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Metagppaon: Xpiotiva ©avag, Qateiviy Mooyovd, Katepiva Menepidou, Mapia Tarronotlou

A. Epyadeia yia tnv avakaAvym kat Tov
OXESLAOUO PAPUAKWV
(Keg 16)

E. EmAeypéva OEpata @oapuaKeVTIKNG
Xnueiog

https://Kritiki.gr /product/farmakeftiki-ximeia/
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Av 0Aa Tave KaAd..

v Baokég yvwoelg TG apUoKeVTIKNG XN UElag

V' 0TOXOL TWV PAPUAKWV

v oxedlaopds Kat avakGAL MG TwV @apUAK®Y

v' olUyxpoveg pnebdSouvg oty cuvSLACTIKY KAl TAPAAANAN cUVOEON Kol UTTOAOYLOTIKNG

EAPUAKEVTIKNG XMUElQG

v avATITUEN CUYKEKPLUEVWV PAPUAKWV

Iw¢ dtafadw..

v INUELWOELS (TTpWTAPXLIKG)
v" BiBAio

v IInyés (dnuooievoelg, youtube, vimeo)



KE® 12 EYPEXZH THZ ENQXHX OAHI'OY

rTadix

1) Avayvwpilon vocou-ctoxov

2) Avayvwplon @opuoKeVTIKOU 0TOXOU

3) KaBoplopdgs Stadikaotwv eEAEYYOU

4) Evpeon évwonc-odnyov

5) Zxéoelg Soung-6paong (SAR)

6) [IpocdLOPLOUOG PAPUAKOPOPOV

7) ZxeSLaouoG Papudkov - BEATIOTOTOMON CAANAETILOPACEWV LE TO OTOYXO
8) ZxedlaopnoG @apUdKov — BEATIOTOTOMOT PAPUAKOKIVITIKWVY LISLOTHTWV
9) To&lkoAoyLKOL EAEYYOL KOl EAEYXOL ACPAAELOG

10) AvaTtuén Kat Tapaywyn XNUIK®WY 0OVGLWYV

11) AIMA@WPOTA EVPECLITEXVIAG KOL KAVOVIOTIKEG VTTODETELS

12) KAwikeG SopikEG

Bloxnueia, Opyavikn Xnueia, AvaAvtikn Xnueia, BloAoyia



H Stadpoun sivat usyain kat akpifn

H
Hit
generation

its Leads

A - >TESI0 KAIVIKWOV SOKIJWV — 2TAdIa €yKpIan

. -
- I |

FDA review
and approval
~ 1-2 years

Preclinical studies
in animal models individuals

$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 @2 . . . > combinatorial
chemistry/ structure-
ADMET o . based drug design
Adsorption, distribution, «............. Step3

metabolism, excretion,
toxicity studies
Stepd g »  Clinical Trials

NDA Approved

v T k@B 20,000 evwoeig ov a€loAoyovvtal in vitro,
= 250 Ba a&loAoynBovv oe (wa (Telpapatolwa),
* 10 oe avBpwmoug (eBeAovTEg),
" 1 B kKataAn&el oTo @apuakeio

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



12.1 EmAoyn ™G vOoou

[MpoTEPALOTNTA YIA T QAP UAKEVTLKT) BLopmnxavia
» Ta k€poM amd TV mpowbnom evog VEOU PAPUAKOV VTIEPTEPOVV TOU KOGTOUG ylot TV

QVATITUEN KoL TOV EAEYXO TOV;

Ep@wTnUata Tov TPEMEL VA amavTOovv

» Elvain aocBévela Stadedopevn; (.. KapSlayyelakr voOcoog, €Ak, EAovooia)

» Avtil 1 vooog (aoBévela) emmpeddlel Tov aveMTUYUEVO kKOopo; (t.x. KapSiayysiaxn
V000G, KApKIvog, EAKN)

» KukAo@opoUv 1101 @Aapuaka oTnyv ayopq;

> Av val, Tola elval T TTAEOVEKTI|LATA KOL TO LELOVEKTIUA T (TL.X. TIAPEVEPYELEG);

» Mmopel va Tpoodloploel OTL pla vea Bepateia Ba EXEL EVa TTAEOVEKTNLX OTNV AYOPQ;



Lipitor sales, 2001-19 O~__OH

$12b

-' ' l=PITOR| HO
3 v TABLETS

/i tatin calcium .
g |
I I I il $1.5b Total
______ $?6m U.s.

