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Pharmacogenetics and the system of biotransformation of drugs 

In this article the state and prospects of one of the modern directions of personalized medicine — 
pharmacogenetics are examined. General ideas about the role of biotransformation and metabolism of medic-
inal substances in pharmacogenetics were given, namely information on the polymorphism of genes involved 
in biotransformation of drugs and in the genetic control of their interaction, the description of the enzymes of 
the I and II phases of biotransformation of drugs.The first phase undergo oxidation, reduction and hydrolysis 
reactions in order to increase the polarity of the compound is described. In this phase, induction or inhibition 
by enzymes P450 is the main mechanism of drug interactions. The crystal structure of cytochrome P450 is 
studied. The main processes of the second phase of biotransformation are described: glucuronation, sulfation, 
conjugation with glycine, conjugation with glutathione, acetylation, methylation. Pathways of metabolism, 
enzymes involved in them, biotransformation phases are considered. The role of UDF-glucuronyltransferases 
in the transformation of drugs in the human body is shown. The classification of the superfamily of the UGT 
gene is described, the products of the members of this superfamily are described. The possibilities of geno-
typing using real-time PCR for the detection of individual single nucleotide polymorphisms, determination of 
the number of copies of the gene, pyrosequencing, mass spectrometry, matrix-activated laser desorption / ion-
ization, and the use of microchips. The problems of drug use, such as drug toxicity, side effects, etc. are con-
sidered. Examples are given of the study of the effect of drugs on organisms in different countries. Such prob-
lems of genomic testing in our country as lack of funding, lack of clear cooperation between industrial and 
scientific circles, lack of specialists, creation of concrete and comprehensive. 

Keywords: pharmacogenetics, cytochrome P450 isoenzymes, allele, UDF-glucuronyltransferase, polymorphic 
genes, genotypes, real-time PCR, LC marker, ferments of metabolism, gene expression. 

 
A significant part of patients spend a large amount of money on drug treatment, and pharmacotherapy 

often does not justify the invested money. Most drugs do not satisfy all patients with their individual charac-
teristics of susceptibility and tolerability of certain drugs. Patients face such problems as selecting the most 
suitable drugs for themselves, which will be more effective and less toxic. In the price plan, the analogues of 
medicines purchased are very expensive, and the free generics of well-known brands issued by the state do 
not bring the desired result. For realization of the state program on public health, 30 billion tenge was allo-
cated from the state budget in 1995. By 2005, this amount increased by 185.5 billion, that is, by 155.5 billion 
tenge in absolute terms and 518.3 % in relative terms [1]. In 2010, budget purchases of medicines in Kazakh-
stan exceeded 77 billion KZT, this is already 44 % of the total domestic pharma market [2]. Also should be 
noted the fact that the state spends huge expenses on medicines and the fact that pharmapreparations do not 
justify the funds allocated for them, there is a question of getting out of this situation. 

One of the ways to solve this problem is personalized medicine. Personalized medicine is a new direc-
tion in health care, which is characterized by an integrated, coordinated and individual approach to the treat-
ment of the patient [3]. There is not only a difference in the sex or age characteristics among patients, it is 
also necessary to take into account the individual genetic characteristics of each patient [4, 5], so the ap-
proach to the use of medicines should be individual, and the use of technologies that allow personalizing 
pharmacotherapy will contribute it’s optimization, making it as efficient and safe as possible. Moreover, it is 
economically advantageous, since it allows to minimize the acquisition of ineffective drugs and drugs with 
high toxicity and NLR. 

The use of such technologies in clinical practice is the basis of personalized medicine. Based on the fact 
that the genetic characteristics of the patient more than 50 % can determine an inadequate pharmacological 
response, i.e. what we do not expect from drugs (ineffectiveness or development of NLR), personalization of 
drug use based on genetic research is the most promising direction. 

Pharmacogenetic (Pgx) testing provides information on the therapeutic response to drug treatment or 
the patient's likelihood of having adverse drug reactions, which can potentially reveal the effectiveness or 
ineffectiveness of medications and find an individual approach to drug therapy [6]. The genetic differences 
of patients are estimated to be 20–95 % of the variation in individual responses to medications [7]. At pre-
sent, the problem of improving the safety of the use of pharmacological drugs is very relevant. The effec-
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tiveness of treatment, the presence or absence of side effects makes it possible to determine the extent of 
drug use by a particular population group [6]. 

Genetic features are polymorphic regions of genes, whose products, one way or another, participate in 
the realization of various pharmacokinetic and pharmacodynamic processes [8, 9]. 

At the present time, the role of genes that control the synthesis and operation of biotransformation en-
zymes is studied. These are cytochrome P-450 isozymes (CYP2D6, CYP2C9, CYP2C19, etc.), phase II bio-
transformation enzymes (N-acetyltransferase, glutathione-S-transferase) and Transporters of drugs 
(P-glycoprotein, carriers of organic anions and cations). Genes that encode the «target molecules» of the 
drug or, called the other way, functionally associated with these proteins (receptors, enzymes, ion channels). 
Also included are genes whose products are involved in various pathological processes (blood clotting fac-
tors, apolipoproteins, genes of the HLA system, etc.) against which appropriate pharmacotherapy is di-
rected [8]. 

There are numerous reliable methods of genotyping, such as real-time PCR for individual single nucleo-
tide polymorphisms (SNP) or for determining the number of copies of a gene, pyrosequencing, mass spec-
trometry, matrix-activated laser desorption/ionization (MALDI-TOF), as possibility of using microchips as 
well [10]. However, these studies underscore the complexities that arise at the level of the underlying mech-
anisms (zero alleles, partially functional alleles, substrate-dependent effects, bonded disequilibrium, etc.), as 
well as pharmacological and clinical levels (PD versus PK, adverse reactions, prodrugs, etc.). Drug toxicity 
and the result of treatment depends on the number of additional genetic and non-genetic factors, and not just 
on one genotype. Only in a few cases, with specific drugs and treatment regimens, can it be determined 
whether the patient will have a clearly predictable benefit from genotyping. 

