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Abstract

Objective Hydroxyzine hydrochloride is an antihistamine-derived drug that has been widely preferred in the treatment of anxiety disorder, mental distress and stress in recent years. 
� ere are not enough studies in the literature on the e� ects of hydroxyzine hydrochloride on the immune system.

Materials 
and Methods

In our study, we investigated the e� ects on proin� ammatory cytokine levels by administering 1, 5, 10 and 20 µg/mL hydroxyzine hydrochloride in the presence and absence 
of lipopolysaccharides (LPS) danger signal in J774.2 macrophage cell line. Student’s t test was used for statistical analysis (p<0.0001, N=3) All experimental conditions 
were tested in triplicate.

Results Hydroxyzine hydrochloride did not a� ect the cytokine levels of tumor necrosis factor α (TNFα), interleukin-6 (IL-6), interleukin 12p40 (IL12p40) and granulocyte-mac-
rophage colony-stimulating factor (GM-CSF) a� er 24 hours of incubation in macrophage cells and did not activate immune cells. � ere was no statistical di� erence in this 
values, which did not show an immunostimulatory e� ect.

Conclusion
Since hydroxyzine hydrochloride does not have an immunostimulatory e� ect for macrophage cells, it can be used safely in the clinic.
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Öz

Amaç Hidroksizin hidroklorür son yıllarda anksiyete bozukluğu, ruhsal sıkıntı ve gerginliğin tedavisinde yaygın olarak tercih edilen antihistaminik türevli bir ilaçtır. Literatürde 
Hidroksizin hidroklorürün bağışıklık sistemi üzerine etkileri ile ilgili yeterli çalışma mevcut değildir

Gereç ve 
Yöntemler

Çalışmamızda J774.2 makrofaj hücre hattında lipopolisakkarit (LPS) tehlike sinyali varlığında ve yokluğunda 1, 5,10 ve 20 µg/ml hidroksizin hidroklorür uygulayarak 
proin� amatuvar sitokin seviyelerine etkilerini araştırdık. İstatistiksel analiz için Student t testi uygulandı (p<0.0001, N=3.) Tüm deney koşulları üçlü olarak test edildi.

Bulgular Hidroksizin hidroklorür makrofaj hücrelerinde 24 saatlik inkübasyondan sonra tümör nekroz alfa (TNFα), interlökin 6 (IL-6), interlökin-12 subunit beta (IL12p40) ve 
granülosit makrofaj koloni uyarıcı faktör (GM-CSF) sitokin seviyelerini etkilemeyerek bağışıklık hücrelerini aktive etmedi. İmminostimülatör etki göstermeyen bu değerlerde 
istatistiksel olarak bir fark gözlenmedi.

Sonuç Hidroksizin hidroklorür makrofaj hücreleri için imminostimülatör etki göstermediği için klinikte güvenli bir şekilde kullanılabilinir.

Anahtar 
Kelimeler

Hidroksizin Hidroklorür, Makrofaj, J774.2 Hücre Hattı, Sitokin
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INTRODUCTION
In recent years, there has been an intense use of antide-
pressant drugs around the world. � ere are numerous clin-
ical studies showing that when these drugs are used under 
the supervision of a psychiatrist in psychological disorders 
and diseases, they experience regression in symptoms. 
Due to the high number of patients coming to mental 
health professionals and to achieve rapid results, they 
prefer psychopharmacotherapy instead of psychothera-
py. Today, people apply to antidepressive agents in almost 
every psychological distress and negative mood disorder, 
disregarding other therapeutic options and without exam-
ining whether they are necessary or not. According to the 
2020 World Health Organization data, approximately 264 
million people of all ages worldwide use antidepressants as 
they su� er from depression1.

