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ABSTRACT
Interindividual differences in cytochrome P450 (CYP) 2C19 activity may result in variations in the 
therapeutic response to drugs metabolized by this enzyme. Differences at gene level may 
translate into protein level with consequent impairment of the enzyme activity. As a result 
patients with such genetic differences might experience undesirable effects or no effect at all. 
The aim of the present study was to find out the prevalence of allelic and genotype frequencies of 
low activity variants of CYP2C19 genes in healthy individuals from six distinct ethnicities of 
Pakistan. Blood sample was taken from healthy volunteers following informed consent. Isolation 
of the DNA was followed by the PCR amplification and restriction fragment length polymorphism. 
Selected samples were sequenced by Sanger sequencing. The frequency of major alleles was 
84.93% for CYP2C19*2 and 91.85% for CYP2C19*3, while minor allele was present at 15.06% for 
CYP2C19*2 and 8.14% for CYP2C19*3. For CYP2C19*2, the frequency of *1*1 genotype was 75.80%, 
*1*2 was 18.27%, and *2*2 was 5.92% whereas for CYP2C19*3, The frequency of *1*1 genotype 
was 84.19%, *1*3 was 15.30%, and *3*3 was 0.49% in the Pakistani population. A substantial 
variation in genotype and allelic frequencies was observed in various ethnicities. Our study 
demonstrates that a significant Pakistani population has at least one minor allele, which indicates 
a large number of patients potentially being affected by these variations. Especially, a significant 
genotype frequency of PM suggests implication for the treatment response and severity/fre
quency of adverse effects in patients receiving drugs metabolized by CYP2C19.
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1. Introduction

Cytochrome P450 (CYP) is a superfamily of phase 
1 enzymes that metabolizes the majority of the 
clinically available drugs in addition to the synth
esis and metabolism of many endogenous sub
stances[1]. This superfamily comprises about 57 

enzymes, but only about a dozen carry out the 
majority of biotransformation reactions and 
responsible for the metabolism of an overwhelm
ing majority of drugs in the market [2]. Since these 
enzymes metabolize several different therapeutic 
agents, polymorphisms in their genes result in 
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variability in their enzymatic activities, which sub
sequently leads to interindividual variation in the 
efficacy and adverse effects of the drug [3]. On the 
other hand, CYP enzymes are also bioengineered 
to enhance their function such as enhancing ster
oid hydroxylation efficiency by CYP106A2 [4].

CYP2C19 is an important member of the 
CYP450 superfamily (Figure 1). About one-tenth 
of all clinically used drugs are metabolized by this 
enzyme, which includes important classes of med
ications such as antiepileptics, antidepressants, 
proton pump inhibitors, antipsychotics, and anti
platelet drugs[1]. Interindividual variation in this 
gene is likely to yield nonresponder phenomenon 
or toxic effects in such individuals. The population 
can be divided into extensive metabolizers (EM) 
and poor metabolizers (PM) based on whether the 
enzyme activity is normal or reduced, respectively. 
Clopidogrel, an antiplatelet drug, is converted to 
its active metabolite by CYP2C19, and hence PM 
does not respond to this drug. Therefore, the US 
FDA has issued a black-label warning for 

clopidogrel, mentioning its diminished effective
ness in PM [5]. Another prodrug, proguanil, is 
metabolized to cycloguanil through CYP2C19, 
but PMs were found to lack cycloguanil, and 
these patients were at decreased cycloguanil pro
tection and increased risk of Plasmodium infec
tion [6,7].

CYP2C19 enzyme activity is shown to be 
reduced by more than a dozen alleles, but seven 
of them produce inactive enzymes. However, two 
alleles result in the most cases of low activity 
phenotypes, CYP2C19*2 and CYP2C19*3. 
CYP2C19*2 is the more common of the two alleles, 
which leads to the formation of an inactive spliced 
variant as a result of a G-to-A substitution in exon 
5 [8]. CYP2C19*3 is found in exon 4, produces 
a stop codon with a G-to-A substitution, causing 
premature termination of transcription and 
a nonfunctional protein [9]. Both of these alleles 
provide significant alterations in drug response 
and adverse effects in PMs. About 50–90% of PM 
phenotypes can be explained based on these two 

Figure 1. Ribbon struture of CYP2C19 enzyme.
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alleles [10]. The frequencies of these two alleles are 
higher in the Asian population at 15% compared 
to Caucasian and African people at 2–5% (Scott 
et al., 2012). CYP2C19*3 is rarely present in the 
Caucasian population and is, therefore, considered 
to be exclusive to the Asian population [3].

