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•  2002: Established company 

 
•  2003: dti SMART award for developing platform technology 

 
•  2003: Strategic alliance with LGC 

 
•  2004: Corporate investment, Flexicare Medical 

 
•  2005: UKTI service company of the Year 

 
•  2006: Agent in Japan 

 
•  2007: Venture capital investment, A2E Venture Catalysts 

 
•  2007: Strategic alliance with Genzyme Pharmaceuticals 

 
•  2009: Included in the “Best of Britain” book 

 
• 2010: Strategic alliance with Domainex 

 
• 2010: Collaboration with Medical Research Council Technology (MRCT) to provide drug discovery support 

for all in vivo  ADME/PK 
 

• Management, Advisory Board & scientists - track record in CNS drug discovery & development 
and ADMET/PK (Aventis, GSK, AZ, LGC, Pfizer, Merck, Novartis, Vernalis, Wyeth…) 
 

• Successful track record of participating in FP6, FP7 & Bill & Melinda Gate Foundation grants, TSB, 
BBSRC and MRC 

Pharmidex background 
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Pharmidex key capabilities 
IŜƭǇƛƴƎ ŎƭƛŜƴǘǎ ƛŘŜƴǘƛŦȅ άŘŜǾŜƭƻǇŀōƭŜέ  ŎƻƳǇƻǳƴŘǎ ōȅ ŎƻƳōƛƴƛƴƎ ƻǳǊ ǿƻǊƭŘ Ŏƭŀǎǎ 
services and unrivalled knowledge in drug discovery 

 
In vitro  ADME screens 

 

Integrated Drug Discovery ˾  biology & chemistry solutions 
Pharmidex & Domainex  partnership 

CNS ˾  World class expertise / drug delivery / disease translation 

Bioanalysis  & Bioassay ˾  LCMSMS, radiochemicals / pharmacology 
assays. 

Safety &  Efficacy - toxicokinetics  / PKPD 

In vivo ADME/PK  / in situ perfusions / Radiolabelled studies 
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Aim:  
ñto provide clients with the knowledge and information that allow 

 rapid progression of compounds that have the highest probability 

 of clinical successò 

 

Focus: 
Pharmidex focuses on delivering solutions for CNS-targeted 

therapies and  ADMET/PK services 

 

Strategy:  
We aspire  to become the solution provider of choice for all 

CNS drug discovery companies  

 

We will achieve this by: 

• Improving  the quality of decision making 

• Increasing the probability of success 

• Reducing overall development time 
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The major challenges to R&D (2000 to 2009)  

³ÊÊÉdÙÔd̆«ÆÎÑdËÆØÙpdËÆÎÑdÈÍÊÆÕ̇dÇÞdÎÉÊÓÙÎËÞÎÓÌdÒÔÑÊÈÚÑÊØdÜÎÙÍdÚÓÉÊØÎ×ÆÇÑÊd

properties early on in the drug discovery process 

Source: Pharmacology: Principles and Practice (2009). Miles Hacker, William S. Messer II, Kenneth A. Bachmann  
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The major challenges to CNS R&D   
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• Brain complexity 
• Our understanding of most CNS disorders is either 

• Emerging 

• Rudimentary 

• Most CNS drugs are associated with CNS side effects 

 

• The blood-brain barrier (BBB) 
• BBB still a key barrier to developing drugs for CNS targets 



BBB Properties 
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Scotland ˾  
St Fillans 

Ireland ˾   
Loughrea 

France- 
Dijon 

Germany- 
Frankfot 



Facts about BBB Properties 
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• 400 miles (644 Km) of capillaries is 0.4%-0.8% of total brain volume. 

