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Daniele Bovet’s pioneering discovery that a series of compounds possessing 
anti-histamine activity reduced the symptoms of anaphylaxis provided the 
proof that histamine plays a pivotal role as a mediator of allergic reactions. 
Basophils and mast cells are the major sources of histamine in man and they 
are thus one of the primary effector cells of allergic inflammation. Some 
H,-receptor antagonists posseses a variety of antiinflammatory activity to 
H, antagonism in vitro and in vivo. This promising area should be 
explored further and much remains to be done in the evaluation of the 
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I imkunodulatory effects of anti-histamines. 

Histamine is one of a heterogenous group of 
diverse substances released from tissues during 
injury or inflammatory reactions. These substances 
include histamine, serotonin, kinins, and various 
lipid mediators, such as the prostaglandins, leuko- 
trienes, lipoxins, and platelet activating factors (1). 
Histamine was the first of the substances to be 
discovered. It was synthesized chemically in 1907 
and its biologic activity was discovered in 1910, 
when it was detected as a uterine stimulant in 
extracts of ergot. 

Histamine became implicated as a mediator of 
allergic reactions when Dale and Laidlaw found 
that the effects of histamine mimic those occurring 
during anaphylaxis (2, 3). In a series of elegant 
papers Dale and Laidlaw made three general con- 
clusions about histamine. They noted that when 
applied locally it produces redness, swelling, and 
edema. Their second observation was that the 
introduction of histamine into circulation repro- 
duces symptoms that are characteristic of shock. 
They also noted that in the guinea pig, an animal 
that is particularly sensitive to histamine, it induced 
severe bronchoconstriction. 

Daniele Bovet’s pioneering discovery that a series 
of compounds possessing anti-histamine activity 
reduced the symptoms of anaphylaxis provided the 
definitive proof that histamine plays a pivotal 
role as a mediator of allergic reactions (4, 5). It 
was for the identification of anti-histamines that 
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Daniele Bovet was awarded the Nobel Prize for 
Physiology and Medicine in 1957. Subsequent studies 
revealed that after challenge with the specific 
antigen histamine was actively secreted in vitro 
from cells (peripheral blood basophils and tissue 
mast cells) that bear high affinity receptors for IgE 
(FcsRI) (6). In addition, it was demonstrated that 
histamine released from mast cells and basophils 
induces the characteristic manifestations of allergic 
reactions by activating histamine receptors on 
smooth muscles and blood vessels (7). 

Although a pool of non-mast cell-associated 
histamine exists in such tissues as stomach (8), and 
perhaps in other tissues, basophils and mast cells 
are the major sources of histamine in man (9). In 
general, there appears to be an inverse relationship 
between the number of mast cells versus basophils 
in different species: basophils are much more 
numerous in man than in rat or mouse. The number 
of basophils in humans is low (approximately 
5x104/ml), whereas the density of mast cells is high 
in lung parenchyma and lower in the skin, heart 
and synovial tissues (10-13). 

Histamine is rapidly (within 3 to 15 min) released 
when human mast cells are stimulated by a growing 
list of immunologic and non-immunologic stimuli 
(13-15). There is marked heterogeneity in the 
response to different immunologic (Table 1) and 
non-immunologic stimuli (Table 2) between mast 
cells and basophils and among human mast cells 
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Table 1. Pattern of activation of human basophils and mast cells by immunologic 
stimuli 

Basophils HLMC HSMC HHMC Basophils HLMC HSMC HHMC 

lmmunolagic 
IgE-mediated 

Antigen 
Anti-lgE 
Anti-FcaRI 
Protein A 
Protein L 
Protein Fv 
HRF 

C5a 

Stem Cell Factor 
TNF-a 
ECP 
MBP 
MCP-2 
MCP-3 
MCP-4 

Nan IgE-mediated 

11-3 

MIP-la 

Table 2. Pattern of activation of human basophils and mast cells by non- 
immunologic stimuli 

