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Abstract

General Background: Antihistamines targeting the histamine H1 receptor are crucial therapeutic
agentsformanagingallergicandinflammatory conditions globally. Specific Background: Structural
modifications among first-, second-, and third-generation antihistamines directly dictate their
lipophilicity, receptor selectivity, and central nervous system penetration. Knowledge Gap:
Comprehensive insights linking subtle chemical variations to detailed pharmacodynamics, receptor
occupancy, and unexpected therapeutic applications remain fragmented. Aims: Thisreview evaluates
howstructuraldiversityinfluences H1 receptorbinding, physicochemicalbehavior, sedative potential,
andclinical outcomes. Results: Non-sedatingzwitterionic structures exhibitlowerblood-brainbarrier
permeability and reduced H1 receptor occupancy compared to lipophilic, flexible first-generation
compounds. Novelty: Recent structural insights reveal secondary binding pockets and extracellular
loop interactions that facilitate novel antiparasitic and migraine therapeutic avenues. Implications:
Understanding these structure-activity relationships guides the rational pharmacoengineering of
personalized next-generation antihistamines with enhanced safety profiles.

Keywords: Antihistamine Structure, Pharmacodynamics, Physicochemical Properties, Receptor
Occupancy, Inverse Agonist

Key Findings Highlights

Structural variationsin functional groups dictate blood-brain barrier permeability and central nervous
system sedation profiles.

Low brain H1 receptor occupancy in zwitterionic agents ensures peripheral selectivity without
impairing psychomotor function.

Unique binding pocket configurations enable potential novel applications ranging from antiparasitic
activity to migraine management.
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Introduction

Antihistamines, a medication class dating back to the 1940s, block histamine effects and are commonly used for allergy
symptoms [1]. They work as inverse agonists by binding to the H receptor, stopping histamine-induced inflammation,
according to Simmons et al. (2021) [2]. H1 and H2 antihistamines are among the most frequently prescribed medications
throughout the clinical setting. H1 antihistamines work as inverse agonists, which means they stop histamines from working
at the H1 receptors by binding to them and keeping them in an inactive state [3]. Moreover, Hl-antihistamines show an even
stronger effect as anti-allergic agents by decreasing the presentation of antigens, expressing the pro-inflammatory
cytokines, and cell adhesion molecules. Furthermore, through the transcription factor nuclear factor-kB, H1 antihistamines
restrain mast cell activation and histamine release in a concentration-dependent manner [4]-[6]. H1 antihistamines are
widely used to treat allergic rhinitis, urticarial, and other allergic diseases. From the time of the very first antihistamine
development in 1937 [7], to the production of the constant greater types with the kinds of drugs, first-generation, second-
generation, and third-generation antihistamines have been through the developing stage.

To optimize the effectiveness of antihistamines, it is crucial to understand their structural diversity and how it affects their
modes of action. Modifying the structure of a compound can greatly affect its affinity for histamine receptors and the
selectivity of receptor subtypes. Antihistamines’ pharmacological action could be significantly affected by these changes.
Alterations in the chemical structure of the antihistamines may affect their physicochemical properties such as their
solubility, lipophilicity, and metabolization [8]. This literature review will also outline plans for antihistamine studies,
including the potential of structural variations to improve therapy, and will aim to increase our understanding of their
potential therapeutic value and help design new agents that have improved efficacy and safety profiles.

Structural Variations of Antihistamines

These drugs differ in their structure, which has a great impact on their antihistamine pharmacodynamics, physicochemical
properties and therapeutic effects. A detailed discussion of structural differences between 1st and 2nd generation anti-
histamines, and how this can affect treatment is included in this section. Antihistamines are substances which competitively
block the receptors so that histamine cannot be formed, released and act on them. They can therefore be divided into three
groups: sedative mixtures, antiallergic (nonsedating) agents, and agents that can interact with H1-antihistamines but have
different effects. A group of antihistamines called H1-histamine antagonists are able to stop the histamine from binding to
the ego tub. The action of H2-histamine antagonists is on the parietal cells that produce acid in the stomach. New agents are
being developed against illnesses of the central nervous system, using a technique known as agents called H3-receptor
antagonists. H1l-antihistamines have been modified to make first generation, second generation and third generation
antihistamines.

