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Outline	For	This	Morning	
• Some	considera6ons	on	the	
current	state	of	the	
pharmaceu6cal	industry	

• Coffee	
• ‘Adventures’	in	marine	biology	







The	crea6on	of	a	new	drug	can	be	broadly	divided	into	three	main	phases:		
	
Ø Drug	discovery	–	from	therapeu5c	concept	to	molecule	
Ø Drug	development	–	from	molecule	to	registered	product	
Ø Commercialisa6on	–	from	product	to	therapeu6c	applica6on	to	sales.	
	



How	Many	Drugs	Are	There?	

•  Between	1000-1500	individual	drug	
substances	are	approved	world-wide	for	
medical	use.			

•  Most	of	these	are	custom-designed	synthe6c	
compounds	produced	by	the	drug	discovery	
programmes	of	pharmaceu6cal	companies.		

•  In	the	last	few	years,	approximately	20-30	
new	compounds	have	been	approved	every	
year	in	the	UK.	





	
How	Therapy	is	Delivered	by		

‘Big	Pharma’		
	“One	Size	Fits	All”	Approach		

to	Drug	Therapy		

	 •  This	 means	 that	 a	 pa6ent	
may	 not	 receive	 the	
op6ma l	 d rug	 and/or	
dosing	for	their	disease.		
–  The	drug	prescribed	

may	lead	to	ADRs	
which	can	be	life-
threatening.		

–  Even	worse:	Drug	may	
not	work	at	all	was6ng	
6me	and	causing	
further	distress	to	
pa6ent!	

	 The	Future:	Personalised	Medicines	
Based	on	Pharmacogenomics	

	

But	we	are	not	all	the	same:	gender,	age,	
ethnicity,	height/weight,	general	health,		
genotype.......all	influence	drug	PK/ADME	









Drugability:		
The	Lipinski	“Rule	of	Five”	

A	poten5al	drug	molecule	
will	have	poor	absorp5on	

and	distribu5on	
proper5es	if:	

	

•  Molecular	weight	is	>500	
•  Calculated	log	P	>	5	
•  5	hydrogen-bond	donors		
•  >	10	hydrogen-bond	

acceptors		





Pharmacological	Treatments:		
Small-Molecule	Drugs	

•  ‘Chemical	 space’	 is	 so	 vast	 that	 chemicals	 have	 the	 poten6al	 to	 bind	
specifically	to	any	chosen	biological	target:	the	right	molecule	exists;	 it	 is	
just	a	maber	of	finding	it.	

•  Doctors	 &	 pa6ents	 are	 thoroughly	 familiar	 with	 conven6onal	 drugs	 as	
medicines	 and,	 the	 many	 different	 routes	 of	 administra6on	 that	 are	
available.	Oral	administra6on	is	oden	possible.	

•  Although	sec6ons	of	the	public	may	remain	suspicious	of	drugs,	there	are	
few	who	will	refuse	to	use	them	when	the	need	arises.	

•  Pharmaceu6cal	 companies	 have	 long	 experience	 in	 developing,	
registering,	producing,	packaging	and	marke6ng	such	products.	

•  Advantages	

Either	 synthe6c	 compounds	 or	 natural	 products,	 have	 for	 a	 long	 6me	 been	 the	 mainstay	 of	
therapeu6cs	and	are	likely	to	remain	so,	despite	the	rapid	growth	of	biopharmaceu6cals	in	recent	
years.	



Pharmacological	Treatments:		
Small-Molecule	Drugs	

•  The	discovery	of	new	small-molecule	drugs	seems	to	be	
diminishing,	despite	increasing	R&D	expenditure.	

•  Side	effects	and	toxicity	remain	a	serious	and	
unpredictable	problem,	causing	failures	in	late	
development,	or	even	ader	registra6on.	One	reason	for	
this	is	that	the	selec6vity	of	drug	molecules	with	respect	
to	biological	targets	is	by	no	means	perfect.	

•  Humans	have	highly	developed	mechanisms	for	
elimina6ng	foreign	molecules,	so	drug	design	oden	has	
to	contend	with	pharmacokine6c	problems.	

•  Oral	absorp6on	is	poor	for	many	compounds.		

•  Disadvantages	



The	Rise	of	Biologics	–	Now	a	Driving	
Force	in	Pharma	(2017)	



Biopharmaceu6cals	
•  Biopharmaceu6cals	 have	 been	 around	

for	 a	 long	 6me	 -	 Immuniza6on	 against	
infec6ous	 diseases	 dates	 from	 Jenner	
(smallpox,	1796).		

•  Biopharmaceu6cals	 are	 therapeu6c	
protein	 or	 nucleic	 acid	 prepara6ons	
made	 by	 techn iques	 invo lv ing	
recombinant	DNA	technology,	although	
smaller	 nucleo6de	 assemblies	 are	 now	
being	made	using	 a	 chemical	 approach	
(e.g.	 Synthe6c	 biology	 and	 ‘click’	
chemistries).	

