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ABSTRACT

Introduction: Type 2 diabetes mellitus (T2DM)
is the most common type of diabetes. A
decrease in the number of pancreatic beta cells
is a pathological sign of diabetes, and to date
there is no drug treatment that targets damage
to these cells. Pancreatic beta cells have a weak
antioxidant system and are highly sensitive to
oxidative stress reactions that occur within
cells. Thioredoxin interacting protein (TXNIP)
inhibits thioredoxin, which is part of the
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intracellular antioxidant system, thereby accel-
erating oxidative stress and apoptosis of pan-
creatic beta cells. Verapamil is a non-
dihydropyridine calcium channel blocker. The
efficacy of this drug to improve beta cell sur-
vival and glucose homeostasis by inhibiting
TXNIP expression has been demonstrated in
in vitro studies. Although several retrospective
studies have shown a lower incidence of T2DM
with verapamil treatment, no prospective
intervention studies have determined the effi-
cacy of this drug in patients with T2DM.
Methods: The aim of this randomized, double-
blind, placebo-controlled study was to evaluate
the efficacy and safety of oral verapamil
administration in T2DM patients. In this 90-day
study, the effects of verapamil on fasting blood
sugar (FBS), hemoglobin A1C (HbAlc), and the
lipid profile were evaluated and compared with
those of the placebo.

Results: There was a significant decrease in
HbA1lc (about 0.5%) in the verapamil group at
the end of the intervention period. The effects
of verapamil on TXNIP gene expression and
glucagon-like peptide-1 receptor (GLP1R)
mRNA were compared with those of the placebo
(at baseline, after 15 and 30 days, and at the end
of the study). During the first month of the
study, decreased TXNIP gene expression and
increased GLP1R mRNA were associated with
the administration of verapamil when com-
pared with the placebo, although the differ-
ences were not significant.
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Conclusion: Verapamil can lead to better con-
trol of T2DM by reducing TXNIP gene expres-
sion and increasing beta cell survival and,
possibly, by other mechanisms.

Clinical Trial Registration: IRCT registration
no.: IRCT20180417039339N1 (https://www.
IRCT.ir).

Keywords: Type 2 diabetes; Randomized

controlled trials; Verapamil; TXNIP

Key Summary Points

Why carried out this study?

The aim of this study was to prevent
worsening of type 2 diabetes mellitus
through a new treatment path that
involves improving pancreatic beta cell
survival by reducing thioredoxin
interacting protein (TXNIP) gene
expression.

What was learned from this study?

Patients with T2DM treated with
verapamil, which has been shown to
inhibit TXNIP expression, showed a
significant decrease in hemoglobin A1C
compared to the placebo group.

TXNIP gene expression was decreased in
the verapamil group compared to the
placebo group, although the difference
was not significant.

The results show that verapamil can lead
to better control of T2DM by reducing
TXNIP gene expression and increasing
beta cell survival; more improvement may
be achieved by further reducing TXNIP
gene expression through increasing the
dose of verapamil.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) refers to a set
of metabolic disorders characterized by

hyperglycemia and caused by insulin resistance,
insufficient insulin secretion, reduced or lost
incretin effect, and excessive or inappropriate
glucagon secretion [1, 2]. Pancreatic beta cells
have a weak antioxidant system and are highly
sensitive to oxidative stress reactions that occur
within the cell [3]. Thioredoxin interacting
protein (TXNIP) inhibits thioredoxin, which
results in reduced antioxidant capacity of cells
and induces oxidative stress and apoptosis in
pancreatic beta cells, thereby reducing the
insulin production capacity of beta cells [3, 4].
Thioredoxin is a thiol oxidoreductase and is
part of the extensive intracellular antioxidant
system in mammals that protects cells against
oxidative stress [5]. The thioredoxin system
prevents the oxidation of intracellular proteins
by oxidating the two cysteine components of
thioredoxin [6, 7] and is also involved in several
other intracellular processes, including prolif-
eration and apoptosis [6-9]. TXNIP is a 46-kDa
protein that contains 391 amino acids; it is part
of the family of alpha arrestins [10] and per-
forms multiple activities and is involved in cell
homeostasis [11]. This protein is present in the
cytoplasm [12-14] but is also transferred into
the mitochondria and nuclei [15]. The coding
sequence of TXNIP was identified in the mid-
1990s [16], and its association with pancreatic
beta cells was demonstrated 8 years later [17]. In
human cell culture and animal models, the
TXNIP gene is induced by glucose, and its
expression is increased under hyperglycemic
conditions [4, 14, 18]. TXNIP can also stimulate
its own expression [19], which means that the
induction of TXNIP production by glucose is
enhanced by TXNIP itself. On the other hand, it
has been shown that insulin reduces TXNIP
expression in beta cells, muscles, and adipose
tissue [18, 20]. TXNIP binds reversibly to
thioredoxin-1 [21] and is associated with mito-
chondrial thioredoxin-2 and the induction of
apoptosis [15]. Specifically, TXNIP interferes
with the denitrosylation of proteins [22], and it
can also exert some of its effects independently
of thioredoxin [23, 24]. TXNIP inhibits the
expression of target genes, including vital tran-
scription factors for insulin production, by
entering the cell nucleus and expressing several
types of microRNAs [25]. TXNIP has recently
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been shown to induce the expression of a
specific microRNA, micrtoRNA-204 (or miR-
204), by inhibiting the activity of a transcrip-
tion factor involved in the regulation of this
microRNA [25-27]. By binding to the mRNA
responsible for the synthesis of the glucagon-
like peptide-1 receptor (GLP1R), thus inhibiting
its function, this microRNA reduces the pro-
duction of this receptor in pancreatic beta cells
and possibly reduces the effect of incretin [28].

