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Biological Actions of Drug and Relation Physicochemical Properties
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(1)

Log. BR = a (Log. retention) + ¢
Stelic

Log 1/BR =a (log P) + ¢ 2

Log 1/BR = a (log P) - b (log P) +c
Log 1/BR = a (logP) - b (logBb +1) + ¢

Log. BR = a (Log. retention) + ¢

Log P = 6 (carbon atoms)+12 (hydrogen atoms)+(n-1)bonds +double bond

c=02 H=0.23 Cyclohexane n1=61=5

Log P =6 (0.2)+12 (0.23)+ 5 (-0.09) +(-0.55) =2.96
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Log
b 2.84 logP 213 P
Log P
TCl= logP - logP =2.84-213= 0.71
chlorobenzene benzene
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Contribution
(Es) Taft stric . @) Hammett
molar (Bs, By, L) Verloop

Compound Log 1/BR 1iBR BR BR % 1000 LogBR  LogPC PC % 0.01

I, Chlorpromazine 520 158489.3 0000006 0006310 52000 [hi] 165.95869
2Popoyplene 508 12022644 0000008 0008318 -5.0800 1% 22908677

3, Amitriptyline 49 £2176.38 0000012 0012023 19200 150 2162777

4. Dalhiepin 475 5623413 0000018 0017783 47500 176 57543994

5, Secoberhitl 419 15488.17 0000065 0064563 41900 19 09332843

6. Phenobacbial il 512861 0000195 0194984 =37100 114 01380384

7. Chlorofern 360 3981.07 0000251 0.251189 =1.6000 19 09332543

8. Chlormethiazole. 331 1594 000309 0309030 35100 112 13182567

9. Parldehyde 288 5858 001318 1318257 18600 067 00467735
10, Eiher 0 14791 0004761 6760830 -21700 08 0077647
11. Esthanol 106 1148 008705 §71.006359 = 1.0800 =031 0.[048478
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Kinatic Log 1/BR = a (logP) - b (logB b +1) + ¢
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? Valid QSAR
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Connectivityy
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Connectivity Valence
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Classification Methods

Pattern recognition Discriminate analysis

contribute
Structural attributes
muilivariate Y. !/ /
substructure QSAR
Conjugation, enones,

Examples of Paths Found in the Phenylalanine Molecule

t Order Path  2nd Order Path 3rd Order Path 4th Order Path Sth Order Path Path-Cluster
0-2C 10-2C30 10-2C-4C-6C 10-2C-4C-6C-1C V0-2C-AC-6C-TC-AC 10:2C-304C
30 10-20-4C 30O IC-AC-5N 30-2C-4C-6C7C 10-2C40-6C3C- 120 3CAC-5N-6C
1C-4C 30-2C.aC 30-2C-4C-6C 1C-4C-6C-7C-8C 2C-4C.6C-7C-BC-HC 6C-7C-5C-12C
[ 2C-1C-5N 10-2C4C-5N 2C-ACC-TC-12C 26-4C-6C-1C-12C-11C
C-6C 2C4C6C 2CACECTC 4C-60-7C-BC-9C 30-2C4C-6C-1C-8C
c7c SN-AC-6C SN-4C-6C7C 4C-60-7C-12C-11C 3020406070120
C-5C 4C-6C-7C 4C.6C-7C-8C SNAC6CTC-BC 4C-6C.7C-3C.0C.10C
9C BC-TC-RC AC-6C-7C-12C SN-AC-60-7C-12C AC-RCTC-12C-11C-10C
'C-12C GCTC-12C BCIC-HC0C HC-7C-BC-BC-10C SN-4C-6C-TC8C-9C
C-100 108090 607C-12C-11C 6C-7C-126-11C-10C SNACHCTC- 12110
0C-11C IC-12C-11C TC-8C9C-10C 7C-BC-9C-10C-11C C-7C-8C-9C-10C-11C
IC-12C BC-3C-10C 7C.12C11C-10C TC12C-11C-10C-5C 6C-7C-12C-11C-10C
9C-10C-11C BC-9C-10C-11C BC9C-10C-11C-12C TC-8C-9C-10C-11C-12C
21 31
Variables 100 50
Training set ( )
Training set

. Training set

Sedative 79 Tranquilizers 140




Training intermediate
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Unique

putrid mint Pungent etheral Flora
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. %
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Combinatorial Chemistry

Prototype molecule Lead

set

Training
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- accuracy
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A

Combinatorial

Lead

. Solid- State

high—throughput screening (HTS)
) / /

Tag
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Screen
deconvolution
screening
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(Screen)
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QSAR
( ) Molecular modeling
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(Lead)
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HIV
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ligands(

turn
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spatial

(Native)
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sequence
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Erectile

Angina
cGMP

Cavernoma

.Penile erection

s
H,C.
o
0:?:0
) |
y . s
o delal H(:/(‘ZH2 o Tadalfil J—dUat
Sildenafil “==== 3

Vardenafil d—glia &

forces involved =

(o ) covalent

( )
mustard

Baker

. pH

Covalent
o.p
sulfhydryl
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acylation
serine hydroxyl
pH
electronegative
dipoles
. dipole
dipole
interaction
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: CH,
o 0 “N-cH
/ Kcal < Alkanes distill 3% \\ \ 3 I
Neostigmine
o] CH, 9

N
_ H,C
Fixed
) / - T Trans Cis
( Trans Stereoisomer
Trans 7% Cis
Hydrophobic band
Trans Cis
Z E
OH
Entropy . OH OH
Hydrophilicity Csz O O O
3 Trans-Diethyilbestirol >— CisDiethyilbestirol
CHs F
squeezing C,H; CH;
steric features of drugs <
OH

£ c
—
CH, H O O

2
c
CZHS/\C o

H, E-Clomiphene

( ) anesthetics

2 Z- Clomiphene

Gl E 5 Z
Conformational isomers




Staggered ()
( eclipsed)
extended anti conformation

( gauche conformation)

Resonance
Planar
gauche anti
anti
(o} -
i\ P q
R1 [0} /R2 /4 R2 X
. R1 o~ R1 Q
Anti resonance stabilized gauche R2
Stabilized planer structure of esters
e}
//{ % R2 TL
. H
R1 N\/RZ R1 )QN. R1— ~~N
Anti resonance stabilized gauche R2
Stabilized planer structure of amides
dipole - dipole
methadone
dipole

Morphine meperidine

analogues

el :
Methadone stabilized by CH,

yogen bondi Methecone siabilized by

v o dipolar interactions

non bonded

flexibility
R2 R2\ R1 N /R2
/O\ / c=0: N:
R H _N / \
R1 \H R1 R3

Hydrogen -bonding donor groups Hydrogen -bonding acceptor groups

Conformational flexibility and multiple modes of action

unique

Folded fully extended

Neuromuscular ganglia




Cis o)

Trans
o HiC N cH
H,C \ CH + c” 7
. c— s Hec—NEC—CaL s
H,C—N=C—C,, H H™O
H H"o He |
HsC ! 2-Acetoxycyclopropyl trimethylammonuim lodide
H Trans CH, H Cis CH,
HaN"—cH HaN"——cH
C 3 (o] 3
| |
(o} CH - C CH
B Hoog 3 B H\O ¢
H —c H B C
/) CH, // CH,
(o] o
3- Trimethylammonuim-2-acetoxydecalins
CH,
o, [ MO TN o,
g /CZ\ _N——CH, I CH,
H,C~ ~ 0 c” o\ o) CH, Quassi-ring
H CH g2
2 3 C
Extended H,
(+)Trans-2- Acetoxycyclopropyl -2 - +)
trimethyammounium iodide
Extended
Isomer (+) Guinea Pig

(+)Trans-
(-)Trans Isomer ()
10.000/1 500/1 (+-)cis Isomer
ileum( )
Acetoxyl Trans
3- trimethyammounium  2-Acetoxyl decaline -

trance
cis

Optical isomerism and Biological activity <

asymetric
LD
diastereoisomers
diastereoisomer
118 79
hyoscyamine L-
) Q) 20 15(9)
*) 5 *) 3
*)
- Epinephrine )
attachment Epinephrine +)
CH, CH,

H=—{—=NHCH, H=T=NHCH,
H=—{=OH  HO==H

| P
Pz
Ephedri Pseudoephedrine Anionic it
phedrine u eari Flat Area
Erythro J— s Treo d—is
Receptor
(-) Epinephrine - more active
mirror image C)
stereoisomer
dexmethglphenidate
stereoisomer
dextrorotatory , dramatic




citalopram

Escitalopram

ST

HC
2

\/\/

R,S-Verapamil

levo
R bupivacaine Levobupivacaine
R
S
S Escitalopram
R
reuptake
Verapamil Stereoisomers
R Verapamil S
R S (G-
OVCZHS
O
H ! RH /CHa
/ H C=C—C~cH
c-C-cS 0 H, [ L,
H, T 1% CH,cH,
0—0 CHicH
C2H5
Levoprpoxyphen Dextroprpoxyphene

\C/

CH,
& CN
RS
Z
OMe
OMe

_-N—CH,

CH, LS
CH}:ZC\CH ;
HHZC\ O Q
N 27N
S
cH,0 MeO

R,S Bupivacaine Levomethorphan Dextromethorphan

R S enantiomer
S
Calculated conformations <
Kits
nitrites N -
Space filling  Stick Kits S,ON
intra atomic Wire
extreme
Conformers
360 No rotatable bond
Number of Conformers = ( )

angle increment




( ) global minimum
10° -
46 656
conformations
more populated
dipole — dipole

X —ray

few crystallography
angstrom

X — ray crystallography

Rigid

flexible

X — ray crystallography
(@)
(b)

Parameterize

NMR

delocalization

N4

(S,PX,PY

springs (

Spring ‘Ea
:Eb

TEr

T Ev

electrostatic T Eu

Parameterization process




crystallography

/
Tree - Dimensional QSAR
QSAR
Prototype
QSAR

overlap

R

Identified
Rp
Rp

different orientions
(MsA)
molecular similarity matrices

graph theory

reference

overlap
reference
Pharmacophore
3D - QSAR

Algorithms

. B-pleated

Database Searching and Mining

¢ )

sequence

(gene)

ACE HIV

Key locations

Crystallography

Brook haven protein databank
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Phe
147

Glu—
25u —C02

Lys 102

147,
102.73,25

B A

E D C
phe-Glu = Glu-LYS

F
lys-ser | ser-phe

phe-Lys | phe-Glu

Template

Template ()

inter atomic

pka

ADME

lipinski of five 2245

500
5 / -
OH NH H- -
N O H- -
screen high-thoughput screenig
dimensions
( )
) ( )
( ) (
screen
Isosterism <
isosterism
langmnuir
isosteres
isosteres
14 CO N2
NCO', N3, N,0,CO,  langmnuir
hybridization

Peripheral




isosteres
ring equivalents ,Thiophene
() (CH=CH-)
S isosteric
(Pyrrole) NH  (Furan)
isostecic
(0=S=0) (C=D) (SO, NR-) (COO0-)
(- (-NH-) (-S-) (-D -) Divalent ether (CF3) (CL)
CHy')
isosteric
6-NH2 , 6-0OH isosteric
isosteric
-P Felate antimetabolite ~ Aminopterini
psoriasis
isosteric

combinatorial chemistry

Introduction :

paradigm shift

SAR

structures
( )
combinatorial chemistry
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Fragments
Pfizer

combinatorial chemistry

Lead structures
Lipinski
L]
(NH,0H) .
(SON) o
LogP e
(file of five)
( )
) P-450
-(
Chemical Diversity and Library design
residues 100
combinatorial
molecular modeling QSAR
Scenarios
vl
High-throughput




inhibitors Ligands () -
. inhibitor
pharmacophore model
Ligand -
ligand
fewer side Long lasting activity greates potency
effects
.known ligands pharmacophore i
.virtual screening .
v
% . )
3000 30,000
X-Ray
NMR
"Blue Gene" 1BM

virtual screening

Library design

.Chemical Space

focused

exploratory
optimization " " .exploratory library
.chemical diversity
.diversity & similarity
space similarity
[ logP)

Similarity of structure to diethylstilbestrol (DES) using various descriptors
0

Polar No.H- No. H- No.
Molecular
LogP surface Bond Bond Rotatable
similarity
Area Acceptor doners Bond
toDES
(b Jon  ses w5 2 2 2 1w
791 295 il 2 5 76

e
A




.diversity
.2D
ADMET
2D similarity
.GABA, v
HTS

6.78

5.68

5.34

5.58

similarity

diversity

52.6

20.2

log P

4 8

2 5

1 0

2 4

exploratory

optimization
Modify

.starting collection

56

36

33

QSAR

descriptors
projection
high dimensional

scatter plot

space

N
N O)\N CH,
R=H (6700 NocH,
=Me(470 n M) &,
/
exploratory Generated
scaffold optimization library
Steric
QSAR structures
: Random selection .
.initial collection
picked
: Visual Selection .
shadow
2Dor 3D
‘Binning e
holes
.holes
:Cluster Analysis ®




.cluster

collection subset " ! :Experimental Design e
subset quantify
subset
optimization procedures
.'genome" artificial :Genetic Algorithm e
strings
.recombination mutation
software
Accellays, Daylight, MDL,
2D Tribose
genetic structures 3D
.data ware house single repository
.Test ID structure D
.Oracle
.HTS
:Report card on combinatorial chemist
% % -

Lipitol

.(Baycol, Seldane)

(vicious chemical software)

HTS
LEAD STRUCTURES
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Aromatic Hydroxylation -
Hydroxylation
Hydroxylation
electron-donating
OH, OCH3, NH2, alkyl group:
hydroxylation
carbonyls sulfoxides halides(F, Cl, Br, 1)
sulfones nitriles, ) nitro
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-
MFO
—_—
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lon pair used to make bond with oxygen

/ R
R\ 0 /'R Oé\

N* MFO i \%/

| —AS83.

Imine Oxide RS _ =

%a

_,—
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C—H /N
/ H ©OH,
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acquires a positive charge and is called an iminium ion.
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Metabolic Reductions
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Activation of estramustine -()
prodrugs a-amino
. CO, normustard hydrolysis
normustard
antiandrogenic 17B-estradiol

estramustine

phosphorylation . Mutual prodrug Estramustine

( ) .prodrugs
sulindac ( )
prodrugs

CH,COOH CH,COOH

H
O Sulindac 0\\ O
=i

(Inactive)
(Inactive) 0= Sulfoxid
CH,
Metabolism of sulindac -()
prodrugs hetacillin
() o—amino
CH3
CH, OH,
'k ] jCH H.C CHa
Hetacllin Ampicillin Aceton
Hydrolysis of Hetacllin. ()
PRODRUGS OF FUNCTIONAL GROUPS -
prodrugs
prodrugs

bioprecursor




Pro-drugs
Prodrugs
esterase
()
Ester : Prodrugs esterase
Cholesterol esterase hydrolase
Cholinesterase Carboxypeptidase Acetylcholinesterase
Lipase
o]
Estgfase Drug—g—OH + HO—Promoiety

i
Drug—C—O0—FPromoiety

\
Drug—oQoH + HO—C—Promoiety

Activation of ester prodrugs .
microflora
hydrolyse esters

ester prodrugs

promoiety steric

( pro-drug moiety)

Dipivefrin
-(0) HCl

pivalicacid

H,C

3
HGCEHS
o OH
.~CH, HC O

[e} = OH
N\ Ho o o M e
Ly < N— + 3 OH
\

b C HCoivalic acid
o Esterase
Dipivefrin HCI HO Epinephrine

o

HC CH,

CH,
Dipivefrin HCI ()
lipophilicity glaucoma
Epinephrine
promoiety pivalic acid

chloramphenicol

palmitate

)

o a
H Hydrolysis
N‘ZLCf a

! CHyy,
oN o] ((\)Hz)14 S pivalic adid
o Choramphenicol
chloramphenical palmitate
Hydrolysis of chloramphenicol palmitate. -()
Chloramphenicol palmitate
N-Acetyl sulfisoxazole - Erythromycin estolate

N-Acetyl sulfamethoxypyridazine - Clindamycin palmitat




Clindamycin palmitate

( ) Steric vivo
B lactarns
NH,
H
H =S CH,
R1 ;CHS Penicillin Esters
o N
o 'COOR,
R, =Ethyl - Propyl , Butyl ,Phenyl No Reaction
Esterase
R1 Cephalosporin Esters
R3 R, = Ethyl » Propyl , Butyl ,Phenyl
COOR,
double ester
Ry
( ) cephalosporin , cefpodoxime, proxetil
HNm E‘ Esterase
HN ﬁ 5
CH o HC _|/
(cefpodoxlme ) CH3