Prior knowledge of the frequencies of mutant 
alleles found in a population may help revise the 
prescribing practices of the clinicians, including 
dose adjustments and alternate medications. 
However, no such data of CYP2C19 genetic var
iants are available for the Pakistani population. As 
mentioned previously, genetic variation in the 
CYP2C19 gene affect drugs safety and efficacy. 
Our hypothesis is that if there is enough generic 
variation in the CYP2C19 gene in the context of 
Pakistani population to warrant further genotype- 
phenotype kinds of clinical studies. If this varia
tion is low in Pakistani population, then there is 
not much incentive to carry out further clinical 
studies. But if the genetic variants that affect drugs 
safety and efficacy are present in high frequency in 
Pakistani population, then further studies would 
be useful as their outcome would affect a sizable 
fraction of Pakistani population. Therefore, in the 
current study, our aim was to find out the preva
lence of CYP2C19*2 and *3 gene variants in the 
Pakistani population. We specifically investigated 
the samples drawn from the six major ethnic 
groups residing in Pakistan to determine the pre
valence of wildtype CYP2C19*1, and CYP2C19*2, 
and CYP2C19*3 gene variants. One of our goals 
was to compare the frequencies of the variant 
alleles observed in the current study, with the 
global and regional populations.

2. Materials and methods

2.1 Ethical compliance

This study was conducted at the College of 
Pharmaceutical Sciences, Shifa Tameer-e-Millat 
University Islamabad, Pakistan. The study was 
approved through an approval letter by the insti
tutional review board (IRB#699-147-2016). All 
participating volunteers were briefed about the 
study and written informed consent obtained 
prior to commencing the study. The study was 

carried out as per the World Medical Association 
Declaration of Helsinki guidelines.

2.2 Sampling & DNA extraction

Samples for this study were collected from various 
cities of Pakistan. A total of 405 samples were 
obtained from healthy volunteers belonging to 
Pathan, Sindhi, Punjabi, Balochi, Urdu-speaking, 
and Seraiki ethnic groups residing in Pakistan. 
Ethnicity was self-reprted by the participants. 
EDTA containing vaccutainers were used to collect 
approximately 5 ml blood from the each volunteer. 
Gene Jet Genomic DNA extraction kit was used to 
extract DNA form the blood. The quality and 
quantity of the isolated DNA was determined 
through spectrophotometer and by running it on 
the agarose gel.

2.3 Genotyping

CYP2C19*2 genotyping was done through PCR 
followed by restriction fragment length poly
morphism. An oligonucleotide pair was used 
which when bound to their complementary 
sequences on the genomic DNA, would encom
pass the CYP2C19*2 site. PCR cycles consists of 
initial denaturation of 10 minutes at 95°C, fol
lowed by 35 cycles of denaturation, anealing, and 
extension, which was followed by a 7-minutes 
extension at 72°C. The final PCR product was 
visualized by running it on a 2% agarose gel. 
After restriction fragment length polymorphism, 
the three CYP2C19*2 genotypes were identified 
by running the digested DNA on the 2% agarose 
gel again.

Similarly, CYP2C19*3 genotyping was per
formed by using a separate set of oligonucleotides 
spanning intron 3 and 4 of the CYP2C19 gene 
containing CYP2C19*3 allele site. Thermal condi
tions of this PCR were similar to the ones used for 
CYP2C19*2 genotyping. Restriction fragment 
length polymorphism yeided digested products 
which were run on the 2% agarose gel to deter
mine the CYP2C19*2 genotyping in each sample. 
More than 40% of the samples were sequenced to 
confirm the genotyping results.
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2.4 Statistical analysis

Data obtained from restriction fragment length 
polymorphism and sequencing were used to deter
mine alleleic and genotype frequencies of the 
CYP2C19*2 and CYP2C19*3. These allelic and 
genotype values are provided along with 95% con
fidence interval values which were calculated as 
per the following formula, formula (CI = p± 
(1.96 x SE), SE = qrt [p(1 – p)/n], p = proportion, 
n = sample size). Difference between the observed 
and expected frequencies was calculated by Chi- 
squared test which was also employed to calculate 
the deviation as per the Hardy-Weinberg equation.

3. Results

Our study is the first one to investigate the genetic 
polymorphisms in CYP2C19 gene in the healthy 
individuals of the six distinct ethnic populations of 

Pakistan-the world 5th most populous country. 
Our results show that the minor allele was present 
at a frequency of 15.06% for CYP2C19*2 and 
8.14% for CYP2C19*3. Our study shows that 

Table 1. Allelic frequencies of CYP2C19*2 allele along with 
confidence intervals (CI) in various ethnic groups in the 
Pakistani population.

