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1  | GLUCOCORTICOIDS

Glucocorticoids (GCs) belong to the family of steroid hormones and 
are synthesized in the fascicular zone of the adrenal cortex, whose 
primary function is to maintain body homeostasis. The antiinflam‐
matory properties of GCs came to prominence when cortisol was 
used in the suppression of the clinical manifestations of rheumatoid 
arthritis 60 years ago, and they have been used in medicine since 
then.1 For this contribution, in 1950 the Nobel Prize in Physiology 
or Medicine was awarded to Kendall and Reichstein. The clinical 

demand for GCs rapidly increased and numerous compounds were 
synthesized. Among them, prednisone, prednisolone, dexametha‐
sone, and triamcinolone first appeared in the 1950s and are still in 
use.2

GCs exert their antiinflammatory effects by binding to the glu‐
cocorticoid receptor (GR) and by modulating gene expression. In the 
absence of its ligand, the GR is predominantly located in the cyto‐
plasm, in a complex containing multiple proteins such as the chaper‐
ones Hsp90, Hsp50 and Hsp70, and the immunophilins FKBP51 and 
FKBP52. Upon ligand binding, the GR undergoes a conformational 
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Abstract
Antihistamines and glucocorticoids (GCs) are often used together in the clinic, in sev‐
eral inflammatory‐related situations. Even though there is no clear rationale for this 
drug association, the clinical practice is based on the assumption that due to their 
concomitant antiinflammatory effects, there should be an intrinsic benefit in their 
coadministration. Our group has studied the molecular interaction between the his‐
tamine H1 receptor and the glucocorticoid receptor (GR) signaling pathways, showing 
an enhancing effect on GC‐induced GR transcriptional activity induced by antihista‐
mines. We hypothesize that the existence of this synergistic effect could contribute 
in reducing the GCs clinical doses, ineffective by itself but effective in combination 
with an antihistamine. This could result in a therapeutic advantage as the GC‐desired 
effects may be reinforced by the addition of an antihistamine and, as a consequence 
of the dose reduction, GC‐related adverse effects could be reduced or at least miti‐
gated. Here we discuss the potential therapeutic applications of this cotreatment 
seeking to evaluate its usefulness, especially in inflammatory‐related conditions.

K E Y W O R D S

antihistamines, drug association, glucocorticoid receptor, glucocorticoids, histamine H1 
receptor, inflammation

www.wileyonlinelibrary.com/journal/prp2
mailto:
https://orcid.org/0000-0003-3844-577X
https://orcid.org/0000-0002-1113-4608
http://creativecommons.org/licenses/by/4.0/
mailto:dzappia@docente.ffyb.uba.ar


2 of 8  |     ZAPPIA And MOnCZOR

change resulting in dissociation from this multiproteic complex and 
nuclear translocation.3 Once in the nucleus, GR can positively regu‐
late (or transactivate) anti‐inflammatory genes expression, mainly by 
binding directly to promoter regions of target genes, or negatively 
regulating, or transrepressing, the expression of proinflammatory 
genes, mostly by physical interaction with other transcription fac‐
tors such as nuclear factor κB (NF‐κB) or activator protein 1 (AP‐1). 
A growing body of evidence has shown some rapid effects on inflam‐
mation, which would not be mediated by changes in gene expres‐
sion. However, much remains to be clarified in relation with the role 
of these mechanisms in their antiinflammatory action.4

Nowadays, GCs are among the most widely prescribed drugs in 
clinical practice because of their strong antiinflammatory and im‐
munosuppressive effects. They represent a standard therapy for 
several autoimmune, inflammatory, and allergic disorders, such as 
rheumatoid arthritis, asthma, lupus erythematosus, inflammatory 
bowel disease and transplant rejection.5 Nevertheless, therapy is 
commonly associated with a large amount of serious adverse effects 
including osteoporosis, dyslipidemia, body fat redistribution, muscle 
wasting and atrophy, insulin resistance, glucose intolerance and even 
diabetes.6 The occurrence and severity of the GC are determined 
by the duration, dosage and dosing regime, the nature and its route 
of administration as well as by the individual susceptibility of each 
patient.7 The main challenge always was, and still remains, to im‐
prove their antiinflammatory actions while minimizing their adverse 
metabolic effects.8

2  | TR ANSAC TIVATION VS 
TR ANSREPRESSION

As mentioned, to maintain homeostasis, GCs act on almost every 
cell of the human body, regulating physiological processes includ‐
ing intermediary metabolism, immune function, skeletal growth, 
cardiovascular function, reproduction, and cognition. According to 
this, it becomes nearly impossible to separate the antiinflamma‐
tory effects from the metabolic undesired effects. The hypothesis 
whereby the antiinflammatory effects of GCs are mainly determined 
by the transpression (TR) of GR of pro‐inflammatory transcription 
factors, while their adverse effects are induced by transactivation 
(TA) of genes, has led to the identification of dissociated GCs or se‐
lective	GR	 agonists	 (SEGRAs).	 RU24782,	 RU24858,	 and	RU40066	
have been shown to reduce TA activity but still retain strong anti‐
inflammatory activity. Unfortunately, to date, only two compounds 
have been evaluated in clinical trials, Mapracorat for topical applica‐
tions and Fosdagrocorat for rheumatoid arthritis treatment.9,10 Their 
lack of efficacy is probably due to the importance of TA in resolving 
inflammation. The continuous identification of new TA‐dependent 
genes with antiinflammatory properties supports this notion and 
reflects the importance of TA in these processes. In addition, the 
development of those initially promising compounds was slowed 
down due to the occurrence of clinical bone‐related adverse ef‐
fects.	Several	studies	have	proved	that	GCs’	adverse	effects	such	as	

osteoporosis or muscular atrophy, also occur through TR.0.11 In this 
context, since TA and TR involve both antiinflammatory and GR‐re‐
lated side effects, dissociating them by dissociating TA and TR has 
become a chimera.