Studies in recent years have emphasized the relationship 
between depression and the body’s in� ammatory re-
sponse. Di� erences were observed in plasma concentra-
tions of depressed patients, cytokine levels and the number 
of immune cells. A number of studies have focused on the 
direct and indirect e� ects of antidepressant drugs on the 
immune system. Chronic in� ammation and immune sys-
tem disorders are involved in the pathogenesis of depres-
sion. It has been observed that the nervous endocrine and 
immune systems are in mutual interaction in patients with 
depressive syndrome, and even chronic stress and chronic 
in� ammation are frequently encountered in these patients.
Under stress, the transmission of nerve signals from the 
cerebral cortex to the hypothalamus accelerates, and 
adrenocorticotropic hormone (ACTH) is secreted from 
the pituitary gland. � us, glucocorticoids are released 
from the adrenal cortex. Glucocorticoids, on the other 
hand, suppress the production of cytokines that trigger the 
development of in� ammation, such as interleukins (IL) 
and tumor necrosis factor α (TNFα), and also reduce the 
activity of T lymphocytes2,3.

An increase in the number of monocytes, macrophages 

and neutrophils was observed in patients su� ering from 
depression, and a reduce in the number of Natural Killer 
(NK) cells was observed4,5. It is thought that antidepressant 
drugs used in the treatment against such e� ects of depres-
sion on the immune system may have immunomodulatory 
properties in addition to their e� ects on neurotransmitter 
transporters and the neural membrane. In many studies, 
a decrease in serum cytokine levels has been found in pa-
tients using antidepressants6,7.

For example, a meta-analysis over 20 years by Strawbridge 
showed that patients taking antidepressants had signi� -
cantly reduced serum TNFα and interlukin-6 (IL-6) lev-
els8. In some of the studies that found a decrease in the 
amount of serum cytokines, it was stated that this decrease 
was e� ective in placebo rather than antidepressant. � ere-
fore, the net e� ects of antidepressants on the immune sys-
tem have not been revealed9,10. Hydroxyzine hydrochloride 
is an antihistamine that is frequently preferred by individ-
uals in recent years, and is widely used in the symptomatic 
treatment of anxiety disorder, mental distress and tension. 
It is also preferred in the treatment of allergies, as it blocks 
histamines in its mechanism of action. Histamines stim-
ulate the release of cytokines in allergic in� ammations. 
In 1997, Lagier et al. showed that histamines release IL-4 
and Interferon-γ (IFN-γ) from T cells11. In addition, his-
tamines inhibit monocyte product TNFα and IL-12, while 
inducing IL-10 and IL-18 synthesis12-15. Since hydroxyzine 
hydrochloride has antihistamine properties, the above ef-
fects should show the opposite. However, there have not 
been enough studies on the e� ects of hydroxyzine hydro-
chloride on the immune system. To further clarify these 
e� ects, the e� ects of hydroxyzine hydrochloride on TNFα, 
IL-6, IL12p40 and Granulocyte Macrophage Colony Stim-
ulating Factor  (GM-CSF) cytokine levels in the J774.2 
macrophage cell line were investigated in this study.

Macrophages are one of the important cells of the natural 
immune system that play a role in the formation of in� am-
mation16-18. TNFα plays an essential role in in� ammatory 
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responses by producing proin� ammatory cytokines such 
as IL1p, IL12, GM-CSF and IL6. � ey are concentrated in 
in� amed areas in chronic diseases and immune system 
disorders19-22. Macrophages have been the target of our 
study, with their antigen-presenting properties and their 
contribution to innate and acquired immunity and their 
important cytokine production role.

MATERIAL and METHODS
Hydroxyzine hydrochloride was purchased from Sigma 
Aldrich (CAS no: 2192-20-3) and used without further 
puri� cation.

Cell Culture
J774.2 macrophage cells were obtained from ATCC. Cells 
were grown in Roswell Park Memorial Institute medium 
(RPMI 1640) containing 10% Fetal bovine serum (FBS), 
1% antibiotics (100 µg/mL each penicillin and streptomy-
cin) and sodium pyruvate. Cells were incubated at 37 °C 
in an incubator containing 5% CO2. � e cell medium was 
renewed every four days to make it ready for use in the 
experiments20.

Stimulation of lipopolisachharide (LPS) and hydrox-
yzine hydrochloride to mimic distress signal

J774.2 Macrophage cell was plated in 24-well plates at a 
cell concentration of 106 cells/mL per well. It was rested 
for 12 hours in an incubator with 5% CO2 at 370C. � e 
e� ect of hydroxyzine hydrochloride at 1-5-10 and 20 µg/
mL concentrations alone and in wells with LPS added was 
tested. During these tests, salicylic acid, which proved to 
have anti-in� ammatory properties, was put into one of the 
wells together with LPS and the additions were compared 
with other data. Also, Al2O3 was used with LPS to pro-
mote anti-in� ammatory activity.