"I
[

H "_I/ﬁ ):( A/HO%\CHs

co2

o Active Drug

Hydrolysis mechanism of cefpodoxime proxetil

,OMe
N
\ Ho
N N
HN—7 ts
S o
N A OMe OCONH,
o CH, O CH CH, O
3 3 !
Cefpodoxime o 0—+OﬂOJ\ O CH,
CH,
Cefuroxime Axetil
H
= S CH,
N CH,
CH, O
Bacamplclllne O%O\LOJI—O-CHz-CHs
double esters of B—lactams -
Ester prodrug
pH
0 H, o H
(o] 2 o]
- +
Drug—O C\CA\,of N Drug—OH HOLC\C\\\’O,
Succinates H, Na H, Na
4
/s — = Drug —OH + HO=P—o™ |
Drug—0—P—" HO Na
Phosphate HO Na

Succinate and phosphate esters




o
o}
o]
Drug/o Succinate Prodrug —— = Drug —OH + Ie) Succinic Anhydride
[e]
o
intramolecular cleavage of succinate esters -
pH
phosphate clindamycin
H
H \N'/CHa Hac\ /CI
\ ,~CH, Hac\ /Cl H HC
H20 N ] -
H HC \CH H,PO,
N\ ’ [e]
H o CH Phosphatase HO
CH,-CH,-CH
Ho 3 2 2 0
CH,-CH,-CH, HO
HO (8} Clindamycin HO
Clindamycin Phosphate o
X, SCH,
/P\OH
o SCH,
Clindamycin activation by phosphate hydrolysi =
Amines =
amides Derivatization
amide prodrug
prodrug Mannich
hetacillin . Mannich

formaldehyde pyrrolidin
( ) Rolitetracycline Mannich

OH O OH O +

Rolitetracycline Pyrrolidine
Tetracycline (Prodrug) N
H

+
CH2=O Formaldehyde

Rolitetracycline synthesis and activation -

pyrrolidine
Mannich
tetracycline
Azo Linkage -
prodrug azo
sulfonamides prontosil
prontosil antibacterials

azo- reductase

prontosil
0

| Azo Reductase /;') H,N
HN N=N S—NH,— H,N S-NH.
2! I 2 2! A\ b + HN
o] o] ? NH,

prontosil NH, (Active Drug) sulfanilamide

Azo cleavage of prontosil -

microflora azo reductase




Aminosalicylic acid ,

- colon
\ N %
N L= o Hy@s\\ H@ .
NH, sulfasalazine.
Action of azo reductase on sulfasalazine =
Carbonyl -
carbonyls prodrug
sp3 sp2
() Methenamine .carbonyl
N
R
Meh i
N/\/\N ehnamin 6 CH,O formaldehyd -|-4NH3 Armmonia
Methenamin hydrolysis -
Ammonia formaldehyde Methenamine
formaldehyde
BIOPRECURSOR PRODRUGS —
carrier or
promoiety
Phosphorylation

P-450 (i)

CH,0

excrete

bioprecursor prodrugs

Nabumetone (Relafen) ( )
NSAIDs

(o]

OO (PdeTug)Nabumetone R —
Actlve Form

Oxidative activation of Nabumetone -
bioprecursor prodrugs
,Mitomycin C anticancer drugs.
Mitomycin

hypoxic cells

.Mitomycin

Active Drug (Reactive Species)

Mitomycin -




Tirapazamine
hypoxic cells
P-450 Cytochrome
P-450 cytochrome reductase

DNA hypoxic cells
o - L o
oo ’ l
Sy e : S
N_°¢ H N
- ©i )\ — DNA _ oxidized DNA
Z e N\ "“ NH, N/
T NH, G, o, OH + NH,
L n
o -OH
Tirapazamine

Double-Strand Breaks

Tirapazamine

CHEMICAL DELIVERY SYSTEMS =
perfusion
prodrug
Emulsions poiysaccharides . proteins

, liposomes

therapeutic

windows

Methenamin,

()
pH
pH
pH pH

proteolytic enzymes Peptidases

Capecitabine

(- ) 5-fluorouracil -




NHCOO(CH,), CH, NH, o
H H
\N ‘ F \N ‘ F o)
% A\ H\N F
*
H,C o) N
3 :
capecitabine 5-Fluorouracil H
HO
OH

Capecitabine
capecitabine
5-
- fluorouracil
S-fluorouracil
( ) idoxuridine
phosphorylating
DNA
phosphorylation
H 0
N

o}
O O:< /I

H
N
H
o:< Ve N N N
Viral Thymidine Kinase O
N - o:< I \
0 N /o — -~ 0=P4-o

HO
o o !
P
o) °
HO - Inhibits DNA Polymerase
Idoxuridin Incorporated Into DNA
HO
idoxuridine =
input

output

L-dopa -

i decarboxylation
HO
HO
H
HO C—C—COOH —————>
NH, H, H,
L-Dopa
Dopamine
L-dopa - -
(cNS)
- - L-dopa -
1 yield dopa
degradation
L-dopa
decarboxylation
CNS
antidote 2-PAM - (2 —pro PAM ) -
cholinesterase carbamat
cationic 2-PAM -
dihydropyridine (2 —pro PAM ) -V
(- - )2PAM -
Oxidation ~
Q | 2-PAM
Pro-2-PAM N N
N [ OH | C=N-OH
c, H
H CH;
CH,

(2—pro PAM ) - -( )




@X -
N |
Lo (o Ao

\
c—C
\ FE ‘
myd'qyrdnm Pwdnunlmlriamxiae
dihydropyridine -( )
glucoside hydrolysis glucosidase
( )
.glucoside
CH,OH o0 R
(0]
Drug - glucoside OH OH glucosidase e
HO ~——————> R—OH Drug
glucosidase Drug- glucoside -( )

Biotechnology and Drug Discovery

‘Introducton

(% )
RNA messenger (cDNA) DNA Complementary

(genomic clones) mRNA

pharmaceutical Research

(phRMA)and Manufacturers Association

FDA
HIV
phRMA

(Strok)

(human genome)

Biotechnology pharmaceutical care :

DNA Recombinant (

)

AIDS




Recombinant ()

batch
Biotechnology and New Drug Development
( )
Screen
Antisense oligonucleotides
Cystic fibrosis
Monoclonal
( )

rDNA

A

rDNA
Genes

(Restriction Endonucleases)

(molecular scissors)
DNA . DNA ( )

100 ( 500 )

Endonuclease . DNA

DNA Haelll

5‘end .
5 end

OBP//O >P//O
‘ H, | H
o Base O—c¢

Restriction Endonucleases

2
[e] Base

O—p—0 OH
\ H HO

Noo
o—p=°

[e]
S
—C o Base

0.~
\39nd -
echanism of a Restriction Endonucleases reaction O3end
5'CCTAGG3" ——= 5'CCTAG3" 3'GGJ)CC5 — > 3'GG CC5’
3'($ATCCS‘ —— > 3'GATCC5" 3'Ge\ccs —=3'GG CC5"
DNA Ligases : DNA
DNA DNA
DNA ( )
DNA DNA




Bactarophage &

bp

X

3,5 Strand DNA

ATP DNA Ligases
. (The Vector)
) DNA
. (Replicons) DNA
¢ )
DNA
DNA DNA
« )
pBR322 E.Coli
bacteriophage ( )
Ecoml Restriction Site
Lot Arm T Frigit Sem
. 1. I
Lambda DNA 48,502 base pairs
Antibiotic Resistance Gene
‘Crrigin of Replication
EcoRl Restriction Site
E. coli plasmid pBR322 4,361 base pairs
Strand DNA
. DNA 4.361

DNA
: bacteriophage A . bacteriophage
() 490000 bp
() DNA
bacteriophage
phagemids DNA
(adenovirus) ( Vaccinia)
DNA 1 (chromosomes)  (yeast artificial
( )
DNAr
(saccharomyces cerevisiae) E.Coli
Chinese Hamester ovary (CHO)
. (BHK- Baby Hamester Kidney) (OVERO)
Some type of cloning
:Functional expression coning
cDNA
cDNAs g cDNA
cDNA

: Positional cloning
DNA DNA
. (CF)Cystic fibrosis




Chromosome
(CFTR) DNA

walking

Cystic fibrosis transmembrane

Homology — based cloning ( )

Ligand
:Expression of cloned DNA
DNA
factor VI (
% HV-1
factor IX factor VII

Probes

DNA
Expression

X-Ray crystalgraphe -:

Expression
Expression
heterologus
(rDNA) recombinant DNA ~ (cRNA) DNA Complementary

Vitro Expression

cRNA ribosomes

expression
expression ()
express
Compatibility
expression
expression
expression
promoter

DNA promoter

rDNA plasmid

.Expression

.Expression

vector

Polymerase

()




.IDNA  expression promoter

Transien expression .

: Manipulation of DNA sequence information

DNA DNA
rDNA

.DNA

DNA (

(

(

DNA
( )
epitope
Fusion ( )

chimeric protein Protein

Ligand -binding domains

&5

[=<—Transmembran domaine —

~

A signaling
domains

B \c
himeric Recepmr;/

Expression

schist soma japanicum
) .glutathione

carboxy terminus

glutathione-s-transferase (GST)

E.coli expression

GST Expression GST

) glutation

agar glutathione
protease
() GST (
( ® ( )
recombinant
antibody epitope tagging
immunoflouresene
. epitope

:Processing of the recombinant DNA

E.coli

r DNA

concentration :

Initial purifications :




Intermediate purification

PH

Final purification :
) HPLC

sterilization and formulation :

Pyrogenes

Instability of ProteinsChemicalPhysical :

. Hydrolysis

: Deamidation

Rasimisation -

Beta elemintation =
. Oxidation -
pH -

«C )

Immunogenicity of biotechnologically produced drugs

innocuous

biotechnology
epitopes ()

N-terminal methionyl

bacterial vector

biotechnology

%

antigens

%
modification( )
groups
immunoreactive finit
antigenicity
Neutralizeit
biotechnology

humanized genes




Biotechnology Delivery and pharmacokinetics of biotechnology products

Medicinal chemist

( ADME)
pharmacokinetic
delivery (
hydrolysis
protolytic

assimilate ()

biodistribution

ADME
pharmacodynamic
()
. (PEG)
(Instulation)

partition coefficient

Gene Therapy and drug Products

rDNA
Recombinant Drug Products
Cytokine Hormons
Vaccine Enzymes (IL) Interleukine

cystic fibrosis

recombinant protein

(self)

(germ cell)

(somatic cell)

<
Interferon
<
. hemophilia
<

transgenics




cellule gene

.vecteur cible
.correction génétique
transgéne localisation nucléaire
recombinaison .hote cellule
séquence donneuse
v
v
v
v
.in vitro in vivo 4
v
v

cibl and vector Cells

vectors retrovirus

divisions
virus adeno- associate
(
Episomes
(Long Terminal Repeat ) LTR
promoters
primates

.mitotic

%)

.cods

transcription

u3

amphotropes




lyse

lent
VIH
Recombinant Drug Products
:Hormons -
‘Recombinant
biological macromolecule
FDA
B A
- B7 A7
All A6 -B19 A20
p
Proinsulin
(B30) B C
A8
Al10

viruses

PH
semi - regular (insulins)
lent lent
- ultralent
recombinant insulin ( )
Nil rDNA
Humulin rDNA
Novolin  E.Coli Humulin
S.cervisiae ( )
Humulin
E.Coli B A
medium B A
rDNA
recombinant organisim ( )
B indopeptidase
- ( humalog) lispro rDNA
regular (.-)
lispro
(Novolog) aspart .B B28
(-) B28
ultra long- acting agent
glargine B Residue A21

(- (s©)




rDNA .depot effect

rDNA

feeling their glucose level

" Glucagone
( )
. proteolytic cleavage
FDA rDNA
Gl
rDNA
Prion (
Human growth hormone recombinant
)
hGH . ( )
- lactate - -
Nonglycosylated hGH primary
Residue
o hGH

PH

(hGH)

prtein

hGH .Antiparallel o— helical rgion
% - %
dimmers %
hGH g oligomers
Prion

Creutzfeldt-jakob

E.Coli rhGH rhGH hGH
rhGH .
&
N—-
hGH
oblate
rhGH . hGH rhGH
/
rhGH . rhGH (-)
.Follicle- stimulating Hormon -

folitropin ~ (Gonal-F)follitropin alfa (FSH)

FSH beta(Follistim)
Spermatogenesis
( )
FSH ! FSH
= -(LH)
heterodimer ( ) TSH
B

heavily glycosylatedheavily glycosylated




FSH

% postmenopausal
rhFSH FSH .LH
a formulated( )
B
lyoprotectant dispersant
(shelf life)
( ) °
" Thyrotropin Alpha .
(thyrogen) (TSH)
- . heterodimeric
B a
TSH .B
uptake
Ts T3 organification
‘Cytokines .
:Hematopoietic growth factors <>

hematopoiesis

pluripotent
differentiation — proliferation — maturation

) TB lymphoid
granulocytes myeloid lineage (

- -macrophage

pluriptent stem cells
active hematopoietic daughter cell

quiescent () progenitor

pool

.self-renewal

X3

*

. Erythropoietin Alfa
Epition
DNA

. Fligastin <>

CSF) granulocyte colony-stimulating factor

Fligrastin

G-CSF




G-CSF Filigastrin
E.Coli N

2

:Sargramostim R

( GM-CSF) granulocyte macrophage
colony-stimulating factor

subunit

GM-CSF.

GM-CSF  G-CSF

GM-CSF .

monocyte
sagramastin Neoplastic

:Becaplermin <

Interferons B

. ATP

R s P N
S | > % A
Matural Killes infected Host Mesghbormg
Ce® Cell Cea
Cytokine
.
acid labile
p450
Interferon Alfa n1 :( ) <
(oblast)
.(sendai strain) | Para Influenza

Interferon Alfa nl
¢

Interferon Alfa nl




Interferon Alfa n3 :( ) <
leukocytes

avian sendai

Intralesional refractory or recurrent )

(condyloma

) (HPV) human papilloma virus
(non-hodginks lymphoma) (
rhinovirus herpes simplex
.varicella zoster
wart ! condyloma acuminatum( )
Lesion (30G)
G
(-
Interferon Alfacon-1 (recombinant) : ( ) - <

%
C
(-)
Interferon beta -1a (Recombinant) " " 1la
( ) glycosylation
Asparagine
(cystine)
% %
relapsing form of multible )
a
.P450
()
Interferon beta -1b (Recombinant) 1b

recombinant E.coli

Fibroblast

2,
o3

(sclerosis




multiple b-1
sclerosis
{=)
b-1 a-1
Y <
Interferon Gamma -1b (Recombinant) 1b - <
E.coli
b-1 tropic shape
(=)
(IL) Interleukine J
Aldesleulcin: <>
E.Coli ©)

Lymphocyte —activated killer

metastatic renal cell carcinoma

(-
Denileukin Diftitox(Recompinant)

Trojan

E.Coli

Tumor Necrosis Factor (Recombinent)
IL1  TNF !
TNF

TNFs

( Cachectin)

Receptor

(TNF)Tumer Necrosis Facter

(Aldesleulcin)

(-)

’0

’0

TNFs
( Clepmphotoxin)

TNF




Tissue pl

TNF

Enzymes

:Blood —Clotting Factors

Activator( bi )

%

( ) Reteplase

(TNFRs)

%

’0

’0

%

E.Coli

Tenecteplase

Factor VIl

IXa

Drotrecogen Alpha




Anti coagulant
Lepirudin ( Recompinant)

rDNA

Other Enzymes

Human ( DNAse)

2,
o

2
o3

Recompinant Deoxyribonuclease

DNAse

DNA
DNA
DNAse
DNAse DNA
Cerezume
Gaucher's
(

Vaccine

.DNA

DNA

Products <
Recombivax and Engerix-B - <
.S
Lymerix <
%
‘Vaccines in Develoment <

. " Therapeutic vaccines"




Preparation of Antibodies . -

Hybridoma (Monoclonal Antibodies ) (Mab) L<d
B

polyclonal

.antibodies

.monoclonal antibodies
B

monoclonal antibodies

( HGPRT)
TK
TK  HGPRT

" Mabs"

( Thyamidylat

. ( HAT)Thymidine

HGPRT+

MADbs

) Humain Anti-Mouse Antibody

. Mab

B
TK  HGPRT
HGPRT

After Fusion

Aminopterin Hypoxanthine
HAT
HGPRT(+) }
. HAT - )
(
( ) MAbs
( HAMA
Mab




Antibody Antigene
Antibody Fragment (Fab ) Mab

Antibody .Antigene
Fab
. CDRs complementarity -determinig regions
CDR3
hypervariable region
— Antigene -
MAb . Antibody
MAb
MAb . humanized
ViV,
intact
,Chimeric
abcixmab, rituximab , infliximab , basiliximab : chimeric Mabs
Monoclonal Antibody Drugs : <
: Rituximab <
B CD20
. Chinese Hamester ovary (CHO)
CD20(+) B
- CD20
Ca B
B %
B hematopoietic stem cells
:Gemtuzumab Ozogamicin <

sialic acid CD33
CD33 .
% . . ( ) ozogamicin
Gemtuzumab
CDRs
Calicheamicin Y - -N .CD33
acute myeloid leukemia
CD33 -
CD33 Gemtuzumab ozogamicin
%
CD33 -
lysosomes
DNA
DNA
:Alemtuzumab <
CD52
T B CD52 . -
Natural Killer Cells ( NK)
B-
cell chronic lymphocytic leukemia
CD52 Alemtuzumab
NK T B
Basiliximab <
. 1gG1 Basiliximab




