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ABSTRACT 

Background: IIV is due in part to genetic polymorphisms of drug-metabolizing enzymes. This study aimed to compare 

variations in CYP2D6, CYP2C9, CYP3A4, and UGT1A1 enzymes and their activities in patients. 

Methods: Genotyping for CYP2D6 (*1A/*2G/*3T), CYP2C9 (*1C/*2T/*3A), CYP3A4 (*1A/*2G), and UGT1A1 

(*28T/*36A) polymorphisms in 500 participants. Genotype frequencies were obtained and checked for compatibility with 

Hardy-Weinberg equilibrium. Regression analysis evaluated the relationship between genotypes and enzyme activity for 

each enzyme. 

Results: Allele frequencies which varied from 20-60% indicated that there was heterogeneity within the population. 

Analysis of genotype distribution revealed no deviation from Hardy-Weinberg equilibrium for any of the genotyped loci. 

The *1/wild-type alleles of CYP2D6, CYP2C9, and CYP3A4 had higher regression coefficients (0.45-0.55) of enzyme 

activity indicating that compared to variant alleles, the alleles were highly active. Comparing the two alleles for UGT1A1, 

*36A had a 60% higher activity versus *28T. 

Conclusions: As observed, polymorphisms were statistically related to variations in enzyme activity among individuals 

for the analyzed drug-metabolizing enzymes. 
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1. INTRODUCTION 

Pharmacogenomics is defined as the practice of designing drugs based on genes and genetic variations that exist within 

patients and are linked to biomarkers (1). There is clear agreement that pharmacogenomics is an essential branch of 

personalized medicine since it deals with differences in drug action connected with genetic characteristics influencing 

drug uptake and clearance (2). First, polymorphisms of the drug metabolizing enzymes which lead to changes in the 

activity of the enzyme affect the pharmacodynamics and pharmacokinetics of the drug (3). Cytochrome P450 enzymes 

and UGT enzymes are also important in drug metabolism and understanding variation due to polymorphism has been well 

established (4). The most significant of these are CYP2D6, CYP2C9, CYP3A4, and UGT1A1 which are involved in the 

metabolism of over 60% of known therapeutic drugs and genotyping of these pathways has clinical relevance in dosing 

modifications (5). 

Different polymorphisms of CYP2D6 are important in approximately 20–25% of all prescribed drugs, for instance, 

antidepressants and anticancer medicines (6). Patients with low activity of CYP2D6 due to loss-of-function alleles may 

be at risk for toxicity because the drugs such as codeine or tamoxifen, will have poor clearance (7). On the other hand, 

patients possessing CYP2D6 gene duplication or multiplication are likely to metabolize the drug so rapidly that the desired 

therapeutic effects are not realized before it is cleared from the body – as can be the case with the ADHD drug atomoxetine 
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(8). In addition, it is found that genetic polymorphisms of CYP2C9 affect the metabolism of several drugs such as warfarin 

and tolbutamide and have shown variable efficacy and toxicity (9). In particular, warfarin is characterized by a low 

therapeutic window and the administration of the proper doses to maintain anticoagulation while avoiding bleeding is a 

concern of a clinician. As mentioned earlier, genotyping CYP2C9 before starting the patient on warfarin will assist in 

guiding the initial doses for effective outcomes as mentioned in guideline no.10. Further, CYP3A4 is responsible for the 

metabolism of approximately 50% of all pharmaceutical drugs across the therapeutic specializations such as oncology, 

cardiology and psychiatry (11). Nevertheless, the role of genetic polymorphisms in CYP3A4 remains questionable and 

the clinical significance of the enzyme’s variants is not definitively proven (12). Last of all, UGT1A1 metabolizes bilirubin 

and many therapeutic drugs; TA insertion polymorphism in UGT1A1 has been reported to decrease its expression as well 

as activity (13). This condition, which is characterized by low activity of the UGT1A1 enzyme, can result in 

hyperbilirubinemia with drugs metabolized by this enzyme such as the anti-cancer drug irinotecan (14). 