3  | GR MODUL ATORS

Because of the complexity of the GR biology it has been hypoth‐
esized that different GR conformations would lead to different 
transcriptional profiles and ultimately to different pharmacologi‐
cal outcomes.12,13 This has driven the search towards ligands that 
activate the GR in specific conformations to selectively modulate 
its	function	(SEGRMs),	broadening	from	steroidal	to	nonsteroidal	
scaffolds. One example is the nonsteroidal Compound A, which 
was classified as a selective GR modulator because it was able to 
partially interfere selectively with GC‐activated TA‐related gene 
expression eliciting a different conformation of GR in relation to 
classic GCs.14 Derived from this, the two most extreme modula‐
tors	would	be	those	that	induce	only	GR	monomer	(SEMOGRAMs)	
or	 dimer	 (SEDIGRAMs)	 conformations.	 Since	 the	 treatment	 of	
different diseases will mainly benefit from monomeric or dimeric 
GR	 actions,	 it	 has	 been	 hypothesized	 that	 SEMOGRAMs	 may	
be	 useful	 in	 chronic	 inflammatory	 diseases,	 while	 SEDIGRAMs	
may be useful in acute inflammatory conditions. However, 
the assumption that different GCs may lead to different GR  
dimerization degrees and to different transcriptional activi‐
ties requires further validation and consequently, there is a 
need for more clinical evidence to evaluate the GR dimerization 
hypothesis.15

4  | COMPLEMENTARY THER APIES

Another approach to deal with GC‐related adverse effects is the 
addition of a different drug to a corticoid‐based therapy, aiming to 
reduce the dose of corticoid and consequently its side effects. As 
mentioned before, the occurrence and severity of the secondary ef‐
fects are mainly determined by the duration and dosage of the treat‐
ment.7 Asthma is a well‐known example where different add‐on 
therapies are recommended. GCs are commonly used together with 
β2‐adrenoceptor (β2R) agonists, theophylline or anti‐leukotrienes, 
being the first one, the most effective combination.16 Due to its 
bronchodilator effect, it was suggested that the addition of β2R ago‐
nists may have complementary actions to GCs on the physiopathol‐
ogy of asthma. At the molecular level, it has been described synergic, 
or at least additives effects, since it was reported that β2R agonists 
increase GC‐induced GR nuclear localization and its transcriptional 
activity.17 More recent and promising, but still preclinical, strate‐
gies	to	circumvent	GCs’	side	effects	 involve	the	stimulation	of	the	
crosstalk between the GR and the peroxisome proliferator‐activated 
receptor (PPARs), as their signaling pathways have overlapping and 
complementary roles in many tissues. By combining GR with PPARα 
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stimulation, their antiinflammatory effects might be additive, but not 
their side effects.15

5  | ANTIHISTAMINES

The first antihistamines have arisen through the finding of the an‐
tihistaminic effects associated with piperoxane by Daniel Bovet 
and	 Anne‐Marie	 Staub	 in	 1937.	 For	 his	 work	 on	 antihistamines	
and curare, Bovet was awarded the Nobel Prize in Physiology 
or Medicine in 1957. However, it was more than 20 years earlier 
when	Sir	Henry	Dale	demonstrated	the	effects	of	histamine	(HA)	
on the stomach's smooth muscle and the respiratory tract, as well 
as its vasopressor and shock‐related effects when injected into 
animals.18 The years following saw the emergence of several re‐
ports leading to the establishment of the role of HA in allergic 
and anaphylactic processes. These findings triggered the search 
for antagonists that were able to prevent the pathological effects 
of HA at the Pasteur Institute, where Bovet worked. Based on the 
common characteristics between HA, acetylcholine and adrena‐
line, in 1937 related compounds started to be explored leading to 
the discovery of piperoxane and its associated compounds, capa‐
ble of preventing the lethal effects induced by HA administration 
in guinea pigs.19

In 1942 the first antihistamine was approved for its use in hu‐
mans, and nowadays antihistamines represent the largest group of 
medicines used in allergic disorders, with more than 45 clinical anti‐
histamines available worldwide. Initially classified as antagonists of 
the histamine H1 receptor (H1R), they have been reclassified as in‐
verse agonists, capable of stabilizing the inactive form of the H1R.20‐

22 Through this mechanism of action and also by antagonizing the 
effects of HA at the H1R, these drugs interfere with the allergic‐in‐
flammatory processes, becoming the second‐generation antihista‐
mines, medications of choice in patients with allergic rhinitis (AR), 
conjunctivitis allergic and urticaria. Antihistamines are also used in 
disorders where there is no strong clinical evidence regarding their 
efficacy, such as atopic dermatitis (AD), anaphylaxis, nonallergic 
angioedema, otitis media, sinusitis, insomnia, anxiety, migraine and 
other vestibular disorders.23 Even when they are indicated for pa‐
tients with allergic rhinitis with concomitant asthma, they are not 
used in patients with asthma.24