(I-2 a cD25 ) IL-2 a
T
IL-2 a IL-2 a
: Daclizumab <
a (1gG1) G
y ba IL-2 ) IL-2
IL-2 . (
T . % %
Daclizumab
IgG G
CDRs ) (Eu)
IL-2 a
. Basiliximab
(murine, Orthoclone-OKT3) : Muromonab-CD3 <
(unmodified) (monoclonal)
glycoprotein 1gG2a

. mature T lymphocytes
(T-cell receptors complex)
CD3
CD3
(major histcompatibility peptide fragment
(phosphorylated CD3 and Zeta molecules) . complex)

(transcription

muromonab . factors)

CcD3

muromonab-CD3 (blocks)
acute allograft acute renal rejection
rejection

(ReoPro-chemiric) : Abciximab <
I1b/llla MAb
Fragment ()
- . Fab
Fab chimeric human —mouse immunoglobulin
(variable heavy-and light chain)
. constant

Abciximab

(percutaneous transluminal coronary angioplasty or atherectomy)

Abciximab abrupt closure
Abciximab . myocardial infarction
(adhesion receptors) GPlIb/GPllla

aggregation
(fibrinogen)

(von Willebrand factor)

steric
hindrance
(Herceptin, humanized) :Trastuzumab <
(1gG1 K) MAb
human epidermal growth factor receptor type 2 (HER2)
human- murine immunoglobulin -
4D5 Cba Framework
HER2 . HER2




Trastuzumab
(HER2 ) metastatic breast cancer

HER2- proto-encogene

HER2 185Kd
primary breast 25-30%
HER2 Trastuzumab . cancer
HER2
antibody-mediated cellular cytotoxicity (ADCC)
( cell death )
. HER2 HER2
(Remicade, chimeric) :Infliximab <
sensitized 1gG1 k
- TNF-a
Infliximab
chron disease
Infliximab
TNF TNF-a
TNF-a Infliximab . Transmembrane forms
IL1,IL6 TNF-a
inflammatory cytokines
Monoclonal Antibody <
Radionuclide Test Kits
(CEA-scan) Arcitumomab <
(IMMU-4) Fab Fragment
Arcitumomab  IMMU-4
Tumor-associated carcinoembryonic antigen (CEA)
carcinoma antigen

TC- 1gG1 . GIT

99m
Colorectal carcinoma
) IMMU-4 i pelvis
( Arcitumomab  Fab
2-5 Arcitumomab/TC-99m
(Verluma Kit) : Nofetumomab merpentan
NR-LU-10 fab  Fragment
. Fab Nofetumomab . NR-LU-10 18G2b
40KDa Nofetumomab , NR-LU-10
(Extensive-Stage)
Biopsy
( - = ) CT Bone-Scan
Nofetumomab . Chest X-ray
Chelator

Phenthioate2,3,5,6,Tetrafluoropheny1-4,5-Bis-S-(1-Ethoxyethyle)

. Merpentan Thioacetoamidopentanoate
(OncoScint-Murine): Satumomab pendetide <
Murine
. breast carcinoma Metastasis
Tumor-Associated MAb 18G,K
Mucin- Glycoprotein (TAG)72
Satumomab 100,000 Da Like

Extrahepatic Malignant diseas
Colorectal Ovarian cancer

. Cancer

TAG72 Satumomab
Indium-111
. (Hot Spots) Satumomab




(Linker- Indinm-111 ~ Satumomab

Glycyltyrosyl-(N,€-diethylenetriaminepentaacetic acid)-Lysine Chelator)
Hydrochloride
Imciromab Pentetate <
Fab ) 18G; k
(
Diethylenetriamin Pentaacetic acid
Imciromab . Indium-111
Imciromab
( ) ( )

Imciromab-In-111

. Radionuclide Scanner

. Capromab Pendetide <
( 1gGIK )
Glycoprotein ) (initial sensitization)
prostate surface ( PSMA)
PSMA  MAb . membrane antigen
) Prostate Adenocarcinomas
(

7E11- PSMA

Indium-111 . 95% C5.3

glycyltyrosyl — (N-ethylenetriaminepentaacetic

. acid) —lysine HCI
A Therapeutic <

Radionuclide Monoclonal Antibody
:Ibritumomab Tiuxetan <

Tiutuxan is [N-[2-bis(carboxymethyl)amino]-3-(p-isothiocyanatophenyl)propyl]-[N-[2-
bis(carboxymethyl)amino]2-(methyl)-ethyl]glycine ,(Zevalin Kits to prepare In-111 Zevalin and
Y-90 Zevalin , murine)

CD20 MAb
(normal and malignant) B
CHo cell Line . CD20 ( subtype ) 18G1K
Multistage regimen
Non-
) CD20 Hodgkin lymphoma
CD20 (
B 90%
CD20 Ibritumomab CDR
Indium-111 and Tiutuxan chelate . Apoptosis
B yttrium-90

3

In-Home Test Kits

( ) MAb

2

’0

Chorionic gonadotropin
LH

MAbs
Genomics .
4 billion base pairs 2000

drug receptor




Unraveling the Genomic Code to Determine Structure — Function Relationships
Bioinformatics <

Bioinformatics

algorithm
2003
X-ray crystallography
. NMR
Boinformatics

Functional genomics -
Structural genomics -
Evolutionary genomics -

Bioinformatics

Cartesian coordinate system

Functional genomics 8

( ) template

Prokaryotes
Yeasts
Introns & Exons
chromosome

DNA Microarrays

DNA gene expression
mRNA
mRNA

(on/off)  \
V)

DNA Microarrays fragment

hybridize

DNA samples arrays
automatic
. nylon wafer glass plate
- - ) fluorescent-tagged brobe cell
reverse transcriptase

cDNA




. laser

( )

laser scanner

type2 typel
. ABCD
) cDNA

fragment - (

tagged . A,B,C,D immobilized

typel D A
C type2 B
spots 30,000
)
) (
) (
single nucleotide (' SNPs
polymorphism

Proteomics 8

Mass spectroscopy -

Pharmacogenomics 8
( )
( )
( )

. Pharmacogenomics

inherited variation in genes

single

SNPs . (SNPs) nucleotide polymorphism

SNPs DNA Microarrays

Anti sense Technology .

Strand

+ ) sense polymerase




( ) (- ) antisense

code template
Antibiotics, Antibacterial
.Strand
_ antisense RNA Historical introduction
oligonucleotide A . assume
Alexander Fleming
Florey&Chain
(R-Nase H) Ribonuclease H
( ) DNA-RNA Pasteur&Joubert
. double helix Vuillemin
Waksman

chronic myelogenous leukemia -

HIV -

Microorganism

cytomegalovirus -
retinitis in AIDS patients

Mechanisms of Action and Activity :




Site of Action

Cell wall

Cell membrane

Ribosome's
50s subunit

30s subunit

Nucleic acids

DNAand /or RNA

bacteriostatic

Mechanisms of Antibiotic Action

Antibiotic
Bacitracin

Cephalosporins
Cycloserine
Penicillin
Vancomycin
Amphotericin B
Nystatin
Polymyxins
Chloramphenicol
Erythromycin
Lincomycins
Aminoglycosides
Tetracyclines
Actinomycin
Griseofulvin

Mitomycin C
Rifampin

Process interrupted

Mucopeptide synthesis

Cell wall cross-linking
Synthesis of cell wall peptides
Cell wall cross-linking
Mucopeptide synthesis
Membrane function
Membrane function
Membrane integrity
Protein synthesis
Protein synthesis
Protein synthesis
Protein synthesis and fidelity
Protein synthesis
DNA and mRNA synthesis
Cell division, microtubule
assembly
DNA \synthesis
mRNA synthesis

Classification

bactericidal

Type of Activity

Bactericidal

Bactericidal
Bactericidal
Bactericidal
Bactericidal
Fungicidal
Fungicidal
Bactericidal
Bacteriostatic
Bacteriostatic
Bacteriostatic
Bacteriostatic
Bacteriostatic
Pancidal
Fungicidal

Pancidal
Bactericidal

Chemical Classification

: P Lactam Derivatives

(0] Penamidase
/7 /

Thiazolidine

~C."H H S~/ CH,

—C—Cs
Alkyl H \1

7.
Azetidine C/df N

3‘\CH3

———CH-COOH

Penicillinase <
rl Y |

Ll i e

.( B~ Lactamin) fB— Lactam
Thiazolidine Azetidine
Penicilins derivative -
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o
/o H H s /CHa
—C 3 -
R . A
N-Cs—C5 £t
h Y | |
il il 4 alad) 4 ;i:(\ ‘ 7 N1 2C /9
o= ° H'"'C—oH




Penicilliun Notatum

. P.Chrysogenun
Stereochenistry & Nomenclature :
Chemical Abstracts
4- thia-1-azabicyclo(3.2.0)
usp heptane
1- thia- 4-azabicyclo(3.2.0) heptane
chiral (--)
3S:5R:6R:
o
o] C//
— CH,
R,‘C‘ H W5~ CH RTA /8785/ \zC
*C—C (o} N 6
N e L P
focb—n TH-COOH o ot Sl
?\ ;8 Chemical Abstracts
UsP p 5 3(‘?\ CH,
L oHoH CH, cb—N ? CH-COOH S
- N 4
R-C EAN

Penicillanic Acid

-
o
N
céfN‘AL‘\c:O 0
\

H  on

Chemical Abstracts

Classification and properties of panicillins :

Benzyl penicillin Derivative (G )

HC—

o
H+
NH.
e A e

o< ol Peniciillin G Procaine

0 H
Benethamine Penicillin =
Cc— C. - - i ~. .-CH;
N<C—Cj L
@ANH\/NI@ He cH,
7_\! H
+ — ,
ol 08l s Benzathine Penicillin O//C “, O
N,N'-dibenzylethylenediamin /C
+ Penicillin G Procaine G (il penicillin G ©
Benethamine Penicillin
+ Penicillin G Procaine
Benzathine Penicillin
:penicillinG G <
()
penicillin G Procaine USP  USP G <
G
G G

: Benzatin Penicillin USP USP G <




(mole) () G

pH
Phenoxymethylpenicillin (V)
(v ) Staphylococcus
Penicilins V. USP V <
H
7/
C

5/%\ - CH;,

~
N- c
< N T

6
[¢) 7 1 %
4 “, A
o o~
Ho™

Penicilins v ot i

O—O I

¢
|
N

penicillinase resistance derivative

Semi synthetic

o, H
/ A -
R —C ~ - - //’/ ﬁ ~. _~CH;
N TG T 3T CH,
1
07/"‘ 20)?‘
o~ f"'c//o
HO ™
0-CH,
I:I-:thicillti‘n - R = \ /C
2,6-dimethoxyphenyl
O~cH

Oxacillin R=
5-metyl-3-phenyl-disoxazolyl

4
3

1

Cloxacillin . O/( \>/
3-(0-chlorophenyl)-5metyl -4-isoxazolyl N—oO

Dicloxacillin

RE&
3-(2,6-chlorophenyl)-5metyl -4-isoxazolyl

Cl

Nafcillin
6-(2-ethoxyl-naphthyl)

Sodium Cloxacillin

G Staphyloco

Ampicilline derivative

Semi synthetic ()

Cl

\

N—g

o _C

CCUS

¢ CH
2
(o]

9\ CH,

@]




. appe - N
Ampicilline R=H R = @\CL\NHa
CH

D-a-Aminobenzyl

Bacampicillin IR;=/ Y SR ©\C_|I¢I+ 4
1 h3 bonyl hyl ! <
-ethoxycarbonyloxyet|
Yy yloxyethy : Amoxacillin USP

HO
Amoxacillin RE HER = \©\ NH,
CH

6-D-(-)-a-Amino-p-Hydroxyphenyl benzyl
+
Na o
Carbencillin > - ot _Fo
R=Na R = DisodiumCarbencillin USP

a-Carboxybenzyl

O
)\ @Q Pseudomonas aeruginosa
R = ©\CH o . psedomonal

Carbencillin Indanyl < a
R =Na
a-Carboxybenzylindanyl ) - USP Ticarcillin <
~ = 4e .
Ticarcilin R=Nd§ R =[/>/C,,Nao— - (
S r : -
a-Carboxy-3-thieny (0] P.aeruginosa _
~ ¥ ’ . -
W R=N§ R = QNN NHQ B-lactamase 1 USP  Mezlocillin
. L =A e
One - D oo CH
Acylureidopenicilin
rCHa :Pharmacology Properties
Piperacillin > Al
P R=N§ R =o _> N @
7 ) N 3 bow B F. <238 B :f g0
Acylureidopenicilin 6] 3 S EE 3§ "ZElg 8 g3 ®§
= = o “Be &5/ 3 =22 2
5 2 (s} a o Z 3
Ampicillin USP < ® > F
Benzylpenicillin : .
i Poor  Poor (20) 50-60 No Intermediate My
rpose

synthetic




Phenoxymethyl

Bio
. Good
penicillin synthetic 00
Methicillin Sermi
P
synthetic oo
Nafillin St
9 Fair
synthetic
Oxadillin Semi
eml' Good
synthetic
Cloxacillin Semi
. Good
synthetic
Didoxacillin Gt
emt. Good
synthetic
Ampicillin Semi
emt. Good
synthetic
Amoxicillin Semi
mIS-Snth Good
etic
Cerbenicillin Semi
synthetic R
Ticarcillin Semi
Pe
synthetic o
Mezlocillin .
Sl Poor
synthetic
Piperacillin Semi
q P
synthetic oor

. Shigella  Salmonella

B-lactam

Good (60) 55-80 No
Nil 3040 Yes
Variable 90 Yes
Fair (30) 85-94 Yes
Good(50) 8896 Yes
Good (50)  95-98 Yes
Fair (40) 20-25 No
Good(75)  20-25 No
Nil 50-60 No
Nil 45 No
Nil 50 No
Nil 50 No

Extended spectrum penicillin

G

Intermediate

Narrow

Narrow

Narrow

Narrow

Narrow

Broad

Broad

Extended

Extended

Extended

Extended

Multipu
rpose
Limited
use
Limited
use
Limited
use
Limited
use
Limited
use
Multipu
rpose
Multipu
rpose
Limited
use
Limited
use
Limited
use
Limited
use

Haemophilus  Klebsiella Escherichia coli

B- lactamase

Protein Biding

Allergy to Penicillin:

degradation for Penicillin

pH




/> [ CH
\ y o e i L
N, N—CH RCONHiCHNH(fHCOOH HCG S —CH ‘
; oo o ~C-ch N=C—cooH
Penillic Acid HS ™| 5 . .
co Penamaldic Acid CMs Penilloic Acid
“~Y2
CH
e 3
R 5—0g, CH,
\ _—C— 3
NHCO H, CH H:,C\C\Eq/coop-i . cHo
_ § . -
N~=G—cooH WL, R CONH—C
Penilloic Acid 2 Penaldic acid COOH
Penicillinamine

b
H
-CO2

H/CHO
R*CONH*C\

Penicilloaldehyde COOH
Bacterial Resistance
, BHlactamases, acylases
Pseudomonas aeruginosa

B-lactamase derivative

P-lactamase B-lactamase

{3 -lactamase

B- lactamase
Clavulanic Acid

Carbapenems .Sulbactam

Clavulanate Potassium

B -lactamase
Sulbactam
H
Z 0
- S
5" ~ CH
H,C ¢ ey
\ 6 \ 3 CH,
7 1 2
ct——N CH
o// + ,’C§O
Na
(0}
. B -lactamase
.Pseudomonas aeruginosa
( Unasyn

l} -

S.aureus , E.Coli , Klebseilla, Enterobacter lactamase
,Acinetobacter




Tazobactam

H
ERR\
A
H,C——C C e
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cL—N——-o~cH
7 “az0
o ,C
OH
Sulbactam lactamase
Carbapenems

OH }ii
- OH
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H,C C\G
/07 2 s \
o \ et
Imipenem OH ‘
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OH H o .o
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Thienamycin o~

Biapenem N
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Cephalosporin derivative -

B-lactamase
H H
O _ i
A\ I S AN /CHy
H c—c C
_C—C—C—C—C—C—N"7 6 2 ~CH
HO &y Mo Hy H, Ho| \5 | 3
2 //C’/N 4/3CH
(¢]
Cephalosporine C HO 0]
H H
(0] o) & =
N _H ! oo T cn, 0o M
_C—C—C—C—C—C—N"%7 6 2LH,
HOTT S H, H, H, WOl |
: OéC’lec\/o
Penicillin N
HO o
Semisynthetic
: Structure <