1 µl of LPS (1 mg/mL, Enzo Life Sciences, Salmonella min-
nesota R595) was added to J774.2 macrophage cell medi-
um that was rested overnight. Macrophage cell medium. 1 
µl of DMSO was placed in the control well and the control 

well containing LPS. � e cells were then incubated for 24 
hours in an incubator at 37 °C and 5% CO2.

� en, a� er centrifugation at 2000 Rpm, the supernatant 
was transferred to Eppendorf tubes. It was placed at -800C 
to be examined in terms of cytokine levels. Cells were sep-
arated from each well by gentle pipetting. All experimental 
conditions were tested in triplicates, and all experiments 
were repeated 3 times in biological replicates to arrive at 
statistically signi� cant data. To measure the level of TNFα, 
IL-6, IL12p40 and GM-CSF cytokine growth in J774.2 
cells, 5 mM ATP (Fisher Scienti� c) was added to each well 
2 hours before harvest19-20.

TNFα, IL-6, IL12p40 and Gm-CSF ELISAs
Production of TNFα, IL-6, IL12p40 and GM-CSF was 
measured by enzyme-linked immunosorbent assay (ELI-
SA). � e ELISA kit for each cytokine type used in the 
study was prepared by following the BD Biosciences, CA, 
USA manufacturer’s instructions exactly. First, the Maxi-
sorb 96-well plate (Krackeler) was coated with hamster an-
ti-mouse cytokine (bicarbonate bu� er pH = 9.5, 0.5 µg/mL 
in 100 µL/well) and incubated overnight. A� er the solu-
tion was taken from the plates, they were washed 3 times 
with 0.05% Tween 20 PBS and incubated for 3 hours at 
room temperature. It was then blocked by adding 200 µL 
of blocking bu� er (1% BSA PBS) to each well. � en the 
plates were washed 3 times and 100 µL of samples were 
placed in each well and incubated overnight at 4 °C. � e 
plates were washed 3 times with 100 µL of biotin, then 
human anti-mouse cytokine (0.5 µg/mL in 10% FBS PBS) 
was added to each well and the plate was incubated for 2 
hours at room temperature. � en the solutions were re-
moved and the plate was washed 3 times. 100 µL of TMB 
substrate (BD OptEIA) was added to each well 19,20 � e 
reaction was stopped using 50 µL of 1 M sulfuric acid and 
absorbance measurements were made at 450 nm. � e con-
centration of TNFα, IL-6, IL12p40 and GM-CSF in each 
sample was calculated using known concentrations of each 
cytokine as a standard.
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Statistical Analysis
GraphPad-Prism So� ware 5 program was used for statis-
tical analysis and there were three independent results for 
each dataset, and an unpaired two-tailed t-test was used to 
reveal statistical signi� cance. All experimental conditions 
tested in triplicate. p < 0.0001 N=3.

RESULTS
In the absence of the hydroxyzine hydrochloride LPS dis-
tress signal, no increase in TNFα levels was observed at all 
concentrations we used (1-5-10 and 20 µg/mL) (Figure 1). 
Hydroxyzine hydrochloride did not a� ect TNFα levels in 
macrophage cells a� er 24 hours of incubation and did not 
activate immune cells. � ere was no statistical di� erence 
in this value, which did not show an immunostimulato-
ry e� ect. LPS positive controls induced TNFα production 
a� er 24 hours of incubation as expected (Figure 1). When 
salicylic acid, which is well known for its anti-in� ammato-
ry potential, and LPS were used together, a slight decrease 
in TNFα level was observed compared to using LPS alone. 
We observed that when AL2O3 and LPS are used together, 
it increases the in� ammatory e� ect in terms of TNFα level 
compared to the e� ect of LPS alone. (Figure 1).

