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Av 0Aa Tave kad..

v Baokég yvwoels TG PaplaKeVTIKNG XN UElag

V' 0TOXOL TWV QAPUAK®V

v oxeS1ao o6 Kal avakGALPNG TwV @aUPUAK®Y

v' oUyxpoves puebddouvg oty cuVSVACTIKY Kol TAPAAANAN oUVOECT KL VTTOAOYLOTIKNG

EOPUAKEVTIKTG XM UEl0G

v avaTTUEN CUYKEKPLUEVWV PAPUAKWV

lwc¢ dtafalw..

v INUELWOELS (TTPWTAPYLIKG)
v BifAlo

v’ IInyég (dnuootevoelg, youtube, jove)



KE® 12 EYPEZH THX ENQZHX OAHI'OY

rtadix

1) Avayvwplon vooov-oTtoxou

2) Avayvwplomn @opUoKEVTIKOU 0TOXOU

3) KaBoplopdg dtadikaciwv eAEyyov (screening)

4) EVpeot £Vwo1G-081yoU

5) Zxéoelg Soung-6pdong (SAR)

6) [IpoodLopLOUOG PaAPUAKOPOPOU

7) ZxeSLLo0 OGS PAPUAKOU — BEATIOTOTIOMOT AAANAETIISPAGEWVY LE TO GTOXO
8) ZxebSlao oG @apUdKov — BEATIOTOTOMON QAPUAKOKIVTIKWV LSLOTTWV
9) To€lkoAOYIKOL EAEYXOL KAL EAEYXOL AOPAAELQG

10) Avamtuén Kal Tapaywyrn XNUKOV OUCLWV

11) AumAwpata EVPESITEXVIAG KAL KAVOVIOTIKEG UTTOOECELG

12) KAwvikeg SopIKEG

Bloynueia, Opyavikn Xnueta, Avaivtikny Xnueia, BloAoyia



H Siadpoun eivat ueyain kat akpiffn
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Preclinical studies
in animal models

% compounds advanced at each stage

$335 million $467 million $95 million



Drug Discovery Process
10,000 - 20,000 candidate drugs

Discovery &

Screening
High throughput
screening & target

validation Lead Optimization
Step2 @ N .. . . . > combinatorial
chemistry/ structure-
ADMET - __’ based drug design
Adsorption, distribution, «............. ; Step 3
metabqluyn, exL_reuon, —
toxicity studies
Stspd . ___: > Clinical Trials
— —

NDA Approved

v T kaBe 20,000 evwoelg Tov afloAoyovvtal in vitro,
» 250 Ba a&loAoynBovv oe (wa (Telpapatolwa),
* 10 oe avBpwmoug (eBeAovTEg),
* 1 B KataAnEel 6TO PapuUakeio

v' Kbéotog: ~ $1.2-1.8 815 (to 1962 ftav $4 exat!)



12.1 ETiAoyr) ™G vooov

[MpoTEPALOTNTA YIX TT) QAPUAKEVTIKT BLopnyxoavia
» Ta kepdn amd v mPowbHNo™M EVOG VEOU PAPUAKOV VTIEPTEPOVV TOU KOGTOUG YLoL TNV

QVATITUEN KAL TOV EAEYYXO TOV;

Ep@wTnuata mov PEMEL va amavt0ovv

» Elvain aocBévela Stadedopevn; (.x. kapSlayyelakn vooog, EAKT, EAovooia)

» Avti 1 vooog (aoBévela) emnpedlel Tov aVEMTUYUEVO KOopo; (m.x. KapSiayyesiaxn
vO00G, KAPKIVOG, EAKN)

» KukAo@opoUv 1101 @dapuaka otnv ayopq;

> Av val, mola elval To TAEOVEKTILOTO KOL TO LELOVEKTI LT (TL.Y. TIOPEVEPYELES);

» Mmopel va Tpocodlopioel 0Tl pla véa Bepameia Ba €xel Eva TTAEOVEKTI| LA OTNV AYOPU;



Lipitor sales, 2001-19 O+ _OH

$12b

' . *PITOR'| HO
) . TABLETS

(¢ e tatin calcium N
I I | |||II Ii $1.5b Total
. ______ $76m U.S.

» Amo 10 1996-2012, n atopBactativny (Lipitor), €ywve To O EUTIOPIKO PAPUAKO OAWV
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Twv emoxwv Le $125 81¢ oe TwAnoelg o 14.5 xpovia
» Movo Lipitor mapeixe to ¥4 twv kepdwv ¢ Pfizer ywa 1 xpovo

» H petoxn g etalpeiag émeoe katd 19% poAlg eAnée n matévia



12.2 ETlA0y1] TOV @APUAKEVTIKOU GTOYOV

PaPUAKEVTIKOL 0TOYOL

A) Amidix
Amidia kuTTapIKNG pERBpavng

B) IlpwTtelveg
Ymodoyxelg
‘Eviupa
[IpwTtelveg peTtaopdg
AOULIKEG TTPWTEIVEG (TOVUTTOVALVN)

") NovkAgikd oEca
DNA
RNA

A) YSatdavOpoakeg
YoatavOpaKes KUTTAPLKIG ETTLPAVELAG
AvTiyova Kol popLa KUTTOPLKNG VayVwPLoNG



