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Aim: Type 2 diabetes (T2D), as a major cause of morbidity and mortality, is predicted to
have a prevalence of 629 million by 2045. As diabetic patients show considerable inter-
individual variation in response to antidiabetic treatment, this study aimed to investigate the
gene polymorphism of cytochrome P450 as well as the effectiveness and safety of glib-
enclamide and gliclazide for different genotypes of CYP2C9. Besides, the chronic side
effects of T2D including retinal microvasculature complications or retinopathy and renal
dysfunction due to nephropathy in different genotypes were considered.

Patients and Methods: The participants including 80 T2D patients treated with gliben-
clamide or gliclazide were recruited from university hospitals of Ahvaz Jundishpur
University of Medical Sciences, Ahvaz, in the southwest of Iran. Blood samples were
collected from the patients at 2.5h after the morning dose of glibenclamide and 12h after
the last dose of gliclazide. Genotyping from the extracted DNA was, then, performed using
PCR-RFLP. The plasma level of glibenclamide and gliclazide was, in turn, measured by the
reverse-phase high-pressure liquid chromatography.

Results: The results showed that the wild-type allele, i.e., CYP2C9*1, occurred in the
highest frequency (0.8), while the frequency rates of the mutant allele, i.e., CYP2C9*2
and CYP2C9*3, were 0.15 and 0.05, respectively. Moreover, no significant association was
found between any of the genotypes as well as the clinical and biochemical characteristics of
the patients. The findings also showed that the plasma level of sulfonylureas (i.e., gliben-
clamide and gliclazide) was the highest in the patients with the CYP2C9*3 allele. It was also
found that 75.9% of the patients with variant genotypes had experienced hypoglycemia
events. Furthermore, in the absence of wild type allele, a significant increase was observed
in retinopathy (p=0.039) and nephropathy (p=0.05).

Conclusion: The findings can provide guidelines for the optimal management of the
treatment protocols with sulfonylurea intended to control the T2D complications.
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Introduction

Type 2 diabetes (T2D), as a metabolic disorder characterized by hyperglycemia, is
reported to have a prevalence of 629 million by 2045." Genetic factors are, in turn,
supposed to contribute to great inter-individual variation in response to antidiabetic
treatment. Indeed, the importance of pharmacogenetics to reinforce therapeutic
outcomes is widely acknowledged. Among others, sulfonylureas, as a group of
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antidiabetic drugs, are most widely used for the treatments
of patients with T2D.? In effect, the sulfonylurea receptor
functions as a part of the ATP-dependent potassium chan-
nel in the beta cells of the pancreas (K-ATP).? This way,
channel function is inhibited due to the binding of the
receptor to sulfonylurea. This, in turn, alters the resting
potential of the cell, resulting in calcium influx and the
stimulation of insulin secretion.

The net effect occurs when the beta cell response
increases in both stimulants of glucose and non-glucose
(e.g., amino acids), and insulin secrets at higher levels at
all blood glucose concentrations. Having similar charac-
teristics in their structure, glibenclamide and gliclazide, as
the second generation sulfonylureas, are prescribed in
much lower doses than the previous generation of sulfo-
nylureas. However, the effectiveness of different sulfony-
lureas in lowering blood glucose concentration is reported
to be the same.? Although sulfonylureas are usually well-
tolerated, they usually have serious side effects including
hypoglycemia which is more common in the long-acting
version of such drugs.*®

Sulfonylurea is known to be metabolized by cytochrome
P450, which is encoded by the CYP2C9 gene. Several
studies have already reported medical evidence suggesting
that in patients with CYP2C9*2 and CYP2C9*3 variant
alleles, the metabolism of the substrate is significantly
slower than that in the wild-type allele.” '® For instance,
in a Go-DART study by Zhou et al'', it was shown that
sulfonylureas were metabolized mainly by the cytochrome
P450 2C9 (15). Two CYP2C9* and CYP2C *3 genotypes
were, indeed, found to be associated with impaired sub-
strate metabolism. Furthermore, many reports have demon-
strated that at least one variant allele causes a significant
decrease in CYP2C9 activity, requiring dose adjustment for
sulfonylureas.'™'> Therefore, CYP2C9 gene polymorph-
ism is likely to affect the metabolism and the adverse drug
reaction (ADR) of glibenclamide and gliclazide.