6  | ANTIHISTAMINES AND 
GLUCOCORTICOIDS

Antihistamines, as well as glucocorticoids, are widely used for the 
treatment of allergic and inflammatory conditions. It is important 
to highlight that the targets with the greatest number of approved 
drugs are their receptors, the GR and the H1R.25 Even when there is 
no clear rationale for this drug association, they are commonly used 
together in a number of inflammatory‐related clinical situations. This 
clinical practice has been stablished based on the assumption that 

there should be an intrinsic benefit in their coadministration due to 
their antiinflammatory effects.26

It has been shown that the combination of antihistamines and 
corticoids is the most widely used choice to treat all types of AR.27 
Several	 clinical	 trials	 have	 shown	 the	 benefits	 of	 the	 combination	
of the antihistamine azelastine (AZE) and the corticoid fluticasone 
(FLU), resulting in the patent granting of the first steroid plus anti‐
histamine nasal spray (Dymista®) along with two other steroid com‐
binations.28 Recently published guidelines also position AZE + FLU 
as a first‐line treatment for moderate to severe AR, in preference 
to an inhaled GC.29 The 2016 update to the Allergic Rhinitis and 
its Impact on Asthma (ARIA) guidelines recommends this combina‐
tion for seasonal AR.30 To date, AZE + FLU is the only combination 
available for the treatment of AR. Its efficacy is ascribed to the an‐
tiallergic and antiinflammatory effects of the antihistamine in the 
early phase reactions and the potent inhibition of the late‐phase 
allergic reactions by the corticoid, resulting in significant additive 
effects.31 Nevertheless, nothing is known about the molecular inter‐
action between the intracellular signaling pathways of both ligands. 
Pathophysiological gaps related to this combined therapy claim for 
further study of the molecular mechanisms of action.32

Likewise, AD therapy is another example of the concomitant 
use of antihistamines and corticoids. This inflammatory and chronic 
skin disease is widely treated with topic corticoids, even though the 
treatment presents many adverse effects and its efficacy and mech‐
anism of action are not well understood. Antihistamines have been 
used jointly with corticoids for AD treatment albeit little is known 
about its usefulness or potential interactions.33 On the preclinical 
level, the synergistic effects of antihistamines and corticoids in an 
animal model of AD have been evaluated, finding that the antihista‐
mine olopatadine enhanced the corticoid prednisolone antiinflam‐
matory effect, leading to the conclusion that this drug combination 
could be useful to treat AD, although the mechanism underlying the 
synergism is also unknown.34

7  | CELL SIGNALING PATHWAYS 
CROSSTALK

The ability of a cell to answer internal and external stimuli is a vital 
property. Continuously, each cell of a multicellular organism re‐
ceives a vast number of messages, which are integrated through a 
limited number of signaling pathways to produce complex cellular 
responses. These pathways not only transmit the messages but also 
process and codify them. This reflects the astonishing properties of 
the biological systems to detect stimuli and adapt their biochemical 
machinery upon a wide range of situations to maintain homeostasis. 
This feature compels to conceive cell communication as a complex 
interaction network as of their single components.35

The classical depiction of linear and discrete signaling 
pathways has been replaced by a big amount of multiple inter‐
connected networks, leading to a holistic conception of cell 
communication. However, not all interactions have biological or 
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clinical relevance. In this sense, it is desirable, from a pharmaco‐
logical standpoint, to investigate the crosstalk between signaling 
pathways that could lead to new ways of understanding patholo‐
gies and therapies.36

8  | GPCRS‐ GR CROSSTALK

Modulation	 of	 the	 GR’s	 activity	 has	 been	 extensively	 investi‐
gated since the first report of the receptor appeared in 1967,2 
showing that its activity can be modulated by different signaling 
pathways. In contrast, there are few reports, documenting the 
crosstalk between GR and G‐protein‐coupled receptors (GPCRs) 
signaling at the molecular level. Acting on the β2‐adrenergic re‐
ceptor,	epinephrine	and	nor‐epinephrine	enhances	GR’s	activity	
through Gβγ subunits, PI3K and PKB pathway, but independently 
of its classical effector PKA.37	Somatostatin	suppresses	GR’s	ac‐
tivity directly in the cell nucleus through the binding and nuclear 
translocation of the Gβγ subunits along with the GR.38 Finally, 
it	 has	 been	 reported	 that	melatonin	 suppresses	GR’s	 transcrip‐
tional activity through MT1 receptor‐coupled Gαi subunit,39 
inhibits	 the	 synthesis	 of	 the	 GR’s	 messenger	 RNA,40 prevents 
GC‐induced apoptosis,41	prevents	GR’s	nuclear	translocation	by	
blocking the dissociation from its chaperone Hsp90,42 and af‐
fects its interaction with the coactivator TIF‐2.43 It has been also 
described that the orphan GPCRs, GPR30 and GPR50, modulate 
GR’s	activity,	the	first	one	by	inhibiting	the	expression	of	the	co‐
activator TIF‐2 and the second one, by interacting with coactiva‐
tor TIP‐60.44,45