Azetidine or B-Lactame

dihydrothiazine

§-amino adipic acid

Cephalosporine C

i improved -




Classification and properties of Cephalosporin :

C

Oral Cephalosporins

R1—o0- ¢

Generic Name

Cephalexin Q_
Amino phenyl
Cephradine Q
Amino phenyl
Cefadroxil 1
Hydroxy phenyl amino HO
Cefachlor @
Amino phenyl
Cefprozil -
Hydroxy phenyl amino HO
Loracarbef Amino @
phenyl

—CH,

—CH,

R3

I} —
Cefuroxime axetil [/ o>\ i —c-0-C 0 =g=
N-OCH, Il CH, CH,
S 0 CH,
Cefpodoxime \y H _H
P - HZN{\N G~ —c A N }CHa —S—
proxeti N-OCH, W 00
s .
Cefixime H2N<<\10\( _'C_I:—CHQ —H | —s—
N N-OCH,
Paraenteral Cephalosporins |
H H
n H = e
_N=C—C
R1—o0-C 7 56
0NN C~R2
g Ml A alal) Ay
HO
Generic Name R2
L) :
i —c—0C
Cephalothin S 5 M, oH,
(0]
7 I
Cephapirin N \ S—C— —C—0C
= H, CH,
N=— N N
Cefazolin ,\‘;\N—C— \C_S_Jl\ k
2 S° “CH,
CH;— - N
C-S
Cefamandole ('JH H, /N/
H,C
C} i
e ‘C‘SJ\ A
Cefonicid OH




Ceforanide

Cefuroxim

Cefotaxime

Ceftizoxim

Ceftriaxone

Cefazidime

Cefoperazone

Cefoxitin

C/
HZ
C—NH,
2
:o: G=
NOCH,
S NOCH
\ 7 g
HzNJ\N C—
NOCH,

S
HN \N\ i
S NOCH,
HZNJ\N l‘ (/;/7

HN< 7 Ni’\\f
\C S A~ ‘ N
Cefotetan Ho— g O D E,’ ST
I ® 2 \
CH,
C=N f47N
C-s-c- —c- N
Cefmetazole H, H, |C_|: SN
:
CH,
<
()
Cefoperazone, Cefamandole, Ceftriaxone, ) N-methyl-5-thiotetrazole
(Cefotetan ,.Cefmetazole
Pharmacology Properties <
B-lactamase
B-lactamase
.Aminoacyl alkoximino -
o— methoxy substitute -
. Cepham
B-lactamase
fB-lactamase inactivate -




Cefotaxime, )

3-acetoxymethyl

Paraenteral

(Cephapirin, Cephalothin

Oral
IS s 8 | = o 5
8 © R g | = £ gg 3 s S5
© ] o = o © T 7] 5 © Q k=i
£ g | = & I [ EEimad g< |8 <
8 © 2 2|2 = & 5
Cephalexin First Oral Yes 5-15 Poor Broad No
Cephradine First Oral. Yes 817 Poor Broad No
parenteral
Cefadroxil First Oral Yes 20 Poor Broad No
Cephalothin First Parenteral No 65-80 Poor Broad No
Cephaplrin First Parenteral No 40-54 Poor Broad No
Cefazolin First Parenteral No 70-86 Poor Broad No
Cefaclor Second Oral Yes = 22-25 Poor Broad No
Loracarbef Second Oral Yes 25 Poor Broad No
Cefprozil Second Oral Yes 36 Poor Extended No
Cefamandole | Second | Parenteral No 56-78 Poor Extended No
Cefonicid Second  Parenteral No 99 Poor Extended No
Ceforanide Second = Parenteral No 80 average Extended No
Cefoxitin Second  Parenteral No 1322 Good Extended No
Cefotetan Second = Parenteral No 7891 | Good Extended No
Cefmetazole = Second  Parenteral No 65 Good Extended No
Cefuroxime Second Oral. No/ | 3350  Good Extended No
parenteral Yes
Cefpodoxime | Second Oral Yes 25 Good Extended No
Cefixime Third Oral Yes 65 Good Extended No
Cefoperazone | Third Parenteral No 8293  Good Extended Yes
Cefotaxime Third Parenteral No | 3051 Good Extended Yes
Ceftizoxime Third Parenteral No 30 Good Extended Yes
Ceftriaxone Third Parenteral No 80-95 = Good Extended Yes
Ceftazidime Third Parenteral No 8090 Good Extended Yes
Ceftibuten Third Oral Yes - Good Extended No
Cefepime Fourth  Parenteral No 16-19 Good Extended Yes
Cefpirome Fourth  Parenteral No - Good Extended Yes

Cephalosporin derivative

H-influenza

usp

E-coli

:Cephradine

Cefadroxil:

Cefachlor

Cefuroxime

% -

Cefixime

Cefprozil USP

E-nterobacteriacea

Cephalothin Sodium

B- lactamase

B-lactamase




Cefazolin Sodium USP

Acetoxy
Cefamandole USP
hydroxyl
. CO2
Cefonicid USP
Ceforanide USP
E-coli Enterobacteriaced
Cefoperazone USP
Antipseudomonal
piperacillin
ctamase seudomonas  aeruginosa
p-La Pseud gi
Cefoxitin USP

4 H H
x> N C\ b :/81\
N==C-—Cg ->C
g 17 15
of //C—‘N 4 ~-C
N O
OH
pssi—u Cefpirome HO ¢}
OH
NH,
o? o HoH S\‘N 20 W oH
" 3 - C H -
H\ c—u'—%—?6/1\2(|3 ‘ \N"C7_06/1\2C
5 3 | [ 3| .
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N ST AT
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H,N Ho” Yo Ho™ Yo CH,
Ceftibuten  guii |
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NH,
S
s— N [ HoH
| ,0 H H X c T z_s
A @2 T =s SNm=c—cl T3c
~ ol o9 7 6 2
i m-—c7—ce 2€ OH ‘N H I Is 3'
N | 'Ls a d LNy C
0 LT _—cC o [¢)
\ e} \4‘
oH i —\+ H ()
TOC -039 Ho ¢} \@N\ GR-69153
¢y, OH

B—-Lactamase

Ceftibuten USP

B - lactamse

Newer Cephalosporins |

B-latamase

[ -latamase

Ceftibuten USP




S-aureus H-influenza Enterbacteracea
Cefepime
B- lactamase
Aminoglycosides -
Introduction
Chemistry
Streptomycin
Neomycin Gentamycin
Netilmicin Tobramycin Paromomycin Kanamycin
Amikacin
%

Mechanism of action and Microbial Resistance:

A ) ey Y Al gy Sy 5 5SE Y] as Jlai A

APH -3

Ribosomal 30S

Aminoglycosid Inactivating enzyme

a-Aminoglycosid Amino acetyl transferases (AAC), b-Aminoglycosid Phospho-transferases (APT)
c-Aminoglycosid Nucleotide transpheras (ANH),

Structure-Activity Relation ships




37NH,
i KR P, T AVA, L S [ SR WOV {| [ S |
(Ring 1)
(NH2) il
( )
(W
()
APH
() (Ringll)
Products

Streptomycin sulfate -

H N\("\‘;
- : TNH o
Streptidine HO H
HZN\ H
HN=CN OH
o ;0
CHO
L-Streptose H,C
HO N
-0
- /C o /H
N-Methyl-L-Glucosamine] HO N—CH,
HO OH

pH=4,5_7

Streptomycin Os——la s fud)

streptidine
PH

Streptomyces griseus

Neomycin Sulfate -




Streptomycin faradiae

Neomycin C  NeomycinB  Neomycin A

Paromomycin Sulfate -

Streptomycin Sp

HO
D-Glucosamine

CH,OH

Neosamine Bor C
R1

HO R2 o D-Ribose OH

Paromomyein Il : R, =CH,NH, R,=H  Faromomycinl: R, =H R, = CH, NH,

Paromomyci

Kanamycin -

D-Glucosamine (e}
Deoxystreptamine NH,
HO [o)

CH,OH
Neosamine Bor C
HO NH

Kanamycin A: R, =NH, R, =OH Kanamycin B: R, =NH, R, =NH,

Kanamycin C: R, = OH R, =NH2
Streptomycin Kanamyceticus
,Mycobacteria
‘AB,C
Amikacin -
L-AHBA
D-AHBA




H
D-Glucosamine o H oOH ¢
N
Deoxystreptamine C/NHz
HO (o) H

H 2
CH,OH
Neosamine Bor C
HO NH, OH
(—=ilal Amikacin
: Gentamicine -

CH,OH

Garosamine

H,C

3 NH
cHy

Gentamycin C;: R, = R,=CH, Gentamycin C,a:R;= R,=H Gentamycin C,: R, =CH; R, =H

Cla 2 Cc1

Tobramycin Sulfate -

Tobramycin

Streptomyces tenebrarius Strain Nebramycin

)

Netilmicin sulfate -

“ R
CH,OH

Garosamine
Sisomicin : R=H H,C

ethylation

(Micromonospora)

E.Coli




TETRACYCLINES -

Structure:

OH (0] OH o o
Ol it A alal) A pilasSl A
Streptomyces

Tetracycline , Rolitetracycline Oxytetracycline, Chlortetracycline , Meclocycline
Demeclocycline, Methacycline , Doxycycline ,  Minocycline

Streptomyces
Asymmetric Centres Member
! ! 4,44,5,50,0,124
(5) o- hydroxyl

Zwitterion

enol protonition

pkas,pkaz,pka

p 2 a1
Isomer
() Epimerization
Epitetracyclines
Tetracycline Properties
H+
5,6-Anhydrotetracyclin

H,C
CH, 3 \ /CH3




)
(5a) )
(11a 12)
Resonant
anhydrotetracycline

() ()
1la 11

Mechanism of Action and Resistance:

tRNA  mRNA
Plasmid
Products and SAR :

OH

(11a 12)

308

chromosome

R4 R3 R2 R1
OH CH; H Tetracycline
OH CHs c Chlortetracycline
OH OH CHs H Oxytetracycline
H OH H c Demeclocycline
OH CH, H Methacycline
OH CHs H H Doxytetracycline
™, " -
H . ! H30\ L/ o Minocycline

> UJ
OH O OH (0]

Rolitetracycline
6-demeth-6-'
" deoxytetracycline
(o )

Enolized"




"Dimethyl amino"

()
(o)
)

Cis

V.Di.body /W

() "tricarbonyl-methan

()
a ()
(BA)
p ( o
()C) (B-Diketon)
()
( a )
)
0)
() ( )
.Electrophylic substitution
0)
)
)
6-deoxytetracycline (
()
g 2
a ] <] = o

)
«C -
(-
Spectrum of activity
Candida albicans
Macrolides
Structure:
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Actinomycets

erythromycin & Oleandomycin

)
(PKa=6-9) (
Base
Mechanism of Action and Resistance:
50S
PH
MIC
( )
Products:

R = -CH3 Erthromycin . R
[¢) = Clarythromycin
CH,

Erythromycin =

Streptomyces erythraeus

Gonorrhea
Erythromycin A Venereal
Erythromycin B
() ()
Desosamine
! " Cladinose ()
A Erythromycin C
A B
%

PH<4




P450

o "

Erythromycin stearate

Erythromycin Ethylsuccinate

Desosamine ()

Erythromycin Estolate

0)

Clarythromycin

0)

% -

Cytocrome

p 450

i 9 i 1Y)
Azithromycin

Op————a g i 22

Dirithromycin

Azithromycin

%

Cytocrome.

Dirithromycin




vl

Troleandomycin

iz 93 9 i
Troleandomycin H,C NG

Cytocrome p 450
Oleandomycin
LINCOMYCINS -

lincolensis  streplomyces

S50

Products and SAR:

3
v 8
. N . CH,
5 N ’ 7
4> 3 | ] HO-C—R
CH,CH,CH; v c\\NféLH
HO
4 5
R =-H sl LINCOMYCIN Ho_\s
R = -Cl g lalaikll CLYNDAMYCIN
HO
LINCOMYCIN HCI <
CLYNDAMYCIN HCI -
() (OH)
)
"O-CH3" nep
"thiolincosamide”
(Non —sporing)
clostridium

SCH,

difficel




UNCLASSIFID ANTIBIOTICS -
Chloramphenicol -
"streptomyces venzuelae "
( -)
-
R = COCH2CH2COOH HO e
Chloramphenicol succinate \ H HC\
R =-CO (CH2)14 CH3 HC_H~ \C/ cl
Choramphenicol Pamitate 1 5C*2 \c\)
R =H H.C
. 2,
Choramphenicol o 3
-l 0
o— N R
! " Acylamidopropanediol chiral
(Lthreo)  (D-threo) Isomer
,1-(p-nitro —pheny) 2-amino pronan 3-diol + dicloricacetic :
acid

3,0-glucouronide

Chlo.Transferase

()0

Chloramphenicol palmitate: -

Nnovobiocin -
strep.siniveus  strp.spheroides streptomyces

.Novobiocic acid + Novipose

P. vulgaris

Mupirocin -

(pseudononic acids A-D)

Pseudomonas fluorescens submerged fermentation

RNA
isoleucyl transfer RNA
isoleucyl transfer RNA synthase




Streptogramin B Quinupristin/ Dalfopristin l
/ Streptogramin A Dalfopristin Quinupristin
Linzolid -

.(705) (305)

E.ifaecallis PRP,MRSA
B.fragilise ,

Colestridium pringens .penumococcie

Fosfamycin tromethamine -
S.areus, E.coli,

Entrorobacteri, entero coccie ,and Klebsiella

Synthetic Antibacterial -
:Sulfonamides
Structural Formulas: <
Products and SAR: -
R1
/
R
Halt-life R1 R Products
hour
0 :
= —H i CH, Sulfacetamid

0
- —H Lo Sulfabenzamid

N
—H ! > Sulfadiazine
-
,ij/
—H Ns g Sulfamethizole
H,C
H o™ Ifamethoxazol
- HC>= Sulfamethoxazole
H "3 Sulfathiazol
- = ulfathiazole
S L
//O ~ N= CHS
-| —¢%cn, [0l o Acetyl Sulfisoxazole
3
Mechanism of Action and Resistance: =
COOH o
oy I N
PAB + )\\/I j Dihydropteroic Acid
ma N
d NH, H
glk ) Sulfamides

0 M co-N—H_ - c—CcooH
H. N H 7 K H
N jC\N HoOoC 2 2

Dihydrofolic Acid
@il ) il

Tetrahydrofolic Acid

He i s i gl

DNA

sl ) Jea) A RNA




Quinolones

Introduction :

@)
Products and SAR:

(]
7
—CH- < 6 —CH,
[e]
—F —
—CH- _4 —N, NH
é—o
[\ _.CHy | —F
— - — N
CH N
CH,
CH, | —F
—CH- “N/—\N ¢ _CZHS
/
CH, | —F
—CH- “N/—\N/ : —C2H5
/

Nalidixic acid

Cinoxacin

Ciprofloxacin

Ofloxacin

Norfloxacin

Pefloxacin

(G4

Aala) A lat) A

CH
T = N
/ N\ /CHS
—_N — — N
N N#F
'|: CH
—<
—C— —N NH
N
—H /—\ .CH,
L —N N
OMe ~—
/ N\ /CH3
- a8 — N
CH Y /
H

—o- | (I
/N

—CH- —N N

PC

—F —CH,CH,F

Fleroxacin
—F
CQL- Enoxacin
,* B
Lomefloxacin
—F _4
gatifloxacin
= o3
H,C levofloxaci
—F

Moxifloxacin

Enrofloxacin

—
_4
uae
7 Travofloxacin

Pha.k

cl
Excur%
Exc ur%




)
()
optimal ()
@] () L-isomer
@] -N moiety @]
cis oriented
Mycobacterias
diazabicyclo
.pseudomonal
_N =2
N
disappointing

: (Tricyclic ) -C -N
3 -N
ristricted rotation
Chiral
S
.S.pneumonia
N S C
-N
Tosufloxacin
Trovafloxacin
methylenedioxy bridge
CH (cinoxacin Miloxacin oxolonic acid

( )N (rosoxacin

é




Mod Of Action and Antimicrobial spectrum
porins passive diffusion
DNA replication
topoisomerase IV (DNA gyrase)DNA

bactericides
Pseudomonas species Enterobacteriacea
Moraxella  catarrhalis Haemophilus  influenza
mycobacteria chlamydia legionellaceae

phototoxicity

Central Nervous System Stimulants

. (CNs)

(MAOLs)

Hallucinogen

picrotoxinin

Doxapram

( )

: Introduction
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Tolazoline and Phentolamine
naphazoline, o
tetrahydrozoline, Xylometazoline
o
(Regitine) Phentolamine  (Priscoline) Tolazoline

o )