• Presence of complex tight junctions and lack of fenestrations 

• BBB blood volume approximate to 3% of brain volume 

• BBB surface area is 1000 X BCSFB (choroid plexus) 

• Resistance across brain capillary 1300ҠCm2 > general capillary 1.3 
ҠCm2 

• Increased mitochondrial content  

• The brain is 2% of the body mass, yet consumes 20% of its oxygen and 
glucose 

• Blood  flow to brain is 10-20% of cardiac output 

• Phase-I (P450) and phase-II metabolism (glucuronidation) 

• Active transport ς Absorptive and efflux 



+   + 

Non-polar solutes 
Lipid soluble 

Lipid soluble 
Amphiphilic 
Drugs 

Glucose 
Amino acids 
Amines 
Monocarboxylates 
Nucleosides 
Small peptides 

Transferrin 
Insulin 
Viruses 
Cytokines 
Leptin 

Histone 
Avidin 
Cationised albumin 
 

Polar solutes 

(b) 
Passive 
Diffusion 

(c) 
Carrier- 
Mediated 
Efflux 

(d) 
Carrier- 
Mediated 
Influx 

(e) 
Receptor- 
Mediated 
Transcytosis 

(f) 
Adsorptive- 
Mediated 
Transcytosis 

(g) 
TJ 
Modulation 

(a) 
Cell 
Migration 

Begley DJ and Brightman MW,(2003) Prog Drug Res 61: 39-78 
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Kinetics of brain penetration: Free drug hypothesis 
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Delivering  drugs to brain is a complex process 



Physiochemical properties and BBB penetration 
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Van de Waterbeemd et. al., J. Drug Target 6 (1998) 151-165 



Typical Physicochemical properties for a CNS drug 

Physicochemical properties  Ideally 

Not a PgP substrate 

MW  <400 

Log D 1 - 3 

H-bond acceptors <6 

H-bond donors <2 

Neutral or Basic pKa 7.5-10.5 

Polar surface area ғ фл' 
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In vivo measure of BBB permeation ï Rate and Extent 
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BBB permeability (rate) 
• In Silico 

• Cell based (MDCK-MDR1) 

• Brain uptake index 

• PgP KO mice 

BBB penetrability (extent) 
• Brain perfusion 

• Total brain (B:P) 

• Terminal or Serial CSF profile 

• Free brain binding 

• Microdialysis 

• Bio imaging 

PKPD (extend and relevance) 
• Receptor occupancy 

• Biological efficacy (CNS biomarkers) 

In vivo measure of BBB permeation ï rate, extent and relevance 



Protein binding assay format  using equilibrium dialysis or RED cell 

¸ Test compound 

¸ Concentration 1-5 µM in plasma /serum / brain from 

number of species 

¿ control compounds per batch 

¸ Equilibrium 

¿ Incubation up to 4 hours at 37ºC 

¿ HT dialysis 96 well reusable Teflon® plate or 

¿ RED cells 

¸ Analysis by LC/MS/MS 

¸ Report data  bound/unbound  
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Caco-2/MDCK-mdr1  membrane permeability assay 

• Commercially and in-house prepared Caco-2 / MDCK-

mdr1 /cells 

• Cells onto 24 well filter plates . 
– Express transporters P-gp efflux system (MDR1) 

– Transport assay run with standard compounds 

• Asymmetry ratio efflux.   (B-A / A-B) 

– P-gp- inhibitor Verapamil hydrochloride 

– Assay in presence and absence of P-gp inhibitor 

– Cell integrity – Teer 

Compound IC50 Caco-2 Papp CL T 1/2 Vdss F 

(nM) X10-6 cm/s ml/min/kg (h) L/kg (%) 

A 0.12 0.2 18 3.7 4.6 24 

B 0.19 5.6 18 3.4 5.3 84 
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Correlating CaCo-2 permeability with brain exposure 

Re-defining CaCo-2 Criteria for a CNS 
project 
  
Excellent 
Papp a-b > 20x10-6 (cm/s)   
=> High probability CBR,u/CPL,u > 0.4 
 
Viable 
Papp a-b 5x10-6 (cm/s)   
=> Likely probability CBR,u/CPL,u > 0.2 
 
Out of Range 
Papp a-b < 5x10-6 (cm/s)   
=> High probability CBR,u/CPL,u < 0.2 

  

C
B
R
,u
 /
C

P
L
,u

 

CaCo-2 Papp(a-b) ©Pharmidex 
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Maurer et. al., Drug Metab  Dispos, 33: 175-181, 2005 



In vitro - most CNS drugs have 

moderate to high permeability 
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Assessment of Brain Penetration 
PK study can assess brain penetration by measuring brain/blood ratio 
 
 

Cu  

 

Cu  

(ISF) 

Whole Blood  Whole Brain  

Blood  

Binding  
Brain 

Binding  

Cu  

(CSF) 

Receptor 

Pgp  

? 