» Ao 10 1996-2012, n atopPaoctativny (Lipitor), £ywve To O EUTOPLIKO @APUAKO OAWV

9b
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Twv emoxwv e $125 81¢ oe mwAnoelg oe 14.5 xpovia
» Movo Lipitor mapeiye to % twv kepdwv ¢ Pfizer yia 1 xpovo

» H petoyn ¢ etapeiag emeoe katd 19% poALg EAnée n matévia



12.2 EmAoy1] TOU @APUAKEVTIKOU GTOXOV

PAPUAKEVTIKOL GTOYOL

A) Amidix
AmtiSia kuTTapKnG pepBpavng

B) lMpwTeiveg
Ymodoxelg
‘Eviupa
[TpwTelveg petapopag
AoUIKEG TIPWTEIVEG (TOVUTTOVALVY)

) NoukAeika o&ca
DNA
RNA

A) YSatavOpokeg
YOatavOpaKes KUTTAPLKIG ETILPAVELAG
AvTiyova Kol HopLa KUTTOPLKNG oVayvwpPLoNG
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12.2.1-12.2.2 PappaKEVTIKOL GTOXOL-AVAKXAVYIT)

v Eav éva @Aappako mapayel KATolo BloAoyikd amotéAeopo Do TTPETEL VA UTTAPXEL £V
LOPLOKOG 0TOXOG

v’ Magic bullet (Paul Ehrlich in 1907)

v Kamolot otdyol elvat yvwaotoi, kdmolot dyvwoTtot (Loplakod emimedo, ao0Eéveles KTA)

vl s oot

RIS ;5

“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. 1



2U@iAn (1500-1900)

’

R E spatonoL B
‘ AFFLIGE [

v Oegpameila pe @UTIKA Ttpoiovta (dxpnotn), Hg (otnv apyn amotedeocpatikdg)

12
https://eody.gov.gr/disease/syfili/



Oswpla TOV ULAOCUATOC

AmooUvBeoT 0pYAVIKIG VANG LOAVVEL TOUG avOPWTIOUE TTOU SEV 1)TAV LOAVCGUATIKOL

TO APOEVIKO TTOV O0W{EL.

OH

SAS NH,

HO

Salvarsan 1} évwon 606

Ignaz Philipp Semmelweis  Paul Ehrlich b



12.2.3-12.2.5 EKAEKTIKOTITA EVAVTL OTOX®WV

MeTa&V 0pyavVIoUWYV
> AvTIBakTnpLlaKd, QVTIHUK) TIOKA KO OVTUKE QAP oKX
» Tavtomoinon otdywv mov eivat povadikol o0to el dAAlov maboyovo

» Toavtomoinomn otdxwv Tov elval Kowol, aAAd SLa@EPOVY OTNUAVTIKA 0T SOUT] TOU

Evtog Tou avBpwmivov cwuatog

» ExAektikomta petadl Sla@opeTikwy evOUWV, VTTOS0XEWV KTA.
» ExAektikomnta petadl TUTWV Kol VTOTUTIWV VTTOSOXEWV

» ExAektikomta petadd tooduvapuwyv evQOUwyv

» ExAekTikOTNTA 0PYAVWV KL LOTWV

A€V VTIAPYEL TO ATIOAVTA AGQPAAEC PAPILAKO

15



12.3. lIpocdL0pLlopnoc TV BLoAoYLK®WV SoKIHXGL®WV (assays)

» Ou Sokuég amattovvtal wote va Bpebolv evwoelg-odnyol kol BeATioToToMoNn TWV
EAPUAKWV