Diabetic retinopathy, a retinal vascular disorder, occurs as
a complication of diabetes mellitus and causes blindness in
diabetic patients. In effect, the associated vision loss results
from several mechanisms, including neovascularization,

macular edema, 16

and retinal capillary nonperfusion.
Likewise, a few studies have shown that diabetic retinopathy
is influenced by CYP2C9 variants.'” Epoxyeicosatrienoic
acids (EETs) produced by CYP2C8 and CYP2C9, which
are hydrolyzed to dihydroxyeicosatrienoic acids (DHETS)
by epoxide hydrolase, are known to play an important role

in the diabetic retinopathy.'® Therefore, CYP2C9 genetic

polymorphism is also likely to affect retinopathy, considering
that renal dysfunction has been reported in patients with
T2D. The severity and onset of nephropathy maybe thus
influenced by genetic variants.

This study was, thus, intended to analyze the frequency
of CYP2C9 genotypes in T2 diabetic patients, and also
investigate the metabolism as well as safety (ADR) of
glibenclamide and gliclazide in patients with different
CYP2C9 genotypes to predict their response to sulfonylur-
eas. Also, this study examined whether the CYP2C9 poly-
morphisms were associated with the risk of diabetic
retinopathy and diabetic nephropathy.

Patients and Methods
Patient Selection and Clinical Study
Design
Iranian patients with T2D who had received medical treat-
ment with sulfonylureas (i.e., glibenclamide or gliclazide) at
Golestan and Imam Khomeini Hospitals were recruited for
this study. The participants included 80 T2D male and female
patients who had to take 10 mg Glibenclamide and 160 mg
Gliclazide for more than 3 months. Blood samples were
collected from the patients at 2.5 h after the morning dose
of glibenclamide'> and 12h after the last dose of gliclazide,
corresponding to the time for the peak drug concentration.'”
The plasma samples collected were used to estimate the
levels of sulfonylureas, and the buffy coat fraction was used
for DNA extraction and genotyping of variant alleles. The
plasma levels of glibenclamide and gliclazide were,
then, estimated by reverse-phase high-pressure liquid
chromatography.?®?' The DNA was extracted from the buffy
coat using the salting-out extraction procedure. The variant
alleles CYP2C9*2 and *3 were genotyped by PCR— restric-
tion fragment length polymorphism (RLFP).* Fasting blood
glucose (FBS), HbA ¢, blood urea nitrogen (BUN), creatinine
(Cr), microalbuminuria, LDL (Low-density lipoprotein), HDL
(High-density lipoprotein), total cholesterol and retinopathy
data were collected from the patients’ medical records.
Nephropathy was, in turn, achieved by using an NKF KDOQL
GUIDELINES.* The cause of chronic kidney disease,
glomerular filtration rate (GFR) and albuminuria, collec-
tively referred to as CGA staging, was checked according
to the guidelines. The GFR > 90mL/min/1.73m> (G1) was
considered as normal or high GFR, while GFR< 15 (G5) was
described as kidney failure. There are several categories
between G1 and G5 (i.e., G2, G3a, G3b, and G4) meaning
mildly to severely decreased as GFR. Increasing albuminuria
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from less than 30mg/g to more than 300mg/g was, in turn,
categorized as Al to A3 (normal to severely increased). We
described the risk of nephropathy using the combination of
GFR decreasing and albuminuria increasing ranges. For
instance, the patients with GFR<15 mL/min/1.73m? and
albuminuria more than 300mg/g (G5-A3) were considered
at very high risk for nephropathy.

This study was approved by the Medical Ethics
Committee at Ahvaz Jundishapur University of Medical
Sciences, Iran. Informed written consent was obtained
from the patients after they were introduced to the research
objectives and the procedure used.

Statistical Analysis

In the statistical analysis performed, all quantitative data
were presented as mean =+ standard deviation (SD), and the
comparison between different genotype groups was con-
ducted using an independent #-test and ANOVA test. The
chi-square test was, in turn, used to compare the genotype
and allelic frequency distribution of CYP2C9, as well as
the distribution of sulfonylureas plasma level, ADRs
(hypoglycemia), and the retinopathy and nephropathy
between the genotype groups.

Results

A total of 80 patients with T2D were genotyped by PCR-
RFLP method described previously (Table 1). The compound
heterozygous genotypes were scored according to the Seng
et al paper”* In CYP2C9*1/CYP2C9*2 genotype, Avall
digestion produced 296b + 79bp and 375bp, while Kpnl
digestion created 105bp. In turn, in CYP2C9*1/CYP2C9*3
genotype, Avall digestion produced 375bp and 296bp + 79bp,

while Kpn! digestion produced 85bp + 20bp. Likewise, in the
CYP2C9*2/CYP2C9*3 genotype, Avall digestion produced
375bp and 296bp + 79 bp, while Kpnl digestion produced
105bp fragments.

