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Abstract
Objective Accumulating evidence supports the idea that inflammation may contribute to the pathophysiology 
of major depressive disorder (MDD). Duloxetine, a serotonin-norepinephrine reuptake inhibitor, exhibits anti-
inflammatory effects both in vitro and in vivo. In this study, we investigated the impact of duloxetine on changes in 
serum proinflammatory cytokine levels among individuals diagnosed with MDD.

Methods A cohort of 23 drug-naïve individuals diagnosed with MDD and 23 healthy controls were included in this 
study. The severity of depressive symptoms was evaluated using the 24-item Hamilton Depression Scale (HAMD-24). 
A panel of 7 proinflammatory cytokines, including interleukin-1β (IL-1β), IL-2, IL-6, IL-8, IL-12, tumor necrosis factor-α 
(TNF-α), and interferon-γ (IFN-γ), were quantified using multiplex Luminex assays. The levels of serum cytokines in 
healthy controls and patients with MDD were compared at baseline. All patients received duloxetine at a dosage 
range of 40–60 mg/day for a duration of 4 weeks. The HAMD-24 scores and serum cytokine levels were compared 
before and after duloxetine treatment.

Results Compared with healthy controls, patients with MDD had significantly greater levels of IL-2, IL-6, IL-8, IL-12, 
TNF-α, and IFN-γ (P < 0.05). Moreover, there was a significant decrease in HAMD-24 scores observed pre- and post-
treatment (t = 13.161, P < 0.001). Furthermore, after 4 weeks of treatment, the serum levels of IL-8 (t = 3.605, P = 0.002), 
IL-12 (t = 2.559, P = 0.018), and IFN-γ (t = 3.567, P = 0.002) decreased significantly. However, there were no significant 
differences in other cytokines, including IL-1β, IL-2, IL-6, and TNF-α, before and after treatment (P > 0.05).

Conclusions These findings present compelling evidence, potentially for the first time, indicating that duloxetine 
treatment may effectively reduce the serum concentrations of IL-8, IL-12, and IFN-γ in individuals diagnosed with 
MDD. However, the precise mechanisms underlying this effect remain unclear and warrant further investigation.
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Introduction
Depression, ranked by the World Health Organization as 
the primary cause of global disability, is widely acknowl-
edged as a prevalent mental disorder [1]. The most recent 
comprehensive investigation of mental disorders in China 
revealed a lifetime prevalence rate of 6.9% for depression 
[2]. Extensive research has shown that depression fre-
quently coincides with the activation of the inflammatory 
system, and the excessive expression of proinflamma-
tory factors is believed to contribute to the development 
of depression [3, 4]. A meta-analysis demonstrated that 
interleukin-6 (IL-6), C-reactive protein (CRP), and tumor 
necrosis factor-α (TNF-α) are the inflammatory factors 
most closely associated with depression [5, 6]. Moreover, 
it has been reported that elevated plasma levels of inflam-
matory markers (IL-1 and IL-6) in older individuals are 
predictive of the development of depressive symptoms 
over a 6-year period [7]. In addition, the efficacy of cele-
coxib, a nonsteroidal anti-inflammatory drug (NSAID), 
in ameliorating postpartum depressive symptoms has 
been established [8]. Therefore, the potential correlation 
between inflammation and depression presents an ave-
nue for addressing the latter through the implementation 
of anti-inflammatory strategies that target the immune 
system.

Recent research has provided evidence that both sub-
chronic and acute administration of commonly pre-
scribed antidepressants exhibit anti-inflammatory effects. 
Specifically, studies have shown that selective serotonin 
reuptake inhibitors (SSRIs), such as paroxetine and ser-
traline, can inhibit the increase in interferon-γ (IFN-
γ)-induced TNF-α and nitric oxide (NO) in a murine 
microglial cell line [9]. Another investigation suggested 
that the anti-inflammatory effects of antidepressants may 
be attributed to their ability to modulate immune bal-
ance by suppressing the IFN-γ/IL-1 ratio [10]. Serotonin 
and norepinephrine reuptake inhibitors (SNRIs) can pre-
vent depression-like behavior and changes in serum pro-
inflammatory cytokines induced by lipopolysaccharide 

(LPS) in mice [11]. Furthermore, a clinical study dem-
onstrated that patients with major depressive disorder 
(MDD) who received antidepressant treatment in clinical 
settings experienced notable improvement of symptoms 
and notable reductions in TNF-α levels [12]. Conse-
quently, it is plausible that the anti-inflammatory proper-
ties of antidepressants may play a role in their therapeutic 
efficacy for MDD patients.