9  | H1R‐ GR CROSSTALK

Given the pharmacological importance and clinical relevance of anti‐
histamines and corticoids combination therapies, our group focused 
on how H1R signaling pathways modulate GR‐mediated transcrip‐
tional activity. Our results show a complex dual regulation of GR 
activity, consisting of an enhancing effect involving the G‐protein βγ 
subunits and Jun kinase (JNK) and a parallel inhibitory effect medi‐
ated by the canonical Gαq‐PLC‐Rac pathway. An overall activating 
effect is observed when the H1R is activated by its natural agonist, 
histamine, which is the result of a simultaneous triggering of both 
pathways. Conversely, when H1R is bound by inverse agonists, the 
inhibitory Gαq‐PLC‐Rac pathway is repressed, also resulting in an 
enhancement of GR‐mediated transcriptional activity. This paradoxi‐
cal observation that the natural full agonist as well as the H1R inverse 
agonists potentiate GR activity can be explained in terms of the 
mechanism of action proposed (Figure 1). The existence of antihis‐
tamines’	enhancing	effect	was	observed	both	for	GR	transactivation	
and transrepression processes in heterologous expression systems 
through reporter gene assays, and it was replicated in physiopatho‐
logical cell models by measuring the expression of endogenous in‐
flammatory‐related genes.26

10  | PHARMACOLOGIC AL HYPOTHESIS

Based on the previously described findings we hypothesize that the 
enhancement of the GR transcriptional activity by antihistamines 
could allow for a reduction in the GCs doses normally used in the 
clinic. This reduced dose would be ineffective by itself but effec‐
tive in combination with an antihistamine, possibly resulting in new 
therapeutic	strategies	to	treat	different	conditions.	Since	the	dura‐
tion and dosage of treatment with GCs determine the occurrence 
and severity of its adverse effects, a reduction of its dose may result 
in an improvement of its undesired effects without compromising its 
therapeutic efficacy.

11  | POTENTIAL SCENARIOS

The modulation described should only be possible in those cell types 
that coexpresse the H1R and the GR, allowing the interaction of their 
signaling pathways. Among them, endothelial cells, dendritic cells, 
monocytes, neutrophils, B and T lymphocytes, and glial cells are 
examples of GR and H1R coexpression.46,47 The existence of these 
cell types coexpressing both receptors suggests that this drug as‐
sociation strategy may have many implications in several systems or 
organs such as the immunological system, lungs, skin or the central 
nervous system. Particularly, the inflammatory‐allergic pathologies 
are especially relevant in most of the cell types belonging to the im‐
munological system. The role of dendritic cells in asthma and aller‐
gic rhinitis has been studied for the last fifteen years.48 For its part, 
monocytes, lymphocytes and neutrophils have an important role in 
chronic inflammation of the airways in pathologies such as asthma 
and chronic obstructive pulmonary disease.49‐51 Likewise, endothe‐
lial cells have a crucial role in the development and worsening of 
allergic disorders.52

12  | A STHMA

Besides providing rational support to many of the current thera‐
pies where corticoids and antihistamines are used in combination, 
the description of the GR and H1R signaling pathways crosstalk 
can lead to the development of new therapeutic strategies where 
cotreatment can be justified. Asthma is a high morbidity and mor‐
tality chronic inflammatory disease, and corticoids are currently 
the most effective therapy, but there is a lack of efficacy of an‐
tihistamines in controlling the symptoms.16,53 Therapy with GCs 
is commonly associated with severe adverse effects, especially 
at high doses in long‐term treatments, which often limits their 
use.7 This, together with the existence of asthma patients unable 
to control their symptoms, generates the need for new thera‐
peutic strategies.54 We have studied the effects of the combined 
administration of dexamethasone (DEX) and the antihistamine 
azelastine (AZE) in an allergen‐induced murine model of asthma. 
Our results indicated that the combination of AZE and DEX in a 
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dose ineffective by itself can improve allergic lung inflammation 
as shown by a decrease in eosinophils in bronchoalveolar lavage, 
reduction of peribronchial and perivascular infiltrates and mucin‐
producing cells, diminished serum levels of allergen‐specific IgE 
and IgG1, and a reduction in the expression of inflammation‐re‐
lated genes IL‐4, IL‐5, Muc5AC and Arginase I in the lung.55 The 
finding that AZE potentiated DEX‐induced effects in vivo, leads 
us to suggest that this potentiation might allow for a reduction 
of the GC therapeutic dose needed, supporting the consideration 
of antihistamines as add‐on drugs in GC‐mediated antiasthmatic 
therapies. The potential benefits of the cotreatment consist in a 
reduction of GC‐related adverse effects without losing therapeu‐
tic efficacy.

13  | NEUROINFL AMMATION

Neuroinflammation comprises every inflammatory process that oc‐
curs	 in	the	CNS	and	 involves	distinct	cell	 types	and	mediators	de‐
pending on its onset and progress. Astrocytes and microglia are the 
main	cells	resident	in	the	CNS	responsible	for	the	inflammatory	and	

immunological responses. Their activation induces inflammation 
and release of several mediators including cytokines, chemokines 
or growth factors that originate and sustain the inflammatory 
response.56In general, acute and transient inflammation is a benefi‐
cial	process	that	induces	an	adaptative	response	to	protect	the	CNS	
from an aggression or an injury, while chronic and long‐term inflam‐
mation can lead to the production of neurotoxic mediators. The rise 
in pro‐inflammatory cytokine expression from astrocytes and micro‐
glia inside the brain results in neuroinflammation that ends in neu‐
rodegeneration.57,58 The relationship between neuroinflammation 
and neurodegeneration has been intensely reviewed. In the last few 
years, evidence points to neuroinflammation as an effector in neu‐
ronal dysfunction, cell death and tissue damage.59,60 Moreover, it has 
documented the association between neuroinflammation and neu‐
rodegenerative diseases such as Alzheimer's or Parkinson's diseases 
among others.61,62 The brain has been distinguished as the main tar‐
get of neuroprotective strategies and therefore, the identification 
of glial inflammatory regulators has been recognized for their thera‐
peutic value related to Alzheimer's disease and other neuropatholo‐
gies.63 However, although a lot of evidence supports the relationship 
between neuroinflammation and neurodegeneration, so far there is 