The genotype and allelic frequencies obtained were
consistent with those of Hardy-Weinberg Equilibrium.
Indeed, CYP2C9*1 (wild type) was the predominant allele
and occurred in high frequency in this study (0.8). Besides,
the frequency of mutant alleles, CYP2C9*2
CYP2C9*3, were 0.15 and 0.05, respectively.

The results also showed that there were 51 patients with
CYP2C9*1/*1 genotype (63.57%), and CYP2C9*1/*2
(22.5%) was found to be the second most frequent genotype.
Also, the percentage rates of the observed CYP2C9*1/*3 and
CYP2C9*2/*3 genotypes were 10 and 2.5, respectively.
Moreover, only one patient was observed with the
CYP2C9*2/*3 compound heterozygous genotype. Though
none of the patients was a homozygous mutant genotype for
the CYP2C9*3 allele, two patients with CYP2C9*2 allele
were found to be a homozygous mutant.

and

The demographic information and biochemical charac-
teristics of the patients are summarized in Table 1. The
parameters such as age, gender, duration of diabetes, FBS,
HbAlc, BUN, TG, LDL, HDL, and total cholesterol were
compared in different genotypes. The findings showed that
there was no significant correlation between any of the
genotypes as well as the clinical and biochemical charac-
teristics of the patients. It was also found that 55 patients,
out of 80 patients, underwent concomitant treatment with
two drugs, namely sulfonylureas (glibenclamide or glicla-
zide) and metformin, 16 patients with three drugs (i.e.,
metformin, sulfonylureas, and another antidiabetic drug),

Table 1 The Demographic and Biochemical Factors in Different Genotypes of CYP2C9

CYP2C9*1/*] CYP2C9*1/*%2 CYP2C9*1/*3 CYP2C9*2/*2 CYP2C9%2/*3 p-value

(n=51) (n=18) (n=8) (n=2) (n=1)
Age (years) 58 54 56 51 53 N/A
Gender (M/F) 18/33 9/9 117 0/2 0/1 N/A
Duration of diabetes (years) 10 8 11 I 6 0.318
FBS(mg/dl) 185 202 196 109 162 0.666
HbAlc (%) 83 8 84 6.6 8.5 0.711
BUN 14 15 18 12 9 0.387
Creatinine 0.92 0.95 1.1 0.8 0.8 0.238
TG 156 176 260 260 15 0316
LDL 96 100 132 125 63 0.157
HDL 44 51 39 40 33 0.177
Total cholesterol 167 173 193 181 19 0.498
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9 patients with monotherapy, 5 patients with gliclazide,
and other 4 patients with glibenclamide.

To examine the effects of CYP2C9 genotypes on the
plasma level of sulfonylureas, the drug concentration was
investigated using HPLC 2.5 hours after glibenclamide and
12 hours after gliclazide administration. The results showed
that a relatively higher plasma level of sulfonylureas was
observed in the CYP2C9*3 allele in comparison to those of
other alleles. Besides, it was found that there was no steady-
state in the plasma level of the drugs in patients with wild-type
alleles (Table 2). Furthermore, the distributions of various
alleles in two groups of patients, namely, steady-state and non-
steady-state, were significantly different (p=0.001).

Additionally, the occurrence of hypoglycemic ADRs to
sulfonylureas was compared between the wild-type and
variant genotypes. The results showed that 75.9% of the
patients with variant genotypes had experienced hypoglyce-
mia status, whereas this was not observed in the wild-type
genotypes. Overall, these data showed that hypoglycemia
status increased significantly in the patients with variant
genotypes. The retinopathy was, in turn, checked in all
samples, and a significant association was identified between
the duration of diabetes and retinopathy (p=0.002).

To investigate the association between the variant gen-
otypes and retinopathy, we initially checked the average
duration of diabetes between various genotypes. As the
findings showed, no significant difference was observed
(p=0.318). However, the association between the different
genotypes and retinopathy was found to be significant
(p=0.039). In the patients with CYP2C9*1/*3 genotype
50%, while in CYP2C9*2/*2 and *2/*3 genotypes, 100%
of the patients were affected by retinopathy (Figure 1).