Ethnicity No. *1 (CI) *2 (CI)
Chi-squared 

Value p value

Pakistan 405 84.93 (82.3– 
87.3)

15.06 (12.7– 
17.7)

Punjabi 103 72.33 (65.7– 
78.3)

27.66 (21.7– 
34.3)

5.0067 0.0252

Pathan 100 95.5 (91.6– 
97.9)

4.5 (2.1–8.4) 5.5556 0.0184

Sindhi 50 87 (78.8– 
92.9)

13 (7.1– 
21.2)

0.1661 0.6835

Balochi 50 80 (70.8– 
87.3)

20 (12.7– 
29.2)

0.8658 0.3521

Seraiki 50 91 (83.6– 
95.8)

9 (04.2– 
16.4)

1.7045 0.1916

Urdu 52 86.53 (78.4– 
92.4)

13.46 (7.6– 
21.6)

0.1661 0.6835

Figure 2. Geographical representation of the ethnicities investigated in the study and their respective CYP2C19*2, and *3 allelic 
frequencies. The figure was created using CorelDRAW Graphic Suite 2020 (https://www.coreldraw.com/en/).
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a significant fraction of the Pakistani population, 
and its certain ethnic segments possess high fre
quency of reduced function polymorphisms. These 
findings have safety and efficacy implications for 
our population and encourage further genotype- 
phenotype studies in hospital and clinical settings 
involving individual drugs/diseases.

3.1 Allelic and genotype frequencies of 
CYPC19*2

The prevalence of the CYPC19*2 allele in the var
ious ethnicities of Pakistani population are 
depicted in Table 1 and Figure 2. The minor allele 
was found at a frequency of 15.06% in the 
Pakistani population (Table 1). The Punjabi popu
lation exhibited the highest prevalence of the 
CYPC19*2 followed by Balochi, Urdu, and Sindhi 
populations. The lowest prevalence of the 
CYPC19*2 was found in the Pathan population. 
In the Pakistani population, the prevalence of 
*1*1 genotype was 75.80%, *1*2 was 18.27%, and 
*2*2 was 5.92% . The Pathan ethnicity displayed 
the highest frequency of the wild type genotype 
(*1*1) at 94%, followed by Seraiki (84%), Sindhi 

(78%), and Urdu speaking population (76.92%). 
The Punjabi ethnicity was found to have the lowest 
wild type genotype frequency (Supplementary 
Table 1 and Figure 3). However, the Punjabi eth
nicity also showed the highest prevalence of het
erozygous (*1*2) and homozygous *2*2 genotypes 
at 30.09% and 12.62%, respectively. The Seraiki 
ethnicity exhibited th elowest frequency of *2*2 
genotype (2%) while the Pathan ethnicity showed 
the lowest heterozygous genotype (3%).

3.2 Allelic and genotype frequencies of 
CYPC19*3

Frequencies of the CYPC19*3 allele in the 
Pakistani population are shown in Table 2. This 
variant was found at a lower frequency than the 
CYPC19*2 (8.14% vs. 15.06%). The Punjabi popu
lation displayed a higher prevalence of this poly
morphism compared to other ethnicities, although 
the highest frequency of the allele was found in 
Balochi ethnicity (15%). In the Pakistani popula
tion, the prevalence of *1*1 genotype was 84.19%, 
*1*3 was 15.30%, and *3*3 was 0.49%. The highest 
frequency of *1*1 genotype was found in the 

Figure 3. CYP2C19*2 genotype frequencies in various ethnic groups of Pakistan.
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Sindhi and Seraiki population at 96% 
(Supplementary Table 2 and Figure 4). The highest 
frequency of heterozygous genotype (*1*3) was 
found in the Balochi ethnic group at 30%. 
Homozygous genotype (*3*3) was observed only 
in the Seraiki population, which was the only 
population that did not display any heterozygous 
genotype. No other ethnic groups displayed a *3*3 
genotype in the Pakistani population (Figure 3).

3.3 Comparisons with global data

Tables 3 and 4 show the comparisons of alleleic 
frequencies of CYP2C19*2 and *3 respectively, in 

Table 2. Allelic frequencies of CYP2C19*3 allele along with 
confidence intervals (CI) in various ethnic groups in the 
Pakistani population.