F I G U R E  1   Mechanism of action proposed for the crosstalk between H1R and GR signaling pathways. Activation of the H1R triggers a 
complex dual regulatory mechanism on GR activity, involving both Gαq and Gβγ G‐protein subunits. While the Gαq subunit has an inhibitory 
effect via a PLC‐RAC‐mediated pathway, Gβγ enhances GR activity via JNK. While activation of the H1R by histamine resulted in a composite 
potentiating effect, inactivation of the Gαq‐PLC pathway by H1R inverse agonists resulted in a potentiation of GR activity. The enhancing 
effect of antihistamines occurs both for GR‐mediated transactivation of GRE‐dependent genes and for GR‐mediated transrepression of 
genes regulated by NF‐κB	(p65‐p50).	Solid	lines	indicate	direct	effects;	dashed	lines	indicate	indirect	effects.	Lines	ending	with	arrowheads	
or bars indicate activating or inhibitory effects, respectively. GR: glucocorticoid receptor; H1R: histamine H1 receptor; NF‐κB: nuclear factor 
kappa B; TNF‐α:	tumor	necrosis	factor‐alpha;	LPS:	lipopolysaccharide;	PLC,	phospholipase	C;	JNK:	Jun	kinase;	I‐κB: inhibitor kappa B; GRE: 
glucocorticoid response element; NF‐κB‐RE: NF‐κB response element
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not an effective therapeutic strategy based on this approach. Non‐
steroidal anti‐inflammatory drugs, omega‐3 polyunsaturated fatty 
acids, and immunological antagonists have been clinically evaluated, 
concluding that even though the therapeutic strategy is valid, the 
clinical efficacy is limited.64 Identification of new pharmacological 
targets addressing neuroinflammation will deepen the knowledge of 
these processes and its relation to neurodegenerative diseases, and 
may lead to development of new therapies to treat neuroinflamma‐
tory‐related conditions, many of which lack an adequate or efficient 
therapy. In this sense, there is a potential therapeutic utility for cor‐
ticoids and antihistamines cotreatment in neuroinflammatory con‐
texts. GCs are well‐known to be released as a feedback mechanism 
to quench an inflammatory response, however, more recently they 
have been shown to have proinflammatory effects. Furthermore, the 
effects of chronic exposure to GCs in the brain have been suggested 
to be more complex than its acute antiinflammatory effects in the 
periphery. The roles of histamine and its receptor ligands are also 
complex as well.65 We hypothesize that antihistamines can modulate 
GCs	effects	in	the	CNS	towards	an	antiinflammatory	action,	estab‐
lishing the potentiality of their receptors as targets for the treatment 
of neurodegenerative diseases.

14  | GC‐REL ATED ADVERSE EFFEC TS

Both	GCs’	therapeutic	and	adverse	effects	are	on‐target	and	exerted	
through gene modulation by the GR. Many of the adverse effects 
mainly involve TA processes (glaucoma, hypertension, diabetes) 
while others are the result of TR of genes induced by the GR (hy‐
pothalamic‐pituitary‐adrenal axis suppression, infections suscepti‐
bility).	 Some	of	 them	 involve	 both	mechanisms	 (osteoporosis)	 and	
many others are still not completely elucidated (gastrointestinal 
bleeding and peptic ulcer).6	Since	antihistamines	could	enhance	GC‐
induced GR activity both for TA and TR, it is critical to address the 
potential modulation of GR adverse effects by antihistamines. No 
study is complete if the potential adverse effects are ignored. In con‐
sequence, the adverse effects described before and their underly‐
ing molecular mechanisms must be considered when evaluating the 
safety of antihistamine and corticoid cotreatment.

15  | CONCLUSIONS

The notion supported by molecular evidence obtained in vitro and 
in vivo, that the GR transcriptional activity can be modulated by H1R 
signaling pathways and that this modulation may have therapeutic 
relevance, provides the basis for the pharmacological hypothesis 
proposed herein and invites to go further into the study, aiming to 
address the potential therapeutic application of corticoids and anti‐
histamines cotreatment in different settings. Given that both ligands 
are often used together in several clinical scenarios, it is important 
to investigate the molecular consequences of this drug association, 
especially when multiple pathways are modulated. To understand 

the shared mechanism of action of such widely used drugs is crucial 
to improve their specificity and safety, giving rationale to this com‐
monly associated drug combination.

ACKNOWLEDG MENTS

The	authors	are	are	sincerely	grateful	to	Dr	S	Sanz‐Blasco	for	criti‐
cal reading of the manuscript. Financial support: This study was 
funded by Agencia Nacional de Promoción Científica y Tecnológica 
(ANPCyT) PICT‐2016‐2612. The funding agency does not have any 
involvement in the writing of the report; and in the decision to sub‐
mit the article for publication.

DISCLOSURE

The authors declare that the research was conducted in the absence 
of any commercial or financial relationships that could be construed 
as a potential conflict of interest.