12.2.1-12.2.2 PappUAKEVTIKOL OTOXOL-XVAKAAVYIT)

v EQv éva @appako mapayel KAmolo BloAoyikd amoTtéAeoua Oa TTPETEL VO UTIAPXEL £VOG
LOPLAKOG 0TOXOG

v Magic bullet (Paul Ehrlich in 1907)

v' Kamotlot otdyol eival yvwoTtol, K&molot AyvwoTtot (Loplako mimedo, ao0£VeLeG KTA)

&

“That’s Dr Arnold Moore. He’s conducting an experiment to test the theory
that most great scientific discoveries were hit on by accident.’
Drawing by Hoff ; © 1957
The New Yorker Magazine, Inc.
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v Ogpameia pe QUTIKAG TTpoidvta (Gxpnotn), Hg (otnv apyr) amoTeEAEoHATIKOG)

11
https://eody.gov.gr/disease/syfili/



Oswpla Tov uLdoUATOC

AmooVvBeoT opyaviknG VANG LOAVVEL TOUG avOpwTIOUG IOV SEV 1)TAV LOAVCUATIKOL

TO APOEVIKO OV OWLEL.

OH

SAS NH,

HO

Salvarsan 1] evwon 606

Ignaz Philipp Semmelweis  Paul Ehrlich -



12.2.3-12.2.5 EKAEKTIKOTNTA EVAVTL GTOX WV

MeTa&V opyavioUwV
>  AvtifakTnplakd, QVTIHUKNTIOKA KOl OVTUKE @ApUoKa
» Tavtomoinomn otdywv mov eivat povadikol oto elofdArov mabBoyovo

» Tavtomoinon otdywv Tov eival kowvoi, atAAd Sla@EPoVV ONUAVTIKA 6T S0UT] TOV

Evtog Tou avBpwmivou cwpatog

» EkAekTIKOTNTA PETAED SLOPOPETIKWV EVIU LWV, UTIOS0XEWV KTA.
» ExAekTikOTNTA PETOED TUTIWV KL UTTOTUTIWV UTTOO0XEWV

» ExAekTikOTNTA PETAED LI0OSUVAUWY EVIUUWV

» EKAeKTIKOTNTA 0OPYAVWV KL LOTWV

A€V VTTAPYEL TO ATIOAVTA XGPAAEC PAPLAKO

14



12.3. lIpocSLopLopog Twv BLoAoyikwv Sokipaciwyv (assays)

» O doklpég amattovvtal wote va peBolv evwoelg-odnyol kal BeAtiotomoinon tTwv
EOPUAKWYV

» O doxiueg pmopoVV va elval in vivo 1 in vitro

> ZUXVA XPNOLUOTIOLELTAL 0T EPEVVTIKA TIPOYPAUUATH CLUVSVAGUOG SOKLUWV

15



12.3.2 Aokluég in vitro

» OudokLpEg Sev mpaypatomolovvtal o€ (wa/avlpwmoug
* Mopla otoyol (.. amopovwpéva Eviuua 1) VTTOS0XE(S)
* KOttapa (Tm.Y. KAwvVoTomueEva KUTTOPA)
* Jotol (.. HUIKOG LoTOG)
* Opyava
* Mwkpoopyaviopol (ylo avTIBakTnplakd @apuako)
> IleploocOTEPO KATAAANAES YL EAEYXOVG POUTIVAG
> XpNoLHoTIoLOVVTAL O€ EAEYXOUVG LYMATIG SLaKIvion G
» Metpnon ™G aAANAeTTiSpaonG VOGS QAPUAKOU LE TOV OTOXO OXAAX OXL TNG LKAVOTNTAG
VA (PTACEL TOV OTOXO
» [0 e0KOAN ALTLOAOYTON ATIOTEAECUATWV — EUTTAEKOVTUL ALYOTEPOL TIALPAYOVTES
AAAGL..
»  Aev amoSelKVUEL Ll QUOLOAOYIKN 1] KALVIKNY etidpaon
» Aev avayvwpllel TTIIOOVEG TTAPEVEPYELEG

» Aev avayvwpllel ATOTEAECUATIKA TIPOQPAPUAKA G



12.3.3 Aokuég in vivo

» llpaypatomoloVvtal oe {wvtavd (wa Kol avOpwToug
» MEeEtpnon Hag TapatnPoOUUEVNS PUCLOAOYLKNG ETIOpAOTG
» MeEtpnon ¢ LKAvVOTNTAG TOU PAPUAKOU VO PTAVEL KAL VO AAANAETILOPA UE TOV OTOXO
TOV KOl TNG LKAVOTNTAG VA (PTAVEL OE AVTO TOV GTOXO
» Avayvwplon mavwyv ToHPEVEPYELWV
» H oatwoAdynon umopel va elvat 6UokoAn AdYw Tou aplOpoy TwV EUTAEKOUEVWYV
TAPAYOVTWV
»  Alayovidloka {wo — YEVETIKA TpoToTomuUeEva {wa
» ApaoTIKOTNTA @APUAKOVU - OTALTOUUEVN] OUYKEVTPWOT] TOU @UPUAKOUL YIX TNV
Tapaywyn tov 50% ¢ pEylong emidpaong
> OepamevTikn/og avaAoyila/Selktng
* OUYKPLON TOU EMUTESOV TNG SO0NG €VOC PAPUAKOU TOU QTALTETAL Yl TNV
Tapaywyn enBuuntov anoteAéopatog oto 50% tov Selypatog (EDg,) €vavtt tov

emmedov NG 860mg Tov elva Bavatn@opa yia to 50% tov detypatog (LDg,)

