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NEWCASTLE UNIVERSITY 

_______________________ 

SEMESTER 1    2022/23 
_______________________ 

MSc Drug Chemistry –Pharmacokinetics, Metabolism and Toxicology 

Time allowed – 2 hours 

Instructions to Candidates: 

(a) Answer BOTH QUESTIONS.  Each QUESTION carries equal weight.

(b) Answer each section in a separate answer book, and make sure that any
separate answer sheets, including graphs, are secured to the appropriate
answer book.

(c) Where questions are subdivided, percentages are given as a guide to the
weighting of marks for each section. For questions where this percentage is
not given, equal apportioning of marks may be assumed.

(d) In answers to problems and calculations, intermediate steps should be
given and, wherever possible, chemical formulae and equations should also
be given.

(e) Chemistry Data cards and graph paper are provided.  Approved
calculators and foreign language dictionaries may be used.

(f) Please do not use red or green pens.
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SECTION A 
Pharmacokinetics and Metabolism 

Answer this section in a separate book 

A1. Answer BOTH parts (a) and (b). 
(a) Draw idealised plots of plasma concentration versus time for a drug
dosed intravenously and orally.
(b) Define the parameters of clearance, volume of distribution and
bioavailability and describe how they are defined from the plots you have
drawn.

[30%] 

A2. Answer BOTH parts (a) and (b).  
(a) Suggest likely products arising from cytochrome P450 (CYP) mediated

oxidation of the compounds containing benzene rings such as 1,
benzylic methyl groups as in 2 and alkenes such as in 3.

(b) Give mechanisms for each of these transformations.

1 2 3
[30%] 

A3. After being dosed orally to a rat, no blood levels of compound 4 were 
detected. 
(a) Describe the reasons why this might be the case.
(b) Identify which of these reasons are most likely (you can choose more

than one)?
(c) For each reason you gave, suggest a further experiment or test that

could be done to help decide whether that was the cause of the
problem. 

(d) Can you suggest two structural modifications of compound 4 that would
address the problems you have highlighted giving reasons for your
decisions. 
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Section B 

Toxicology 
Answer this section in a separate book 

 
B5. Answer ALL parts (a), (b) and (c). 

(a) Define the terms acute and chronic toxicity and explain the differences 
between the two. 

 (b) Define the terms LD50 and ED50.  Explain how these terms are used to 
define the therapeutic index and what it means. 

 (c) Draw a dose / response curve for a compound with an LD50 of 50 
mg/kg and a therapeutic index of 5. 

[30%] 
 

 
B6. Describe the structural and physicochemical features of drug 

molecules that give rise to hERG binding. With reference to your 
answer, describe why loperamide 8 is a hERG channel blocker. 

Suggest two changes to the structure that might reduce its hERG activity, 
giving reasons for your choices. 

[30%] 
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B7 Suggest two reasons why compound 9 might be toxic.  For each one, 

suggest a modification to the structure that might reduce the toxicity. 
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[40% 
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SI UNITS 
 
BASIC                             DERIVED    
mass kilogram kg  energy joule J kg m2 s-2 = N m = C V 
length metre m  force newton N kg m s-2 = J m-1 

time second s  pressure pascal Pa N m-2 = J m-3 
temperature kelvin K  power watt W J s-1 = A V 
electric current ampere A  frequency hertz Hz s-1 
amount of substance mole mol  magnetic flux density tesla T kg s-2 A-1 = N m-1 A-1 
luminous intensity candela cd  electric charge coulomb C A s 
    electric potential volt V J C-1 = J A-1 s-1 
    electric capacitance farad F A V-1 s = C2 J-1 
    electric resistance ohm Ω V A-1 
    electric conductance siemens S Ω

-1 = A V-1 
 
 
FRACTIONS and MULTIPLES 
 
1018 exa E 
1015 peta P 
1012 tera T 
109 giga G 
106 mega M 
103 kilo K 
10-1 deci d 
10-2 centi c 
10-3 milli m 
10-6 micro µ 
10-9 nano n 
10-12 pico p 
10-15 femto f 
10-18 atto a 
 
 
PHYSICAL CONSTANTS 
 
charge of proton e 1.6022 x 10-19 C 
rest mass of electron me 9.1094 x 10-31 kg 
rest mass of proton mp 1.6726 x 10-27 kg 
unified atomic mass constant mu 1.6605 x 10-27 kg 
speed of light in vacuum c 2.9979 x 108 m s-1 
Planck constant h 6.6261 x 10-34 J s 
ħ h/2π  1.0546 x 10-34 J s 
Boltzmann constant k 1.3807 x 10-23 J K-1 
Avogadro constant L or NA 6.0221 x 1023 mol-1 
gas constant R 8.3145 J K-1 mol-1 
ice-point temperature Tice 273.15 K 
Faraday constant F 9.6485 x 104 C mol-1 
standard gravitational acceleration g 9.80665 m s-2 
permeability of vacuum µ 0 4π  x 10-7 kg m s-2 A-2 (or N A-2) 
permittivity of vacuum ε0 µ o

-1
c
-2 = 8.8542 x 10-12 F m-1 

Bohr radius a0 εoh
2/πmee

2 = 52.9 pm 
Bohr magneton µB eh/4πme = 9.2740 x 10

-24 A m-2 (or J T-1) 
Rydberg constant R∞ µ o

2
mee

4
c
3/8h

3 = 1.097373 x 105 cm-1 
Hartree energy EH 2R∞hc = 4.3598 x 10-18 J 
 
 
ENERGY CONVERSION FACTORS 
 
 energy E energy E molar energy Em frequency ν wave number  
 J eV kJ mol-1 Hz cm-1 

J 1 6.2415 x 1018 6.0221 x 1020 1.5092 x 1033 5.0341 x 1022 

eV 1.6022 x 10-19 1 96.485 2.4180 x 1014 8.0655 x 103 

kJ mol-1 1.6605 x 10-21 1.0364 x 10-2 1 2.5061 x 1012 83.594 

Hz 6.6261 x 10-34 4.1357 x 10-15 3.9903 x 10-13 1 3.3356 x 10-11 

cm-1 1.9864 x 10-23 1.2398 x 10-4 1.1963 x 10-2 2.9979 x 1010 1 
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CONVERSION FACTORS 

 
1 Å (Ångström) = 10-10 m = 100 pm 
1 µ  (micron) = 1 µm  =  10-6 m 
1 litre  = 1 dm3 = 10-3 m3 
1 calorie  = 4.184 J 
1 erg  = 10-7 J 
1 eV  = 9.6485 x 104 J mol-1 
1 dyne   = 10-5 N 
1 atm  = 101325 Pa = 101.325 kN m-2 = 760 mmHg 
1 bar  = 105 Pa = 105 N m-2 
1 torr  = 1 mmHg = 133.322 Pa 
1 debye (D) = 3.336 x 10-30 C m 
1 centipoise (cP) = 10-3 Pa s 
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