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Ibuprofen is a non-steroidal anti-inflammatory drug (NSAID) widely used to alleviate pain and inflammation. Although it is
generally considered safe, common adverse drug reactions of ibuprofen include stomach pain, nausea, and heartburn. It can also
cause gastrointestinal (GI) bleeding, especially in individuals with a history of GI ulcers or bleeding disorders. Ibuprofen is
predominantly metabolized by the cytochrome P450 (CYP) enzymes CYP2C9 and CYP2CS8. Individuals carrying the CYP2C9+3
or CYP2C8+3 non-functional alleles have reduced enzyme activities resulting in elevated ibuprofen plasma concentrations and
half-life. We presented a case of a 31-year-old Saudi female patient with a history of rheumatoid arthritis (RA) who had taken
ibuprofen at 600 mg twice daily for eight weeks. The patient presented to the emergency department with symptoms including
nausea, vomiting, severe abdominal pain, and black tarry stools. An emergency esophagogastroduodenoscopy was performed on
the patient, which revealed a deep bleeding ulcer measuring 1 x 1 cm in the antrum of the stomach. Laboratory investigations
indicated anemia (hemoglobin: 7.21 g/dL and hematocrit: 22.40 g/dl). The patient received intravenous proton pump inhibitors
and a packed red blood cell transfusion. Genetic analysis revealed that the patient was a carrier of CYP2C9%3 and CYP2C8#3
variant alleles, indicating that the patient is a poor metabolizer for both enzymes. The patient’s symptoms improved over the
subsequent days, and she was discharged with instructions to avoid NSAIDs. This is the first reported Saudi patient homozygous
for CYP2C9%3 and CYP2C8#3 variant alleles, which led to ibuprofen-induced upper GI toxicity. This case demonstrates the
importance of contemplating CYP2C9 and CYP2C8 genetic variations when administrating NSAIDs like ibuprofen. Careful
assessment of the risks and benefits of NSAID therapy in each patient and consideration of alternative pain management strategies
must be conducted when appropriate.

1. Introduction

Ibuprofen is a non-steroidal anti-inflammatory agent
(NSAID) commonly used to alleviate moderate pain and
fever and to treat rheumatoid arthritis, osteoarthritis, and
ankylosing spondylitis [1, 2]. Ibuprofen is a cyclooxygenase-
1 (COX-1) and COX-2 inhibitor, catalyzing prostaglandin
synthesis. The inhibition of COX-1 and COX-2 may account
for ibuprofen’s antipyretic, analgesic, and anti-inflammatory
effects [3, 4]. Ibuprofen is available over the counter in most
countries and is generally considered safe. However, like
other NSAIDs, ibuprofen can cause potential adverse drug
reactions (ADRs), which include nausea, vomiting,

gastrointestinal (GI) discomfort, diarrhea, and headache
[5-7]. Ibuprofen can also cause serious complications, in-
cluding GI bleeding and ulcers (1-2%), hypertension (up to
5%), myocardial infarction (up to 1% per year), and heart
failure (up to 1%), and renal damage and sudden cardiac
death have also been observed in rare cases [8].

Ibuprofen is predominantly metabolized by the cyto-
chrome P450 (CYP) enzymes CYP2C9 and CYP2C8 to form
the inactive metabolites hydroxyibuprofen and carbox-
yibuprofen [9, 10]. These metabolites are then eliminated
from the body through the urine. The rate of metabolism and
elimination of ibuprofen can vary depending on factors such
as age, liver function, genetic variations in CYP enzymes,
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and concurrent use of other medications that affect CYP
activity [9, 10].