17



Na Ovuaote...

v' Ou etaipeieg TIOTE Sev &pouv av Ba @Tiaéouvv éva @APUAKO TIOU AELTOVPYEL e TOV
TPOTO ™oV Vouillovue/BEAov e

v Agv UTIAPYEL ETLOTIUOVIKOG VOUOG TTOV Vo KatBodnyel Ttpog Kdmou

v H Stadikacio avakaAume @appakwyv TTOAAEG opEG wval Tuxaia Kol BacileTol TTOAAES
(POPEG OTNV EVPNUATIKOTNTA TIAP& 6TOV 0pOoA0oYIKO oxedLaoud (Al?)

v Aok Kot cpaApa

v
AxplBd& papuaka



H avamntuén evog @apudkov Bupilel..;

JUURNEY 0 M~

HUBBLE \
' INTERNATIONAL
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SPACE LAUNCH
SYSTEM (SLS)

ORBITERS

PHOBOS e
DEIMOS

MARS
IN-SPACE | TRANSFER
HABITAT | SPACECRAFT
SOLAR | ASTEROID
ELECTRIC | REDIRECT

< COMMERCIAL PROPULSION | MISSION

ol >
= S3p~  CARGO AND CREW

‘— EARTH RELIANT—' ‘—PROVING GROUNDJ |—EARTH INDEPENDENT




n Buuilel..;




12.4. EVpeon pag Evworc odnyov

v Ta @appaka Yevikd 8&v avaKOAUTITOVTAL QUTO TIOU UGAAOV oVAKOAUTITETAL €ival M

£vwor) o0dnyoc (lead compound 1 lead)

Mn
0p00oA0YIKOC

OXESLAGLOC OpOoAoyikog

OXESLAOOC

21
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> Otzi

L

v 0 «x1ovavlpwmoc»

v ®uoikn povuta (¢noe to 3400 pe 3100 m.X.)

Trichuris trichiura

23



AVaTITUEN PAPUAK®DV XWPLC EVWOT-081Y0

> ®Vom (Qutiko kat {wiko Pacileio)

@/mqa Maa(e frrom Plants




Raeapteek (1422-), Talin, Estonia

TPOCWTILKY] ETIOKEYN

26



o N
5 LN
Pseudoephedrine
Ephedra distachya
HsC—N
3 OH N OH
AN R
oL - o)
O O
scopolamine

atropine

TERE o L S SRRt e

HsC —N

cocaine
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Omo¢ oNUALVEL YUUOC

v Bed@paotog, 3° aL T.X. aVEPEPE YL TOV XUUO OTIOV AVAAYNTIKEG IOLOTNTES

v 0 Rhazes (Ilepoia) tov 10° at p.X. yopnyoVvoe xamio oTtiov yio frixa Kot Tovo

v Mikpn SwxAvtotnta, Iapdkedlcog to SieAvoe oe alBavoAn (AaBdavo 1 AiBog Tng

abavaciag)

v' Mop@ivn: Engel apotheke (Emanuel Merck) 29



ApTtepioivn

Artemisia annua

Plasmodium falciparum

30



» Agvtpo tov upeTov

» Inooviteg lepamodoTorol (kUplot Eloaywye(c)

» Aoyuatioteg (vép l'aAnvov) vs Eumelplotég

ENGLISH REMEDY:
OR, . '
T AL BORs
WONDERFUL SECRET,
fo FOR
C UREILI NG
. OF
Agues and Feavers.
- SOLD

By the Author Sir Roert Zalbor, tothe
moft Chriftian King, and fince his
Death, ordered by his Majefty to be
Publithed in French, for the Benefit
of his Subjets. B

AND NOW
SCranflated tnco Englifh foz Publick Gaoh,

LONDON:

Printed by F.allss, for Fof. Hindmarfh,at the

Black Bull in Cornill. MDCLXXXL

Beware of all palliative cures and
especially of that known by the name of
Jesuits powder..... for I have seen most

dangerous effects following the taking of
that medicine 31



12.4. EVpeon puag Evwonc odnyov

>

Miax évwon mov emSelkvUeL (i WOLOTNTA Tov elval mBavo va eival BepamevTika
XPNon

Ta emimeda SPACTIKOTNTHS KOl EKAEKTIKOTNTAG UTTOPEL va Elval YaunAQ

XpNOLUOTIOLEITAL WG ONUELD EKKIVIIONG Yl TO OXeSAoUO KoL TNV aVATITUEN
EAPUAKWYV

EVpeon péow oxeSiaopoy (poplakn povtedomoinon 1 NMR) 11 péow eA€yxou
EVWOEWV ((PUOIKWV 1| OLVOETIKWV)

Avaykn yla pooSLoplopo KatdAAnAnG Sokiun g wote va Bpebel pla Evwong-odnyog

Evepyd ocvoTtatikO - plA €VWON TIOU OTTOUOVWVETHL OO PUOLKO EKYVALOUO KoL 1
oTtola elval KUpLA VTTELOLYN YLA TN PAPUAKOAOYLKN SPACTIKOTNTA TOV EKYVAICUATOG.