In turn, to evaluate the impact of the duration of diabetes
on the renal function, the correlation between nephropathy
and the duration of diabetes was investigated. As the results
showed, no significant correlation was found (p=0.404).
However, patients with variant genotypes were found to be

significantly affected by nephropathy (p=0.05). Besides,

50% of the patients with CYP2C9*1/*3 and 67% of the
patients with CYP2C9*2/*2 and CYP2C9*2/*3 genotypes
were identified to be affected (Figure 2).

Discussion

This study was, initially, intended to investigate the fre-
quency of variant genotypes in 80 patients with T2D.
Then, the effect of variant genotypes of CYP2C9 on
responses to sulfonylureas including glibenclamide and gli-
clazide was examined. The association between hypoglyce-
mic ADRs and variant genotypes in T2 diabetics who were
treated with sulfonylureas (glibenclamide or gliclazide) was
also sought. Finally, the influence of variant genotypes on
diabetic nephropathy and retinopathy was studied.

Investigating the prevalence of different CYP2C9 gen-
otypes, it was found that the wild-type allele (CYP2C9*1)
was the highest. This result is similar to the allelic fre-
quency reported in the study conducted by Ataby et al in
the north of Iran, involving patients from Turkman and
Fars ethnic groups.?*

Similarly, several other studies showed that the most
prevalent allele of CYP2C9*1 was the wild-type allele.”*>"
36 Also, it was reported that the second most prevalent
allele was the CYP2C9*2 allele (15 %), which is consis-
tent with the previous reports in Caucasian populations.®’
However, the lowest frequency of this allele was observed
in the Africans (0.46%), East Asians (0.56%) and Native
Americans (1.25%).*” CYP2C9*3 allele in our study was
found to be 5%, similar to the allelic frequency observed
in Ataby for Turkman and Fars ethnic groups.”* In con-
trast, CYP2C9*3 showed the highest frequency among the
South Asians (11.7%).>” Moreover, the frequency of the
CYP2C9*3/*3 homozygous genotype was not identified in
our study as well as in the Caucasian ethnic groups,*®*’
whereas it was detected frequently in the Malay and Indian
ethnic groups.”? Overall, these data show that the allelic
frequency of the Iranian ethnic groups is similar to that of
the Caucasian population.

Table 2 Plasma Level of Glybenclamid and Glyclaside as Well as the Number of Patients Reached Steady State in Different Genotype

of CYP2C9
CYP2C9*1/*1 CYP2C9*1/*2 CYP2C9*1/*3 CYP2C9*2/*2 CYP2C9%#2/*3
Plasma level of glibenclamide (ug/mL) 0.0053 0.1695 0.8072 0.6990 N/A
Plasma level of gliclazide (ug/mL) 0.0427 0.2213 2.4696 0.4790 2.4620
Steady state (# cases) 0 4 7 | I*
Non-steady state (# cases) 51 14 | [ 0

Note: *The distributions of various alleles in two groups of patient, i.e., steady-state and non-steady-state, were significantly different (p=0.001).
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Figure | Association of retinopathy and different genotypes of CYP2C9.
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Figure 2 Association of nephropathy and different genotypes of CYP2C9.

To find out the different responses of glibenclamide
treatment in the patients with various CYP2C9 genotypes,
the plasma level of glibenclamide in T2 diabetic patients
with  CYP2C9*1/*¥1, CYP2C9*1/*2, CYP2C9*1/*3,
CYP2C9*2/*2, and CYP2C9*2/*3 genotypes was mea-
sured 2.5 hours after the treatment. The plasma concentra-
tion of gliclazide was also measured for the same
genotypes 12 hours after the treatment. Given that the
peak of plasma concentration in the previous studies
reached a maximum of 2 hours after the glibenclamide
treatment,'> the plasma level was measured 2.5 hours after
the administration in our study. However, as gliclazide
remains in plasma for a longer time, the measurement

was, thus, done 12 hours after the administration.

