
100

ORIGINAL RESEARCH
DOI: 10.17944/interdiscip.1687684
Interdiscip Med J 2025;16(55):100-108

Corresponding Author: Dr. Erkan Maytalman, Alanya Alaaddin Keykubat University Faculty of Medicine, Department of Medical Pharmacology, Antalya, Türkiye
Email: erkanmaytalman@gmail.com
ORCID iD: 0000-0001-5284-7439

Cite this article: Maytalman E, Kıroğlu O, Berktaş F, Nemutlu Samur D, Aksu F. I Metamizole modulates the concentrations of cytokines and hematopoietic growth factors in an 
experimental model of depression. Interdiscip Med J. 2025;16(555):100-108. https://doi.org/10.17944/interdiscip.1687684

Received: Apr 30, 2025 
Accepted: Jul 2, 2025

Metamizole modulates the concentrations of cytokines and 
hematopoietic growth factors in an experimental model of depression

   Erkan Maytalman1,  Olcay Kıroğlu2,  Fatih Berktaş3,  Dilara Nemutlu Samur1,  Fazilet Aksu4

1Alanya Alaaddin Keykubat University Faculty of Medicine, Department of Medical Pharmacology, Antalya, Türkiye
2Çukurova University Faculty of Medicine, Department of Medical Pharmacology, Adana, Türkiye
3Aksaray University Faculty of Medicine, Department of Medical Pharmacology, Aksaray, Türkiye
4Near East University Faculty of Medicine, Department of Medical Pharmacology. DESAM Research Institute, Turkish Republic of Northern Cyprus

Abstract
Objective: In recent years, evidence of antidepressant-like activity of non-steroidal anti-inflammatory drugs has been presented. 
Furthermore, associations between cytokines, which are important components of the immune system, as well as hematopoietic growth 
factors and depression have also been demonstrated. In this study, it was aimed to analyze the effect of metamizole on the expression 
of cytokines and hematopoietic growth factors in mice exposed to unpredictable stress models.
Method: In order to develop chronic depression behaviors, an unpredictable chronic mild stress model was applied to mice. The 
depression group was not given any drug and other groups were given 100 and 200 mg/kg metamizole. Forced swimming test was 
performed to evaluate the effect of metamizole against depression. Relative concentrations of interleukin-1 alpha (IL-1α), IL-1 beta (IL-
1-ß), IL-2, IL-4, IL-6, IL-10, IL-12, IL-17, Interferon gamma (IFN-γ)-, tumor necrosis factor-alpha (TNF-α), Granulocyte-colony-stimulating 
factor (G-CSF), and Granulocyte-macrophage colony-stimulating factor (GM-CSF) were analyzed in serum samples of animals with semi-
quantitative ELISA.
Results: In the forced swimming test, the immobility time of the depression group significantly increased compared to the control group. 
The immobility time of groups treated with metamizole significantly decreased compared to the depression group and approached the 
control. Significant decreases were observed in the relative concentration levels of cytokines and hematopoietic growth factors in the 
groups treated with 100 and/or 200 mg/kg metamizole compared to the depression group except for IL-1α, IL-4, and IL-10.
Conclusion: Evidence showing the contribution of COX enzymes to the pathophysiology of depression is increasing. In this context, 
the results indicate that metamizole, which can inhibit both isoforms of COX, may cause changes in cytokine levels and hematopoietic 
growth factors in a depression model. However, more controlled clinical studies are needed.
Keywords: Metamizole, depression, non-steroidal anti-inflammatory drugs, cytokines, hematopoietic growth factors

INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs) 

block arachidonic acid metabolism by inhibiting the 
cyclooxygenase (COX) enzyme. They inhibit COX-1 and COX-
2 at different levels depending on their chemical structures. 
This inhibition prevents the production of prostanoids, 
which contributes to inflammation and also mediates their 

analgesic and antipyretic effects (1). Metamizole is a widely 
used NSAID with potent analgesic and antipyretic properties. 
It blocks prostaglandin biosynthesis in the spinal cord by 
inhibiting both cyclooxygenase isoforms (COX-1 and COX-2) 
and shows analgesic effects. Due to adverse effects such as 
agranulocytosis, its clinical use has been restricted in certain 
countries (2,3). There is evidence suggesting that frequently 
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used NSAIDs exert effects beyond their classical roles in pain 
and inflammation. For instance, NSAIDs have been shown 
to modulate the tumor microenvironment and cellular 
proliferation by enhancing chemosensitivity and apoptosis 
and reducing cell migration (4). In addition, several studies 
have reported that NSAIDs may alter the expression of 
neuronal factors and hormones in various cell types (5). More 
recently, NSAIDs have been associated with antidepressant-
like effects in experimental models of depression (6–9). 
Furthermore, systematic reviews suggest that NSAIDs may 
exert such effects in patients diagnosed with major depressive 
disorder (MDD) and are considered reasonably safe in this 
context (10,11).  