The need to implement the introduction of pharmacogenetic testing in clinical practice is due to its prac-
tical importance in the appointment and determination of drug dosing. However, the high expectations of the 
clinical use of pharmacogenetic testing remain largely unmet, and only a limited number of applications have 
actually entered the market and into clinical practice [11]. 

In this period there are a number of problems for the widespread clinical introduction of genomic medi-
cine and pharmacogenetics [11, 12]. Thus, its potential impact on health and its socio-economic status re-
mains uncertain. 

There are such problems as lack of funding, lack of clear cooperation between industry and academia, 
lack of specialists, as well as the creation of a concrete and comprehensive regulatory and legal framework, 
lack of necessary technical equipment. 

In addition, there are a number of other points that need to be considered when planning a 
pharmacogenetic test. So, to perform the test, the patient should take a single dose of LS_marker once, in 
addition, there is a chance of occurrence of unwanted reactions of the body. Difficulties and inconvenience 
for patients, risks with multiple blood sampling. The need to identify the concentration of LS_marker, as 
well as its metabolites in certain time intervals. When assessing the dynamics of biotransformation enzymes, 
one should take into account the fact that patients not only differ in genetic characteristics, but also have dif-
ferences in age, sex and lifestyle (eating patterns, smoking, drinking alcohol, etc.). In addition, testing on 
large populations and sensitivity analysis for individual ethnic groups is difficult to achieve [13]. 

There is an alternative testing option, such as the identification of allelic variants of the biotransfor-
mation system genes and LS transports, in this case it is possible to predict the pharmacological response 
before taking the drug, since it is not required to receive LS_markers. Also, in this case, only a single intake 
of blood or other biological material (scraping from the inner surface of the cheek, hair) is required. In terms 
of the execution line, it is optimal, because, does not require a definition in in certain periods of time. For 
testing, equipment is required only for performing PCR, the cost of testing is minimal. Tests evaluate only 
the «genetic» component that affects the pharmacological response, and its results can be used to create the 
so-called pharmacogenetic passport of the patient. In addition, this test is acceptable for conducting large 
population studies [13]. 

First of all, it is necessary to study the peculiarities of the metabolism of drugs, whether it is an inducer 
or an inhaler. The substrate of which isoenzyme of the cytochrome P450 system it is, the features of the I-II 
phases of biotransformation 

Phase I of the biotransformation reaction. System of cytochromes P450 participating in biotransfor-
mation of drugs. In the phase I of the biotransformation reaction, the functional groups of the preparation 
undergo oxidation, reduction and hydrolysis reactions in order to increase the polarity of the compound (Ta-
ble 1). In the process of non-synthetic reactions, LSs turn into more polar and better water-soluble (hydro-
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philic) compounds than the original substance. Although the first stage of the metabolism of drugs is carried 
out in most cases in tissues, the primary phase of metabolism occurs during hepatic circulation. Additional 
metabolism occurs in the gastrointestinal epithelium, kidneys, skin and lung tissue [8, 13]. 

Metabolism of most drugs in the first phase of biotransformation in the primary occurs in the liver with 
the participation of microsomal enzyme systems, the main one of which is the system of cytochromes P-450. 

Cytochrome P450 (CYP) is a group of enzymes synthesized in the endoplasmic hepatic tissue network 
of heme-containing monooxygenases, which play a key role in xenobiotic detoxification, cellular metabolism 
and homeostasis. Isozymes of cytochrome P450 and its enzyme subfamily carry out oxidative reactions of 
xenobiotics and metabolism of intermediate products of drugs in the body. So, for example, isoenzymes of 
families CYP1, CYP2 and CYP3 bear joint responsibility for most of the phase I biotransformation reaction 
[13]. At present, 57 cytochrome P450 (CYP) genes and approximately the same number of pseudogenes that 
are grouped according to their sequence similarity into 18 families and 44 subfamilies have been identified in 
humans [14]. Eight human cytochrome P450 enzymes from five subfamilies (1A, 2B, 2C, 2D, 3A) are re-
sponsible for the vast majority of oxidative metabolism of drugs from the most important clinical drugs. 
Among the 200 drugs sold in the largest amount in the US, about 80 % is metabolized primarily by cyto-
chrome P450 enzymes [10]. 
 
 

 

Figure 1. Crystal structure of cytochrome P450cam. A long spiral I permeates cytochrome through  
and helps to interact with the substrate and oxygen. Spirals F and G cause the mobility of cytochrome 

The study of the crystal structures of cytochrome P450 isoenzymes (CYP) (Fig. 1) has opened the pos-
sibility of interpreting structural and functional features and other biologically important differences between 
cytochrome P450 (CYP) isoenzymes [15]. Prior to this time, there were significant inaccuracies in predicting 
amino acid sets that define substrate specificity for various cytochromes P450 (CYP) whose three-
dimensional structures were not determined. However, now it has become easier to develop specific inhibi-
tors or agonists related to cytochrome P450 isoenzymes (CYP). 

The enzymes of cytochrome P450 are extremely versatile, they can catalyze numerous types of reac-
tion. Oxygenations include the introduction of an O atom (from O2) into a C–H bond, forming a 
hydroxylated metabolite, or a C=C double bond forming an epoxide. The hydroxylated metabolite may be 
stable or unstable. From the unstable hydroxylated metabolite of the group, spontaneously: an alkyl group, 
ammonia, a halogen atom, or a sulfur atom; such reactions are called oxidative dealkylation, oxidative deam-
ination, oxidative dehalogenation, and oxidative desulfurization, respectively. 

