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Abstract

Background—Vilazodone is a novel antidepressant agent that combines selective serotonin (5-

HT) reuptake inhibitor (SSRI) activity and 5-HT(1A) receptor partial agonist activity.

Objective—A pilot study was conducted to compare vilazodone (novel compound) and 

paroxetine (gold standard) on antidepressant effects, tolerability, and inflammation and immune 

modulation.

Methods—A 12-week, double-blind, randomized clinical trial was conducted with 56 

nondemented older adults diagnosed with major depressive disorder (MDD). Between-group 

differences in mood, tolerability, and safety, as well as genomic markers of inflammation and 

immune modulation, were examined.

Results—Both treatment groups demonstrated similar improvement in depressed mood. 

Leukocyte gene expression profiles demonstrated reduction of specific proinflammatory gene 

transcripts and bioinformatic indications of reduced nuclear factor kappa B (NF-κB), activator 

protein (AP)-1, and cAMP response element binding (CREB) activity in the vilazodone group 

compared to the paroxetine group. Transcript origin analyses implicated monocytes and dendritic 

cells as the primary cellular origins of transcript reductions in the vilazodone-treated group.
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Conclusions—Vilazodone's antidepressant effects may be associated with reduction of 

proinflammatory gene expression and immune modulation. Further research is required.
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Introduction

Late-life depression (LLD) is a significant health issue and has a rising prevalence given 

population aging [1]. In addition, existing antidepressant therapies have modest efficacy. A 

recent meta-analysis of trials found a response rate of 48 % and a remission rate of 33.7 % 

[2]. Fortunately, there are novel compounds available to investigate.

Vilazodone is a novel antidepressant agent that combines selective serotonin (5-HT) 

reuptake inhibitor (SSRI) activity and 5-HT(1A) receptor partial agonist activity [3]. It is 

indicated for the treatment of major depressive disorder (MDD) in adults in the United 

States of America (USA) [4]. It is administered orally, once daily, with food. At the 

recommended dosage of 40 mg/day, vilazodone was effective in the short-term treatment of 

MDD in adults. This was evidenced by significant improvements on multiple measures of 

depression (i. e., Montgomery-Åsberg Depression Rating Scale [MADRS] and Hamilton 

Depression Rating Scale [HDRS-17]), in 2 pivotal, 8-week, randomized, double-blind, 

placebo-controlled, phase III studies [3, 5]. Significant differences between vilazodone and 

placebo on the MADRS and HDRS-17 were seen after 1 week of treatment (first efficacy 

time-point) in 1 of the studies [3]. Long-term treatment with vilazodone 40 mg/day was 

associated with an improvement from baseline in depressive symptoms in a 52-week, 

noncomparative, phase III study [6]. Vilazodone was generally well tolerated in the short- 

and long-term treatment of MDD, with diarrhea and nausea being the most frequently 

occurring treatment-emergent adverse events [6]. Vilazodone had a minimal impact on 

sexual functioning in the 3 phase III studies [6]. There has not been a trial of vilazodone in 

older adults.

Paroxetine is an established SSRI antidepressant with documented efficacy and safety in 

older adults. It can be considered as an established active comparator for a new drug in the 

geriatric population [7]. Paroxetine is a potent and selective inhibitor of the neuronal 

reuptake of 5-HT, thereby facilitating serotoninergic transmission; this action appears to 

account for the antidepressant activity observed with this drug [8]. Results of short-term 

clinical trials have shown paroxetine to be significantly superior to placebo and comparable 

to amitriptyline, clomipramine, imipramine, dothiepin, and mianserin in relieving symptoms 

associated with MDD [8].

In the field of psychiatric immunology, much of the focus on the role of the immune system 

in depression pathophysiology and biomarker development has been placed on the innate 

immune response and inflammation [9]. These facets of the immune system are 

predominantly explored in antidepressant immunopharmacology [10]. The most recent 

evidence from reviews and meta-analyses suggests that antidepressants may exert effects on 

the immune system. A meta-analysis from 2011 of 22 studies [10] explored the effect of 
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antidepressants on serum proinflammatory cytokines, tumor necrosis factor alpha (TNF-α), 

interleukin (IL)-1β, and IL-6 in 603 depressed subjects. A stratified subgroup analysis in this 

meta-analysis by class of antidepressants indicated that SSRI may reduce levels of IL-6 and 

TNF-α, whereas other types of antidepressants—while efficacious in antidepressant effects

—did not appear to reduce cytokine levels or showed trend evidence in a few studies only. 