Cytokines are protein molecules produced by immune 
system cells that enable communication between cells 
and regulate immune responses. However, excessive 
or unregulated production of cytokines can lead to 
the development of immune system diseases such as 
autoimmune diseases. In particular, interleukins [(interleukin 
(IL)-1, IL-3, IL-4, IL-6, IL-10, IL-12)], interferons [(interferon-
alpha (IFN-α), interferon-gamma (IFN-γ)], and tumor necrosis 
factor-alpha (TNF-α) play an important role in this process. 
These molecules contribute to disease pathogenesis by 
triggering mechanisms such as excessive inflammation, loss 
of autoimmune tolerance, changes in T cell differentiation, 
and attraction of inflammatory cells to the tissue (12). The 
relationship between cytokines and behavior has long been 
of interest as well. It has been demonstrated that TNF-α and 
IL-1 can cause the alteration of sexual behavior (13), and that 
IFN-α may induce depressive-like behaviors, which can be 
mitigated by NSAID treatment (14). Similarly, administration 
of IL-1 has been found to trigger behavioral changes through 
both COX-1 and COX-2 pathways (15). Depression itself may 
alter immunological parameters, and the therapeutic effects 
of selective serotonin reuptake inhibitors (SSRIs) and serotonin 
and norepinephrine reuptake inhibitors (SNRIs) have been 
partially attributed to their limited anti-inflammatory actions 
(16). Notably, inflammatory mediators such as C-reactive 
protein, TNF, IL-1, IL-6, and PGE-2 have been implicated in 
the pathophysiology of depression and in the mechanisms 
of antidepressant therapies (17). However, data on the role 
of metamizole, which affects both COX isoforms within the 
context of depression-related inflammation, remain scarce. 
Moreover, proinflammatory cytokines have been mostly 
investigated in these studies. Depression is a heterogeneous 
psychopathological condition characterized by impaired 
mood regulation, slowed cognitive functions, and dysfunction 
in autonomic and neuroendocrine systems, resulting from the 
interaction of genetic predisposition, environmental stressors, 
neuroinflammation, and neurotransmitter imbalances 
(18). Many stress factors can trigger the development of 

depression. In the Unpredictable Chronic Mild Stress Model, 
depression development is induced in rodents by exposure 
to multifaceted stress factors (19, 20). However, even a single 
factor in daily life, such as hearing loss, can be a stress 
factor in the development of depression (21). Designing 
multifaceted studies on depression will contribute more to 
the understanding of the disease.

Hematopoietic growth factors are polypeptide signaling 
molecules that regulate the proliferation, differentiation, 
survival, and functional maturation of hematopoietic stem 
and progenitor cells in the bone marrow. These factors 
ensure homeostasis of hematopoiesis and its adaptation 
to stress conditions. Among the hematopoietic growth 
factors, granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony-stimulating factor (GM-CSF), 
and erythropoietin (EPO) are the most important. These 
molecules bind to their specific receptors on target cells, 
activate intracellular signaling pathways, and thus regulate 
the life cycle of hematopoietic cells (22).

In this study, it was aimed to semi-quantitatively investigate 
the effects of metamizole on both proinflammatory and anti-
inflammatory cytokine concentrations in a depression model 
induced by unpredictable stress. Additionally, we examined 
the impact of metamizole on hematopoietic growth factors. 

METHOD

Animals and experimental groups
The experiments were conducted using male Swiss Albi-

no mice (n = 9 per group, weighing 20–25 g), obtained from 
the Çukurova University Health Sciences Experimental Appli-
cation and Research Center. For environmental adaptation, 
the animals were maintained for one week under a 12-hour 
light/dark cycle at a constant temperature of 24 ± 1°C, with 
ad libitum access to food and water. The study protocol was 
approved by the local ethics committee for animal experi-
ments of Çukurova University. Control animals were housed 
in a separate room in groups of three per cage and were not 
exposed to any stress factors throughout the experiment. In 
the depression group, mice were housed individually and 
subjected to a regimen of unpredictable stressors. Two addi-
tional groups were formed to assess the effects of metamizole 
at doses of 100 mg/kg and 200 mg/kg in stressed animals. 
The drug was administered to the depression + metamizole 
groups in the second week. These mice received daily intra-
peritoneal (i.p.) injections of metamizole (Sigma, Germany), 
dissolved in 0.9% saline, at a fixed time each day for five 
consecutive weeks, with doses adjusted according to body 
weight. At the end of the experiments, blood samples were 
collected from all animals for further analysis.
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Unpredictable chronic mild stress model
Mice subjected to the unpredictable chronic mild stress 

(UCMS) paradigm exhibit neurobehavioral alterations that 
resemble the symptoms of chronic depression observed in 
humans. The UCMS model employed in this study was adapt-
ed from the protocols designed for rodents. This model con-
sists of repeated exposure to mild physical and psychologi-
cal stressors (19,20). According to the protocol, animals were 
exposed to various stressors over a six-week period. These 
included, multiple times per day: exposure to unfamiliar 
objects (e.g., stones), placement in damp bedding, frequent 
changes of bedding, temporary housing in cages without 
bedding, brief confinement in cages with a shallow layer of 
water, cage switching, tilting of cages at a 45° angle (3 to 12 
h), exposure to predator sounds for 15 minutes, reversal of 
the light/dark cycle, and brief illumination during the dark 
phase.

Forced swimming test
The forced swimming test was originally developed by 

Porsolt and colleagues to evaluate the efficacy of compounds 
against depression (23). According to the protocol, animals 
were individually placed in a tank filled with water main-
tained at 23 ± 2 °C for a duration of six minutes. A decrease 
in immobility time is considered indicative of an antidepres-
sant-like effect. During the 6-minute testing period, agitation 
and immobility durations were recorded. Data from the first 2 
minutes were excluded from the analysis to avoid bias due to 
initial escape-oriented behavior. Mobility was assessed during 
the final 4 minutes, and immobility time was calculated by 
subtracting the mobile time from 240 seconds.