Ethnicity No. % A % C
Chi-squared 

value p value

Pakistan 405 91.85 (89.19– 
94.51)

8.14 (5.48– 
10.8)

Punjabi 103 85.92 (79.2– 
92.64)

14.07 (7.35– 
20.79)

1.8386 0.1751

Pathan 100 93.5 (88.67– 
98.33)

6.5 (1.67– 
11.33)

0.3072 0.5793

Sindhi 50 96 (90.57– 
100)

4 (0–9.43) 1.4184 0.2336

Balochi 50 85 (75.1– 
94.9)

15 (5.1–24.9) 2.4073 0.1207

Seraiki 50 96 (90.57– 
100)

4 (0–9.43) 1.4184 0.2336

Urdu 52 97.11 (92.56– 
100)

2.88 (0–7.43) 2.4050 0.1209

Figure 4. CYP2C19*3 genotype frequencies in various ethnic groups of Pakistan.

Table 3. Comparison of CYP2C19*2 allelic frequencies observed 
in Pakistan with other populations.

Population CYP2C19*1 CYP2C19*2 Chi-squared p value

CLM 168 20 2.4464 0.117794
MXL 112 16 0.5781 0.447062
PEL 160 10 10.1582 0.001437
PUR 181 27 0.5737 0.448828
CHS 136 74 43.7328 0.00001
CEU 172 26 0.4733 0.491465
FIN 155 43 5.1482 0.023271
GBR 156 26 0.0705 0.790607
IBS 183 31 0.0442 0.833571
TSI 194 20 4.6304 0.031411
BEB 116 56 29.2649 0.00001
GIH 138 68 34.9771 0.00001
ITU 128 76 51.0783 0.00001
PJL 126 66 37.9825 0.00001
STU 120 84 68.6509 0.00001

CLM-Colombian in Medellin, Colombia, MXL-Mexican ancestory in Los 
Angeles, California, PEL-Peruvian in Lima, Peru, PUR-Puerto Rican in 
Puerto Rico, CHS-Southern Han Chinese, China, CEU-Utah residents 
with northern and western European ancestory, FIN-Finnish in 
Finland, GBR-British in England and Scotland, IBS-Iberian population 
in Spain, TSI-Toscani in Italy, BEB-Bengali in Bangladesh, GIH-Gujrati 
Indian in Houston, TX, ITU-Indian Telgu in UK, PJL-Punjabi in Lahore, 
Pakistan, STU-Sri Lankan Tamil in the UK. 
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the Pakistani population with worldwide popula
tions. CYP2C19*2 allelic frequencies observed in 
the present study were different from the 
Peruvian, Han Chinese, Finnish and various 
South Asian populations but similar to the 
Colombian, Mexican, Puerto Rican, Europeans 
from Utah,, British, Spanish, and Italian popula
tions, as reported in the 1000 Genome Project [11] 
(Table 3). CYP2C19*3 is not found in European 
and South American populations but the alleleic 
frequencies foound in the Hans Chinese were 
similar to Pakistani freequencies but various 
South Asian populations displayed significantly 
different prevalence of this allele (Table 4).

4. Discussion

Pakistan, as stated by the statistics bureau, ranks 
6th in the most populated countries of the world 
[12]. Out of the total 94% of Pakistan’s population, 
the Punjabi population takes up 38.78% making it 
the largest ethnic group in this country, followed 
by the Pashtun, Sindhi, Siraiki, Urdu-speaking, 
and Balochi populations at 18.24%, 14.57%, 
10.53%, 7.57%, and 3.57%, respectively [13]. 
Despite being home to a large and diverse society, 
no significant amount of pharmacogenetics 
research has been carried out in Pakistani 

population. This study aims to partially address 
the above-stated issue by outlining the frequencies 
in the two most significant genetic variants in the 
CYP2C19 gene.

The current study finds the prevalence of the 
CYP2C19*2 allele at about 15% in the healthy 
Pakistani particpants which is in a similar range 
as found in Denmark, Norway, Sweden, Germany, 
Portugal, Australia, Saudi Arabia, Tanzania, 
Ethiopia, and Zimbabwe [14–23]. Egypt and 
Canada previuosly showed the lowest prevalence 
of the minor allele at 11% [3,24]. Compared to the 
Pakistani population, CYP2C19*2 allele was more 
prevalent in Korean, Chinese Taiwanese, Japanese, 
North Indian, Venda, African American, and 
Iranian populations [16–18,25,26] while the 
Filipino population has the highest prevalence of 
CYP2C19*2 allele [17]. Among various ethnicities, 
Punjabi samples revealed the highest frequency of 
the CYP2C19*2 minor allele follwed by the 
Balochi ethnicity while the Pathan population 
showed the lowest prevalence of CYP2C19*2 allele. 
The lowest prevalence of wildtype genotype was 
found in the Punjabi ethnicity an dth ehighest in 
the Pathan population (Figure 3).