In-Vivo PK study  

Rat, Mouse  

ĀBlood conc  

ĀBrain conc  

Brain/Blood  

bloodt

braint

C

C
B/B=

? 

Fast-forwarding drug discovery 

×Misconception: 

The best compound has the biggest B/B ratio 
©Pharmidex 



Fast-forwarding drug discovery 

©Pharmidex 
Maurer et. al., Drug Metab  Dispos, 33: 175-181, 2005 

8/10 non-basic drugs 



Retrospective analysis of 50 marketed drugs 
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MW 295 
ACDLogP 0.165 

B/B 0.1 

MW 306 
ACDLogP  4.811 

B/B 25 

MW 285 
ACDLogP 2.914 

B/B 1.9 

~250 Fold 
range 

ü No apparent link between B/B ratio and efficacy 

Similar observations in Doran A et al., (2005) Drug Metab Dispos 33:165˾ 174. 
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• Absolute B:P ratios do not predict efficacy 

• Neutral/acidic drugs show lower absolute B:P ratio than basics 

• Lower B:P ratio is not associated with decreased potential for CNS 
activity 

 

Summary in vivo Observation 



The free drug hypothesis   Brodie et al. (1960) 

̆¹ÍÊd¨u ÈÔÓÈÊÓÙ×ÆÙÎÔÓdÎØdÎÓdÊÖÚÎÑÎÇ×ÎÚÒdÙÍ×ÔÚÌÍÔÚÙdÙÍÊdÇÔÉÞ̇ 

Cu 
 

Cu 
(ISF) 

Whole Blood Whole Brain 

Blood 
Binding 

Brain 
Binding 

Cu ÇÑÔÔÉdd d̵d¨u brain  

Cu blood = Ct blood x fu blood  
Cu brain  = Ct brain x fu brain  
 

Ct blood x fu blood = Ct brain x fu brain  

Good permeability 
No influx or efflux transp. 
No brain metabolism 

Enhancement of Cu brain will be  
obtained through the maximization of  
Ct blood (PK) and fu blood.  

   Kalvass JC et al., (2002) Biopharm. Drug Dispos. 23:327-338 
                       Maurer TS et al., (2005) Drug Metab. Dispos. 33:175-181 
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Assessment of Brain Penetration 

• The key question is whether sufficient drug is able to reach the site of action within the 

brain? 

• Is ISF the target biophase? 

 

Cu 
 

Cu 
(ISF) 

Whole Blood Whole Brain 

Blood 
Binding 

Brain 
Binding 

Cu 
(CSF) 

Receptor 

Pgp 

? 
? 

In-Vivo PK study 
Rat, Mouse,..etc 
ĀBlood conc 
ĀBrain conc 
Brain/Blood 

CSF sampling 
Rat, other species 
ĀCSF conc 

Microdialysis 
Mouse, Rat,..etc 
ĀISF Drug conc 
ĀNeurotransmitters 

PET rec. occ. 
Rat, Monkey, Man 

ĀBrain conc. 
ĀLigand Displac. 

Ex-Vivo rec. occ. 
Rat,Mouse 
ĀLigand Displac. 
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Assessment: interstitial fluid is the key 

Blood  

CSF 

Brain tissue  

Interstitial  
fluid  Receptor  

Pgp  
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NeuroPK® : in vivo permeation assessment 

NeuroPK® DMPK BBB 

CNS 

 Drug Discovery 
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NeuroPK®: measuring molecules in plasma and ISF)  

Combi-PK/Microdialysis

Mean Profiles in The Rat Plasma Samples Post I.V. Administration
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Combi-PK/Microdialysis