ELISA analysis of cytokines and hematopoietic growth 
factors

Serum samples were obtained by centrifuging the blood 
collected from the animals and stored at –40°C until the day 
of analysis. The samples were analyzed using a Multi-Analyte 
ELISA assay kit (Qiagen, Germany) according to the manufac-
turer’s instructions. Each sample and the standards in the kit 
were studied in duplicate. In order to minimize manipulation 
errors, the experiment was repeated for samples that gave 
incompatible results. Following the incubation steps, absor-
bance values were measured using a multimode microplate 
reader (BioTek Synergy H1, USA). The absorbance data were 
normalized based on the values obtained from the positive 
and negative controls. The values from the control group 
were set to 1, and all other sample values were calculated 
relative to this baseline. The results were expressed as relative 
concentration coefficients.

Statistical analysis

In the forced swimming test, the data (time) obtained from 
the groups were directly compared. The absorbance values 

obtained by semi-quantitative ELISA were transformed to 1 for 
the control group. Using this data, the relative concentration 
values as fold change corresponding to the absorbance values 
of the other groups were obtained. The results obtained by 
statistical analysis were analyzed with the GraphPad Prism 
version 9.0.0 program and shown as mean ± SD. Data dis-
tributions were tested for normality using the Shapiro-Wilk 
test. Kruskal-Wallis and then Dunn’s multiple comparison 
post-hoc test were used in the analysis of the obtained data. 
p-value less than 0.05 was accepted as significant.

RESULTS
Forced swimming test
In the forced swimming test, performed to evaluate de-

pressive and antidepressant-like effects, the immobility time 
in the depression group (196.9±10.13 sec) was significantly 
increased compared to the control group (124.0±6.29 sec; 
p < 0.0001). This increase observed in the depression group 
was significantly reduced in the groups treated with metam-
izole at doses of 100 mg/kg (145.2±10.20 sec; p = 0.0391) 
and 200 mg/kg (144.2±8.87 sec; p=0.0297). No significant 
differences were observed between the treatment groups and 
the control group (Figure 1).

Figure 1. Immobility time in control, depression and metamizole-treated depression groups 
during UCMS on forced swimming test. Data are shown as mean ± SD. Kruskal Wallis and 
Dunn's multiple comparison.  *p<0.05, ****p<0.0001, C: Control, D: Depression, DM1: 
Depression Metamizol 100 mg/kg, DM2: Depression Metamizol 200 mg/kg

ELISA analysis of cytokines and hematopoietic growth 
factors

The results of the semi-quantitative ELISA analysis, ex-
pressed as relative interleukin concentrations (mean±SD), are 
presented in Table 1. According to the findings, no significant 
difference was detected in IL-1α concentrations among the 
groups. However, IL-1ß levels were elevated in the depression 
group compared to the control group. Notably, metamizole 
treatment, particularly at the 200 mg/kg dose, led to a signifi-
cant reduction in IL-1ß levels. IL-2, a cytokine associated with 
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Table 1. The relative fold change data of interleukins con-
centrations in control, depression (stressed) and metamizole 
treated groups

Relative concentrations of inteleukines (Fold change)

Interleukins

Groups

p-values
Control Depression

Depression  
Metamizol 
100 mg/kg

Depression  
Metamizol 
200 mg/kg

Interleukin-1α 1±0.18 0.98±0.16 0.95±0.17 0.98±0.21 ns

Interleukin-1ß 1±0.09 1.38±0.1 1.23±0.15 0.95±0.13

***p=0.0009,
D vs. C 
***p=0.0001, 
DM2 vs. D 
*p=0.0259      
DM2 vs. DM1

Interleukin-2 1±0.07 0.95±0.07 0.96±0.08 0.78±0.09

***p=0.0004      
DM2 vs. C 
*p=0.017        
DM2 vs. D 
**p=0.009        
DM2 vs. DM1

Interleukin-4 1±0.09 0.92±0.08 0.92 ± 0.09 0.81 ± 0.12
**p=0.0056      
DM2 vs. C

Interleukin-6 1±0.09 1.44±0.11 0.64±0.14 0.58 ± 0.12

*p=0.013        
DM2 vs. C
***p=0.0003    
DM1 vs. D 
****p<0.0001    
DM2 vs. D

Interleukin-10 1±0.09 0.97±0.12 0.95±0.11 0.79±0.18 ns

Interleukin-12 1±0.11 1.16±0.16 1.15±0.12 0.74±0.14

***p=0.0004      
DM2 vs. D 
***p=0.0008      
DM2 vs. DM1

Interleukin-17 1±0.13 1.14±0.21 1.14±0.14 0.78±0.17

  **p=0.0073      
DM2 vs. D 
  **p=0.0034      
DM2 vs. DM1

Kruskal Wallis and Dunn’s multiple comparison. Data are shown as mean±SD. C: Control; D: 
Depression; DM1: Depression Metamizol 100 mg/kg; DM2: Depression Metamizol 200 mg/kg

T cell activation, remained unchanged in the control, depres-
sion, and 100 mg/kg treatment groups, but showed a marked 
decrease in the 200 mg/kg metamizole group compared to 
all other groups. For the anti-inflammatory cytokine IL-4, 
a significant reduction was observed only in the 200 mg/
kg metamizole group compared to the control group. IL-6, 
which may produce different immunological responses, was 
decreased in both 100 mg/kg and 200 mg/kg groups com-
pared to the depression group. Moreover, IL-6 levels were 
also significantly reduced in the 200 mg/kg group compared 
to the control.

Although IL-10 concentrations, another anti-inflammato-
ry cytokine, remained unchanged across groups, IL-12 levels 

were significantly reduced in the 200 mg/kg group compared 
to both the depression and 100 mg/kg groups. A similar result 
was obtained for IL-17.

Table 2 presents the cytokine results from the ELISA analy-
ses as mean±SD. In this study, although IFN-γ concentrations 
were elevated in the depression group, no statistically sig-
nificant increase was observed for TNF-α. However, for both 
cytokines, the concentrations were reduced in the 200 mg/
kg metamizole group compared to the depression group and 
the 100 mg/kg metamizole group.

