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Topic 2

Antihistamines
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Pharmaceutical Chemistry and Drug Control

Nomenclature of histamines

Histamine is 4(5-)(2-aminoethyl)imidazole

Structurally is composed of an imidazole heterocycle and ethylamine side

chain.
The methylene groups of the aminoethyl side chain are designated o and 3.

The side chain is attached, via the B-CH, group, to the 4-position of an

imidazole ring.

The imidazole N at position 1 is termed the tele (z) N , whereas the N at

position 3 is designated the pros (z) N.

The side chain N is distinguished as N¢
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Histamine as a Chemical Messenger:
Biosynthesis and Distribution
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* Histamine is found in almost all mammalian tissues in concentrations ranging from'1 to more than
100 ug/g.
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Histamine as a Chemical Messenger:
Storage and Release
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Histamine asa Chemical Messenger:
Histamine Receptors and Histamine-Mediated Physiologic Functions

* Histamine receptors H; —H, are all G protein-coupled receptors.

» These different receptors are expressed on different cell types and work through different
intracellular signaling mechanisms, which explain the diverse effects of histamine in different cells
andtissues.

Receptor A . . . . .
Type Major Tissue Locations Major Biologic Effects

Smooth muscle, Endothelial cells and Nerve Acute al_lerglc EEEEeS, Vaseellkikitan,

H, y Contraction of most smooth muscle
endings.

except blood vessels.

Gastric parietal cells (gastric mucosa), . . . .

H2 Cardiac muscle cells, Mast cells and Brain. Stimulation of gastric secretion.
Central nervous system Modulati " -

H3 (Presynaptic autoreceptors and heteroreceptors) odulating neurotransmission

H Intestinal tissue, Spleen, Thqus & Im_mune_actlve Regulating immune responses

4 cells such as- T cells, Neutrophils, Eosinophils.




Histamine as a Chemical Messenger:
Histamine Receptors and Histamine-Mediated Physiologic Functions
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H; Receptor H, Receptor H; Receptor H,; Receptor

1 1 ! !

Allergic conditions ~ Gastric acid secretion Mostly CNS disorders (e.g. Inflammatery conditions

and sleep disorders narcolepsy, ADHD, (e.g. rhinitis, pruritus and
Alzheimer's disease, asthma) and
schizophrenia). inflammatory pain

Also evidencesuggesting
a role in obesity, pain and
rhinitis.

L Histamine’/Antagonists
S |

mE .
 Drugs that block the action of histamine at Hy, H,, H3, H, receptors

» The development of antihistamines began by the discovery of PIPEROXAM.
* CLASSIFICATION:
1. Drugs,that inhibits the histamine release.

2. Drugs that inhibits the action of released histamine
a. H;antagonists (first, second & third generations)
b. H,antagonists
c. Hjantagonists
d. H,antagonists

3. Drugs having dual action




Histamine H, antagonists

Histamine*H; antagonists
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L . Histamine H, antagonists
[

variable
generally cationic

General Structure A / R,
A= typica'llyl aromatic \ Spacer +/ ion-ion interaction
) ~ moeties X (CH,), NH with Asp?’
HA protonatable amine (typically non-coplanar) A/ \R
2 2
-

B A connecting atom X which can be O, C or N ~56 A

between aromatic rings and amino group

Spacer = usually,

M A carbon chain, usually ethyl 210 3 carbons
W 2 aryl groups

Variations in the diaryl groups, connecting moiety, substituents on the connecting moiety,
and substituents on the terminal nitrogen account for the differences observed in potency as

well as pharmacologic, metabolic, and adverse reaction profiles.

L . Histamine*H; antagonists
- [ — S
SAR sl 440 addle Ar R
Ar and Ar’ substituents X—(CHz)r,—N
B These provide bulk preducingantagonistic activity Ar' R'

B Generally two aromatic rings - phenyl, benzyl, or an isostere such as pyridyl; Pyridyl generally
results in more potent compounds than phenyl

M |f fused must be non-—coplanar as in the three ringed structures related to TCA’s and phenothiazines

M Para substitution with small lipophilic groups increases potency and decreases metabolism due to
decreased ring hydroxylation

M Ortho or meta substitution reduces antihistaminic activity

B This diaryl pattern is present in both first- and second-generation antihistamines.