»  OLdoKIUEG uTopoVV va elval in vivo 1 in vitro

» ZUYVA XPTOLUOTIOLELTOL 0T EPEVVNTIKA TIPOYPAUUATA CUVSVAGUOG SOKIUWY

16



12.3.2 AOKLEG in vitro

» Ou6okLpEg Sev mpaypatomolovvtal o€ {wa/avpwmoug
* Mopla otoyol (.. amopovwpeva eviupa 1] VTTOSOXE(S)
* KOttapa (Y. KAWVOTIOmUEVA KUTTOPA)
* Jotol (.. LUIKOG LOTOG)
* Opyava
* Mwpoopyaviopol (Yo avTifaktnplakd @apuoka)
» lleplocdTeEPO KATAAANAES YLIA EAEYXOVG POVUTIVAG
» Xpnolpomolovvtoal o€ EAEYX0oUS LPMANG SLaKIivnong
» Meétpnon ™G¢ aAANAETIOpaoNG EVOG PAPUAKOV HE TOV OTOXO AAAX OXL TNG LKOVOTNTAG
VO (PTACEL TOV OTOXO
» Ilio eUKOAN ALTLOAOYNON ATIOTEAEGUATWVY — EUTTAEKOVTAL ALYOTEPOL TTAPAYOVTEG
AAAG..
»  Agv amoSelKVUEL Ll PUCLOAOYLKT 1] KALVIKNY emidpaon
> Agv avayvwpllel TIOOVEG TUPEVEPYELEG

» Agv avayvwpllel AMOTEAECUATIKA TIPOPAPUAKA 17



12.3.3 AoKLEG in vivo

» ITlpayuatomolovvtal oe {wvTavd (wa KoL avOpwToug
» MéEtpnon Hag TapatnpoUUEVNS (PUGLOAOYLKNG ETILOPAONS
» MéEtpnon ™G LKAVOTNTAG TOU PAPUAKOV VO PTAVEL KUl Vo AAANAETIIOPA PE TOV OTOXO
TOU KOl TNG LKAVOTNTAG VA (PTAVEL GE AUTO TOV GTOXO
> Avayvwplomn mBavwy TTapEVEPYELWV
» H attioAdynon umopel va eivat dSVOKOAN A0Yw TOU aplOpoy TwWV EUTAEKOUEVWV
TAPAYOVTWV
»  AlxyoviSlakd {wa — YEVETIKA TPOTIOTIOUEVH (W
» ApaocTIKOTNTA @UPUAKOU — OTOLTOUHUEVT] OUYKEVIPWON TOU @APUAKOU Yld TNV
mapaywyn tov 50% ¢ pEylong emidpaong
» OepamevTtikn)/og avaAoyia/delktng
e oUYyKplon TOU emmeSouv TNG SO0NG €VOC @APUAKOUL TIOU OTOLTEITAL Yl TNV
mapaywyn emBupntov amoteAéopatog oto 50% tovu Seiypatog (EDc,) Evavtt tou

emmeSov NG 66omg Tov elvat Bavatn@opa yiax to 50% tov detypatog (LD<,)

18



Na Bvuaote...

v' Ou gtaipeieg TIOTE Sev &pouv av Ba @Tiaéouv éva @APUAKO TIOU AELTOUPYEL LE TOV
TpOTO OV Vouilouvpe/BeAovpe

v Agv UTIAPXEL ETMLOTNUOVIKOG VOUOG TTOU va KaBodnyel Tpog kKATTov

v H Swadikacia avakoAuPns @apuakwyv TOAAES QOopEG elval Tuxaia Kat BacileTal TOAAES
(EOPEGC OTNV EVPNUATIKOTNTA TIAP& 0TOV 0pBOAOYIKO oXESLATUO

v Aok KoL o@aApa

-
AxpBd& papuako



H avdmtuén evog papudkov Buplilet...;
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12.4. Evpeon pag Evworc odyov

v Ta @AppaKa YEVIKG 8V avaKOAUTITOVTAL QGUTO TOU UAAAOV avaKOAVTITETAL €ival )

Evwon o06nyog (lead compound 1) lead)

Mn
0p0oA0YyIKOC

GYESLAGLOC OpOoAroyLkoc

oXESLAONOC

22






> Otzi

z L
. B vv\."‘)," J b A

v 0 «x1ovavhpwmoc»

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

Trichuris trichiura

24



AvamtuEn @apUAK®V XWPLS Evwon-08nyo

> ®UoM (0 TPWTOC PAPUAKEVTIKOS YNIULKOC)

@Izu?é Made from Plants




[ BESTI LOODUS!