First generation antihistamines (e.g. diphenhydramine, chlorpheniramine: figure 1) have been noted for their ability to
penetrate the blood-brain barrier (BBB) and provide a central nervous system (CNS) effect, such as sedations. Generally,
these drugs have a flexible linker and an aromatic ring structure and contain various substituents that facilitate CNS
penetration and lipophilicity [9].
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Figure 1.
Figure 1. Chemical structures of sedating antihistamines.

In contrast, second generation antihistamines such as loratadine and cetirizine have been developed with polar properties
that decrease their ability to cross the CNS and hence their sedative properties. These structural changes make them more
selective for peripheral H1 receptors and make them less lipophilic [10]. A piperidine ring and a carbamate group in
loratadine lowers its lipophilicity and limits its ability to cross the CNS which translates to lower sedative effects [11].

Second-generation H1 antihistamines include terfenadine, imidazoline and loratadine. Apart from their strong affinity for
histamine H1 receptors, they have other anti-allergic properties, such as inhibiting intercellular adhesion molecules (ICAMs)
[12].
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The chemical structures of non-sedating H1 antihistamines (Figure 2) contain at least one hydrophilic functional group such
as amino group (-NH2) and/or carboxyl (-COOH) group, which is believed to prevent penetration of the BBB [13].
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Figure 2.
Figure 2. Chemical structures of several non-sedating antihistamines.
Antihistamines and their pharmacological actions and classification

Mast cells and basophils produce and secrete histamine, a heterocyclic amine that is formed by the decarboxylation of 1-
histidine. It has both pro-inflammatory and anti-inflammatory properties, depending on the type of histamine receptor and
cells stimulated. Histamine receptors are divided into four types: H1, H2, H3 and H4 receptors. Histamine's defense and
immunoregulatory activities, as well as acute and chronic allergic inflammation, are all mediated by H1 receptors. They are
found in many organs and cells such as neurons, endothelial cells, vascular smooth muscle cells, respiratory epithelium,
hepatic cells, dendritic cells and lymphocytes. Histamine acts on H1 receptors on small capillary venules to produce
edematous and erythematous wheals (angioedema), or skin-colored swellings. This is due to vasodilation and increased
vascular permeability, leading to leakage of plasma into the interstitial space of the tissue which contains large molecular
weight proteins, especially immunoglobulins, [14]. Histamine also activates sensory nerves leading to itching and
recruitment of eosinophils, basophils, neutrophils and other inflammatory cells, as shown by the mixed infiltrate of cells
within the wheals on histopathological examination. The word 'antihistamine' is only used for drugs that act on the H1
receptor, drugs that act on the other histamine receptors are not antihistamines. Antihistamines are inverse agonists to the
constitutionally active H1 receptors. They diminish the constitutional activity of histamine at H1 receptors and neutralize the
effects of histamine on H1 receptors by keeping the H1 receptor in its inactive conformation [15]. Hence, they are more
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appropriately called ‘Hl-antihistamines' than ‘histamine antagonists. Antihistamines reverse the process of blood vessel
dilation and permeability caused by histamine and thus can help to decrease swelling in an area. In addition, to blocking
receptors on blood vessels and nerves antihistamines also play a role in reducing inflammation by preventing the buildup of
inflammatory cells in tissues and dampening the immune response to allergens through their effects, on nuclear factor K
beta and calcium channels [16]. The first anti-histamines were like histamine. Included an ethylamine group. Various
chemical groups, with even stronger effects have since been discovered, such as ethanol amines, ethylene diamines,
alkylamines, piperazines, piperidines and phenothiazines [17] (Table 1).

Table 1. antihistamines: chemical and functional classification
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Orther Diozmepin Azelastine
Egivasfine

Figure 3.
Clinical Applications and sedative potentials of antihistamines

The structure of the antihistamines plays a key role in their therapeutic uses as well as their side effects. First generation
anti-histamines have sedative properties, which makes them popular for treating acute allergic reactions and as a sleep aid.
Their benefits for allergy treatment in the long term are restricted by the central nervous system side effects. Second
generation antihistamines: These last longer and are less sedating and are better for chronic allergic reactions. They have
been found to be effective in treating chronic urticaria, allergic rhinitis, and other conditions [2].