X

HAtom X can be an oxygen, nitrogen, or carbon, which links the side chain to an “aromatic tail.” The
nature of atom X is the basis for the structural classification of H, antagonists.

B The classical H, antagonists are divided into six classes based on what X equals:
BX =C-0O: (Aminoalkyl Ethers)

1. Ethanolamines Ar R
2. Propanolamines (clemastine, diphenylpyraline) (CH)—N
mX=C: 2/n
3. Propylamines (Saturated and Unsaturated) Ar' R'
BX=N:

4. Ethylenediamines
5. Piperazines (Cyclizines) and Tricyclics

6. Miscellaneous: This forms the sixth class of traditional antihistamines and would include many
of the newer antihistamines since they do not fall into one of the older, traditional, classes

Connecting Chain
mIts function is to separate the nitrogen from the rings by 5-6 A
BMay be saturated, unsaturated, branched or part of a ring

B Branching decreases antihistaminic potency except for the phenothiazines

where B carbon branching increases antihistaminic potency.

Ar R

\ /
/x N\

Ar' R'
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Basic aliphatic amine Ar /R
BMust be able to accept a proton (basic) at physiological pH (7.4) X—(CH,),—T N\
BMay be incorporated into a heterocycle which is although larger Ar =

BDimethyl is the optimum configuration

M|_arger substituents decrease antihistaminic potency due to steric hindrance unless they
are part of a heterocycle structure when the ring constrains the two ethyls so they are still

active.

L . Histamine*H; antagonists
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First-Generation H, Antihistamine Classes

1- AMINOALKYL ETHERS

2- ETHYLENEDIAMINES

3- PROPYLAMINES

Ar,

N—CH;—CH,—N

Art
R

CH—CH;—CHz;—N

Ar'

4- PIPERAZINES (CYCLIZINES)

5- PHENOTHIAZINES
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Hy—CH-(CHz)—N
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AMINOALKYL ETHERS
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Aminoalkyl ethers (Ethanolamines & Propanolamines)
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Aminoalkyl etheps (Ethanolamines & Propanolamines)
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Aminoalkyl ethers (Ethanolamines & Propanolamines)

‘ :N (0]
CES \@N\/\iOH

cl Bepostatine

Bepostatine (Bepreve) is a relatively new drug in this
class approved in Japan for systemic (oral) use for the
treatment of allergic rhinitis and urticaria in July 2000 and

January 2002, respectively.

It has been approved by FDA for ophthalmic use in Sep
2009.

BAVSCH#LONB

2 ETHYLENEDIAMINES
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Ethylenediamines Derivatives
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PROPYLAMINES
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» The halogenated pheniramines are significantly more potent (20-50 times) and have a longer

duration of action than pheniramine.

* Prepared during 1948 to 1952, contains the most potent classical H, antagonists with low

anticholinergic side effects and thus are the most widely used.
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Propylamines Derivatives
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Piperazines (Cyclizines) Derivatives
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Phenothiazines

CH.
' L CHa
[\|/\/N\O_|3 N/\r \CH3 N/\(\N/
s l s CHs

Fenethazine Promethazine Trimeprazine
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Second=Generation H, Antihistamine Classes

N C TR
g Sl bl Jadii Sy A8agiue puadl Cllig ) 5l dacaddie Lol o Adlly J8F e sie <l i3 < Jalse ok e Sl a3 e

A i 5 sl 5 i 5aY)

ia

A el e Jshal ¥ alia ae o815 J5Y) daadl Jal s (e 4331 astemizole and terfenading <Ll s el sda Sy
Agile g Al dan el il e jedal el Hall o Y1 Caagdl Jitonall 201 5 4a gia e Adeld LS Hall e cudl o
Sasiall ALY SN (8 ol sall s AN (QT prolongation and arrhythmias)

el LAY 5 A giall pe Aol e cubdla o 8 Tan Siaidie Agile 5 8 dpans GiaaY) A Jiadl (g Cppabivngd) Cililiae & juad o

e oliiaS f sk I el ) L) Alate ST Akl de gane @llad Cun J5Y) Jiad) 4 ol (e A LS ) de siie CLS pall o2 e
Gla Y opiElall (gas)

