hydroxyindoleacetic acid, 3-methoxy-4-hydroxyphenyl ethylene glycol and homovanillic
acid, were significantly lower than those in the non-TRD group. After two types of anti-depressive
therapy with 5-serotonin and norepinephrine reuptake inhibitor, combined with psychotherapy, the

Hamilton Depression Rating Scale scores were significantly reduced in both groups of patients, and

the serous levels of 5-hydroxyindoleacetic acid and 3-methoxy-4-hydroxyphenyl ethylene glycol

were significantly increased. In contrast, the homovanillic acid level exhibited no significant change.
The levels of plasma metabolite products of peripheral monoamine neurotransmitters in depressive

patients may predict the degree of depression and the therapeutic effects of treatment.
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INTRODUCTION

Treatment-resistant depression (TRD) has
unclear etiology and pathogenic
mechanisms. Li et al ™ reported that there
were significant differences in the levels of
adrenocorticotropic hormones between TRD
patients and non-TRD patients, indicating
more severe damage to the hypothalamus-
pituitary-adrenal cortex in TRD patients.

In terms of the etiology of depression, the
monoamine neurotransmitter hypothesis

has been confirmed by many studies.
According to this hypothesis, depression is
closely related to a reduction in monoamine
neurotransmitters®®®. Most currently used
anti-depressive drugs aim to improve the
levels of monoamine neurotransmitters'®.
Many previous studies have focused on

changes in the plasma levels of monoamine

neurotransmitters in depressive patients
who were successfully treated for the first
time!”. However, there is little evidence of a
correlation between the serous level of
monoamine neurotransmitter metabolites
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and antidepressant treatment in TRD patients after
treatment with drugs promoting monoamine
neurotransmitter levels.

The present study examined changes in the plasma
metabolite levels of monoamine neurotransmitters in
TRD patients and non-TRD patients before and after
antidepressant treatment, and the correlation with
depression severity.

RESULTS

Quantitative analysis of subjects

A total of 60 depressive patients, including 30 TRD and
30 non-TRD patients, were included in this study, for an
8-week treatment period. All patients entered the final
analysis.

Baseline information

Among 60 depressive patients, there were 19 males and
41 females. There were no significant differences in
gender, age, educational level or marital status between
the two groups of patients (P > 0.05; Table 1).

Table 1 Comparison of demographic data of two groups
TRD group Non-TRD 2
Item (n = 30) group X/t P value
(n=30)
Sex [n(%)] 0.693 0.405
Male 8(26.7) 11 (36.7)
Female 22 (73.3) 19 (63.3)
Age (Xs, yr) 46.53+11.45 42.73+15.94 -1.060 0.293
Education [n(%)] 1.667 0.644
Primary school and 10 (33.3) 6 (20.0)
lower
Middle school 6 (20.0) 9 (30.0)
Senior high schooland 7 (23.3) 7 (23.3)
secondary technical
school
College and higher 7 (23.3) 8 (26.7)
Marital status [n(%o)] 4.949 0.176
Unmarried 1(3.3) 6 (20.0)
Married 26 (86.7) 20 (66.7)
Divorced 1(3.3) 1(3.3)
Widowed 2(6.7) 3 (10.0)
TRD: Treatment-resistant depression.

Plasma metabolite products of monoamine
neurotransmitters in two groups

Levels of 5-hydroxyindoleacetic acid (5-HIAA),
3-methoxy-4-hydroxyphenyl ethylene glycol (MHPG) and
homovanillic acid (HVA) were determined with
enzyme-linked immunosorbent assay. Compared with
non-TRD patients, serous levels of 5-HIAA, MHPG and
HVA were significantly reduced in TRD patients before
treatment and at 4, 6, and 8 weeks after treatment (P <
0.01). As treatment time proceeded, plasma metabolites
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of monoamine neurotransmitters, including 5-HIAA,
MHPG and HVA, gradually increased in all patients. After
treatment, levels of 5-HIAA and MHPG were significantly
higher (P < 0.01), while HVA levels were not significantly
higher than those before treatment (P > 0.05; Table 2).