The involvement of immune factors in the pathophysiology of depression is now considered 

to be far greater than that of only the innate immune system, inflammation, and glia [11]. A 

complex interaction is suspected to occur in the central nervous system (CNS) between parts 

of the innate and adaptive immune system [12]. Systemic immune cells, namely 

macrophages and T-cells, have been found to have variously pro- and anti-neuroplastic, and 

pro- and anti-inflammatory effects on the brain [11, 13]. A recent systematic review [14] 

comprehensively reviewed the effects of antidepressant classes on both the innate and 

adaptive immune system. This review found that effects of antidepressant classes on 

adaptive immune factors are complex and poorly understood, with few studies conducted. 

Methodological heterogeneity was found to be high among these studies (e. g., length of 

study, cohort characteristics, dosage used, and immune marker analysis), and there were no 

studies exploring the immune effects of vilazodone. This review recommended larger 

comparative studies, particularly in clinical populations.

The current pilot study was conducted to determine whether there were any differences in 

mood and tolerability between vilazodone and paroxetine in older depressed adults. We 

anticipate that the vilazodone will be superior to paroxetine in improving levels of 

depressive symptoms given broader CNS mechanisms. Secondly, we examined the 

comparative pharmacogenomics effects of the compounds on inflammation and immune 

modulation in circulating leukocytes. We hypothesize that vilazodone will have greater anti-

inflammatory effects given broader CNS mechanisms.

Methods

Participants

The UCLA Institutional Review Board approved all study procedures (registered 

ClinicalTrials.gov trial NCT01608295). All participants were outpatients and were recruited 

via advertisements from UCLA Neuropsychiatric Hospital (NPH) Geriatric Assessment 

Program, the NPH Geriatric Day Treatment Program, and affiliated clinics at the affiliated 

clinics at the VA and Olive View Medical Center. Patients were assessed via the UCLA 

Later Life Mood, Stress and Wellness Program.

208 individuals were assessed for eligibility. Of these, 71 were screened and 56 older adults 

were randomized to receive vilazodone (n = 26) and paroxetine (n = 30). Twenty of the 

vilazodone group and 25 of the paroxetine group completed the study (5 vilazodone and 5 

paroxetine dropped out). One of the participants in the vilazodone group was lost to follow-

up. See ► Fig. 1 for the CONSORT-format flow diagram of participants through the study.
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Inclusion and exclusion criteria

Structured Clinical Interview DSM-IV (SCID) was used by HL (primary investigator) and 

master-level research associates, formerly trained, to make a diagnosis of major depression 

and/or rule out other diagnosis (e. g., psychosis and dementia) according to the DSM-IV 

criteria at screening.

Inclusion criteria were the following: (1) the presence of an MDD diagnosed according to 

the DSM-5 criteria; (2) a 24-item HDRS score of 17 or higher at baseline [15]; and (3) a 

Mini-Mental State Exam (MMSE) score > 24 [16]. Exclusion criteria included any current 

and/or lifetime history of other psychiatric disorders (except unipolar depression with or 

without comorbid generalized anxiety disorder) or recent and/or current unstable medical or 

neurological disorders; any disabilities preventing participation in the study; diagnosis of 

mild cognitive impairment/dementia; and those with known allergic reactions to paroxetine 

or vilazodone.

Procedures

Eligible recruits provided written informed consent prior to enrolling in the study. Using a 

computer-generated randomization table, a treatment-blinded statistician randomized 

participants to either vilazodone or paroxetine. Follow-up took place weekly for the first 4 

weeks of treatment and then every 2 weeks for the remainder of the study. Each follow-up 

assessment included measures of efficacy, safety, and compliance.

Outcome measures

The primary outcome measure was HDRS scores. The study also measured symptoms of 

mood using the Geriatric Depression Scale (GDS) [17], clinical improvement using the 

Clinical Global Impression – Severity and Improvement Scale (CGI) [18], medical and 

vascular risk factors using the Cerebrovascular Risk Factor Prediction Chart (CVRF) [19], 

and the Cumulative Illness Rating Scale for Geriatrics (CIRS-G) [20]. A blinded, master-

level rater was used for outcome measure assessments; they were trained by HL.