Genetic polymorphisms in CYP2C9 and CYP2C8 genes
can alter these enzymes’ activity and the ibuprofen’s
metabolism, leading to variations in drug efficacy and ADRs
[11-13]. The most studied CYP2C9 polymorphisms are
CYP2C9%2 (rs1799853) and CYP2C9%3 (rs1057910). In-
dividuals carrying the CYP2C9%2 and CYP2C9%3 variant
alleles have decreased enzymatic activities, approximately
5% and 12%, respectively, compared to individuals with the
CYP2C9+1 wild-type allele [14]. As a result, individuals
carrying these variant alleles may have slower metabolism of
ibuprofen, leading to higher drug concentrations and
a longer duration of action [15, 16]. Studies have shown that
individuals carrying the CYP2C9%2 and CYP2C9+3 variant
alleles are at higher risk of developing ADRs and toxicities to
ibuprofen, such as GI bleeding or kidney damage, compared
to individuals carrying the wild-type CYP2C9x1 allele
[17, 18]. Furthermore, individuals who carry the CYP2C8x 3
(rs10509681) allele have reduced enzymatic activity relative
to the wild-type CYP2C8x1 allele. The CYP2C8+ 3 allele has
been linked to diminished ibuprofen metabolism and
clearance [12, 19].

This paper presents a unique case involving a Saudi
patient homozygous for both CYP2C9%3 and CYP2C8x3
variant alleles, which led to ibuprofen-induced upper GI
toxicity. This is the first documented case reporting
a combination of genetic variants and their association with
ADRs following ibuprofen administration.

2. Case Presentation

We report a case of a 31-year-old Saudi female patient di-
agnosed with rheumatoid arthritis (RA) for one year. As part
of her RA management, the patient has been prescribed
a weekly oral dose of methotrexate at 7.5 mg and a daily folic
acid supplementation of 1mg/day for 12 months. Addi-
tionally, for the past eight weeks, the patient has been self-
medicating with ibuprofen at 600 mg twice daily to alleviate
acute pain associated with RA. The patient presented to the
emergency department with symptoms including nausea,
vomiting, severe abdominal pain, and black tarry stools.
Notably, the patient reported that these symptoms started on
the day she sought emergency services. The patient did not
report any preexisting medical conditions, including GI
disorders or ulcers. Furthermore, the patient had no history
of smoking or alcohol consumption and exhibited a sed-
entary lifestyle.

On physical examination, the patient exhibited signs of
hemodynamic instability. In the supine position, the pa-
tient’s blood pressure was measured at 90/30 mmHg, in-
dicating hypotension. Additionally, the patient displayed
tachycardia, with a heart rate of 130 beats per minute. The
abdominal examination demonstrated epigastric tenderness
along with abdominal guarding and rigidity. Laboratory
investigations showed anemia (hemoglobin: 7.21g/dL
(normal: 14-18g/dl) and hematocrit: 22.40 g/dl (normal:
14-18 g/dl)) and mild leukocytosis (white blood cells
(WBC): 13700/mm® (normal: 4-11 10°/mm?®)). Liver
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functions, blood sugar, urea, bilirubin, and coagulation
parameters were all within normal ranges.

An emergency esophagogastroduodenoscopy (EGD)
was performed on the patient, which revealed a deep ulcer
measuring 1 x 1 cm in the antrum of the stomach. The ulcer
was characterized by the presence of a visible vessel, con-
sistent with a Forrest Ib classification, indicating active
bleeding. Additionally, according to the Sakita classification,
the ulcer was classified as Sakita Type II, representing a deep
ulcer with a visible vessel or clot. Notably, the EGD ex-
amination did not reveal any additional abnormal endo-
scopic findings throughout the esophagus, duodenum, or
other regions of the upper GI tract. Importantly, gastric
biopsies obtained from both the antrum and body regions
yielded negative results for Helicobacter pylori infection. The
patient was diagnosed with a peptic ulcer and was promptly
administered an intravenous proton pump inhibitor (PPI)
alongside a transfusion of packed red blood cells to correct
the accompanying anemia. The patient was hospitalized to
closely monitor for any indications of recurrent bleeding.