In the absence of LPS danger signal, no increase in IL-6 
levels was observed at all concentrations (1-5-10 and 20 
µg/mL) where we used hydroxyzine hydrochloride (Fig-
ure 2). � ere was no statistical di� erence in this value, 
which did not show an immunostimulatory e� ect. LPS 
positive controls induced IL-6 production a� er 24 hours 
of incubation as expected (Figure 2). � e combination of 
salicylic acid and LPS, which is well known for its anti-in-
� ammatory potential, resulted in some reduction in IL-6 
level compared to using LPS alone. When AL2O3 and LPS 
were used together, it increased the in� ammatory e� ect 
in terms of IL-6 level compared to the e� ect of LPS alone 
(Figure 2).

In the absence of LPS danger signal, no increase in GM-
CSF levels was observed at all concentrations (1-5-10 and 

20 µg/mL) where we used hydroxyzine hydrochloride did 
not activate (Figure 3). � ere was no statistical di� erence 
in this value, which did not show an immunostimulatory 
e� ect. LPS positive controls induced IL-6 production a� er 
24 hours of incubation as expected (Figure 3). � e combi-
nation of salicylic acid and LPS, which is well known for its 
anti-in� ammatory potential, resulted in some reduction in 
the level of GM-CSF compared to using LPS alone. When 
AL2O3 and LPS were used together, it increased the in-
� ammatory e� ect in terms of GM-CSF level compared to 
the e� ect of LPS alone (Figure 3).

In the absence of LPS danger signal, no increase in IL-
12p40 levels was observed at all concentrations (1-5-10 
and 20 µg/mL) where we used hydroxyzine hydrochloride 
(Figure 4). � ere was no statistical di� erence in this val-
ue, which did not show an immunostimulatory e� ect. LPS 
positive controls induced IL-6 production a� er 24 hours 
of incubation as expected (Figure 4). � e combination of 
salicylic acid and LPS, which is well known for its anti-in-
� ammatory potential, resulted in some reduction in IL-
12p40 level compared to using LPS alone. When AL2O3 
and LPS are used together, it increased the in� ammatory 
e� ect in terms of IL-12p40 level compared to the e� ect of 
LPS alone (Figure 4).
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Figure 1. ELISAs for supernatants of TNFα macrophage cells 
were stimulated with 1 µg/mL, 5 µg/mL, 10 µg/mL and 20 
µg/mL hydroxyzine hydrochloride for 24 hours. Cell concen-
tration of 1 x 106 cells/mL and DMSO for negative control, 
1µg/mL LPS for positive control and 1 µg/mL, 5 µg/mL,10 
µg/mL and 20 µg/mL hydroxyzine hydrochloride without 
LPS dissolved in DMSO and DMSO were applied. All ex-
perimental conditions tested in triplicate. Student’s t test was 
used for statistical analysis. 

Figure 2.  ELISAs for supernatants of IL-6 macrophage cells 
were stimulated with 1 µg/mL, 5 µg/mL, 10 µg/mL and 20 
µg/mL hydroxyzine hydrochloride for 24 hours. Cell concen-
tration of 1 x 106 cells/mL and DMSO for negative control, 
1µg/mL LPS for positive control and 1 µg/mL, 5 µg/mL,10 
µg/mL and 20 µg/mL hydroxyzine hydrochloride without 
LPS dissolved in DMSO and DMSO were applied. All ex-
perimental conditions tested in triplicate. Student’s t test was 
used for statistical analysis. 

Figure 3.  ELISAs for supernatants of GM-CSF macrophage 
cells were stimulated with 1 µg/mL, 5 µg/mL, 10 µg/mL 
and 20 µg/mL hydroxyzine hydrochloride for 24 hours. Cell 
concentration of 1 x 106 cells/mL and DMSO for negative 
control, 1µg/mL LPS for positive control and 1 µg/mL, 5 µg/
mL,10 µg/mL and 20 µg/mL hydroxyzine hydrochloride 
without LPS dissolved in DMSO and DMSO were applied. 
All experimental conditions tested in triplicate. Student’s t 
test was used for statistical analysis. 
 