Changes in the initial physico-chemical properties of drugs are due to the addition or release of active 
functional groups: for example, hydroxyl (–OH), sulfhydryl (–SH), amino groups (–NH2) [8]. 

These reactions have been characterized as mixed-functional oxidation, in which the enzymatic system 
catalyzes the consumption of one oxygen molecule / substrate molecule (RH); one atom of this oxygen mol-
ecule is inserted into the product (ROH), and the other is subjected to two reduction equivalents (Formula 1) 
 
 NADPH + RH + O2 + H → NADP + ROH + H2O  (1) 
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T a b l e  1  

Reactions to which the functional groups of the drug undergo in phase I biotransformation 

I Biotransformation reaction phase 1. Oxidation 
2. Recovery 
3. Hydrolysis 

 
The chemical role of Phase I biotransformation The conjugation reaction, in which a functional group is 

added to the molecule 
Common examples 
 
 R–O–glucuronic acid 
 oxidation 
RH R–OH 
 O R–O–sulfonic acid 

 
 
 R–CH2–O–glucuronic acid 
 reduction 
R–HС=O R–CH2–OH 
 2H R–CH2–O–sulfonic acid 

 
 
 R1–O–glucuronic acid 
 hydrolysis 
R1–O–(C=O)–R2 R1–OH 
 HOH R1–O–sulfonic acid 

 
 

The enzymes of cytochrome P450 also participate in the catalysis of dehydrogenation, i.e. Removal of 
2 hydrogen atoms from the drug molecule (reactive hepatotoxic paracetamol metabolite is formed). Surpris-
ingly, cytochrome P450 can also stimulate contraction, by transferring only one electron to the compound 
(for example, in a reductive dehalogenation reaction) or as many as 6 electrons to nitro groups, thus convert-
ing it to an amino group (a decrease in nitro). 

Induction or inhibition by enzymes P450 is the main mechanism of drug interactions. Enzymes of cyto-
chrome P450 (CYP) can transcriptively interact with various xenobiotics and endogenous substrates through 
the mechanism of receptor dependence. Because of the importance of cytochrome P450 in human physiology 
and in the metabolism of drugs, genetic variations and regulatory mechanisms of these enzymes have been 
extensively studied. Genetic polymorphisms have been identified in most cytochrome P450 genes [16], and 
many of these variants promote interpersonal differences in the expression gene or enzyme activity and, 
therefore, underpin the susceptibility or pharmacokinetics of drugs. 

Phase II biotransformation reactions (also the 'conjugation reaction') usually serve as a detoxification 
step in the metabolism of drugs (Table 2) [8]. Although several enzymes of phase II of biotransformation are 
known, three basic enzymes of phase II biotransformation of medicinal substances were considered: 
UDP-glucuronyltransferase, N-acetyltransferase, glutathione S-transferase. The main attention is paid to the 
presence of various forms, on the tissue and cellular distribution, on the appropriate substrates, on genetic 
polymorphism and, finally, on the interspecies differences in these enzymes. 

T a b l e  2  

Reactions to which the functional groups of the preparation under phase II biotransformation 

Phase II biotransformation reactions (conjugation) 1. Glucuronation 
2. Sulphation 
3. Conjugation with glycine (Gly) 
4. Conjugation from glutathione (GSH) 
5. Acetylation 
6. Methylation 
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T a b l e  2  c o n t i n u a t i o n  

Chemical role of Phase II biotransformation The organic acid (or acetyl or methyl group) is conjugated 
to the molecule in the pre-existing functional group or in 
the functional group obtained during the first phase of bio-
transformation 

Common examples 
 
 R–O–glucuronic acid 
 oxidation 
RH R–OH 
 O R–O–sulfonic acid 

 
 
 R–CH2–O–glucuronic acid 
 reduction 
R–HС=O R–CH2–OH 
 2H R–CH2–O–sulfonic acid 

 
 
 R1–O–glucuronic acid 
 hydrolysis 
R1–O–(C=O)–R2 R1–OH 
 HOH R1–O–sulfonic acid 

 
 

UDF-glucuronyltransferase — are among the key enzymes of metabolism of various exogenous, as 
well as endogenous compounds. A family of membrane-bound enzymes are mainly concentrated in the en-
doplasmic reticulum (ER) and nuclear envelope of hepatocytes. Most of the enzyme is oriented toward the 
ER side of the side, where the catalytic site is located. Each enzyme of the UDP-glucuronyltransferase in-
cludes an amino-terminal signal peptide that cleaves during the synthesis of the polypeptide chain and a re-
gion 17 of hydrophobic amino acids near the C-terminus that attaches the protein to the lipid bilayer (Fig. 2). 
Indeed, the C terminal of 20–30 amino acid residues is responsible for maintaining UDF-glucuronyl transfer-
ases (UGT) in ER. The conjugation of the reactions catalyzed by the superfamilies of these enzymes serve as 
the most important pathway detoxification for a wide range of drugs, biologically active chemicals, carcino-
gens and their oxidized metabolites and other various environmental chemicals in all vertebrates. In addition, 
UDP-glucuronyltransferase is involved in the regulation of several active endogenous compounds, such as 
bile acids or hydroxysteroids due to their inactivation by glucuronization [17]. In humans, almost 40–70 % 
of clinically used drugs undergo glucuronization [18]. 
 

 

Figure 2. X-ray crystalline structure of human UGT2B7 
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acid derivatives and steroids. On the other hand, it has been proven that various chemicals are converted into 
potentially dangerous compounds by these enzymes [27]. 