Table 2 Serous levels of 5-hydroxyindoleacetic acid
(5-HIAA; ng/L), 3-methoxy-4-hydroxyphenyl ethylene
glycol (MHPG; pg/mL) and homovanillic acid (HVA; pg/L) in
two groups before and after treatment

Group 5-HIAA MHPG HVA

Treatment-resistant depression

Before treatment 12.8+1.1% 92.7+#10.1* 20.3+2.4%
4 weeks after treatment 14.7+1.0* 94.8+10.2%° 20.8+2.6%
6 weeks after treatment 17.4+1.5% 131.4+14.1% 21.8+2.6%
8 weeks after treatment 21.4+2.2% 151.7+15.4%® 22.7+2.9°
Non-treatment-resistant depression

Before treatment 23.9+7.6 108.3x19.6 45.7+10.6
4 weeks after treatment 28.9+9.7° 134.3+23.7° 46.6+9.7
6 weeks after treatment 33.749.9° 172.0+25.1° 47.6+8.6
8 weeks after treatment 39.7+9.6° 221.1+26.6° 48.8+7.5

Data were expressed as mean + SD, for 30 patients in each group.
%P < 0.01, vs. non-treatment-resistant depression group
(two-sample t test); °P < 0.05, vs. prior time point of testing
(one-way analysis of variance).

Hamilton Depression Rating Scale (HAMD) scores in
two groups before and after treatment

The HAMD results revealed that TRD patients exhibited
significantly higher scores than non-TRD patients before
treatment and at 4, 6, and 8 weeks after treatment (P <

0.01). In addition, HAMD scores in all patients gradually
decreased as treatment progressed (P < 0.01; Table 3).

Table 3 Hamilton Depression Rating Scale scores in two
groups before and after treatment

Before 4 weeks after

Group treatment treatment
Treatment-resistant depression 34.4+4.4% 20.6+4.0%°
Non-treatment-resistant depression  28.3+3.6 17.6+4.4°

6 weeks after 8 weeks after

Grou
P treatment treatment
Treatment-resistant depression 15.1#25%  11.2+2.3%®
Non-treatment-resistant depression ~ 12.7+3.8" 9.743.1°

Data were expressed as mean + SD, for 30 patients in each group.
4P < 0.01, vs. non-treatment-resistant depression group
(two-sample t test); °P < 0.05, vs. prior time point of testing
(one-way analysis of variance). Higher scores indicate more
severe depression.

Comprehensive treatment effects in two groups
The rate of decrease in mean HAMD score was used to
assess treatment effects. Excellent treatment response
was defined as a reduction rate of greater than or equal
to 50%, while effective treatment was defined as a
reduction rate greater than or equal to 25%. After a
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4-week period of treatment and psychological
intervention, the reduction rate of mean HAMD scores
was 45.41% in the TRD group, and 44.81% in the
non-TRD group, suggesting that comprehensive therapy
was effective in the two groups (Table 4).

Table 4 Reduction rate of Hamilton Depression Rating
Scale scores in two groups before and after treatment

Treatment- Non-treatment-
Time resistant resistant
depression depression
4 weeks after treatment (before ~ 20.57+4.04 17.63+4.45
comprehensive therapy)
8 weeks after treatment (after 11.23+2.32 9.73+3.06
comprehensive therapy)
Difference 9.34 7.9
Reduction rate (%) 45.41 44.81

Data were expressed as mean + SD, for 30 patients in each group.
Reduction rate = (mean before intervention — mean after
intervention)/mean before intervention.

Correlation analysis on plasma metabolites of
monoamine neurotransmitters in two groups before
treatment

Results of a correlation analysis revealed that there was
no correlation between depression and levels of 5-HIAA,
MHPG, or HVA in either group (P > 0.05; Tables 5, 6).

Table 5 Correlation with 5-HIAA, MHPG, HVA levels in
treatment-resistant depression group (r)

Plasma monoamine

) . 5-HIAA MHPG HVA
neurotransmitter metabolites

5-HIAA 1 0.268 -0.103
MHPG 0.268 1 -0.066
HVA -0.103 -0.066 1

P > 0.05. 5-HIAA: 5-hydroxyindoleacetic acid; MHPG: 3-methoxy-
4-hydroxyphenyl ethylene glycol; HVA: homovanillic acid.

Table 6 Correlation between 5-HIAA, MHPG, HVA levels
in non-treatment-resistant depression group (r)

Plasma monoamine

. . 5-HIAA MHPG HVA
neurotransmitter metabolites

5-HIAA 1 0.336 0.136
MHPG 0.336 1 0.089
HVA 0.136 0.089 1

P > 0.05. 5-HIAA: 5-hydroxyindoleacetic acid; MHPG: 3-methoxy-
4-hydroxyphenyl ethylene glycol; HVA: homovanillic acid.

DISCUSSION

Alarge number of studies have reported that the
incidence of TRD is closely related to the decline of

monoamine neurotransmitter transmission function®®%.

