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Abstract: Reactive oxygen species (ROS) encompass various molecular oxygen derivatives naturally produced
during aerobic metabolism, including superoxide anion, hydrogen peroxide, and hydroxyl radical. Excessive
ROS production leads to oxidative distress, causing cellular damage and contributing to various pathologies,
often alongside inflammation. Endogenous sources of ROS include mitochondrial activity and NADPH
oxidases. The antioxidant system, comprising enzymes such as superoxide dismutase, peroxiredoxin, and
catalase, mitigates ROS-induced damage. This review explores the regulation of ROS by membrane receptors,
focusing on B1 and B2 kinin receptors and histamine H2 receptors, which are implicated in vasodilation,
angiogenesis, inflammation, and gastric acid secretion. Understanding these interactions provides insights into
ROS modulation and its role in disease mechanisms.
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1. Introduction

The term 'reactive oxygen species' (ROS) encompasses a variety of molecular oxygen derivatives
that are naturally produced as part of aerobic metabolism [1]. Excessive production of these ROS can
lead to molecular damage, a condition referred to as 'oxidative distress'. ROS include superoxide
anion, hydrogen peroxide, hydroxyl radical, lipid peroxides, protein peroxides and nucleic acid
peroxides [2]. The main endogenous sources of ROS include mitochondrial activity, which generates
these species as by-products, and the catalytic actions of NADPH oxidases (NOXs) [3,4].

Free radicals are kept in a critical balance by the body, as they function as molecules with cell
signaling and/or second-messenger functions [5,6]. In the event of accumulation, the phenomenon
called oxidative stress arises, whereby ROS are capable of causing serious cellular disturbances,
participating in the emergence and/or progression of various pathologies, usually in conjunction with
some level of inflammation [7,8].

To protect living organisms from oxidative stress, there is a system for removing ROS, called the
“antioxidant system”. This system works through the action of a series of enzymes that convert ROS
into less toxic species, until they are finally converted into water. The enzymes that are part of this
system are: superoxide dismutase (SOD), peroxiredoxin (PRX), glutathione peroxidase (GPx),
catalase (CAT), thioredoxin reductase (TRX). NADPH and GSH also participate as electron donors,
and these compounds are subsequently reduced again so that they can continue to perform their
function [9-11].

Because they are intracellular molecules that mediate intermediate cell signaling events, ROS
generation may be under the control of membrane receptors. In this review, we intend to relate three
receptors from two different systems to this control: the first two, which are part of the same system,
are the B1 and B2 kinin receptors (abbreviated throughout the text as B1IR and B2R).

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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These receptors are coupled to the G protein, with some variability in terms of subunit,
depending on the tissue. They are effectors of the kallikrein-kinin system (KCS), classically associated
with vasodilation, angiogenesis and inflammation [12]. The signaling cascade involves the cleavage
of kininogen by the enzyme kallikrein, originating bradykinin (BK) in the circulation or kallidin (KD)
in the tissues, which are endogenous B2R ligands. In addition, BK or KD can be cleaved by enzymes
called class M and N carboxypeptidases, giving rise to des-arg-9 BK/KD, endogenous ligands of B1R.
Another important detail related to this cascade is that the angiotensin-converting enzyme (ACE), an
original component of the renin-angiotensin-aldosterone system (RAAS), plays an inhibitory role by
degrading BK into an inactive peptide, constituting yet another variable [13]. One differentiation
between these receptors is their distribution throughout the tissues: while B2R is expressed in
practically all tissues, BIR is found in most only in pathological conditions and generally participates
in chronic inflammatory responses [14-16].

The relationship with inflammatory responses is also common to the other receptor investigated
in our review: histamine receptor 2 (H2R). Histamine is a biogenic monoamine that can act as a
neurotransmitter or promote actions at localized sites. The main sources of histamine are mast cells,
basophils, histaminergic neurons and ECL gastric cells [17-19] and its involvement in various
pathologies is well documented [20]. Regarding H2R, this receptor belongs to the class of G-protein-
coupled receptors and is characterized as coupled to the g-alpha-s subunit [20,21]. The main known
action of H2R is the stimulation of acid secretion by the parietal cells of the stomach, however, this
receptor is widely expressed in smooth muscle and endothelial tissues.

In this review we will comment on the possible interactions between these receptors, which have
been identified in inflammatory processes, and the modulation of the generation and/or
accumulation of reactive oxygen species, as well as identifying points in common between the two
systems that may contribute to a general understanding of the regulation of ROS.

2. Methodology

The  searches  were  carried out in the  MEDLINE/Pubmed  database
(https://www.ncbi.nlm.nih.gov/pubmed/) on two dates in April: day 1 and day 30. The reason for
carrying out the searches on two different dates was to check for the addition of new articles during
this time period. We searched for articles between 1970 and 2024 with the following combinations of
keywords, accompanied by the Boolean operator “AND”: "Kinin B2 receptor/ oxidative stress""Kinin
B1 receptor/ oxidative stress”,"Histamine H2 receptor/ oxidative stress"."Kinin B2 receptor antagonist
/ oxidative stress","Kinin Bl receptor antagonist / oxidative stress" e "Histamine H2 receptor
antagonist / oxidative stress". For the articles to be included in this review, they should meet the
following inclusion criteria: original communications, article data obtained in mammal species,
studies in animal models should have some strategy to ensure that treatment effects would be
exclusively resulting from kinin receptors individual signaling and/or H2R signaling, and finally, the
articles should be published in English language. The articles were checked according to these criteria
at two different times: first by looking at the abstracts when searching and then by reading the article's
methodology section. More details about the search process can be found in Figure 1.
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Figure 1. Flow chart. The flowchart illustrates the search strategy applied to find possible interactions between

kinin receptors (B1R and B2R) and histamine H2 receptors.

3. Kinin B2 Receptor on Oxidative Stress

A search for the initial set of keywords, "Kinin B2 receptor/oxidative stress,” yielded 54 total
results. From this initial number, 25 articles were selected for further analysis. Of these, nine
evaluated the effects on the heart, five evaluated the endothelium, five evaluated the kidneys, three
evaluated the blood, two evaluated the brain, and another two evaluated the ovaries and monocytes,
respectively. The remaining 29 articles were excluded for the following reasons: Eleven articles were
deemed to be off-topic, nine were reviews, five could not be directly attributed to B2R, and finally,
one article was excluded because it was repeated and another because it had been retracted. It is
important to note that in the search carried out using the terms “Kinin B2 receptor
antagonist/oxidative stress”, no new results were obtained in relation to the articles listed in the
search carried out using the keywords mentioned above. The following section will present the
content of the papers that were selected for this review in a qualitative manner.

Delemasure et al [22]assessed the blood parameters of B2R receptor knockout animals by
evaluating the ratio between vitamin C content and ascorbyl radical. The authors found a
proportional increase in free radicals in the knockout animals, suggesting that the B2R receptor
would play a protective role from this perspective.

Given the established links between immunological processes and the generation of reactive
oxygen species (ROS), it is natural that researchers are keen to investigate the impact of kinin
receptors, particularly B2R, on the behaviour of specific cell populations. The study by Fu C et al. [23]
demonstrated an inverse correlation between myeloperoxidase plasma levels and B2R expression in
a specific cell population, distinguished by CD34 expression.

Ayres and colleagues studied the activation of the kallikrein kinin system in a model of cisplatin-
induced ovarian toxicity. In this study, the authors detected increases in reactive oxygen species,
among other markers of cisplatin-induced injury. Specifically, they found increases in superoxide
anion, myeloperoxidase (MPO) and N-acetyl-glucosamine (NAG) together with a decrease in
reduced glutathione (GSH), suggesting that the antioxidant potential of the tissue was compromised.
This was followed by an increase in the expression of the B2R protein [24]. Although this is a
descriptive study, we included it due to the well-established association between kinin receptors and
the damage caused by cisplatin in other tissues [25,26]. The crucial role of B2R in oxidative effects has
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also been described in other injury models, such as traumatic brain injury. Ferreira et al [27] showed
that B2R activation mediates both the increase in interleukin and TNF-a as well as the activity of
nicotinamide adenine dinucleotide phosphate oxidase (NADPH oxidase) and thiobarbituric-acid-
reactive species (TBARS).