Table 2. The relative fold change data of cytokines concen-
trations in control, depression (stressed), and metamizole 
treated groups

Relative concentrations of cytokines (Fold change)

Cytokines

Groups

p-values
Control Depression

Depression  
Metamizol 
100 mg/kg

Depression  
Metamizol 
200 mg/kg

IFN-γ 1±0.1 1.41±0.28 1.37±0.22 0.88±0.31
*p=0.0343, D vs. C 
**p=0.0053, DM2 vs. D 
**p=0.0086, DM2 vs. DM1

TNF-α 1±0.12 1.06±0.19 1.04±0.1 0.73±0.2
 *p=0.0267, DM2 vs. D 
 *p=0.018, DM2 vs. DM1

Kruskal Wallis and Dunn’s multiple comparison. Data are shown as Mean±SD; IFN-γ-: Inter-
feron gamma; TNF-α: Tumor necrosis factor alpha; C: Control; D: Depression; DM1: Depression 
Metamizol 100 mg/kg; DM2: Depression Metamizol 200 mg/kg

Table 3. The relative fold change data of hematopoietic growth 
factors concentrations in control, depression (stressed), and 
metamizole treated groups

Relative concentrations of hematopoietic growth factors (Fold change)

Hematopoietic growth 
factors

Groups

p-values
Control Depression

Depression  
Metamizol 
100 mg/kg

Depression  
Metamizol 
200 mg/kg

Granulocyte-Colony 
Stimulating Factor 1±0.22 1.42±0.23 0.88 ± 0.15 0.85±0.15

*p=0.0342        
D vs. C 
**p=0.0023      
DM1 vs. D 
**p=0.0015      
DM2 vs. D

Granulocyte 
Macrophage-Colony 
Stimulating Factor 

1±0.09 1.23±0.24 1.10±0.20 0.84±0.09

***p=0.001        
DM2 vs. D 
*p=0.0392      
DM2 vs. 
DM1

Kruskal Wallis and Dunn’s multiple comparison. Data are shown as mean ± SD. C: Control, D: 
Depression, DM1: Depression Metamizol 100 mg/kg, DM2: Depression Metamizol 200 mg/kg

The data for hematopoietic growth factors are presented 
in Table 3. In mice exposed to depression, G-CSF concentra-
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tions were elevated, whereas the increase in GM-CSF levels 
did not reach statistical significance. However, G-CSF levels 
were significantly reduced in the 100 mg/kg and 200 mg/kg 
metamizole treatment groups compared to the depression 
group. For GM-CSF, a significant reduction was observed in 
the 200 mg/kg group compared to both the 100 mg/kg and 
depression groups. Findings of this study suggest that depres-
sion may alter the concentrations of cytokines and hemato-
poietic growth factors, and that metamizole treatment may 
attenuate these changes.

DISCUSSION
Immune activation and cytokines may contribute to the 

development of depressive disorders by inducing structural 
and functional changes within the central nervous system 
(24,25). There is evidence that IFN-γ and IL-2, which are used 
in the treatment of cancer and viral diseases, can induce de-
pressive symptoms. The prevalence of MDD associated with 
IFN-γ has been reported to range from 10% to 40%. IL-1ß and 
TNF-α are known to increase Ca²+ influx through NMDA and 
alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
(AMPA) receptors, contributing to neuronal death. Interest-
ingly, decreased plasma levels of TNF-α and IL-6 have been 
associated with poor response to antidepressant treatment 
(24). Psychological stress and various disease states can ac-
tivate the immune system, leading to elevated levels of IL-
1α, IL-1ß, IL-6, TNF-α, IL-17, and other cytokines, which may 
contribute to inflammation-associated depression. Non-im-
munological peripheral stimuli can also trigger cytokine re-
lease within the brain. In the CNS, cytokines are produced by 
neurons, microglia, and astrocytes. Additionally, peripheral 
cytokines can cause triggering and can cross the blood-brain 
barrier via monocyte migration, leakage, or active transport 
mechanisms, despite their large molecular size (25). Studies 
indicate that inflammatory cytokines may activate the hypo-
thalamic–pituitary–adrenal (HPA) axis via excessive cortisol 
release, playing a significant role in the pathophysiology of 
depression (26,27). Furthermore, proinflammatory cyto-
kines may induce the enzyme indoleamine 2,3-dioxygenase, 
which converts the source of serotonin, tryptophan, into 
kynurenine. Quinolinic acid, the bioactive metabolite from 
the kynurenine pathway, is an NMDA receptor agonist that 
contributes to depression and is potentially neurotoxic (27). 
These findings support that depression may be related to the 
cytokine-inflammation or cause the inflammation. The in-
flammation suggests the contribution of COX enzymes to the 
pathophysiology of depression and how their inhibitors affect 
stress-induced cytokine changes.

Some studies have investigated COX expression in de-
pressive states. In rodents exposed to UCMS, cortical COX-2 

overexpression has been associated with depressive behav-
ior, accompanied by enhanced activation of the PGE2–EP2/
EP3 pathway and reduced cAMP/PKA/CREB/BDNF signaling 
(28). In another study, depressive-like behavior induced by 
lipopolysaccharide (LPS) and mediated by prostaglandins was 
reversed by nimesulide and indomethacin. Although some 
findings suggest a predominant role for COX-2, the efficacy 
of indomethacin, which has a higher affinity to COX-1, points 
to the involvement of both COX isoforms (29). Metamizole, 
which was used in this study, can inhibit both COX-1 and COX-
2, and it has not been previously used to detect the levels of 
cytokines and hematopoietic growth factors in a depression 
model. While most prior studies have focused on COX–2–selec-
tive inhibitors, reports show that a single dose of celecoxib or 
indomethacin ameliorated depressive-like behavior in mice 
treated with IFN-α. Ibuprofen exerted antidepressant-like ef-
fects only when co-administered with IFN-α, indicating that 
there may be differences in the effect-to-administration for 
NSAIDs (30). In the model applied in this study, metamizole 
was administered daily for five weeks, beginning one week 
after the onset of stress exposure, thereby simulating chronic 
treatment.