Duloxetine, an approved selective serotonin-norepi-
nephrine reuptake inhibitor (SNRI), has been authorized 
for the treatment of depression in the United States and 
Europe since 2004 [13]. Currently, there is a paucity of 
research examining the longitudinal impact of duloxetine 
on a range of proinflammatory cytokines in individuals 
with MDD. Therefore, in this study, the effects of dulox-
etine on alterations in serum proinflammatory cytokines 
in patients with MDD were investigated. The levels of 
seven proinflammatory cytokines, namely, IL-1β, IL-2, 
IL-6, IL-8, IL-12, TNF-α, and IFN-γ, were measured. 
The severity of depressive symptoms was assessed using 
the 24-item Hamilton Depression Scale (HAMD-24). 
All patients received duloxetine treatment at a dosage 
range of 40–60 mg/day for four weeks. Subsequently, the 
serum cytokine levels before and after treatment were 
compared.

Materials and methods
Study design and participants
This study was carried out at Anhui Mental Health Cen-
ter from August 2020 to June 2022. Twenty-three drug-
naïve patients with MDD were diagnosed by trained 
psychiatrists based on the Diagnostic and Statistical 
Manual for Psychiatric Disorders-Fifth Version (DSM-
V). The inclusion and exclusion criteria for patients are 
presented in Table 1. All participants were Han Chinese 
individuals residing in Anhui Province. The severity of 
depressive symptoms in all subjects was assessed using 
the Chinese version of the HAMD-24, which has dem-
onstrated good reliability with a Cronbach’s alpha value 

Table 1 Common criteria for patient inclusion and exclusion
Inclusion criteria Exclusion criteria
(1) individuals falling within the age range of 18 to 
65 years.

(1) individuals with a present or past occurrence of significant neurological disorders such as 
Alzheimer’s disease, amyotrophic lateral sclerosis, ischemia, trauma, hepatic encephalopathy, 
Down’s syndrome, autism, multiple sclerosis, brain neoplasms, Parkinson’s disease, and epilepsy.

(2) the individual fulfills the diagnostic criteria out-
lined in the DSM-V for depression.

(2) the individual’s psychiatric profile encompasses a range of disorders, such as anxiety, schizo-
phrenia, bipolar disorder, obsessive-compulsive disorder, alcohol and substance abuse, and 
attention-deficit hyperactivity disorder, either in their current state or throughout their lifetime.

(3) the Hamilton Depression Rating Scale-24 (HAMD-
24) yields scores exceeding 20.

(3) individual exhibits a present or cumulative record of enduring infections, inflammatory and 
immune disorders such as rheumatoid arthritis, inflammatory bowel disease, nephrotic syn-
drome, systemic lupus erythematosus, multiple sclerosis, autoimmune type I diabetes, asthma, 
sepsis, pulmonary fibrosis, primary biliary cirrhosis, autoimmune myasthenia gravis, and stroke.

(4) participants reported no utilization of antidepres-
sants, anti-inflammatory agents, or other psychotro-
pic drugs within the preceding three-month period.

(4) the individual is presently undergoing anti-inflammatory therapy.
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of 0.714 [14]. The diagnostic criteria for MDD were a 
HAMD-24 score exceeding 20 points. A control group 
consisting of twenty-three individuals without MDD 
was included in the study. The research protocol was 
approved by the ethics committee of the Anhui Mental 
Health Center, with registration number HFSY-IRB-PJ-
XQR-2,020,001, and adhered to the principles outlined 
in the Declaration of Helsinki. Informed consent was 
obtained from all participants involved in the study.

