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Abstract: 
Depression is a complex, multifactorial pathology and the most common mental 
illness. In this study, we aimed to determine the link between dysregulation of the 
hypothalamic–pituitary–adrenal (HPA) axis, immuno-inflammatory markers, 
lipid peroxidation, and depression. In our prospective study, we included 103 
patients with a depressive episode and 50 age and sex matched health controls. 
Hormonal status was evaluated by measuring adrenocorticotropic hormone 
(ACTH) and cortisol, inflammatory status by nitric oxide (NO) and C-reactive 
protein (CRP), immune status by IgA, IgG, and IgM, and lipid peroxidation 
by estimating malondialdehyde (MDA) level. Our results show significantly 
different plasma cortisol and ACTH levels in depressed patients compared to 
controls. Mean CRP and MDA levels were also significantly higher in patients 
than in controls. These results were correlated with depression severity.
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Apstrakt: 
Patofiziologija depresije: njen odnos sa inflamacijom, lipidnom 
peroksidacijom i disregulacijom hipotalamo-hipofizno-adrenalne ose
Depresija je kompleksna, multifaktorijalna patologija i najčešći mentalni 
poremećaj. U ovoj studiji cilj nam je bio da utvrdimo povezanost između 
disregulacije hipotalamo–hipofizno–adrenalne (HPA) ose, imuno-
inflamatornih markera, lipidne peroksidacije i depresije. U našu prospektivnu 
studiju uključeno je 103 pacijenta sa depresivnom epizodom i 50 starosno i 
polno uparenih zdravih kontrola. Hormonski status je procenjivan merenjem 
adrenokortikotropnog hormona (ACTH) i kortizola, inflamatorni status 
određivan je preko azot-monoksida (NO) i C-reaktivnog proteina (CRP), 
imuni status preko IgA, IgG i IgM, dok je lipidna peroksidacija procenjivana 
određivanjem nivoa malondialdehida (MDA). Naši rezultati pokazuju 
statistički značajno različite nivoe kortizola i ACTH u plazmi kod pacijenata 
sa depresijom u poređenju sa kontrolama. Srednje vrednosti CRP i MDA 
takođe su bile značajno više kod pacijenata nego kod kontrolne grupe. Ovi 
rezultati bili su u korelaciji sa težinom depresije.

Ključne reči: 
Depresija, ACTH, kortizol, inflamacija (upala), lipidna peroksidacija
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Introduction
Depression is a multifactorial disease that presents 
interactions between vulnerability, life experiences, 
and psychosocial stress. The depressive episode 
is the consequence of neurochemical disorders of 
stress adaptation (Anisman & Zacharko, 1992). 
It involves many factors, including hormonal, 
genetic, and epigenetic factors, with anatomic and 
functional repercussions across several brain regions 
(Guintivano & Kaminsky, 2016).

In addition, neurobiological changes include 

hyperactivity and dysregulation of the hypothalamo–
pituitary–adrenal axis, reduced brain plasticity, and 
increased production of inflammatory cytokines 
(Crocker & Park, 2004; Mössner et al., 2007). 
The presence of cytokines in the context of 
immunotherapy or inflammatory pathology is a 
factor favoring the development of mood disorders, 
especially depression (Solomon et al., 1997). Recent 
studies have shown that pro-inflammatory cytokines 
enhance the effects of corticotropin-releasing 
hormone (CRH) during depression, leading to 
increased adrenocorticotropic hormone (ACTH) 
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secretion and subsequent cortisol overproduction by 
the adrenal cortex (Öngür & Price, 2000; Choi et al., 
2018). Cortisol feedback in the circulation acts on 
the hypothalamus, hippocampus, and amygdala and 
participates in immune regulation (Boas et al., 2019). 
Other studies suggest that immune dysregulation 
induces characterized depressive disorder (CDD) 
and a pro-inflammatory environment contributing 
to depressive symptomatology (Bonaccorso et al., 
2002; Capuron et al., 2002). Increased C-reactive 
protein (CRP) in the acute phase reflects an 
activated inflammatory response; this explains 
its use as a biological marker of peripheral and 
central inflammation, given its role in the initiation 
of CDD (Howren, 2009). Inflammation processes 
and mitochondrial oxidation generate free radicals, 
which are chemically highly reactive species, when 
radicals become excessive and the function of the 
antioxidant system decreases, the reactive oxygen 
species (ROS) can react with cellular macromolecules 
such as fatty acids, DNA and proteins, damaging 
these macromolecules in the brain, whose metabolic 
rate is high (Miller et al., 2019).