ZUYVA XPNOLUOTIOLEITAL WG EvwoNn-00Nnyos (mapadslyuata TwVv TPONYOVUEVWY
SLaPaveLwV)

32



12.4. EVpeon pag Evmonc odnyov - Inyég

. duTiko BaoiAewo (avOn, dévtpa, Bdpvol)
o Mikpoopyaviopol (faktipla, pavitdplo)
A) O @uolkoG KOoUOG ;
- Zwwo BaoiAelo (Batpayoy, @idia, okopTioi)

Bloynuikég ovoieg (Nevpodiafifacteg, opuoveg)

_____________________________________________________________________________________

B) O ouvvOeTik6G KOGOG - Xnuuaj odveeon (Tapadootaxr)

ZuvouvaoTikn & TapdAANAN ocvvOeon

____________________________________________________________________________________

[ O ynelakdos koéopog

33



12.4.1 (12.4.1.1-12.4.1.5) Evwoeigc-06nyol amo @uoika mpoiovta

Papaver somniferum
(Omio)

34



TwAnon npwivng (1 oVpyya + 2 BeAdveg + 2 @uaAidia npwivng: $ 1.5) xatd tov

Hop@LVIoHOV Kot Bnya!

! Wy 7 Bt bt et
‘THE PROBLEM
R T AR
'HAS BEEN SOLVED BY

Seurtifonity Covpeanded. Siwatibualty Conceived, | |

GALYEO MERON 311w

s blieede . "
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AvaKaAvyn Twv TOTIKWOV aVvaLoOnTIKWOV, KXIVES

ﬁﬂd a Ueneral 3w
ANESTETIC jﬂw

is by fun the SAFEST
FOR CHILDREN

Ethee is generaly recogaised as the anestbetic of choice because
of completeness of relaxatin and its greater margin of safety.

Marsscxnoor Evime ANsstassia is dependably pare. Freedom
froum aldehyde, peeoxide snd all other tovic impuritics affording
arapce sgainst any toxic effect due to impurities in

absalute a
the anesthetic.

Smooth indoction, almost natural awskeaing, and minimam
nausea or respiratory fon ¢k cize: the administration
of MaLsaxceRoot ~esn

Mamufactured froem ethyl alcohol by the sulpburic acid process.
Exactingly tested by nd cxtra sensitive Mallinckrodt

1osta, and sealed W ckrodt patented mechanical
e, MALLNCKROUT ETUER ANSSTHESIA tarite the con-
fudence that it has been accorded by the medical profession.
xcanour Erum Axestussis i packed in 1§ povnd,
;:::d.l ol and 5 poand, chemically treated, hermetically

wealed containers.
s toms “loxame
Faaorenia  CUEMICAL WORKS ~ MoMmta

sttt =

Flammable
Y Ib. (1134 gm,) it Ve

Ether Squibb

Fom AN!SYNISIA.U.S.P
n

Ether, USSP, )
quality ang D:'O'dlutec 0 v 8
o o
ions. nod
% exygen; 1y il respiraty

e bits Gispensing wit b % - N
ER-Squiss & Soxs, Niw i B it N D R Eass s
INC, 2 e - -

ion.
EWYORK e s s L AFZE Bk S 4 deem

Poison

"RSquins & SoNS, )

" SUN MATHIESON CH
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=4

5o seduojes

AMIBIKOG dea oG

ASokaivn

Streps /

Stre s i<

Mdgg aphtes. Petites plaies de la bouche

24 Pastilles a sucer

o)
o)
ISV,
o)

Kokoaivn

ArmrAouaoreuon
ooung

Bevlokaivn
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AvakaAvyn avTiPAEyUOVWEWV, CAAKVALKO 0§V

N AR R R AN
LAl %7 S U ey

llm? nw LA o~ -

o) OH o) OH
0&1k0¢
OH  avudpitng O CH;
- bl
o)
. spiraea ulmaria
ZAALKUALKO 0§V AKeTUAOGAALKUVALKO 0V (aoTipivn)

L)



BAYER

aM<>W

«To Tpoidv Sev €xel Kapd aio»
Heinrich Dresser,

6/VING TOU TUNUATOS PAPUAKEVTIKNC Epevvac Bayer yia thv aomipivn, 1897

-
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Tetpodotoiivn (Tetrodotoxin) Oaidootot opyaviouol

o@
OH
o) ®
O OH NH,
N
HO X
HG NH

OH
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Spinosad Mixpoopyaviouol e6&poug

N
/ \O
\\\“‘ "’I/ \\\“‘
"0

W O
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DuoIKA TIPoioVTa

v’ Ixeb0v plod amd Ta VEX @appaka mov gykpiOnkav 1994-2007 Baciotnkav o€ @UOIKA

Tpoidvta

o ou ©
Epothilone B (from bacterial fermentation) Ixabepilone (anti-cancer)