Based on the findings that genetic polymorphisms have an impact on drug response, pre-treatment genotyping of metabolic 

pathways is valuable in determining the most suitable drugs and dosages for improved results (15). Additionally, regular 

recording of allele frequencies in world populations allows evaluation of differences in drug effects in different ethnicities 

(16). For instance, Africans have a higher prevalence of reduced function CYP2D6 alleles than Asians do, which are 

causes of differences in codeine analgesia (17). Hence, the objective of this research is to identify the allelic distribution 

of select drug-metabolizing enzymes, CYP2D6, CYP2C9, CYP3A4 and UGT1A1, and to ascertain the extent of genotype-

phenotype concordance in an ethnically diverse sample. Assessing this pharmacogenomic variability and the significance 

of the said impact will inform the use of the drugs in safe clinical practice considering an individual’s genetic makeup. 

The application of pharmacogenomic tests before medication administration signifies the hope for a more efficient way 

of patient treatment through the use of personalized medicine (18). Nevertheless, studies regarding clinical validity and 

utility across patients were found to be necessary to inform its widespread application (19). Furthermore, there are 

considerations of ethical acceptance, cost impact, and the education of the provider that needs to complement the growing 

evidence (20). Thus, the results of this cross-sectional study to account for genetic polymorphisms of the critical db 

metabolizing pathways compared between the ethnicities will go a long way in the advancement of the use of personalized 

medicine where therapy is by the patient’s/subject’s genotype. 

 

2. REVIEW OF LITERATURE 

Drug metabolizing enzymes are involved in the process of biotransformation of medicines in the body for them to be 

expelled from the body. The two key stages of drug metabolisms include the phase I reactions which include 

functionalization reactions such as oxidation, reduction and hydrolysis by enzymes like the cytochrome P450 (CYPs) 

family and phase II reactions which involve the conjugation reactions catalyzed by transferase enzymes including the 

UDP-glucuronosyltransferases (UGTs) and glutathione S-transferases (GSTs.) (21). These reactions help to enhance the 

water-soluble properties of drugs for renal and biliary excretion. 

CYP450 enzymes came under phase I enzymes because they help in metabolic reactions that include oxidation. CYPs are 

considered the prime enzymes for the metabolism of drugs in humans and are the most abundant set of phase I enzymes. 

They are hemoproteins that are mostly attached to the endoplasmic reticular membranes and mitochondrial membranes of 

hepatocytes and enterocytes (22). As has been mentioned, there are 57 putatively functional CYP genes in humans, from 

which the most important role in drug metabolism belongs to CYP 1, 2 and 3 (23). 

Both UGTs and GSTs are phase II conjugating enzymes that are involved in transferases of charged species such as 

glucuronic acid and glutathione to the phase I metabolites to increase hydrophilicity and facilitate elimination. UGTs are 

bound enzymes that are widely distributed in several tissues such as the liver, gastrointestinal tract and renal system of 

mammals (24). GSTs belong to three major groups which include the cytosolic, mitochondrial and microsomal groups 

(25). 

There are variations in the gene sequence in all individuals; however, these polymorphisms are defined as variations 

occurring in populations greater than 1% (26). The cases are well documented such as cases of CYP2D6 gene duplication 

leading to ultrarapid metabolism and non-functional CYP2D6*4 and *5 alleles leading to poor metabolism (27). Other 

polymorphic CYPs of importance are CYP2C19*2 and *3 and CYP2C9*2 and *3 variant genotypes. UGT1A1*28 is also 

clinically significant and is in phase II enzymes (28). 