•  This	field	has	now	matured	to	the	point	
that	we	are	now	facing	the	prospect	of	
‘ b io - s im i l a r s ’	 ( aka ,	 ‘ gener i c s ’ )	
consequent	on	the	expiry	of	the	first	set	
of	important	patents	in	2004.	

E.	coli	recombinant	human	insulin		
(1982	Eli	Lilly,	Humulin)	

Mammalian	recombinant	human	
erythropoie6n		

(1989	Amgen,	EPO-α)	
The	most	successful	biotech	drug	
in	history:	sales	>	US$	2	billion	

2007	in	USA.	



Biopharmaceu6cals	
• 	Advantages	
•  The	main	benefit	offered	by	

biopharmaceu6cal	products	is	that	they		
open	up	the	scope	of	protein	
therapeu6cs,	which	was	previously	limited	
to	proteins	that	could	be	extracted	from	
animal	or	human	sources.	

•  The	discovery	process	for	new	
biopharmaceu6cals	is	oden	quicker	and	
more	straighrorward	than	with	synthe6c	
compounds,	as	screening	and	lead	
op6miza6on	are	not	required.	

•  Unexpected	toxicity	is	less	common	than	
with	synthe6c	molecules.	

•  The	risk	of	immune	responses	to	non-
human	proteins	–	a	problem	with	porcine	
or	bovine	insulin	–	is	avoided	by	
expressing	the	human	sequence.	

•  The	risk	of	transmisng	virus	or	prion	
infec6ons	is	avoided.	

• 	Disadvantages	
•  Producing	biopharmaceu6cals	on	a	

commercial	scale	is	expensive,	requiring	
complex	purifica6on	and	quality	control	
procedures.	

•  The	products	are	not	orally	ac6ve	and	
oden	have	short	plasma	half-lives,	so	
special	delivery	systems	may	be	required,	
adding	further	to	costs.		

•  Like	other	proteins,	biopharmaceu6cal	
products	do	not	cross	the	blood–brain	
barrier.	

•  For	the	above	reasons,	development	
generally	costs	more	and	takes	longer,	
than	it	does	for	synthe6c	drugs.	

•  Many	biopharmaceu6cals	are	species	
specific	in	their	effects,	making	tests	of	
efficacy	in	animal	models	difficult	or	
impossible.	



Gene	Therapy	
Recombinant	 DNA	 technology	 offers	 the	 promise	 of	 altering	 the	 gene6c	 material	 of	 cells	 and	
thereby	correc6ng	the	results	of	gene6c	defects,	whether	inherited	or	acquired.		



An6sense	Therapy	

Genzyme	Corp.	2013	
Homozygous	familial	hypercholesterolemia	

Isis	Pharma	/	Ciba	
(1998)	

Cytomegalovirus	
infec6on	

	



Cell-Replacement	Therapies	



Summary		
•  Therapeu6c	interven6ons	are	important	for	the	health	of	the	

individual	and	the	biological	and	economic	health	of	na6ons.	
•  The	way	drug	interven6ons	are	delivered	by	‘Big	Pharma’	is	

changing	from	‘One	size	fits	all’	towards	‘personalised	
medicines’.	

•  The	development	over	the	years	of	large,	chemically	diverse	
small-molecule	libraries,	many	already	with	‘drug-like’	
proper6es	built	into	their	structure,	reinforces	the	
commitment	of	the	industry	to	this	approach.		

•  Small	organic	molecule	drugs	of	molecular	weight	<500	Da	are	
the	preferred	therapeu6c	modality	of	the	major	
pharmaceu6cal	companies	for	most	disease	applica6ons	but	
the	landscape	is	now	changing	and	it	has	been	predicted	that	
by	2020	the	most	important	therapies	for	trea6ng	human	
diseases	will	be	biologicals.		



COFFEE!	



Adventures	in	Marine	Biology:	
Commercialisa5on	of	a	Natural	Sunscreen	&	

An5oxidant	
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DNA	Damage:	
Direct:	CPD	
Indirect:	
8oxoGua	

Protein	Oxida5on:	
Loss	of	func6on	

Gene	&	Protein	Expression	
Inflamma6on	
Photoageing	
Melanogenesis	

Immunosuppression	Photoageing	

UVR	
Visible	Light	

IR	

Photosensi5ser	

DERMIS	

EPIDERMIS	

Lipid	Peroxida5on:	
Membrane	damage	

Solar	radia5on	is	a	major	hazard	
to	all	forms	of	life		



O	Índice	Ultravioleta	(IUV)	
O	 Índice	 Ultravioleta	 está	 relacionado	 à	 exposição	 ao	 Sol	 de	 uma	
pessoa	em	ambiente	aberto.	Ele	iden6fica	o	período	do	dia	quando	a	
exposição	 aos	 raios	 UV	 é	 mais	 intensa.	 O	 IUV	 é	 uma	 importante	
ferramenta	 na	 educação	 do	 público	 sobre	 os	 perigos	 da	 exposição	
excessiva	 à	 R-UV	 e	 sobre	 as	 precauções	 necessárias	 para	 uma	
exposição	segura.		