Blood sample collection and measurement of serum 
cytokines
Blood samples were collected from the subjects between 
7:00 and 8:00 A.M. and subsequently centrifuged at 1200 
× g for 10 min at 4 °C. The resulting supernatant was used 
for serum samples, which were stored at -80 °C until fur-
ther analysis. A total of 7 serum cytokines, namely, IL-1β, 
IL-2, IL-6, IL-8, IL-12, TNF-α, and IFN-γ, were quanti-
fied using multiplex bead immunoassays (LXSAHM-10 
and LXSAHM-27, R&D Systems for Antibody Detec-
tion, Shanghai Universal Biotech Co., Ltd.) following the 
manufacturer’s instructions. The generation of standard 
curves involved the utilization of the reference cytokine 
sample provided in the kit, which subsequently facilitated 
the calculation of cytokine concentrations in aqueous 
humor samples. With the exception of a limited number 
of values falling below the detection limit, all remaining 
values were found to fall within the interval of the cali-
bration curve.

Statistical analysis
Statistical analysis was conducted using SPSS (version 
17.0; IBM Corp., Armonk, NY, USA). The level of statis-
tical significance was determined at a P value < 0.05. The 
normality of continuous variables was assessed using the 
Kolmogorov‒Smirnov normality test. For normally dis-
tributed data, the independent sample t test or paired 
sample t test was used, while the Mann‒Whitney U test 
and Wilcoxon signed-rank test were used for data with a 
skewed distribution. Quantitative variables that followed 
a normal distribution are reported as the mean ± stan-
dard deviation (SD), while skewed quantitative variables 
are reported as the median and interquartile range (IQR; 
25–75%). The Benjamini‒Hochberg (BH)‒corrected 
P value (FDR-False Discovery Rate) was employed to 
account for the issue of multiple testing. Receiver oper-
ating characteristic (ROC) analysis was performed to 
estimate the diagnostic performance of serum cytokines 
in discriminating MDD patients from healthy controls. 
Pearson’s correlation test was used for correlation anal-
yses. In adherence to convention and to mitigate the 
undue influence of individual data points, outliers (data 
points > 3 SD above or below the mean) were excluded 
from the dataset.

Results
Demographic and clinical characteristics of the 
participants
Table 2 presents a comprehensive overview of the demo-
graphic and clinical attributes of both healthy controls 
and individuals diagnosed with MDD. The current inves-
tigation involved the enrollment of 15 female and 8 male 
participants, in keeping with the established gender 
disparity in MDD incidence [15, 16]. Twenty-three sex-
matched healthy volunteers were included as a control 
group. No statistically significant differences in age or 
body mass index (BMI) were observed between the two 
groups.

Comparison of serum proinflammatory cytokines between 
healthy controls and MDD patients
According to the data presented in Table 3, the concen-
trations of IL-2, IL-6, IL-8, IL-12, TNF-α, and IFN-γ were 
significantly greater in individuals diagnosed with MDD 
than in individuals in the control group. Conversely, no 
statistically significant differences in the levels of IL-1β 
were detected between the two cohorts.

Diagnostic value of different cytokines in discriminating 
patients with MDD from healthy volunteers
The diagnostic efficacy of various cytokines in distin-
guishing patients with MDD from healthy volunteers 
was assessed through the use of ROC curve analysis 
(Fig.  1). The findings revealed that 5 cytokines, namely, 
IL-2, IL-6, IL-8, IL-12, and IFN-γ, exhibited area 
under the curve (AUC) values exceeding 0.7. Nota-
bly, IL-8 demonstrated the most favorable diagnostic 
performance, as evidenced by the highest AUC value 
(AUC = 0.985, sensitivity = 93.8%, specificity = 95.7%), 

Table 2 Demographic characteristics of healthy controls and 
MDD patients
Variables Healthy 

controls
MDD 
patients

t P

Gender (Female/
male)

15/8 15/8

Age 38.91 ± 10.38 39.87 ± 15.80 -0.243 0.810
BMI (kg/m2) 23.95 ± 3.06 22.63 ± 3.83 1.286 0.205

Table 3 Comparison of serum pro-inflammatory cytokines 
between healthy controls and MDD patients
Variables 
(pg/ml)

Healthy 
controls

MDD patients t/Z P

IL-1β 6.39 ± 0.94 7.55 ± 2.49 -1.999 0.057
IL-2 9.82 ± 1.49 29.08 ± 16.96 -5.306 < 0.001
IL-6 1.52 (1.08, 2.05) 4.31 (2.20, 13.77) -3.965 < 0.001
IL-8 26.00 ± 21.29 451.24 ± 383.24 -5.197 < 0.001
IL-12 135.30 ± 55.11 222.54 ± 46.79 -5.788 < 0.001
TNF-α 2.88 ± 0.87 4.50 ± 2.43 -2.881 0.008
IFN-γ 10.36 ± 2.39 15.86 ± 4.08 -5.488 < 0.001
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followed by IL-2 (AUC = 0.951, sensitivity = 87.5%, speci-
ficity = 95.7%) and IL-12 (AUC = 0.910, sensitivity = 93.8%, 
specificity = 78.3%).