The prevalence of the CYP2C19*3 allele in the 
Pakistani population was about 8.14% and was 
similar to the one found in the Korean and 
Japanese populations [17,18]. The Egyptian popu
lation exhibited the lowest prevalence of the minor 
allele [3], while the highest frequency is reported 
from the Korean population at 11.6%. However, 
no CYP2C19*3 allele is reported from Canada, 
Poland, Denmark, Germany, Portugal, Australia, 
Saudi Arabia, Zimbabwe, North Indian, Venda, 
and African American. The Baloch ethnic group 
revealed the highest frequency of the minor allele 
whereas the lowest prevalence was reported from 
the Urdu speaking ethnicity. The Sindhi and 
Seraiki ethnicities displayed the highest wild type 
genotype whereas the Baloch ethnicity exhibited 
the lowest wild type genotype. The highest hetero
zygous genotype is also reported from the Baloch 
population.

The Pakistani population is a combination of 
various populations due to the several invasions in 
the first and second mellenia. Partly owing to the 
recent British domination of the sub-continet in 
the 18th to 20th century and the Arab influence 

Table 4. Comparison of CYP2C19*3 allelic frequencies observed 
in Pakistan with other populations.

Population CYP2C19*1 CYP2C19*3 Chi-squared p value

CLM 188 0 - -
MXL 128 0 - -
PEL 170 0 - -
PUR 208 0 - -
CHS 200 10 2.773 0.095864
CEU 198 0 - -
FIN 198 0 - -
GBR 182 0 - -
IBS 214 0 - -
TSI 214 0 - -
BEB 168 4 7.2654 0.007029
GIH 205 1 15.6556 0.000076
ITU 203 1 15.4865 0.000083
PJL 189 3 10.4983 0.001195
STU 201 3 11.458 0.000712

CLM-Colombian in Medellin, Colombia, MXL-Mexican ancestory in Los 
Angeles, California, PEL-Peruvian in Lima, Peru, PUR-Puerto Rican in 
Puerto Rico, CHS-Southern Han Chinese, China, CEU-Utah residents 
with northern and western European ancestory, FIN-Finnish in 
Finland, GBR-British in England and Scotland, IBS-Iberian population 
in Spain, TSI-Toscani in Italy, BEB-Bengali in Bangladesh, GIH-Gujrati 
Indian in Houston, TX, ITU-Indian Telgu in UK, PJL-Punjabi in Lahore, 
Pakistan, STU-Sri Lankan Tamil in the UK. 
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from the 8th century, the Pakistani population 
shows genetic influences from several different 
populations. The large population size also lends 
to greater genetic diversity. Several regional popu
lations such as Asian, Middle Eastern and 
Caucasions blend in the Pakistani population 
[27]. The genetic structure of various Pakistani 
ethnic groups has ben elucidated by several inter
nationl human genome consortia through the 
identification and analysis of multiple gene var
iants [11,28]. Some studies suggest that the genetic 
make up of the Pakistani population is akin to 
both Caucasion as well as South Indian popula
tions [29] while others indicate that these ethni
cities are similar to European populations [30,31]. 
It has been suggested that the contribution of 
several ethnicities such as Aryan, Arab, Persian, 
Turkish, Kurdish, Dravidian in the ancestry of 
the Baloch population is the reason for its extreme 
divergence from other regional ethnicities seen in 
the present study [32].

A recent study reported frequencies of 
CYP2C19*2 polymorphism in various ethnic 
Pakistani populations and found that CYP2C19*2 
is prevalent at 29% [33]. However, their investiga
tion did not include two of the most populous 
ethnicities, namely Balochis and Urdu speaking. 
They also did not report the frequencies of 
CYP2C19*3 polymorphism. In contrast to their 
study, we confirmed our results by direct Sanger 
sequencing more than a quarter of our samples. 
Another recent study reported frequencies of 
CYP2C19*2 polymorphism in the Pakistani popu
lation, comprising 155 healthy individuals from 
one city of Pakistan. However, about 60% of 
their study participants belonged to the Urdu- 
speaking population, while the next highest ethni
city was Sindhi at 6.5%. The frequency of 
CYP2C19*2 was reported at 31% [34].