Figure 4.  ELISAs for supernatants of IL12p40 macrophage 
cells were stimulated with 1 µg/mL, 5 µg/mL, 10 µg/mL 
and 20 µg/mL hydroxyzine hydrochloride for 24 hours. Cell 
concentration of 1 x 106 cells/mL and DMSO for negative 
control, 1µg/mL LPS for positive control and 1 µg/mL, 5 µg/
mL,10 µg/mL and 20 µg/mL hydroxyzine hydrochloride 
without LPS dissolved in DMSO and DMSO were applied. 
All experimental conditions tested in triplicate. Student’s t 
test was used for statistical analysis. 
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DISCUSSION
� e majority of patients with psychological distress are 
directed to antidepressant use without trying other ther-
apeutic treatments. � e use of antidepressants worldwide 
has increased by 18% in the last ten years and continues 
to increase. It is a question of interest to what extent the 
e� ects of antidepressants, which are used so extensively, on 
the immune system, have been carried out in detail. Stud-
ies have investigated the e� ects of antidepressant classes 
on both the innate and adaptive immune systems. In this 
study, we observed the e� ects of hydroxyzine hydrochlo-
ride which is preferred in the treatment of depression and 
anxiety, on TNFα, IL-6, GM-CSF, L12p40 cytokine levels 
in macrophage cells. J774.2 Macrophage cells were ex-
posed to 1-5-10-20 µg/mL hydroxyzine hydrochloride for 
24 hours without the LPS distress signal and accompanied 
by the LPS distress signal. During these tests, salicylic acid, 
which proved to have anti-in� ammatory properties, was 
put into one of the wells together with LPS and the ad-
ditions were compared with other data. Also, Al2O3 was 
used with LPS to promote anti-in� ammatory activity. As a 
result of our study, we did not observe any increase in the 
levels of proin� ammatory cytokines TNFα, IL-6, GM-CSF, 
L12p40 of hydroxyzine hydrochloride. We observed that 
hydroxyzine hydrochloride did not have an immunostim-
ulatory e� ect for macrophage cells and did not have posi-
tive or negative e� ects on the immune system in terms of 
in� ammatory e� ects (Figure 1,2,3,4) Based on our results, 
hydroxyzine hydrochloride can be used safely in the treat-
ment of depression. � ere is no previous study in the lit-
erature on the e� ect of hydroxyzine hydrochloride on the 
immune system. � erefore, we will compare the results of 
our study with those performed with other antidepressant 
drugs.

In the � rst study examining the immune system e� ect 
of antidepressants, Landmann et al. Immunity measure-
ments were made from the serum of 22 patients and 22 
healthy individuals using antidepressants, and no change 
was observed in monocyte activity. In subsequent studies, 

it has been shown that the immune e� ect of antidepres-
sant drugs is o� en irregular in patients with depression25. 
Much of the work in psychoimmunology is concerned 
with the response of in� ammation and depression to the 
innate immune response. In a meta-analysis of 24 studies 
by Dowloti et al., the pro-in� ammatory cytokines TNFα 
and IL-6 were found in signi� cantly higher concentrations 
in depressed individuals compared to controls27. In anoth-
er meta-analysis that depression elicits an in� ammatory 
response, IL-6, C-reactive protein (CRP) levels were found 
to be higher in depressed subjects compared to controls28. 
Studies and meta-analysis evaluations suggest that antide-
pressants may have e� ects on the immune system. A me-
ta-analysis of 22 studies showed that selective serotonin re-
uptake inhibitor (SSRI) antidepressants can reduce TNFα 
and IL-6 levels compared to other antidepressants in 603 
patients using antidepressants. However, studies proving 
this have not been done29.

In studies examining the e� ects of antidepressant drugs 
in-vivo in mice, it has been shown that they especially af-
fect the cytokine production of immune cells30,31. Compar-
ing the blood monocytes of healthy people and patients 
with depression, it has been shown that antidepressants 
downregulate the release of proin� ammatory cytokines 
and upregulate the release of anti-in� ammatory ones31,32.

� e di� erence between these studies and our results is due 
to the use of antidepressant drugs with di� erent active in-
gredients in each. � erefore, triggering the cytokine pro-
duction in the immune cells or keeping the cytokine level 
constant for each of them di� ered. As a result, hydroxyzine 
hydrochloride drug does not activate TNFα, IL-6, Gm-
CSF, IL-12 p40 cytokines in macrophage cells at 1-5-10-20 
µg/mL. It can be used safely in the treatment of depression 
and anxiety.
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