Phentolamine Tolazoline

a, . a; oy




Tolazoline .a
() Raynaud
Tolazoline
Papaverine
Irreversible a - Receptors Blockers : a -
B- a
Dibenamine haloalkylamine

(Aziridinium lon) NU

& Drug il mple y Receptor
a

'*xgz

NOAN
¢ Nl sl i - Ly a gy il Bl &l sl Jan’ A
2

Dibenamine

N
L OV O
Dibenamine H, ./ Hc.\ N \’/‘ EZ iU 7

Phenoxybenzamine :( L

) iy (S 5l
Phenoxybenzamine

H, CH
/CZ\C{-I ’

° 7
N\C/ \
H, Cl

chemical ) (Dibenzline)

H,
C

R=

(sympathectomy

[¢5)

% -
Selective a; Receptors Antagonist: al -

:Doxazosin, Terazosin, Perazosin

shpoas  Q
7\ M IWpS

R=__0O
‘ ‘ Perazosin Terazosin \[
. . il g 8 Doxazosin
O wesiln R= 1) O 9 3 A o ey
a
. (cardura) (Hytrin) (Minipress)
-4 :




a
(0] [0%]
First Dose Phenomenon
. Tamsulosin
o Suptype (Flomax)
(LW
Selective 0, - Receptors Antagonist : a2
Yohimbine, Corynanthine

AR gl
Yohimbine,,l

S S

Corynanthine

0

2

(L]

o1 Corynanthine K
corynanthine
0

() %

- - - Perazosin
- Terazosin
Doxazosin
: Mirtazapine
o (Remeron)
[05) -0

H1 5-HT3 5-HT2

) el
Mirtazapine
B- Adrenergic Receptors Antagonist: B -
reo
/ H CH
Ar—c-c—N—c 7
. H TCH
H & 3




Pron

CI—Q— = Ar
cl DCI

Ar=
ethalol

NHCOCH3/®O =Ar
Practolol

Jsi g s ) gus—IS o

Ar=—q O—=A .
Jslsi g (sS40 -4 d ‘::X e b”)"'l__: J
“ il I ropranolo
OH

Slater Powell 1958 R
Isoproterenol  DCl .(DCI)
R
DClI . DClI
B Pronethalol
DCI
Stephenson ack
Pronethalol B , Bl
R
OCH2 R
R
R OCH2
R B
R
Practolol .
B1 USA B1
tert

Ba

©

©)

B2

R R
B
00 R) Enantiomer
R
R
levobunolol, Timolol, penbutolol
Nonselective B-Blockers : R -
(Inderal) :Propranolol
R
3 B2
Bl

.membrane stabilizing activity

(




.Naphtoxylactic acid
B -4
-4 ( )
-3
-4
:Other Nonselective B-Blockers B -
OH n

Ar—d c_H-CH;

I-:I H, > CH,

B

Nadolol (Corgard), Pindolol (Visken), Penbutolol (Levatol), Carteolol (Cartrol,
Ocupress), Timolol (Blocarden, Timoptic), Levbutnolol.( Betagan) Metipranolol
(Optipranolol) , Sotamolol (Betapace)

O/

Nadolol

Ar =

K+

metipranolol , Levobunolol , Timolol , Carteolol

— Ar O— oo
Ar= 0 HC 0
3
H.C Metipranolol
Carteolol % CH, Penbutolol
0 N 0COCH,
Ar= - s
M Ar=0 Ar= O
N S _
Sotamolol o_J \ﬁw Timolol | HO Pindolol
CH,SO,NH w

5
R
Carteolol ,Penbutolol , Pindolol , Timolol
20 Nadolol
Penubtolol  Timolol
% %60

B1- Selective Blockers :

OH 4

/
Ar—c-c—N—
< H

H 2

H_CH
C/
CH

3

3

Ar = Levbutnolol

\

N
H

carteolol , penburolol

p1

B




Q—Ar= O—Ar = 0 QA=

- 4
Bisoprolol Atenolol —
1C-C »
H/CH3 Acebutolol

S~O’C;OIC\CH3

2 CH,CONH, NHCOCH,CH,CH,
/Ar = -Ar= —Ar =
o Betaxolol Q Esmolol i Metoprolol
CH,CH,COOCH,
CHCH,OCH,  / CH,CH,OCH,
B
p B
p2 Bl
B2
B
Bl
Bl

Acebutolol (Sectral), Atenolol (Tenormin), Betaxolol (Kerlone, Bettopic), Bisoprolol
(Zebeta), Esmolol (Brevibloc), Metoprolol (Lopressor)

esmolol

Acebutolol Bl betaxolol

Esmolol . Esmolol

Esmolol

Esmolol

Acebutolol . 4-3
Bl
Betaxoloh  Acebutolol

Metoprolol  Acebutalol

22-14 Bl betaxolol
Betaxolol
.%50
R Acebutolol .
Diacetolol Diacetolol
Diacetolol
B Diacetolol Acebutalol

( - ) Acebutolol

B- Blockers with a1 Receptors Antagonist Activity -otl B
B a
.Carvedilol (Coreg) Labetalol (Normodyne)

:Labetalol
OH

H

HO CONH, e Labetalol ds—3y




Bl B2 Bl

(") a R
Drugs Affecting Cardio vascular agents
& o o Introduction:
(1S,1R) a (IR 1'R)
(1S1R ) (15,1°)
a
R
Anti anginal Agent and Vasodilator:
- Cangiiiol Intima Atheromas
/\(\ OMe
OH H Ischemia
O O Carvedilol Jsia—djis i
H Amyl nitrite
(S) a I Nitrite
a B
Organonitrite

Angiotensin Converting Enzyme Inhibitors (ACEI)
failure

coronary




Nitroglycerin

: Intermediary Myocardial Metabolism

( ATP) Adenosintriphosphate

ATP
Mitochondria ATP
ATP
Glucose Acetoacetate, Mitochondria
C02 Acetate, Lactate
.krebs cycle Cco2
flavin
ischemic Nicotin Amide Coenzyme
flavin
( ) Nicotin Amide Coenzyme
lactate pyruvat glucogelysic
ATP ()
glucolysis ATP ()

][] ] <[ |

AP 4PTP+2ND ZATP—D CADMNA ) kel
ddat
C o o Jyp ATP+2NADH| | prosomoryiton
:) 4ATPH2NACH | P [pyruvat2 |
NAD pyruvat 2 34 ATP
2

\ C 2NADH N
ND- NADH NADNADI H20
(' o \ Lactate | [Acetyi CoA (2) el

&l
Mtochordia ‘ C NAD*2 FAD-
6NAD +2FADH
=) B &
- TCA
' - Cyel

Al el CE L)

: Nitrovasodilators

:Mechanism of Smooth Muscle Relaxation -

( )
MW ) . Myosin
MW ) . (200,000
( ) (20.000, 160.000
calcium/ calmodulin dependant protein kinase
(cAMP) cyclic  cyclic guansine mono phosphate  (cGMP) nucleotide
cAMP . adenosine mono phasphat

B- adnergic agonist
Myosin light Chain Kinase ) protein kinase . -
Myosin (MLCK)
cGMP 4 Actin

Nitrovasodilator

NO Nitro oxide (NO)
cGMP Guanylate Cyclase
protein kinase cGMP
NO .MLCK

NO- synthase L- arginine




cGMP enzyme guanylate cyclase

2+
Ca

[l
|_1

i Adenvlate Cvclase -
mlmodulm

MLCK
- | Myosin light Chain Kinase

+
Myosm -LC
[ Myosin | Myosin -LC-PO,

slis

pladal) CM ) A ja Jas A
Mechanism of Smooth Muscle Relaxation

(EDRF)  Endothelium derived relaxing factor
Phosphodiasterase
GMP AMP cGMP  cAMP
. papaverine theophylline . phosphodiestrase
: Mechanism of Nitrovasodilators =

Organic Nitrite
%

.L-arginin  NO- synthase NO
: Products =

nitricacid  Valerie Acid | | H,C Hz L
C H™ \ C/ N\
H o
| C H2
| | Amyl nitrate
nitric glycerin O.N I‘\l O; NoO,
3N /
sulfuric c—e—¢
H, H H,

Nitroglycerine

| oSNdO;

(] NO,
Isosorbid dinitrate
[ [ N O,N NO
03N\ 3\ N C/ 3
c—
H2 ﬁ H Hz

Erythrity Tetranirate

ON—CH, no
o,N—C—C—¢C °
H, | H,

O,N—CH,

Penta erythrltol tetranltrate

:Calcium antagonists -

Excitation — action coupling muscle - - -

0)
() L)

Ca+2 . plateau




myosin

Actin

s —> g

| Ala)) elis

actin myosin

(Tropomyosin , Troponine 1,C,T)

Troponin C actin

Myosin

sl

. -
Troponin C +¢a”complex — > Actin + Myosin —— ) (al il

calcium/calmodulin

Ca +2 —Sensitve troponin —Tropomyosin complex dependent kinase
:lon Channels and Calcium - = =
)
) - (
Mitochondria Ca+2 2
Ca+2 Ca+2
M10-
Ca+2 M10-3 Ca+2 7
/
. Cat+2 Ca+2
Hydroxylaptite

.(Ca+2

Na+2 ) Na+2 / Ca+2 -

+2

Ca -
L vl
Ca+2 pacemaker T =
L
Neuron 'N -
Purkinje's Cell ) P =
(
L
L-type L

L-type . cAMP B

G- protein inositol — phosphet system

.phospholipase C

: Calcium channel blockers - -

l-type L

o, ou,0,0,B,8 Y




:Cardio vascular effect of calicumion channel blockers

+2

Ca

dilitazem , nifedipin , verapmail
+2

phenylalky! verapamil . Ca
benzothiazepin dilitazem amine
(AV)
Nifedpin
1,4 dihyropyrding
pacemaker
dilitazem , Ca
verapmil
Ca
Av
: Products - =
: Verapamil -
5-[(3,4-dimethoxy phenethyl) methylamino ] -2-(3,4-dimethoxy phenyl-2-isopropylvero nitrile
o CN
H C—C*N*CACfcfc\C/CH
H, éHzHZ il H, CH3
MeO ome  Verapamil [ oMo

ca verapamil
AV

()W

Papaverin

Ca

.Ca

: Diltiazem Hydrochloride -
(+)Cis-3-(Acetoxy)-5-[2-(Dimethyl amino)ethyl] -2,3-dihydro-2-(4-methoxy phenyl)-1,5-benzothiazepin

H C~HN+

urH

Verapamil Diltiazem




% ( ) diltiazem

:Nifedine =
Dimethyl-1,4-dihydro-2,6-dimethy-4-(2-nitro phenyl)-3,5-pyridin at dicarboxylate

H,C

MeO ~
Nifedpine
nitro group

SA
Niffedpin AV
%
%
: Amlodipin -

3,5pyridine dicarboxylic acid ,2-[2-aminoethoxy]-4-(2-chloropheny)-1,4-dihydro-6-
methyl-3-ethyl-5-methl ester
H

N
H,C C—0C H,-CH, - NH,
MeO | H,
\C C/002H5

\\ \

o o]
Cl

1,4 dihydro pyridine Amlodipine

1,4dihydro pyridine nifedpin

: Bepridil Hydrochloride -
alkylamine

Verapmail,diltizam,nifedpine

.%

1-pyrrolidine thylamine ,8[(methyl propxy)methyl]-n- phenyl-n-(pheryl methyl)lyrochloride

: Felodipine -
3,5pyridine dicarboxilic acid,4 -92,3-diehlorophery)1,4-dithdro-2,6-dimethl- ethylmethyl ester -
y
H,C | | CH,
MeO
~c¢ __-OC,H,
\\ W\
o o)
Cl
Cl
Nifedpine dihydro pyridine
dihydro pyridine . -
: Isradipine -

3,5-pyridine carboxylic acid ,4-(4-benz-furanazyl)-1,4-dihydro-2,6-dimethyl,methyl -1-methl ethyl ester




K CH, oH
| £
c ~C—0—C—C,
MeO \\o 0/ H, H CH,
N
— N\
——
N
dihydropyrine
.Nitroglycerin
: Nicardipin -

3,5pyridine dicarboxyilic acid ,1,4-dihydro-2,6-dimethyl-4(3-nitro pheryl)methyl -2-
[methyl (phenyl-methyl)amion] ethyl ester hydrochloride
H

N
H,C CH
\ \ 3 . N/CHa
C—0—C—N~
/C\\ // H, CH,
MeO™ N o
NO,

nicradipine

: Nimodipine
3,5pyidine dicarboxilic acid,1,4-dihydro-2,6- dimethyl -4(-3nithro phenyl)-2-
methoxyethyl -1-methyl ethyl ester

H,C

NO,
dihydropyridine
dihydropyridine

subarachnoid

:Anti Hypertensive

- moderate -

%
Primary hypertension

Renal hyper tension

)
cathecholamine
Adenoma Pheochromocytoma ()
. Adrenal cortex Aldestron

. primary hypertension

alpha adrenergic blocking Agent alpha

Angiotensine - renin

ACE Angiotensin Converting Enzyme

( Cat+2

: Renin — Angiotensin system -

Rennin —Angiotensin system -
K Na
Rennin -Angiotensin
K+ Na




proteolytic Kinin
kinine kllikrein . enzyme
Bradykinin Callidine
Prostglandin PGE,, PGl,
Callidine "@llikrein Bradykinin —— Prostqlandln PGE2 PGI2
(gl
ACE
QiMab ool Spa ey s
Reduced Blood Pressure | lmwered Sodium Excretion |

Renin Release

Angiotensinogen

("‘“-t_ i e o a__F8a

== (=] 1 tHio) —
= Z . H‘“ & - MEL gﬁz (Lau}l

— ~efi, sl o

- g g U,
B a \[\ [_?i\] (whe) ) R _{__
; f

glucoprotien . ACE

/ ACE i I
Angiotensin | Angiotensin Il |~ Angiotensin III
Vasoconstriction

Increased
Peripheral Resistance
Increased Cardiac
Output
Elevated
Blood Pressure

O ) = (i AL aa ) Jad i p L) A BN

Aldosterone Secretion

Sodium and Fluid
Retention

poly .o n*
peptidelyhdrolase
ACE
Angiotensin Il prolyl
ACE N Angiotensin | Il
Zn
Nucleophilic
Glutmic Acid =Y
. Testis ACE ACE ACE
.Testis ACE ACE

: Renin — Angiotensin system - -

Captopril -

[(2S) -3-mercapto -2-methyl-1-oxopropionyl]proline




COOH

H.C 0 E
° NV p
H EK —
[ "N
HS—CH,
ACE Angiotensin Il Angiotensin | Captopril
Carboxy peptides ACE
thiol prolin Captopril
ACE .ACE  Zn”
Zn arginin
ACE
Captopril Accommodation
RN ERER
. i
| | L e |
:‘Hg o
- ay
\ _ i
CH H—at— =0
N 2 \p - e =
= o
]‘ - . H NE52‘4 Sz = —
| ] W] | ey -
L Arg B
. Lisinopril -
1- [N*[S-1-Carboxy-3-phenyl propyl]-L-lysyl]L-proline dihydrate
H
2
o C——NH,
%//WH&
H P HooC
/C,J’(;* 3
CTH N *’ 7
H, 2 N-ZL N
H
H

lysine derivative of enalaprilate
.ACE ACE enepril
. Captopril Enalapril
ACE inhibitor prodrug. ACE -
Enalapril ACE
Thiol ACE
Fosinopril

2-(s)-amino phenyl butricacid ethylester moiety

Captopril .ACE
Caf -
Ty %
- Benazeprilat Benzepril
- Enalaprilat Enalapril
/ . Fosinoprilat | Fosinopril
/ . quinaprilat Quinapril
/ - Ramiprilat Ramipril
: Enalapril Maleate =
1-[N[(S)-1-carboxy-3 phenyl propyl]-L-proline-1-ethyl ester,maleate
(0]
\é /OCZH5
H, H“’lk H O COOH
c. _¢C 3 Y -
\ A c -_aH
¢ N—CTN
H N
2 H »
CH,
ethyl ester ( ) ACE

. diacid Enalaprilat




Captopril
.thiol
:Benzepril Hydrochloride -
(3S) -3-[[1S]-1-carbethoxy-3-phenyl propyl Jamino] -2.3.4.5- tetra hydro 2-oxo-1H-1-

benzazepine -1- acetic acid hydrochloride.
(e}

JJ\OCZHS

— ﬁ\
C\C

o W

C—COOH

H2
ACE diacid Benazeprilat

mutagenicity
:Quinapril Hydrochric =

(S)—(S)-N-[(S)2]-carboxy-3-phenyl propyl ] -1.2.3.4- tetra hydro-3-isoquinoline carboxici acid
1-ethyl ester hydrochloric

i
CH
(0] 3 R
[l i §——0C,H;
CcU
- C—
Y Ay T
ko H H
{ COOH HCI
quinaprilat diacid
. Enapril Captopril
: Ramipril -