In this study, we observed levels of three plasma
metabolites, 5-HIAA, MHPG and HVA, in TRD patients,
in an attempt to comprehensively explore the correlation
between monoaminergic neurotransmitter
concentrations and TRD. The results demonstrated that
plasma levels of 5-HIAA, MHPG and HVA were
significantly decreased in the TRD group before and after
treatment, compared with the non-TRD group. These
findings indicate that central 5-HT, NE and DA levels in
TRD patients were significantly lower than those in
non-TRD patients, and the levels trended to gradually
decrease with depression severity and time.
Repeated-measures analysis of variance was used for
multiple comparisons of 5-HIAA and MHPG levels before
and after comprehensive therapy. The results indicated
that 5-HIAA and MHPG levels were significantly
increased after treatment in both groups. This finding
suggests that long-term antidepressant therapy can
increase 5-HIAA and MHPG levels, elevate 5-HT and NE
content, and decrease depression severity.

Compared with TRD patients, 5-HIAA and MHPG levels
in the non-TRD depression group were increased at
different time points. This may be due to a lower rate of
uptake of 5-HIAA and MHPG in depressive patients, or
low levels of 5-HIAA or MHPG, resulting in lower
sensitivity to drugs and reduced treatment effects at each
stage.

Repeated-measures analysis of variance was also
applied for multiple comparisons of the HVA level before
and after comprehensive treatment. The results revealed
that, as treatment progressed, HVA levels increased in
two groups. However, there was no significant difference
between 4 weeks post-treatment and before
antidepressant treatment, between 6 weeks
post-treatment and 4 weeks post-treatment, or between
8 weeks post-treatment and 6 weeks post-treatment.
These results indicate that antidepressant treatment had
no apparent impact on the sharp increase of HVA levels,
consistent with the findings of Xiao et al **. In the current
study, the antidepressant drugs used in TRD patients
were weak DA inhibitors, which act slowly and have little
effect in the short term.

5-serotonin and norepinephrine reuptake inhibitors are
clinically used as antidepressant drugs and have been
demonstrated to exhibit good safety and tolerability™®.
These drugs are reported to be superior to conventional
selective serotonin reuptake inhibitors, especially for
severe depression™ ™. In the current study, TRD
patients were treated with venlafaxine hydrochloride, a
serotonin/norepinephrine reuptake inhibitor. The results
showed that 5-HT, NE and DA levels were increased in
TRD patients. Comprehensive therapy consisting of
individualized serotonin and norepinephrine reuptake
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inhibitors and additional psychotherapy was found to
effectively improve peripheral monoamine
neurotransmitter levels, and reduce the degree of
depression severity in TRD patients. Many previous
studies in China reported similar results®®?2,

In the current study, depressive patients were treated
with dual antidepressant venlafaxine hydrochloride
sustained-release capsules, psychological therapy and
acanthopanax root preparations. Changes in patients’
depressive symptoms and plasma monoamine
metabolites may serve as appropriate indicators for
comprehensive treatment. Further studies are required to
conclusively determine the influence of psychological
treatment or acanthopanax root preparations on plasma
monoamine neurotransmitter metabolites.

The concept of TRD is currently contentious, and there
are discrepancies in the literature. The pathogenesis of
TRD is poorly understood, and there is a variation in the
prevalence, period, and onset features of patients. The
present study is restricted by the limitations of the study
area, small sample size and classification of subtypes. In
addition, no healthy control group was tested, because
the homogeneity of demographic data is difficult to
control. As such, we only conducted a self-control
comparison of patients. We plan to use this paradigm to
examine healthy participants in future studies.

In the current study, we investigated the levels of plasma
metabolites of monoamine neurotransmitters in TRD
patients and the influence of antidepressant treatment, in
a comprehensive attempt to extend current knowledge of
TRD pathogenesis and treatment. However, our results
have some inconsistencies, indicating etiological
heterogeneity in TRD, and highlighting the need for a
comprehensive evaluation of plasma monoamine
neurotransmitter metabolites and antidepressant
treatment.

SUBJECTS AND METHODS

Design
A clinical case study.

Time and setting

Experiments were performed from March 2010 to
September 2011 at Department of Rehabilitation and
Psychology, the First Affiliated Hospital of Shihezi
University Medical College, China.

Subjects

Depressive patients who were admitted to the
Department of Rehabilitation and Psychology, the First
Affiliated Hospital of Shihezi University Medical College,
China between March 2010 and September 2011 were
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included in this study. Major depression was diagnosed
according to the diagnostic criteria of the International
Classification of Diseases, Tenth Revision®®. The
selected patients were divided into two equal groups.
TRD group comprised of 30 cases.

Inclusion criteria: (1) Patients were more than 18 years
old, irrespective of gender. (2) Cases were ineffective for
two or more different types of antidepressants for
sufficient doses and durations (more than 6 weeks). (3)
HAMD total scores were more than or equal to 24 points®.
(4) There were no abnormalities in routine blood tests,
liver and kidney biochemistry, electrocardiography,
electroencephalography, and physical examination. (5)
Patients reported no drug or alcohol abuse.