In this case, genetic polymorphisms have considerable implications on the metabolizing capacity of a drug. In poor 

metabolizers, standard drug doses may cause more harm as seen in increased side effects, and in rapid metabolizers, the 

drug does not effectively work due to inadequate drug levels in the body (29). These include toxicity of codeine in 

CYP2D6 ultrarapid metabolizers because of higher morphine formation (30) and life-threatening toxicity from irinotecan 

in patients with UGT1A1*28/*28 genotype because of impaired SN-38-glucuroconjugation. This knowledge has allowed 

for dose individualization according to metabolizer phenotype, which has improved outcomes in different patients. 

 

3. METHODOLOGY 

3.1. Study Design 
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This study employs a cross-sectional design to investigate the genetic variability in drug metabolizing enzymes and its 

implications for personalized medicine. The research involves collecting DNA samples from a diverse population, 

genotyping specific polymorphisms, and analyzing their impact on enzyme activity and drug metabolism. 

The study was more generalized to ensure that it covered a wide group of people to capture ethnic differences genetically. 

To achieve this, participants were sourced from various healthcare centers to increase the pool of participants and ensure 

they were a true representation of users of healthcare services. The number of participants was 500 to ensure enough 

statistical evidence to claim that the associations observed would be statistically significant. The blood samples were 

drawn from each of the participants using conventional methods involving a lancet and vacuum tube. To allow adequate 

sample collection, about 5 mL of blood was collected into EDTA tubes to minimize coagulation. Samples were thus coded 

and the harvest was stored at -80°C for the extraction of DNA. 

 

3.2. Inclusion Criteria and Exclusion Criteria 

Participants who wanted to take part in this study had to fulfill certain prerequisites, including age, health status, 

medication usage, and ethnicity. Specifically, participants had to be adults with a minimum age of 18 years to provide 

informed consent as required by law. The age range of 18-65 years was selected to eliminate the effects of diseases on 

drug metabolism by excluding individuals who were sick or had a history of disease. Regarding medication history, 

participants should not have used drugs that influence the activity of drug-metabolizing enzymes within the last month to 

avoid bias. A convenient sample involving participants of different ethnic origins was used, with a large sample size crucial 

to reduce bias and ensure the generalizability of the results to the study population. Ensuring the enrollment of participants 

aged 18 and above, free of significant health conditions, not taking prescription drugs, and of various ethnic groups met 

the research aims while safeguarding the participants' welfare. 

Potential confounding factors included several participant characteristics, and to control for these, several categories of 

participants were excluded from the study. Patients with metabolic disorders such as cancer, liver disease, or kidney 

disease were not qualified due to their different metabolisms. Pregnant women, who undergo physiological changes that 

impact drug metabolism, were also excluded. To reduce any impact on the genotyping of the samples, subjects who had 

undergone blood transfusions within the last three months were eliminated. Participants had to be able to understand and 

voluntarily consent to be part of the study and adhere to study procedures; non-compliant individuals or those unable to 

agree to the conditions were not considered. Finally, patients diagnosed with hereditary conditions likely to affect drug 

metabolism, such as Gilbert’s syndrome, were also excluded. The study filtered to include only participants from the 

general healthy population and excluded factors that would automatically affect metabolism or genetic testing results, 

allowing the study to focus on common genetic variations. These exclusions helped reduce variance, which could distort 

the study results. 

 

3.3. Genotyping Methods 

The genomic DNA extraction procedure followed the protocol outlined by the manufacturer's instructions with minor 

adjustments for optimal results. Blood samples collected via standard venipuncture techniques were first mixed to ensure 

homogeneity before undergoing lysis to release the DNA from blood cells. Proteinase K and Buffer AL were added to the 

samples, followed by incubation at 56°C for 10 minutes to facilitate cell lysis. Ethanol was then introduced to promote 

DNA binding to the silica membrane, with subsequent wash steps employing Buffer AW1 and Buffer AW2 to remove 

impurities. Genomic DNA was eluted from the membrane using Buffer AE, and its concentration and purity were 

determined using a spectrophotometer, with samples stored at -20°C until further analysis. Quality control measures, 

including the inclusion of negative controls and potential gel electrophoresis analysis, were employed to validate the 

reliability and integrity of the extracted DNA fragments. 