43



12.4.2 PappuakevTIK) Aaoypagla

v XpnoLUEG TTANPOPOPILES
v' TToAAéG opéc dkpwe eTtikivéuva (placebo effect)
v" Clark Stanley («@tS5éumopoc»)

b forrestn ; o olts >
g ¢ QAngues equorian

i fmu m) il v
certloyorms 10 01 TR R
Rt

:
| SNAKE haad
1‘ []”_ FROST BITES |
| CHILL BLAINS
\ |_| BRUISES
% mMENI SORE THROAT
1 i BITES OF
STRORSEST AND ANIMALS
| BEST LINMEXT INSECTS AND "}
| MWK 108 PAIK REPTILES
[ AND LAMENESS :
i 6000 FOR
i ) DIk ‘“‘ “:I f'l‘}f;i
FOR IT GIES
AHEUMATIS T
NEURALGIA 5
SCIATICA S noh
LAME BACK 4 [(‘\’:‘m\,
LUMBAGO A LINIMENT
CONTRACTED Y0 BE
CORDS GOOD ron
| T00TRACHE vty - |
SPRAINS CLARK STANLEY ||
| SWELLINGS P 00 Lot
] U
ETC TRADE MARK REGISTERED h P.»\n‘:" R
| hits he can get 1t & \ Y {
I i )
fifty cents in stamps by addr g the

Clark Stanley Snake 0Oil Liniment Co.

PROVIDENCE, R. 1,

44



12.4.3 'EAeyxoc «BLALOONKOV» CUVOETIKWV EVWOGEWV




High-throughput screening to 1957




High-throughput screening to 2023




[
R Leaa Factory i

Innovative Medicines Initiative

European
s Lead Factory

npsqo’
yioiond b

]

V' Yvvepyacio SHOGIOV-IELWTWV YIX TNV ETLITAXVVOT) TNG AVAKGAVYNS @APUAKWY 0TV

E 4
VPWTN »



Amo hits o€ evwoeig “lead”

Peroxisome CH; CH,;

proliferator- oo S\ N HO,C 0
activated ’ \Sr / O OCH; ~
receptor (PPAR) O/\(/N
& v
OCH;

O (target class:
nuclear hor-
mone

receptor) EC.o=3200nM
ECSO = 1 7 I"IM
Rho kinase H,CO.
(target class: E E IEII
enzyme) H;CO T NH
~N H,N 0] (0]
IC50=2300nM
[C50:4 nM
Influenza A

(HTNT) virus

IC5,=4500 nM ICog=70nM &



12.4.4.2 Eviyvon pag TapATAEVPTC SpaoT)C

Avakaivyn Apauapuivng Avakaivyn Sildendfil

|
O
H
~N N ZTIG KALVIKEG OOKLUEG, OL EBEAOVTEG AVEPEPAV UENLEVT
Cl
5 . | N/ OTUTIKN AELTOVPYIX

Apxika yia aAAepyleg, peta

VaLuTila
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12.4.4 Ymapxovto @AapuroKa

Viagra, Pfizer

= O

®
0

51
Cialis, Lilly



12.4.5 Evwosig-08nyol amo ToV (pLOIKO VTOKQATAGTI) 1] pUOLoTI)

» duoikol Tpoodéteg vTTOSOXEWV (EVOOYEVEIG EVWTELS)

HO NH; N
7 =
T 7 D)
HO

- OH
SCEIEE Rotigotine
(acBéveia Parkinson's disease kat
oUVEpoUO «aKOUPAOTWV» TOSLWV)
NH,
HN—
HO O
A\
s HoN
N
1 NH
Serotonin Frovatriptan

(Mukpavia)
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OH
HO:QANHQ
HO

Norepinephrine

Estradiol

\ /

Acetylcholine

N
' OH OH

Nebivolol
(avTwTEPTAOIKO)

Norgestrel
(avTIoVAANTITIKO)

o8
_ N,

Cevemaline
(Enpo otopa)
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» M aAAN Evwon Tov €(val YVWOoTO OTL ETLOPA LE TOV 0TOX0 EVSLAPEPOVTOG

Cytisine Cytisus laborinum Nicotine Varenicline
H \ 0
N/ N
Cl =N® Cl —N
O@
Librium Diazepam,

(Yyvwoto kat wg Valium)

v Repurpose, COVID-19 >



Remdesivir Covid pymol_1

v’ Gilead, broad spectrum antivirals

Chloroquine

v' antimalarial J\/\/ (
N
HN ~

Cl N 55



12.4.6 TuvévaoTiKN Kol TapaAAnAn cvuvOeon

» XNUWKEG uEBoSOL TTOV UTTOPOVV VU TTAHPAYOUV TEPACTLOVS APLOUOVS X ULKWV EVWOOEWV

12.4. Xxe8100NOC EVWOE®V HE TNV BoNOLd AOYLOUIKWOV
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12.4.8 O TapayovTac TUXM

YovApaviAauidn-to TPpwTo avTiBLOTIKO (XPWUX KAL PAPKEVTIKT])

O O

0, O

S \ 7/ 7
HN™ NH, R1 /S\ -R
N

N
2

R

. NH,

Prontosil

» H évwon ovvtebnke amo toug xnuikoLg otnv Bayer, Josef Klarer kat Fritz Mietzsch yia

va Bpouv XpwoTIKEG oL oTtoleG Ba Spouv wG avTIBLoTiKA
v’ TTupeTdG GOVAPAVIAXUIONG
v Massengil: §t€Avoe v evwon o€ alBuAevoyAvkOAN+apwua BaTOHOVPOV: SNANTNPLACELS

v' Méxpt v Sekaetia tov 1930, n kuBépvnon twv HIIA avTipetOmI{e TA @APUAKA UE TOV