Rehman and colleagues reported CYP2C19 
polymorphisms in 100 cardiac patients taking clo
pidogrel [35]. They reported a very high frequency 
of CYP2C19*2 polymorphism, but this may be due 
to possible association of this polymorphisms with 
cardiac diseases. They also did not report any 
CYP2C19*3 data. Another investigation reported 
frequencies of CYP2C19*2 polymorphism in breast 
cancer patients on triple therapy, including cyclo
phosphamide, fluorouracil, and doxorubicin. They 

reported a 27.2% frequency for CYP2C19*2 in 67 
breast cancer patients [36]. Another study which 
was conducted on 527 hypertensive patients and 
530 unrelated healthy controls reported 
a frequency of 75 and 25% of wild type and 
mutant allele in hypertensive patients, and 64.2 
and 35.8% respectively in controls [33]. The fre
quency of CYP2C19*2 was in a similar range, as 
was found in our study. The observed difference 
may be due to the difference in the participants 
recruited for each study.

Limitations of the study

Limitations of our study include a relatively low 
sample size. Sample size could have been increased 
to get more reliable results. One limitation of our 
study is that the two SNPs (CYP2C19*2, and *3) 
were considered independently. Therefore, it is the
oreticaly possible that in a heterozygous situation (e. 
g *1*2), *1 may be *3 instead of *2. This possibility 
could not be tested in our study. There were no 
phenotypes (e.g. drug responders, drug concentra
tion sin the blood, etc.) tested in our study. 
A genotype-phenotype association analysis would 
have been useful. However, we plan to conduct 
such studies in the future as we get more resources.

5. Conclusions

Based on the information that we have gathered, 
this study will be the first to report the frequency 
of CYP2C19*2 and *3 gene polymorphisms amongst 
the healthy population of several distinct ethnicities 
of Pakistan. It is known that the CYP2C19 enzyme 
metabolizes approximately 10% of drugs available in 
the market [2]. Since the unit doses of the drugs 
dispensed eah year in the Pakistan is approximately 
2.6 billion [37], the CYP2C19 enzyme is expected to 
metabolize more than 260 million unit doses. 
Current study demonstrates that a significant 
Pakistani population has one minor allele (about 
30%), which indicates a large number of patients 
(78 million) potentially being affected by these var
iations. To further clarify the genotype-phenotype 
correlation, we recommend further research to be 
carried out on individual drugs metabolized by the 
CYP2C19 enzyme. Once a physician knows 
a patient’s metabolizing status, this information 
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may, presumably, lead to more safe and effective 
prescribing and better performance of drugs.

Acknowledgments

The authors wish to thank Ms Mehrab Tahir for Figure 1 and 
Mr Azhar Majeed for making Figure 2. The authors also want 
to thank Shifa Tameer-e-Millat University, Islamabad, for 
providing an excellent academic environment to facilitate 
this kind of scholarly activity.

DECLARATIONS

Ethics Statement:

This study was approved by the Institutional Review Board 
and Ethics Committee of Shifa International Hospital and 
Shifa Tameer-e-Millat University, Islamabad, Pakistan.

Disclosure statement

The authors declare that they have no competing interests.

Funding

Funding for this research project was provided by Shifa 
Tameer-e-Millat University, Islamabad, Pakistan. The spon
sors had no role in the design, execution, interpretation, or 
writing of the study; Shifa Tameer-e-Millat University, 
Islamabad, Pakistan.

ORCID

Sagheer Ahmed http://orcid.org/0000-0003-1560-7588
Muhammad Akhlaq http://orcid.org/0000-0002-1145-3414

References

[1] Scott SA, Sangkuhl K, Shuldiner AR, et al. PharmGKB 
summary: very important pharmacogene information 
for cytochrome P450, family 2, subfamily C, polypep
tide 19. Pharmacogenet Genomics. 2012;22(2):159–165.

[2] Zanger UM, Schwab M. Cytochrome P450 enzymes in 
drug metabolism: regulation of gene expression, 
enzyme activities, and impact of genetic variation. 
Pharmacol Ther. 2013;138:103–141.

[3] Hamdy SI, Hiratsuka M, Narahara K, et al. Allele and 
genotype frequencies of polymorphic cytochromes 
P450 (CYP2C9, CYP2C19, CYP2E1) and dihydropyr
imidine dehydrogenase (DPYD) in the Egyptian 
population. Br J Clin Pharmacol. 2002;53(6):596–603.

[4] Balabanova L, Golotin V, Podvolotskaya A, et al. 
Genetically modified proteins: functional improve
ment and chimeragenesis. Bioengineered. 2015;6 
(5):262–274.

[5] Holmes DR, Dehmer GJ, Kaul S, et al. ACCF/AHA 
clopidogrel clinical alert: approaches to the FDA 
“boxed warning”: a report of the American college of 
cardiology foundation task force on clinical expert 
consensus documents and the American heart associa
tion endorsed by the society for cardiovascular angio
graphy and interventions and the society of thoracic 
surgeons. J Am Coll Cardiol. 2010;56:321–341.