Glutathione transferases are localized predominantly in the cytosol of human liver cells and constitute 
2–4 % of the total amount of the cytosolic protein. The enzyme is effectively reduced hydrophobic 
hydroperoxides with a large amount of the molecule (linoleic and arachidonic hydroperoxide polyunsaturat-
ed fatty acids, phospholipids), as well as hydroperoxides mononucleotides and DNA, thereby participating in 
their repair. 

At the present time, two different superfamilies of glutathione transferases (GST) have been described. 
The former includes soluble dimeric enzymes that are located mainly in the cytosol, but some members of 
this superfamily are also identified in mitochondria [28] and peroxisomes [29]. Superfamily soluble in hu-
mans glutathione further divided into eight separate classes: Alpha (A1-A4), Kappa (K1), Mu (M1-M5), Pi 
(P1), Sigma (S1), Theta (T1-T2), Zeta (Z1) and Omega (O1-O2) [30]. 

Various electrophilic compounds act as substrates for these groups of enzymes. These include a wide 
range of ketones, quinones, sulfoxides, esters, peroxides and ozonides. Chemotherapeutic agents (such as 
busulfan, cisplatin, ethacrynic acid, cyclophosphamide, thiotepa); Industrial chemicals, herbicides, pesticides 
(acrolein, lindane, malathion, tridifan) are detoxified by glutathione transferases [31]. 

The reaction catalyzed by the enzyme glutathione peroxidase is as follows: 

 2GSH + H2O2 → GS–SG + 2H2O  (2) 

Where GSH is the reduced monomeric glutathione, and GS-SG is the glutathione disulphide. The gluta-
thione reductase enzyme further reduces oxidized glutathione and completes the cycle (Formula 3) 

 GS–SG + NADPH + H → 2GSH + NAD  (3) 

It was found that most members of superfamilies, such as glutathione transglutamine, are genetically 
polymorphic. It is assumed that several genetic variants of specific glutathione-transferases contribute to the 
development of some types of cancer or other diseases. In addition, the study of genetic polymorphisms of 
glutathione transferases, reveals their effect on the metabolism and distribution of various anticancer 
drugs [32]. For example, GSTP1 is responsible for the metabolism of alkylating agents, topoisomerase inhib-
itors, antimetabolites or tubulin inhibitors used to treat cancer. GSTP1*A allele is cytoprotective against the 
toxic effects of chemotherapeutic agents, whereas the functionally less competent GSTP1*B allele is be-
lieved to increase the toxicity of anti-cancer drugs in patients with this variant of the gene due to a decrease 
in the metabolic activity of the damaged enzyme. Cyclophosphamide is biotransformed with GSTA1. The 
defective GSTA1*B allele was associated with an increase in the survival of patients with breast cancer 
treated with cyclophosphamide [33]. Persons with a deficiency of functional GSTM1, GSTT1 and GSTP1 
have a higher incidence of bladder, breast, colon, head, neck, and lung cancer. Genetically determined de-
fects of these enzymes are also worthy of attention because of their partial responsibility for the increased 
risk of asthma, allergies, atherosclerosis and rheumatoid arthritis [31, 34]. 

N-acetyltransferase is an enzyme that plays an important role in the detoxification of a number of aryl-
amine compounds (in particular, 2-aminofluoren, 4-aminobiphenyl and β-naphthylamine), which are strong 
mutagens and carcinogens; One of the two genes N-a. Human (NAT2) is located on the site of pter-q11 
chromosome 8, and its coding region is deprived of introns. Enzymes of this group are three general reac-
tions of acetylation, namely N-, O- and N,O-acetylation (Fig. 4). N-acetylation of aromatic amine is recog-
nized as the main way of detoxification in the metabolism of arylamines in experimental animals and hu-
mans. In humans, the acetylation reactions are catalyzed by two isoenzymes of N-acetyltransferase (NAT), 
N-acetyltransferase 1 (NAT1) and 2 (NAT2). N-acetyltransferases are cytosolic enzymes found in many tis-
sues of various species. NAT1 and NAT2 genes are located on chromosome 8 pter-q11 and have 87 % ho-
mology coding sequence [35]. NAT1 and NAT2 have a distinct substrate specificity and differ significantly 
in the distribution of organs and tissues. The NAT2 protein is present mainly in the liver [30] and in the in-
testine [36]. Human NAT1 expression was found in adult liver, bladder, digestive system, blood cells, pla-
centa, skin, skeletal muscle, gum [37], breast tissue, prostate and lung by a variety of methods [38]. 

NAT1 has also been detected in cancer cells in which it can not only play a role in cancer development 
through enhanced mutagenesis, but it can also promote the resistance of some cancers to cytotoxic 
drugs [39]. N-acetyltransferases are involved in the metabolism of various compounds, people acetylation is 
the main pathway for biotransformation for many drugs, arylamine and hydrazine, as well as for a number of 
known carcinogens present in the diet, cigarette smoke, automobile exhaust and the environment as a whole. 
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Human NAT1 and human NAT2 have distinct but overlapping substrate profiles, and they also have specific 
substrates that can be used as probe probes for each particular isoenzyme. Substrates NAT1 include 
p-aminobenzoic acid, p-aminosalicylic acid, bacteriostatic antibiotics sulfamethoxazole and sulfonamide, 
2-aminofluorene and caffeine [40]. 
 