ROS can play an active role in the 
pathophysiology of depression through various 
mechanisms such as tissue damage, inflammation, 
neurodegeneration, and autoimmune mechanisms 
generated by tissue alteration or apoptosis (Danese 
et al., 2008). Malondialdehyde (MDA) is the final 
product of lipid peroxidation and a useful marker 
of oxidative stress. Numerous studies showed high 
MDA levels in psychiatric disorders, especially 
depression (Camkurt, 2017).

Concerning the molecular level, pro-inflammatory 
cytokines, interferon (IFN) type I and II, interleukin-
1β (IL-1β) and tumor necrosis factor (TNF) can 
reduce the availability of monoamines: serotonin 
(5-HT), dopamine (DA) and norepinephrine (NE) 
by an increase of expression and synaptic function 
pre-capture (transporters) pumps for 5-HT, NA and 
MAP kinase (MAPK) pathways activation for DA. 
A reduction of monoamine synthesis by decreasing 
enzymatic cofactors such as tetrahydrobiopterin 
(BH4), which is highly sensitive to cytokine-induced 
oxidative stress and involved in the production of 
nitric oxide (NO) via NO synthesis (NOS) (Maes et 
al., 2009).  Many cytokines, including IFN, IL-1β, 
and TNF, can also reduce monoamine precursors by 
activating the indoleamine 2,3-dioxygenase (IDO) 
enzyme. The IDO breaks down tryptophan, precursor 
of primary serotonin, to kynurenine. Activated 
microglia can convert kynurenine to quinolinic acid 
(QUIN a), which binds with N-methyl-D-aspartate 
glutamate receptor (NMDA r), and at the same time 
reduces cytokine-induced glutamate reuptake. This 
stimulation of glutamate in astrocytes is initiated 

in part by the induction of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) that can 
lead to excess glutamate; its excess may, in turn, lead 
to a decrease in brain-derived neurotrophic factor 
(BDNF) and excitotoxicity (Maes et al., 2011). 
Excessive levels of guanidine monophosphate 
cyclase (cGMP) can lead to depression, while its 
decrease may have antidepressant effects. The level 
of cGMP can be reduced either by an inhibition of 
soluble guanylate cyclase or by a decrease in the 
function of nitric oxide (by inhibition of the NOS 
enzyme). cGMP is degraded to (GMP) using the 
phosphodiesterase enzyme (PDE). Inhibition of this 
enzyme’s activity can increase cGMP levels and 
cause depression (Lopez-Duran et al., 2009). 

The objective of our study is to determine 
and quantify the association between 
hypothalamic-pituitary-adrenal axis deregulation, 
immunoinflammatory markers, oxidative stress 
markers, and depression.

Material and methods
Patients and controls
The study is carried out on blood samples obtained 
after informed consent, in accordance with the 
Declaration of Helsinki (1964), from 103 unrelated 
patients from the north of Algeria. The control 
group consisted of 50 unrelated healthy individuals. 
Recruitment of all patients was performed at 
the Department of Psychiatry at Bab el Oued 
and the University Hospital, according to the 
criteria of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5) for “characterized 
depressive disorder”.

Neuropsychiatric test
In our study, we used the Beck Depression Inventory-
II (BDI-II) to assess depression severity: light (12-
19), moderate (20-27), and severe (28-63).