Analysis of genetic variations in CYP2C9%3 and
CYP2C8x3, which play a significant role in the metabolism
of ibuprofen, was performed. The patient’s DNA was col-
lected from saliva samples using an Oragene DNA saliva
collection kit (OG-500, Genotek, Canada), and genotyping
of CYP2C9%3 and CYP2C8+3 alleles was performed using
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) following previously described
protocols [20, 21]. In brief, CYP2C9%3 was detected using
the forward and reverse PCR primers 5'-TGCACGAGG
TCCAGAGATGC-3' and 5'-GATACTATGAATTTGGGG
ACTTC-3' (Macrogen, Korea), respectively. The amplified
PCR products were digested with 5U restriction enzymes
Mph1103I (Nsil) (Thermo Fisher Scientific, USA) overnight
at 37°C. The detection for CYP2C9%3 was performed using
the forward and reverse primers 5'-CTTCCGTGCTACATG
ATGACG-3' and 5'-CTGCTGAGAAAGGCATGAAG-3'
(Macrogen, Korea), respectively. The amplified PCR prod-
ucts were digested with 5U restriction enzymes Pdml
(Xmnl) (Thermo Fisher Scientific, USA) by overnight in-
cubation at 55°C. The digested PCR products were separated
by agarose gel electrophoresis and visualized under ultra-
violet light. The representative agarose gel images of
CYP2C9%3 and CYP2C8+2 PCR-RFLP assays were used to
interpret the patient’s genotypes (Figure 1). The CYP2C9%3
allele produced 50bp and 118bp after digestion with
Mph1103I (Nsil) (Figure 1(a)), while the CYP2C8+3 allele
produced as a single band at 117 bp that is not cut following
the digestion with PdmI (XmnlI) (Figure 1(b)). The geno-
typing results revealed that the patient was homozygous for
the CYP2C9%3 non-functional allele (CYP2C9+3/%3) and
CYP2C8%3 non-functional allele (CYP2C8+3/%3). Accord-
ing to the Clinical Pharmacogenetics Implementation
Consortium (CPIC), the patient is a CYP2C9 poor
metabolizer (homozygous CYP2C9%3) and CYP2C8 poor
metabolizer (homozygous CYP2C8+3). Poor metabolizers of
CYP2C9 and CYP2C8 enzymes exhibit reduced metabolic
activity, resulting in a diminished ability to metabolize
ibuprofen. Consequently, these individuals experience
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FIGURE 1: Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) results of CYP2C9%3 and CYP2C8%3
polymorphisms. (a) Agarose gel electrophoresis analysis for CYP2C9% 3 polymorphism following digestion with Mph1103I (Nsil). Lane 1:
100 bp DNA marker. Lane 2: undigested PCR product (168 bp). Lane 3: digestion of the homozygous mutant CC genotype yields two bands
(50 and 118 bp). Since the molecular weight of 50 bp is very small, it could not be distinguished on the gel. The major visible band was of
118 bp. (b) Agarose gel electrophoresis analysis for CYP2C8#3 polymorphism following digestion with PdmI (XmnlI). Lane 1: 50 bp DNA
marker. Lane 2: undigested PCR product (117 bp). Lane 3: digestion of the homozygous mutant GG genotype is not cut and yields one band

(117 bp).

slower clearance of the drug from their bodies. These genetic
variations may have contributed to the patient’s increased
risk of GI ulcers while taking ibuprofen.

In the following days, there was a notable improvement
in the patient’s clinical condition. A repeat EGD was per-
formed, revealing promising signs of ulcer healing. Con-
sequently, the revised Forrest classification for the ulcer was
determined to be III, indicating a healing ulcer. Corre-
spondingly, the Sakita classification for the patient was
categorized as Sakita Type III, providing further affirmation
of the ongoing healing process of the ulcer. During the
patient’s hospitalization, a transition was made from in-
travenous to oral PPI therapy. After two days without any
signs of rebleeding and with the patient’s vital signs
returning to normal, she was discharged from the hospital.

