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Drug Development
From drug synthesis to approval

(bio)chemical
- synthesis
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unfolded lded Protein folding
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Basic & Clinical Evaluation of New Drugs; Drug Discovery

 Sulfonamides (first chemotherapeutics)
« Development of modern diuretics
Diuretics; Sufonylureas; Thioureas
antidiabetics antithyroid

* Development of adrenergic B blockers (Dr. Black)

« A history of the development of H, receptor blockers;
Sir W. James Black (Pharmacologist)



Development of modern diuretics (1)
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NH, NH, NH,
Sulfanilamide Acetazolamide Dichlorphenamide
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Development of modern diuretics (2)

NH—CHZ—‘\ J

A

N NH
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Cl
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NH,

Chlorothiazide
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Furosemide

@ NH(CH,)3CH,
0

H,N — 0,8

COOH

Bumetanide



Thioureas; antithyroid
Goiter inrat %/

Sulfanilamide > :< / Propylthiouracil
N

NH,

H C3Hs
@ Sufonylureas; antidiabetics
Lo, Hypoglycemia

Ille (aS a Side effect) F)bjgls Ktolbutamide
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CH“@ SO, NH—C—NH—CHy

sulfonylurea
NTYRDE
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Sir W. James Black (Scottish doctor, Pharmacologist)
(14 June 1924 — 22 I\/IacmO\l}O). -
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Development of adrenergic 3 blockers (Dr. Black)

1960, DCI
(FH:q
HO ([jllCllle]C['H @
HO OH CH3
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cf. Methoxamine HsCO (B, blocker, partial agonist)
(ogagonist; B, blocker ) Q?H CHNH,  Butoxamine (B, blocker)
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A history of the development of H, receptor blockers;
Sir W. James Black (Pharmacologist)

Histamine ——1— CHy— CHy— NH,

(agonist) AN N Smith, Kline and French for whom

he worked for nine years until 1973.

N-Guanylhistamine /_—Y_ CHy — CHy — NHC — NH;,
(partial agonist |

. HN NH
Like DCI, > 4 years '~ i
1972 Br J Pharmacol)
Brimamide —CHy
| CH CH NHCNH
(Weakly active = TCcH TP TeH
In human) HN \ S
\/

Katzung, p65



A history of the development of H, receptor blockers;
Sir W. James Black (Pharmacologist)

Histamine ——— CH,— CH, — NH,
(agonist) / \

HN N
\/
Metiamide o o : _CH,
(Active 37?< 2 g~ H2\CH2/NHII3|NH
In human ™ Y S
but toxic) \/

CH _~ CHs
Cimetidine 37t<CH2\S/CH2\CH2/NHﬁNH

1975 HN\/N N—C=N



A2 —LERD%ELN H, blockers (2325)
T = F VU R 35087 BFEHERRRDIFS BN

\U NHCH3

\N/\/“ JrEFTVY TR 33745
g HoN ——
L s/ > C=No_N<_ CH:SCH,CH,cZ > ONH:
S HeN “ &

— NSy _\—NH i | -

—HFoy S

Nizatidine _NH NRo

{jﬁ

O 9 F 2 BT X7 /L Roxatidine acetate

@/\@/O\NH\&(\OJ\



/\tah\bfiﬁr FHACEHEZEA
S SE A Ay

B 7R ZU N 4y 217.28

CH_-:.{|3|r m
HS-CH;—C —C—N ---COOH

1 )

WEAL XIhH ThLS T ol
(THI41727%) (FW (BT 3F 30




The Albert Lasker Clinical Medical Research Award (1999)

Ondetti MA (pharmacologist) Cushman DW (chemist)



Development of ACE inhibitors

Utility of pharmacological enquiry on poisons
- 1960s Bradykinin potentiating factors or peptides
(BPF, BPP) in the venom of pit viper

« 1968 BPFs synthesized inhibit both kininase Il and ACE

« 1970 Both enzymes are the same enzyme, dipeptidyl
carboxypeptidase

» Teprotide (BPF9a) 1.v. lowered blood pressure consistently.
BPF5a was most potent in vitro. Three a.a. Try-Ala-Pro,
Phe-Ala-Pro were active.