Neuroendocrine markers
ACTH assay
ACTH levels are measured using Biomerica, a 
two-site (“sandwich”) ELISA (Enzyme-Linked 
Immunosorbent Assay) assay used to measure the 
biologically active ACTH chain, which consists of 
39 amino acids. A goat anti-human ACTH polyclonal 
antibody, purified by affinity chromatography, and a 
mouse anti-human ACTH monoclonal antibody are 
applied specifically to well-defined regions of the 
ACTH molecule. One of the antibodies, biotinylated, 
is prepared to bind only to ACTH sequences 34 to 
39 in the C-terminal fragment. The other antibody 
is prepared to bind only to ACTH sequences 1 to 24 
in the N-terminal and central regions and is labelled 
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with horseradish peroxidase (HRP) for detection. In 
this assay, standards, controls, or patient samples 
were simultaneously incubated with the enzyme-
labelled antibody and a biotin-coupled antibody in 
a streptavidin-coated microplate well. At the end of 
incubation, the free components were washed from 
the well, and the enzyme bound to the solid phase was 
incubated with the substrate, tetramethylbenzidine 
(TMB). An acidic blocking solution was then added to 
stop the reaction, which turned yellow. The intensity 
of the yellow color was directly proportional to the 
ACTH concentration in the sample.  The absorbance 
was measured at 450 nm.

Cortisol assay
Cortisol is measured by a solid-phase enzyme-
linked immunosorbent assay (ELISA), based on 
the principle of competitive binding. The microtiter 
wells are coated with a monoclonal antibody directed 
against an antigenic site on the cortisol molecule. 
Endogenous cortisol from a patient sample competes 
with a horseradish cortisol-peroxidase conjugate for 
binding to the fixed antibody. After incubation, the 
unbound conjugate is washed away. The amount of 
bound peroxidase conjugate is inversely proportional 
to the cortisol concentration in the sample. After 
addition of the substrate solution, the intensity of 
the resulting color is inversely proportional to the 
cortisol concentration in the patient sample. The 
plasma was incubated with 125I-labeled cortisol; 
the optical density was measured often 400–800 nm. 

Oxidative stress markers  
Malondialdehyde (MDA)
The determination of MDA is based on the 
formation, in an acid, hot medium, of a pink 
chromogen, absorbable at 530 nm, between an MDA 
molecule and two molecules of thiobarbituric acid, 
which is extractable with organic solvents such as 
butanol. The concentration 
of TBARS is calculated 
using the molar extinction 
coefficient (1.56×105 M−1 
cm−1). The results are 
expressed as μmol/mL.
Nitric oxide (NO)
Nitric oxide is an unstable 
molecule, and its production 
can be estimated by 
the determination of its 
physiologically stable 
metabolites (nitrites, NO2

-

). The latter reacts with 
sulfanilic acid (Griess 

reagent B) to form an unstable diazo derivative 
that will subsequently react with N-(1-naphthyl)
ethylenediamine (Griess reagent A) to give a pink 
azochromophore. The optical density was measured 
at 543 nm. Plasma nitrite concentrations were 
calculated from a standard curve: DO = f [NaNO2].
Statistical analysis

The statistical analysis was performed using 
Statistica software, and the results are expressed as 
means ± standard deviations (SD). Data distribution 
was assessed using the Shapiro-Wilk normality 
test. Between-group comparisons were performed 
using the Student’s t-test for normally distributed 
variables.  Correlations were determined using linear 
regression and the calculation of the coefficient rho. 
Statistical values were evaluated using Spearman’s 
rank correlation coefficient (ρ). A p-value less 
than 0.05 was considered significant, and a 95% 
confidence interval was used. 

