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Histamine

• Histamine is an important chemical messenger.
 Histamine is synthesized in Golgi apparatus of its principal storage cells, 
mast cells, and basophils.
 Histamine is formed from the naturally occurring amino acid L-hisitidine
 Histamine is released as a result of antigen-antibody reaction
 After release Histamine interact with certain receptors called histaminic 
receptors



Histaminic receptorsOf Four types:H1 to H4.

- H1-activation:
 Smooth muscle contraction in GIT, uterus and bronchi.
 Relaxation of capillaries….. Increase permeability… results in edema.

- H2-activation:
 Gastric secretion.
 Hypotension due to vascular dilatation.

- H3-activation:
 Most important in CNS: regulate histamine in the body, by inhibiting
the further synthesis of histamine.

- H4-activation:
 regulate the levels of white blood cell release from bone marrow



Histamine action





Anti-allergic agents

Allergy: An allergy is a state of special sensitivity to a particular 
environmental substance, or allergen.

 An allergic reaction is the body's response to exposure to an allergen.

 An allergic reaction can be so mild that it is barely noticeable or so severe 
that it is life-threatening. An extremely severe allergic reaction, called 
anaphylactic shock, is marked by breathing difficulties (from swelling of the 
throat and larynx and narrowing of the bronchial tubes), itching skin, hives, 
and collapse of the blood vessels, as well as by vomiting, diarrhoea, and 
cramps. This condition can be fatal if not treated immediately.

 Anti-allergic agents block some of the action of histamine.



SAR for the H1 and H2 Agonist



Strategies for Converting Agonists to Antagonists



Ethylenediamine derivatives
H1 antagonists
 R1 and R2 should be small (CH3) for maximum H1-antagonist activity.

 Ar1 and Ar2 can be benzene ring or any other isosteric rings such as 
heterocycles.
 One of the aromatic rings should be benzyl for better activity which has P-
substitution.



Ethylenediamine derivatives

 Isosteric rings to benzene:

 All H1-antagonists are dispensed as water soluble salts.



Aminoalkyl ether analogues

 Closely related to ethylenediamine derivatives.

 Examples:



Cyclic analogues of ethylenediamine

• They have mainly CNS depressant effects.
• Main uses:
 In allergy.
 As antiemetic agents.
 In motion sickness.



• All have hydrophobic group attached to the terminal amino group for better activity 
compared to ethylenediamine derivatives

• They have a rigidified ethylenediamine structure.
• They have antimuscarinic activity



Propylamines
(monoaminoproprylamines)

• Mainly have a phenyl and 2-pyridyl groups, and a terminal dimethylamino
moiety.
 The hydrophobic linker should have either sp2 or sp3 carbons.
 They are less sedating compared to the ethylenediamine derivatives.
 The S enantiomer is the most active form.





H1-antagonists with decreased sedative effects

• The major side effect of H1-antagonists is sedation due to the 
interaction with cerebral H1 and H3 -receptors.

 Strategies to decrease sedation:
 Increase selectivity to the peripheral compared to the central 
H1-receptors.
 increase polarity of classic H1-receptors to decrease the ability to 
penetrate the BBB.
 These non-sedating antihistamines have greater receptor 
specificity, lower penetration of blood-brain barrier, and are less 
likely to cause drowsiness





H2-antagonists: Anti-ulcer agents



Introduction

• Ulcers
• Localised erosions of the mucous membranes of the stomach and duodenum.
• Potentially fatal if untreated
• Caused by stress, infection (H. pylori) and drugs (NSAIDs)
• Aggravated by gastric acid (HCl) in the stomach

• Therapy of ulcer:
• Lower the level of gastric acid
- Histamine antagonists and proton pump inhibitors
• Antibacterial agents for H. pylori
• Increasing the pH of the stomach



Parietal cells and gastric acid secretion

Release of gastric acid is promoted by acetylcholine, gastrin and histamine



• Gastric secretion in stomach is controlled by:
1. Acetylcholine: M3-activation which lead to the production of 
acid.
2. Gastrin hormone: will be released from the G-cells in the 
antrum … this will interact with Cck2 receptor in the parietal cells 
to produce the gastric acid.
3. Histamine: will bind to the H2-receptors… gastric acid 
production.
4. The proton pump: will pump the formed acid (H+) out of the 
Parietal cells into the stomach lumen.