(2S, 3as,6as)-1-[(s)-N-[(S-1-carboxy-3-phenyl propyl ) alanyl] octa hydro cyclo penta[b]
pyrole-2-carboxilic acid ,1-ethylester .

o}

u HE N COOH

H, S 70/0\ H
H, /\C H.C

C,H,0 I H

ACE - diacid Ramiprilat
ACE %
:Fosinopril sodium -

(us)-cyclohexyl-1-[ (RS)-1-hydroxy-2-methyl —propxy ](4-phenyl butyl ) =phosphinyl
acetyl] -L — praline,sodium salt

ACE
. diacid Fosinoprilat
. Angiotensine —Antagonist -
Angiotensin Il
srealain . Angiotensin seraline
. partial agonist
renin
Na Aldestron
: {p-(0-1H-tetrazol -5 —yl phenyl)benzyl) Il

N7 TNH H, {p-(o-1H-tetrazol -5 -yl phenyl)benzyl)

N
H.c—C-C—C
 H,H, H, || /) CH,OH Losartan
N
Cl




Il 73 0
Qo\cfo—c—ofc
H Candesartan

%N
C-C-C-CH,
H2H2H2
\ o
/4
Hy,C——(CHy),—cH,
N\ Irbesartan
N
| H .
H,C—C—C~C—co-N-C——COOH Telmisartan
2 HQ 2 ‘
H,CH CHs

H,C-N
3 _N
O N7
=

COOH C—N
H, N

J8—=l Valsartan C-C-C-CH,

2 2 2
 Adrenergic System in Hibtor -
impulse -
. effectors cells -
:Agent Depleting neuotransmiter store -
Apocynacea Rauwolfia
R.Serpentina
Rauwolfia
Reserpin Neurotropic

Resrpin
Reserpin .C -18
Reserpin
3,4,5 —trimethyl —benzoic acid ,

Reserpin

Reserpin

yohimbin Reserpin
Reserpin
Reserpin
Reserpin methyl Reserpin
Reserpin

3,4,5 —trimethyl —benzoic acid , methyl Reserpin

: Reserpin =

. Indol

Reserpin

:Guanthidin and related compound

Nore pineprin

Catcholamine

. Adrenal madulla

: Guanthidin monosulfate

Rauwolfia
Reserpin

Reserpin

-
guanthidin
post ganglionic neuron
Guamthidin

Epinphrin




[2-(Hexatydro -1-(2H)-azocinyl Jethyl ] guanidine sulfat

guanthidin
( )
. (BBB) Blood —brain barrier
2- guandine) Guanthidine -N-oxide ~ Microsomal Enzyme
(6-carboxy amino ethyl
norepinephrine membrane neuronal
homovanillic displaced Norepinephrin
Mitochondria monoamine oxidase acid

norepinephrin
Guanthidne monosulfate
. postjunctional

:Guanadrel sulfate -

(1,4-Dioxas priol [4.5]dec-2-ylemethyl ) guandine sulfate
NH, H,SO

o C—C—N—/ N
Of ek
o

Guenthidine monosulfate

norepine phrine postganglionic

:Selective — alpha-adnergic artagonist - -

catecholamine
(o2 [on phenoxy benzamine phenytolamine
oy . Presynaptic
(°5)
Norepinephrine
:Prazosin Hydrochloride -

1-(4-amine-6,7-dimethoxy-2-quinazolinyl)4-(2-furoyl)piperazine monohydrochoride

MeO N o
o~ N
m CN%
M NH, CIH o

o

plasma protien

cardic glucoside

: Terazosin Hydrochloride -
1-(4-amino-6,7-dimethoxy-2-quinazolinyl)-4-tetrahydro-2-furoyl)pipe razin mono hydrochloric
o

/—\NJ\O CIH

MeO N N
~
\[/ N o
__N
MeO
NH,,
a prazosin HCL
prazocin prazosin

. Centrally acting adrenergic drugs -




(o5}
- hydrochloride Methyldopa -
L-3(3,4-Dihydroxy pheryl)-2-methylalanine ethyl ester hydrochloride
,‘\‘ H, OH
Hooc—c—o—<: i;—OH
éHaHz
alpha methyl dopa
decarboxylas
alpha methyl norepinphrin methyl dopa
Outflow Norepinephrine (0%}
. Outflow
ester
. chelating agent buffered
:Clonidine hydrochloride ©
2-[(2,6-Dichloro phenyl) amino ] imidazolidire mono hydrochloride
“ cl
R,
N cl
Tolazine Nephazoline ( ) alpha sympathomiametic drug

Ol cloidin

brady . hind brain

baro receptor . renin carrdia
. vagus nerve
Clonidin hydrochloride . renin
Orthostatic prazosin Guanthidine
Clonidin 1 hypotension
Clonidin
) p-hydroxy Clonidine Clonidin

.glucuronid  (

:Guanabenz Acetate - =
[(2,6-Dichloro benzylidene ) amino ]-guanidine mono actate

o cl
\\0ch N=C
H,NT H

cl
Norepinephrine o ( )

: Guanfacin Hydrochloride -
N-(Aminomethyl)-2,6-dichlorobenzen acetamide

cl
HN O H,
\ _c
H,N—C—CH—C
cl

guanobenzen acetate Clonidin hydrochloride
-( -)

Vasodilator Drug Acting on smooth muscles




Na

saluretics
p
sympathaltic
ACE prazosin = Resrepin
hydralazin hydrochloride , srealysin Angiotensin |
sodium nitroprusside
:Hydralazin Hydrochoride =
(2
N
HNZ
1- Hydrazineph thalazin monohydro chloride NH,
PH % %
hydralazin
cGMP guanlate cyclase
hydralazin
%
Benzilic oxidation Undergoes
N-acetylation glucronide
first pass
B . elimination
methyl dopa Clonidin hydrochloride  Reserpin

Na2 [ Fe (CN)5NO]:Sodium nitroprusside

(2)nitro ferric Sodium cyanide disodium penta cyanonitrosyl ferrate

Nitro Oxide
cGMP NO
. thiocynate
:potassium channel agonist -
ATP-sensitive Diazoxide
cak ATP

potassium channel

efflux

:Dizoxide -
7- chloro-3- methyl-2h-1,2,4 benzothiazine 1,1 dioxide sodium salt

N
/@ YCHS
Cl

o NH
o// o
. Renal blood flow
. chlorothiazid Benzothiazin
thiazid
%
serum protein.
. dizoxide
1mg/kg
PH=11 -
Minoxidil




minoxidil
minoxidil . sulate transfreans sulfate
minoxidil hydralazin hydrochorlide
minoxidil
mixoxidil —B
( ) Androgenic Alopecia

Anti- hyperlipidemic Agents

:Introduction
plaque
‘Lipoprotein Classes
Cholesterol
Triglyceride
phospholipid
phospholipid
Apolipoprotein Cholesterol
(VLDL) Chylomicron
. (HDL) (LbL) (IDL)
Triglyceride % Chylomicron
- lipoprotein
%  Triglyceride % VLDL
phospholipid %
LDL IDL

LDL




% %

% % % HDL

Lipoprotein Metabolism

Triglyceride Cholesterol
lipoprotein
lipoprotein
Exogenous
Endogenous
(Chylomicron )
Lipoprotein Lipase Chylomicron
Triglyceride
.B E-48 Chylomicron
B-100
VLDL E

FFAs .Lipoprotein Lipase

LDL IDL
IDL
LDL
% -
LDL
LDL
HDL
ELA SRS EY
Exogenous

Lipoprotein Lipase

frermanss |
—
Remnants s

Ii_*zvm Laglpaas |_>|i_z,ém sadd) I_>| s’-‘éh—rsr)ns,i:;hﬂ'

i) s
Endogenous

in Lipase

[ |—wo] ma
a0 L) G g
| FFAS | i

:Hyperlipoproteinemias

Lipoprotein Lipase

. Chylomicron Chylomicron
Type llb Type lla
LDL
. LDL . Triglyceride
Type lla Type b
VLDL LDL




Characterization of Hyperlipeproteinemia Types

Abrormality
Hyperlipa: A o Tatal
proteinemia Elactrophoresls Ultracentrifuge of Plasma* Trigly<ericas Cholasterol
1 Wlassive chylomaronemin Clear: creamy lawer of Massively elevated Slighrly 1o moderanely
hylemicranesss on lig elevared
fla B-Lipoproccins elevaced LDL imcreased CThear Neormal Heavily elevated
1.3 Pre-[lipepronsing elevated LDL = VLDL incrensad 18 torbid Slighly elevared Heavily elevased
[iig Broad alipoproczin band WLOLLDL of sbnorma! SEghily teebid to Elevared Elevared
com pasition matid
w Fre-f-lipoproteins elevared | VLDL increased Turbid Moderarely i heavily | Noemsal 1o
elevaied elevaced
v Pee-futipogroieins elevaes: | VLDL increnssd; Turkid: ca mp, Massively elevaoed Slighty elsvaned
pr 3 ol g
VLDL
Chylomicron
Triglyceride
:Products
- ) :Clofibrate -
FH349
Cl O*C\*C*O*CQH5
CH,
Williamson Clofibrate
- -p-

L ( , - :Gemfibrozil -
CH,
CH; o
//
O—(CHy); ¢—C—0—CH
HC CH,
VLDL
-( ( - ) ) :Fenofibrate
(¢} CH, o CH
i\ [y ;3
Cl C O0-C—C—0—C
‘ Ren
CH, s
Dextrothyroxine Sodium -

- - )

(
I [ N,
C—C—COOH
HOQOGHZ H
|




LDL

Cholestramine d

. LDL

Colestibol =

Rresin

Colesevelam =

W

HN
H,N NH,C O\ L HN
h,o N (CHs(CH )eH,

. <CH2>5\\N/FCH; _CH,
H,N Ho_ HN__ HNZ(CH2)
p—
- Nicotinic acid =
O
//
Dh
\
/ OH
N
VLDL
LDL IDL
Cholesterol Triglyceride

‘p-Sitosterol ol




H,C HC il IC2H5 /CHS
H, HZ(H3 ﬁ\CHz
CH,
HO
( ) ) () ( - )-, :Probucol -
oo s (Pl
e cH, ¢—CH,
HO S—(‘:—s OH
H,C—c CH, CH,
H,C C‘CHS
HMG-COA Reductase Inhibitors A
a
O:$*SCOA
H
2
2 CH,0H—C

HO—C—CH* 2 NADPHF ' > o
COO0-—CH, AHMG-CoA

- : COO-—
o) =S st s (S g 2

\
C—CH; + CoA + 5 NADP+

CH, Mevalonate

- Lovastatin

1

CH,
H,Crv

Analogue

Simvastatin

H

2
HO\HC‘:/C\(
H,C O

27 CH,

H,c-CH,

(0]

. Pravastatine

__( - - _)__




CH, ~ Heptanoic Acid

CH,
Fluvastatin

N o H
rC—C—C—C—C—CH,COOH|

/18, H 2 R

OH OH

! Heptanoic Acid

: Atorvastatin
F HO ;OH
H,C—C—C——C——C—CH,COOH
o H, H H, H

Heptanoic Acid

Cerivastatin

H, OH OH
C—C—C-c—C—
H, A ﬁz §—CH,CO0H

Heptanoic Acid

Anticoagulant

Fibrinogen Prothrombin Thromboplastin

Thromboplastin

lonized

Fibrinogen

:Introduction

Prothrombin

Sy yTTE

B s* R ggs<=E=c g

Fitsirogen

Precreombin

Treombeoplastin, tisuse ater

Calium

Preacseiens socelemuar globulie. lehiks fecior

(This numberis noynos wsed )

Prisenvertin, ripbbe factor, sulapeaibaoebin L, SPCA

Ameihemophllic (ecier, astihemaphile ghotulin
pletsler calfscter | salibemafhilie B A

Pl Brombapisdn composent (FTC), Chismas
facies, plangler cofacsor T, astoprotheomban 1L
amsmeplalic factor B

5 fplr- PoronT facsar, St D, suiug wduaivhlo T

thrambplanin astecede=n {FTA}L

amith=maophilic Tecoar ©

Hsgemisa facior

Fibrie- smbillzing Qi lor, fiknreie, Lald-larand fastes

Calcium

Mechanism of Blood Coagulation




«

Fibrinogen

ADP

Glucagon

N ) Gly

Fibrinogen

Thromboplastin

Arg  Gly Gel

Fibrinogen

Subendothelial

Serotonin ATP

AMP Isoproterenol

Uptake
.Platelet

:Products

Protamin Sulfate

Dicumarol
oH OH
g2
AN Z
3 oo o)

Adenosin




Warfarin sodium -
- ~( -a)
* \
Na &5 HZ?/C\CH
ol
X H
o o
Warfarin potassium -
- ~( -a)
Anisidione -
= -pr =1 ( -p)
0]
OMe
O

DIURETICS

: Introduction
Nephron
( )
Nephron
(downstream)
Electrolyte
/ Ca+2 K+ Cl- Na+
Nephron . HCO3- Cl - Na+
Solutes
Anatomy and physiology of the nephron:
Nephron
( ) Nephron
Glomerular

Bowman's space
proximal tubule
Thin Thin Ascending Limb
macula densa cells

( ) distal convoluted tubule

Limb of Henle's

Descending Limb

( ) connecting tubule




segment . cortex medullary

Glomerular
Nephron
.( Nephrotic syndrome
Pefl'.l.?lllll
Proximal oY
Glomerular
Capilary Efferent Arteriola

Loops

Luminal
Fluid
SORTEX Coutical o n
Go#acting Luminal = “&"‘fm’
Tubule 1 —_— . Hansa
Prozimal | Fluid Cells
Srl:l;ﬂl | Thick st 2ens %
~ASCendin
S ol b T 4 ™
I Praximal Granular
Hyparosmolar Medullaty Convoluted Cells
ntestithum Collecting Tubule
MEDULLA ubile

Afferent

Bowman s Afteriole

Space Renal
Sympathetic
Nerves

‘ Tubule

Thin Thin
Descancng  Ascending
Limbs Limb

Function of the nephron when the plasma volume is normal ( normovolemia or euvolemia)
Bowman's space

Glomerular Capillary

) Mr
(
50.000

Na+,K+,Cl- HCO3-)

(,Glucos, Amino Acids

50000
( ) hydraulics L]
Bowman's space

)plasma oncotic pressure L]
(
. Bowman's space
Nephron
- ( )
Rate (GFR)
Filtration Fraction ! Glomerular Filtration
20%
125ml 650 ml plasma
1ml . 80%
99% 125ml
absolute quantity
GFR
GFR (mI\min)
. (quantity \ml)
Nephron
.proximal convoluted tubule : Sitel
Thick Ascending Limb of Henle's. . Site 2
distal convoluted tubule . ‘Site 3
collecting tubule and the cortical . Site 4
connecting tubule
- Sitel
Ca+2 cl- Na+ %
% -
%

tubule proximal




tubule proximal Cco2
peritubular . Na+/HCO3- Interstitium

) oncotic proximal convoluted tubule

Na+/K+ ATPase : . . ®» - ) % - )
tubule proximal B
proximal tubule
3Na+: 2K+
Voltage
(ABCQ) gradient Na+/K+ ATPase interstitium

% -

tubule proximal

paracellularly

Na+/H+ transcellulary

cl- ('Na+, H+ ) antiporter
% Site 1 .Anion antiporter
isosmotically
A . Henle's loop
CA
CA H+ .tubule proximal (15%)
luminal H+ Na+/K+ ATPase . Henle's loop

.CA CO2,H20




Henle's loop Site 2 Nephron
Luminat Fluid intarsutlim tubule proximal .
oM N ) Henle's loop
Y.
aai”” N;E;tATPase ) (
(
Luminat Membrane Aatiuminafigemorans Henle's loop
54
oH :E"*‘cr
Macula densa cells
Site 1
Macula densa afferent artery
. T Henle's loop cells
Henle's loop Na’,K',Cl
L
p— 1Na'/1K'/2Cr .
JANa™: 1K 20
interstitium
( ) / . Nephron
Nephron
GFR
% / Tubuloglomerular feed back
3Na’, 6CI"
+2 +2 + 75“8 3
(Mg*ca” K"Na")
Macula densa cells
distal convoluted tubule
% .
% = [




Co,

R

Luminal Fluid Distal Convoluted
: Tubule Cell :

Interst

+
Na'. Na*
: Na' K ATPase
ci™ +

Luminal Membrane - — Antiluminal Membran

% -
Site 3 reabsorb

Site 4

( )

collecting tubule and the cortical connecting tubule

> principal cells .

A : intercalated cells -

,H20

Voltage

%

Luminal Fluid

intercalated cells

Site 4

Interstitivm

Antiluminal Membram

intercalated cells




Na+H" status Acid —Base ~ — .

Na* Sites 1,2,0r 3 Na*,K"
. Hypokalemia Site 4

Function of the nephron during reduced plasma volume ( Hypovolemia)

granular cell °
ADH .