Results
Neuroendocrine markers
The concentrations are significantly higher in 
patients than in controls for ACTH (26.41 ± 2.28 
vs. 11.77 ± 1.3 mg/mL, p=0.0011) and cortisol 
(412.82 ± 16.54 vs. 301.90 ± 20.41 nmol/L, 
p=0.025) (Tab. 1), reflecting hyperactivity of the 
hypothalamic-pituitary-adrenal axis. Hormone 
levels are higher in patients with severe depression 
than in mild and moderate patients: cortisol 
(525.89 vs. 358.3 ± 16.51 vs. 289.46 ± 12.2 
nmol/L, p=0.00016), and ACTH (35.31 ± 4.45 vs. 
23.79 ± 2.92 vs. 13.53 ± 1.94 mg/mL, p=0.022) 
(Tab. 2). In addition, levels of neuroendocrine 
markers increase with the severity of depression, 
and the cortisol levels were higher in women than 
in men contrary to ACTH concentrations with no 
significant difference (Tab. 3).

Intensity Light n = 23
15.41 ± 0.58

Moderate n = 38  
 23.03 ± 0.39

Severe n = 42
38.9 ± 1.28 p-value

Cortisol (nmol/l) 289.46 ± 12.20 358.3 ± 16.51  525.89 ± 29.3 0.00016

ACTH (mg/ml) 13.53 ± 1.94 23.79 ± 2.92 35.31 ± 4.45 0.022

CRP (mg/l) 6.58±0.73 10.63±1.51 14.95±1.83 0.45

Table 2. Comparison of hormones and CRP levels with the intensity of 
depression

Parameters Patient (n=103) Control (n=50) p-value

Cortisol (nmol / l) 412.82 ± 20.41 301.9 ± 16.54 0.025

ACTH (mg / ml) 26.41 ± 2.28 11.77 ± 1.30 0.0011

Table 1. Comparison of hormone levels between patients and controls
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than in controls and vary according to the intensity 
of depression. When cortisol levels are very high 
in the brain, it saturates hippocampal receptors, 
leaving the hippocampus unable to regulate 
stress. However, constant cortisol concentration 
may impair neuroplasticity. Cellular resistance 
and hypercortisolemia are common features of 
depression. Chronic elevation of glucocorticoids 

Inflammatory markers
We observed a highly significant difference 

for albumin (ALB) (40.77 ± 0.74g/L, vs. 50 ±10 g/L, 
p=0, 00001), IgA (2.5 ± 0, 12g/L, vs. 3.15 ± 1.35g/L, 
P=0.00001), IgG (10.22 ± 0.32 g/L, vs. 12.5 ± 04.5 
g/L, p=0.00001) in patients compared to controls, 
however no difference for Apoprotein (APT) (1.42 
± 0.06 vs. 1.2 ± 0.8 g/L, p=0.12), C3 (1.67 ± 0.04 
vs. 1.75 ± 0.15 g/L, p=0.57), IgM (1.39 ± 0.17 g/L 
vs 1.55 ± 0.95, p=0.20). CRP is also significantly 
higher in patients than in controls (11.49 ± 6.16 vs. 
3.75 ± 0.41 mg/L, p=0.0001) (Tab. 4).

Our results showed a positive correlation between 
CRP and IgG (Fig. 1) and negative correlations 
between CRP and IgA and IgM (Fig. 2 and Fig. 3).

Concentration of MDA and NO
MDA and NO concentrations were measured in a 
subset of participants (patients=21; controls n=29) 
due to sample availability and technical constraints. 
The concentration of MDA in depressive patients 
is significantly high compared to controls (2.65 ± 
0.3 vs. 0.63 ± 0.02 µM. p=5.37 x 10-6). Nitric oxide 
levels are significantly higher in patients (85.63 ± 
6.30 vs. 2.74 ± 0.34 μM, p=3.09 × 10-6) (Tab. 5). The 
results also showed a positive correlation between 
MDA and NO in patients (Fig. 4). 