The patient’s discharge plan involved maintaining the
ongoing oral PPI treatment while discontinuing ibuprofen.
Additionally, the patient received instructions to refrain
from using NSAIDs and to schedule a follow-up appoint-
ment with her rheumatologist for further management of
her RA.

3. Discussion

Ibuprofen is widely used to alleviate pain, inflammation,
and fever. Although it is generally considered safe, pro-
longed or excessive use of ibuprofen can lead to various
ADRs. Common ADRs of ibuprofen include stomach
pain, nausea, and heartburn. It can also cause GI ulcers,
especially in individuals with a history of GI ulcers or
bleeding disorders [3, 22]. Specific polymorphisms in the
genes encoding the CYP2C9 and CYP2C8 enzymes can
lead to reduced enzyme activity and slower clearance of
ibuprofen from the body, increasing the risk of ibuprofen-
related ADR [5, 6]. This is the first report addressing the
association between combined CYP2C9%3 and CYP2C8+3
variant alleles with ibuprofen-induced upper GI toxicity
in a Saudi patient.

The frequencies of the CYP2C9+%3 allele have been
extensively studied and are known to vary significantly
across different populations, as reported by the 1000

Genome Phase 3 project [23]. The European population
exhibits a high frequency of the CYP2C9%3 allele (11%),
whereas its occurrence is rare in America (4%) and East
Asia (3%) and absent in Africa. Conversely, South Asian
populations, such as Pakistan (11.9%) and Bangladesh
(11.6%), show a remarkably high prevalence of the
CYP2C9+3 allele. In Western Saudi populations, the
presence of the CYP2C9%3 allele reaches 54%, which is
considerably higher than the reported frequencies in other
populations (ranging from 0% to 11%) [24]. Regarding the
CYP2C8+3 allele, it emerges as the most prevalent variant
allele among Europeans (11.2%) and Americans (6.7%).
Similarly, in Western Saudi populations, the CYP2C8+3
allele frequency is approximately 8.57%, accounting for
50.02% of all variant CYP2C8 alleles in Saudis [25]. In
contrast, South Asians (<4%), Africans (2.1%), and East
Asians (<1%) exhibit significantly lower frequencies of the
CYP2C8%3 allele. Given the notable prevalence of
CYP2C9+3 and CYP2C8% 3 variant alleles within the Saudi
population, there is a potential concern regarding an
increased susceptibility of Saudis to experience ADRs
specifically associated with drugs metabolized by CYP2C9
and CYP2C8 enzymes, including ibuprofen.

A previous study reported that subjects who were
double-heterozygous or homozygous for the CYP2C9+3 and
CYP2C8+3 alleles had significantly low clearance rates for
ibuprofen, ranging between 7% and 27% of the average
clearance rate for subjects carrying the wild-type alleles [19].
The low clearance rate of individuals carrying the CYP2C9+% 3
and CYP2C8x3 variant alleles resulted in an increase in
ibuprofen plasma concentrations and half-life. Therefore,
toxicity may occur more frequently or be more severe at
higher plasma concentrations. In patients using ibuprofen,
CYP2C9+3 and CYP2C8+3 variant alleles significantly
predict the likelihood of developing GI bleeding [26]. Our
patient’s genetic test results revealed that the patient was
homozygous for both CYP2C9+3 and CYP2C8+#3 variant
alleles. Therefore, the patient was considered a poor
metabolizer of both the CYP2C9 and CYP2C8 enzymes,
suggesting that the patient had a poor metabolism of
ibuprofen.