Relationships between HAMD-24 scores and baseline 
serum cytokine levels in the MDD group
Pearson correlation tests were utilized to analyze the 
associations between HAMD-24 scores and serum lev-
els of cytokines at baseline in the MDD group (Fig.  2). 
Daytime changes were positively correlated with IL-2 
(r = 0.462, P = 0.030), IL-6 (r = 0.516, P = 0.017), and IL-8 
(r = 0.462, P = 0.030) levels, and there was a positive cor-
relation between cognitive disorder scores and IL-6 levels 
(r = 0.492, P = 0.023).

Effect of duloxetine on the HAMD-24 score in patients with 
MDD
According to the data presented in Table  4, the initial 
HAMD-24 score was 37.74 ± 11.14. After 4 weeks of 
duloxetine administration, a significant reduction in the 
HAMD-24 score was observed, with the score decreasing 
to 12.57 ± 8.76 (t = 13.161, P < 0.001).

Effect of duloxetine on the serum levels of 
proinflammatory cytokines in patients with MDD
After 4 weeks of treatment, the serum levels of IL-8 
(t = 3.605, P = 0.002), IL-12 (t = 2.559, P = 0.018) and IFN-γ 
(t = 3.567, P = 0.002) significantly decreased (Table  5). 
Conversely, no statistically significant differences were 
observed in the levels of other cytokines, including 
IL-1β, IL-2, IL-6, and TNF-α, before and after treatment 
(P > 0.05; Table 5).

Discussion
The current study aimed to examine the impact of dulox-
etine treatment on inflammation at the clinical level 
by investigating the serum levels of 7 proinflamma-
tory cytokines in drug naïve MDD patients before and 
after 4 weeks of treatment. Three primary findings were 
observed. First, the serum levels of IL-2, IL-6, IL-8, IL-12, 
TNF-α, and IFN-γ were significantly greater in MDD 
patients than in healthy controls. Second, the serum lev-
els of IL-2, IL-6, IL-8, IL-12, and IFN-γ exhibit promis-
ing potential as diagnostic biomarkers for distinguishing 
individuals with MDD from healthy volunteers. Third, 

Fig. 1 Utilization of ROC curves for the purpose of distinguishing individuals diagnosed with MDD from healthy volunteers. (A) ROC curve of IL-2; (B) ROC 
curve of IL-6; (C) ROC curve of IL-8; (D) ROC curve of IL-12; (E) ROC curve of TNF-α; (F) ROC curve of IFN-γ.
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the serum levels of IL-8, IL-12, and IFN-γ decreased sig-
nificantly following duloxetine treatment.

Cytokines are known to exert a significant influence 
on the onset and progression of psychological disorders, 
such as depression. Nevertheless, the precise underly-
ing mechanism remains incompletely elucidated and 
potentially involves the following factors: (1) cytokines 
modulate intracellular metabolic pathways, thereby pro-
moting oxidative stress and neural apoptosis, ultimately 
contributing to the manifestation of depression [17]; (2) 
the integrity of neurotransmitter signaling in the cere-
bral cortex and hippocampus may be compromised by 
cytokines, resulting in an imbalance of neurotransmitters 
and subsequent psychiatric disorders such as depression 
[18]; and (3) the activation of neuroglia by cytokines has 
been recognized as a contributing factor to psychiatric 
disorders [19]. Consequently, investigating the abnormal 
expression profile of cytokines in the peripheral blood of 
individuals with MDD could offer a novel approach to 
understanding the underlying mechanisms of MDD.