The combination of B2R and oxidative stress is also frequently investigated in the kidney, with
protective or deleterious effects on various physiological parameters, depending on the context.
Specifically, in the ischaemia/reperfusion model, B2R has been shown to promote oxidative stress.
The authors observed an association between B2R and the local inflammatory response induced by
the administration of tissue kallikrein, accompanied by an increase in malonylaldehyde (MDA) and
hydrogen peroxide production and a decrease in GSH levels [28]. Bledsoe et al [29] investigated the
role of B2R in a gentamicin-induced nephrotoxicity model. In this study, B2R activation was achieved
through viral vector-mediated overexpression of human tissue kallikrein. This study showed that
B2R activation reduced superoxide anion levels and NADH oxidase (NOX) activity, indicating a
protective role for B2R.

Another chronic disease explored as a possible target for renal modulation by B2R is diabetes.
Here, B2R activity was stimulated by treatment of mice with an angiotensin-converting enzyme
inhibitor (ACEi), whose positive effects on modulating oxidative stress (decreased MDA and
increased GPx activity) were mediated by B2R [30]. Investigating diabetes in B2R knockout mice, Jaffa
MA et al. [31] found results that corroborate those described in the previous article, since the diabetic
knockout animals showed elevated gene expression of the enzyme superoxide dismutase (SOD),
which suggests a greater production of free radicals compared to wild type diabetic animals.

Viral vector-mediated overexpression of tissue kallikrein was used again as a strategy to activate
B2R and evaluate its potential results in a model of kidney injury caused by gentamicin
administration. This therapy brought beneficial effects by decreasing local inflammation and also by
correcting decreased NO levels and increases in superoxide production and NADH oxidase activity.
These effects were all dependent to some extent on local B2R activation [32]. These results were
corroborated in another study, where treatment with kallikrein was infused together with or after
gentamicin administration. Again, B2R reduced injury, pro-inflammatory parameters and
superoxide generation [33].

The endothelium is a significant tissue of interest for kinin research, particularly in the context
of free radical modulation. Studies often explore the intersection of these two topics. For instance,
Niewiarowska-Sendo et al. [34] demonstrated using Huvec cells that B2R activation produced a dual
effect: it increased ROS and superoxide dismutase levels, while also enhancing catalase (CAT)
activity, a well-known scavenger of reactive species.

In another study utilizing human aortic endothelial cells, Yasunari et al. [35] investigated the
effects of ACEi treatment on the excessive generation of free radicals induced by high glucose levels.
They found that ACEi treatment partially reversed the increase in ROS, with these effects being
mediated by B2R activation.

In a thromboangiitis obliterans model, specifically examining the femoral artery of rats with this
type of injury, Du et al. [36] demonstrated that basal B2R activity in the tissue served as a protective
factor. It mitigated the injury process, reduced apoptosis, and decreased the production of reactive
oxygen species following doxorubicin stimulation.

In the study examining the direct impact of B2R activation on hydrogen peroxide-induced
damage in a bovine aorta strain, it was demonstrated that receptor activation exerted a protective
effect. This effect prevented cell senescence, mitigated the harmful impacts of hydrogen peroxide on
cell migration post-injury, and reduced DNA damage. The specificity of this inhibitory effect was
confirmed by the lack of impact from B2R activation in the absence of hydrogen peroxide [37]. These
findings related to cellular senescence were corroborated in human umbilical cells, further
establishing B2R activation as a protective factor against the senescence phenotype induced by
hydrogen peroxide [23].

In line with our research strategies, the function of B2R has been most extensively studied in
cardiac tissue. One study examined the role of B2R in the basal state by analyzing cardiac tissue from
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knockout mice. The findings indicated that the absence of B2R in cardiac muscle resulted in an
oxidative stress phenotype, evidenced by increased protein expression of the enzyme NADPH
oxidase and elevated levels of hydrogen peroxide and superoxide anion [38].

In another model, investigating the effect of tissue kallikrein treatment in a myocardial infarction
model, Yao et al. [39] demonstrated that B2R played a crucial role in inhibiting the oxidative stress
caused by the injury. This was illustrated by the reduction in superoxide anion levels, NADH oxidase
activity and MDA levels.

The link between senescence, oxidative stress and the role of B2R in modulating these processes
has been extensively evaluated in cardiac muscle. In one study, 18-month-old mice with B2R
knockout at baseline were examined. The results mirrored those observed in younger animals, as
discussed above: the absence of B2R led to an increase in oxidative stress, evidenced by elevated
levels of ROS, MDA and NADH oxidase activity, along with a decrease in the antioxidant enzymes
SOD and catalase. Notably, these markers of oxidative stress in the heart muscle were consistent with
those found in the animals' serum [40].

Analyses using H2Oz-induced senescent cardiomyocytes revealed that B2R activation effectively
mitigated ROS generation and NADPH oxidase activity while restoring SOD activity. Importantly,
H:0: induction also resulted in decreased B2R expression, an effect that was reversed by B2R
activation, indicating the receptor's protective role in cardiac tissue [41].

In addition, the role of B2R in oxidative stress has been explored in models of hypertension.
Using a rat model of hypertension induced by excessive sodium intake, the researchers examined the
effects of ACEi administration and its relationship with B2R modulation. The results showed that
ACEIs had a positive impact on oxidative stress, reducing NADPH oxidase, both gene and protein
expression, and decreasing the expression of the LOX-1 gene, which is associated with oxidative
stress. These beneficial effects depended on the activation of B2R  [42].

Yoshida et al. [43] investigated the molecular mechanisms underlying the cardioprotective
effects of angiotensin II type 1 receptor antagonists (ATRA), in particular valsartan, focusing on their
interactions with bradykinin, eNOS and oxidative stress pathways. Using Dahl salt-sensitive
hypertensive rats, the study examined various treatment regimens over five weeks. The results
indicated that valsartan, at both high and low doses, increased the expression and activity of eNOS
and suppressed the expression of NAD(P)H oxidase components and markers of vascular injury.
These effects were not observed with the addition of a bradykinin B2 receptor antagonist or with
hydralazine alone. The results suggest that the cardioprotective effects of valsartan are partially
mediated by the bradykinin-eNOS and oxidative stress pathways.

Cardiac hypertrophy was also assessed in the context of B2R activation. The effect and
mechanisms of tissue kallikrein were investigated using hypertrophic animal models in rats and B1
or B2 knockout mice after aortic constriction. They observed that kallikrein had general positive
effects on the disease phenotype, which was accompanied by a decrease in the activity of the enzymes
NADH/NADPH oxidase and reduced superoxide generation. These adaptations were dependent on
B2R activation [44].

Similar results were presented using Angiotensin-converting-enzyme inhibitors (ACEi) as a
therapeutic agent, (Lu L et al. 2015). In this study, cardiac hypertrophy was induced in rats through
sinoaortic denervation, which caused increases in NADPH oxidase activity, myeloperoxidase and the
amount of TBARS, concomitantly with a decrease in the GSH/GSSG ratio. All these alterations were
corrected by ACEi treatment, and these effects were mediated by B2R activation [45].

The models of ischemia/reperfusion were evaluated in relation to the role of B2R in the general
context of injury and, specifically, in relation to oxidative stress. Evaluating cats, Kumari et al.[46]
showed that the basal activation of B2R stimulated the generation of TBARS, which contributed to
the oxidative stress promoted by this type of approach. On the other hand, Yin et al. [47]
demonstrated that the positive effects of kallikrein therapy after ischemia/reperfusion-induced injury
were mediated by B2R, specifically in increasing NO levels and decreasing superoxide generation.

Most studies involving B2R have shown positive results in relation to a protective effect against
the exacerbated increase in reactive oxygen species. These findings highlight the critical role of B2R
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in the homeostasis of various tissues. Among the studies presented above are those in which B2R
antagonists were tested exclusively, undertreating the contribution of this constitutive receptor in the
KKS.

Interestingly, contrary to the more classical picture of the role of B2R in inflammatory activation
and progression, some studies highlight that B2R activation and subsequent generation of reactive
oxygen species, can inhibit the activation of inflammatory pathways and mediators such as JNK, TGF-
Beta, ERK [29,32,44]. B2R activation followed by eNOS stimulation is a known pathway for the
physiological modulation of various processes, such as vasodilation, angiogenesis and modulation
of energy metabolism [48,49].

