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ZaCh System   
AVRILLE FRANCE 

LAPORTE, TX, UA 

LONIGO ITALY 

Total area 260.000 m2 

Plant area 100.000 m2 

Buildings 30.000 m2 

Production capacity 900 m3 

Reactors capacity 2-17 m3 

Total handled mat /year 1.500 MT 

R&D Staff 32 

QA/QC Staff 40 
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Project History 

2008  Zach Visit at the Synchrotron Facility 

2009  Project Definition 

2009  The Agreement  

2010  Case Studies Development 

2012  Patent Application and Typical 

 Project/Protocol Structure 

2013  Development of more complex projects 
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Clinical Studies 

Candidate  
Status 

Phase I Phase IIa Phase IIb Phase III Phase IV 

Gen/Safety Pharm 
Acute/GeneTox 
 

Subchronic Tox 
Add’l Gene Tox 

Dev Tox 
 Fertility 

<--Chronic Tox--> <------Carcinogenicity------> 
            Peri/Postnatal Tox 

Principal Studies 

Laboratory 
Synthesis 

Pilot Plant 
Scale-Up 

Full-Scale 
Manufacturing 

Set 
RBEC 

Establish 
 OEG 

     INDA        
 

NDA 
 

Drug 
Discovery 

TIMELINE FOR DRUG DEVELOPMENT 

RBEC = Risk Based Exposure Controls 
OEG = Ocupational Exposure Controls Guidelines 
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Structural Relationship Between “True” Polymorphs, Solvates, Polymorphs of 
Solvates and the Amorphous Phase  

D. Braga and F. Grepioni, Making Crystals by Design, Wiley-VCH 2007, p 294 and R. Hilfiker (ed), Polymorphism in the 
Pharmaceutical Industry, Wiley-VCH, 2006, p 2 

Drug Substance: 
therapeutic moiety 
(solvate, salt or co-
crystal) 
 
Active molecule: 
single, uncharged 
molecule 



Characterization of Polymorphs 

§  Polarizing optical microscopy and thermomicroscopy 
§  Thermal analysis procedures, DSC, TGA 
§  NMR, infrared absorption and Raman spectroscopy 
 
“It should be emphasized that the definitive criterion for the existence of 

polymorphism is via demonstration of a nonequivalent crystal structure, usually by 
comparison of the x-ray diffraction patterns” * 

 
  
  New analytical technologies, and modifications to existing technology, are 

continually being developed.  
  Such technologies should be used when they are considered to offer additional 

assurance of quality, or are otherwise justified.  
  It is generally technically very difficult to measure polymorphic changes in drug 

products.  

 
FDA: Background Information for the October 2002 ACPS Meeting Scientific Considerations of Polymorphism in 
Pharmaceutical Solids: Abbreviated New Drug Applications 
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Figura 5: La possibilità di indurre la formazione di forme polimorfiche tramite il processo 
di misura (introdotte da immagini dei campioni come questa) sono state escluse dopo 
delle prove mirate su questo tipo di campioni.  

The Commencement is the Most Important Part of the Work  
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Business started with…Regulatory and Quality 
Compliance 

§  Elettra - Sincrotrone Trieste S.C.p.A. is a multidisciplinary international 
laboratory of excellence, specialized in generating high quality synchrotron and 
free-electron laser light and applying it in materials science. The team at Trieste 
is highly respected 

 
§  The data produced is of required quality 
 
§  Zach have installed a cGMP documentation system 
 
§  Zach has carried out an internal audit of the facility to ensure its cGMP 

compliance and validation of the systems 
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Who provides what and project management 
 

 
 

  
Client provides: 

Project data and samples 
 where possible 

 

Zach provides: 
Project management and communication 

Samples/physical forms for evaluation and  
to enable the quantitation, as required 

Presentation of the results in a conventional  
format with data interpretation 

Final project report and recommendations 

Elettra Sincrotrone 
provides: 

Synchrotron beam time  
and expertise, data  

elaboration ? 
? ? 
? 
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Project structure 
 

2-4 
Weeks 

6 
Weeks 

2-4 
Weeks 

Free of Charge 

Initial Consultation  
and Client Brief 

 CdA and agreements 
 Samples availability 

 Beam time 
 

Feasibility Study 
 Feasibility Report 

 Recommendations 
 Go/Not go toward a 

project 

  

Commencement of 
Project 

 Interim results /
Feedback 

 Client Discussions 
 Final Report and 

Presentation 
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Figura 5: La possibilità di indurre la formazione di forme polimorfiche tramite il processo 
di misura (introdotte da immagini dei campioni come questa) sono state escluse dopo 
delle prove mirate su questo tipo di campioni.  