STILOODUSMULSY ;
W 1 % s E - I Arusisali
sisalilc 7 Lacerta vivy

Lacerta agils

= g . E = =

27



5 N
S (S) ~
Pseudoephedrine
Ephedra distachya colchicine Colchicum autumnale
HsC—N
3 \RN OH
e _-OH
O : 0
© 0
scopolamine atropine
H3;C—N

cocaine

29



Omo¢ onuaivel yvuog

v Oed@ppaotog, 3° oL T.X. aVEPEPE YL TOV XUUO OTILOV AVAAYNTIKEG IOLOTNTEG

v 0 Rhazes (Ilepoia) tov 10° at p.X. xopnyoLoe xa&mia oTtiov yia frixa Kot Tovo

v’ Mikpn Swcdvtomnta, IMapdkedcog to SieAvoe oe atbavoAn (AaBdavo 1 AiBog Tng

abavaociag)

v' Mop@ivn: Engel apotheke (Emanuel Merck) 30



Plasmodium falciparum

Artemisia annua

ApTepIaivn

31



» Agvtpo tov upeTov
» Inooviteg lepamodoTorol (kUpLoL eloaywyeic)

» Aoyuatioteg (vep 'aAnvov) vs Eumelplotég

ENGLISH REMEDY |
OR. *
TALBORs
WONDERFUL SECRET,
| o FOR
LU REILI NG
‘ OF
Agues and Feavers.
SOLD

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

of his Subjeéts. o
AND NOW Beware of all palliative cures and
Sraniated ineo @ngliy oz Publick Gaab, especially of that known by the name of
U LomDon Jesuits powder-..... for I have seen most
Printed by F.77alx, for Fof: Hindmarfh, at the dangerous effects following the taking of

Black Bull in Cornbill, “MDCLXXXI . .
: Sl that medicine 32



AvVakdaAuyn Twv TOTTIKWYV avaionTIKwV, KAives

ANESTHETIC

@ by for the SAFEST
FOR CHILDREN »

Ethee is generally recogaized as the anesthetic of choice because
of completeness of relaxation and its greater margin of safety,

Ether Squibb

FOR ANESTHESIA, u.s.p,

USP, pr 3
b Jf’.,:i‘,w‘ pﬁ'““‘p‘m«l mﬁi by W porior

s can

tlor icial res, J

— Peders it piration;

Sy
aw prohibits dispensi

Martsscxnoor Enimae Aestussia is dependobly pure. Freedom
ldchyibe, peronide and all other toric impuritics affording
arapce against any tov effect due to impurities in

Senooth indoction, almost natural awakeing, and minin
nausea or respiratory ievitation cb ciae the administr
of Marsixcnoor Enoe Axest
factured from ethyl alcohol by the sulphuric acid proces.

) od extra sensitive Mallinckrods
linckrodt patented mechanical

loware, MALLINGKROUT x
e that it has been accorded by the medical professicn.

oot Enwem Axestussia it packed in 14 pound,
H‘.:::I peounnl anvd 5 poand, chesnically treated, bermetically
wealed containers.

niw Yorx
ToroNIo
MONTREAL

CHEMICAL WORKS

R e ta LR L b 4 v B\

33



12.4. EVpeon pag Evmornc odnyov

>

Miax évwon mov emSelkviel i I8LOTNTA Tov elval mBavo va elval BepamevTika
XpNowun

Ta emimeda SPACTIKOTNTAG KL EKAEKTIKOTNTAG UTTOPEL v Elvarl YaunAd

XpNoWOTIOLE(TAL WG OMNUELD EKKIVNONG YA TO OXESOUO KL TNV QVATITUEN
@APUAKWV

EVpeon péow oxedlaocpov (poplakn povtedomoinon 11 NMR) 11 peéow eA€yxou
EVWOEWV (PUOLKWV 1) CUVOETIKWV)

Avaykn yla tpooSloploptd KaTdAANANG SokiunG wote va Ppebel pla évwong-odnyog
Evepyd ovotatikd - pla €vwon ToU ATOUOVIWVETAL ATO PUOIKO EKYVALOUN KOL 1)

omola elvat KOpLa LTTEVOLVY VLA TN EAPULAKOAOYIKT SPACTIKOTITA TOV EKYVAICUATOG.
ZUYVA XPTOLUOTIOLELTUL WG EVWOT)-081Y0G.