Intervention procedures

Subjects were randomized to vilazodone or paroxetine. The allowed range of the drugs 

according to tolerability and efficacy assessments was between 10–40 mg/day for 

vilazodone and 10–30 mg/day for paroxetine. The dose finding procedures were performed 

in the first 3 weeks and after this remained stable until the end of the acute trial. Doses of 

10–30 mg of paroxetine are standard in geriatric depression studies and in clinical 

experience. We assessed the optimal dose of vilazodone based on tolerability and safety in 

this population. Participants were randomized to receive 10–20–40 mg of vilazodone blindly 

with increment dose titration 10 mg per day for the week 1, 20 mg per day for the week 2, 

and 40 mg per day for the weeks 3–12. The comparison group received similar blinded 

titration with paroxetine 10 mg per day (week 1), 20 mg per day (week 2); and 30 mg per 

day (weeks 3–12). Given of the blinding involved, the dose titration decision was based on 

balancing tolerability and efficacy of the drugs. The dose ranges for paroxetine and 

vilazodone were within clinically effective range reported in the literature [21, 22].

Eyre et al. Page 4

Pharmacopsychiatry. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Randomization

All eligible subjects were randomized to vilazodone or paroxetine group using a computer-

generated random assignment scheme, which assigned subjects in a 1:1 ratio to each group. 

Randomization was done prior to the subjects being assigned to the groups.

Safety and adherence assessments

Physical examination and vital signs were assessed at baseline; in addition a 12-lead 

electrocardiography was collected if any cardiac complaints were present. Pulse rate, 

systolic blood pressure, and body weight were obtained at each visit. Laboratory tests (as 

listed below) were performed at baseline. The UKU Side Effect Rating Scale [23], a 

comprehensive rating scale for monitoring adverse events of psychotropic drugs used in 

clinical trials, was completed at all visits except screening. Treatment compliance was 

assessed by employing indirect measures of adherence including questioning of the patients, 

counting returned pills, and measuring drug levels at weeks 3, 8, and 16.

Gene expression profiling and analysis

Genome-wide transcriptional profiles were collected from peripheral blood leukocytes 

sampled at baseline and week 12 from 56 older adults with major depression who were 

randomly selected for testing and randomized to either vilazodone or paroxetine. Peripheral 

blood mononuclear cells were isolated by Ficoll density gradient centrifugation of 

antecubital venipuncture samples drawn between 10:00 and 11:00 a.m. at baseline and 16 

weeks later following the completion of intervention procedures. RNA samples were 

extracted using the Qiagen RNeasy system, assessed for suitable integrity using an Agilent 

2200 TapeStation, and quantitated by Ribogreen assay. Labeled cRNA was synthesized from 

100 ng of total RNA using the Ambion Totalprep 96 kit. Amplified and labeled samples 

were hybridized to Illumina HT-12 v4 expression chips in the UCLA Neuroscience 

Genomics Core Laboratory according to the standard Illumina protocol. Post-hybridization 

washing and staining was done using a SciGene Little Dipper robotic processing platform, 

and arrays were scanned using an Illumina iScan confocal scanner.

Statistical analysis

Data was analyzed using the SAS (v9.2) statistical package. Patients in the 2 treatment 

groups were compared (using t-tests for continuous variables and chi-square tests for 

categorical variables) on all demographic and clinical measures at baseline to assess the 

success of the randomization procedures. Outcome measures (HDRS, GDS, CGI, CIRS-G, 

and CVRF scores) were analyzed using a mixed-effects general linear model, with group, 

time, and the group × time interaction as predictors. Post-hoc analyses determined the 

significance of between and within group differences. The significance threshold for the 

outcome measure was set at 0.05 (2-tailed). Effect sizes for changes in the outcome 

measures (Cohen's d) were also estimated for each group.

Gene expression data were quantile-normalized and log2-transformed for analysis by 

standard linear statistical models estimating the magnitude of differential change over time 

(i. e., group differences in average values of the change score: follow-up – baseline). “Gene 

set” bioinformatics analyses were then performed to assess immune system activation using 
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2 a-priori- defined sets: (1) 19 canonical proinflammatory gene transcripts (e. g., IL-1B, 

IL-6, IL-8, TNF), and (2) 31 canonical innate antiviral transcripts (e. g., OAS1-3, MX1-2, 

IFI/IFIT genes, etc.) [24]. Subsequent bioinformatics analyses identified all genes showing 

1.2-fold or greater difference across groups in average change over time and used the Telis 

system [25] to scan the promoters of those genes for differential prevalence of transcription 

factor-binding motifs indicative of inflammation (e. g., activator protein [AP]-1 and nuclear 

factor kappa B [NF-κB]), innate antiviral signaling involving type I interferons (e. g., 

transcription factors such as IRF family factors), and neural/endocrine signaling pathways 

that might potentially mediate effects of the nervous system on immune cell inflammatory 

signaling (e. g., the cAMP response element binding [CREB] transcription factor family, 

which mediates sympathetic nervous system signaling through β-adrenergic receptors, and 

the glucocorticoid receptor involved in hypothalamopituitary adrenal axis signal 

transduction). Transcript origin analysis was also applied to determine whether the up- or 

down-regulated genes might share any specific immune cell subpopulation as their 

predominant cellular source within the circulating leukocyte pool [26]. Additional linear 

model analyses tested whether changes in depressive symptoms were associated with 

changes in expression of the a priori proinflammatory and antiviral gene sets. In all 

bioinformatics analyses, p-values were derived from standard errors estimated by 200 cycles 

of bootstrap resampling of residual vectors from linear model analyses (which accounts for 

potential correlation among residuals across genes) [27].