 Crystal structure of carboxypeptidase (zinc-containing)
similarity



ToO(X)ATULUEER
(ACE. dipeptidyl carboxidase I, kininase II.
MM EANEMEOMIBRIZEET D)

<ACE>

Al
NH.—Asp—Arg—Val-Tyr-lle-His—Pro—Phe—[-His—Leu—-COOH
A II (active)
NH:—Asp—Arg—Val-Tyr-lle-His—Pro—Phe-COOH

< ACE =kininase II>

Bradykinin (active)
NH.—Arg— Pro— Pro—Gly—Phe—-Ser—Pro—[-Phe—-Arg-COOH
Inactive peptides



Product inhibition by that generated by enzyme

catalysis
1) -COO- group on the C-terminal proline

2) amide carboxyl between a.a.
3) hydrophobic interactions (with methyl groop)
4) Zn%* in enzyme interaction with -SH, -COOH,

-POO" groups

1977 Captopril
Enalapril -- (hydrolysis) = enalaprilat

(produrg)



Dipeptidyl carboxypeptidase and its inhibitors

)

CHj,
78 ' ©
?\“ §——CH,~CH—CO—N co,
PR -~
H, ’\Sl:oz/ (iﬂa
©
CH,— CH-NH—CH—CO co,

Captopril

Enalaprilat

Phosphoramidon



ACEI & lisinopril




ACEI & lisinopril

J 27U N Srfdie 441.52
I;I O f; \

[_I : 7 ;..r‘.
" OH [ et e \{
CH,CH;:—C—N—C—C— N -2H,0 N

' Iy
CO.H (CHy),

Al
NH2-Asp-Arg-Val-Tyr-1le-His-Pro-Phe-[-His-Leu-COOH
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Enlarge molecule here "~ Imidazole}lx S-8308
with addition of

idi " | »—j\/ (CV-2961)
acidic residues |
. : cooc
<Biphenyl &> < pg e M < Cartioxyl >
Acidic residues : ar OXY
missing from S-8308 ' '

< TetrazoleX >

________________

ey
= -
nN
=
\_g:o
3
& L
%&O
>
A

<BRKTETRE >
Angiotensin II and nonpeptide antagonist G&G, p.752
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L CHZCOOH COOH
- CV-2961 _
[S-8308] (DuPont)
CV-2198
(Takeda) IHIDATHEHISE
/1982~91)
) N
N— N X R B G AN AT EE
C4Hg_</ ‘ C2H50—<N | _
NES (FEtE)
COOH
-
Biphenyl J
K+
Tetrazol & *
losartan = candesartan 1C = 0.3
(Oup7s3) o0~ 19 (Cv-11974) Y !

(DuPont)  #EH#5-RIHE (Takeda)
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COOH

C,H:0—~< : I
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Bipheny1 A
(1990~)
Tetrazol & \
candesartan _
I1C = 0.3 nM
(CV-11974) 50
(Takeda)

OS5 EE
N X
C2H5O%N_|

P prodrugdk

>

(HETFE)

H

candesartan cilexetil
(TCV-116)
(Takeda)
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ATURHEIZ 3T 9 HHIFHIE A (9 T REIRIZR)
HhoTHILAY SrEIEEE AP p.5 O+ L2
Vehicle
100 Vehicle 10M
1011 M 3x10°8M
53 3x 10-1M 10-"M
N
7
FE\ 10-10M
(%)
O Y S — ‘u-""‘ 10-°M
9 8 { 9 8 {

-log[ Angiotensin II (M)]

-log[ Angiotensin II (M)]
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Olmesartan medoxomil (prodrug)
—  Olmesartan

H;CHC;CHE'
N bt
OH
HgEHIEHIC% \
N
|
CH,
— &% A ILAFILEY ARFYS
JL(Olmesartan Medoxomil)

{E=F 44 : (5-methyl-2-0x0-1,3-dioxolen-4-
yl)methyl 4-(1-hydroxy-1-methylethyl)-2-

propyl-1-{[2' -(1Htetrazol-5-yl)-1,1" -
biphenyl-4-ylJmethyl}-1Himidazole-5-
carboxylate

SF3£ : C29H30N606
2F=:558.59
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Modulation
Activation of  of cell cycle Influx of
PI3 kinase regulators ~ extracellular

CaZ-i-

Activation of

Activation of phospholipases

adapter
molecules

p— f G-Protein-Mediated Mobilization
ctivation o Interactions (G, G, G,,/5) i
NADP/NADPH @ e H12013 of mt(r;aaczllular
oxidase
' Activation of
Modulation of MAP kinases
translation
efficiency

Activation of

Jak/Stat
Activation of pathways
inducible
transcription Modulation
factors Activation of  Activation of of Ser/Thr
small G non-receptor protein
proteins tyrosine kinases

G&G p796 kinases
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o2 agonists 1n anesthesia
o2 agonists 1n analgesia, sedation
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GPCRs as an illustration of F.Jacob‘s idea "evolution is molecular tinkering’.
EREDZ N EZ DY BIEDIREN N &7 DD T 57 F D g5k Emolecular
tinker (F1)Ja5—< ale bricolage)

(= |
Light Ca** Odorants Emall molecules Proleins
Pheromones s, amines - TSH
* nuckaotidas, NUCIBOsikes IFEH
i pageans A et
*___________;r—-——-—" - winglass
- * chamaokines
g = = e=ladrobomin
Effactor
~ NIy
« channels




Phylogenic tree of amine transmitter GPCR family.
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[llustration of the central core of rhodopsin. The core is viewed from
the cytoplasm.
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" 01A | 04B | 04D || 02A | @2B | @2C