34



12.4. EVpeon pag Evmonc odnyov - Inyég

. PuTiko BaciAelo (dvOn, Sévipa, Bauvol)
., Mikpoopyaviouol (faktpla, pavitapla)
A) O @uoIKOG KOOUOG |
. Zwko BaciAelo (Batpaxoy, @idla, okoptiol)

" Bloynuués ovoieg (Nevpodiafipaotés, oppuoveg)

______________________________________________________________

____________________________________________________________________________

B) O ouvBeTkd§ KOGHOG . Xnpwn ovvbeon (apadootaxi)

ZuvovaoTIK & TTAPAAANAN cLUVOEDT

[") O ymelakog kdopog

35



12.4.1 (12.4.1.1-12.4.1.5) Evwoeig-08nyol amo pUOIKA TIpoiovTa

Papaver somniferum
(Omio)

36



TwAnon npwivng (1 oVpryya + 2 BeAdveg + 2 @laAidia npwivng: $ 1.5) xata tov
Hop@wiopuov Kol Bryxa!
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L1a7 o SRimiwes v ASRevey SURGEONS
= - < :

Son Varwmas Vewrny
Doever i Formin
Ansawn Aacess
Doty cLeer
Lawcrier Siesemyscin
CABUEL CLaNpd
RN, mteia
CRigremver tyrever
AMEEL SaWpary

y ]
g Prvireen
" Rexe Aowrus

¢ : AMPUTATION
Thomas Rowlandson, Amputation’ (1793), Wellcome Library, London
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Sou; seduojes

AUIDIKOG OEOOG

Aldokaivn

Si‘:regsils" - ﬁix

Maux de gorge, aphtes. Petites plaies de la bouche

Strepsils

LIDOCAINE
A

24 Pastilles a sucer

o
o)
0
o)

Koxaitvn

ArmrAouaorteuaon
ooung

Bev{okaivn
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It"“lAE’ MIAASLOE ¥, O

eserdss

.

o) OH o) OH
O&kog¢
OH  avuspitng 0 CH;
g \n/
0

ZOALKUALKO 08V AkeTuAooaALKLALKO 08V (aoTtipivn)

spiraea ulmaria
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BAYER

AM<>W

«To mpoidv Sev exel kauLd agio»
Heinrich Dresser,

0/VTING TOU TUNUATOS PAPUAKEVTIKNG Epevvag Bayer yia thv aomipivn, 1897

42




Tetpodotoiivn (Tetrodotoxin) Oaldaooiot opyaviouol

o@
5 OH
O OH NH,
N
HO X
" NH

OH
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DUOIKX TPOIOVTA

v’ Ixeb0v pod amd ta vea @apuaka mov gykpidnkav 1994-2007 Baciotnkav o€ GUOIKA

TPOlOVTX

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

45



12.4.2 dappakevTIK) Aaoypa@la

v' XpNoLUES TTANPOPOPILES
v TIoAAEG opéc akpwg emtikivéuva (placebo effect)
v' Clark Stanley («@t6éumopoc»)

IA" /

r7\ -\ 4

Lumbe trrresin {5 o olts >
Vi [ﬂmu m) i

Exrtlowors i ol

QAngues equorm

TR R
A

| LINIWENT

it
NHUR $T AND
BEST LINMENT
{ ANOWN TOR PAIN
{ AND LAMENESS
J

FOR
AHEUMATISM

NEURALGIA
SCIATICA
LAME BACK
LUMBAGO
CONTRACTED
CORDS
| TOOTHACHE
; SPRAINS
| SWELLINGS
ETC

RADE MARK REGISTERED

FOR— ||
FROST BITES
CHILL BLAIKS
BRUISES
SORE THAOAT
BITES OF
ANIMALS ¥
INSECTS AND ||
REPTILES. |}

6000 FOR |
MAN AND BTAST

Imenes |}
WMEDIATE
RELIEF

S GOOD
FOR
EVERYTHING
A LINIMENT
ouGny
TO B
GOOD FroR

Narstuthand iy
CLARK STANLEY (]
Saste 00 Usinem
Coxgany
Providense, W, )

Glark Stanleys Snake Ull lemem

ftty cents )