Ll P-glycoprotein efflux pumps J 4lall Leall 5 e Lall Zamall dalad) s 535 jall oaanll Sleall 8 S Qi) Ay g0l oS) 5 Y o
.BBB - 4ilaiall

15



L ISec:ond-Generation H, Antihistamine Classes

Fexofenadine (Allegra)

Loratadine (Claritin)
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* Introduction of a Cl and carbexyethyl
increases potency
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L ISecond-Generation H, Antihistamine Classes

Cetirizine (Zyrtec)

Acrivastine (Semprex)

Fa )

C, H
Y-
HLC.
" \D

e seaqlgcn S s uell pneall litudl) .
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e g 3anl 58 ye Janiany o

Gl ol e 5 4883 43S yall dppaal) 455
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An analog of triprolidine containing a
carboxyethenyl moiety at the 6-position of
the pyridyl ring.

Does not display significant anticholinergic
activity at therapeutic concentrations.

Also, the enhanced polarity of this compound
resulting from carboxyethenyl substitution
limits BBB accumulation, and thus, this
compound produces less sedation than

triprolidine.
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H, Antihistamines Classes Properties
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Histamine H, antagonists
Histamine H; antagonists®
Histamine H, antagog

B L . Histamine'H, antagonists
- . .

W Drugs whose pharmacological action primarily involves antagonism of the action of histamine at
its H,-receptors

B Therapeutic application in the treatment of:
» Heartburn

» Gastrogsophageal reflux disease (GERD)
» Erosive esophagitis

» Gastric and duodenal ulcers

» Zollinger-Ellison syndrome.

M They are also useful in combination with H,-antihistamines for the treatment of chronic urticaria
and for the itching of anaphylaxis and pruritis.
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Gastric Acid Secretion
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Peptic Ulcer Disease
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Helicobacter pylori

Standard triple therapy (PAC) Pe ptl C U |Ce r DISGaSG

Most widely used & approved therapy

« PPI Standard dose, bid L_)A‘)A]\ e\A&:u.uY\j ‘)SL;.HJ\ Cpas Sl PUD - :LLI.\:\‘).A‘ ‘).LAJ\ JA‘}C U
i e Ciall (Sl sl e Y] Clliae Jia) A i sV
For7-10-1ddays sl ol g alalall Alga) o Sl @lgiul ¢ jaall () SAlN)

* Clarithromycin 500 mg, bid

Standard triple therapy without prior susceptibility testing

should be abandoned when Clari-R > 15 - 20% ‘S_QY\ C'_ll.;‘).ﬁ \ NITRN “,.!):' Ay S .:‘\-3.3* All Ql.;‘)ﬂ\ e /4 AE“P &haad
Malfertheiner P et al. Management of HP infection: the Maastricht IV/Blofénce consensus report
Gut 2012 ; 61: 646 - 664 FRIVEN U}SE L 3ale ).mc:'

Bi: h druple th BMT < .
ismuth quadruple therapy (BMT) i il el aas o ?N\ Cagadlly HaEl 553 s PUD G)“; Ciloal

Underutilized in clinical practice

(s PPI Standard dose, bid Lyl Sa,
+ Bismuth subcitrate 420 mg, qid
* Metronidazole/Tinidazole 500 mg. tid @z gaal) Clilizae a1l ) e aall ol clisl Landiial 4y ga¥) Jads
* Tetracycline 500 mg, gid
R Ol Adias cllafe gl gl bl jal el (Hy el Glalias
Highly effective: Eradication rate 92% Clabad) we 4y POV SISO s gl mla 5 ecpaidielivg yll (PPIs)
Cost effective: Cost of 14-day course < $50
Rimbara E & Graham DY. Nat Rev Gastroenterol Hepatol 2011 :8:79 - 88, '479{57\3\ ATLBM‘ Ls-jm ‘;Q cmu 473}:‘31\
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Dicyclomine blocks the || Cimetidine blocks the Misoprostol stimulates the |
cholinergic receptor. H,-histamine receptor. prostaglandin receptor.