On the other hand, some studies highlight a detrimental effect of B2R activation, resulting in
stimulation of ROS generation and consequent amplification of the damaging effects mediated by
different agents in different models. One such study used the cisplatin-induced toxicity model [24].
The contribution of kinin receptors to the progression of cisplatin-induced injury has already been
described in some studies [25,26]. Ayres et al. [24] highlights inflammation as a central point capable
of directing B2R activity in a different way to that presented in most studies. This study points out
that the particularities of some models could direct B2R signaling towards the formation of cytokines
such as IL-1 Beta and TNF-alpha, leading to the generation of reactive oxygen species, as well as
increasing the migration of immune cells to the lesion environment [50].

An interesting question related to the signaling properties of B2R concerns the timing of the
pathway's activation. In addition to the aforementioned study on cisplatin, two other studies have
reported negative results associated with B2R activity [28,46]. These studies used the
ischemia/reperfusion model and exclusively activated B2R during the protocol, while another study
that initiated B2R activation before inducing injury produced positive results [47]. These findings,
which are consistent with other reports in the literature [51], suggest that B2R function may vary
depending on the timing of activation in the context of ischemic injury. Consequently, the moment
of activation seems to be a critical factor, possibly explaining the disparate results observed in the
same experimental model.

4. Kinin B1 Receptor on Oxidative Stress

The first set of keywords used "Kinin B1 receptor AND oxidative stress" returned 47 articles. Of
these, 11 articles were selected, of which 4 evaluated the endothelium, 2 evaluated the kidneys, 2
evaluated the heart, another 2 evaluated the nerves, 2 evaluated the eyes, 2 evaluated the
brain/hypothalamus and 1 evaluated the ovary. A total of 36 articles were excluded. The reasons for
exclusion were: 22 articles were off topic, 5 articles were repeated in relation to the search for B2R,
another 5 articles had non-specific effects and, finally, 4 articles were review articles. The other
keyword combination used for BIR "Kinin B1 receptor antagonist AND oxidative stress" did not
return any new results. In addition to the 11 articles selected, this section also includes another 5
articles that came from the search for B2R, but which also analyzed the effects of B1R.

Monitoring the basal plasma status of BIR receptor knockout animals with the intention of
establishing whether the absence of this receptor had any impact on their oxidative balance was
described by Delemasure et al. [22]. Using plasma levels of vitamin C and the ascorbyl radical as
parameters, the authors showed that the knockout animals had increased levels of the ascorbyl
radical, indicating a greater tendency towards a more oxidative environment [22].

In a study on the effects of cisplatin treatment on mouse ovaries, the authors [24] aimed to
determine if the BIR receptor was linked to the injury caused in this tissue. They observed elevated
levels of B1R protein, along with increased levels of MPO and superoxide, and decreased levels of
GSH.

The kidney is a traditional tissue for studying induced modulations of the CCS. In a study
evaluating the impact of an ischemia/reperfusion model, researchers aimed to confirm the effects of
kallikrein administration in this context. They found that this treatment intensified inflammation and
tissue necrosis, as well as the generation of MDA and superoxide, while also leading to a decrease in
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GSH levels. However, the overall worsening of the tissue condition was not associated with BIR
activation [28].

In a different study focusing on the kidney and its response to salt-induced hypertension, the
impact of the BIR receptor by comparing knockout mice lacking this receptor to wild-type mice was
examined. The study found that knockout mice showed partial protection from the adverse effects of
hypertension on the kidney, attributing this effect to reduced generation of reactive oxygen species
(ROS) compared to wild-type mice [52].

In a study examining the factors associated with the production of reactive oxygen species in the
heart tissue of animals lacking B1R, it was discovered that these animals had elevated levels of
superoxide anion, peroxynitrite, and NO. Additionally, they exhibited reduced SOD activity,
indicating the presence of oxidative stress. Moreover, these animals also showed impaired cardiac
function, including reduced systolic capacity and increased coronary perfusion pressure [38].
Investigating the heart of BIRKO mice with induced diabetes and comparying the parameters
related to oxidative stress the researchers [53] showed that the BIR receptor knockout animals were
protected, to a certain extent, against the increase in nitrotyrosine and MPO, which were the two
parameters used to assess the effects of diabetes on the animals' hearts.

BIR was also studied in Streptozotocin- induced diabetes model in rats. Systemically
administered B1R antagonist to diabetic rats, was able to decrease MDA levels and increase SOD and
GSH levels in the animals' sciatic nerve [54].

A study on the optic nerve with a similar experimental design showed that B1R inhibition
reversed the increases in MDA and the reductions in GSH [55]. Aside from the optic nerve, these
effects were also noticed in the visual cortex and plasma of the animals. A study on the interplay
between ROS in diabetes and BIR inhibition revealed that diabetes induction leads to an increase in
BIR expression in the retina. Furthermore, the administration of its antagonist was shown to reduce
the levels of superoxide anion produced in this tissue in Streptozotocin diabetic rats [56].

Likewise, the inhibition of B1R prevents Angiotensin Il-induced neuroinflammation and
oxidative stress in primary hypothalamic neurons of mice. The effects caused by Angiotensin II were
found to be linked to the activation of BIR. Specifically, BIR was shown to be responsible for
increasing the production of reactive oxygen species (ROS) and for increasing the expression of
NADPH oxidase [57].

The evaluation of hypothalamic neurons from hypertensive animals showed that treatment with
a BIR agonist increased the generation of reactive oxygen species (ROS) in this tissue. This increase
was found to be part of the induction of an inflammatory response at the cellular level, as these
experiments were carried out ex-vivo [58].

Next, we describe the articles that dealt with the relationship between B1R and reactive oxygen
species in the endothelium, where the relationship between glycemic disorders and this receptor is
widely explored.

We highlight a study that evaluated the generation of reactive species in the aorta of rats treated
with high doses of glucose. The effects of BIR were assessed by administering an inhibitor of the
conversion of its agonist (i.e. CPM/CPN enzymes). The authors observed that this treatment reduced
the content of superoxide anion, the protein expression of nitrotyrosine and the gene and protein
expression of B1R itself [59].

An endothelial cell line treated with high glucose was used to investigate to study the impact of
ACE inhibitors on oxidative stress and to determine if B1 receptors might be involved. It was found
that ACE inhibitors decreased ROS generation and protected against glucose-induced inhibition of
cell proliferation. Interestingly, these effects were not connected to the B1 receptor [60]

Insulin resistance is another model used to study disturbances in glucose homeostasis. Research
involving rats in this condition [61] found that a single administration of the B1R antagonist affected
the animals' perception of pain but was unable to correct the high levels of superoxide anion in the
aorta.
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However, a study with a similar design to the previous one yielded different results [62]. The
difference lies in the fact that in this study, the B1R antagonist was administered for 7 days. This time,
the treatment was able to reduce superoxide anion levels and NADPH oxidase activity.

Most studies involving BIR show that its activation has a negative effect, and therefore promotes
oxidative stress, and is related to increased injury and damage induced by free radicals. It is
important to note that this receptor, as mentioned in the introduction to this manuscript, is considered
to be an inducible protein in various tissues, with basal expression being greatly reduced or absent
in situations of homeostasis. The situations in which its expression is usually stimulated involve
inflammatory responses, of which this receptor is an intermediary and amplifier, stimulating the
secretion of cytokines such as TNF-alpha and IL-1 Beta, which are also involved in the generation of
free radicals [63,64].

Another interesting mechanism linking BIR with oxidative stress potentiating effects is its
relationship with the generation of reactive oxygen species stimulated by Angll, a peptide from
another system that has major connections with the CCS. The direct stimulation via BIR of NADPH
oxidase 2 and 4 thus adds another mechanism by which this protein can stimulate the generation of
reactive oxygen species and, consequently, the increase in lesions and pathological conditions [57].

However, two studies carried out in the hearts of BIR receptor knockout animals showed
opposite results [22,38]. Our first hypotheses to explain these data are related to aspects of indirect
regulation due to the model chosen: the absence of BIR may result in an increase in RAAS activity
[65], which are closely related to the induction of inflammatory processes and the generation of
reactive oxygen species, as demonstrated earlier in this session. Another consequence that could be
involved would be an excessive increase in B2R expression, also characteristic of this knockout model
[66]. This “excess” could result in an imbalance of B2R activity towards inflammatory activity and
therefore stimulating the generation of reactive oxygen species, in a similar way to what [67]
demonstrated in relation to negative cardiac adaptations.