Discussion
The results showed that cortisol and ACTH 
concentrations are significantly higher in patients 

Sex
p-value

Age (years)
p-value

Male N=43 Female N=60 (17-45) (46-66) 

ACTH mg/ml 24.76 ± 02.61 27.70 ± 3.69 0.58 27.30 ± 03.01 24.06 ± 02.84 0.28 

Cortisol nmol/l 370.51± 03.69 452.51 ± 25.13 0.03 446.41± 20.46 362.23± 23.56 0.28

Table 3. Comparison of hormone levels with sex and age        

Parameters Controls Patients p-value

ALB (g/L) 50 ±10 40.77 ± 0.74 0.00001

APT (g/L) 01.2 ±0.80 01.42 ± 0.06 0.12

C3 (g/L) 01.75 ±0.15 01.67 ± 0.04 0.57

IgA (g/L) 03.15± 1.35 02.5 ± 0.12 0.00001

IgG (g/L) 12.5± 4.50 10.22 ± 0.32 0.00001

IgM (g/L) 01.55± 0.95 01.39 ± 0.17 0.2

CRP 11.49 ± 6.16 3.75 ± 0.41 0.0001

Table 4. Comparison of serum proteins, complement, 
and immunoglobulin levels between control and 
depressive patients

Fig. 1. Correlation between CRP and IgG

Fig. 2. Correlation between CRP and IgA

Fig. 3. Correlation between CRP and IgM
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results in desensitization of central 
glucocorticoid receptors, thereby 
reducing the normal feedback 
regulation of glucocorticoid 
synthesis and release by the adrenal 
glands (Capuron et al., 2002; 
Miller et al., 2009). 

All studies on the 
pathophysiology of depression 
reveal a neuroanatomical model 
of mood disorders, involving 
alterations of the frontal lobe, 
basal ganglia, amygdala, thalamus, 
and hypothalamus. This circuit 
alters the hypothalamic-pituitary-
adrenal (HPA) axis by increasing 
cortisol levels and, consequently, 
serotonergic activity (Posener et al., 
2000; Dhir & Kulkarni, 2011). 

The cortisol and ACTH levels 
are significantly higher in women 
than in men. Indeed, the ratio is 
estimated at two women for each 
man in depression (Carroll et al., 
2007). Although hormonal factors, 
such as menopause, may explain the 
high prevalence of mood disorders 
in women, there are significant risk 
factors for depressive episodes (Manji et al., 2003). 

The pro-inflammatory response is characterized 
by elevated C-reactive protein levels, which 
confirm the specific activity of the immune system 
in depressive disorders. Also, increased pro-
inflammatory cytokines contribute to neuronal 
damage by activating enzymes nitric oxide 
synthase and cyclooxygenase, thereby inducing 
the synthesis of prostaglandin E2 and nitric oxide, 
which are involved in neurodegenerative changes 
associated with chronic depression (Kubzansky et 
al., 2006). CRP levels are also significantly higher 
in patients, which highlights that the inflammatory 
components in depression play an important role in 
the pathogenesis of depression and are linked with 
neurodegenerative diseases (Janszky et al., 2005). 
Some studies suggest the existence of a possible 
“psycho-neuro-immune link” between negative 
affectivity, depression, anger, and anxiety (Wichers 
et al., 2005) and poor subjective well-being (Knot & 
Bossy-Wetzel, 2009; Mudra Rakshasa-Loots et al., 
2005). A review of NHANES III data showed that a 
history of CDD is associated with a 64% increased 
risk of a high CRP level.

The results of this study are consistent with 
previous cross-sectional studies suggesting that 
depression is associated transversally with higher 
CRP levels in a population with no evidence of life-

threatening chronic disease (e.g., cancer, kidney or 
kidney cancer, cardiac arrest).