++ 
+ +  
+ +  
++  
++  
+ +  
+ 
+ 
+ 
- + 

- 

Abbreviations: HLMC: human lung mast cell; HRF: IgE-dependent histamine releasing 
factor; HSMC: human skin mast cell; HHMC: human heart mast cell; ECP: eosinophil 
cationic protein: MBP: major basic protein; MCP-2: monocyte chemotactic protein 
2; MCP-3: monocyte chemotactic protein 3; MCP-4: monocyte chernotactic protein 
4; MIP-la: macrophage inflammatory protein 1 a. 

isolated from different anatomic sites. Histamine 
secretion also occurs during human basophil 
degranulation (16). The diverse patterns of human 
basophil and mast cell degranulation are described 
in detail in the chapter below by Ann M. Dvorak 

Another important breakthrough in this area 
was the identification of histamine HI receptors in 
1966 by Ash and Schild (18). They proposed the 
name HI for receptors blocked by known anti- 
histamines. They presented evidence that the 
actions of histamine not blocked by the classic 
antihistamines, i.e. stimulation of gastric secretion, 
inhibition of uterus contraction and stimulation of 
isolated atria, were mediated through a second type 
of receptor. Since specific antagonists of the second 
type of histamine receptors were not available, 
these receptors were left unclassified until the 
important discovery by Black and his co-workers 
in 1972 of the histamine H2 receptor and specific 
antagonists (19). The existence of two types of 
receptors, HI and H,, was thus established. 
Although H, receptors are mainly responsible for 
the control of gastric acid secretion, there is ample 
evidence that H, and/or H, receptors exist among 
T-lymphocyte subsets, B-cells, monocytes and leuko- 
cyte populations (20-26). Another important break- 
through in the field of histamine receptors was the 
identification of H3 receptors by Schwartz and his 

(17). 

Non-lmmunologic 
A231 87 + +  + + + 
48/80 - 
Substance P - - 
VIP - - 

Pepstatin A + 
f-met peptide + 
PAF + 
Protamine + + + 
Radio Contrast Media + + 
General Anesthetics - 

Morphine - - 
Maitotoxin 
TPA + 
Bryostatin 1. 2 and 5 

+ + f 
+ 
+ 

- 

- 
- - - 

- - - 

- - - 
- 

+ 
+ + + 

+ 
f + + + 
+ 

- 

- 

- - - 
- - - 

Abbreviations: f-met peptide: formyl-L-leucyl-L-phenylalanine; HLMC: human lung 
mast cell; HSMC: human skin mast cell; HHMC: human heart mast cell; PAF: 
platelet-activating factor; TPA: tetradecanoylphorbol-acetate. 

co-workers (27); stimulation of H, receptors may 
exert negative modulator effects in the nervous 
(27) and in the cardiovascular systems (28, 29). A 
human histamine H, receptor has been cloned (30) 
and this approach could be useful for the molecular 
analysis of possible histamine H, receptor subtypes. 
Moreover, a gene that encodes the histamine H, 
receptor has been cloned (31). 

H, receptor antagonists include a large number 
of compounds with different pharmacokinetics 
and pharmacodynamic properties (32). The first 
generation of H, receptor antagonists, i.e., chlor- 
pheniramine, diphenhydramine, hydroxyzine and 
promethazine, became available in the 40s and 
some of them are still in use. Among the second- 
generation antihistamines are terfenadine, astemi- 
zole, cetirizine, loratadine, ketotifen, azelastine, 
levocabastine and ebastine, all of which are highly 
selective for H, receptors. First-generation H1- 
receptor antagonists also activate muscarinic 
cholinergic, 5-hydroxy tryptamine (serotonin), and 
a-adrenergic receptors, whereas few of the second- 
generation H, antagonists have any of these prop- 
erties (33). The selectivity of second-generation 
antagonists reduces their adverse effects on the 
central nervous system (sedation). The binding of 
second-generation H, antagonist is readily revers- 
ible, but some of them such as astemizole, do not 
readily dissociate from H, receptors (32). 