IUV	de	Norte	a	Sul	do	Brasil	



Synthe5c	Sunscreens	

Cosme6c/drug	formula6ons	containing:	
– Inorganic	molecules	(scaber/reflect/
absorb	UVR)	

– Organic	molecules	(mostly	absorb	UVR)	



Environmental	Issues	with	Synthe5c	
Sunscreens	

Studies	have	reported	that	UVR	filters:	
– cause	hormonal	changes	in	fish		
– are	bioaccumulated	in	the	food	chain,	
with	some	filters	found	in	birds	and	
marine	mammals	

– can	fuel	algal	growth	(release	of	
inorganic	nutrients	from	formula6ons)	





European	Chemicals	Agency	
CoRAP	List	Filters	

8	of	16	frequently	uses	filters	on	CoRAP	List:	
1.  Butylmethoxydibenzoylmethane	-	vPvB	
2.  Octocrylene	-	vPvB	
3.  Ethylhexyl	Methoxycinnamate	–	ED	
4.  TiO2	–	vPvB,	CMR,	RS	
5.  ZnO	–	Nano,	vPvB	
6.  Benzophenone-3	-	ED	
7.  Isoamyl	p-Methoxycinnamate	-	ED	
8.  Diethyl	Butamido	Triazone	-	vPvB	
	 vPvB	=	very	persistent,	very	bioaccumila6ve	

ED	=	Endocrine	disruptor	
RS	=	Respiratory	sensi6zer	
CMR	=	carcinogenic,	mutagenic,	reprotoxic	
Nano	=	Concerns	with	nanoform	
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Biology in  
London? 
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…or the 
Great 
Barrier 
Reef ? 
 



Environmental	Issues	with	Synthe5c	
Sunscreens	

Studies	have	reported	that	UVR	filters:	
– cause	hormonal	changes	in	fish		
– are	bioaccumulated	in	the	food	chain,	with	some	
filters	found	in	birds	and	marine	mammals	

– can	fuel	algal	growth	(release	of	inorganic	
nutrients	from	formula6ons)	

 
 
 
 
 
 
 
 
 
 

Why	don’t	
corals	get	
sunburnt?	

 

 
 
 
 
 
 
 
 
 
 

They	make	
their	own	
sunscreen	

 



Mycosporines	&	Mycosporine-like	
Amino	Acids	(MAAs)	

Commonly	 produced	by	marine	 algae	&	 seaweeds	 and	 are	 found	 in	5ssues	 of	
some	marine	animals	by	dietary	accumula5on	



Typical	MAAs	produced	in		
coral-algal	symbioses	



Natural	Catch	Fish	From	Tropical	&	Temperate	Waters	
Contain	the	Same	MAAs	in	Ocular	Lens,	Skin	&	Roe	



Photoprotec5on	studies	(in	vitro)	
using	palythine	as	a	model	MAA	

Source:	edible	South	East	Asian	seaweed	Chondrus	yendoi	–	Japanese	
“Buddha’s	ear”	

	•  Solar	range	&	photostability	
•  Biological	assays	

– Cell	survival	
– DNA	damage	(direct	and	oxida6ve)	
– Induc6on	of	ROS	
– Gene	expression	(adverse	UVR	effects)	

•  Chemical	assays	for	an6-oxidant	effect	
	



Absorp5on	spectrum	of	palythine	in	
comparison	with	oxybenzone	

-0,2	

0,	

0,2	

0,4	

0,6	

0,8	

1,	

1,2	

290	 310	 330	 350	 370	 390	 410	

Ex
5n

c5
on

	

Wavlength	(nm)	

Benzophenone-3	 Palythine	



Palythine	photostability	in	vitro	
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Cell	Viability	
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DNA	Damage	
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Induc5on	of	ROS	
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Gene	Expression	
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ORAC	Assay		
(radical	quenching	by	hydrogen	atom	transfer)	
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Requirements	of	an	Effec5ve	
Sunscreen	

•  Significant	absorp6on	
•  Sufficient	photostability	
•  Non-toxic	
•  High	solubility	
•  Colourless	
•  Prevent	UV	induced	damage	
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✓PCT/GB2016/052227		
Priority	date	23/7/15	
Filing	date	22/7/16	
Publica5on	date	26/1/17	





Summary	
•  UVR	exposure	ini6ates	molecular	changes	in	the	
skin	that	can	lead	to	cancer	and	photoageing.	

•  Sunscreens	can	prevent	molecular	photodamage	
but	there	are	environmental,	health	and	
percep6on	concerns.	

•  MAA	are	natural,	biocompa6ble	compounds	that	
are	extremely	effec6ve	in	reducing	UVR	induced	
molecular	damage	in	vitro.	

•  MAA	have	an6-oxidant	proper6es:	an	advantage	
over	synthe6c	sunscreens.	

•  A	beber	balance	with	nature?	