Beyond stress models, NSAIDs have also been studied in 
cancer-related depression. Ibuprofen improved the depres-
sive-like behavior assessed by the forced swimming test in 
mice with adenocarcinoma, reduced cancer-related inflam-
mation, and lowered plasma IL-6 concentrations. In addi-
tion, IL-1ß and IL-6 mRNA expressions in hippocampal tissue 
was reduced compared to tumor groups (31). In psoriasis, a 
chronic inflammatory disease, monitoring and potentially 
preventing anxiety and depression may be possible with the 
measurement of proinflammatory cytokine levels. Keenan et 
al. (32) detected the serum levels of TNF-α, IL-1ß, IL-6, IL-12, 
IL-17A, and IL-23 in patients with psoriasis and noted that 
increases in TNF-α, IL-17A, and IL-23 were associated with 
depressive symptoms. In this study, both pro- and anti-in-
flammatory cytokines (10 in total), as well as hematopoietic 
growth factors, were quantified as relative concentration co-
efficients. Compared to the non-stressed control group, the 
depression group showed significant increases only in IL-1ß 
and IFN-γ concentrations. Conversely, in mice treated with 
metamizole, IL-1ß, IL-2, IL-6, IL-12, IL-17, IFN-γ, and TNF-α 
levels were all reduced compared to the depression group. 
These results suggest that the development of depression 
may be modulated by the cytokine-inflammation axis and 
that the observed changes are more strongly associated with 
proinflammatory rather than anti-inflammatory cytokines.

Based on the existing data, recent systematic reviews and 
meta-analyses have begun to explore the therapeutic po-
tential of anti-inflammatory treatments in MDD. Although 
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NSAIDs may offer clinical benefits, current evidence is not yet 
sufficient to support their widespread use in depression treat-
ment, and further research is warranted. These reviews also 
suggest that cytokine inhibitors may be beneficial, although 
concerns remain regarding infection risk and overall safety 
(33–35).

Hematopoietic growth factors are widely used to mobilize 
stem cells into peripheral blood during bone marrow trans-
plantation. G-CSF and GM-CSF are also employed in the treat-
ment of metamizole-induced agranulocytosis (36,37). In he-
matopoietic progenitor cell cultures, G-CSF has been shown 
to markedly enhance PGE2 production via ß-adrenergic re-
ceptor signaling (38). PGE2 is considered one of the media-
tors involved in the development of depression (17,28). In a 
murine model of casein-induced peritonitis, PGE2 was found 
to stimulate G-CSF production via the prostanoid EP2 recep-
tor, and this effect was reversed by indomethacin (39). Addi-
tionally, adolescents with MDD have been reported to have 
elevated concentrations of G-CSF and GM-CSF compared to 
healthy controls. In the same study, levels of VEGF, FGF, IL-7, 
IL-9, and IL-17A were also elevated, while a 4-week fluoxetine 
treatment reduced cytokine as well as G-CSF and GM-CSF con-
centrations (40). 

Some evidence suggests that the COX-2 inhibitor meloxi-
cam has a regulatory effect on hematopoiesis and survival 
in mice exposed to radiation. This effect of meloxicam may 
be indirect and may be due to its interaction with cells that 
produce hematopoietic growth factors and its promotion of 
G-CSF production (41). However, some studies show that PGE2 
has a stimulatory effect on the contrary (38). In the present 
study, G-CSF levels were also found to be increased in the un-
treated depression group. These results probably indicate that 
NSAIDs may cause different results depending on the clinical 
condition and type.

In addition to the hematopoietic system, G-CSF, GM-CSF, 
macrophage colony stimulating factor (also known as colony 
stimulating factor 1) (CSF-1) and cytokines also have target 
cells in the nervous system. CSF-1 plays a role in the macro-
phage differentiation of hematopoietic stem cells. In addi-
tion, it has been found to be active in the nervous system. 
The molecule has regulatory effects on microglia and in par-
ticular, the deficiency of its receptor (CSF-1R) has been shown 
to be associated with neurological diseases. It has been re-
vealed that the receptor expression is reduced in the spleens 
of patients with MDD but not in the central nervous system, 
and that CSF-1 mRNA expression is upregulated in the dorsal 
medial prefrontal cortex. A similar study conducted with mice 
exposed to chronic unpredictable stress also showed that 
stress increases CSF-1 expression in the dorsal medial prefron-

tal cortex and induces activation of the CSF-1R pathway (42). 
This study also showed that the expression of hematopoietic 
factors changes under stress conditions. This evidence shows 
that the development of depression is not only dependent on 
neurological factors, but also multiple factors such as growth 
factors and cytokines play an active role.

SSRIs and SNRIs, including fluoxetine, are first-line treat-
ments for depression and may exert part of their therapeutic 
effect through anti-inflammatory mechanisms (16). In male 
mice exposed to stress, fluoxetine reduced IFN-γ mRNA ex-
pression, which is an important factor in depression (43). Sim-
ilarly, sertraline has been shown to decrease IL-1ß and TNF-α 
mRNA levels (44). In this study, stress exposure significantly 
increased G-CSF concentrations, while GM-CSF elevation did 
not reach statistical significance. Notably, metamizole ad-
ministration led to reductions in these elevated growth factor 
levels. Particularly, the observed changes in proinflammatory 
cytokines support the involvement of the COX pathway in the 
pathophysiology of depression.