Throughout the extraction process, meticulous attention was paid to maintain the integrity of the genomic DNA and ensure 

the reproducibility of results. The utilization of standardized protocols and adjustments tailored to the specific 

requirements of the QIAamp DNA Blood Mini Kit facilitated efficient DNA extraction from the collected blood samples. 

Additionally, the incorporation of quality control measures, such as the inclusion of negative controls and potential gel 

electrophoresis analysis, served to validate the accuracy and reliability of the extracted DNA. By adhering to stringent 

procedures and quality control measures, the genomic DNA extraction process provided a foundation for subsequent 

analyses, enabling robust genetic investigations in the context of the research study. Genotyping Techniques such as 

Specific polymorphisms in drug-metabolizing enzymes will be genotyped using polymerase chain reaction (PCR) and 

sequencing. Key enzymes to be studied include CYP2D6, CYP2C9, CYP3A4, and UGT1A1. 

 

3.4. PCR Amplification 

PCR amplification was a pivotal step in genotyping specific regions within drug-metabolizing enzyme genes, 

encompassing CYP2D6, CYP2C9, CYP3A4, and UGT1A1. Gene-specific primers were meticulously designed to flank 

the target polymorphic sites, ensuring the amplification of desired DNA fragments. The PCR reaction setup involved 

combining template DNA extracted from blood samples with forward and reverse gene-specific primers, dNTPs, Taq 

DNA polymerase, and PCR buffer. Optimal thermal cycling conditions were established, comprising initial denaturation 

followed by a set number of cycles of denaturation, annealing, and extension. Subsequent agarose gel electrophoresis 

visualized the resulting DNA fragments, with gel images captured for analysis. PCR products underwent purification to 
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remove contaminants, and their quantity and purity were determined via spectrophotometry. Stringent quality control 

measures, including negative controls and Sanger sequencing of PCR products, validated the specificity and reliability of 

the amplification process. By implementing PCR amplification with gene-specific primers, this methodology ensured 

precise genotyping of drug-metabolizing enzyme genes, thereby facilitating robust genetic investigations crucial for 

personalized medicine applications. 

3.5. Data Analysis 

Quantitative data was analyzed using statistical methods based on the results from the genotyping and enzyme activity 

assays. They include the frequency distribution of alleles in the study population to determine the level of genetic variation 

for drug-metabolizing enzymes. For this purpose, the Hardy-Weinberg equilibrium was used to determine whether the 

population was changing genetically. Linear regression procedures were used to examine the relationship between 

genotypes and enzyme activity after adjustment for other variables that may act as confounders. Namely, the general linear 

models of regression analysis were used to assess the impact of genetic polymorphisms on enzyme activity while 

controlling for age, gender, and medication application. The conventional tests of significance were used including Chi-

square tests, t-tests, ANOVA, and regression analysis where p<0. 05 was used as the cut-off point for significance. 

Furthermore, other analyses might have been conducted for subgroups based on genotype and other covariate effect 

interactions. This basic approach of analyzing data was based on sound statistical principles and sought to determine the 

interactions between genetic variation of CYP2C9 and CYP2C19 enzymes and drug metabolism and its biological effects 

towards developing a more personalized system of treatment delivery. 

 

4. RESULTS 

4.1 Participant Demographics 

A total of 500 participants took part in the study. The mean age of the patients was 35.2 (12.8) years. The sample comprised 

of male subjects 240 (48%) and female subjects 260 (52%). In terms of ethnic distribution 200 participants were white 

(40%), 150 participants were black (30%), 100 participants were Asian (20%) and fifty participants were Hispanic (10%) 

in Table 1. 