[6] Setiabudy R, Kusaka M, Chiba K, et al. Metabolic 
disposition of proguanil in extensive and poor meta
bolisers of S-mephenytoin 4�-hydroxylation recruited 
from an Indonesian population. Br J Clin Pharmacol. 
1995;39(3):297–303.

[7] Sa W, Na H, Skjelbo E, et al. The activation of the 
biguanide antimalarial proguanil co-segregates with the 
mephenytoin oxidation polymorphism-a panel study. 
Br J Clin Pharmacol. 1991;31(6):689–692.

[8] de Morais SM, Wilkinson GR, Blaisdell J, et al. The 
major genetic defect responsible for the polymorphism 
of S-mephenytoin metabolism in humans. J Biol Chem. 
1994;269(22):15419–15422.

[9] De Morais SM, Wilkinson GR, Blaisdell J, et al. 
Identification of a new genetic defect responsible for 
the polymorphism of (S)-mephenytoin metabolism in 
Japanese. Mol Pharmacol. 1994;46:594–598.

[10] Wang H, An N, Wang H, et al. Evaluation of the effects 
of 20 nonsynonymous single nucleotide polymorph
isms of CYP2C19 on S-mephenytoin 4�- 
hydroxylation and omeprazole 5�-Hydroxylation. 
Drug Metab Dispos Biol Fate Chem. 2011;39 
(5):830–837.

[11] Auton A, Abecasis GR, Altshuler DM, et al. A global 
reference for human genetic variation. Nature. 
2015;526:68–74.

[12] Block Wise Provisional Summary Results of 6th 
Population & Housing Census-2017 [As on January 
03, 2018] Pakistan bureau of statistics [internet]. 
[cited 2020 Feb 11]; Available from: http://www.pbs. 
gov.pk/content/block-wise-provisional-summary- 
results-6th-population-housing-census-2017-january 
-03-2018

[13] Taus-Bolstad S. Pakistan in pictures. Revised, 
Expanded ed. Minneapolis: Lerner Pub Group; 2003.

[14] Bathum L, Andersen-Ranberg K, Boldsen J, et al. 
Genotypes for the cytochrome P450 enzymes 
CYP2D6 and CYP2C19 in human longevityRole of 
CYP2D6 and CYP2C19 in longevity. Eur J Clin 
Pharmacol. 1998;54(5):427–430.

[15] Brockmoller J, Rost K, Gross D, et al. Phenotyping of 
CYP2C19 with enantiospecific HPLC-quantification of 
R- and S-mephenytoin and comparison with the 
intron4/exon5 G–>A-splice site mutation. - abstract - 
Europe PMC. Pharmacogenetics. 1995;5:80–88.

4450 S. AHMED ET AL.

http://www.pbs.gov.pk/content/block-wise-provisional-summary-results-6th-population-housing-census-2017-january-03-2018
http://www.pbs.gov.pk/content/block-wise-provisional-summary-results-6th-population-housing-census-2017-january-03-2018
http://www.pbs.gov.pk/content/block-wise-provisional-summary-results-6th-population-housing-census-2017-january-03-2018
http://www.pbs.gov.pk/content/block-wise-provisional-summary-results-6th-population-housing-census-2017-january-03-2018


[16] Dandara C, Masimirembwa CM, Magimba A, et al. 
Genetic polymorphism of CYP2D6 and CYP2C19 in 
east- and southern African populations including psy
chiatric patients. Eur J Clin Pharmacol. 2001;57(1):11–17.

[17] Goldstein JA, Ishizaki T, Chiba K, et al. Frequencies of 
the defective CYP2C19 alleles responsible for the 
mephenytoin poor metabolizer phenotype in various 
Oriental, Caucasian, Saudi Arabian and American 
black populations. Pharmacogenetics. 1997;7(1):59–64.

[18] Herrlin K, Massele AY, Jande M, et al. Bantu 
Tanzanians have a decreased capacity to metabolize 
omeprazole and mephenytoin in relation to their 
CYP2C19 genotype. Clin Pharmacol Ther. 1998;64 
(4):391–401.

[19] Hoskins JM, Shenfield GM, Gross AS. Relationship 
between proguanil metabolic ratio and CYP2C19 gen
otype in a Caucasian population. Br J Clin Pharmacol. 
1998;46(5):499–504.

[20] Persson I, Aklillu E, Rodrigues F, et al. S-mephenytoin 
hydroxylation phenotype and CYP2C19 genotype 
among Ethiopians. Pharmacogenetics. 1996;6 
(6):521–526.