(810 TPOTIO IOV AVTIUETWTILE TOUG CUVEETIPEG 1) TA TIAVTEAOVLIA
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* Novartis

* Bayer

* Merck

* Hoffmann-la Roche

* Boehringer-Ingelheim

* Hoechst

v" Perkin: mop@up6 ¢ aviAivng, pwp

v’ Teppavio: KAMITAALOTIKN Kovwvia, Suvatn

Xnuela

Nordsee

Wmuidengle
Katwijk

aanZee/o, Am$erdam 3
Hoek van ﬁi’ﬁ t

Holland B
thein-km 1033 (Ngam
lieuwe Wate

Harjn
‘“t

BELGIEN

e
feo”

>
®
=
o
®

ajjesop

StraBburg
Strasbour,

CH

FRANKRE

NS00 ensee
Q-

_ ¢ " tanz
Rhein-km 1 % ~ : \%})
Base \“ %
} Chthc o JOSTE
DR\REICH
LIECHTENS, TEIN
CHWEI ZVorder
Aare rhein %
A 7 T ’n!?{

Pnivog otnv kapdia I'eppaviag mpog
Bopewax Badacoa



: OH Apxm opBoAoykng avakaAvymng
S NH,

v" H Socoloyia émpeme va kabopiletal pe Wbiaitepn mpocsoxn. Av 1 §6om 1Tav ToAD Uikp,
TO BakTnpLo TG cVEIANG TTEBaLVE. Av TV TTOAD PEYAAT, uTtopel va tEBatve o acOevig

v Kupilwg dpuwg, apopovoe udvo cO@IAn

v" H mpwtn pébodog iaong mov avakaA@Onke. Agv NTav amopiunon evog VTTAPYOVTOG
@apudkov (alBepag), Sev NTav N UIKPY TPOTOTOMOT €VOG VTIAPXOVTOS PAPUAKOU

(aomipivn)

Geduld (vmouovn), Geschick (epevpetikotnta), Glick (tuyn), Geld (ypriuara)
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Avakaivyn mevikiAivyg

BRITISH

Journat of EXPERIMENTAL PatHorocy, VoL

X, No. 3

Penicillium colony

Normal staphylococeal
colony.

Fia,

1.—Photograph of a culture-plate showing the dissolution of staphylococeal
colonies in the neighbourhood of a penicillium colony.

Penicillin chrysogenum
Penicillin rubens
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“Penicillin Girls” tending the Heatley-designed vessels for growing penicillin mould
at the Sir William Dunn School in Oxford. COURTESY OF NORMAN HEATLEY



Thanks to PENICILLIN

...He Will Come Home!

OS> THIS STORE CAN NOW SERVICE
NSl THROUGH THE
MEDICAL PROFESSION
WITH PENICILLI

PENlC".LlN nSTOCK ;;

i t|m'—jl

~ PENICILLN
CURES

:
| P
R,
v b, ™ .y ;
L U T ey
W - 1
’-;.’ s “\‘
3 " s
" h
. ah
g
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Treponema pallidum, Syphilis

Vibrio cholerae, Cholera

v" H xoAépa vmoAoyilstal 0Tt poAUvel 3-5 ekaToOpp. AVOP®TIOUC 08 TTAYKOT LA KA{pHOKX

kot okotwvel 58.000-130.000 to xpovo

v' 1950: kGbe etaupia gixe ouada £pguvag avTIBLOTIKWV
v' 1960: dpxloav va eyKAToAEITTOUY

v' 1999: Roche eykatédene

v 2011: Pfizer (ueyoadvtepn mapaywyos otov B’ maykdopo)
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AkeTaviAidio EvavtivapOaisviov

O
AVTITIUPETIKEG
: aKETAVIAISLO
LOLOTNTEG
(opuxeia)

O

© — )

CDO([VO(KET tvn
AvaAynTiko,

QVTLTTUPETIKO > 1 aL

¥ o0
2 )J\NH

@)

)

© US$1.3 billion
OH

To&wkog petafoAitng [MapakeTapoin 1

OKETAULVO@ALVT
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YUYOTPOTIEC EVWOELS

v Méxpt to 1950 6ev miotevav oTt O vmaApEel TOTE OePATEVTIKY AYWYN YA
oxWo@pévela, KatabAupm, StmoAkn dtatapoyn KTA

v' M6vo péow opUIANTIKNG BepaTeiag

S

Cl N

N/ Henri Laborit

YmotiBetat  otl UELWVETAL TNV

Deppokpacio TOU CWUATOG, XAAG EKOVE , , ,
tov aoBev) TeAsliwg adidpopo oTnv 7 Yuxwto ko Biato acBevi

EyXeipnon

EvSo@Aefia xopnynon to 1952, o¢

v XAwpoTpopalivr, AmETUXE TTATAYWEWE EUTTOPLKA, «PUYLATPLKN XOTILPIVI» .



v' 1954, T0 TPWTO AVTIKATAOALTITIKO, UE TTOAD TUXN KAl ELTIVASA

S

-~

G 22355,
Imipramine

AvakdaAuwn rtou Librium

CH;