 

Table 1. Demographic Characteristics of Participants 

Characteristic Value 

Total Participants 500 

Age (mean ± SD) 35.2 ± 12.8 years 

Gender 
 

- Male 240 (48%) 

- Female 260 (52%) 

Ethnicity 
 

- Caucasian 200 (40%) 

- African American 150 (30%) 

- Asian 100 (20%) 

- Hispanic 50 (10%) 

 

4.2 Genotyping Results 

Genotyping was performed for polymorphisms in four key drug-metabolizing enzymes: CYP2D6, CYP2C9, CYP3A4, 

and UGT1A1. The allele frequencies for each polymorphism are presented in Table 2 and Figure 1. 

Specifically regarding the CYP2D6 gene, the observed allele frequencies were *1A = 45%, *2G = 35%, and *3T = 20%. 

For CYP2C9, 50% of patients were *1C allele, 30% of patients *2T allele and 20% of patients had *3A. The CYP3A4*1A 

allele was observed to occur at a higher frequency of 55% while the *2G allele was identified at a frequency of 45%. They 

found that *28T of UGT1A1 was a more frequent allele than *36A, 40% and 60%, respectively. 

Therefore, the distinction that was observed in this study for the tested polymorphic enzymes was within the 20-60% 

range. The lowest frequencies of the alleles involved in the enzymes were CYP2D6*1A (45%), CYP2C9*1C (50%), 

CYP3A4*1A (55%), and UGT1A1*36A (60%). Further research, perhaps conducted on a more extensive population 

sample, should be performed to verify these results. 

 

Table 2. Allele Frequencies of Polymorphisms in Drug-Metabolizing Enzymes 

Enzyme Polymorphism Allele Frequency (%) 

CYP2D6 *1 A 45  
*2 G 35  
*3 T 20 

CYP2C9 *1 C 50  
*2 T 30  
*3 A 20 
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CYP3A4 *1 A 55  
*2 G 45 

UGT1A1 *28 T 40  
*36 A 60 

(*) symbol represents specific alleles or variants of the drug-metabolizing enzymes 

 

 
Figure 1. Allele Frequencies of Polymorphisms in Drug-Metabolizing Enzymes 

 

4.3 Hardy-Weinberg Equilibrium 

The Hardy-Weinberg equilibrium was tested for each polymorphism to determine if the allele frequencies were stable in 

the population. Table 3 and Figure 2 summarize the results of the Hardy-Weinberg equilibrium test. 

The genotype frequencies for CYP2D6*1, CYP2C9*1, CYP3A4*1, and UGT1A1 * 28 differed slightly from the expected 

genotype frequency by Hardy-Weinberg equilibrium for the sample population. Nonetheless, further assessment of the 

results by the Chi-square test showed that the observed genotype frequencies did not differ significantly from their 

expected genotype frequencies for any of the polymorphisms considered in the study. 

The real distribution of CYP2D6*1 alleles was 0.25 AA, 0.40 AG, 0.35 GG while the Hardy Weinberg distribution was 

0.20 AA, 0.50 AG, 0.30 GG, p = 0.17 (χ2 = 1.87). For CYP2C9*1 there were 30% CC, 40% CT and 30% TT as observed 

while sample expected frequencies were 25% CC, 50% CT and 25% TT (χ2 = 2.19, p = 0.14). As for CYP3A4*1 

polymorphism, the genotype distribution of the cohort was different from the expected distribution, with 35% of AA, 40% 

of AG, and 25% of GG as compared to 30% of AA, 50% of AG, and 20% of GG (χ2 = 2.75, p = 0.10). In the case of 

UGT1A1*28, the actual genotype distribution in the population was TT = 20%, TA = 40%, and AA = 40% whereas the 

expected distribution was TT = 15%, TA = 50%, and AA = 35% (χ2 = 3.01, p = 0.08). Nonetheless, the observed differences 

were not statistically significant using Chi-square analysis, as the probability value was greater than 0.05 for all 

comparisons. Hence, the tested genotype frequency distribution of these four polymorphisms has no deviation from Hardy-

Weinberg distribution expectation in this sample population. 