 

(a, b) N-acetylation of arylamines and arylhydrazine; (c) O-acetylation of N-arylhydroxylamine;  
(d) N,O-acetyltransfer of N-hydroxamic acid 

Figure 4. Reactions catalyzed by N-acetyltransferases 

N-acetylation polymorphism is one of the oldest and most intensively studied pharmacogenetic traits 
and relates to hereditary differences in the acetylation of drugs and toxicants. Genetic polymorphism in NAT 
activity was first detected in tuberculosis patients who received isoniazid, which was metabolized mainly by 
N-acetylation. Polymorphism causes individual differences in the metabolic rate of this drug. People with a 
higher speed are called fast acetylators, and individuals with a lower speed are called slow acetylators. Fast 
acetylators were competent in the acetylation of isoniazid, but the drug was purified less efficiently in the 
slow acetylator group, which resulted in increased serum concentrations and resulted in adverse neurological 
side effects due to the accumulation of an unmetabolized drug [41]. In accordance with the toxicity of isoni-
azid in slow acetylators, an increase in the toxicity of other drugs in subjects with defective NAT2 alleles, 
such as lupus, in patients receiving hydralazine or procainamide [42], as well as hemolytic anemia and in-
flammatory bowel disease after sulfasalazine treatment has been observed [43]. The high frequency of NAT2 
and NAT1 acetylation of polymorphism in the human population, together with the ubiquitous effects of ar-
omatic and heterocyclic amines, suggest that NAT1 and NAT2 acetylatory genotypes are important modifi-
ers of susceptibility to human cancer. Many studies have suggested a link between phenotypes of acetylation 
(in particular, arising from NAT2 genotypes) and the risk of developing various cancers, including colorectal 
cancer, liver, breast, prostate, head and neck [44] and other diseases such as birth defects [45] or neuro-
degenerative and autoimmune diseases [46]. 

Binding to the regulatory region of the biotransformation gene or the drug transporter, this mechanism 
inhibits enzymes of biotransformation of drugs under the influence of a large amount of the drug (cimetidine, 
fluoxetine, omeprazole, fluoroquinolones, macrolides, sulfonamides, etc.). Some drugs that have high affini-
ty for certain isoenzymes of cytochrome P-450 (verapamil, nifedipine, isradipine, quinidine) inhibit the bio-
transformation of drugs with a lower affinity for these isoenzymes. Such mechanism is called a competitive 
metabolic interaction. Direct inactivation of cytochrome P-450 isoenzymes (gastoden). Oppression of cyto-
chrome P-450 interaction with NADP-H-cytochrome P-450 reductase (fumarocoumarins of grapefruit and 
lime juice). 

The decrease in the activity of enzymes of biotransformation of drugs under the action of appropriate 
inhibitors leads to an increase in the concentration in the blood plasma of these drugs (substrates for en-
zymes). At the same time, the half-life of medicinal substances is prolonged. All this causes the development 
of side effects. Some inhibitors affect several isoenzymes of biotransformation simultaneously. To inhibit 
several enzyme isoforms, higher concentrations of the inhibitor may be required. Thus, fluconazole (antifun-
gal drug) at a dose of 100 mg per day inhibits the activity of the isoenzyme 2C9 cytochrome P-450. With an 
increase in the dose of this drug to 400 mg, inhibition of the activity of the isoenzyme 3A4 is also noted. In 
addition, the higher the dose of the inhibitor — the faster the development (and the higher) its effect. Inhibi-
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tion generally develops faster than induction, usually it can be detected already after 24 hours from the time 
of administration of inhibitors. The rate of inhibition of enzyme activity is also influenced by the route of 
administration of the LS inhibitor: if the inhibitor is administered intravenously, the interaction process will 
occur faster. 
 
 

References 

1 Ишкинина Г.Ш. Оценка системы финансирования здравоохранения в Республике Казахстан и основные подходы к 
ее совершенствованию / Ишкинина Г.Ш. // Вестн. КАСУ. — 2007. — № 4. — С. 28. 

2 Results of the analysis of the state and development of the pharmaceutical industry of the EEA member states. [ER]. Re-
trieved from: www.pharm.reviews. 

3 Chan I.S. Personalized medicine: progress and promise / I.S. Chan, G.S. Ginsburg // Annu. Rev. Genomics Hum. Genet. — 
2011. — No. 12. — P. 237–244. 

4 Скакун Н.П. Клиническая фармакогенетика / Н.П. Скакун. — Киев: Здоровье, 1981. — 251 c. 
5 Дедов И.И. Персонализированная медицина: современное состояние и перспективы / И.И. Дедов, А.Н. Тюльпаков, 

В.П. Чехонин, В.П. Баклаушев, А.И. Арчаков, С.А. Мошковский // Вестн. РАМН. — 2012. — № 12. — С. 4. 
6 Батурин В.А. Вариативность фармакологического эффекта, обусловленная этнической принадлежностью / 

В.А. Батурин, Н.В. Яковлева, А.А. Царукян // Психофармакол. и биол. наркол. — 2007. — № 7. — С. 1603. 
7 Wang L. Genomics and drug response / L. Wang, H.L. McLeod, R.M. Weinshilboum // N. Engl. J. Med. — 2011. — 

Vol. 364. — P. 1144–1153. 
8 Сычев Д.А. Клиническая фармакогенетика / Д.А. Сычев, И.В. Игнатьев, Г.В. Раменская, В.Г. Кукес; под ред. 

В.Г. Кукеса, Н.П. Бочкова. — М.: ГЭОТАР-МЕДИА, 2007. — 245 c. 
9 Yan Q. Pharmacogenomics in Drug Discovery and Development / Q. Yan. — Totowa, NJ: Humana Press, 2010. — 504 р. 
10 Zanger U.M. Functional farmacogenetics/genomics of human cytochromes P450 involved in drug biotransformation / 

U.M. Zanger, M. Turpeinen, K. Klein, M. Schwab // Anal. Bioanal. Chem. — 2008. — Vol. 392. — P. 1093–1108. 
11 Gurwitz D. Drug reactions, enzymes, and biochemical genetics: 50 years later / D. Gurwitz, A.G. Motulsky // Phar-

macogenomics. — 2007. — Vol. 8. — P. 1479–1484. 
12 Weitzel K.W. Clinical Pharmacogenetics Implementation: Approaches, Successes, and Challenges / K.W. Weitzel, 

A.R. Elsey, T.Y. Langaee, et al. // The American Journal of Medical Genetics. Part C (Seminars in Medical Genetics). — 2014. — 
Vol. 166C. — P. 56–67. 