A third aspect that can be raised in relation to the possible protective role of the BIR receptor is
the tissue in question, since in the heart this receptor is normally expressed in mice and could, in this
specific context, play some protective role in a basal situation [38].

5. Histamine H2 Receptor on Oxidative Stress

The first combination of keywords “Histamine H2 receptor AND oxidative stress” resulted in 27
articles. Of this total, 11 articles were selected and the other 16 were rejected. The reasons for rejection
were being off topic (13 articles), repeated articles (2 articles), 1 article because it was a review and
another because its effects were considered non-specific. The search for the second set of keywords
“Histamine H2 receptor antagonist AND oxidative stress” returned 67 total results, of which 30 were
selected and 37 were rejected. The reasons for rejection were off topic for 15 articles, 18 repeated
articles and language different from those pre-established in the case of one article. Among the
articles selected, 21 evaluated the gastric mucosa, 3 evaluated the liver, 2 articles were found for the
following tissues: heart, brain, bone marrow and esophagus, while 1 article was found for the
following tissues: myeloid cells, neutrophils, testicles, intestine and breast tumor.

We began by describing the results of two articles that investigated the interactions between H2
receptor antagonists and free radicals in a tissue-independent manner and, therefore, without
binding to the receptors. Although these articles are not directly related to the central theme of the
study, we believe it is interesting to report their results in order to contextualize other articles where
the intention is to evaluate the direct interaction between receptors and antagonists and their effects.

The first study was carried out in test tubes and sought to assess whether ranitidine, famotidine
and cimetidine had any kind of direct interaction with free radicals. They showed that these drugs
are capable of sequestering hydroxyl anions, and cimetidine has the additional ability to act as an
iron chelator. This is evidence that there is a possibility that these drugs have direct effects
independent of their binding to H2R [68]. Another study evaluated the ability of H2R inhibitors to
reverse the glycation of bovine protein albumin. Among the drugs studied, ranitidine stood out for
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its ability to reduce the amount of glycation products, its ability to sequester reactive oxygen species
and act as a metal chelator [69].

To begin describing the results found in tissues, we have a study that investigated the effects of
the antagonist famotidine in a rat model of testicular ischemia. The antagonist had no effect on GPx
and MDA, but restored the decreased levels of SOD and corrected the increases in NO [70].

Another interesting study, which evaluated the modulation of H2R activity in the context of
breast tumour development in female mice, showed that cimetidine was able to decrease MDA levels
and increase GSH and SOD levels, effects that were enhanced by the addition of vitamin C. This
modulation of tumor oxidative stress resulted in lower proliferation and longer survival of the
animals [71]

Again evaluating the action of cimetidine, now in the context of a glycerol-induced kidney injury
in rats, it was shown that H2R inhibition was able to elevate NO levels, and reduced glutathione
levels [72].

Cimetidine, as studied in [73], has shown to have protective effects against oxidative stress
caused by a radiation protocol in rats. The analysis of the animals' bone marrow revealed a corrective
effect on the increased levels of MDA and reduced levels of GSH and SOD.

In a study involving mice with myeloid cells expressing the KRAS protein, which turned the
cells into leukemic cells, researchers found that activating H2R had positive effects on free radical
generation in leukemic cells. H2R activation decreased the accumulation of ROS and the momentary
generation of superoxide anion. These results were associated with longer survival in animals treated
with H2R agonists [74].

Testing the effects of cimetidine on human neutrophils, it was found that H2 receptor inhibition
may possess anti-inflammatory properties in certain situations. When neutrophils were stimulated
with cytokines and treated with cimetidine, there was a decrease in myeloperoxidase activity.
However, the generation of superoxide anion remained unaffected [75].

Cardiac tissue has also been the target of research involving the participation of H2R in
adaptations related to the generation of reactive oxygen species. The first article sought to assess
whether the H2R receptor had any relationship with the induction of an oxidative response induced
by the activation of the Alpha 1 adrenergic receptor in cardiomyoblasts. The authors were able to
demonstrate that H2R inhibition attenuated the generation of ROS, lipid peroxidation and decreases
in SOD and PRX3 activities caused by alpha 1 activation [76].

Corroborating these data in a model of oxidative stress induction in rats, Kondru et al. [77] show
that lipid peroxidation, increased nitrite/nitrate ratio, as well as decreased SOD activity were
corrected by administration of the H2R antagonist famotidine.

Below we present two articles that share similarities in the tissue examined (brain) and the agent
associated with H2R activity, carnosine. The first study focused on mouse brain endothelial cells
treated with rotenone to induce oxidative stress. The authors found that carnosine protected the
mitochondria of these cells against loss of membrane potential, which is typically linked to increased
generation of reactive species. These protective effects were dependent on H2R activation [78].

In another study [79] that tested the effects of carnosine in a cerebral ischemia/reperfusion
protocol in mice, was demonstrated that the corrective effects of carnosine on increased MPO activity,
increased TBARS levels, and decreased GSH levels were all mediated by H2R activation.

We will now begin to describe the articles dealing with the gastrointestinal tract. The first article
investigated the ability of cimetidine to prevent the damage caused by a radiation protocol in rats. In
this study, a protective effect of the inhibition of H2R activity was observed, illustrated by a decrease
in MDA levels and an increase in GSH and SOD levels in the intestinal mucosa of the treated animals
[80]. The second study found aimed to clarify the potential of quercetin as a mitigating agent for
gastric lesions caused by the drug dicofenac. Interestingly, they observed that quercetin was able to
decrease the lesion, which involved decreasing oxidative stress levels, and these effects were
mediated by H2R activation: increases in MDA were reversed in the presence of quercetin [81].

Another model in which this topic was investigated was that of intestinal damage caused by
indomethacin. In this study, a combination of vitamins with ranitidine was used to treat rats, and the
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results showed that H2R inhibition was able to contribute to decreasing lesions by correcting the
increase in MDA and the reductions in GSH and GPx [82].

The relationship between H2R and oxidative stress was also followed in the liver. The activity
of the enzyme catalase in mouse liver extract was analyzed upon adding cimetidine. This study
demonstrated that cimetidine can directly inhibit catalase activity, suggesting a pro-oxidative role in
the liver environment. This inhibition occurred due to cimetidine binding to non-catalytic sites
present in the enzyme [83]. However, in the model of chemically induced hepatotoxicity in albino
rats, the effects on parameters related to oxidative stress (increases in MDA and decreases in GSH)
were partially corrected by the administration of cimetidine [84]. The third liver model discussed
here focuses on the hepatic ischemia/reperfusion protocol conducted in rats. In this study, the
introduction of histamine was found to have a positive impact on parameters associated with
oxidative stress: it led to a decrease in MDA levels and an increase in GSH levels. Interestingly, these
effects were not blocked by H2R receptor antagonist drugs, suggesting the involvement of other
histamine receptors in the observed outcomes [85].

In the following studies, the involvement of H2R receptors in protecting the esophageal mucosa
is discussed. The initial study, conducted on rats, utilized a model of esophagitis and compared the
effects of ranitidine with those of "traditional” antioxidants. The findings indicated that only the
antioxidant treatment was able to reverse the increase in MDA and the reductions in GSH, as
analyzed by the authors [86].

Two additional studies further supported these results by comparing the effects of the
antioxidant DA9601 with those of ranitidine in models of chemically-induced esophagitis, Barrett's
esophagus, and reflux esophagitis. Once again, H2R inhibition did not have an impact on MDA, GSH,
and MPO, while the antioxidant compound successfully reversed the increases in MDA and
decreases in GSH [87,88].

The following studies focus on the effects of H2R (histamine H2 receptor) inhibition on gastric
mucosal damage. The first study compared the protective effects of famotidine with an extract from
the Chinese plant Acanthopanax senticosus on gastric injury induced in rats by a compound called
C48/80. The results showed that H2R inhibition reduced the damage caused by C48/80 by correcting
the increased levels of MPO, MDA, and XO. The plant extract also showed some protective effects,
though to a lesser extent [89].