Diuretic braking phenomenon
PH

Function of the nephron during disease status associated with retention of body fluid ( Edematus states)

Introduction of the diuretics

Efficacy Potency
. Structure-Activity-Relationship (SAR)
: Potency
mg or mg/kg
Biotransformation
Efficacy
/
/
(on Site 1,2,3 or 4)
20-25%
20% Site 2
Sites 3,4

. Loop Diuretics or High Ceiling Diuretics

2-3% 5-8% Sites 3,4

Site 1

Site 2




| Most direlics pass frem the vasculature info the interstitium with rolative ease .
b Peritubutar
Waakly Acidic Diutetics Waakly Bagie Diuretics | Capillary
LY LY S S /
L] ] Y iy
+ = . +
Al —H + ArSONH RNE [ H ===+ RNH
ik + "~ Y2 4 —— Interstitium
ACOOH - H RACOD
Antiuminal

Proximal Tubule Cell

{zo--mzonw

uminal
Luminal Fiuia

Organic Anion Transport System OATS:

Organic Cation OCTS. Anion Anion
Cation Cation Transport System

)

Cation Anion ( ) (

Bidirectional . OATS,0CTS
. PK,, PH /

.Site 3,4
) PH /

Sites

Site 1
. Site 4

Site (1) Diuretics Carbonic Anhydrase Inhibitors

(SO2-NH2)

Simple Heterocyclic Sulfonamides

meta-Disulfamoylbenzene

PH

)

OATS,0CTS




—N
0,
-
HzNO2S “ \s‘/ N-—C — CHj
Il

o
Acetazolamide
iamox;

|

CHa

i
N—N
L
& A~
HzNO:S 7 Mg T N—C—CHy
I
le]
Methazolamide
(Neptazane}

HETEROCYCLIC SULFONAMIDES

meta-DISULFAMOYLBENZENES

Maximal diuretic activity is observed
when this position is substituted with:
Cl—, Br—, CF3—, or NOz—.

Substitution with an amino (—NHz) group
increases saluretic activity. but decreases
cartonic anhydrase inhibitory activity.

HoNO2S
An unsubstituted sulfamoy! moiety is of
paramount importance

SONHz The sulfamoyl moiety can be re-
placed with a similarly electrophilic group
(e.g., carboxyl, carbamoyl) that may
increase diuretic potency while decreasing
cartonic anhydrase inhibitory activity.

I

(o]

HzNQ:S SO2NH2

Dichlorphenamide
{Daranide}

1

cl @E NHz
HaNG2S S02NH2

Cnloraminophenamide

Structure-Activity-Relationships (SAR) -

Heterocyclic Sulfonamides

Carbonic Anhydrase

Carbonic Anhydrase

Methazolamide

Carbonic Anhydrase

.
PK, / .
Carbonic Anhydrase
meta Disulfamoylbenzenes -
1,3-disulfamoylezene
Dichlorphenaminde Chloraminophenamide Dichlorphenamid

Chloaminophenamide

Phamacokinetics .-
Carbonic Anhydrase
Biotransformation
( ) CA

Site and mechanism of action -

( (type 2CA) CA
CA . type 4 C.A)
. ( Site 4) CA
( - )cCA
H* CA .
co2 CA .
co2




65% CA
CA Site 2
CA
30% 2-5%
CA
.
Site 4
.
. Site 4 H+ .
Site 4 K+  Na+
cl- CA
CA
GFR CA o
20%
Na* H* .
Adverse effects -
20%
Drug Urticaria
Interstitial Nephritis Blood dyscrasias fever
Fatigue Parethesias
Gastrointestinal disturbances Anorexia drowsiness

humor

CA (
( NH4+)
. Hepatic encephalopathy
Uses -
Glaucoma CA
Aqueous
Mountain sickness
( )

‘Products -
: Acetazolamide .
Acetazolamide: N-[5-(aminosulfonyl)-1,3,4-thiadiazol-2-ylJacetamide (Diamox)

N,—N

HNO,S™ 8~ “\~-C~ch
H 3

CA




PH -

: Methazolamide
Methazolamide:N-[5-(aminosulfonyl)-3-methyl-1,3,4-thiadiazol-2(3H)-ylidene]
acetamide (Neptazane)

: Dichlorphenamide

Dichlorphenamide : 4,5-dichloro -1,3-benzenedisulfonamide (Daranide)

Cl
Cl

H,NO,S SO,NH,

Dichlorphenamide,chloraminophenamide

CA
CA
Site 2 Diuretics High ceiling or Loop diuretics (&)
Organomercurials -
Na’, K Site 2

Site 4

PH

:Products -
5-sulfamoyl-2-aminobenzoic acid and 5-sulfamoyl-3-aminobenzoic acid derivatives - -
:Bumetanide .
3-(butylamino)-4-phenoxy-5-sulfamoylbenzoic (Bumex)
Furosemide .
4-chloro-N-furfuryl-5-sulfamoylanthranilic acid ( Lasix)

5 Suliamoyl-2-amncbenzoic Azids SeSullamoyl-d-aminabinzos: Agids

HeNO,5” 5 CO0H H NOSS
=CH, 3 =CH,={ ()} 2 -CH,~ \
e 105 k @ ' E“ fm Awid llvlrulyi\)\ alkyl groups
“ =y T
H  (CHy)y=CH,
ol N LH—ﬂ C\\./\ N f'“-‘z)
O oL, Q- @
H,NO,5 COOH H N, 5 J“ l
Ny H,NO,S COOH HoND,5” COCH
Furasamida Agesarmid Burnalanid Pufilanide
(Lagix} {Burrisx)
Structure-Activity-Rlationships ( SAR) -
Tetrazole
cl, CFy
Cl, CFy Phenoxy, Alkoxy, Anilino, Benzyl, or Benzoyl

5-sulfamoylbenzoic acids

2,3 positions




5-sulfamoyl-2-
aminobenzoic acids
( ) Furfuryl, Benzyl, Thienylmethyl
-5-sulfamoyl-3-aminobenzoic acids
5- sulfamoyl-2-aminobenzoic acids Furosemide , Azosemide

5-sulfamoyl-3-aminobenzoic acids Bumetanide, Piretanide
Furosemide, Bumetanide
Pharmacokinetics

Bumetanide Furosemide

1/40 th
60%-69% Furosemide
80- Bumetanide . 43%-46%
) : 90%
Furosemide - (( -
s . Bumetanide
-) Furosemidde . -
(93 to ( -
95% )
( )

88% Furosemide
81% Bumetanide
- 45% )
Site and mechanism of action
Furosemide , Bumetanide
1Na‘/1k'/2Cr =
Site2
30%
( )
ADH
Site 2 30%
OATS -
. Site 2
GFR
1Na+/1K+/2CI—
N ) -
Sites 1,3 Site2

or4

Site 2 1Na'/1K'/2Cl .

Site 4 Site 2 .




Na+,K+
(ca” )
20-30%

ca” 60%

Adverse effects
Furosemide, Bumetanide
Site4 K,H" Na"

. GFR

Furosemide , Bumetanide CA

Bumetanide

Furosemide 1/40th
NSAIDs } maylgia
Uses
Furosemide
Ethacrynic Furosemide, Bumetanide
. - : acid
4-Amino-3-Pyridinsulfonylureas - -

1-isopropyl-3-{[4-(3-methylphenylamino)pyridine]-3-sulfonyljurea Torsemide

(1 COOH (I N I \ CH3
Triflocin Torsemide H H

Structure- Activity-Relationships

Triflocin Torsemide

50%
Pharmacokinetics
(98-99%) 80%

. Furosemide, Bumetanide -
. Cyt.P450




20% . Methylphenlamino

Site and mechanism of action
1Na'/1K*/2¢l

Adverse effects

cramps dizziness

Uses
25-5mg
Hydrochlorthiazide 25 mg
(10 to 20 mg)

Phenoxyacetic Acids - -
. Furosemide
Ethacrynic acid
cl al
cl cl H,C

H
—c ﬁ o COOH
o COOH W c \/
N\ ] HC— C
H, c CH, H
2
e C oy s ;; %H
/ H HS
cl

Sulfnyl Conjugate of Ethacrynic acid

H- . .
C—y Ethacrynic acid
HH i R

Cl

H,C %
3, coon
Indacrinone O H

2

[2,3-dichloro-4-(2-methylene-1-oxobutyl)phenoxy]acetic acid (Edecrin)
(SAR)

( Mrsalyl, Salyrgan)

Phenoxyacetic acid

oxyacetic acid

(CICHz-) oxyacetic acid group

Ethacrynic acid

Indacrinone
Pharmacokinetics
Ethacrynic
(95%) ) - -
OATS
. Furosemide,Bumetanide
Ethacrynic acid-cysteine, Ethacrynic acid-N-
Ethacrynic acid-cysteine . acetylcysteine (mercapturic acid)

. cysteine, ethacrynic acid

Ethacrynic acid, Ethacrynic acid-glutathione,Ethacrynic acid-cysteine




Site and mechanism of action
. Furosemide, Bumetanide
Site 2 30% .
1Na'/1K'/2Cl

. OATS o

. Na* K, cr,ca®
Adverse effects

Furosemide, Bumetanide

( )
Ethacrynic acid
. NSAIDs
Uses

Furosemide, Bumetanide
Miscellaneous Site 2 Diuretics ( ) - -

-OH
1Na'/1K'/2Cl

H He
& C~c-o0 F
—c-o F——> i,
HZ

(O3S ¥ i
OH CRE10904 (Inactive) SO,- Active Metabolite

2-(p-fluorophenoxy),1-(o-hydroxyphenyl)ethane (CRE10904)

Clig H, CH H
; C—NH [ g
HSC*/C 2 HSC*/C C*NH2
H,C - T HC
OH 0-S0;-
| MK- 447 (Inactive) | Active Metabolite
2-(aminomethyl)-4-(1,1-dimethylethyl)-4-iodophenol (MK-447)
o o]] o Cl
] I7
CZHS/C\N = CZHS/C\N
M- 12285(Inactive) Active Metabolite
N SN-0-80,-
N-oH N s

e 6-chloro-2,3-dihydro-1-(1-oxopropyl)-4(H)-quinolinone-4-oxime

(M12285)
Q Etozoline > Q Ozoli
o H (Inactive o { Jzolinone
s 0 S (/) Active Metabolite
/e _N—=c -
HcN CH OC,Hg H,C H o
cl
cl
H3C H — = diga S
N——N
)U\M uzolimine
=
H,N joH
OATS
Macula densa 1Na'/1K*/2¢r
( Ozolinone ) Etozoline . cells

muzolimine

OATS Ozolinone




. INa'/1K'/2Cr
K*/cr Muzolimine
. INa"/1K+/2Cl
()
Site 2 Diuretics: Thiazide and Thiazide-like diuretics
Chloraminophenamide
1,2,4- . CA
benzothiadiazine-1,1-dioxides
PH saluretic
: Structure-Activity-Relationships ( SAR)
NH,
@ Chloraminophenamide
H,NO,S SO NH,
Acylaying Agents/ Idehydes o Ket(f_rres
cl R cl 'j R
4
Thiazide EN/ TH
P > Hydrothiazides
H,NO,S S HNOS /é Nid
g o )
. CHs =
%
vl

Benzothiadiazne- -
- -1,1-dioxide

45,0r 8 =

-
cl, Br, CF5,NO; :
-
. Benzothiadiazine-1,1-dioxide
meta-
-disulfamoylbenzenes
Benzothiadiazines
Electrolyte
R [‘\‘\}/ R1
12N Thiazides
H,NO,S s
AN > _H
/) o)
R .
R1 Generic Name
—H Cl Chlorothiazide
—c—s—c@ -Cl Benzthiazide
H2 HZ
H
Cl
*H
H2NO2S é/ Hydrothiazides
O O
R2 R1 R Generic Name
—H —H Cl Hydrochlorothiazide




_H —
—H —C’Q
HZ
—H —CHCl,
—CH, —CH,CI
—CH, —CH,-S-CH,-CF,

- 0

CF, Hydroflumethiazide
CF, Bendroflumethiazide
cl Trichlormethiazid
cl Methyclothiazide
Cl Polythiazide
Cl Cyclothiazide

THIAZIDE -LIKE DIURETIC

CI BENZHYDRAZIDES

H CH,
H,NO, S
Indapamu:le

TETRAHYDROQUINAZOLINONES

H
Cl E N W< C,H,
H,NO,S j@
Metolazon

CI
SALICYLANILIDE

H,NO, s
leamlde

cl BENZHYDRAZIDES

H,NO,S

Clopamide
H,C

meta -Disulfamoylbenzene

.
SO,—N CH
)

Mefrusndec
H, o

3

H,NO,S

TETRAHYDROQUINAZOLINONES
H

cl N _GH
4 2''6
N
H,NO,S S N

! //
Quinethazone o

cl PHTHALIMIDINE 1-OXOISOINDOLE

Cl
/"“ 0
N
H,NO,S : c p
NS HNO,S o (s)

Chlorthalidone HN/ d
i
o) Clorexolone
Pharmacokinetics -
( 10% ) Chlorthizide
(Chlorthalidone,Metolazone )
( Metolazone, Mefruside )
OATS )
(
. Lipophilicity Benzothiadiazine
( )
PH Pk, . /

Important Pharmacological Parameters of the Thiazide Diuretics

Usual Daily Adult Oral " A %Parcent Dru
v Diuretic Effect . 6
Dosage Range (mg) urine
Hydrothiazide ) X @ o
U 5 ) 3 5 I3 0 2 £
88 o35 5 3 3 5 2 S5
e =< | £ £ a 5 2 2 c £
Thiazide §T zm = < s | = S -
229 2 g g 3 s 2 b
Furg| = £ | 62| 5 5
Chlorothiazide 0.08 88-96 500-2000 | 125-500 2 4 6-12 92
Benzthiazide 50-200 12.5-50 2 4-6 12-18
Hydrochlorothiazide | 037 64 25-100 125-25 2 4 612 951V
Hydroflumethiazide = %5 25200 125-50 12 34 1824 65 oral

85IV




Trichlormethiazid 153 - 14 14
Bendroflumethiazide - 93 25-15 25-5
Methyclothiazide - 25-10 255 255
Polythiazide _ 835 14 14
Cyclothiazide = - 12 12

2 6
122 4

2 6

2 6
24 712

Upto24
6-12
>24

24-48

18-24

62-70

25oral
83V

Important Pharmacological Parameters of the Thiazide Diuretics

Usual Daily Adult Oral
Hydrothiazide Dosage Range (mg)

or [} [a] XN = v
‘0 I S c™w T©n
.. 2 = E 9}
Thiazide Ees a2sg EE
3 c 8L e 82
] Teacs o0
Mefmside
Xipamide 9
Clopamide 6.8 46
Indapmde 317 71-79 25-5
Quinethazone 50-200
Metolazone 50-70 2.5-20
Clorexolone
Chlorthalidone 94-99 25-200
Site and mechanism of action
5-8%
Site 3

Na*,CI
Site 4

Diuretic
Effect

Hyperten
sion

125-25
25-100
1255

12.5-50

Onset
hours
Peak

CA

%Parent Drug in

hours

Duration
hours

24-36
18-24
12-24

48-72

Site 3
K', Na*

Excreted
in Urine

o
e
us
[N

27
5/

44 oral 65IV

CA

Adverse effects -
. Furosemide, Bumetanide CA

I

Hypercalcemia Caf
Hyperuricemia
( )
GFR
Metolazone , Indapamide GFR

15-25 ml/min

Metolazone , Indapamide




: NSAIDs °

NSAIDs

(Digoxine ,Digitoxine ) .
Uses 3
( )
10-15 mmHg
Diuretics Potassium-sparing Diuretics
Hypokalemia

( ) Site 4

Spironolactone(aspirolactone)
Triamterene(a2,4, 7-triamino-6-arylpterridine)
Amiloride(apyrazinoylguanidine)

Spironolactone Aldosterone Antagonists

H Spironolactone
( Aldactone) o sl Jlad i

sf/(/:\CH3 Canrenone

yactone ( Aldactone) Spironolactone: 7a-(acetylthio)-17B-hydroxy-3-oxopregn-4-ene-21-carboxylic acid
(SAR) - -

Aldosterone Progesterone

Spironolactone
Pharmacokinetics - -
90%

Canrenone (80%)

Site and mechanism of action - -

2-3% Site 4
. Na' K Na'/K" ATPase
Na®)
Sted  ( K H'
Spironolactone . Na*/K" ATPase
Spironolactone
2-3%
Adverse Effects - -




Spironolactone

Spironolactone
Inhibitors, angiotensinll receptor (ACE) Il

B-adrenegic blocker

gynecomastia
52% 50 mg/day 6-10%
150 mg/day
Uses F -
Site 2,3

2,4,7-Triamino-6-arylpteridines -
Triamterene, : 2,4,7-triamino-6-arylpteridines (Dyrenium)