Table 4 Effect of duloxetine on the HAMD-24 scores in patients 
with MDD
Variables Before 

treatment
After 
treatment

t P

HAMD-24 scores 37.74 ± 11.14 12.57 ± 8.76 13.161 < 0.001

Table 5 Effect of duloxetine on the serum levels of pro-
inflammatory cytokines in patients with MDD
Variables 
(pg/ml)

Before treatment After treatment t/Z P

IL-1β 8.36 ± 3.93 6.96 ± 3.00 1.219 0.237
IL-2 27.43 (15.51, 41.58) 15.51 (13.27, 

28.77)
-1.672 0.095

IL-6 12.13 ± 16.58 7.77 ± 9.22 1.212 0.240
IL-8 398.42 (126.14, 

786.91)
109.96 (82.99, 
250.86)

-2.311 0.021

IL-12 222.89 ± 47.86 183.07 ± 65.95 2.559 0.018
TNF-α 5.33 ± 3.67 5.93 ± 3.58 -0.633 0.534
IFN-γ 16.56 ± 4.95 13.26 ± 4.22 3.567 0.002

Fig. 2 Correlation between HAMD-24 scores and the serum levels of cytokines at baseline in MDD group. ×: no significance
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The present study revealed an increase in the levels of 
six proinflammatory cytokines (IL-2, IL-6, IL-8, IL-12, 
TNF-α, and IFN-γ) in the serum of individuals diagnosed 
with MDD. Consistent with this, a recent systematic 
review and meta-analysis encompassing 23 relevant stud-
ies (consisting of 1,366 MDD patients and 1,342 controls) 
revealed a significant increase in peripheral TNF-α levels 
among depressed individuals compared to controls [20]. 
Moreover, an updated meta-analysis incorporating data 
from 82 studies involving a total of 3,212 participants 
diagnosed with MDD and 2,798 healthy controls revealed 
that individuals with MDD exhibit elevated peripheral 
levels of IL-6, IL-10, IL-12, IL-13, and TNF-α compared 
to their healthy counterparts [21]. Furthermore, addi-
tional investigations have shown increased blood levels of 
IL-1β [22], IL-2 [23], and IL-8 [24] in individuals suffer-
ing from depression. These findings contribute valuable 
data and expand the range of potential serum cytokine-
based biomarkers than can be used for an accurate diag-
nosis of depression.

The HAMD-24 scale includes 24 items, dividing 
depressive symptoms into 7 categories of factors: anxiety/
somatization, weight loss, cognitive disorders, daytime 
changes, block, sleep disorders, and feelings of hope-
lessness. In the present study, the relationship between 
HAMD-24 scores (total score and scores for 7 factors) 
and the serum levels of cytokines at baseline in the MDD 
group was investigated. In the present study, the daytime 
changes in the HAMD-24 score were positively related to 
the IL-2, IL-6, and IL-8 levels. Moreover, cognitive dis-
order scores were positively related to IL-6 levels. The 
precise mechanism underlying the correlation between 
various core symptoms of depression and distinct proin-
flammatory factors remains unclear, necessitating addi-
tional research to elucidate this relationship.

Further investigation was conducted to explore the 
potential diagnostic value of these aberrant cytokines 
in MDD. According to conventional standards, an AUC 
greater than 0.7 in a ROC analysis is deemed acceptable 
for clinical application. A comprehensive set of five cyto-
kines, namely, IL-2, IL-6, IL-8, IL-12, and IFN-γ, satisfy 
the aforementioned condition. Among these factors, 
IL-2, IL-8, and IL-12 exhibit comparable discriminatory 
capacity (AUC exceeding 0.9) in distinguishing individu-
als with MDD from their healthy counterparts. IL-8 dem-
onstrated the most favorable diagnostic performance. 
IL-8 serves as a crucial inflammatory mediator that is 
synthesized in various tissues following exposure to 
inflammatory cytokines. Upon secretion, it attracts lym-
phocytes and stimulates neutrophil granulocytes, leading 
to the autocrine production of IL-8 and thereby intensi-
fying the inflammatory response. Compared with other 
cytokines, IL-8 exhibits a relatively slow degradation rate, 
allowing it to persist in its active form for an extended 