The second study involved inducing gastric injury in rats by restricting their movement. In this
study, histamine and H2R antagonist were administered in the brain to evaluate the central effects of
H2R signaling. The researchers found that administering histamine in the brain had positive effects
on the gastric lesion by correcting the decreased levels of SOD and the increased levels of MDA. These
positive effects were mediated by the activation of H2R in the brain [90].

Also using the movement restriction, but in an aquatic environment, to induce gastric lesions
in rats, the protective effects of ranitidine and thymoquinone were compared. Both treatments were
found to correct increased TBARs, decreased GSH, and reduced activities of CAT and SOD. However,
ranitidine showed superior results in all parameters, with additional benefits observed when the
treatments were combined [91].

In a model of gastric injury induced by indomethacin injection, the effects of famotidine and
Malus domestica Borkh plant extract were compared. Both treatments showed positive effects in
correcting high MDA levels and decreasing GSH content and GPx activity. The plant extract
demonstrated superior performance in reducing MDA and increasing GSH [92].

Another study using indomethacin to induce lesions in rats compared the effects of famotidine
with felodipine, a calcium channel blocker. Both treatments were equally effective in reducing MDA
levels and correcting reduced GSH levels and CAT activity [93].

In a study comparing ranitidine with topiramate using the indomethacin model, both treatments
were equally effective in reducing lesions by restoring the activities of SOD, CAT, GPx, GSH levels,
and MDA amounts [94].

Further investigations using female rats compared the effects of famotidine with vardenafil, a
phosphodiesterase inhibitor, in an indomethacin-induced gastric injury model. The study found that
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famotidine showed a protective effect by decreasing MDA levels and increasing NO levels, while
vardenafil had modest protective effects [95].

Lastly, using the indomethacin model the effects of cimetidine were compared with a Ficus
asperifolia plant extract. Both treatments exhibited similar results in correcting reduced SOD and
CAT activity, while the plant extract was the only one to decrease MDA levels [96].

Some researchers used the ethanol administration model as a strategy for generating gastric
lesions. The first article of the series sought to verify the possible positive effects of famotidine
administration in rats submitted to this model. Interestingly, this administration had a dual effect on
the amount of TBARs: at 24 hours after treatment, there was a famotidine-induced increase and in
subsequent measurements (48 and 72 hours) the effects were positive (reduction of TBARS). On the
other hand, free radicals and glutathione levels were corrected by famotidine after 48 hours of
treatment [97]

In another ethanol-induced injury protocol, the authors compared the effects of ranitidine with
those of the Eremurus persicus plant extract. Both treatments partially restored MDA levels,
decreased ROS generation and corrected the reduced GSH content and reduced catalase activity.
Ranitidine outperformed in all parameters except MDA [98].

Another comparison between ranitidine and Pulicaria crispa plant extract showed similar
actions of the two compounds in reducing the lesions caused by ethanol administration. These effects
were mediated by the correction of decreased levels of SOD and GSH [99]

In the last comparison between H2R antagonists and plant extracts in the ethanol gastric injury
model, the authors compared ranitidine with Onosma armeniacum root extract. Both treatments had
similar effects, which involved correcting the decreased levels of GSH and NO, as well as the
increases in MPO [100].

A comparative study explored the effects of famotidine and a standardized antioxidant
preparation. Both demonstrated similar protective effects against ethanol-induced lesions, reducing
MPO activity and modulating MMP-9 content to inhibit its increase [101].

Another comparison aimed to assess the impact of ranitidine and oleuropein on ethanol-induced
injury in rats. Ranitidine effectively regulated elevated TBARs concentrations and the decrease in
GPx and GSH. Similarly, oleuropein produced comparable effects [102].

In this final section, we will describe the results of gastric lesions induced by mixed models. The
first study compared the effects of ranitidine with those of Elaeagnus conferta Roxb plant extract in
rats. Both treatments were equally effective in correcting the decreased levels of GSH and the reduced
activities of SOD and CAT, as well as in attenuating the increases in MDA [103].

Continuing to evaluate plant extracts versus H2R antagonists, another study compared the
effects of cimetidine with those of rutin. Both agents exhibited protective activity, correcting elevated
MDA levels, drops in vitamin C content, and GPx activity. Rutin outperformed in relation to vitamin
C, while cimetidine outperformed in relation to GPx [104].

Further comparing ranitidine with the plant extract Ocimum sanctum in different models and
animals, it was shown that histamine has a similar effect to that obtained by the injury models used,
and both treatments were able to correct the increases in MDA and decreases in SOD [105].

Another comparison with plant extracts, this time involving ranitidine and Garcinia kola, was
carried out in the context of gastric injury induced by the combination of HCL and ethanol or
indomethacin. Both treatments were able to produce protective effects, correcting the high levels of
MDA and the reduced levels of SOD, CAT activity, and the reduced amount of GSH in the two injury
protocols [106].

In a comparison between famotidine and pantoprazole (hydrogen pump inhibitor) [107], it was
found that only pantoprazole was able to reverse the high levels of MDA caused by the mixed injury
model involving acetic acid and ethanol.

Evaluating the effects of these compounds in a model of gastric injury caused by the combination
of aspirin and pyloric ligation, they showed that both treatments had significant corrective effects on
the increased levels of MDA and on the reduced levels of GSH and the reduced activities of SOD,
GPx, and CAT [108].
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Finally, we present a study comparing the effects of ranitidine with those obtained by an ARB
on the repercussions of gastric injury induced by indomethacin or CRS models. Both treatments
showed protective effects, illustrated by an increase in the nitrite/nitrate ratio and a decrease in MDA
content [109]. These results are particularly interesting when we consider that the inhibition of AT1
receptor activity can have a direct impact on CRS activation and therefore on BIR and B2R receptor
activity.

Although there are important differences in the focus of research involving the three receptors
in terms of the tissues investigated, experimental designs and methodologies used, it is possible to
draw similarities from the results presented in this review. The first is between the role of the BIR
and H2R receptors, which are mostly related to amplifying the generation of reactive oxygen species,
often making them good targets for pharmacological inhibition in pathological scenarios. When we
look at the results, it is possible to infer that these two receptors may act as redundant players in
chronic inflammatory response scenarios and, based on this reasoning, we believe that their joint
inhibition would be a good suggestion to improve therapeutic results for gastric diseases

The majority of the studies presented indicate a negative role for H2R activation in the
generation of reactive oxygen species, associating its activation with more severe injury. This can be
explained by the known inflammatory functions of histamine and the role of H2R activation in
promoting local inflammatory responses and recruiting inflammatory cells [110]. However, there is
an interesting group of articles suggesting that H2R activation has protective effects against the
amplification of oxidative stress. These articles imply a relationship between the role of histamine
and the context in which the production of free radicals is evaluated.

Of particular interest is the brain, where two articles evaluating the effects of histamine
activation showed results contrary to the majority of articles. One of these articles, analyzing a model
of cerebral ischemia/reperfusion, demonstrated an anti-inflammatory role for histamine, reducing the
recruitment of immune cells and oxidative stress through activation of the PKA/AMPc pathway
[78,79,111,112]. In another study, brain administration of histamine reduced gastric injury in rats,
indicating that the central and peripheral effects of histamine can be different and even antagonistic
within the same injury model [90].

Another significant case is that of animals with the Kras mutation in myeloid cells, where
treatment with histamine significantly reduced the generation of reactive oxygen species by
inhibiting NADPH oxidase [74]. These examples illustrate the need to better understand the variables
behind this modulation and how to use this information to prescribe more appropriate treatments
for various disorders where the generation of reactive oxygen species plays a key role.

While there are important differences in the focus of research involving the three receptors in
terms of the tissues investigated, experimental designs, and methodologies used, it is possible to
draw similarities from the results presented in this paper (Table 1). One similarity is between the role
of the BIR and H2R receptors, which are mostly associated with amplifying the generation of reactive
oxygen species, making them potential targets for pharmacological inhibition in pathological
scenarios. Based on the results, it can be inferred that these two receptors may act as redundant
players in chronic inflammatory response scenarios, suggesting that their joint inhibition would be
beneficial in improving therapeutic outcomes for gastric diseases. The analysis of the three receptors
discussed in this review makes it clear that the global context has a significant influence on the
potential therapeutic effects of combining these agents (Figure 2). In order to maximize benefits and
minimize serious side effects, it is crucial to enhance our understanding of the local and systemic
interactions modulated by these receptors. This can be achieved through more mechanistic studies in
animal models and ethical human research. Additionally, it is important to continuously improve
drug distribution routes to target these agents to specific tissues and avoid off-target effects, which
can be detrimental and outweigh the benefits.
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Table 1. Overview of studies targeting kinin B1, B2, and histamine H2 receptors and their associated oxidative
stress endpoints.