The second-generation antihistamines of the 1980s brought a step forward in antihistamine innovation, in terms of their
ability to reach the brain with limited or no sedative effects [18]. Yanai et al. evaluated the H1RO of various first and second
generation antihistamines and proposed to classify these drugs into groups according to the HIRO [19]-[21]. The importance
of H1IRO as a measure of non-sedative properties of the antihistamines was also reiterated at the "Consensus Group of New
Generation of Antihistamines (CONGA)" expert meeting, sponsored by the British Society for Allergy and Clinical
Immunology (BSACI) [22]. After a single oral dosage, antihistamines are divided into three groups according to the H1RO:
non-sedating (<20%), less-sedating (20-50%), and sedating (=50%). Based on the results of various research organizations'
measurements, the non-sedating group includes the following medications: bilastine 20 mg, fexofenadine 60-120 mg,
levocetirizine 5mg, epinastine 20 mg, ebastine 10 mg, loratadine 10 mg and terfenadine 60 mg. According to the results of
measurements of various research groups, the non-sedating group includes levocetirizine (5 mg), epinastine (20 mg),
ebastine (10 mg), loratadine (10 mg), terfenadine (60 mg), cetirizine (10 mg), olopatadine (5 mg), and bepotastine (10 mg).

One of the best measures for classify antihistamines into non-sedating, less-sedating, and sedating groups is H1 receptor
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occupancy (H1RO). The two non-sedating drugs, bilastine and fexofenadine, are classified as "non-brain-penetrating
antihistamines" due to the lack of brain H1 receptor occupancy at their recommended doses. Bilastine and fexofenadine
have other molecular similarities besides being zwitterions. In contrast, bilastine has a higher affinity to H1 receptor than
fexofenadine. The medications are chosen for their ability to penetrate the brain and because there are no significant
differences among the second generation antihistamines in their clinical efficacy, but rather in their sedative vs. non-
sedative properties. In a study, the researchers recommended that the antihistaminic classification should consider both the
antihistaminic action and the ability of the antihistamines to cross the blood-brain barrier as well as their effects on central
nervous system functions even at a double dose, 40 mg. The study is aimed at brain H1 receptor occupancy, with a low
occupancy linked to improved psychomotor function and decreased sedation, a factor of paramount importance for patients
who need to be alert to carry out their daily activities. In addition, the authors recommend the objective tests of
psychomotor performance like Critical Flicker-Fusion Frequency (CFF) and Simple Reaction Time (SRT) tests to be taken
into account for the more precise assessment of the sedative effects of these drugs. Ultimately, it will facilitate the better
treatment of allergic rhinitis by doctors and decrease side effects by helping them select the optimum antihistamine for their
patients [24]. Due to their sedative qualities, first-generation antihistamines are commonly used to treat acute allergic
reactions as well as sleep aids. But, the CNS side effects limit their usefulness to long-term allergy treatment. Second
generation antihistamines: These work longer, and require less anaesthetic and are the preferred antihistamines for
chronic/sustained allergies. Simmons et al. recommend their use in the treatment of several diseases including chronic
urticaria and allergic rhinitis [2].

Daniel and colleagues (2024) performed a systematic review of all clinical antihistamines against the nematode
Angiostrongylus cantonensis of particular interest to vertebrate hosts, including humans. The first-stage larvae (L1) of A.
cantonensis collected in the infected rats' feces were used and tested for activity with 21 anti-H1 antihistamines. Standard
drug use of anthelmintics (ivermectin and albendazole) was introduced. Four active compounds were found: promethazine
(EC50 = 31.6 pM), cinnarizine, desloratadine and rupatadine. Promethazine (EC50 = 31.6 uM) was the most potent
compound. In addition, the morphological study revealed that there were significant changes in the morphology of the larvae
induced by these anti-histamines. The antimuscarinic effect, defined as the average pKi values of human muscarinic receptor
(mAChR) subtypes, was an important effect of the tested compounds. Moreover, there was no direct correlation between the
antihelminthic activity of antihistamines and their activity on H1 receptors, the researchers also observed. The present work
is the first report on the anthelmintic activity of anti-histamines against A. cantonensis which will give a lot of information
for developing new drugs which can be used against the zoonotic helminthes [25]. Chen et al. (2008) have reviewed this
extensively on the physicochemical, pharmacological and pharmacokinetic properties of cetirizine and its enantiomer,
levocetirizine. These second generation anti-histamines have the following zwitterionic property and this gives them efficacy
in the treatment of seasonal allergic rhinitis," the authors write. The molecular structure of cetirizine and its binding with
the H1 receptor are highlighted, in view of the importance of this interaction for the clinical activity of these compounds,
while reducing undesirable side effects commonly seen with the first-generation antihistamines.

