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Gavin Halbert 

•  Pharmacist, Chemist & Qualified Person 
•  Graduated 1979 

•  Director, Cancer Research Formulation Unit – 1992 
•  Started in 1983 

•  Drugs into patients 
•  Range of formulation and product experience 

Pharmacy is about making things! – Dr Alan Baillie ad nauseam"



Cancer Chemother Pharmacol (1984) 12:198-200   ancer 
hemotherapy and 
harmacology 

© Springer-Verlag 1984 

The analysis and animal pharmacokinetics of 1,2,4, triglycidyl urazol 

using a high-pressure liquid chromatographic technique 

J. Welsh 1, J.  F.  B.  Stuart 1, 2, A .  Setanoians 1, R.  G.  G.  Blackie  1, P.  Billiaert 1' 2, G.  Halbert 1, and K. C. Caiman 1 

a Department of Clinical Oncology, University of Glasgow, 1 Horselethill Road, Glasgow G12 9L¥, Scotland 
2 Department of Pharmaceutics, University of Strathclyde, Glasgow, Scotland 

Summary. This article details a procedure for the analysis o f  

TGU by a simple high-pressure liquid chromatographic 

(HPLC) method. Linearity is maintained over the range from 

zero to at least 30 ktg 1,2,4, triglycidyl urazol (TGU). The 

sensitivity o f  the assay is 250 ng/ml. A second peak, as yet 

unidentified, was detected on the chromatogram and probably 

represents a metabolite o f  TGU. The pharmacokinetic profite of  

TGU in Porton mice shows a first-order elimination process 

with a half-life (tl/20) o f  l .5 rain for the distribution phase and a 

tl/2~ of  5 rain. The apparent volume of  distribution is O. 75 ml and 

the clearance 0.10 ml/min with a elimination rate constant o f  

O. 14 rain. 

Introduction . 

The role of certain chemotherapeutic agents in the treatment 

of malignancies, such as testicular teratoma, choriocarcinoma, 

the haematological malignancies and reticulo-endothelial can- 

cers, has become more clearly defined in recent years. 

However,  there are many malignancies which remain relatively 

unresponsive to cytotoxic drug therapy, e.g., colon neoplasia, 

pancreatic tumours, and malignant melanoma. Consequently, 

the search for new drugs with wider spectra continues. 

Recently 1,3,5, triglycidyl-S-triazinetrione (a-TGT) was syn- 

thesised. This drug which is a tri-epoxide derivative, appears to 

act as an alkylating agent, and showed activity in animal 

screening. It has undergone phase-I studies but factors which 

may have affected the drug's evaluation were its relative 

instability and poor solubility [1]. To circumvent this drawback 

an analogue was synthesised, namely 1,2,4, triglycidyl urazol 

(TGU, Fig. 1). The daughter compound was designed 

specifically to improve solubility and stability, and this has 

been achieved by rational drug modification. Animal screening 

data has shown the anti-tumour potential of TGU to be similar 

to that of TGT. This paper presents a simple, accurate and 

rapid HPLC method for the estimation of TGU and illustrates 

the use of this method in establishing the pharmacokinetics of 

T G U  in mice. 

Materials and methods  

Analytical. Methanol and chloroform were of HPLC grade, 

obtained from Fisons, Loughborough, Leicestershire, and 

were not redistilled. P'aminoacetophenone, the internal 

standard (IS) was obtained from the Aldrich Chemical Co., 
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Fig. 1. Molecular structure of the synthesised analogue 1,2,4, 
triglycidyl urazol (TGU) 

Ltd., and was 99% pure. Double-distilled deionised water 

from a quartz-glass still was used in the study. TGU was 

received from Henkel, Diisseldorf, and was dissolved in 

aqueous solution at room temperature immediately prior to 

use. 

Pharmacokinetics. Female Porton mice were obtained from 

Bentin and Kinghorn, Hull. Thirteen groups with five mice in 

each group received 6 mg of TGU in 0.2 ml of water via a 

tail-vein injection. This procedure was repeated with a further 

65 mice. The mice were killed and blood collected at the 

following intervals: 0, 5, 10, 15, 20, 30, 45, 60,120,240, 60, and 

480 rain. At  each time point blood from five mice was collected 

and the blood pooled. The plasma was immediately separated 

by centrifugation and samples stored at ( - 2 0  ° C) for subse- 

quent analysis. 