Limitations of the Study

Ten cytokines and two hematapoietic growth factors were 
analyzed in the study. In addition, studying cortisol levels, 
which are a marker of stress, was also among the goals, but it 
was abandoned due to evaluation in terms of the amount of 
serum sample obtained. Instead, a forced swimming test was 
performed in mice to evaluate the antidepressant-like effect 
of metamizole. Semi-quantitative ELISA was preferred both 
because of the insufficient amount of serum and because it 
allowed the study to be performed with a single kit.

CONCLUSION
The results present proinflammatory and anti-inflamma-

tory cytokines together in a single study of the depression 
model and additionally demonstrate findings showing the re-
lationship of hematopoietic growth factors. The study differs 
from similar studies because it also evaluated hematopoietic 
factors. The results indicate that metamizole may reduce the 
production of cytokines that are more effective in proinflam-
matory mechanisms. In addition, the levels of hematopoiet-
ic factors that increase under the influence of stress factors 
may also decrease with the use of metamizole. Therefore, it 
has become clear that the stress-hematopoiesis-cytokine rela-
tionship should be investigated within this framework. When 
considered together with existing data on SSRIs and SNRIs, 
the results suggest that NSAIDs such as metamizole may have 
therapeutic potential in the treatment of depression. Further 
clinical studies are needed to clarify and confirm the role of 
NSAIDs in this context.



Interdiscip Med J 2025;16(55):100-108 106 Maytalman E, Kıroğlu O, Berktaş F, Nemutlu Samur D, Aksu F. 

ACKNOWLEDGMENT

Peer-Review: Both externally and internally peer reviewed.

Conflict of Interest: The authors declare that they have no 
conflict of interests regarding content of this article.

Financial Support: This study was funded by Çukurova 
University Scientific Research Projects Coordinatorship with 
the project number TSA-2016-5856. 

Ethical Declaration: Ethical permission was obtained from 
the Çukurova University Animal Experiments Local Ethics 
Committee for this study with date 18/01/2016 and number 
3, and International Guiding Principles for Biomedical 
Research involving Animals and Guide for the Use and Care 
of Laboratory Animals were followed to conduct this study.

Authorship Contribution: Concept: EM, OK, FA, Design: EM, 
OK, FA, Supervising: EM, FA, Financing and equipment: FA, 
EM, OK, FB, Data collection and entry: EM, OK, FB, DNS, FA,  
Analysis and interpretation: EM, OK, FB, DNS, FA, Literature 
search: EM, OK, FB, DNS, FA, Writing: EM, FB, DNS, Critical 
review: OK, FB.

REFERENCES
1.	 Khalil NA, Ahmed EM, Tharwat T, Mahmoud Z. NSAIDs 

between past and present; a long journey towards an 
ideal COX-2 inhibitor lead. RSC Adv. 2024;14(42):30647-
61. https://doi.org/10.1039/d4ra04686b 

2.	 Eleutério OHP, Veronezi RN, Martinez-Sobalvarro 
JV, Marrafon DAFO, Eleutério LP, Rascado RR, et al. 
Safety of metamizole (dipyrone) for the treatment 
of mild to moderate pain-an overview of system-
atic reviews. Naunyn Schmiedebergs Arch Pharma-
col. 2024;397(11):8515-25. https://doi.org/10.1007/
s00210-024-03240-2  

3.	 Tomidis Chatzimanouil MK, Goppelt I, Zeissig Y, Sachs 
UJ, Laass MW. Metamizole-induced agranulocytosis 
(MIA): a mini review. Mol Cell Pediatr. 2023;10(1):6. 
https://doi.org/10.1186/s40348-023-00160-8  

4.	 Kassab AE, Gedawy EM. Recent Advancements in Re-
fashioning of NSAIDs and their Derivatives as Antican-
cer Candidates. Curr Pharm Des. 2024;30(16):1217-39. 
https://doi.org/10.2174/011381612830423024032704
4201  

5.	 Maytalman E, Nemutlu Samur D. Neuroendocrine 
modulation by metamizole and indomethacin: inves-
tigating the impact on neuronal markers and GnRH 
release. Endocrine. 2024;85(3):1327-36. https://doi.
org/10.1007/s12020-024-03822-3  

6.	 Alberfkani N, Naser A. The antidepressant effica-
cy of flurbiprofen in mice: Behavioural assessment. 
J Adv VetBio Sci Tech. 2024;9(1):59-64. https://doi.

org/10.31797/vetbio.1383152 
7.	 Mesripour A, Shahnoosh G. Antidepressant Effects of 

NSAIDs in Rodent Models of Depression-A Systemat-
ic Review. Front Pharmacol. 2022;13:909981. https://
doi.org/10.3389/fphar.2022.909981  

8.	 Topuz RD, Gündüz Ö, Dökmeci D, Karadağ ÇH, Ulugöl 
A. Does dipyrone produce anxiolytic-like effects in 
mice? Cukurova Med J 2019;44(3):866-74. https://doi.
org/10.17826/cumj.488406 

9.	 Nadi Sakhvidi M, Salami Z, Mosadegh M, Bidaki R, 
Fallahzadeh H, Salehabadi R, et al. The efficacy and 
safety of adding celecoxib to escitalopram for im-
proving symptoms of major depressive disorder. Int 
J Psychiatry Med. 2024;59(5):511-20. https://doi.
org/10.1177/00912174231210567  