DATA AVAIL ABILIT Y S TATEMENT

The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID

Carlos D. Zappia  https://orcid.org/0000‐0003‐3844‐577X 

Federico Monczor  https://orcid.org/0000‐0002‐1113‐4608 

R E FE R E N C E S

	 1.	 Hench	PS,	Kendall	EC,	Slocumb	CH,	Polley	HF.	The	effect	of	a	hor‐
mone of the adrenal cortex (17‐hydroxy‐11‐dehydrocorticosterone: 
compound E) and of pituitary adrenocortical hormone in arthritis: 
preliminary report. Ann Rheum Dis. 1949;8:97‐104.

 2. Munck A. Glucocorticoid biology — a historical perspective. 
2001:17‐33.

 3. Nicolaides NC, Galata Z, Kino T, Chrousos GP, Charmandari E. The 
human glucocorticoid receptor: molecular basis of biologic func‐
tion. Steroids. 2010;75:1‐12.

	 4.	 Liberman	AC,	Budzinski	ML,	Sokn	C,	Gobbini	RP,	Steininger	A,	Arzt	
E. Regulatory and mechanistic actions of glucocorticoids on t and 
inflammatory cells. Front Endocrinol. 2018;9:235.

 5. Rhen T, Cidlowski JA. Antiinflammatory action of glucocorticoids–
new mechanisms for old drugs. New Engl J Med. 2005;353:1711‐1723.

	 6.	 Sundahl	N,	Bridelance	J,	Libert	C,	De	Bosscher	K,	Beck	IM.	Selective	
glucocorticoid receptor modulation: new directions with non‐ste‐
roidal scaffolds. Pharmacol Ther. 2015;152:28‐41.

	 7.	 Schacke	H,	Docke	WD,	Asadullah	K.	Mechanisms	 involved	 in	 the	
side effects of glucocorticoids. Pharmacol Ther. 2002;96:23‐43.

 8. De Bosscher K, Haegeman G. Minireview: latest perspectives 
on antiinflammatory actions of glucocorticoids. Mol Endocrinol. 
2009;23:281‐291.

	 9.	 Baiula	 M,	 Bedini	 A,	 Baldi	 J,	 Cavet	 ME,	 Govoni	 P,	 Spampinato	 S.	
Mapracorat, a selective glucocorticoid receptor agonist, causes apop‐
tosis of eosinophils infiltrating the conjunctiva in late‐phase experi‐
mental ocular allergy. Drug Design Develop Ther. 2014;8:745‐757.

https://orcid.org/0000-0003-3844-577X
https://orcid.org/0000-0003-3844-577X
https://orcid.org/0000-0002-1113-4608
https://orcid.org/0000-0002-1113-4608


     |  7 of 8ZAPPIA And MOnCZOR

	10.	 Stock	T,	Fleishaker	D,	Wang	X,	Mukherjee	A,	Mebus	C.	 Improved	
disease activity with fosdagrocorat (PF‐04171327), a partial agonist 
of the glucocorticoid receptor, in patients with rheumatoid arthritis: 
a Phase 2 randomized study. Int J Rheum Dis. 2017;20:960‐970.

	11.	 Vandevyver	S,	Dejager	L,	Tuckermann	J,	Libert	C.	New	insights	into	
the anti‐inflammatory mechanisms of glucocorticoids: an emerg‐
ing role for glucocorticoid‐receptor‐mediated transactivation. 
Endocrinology. 2013;154:993‐1007.

 12. Monczor F, Chatzopoulou A, Zappia CD, Houtman R, Meijer OC, 
Fitzsimons CP. A model of glucocorticoid receptor interaction with 
coregulators predicts transcriptional regulation of target genes. 
Front Pharmacol. 2019;10:214.

 13. Weikum ER, Knuesel MT, Ortlund EA, Yamamoto KR. Glucocorticoid 
receptor control of transcription: precision and plasticity via al‐
lostery. Nat Rev Mol Cell Biol. 2017;18:159‐174.

 14. De Bosscher K, Beck IM, Ratman D, Berghe WV, Libert C. 
Activation of the glucocorticoid receptor in acute inflammation: the 
SEDIGRAM	concept.	Trends Pharmacol Sci. 2016;37:4‐16.

 15. Vandewalle J, Luypaert A, De Bosscher K, Libert C. Therapeutic 
mechanisms of glucocorticoids. Trends Endocrinol Metab. 
2018;29:42‐54.

 16. Barnes PJ. Corticosteroids: the drugs to beat. Eur J Pharmacol. 
2006;533:2‐14.

 17. Barnes PJ. Glucocorticosteroids: current and future directions. Br J 
Pharmacol. 2011;163:29‐43.

 18. Parsons ME, Ganellin CR. Histamine and its receptors. Br J 
Pharmacol.	2006;147(Suppl	1):S127‐S135.

	19.	 Figueroa	K,	Shankley	N.	One	hundred	years	of	histamine	research.	
Adv Exp Med Biol. 2010;709:1‐9.

 20. Bakker RA, Wieland K, Timmerman H, Leurs R. Constitutive activity 
of the histamine H(1) receptor reveals inverse agonism of histamine 
H(1) receptor antagonists. Eur J Pharmacol. 2000;387:R5‐R7.

	21.	 Fitzsimons	 CP,	 Monczor	 F,	 Fernandez	 N,	 Shayo	 C,	 Davio	 C.	
Mepyramine, a histamine H1 receptor inverse agonist, binds prefer‐
entially to a G protein‐coupled form of the receptor and sequesters 
G protein. J Biol Chem. 2004;279:34431‐34439.

	22.	 Bakker	 RA,	 Schoonus	 SB,	 Smit	 MJ,	 Timmerman	 H,	 Leurs	 R.	
Histamine H(1)‐receptor activation of nuclear factor‐kappa B: roles 
for G beta gamma‐ and G alpha(q/11)‐subunits in constitutive and 
agonist‐mediated signaling. Mol Pharmacol. 2001;60:1133‐1142.