In the case of the patient under investigation, ibuprofen
was administered at a dosage of 600 mg, resulting in a total
daily dose of 1200 mg, which is equal to the established
Defined Daily Dose (DDD) for ibuprofen as designated by
the World Health Organization [27]. Recent research con-
ducted by Forgerini et al. has demonstrated an increased risk
of upper GI bleeding in individuals who carry the CYP2C9+3
allele and are taking more than 0.5 DDDs of NSAIDs [28].
Considering that our patient was a carrier of the CYP2C9%3
allele and utilized ibuprofen at a dose more than 0.5 DDD, it
indicates an augmented vulnerability to upper GI bleeding at
administrated dosage. This finding may imply the existence
of a gene-dose effect, where individuals with the CYP2C9+3
allele are more likely to experience elevated risk and severity
of NSAID-induced ADRs.

According to the CPIC guideline concerning CYP2C9
enzyme and NSAIDs, individuals identified as poor
metabolizers for CYP2C9 should initiate ibuprofen therapy
at a dosage ranging from 25% to 50% of the recommended
initial dose [29]. Careful titration of the dose is advised to
attain a clinical response and reach a dose between 25% and
50% of the recommended amount. To align with each pa-
tient’s treatment objectives, it is recommended to administer
ibuprofen for the shortest possible duration using the lowest
effective dose. For CYP2C9 poor metabolizers, it is further
recommended to consider prescribing alternative NSAIDs
that do not undergo metabolism via the CYP2C9 enzyme,
such as naproxen, sulindac, aspirin, or other pain man-
agement strategies [29]. Furthermore, caution is warranted
when prescribing ibuprofen to patients carrying the
CYP2C8#3 variant allele since the CYP2C8 enzyme also
participates in the metabolism of ibuprofen. CPIC recom-
mends a lower ibuprofen dose for CYP2C8 poor metabo-
lizers. While the CYP2C8x3 allele alone may not
significantly reduce ibuprofen clearance, it is in strong
linkage disequilibrium with the CYP2C9+2 allele, resulting
in impaired ibuprofen metabolism and elevated plasma
levels of the drug [30]. Other genetic and clinical factors may
also influence ibuprofen metabolism [29]. The choice of
NSAID should be based on the patient’s treatment goals and
toxicity risks.

The patient enrolled in our study has been undergoing
methotrexate treatment for approximately one year as part
of her RA management. Notably, over the past eight weeks,
she has been self-administering ibuprofen without a pre-
scribed regimen. Therefore, it is crucial to acknowledge the
potential risks associated with the simultaneous use of
methotrexate and NSAIDs in patients with RA. Multiple
studies have consistently demonstrated that the concomitant
use of methotrexate and NSAIDs can substantially increase
the likelihood of experiencing severe ADRs. These ADRs
encompass GI adverse effects, liver toxicity, acute renal
failure, and cytopenia [31]. Notably, NSAIDs have been
shown to elevate methotrexate levels in the blood, thereby
amplifying the associated side effects of methotrexate
therapy. A recent case report by Tun et al. documented a rare
methotrexate-induced gastric ulcer. This case highlights the
potential but rare GI complications arising from metho-
trexate use [32]. Taking into consideration the patient’s
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concomitant use of methotrexate and NSAIDs, the upper GI
bleeding observed could potentially be attributed to a drug-
drug interaction. These findings emphasize the importance
of exercising caution and implementing vigilant monitoring
when managing patients who are prescribed both metho-
trexate and NSAIDs concurrently.

4. Conclusion

Ibuprofen, a widely utilized NSAID for RA management, has
been associated with potential ADRs, including GI ulcers
and bleeding. These risks can be influenced by genetic
variations in the CYP2C9 and CYP2C8 genes. Although the
CPIC does not recommend routine screening for CYP2C9
and CYP2C8 non-functional alleles before ibuprofen ther-
apy, a comprehensive understanding of these genetic vari-
ations can assist in optimizing ibuprofen dosage and
reducing the risk of ADRs in RA patients. Therefore, in-
corporating genetic testing into the clinical decision-making
process for NSAID treatment in RA patients has significant
implications. It enables personalized medicine approaches,
optimizes dosage, minimizes ADRs, and facilitates long-
term treatment planning [33].