Target

Sample Tissue Main methods Main outcomes Reference
receptor

B1R inibition did not affected
superoxide anions (O2e—) Dias et al., 2007
production.

Thoracic High glucose feeding, BIR

BIR Male rat
AT sortic rings antagonist (SSR240612)

BIR fall
C57BL/6 Streptozotocin (STZ)-induced absence partially reversed

increased nitrotyrosine and Westermann et
BIR and BIKO  Heart diabetes, BIR antagonist (R- . e
. myeloperoxidase levels induced by al., 2009
mice 954) )
diabetes.

BIR activation increased superoxide

anions (O2e—) production, increased

NADPH oxidase activity, SOD gene Dias et al., 2010
expression, and catalase protein

High glucose feeding, BIR
Thoracic ~ antagonist (SSR240612), B1R
aortic rings agonist (Sar[D-Phe8]des-Arg9-
BK)

B1R  Male rats

expression.

Ocular tissue Streptozotocin (STZ)-induced BIR antagonist normalized the
BIR Male rats . diabetes, BIR antagonist (LF22- elevated B1R levels and reduced
(retina) . .
0542) superoxide production.

Pouliot et al.,
2012

BIR inhibition reversed diabetes-
Streptozotocin (STZ)-induced induced increases in MDA levels and
BIR Malerats Sciaticnerve diabetes, BIR antagonist (R-  restored the reduced GSH activity,
954) antioxidant potential, and SOD
content.

Catanzaro et
al., 2013

. B1R inhibition reversed diabetes-
Optic nerve,

in (STZ)-i i i in MDA level
BIR  Male rats visual cortex, Streptozotocin (STZ)-induced  induced increases in M evels  Catanzaro et

diabetes,BIR antagonist (R-954) across all tissues and restored the al., 2017
plasma . h
reduced GSH content in all tissues.
High glucose infusion, COM/CPN inhibitor corrected
Thoracic carboxypeptidase increased aortic superoxide
. . . . Haddad et al.,
BIR Malerats aortic, renal M/carboxypeptidase N production and increased 2017
cortex inhibitor (Mergetpa), iNOS nitrotyrosine renal cortex protein
inhibitor (1,400 W) expression.

BIR activation induces partially ROS

Neonatal Hypothalam Angiotensin II, BIR antagonist Parekh et al.,

BIR mice e NeUrons (R715) generation and NADPH ox1$1ases 2020
(Nox2 and 4) gene expression.
Human
embryonic
i DOCA-salt h ion, BIR
kidney oc e t ypertensmn., . B1R absence decreased kidney ROS .
BIR (HEK) Kidne agonist (des-Argl0-kallidin, eneration in vive. BIR increased Basuli et al.,
cells, y DAKD), BIR antagonist (R715), & ROS enerati,on in vitro 2022
C57BL/6, B2R antagonist (HOE 140) & ’
and B1KO
mice
Dofi_s_itrgg}fg:;zr;izg;LyS_ BIR activation induces ROS
BIR C57BL/6 Hypothalam (LDABK), BIR antagonist production, with ROS generation Theobald et al.,

male mice ic neurons partially mediated by TNF, LPS, and 2023

(R715), hydrogen peroxide O,

(H202)

High glucose, ACEi B2R reversed increased oxidative
(Temocapril), BK antagonist stress mediated by high glucose
(Icatibant), BIR antagonist treatment.

B1R/ Human
B2R endothelia -

Yasunari et al.,
2003
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1 cells (Lys-(Des-Arg9, Leu8)-
(AECs) Bradykinin)
BIR/ B1KO and Plasma Reactive Oxygen Species (ROS) TTS :ESi:;:za(;ilzgt;z:i:zfigi}eed Delemasure et
B2R B2KO Detection al., 2013
stress.
The absence of both B2R and B1R
resulted in increased NADPH
B1R/ C57BL/6, Knockout mice adaptations 0x1da}se prqtem expression, Mesquita et al.,
BOR B1KO, and  Heart description superox1c.1e .aruon level.s, NO, afnd 2019
B2KO peroxynitrite production, while
simultaneously decreasing the
expression and activity of SOD.
In the cisplatin-treated group, BIR
BIR/ (S7BL/6 Cisplatin-induced ovarian . and B2R regulation resu.lted n Ayres et al.,
BOR female Ovary oxicity increased levels of superoxide, NAG, 2020
mice and MPO, while GSH levels were
reduced.
Female B2R activation led to an increase in
BOR  and male Hearts Ischemimia/reperfusion model, thiobarbituric acid reactive Kumari et al.,
cats B2R antagonist (HOE 140) substances (TBARS) 60 minutes 2003
following reperfusion.
Dahl salt-
sensitive Hypersodica diet, ACEi . .
B2R  hypertensi Heart (LV) (Quinapril), and B2R antagonist B2R activation increased eNOS, - Kobayashi et

while decreased NADPH oxidase. al., 2006

ve (DS) (FR172357)
rats
Isquemia/reperfusion model,
kallikrein, B2R antagonist ~ B2R activation increased ROS, MDA, Chiane et al
B2R Rats Kidney = (HOE 140), and BIR antagonist and oxigen peroxide levels, while N 0% 6 7
(Lys-(Des-Arg9, Leu8)- decreased GSH.
Bradykinin)
B2R partially restored nitrite/nitrate
Adenovirus carrying the levels reduced by gentamicin and
. . o L. Bledsoe et al.,
B2R  Malerats Kidney  human tissue kallikrein gene, decreased gentamicin-induced 2006
BK antagonist (Icatibant) NADH oxidase activity and
superoxide production.
DOCA—salt hy.pertenswn, B2R partially corrected the increased
. adenovirus carrying the human ) . Bledsoe et al.,
B2R  Malerats  Kidney , o NADH oxidase activity and
tissue kallikrein gene, BK . . . 2006
. . superoxide anion formation.
antagonist (Icatibant)
B2R reduced NADH/NADPH
. - oxidase activity, superoxide
A 1
B2R  Male rats Heart czf((i)i?::i ae(;:;z c}cl)nt;izzce)?, production, as well as the Li et al., 2007
P Py phosphorylation of MAPKs, ERKs,
and AKT.
T (STZ)-i
S.treptozotocn.l S ) 1n.duced B2R increased GPx activity while  Allard et al.,
B2R Rats Serum  diabetes, ACEi (Ramipril), B2R .
. decreasing MDA content. 2007
antagonist (HOE 140)
Hypersodica diet, angiotensin .. .
B2R reduced both the activity and  Yoshida et al.
B2R Rats Heart (LV) II receptor blocker (Valsartan), requced bo © actvity an oshida etal,