	23.	 Simons	FE,	Simons	KJ.	Histamine	and	H1‐antihistamines:	celebrat‐
ing a century of progress. J Allergy Clin Immunol. 2011;128:1139–
1150.e4.

	24.	 Bartho	L,	Benko	R.	Should	antihistamines	be	re‐considered	as	anti‐
asthmatic drugs as adjuvants to anti‐leukotrienes? Eur J Pharmacol. 
2013;701:181‐184.

 25. Overington JP, Al‐Lazikani B, Hopkins AL. How many drug targets 
are there? Nat Rev Drug Discov. 2006;5:993–996.

 26. Zappia CD, Granja‐Galeano G, Fernández N, et al. Effects of hista‐
mine H1 receptor signaling on glucocorticoid receptor activity. Role 
of canonical and non‐canonical pathways. Sci Rep. 2015;5:17476.

 27. Navarro A, Valero A, Rosales MJ, Mullol J. Clinical use of oral anti‐
histamines and intranasal corticosteroids in patients with allergic 
rhinitis. J Investig Allergol Clin Immunol. 2011;21:363‐369.

 28. Wolthers OD. New patents of fixed combinations of nasal antihis‐
tamines and corticosteroids in allergic rhinitis. Recent Pat Inflamm 
Allergy Drug Discov. 2013;7:223‐228.

 29. Plaza Moral V. Comite Ejecutivo de G. [GEMA(4.0). Guidelines for 
Asthma Management]. Arch Bronconeumol.	2015;51(Suppl	1):2‐54.

	30.	 Brożek	 JL,	 Bousquet	 J,	 Agache	 I,	 et	 al.	 Allergic	 Rhinitis	 and	 its	
Impact on Asthma (ARIA) guidelines‐2016 revision. J Allergy Clin 
Immunol. 2017;140:950‐958.

 31. Bousquet J, Bachert C, Bernstein J, et al. Advances in pharmacother‐
apy for the treatment of allergic rhinitis; MP29‐02 (a novel formu‐
lation of azelastine hydrochloride and fluticasone propionate in an 

advanced delivery system) fills the gaps. Expert Opin Pharmacother. 
2015;16:913‐928.

 32. Bjermer L, Westman M, Holmstrom M, Wickman MC. The complex 
pathophysiology of allergic rhinitis: scientific rationale for the de‐
velopment of an alternative treatment option. Allergy Asthma Clin 
Immunol. 2019;15:24.

	33.	 Hoare	C,	Li	Wan	Po	A,	Williams	H.	Systematic	review	of	treatments	
for atopic eczema. Health Technol Assess. 2000;4:1‐191.

	34.	 Kagawa	Y,	Izawa	K,	Yano	H,	Kamei	C.	Synergetic	effects	of	prednis‐
olone and olopatadine on atopic dermatitis model of hairless mice. 
Pharmacology. 2010;85:286‐294.

 35. Bernabo N, Barboni B, Maccarrone M. The biological networks 
in studying cell signal transduction complexity: the examples of 
sperm capacitation and of endocannabinoid system. Comput Struct 
Biotechnol J. 2014;11:11‐21.

 36. Yoshikawa T, Kanazawa H. Cellular signaling crosstalk between 
multiple receptors for investigation of pathophysiology in multifac‐
torial diseases–what is clinically‐relevant crosstalk? Curr Med Chem. 
2013;20:1091‐1102.

	37.	 Schmidt	 P,	 Holsboer	 F,	 Spengler	 D.	 Beta(2)‐adrenergic	 receptors	
potentiate glucocorticoid receptor transactivation via G protein 
beta gamma‐subunits and the phosphoinositide 3‐kinase pathway. 
Mol Endocrinol. 2001;15:553‐564.

 38. Kino T, Tiulpakov A, Ichijo T, Chheng L, Kozasa T, Chrousos GP. G protein 
beta interacts with the glucocorticoid receptor and suppresses its tran‐
scriptional activity in the nucleus. J Cell Biol. 2005;20(169):885‐896.

	39.	 Kiefer	TL,	Lai	L,	Yuan	L,	Dong	C,	Burow	ME,	Hill	SM.	Differential	
regulation of estrogen receptor alpha, glucocorticoid receptor and 
retinoic acid receptor alpha transcriptional activity by melatonin is 
mediated via different G proteins. J Pineal Res. 2005;38:231‐239.

	40.	 Sainz	RM,	Mayo	JC,	Reiter	RJ,	Antolin	I,	Esteban	MM,	Rodriguez	C.	
Melatonin regulates glucocorticoid receptor: an answer to its antia‐
poptotic action in thymus. FASEB J. 1999;13:1547‐1556.

	41.	 Hoijman	 E,	 Rocha	 Viegas	 L,	 Keller	 Sarmiento	MI,	 Rosenstein	 RE,	
Pecci A. Involvement of Bax protein in the prevention of glucocor‐
ticoid‐induced thymocytes apoptosis by melatonin. Endocrinology. 
2004;145:418‐425.

 42. Presman DM, Hoijman E, Ceballos NR, Galigniana MD, Pecci A. 
Melatonin inhibits glucocorticoid receptor nuclear translocation in 
mouse thymocytes. Endocrinology. 2006;147:5452‐5459.