Role of histamine and antihistamines in 
inflammatory and immune responses 
The central role of histamine as a mediator of 
allergic reactions is unchallenged. Recently, other 
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potentially important effects of histamine on the 
multifaceted process of inflammation have been 
defined. Histamine-containing cells (basophils) can 
be attracted to several types of immunologically 
mediated inflammatory sites, and then release 
histamine in response to multiple triggers (10-15). 
For instance, basophils can be found at the site of 
inflammation during late-phase reactions in human 
skin (34) and in lung parenchyma (35) in some 
cases of bronchial asthma (36-39). Moreover, 
histamine by interaction with histamine H, recep- 
tors, generally induces an inhibitory signal to 
lymphocytes (20,22,26), basophils (21) and eosino- 
phils (40), which participate in inflammatory reac- 
tions (1). Thus, histamine is an endogenous 
mediator which might function as a physiologic 
modulator of inflammation. 

Although there is increasing evidence that some 
H, receptor antagonists possess a variety of anti- 
inflammatory activities beyond H, antagonism 
(41-43), H, antihistamines have so far been 
thought to possess a modest clinical efficacy in 
human immediate hypersensitivity reactions like 
bronchial asthma (44-47) and anaphylaxis (48). 
The low clinical efficacy of H, antihistamines may 
be due to various factors: 1) the local tissue level 
of histamine is too high to be blocked by clinically 
obtained tissue levels of antihistamines; 2) media- 
tors other than histamine, such as peptide leuko- 
trienes, PW, neutral proteases and phospholipase 
A,, are important in the pathogenesis of these 
disorders; 3) histamine’s actions are mediated by 
both H, and H, receptors, and blockade of both is 
necessary for therapeutic effects. Although there is 
evidence in favor of all three of these hypotheses, 
the role of histamine and antihistamines as impor- 
tant immunomodulatory agents has yet to be clari- 
fied. Certainly, the finding of multiple, potent 
in vitro effects of histamine on inflammatory effec- 
tor cells argues that some of these effects do 
occur in response to endogenous histamine in viva 
Moreover, the multiple in vitro and in vivo anti- 
inflammatory effects of some H, receptor antag- 
onists, particularly of cetirizine (42, 43, 49-52) 
might occur in response to therapeutic antihistamine 
treatment in viva 

Activity of HI-receptor antagonists 
It has been known since 1975 that high concen- 
trations of first-generation antihistamines inhibit 
histamine release from human basophils (53). The 
mechanisms by which first-generation HI antago- 
nists inhibit mediator release presumably do not 
involve H, receptor antagonism. There is increas- 
ing evidence that certain second-generation H, 
antagonists, such as cetirizine, prevent in vivo the 

release not only of histamine, but also of other 
mediators of inflammation from human inflamma- 
tory cells (50). Cetirizine exerts antiinflammatory 
activity on human eosinophils (49), neutrophils 
(54), basophils and mast cells (55). Moreover, 
cetirizine exerts antiinflammatory effects in patients 
with allergic disorders (34, 50). Lastly, it has 
been suggested that cetirizine could modulate 
ICAM-1 expression on epithelial cells (42). The 
antiinflammatory activities of second-generation 
H, antagonists are dealt with in detail in the article 
of Ernest Charlesworth (56). 

It is important to emphasize that not all second- 
generation H, antagonists possess antiinflammatory 
activity, which raises the possibility that the hetero- 
geneity of the antiinflammatory effects is mediated 
by the activation of isoforms of H, receptors or 
subtypes of H, receptors. 

The demonstration of the presence and secretion 
of several cytokines in human basophils (57), eosino- 
phils (58-60), and mast cells (61-63) suggests that 
experiments be performed to investigate the effect 
of second-generation H, antagonists on cytokine 
synthesis and release by human inflammatory cells. 