period within the immediate cellular environment. This 
characteristic facilitates its use in research studies in 
comparison to other interleukins [25]. Recent evidence 
has indicated a correlation between IL-8 and MDD. In a 
study involving a cohort of 1037 elderly individuals from 
the community who were evaluated at baseline and after 
a 2-year period, it was observed that elevated serum IL-8 
levels were linked to depressive symptoms both at the 
initial assessment and at the follow-up evaluation [26]. 
Similarly, in another study involving 732 elderly indi-
viduals in Korea, depression at the initial assessment was 
significantly correlated with elevated serum IL-8 levels. 
Furthermore, the onset of depression during the 2-year 
follow-up period was significantly linked to an increase 
in IL-8 levels [27]. In a small-scale meta-analysis involv-
ing two studies with a total of 38 patients diagnosed with 
MDD and 114 healthy controls, it was found that cere-
brospinal fluid (CSF) levels of IL-8 were significantly 
greater in MDD patients than in controls [28]. Shelton 
et al. conducted a postmortem examination of the brains 
of individuals with depression, revealing elevated gene 
expression of IL-8 in the frontal cortex [29]. Collectively, 
these findings indicate a strong correlation between IL-8 
and MDD, indicating its potential utility as a biomarker 
for the identification of depression.

The anti-inflammatory properties of antidepressant 
medications have been extensively demonstrated in vari-
ous studies. Specifically, tricyclic antidepressants such 
as citalopram, clomipramine, and imipramine have been 
found to suppress the secretion of the proinflammatory 
cytokines IL-6, IL-1β, and TNF-α in human monocytes 
[30]. The effects of fluoxetine, the most commonly pre-
scribed antidepressant in clinical practice, are also attrib-
uted to its anti-inflammatory mechanisms. Studies have 
demonstrated that fluoxetine treatment leads to a signif-
icant decrease in the levels of IFN-γ and TNF-α and in 
the IFN-γ/IL-10 ratio in the blood of healthy individuals 
[31]. Additionally, several studies have demonstrated the 
anti-inflammatory effects of ketamine. For instance, one 
study revealed that ketamine infusion led to a decrease 
in serum TNF-α levels in patients with treatment-resis-
tant MDD [32]. Another study showed that ketamine was 
effective in reducing serum IL-6 levels in individuals with 
MDD [33]. More recently, multiple meta-analyses have 
been conducted to investigate the impact of antidepres-
sant treatment on peripheral cytokine levels in serum. A 
meta-analysis comprising 22 studies revealed that treat-
ment with SSRIs resulted in a reduction in proinflam-
matory peripheral levels of IL-1β and IL-6 [34]. Another 
meta-analysis indicated that antidepressant treatment 
decreases peripheral levels of inflammatory cytokines, 
including IL-4, IL-6, and IL-10, in patients with MDD 
[35].
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To date, there is a lack of research examining the lon-
gitudinal impact of duloxetine on different proinflam-
matory cytokines in individuals diagnosed with MDD. 
Several animal studies have investigated the effects of 
duloxetine on various proinflammatory cytokines. For 
example, it has been reported that the administration of 
20 mg/kg duloxetine was able to reduce the increases in 
TNF-α and IL-1β levels in the hippocampal CA1 region 
after 28 days of chronic cerebral hypoperfusion [36]. 
Moreover, duloxetine treatment was found to suppress 
kainic acid-induced elevations in TNF-α and IL-1β levels 
in the hippocampus [37]. In addition, pretreatment with 
duloxetine mitigated the lipopolysaccharide-induced 
increase in TNF-α in mice [38]. The present study 
revealed that 4 weeks of duloxetine treatment decreased 
the levels of IL-8, IL-12, and IFN-γ in MDD patients. 
However, the precise mechanism through which dulox-
etine modulates cytokine levels remains uncertain and 
intricate. The literature has documented the role of cyclic 
adenosyl monophosphate (cAMP), the hypothalamic‒
pituitary‒adrenal (HPA) axis, serotonin metabolism, and 
neurogenesis in the modulation of cytokine function-
ing by antidepressants [39, 40]. For example, it has been 
postulated that cAMP may play a role in mediating the 
antidepressant effects on cytokine levels in vitro. Stud-
ies have demonstrated that the antidepressants imip-
ramine, clomipramine (TCA), and citalopram (SSRI) 
can elevate intracellular cAMP levels [30]. An increase 
in the intracellular cAMP concentration in various cell 
types, including monocytes, macrophages, and microglia, 
results in a reduction in proinflammatory cytokine pro-
duction [30, 41, 42]. In terms of duloxetine, peroxisome 
proliferator-activated receptor gamma (PPARγ), which 
has anti-inflammatory activity, has been proposed to be 
involved in the modulation of cytokine level by dulox-
etine in vivo. It has been reported that IL-6 and TNF-α 
mRNA expression in the brains of prenatally stressed 
mice that underwent duloxetine therapy was decreased 
[43]. Specifically, the study defined the day of sperm 
positivity as gestational Day 0 (GD0), and pregnant dams 
assigned to the prenatal stress group were exposed to 
chronic mild stress from GD4 to GD20. The day of pup 
birth was designated postnatal Day 0 (PND0), and on 
PND60, the offspring were administered either dulox-
etine or vehicle. Injections were administered once daily 
for 21 days. The results showed that the administration 
of duloxetine effectively mitigated the increase in the lev-
els of proinflammatory cytokines in the hippocampus, as 
well as anxiety- and depression-like behaviors, in adult 
offspring exposed to prenatal stress [43]. Further studies 
revealed that duloxetine upregulated the protein expres-
sion of PPARγ in the prefrontal cortex and hippocampus, 
indicating its potential to suppress neuroinflammation 
associated with depression by inhibiting the transcription 