The reduced levels of IgA and IgG observed in 
patients do not indicate immunodeficiency but rather 
suggest an altered humoral immunity associated 
with chronic inflammation. Such alterations have 
been reported in depressive disorders and may 
reflect immune modulation rather than clinical 
immune failure. These findings are aligned with 
recent research, which has reported bidirectional 
associations between autoimmune diseases and 
mental health conditions. The prevalence of 
affective disorders is consistently higher among 
people with autoimmune conditions (Barberio et 
al., 2021; Chester Yan Hao et al., 2022; Hedemann 
et al., 2022; Mudra Rakshasa-Loots et al., 2025). 
Our results show increased concentrations of 
malondialdehyde and nitric oxide in patients with 
a positive correlation with CRP (Sarandol et al., 
2007), who reported higher concentrations of MDA 
in depressed patients. corroborate these, MDA 
inhibits the binding site on the serotonin receptor, 
thereby affecting serotonin metabolism. while 
antidepressant administration decreases MDA levels 
(Del Rio et al., 2005). Oxidative stress plays a major 
role in the pathophysiology of major depression 
through the action of free radicals. Reactive Oxygen 
Species (ROS) are important markers for assessing 

Parameters Patients Controls Value Significance

MDA (µM) 2.65 ± 0.30 0.63 ± 0.02 5.37 x10-6 ****

NO (µM) 85.63 ± 6.30 2.74 ± 0.34 3.09 x 10-6 ****

Table 5. Comparison of malondialdehyde and nitric oxide 
concentrations in patients and controls

Fig. 4. Correlation between malondialdehyde and nitric oxide
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and predicting the severity of depression, as well 
as for determining the effectiveness of prescribed 
antidepressants.

Our results are in accordance with those of Lee 
et al. (2006), and Dhir et al. (2011), who found high 
concentrations of NO in depressive patients. High 
levels of NO could cause hypernitrosylation of amino 
acids and proteins, resulting in the creation of highly 
reactive substances (NO-tyrosine, NO-tryptophan, 
and NO-arginine). However, inhibiting NO synthesis 
in the brain produces an antidepressant effect, while 
that of NOS (nitric oxide synthases) may increase 
the efficacy of serotonergic antidepressants and may 
be useful in patients with drug-resistant depression 
(Stefanescu & Ciobica, 2012). There is considerable 
evidence that nitric oxide plays a major role in the 
pathophysiology of depression. Namely, blocking 
nitric oxide synthase (NOS) in the brain can induce 
an antidepressant effect, and various NOS inhibitors 
prevent N-methyl-D-aspartate (NMDA)-induced 
neurotoxicity. Activation of NMDA receptors 
results from the release of glutamate by nitric 
oxide synthesis (Patel et al., 2010). However, the 
correlation between NO concentration and MDA 
demonstrates that they vary in the same way, which 
is in accordance with the different studies showing 
increased nitric oxide and MDA in patients with 
CDD (Maes, 1995; Tsuboi et al., 2006).

The effects of inflammation on growth factors, 
such as BDNF in the dentate gyrus, may also affect 
fundamental aspects of neuronal integrity, including 
neurogenesis, long-term potentiation, and dendritic 
growth, thus affecting learning and memory (Insel et 
al., 2012). This work confirms the results of structural 
imaging showing a decrease in hippocampal volume 
and prefrontal cortex in depression. 

Certain limitations of this study should be 
acknowledged. The cross-sectional design does 
not allow causal interference; however, it remains 
appropriate for identifying biologically relevant 
associations. Measurement of MDA and NO was 
performed in a subset of participants due to sample 
availability, which may have limited generalizability. 
Future studies with larger cohorts and longitudinal 
designs, as well as the inclusion of functional immune 
assays, would help to further clarify the mechanistic 
pathways underlying the observed associations.

Conclusion
Our findings showed elevated ACTH, cortisol, 
nitric oxide, CRP, and MDA levels in patients 
with depression compared to healthy controls, 
while IgA and IgG levels were reduced, and IgM 
levels were unchanged. These results indicate that 
depression is associated with dysregulation of 

neuroendocrine, inflammatory, and oxidative stress 
pathways. Overall, the data support the concept 
of depression as a disorder involving systemic 
biological alterations, which may open perspectives 
for therapeutic strategies targeting inflammation and 
oxidative stress.
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