10.	 Du Y, Dou Y, Wang M, Wang Y, Yan Y, Fan H, et al. Ef-
ficacy and acceptability of anti-inflammatory agents 
in major depressive disorder: a systematic review and 
meta-analysis. Front Psychiatry. 2024;15:1407529. 
https://doi.org/10.3389/fpsyt.2024.1407529  

11.	 Bai S, Guo W, Feng Y, Deng H, Li G, Nie H, et al. Effi-
cacy and safety of anti-inflammatory agents for the 
treatment of major depressive disorder: a systematic 
review and meta-analysis of randomised controlled 
trials. J Neurol Neurosurg Psychiatry. 2020;91(1):21-
32. https://doi.org/10.1136/jnnp-2019-320912  

12.	 Zaroon, Aslam S, Hafsa, Mustafa U, Fatima S, Bashir 
H. Interleukin in Immune-Mediated Diseases: An 
Updated Review. Mol Biotechnol. 2024. https://doi.
org/10.1007/s12033-024-01347-8 

13.	 Avitsur R, Yirmiya R. Cytokines inhibit sexual behav-
ior in female rats: I. Synergistic effects of tumor ne-
crosis factor alpha and interleukin-1. Brain Behav 
Immun. 1999;13(1):14-32. https://doi.org/10.1006/
brbi.1999.0555  

14.	 Asnis GM, De La Garza R 2nd, Kohn SR, Reinus JF, Hen-
derson M, Shah J. IFN-induced depression: a role for 
NSAIDs. Psychopharmacol Bull. 2003;37(3):29-50. 

15.	 Swiergiel AH, Dunn AJ. Distinct roles for cyclooxy-
genases 1 and 2 in interleukin-1-induced behavioral 
changes. J Pharmacol Exp Ther. 2002;302(3):1031-6. 
https://doi.org/10.1124/jpet.102.036640  

16.	 Gałecki P, Mossakowska-Wójcik J, Talarowska M. The 
anti-inflammatory mechanism of antidepressants 
- SSRIs, SNRIs. Prog Neuropsychopharmacol Biol Psy-
chiatry. 2018;80(Pt C):291-4. https://doi.org/10.1016/j.
pnpbp.2017.03.016  

17.	 Vojvodic J, Mihajlovic G, Vojvodic P, Radomirovic D, 
Vojvodic A, Vlaskovic-Jovicevic T, et al. The Impact 
of Immunological Factors on Depression Treatment 
- Relation Between Antidepressants and Immuno-



Interdiscip Med J 2025;16(55):100-108107 Modulatory effect of metamizole on depression

modulation Agents. Open Access Maced J Med Sci. 
2019;7(18):3064-9. https://doi.org/10.3889/oam-
jms.2019.779  

18.	 Malhi GS, Mann JJ. Depression. Lancet. 
2018;392(10161):2299-2312. https://doi.org/10.1016/
S0140-6736(18)31948-2 

19.	 Willner P, Towell A, Sampson D, Sophokleous S, Mus-
cat R. Reduction of sucrose preference by chron-
ic unpredictable mild stress, and its restoration by 
a tricyclic antidepressant. Psychopharmacology 
(Berl). 1987;93(3):358-64. https://doi.org/10.1007/
BF00187257  

20.	 Kopp C, Vogel E, Rettori MC, Delagrange P, Misslin 
R. The effects of melatonin on the behavioural dis-
turbances induced by chronic mild stress in C3H/He 
mice. Behav Pharmacol. 1999;10(1):73-83. https://doi.
org/10.1097/00008877-199902000-00007  

21.	 Gülmez Mİ, Aydin C. Association of cognitive sta-
tus, anxiety and depression with hearing loss in the 
elderly. Interdiscip Med J. 2024;15(52):86-91. doi.
org/10.17944/interdiscip.1496779

22.	 Hoffbrand AV, Chowdary P, Collins G, Loke J. Chapter 
1: Haemopoiesis. In Hoffbrand’s Essential Haematol-
ogy. 9th ed.; Wiley Blackwell: West Sussex, UK, 2024. 
p. 2-10

23.	 Porsolt RD, Le Pichon M, Jalfre M. Depression: a 
new animal model sensitive to antidepressant treat-
ments. Nature. 1977;266(5604):730-2. https://doi.
org/10.1038/266730a0  

24.	 Krishnadas R, Cavanagh J. Depression: an inflam-
matory illness? J Neurol Neurosurg Psychiatry. 
2012;83(5):495-502. https://doi.org/10.1136/jnnp-
2011-301779  

25.	 Han QQ, Yu J. Inflammation: a mechanism of depres-
sion? Neurosci Bull. 2014;30(3):515-23. https://doi.
org/10.1007/s12264-013-1439-3  

26.	 Gałecki P, Talarowska M. Inflammatory theory of de-
pression. Psychiatr Pol. 2018;52(3):437-47. English, 
Polish. https://doi.org/10.12740/PP/76863  

27.	 Zunszain PA, Hepgul N, Pariante CM. Inflammation and 
depression. Curr Top Behav Neurosci. 2013;14:135-51. 
https://doi.org/10.1007/7854_2012_211  

28.	 Chen Q, Luo Y, Kuang S, Yang Y, Tian X, Ma J, et al. 
Cyclooxygenase-2 Signalling Pathway in the Cortex is 
Involved in the Pathophysiological Mechanisms in 
the Rat Model of Depression. Sci Rep. 2017;7(1):488. 
https://doi.org/10.1038/s41598-017-00609-7  