Omeprazole blocks
proton pump.
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+ LUMEN OF STOMACH

k L 1 Wt of H,-Antagonists

E .
il Jad el H2 Crraliongd) ciliiaalia )}H e e
Structure-Activity Relatioﬁhip vi N Structure
Histamine: Nonselective histamine receptor agonist (Hy = H.) NH,
7
H2C—CH;
N N
H/ \/
5-Methylhistamine: Selective Hy-agonist (H> > H,) NH,
: i e f f HsC, H,C——CH;,
Methylation of the 5-position of the imidazole heterocycle of histamine
nNA
N*-Guanylhistamine: Partial H,-receptor agonist (weak antagonist) H NH,
N—C/
H2C—CH; \\NH

guanidino group




5 L 1 Development of H,-Antagonists
mE .

Burimamide: Full H,-receptor antagonist; but low potency and poor H,C——CH, s
oral bioavailability / \ //
) ) ) H,C——CH, N—-C
Increasing the length of the side chain from two to four carbons, / \
coupled with replacement of the strongly basic guanidino group by a — A it
neutral methyl thiourea function N N
H= \/
Metiamide: Full Hz-receptor antagonist with higher potency and H,C—CH, s
improved oral bioavailability; but toxicity resulting from the thiourea /
HaC H,C—8§ N—¢C

Insertion of an electronegative thioether function in the side chain in

place of a methylene group favors the Nt-H tautomer, and introduction >=< H NHCH;
of the 5-methyl group favors H2 selectivity

N N

H/ \/
Cimetidine: Full Hy-receptor antagonist with higher potency and c=nN

improved oral bioavailability and low systemic toxicity N/
) ) o ) o CH;—CH, //
replacement of the thiourea moiety of metiamide with a cyano-imino e . c-—-s/ g
function 2 ; / AN
4 NHCH;
N N
H NS

Histamine H, antagonists

;_L_ 1
SAR

R Chain-nitrogen

4

HN1\2/N3

B Need an aromatic ring with n electrons next to the side chain.

B The imidazole ring is not required (the other H, antagonist don’t have it) but if it is present the t
tautomer should predominate. The t tautomer is promoted by electron donors at position 5 and

electron withdrawers at position 4.
B The terminal nitrogen group should be polar but not basic for maximal potency.

B Separation of the ring from the nitrogen group by 4 atoms gives maximal potency.
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L . Histamine H, antagonists
-
mE .

1- Cimetidine

TAKE ANYTIME YOU NEED IT:
fore meal - during meal - ater meal

B Cimetidine is an extremely successful drug in the treatment of ulcers.

B Note the electron donor methyl at Cg and electron withdrawing side chain Tagamefcg

Cimetidine Tablets'200 mg/Acid Reducer

at C, Also the non basic cyanoguanidine terminal nitrogen group.
JUSTONE TABLET
B However, cimetidine has several disadvantages ' ci'in

1. It is an inhibitor of CYP, which leads to many drug—drug

interactions. c=Nn
2. It exhibits antiandrogenic action and can cause gynecomastia. Hc H,C—S N—C

3. Further it has 60 to 70% oral bioavailability. o
N

Cimetidine

Histamine H, antagonists

ia

. 2-Ranitidine

(OnSY) e i 3S0 n 2 sa s imidazole U s 3f) furan Gide
C—NO, % 50 sl 3 gl e
30 10-4 = (el e s B

CYPA50 o558 sl il Lasis o

(5185 ) #l Jiity AN aad) e s Aludi 2 ga g e o

aal) g pal 3l Jlanial) oY e 5l @ s mle JS Liayl Qs o
dasill 4 pde BV A i) Aalles 8 Gale s 5 DISI sad s SW) (g gl
(el dallas) 4l sall 45 5ilal) e Ayl yial)
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B L Histamine H, antagonists
[ ]

