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Impact of genetic variations on pharmacokinetic and pharmacodynamic
properties of medicines and the future of drug therapy
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Abstract

Genetic variations between individuals usually leads to differences in the drug response as
it could affect both pharmacokinetic and pharmacodynamic processes. An example of
mutation of genes that affect drug targets (pharmacodynamic) is VKORC1 gene that codes
for active sites of the enzyme vitamin K epoxide reductase that is responsible for
activation vitamin K. A famous example of mutation affecting pharmacodynamic properties
of medicine is the anticancer agent irinotecan. Bone marrow suppression is a well known
side effect for this medicine. In many cases, this adverse drug reaction appears to be very
severe compared to the majority of the individuals, and that is possibly due to a mutation of
a gene called UDP-GT 1A1.ldentifying exact genes could be helpful in better targeting of
medicines in the future, Pharmacogenetic testing and individualized medicine widens the
window of therapy for better treatment approaches, it helps us to reduce both rate of
toxicity and the dose of the drug, so it saves both lives and economically efficient that is
why it worth funding by drug authorities in order for improving better and economically
efficient clinical practice in the future
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Since the late 1950s, the effect of genetic beginning of this fields era.® Genetic
makeup on drug response has been variations between individuals usually lead
confirmed, and this has opened a wide to differences in the drug response as it
window for discoveries concerning could affect both pharmacokinetic and
determining exact genes responsible for pharmacodynamic processes, as genetic
certain variations in drug response which in mutation could affect the gene that
turn gave birth to a whole new medical responsible for producing certain proteins
field which is called individualized that are involved in pharmacokinetics and
medicine." Scientists are working to divide pharmacodynamics of a certain medicine,
humans into different populations based on and this could lead to triggering toxic
their genetic makeup and determine drug reactions in the body as a result of
doses depending on genetic background. enhancing its activity, or it could end up
Pharmacogenetic helps scientists in the  with reduction drug's activity that
process of individualizing medicine through consequently leads to the failure of the
pharmacogenetic testing of the individuals therapy.*® Pharmacokinetic processes like
to see if they suit having certain medication absorption, distribution, metabolism, and
or not, or to check the right dose for  excretion are affected because of the
different individuals, lacking this mutation.? mutations that happen in genes that code
For the time being, individualized medicine for enzymes and transporters involved
has a limited implementation, but it is in these processes, like for example
considered to be very promising in the P-glycoprotein (which is an ATP dependent
future of clinical practice as its only the efflux pump) is expressed in many tissues
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throughout the body like small intestine and
blood brain barrier, and in some individuals
who have a mutation in MDRB1 gene have
higher expression of this protein, and this
will lead to reduction in the absorption or
penetration of drugs like HIV protease
inhibitors, another example of mutations
that changes drug response is in the CYP
genes that codes for liver enzymes
responsible for a phase Il metabolism.®For
e.g CYP2D6 responsible for metabolism
for a variety of drugs like antidepressants,
patients carrying multiple copies of the
active gene (UM) have higher rate of drug
metabolism and this will lead to reduction in
the response to class of drugs and failure
of the treatment.”

Specific examples of the impact of
genetic variation on pharmacodynamic
properties

An example of mutation of genes that
affect drug targets (pharmacodynamic) is
VKORC1 gene that codes for active sites
of the enzyme epoxide reductase that is
responsible for activation vitamin K and
further activation of coagulation factors.
Warfarin, which is an inhibitor of the above
enzyme, shows a reduced efficacy in
individuals having a mutation at VKORC1
gene. Mutation in the mentioned gene
increases the amount of the enzyme
involved in vitamin K activation. As a result,
a higher amount of vitamin K will be
activated that needs a higher dose of
warfarin to be inhibited. Thus, patients with
this type of genetic mutation must have
more than usual daily dose of warfarin 15
mg in order to develop response compared
to patients lacking this mutation.®® Another
famous example is the effect of genetic
variants in the gene CHRNA7, which
encodes for the major subunit of the
acetylcholine receptor (a7-nAChR), and
is discovered to be associated with the
clinical response to cholinesterase
inhibitors  (ChEI) in Alzheimer's disease
(AD) patients.” It has been shown that
variant carriers using galantamine were
11 times more likely to be responders
than female non-carriers using donepezil

or rivastigmine.”’

Specific examples of the impact of
genetic variation on pharmacokinetic
properties

Metabolism of drugs is a main
pharmacokinetic process that many drugs
passing through before they get excreted,
metabolism is usually catalyzed by certain
enzymes that are found in different parts of
our body but mainly in the liver, the main
enzyme involved in phase | metabolic
processes is Cytochom P450, that has up
to 21 families,”?and many other enzymes
are involved in phase Il metabolic
processes like Glutathion-S-Transferase.™
A famous example of mutation affecting
pharmacodynamic properties of medicine
is the anticancer agent Irinotecan,™ Bone
marrow suppression is a well known side
effect for this medicine, but in many cases
this adverse drug reaction appears to be
very severe compared to the majority
of the individuals, and that is possibly
due to a mutation of a gene called UDP-GT
1A1, this gene codes for an enzyme
called UDP-Glucuronosyltransferase
which is responsible for metabolism, hence
deactivation, of Irinotecan, mutations in this
gene could result in poor metabolizing
ability of some individuals ending up
with high concentration of the active drug
that wusually imparts myelosuppresion
and severe diarrhea,’”” that's why well
respected organizations such as FDA has
labeled Irinotecan for genotyping and not
to be used without checking genetic map of
this gene to see if the patient is eligible for
dose reduction and this is in order to
the possible adverse drug reaction that
could happen in certain individuals."®
Another example is the role of CYP2D6
polymorphism in the efficacy and toxicity of
Tramadol. This medicine is metabolized in
the liver mainly through CYP2D6 enzyme
into O-desmethyl-tramadol, which is four
times more active than the parent drug."”'®
Studies have shown than an increased
efficacy and toxicity has been shown in
individuals with two active genes
(homozygous) for CYP2D6 (extensive
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metabolizers) as toxic metabolites are
excreted from the kidney. Studies showed
that it might cause renal dysfunction in both
healthy individuals and drug abusers.'®?
Another example of drug ineffectiveness
due to extensive metabolism is the classic
case of fast acetylators, plasma peak
level for Isoniazide INH is one hour in
fast acetylators while 3 hours in slow
acetylators.?’ Pharmacogenetic testing and
individualized medicine widens the window
of therapy for better treatment approaches,
it helps us to reduce both rate of toxicity
and the dose of the drug, so it saves both
lives and economically efficient that is why
it worth funding by drug authorities in
order for improving better and economically
efficient clinical practice in the future,®
and many systematic reviews identified
robust evidence of the cost effectiveness
of genotyping prior to treatment with
a number of common drugs.?®
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