First Trial – A Failure  
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Case # 5 Synchrotron Radiation for Seed Quality Assessment 
and Control   
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Conventional XRPD 
Bruker D8 Advance Instrument 
No Evidence of Contamination 

Synchrotron Radiation XR-PD 
Evidence of Contamination 

D8 Advance (Bruker XRPD): Scan 3-40° 2θ, source Cu, 50mA, 35kV, Radiations K(α1) e K(α2), Primary 
optics: divergence slit 0,3°, soller of 2,5°, Secondary optics: Ni Filter, 0,5mm, Soller 1,5° Sample-det dist  
217mm; Detector: PSD detector (LynxEye, Bruker), operative cond: scan step size 0,015°, count time 
0,5s and PSD window 0,8°, Rotative Autosampler 25 x 1 mm 
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The Patent Application 



Top Best Selling Small – Molecule Drugs 
A. Y. Lee, D. Erdemir and A. S. Myerson, Annu. Rev. Chem. Biomol. Eng. 2011, 2:259–80 

Rank B r a n d 
Name 

Companies API Indication Sales  
($ bill) 

Min n. of 
solid 

phases 
1 Lipitor Pfizer, Astellas Atorvastatin Calcium High LDL 

cholesterol 
12,5 41 

2 Plavix BMS, Sanofi 
Aventis 

Clopidogrel bisulfate Atherosclerosis 9,3 6 

3 Advair Glaxo SmithKline Fluticasone propionate  
Salmeterol xinafoate 

Asthma 7,8 2 
 
2 

4 Diovan Novartis Valsartan Hypertension 
 

6,0 10 

5 Abilify Otsuka, BMS Aripiprazole Schizophrenia 5,6 9 

6 Nexium Astra Zeneca Esomeprazole 
magnesium 

Ulcer 5,0 4 

7 Zyprexa Lilly Olanzapine Schizophrenia 4,9 25 

8 Seroquel Astra Zeneca, 
Astellas 

Quetiapine Fumarate Schizophrenia 4,9 2 

9 Crestor Astra Zeneca, 
Shinoggi 

Rosuvastatin calcium High LDL 
cholesterol 

4,7 3 

10 Singulair Merck Montelukast sodium Asthma 4,7 4 



Solid-state issues with polymorphism of 
pharmaceutical drugs over the past 25 years 

2010 2000 1990 

A. Y. Lee, D. Erdemir and A. S. Myerson, Annu. Rev. Chem. Biomol. Eng. 2011, 2:259–80 

1988 – TEGRETOL  
Tablets – clinical failure 
possibly due to phase  

conversion of anhydrate  
form to dihydrate 

 
 

1999 – COUMADIN 
(warfarin sodium iPrOH  

solvate)  
Recall of 1.5 million  

tablets – concerns with 
the crystallinity 

1999 – VERMOX 
 Raw material and tablets  

Concerns with 
polymorphic  

form 

1998 -  NORVIR  
(Ritonavir)  

Product withdrawal – 
dissolution  failure of oral  
capsules – appearance   

of a more thermodynamically  
stable form 

2008 – NEUPRO  
(transdermal Rotigotine)  
Batch recall of Patches –  
crystallization  of a new  

polymorph 
 

2010 – AVALIDE,  
(blood pressure, combination  
of Hydrochlorothiazide and  

Ibersartan )  
Recall of 60 Mil tablets – less   

soluble form of Ibesartan 



Ritonavir 



FDA enquiry on Ritonavir 

Q: You are a large multinational company. Your scientists 
are obviously smart. How could this happen? 

A: A company’s size and the collective IQ’s of their 
scientists have no relationship to this problem…  

…. There are many misteries of Nature we have not 
solved. Hurricanes, for example, continue to occur and 
often cause massive devastation. Meteorologists cannot 
predict months in advance when and with what velocity a 
hurricane will strike a specific community. 
Polymorphism is a parallel phenomenon. We know that it 
will probably happen. But not why or when. 

 Unfortunately, there is nothing that we can do 
today to prevent a hurricane from striking any 
community or polymorphism from striking any 
drug.” 



“… We [Abbott] tried everything: we conducted 
countless experiments. We reconditioned our facilities: 
We rebuilt facilities and new lines. We looked at 
alternative sites. We visited a number of other 
organizations around the World… to see if we could start 
clean in a new environment free of form II…” 

 

“… In a matter of weeks – maybe five or six weeks, 
every place became contaminated with form II crystal…” 

 

“… While we have speculated on the cause of this 
chemical transformation, we don’t have conclusive proof 
what happened…” 

Ritonavir 
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