Nf()
Cl I —N

Diazepam

ApXiKOG 0TOXOS  (BroéOnke» otin Sour;  Metd amd 2 ypévia,
nTav auth n Tpayuatiky dour Valium

elvat aut
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LSD

AAxa)oeldn epyoAivng

H CO-N(EY),
CO-N(Et), '
-
~ _N

OVOTIVEVOTLKO KOl
KapSLayyeLaKo
SLEYEPTIKO

“a strange agitation combined with a slight dizziness
At home he fell into “a not unpleasant inebriated
condition that was characterized by extremely
animated fantasies . . . after about 2 hours, the
condition went away”

v Aoxipaoce 0,25 mg HePIKEG NUEPES UETA.. (ETIEGE OE 0OK)
v' BpéOnke ot 0,02-0,1 mg eival apkeTa
v' Delyside: YuyoBepameia, Staxeipion dyyoug
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AlwTovyes HOVOTAPSES

Cl
CI\/\N/\/Cl > m— \ﬁ Cl@
| H
H
1 2

A£pIo pouaTapdag C|/\/S\/\CI gi:j‘;’(gz :EUB';?KUTTGPOQQ



12.4.10 Avakaivim evooE®wV-08Ny®wV Hécw Opavopatwyv

Covid pymol_2

Diverse library of compounds synthesized
with a common chemical linkage group

X X X
R 1] L] x
I
Abdvo o é OO0b
Library is screened to identify members that
show even weak binding to the target

X
I

X X
Target protein ‘ Target protein ; ‘ Target protein ;
)I( X X
=R O @
Target protein Target protein Target protein

New library constructed containing all combinations of two of the active compounds
linked to each other by common chemical linkage group with flexible linkers

[] CIAOG Cl)ﬁ_é@_é
e

O S0 000 &

¢Combinatoria1 library is screened to identify the most potent analog

A 4 e




Oéon mpoodeoNG
A




Aev tapatnpeital kapia BloAoyikn emidpaon



BeAtiotomoinon  BeAtiotomoinon
ETILTOTIOV ET(TOTOV



ZUVOETNG

BeAtiotomoinon  BeAtiotomoinon
ETILTOTIOV ET(TOTOV



Binding site
A

—p> —»
Screen ) Optimize $
Protein Ti(;; :{2 Protein Protein
=, —»
Optimize Link
Protein Protein Protein
OH
I /O/
N
/Q)L § .
9]

Epitope A
Kg =100 pM
oM i \li/

Structure C
Kyq=0.049 uyM

Epitope B
Kg=2uM

Design of a ligand for the FK506 binding protein (Kj is defined in section 8.9).

—p
Screen

for 2nd
ligand

OH



2xebLaouoc Evawaonc-odnyov ue ypnon eacuatookomioa¢ NMR

CH

CH

CH,
CH,

13C NMR



2xebLaouoc Evawaonc-odnyov ue ypnon eacuatookomioa¢ NMR

13C NMR



12.4.11 I810TNTEG EVWONC 081 YOV
Kavovag Lipinski (Rule of 5)
MW < 500

log P < 5 (Aimo@iAikotnta)
Ao6teg Seopwv H <5 (ovvoro opddwv -OH kat -NH groups)

YV V VYV V

Aéxteg deopwv H <10 (ovvoiro atouwv N kat O)

> Ileplotpe@opevol deopoi < 10 (LELWUEVT LOPLAKT] EVKLVNOLA)
> Mukp1} ToAwN emupavela (PSA < 140 A? {yia evtepikni amoppdenon), s60 A? {eykepalikic
Ppayuos})
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Xuvoym

» XtOx0G-AcOévela

» Blodoyikn e€€taon (assay)

» Wayvw v evwon-odnyo (lead)
» DUOIKOG TTIPOCTSETNG
» ddappoko 1161 otnv ayopda

» duolkd mpoiovta

> LuvOetkeg BLAodnkes - 'Edeyxog (High Throughput Screening, HTS)

» Opavopata (fragments)

> Xxebloaopuos (de novo) (H/Y, kpuoTaAAIKEG SOUEG, assays KTA)




'EVac aiovac @opUAKEVTIK®OV HOPLWV..

M o0

/ N
o
O

ZT
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ITI/

Penicillin G Chlorpromazine



To yat

Noretynodrel

\

-—
-
-

-

-

—

Mestranol

Carl Djerassi, Luis Miramontes
and George Rosenkranz and
synthesised norethindrone in 1951.

The compound would later be used in

CARL DJERASSI LUIS MIRAMONTES GEORGE ROSENKRANZ birth controlpills from 1963.

HOW ORAL CONTRACEPTIVES WORK

FSH‘ Qva

MAINTAIN CONSISTENT SUPPRESS RELEASE OF PREVENT
HORMONE LEVELS OTHER HORMONES OVULATION
HO

Oral contraceptives contain synthetic versions of two
hormones produced naturally by the body: estrogens
and progestogens. Steady levels of estrogens and/or
progestogensin the body as aresult of oral contraceptives
trick the brain into thinkingawoman is already pregnant.
This stops the pituitary gland from releasing hormones that
stimulate ovulation, preventing pregnancy.