Results

► Table 1 presents the baseline demographic and clinical characteristics of the vilazodone 

and paroxetine groups. As noted, there were no statistically significant differences for 

measures between the groups at baseline. ► Table 2 presents the outcomes measures at both 

baseline and follow-up. Of note, the antidepressant effects of vilazodone and paroxetine 

were similar and did not reach statistical significance (for ESs for HDRS scores for 

vilazodone (baseline (mean (SD)) 17.2 (3.7) and follow-up 7.6 (4.8); ES = 2.25), and 

paroxetine (baseline (mean (SD)) 16.6 (4.1) and follow-up 7.8 (5.9); ES = 1.31). The time × 

group interaction was not statistically significant (F(8,43) = 1.3; p = 0.3). The GDS score 

also showed similar improvements for vilazodone group (baseline (mean (SD)) 17.0 (5.7) 

and follow-up 10.6 (7.3); ES = 1.18) and the paroxetine group (baseline (mean (SD)) 16.1 

(6.8) and follow-up 11.1 (7.1); ES = 0.62). The time × group interaction was not statistically 

significant (F(8,43) = 1.1; p = 0.4). The ESs were similar with all other measures. There 

were no statistically significant differences in side effects between the groups.

In analyses of vilazodone and paroxetine effects on leukocyte gene expression, initial 

analyses focused on a-priori-specified sets of indicator genes for general proinflammatory 

signaling and activation of the type I interferon system; results showed no notable effects on 

the interferon system (difference: mean = − 0.015 ± SE 0.046 log2 RNA expression units, p 

= 0.7467), but a markedly greater decrease over time in expression of proinflammatory 

indicator genes for vilazodone-treated patients compared to paroxetine-treated patients 

(difference: mean = − 0.314 ± SE 0.133 log2 RNA expression units, p = 0.0294). These 

findings using a-priori- defined gene sets were highly consistent with characteristics of the 

genes showing the most marked relative reduction in the vilazodone-treated group; these 
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included many cardinal proinflammatory genes including those encoding IL-8, IL-1β, TNF, 

PTGS2 (COX2), FOS/JUN (AP-1), and EGR1, as well as immunologic activation indicators 

CD83, CD69, and HLA-DR (► Table 3 contains gene-specific results for all transcripts 

showing ≥ 1.2-fold differential change across groups). There was no apparent biological 

theme in the smaller list of genes that were relatively increased the vilazodone-treated group.

Results of subsequent promoter-based bioinformatic analyses indicated reduced activity of 

NF-κB, AP-1, and CREB transcription factors in the vilazodone-treated group relative to the 

paroxetine-treated group (all p < 0.05). There were no indications of differential 

glucocorticoid receptor activity (p > 0.48). See ► Fig. 2 for further details.

Transcript origin analyses implicated monocytes and dendritic cells as the primary cellular 

origins of genes relatively down-regulated in the vilazodone-treated group (both p < 0.01; 

see ► Fig. 3). There was also a trend toward contribution from B lymphocytes, but that 

indication would not reach statistical significance after correction for multiple testing across 

the 6 cell types analyzed (nominal p = 0.016).

Generally similar results emerged for all of these analyses when controlling for patient level 

characteristics (age, sex, white vs. non-white race, body mass index, alcohol consumption) 

or when controlling for RNA transcripts that serve as markers of major leukocyte subsets (i. 

e., CD3, CD19, CD14, etc.).

Follow-up analyses tested whether the magnitude of change in HDRS scores was correlated 

with the magnitude of change in expression of the a-priori-specified proinflammatory gene 

composite. Results showed a significant positive association (regression coefficient: + 0.141 

± 0.064 change in log2 RNA expression per SD of HDRS score change, p = 0.0424). No 

such association emerged for the type I interferon-related gene composite (regression 

coefficient: + 0.006 ± 0.022 change in log2 RNA expression per SD of HDRS score change, 

p = 0.8051).