of proinflammatory genes through PPARγ [44, 45]. The 
results of the present study suggest that the antidepres-
sant efficacy of duloxetine in individuals with MDD may 
be attributed, at least in part, to its anti-inflammatory 
properties, particularly in relation to the peripheral lev-
els of IL-8, IL-12, and IFN-γ, but not IL-1β, IL-2, IL-6, 
and TNF-α. Since this was a single-center study and the 
sample size was relatively small, the regulatory effect of 
duloxetine on the levels of these proinflammatory cyto-
kines should be confirmed by multicentric studies. Given 
that this was an observational study, additional research 
is warranted to elucidate the mechanisms through which 
duloxetine exerts varying regulatory effects on these pro-
inflammatory cytokines.

It is known that a period of at least four weeks of 
antidepressant treatment is necessary to ascertain the 
responsiveness of the patient [46]. Consistent with the 
guidelines for the diagnosis and treatment of depres-
sive disorders in China (the second edition), it is recom-
mended that patients adhere to a minimum of 4 weeks 
of antidepressant therapy before the effectiveness of the 
medication is assessed. Additionally, several studies have 
characterized individuals who respond to antidepressant 
treatment as those who exhibit at least a 50% reduction 
in their HAMD total score following 4 weeks of medica-
tion therapy [47–49]. Therefore, a 4-week period of anti-
depressant treatment was selected to assess the impact of 
duloxetine on serum cytokine levels in the present study. 
According to the United States Food and Drug Admin-
istration (FDA) and the guidelines for the diagnosis and 
treatment of depressive disorders in China (the second 
edition), the approved dose range for duloxetine in the 
treatment of MDD is 40–60 mg/day [50–52]. Thus, MDD 
patients who received duloxetine treatment at a dos-
age range of 40–60 mg/day were selected for the present 
study.

There are several noteworthy limitations in the cur-
rent study that warrant attention. First, it is important to 
acknowledge the relatively small sample size of this study, 
which was conducted at a single center. Second, the mea-
surement of serum cytokines was limited to before and 
after the 4-week treatment period, thus failing to capture 
any dynamic changes in cytokine levels during treatment 
or the potential effects of long-term (8–12 weeks) antide-
pressant treatment on cytokine levels. Third, the assess-
ment of serum concentrations of duloxetine was not 
conducted, thereby precluding the ability to examine any 
correlation between duloxetine concentrations and cyto-
kine levels. Fourth, due to a lack of published data and 
preliminary data, we were not able to form a meaningful 
sample size calculation.

In summary, our findings indicate that several proin-
flammatory cytokines, namely, IL-2, IL-6, IL-8, IL-12, 
and IFN-γ, have potential as diagnostic biomarkers for 
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distinguishing patients with MD from healthy individu-
als. Additionally, our results demonstrate that a 4-week 
treatment with duloxetine can effectively reduce the ele-
vated levels of IL-8, IL-12, and IFN-γ in MDD patients. 
These findings provide further evidence supporting 
the hypothesis that inflammation may play a role in the 
development of depression and suggest that the anti-
inflammatory properties of antidepressants may contrib-
ute to their therapeutic effects in MDD patients.
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