The tl/2 was estimated from a plot of log of the 

concentration of TGU versus time and the following phar- 

macokinetic parameters were calculated: 

0.693 
fl Elimination constant (Kel) tl/2~ rain_ 1 . 

Area  under the plasma concentration curve (AUC) was 

calculated by the trapezoidal rule and was extrapolated to 

infinity: 

dose 
Clearance ( Cl) - 

A UC 

Apparent  volume of distribution (VD) -- 
C/ 

Kel min-  1 " 

•  1984 - 1, 2, 4-triglycidyl urazol - Limited solubility & stability 
•  Would not dissolve at patient’s bedside! 

•  Formulation and manufacture, Strathclyde 
•  Clinical trial in Beatson, Glasgow 

•  Phase 1 IV bolus in saline  
•  Starting @ 30mg/m2 escalating to 900 mg/m2 
•  MTD 800 mg/m2  
•  2 partial responses 
•  Half-life 2.1 min 
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Cancer Research UK Formulation Unit 

•  Bench to Bedside / Powder to Product / Molecule to Medicine 
•  Pharmaceutical translational research 

Pharmaceutical Development 
Synthesis Analysis Formulation Stability Testing 

Manufacture Distribution Clinical Trial 

Regulatory Regulatory 

Clinical Trial 
Authorisation 

Design	  for	  success	  



Formulation Unit Research 

•  Boronphenylalanine 
•  900mg/kg dose 

•  Solubility 
•  Free drug 1g/L 
•  Fructose complex 30g/L 
•  Mannitol complex 100g/L 

Precipitation of boron phenyl alanine"
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European Union Innovative Medicines Initiative 
Oral Biopharmaceutical Tools 

•  Prediction of in vivo performance from in vitro data 
•  Poor – or hit and miss 

•  Current new drug candidates 
•  Physicochemical issues 

•  Solubility – affects dissolution – biopharmaceutical 
performance 

•  Research into new predictive tools 
•  Enhance Biopharmaceutics Classification System 

•  Consortium of University and Academic researchers 
•  October 2012 



Biopharmaceutical Research 

•  Influence of media composition on equilibrium solubility 
•  8 factors & 2 levels or concentrations 



Biopharmaceutical Research 

•  Influence of media composition on equilibrium solubility 
•  Phase diagram – biorelevant surfactants 
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Biopharmaceutical Research 
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Spironolactone

No two drugs are the same! 

Spironolactone"

Carvedilol" Felodipine"

Fenofibrate" Aprepitant" Zafirlukast"

Griseofulvin"



Formulation Unit Research 

•  Tyrosine Kinase 
Inhibitor 
•  Weak base 
•  Low solubility 

•  Bioavailability 
•  Stomach acid 

dissolution 
dependent 

Transparent Formulation 



Science of cancer 

•  Non-Small Cell Lung Cancer – 30,000 cases per year (80% of cases) 
•  ALK mutation 5% - 1,500 patients per annum 



Anaplastic Lymphoma Kinase 
crizotinib"

Human kinome ≈ 500 enzymes 
2% of human genes 
Influences 30% human proteins 



Stratified Medicine 

Response Rate 50% 



Treatment in Practice 

Burrell, R., et.al., Nature 2013, 501, 38–345  

•  Tumour heterogeneity 
•  Tumour biology changes in response to treatment 



Basic Arithmetic 

30,000 NSCLC patients per annum 
5% = 1,500 ALK positive patients 
50% response = 750 patients/year 
Average Drug Development Cost = £2 billion 

Current Formulation Unit Project – 300 patients per annum 

Need to do More to Achieve Less 



Stra0fied	  
Medicine	  

Smarter	  Trials	  

Public	  
Consulta0on	  

Pa0ent	  Specific	  
Products	  

Pharmaceu0cal	  
Development	  

Transparent	  
Formula0on	  

Future Issues 

Paradigm Shift Required 
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