ion of NADPH oxidase. 2007
B2R antagonist (FR172,357)  C‘Pression of N oxidase 00
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L . B2R reduced NADH oxidase activity,
Coronary ligation infarction 2 cene expression. and MDA
B2R  Male rats Hearts model, tissue kallikrein, BK p=2 8 . p L . Yao et al., 2007
. . content, while partially decreasing
antagonist (Icatibant) . .
superoxide production.
. Gentamicin, kallikrein infusion, B2R reduced gentamicin-induced Bledsoe et al.,
B2R  Malerats  Kidney . . . Lo .
and BK antagonist (Icatibant) superoxide production in the kidney. 2008
Ischemia/reperfusion model,
human tissue kallikrein gene, . .
B2R d heart NO product
B2R  Malerats  Hearts  BK antagonist (Icatibant), NG- fereased ear Procuction yin et al., 2008
. . and normalized superoxide levels.
Nitro- I-Arginine Methyl Ester
(L-NAME)
Bovine ROS-induced senescence, in
Aorta vitro scratch model, BK, B2R B2R protected cells from H20»- Oesebure et
B2R Endothelia _ antagonist (HOE 140), NO induced senescence, DNA damage, 5
o . . L al., 2009
1 Cells inhibitor (Nw-Methyl-L- and impaired migration.
(BAECs) arginine acetate salt)
C57BL/6 . .
B2R and B2KO  Kidney Streptozotoc.m (STZ)-induced B2R absence upre‘gulated SOD Jaffa et al,, 2012
, diabetes expression.
mice
Rat B2R inhibited H202-induced effects:
N ROS-induced senescence, eNOS inhibited H:0: hetiesd etects
cardiomyo L reduced B2R expression, increased
inhibitor (Nw-methyl-L- Dong et al.,
B2R  cytes cell . ROS, decreased SOD levels and
. arginine acetate salt), BK, and . 2013
line . activity, and elevated NADPH
B2R antagonist (HOE 140) . . ..
(H9C2) oxidase expression and activity.
. . Ipsilateral . .. B2R partially reduced NADPH  Ferreira et al.,
B2R T 1
Swiss mice cortex raumatic brain injury mode oxidase activity and TBARs. 2014
Humans B2R increased RB mRNA, AKT
DM Plasmatic measurements, BK or ~ phosphorylation, and cyclin D1;
B2R  patients _ B2R antagonist (HOE 140) decreased ROS and cellular Fu et al,, 2015
mononucl treatments senescence; inversely correlated with
ear cells plasma MPO levels.
Sinoaortic denervation, ACEi
(Ramipril), B2R antagonist ~ B2R normalized TBARS, GSH/GSSG
B2R 1 H L 1., 201
Malerats — Hearts  1y5F 140), ATIR antagonist ~ratio, and NADPH oxidase activity, = 21201
(Losartan)
B2R absence increased ROS,
C57BL/6 t MDA, and NADPH
/ Heart, Reactive Oxygen Species (ROS) seru.m/hear . an Feng et al.,
B2R and B2KO Serum Detection oxidase expression; decreased 2016
mice heart/serum SOD activity, heart SOD
protein, and catalase expression.
Human
umbilical Niewiarowska
vein . BK and B2R antagonist (HOE B2R increased ROS, SOD, and
B2R . Endothelium Sendo et al,,
endothelia 140) treatments catalase.
2018
I cells
(HUVECs)
Female Lower Thromboangitis obliterans B2R blockade increased reactive
B2R rats extremity model, B2R antagonist (HOE species and caspase-3 activity, and Du et al., 2019
veins 140) treatment decreased Pi3k expression.
DR Cardiomy Phenylephrine (alfa 1 agonist), Famotidine reduced ROS and lipid Potnuri et al.,
oblasts B H2 antagonist (Famotidine) peroxidation and restored SOD and 2020
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lineage PRX levels after phenylephrine
(H9C2) treatment.
Bovi Bovi
ovine OVIN®  poa glycation, H2R antagonist Ranitidine showed the strongest anti- _. .
serum serum . 1 . . Biedrzycki et
H2R . . (Famotidine, Ranitdine, glycation and ROS-scavenging
albumin  albumin Cimetidine) offects al., 2023
(BSA) (BSA) ]
Human Plasmaand H2R antagonist (Famotidine, H2 antagonists scavenge OH Lapenna et al
H2R blood and gastric ~ Ranitdine, Cimetidine) reaction radicals; cimetidine also chelates P 1994 v
rats lumen test iron.
. Chronic ethanol-induced H2 1nh1b1t10‘n raised TBARS at 24- Hernandez-
Gastric . . 48h, lowered it at 72h, reduced SROS ~
H2R  Male rats mucosal injury, H2R antagonist . . Mufoz et atl.,
mucosa (Famotidine) at 48h, and increased glutathione at 2000
48-72h.
H2 ant ist h. tioxidant
Esophageal Reflux esophagitis model, ro a:r‘caig: r;fav:r:] eifln Il{o())(IS :rrlld
H2R Malerats P & antioxidant (DA9601), H2R ~ ProPerHes sCavensing Boand o o al, 2001
mucosa . s offering protection against oxidative
antagonist (Ranitidine)
stress.
Reflux esophagitis model, L
Esoph 1 H2 ant t did not affect MDA
H2R Malerats P 8% antioxidant (DA9601), H2R antagonist cid not attec " Lee et al., 2001
mucosa . o GSH, or MPO levels.
antagonist (Ranitidine)
. Reflux esophagitis model, . .
Gast H2 ant t had t
H2R  Male rats astric antioxidant (DA9601), H2R anagonist had no 1mp.a? % Ohet al., 2001
mucosa ) o MDA, GSH, or MPO activity.
antagonist (Ranitidine)
Opzonized zymosan (OZ),
Acetate phorbol (PMA), . . .
Male . cerate prorho ( ) H2 antagonist reduced MPO activity Shimoyama et
H2R Neutrophils calcium ionophore, . .
humans .. . but not superoxide generation. al., 2003
Rebamipide, H2R antagonist
(Cimetidine)
Ethanol gastric injutry model,
Rats, a e . . .
Linea piloric ligation gastric model, =~ H2 antagonist partially reduced Kath et al
H2R ,g Blood histamine, H2R antagonist histamine-induced MDA increase 7
pigs (both . 2006
(Ranitidine), plant extract and SOD decrease.
genders) )
(ocimum sanctum)
HCl/ethanol gastric lesion
del, indomethaci tri . .
HOR  Male rats Gastric rlr;:i i r;n doerlne laa i?f)ii:éf H2 antagonist partially restored ~ Olaleye et al.,
mucosa onmocer P © GSH, SOD, CAT, and reduced MDA. 2006
(kolaviron), H2R antagonist
(Ranitidine)
) Ethanol gastric injury model, . .
Gast H2 ant t ted MPO Singh et al.
H2R  Male rats astrie H2R antagonist (Ranitidine, . z?n ag.oms correc e. men e al,
mucosa . activity raised by gastric ulcers. 2007
Famotidine)
Ethanol ic inj 1
Gastric t aII;)ntg :iﬁ:;?gg;‘;de " H2 antagonist partially restored GSH Cadirci et al
H2R Rats P . and NO and reduced MPO and 7
mucosa armeniacum), H2R antagonist 2007
e g MDA, but not SOD.
(Ranitidine)
Acetic acid gastric injury
DR Male rats Gastric  model, proton-pump inhibitor H2 antagonist did not affect ulcer-  Fornai et al.,
mucosa (Pantoprazole), H2R antagonist induced MDA increase. 2009
(Famotidine), Indomethacin
DR Female Gastric Indomethacin gastric ulcer H2 antagonist lowered MDA and Karakaya et al.,
rats mucosa model, H2R antagonist restored NO levels. 2009
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(Famotidine), PDE inhibitor
(Vardenafil)
Indomethacin gastric ulcer
model, CRS ulcer model,
Gastric angiotensin II receptor H2 antagonist normalized MDA and Morsy et al.,
H2R Rats . . e .

mucosa antagonist (Telmisartan, nitrite/nitrate ratio. 2009

Candesartan), H2R antagonist
(Ranitidine)

DDC hepatic toxicity model,
H2R  Male rats

Hepatic  ascorbic acid, H2R antagonist ~ H2 antagonist partially corrected = Gaafa et al.,

tissue (Cimetidine), calcium channel MDA and GSH; SOD was unaffected. 2011

antagonist (Nifedipine)

Indomethacin gastric ulcer

H2R Male rats

Gastric model, plant extract (Ficus H2 antagonist restored SOD and
mucosa asperifolia bark), H2R antagonist CAT activities; MDA was unaffected.