NH,
O
5 _— _—
H,N N NH,
(SAR) 5o
pteridine
Dihydrofolate reductase
Pharmacokinetics .
60% ( 30-70%)
20%
80%
OCTS

Site and mechanism of action - -
(Site 4)
Na'/K" ATPase 2-3%

Adverse Effects - -
( )
1of Renal Stone
1500 persons
Uses - -
Site 2,3 Hydrochlorothiazide

Pyrazinoylguanidines -
:Amiloride Hydrochloride

3,5-diamino-N-(aminoiminomethyl)-6-chloropyrazinecarboxamide
monohydrochloride dihydrate Midamor )

e
Cl N C—n—
S NN,
42
HNT N N,
(SAR) - -
Pyrazinoylguanidines
( )

Pharmacokinetics - -




Pk.= 8.7 /
(guanidinium ion) 50- .
(15-20%) 200 g/24 hours
40% 20-50% Theophylline -
. OCTS . . Xanthine, Theophylline

Site and mechanism of action - - .
Emerging Developments In The Use Of Diuretics To Treat Hypertension And

2-3% Site 4 < y
Congestive Heart Failure

Adverse Effects - -
-

Uses - -
vl

Site 2,3
]
Site 4
Miscellaneous Diuretics
Mannitol -
. Hexahydroxy alcohol D-mannitol
vl
: Spironolactone
80%
(100g)
28% )

= Spironolactone




125t025 50-100 mg/day

mg/day
: Eplerenone
(6]
Eplerenone
Spironolactone
FDA Eplerenone

Histamine and Antihistaminic Agents

B-imidazolylethylamine

Histamine

4(5-)(2-aminoethyl)imidazole

N () B-CH2 B a
(x) tele N (m) pros ()
N* N
22 / NH,
A
H2
5 A
H hN\/N‘tcele
pros Histamine
lonization and Tautomerism ( ) =
N".pK;=5.80.  N". pK;,=9.40. N~ Tautomeric speciecs
% .) pKa 3=14.0
Tautomer N-H\ pH=7,4  (aNHs")
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Biosynthesis and Distribution
)
pyridoxal S-Histidine (
Aromatic amino acid  ( Histidine decarboxylase)(HDS) phosphate

o-) HDS
HDSI

Storage

inositol

H; H; Hy

56KDa

HDS

—IgE

intracellulaler-p hospliokinase

decarboxylase

fluoromethyl histidine (FMH

and Release

Eocytosis

Ca+2 phosphates diacylglycerols

(CNS)

Receptors

Hy

Gl

Hy
Hi Hy
(TMs) Transmembrane
(TM5 ) (TM3)

Hi

Hy
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inositol (PLO)C H; ( )

H, : ca® phosphate
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C N-glycosylation 59k Dalton
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TM5
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(cAMP)
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Hs
CNS
Hs
G
G Ha
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Termination of Histamine Action -

cellular uptake

1

Na

Hi Desensitization of cells

Metabolism
Enzymatic inactivation
N-Methyl transferace(HMT)
tele S-adenosyl —L-methionine(SAM)
S-adenosyl-L-hornocys teine  N-methylhistamine

Imidazole (DAO)diamine oxidase oxidative deamination

acetic acid,
N-methyl  MAO DAO N"methylhistarnine
imidazole acid
&
CNS -
H1
H, H,
piperoxan
N-phenylethylenediamines
piperoxan

H1 isosterism




H; diarylalkylamine
Aminoalkylethers,
ethylenediamines, piperazines, propylamines, phenothiazines.dibenzocycloheptenes

"nonsedating" antihistamines

Mechanism of Action -
Hy
Hi Hi
Hy
pA aerosol
PA
PA Hy
pA2 pA2
Pyrilamine (mepramine )
) pA 2
Pyrilamine . (Hy
Hy
Hiy
Hy
Structure-Activity Relationships -
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) Ar
X Ar ( -

NRR (CHa ) N CoO

(phenothiazines, dibenzocycloheptanes, .heptenes..) ,
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(pyrrolidines and  piperidines),

pKa
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chirality
(pyrrobutarnine and triprolidine )
X

(pheniramine series H;
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General Pharmacological Considerations
sneezing )
hay fever itching of eye and thoart

chronic idiopathic urticaria,
H1

S

and carbinoxamine)

H;

rhinorrhea

pollinosis

Autocoids

promethazine, pyrilamine, tripelennamine diphenhydramine

Novel

CNS

CNS

CNS

deamination

N —oxidation

Hy

dealkylation
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First-Generation H,-Antagonist Drug H1 g
AMINOALKYL ETHER( ) 8
/~ R\\ / //R\
‘ \
|Ar—C—-0—(CH);{-N_ |
\ Ar‘/‘ \\\ A /
\___/ (ETHANOLAMINES) \ R/
X CHO
N,N-dimethylethanolamine
Diphenylhydramine  Clemastine
(diphenhydramine)

(medrylamine) (methyldiphenhydramine)
(bromodiphenhydramine ) (chlorodiphenhydrarnine)
diphenhydrarnine
doxylamine 2-pyridyl diphenhydrarnine
carbinoxamine

diphenhydrarninc

Ha
Gl
Oxidative N-dealkylation

Diphenhydramine Hydrochloride,

CH/|O -CH, -CH,

2-(diphenylmethoxy)-N,N-dimethylethanarnine hydrochloride :

(Benadryl)
diphenhydrarninc
diphenhydrarnine
diphenhydrarnine
dermatoses ( )

ethylenediamine

Hi

oTC

N-oxidation N

Hi
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Dimenhydrinate. &

‘ - /c‘H

8-chlorotheophyllinate(theoclate) salt of diphenhydramine (Dramamine)
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CIH

/ - diphenhydramine
/ VM,
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CiH
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-
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H3
CH,COOH
O -CH, -CH, CH,COOH

2-[a-[2-(dimethylamino)ethoxyl- a-methylbenzyllpyridine bisuccinate :

secobarbital
-/ -, CNS

Carbinoxamine Maleate, &

ﬁHCOOH
CH COOH

(d, 1)-2-[p-chloro-a-[2-(dimethylamino)ethoxy benzyllpyridine bimaleate
Carbinoxamine

Clemastine Fumarate &

Clemastine
Hooc_ H

)
H~ COOH

2-[2-[ 1-(4-chloropheny1)- 1 -phenylethoxylethyl]- | methylpyrrolidine hydrogen fumarate (1:1)
R

antipodes

Clemastine

Diphenylpyraline Hydrochloride &




. 4-(diphenylmethoxy)-1 - methylpiperidine hydrochloride

Ethylenediamine
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imidazoline

Phenbenzamine

( tripelennamine) 2-pyridyl

antazoline

Phenbenzamine

(pyrilamine or mepyrainine ) ( )
(bromtripelennamine ) (chloropyramine)
methapyrilene 2-thienylmethyl tripelennamine
2-pyridyl Pyrirnidinyl
Hi thonzylamine

CNS H1
Gl

phenothiazine  piperazine
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pyridyl N -oxidation, Tripelennamine
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Pyrilamine Maleate o
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Methapyrilene Hydrochloride &




CIH
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SO
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(+) 10- 2 -dimetylamino)propylphenothiazine monohydrochloride (Phenergan)
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DIBENZOCYCLOHEPTENES AND DIBENZOCYCLOHEPTANES

R

dibenzocycloheptene and dibenzocycloheptane
(cyproheptadine)
(azatadine)
sp2
Cyproheptadine Hydrochloride o

2

CIH

N

CH
3
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Second-Generation H,-Antagonist Drug H2

H1
H1

CNS

terfenadine astemizole (Hismanal)

ketoconazole, itraconazole, and

terfenadine (erythromycin, clarithromycin)

. US

(Seltenes)

fluconazole

and astemizole

asternizole and terfenadine

fexofenadine, loratadine, cetirizine, acrivastine
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P OH CH,
\
H, H, H, H COOH
CIH

(2 1-4-11- hydroxy-4-[4-(hydroxydiphenylmethy)l-1 -piperinyl]butyl-a, a-dimethylbenzeneacetic acid
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erfenadine Terfenadine
N- Butyrophenone
diphenylmethylpiperidine phenylbutanol
Hi Terfenadine
diphenylmethylpiperidine

N-phenylbutanol
Terfenadine ,CNS terfenadine
fexofenadine

terfenadine

terfenadine
terfenadine
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( ) BBB
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4-(8-chloro-5,6-dihydro-1 1 H-benzo[5,6]-cyclohepta [1.2-blpyridin-| | -ylidene- | -carboxylic acid ethyl ester
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CNS
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(E,E)-3-[6-[I-(4- methylpheny1)-3-(I -pyrrolidinyl)- | -propenyl-2-pyridinyll-2-propenoic
acid

Carboxyethenyl triprolidine Acrivastine
triprolidine Acrivastine
acrivastine
BBB
C )
/
acrivastine CNS

INHIBITION OF HISTAMINE RELEASE: MAST CELL STABILIZERS
khellin

bis(chromones)

cromolyn  sodium

nedocromil
pemirolast lodoxamide
(C4, D4, E4) ( leukotrienes )

Cromolyn Sodium 8
disodium1,3 - bis (2 - carboxychromon - 5 - yloxy ) -2 - hydroxypropane( Intal)

Na+ COO- [¢] e} COO- Na+

o 3
C—E'fc\o °©
H, | H,
OH
( )
urticaria )
Nedocromil Sodium 8
(‘:ZH5 C,H,
Na+ COO- N o COO- Na+




9-ethyl-6,9-dihydro-4,6-dioxo-10-propyl-4H-pyrano[3,2-glquinoline-2,8-dicarboxylate. Disodium ( Tilade),

(neurokininA p )

Neurokinin A

Lodoxamide Tromethamine 8

o
HOOCYN NWCOOH 6H,0H
o O CH.OHm=G==NH,
cN CH,OH

N, Nf-(2-chloro-5-c y ano-m-phen ylene)- dioxamic acid (Alomide)
Lodoxamide Tromethamine

Pemirolast Potassium 8

9-methyl-3-(1 H-tetrazol-5-yl)-4H-pyrido[1,2-a]-pyri midin-4-one potassium (Alamast
Pemirolast Potassium

RECENT ANTIHISTAMINE DEVELOPMENTS , THE "DUAL-ACTING" ANTIHISTAMINES

H1
azelastine, ketotifen
) H1
(PAF ) (

ketotifen Azelastine

Azelastine Hydrochloride Ophthalmic Solutio. 8

(%) 1 -(2H)-phthalazinone, 4-[(4-Chlorophenyl)methyl-2-(hexadhryo -1-methyl-l H-azepin- 4-
y1)--2H)-phthalazinone n~onohydrochloride( Optivar)

(1 )




Ketotifen Fumarate Ophthalmic Solution 8

N
H,C
, 4-( 1 -methyl-4-piperidylidene)-4H-benzo[4,5] cycloheptall,2-blthiophen- 10(9H)-one hydrogen
fumarate (Zaditor),

HISTAMINE H, ANTAGONISTS H,

H2
gastroesophageal Zollinger-Ellison
erosion, reflux disease (GERD)
Structural Derivation 8
H,
guanidino . (H2)
burimamide
burimamide
NH N"-H
N'  metiamide H,
burimamide H,

cyano-imino

cytochrome P-450

H2
H2
.H2
H2
H; H

pH
1.1-diaminonitroethene

Nizatidine
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Histamine: Hy = Hy =
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HN N
N
NH;
My, —
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||N\?N
NH —C— N,
1]
= / L
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~N
CHCH, — NH ——C — NHCH,
1
5

| Burimamide: Full H, arta
| how potency, poor aral bic

JEHaCHy — NH——C —NHCH,
! 1

| 5

| Matiamide: Full H antagonist —
| higher potency, impeaved oral

| taoavailabiity, toxic (thigurea)

5 1
Camneticene: Full Hy N, S
bioavadatulity, low toxic H,.;_ n
Cimetidine =
Cimetidine, Nv-cyano-N-methyl-N'-[2- [[5-methylimidazol-4-yl)methyl] -thio]ethyl] guanidine (Tagamet),
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H,C 2 g— 1
3 c—s S\ IR T Y
— 2 H, H \\
NCN
H—N =N

P-450

(60 to 70%)

Famotidine =
H

2
HN k4 2H, H \
S J\ NSONH,
HNT N7 s
N'-(@minosu1fonyl)-3-[[[2 [(diaminomethylene)- amino] -4-thiazolyllmethyl]thio] propanimidamide (Pepcid),

H2
Zullinger-Ellison

Ranitidine -
Ranitidine, N-[2-[[[5-[dimethylamino) methyl] -2-furanylimethyl] thio] ethyl] -N-methyl-2-
nitro- |, | -ethenediamine (Zantac),

H,
& C_S_S\C—N—C/NHCH3
H,C | | 2 H, H \\
N )\ CHNO,
H,C C S
H,

P-450

. Hpylori
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%
P-450
Oral Dose Renal
Relative  Bicavailability Metabolism, Metabolized Routé of  Clearance
Patency (%) Enzyme Metabalites (%) Elimination  (Uhour)
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hydroxymethyl
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Other Antiulcer Therapies
PROTON PUMP INHIBITORS 8
H-t
/K'-ATPase
(Ca2 .CAMP)
(PPIS)H pyridylmethyl benzimidazole sulfides
sulfoxide i '/K'-ATPase

H2
H2

Omeprazole -

CH,

10 N OMe
X s—l//
/]
N O N
H,C .

5-methoxy-2-(((4-methoxy-3.5 -dimethyl-2 -pyridinyl) methy1)sulfinyl)- 1H- benzirnidazole(Losec)
GERD

CH

Esomeprazole magnesium =
CH,
CH,0 \ N OMe
X S‘(/
//
N [¢] /N
HC H
(o]

-bis(5- methoxy -2- (S)-((-4-methoxy-3.5-dimethyl -2-pyridinyl)methyll sulfinyl] -1
H-benzimidazole- | -yl) magnesium trihydrate ( Nexium)
O-demethylation S s

sulfoxidation

Lansoprazole =
CH

CF,CH,0 S S—‘//N
//
_~N (0] /N
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2-1 [[3-methyl-4-(2.2.2- trifluoroethoxy)-2-pyridyl methyl sulfinyl benzimidazole
(Prevacid)

Pantoprazole -

Na+

A \\‘V/;@
N OCHF

5-(difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl) methyl]sulfinyl]- 1 H-
benzimidazole sesquihydrate (1.5 H20),
, GERD
GERD

Rabeprazole Sodium

Rathiae)

2-[4-(3- methoxypropoxy)-3-methyl-2-pyridinylm]  ethyl sulfinyll- |
benzimidazole sodium( Aciphex)

: CHEMICAL COMPLEXATION 8
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H-

sucralfate.
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OR OR |
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R = SO,ANOH),

3,4,5,6-tetra-(polyhydraxy aluminum)- a-D-glucopyranosyl sulfate-2,3,4,5-tetra-
(polyhydrox yaluminum)-P-D-fructoEuranoside su Ifate (Carafate),
G1

Gl
% .

Prostaglandine 8
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Gl Gl
(cytoprotection)
(PGFs) PGEs PGls
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Gl
Misoprostol -
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/\/\/\/COOCHS
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HO OH CH,

)-methyl | | o, 16-dihydroxy-16-methyl-9-oxoprost- 13E-en- | -oate. £ Misoprostol, (
, PGE;

Gl
H30+
NSAID

H2

H3 HISTAMINE H3-RECEPTOR LIGANDs H3

G H3
cDNA
, H3
H3 mMRNA Gai
H3
H3
CNS
H3
H3 H3
H3
o H3
H3 0.0l
R
. (H3/H1=17)

NH
HN:Y\;:/ 2 HN/Y\/N*
] CH, \—

—N B
CH,
Azomethine derivative
R- &Methylhistamine

R-a-Methylhistamine

NH HN X
oS / \—y
sC N
\—N o H
NH, Immepip

Im etit

Histamine H3 receptor agonists.
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Thioperamide \: H, H,

/'1
/OH Br
0]
GR-17573 H //
— (- OMe
\— H,

Verongamin
Histamine H3 -receptor antagonists.
-N R

Clobenprobit

R-a-methylhistamine

H3
R-a- imetit
immepip H3 methylhistamine
H3 immepip
H3 H3
m} : ‘_- ;l:;::j -
AB
H3 Thioperamide
CNS H3
H3 narcolepsy

verongamine

Analgesic-Antipyretic-Anti-inﬂammatory (NSAIDs)& hyperuricemic Drugs
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dérivés aryl acetiaque <
. Introduction
COOH -Ar CH3- COOH -
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OMe

C|©CON -
H,C  CH,-COOH
{1- -4 - - ( 1)
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QHfCOOH

HC- N OMe
o

S
@i QCHz-COOH
N
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Sulandac

CH,
CH,COOH
‘EQ—SOCHa
F
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