PROVIDENCE,

tamps by adds & the

Clark Stanley Snake 0il Liniment Co.
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12.4.3 'EAeyxo¢ «BLBALOONKWV» CUVOETIKWV EVWOGEWV
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High-throughput screening to 1957




High-throughput screening to 2023




European
B Lead Factory

Innovative Medicines Initiative

European
g Lead Factory

nnsqo’

yioiond b

v’ Zuvepyaoia SNHociov-18lw TV yia TNV EMITAXLVOT] TNS AVOUKAALYNS APUAKWY GTNV

E 14
VPWTI -



Amo hits o€ evwoeic “lead”

Peroxisome CH; CH;3

proliferator- o SN HO,C 0
activated ? \Sr /) O Letg ~
receptor (PPAR) o /\f'N
@ W
OCH;

O (target class:
nuclear hor-
mone

receptor) ECso=3200nM
ECSO =17nM
Rho kinase H;CO
(target class: g ﬁ IP\II
enzyme) H,CO \”/ NH
~N H,N 0O O
IC50=2300nM
[C50:4 nM
Influenza A

(HTNT) virus

IC50=4500nM ICqy=70nM o1



12.4.4 YIapYovta @AaApuLaKo

0
-0

Viagra, Pfizer Cialis, Lilly
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12.4.4.2 Evi}von Hog THpATAEVPTIC SpaonC

Avakaivyn Apauapuivng AvakxaAvyn Sildenafil

|
O
H
SN N ZTIG KALVIKEG SOKLUEG, OL EBEAOVTEG AVEPEPAV TLENUEVT
Cl
0PN | N/ OTUTIKN AELTOVPYIX

Apxikd yla aA)epyleg, petd

VOUTLX
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12.4.5 Evwoeig-081yol amo ToV (pUOLKO VTTOKXTAC T 1] pLOMLGTN

» duoikol Tpoodéteg vTOdoXEWV (EVOOYEVEIS EVWOELS)

HO NH, N
7 =
L7 - L)
HO
- OH
Dopamine Rotigotine
(aoOéveia Parkinson's disease kat
oUVEPOUO «aKOVPAOTWV» TOSLWV)
NH,
HN—
HO O
N m)  HN O
2
N
H NH
Serotonin Frovatriptan

(Mukpavia)
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OH
HOO’*/NHQ
HO

Norepinephrine

Estradiol

9 \ /

Acetylcholine

N
' OH OH

Nebivolol
(avTwmEPTAOLKO)

Norgestrel
(aVTIOVAANTITIKO)

@(S
- A

Cevemaline
(§npo otopa)
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» M @AAN Evwon Tov elval YVwoTO 0TL EMOPA LE TOV GTOXO EVSLAPEPOVTOG

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

(Yvwoto kat wg Valium)

v Repurpose, COVID-19 >



Remdesivir Covid pymol_1

v’ Gilead, broad spectrum antivirals

Chloroquine

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

Cl N 57



12.4.6 TuvSvaOoTIKN KOl TTHPAAANAT 6UVOECT)

» XNUIKEG pEBoSOL IOV PUTTOPOVV VA TTAPAYOUV TEPAGTIOVS aPLOUOVS XN UKWV EVWOEWV

12.4. XxeSlaon0C¢ eEvwoE®V HE TNV Bo10ELX AOYLO UKWV
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12.4.8 O TapayovTac TUXM

Avakaivym mevikiAivnyg

i
= S
2 |\>< H,N SO,NHR
I~
O z Sulfa drugs
[/ —OH

BRrRiTISH JOURNAL

Penicillium colony
Staphylococei  under-

woing lysis.

Normal staphylococeal
colony.

Fia. 1.—Photograph of a enlture-plate showing the dissolution of staphylococeal
colonies in the neighbourhood of a penicillinm 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
‘:\? THE PUBLIC THROUGH THE
MEDICAL PROFESSION
WITH PENICILLIN

PENICILLIN NSTOCK

i Ilm'Jl
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YovA@aviAauién-to mpwTo avTiBLOTIKO