Raji et al., 2011

(Cimetidine)
Mouse
bre?m- Rotenone., Carflosu‘le,' H2R H2 inhibition reversed carnosine's  Zhang et al.,
H2R  derived _ antagonist (Cimetidine e . . .
. . mitochondrial protective effects. 2012
endothelia Zolantidine)
1 cells
Gastric Ethanol gast'rlc injury model,  H2 antagonist partially corrected Alirezaei et al.,
H2R Male rats oleuropein (OLE), H2R GSH, GPx, and TBARS but not SOD
mucosa . e 2012
antagonist (Ranitidine) and CAT.
Ischemi fusi 1
Hepatic SC, em@/reper usion moc'le " Positive histamine effects on MDA  El-Mahdy et
H2R Male rats ) histamine, H2R antagonist )
tissue e and GSH were H2-independent. al., 2013
(Ranitidine)
H2 ant ist reduced MDA
Gastric Ulceral models, rutin, H2R an ag‘“? reduce . ! Olaleye et al.,
H2R Male rats . ; L restored vitamin C, and increased
mucosa antagonist (Cimetidine) 2013
Pylorus ligation gastric ulcer . .
Female Gastric model, acetylsalicylic acid H2 antagonist partially restored Asokkumar et
H2R d mal ’ D, GSH, CAT, GP d reduced
an rartr;a ¢ mucosa (ASA), gallicacid, FoR 00D G9H CAT GPx andreduced =) )
antagonist (Famotidine)
Brain microinjections of
HOR  Male rats Gastric histamine, HIR antagonist H2 activation reduced MDA and Qiao et al.,
mucosa  (Tripolidine), H2R antagonist restored SOD activity. 2015
(Ranitidine)
Glycerol kidney injury model, H?2 antagonist normalized NO and
. e . : Estaphan et al.,
H2R Malerats  Kidney L-carnitine, H2R antagonist glutathione, reduced cytochrome 2015

(Cimetidine)

H2R

BALB/c Liver Catalase activity, H202, H2R  H2 antagonist inhibited catalase and Jahangirvand

mice extracts antagonist (Cimetidine) lowered optimal temperature. etal., 2016

Oxidative stress inductor
(Doxorubicin), ACE inhibitor
(Captopril), H2R antagonist
(Famotidine)

H2R  Male rats Heart

H2 inhibition corrected lipid
peroxidation and nitrite/nitrate ratio,
partially restored SOD.

Kondru et al,,
2018

Dicofenac enterophaty induced

H2R  Male rats

Gastrintestin  model, adenosine receptor =~ H2 antagonist worsened diclofenac- Singh et al.,

al tract antagonist (Quercetin), H2R induced MDA increase. 2017

antagonist (Ranitidine)



https://doi.org/10.20944/preprints202410.2335.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 October 2024

d0i:10.20944/preprints202410.2335.v1

18
Water- immersion restraint
Gastric stress ulcer model, H2 antagonist corrected TBARS, = Ahmad etal,,
H2R Male rats . .
mucosa Thymoquinone, H2R GSH, SOD, and CAT in ulcers. 2017
antagonist (Ranitidine)
Transgenic
H2R ist (N-
DR mice Myeloid meth lhistZii);lr:S) ;n 4 HDR H2 activation inhibited superoxide Aydinetal,
Kras/Nox cells Y . o and reduced ROS in Kras mice. 2019
antagonist (Ranitidine)
KO
Ethanol gastric injut del, . . .
Gastric Ano” gaste IyHHY MOTEL 1 antagonist partially restored GSH Fahmi et al.,
H2R  Male rats plant extract (Pulicaria crispa), .
mucosa ) iy and SOD in ulcers. 2019
H2R antagonist (Ranitidine)
Indomethacin small intestine
Small lesion model, Vitamin C, H2 antagonist partially restored Turkvilmaz et
H2R Malerats . . Vitamin E, 3-Carotene, sodium GSH, CAT, GPx, and increased SOD; y
intestine . al., 2019
selene, H2R antagonist no MDA effect.
(Ranitidine)
Bone
DR Male rats marrow and Irradiation, H2R antagonist H?2 antagonist corrected MDA, GSH, Estaphan et al.,
intestinal (Cimetidine) and SOD levels. 2020
tissue
Female Brain ischemia/reperfusion =~ H2 antagonist blocked L-carnosine Virdi ot al
H2R and male Brain model, L-carnosine, H2R effects on TBARS, GSH, and MPO in 2020 M
mice antagonist (Ranitidine) brain ischemia.
H2 antagonist normalized NO and
Testicular ischemi del, H2R Tanriverdi et
H2R Male rats Testis eshieuiar IS.C emia mc.> 'e ’ SOD; MDA and GPx were anriverdi ¢
antagonist (Famotidine) al., 2021
unaffected.
Indomethacin gastric ulcer
model, water immersion stress
Gastric ’ H2 antagonist partially restored Guptaetal.,,
H2R  Male rats Hssue model, plant extract (Elaeagnys CAT, GSH, SOD, and reduced MDA. 2021
conferta Roxb.), H2R antagonist
(Ranitidine)
HOR  Male rats Gastric Ef:;?:ig:j?; lnij:;};l;loHdS; H2 antagonist restored CAT, GSH, Beiranvand et
mucosa P o p o and reduced ROS and MDA. al., 2021
antagonist (Ranitidine)
. H2 antagonist partially restored .
HOR F‘emal? Tumor tissue Breast tumor rr'1ode1f Vlta‘m'm C, tumor GSH, SOD, and reduced Ibrahim et al.,
swiss mice H2R antagonist (Cimetidine) 2022
MDA.
Gastric Indomethacin gastric lesion =~ H2 antagonist restored SOD, CAT, Jafari et al
H2R Male rats model, Topiramate, H2R GPx activities, GSH, and reduced v
mucosa ) s 2022
antagonist (Ranitidine) MDA.
Indomethacin gastric ulcer
PR Male rats Gastric model, plant extract (Malus H2 antagonist partially restored =~ Mahmoud et
mucosa domestica Borkh), H2R GSH, GPx, and reduced MDA. al., 2023
antagonist (Famotidine)
Ind thaci tric ul
Gastric neomethacin ga.s HEWCEr 1o antagonist corrected MDA, GSH, Akbas etal,,
H2R Rats . model, Felodipine, H2R
tissue and catalase levels. 2023

antagonist (Famotidine)
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Figure 2. Overview of the role of the B1 and B2 kinin receptors and the H2 histamine receptor in modulating the
production of reactive oxide species (ROS) in different organs and tissues. Bradykinin Bl Receptor
(BIR), Bradykinin B2 Receptor (B2R), Histamine H2 Receptor (H2R), Reactive Oxygen Species (ROS),
Nicotinamide Adenine Dinucleotide Phosphate Oxidase (NADPH oxidase), Superoxide Dismutase
(SOD), Glutathione (reduced form) (GSH), Glutathione Disulfide (oxidized form) (GSSG), Catalase
(CAT), Malondialdehyde (MDA), Thiobarbituric Acid Reactive Substances (TBARs), Glutathione Peroxidase
(GPx), Hydrogen Peroxide (H202), Myeloperoxidase (MPO).

6. Conclusion

The review emphasizes that while Reactive Oxygen Species (ROS) are linked to various human
diseases, there have been limited clinical applications for ROS modulation. However, recent
developments are concentrating on selectively targeting ROS-generating enzymes, especially
NADPH oxidases, to maintain normal bodily functions and enhance treatment effectiveness. This
indicates a move towards precision medicine within the field of ROS pharmacology.

Furthermore, despite the differences in research focus on the three receptors, there are
similarities. Both BIR and H2R receptors amplify the generation of reactive oxygen species, making
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them suitable targets for pharmacological intervention in chronic inflammatory responses. Combined
inhibition of these receptors may improve treatment outcomes for conditions such as gastric diseases.
Understanding the local and systemic interactions regulated by these receptors through mechanistic
studies, as well as improving drug delivery methods to target specific tissues, is crucial for
maximizing benefits and minimizing adverse effects.

B1 bradykinin receptor (BIR), B2 bradykinin receptor (B2R); histamine H2 receptor (H2R), bradykinin (BK),
angiotensin-converting enzyme (ACE) superoxide anions ( O2e—), superoxide dismutase (SOD)
malondialdehyde (MDA), glutathione (GSH), Reactive Oxygen Species (ROS), Tumor Necrosis Factor
(TNE), Lipopolysaccharide (LPS), Hydrogen Peroxide (H20z), Nitric Oxide (NO), N-acetyl-B-D-glucosaminidase
(NAG), Myeloperoxidase (MPO), Endothelial Nitric Oxide Synthase (eNOS), Mitogen-Activated Protein Kinases
(MAPKSs), Extracellular Signal-Regulated Kinases (ERKSs), Protein Kinase B (AKT), Glutathione Peroxidase
(GPx), Catalase (CAT), Thiobarbituric Acid Reactive Substances (TBARs).
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