3- Famotidine

/—\ N——S0,NH,
g \ / .Thiazole @ e

NH, /
? \ H NH, sl e paliaiadl dagis % 50-40 sl il sl e
HoN \ .
‘ s 30 60-40 = Gisaradl a5 530 15-9 o i) N a5 81 @
Famotidine

AlleainY 4a3% (gynecomastia) g CYls aadt Ll e

. MAXIMUM STRENGTH
H

CYP450 a5 S sisll (il Layiis o

L . Histamine H, antagonists
[ =
- . " A—
.4 Nizatidine
H
* Athiazole derivative o,
« Similar to Ranitidine (5-18 X stronger than Cimetidine) e NG
— H NHCH;
* More bioavailable, 90%, with no antiandrogenic or N
enzyme inhibition. Y Nizatidine
HiC CH,
~
" b
A .‘C\tmw

Nizatect ..
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Histamine H; antagonists

. .é .
B Potential for treating asthma, migraine, hypertension, septic shock, and in learning and memory

degenerative disorders like Alzheimer disease

B Thioperamide and its congeners (4(5)-substituted imidazole derivatives) are examples of the

potent and selective H; receptor antagonist

B Some of the more prominent new H, receptor antagonists are GT-2016, and GR-175737, which

show receptor affinities in the low nanomolar range.

W None of this class of compounds is in clinical use; however, few are undergoing further
pharmacologic evaluation as potential therapeutic agents.

ﬁ(Q g NMO d&

S0 L »9 A

NN N
. _ [e 2225 N ferore g

B L . Histamine"H, antagonists
- . 7

W By inhibiting the H4 receptor; asthma and allergy may be treated.

oS St

u [o]
JNJ-TTTT120 NHz
N)\
v/\NJ%_/rLNQ
H

PF-3893787

B The highly selective histamine H4 antagonist VUF-6002 is orally active and inhibits the activity of

both mast cells and eosinophils in vivo, and has anti inflammatory effects.

B None of this class of compounds is in clinical use
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Other Antiulcer and Gastric Acid
Hypersecretory Disease Therapies:
B L 1 Proton Pump Inhibitors

mE .
Aagalall 13 gamall (5555 Adime garall il cLiall Ay jlaall UDAD 3 caeall 515800 Al 5 ghadll das) 55
Ager 53
sl 3aae (3 yhay (garall amaall JIAY) dand Sy o
H2 fuibicnedl of o i) o dan <ol codusiual) ciliaslic Jlaaind .1
i gila gl g cpaidteliv g yll ddagiall Ll CHlima s Jlaatiad 2
Osisoll s cllads 3

s S oueY) i clhde 4

L Preton,Pump Inhibitors
. '
- =
SAR
1) The Substituted pyridine ring, substituted R3

benzimidazole moiety & methyl sulfinyl chain 2-pyridylmethyl

connecting_these two ‘is essential for the biological oKa ) —= N 2

effect. (PKa) ™~ 3\Ys§o} sl
2) Biological activity & chemical stability largely R1\5®f§\l;
depends on their substitution pattern. 6 7
ke - J
benzimidazole
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L . Proton
o i

Pump Inhibitors

Mechanism of action sk 45

Casa gl e Alypaall iy lanl) LOAL A5 Y1 Auie Y 5 3sn sl sanall HY/K*ATPase, L

J(sulfenamide) bl ¢ Jadis JS5 ) 4 lasdl LN dpcaeall sl Jala

w35 Jlans 530 (disulfide)

-

.0

Axal)

s Prodrug 2 PPIs

Ay SIS ol ) SSia oy 5Y) A thiol e sena e talilad) Jelity

Adall sl Ak et g d Ko e duleal)