Efficacy of HI-receptor antagonists 
Second-generation H, antagonists prevent and relieve 
the symptoms (sneezing, nasal and ocular itching, 
rhinorrhea, tearing, and conjunctival erythema) of 
allergic rhino-conjunctivitis if used regularly during 
the pollen season (64, 65). Second-generation HI 
antagonists relieve pruritus and reduce the number, 
size and duration of urticaria1 lesions in patients 
with chronic urticaria (66, 67). Interestingly in 
some patients with chronic urticaria refractory to 
treatment with an H, antagonist alone, concurrent 
treatment with an H, antagonist such as cimetidine 
or ranitidine brings additional relief of the symp- 
toms (68, 69). 

The use of second-generation H, antagonists in 
the treatment of patients with bronchial asthma is 
still under evaluation. First-generation H, antag- 
onists were originally contraindicated in patients 
with asthma because they reduced the viscosity of 
mucous secretion (44-47). There is now evidence 
that some of the newer antihistamines may be 
useful in the treatment of asthma. Grant and co- 
workers have recently demonstrated that cetirizine 
given concomitantly with antiasthmatic drugs in 
patients with bronchial asthma and allergic rhinitis 
may relieve some of the symptoms (70). This 
important observation raises the possibility that 
some second-generation H, antagonists may relieve 
mild symptoms of bronchial asthma. In this volume 
Malick and Grant review the history of research 
on antihistamine use in asthma (71). 
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The use of second-generation H, antagonists in 
patients with atopic dermatitis has not been ade- 
quately studied (72,73). Atopic dermatitis is a very 
heterogeneous disease whose pathogenesis and 
clinical manifestations vary according also to the 
age of patients. Basophil infiltration occurs at the 
site of skin inflammation in patients with atopic 
dermatitis (35) suggesting that the release of pro- 
inflammatory mediators from these cells plays a 
role in this disorder. We have demonstrated that 
“spontaneous” and immunologically-mediated baso- 
phil releasability of young patients with atopic 
dermatitis is increased compared to controls of 
matched ages (74). Early clinical studies aimed at 
evaluating the efficacy of HI receptor antagonists 
in patients with atopic dermatitis were contro- 
versial (72,73). Trials using the newer HI-receptor 
antagonists in the early phases of atopic dermatitis 
are still underway. 

Another important area of investigation is the 
use of second-generation H, antagonists in the pre- 
vention and treatment of anaphylactic and anaphyl- 
actoid reactions. H, antagonists are useful in the 
ancillary treatment of anaphylaxis (48) and are 
given prophylactically concurrently with H2 antag- 
onists for anaphylactoid reactions to radio contrast 
media (75, 76). Unfortunately, some of the newer 
HI antagonists (terphenadine and astemizole) are 
poorly soluble in water and are not available for 
parenteral use. Considering the relevant cardio- 
vascular effects of some HI antagonists (77-79) 
and the major involvement of the cardiovascular 
system in systemic anaphylaxis (13, 14, 80-82), it 
may be more appropriate to use H,-antagonists 
such as cetirizine that are devoid of significant 
cardiovascular effects in patients at risk of anaphyl- 
actic or anaphylactoid reactions. 

Safety and adverse effects of H1-receptor 
antagonists 
Since H,-receptor antagonists are used to treat 
non-life-threatening disorders, their riskbenefit 
reaction should be very carefully evaluated in 
children and in adults. Second-generation HI- 
antagonists have fewer adverse central nervous 
system effects (e.g. sedation) than first-generation 
agents. However, when the recommended doses 
of second-generation HI-antagonists are exceeded, 
central nervous system function may become im- 
paired (83, 84). Moreover, different tests (driving 
tests, psychomotor, subjective and instrumental) 
have been used to evaluate the sedative effects of 
HI-antagonists thus explaining some of the contro- 
versial results. 