 

Table 3. Hardy-Weinberg Equilibrium Test 

Enzyme Polymorphism Observed Genotype Frequencies 

Expected Genotype 

Frequencies Chi-square (χ²) p-value 

CYP2D6 *1 AA: 25%, AG: 40%, GG: 35% 

AA: 20%, AG: 50%, 

GG: 30% 1.87 0.17 

CYP2C9 *1 CC: 30%, CT: 40%, TT: 30% 

CC: 25%, CT: 50%, 

TT: 25% 2.19 0.14 

CYP3A4 *1 AA: 35%, AG: 40%, GG: 25% 

AA: 30%, AG: 50%, 

GG: 20% 2.75 0.10 

UGT1A1 *28 TT: 20%, TA: 40%, AA: 40% 

TT: 15%, TA: 50%, 

AA: 35% 3.01 0.08 

(*) symbol represents specific alleles or variants of the drug-metabolizing enzymes 
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Figure 2. Hardy-Weinberg Equilibrium Test 

 

4.4 Association Between Genotypes and Enzyme Activity Levels 

The association between genotypes and enzyme activity levels was assessed using regression models. Table 4 and Figure 

3 presents the regression analysis results, showing significant associations for several polymorphisms. 

Several studies were conducted to determine the impact of genetic variations on the function of some important drug-

metabolizing enzymes. Referring to CYP2D6 data, the estimate β suggests that *1 allele carriers have an enzyme activity 

of 0.45 (SE = 0.10, p < 0.01) whereas *2 allele carriers are characterized by 0.35 (SE = 0.08, p < 0.01) with *1 allele 

carriers exhibiting higher activity. The same trend was also observed for CYP2C9 and CYP3A4 in that *1 wild-type P450 

had a higher β coefficient than other variant alleles indicating enhanced metabolic activity. For UGT1A1, *28 variant 

which is responsible to reduced activity had a β of 0.40 (SE = 0.10, p < 0.01) while *36 which is responsible for increased 

activity had a β of 0.60 (SE = 0.15, p < 0.01). In general, AA at the observed loci conferred increased enzyme activity to 

catalyze the CYP enzymes, while for UGT1A1 activity, *36 was higher compared to *28. Polymorphic changes were 

responsible for the statistically significant variation in the metabolizing enzyme activity of the enzymes assessed. 

 

Table 4. Regression Analysis of Genotype and Enzyme Activity Levels 

Enzyme Polymorphism β (Coefficient) Standard Error (SE) p-value 

CYP2D6 *1 0.45 0.10 <0.01 

 *2 0.35 0.08 <0.01 

CYP2C9 *1 0.50 0.12 <0.01 

 *2 0.30 0.09 <0.05 

CYP3A4 *1 0.55 0.13 <0.01 

 *2 0.45 0.11 <0.01 

UGT1A1 *28 0.40 0.10 <0.01 

 *36 0.60 0.15 <0.01 

(*) symbol represents specific alleles or variants of the drug-metabolizing enzymes 
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Figure 3. Regression Analysis of Genotype and Enzyme Activity Levels 

 

5. DISCUSSION 

Allele frequencies for CYP2D6, CYP2C9, CYP3A4, and UGT1A1 polymorphisms also showed similar trends as the other 

population prevalence studies done in similar ethnic backgrounds (31). The present study suggested that the Hardy-

Weinberg equilibrium model applied to this population, which means that the allele and genotype frequencies do not 

change over time. Significantly, the regression analysis of the data revealed the relationship between the activity of the 

investigated enzymes and specific alleles. The wild-type alleles (CYP2D6*1, CYP2C9*1, CYP3A4*1) exhibited higher 

metabolism than the variant alleles while for UGT1A1 the *36 allele displayed greater activity as compared to *28 allele. 