0 O
N7
HN"> NH O 0O
2 2 \\ // 3
N7N 1/8\ /R
R N
NH, |I?2

Prontosil

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

va Bpouv XpwOoTIKEG oL oTtoleG Ba Spouv WG avTIPLOTIKA
v TTupeTOdS GOVAPAVIAXUIOTS
v Massengil: §1éAvoe TV evwon o€ atbuAevoyAukOAN+apwpa BatéUovpov: SNANTNPLACELS

v’ MéyptL v Sekaetia Tov 1930, 1 kuBEpvnon twv HITA avTipet®TI(e TA @APUOKA LLE TOV

(510 TPOTIO MOV AVTIUETWTIL(E TOUG CUVOETNPES 1] TA TIAVTEAOVLA
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* Novartis

* Bayer

 Merck

* Hoffmann-la Roche

* Boehringer-Ingelheim

e Hoechst

v" Perkin: Top@up6 ¢ aviAivig, pwf

v’ Tepuavia: KAmITAALGTIKY Kowvwvia, Suvatr

Xnuela

Nordsee

IUmuidengge
Katwijk
aanZee,

o, Amsft
Hoek van_ ﬂi"sﬁ/ :
Mg

Holland. b
thein-km 1033(Ng@N
lieuwe Wateri

@:j\

BELGIEN

e
feo "

}

=
®
G
)
®

arlsruhe

afjeasopy

StraBburg
Strasbour,

FRANKRENCH

NWodensee
4 tanz

Rhein-km31 0L/ N
Base & L0y
cmh“ D YOSTE!
DR\REICH
LIECHTEN:QISTEIN
QHWEI Zy, ger 2
Aare rhoig %
A~ . T iﬂl?{

Privog otnv kapdia l'eppaviag mpog
Bopela Badacoa



Treponema pallidum, Syphilis

Vibrio cholerae, Cholera

v' H xoAépa vmoAoyiletal 0Tt poAUveL 3-5 EKATOULL. AVOPOTIOVS GE TTAYKOGULO KATHOK

kat okotwvel 58.000-130.000 to xpdvo

v' 1950: kaBe etaipia eixe opada £pevvag avtiBLOTIKWY
v' 1960: dpyLoav va EYKATAAEITTOVV

v' 1999: Roche gykatédeune

v' 2011: Pfizer (peyaAvtepn mapaywyog otov B’ maykoc o)
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/©10H Apym opOoAoykng avakaAvymg
S NH2

v" H Socoloyia émpeme va kabopiletal pe Siaitepn mpoooyxn. Av n §6on 1jTav ToAD uikp),
TO BakTnpLo TG cVEIANG TTEBALVE. AV TV TTOAV PEYAAT, uTtopEl va TtEBave 0 acOeviig

v Kupilwg dpwe, apopovice povo cU@IAN

v H mpwtn pébodog ioong mov avakaA@Onke. Aev NTav amopiunon evog VTTEPYXOVTOG
@apuakov (alBepag), dev NTAV N WKPN TPOTOTOMOT EVOG VTTAPYXOVTOG PAPUAKOU

(aomipivn)

Geduld (vmouovn), Geschick (epevpetikotnta), Glick (tuyn), Geld (ypriuara)
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B Avtiotaon




YUYOTPOTIEC EVWOELS

v Méxpt to 1950 &8ev miotevav ott O vTApEel TOTE OePATEVTIKY aAywyn Yo

oxl{o@peveLn, KaTdOALM, StToALKN Slatapoy) KTA

v' MO6vo péow opIANTIKHG OepaTteiag

S

Cl N

N/ Henri Laborit

YmotiBetat  oTl LELWVETAL TNV

Beppokpacio TOU CWUATOG, OAAG EKaVE , , ,
Tov aoBevy teAelwg adld@opo oTnVv 7 YuxoTiko kat Blato acBevn
eyxeipnon

Evéo@AéBLa yopnxnon to 1952, o¢

v XAwpoTpopalivr, ATETUXE TTATAYWSWE EUTTOPLKA, «PUYLATPLKN AOTILPIVI» .



v' 1954, T0 TPWTO AVTIKATAOALTITIKO, LE TTOAD TUXN KAt ELTIVASA

0

-~

G 22355,
Imipramine

AvakaAuwn rou Librium

CH;

Nf()
Cl I —N

Diazepam

Apxrog oTOY0G «BpéBnke» ot n douri  Metd and 2 ypovia,
ntav auth n mpayuatiky doutj Valium

glvat autij
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AlwTtovxes povotapdeg