Another important topic concerns the cata- 
strophic cardiovascular events that have, on rare 

occasions, been associated with the use of H,- 
antagonists. This topic is extensively reviewed by 
Genovese and Spadaro in this volume (85). 
However, it is important to remember that hista- 
mine Hl-, H,- and H,-receptors are present in the 
human cardiovascular system (29, 80, 81, 86). In 
addition, the cardiovascular effects of histamine 
may vary in different pathological conditions (86), 
and the histamine content of heart tissue of patients 
with dilated cardiomyopathy was increased when 
compared to subjects without cardiovascular dis- 
ease who died in car accidents (87). Moreover, the 
release of histamine was significantly higher in 
human heart mast cells from cardiomyopathy 
patients than controls (87). Thus, the higher cardiac 
mast cell density and the greater release of their 
vasoactive mediators in cardiomyopathy and the 
increased sensitivity of the HI-receptors in some 
patients with unstable angina (80, 81) might sug- 
gest that those patients are at increased risk to 
the cardiac effects of some H,-receptor antag- 
onists. Interestingly the prolongation of the QT, 
interval has been associated with the use of some 
(astemizole and terfenadine) but not with other 
(cetirizine) H,-antagonists (77-79,88). The hetero- 
geneity of the cardiac effects of HI-antagonists may 
be explained by the possible existence of HI- 
receptor subtypes (30). 

A final area of interest concerns the effects of 
H,-antagonists on cancer growth. This apparently 
surprising effect may be due to the interference 
of the angiogenetic properties of histamine and 
other mast cell-derived mediators. This fascinating 
topic has been extensively reviewed by Cynthia J. 
Meininger in a recent chapter devoted to mast cells 
and tumor-associated angiogenesis (89). In brief, 
histamine has been reported to be angiogenic 
in vivo (90, 91) and mitogenic for capillary endo- 
thelial cells in v i m  (92,93). However, a mechanism 
of the action of histamine and the possible inter- 
ference of HI receptor antagonists in tumor angio- 
genesis has not yet been fully elucidated. 

Future trends 
Interest in the pharmacology and use of HI-receptor 
antagonists has increased over recent years with 
the introduction of second-generation HI-antag- 
onists. Although histamine is not the only endo- 
genous mediator of allergic inflammation, some H, 
antagonists have demonstrated unexpected anti- 
inflammatory effects in vivo and in v i m .  This 
promising and fascinating area should be explored 
further and much remains to be done in 
the evaluation of the immunomodulatory effects 
of newer antihistamines. Research in this area 
will also contribute to define better able to the 
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physiological role of histamine in the upper and 
lower respiratory tract (70), in the cardiovascular 
system (29, Sl), in the brain (33) and possibly in 
cancer growth (89). Newer H, antagonists will also 
be useful to settle the still controversial issue of the 
use of antihistamines in the treatment of bronchial 
asthma. The novel finding that some of the newer 
H, antagonists may be useful in the treatment of 
some patients with asthma (70) is fascinating and 
certainly warrants additional studies It is also 
necessary to understand the difference in efficacy 
in relation to different pathophysiologic aspects of 
bronchial asthma in patients of different ages and 
with different degrees of involvement of bronchial 
asthma. 

The use of newer H, antagonists in association 
with H, antagonists should also be evaluated in the 
prevention or ancillary treatment of anaphylactic/ 
anaphylactoid reactions. In particular, second- 
generation H, antagonists without cardiovascular 
effects, such as cetirizine, should be included in 
clinical trials aimed at evaluating their efficacy 
in the prevention or treatment of anaphylactic/ 
anaphylactoid reactions. 

Finally, the safety of new HI-antagonists intro- 
duced into clinical practice should be a prime 
consideration given their different effects, parti- 
cularly during pregnancy (94) and in patients with 
cardiovascular disease (80-82, 86, 87). 

In conclusion, despite the wealth of data on 
the biochemistry and pharmacology of second- 
generation H,-antagonists, additional studies need 
to be performed to understand better the patho- 
physiologic role of histamine and its role in the 
control of inflammatory and immune responses in 
man. 
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