13 Сычев Д.А. Клиническая фармакогенетика системы биотрансформации и транспортеров лекарственных средств: 
дань моде или прикладное направление? / Д.А. Сычев, И.В. Игнатьев, Н.А. Гасанов, В.Г. Кукес // Pacific Medical J. — 2006. 
— № 4. — C. 21–26. 

14 Nelson D.R. The Cytochrome P450 Homepage / D.R. Nelson // Human Genomics. — 2009. — No. 4. — P. 59–65. 
15 Hasemann Ch.A. Structure and function of cytochromes P450: a comparative analysis of three crystal structure / 

Ch.A. Hasemann, R.G. Kurumbail, S.S. Boddupalli, J.A. Peterson, J. Deisenhofer // Structure. —1995. — No. 2. — P. 41–62. 
16 The Human Cytochrome P450 (CYP) Allele Nomenclature Database. [ER]. Retrieved from: http://www.cypalleles.ki.se. 
17 Kiang T.K.L. UDP-glucuronosyltransferases and clinical drug-drug interactions / T.K.L. Kiang, M.H.H. Ensom, 

T.K.H. Chang // Pharmacol. Ther. — 2005. — Vol. 106. — P. 97–132. 
18 Wells P.G. Glucuronidation and the UDP-glucuronosyltransferases in health and disease / P.G. Wells, P.I. Mackenzie, 

J.R. Chowdhury, C. Guillemette, P.A. Gregory, Y. Ishii, et al. // Drug Metabolism and Disposition. — 2004. — Vol. 32, No. 3, 
pp. 281, 290. 

19 Mackenzie P.I. Identification of UDP glycosyltransferase 3A1 as a UDP N-acetylglucosaminyltransferase / P.I. Mackenzie, 
A. Rogers, J. Treloar, B.R. Jorgensen, J.O. Miners, R. Meech // The Journal of Biological Chemistry. — 2008. — Vol. 283, No. 52. 
— P. 36205–36210. 

20 Burchell B. Specificity of human UDP-glucuronosyltransferases and xenobiotic glucuronidation / B. Burchell, C.H. Brierley, 
D. Rance // Life Sciences. — 1995. — Vol. 57, No. 20. — P. 1819–1831. 

21 Miners J.O. In vitro-in vivo correlation for drugs and other compounds eliminated by glucuronidation in humans: pitfalls and 
promises / J.O. Miners, K.M. Knights, J.B. Houston, P.I. Mackenzie // Biochemical Pharmacology. — 2006. — Vol. 71, No. 11. — 
P. 1531–1539. 

22 Sutherland L. The expression of UDPglucuronosyltransferases of the UGT1 family in human liver and kidney and in re-
sponse to drugs / L. Sutherland, T. Ebner, B. Burchell // Biochemical Pharmacology. — 1993. — Vol. 45, No. 2. — P. 295–301. 

23 King C.D. Expression of UDPglucuronosyltransferases (UGTs) 2B7 and 1A6 in the human brain and identification of 
5-hydroxytryptamine as a substrate / C.D. King, G.R. Rios, J.A. Assouline, T.R. Tephly // Archives of Biochemistry and Biophysics. 
— 1999. — Vol. 365, No. 1. — P. 156–162. 

24 Collier A.C. UDP-glucuronosyltransferase activity, expression and cellular localization in human placenta at term / 
A.C. Collier, N.A. Ganley, M.D. Tingle, M. Blumenstein, K.W. Marvin, J.W. Paxton, et al. // Biochemical Pharmacology. — 2002. 
— Vol. 63, No. 3. — P. 409–419. 

25 Bosio A. The human gene CGT encoding the UDP-galactose ceramide galactosyl transferase (cerebroside synthase): cloning, 
characterization, and assignment to human chromosome 4, band q26. / A. Bosio, E. Binczek, M.M. Le Beau, A.A. Fernald, 
W. Stoffel // Genomics. — 1996. — Vol. 34, No. 1. — P. 69–75. 



D.Z. Eleshov, G.P. Pogosyan, R.G. Hovhannissyan 

68 Вестник Карагандинского университета 

26 Kadakol A. Genetic lesions of bilirubin uridine-diphosphoglucuronate glucuronosyltransferase (UGT1A1) causing Crigler-
Najjar and Gilbert syndromes: correlation of genotype to phenotype / A. Kadakol, S.S. Ghosh, B.S. Sappal, G. Sharma, 
J.R. Chowdhury, N.R. Chowdhury // Human Mutation. — 2000. — Vol. 16, No. 4. — P. 297–306. 

27 Sherratt P.J. Evidence that human class Theta glutathione S-transferase T1–1 can catalyse the activation of dichloromethane, 
a liver and lung carcinogen in the mouse. Comparison of the tissue distribution of GST T1–1 with that of classes Alpha, Mu and Pi 
GST in human / P.J. Sherratt, D.J. Pulford, D.J. Harrison, T. Green, J.D. Hayes // The Biochemical Journal. 1997. — No. 326, Pt. 3. 
— P. 837–846. 

28 Robinson A. Modelling and bioinformatics studies of the human Kappa-class glutathione transferase predict a novel third 
glutathione transferase family with similarity to prokaryotic 2-hydroxychromene-2-carboxylate isomerases / A. Robinson, 
G.A. Huttley, H.S. Booth, P.G. Board // The Biochemical Journal. — 2004. — No. 379, Pt. 3. — P. 541–552. 