Recently Second generation H1 Antihistamines are regarded as the backbone of the treatment of allergic diseases because
they have less side effects and contraindications when compared with the first generation (old) antihistamines (South
African Family Practice, 2015). First generation anti-histamines are still used in a number of ways, but are no longer
recommended as the first choice for treating allergic reactions. Topical decongestants, corticosteroids and second
generation antihistamines are also important therapies for the effective management of allergic rhino conjunctivitis in
clinical practice. H1 antihistamines are generally good and applicable drug therapeutic classes with wide spectrum of
application in clinical practice [8].

Farzam, et al. (2024) talks about the negative effects of H-1 and H-2 receptor antihistamines. H1 antihistamines are first
generation antihistamines which cross the blood brain barrier and can have central nervous system side effects such as
drowsiness, dizziness, dry mouth, sedation, impaired co-ordination and delirium, particularly at high doses, with
cardiotoxicity (due to central nervous system side effects) and QTc prolongation. Second generation H-1 antihistamines, on
the other hand, are not as readily absorbed by the blood-brain barrier and thus have fewer side effects, making them safer
to take for extended periods of time. The antihistamine agents that block the H-2 receptors are very well tolerated and have
few side effects, but may have some gastrointestinal side effects and cause dizziness. However, cimetidine is also
antiandrogenic, resulting in gynecomastia in males and galactorrhea in females, it may also be a liver enzyme inhibitor and
drug interacting agent. Ranitidine has been removed from the market because it became contaminated with a cancer-
causing agent. The article highlights the need for careful selection of antihistamines, taking into account the patient's health
to prevent aggravation of any underlying illnesses, and to reduce side effects [27].

Currently, the issue of drug response variability, especially adverse reaction risks, is a common problem in the field of
pharmacotherapy. Advances in pharmacogenomics, including exome or genome sequencing, offer new tools to gain insight
into and control over this variability. So far, studies on antihistamine pharmacogenomics are limited in number, but have
helped to rationalize antihistamine use in clinical practice. Thus, most studies have been conducted on the genes of
metabolic enzymes, while attention has been less on the genes that encode drug-binding receptors, drug-transport-related
membrane channels, and signal transduction proteins. To optimize the clinical application of anti-histamines, avoid adverse
clinical effects associated with genetic variability [28] and to further develop precision medicine. Almost all antihistamines
have unfavorable side effects when taken in large enough dosages; the frequency and intensity of these symptoms vary
depending on the patient as well as the characteristics of the particular medication. Adults who have adverse effects most
frequently are sleepy. Headache, dry mouth, impaired eyesight, and stomach discomfort are some other adverse effects. If
the patient fails to improve after 3 days of antihistamine treatment, then the antihistamine will not be effective. The
digestive system readily absorbs antihistamines and most are metabolized by liver enzymes called monoamine oxidase.

ISSN 3063-8186 (online), https://ijhsm.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).
10/13



https://portal.issn.org/resource/ISSN/3063-8186
https://doi.org/10.21070/ijhsm
https://umsida.ac.id