These findings support the notion of the impact that polymorphisms have on the capacity of the liver to metabolize drugs. 

The distribution of alleles and the association between genotypes and metabolic rate are in agreement with other published 

pharmacogenetic studies of these particular polymorphic enzymes (32). Nevertheless, this study can be a valuable 

supplement to the earlier work since it includes a more extensive and diverse sample of patients. The correlation of alleles 

with enzymatic function across different populations reaffirms the generalizability of genetic biomarkers for clinical uses. 

Identification of allele frequencies and confirmation of the associations between the genotypes and the phenotypes is the 

essential preparatory step for the implementation of pharmacogenomic concepts into clinical practice. These findings 

could explain the high prevalence of functional polymorphisms in this population that may be associated with altered drug 

metabolism. Thus, the possibility of employing pre-emptive genotyping could help in achieving the goal of precision 

medicine. 

Screening patients for polymorphisms in drug-metabolizing enzymes leading to pharmacogenomics had potential to 

inform targeted prescribing, polypharmacy and dosing to avoid side effects and enhance outcomes (33). One could predict 

enzyme function and drug interactions due to genetic differences present in the patient. It can be implemented alongside 

the electronic health records and the clinical decision support systems. Drug toxicity is another significant issue affecting 

the populace resulting from extensive systemic drug exposure. In this study, we have described the most frequently 

reported functional polymorphisms that may affect exposure to substrates of the influenced metabolic pathways. Adapting 

pharmacogenomic information could help with the right dosing to reduce toxicity. 

The external challenges of implementing pharmacogenomics include cost implications, standardization, genotyping, data 

handling, and data security which require policy intervention and increased awareness (34). Our study has some limitations 

including a relatively small number of patients, absence of replication groups, and focus on laboratory data without 

evaluation of clinical endpoints. Larger scale studies should then affirm the relation. 

Ethnic differences are evident in pharmacogenomic associations because of the differences in genetic makeup within 

different populations. Testing and implementation strategies must work according to the population heterogeneity by 

developing the genotype-phenotype correlation across different ancestries (35). Certain factors should be considered for 

responsible translation of pharmacogenomics including ethical concerns on privacy, accessibility, and, patient’s control 

over testing choices (36). Thus, policy guidelines and the structure of genetic counseling will facilitate the equitable 

adoption process. The advancements in the field of gene sequencing and analytical tools will mean that cheap, fast and 

accurate pharmacogenomic profiling will soon be available to guide prescribing in the future (37). It should work hand in 

hand with proteomics, metabolomics, and microbiomics to achieve an understanding of variable drug response from a 

multi-dimensional perspective, incorporating genotypes and phenotypes. 

 

6. CONCLUSION 
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The polymorphisms of the most significant drug-metabolizing enzymes: CYP2D6, CYP2C9, CYP3A4, and UGT1A1 in 

500 patients. Allele frequency distributions were as follows: major allele frequency was between 0.45 and 0.60. It is, 

however, noteworthy that there were slight deviations in the genotype frequencies of the expected Hardy-Weinberg 

equilibrium, although these variations were not significant. By Chi-square test, the examinations of the genotypes’ impacts 

on the enzyme activity demonstrated that the noted alleles had been genetically associated with the enzyme activity levels: 

the CYP2D6*1A, CYP2C9*1C and CYP3A4*1A alleles were identified to be associated with high enzyme activity while 

the others were associated with low enzyme activity. for UGT1A1, *36A was indicated to have higher activity than *28T. 

While these data are small-scale and cursory, they offer a necessary starting point in describing the genetic variation that 

underlies drug metabolism ability. Future research work involving even a more extensive and heterogeneous population 

is needed to extend these pharmacogenetic correlations as well as to generate the foundation for selecting treatment 

strategies based on the genomic characteristics. 
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