[21] Ruas JL, Lechner MC. Allele frequency of CYP2C19 in 
a Portuguese population. Pharmacogenetics. 1997;7 
(4):333–335.

[22] Rudberg I, Mohebi B, Hermann M, et al. Impact of the 
ultrarapid CYP2C19*17 allele on serum concentration 
of escitalopram in psychiatric patients. Clin Pharmacol 
Ther. 2008;83(2):322–327.

[23] Yamada H, Dahl ML, Lannfelt L, et al. CYP2D6 and 
CYP2C19 genotypes in an elderly Swedish population. 
Eur J Clin Pharmacol. 1998;54(6):479–481.

[24] Jurima-Romet M, Goldstein JA, LeBelle M, et al. 
CYP2C19 genotyping and associated mephenytoin 
hydroxylation polymorphism in a Canadian Inuit 
population. Pharmacogenetics. 1996;6(4):329–339.

[25] Dehbozorgi M, Kamalidehghan B, Hosseini I, et al. 
Prevalence of the CYP2C19*2 (681 G>A), *3 (636 
G>A) and *17 (-806 C>T) alleles among an Iranian 
population of different ethnicities. Mol Med Rep. 
2018;17:4195–4202.

[26] Lamba JK. CYP2C19 genetic mutations in North 
Indians. Clin Pharmacol Ther. 2000;68(3):328–335.

[27] Bhatti S, Aslamkhan M, Attimonelli M, et al. 
Mitochondrial DNA variation in the Sindh population 
of Pakistan. 2017;

[28] Bergström A, McCarthy SA, Hui R, et al. Insights into 
human genetic variation and population history from 
929 diverse genomes. Science [Internet] 2020 [cited 
2020 Sep 4]; 367. Available from: https://science.scien 
cemag.org/content/367/6484/eaay5012

[29] Metspalu M, Romero IG, Yunusbayev B, et al. Shared 
and unique components of human population struc
ture and genome-wide signals of positive selection in 
South Asia. Am J Hum Genet. 2011;89(6):731–744.

[30] Ayub Q, Mansoor A, Ismail M, et al. Reconstruction of 
human evolutionary tree using polymorphic autosomal 
microsatellites. Am J Phys Anthropol. 2003;122 
(3):259–268.

[31] Mansoor A, Mazhar K, Khaliq S, et al. Investigation of 
the Greek ancestry of populations from northern 
Pakistan. Hum Genet. 2004;114(5):484–490.

[32] Ahmed M, Khan G The history of baloch and balochi
stan: a critical appraisal.: 14.

[33] Riaz S, Mansoor A, Siddiqi S, et al. Association of 
CYP2C19*2 and *17 genetic variants with hypertension 
in Pakistani population. Trop J Pharm Res. 2019;18 
(4):851–855.

[34] Afsar NA, Bruckmueller H, Werk AN, et al. 
Implications of genetic variation of common drug 
metabolizing enzymes and ABC transporters among 
the Pakistani Population. Sci Rep. 2019;9(1):7323.

[35] Rehman NU, Begum N, Ali L, et al. LIPID 
PEROXIDATION, ANTIGLYCATION, CYTOTOXIC, 
PHYTOTOXIC, ANTIOXIDANT, ANTIPLATELET 
AND ANTIMICROBIAL ACTIVITIES OF AJUGA 
BRACTEOSA AGAINST VARIOUS PATHOGENS. 
2015.

[36] Afsar NA, Haenisch S, Mateen A, et al. Genotype 
frequencies of selected drug metabolizing enzymes 
and ABC drug transporters among breast cancer 
patients on FAC chemotherapy. Basic Clin Pharmacol 
Toxicol. 2010;107(1):570–576.

[37] Ahmed S, Altaf N, Ejaz M, et al. Variations in the fre
quencies of polymorphisms in the CYP2C9 gene in six 
major ethnicities of Pakistan. Sci Rep. 2020;10(1):19370.

BIOENGINEERED 4451

https://science.sciencemag.org/content/367/6484/eaay5012
https://science.sciencemag.org/content/367/6484/eaay5012

	Abstract
	1.  Introduction
	2.  Materials and methods
	2.1  Ethical compliance
	2.2  Sampling & DNA extraction
	2.3  Genotyping
	2.4  Statistical analysis

	3.  Results
	3.1  Allelic and genotype frequencies of CYPC19*2
	3.2  Allelic and genotype frequencies of CYPC19*3
	3.3  Comparisons with global data

	4.  Discussion
	Limitations of the study
	5.  Conclusions
	Acknowledgments
	DECLARATIONS
	Ethics Statement:
	Disclosure statement
	Funding
	References