 43. Presman DM, Levi V, Pignataro OP, Pecci A. Melatonin inhibits glu‐
cocorticoid‐dependent GR‐TIF2 interaction in newborn hamster 
kidney (BHK) cells. Mol Cell Endocrinol. 2012;349:214‐221.

 44. Ylikomi T, Vienonen A, Ahola TM. G protein‐coupled receptor 30 
down‐regulates cofactor expression and interferes with the transcrip‐
tional activity of glucocorticoid. Eur J Biochem. 2004;271:4159‐4168.

	45.	 Li	J,	Hand	LE,	Meng	QJ,	Loudon	AS,	Bechtold	DA.	GPR50	interacts	
with TIP60 to modulate glucocorticoid receptor signalling. PLoS 
ONE. 2011;6:e23725.

	46.	 Lu	 NZ,	 Wardell	 SE,	 Burnstein	 KL,	 et	 al.	 International	 Union	 of	
Pharmacology. LXV. The pharmacology and classification of 
the nuclear receptor superfamily: glucocorticoid, mineralocor‐
ticoid, progesterone, and androgen receptors. Pharmacol Rev. 
2006;58:782–797.

 47. Panula P, Chazot PL, Cowart M, et al. International union of basic 
and clinical pharmacology. XCVIII. Histamine receptors. Pharmacol 
Rev. 2015;67:601‐655.

 48. Froidure A, Pilette C. Human dendritic cells in allergic asthma and 
rhinitis. Medicine Sci. 2015;31:151‐158.

	49.	 Umland	SP,	Schleimer	RP,	Johnston	SL.	Review	of	the	molecular	and	
cellular mechanisms of action of glucocorticoids for use in asthma. 
Pulm Pharmacol Ther. 2002;15:35‐50.

 50. Pazdrak K, Kurosky A. Functional proteomics for the characteriza‐
tion of impaired cellular responses to glucocorticoids in asthma. Adv 
Exp Med Biol. 2014;795:255‐270.



8 of 8  |     ZAPPIA And MOnCZOR

 51. Jiang Z, Zhu L. Update on molecular mechanisms of corticoste‐
roid resistance in chronic obstructive pulmonary disease. Pulm 
Pharmacol Ther. 2016;37:1‐8.

	52.	 Shoda	T,	Futamura	K,	Orihara	K,	et	al.	Recent	advances	 in	under‐
standing the roles of vascular endothelial cells in allergic inflamma‐
tion. Allergol Int. 2016;65:21‐29.

 53. Van Ganse E, Kaufman L, Derde MP, Yernault JC, Delaunois L, 
Vincken W. Effects of antihistamines in adult asthma: a meta‐anal‐
ysis of clinical trials. Eur Respir J. 1997;10:2216‐2224.

 54. Olin JT, Wechsler ME. Asthma: pathogenesis and novel drugs for 
treatment. BMJ. 2014;349:g5517.

	55.	 Zappia	CD,	Soto	A,	Granja‐Galeano	G,	et	al.	Azelastine	potentiates	
anti‐asthmatic dexamethasone effect on a murine asthma model. 
Pharmacol Res Perspect. 2019;e00531. https ://doi.org/10.1002/
prp2.531.

 56. Ransohoff RM, Brown MA. Innate immunity in the central nervous 
system. J Clin Investig. 2012;122:1164‐1171.

 57. Huang Y, Henry CJ, Dantzer R, Johnson RW, Godbout JP. 
Exaggerated sickness behavior and brain proinflammatory cytokine 
expression in aged mice in response to intracerebroventricular lipo‐
polysaccharide. Neurobiol Aging. 2008;29:1744‐1753.

	58.	 Mrak	RE,	Griffin	WS.	Glia	and	their	cytokines	in	progression	of	neu‐
rodegeneration. Neurobiol Aging. 2005;26:349‐354.

	59.	 Amor	S,	Puentes	F,	Baker	D,	van	der	Valk	P.	Inflammation	in	neuro‐
degenerative diseases. Immunology. 2010;129:154‐169.

 60. Fakhoury M. Role of immunity and inflammation in the patho‐
physiology of neurodegenerative diseases. Neurodegener Dis. 
2015;15:63‐69.

 61. Heneka MT, O'Banion MK, Terwel D, Kummer MP. 
Neuroinflammatory processes in Alzheimer's disease. J Neural 
Transm. 2010;117:919‐947.

	62.	 Hirsch	EC,	Vyas	S,	Hunot	S.	Neuroinflammation	in	Parkinson's	dis‐
ease. Parkinsonism Relat Disord.	2012;18(Suppl	1):S210‐S212.

	63.	 Skaper	SD.	The	brain	as	a	 target	 for	 inflammatory	processes	and	
neuroprotective strategies. Ann N Y Acad Sci. 2007;1122:23‐34.

 64. Baune BT. Inflammation and neurodegenerative disorders: is 
there still hope for therapeutic intervention? Curr Opin Psychiatry. 
2015;28:148‐154.

 65. Hu W, Chen Z. The roles of histamine and its receptor ligands in 
central nervous system disorders: an update. Pharmacol Ther. 
2017;175:116‐132.

How to cite this article: Zappia CD, Monczor F. Therapeutic 
utility of glucocorticoids and antihistamines cotreatment. 
Rationale and perspectives. Pharmacol Res Perspect. 
2019;e00530. https ://doi.org/10.1002/prp2.530

https://doi.org/10.1002/prp2.531
https://doi.org/10.1002/prp2.531
https://doi.org/10.1002/prp2.530