Discussion

This pilot study is the first to explore the clinical effects of vilazodone in geriatric 

depression, the first to explore the immune effects of vilazodone, and the first to conduct a 

head-to-head comparison of 2 antidepressants on immune gene expression. The results of 

this clinical trial suggest vilazodone has similar effects on depressive symptoms in LLD, 

statistically similar to paroxetine. These antidepressant effects for the vilazodone group may 

be contributed to by down-regulation of proinflammatory genes (including reduced activity 

of NF-κB, AP-1, and CREB) and may arise predominately from monocytes and dendritic 

cells.

The anti-inflammatory effects of vilazodone are not entirely surprising given a systematic 

review of this area shows antidepressants do appear, in general, reduce proinflammatory 

cytokine levels, particularly TNF-α, IL-1β, and IL-6 [14]. However, the enhanced anti-

depressant effects of vilazodone over paroxetine have not previously been explored or 

demonstrated and hence are of interest. We suggest this is given vilazodone combines the 

SSRI activity with partial agonism of 5-HT(1A) receptor, vs. paroxetine which has only 
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SSRI activity. There is only 1 other study that explores the head-to-head anti-inflammatory 

effects of antidepressants. In adult depressed populations, pretreatment levels of CRP 

informed later efficacy of escitalopram and nortriptyline—high CRP levels at baseline were 

associated with greater antidepressant effect of nortriptyline than escitalopram over time 

[28]. This potentially suggests nortriptyline is more anti-inflammatory than escitalopram. 

However, preclinical studies may inform this area. For example, Tynan et al. [29] compared 

the anti-inflammatory effects of SSRIs and serotonin-norepinephrine reuptake inhibitors 

(SNRIs) on lipopolysaccharide (LPS)-stimulated microglia, in vivo. This study found SSRIs 

potently inhibited microglial TNF-α and nitric oxide (NO) production much greater than 

SNRIs. They found cAMP signaling was involved in regulating these anti-inflammatory 

responses. Interestingly, the anti-inflammatory effects of these drugs differed depending on 

their concentrations. It would be instructive to compare the anti-inflammatory effects of 

vilazodone and paroxetine in such preclinical models. It should be mentioned, however, that 

IL-6 levels were not substantially different between the 2 treatment groups (i. e., < 1.2-fold 

differential reduction). A larger cohort, however, may have yielded a larger difference.

The anti-inflammatory effects of vilazodone appear to originate from monocytes and 

dendritic cells. In a chronic stress situation, an innate immune response takes place, mainly 

consisting of resident microglia and peripherally derived monocytes, macrophages [30], and, 

possibly, dendritic cells [31]. Therefore, it is not surprising that these data suggest that 

monocytes and dendritic cells are potential players in depression and hence antidepressant 

treatment response. There is some evidence that a skew in this balance towards the Th1 

phenotype, the associated “proinflammatory” cytokines and interface with M1-type 

classically activated macrophages detrimental and leads to clinical depression [32, 33]. 

Hence, anti-inflammatory effects of antidepressants via monocytes is 1 plausible 

mechanistic pathway by which antidepressants take their antidepressant effects. Evidence 

from the abovementioned study by Tynan et al. [29] demonstrates that in LPS-stimulated 

microglial/monocyte study environments, SSRIs potentially inhibit microglial/monocyte 

TNF-α and NO production, and cAMP signaling may be involved in regulating these anti-

inflammatory responses. As for dendritic cells, the role of these cells in the pathophysiology 

of depression and pharmacology are poorly understood. Dendritic cells are the most potent 

professional antigen-presenting cells that play a central role in the initiation and modulation 

of innate and adaptive immune response [34], but their role in the depression context is still 

largely unexplored. Dendritic cells may play an important role in brain diseases as they can 

reach CNS from periphery in both human diseases [35] and animal models [36]. We are not 

aware of any studies exploring the effects of antidepressants on dendritic cells.

A key limitation of this study is the small sample size, which precludes our ability to draw 

clinical conclusions on this trial regarding the efficacy of vilazodone in a geriatric 

population. A larger replication should be performed, comparing vilazodone to placebo or 

“gold standard” treatment, such as paroxetine. It is important to explore the effects of 

vilazodone in an LLD population given the differing pharmacokinetic and 

pharmacodynamic profile of medicaments as compared to adult populations. There is some 

evidence to suggest that adult and LLD often differ in terms of presentation, 

neuropsychological features, neurobiological factors, and treatment response [37–41]; 

however, this remains to be accepted by expert peer-group consensus or meta-analysis.
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Conclusion