/Liver \
CYP2C19

Blood /—‘—/f’_’. =) CYP3A4 e e—»© pH=74
Intestine ° ppl @
P-gp @ o4 ®CYP3A4 o @
° oe° e
) )
@@ QOral Intravascular A, o ACr
administration administration pH =7.1 ATPase, ATPase,
Active R4
PPI
R N +
- @D 7 PUPeR, "@:\yN() Rs
4 @ ATPass, @;\'}( O Ra N\ A h
H CH 2
S— 2
N oS ® pH<2 JI‘
\@l\\l CH) CH; R Sporomtermedlate Sulfenic acid H.O
@ R‘ ;
A
_ e O O i
Benzimidazole Pyridine "3’,%* H NP? O
moiety moiety 3 S_CH Rz 5 CH. R
PK, =4 oy Disulfide adduct Cyclic sulfenamide
Resting ,k ATPase,
pump y .r:-g:""(+
R, Rz Ra Ra Blocke o
pumps
©meprazole/ | o o | cH, CHLO CHy,
esomeprazole
Lansoprazole H CH, CF5;CH,O H
Pantoprazole |CF,HO | CH;O CHzO H
Rabeprazole H CH5; [ CH30(CH2);0 H

Fig. 1. General chemical structure and mechanism of action of proton pump inhibitors (PPIs). ATPase = adenosine triphosphatase; CYP =

cytochrome P450; P-
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Esomeprazole

CH1

Proton Pump Inhibitors

-l se sac ) Al Allall A0y 3 e o
/ N\ J N\
H,CO OCH;
_— i CH :\:\.A.A;.“ Q\).\SS\ ‘;J ‘)S‘)E..g SlA c(pKa 40) Iu;u..a sacld o d})\).l:ux}y‘ A
H,C 2 2 H,C
Reisomer <S & °=S> SHgamiEe Aylasdl LA (acidic canaliculi)
N— —N
\ / \_{ Jaaghaall o 1Y)
H,C0 OCH, |
Omeprazole Q\j.\sl\ %) &._1‘5_)4_“ A<y g Y ?"b u)..ﬂs R Jlaall Ji 3
Lifelong toxicological studies at very high
doses in rats revealed the development of s AUy J )l e s) aiahy camall 3835 gall ddlall da gl dn 0 3 4
endocrine tumors in the stomach
This halted clinical studies until it was shown Barall 8 Jlaill pial 4 g ddlae 4y sl sl 5
the tumors were the result of the very high
doses causing severe suppression
L . Preton,Pump Inhibitors
[ = —— -
Pharmacokinetic Properties of the Proton Pump Inhibitors
Oral Plasma Linear
07 cRy o N s PPI Bioavail* Tmax PPB tin Kinetics?
X CHs X~ CHa Omeprazole 30%-40% 05-3.5hr  95% 0.7 hr Hydroxy acid sulfide 77% urine as No
‘ _ | and sulfone metabolites
N N/ Esomeprazole 64% 1.6 hr 97% 0.9 hr Hydroxy, desmethyl, 80% urine as No
N.___Ss s sulfone metabolites
\W/ 0o N\j/ ~o Lansoprazole 80% 1.7 hr 97% 1.2 hr Hydroxylated sulfinyl 33% urine as Yes
NH NH and sulfone metabolites
66% feces as
Lansoprazole metabolites
P Rabeprazgy Pantoprazole 7% 25hr 98% 1.2hr Demethylation, with 71% urine as Yes
subsequent sulfation metabolites
_CHy 18% feces as
0 metabolites
e Rabeprazole 52% 2-5 hr 96% 1.0 hr Thioether carboxylic 90% urine as Yes
\ ® acid, its glucuronide, metabolites
N sulfone, mercapturic
N acid
= ~o
NH

*Increases with repeated once-daily dosing.

F3C—O
Pantoprazole

Source: Facts and Comparisons 4.0, Wolters Kluwer Health, Amsterdam, Netherlands, 2009.

The pKa and the hydrophobicity of the PPIs determine the extent to which it accumulates in the

canalicular lumen. The rate of enzyme inhibition corresponds to the rate of sulfenamide formation.
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