m CYP2C9*2/*2, CYP2C9*2/*3

nephropathy

Consistent with the previous studies, the highest plasma
level of glibenclamide was observed in the CYP2C9*1/*3
(0.8ug/mL). Moreover, the plasma level of gliclazide was
higher not only in the CYP2C9*1/*3 genotype but also in
CYP2C9*2/*3 genotypes (2.46pg/mL). In contrast, the
lowest level of glibenclamide and gliclazide concentration
in the plasma was observed in the wild-type CYP2C9*1/
*1 genotype. Therefore, this result implies that the elim-
ination of plasma glibenclamide and gliclazide in patients
with CYP2C9*1/*3 may be slower than that in patients
with CYP2C9*1/*1. This, in turn, indicates that the higher
concentration of glibenclamide and gliclazide may cause
stronger pharmacological effects. Moreover, it was found
that the plasma concentration of glibenclamide and
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gliclazide in other variant genotypes, namely CYP2C9*1/
*2 and CYP2C9*2/*2 was higher than that in the wild-
type genotype (Table 2). However, the plasma level of
gliclazide in CYP2C9*2/*2 was similar to that in the wild-
type CYP2C9*1/*1 genotypes. Overall, these data showed
that in the patients with wild-type genotypes, the elimina-
tion of glibenclamide and gliclazide was likely to be faster
than that invariant genotypes, as a lower concentration of
such drugs is needed for the patients with wild-type
genotypes.

The association of variant genotypes with hypoglyce-
mic ADRs in T2 diabetic patients treated with the sulfo-
nylureas glibenclamide or gliclazide was, in turn,
investigated. The results showed that the presence of
variant  genotypes predisposes sulfonylurea-treated
patients to hypoglycemia. It was found that in individuals
with variant genotypes (CYP2C9*1/*2, CYP2C9*1/*3,
CYP2C9*2/*2, CYP2C9*2/*3) when treated with sulfo-
nylureas, the risk of suffering a hypoglycemic event sig-
nificantly increased. Similarly, in a study with a limited
number of patients (i.e., 20 patients), Holstein et al
reported that CYP2C9*2/*3 and CYP2C9*1/*3 genotypes
correlated with severe hypoglycemia.*® By contrast, in the
study conducted by Surendiran et al, there was no signifi-
cant difference in the occurrence or severity of
hypoglycemia.*' Accordingly, since hypoglycemia can
significantly cause morbidity and mortality, the treatment
protocol for diabetes should be geared to the patients’
individual needs to reduce the occurrence of hypoglyce-
mic episodes. It is suggested that, particularly at the
beginning of the treatment by sulfonylurea, genotype ana-
lysis is likely to prevent overdose in patients with
CYP2C9 genotypes, causing lower activity.*? In effect,
identifying the genotype of the patient might help the
physician adjust the regimen protocol accordingly, and
therefore reduce the possibility of the patient’s experien-
cing a hypoglycemic event. This approach to CYP2C9
genotyping of patients before the treatment by glimepiride
has already been adopted in Korea and Russia.***** Our
data also provide evidence supporting the use of such an

approach.

Limitations

There are several limitations to consider in this study,
including the small sample size, compared to Go-DART
trials'' studies, limiting the generalizability of the findings.
Indeed, despite registeringl80 patients for the research
purpose, we could only include data from 82 patients in

the final analysis as some of the patients did not cooperate
to be compatible with our inclusion criteria. However, the
association of plasma level of sulfonylurea with CYP2C9
genotypes was statistically significant (p-value less than
0.05). Moreover, future studies using large mega studies
seem necessary to confirm our findings.

To the best of our knowledge, this may be the first study
on the impact of CYP2C9 genotype variants on retinopathy
in patients with T2D. The data showed that in the absence of
wild-type alleles, all patients were affected by retinopathy,
while the presence of wild-type allele delayed the micro-
vascular complications (Figure 1). However, it is not clear
how CYP2C9 variant alleles (¥*2 and *3) influenced the
retinal microvasculatures, but a few studies have reported
the influence of CYP2C9 and their products, namely the
epoxyeicosatrienoic acids (EETs), in the hypoxia-induced
VEGF production and pathologic retinal angiogenesis.*
Also, comparing the risk of nephropathy in the patients
with different CYP2C9 alleles, based on the marked
increase in microalbuminuria and the decrease observed in
the glomerular filtration rate (GFR), 66.7% of the patients
with CYp2C9*2/*2 and CYP2C9*2/*3 genotypes were
identified to be affected by nephropathy (Figure 2). It
seems that the presence of wild-type alleles (*1/*1, *1/*2
and *1/*3) protected the normal function of the kidney in
patients with T2D. However, the precise mechanism of
CYP2C9 in diabetic retinopathy and nephropathy is still
unclear.

It is concluded that the genotype analysis of CYP2C9
in patients with T2D can provide guidelines for the opti-
mal management of the treatment protocol with sulfony-
lurea by physicians so that they can make sound decisions
to regulate the treatment protocol accordingly before the
initiation of sulfonylurea therapy, and thus prevent the
hypoglycemic events.

Ethics Approval and Consent to
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REC.139.221). Ethical
informed consent, misconduct, data fabrication and/or fal-
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