The vilazodone group had similar improvement in depressive symptoms, relative to the 

paroxetine group, and showed notable reductions in leukocyte proinflammatory gene 

expression. These results may be consistent with the hypothesis that inflammatory signaling 

may contribute to the pathophysiology of depression. This pilot trial should inform future 

larger trials of geriatric depression, and further research should explore the individual 

biomarkers.
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Fig. 1. 
CONSORT flow diagram.
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Fig. 2. 
Changes in gene activity in vilazodone group relative to paroxetine group. AP-1: activator 

protein-1; NF-kB: nuclear factor kappa B; GR: glucocorticoid receptor; CREB: cAMP 

response element binding protein
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Fig. 3. 
Transcript origin analysis of down-regulated genes in vilazodone group. DC: dendritic cell; 

NK: natural killer cell; B: B cell
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Table 1

Baseline characteristics by treatment group.

Vilazodone group (n = 26) Paroxetine group (n = 30) Analysis

Variables Mean (SD) Mean (SD) t-test

Age (years) 71.5 (7.2) 71.5 (7.7) T(54) = 0.0, p = 1.0

Education 16.3 (3.0) 16.2 (2.8) T(53) = 0.1, p = 0.9

MMSE 28.9 (1.2) 28.2 (1.4) T(53) = 1.8, p = 0.07

BMI 27.0 (5.0) 25.0 (4.2) T(50) = 1.6, p = 0.1

Age of Onset 45.5 (22.4) 42.3 (25.9) T(54) = 0.5, p = 0.6

HDRS 17.2 (3.7) 16.6 (4.1) T(54) = 0.5, p = 0.6

N (%) N (%) chi-square (p)

Sex

Male 13 (50) 13 (43) χ (1) = 0.3, p = 0.3

Female 13 (50) 17 (57)

BMI: body mass index; MMSE: Mini-Mental State Examination; HDRS: Hamilton Depression Rating Scale; SD: standard deviation

Pharmacopsychiatry. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Eyre et al. Page 16

Ta
b

le
 2

O
ut

co
m

e 
m

ea
su

re
s 

at
 b

as
el

in
e 

an
d 

fo
llo

w
-u

p.

V
ila

zo
do

ne
 g

ro
up

 (
n 

= 
21

)
P

ar
ox

et
in

e 
gr

ou
p 

(n
 =

 2
5)

A
na

ly
si

s

C
lin

ic
al

 m
ea

su
re

s 
*

B
as

el
in

e
F

ol
lo

w
-u

p
E

s
B

as
el

in
e

F
ol

lo
w

-u
p

E
s

T
im

e 
*  

gr
ou

p 
in

te
ra

ct
io

n

H
D

R
S

17
.2

 (
3.

7)
7.

6 
(4

.8
)

2.
25

16
.6

 (
4.

1)
7.

8 
(5

.9
)

1.
31

F(
8,

43
) 

=
 1

.3
, p

 =
 0

.3

G
D

S
17

.0
 (

5.
7)

10
.6

 (
7.

3)
1.

18
16

.1
 (

6.
8)

11
.1

 (
7.

1)
0.

62
F(

8,
43

) 
=

 1
.1

, p
 =

 0
.4

C
G

I 
se

ve
ri

ty
3.

3 
(0

.8
)

2.
5 

(1
.2

)
0.

78
3.

4 
(0

.6
)

2.
7 

(1
.1

)
0.

79
F(

8,
43

) 
=

 1
.1

, p
 =

 0
.4

C
IR

S 
to

ta
l

5.
1 

(3
.0

)
5.

0 
(3

.5
)

0.
03

4.
1 

(3
.2

)
3.

9 
(3

.5
)

0.
06

F(
1,

43
) 

=
 1

.0
, p

 =
 0

.3

C
V

R
F

12
.3

 (
5.

9)
11

.2
 (

4.
4)

0.
21

11
.3

 (
5.

3)
10

.3
 (

4.
6)

0.
20

F(
1,

43
) 

=
 0

.0
, p

 =
 0

.9

* M
ea

n 
(S

D
) 

ar
e 

pr
es

en
te

d 
fo

r 
H

D
R

S:
 H

am
ilt

on
 D

ep
re

ss
io

n 
R

at
in

g 
Sc

al
e;

 G
D

S:
 G

er
ia

tr
ic

 D
ep

re
ss

io
n 

Sc
al

e;
 C

G
I:

 C
lin

ic
al

 G
lo

ba
l I

m
pr

ov
em

en
t; 

C
IR

S:
 C

um
ul

at
iv

e 
Il

ln
es

s 
R

at
in

g 
Sc

al
e;

 a
nd

 C
V

R
F:

 
C

ar
di

ov
as

cu
la

r 
R

is
k 

Fa
ct

or
. E

S:
 e

ff
ec

t s
iz

e

Pharmacopsychiatry. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Eyre et al. Page 17

Ta
b

le
 3

G
en

es
 s

ho
w

in
g 

>
 1

.2
-f

ol
d 

di
ff

er
en

tia
l c

ha
ng

e 
ov

er
 ti

m
e 

in
 v

ila
zo

do
ne

 v
s.

 p
ar

ox
et

in
e.