Indonesian Journal on Health Science and Medicine

Vol. 3 No. 2 (2026): Oktober
DOI: 10.21070/ijhsm.v3i2.507

Pharmacokinetics and Pharmacodynamics of Antihistamines

Antihistamines are the most common agents in allergy treatment. Therefore, a central branch of research in allergy
management is the pharmacodynamics of antihistamines, which includes their mechanisms of action and effects in the
treatment of allergies. Perhaps the best way to understand antihistamine pharmacokinetics is to realize that an
antihistamine has four main pharmacokinetic features, namely, absorption, distribution, metabolism, and excretion. All these
components are closely related to pharmacodynamics. As a result, scientists should strive to communicate high
pharmacodynamics knowledge at a clinical level to maximize the application of antihistamines. Drug response varies among
individuals due to disease heterogeneity, environmental and genetic factors: doses that are effective in some patients
inevitably become ineffective or cause adverse drug reactions (ADRs) in others. Gene polymorphism can influence the
pharmacokinetics and pharmacodynamics of drugs, leading to changes in local and systemic drug exposure and/or changes
in drug target function that alter drug responses. For patients. After oral administration, antihistamines usually start to
work one to two hours later, reaching their peak plasma concentrations in a few hours. Antihistamines range in how long
they take to take effect; some can relieve symptoms for up to 24 hours, which means they can be used once daily [29]. In
clinical studies, the ability of antihistamines to inhibit the wheal and flare response to histamine is a common method of
assessing the effectiveness of an antihistamine. Second generation anti-histamines have been shown to be much less likely
to cause these reactions and do not appear to cause the drowsiness seen with first generation anti-histamines. Their
extensive usage in the treatment of allergic disorders is a result of this. Hindmarch, I., Shamsi, Z. (1999) [30].
Antihistamines are known to act on the H1 receptors, blocking histamine binding and so easing symptoms such as itching
and rhinorrhea, according to Kuna et al. (2016). The discovery of second-generation antihistamines has made a significant
leap forward the field, as they have better safety, and are more effective in alleviating urticaria and allergic rhinitis
symptoms. Interestingly, the recommendations highlight the importance of these second generation non-sedative
antihistamines in the management of allergic diseases, with the addition of recommending them as first and second line
treatment in the urticaria treatment algorithm [31].

Moreover, current studies have demonstrated the range of antihistamines' abilities to inhibit the production of the histamine
H1 receptor gene. The field of antihistamine research has progressed significantly over the past few years, with increased
knowledge about the histaminergic system and its association with diseases such as migraine. There are multiple histamine
receptors (H1, H2, H3, and H4) within the body. Little is known about the H4 receptor. The fact that histamine may
effectively cause migraines is particularly intriguing, and this has drawn further attention to the importance of the
histaminergic system in migraine prevention. Although there is currently little and low-quality research on the impact of
antihistamines on migraine, there are encouraging findings on the H3 receptor agonist Na-methylhistamine as a possible
therapy for migraine. This emphasizes the necessity of investigating the histaminergic system more thoroughly in order to
find novel targets for the treatment of migraines [32].

Wang et al. studied the structural characteristics of the histamine H1 receptor (H1R) complexed with desloratadine,
mepyramine, and astemizole in this work. The study concludes that while there are synthetic activities in all four histamine
receptors, the ligands associated with these receptors have different pharmacological profiles. In their role as inverse
agonists, H1R receptor antagonists often contain a phenyl group that hinders critical residues (W428), preventing receptor
activation. The selective effect of these antihistamine drugs is explained by the differences in binding pockets between H1R
receptors and other histamine receptors. Furthermore, the study indicates that secondary binding pockets have a lower
level of conservation, providing opportunities for the development of more targeted antihistamines. These new
understandings of H1R receptor processes and their regulation provide a foundation for the development of more effective
and selective antihistamines [33].

Daniel A. McNaught-Flores et al.'s research done in the year 2023 is about the recognition of the structural and
pharmacodynamic features of the zebrafish histamine H1 receptor (zf H1R). On the molecular side, it was observed that zf
H1R has a remote connection between human H1 receptors (21%-23%) but a sharp sequence similarity (41%-43%) with the
neighbor H1 receptor orthologs. The preservation of many of the key amino acid patterns linked to receptor activation and
folding may indicate that they have a role in the process of histamine. The binding of the zf H1R was carefully studied with
[B3H]-mepyramine through binding experiments. The effect of the reference compound on the receptor is similar in the
human receptor, but there are clear variations among histamine binding. The results indicated that the zf H1R (zebrafish
histamine H1 receptor) binds with Gag/11 proteins and at the same time transmits a myriad of reporter genes, which is in
line with its signaling role in cellular activity. The study reveals that the primary characteristic of histamine binding
intensity is the flipping of electrostatic charges in the second extracellular loop (ECL2), offering a new insight into the
pharmacological distinctions among histamine receptors. It draws attention to the fact that distinct species' histamine
receptors react differently to medications, as evidenced by the differences between zebrafish and human histamine receptor
structural protein alterations. According to the study, these findings make it possible to identify the molecular structure's
contribution to therapeutic efficacy more accurately. They eventually create additional possibilities for the creation of more
targeted and potent medications [34].

Conclusion

In this review the evidences confirm nexus between antihistamine chemistry and pharmacology, reflecting receptor binding
to systemic biodistribution related to structural chemistry, perhaps structural modifications can decouple the target
therapeutic effects from undesirable side effects, this open the path for pharmacoengineering of next generation of
antihistamines to be tailored for better pharmacokinetic and pharmacodynamic demands of individual patients.
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