Exclusion criteria: (1) Cases with serious heart, brain,
liver, kidney, immune disorders, and obesity, poor
nutrition, acute and chronic infection. (2) Cases with
other psychiatric disorders and mental retardation. (3)
Cases received long-term spirit blocker treatment within
2 months prior to recruitment. (4) Patients received
thyroxine treatment within 3 months prior to recruitment.
(5) Patients received hormone therapy. (6) Pregnant and
lactating women.

The non-TRD group comprised of 30 patients, in which
HAMD total scores were more than or equal to 24 points.
The criteria were the same as those in TRD group except
for the TRD performance.

The study complied with the ethical requirements in the
Declaration of Helsinki, and all subjects or their
guardians signed informed consents.

Methods

Research process

General subject data were collected on the day of
recruitment. A fasting blood test was conducted via the
elbow vein in the next morning and plasma samples
were collected for determination. All patients were
assessed with the HAMD within 2 days after recruitment.
All the questionnaires were examined by two individuals,
and eligible questionnaires were input into a
psychological test software system (Adult Psychological
Test System 5.0 edition; Shanghai Huicheng Consulting
Company, China). Patients were given antidepressant
treatment for 8 weeks, and received adjuvant
psychological therapy and other drug treatments. The
plasma samples were collected and determined at 4, 6,
and 8 weeks after antidepressant treatment, and patients
were again examined with the HAMD rating scale.

HAMD assessment

The 24-item HAMD scoring system, including five grades
of 0-4 points, was used. Total score < 8 points: normal;
total score 8-20 points: suspected depression; total
score 20-35 points: definite depression; total score > 35
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points: severe depression. The scale was assessed by a
well-trained experimenter and a psychological consultant,
and the Kappa value for consistency was more than
0.80.

Antidepressant drug treatment

The two groups were treated with antidepressant drugs
for 8 weeks. If the reduction rate of HAMD symptom
scores was < 25% in the TRD group after 6-week
treatment, the drug was regarded as ineffective. First,
paroxetine hydrochloride tablets (Paxil; Sino-American
Tianjin SmithKline and French Lab., Ltd., Tianjin, China)
were given at a dose of 20-60 mg per day for 6 weeks.
The HAMD reduction rate was < 25%, so this drug
treatment was considered ineffective. Duloxetine HCI in
enteric-coated capsules (Cymbalta; Eli Lilly and
Company, Indianapolis, Indiana, USA) was then given at
a dose of 30-60 mg per day for 6 weeks, and an
ineffective curative effect was defined by a HAMD score
reduction rate < 25%. Finally, patients were treated with
sustained release capsules of venlafaxine hydrochloride
(Efexor XR; Wyeth Medica, Kildare, Ireland) at a dose of
75-150 mg per day prior to recruitment in TRD group. In
contrast, the non-TRD group was only treated with
venlafaxine hydrochloride (sustained release capsules at
a dose of 75-150 mg per day).

Adjuvant therapy

The two groups received the same psychological
treatment and basic drug treatment, including cognitive
behavioral therapy and acanthopanax root injection.
During hospitalization, patients were interviewed once or
twice a week, for 50 minutes each, and intravenously
injected with acanthopanax root (Heilongjiang, Wusuli
River Pharmaceutical Company Limited, Wusuli River
City, Heilongjiang Province, China), 300 mg once a day.

Sample collection

We collected 3 mL elbow vein blood from all patients
between 8:00 and 9:00 a.m., while women were in the
non-menstrual period. Blood samples were taken for
30 minutes, then centrifuged at 2 000 r/min for

10 minutes. The blood plasma was isolated and
packaged, and stored at -70°C in a refrigerator. All
specimens were collected for testing.

Examination of plasma monoamine neurotransmitter
metabolites

The metabolites were identified according to an
enzyme-linked immunosorbent assay kit of 5-HIAA,
MHPG, HVA (Shanghai Hora Biotechnology Co., Ltd.,
Shanghai, China). Absorbance was read with a
microplate reader (ELx-800 type; Biokit Company,
Massachusetts, USA) at 450 nm wavelength. 5-HIAA,

MHPG, HVA concentrations were calculated with a
standard curve.

Statistical analysis

All data were analyzed with SPSS 13.0 software (SPSS,
Chicago, IL, USA) and expressed as mean = SD. Data
were compared using two independent samples t-tests,
one-way analysis of variance, and Pearson correlation
analysis. A value of P < 0.05 was considered statistically
significant.
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