C
ha

ng
e 

in
 R

N
A

 e
xp

re
ss

io
n 

(T
2-

T
1 

lo
g2

 R
N

A
)

P
ar

ox
et

in
e

V
ila

zo
do

ne
F

ol
d-

 d
if

fe
re

nc
e

U
p-

re
gu

la
te

d 
>

 1
.2

-f
ol

d

L
C

N
2

−
 0

.1
58

0.
40

6
1.

48

C
A

M
P

0.
00

4
0.

53
6

1.
45

L
O

C
65

36
00

0.
04

6
0.

53
5

1.
40

PG
LY

R
P1

−
 0

.0
45

0.
37

2
1.

33

C
E

A
C

A
M

8
−

 0
.0

99
0.

30
0

1.
32

LT
F

−
 0

.0
04

0.
37

1
1.

30

D
E

FA
4

0.
05

5
0.

40
8

1.
28

SH
3B

G
R

L
2

−
 0

.1
60

0.
19

3
1.

28

M
G

C
13

05
7

−
 0

.1
28

0.
21

6
1.

27

G
P9

−
 0

.0
84

0.
24

7
1.

26

R
N

A
SE

3
0.

00
3

0.
33

3
1.

26

T
M

E
M

15
8

−
 0

.0
80

0.
24

9
1.

26

C
D

24
−

 0
.0

82
0.

24
3

1.
25

L
O

C
64

51
28

−
 0

.0
61

0.
26

0
1.

25

C
L

E
C

1B
−

 0
.1

55
0.

16
6

1.
25

C
E

A
C

A
M

6
−

 0
.0

47
0.

27
3

1.
25

PF
4V

1
−

 0
.0

18
0.

30
3

1.
25

H
SP

A
1B

−
 0

.0
36

0.
27

7
1.

24

M
PL

−
 0

.0
60

0.
24

9
1.

24

SP
A

R
C

−
 0

.1
25

0.
18

3
1.

24

T
R

E
M

L
1

0.
00

9
0.

30
8

1.
23

SD
PR

−
 0

.1
92

0.
10

3
1.

23

O
L

FM
4

−
 0

.0
64

0.
22

6
1.

22

A
L

O
X

12
−

 0
.1

17
0.

17
2

1.
22

T
SC

22
D

1
−

 0
.0

60
0.

22
7

1.
22

Pharmacopsychiatry. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Eyre et al. Page 18

C
ha

ng
e 

in
 R

N
A

 e
xp

re
ss

io
n 

(T
2-

T
1 

lo
g2

 R
N

A
)

P
ar

ox
et

in
e

V
ila

zo
do

ne
F

ol
d-

 d
if

fe
re

nc
e

N
G

FR
A

P1
−

 0
.0

27
0.

25
8

1.
22

IT
G

A
2B

−
 0

.1
25

0.
15

7
1.

22

G
PR

18
−

 0
.0

59
0.

22
1

1.
21

ID
3

−
 0

.0
63

0.
21

7
1.

21

N
R

G
N

−
 0

.1
52

0.
12

8
1.

21

M
M

D
−

 0
.1

08
0.

16
6

1.
21

T
U

B
B

1
−

 0
.2

08
0.

06
4

1.
21

C
A

2
−

 0
.1

58
0.

11
1

1.
21

H
IS

T
1H

2B
J

0.
08

0
0.

34
7

1.
20

A
C

R
B

P
−

 0
.0

56
0.

21
0

1.
20

D
ow

n-
re

gu
la

te
d 

>
 1

.2
-f

ol
d

IL
8

0.
53

3
−

 0
.5

84
0.

46

E
G

R
1

0.
68

1
−

 0
.3

80
0.

48

C
C

L
3

0.
50

0
−

 0
.3

93
0.

54

FO
SB

0.
47

2
−

 0
.3

83
0.

55

IL
1B

0.
61

3
−

 0
.2

36
0.

56

C
C

L
3L

1
0.

47
2

−
 0

.3
26

0.
57

E
G

R
2

0.
40

7
−

 0
.3

55
0.

59

C
C

L
3L

3
0.

25
4

−
 0

.4
56

0.
61

JU
N

0.
36

9
−

 0
.3

40
0.