29 Morel F. Gene and protein characterization of the human glutathione S-transferase kappa and evidence for a peroxisomal lo-
calization / F. Morel, C. Rauch, E. Petit, A. Piton, N. Theret, B. Coles, A. Guillouzo // The Journal of Biological Chemistry. — 2004. 
— Vol. 279, No. 16. — P. 16246–16253. 

30 Grant D.M. Acetylation pharmacogenetics. The slow acetylator phenotype is caused by decreased or absent arylamine 
N-acetyltransferase in human liver / D.M. Grant, K. Mörike, M. Eichelbaum, U.A. Meyer // The Journal of Clinical Investigation. — 
1990. — Vol. 85, No. 3. — P. 968–972. 

31 Hayes J.D. Glutathione transferases / J.D. Hayes, J.U. Flanagan, I.R. Jowsey // Annual Review of Pharmacology and Toxi-
cology. — 2005. — Vol. 45. — P. 51–88. 

32 Crettol S. Pharmacogenetics of phase I and phase II drug metabolism / S. Crettol, N. Petrovic, M. Murray // Current Pharma-
ceutical Design. — 2010. — Vol. 16, No. 2. — P. 204–219. 

33 Sweeney C. The association between a glutathione S-transferase A1 promoter polymorphism and survival after breast cancer 
treatment / C. Sweeney, C.B. Ambrosone, L. Joseph, A. Stone, L.F. Hutchins, F.F. Kadlubar et al. // International Journal of Cancer. 
— 2003. — Vol. 103, No. 6. — P. 810–814. 

34 Van Bladeren P.J. Glutathione conjugation as a bioactivation reaction / P.J. van Bladeren // Chemico-biological Interactions. 
— 2000. — Vol. 129, No. 1–2. — P. 61–76. 

35 Blum M. Human arylamine N-acetyltransferase genes: isolation, chromosomal localization, and functional expression / 
M. Blum, D.M. Grant, W. Mc Bride, M. Heim, U.A. Meyer // DNA and Cell Biology. — 1990. — Vol. 9, No. 3. — P. 193–203. 

36 Hickman D. Expression of arylamine N-acetyltransferase in human intestine / D. Hickman, J. Pope, S.D. Patil, G. Fakis, 
V. Smelt, L.A. Stanley et al. // Gut. — 1998. — Vol. 42, No. 3. — P. 402–409. 

37 Dupret J.M. Structure and regulation of the drug-metabolizing enzymes arylamine N-acetyltransferases / J.M. Dupret, 
F. Rodrigues-Lima // Current Medicinal Chemistry. — 2005. — Vol. 12, No. 3. — P. 311–318. 

38 Sim E. Arylamine N-acetyltransferases: from structure to function / E. Sim, K. Walters, S. Boukouvala // Drug Metabolism 
Reviews. — 2008. — Vol. 40, No. 3. — P. 479–510. 

39 Adam P.J. Arylamine N-acetyltransferase-1 is highly expressed in breast cancers and conveys enhanced growth and re-
sistance to etoposide in vitro / P.J. Adam, J. Berry, J.A. Loader, K.L. Tyson, G. Craggs, P. Smith et al. // Molecular Cancer Research. 
— 2003. — Vol. 1, No. 11. — P. 826–835. 

40 Ginsberg G. The influence of genetic polymorphisms on population variability in six xenobiotic-metabolizing enzymes / 
G. Ginsberg, S. Smolenski, P. Neafsey, D. Hattis, K. Walker, K.Z. Guyton et al. // Journal of Toxicology and Environmental Health. 
Part B: Critical Reviews. — 2009. — Vol. 12, No. 5–6. — P. 307–333. 

41 Brockton N. N-acetyltransferase polymorphisms and colorectal cancer: a HuGE review / N. Brockton, J. Little, L. Sharp, 
S.C. Cotton // American Journal of Epidemiology. — 2000. — Vol. 151, No. 9. — P. 846–861. 

42 Sim E. Metabolites of procainamide and practolol inhibit complement components C3 and C4 / E. Sim, L. Stanley, E.W. Gill, 
A. Jones // The Biochemical Journal. — 1988. — Vol. 251, No. 2. — P. 323–326. 

43 Chen M. N-acetyltransferase 2 slow acetylator genotype associated with adverse effects of sulphasalazine in the treatment of 
inflammatory bowel disease / M. Chen, B. Xia, B. Chen, Q. Guo, J. Li, M. Ye et al. // Canadian Journal of Gastroenterology. — 
2007. — Vol. 21, No. 3. — P. 155–158. 

44 Agúndez J.A. Polymorphisms of human N-acetyltransferases and cancer risk / J.A. Agúndez // Current Drug Metabolism. —
2008. — Vol. 9, No. 6. — P. 520–531. 

45 Lammer E.J. Periconceptional multivitamin intake during early pregnancy, genetic variation of acetyl-N-transferase 1 
(NAT1), and risk for orofacial clefts / E.J. Lammer, G.M. Shaw, D.M. Iovannisci, R.H. Finnell // Birth Defects Research. Part A. 
Clinical and Molecular Teratology. — 2004. — Vol. 70, No. 11. — P. 846–852. 

46 Ladero J.M. Influence of polymorphic N-acetyltransferases on non-malignant spontaneous disorders and on response to drugs 
/ J.M. Ladero // Current Drug Metabolism. — 2008. — Vol. 9, No. 6. — P. 532–537. 