• The goals of PUD therapy are to promote healing, relieve pain, 
and prevent ulcer complications and recurrences.

• Medications used to heal or reduce ulcer recurrence include 
antacids, histamine H2-antagonists, protective mucosal barriers, 
proton pump inhibitors (PPIs), prostaglandins, and bismuth salt 
and combinations of these drugs with antibiotics to eradicate H. 
pylori infection.



SAR for the H1 and H2 Agonist



Strategies for converting agonists to antagonists

• Add an extra functional group to find extra binding interactions with 
the binding site.

• Extra binding interactions may result in a different mode of binding 
resulting in a different induced fit for the receptor.

• Different induced fit may fail to activate the receptor.
• As a result, analogue binds but fails to activate the receptor 
• Analogues are likely to bind more strongly than agonists 





• The First approach in synthesizing H2-antagonists was the use of Histamine 
as the lead compound to produce antagonist activity.

• Can be done by:
 Adding extra hydrophobic group to the structure.
 Varying the polar amino group.
 Make extension to the ethyl linker between the amino and the imidazole 
ring



• The next approach was to vary the polar groups in histamine with other polar 
functional groups.

 The first derivative was N-guanylhistamine:

 Has a weak H2-antagonist (partial agonist).
 The guanidine moiety has a positive charge at physiological pH which will 
be distributed over the three nitrogen atoms.



Nα- guanyl histamine

• The guanidine group is basic and ionised
• Different tautomers are possible
• The positive charge can be delocalised

• The positive charge is more diffuse and can be further away from the 
imidazole ring



Binding theory for agonists and antagonists
* Binding of histamine

• Three binding regions are proposed for the H2 receptor; an imidazole binding 
region and two polar binding regions

• Two binding modes are proposed; one for agonists and the other for antagonists.
• The imidazole binding region is common to both binding modes
• One of the polar binding regions is accessed by agonists and the other by 

antagonists
• The antagonists polar regions is further from the imidazole binding region



• Histamine has a short chain
• Charged α-nitrogen can only reach the polar agonist region
• The antagonist binding region is out of range
• Histamine can only bind as an agonist
• Histamine acts as a pure agonist



Binding of Nα-guanylhistamine

• Positive charge on the structure is more diffuse and further out
• Allows Nα - guanylhistamine to bind in two different modes (agonist 

and antagonist), making it a partial agonist.





Distinguishing between the polar binding 
regions
• Comparison between the thiourea and the guanidine groups
• Similarities: planetary, geometry, size, polarity, H- bonding
• Differences: thiourea is neutral while guanidine is basic and ionised

• Conclusion:
• Agonist polar region involves ionic and H-bond interaction
• Antagonist polar region may not require ionic interaction. H-bond may be 

sufficient



• The imidazole ring proofed to be important for both agonist and antagonist 
binding. So the pka of this ring should be closer to the histamine one (5.74).

• The pka of imidazole from burimamide is 7.25 which means that around 40% 
of the imidazole ring is ionized.

• The side chain of burimamide should be electron withdrawing to make the 
pka of The ring close to 5.74.



The imidazole ring
1- structure



The imidazole ring
2- basicity



The imidazole ring
2- varying basicity
Strategy 





Cimetidine

• Properties
• Comparable activity to metiamide 
• Less side effects 
• Drug-drug interactions with diazepam, lidocaine and warfarin Inhibits 

cytochrome P450 enzymes
• Metabolically stable 
• Marketed in 1976
• Biggest selling prescription drug until ranitidine
• Inhibits H2-receptors and lowers levels of gastric acid released



Cimitidine
*The Cyanoguanidine Moiety

• Acts as a bio-isostere for the thiourea group
• Both groups are planar and of similar geometry
• Both groups have high dipole moments
• Both groups are polar but essentially neutral 
• Both groups have low partition coefficients 
• The cyanoguanidine group is weakly acidic and weakly basic -

amphoteric 
• The cyanogaunidine group is not ionised at pH 7.4



Ranitidine 

• Different heterocyclic ring
• Contains a nitroketene aminal group
• Took over from cimetidine as the most widely sold prescription drug 

in the world