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Ethical Approval

The study protocol was revised and approved by the School
of Dentistry’s Human Research Ethics Committee (076-03-
23).

Consent

Verbal and written consent has been obtained from the
patient.

Conflicts of Interest

The author declares that there are no conflicts of interest.

Acknowledgments

The author would like to thank the physicians and medical
and laboratory staff at King Abdulaziz University Hospital
who assisted in gathering the patient’s clinical data.

References

[1] Y. Chen, P. Jobanputra, P. Barton, S. Bryan, A. Fry-Smith, and
G. Harris, “Cyclooxygenase-2 selective non-steroidal anti-
inflammatory drugs (etodolac, meloxicam, celecoxib, rofe-
coxib, etoricoxib, valdecoxib and lumiracoxib) for osteoar-
thritis and rheumatoid arthritis: a systematic review and
economic evaluation,” Health Technology Assessment, vol. 12,
2008.

[2] T. Grosser, K. N. Theken, and G. A. FitzGerald, “Cyclo-
oxygenase inhibition: pain, inflammation, and the



Case Reports in Medicine

(3]

(7]

(10]

(11]

(12]

(13]

(14]

(15]

cardiovascular system,” Clinical Pharmacology and Thera-
peutics, vol. 102, no. 4, pp. 611-622, 2017.

M. L. Capone, S. Tacconelli, L. Di Francesco, A. Sacchetti,
M. G. Sciulli, and P. Patrignani, “Pharmacodynamic of
cyclooxygenase inhibitors in humans,” Prostaglandins and
Other Lipid Mediators, vol. 82, no. 1-4, pp. 85-94, 2007.

P. Rao and E. E. Knaus, “Evolution of nonsteroidal anti-in-
flammatory drugs (NSAIDs): cyclooxygenase (COX) in-
hibition and beyond,” Journal of Pharmacy and
Pharmaceutical Sciences, vol. 11, no. 2, pp. 81s-110s, 2008.
N. Bhala, J. Emberson, A. Merhi et al., “Vascular and upper
gastrointestinal effects of non-steroidal anti-inflammatory
drugs: meta-analyses of individual participant data from
randomised trials,” Lancet (London, England), vol. 382,
no. 9894, pp. 769-779, 2013.

Safety of Non-Steroidal Anti-Inflammatory Drugs (SOS)
Project, J. Castellsague, N. Riera-Guardia, B. Calingaert,
C. Varas-Lorenzo, and A. Fourrier-Reglat, “Individual
NSAIDs and Upper Gastrointestinal Complications: a Sys-
tematic Review and Meta-Analysis of Observational Studies
(the SOS Project),” Drug Safety, vol. 35, pp. 1127-1146, 2012.
A. Figueiras, A. Estany-Gestal, C. Aguirre et al., “CYP2C9
variants as a risk modifier of NSAID-related gastrointestinal
bleeding: a case—control study,” Pharmacogenetics and Ge-
nomics, vol. 26, no. 2, pp. 66-73, 2016.

A.-M. Schjerning Olsen, E. L. Fosbol, J. Lindhardsen et al.,
“Duration of treatment with nonsteroidal anti-inflammatory
drugs and impact on risk of death and recurrent myocardial
infarction in patients with prior myocardial infarction: a na-
tionwide cohort study,” Circulation, vol. 123, no. 20,
pp. 2226-2235, 2011.

S.-Y. Chang, W. Li, S. C. Traeger et al., “Confirmation that
cytochrome P450 2C8 (CYP2C8) plays a minor role in(S)-
(+)-and (R)-(-)-Ibuprofen hydroxylation in vitro,” Drug
Metabolism & Disposition, vol. 36, no. 12, pp. 2513-2522,
2008.