29.	 de Paiva VN, Lima SN, Fernandes MM, Soncini R, An-
drade CA, Giusti-Paiva A. Prostaglandins mediate de-
pressive-like behaviour induced by endotoxin in mice. 
Behav Brain Res. 2010;215(1):146-51. https://doi.

org/10.1016/j.bbr.2010.07.015  
30.	 Mesripour A, Shahnooshi S, Hajhashemi V. Celecox-

ib, ibuprofen, and indomethacin alleviate depres-
sion-like behavior induced by interferon-alfa in mice. 
J Complement Integr Med. 2019;17(1):/j/jcim.2019.17.
issue-1/jcim-2019-0016/jcim-2019-0016.xml. https://
doi.org/10.1515/jcim-2019-0016  

31.	 Norden DM, McCarthy DO, Bicer S, Devine RD, Reiser 
PJ, Godbout JP, et al. Ibuprofen ameliorates fatigue- 
and depressive-like behavior in tumor-bearing mice. 
Life Sci. 2015;143:65-70. https://doi.org/10.1016/j.
lfs.2015.10.020  

32.	 Keenan EL, Granstein RD. Proinflammatory cytokines 
and neuropeptides in psoriasis, depression, and anx-
iety. Acta Physiol (Oxf). 2025;241(3):e70019. https://
doi.org/10.1111/apha.70019  

33.	 Allison DJ, Sharma B, Timmons BW. The efficacy of 
anti-inflammatory treatment interventions on de-
pression in individuals with major depressive disor-
der and high levels of inflammation: A systematic 
review of randomized clinical trials. Physiol Behav. 
2019;207:104-12. https://doi.org/10.1016/j.phys-
beh.2019.05.006  

34.	 Jha MK. Anti-Inflammatory Treatments for Major De-
pressive Disorder: What's on the Horizon? J Clin Psychi-
atry. 2019;80(6):18ac12630. https://doi.org/10.4088/
JCP.18ac12630 

35.	 Kopschina Feltes P, Doorduin J, Klein HC, Juárez-Oroz-
co LE, Dierckx RA, Moriguchi-Jeckel CM, et al. Anti-in-
flammatory treatment for major depressive disorder: 
implications for patients with an elevated immune 
profile and non-responders to standard antidepres-
sant therapy. J Psychopharmacol. 2017;31(9):1149-65. 
https://doi.org/10.1177/0269881117711708 

36.	 Huss B, Bogosyan S, Müller E, Götz E. Treatment 
of drug-induced agranulocytosis with granulocyte 
colony stimulating factor (G-CSF) in a surgical in-
tensive care unit. Anasthesiol Intensivmed Not-
fallmed Schmerzther. 1996;31(8):529-30. https://doi.
org/10.1055/s-2007-995979 

37.	 Winkler A, Kietz S, Bahlmann H, Jafarzade G, Lode HN, 
Heckmann M. GM-CSF as successful salvage therapy of 
metamizole (dipyrone)-induced agranulocytosis with 
Fournier's gangrene and severe septic shock in an ad-
olescent. Clin Case Rep. 2016;4(8):816-9. https://doi.
org/10.1002/ccr3.616  

38.	 Kawano Y, Fukui C, Shinohara M, Wakahashi K, Ishii 
S, Suzuki T, et al. G-CSF-induced sympathetic tone 
provokes fever and primes antimobilizing functions 
of neutrophils via PGE2. Blood. 2017;129(5):587-97. 
https://doi.org/10.1182/blood-2016-07-725754  



Interdiscip Med J 2025;16(55):100-108 108 Maytalman E, Kıroğlu O, Berktaş F, Nemutlu Samur D, Aksu F. 

39.	 Sugimoto Y, Fukada Y, Mori D, Tanaka S, Yamane H, 
Okuno Y, et al. Prostaglandin E2 stimulates granu-
locyte colony-stimulating factor production via the 
prostanoid EP2 receptor in mouse peritoneal neutro-
phils. J Immunol. 2005;175(4):2606-12. https://doi.
org/10.4049/jimmunol.175.4.2606  

40.	 Becerril-Villanueva E, Pérez-Sánchez G, Alvarez-Her-
rera S, Girón-Pérez MI, Arreola R, Cruz-Fuentes C, et 
al. Alterations in the Levels of Growth Factors in Ad-
olescents with Major Depressive Disorder: A Longi-
tudinal Study during the Treatment with Fluoxetine. 
Mediators Inflamm. 2019;2019:9130868. https://doi.
org/10.1155/2019/9130868  

41.	 Hofer M, Pospíšil M, Hoferová Z, Weiterová L, 
Komůrková D. Stimulatory action of cyclooxygenase 
inhibitors on hematopoiesis: a review. Molecules. 
2012;17(5):5615-25. https://doi.org/10.3390/mole-

cules17055615
42.	 Chitu V, Biundo F, Stanley ER. Colony stimulat-

ing factors in the nervous system. Semin Immu-
nol. 2021;54:101511. https://doi.org/10.1016/j.
smim.2021.101511  

43.	 Alboni S, Poggini S, Garofalo S, Milior G, El Hajj H, Le-
cours C, et al. Fluoxetine treatment affects the inflam-
matory response and microglial function according 
to the quality of the living environment. Brain Behav 
Immun. 2016;58:261-71. https://doi.org/10.1016/j.
bbi.2016.07.155  

44.	 Sitges M, Gómez CD, Aldana BI. Sertraline reduces IL-
1ß and TNF-α mRNA expression and overcomes their 
rise induced by seizures in the rat hippocampus. PLoS 
One. 2014;9(11):e111665. https://doi.org/10.1371/
journal.pone.0111665  