© Andy Brunning/Compound Interest 2020 - www.compoundchem.com @@
BY NC ND

Shared under a Creative CommonsAttribution-NonCommercial-NoDerivatives licence
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HIV

Dolutegravir

Emtricitabine

83

v' 1996-1999: ot BavaTtol pewwbnkav oe HITA kat Evpwmn >50%.



Chronic myeloid leukemia (CML)

/

Imatinib

v' BeAtiwoe to tpoadoxipo {wng (5etiag) amnd 30% o 90%.
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https://fforms.gle/mHK3QZrXXiVK3nqM838
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ATTQVTNOGEIS OTIC EPWTNCELS TOU KEPAXAXIOV

1. Target specificity and selectivity refers to the ability of a drug to distinguish between
different molecular targets. For example, drugs can show specificity or selectivity between
different types and subtypes of receptor. The ability of a drug to distinguish between
different targets is important since it results in more specific pharmacological and
physiological effects, with fewer side effects.
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2. The advantages of natural products as lead compounds are as follows:

* There is a greater chance of finding physiologically active compounds in nature since
there is often an evolutionary advantage in an organism producing a physiologically
active compound (e.g. as a defence chemical).

Many natural compounds have totally novel structures which have not been
synthesised before.

Many natural compounds (e.g. toxins) are quite complex in nature with a highly rigid
structure where the compound is locked into the active conformation or limited to a
relatively few number of conformations. This can result in high potency and selectivity
for the target.

The disadvantages include the following:

* The natural product may only be present in small quantities in the natural source,
restricting its availability.

* Isolating and purifying a natural product from its natural source tends to be slow,
tedious, and costly.

* The complexity of many natural products makes their synthesis impractical on a
commercial basis. This, in turn, makes it difficult to produce analogues of the natural
product.
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3. There is a constant battle going on in the microbiological world between different
microorganisms. Fungi and bacteria have to compete with each other for available nutrients
and if one gains an advantage over the other, it could become dominant and a 'winner takes
all' situation may arise. In general, fungi are slower growing than bacteria, which means
that bacteria should be more likely to gain dominance. However, many fungi can counteract
this disadvantage by producing antibacterial agents that either kill competing bacterial cells
or slow down their growth. This allows fungal cells to compete with bacterial cells on a
more even footing for available nutrients. There are significant differences between the
cellular structures of fungi and bacteria. Fungal cells are eukaryotic and are more complex
than the prokaryotic cells of bacteria, and so it is possible for fungi to produce agents which
affect features of bacterial cells that are not present in fungal cells. Alternatively,
antibacterial agents produced by fungal cells may disrupt a biochemical process that takes
place in bacterial cells, but not in fungal cells. Since fungal cells and mammalian cells are
both eukaryotic in nature, there is a good chance that some of these antibacterial agents
may be used in medicine without serious side effects.
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4. Many corals contain inflammatory agents which result in painful skin reactions if divers
or snorkellers receive a coral cut. Reactions such as this indicate the presence of
pharmacologically active compounds which could act as lead compounds for specific targets
in the body.

5. Understanding how the target works would be the first stage in initiating a project. The
endogenous ligand which normally activates the receptor could be identified. This could
then be used as the lead compound for the design of an antagonist which would bind to
the receptor but not activate it. There are several examples of agonists which have been
used as lead compounds for the design of antagonists (see section 12.4.5).

Another approach would be to study the reaction catalysed by the tyrosine kinase portion
of the kinase receptor, and in particular the active site of the enzyme. A knowledge of how
the protein substrate and ATP are bound to the active site would help in designing
enzyme inhibitors that bind to the ATP binding region, the protein substrate binding site,
or both. This has been carried out successfully with several protein kinases with the help
of X-ray crystallography and molecular modelling (see section 21.6.2).

Finally, one could carry out screening tests on different libraries of compounds produced
by combinatorial and parallel synthesis to see if any of the compounds present show
activity

89



6. The genetically engineered form of the protein provides a water-soluble preparation
of the target enzyme which could be used for a direct enzyme assay. A standard
phosphorylation reaction would be carried out on a protein substrate using the enzyme
as catalyst, and where the level of substrate or product present could be measured.
Potential inhibitors could then be introduced to see how effectively they inhibit this
standard reaction. This test would detect effective enzyme inhibitors and allow
medicinal chemists to identify a pharmacophore for those inhibitors. The results would
not be complicated by other factors, such as the ability of agents to cross cell
membranes.

The cell assay measures total tyrosine phosphorylation in the presence of epidermal
growth factor. In this assay, the tyrosine kinase receptor is embedded in the cell
membrane with the kinase active site located intracellularly. This assay would test the
ability of an inhibitor to cross the cell membrane in order to reach the target active site,
as well as its ability to inhibit the phosphorylation reaction. If this assay was not carried
out, a great deal of time and effort could be spent optimising a highly active inhibitor
which could not be used clinically since it cannot reach its target.

The in vivo study on mice measures whether a test compound reaches the tumour and
can stop the growth of the tumour by inhibiting the kinase active site. This establishes
whether the test compounds are stable to drug metabolism, whether they have a
reasonable lifetime or are excreted too quickly, whether they actually reach the tumour,

and whether inhibition of the target has the desired physiological effect
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