T. Leemann, M. Kondo, J. Zhao, C. Transon, P. Bonnabry, and
P. Dayer, “[The biotransformation of NSAIDs: a common
elimination site and drug interactions],” Schweizerische
Medizinische Wochenschrift, vol. 122, no. 49, pp. 1897-1899,
1992.

V. Krasniqi, A. Dimovski, I. K. Domjanovi¢, I. Bili¢, and
N. Bozina, “How polymorphisms of the cytochrome P450
genes affect ibuprofen and diclofenac metabolism and tox-
icity/Kako polimorfizmi gena citokroma P450 utjecu na
metabolizam i toksi¢nost ibuprofena i diklofenaka,” Archives
of Industrial Hygiene and Toxicology, vol. 67, pp. 1-8, 2016.
R. Lopezrodriguez, J. Novalbos, S. Gallegosandin et al., “In-
fluence of CYP2C8 and CYP2C9 polymorphisms on phar-
macokinetic and pharmacodynamic parameters of racemic
and enantiomeric forms of ibuprofen in healthy volunteers,”
Pharmacological Research, vol. 58, no. 1, pp. 77-84, 2008.
C. Martinez, E. Garcia-Martin, G. Blanco, F. J. G. Gamito,
J. M. Ladero, and J. A. G. Agundez, “The effect of the cyto-
chrome P450 CYP2C8 polymorphism on the disposition of
(R)-ibuprofen enantiomer in healthy subjects,” British Journal
of Clinical Pharmacology, vol. 59, no. 1, pp. 62-68, 2005.

K. Mansouri, Z. Hosseinkhani, M. Sadeghalvad et al., “The
effect of CYP2C9*2, CYP2C9*3, and VKORC1-1639 G>A
polymorphism in patients under warfarin therapy in city of
Kermanshah,” Research in Pharmaceutical Sciences, vol. 13,
no. 4, p. 377, 2018.

A. Plat, A. van Dijk, M. Piersma-Wichers et al., “Potential
interaction between acenocoumarol and diclofenac, naproxen

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

[26]

(27]

(28]

(29]

and ibuprofen and role of CYP2C9 genotype,” Thrombosis
and Haemostasis, vol. 91, no. 01, pp. 95-101, 2004.

D. Ochoa, R. Prieto-Pérez, M. Roman et al., “Effect of gender
and CYP2C9 and CYP2C8 polymorphisms on the pharma-
cokinetics of ibuprofen enantiomers,” Pharmacogenomics,
vol. 16, no. 9, pp. 939-948, 2015.

A. Gupta, L. Zheng, V. Ramanujam, and J. Gallagher, “Novel
use of pharmacogenetic testing in the identification of
CYP2C9 polymorphisms related to NSAID-induced gastro-
pathy,” Pain Medicine, vol. 16, no. 5, pp. 866-869, 2015.

A. Pilotto, D. Seripa, M. Franceschi et al., “Genetic suscep-
tibility to nonsteroidal anti-inflammatory drug-related gas-
troduodenal bleeding: role of cytochrome P450 2C9
polymorphisms,” Gastroenterology, vol. 133, no. 2, pp. 465-
471, 2007.

E. Garciamartin, “Interindividual variability in ibuprofen
pharmacokinetics is related to interaction of cytochrome P450
2C8 and 2C9 amino acid polymorphisms-1,” Clinical Phar-
macology and Therapeutics (St. Louis), vol. 76, no. 2,
pp. 119-127, 2004.

P. Arnaldo, R. E. Thompson, M. Q. Lopes, P. N. Suffys, and
A. R. Santos, “Frequencies of cytochrome P450 2B6 and 2C8
allelic variants in the Mozambican population,” Malaysian
Journal of Medical Sciences, vol. 20, no. 4, pp. 13-23, 2013.
A. D. Buzoianu, A. P. Trifa, D. F. Muresanu, and S. Crisan,
“Analysis of CYP2C9-2, CYP2C9-3 and VKORCI-1639 G>A
polymorphisms in a population from south-eastern europe,”
Journal of Cellular and Molecular Medicine, vol. 16, no. 12,
pp. 2919-2924, 2012.