Cl
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A£plo pouaTapdag C|/\/S\/\CI ICJ;‘;Z;’(ZZ C?EUa’;?KUTTGPa;\;,



12.4.10 Avakaivm evooE®wV-081ywV pécw Opavopatwyv

Covid pymol_2

Diverse library of compounds synthesized
with a common chemical linkage group

X X X
. | L] x
I
ABdvo o é O0b
Library is screened to identify members that
show even weak binding to the target

X X X
0 T
Target protein Target protein Target protein

X X
I

X
Q0 O S
Target protein Target protein Target protein

i New library constructed containing all combinations of two of the active compounds
X

linked to each other by common chemical linkage group with flexible linkers

& obd &
A4 7




Oéomn mpoodeomng
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Aev mapatnpeltal kapio floAoyikn emidpaon



BeAtiotomoinon  BeAtiotomoinon
ETITOTIOV ETITOTIOV



ZuvoETng

BeAtiotomoinon  BeAtiotomoinonm
ETITOTIOV ETI(TOTIOV



Binding site
A

—p
Screen {1h§:§’rjﬁ\_/JJ‘Optnnhe {1L1_IFTK¢JJJW
. for 1st .
Protein ligand Protein Protein
Nt T RN By
Optimize Unk
Protein Protein Protein
OH
I ,/[::::::[/#
N
H
0]

Link
Epitope A
Kq =100 pM
oM i \lr/

Structure C
K4 =0.049 uyM

Epitope B
Kqy=2uM

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

—>
Screen

for 2nd
ligand

OH



2XESLAOUOC EVWonc-00nyoU ue xpnon pacuatookoria¢ NMR

CH

CH

CH,
CH,

13C NMR



2XESLAOUOC EVWonc-00nyoU ue xpnon pacuatookoria¢ NMR

CH ¢H

13C NMR



12.4.11 IS0 TEG EVWOTIC 081 YOV
Kavovag Lipinski (Rule of 5)
MW < 500

log P < 5 (Aimo@iAikotnta)
Adteg deopwv H <5 (ovoro opadwv -OH xat -NH groups)

YV V VYV VY

Aéxteg Seopwv H <10 (oVvoro atopwv N kat O)

» Ileplotpe@ouevol Seopol < 10 (petwpévn poplakn evkivnoia)
> Mikp1] moAwn emupavela (PSA < 140 A? {yia evtepikni amoppdenon}, s60 A? {eykepalixdc
Ppayuos})
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Xuvoym

> XtOx0G-AcBevela

» BuloAoywn e€etaon (assay)

» Wdxvw Vv evwon-odnyo (lead)
» ®UoIKOG TTIPOCHETNG
» ddapuako 161 otV ayopa

» duowkd mpoiovta

> TuvBetikég BLfAoOnkes — ‘EAeyyog (High Throughput Screening, HTS)

» Opavoparta (fragments) _

> Xxedlaopos (de novo) (H/Y, kpuoTaAAlKeEG SOUEG, assays KTA)

d = by

Drug




'EVAC almvac @UPUAKEVTIK®OV HOPLWV..
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Penicillin G Chlorpromazine



To yaTu

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‘ V

MAINTAIN CONSISTENT SUPPRESS RELEASE OF PREVENT
HORMONE LEVELS OTHER HORMONES OVULATION

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 thinking awoman is already pregnant.
This stops the pituitary gland from releasing hormones that
stimulate ovulation, preventing pregnancy.

© Andy Brunning/Compound Interest 2020 - www.compoundchem.com @@@@
Shared under a Creative CommonsAttribution-NonCommercial-NoDerivatives licence e
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HIV

@) > FN NH,
O O
v O N/ \

O-P~ N
_«o—/ I/O{ N=/

Tenofovir disoproxil

Dolutegravir

Emtricitabine
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v' 1996-1999: oL 6dvatot pewwdnkav os HITA kat Evpwmn >50%.



Chronic myeloid leukemia (CML)

/

Imatinib

v BeAtiwoe 1o tpoadokipo Lwng (5etiag) and 30% oe 90%.
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https://forms.gle/wkw6vZRirmgTRt6)8
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ATTQVTNOELS OTIC EPWTNTELS 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
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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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