 
 

Д.З. Елешов, Г.П. Погосян, Р.Г. Оганесян  

Дəрілік заттардың биоөзгеріс жүйесі жəне фармакогенетикасысы 

Мақалада бүгінгі таңдағы жекешеленген медицинаның заманауи бағыты — фармакогенетиканың жағ-
дайына жəне болашағына баға берілді. Фармакогенетикада дəрілік заттардың биоөзгерісі мен метабо-
лизм рөлі туралы жалпы мəліметтер сарапталды, яғни, дəрілік заттардың биотрансформциясына қаты-
сы бар жəне олардың əсеріне генетикалық бақылау жүргізетін гендердің полиморфизмі, биотрансфор-
мацияның I жəне II фазаларына қатысатын ферменттер туралы ақпарат берілді. Қосылыстың полярлы-
ғын ұлғайту үшін тотығу, тотықсыздандыру жəне гидролиз реакцияларына ұшырайтын биотрансфор-
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мацияның бірінші фазасы сипатталды. Бұл кезеңде P450 цитохром ферменттері əсерімен индукцияла-
ну немесе ингибирлену дəрілік заттардың əсер етуінің негізгі тетігі болып табылады. P450 цитохром 
ферменттерінің кристалдық құрылымы сарапталды. Биотрансформацияның II фазалық кезеңінің негіз-
гі процестері: глюкуронизациялану, сульфатациялану, глицинмен түйісу, глутатионмен түйісу, аце-
тилдену, метилдену. Биотрансформацияның II фазалық кезенінің метаболизм жолдары, УДФ-глюку-
ронилтрансфераза, N-ацетилтрансфераза, глутатион-S-трансфераза жəне тағы басқа ферменттер қа-
ралды. Адам ағзасындағы дəрілік заттардың трансформациясындағы олардың рөлі туралы мəліметтер 
келтіріліп, тұқымдас ферменттердің жіктелуі, олардың өнімдері суреттелді. Генотиптеу үшін бірнук-
леотидті полиморфизмдерді анықтау үшін арналған нақты уақыттағы ПТР, ген көшірмелерінің саның 
анықтау, пиросеквенирлеу, масс-спектрометрия, матрицалық-белсендірілген лазерлік десорбция-
лау/ионизациялау, сонымен қоса микрочиптерді пайдалану жолдары қарастырылды. Дəрілік заттар-
дың қолдану кезіңдегі дəрілік улағыштық, жанама жəне тағы басқа жағымсыз ықпалы жайлы мəселе-
лер қозғалды. Əртүрлі мемлекеттердегі дəрілік заттардың ағзаға əсері туралы зерттеулер нəтижелері 
көрсетілді. Мемлекетіміздегі геномдық тестілеуді қаржыландырудың жоқтығы, өнеркəсіптік жəне ғы-
лыми орталықтардың арасындағы ынтымақтастықтың болмауы, кəсіби мамандардың аздығы, нақты 
жəне бұл бағыттағы барлық өрістерді қамтитын құқықтық-нормативтік базаны құру мəселесі, соны-
мен қатар керекті техникалық қамтамасыздандырудың болмауына мəн берілді. 

Кілт сөздер: фармакогенетика, цитохром Р450 изоферментімен, аллель, полиморфты гендер, 
генотиптеу, ПТР нақты уақыттағы, ЛС маркер, УДФ-глюкуронилтрансфераза, метаболикалық 
ферменттер, геннің қозуы. 

 
Д.З. Елешов, Г.П. Погосян, Р.Г. Оганесян  

Фармакогенетика и система биотрансформации лекарств 

В статье рассмотрены состояние и перспективы одного из современных направлений персонализи-
рованной медицины — фармакогенетики. Даны общие представления о роли биотрансформации и ме-
таболизма лекарственных веществ в фармакогенетике, а именно сведения о полиморфизме генов, во-
влеченных в биотрансформацию лекарств и в генетический контроль их взаимодействия, описание 
ферментов I и II фаз биотрансформации лекарственных веществ. Описана первая фаза, на которой они 
подвергаются реакциям окисления, восстановления и гидролиза с целью увеличения полярности со-
единения. На этой фазе индукция или ингибирование ферментами P450 является основным механиз-
мом лекарственных взаимодействий. Изучена кристаллическая структура цитохрома P450. Описаны 
основные процессы второй фазы биотрансформации: глюкуронирование, сульфатация, сопряжение с 
глицином, сопряжение с глутатионом, ацетилирование, метилирование. Рассмотрены пути метабо-
лизма, ферменты, участвующие в них, фазы биотрансформации. Показана роль УДФ-
глюкуронилтрансфераз в трансформации лекарственных средств в организме человека. Представлена 
классификация надсемейства гена UGT, описаны продукты членов этого надсемейства, Рассмотрены 
возможности генотипирования с использованием ПЦР в реальном времени для выявления индивиду-
альных однонуклеотидных полиморфизмов, определения числа копий гена, пиросеквенирование, 
масс-спектрометрия, матрично-активированная лазерная десорбция/ионизация, а также использование 
микрочипов. Рассмотрены такие проблемы применения лекарственных средств, как лекарственная 
токсичность, побочные эффекты и др. Приведены примеры изучения воздействия лекарственных 
средств на организмы в различных странах. Указаны такие проблемы геномного тестирования в на-
шей стране, как отсутствие финансирования, отсутствие четкого сотрудничества между промышлен-
ными и научными кругами, нехватка специалистов, создание конкретной и всеобъемлющей норма-
тивно-правовой базы, отсутствие необходимого технического оснащения. 

Ключевые слова: фармакогенетика, изофермент цитохром P450, аллель, полиморфные гены, геноти-
пирование, ПЦР в режиме реального времени, ЛС-маркер, УДФ-глюкуронилтрансфераза, ферменты 
метаболизма, экспрессия гена 
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