G proteins Gg/11 Gi/o

Second PLCT, Ca2+T, PLAT, adenylyl cyclasel, PLCp.T,
messenger(s) MAPKT GIRKT,N-type Ca2+!, MAPKT
Human

chromosome no. 8 5 20 10 2 4
Agonists i adrenaline, noradrenaline* |

——— phenylephrine — clonidine, brimonidine
F— dexmedetomidine —i

i
oxymeta-
: . zoline
Antagonists prazosin, doxazosin, o
terazosin — I— yohimbine, atipamezole —i
]
tamsu-
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Presynaptic a2-adrenergic receptor subtypes.
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a2-Adrenergic receptors differ in their trafficking routes in
cells.
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7.11 Synaptic Sensitization and Depression
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Roles of Gy Subunits
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In Presynaptic nerve terminus

Neurotransmitters Presynapse

Action potential

Ca2+channel Syna tic
(N,P/Q,R-type) Gio protein O icle
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Action potential

Postsynapse



superior cervical ganglion neuron
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State dependence of Gpy modulation of presynaptic Ca2*
channels ‘Willing’

Closed Closed Closed Closed Open Inactivated

H’ G, H’Gﬁv (1:1)
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Intracellular
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‘Reluctant’



Prepulse deinhibition of N-type Ca?* channel
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Integrative regulation of blood pressure by
different a2-adrenergic receptor subtypes.
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Origins of pain. science 1997 278: 239-240

| | Dorsal horn
(SENSONY)
Dorsal root ﬁgfﬁl} horm
ganglion = —
- slermn and
| Second- v thalamus
Primary order y

afferent
NELron

ne.rons
Wl

Pain fibers in
skin, deaep tissues L5




X3-59 ARMEEREMELEBREOEAAN=ZL

AR W% Tt ‘ : d UBEN

1 (’ XBSB‘% o ==

f Oocaanti=1—0v
RE \PAGY ki
+ /N RN (CEDEMER
TANR M LC
Serotonin Enkephalin | Noradrenaline
pathway pathway
¥Spinolhalamic tract

@ F TAHOM(u. 5. k) T}

Ca”' ik |, RN |

O TR0 (u)
IPSP(K'®RE 1)

nociceptive afferents
(FICNWZ W)

ACAA ERTF K
NN s i



Three a2-adrenergic receptor subtypes are involved In
the control of pain perception in mice.

A descending
adrenergic PAG

pathway

analgesia to
nitrous oxide

analgesia to oL _
o2-agonists B analgesia to

moXxonidine

821002 0 —
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LC (locus coeruleus), VLPO (ventrolateral preoptic nucleus: POAH BEAR & Eh i
@), TMN (tuberomammillary nucleus), Ach = acetylcholine; DR = dorsal raphe nuclei; His =
histamine; 5-HT = serotonin; LDTg = laterodorsal tegmental nuclei; NE = noradrenaline; OX = orexin (hypocretin); PeF

= perifornical area; PPTg =pedunculopontine tegmental nuclei.
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Nelson: Anesthesiology, 98:428-436, 2003.
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AV node; PSA: posterior septal artery«circumflexus artery

Ventricle; ASA: anterior septal artery<left coronary artery
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Acute 1Ischemia causes a current of
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Acute Ischemia causes a current of injury

FFIER CVE
predominant ST
subendocardial
Ischemia oy,
ST
LB FEZE TR, BT D IE
myocardial infarction
Ischemia involving the outer ST
ventricular layer (transmural .y
5

or epicardial injury)
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Lead V4 at rest (top) and after 4.5 min of exercise (bottom).
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Acute iIschemia causes ST changes
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Ischemia-induced ST changes
Ischemia (SG-75)-induced VF

Subendocardium -

Epicardium

Reentry— Ventricular fibrillation
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Slow response in 27 mM K*

a) SG-75

c) Verapamil
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Relaxation mechanisms of K channel openers

+
K" channel openers
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Sensitivity of Different
Types of the K, Channel
to its Openers and Blocker

I Type

B-subunit | a-subunit EC50 Ki
diazoxide | pinacidil | nicorandil | glibenclamide

Pancreas SUR1 Kir6.2 60UM High High 3nM
Cardiac and SUR2A Kir6.2 >1mM 10uM 50uUM 1.2UM
skeletal muscle
Smooth muscle SURZ2B Kir6.2 58UM 2UM 10uM 3uUM

SUR2B Kir6.1 ? 100puM* ? UM
Mitochondria** ? Kir6.1? 0.8uM ? 100uM 56nM




|JONA
(Impact Of Nicorandil in Angina)

8 :Dargie et al. 2001 AHA
e LLancet 359: 1269-1275, 2002
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Why nicorandil? Kare: Preconditioning
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IONA (Impact Of Nicorandil in Angina)
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