61

O
SM

0.
38

1
−

 0
.2

95
0.

63

T
N

F
0.

40
8

−
 0

.2
66

0.
63

PT
G

S2
0.

30
2

−
 0

.3
33

0.
64

R
G

S1
0.

34
5

−
 0

.2
51

0.
66

JU
N

B
0.

27
7

−
 0

.2
79

0.
68

D
U

SP
2

0.
31

9
−

 0
.2

00
0.

70

C
X

C
L

2
0.

28
1

−
 0

.2
23

0.
71

H
B

E
G

F
0.

34
6

−
 0

.1
50

0.
71

Pharmacopsychiatry. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Eyre et al. Page 19

C
ha

ng
e 

in
 R

N
A

 e
xp

re
ss

io
n 

(T
2-

T
1 

lo
g2

 R
N

A
)

P
ar

ox
et

in
e

V
ila

zo
do

ne
F

ol
d-

 d
if

fe
re

nc
e

L
O

C
72

88
35

0.
32

2
−

 0
.1

57
0.

72

C
D

83
0.

28
3

−
 0

.1
96

0.
72

L
O

C
33

87
58

0.
20

8
−

 0
.2

70
0.

72

IE
R

2
0.

31
3

−
 0

.1
64

0.
72

C
C

L
4L

1
0.

25
9

−
 0

.2
10

0.
72

IE
R

3
0.

26
8

−
 0

.1
95

0.
73

T
N

FA
IP

3
0.

21
7

−
 0

.2
44

0.
73

C
C

L
20

0.
36

9
−

 0
.0

78
0.

73

L
O

C
72

88
30

0.
35

5
−

 0
.0

91
0.

73

N
FK

B
IZ

0.
16

1
−

 0
.2

78
0.

74

N
FK

B
IA

0.
19

5
−

 0
.2

27
0.

75

H
E

S4
0.

13
0

−
 0

.2
77

0.
75

PP
P1

R
15

A
0.

31
6

−
 0

.0
85

0.
76

G
0S

2
0.

29
3

−
 0

.1
03

0.
76

D
D

IT
4

0.
18

6
−

 0
.1

84
0.

77

A
X

U
D

1
0.

18
9

−
 0

.1
81

0.
77

G
A

D
D

45
B

0.
18

7
−

 0
.1

78
0.

78

C
D

K
N

1C
0.

14
1

−
 0

.2
18

0.
78

C
D

69
0.

11
1

−
 0

.2
48

0.
78

T
R

IB
1

0.
18

2
−

 0
.1

67
0.

78

B
T

G
2

0.
29

5
−

 0
.0

48
0.

79

D
U

SP
1

0.
16

2
−

 0
.1

74
0.

79

A
D

M
0.

22
5

−
 0

.1
09

0.
79

H
L

A
-D

R
B

5
0.

31
2

−
 0

.0
10

0.
80

H
L

A
-D

R
B

1
0.

22
0

−
 0

.0
89

0.
81

Z
FP

36
0.

21
8

−
 0

.0
78

0.
81

FO
S

0.
17

0
−

 0
.1

21
0.

82

C
5A

R
1

0.
24

2
−

 0
.0

49
0.

82

Pharmacopsychiatry. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Eyre et al. Page 20

C
ha

ng
e 

in
 R

N
A

 e
xp

re
ss

io
n 

(T
2-

T
1 

lo
g2

 R
N

A
)

P
ar

ox
et

in
e

V
ila

zo
do

ne
F

ol
d-

 d
if

fe
re

nc
e

N
FI

L
3

0.
13

1
−

 0
.1

56
0.

82

R
PP

H
1

0.
21

9
−

 0
.0

67
0.

82

L
O

C
64

39
30

0.
19

7
−

 0
.0

81
0.

82

SN
O

R
A

70
0.

08
9

−
 0

.1
85

0.
83

C
C

L
4L

2
0.

27
9

0.
00

6
0.

83

PN
R

C
1

0.
17

9
−

 0
.0

94
0.

83

D
E

FA
1

0.
43

2
0.

16
3

0.
83

PI
D

1
0.

21
2

−
 0

.0
57

0.
83

N
R

4A
2

0.
14

0
−

 0
.1

26
0.

83

Pharmacopsychiatry. Author manuscript; available in PMC 2018 February 01.


	Abstract
	Introduction
	Methods
	Participants
	Inclusion and exclusion criteria
	Procedures
	Outcome measures
	Intervention procedures
	Randomization
	Safety and adherence assessments
	Gene expression profiling and analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Table 1
	Table 2
	Table 3