Mean Profiles in The Rat Brain (Hippocampus) Microdialysate Samples 

Post I.V. Administration
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NeuroPDÊ: Microdialysis of neurochemicals in interstitial fluid from 

brain prefrontal cortex after post ip dose of PDX1-11 to freely moving rats 

0 60 120 180 240 300
0

50

100

150

Sample time (min)

[P
D

X
-1

-1
1
] 

n
g

/m
l

-60 0 60 120 180 240 300

100

200

300

400

500 **

Sample time (min)

5
-H

T
 (

%
 b

a
s
e
li

n
e
 l

e
v
e
l)

-60 0 60 120 180 240 300

1000

2000

3000

4000

***

***

**

*

Sample time (min)

D
A

 (
%

 b
a
s
e
li

n
e
 l

e
v
e
l)

-60 0 60 120 180 240 300

100

200

300

400

500
* * * *

Sample time (min)

N
A

 (
%

 b
a
s
e
li

n
e
 l

e
v
e
l)

Fast-forwarding drug discovery 

©Pharmidex 



NeuroPDÊ: Microdialysis of neurochemicals in interstitial fluid 
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Microdialysis: application in clinic 
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CerenseSM: Delivering molecules across the BBB 

•  A two-part solution for getting compounds  

    across the BBB 

 

 ̋ Technolgy 

    > Oligoglycerolipids (from Genzyme Pharmaceuticals) 

 

 ̋ Assessment 

    > comprehensive NeuroPK study (by Pharmidex)  
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CerenseSM: Mechanism of action 

Brain 

Blood 

Endothelial capillary cell 

Closed tight junction 
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CerenseSM: Proof of Concept in-vivo  
IV Small Molecule - Profile of Atenolol ± 1-hexyldiglycerol  

SFN poster and satellite symposium, San Diego 2007 
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CerenseSM: Proof of Concept in-vivo  
IV Profile of ion channel blocker ± 1-hexyldiglycerol 

Ratio to 
plasma 

concentration 
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CerenseSM: Proof of Concept in-vivo  
Albumin Distribution in Glioma Rat Brain following distribution with 1-hexyl-diglycerol 
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CerenseSM: Proof of Concept in-vivo  
 IV Delivery of Manganese +/- 2-hexyl-diglycerol 

̋ Presented by GSK at ISMRM 
May 2008 

 

̋ Rat paralysis model 

 

̋ Manganese delivered by 
LipoBridge produced robust and 
reproducible signal increases in 
brain 

 

̋ Homogeneous whole brain 
signal distribution 
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CerenseSM: Exciting new development in crossing BBB 

Nature Biotechnology volume 26 number 11 NOVEMBER 2008 
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CerenseSM: Proof of concept 
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CerenseSM: Chemotherapeutic efficacy  

Days 
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 n=30 
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1.0 
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CerenseSM: Development status  

 ̋ Pre-clinical safety studies completed 

 

 ̋ Multi-kilogram GMP manufacturing process developed 

 

 ̋ Further mechanistic studies underway 

 

 ̋ Extensive pre-clinical optimisation underway 
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Optimising ñPKò is a multi-variable problem 
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How much time and cost should we allocate?  
Identify key relevant parameters early 



Summary ï Successful development depends on 

optimisation of multi-variable factors at each step 
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Pharmacological 
Effect 

Receptor Binding  

CNS Exposure 

Plasma  
Concentration 

Dose 
Administration 

ü In vitro 

• Most marketed CNS drugs have moderate to 
high permeability 

 

•  Assays can detect significant P-gp activity  

 

ü In vivo 

•  Absolute B:P ratio show 400 fold variability of 
successful CNS drugs hence NOT a predictor 
of efficacy 

 

• Most CNS compounds have some interactions 
with P-gp and asymmetry rations of 2-3 do not 
appear to impact success of CNS drugs. 

 

• CSF and brain free levels show 80% correlation 
with intrinsically permeable compounds 

 

ü Delivery 

• Many novel approaches in pipeline to enhance 
CNS penetration 



Next steps 
 Pharmidex is open to collaboration possibilities 

ü Fee-for-service 

üShared risk/shared reward 
 

 

Contact 
Business Development Team 

üBusiness@pharmidex.com 
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