T. Grosser, “Biological basis for the cardiovascular conse-
quences of COX-2 inhibition: therapeutic challenges and
opportunities,” Journal of Clinical Investigation, vol. 116,
no. 1, pp. 4-15, 2005.

A. Auton, G. R. Abecasis, D. M. Altshuler et al., “A global
reference for human genetic variation,” Nature, vol. 526,
no. 7571, pp. 68-74, 2015.

M. A. Bagher, W. A. Alharbi, L. S. Gadi, L. S. Binmahfouz, and
R. H. Hareeri, “Allelic variants in the warfarin-related genes
vkorcl and cyp2c9 in a western saudi population,” Journal of
Pharmacol Pharmacother Forthcoming, vol. 22, 2022.

A. M. Bagher, R. A. Aboud, N. M. Alkinaidri et al., The
Clinically Relevant Cyp2c8 Polymorphisms In Saudi Pediatric
Attending King Abdulaiziz, University Dental Clinic, Jeddah
Saudi Arabia, 2020.

G. Blanco, C. Martinez, J. M. Ladero, E. Garcia-Martin,
C. Taxonera, and F. G. Gamito, “Interaction of CYP2C8 and
CYP2C9 genotypes modifies the risk for nonsteroidal anti-
inflammatory drugs-related acute gastrointestinal bleeding,”
Pharmacogenetics and Genomics, vol. 18, pp. 37-43, 2008.
World Health Organization, “Anatomical therapeutic
chemical (atc)-classification with defined daily doses (ddd)
index 2023,” 2023, https://WwwWhoccNo/Atc_ddd_index/?
Code=MO1AE01_2023.

M. Forgerini, G. Urbano, T. R. De Nadai, S. S. Batah,
A. T. Fabro, and P. De Carvalho Mastroianni, “The role of
CYP2C9%2, CYP2C9%3 and VKORC1-1639 variants on the
susceptibility of upper gastrointestinal bleeding: a full case-
control study,” Journal of Pharmacy ¢ Pharmaceutical Sci-
ences, vol. 26, Article ID 11136, 2023.

K. N. Theken, C. R. Lee, L. Gong et al,, “Clinical Pharma-
cogenetics implementation Consortium guideline (CPIC) for
CYP2C9 and nonsteroidal anti-inflammatory drugs,” Clinical
Pharmacology & Therapeutics, vol. 108, no. 2, pp. 191-200,
2020.


https://WwwWhoccNo/Atc_ddd_index/?Code=M01AE01_2023
https://WwwWhoccNo/Atc_ddd_index/?Code=M01AE01_2023

[30] W. C. Speed, S. P. Kang, D. P. Tuck, L. N. Harris, and
K. K. Kidd, “Global variation in CYP2C8-CYP2C9 functional
haplotypes,” The Pharmacogenomics Journal, vol. 9, no. 4,
pp. 283-290, 2009.

[31] H. Svanstrom, M. Lund, M. Melbye, and B. Pasternak,
“Concomitant use of low-dose methotrexate and NSAIDs and
the risk of serious adverse events among patients with
rheumatoid arthritis,” Pharmacoepidemiology and Drug
Safety, vol. 27, no. 8, pp. 885-893, 2018.

[32] K. M. Tun, T. Laeeq, S. Mohammed, K. Naik, and G. Ohning,

“A rare case of methotrexate-induced gastric ulcer,” Cureus,

vol. 15, 2023.

A. D. Rodrigues, “Impact OF CYP2C9 genotype on phar-

macokinetics: are all cyclooxygenase inhibitors the same?:

table 1,” Drug Metabolism and Disposition, vol. 33, no. 11,

pp. 1567-1575, 2005.

[33

Case Reports in Medicine