Verapamil is a non-dihydropyridine calcium
channel blocker used to treat hypertension,
supraventricular arrhythmias such as atrial fib-
rillation, and angina pectoris [31] that was
introduced onto the pharmaceutical market in
the early 1960s [29]. The pharmacokinetic
parameters of this drug depend heavily on the
drug formulation. The immediate-release form
of this drug reaches its peak plasma concentra-
tion within 1-2 h after administration, whereas
the sustained-release formulation requires
6-11 h to reach this state. The AUC and maxi-
mum (or peak) serum concentration also
depend on the specific drug formulation
[30-32].

It has recently been shown in cell culture
medium and in an animal model that verapamil
can improve beta cell survival and glucose
homeostasis by reducing TXNIP expression [33].
The effectiveness of verapamil in diabetes has
also been demonstrated in several retrospective
studies [34-37]. In addition, a prospective study
conducted in 2018 showed the efficacy of the
drug in patients with type 1 diabetes, which was
associated with improved beta cell function
[38]. Based on these results, it would appear that
verapamil is likely to be associated with better
control of diabetes in T2DM patients. The aim
of this study, therefore, was to evaluate the
effect of verapamil in patients with T2DM by
investigating its effect on TXNIP gene expres-
sion and GLP1R mRNA. Verapamil is also likely
to improve T2DM by inhibiting TXNIP gene
expression and increasing the GLP1R level in
pancreatic beta cells, among other possible
mechanisms.

METHODS

Study Design and Participants

The trial was designed as a randomized, double-
blind, placebo-controlled study. A block ran-
domization approach was used to randomize
participants at a 1:1 ratio to receive verapamil or
placebo. Inclusion criteria were: age between 40
and 67 years; currently treated with oral anti-
hyperglycemic drugs, including metformin and
sitagliptin; diagnosis of T2DM at enrollment of
at least 5 years; hemoglobin A1C (HbA1c) level
> 6.5%. Women of childbearing age who used
contraceptives during the study were also eligi-
ble to participate. Individuals with the follow-
ing conditions were excluded: pregnant and
lactating women and any patient with uncom-
pensated heart failure, increased body fluid
volume or fluid overload, previous heart attack,
or evidence of severe heart disease during the 3
months immediately preceding the study, left
ventricular dysfunction, grade 2/3 heart block,
prolonged PR intervals on the electrocardio-
gram or the presence of any arrhythmic brady-
cardia, Wolff-Parkinson-White syndrome or
Lown-Ganong-Levine syndrome, hypotension
(systolic blood pressure < 90 mmHg), peripheral
or cerebrovascular disease, cancer, epilepsy,
cystic fibrosis, sickle cell anemia, concomitant
use of drugs that affect blood glucose levels
(glucocorticoids, hydrochlorothiazide, antipsy-
chotics), creatinine levels > 1.5 mg/dl (1.4 mg in
women), aspartate aminotransferase, alanine
aminotransferase and bilirubin levels > 1.5
upper limits of normal, any injectable contrast
agent use during the study, insulin use, and
sensitivity to verapamil.

Participants were randomly allocated to
receive verapamil (120 mg) or placebo for a total
of 90 days in addition to their medications for
T2DM. Dosage of the drug was selected in the
treatment range of verapamil and in accordance
with the majority of prescriptions containing
this drug in Iran. Participants were carefully
monitored for any occurrence of adverse drug
reactions until the end of the study. The
patients were selected in the Diabetes Clinic of
Imam Khomeini Hospital in Ahvaz, Khuzestan,
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Iran, and patients did not pay any fees at any
stage of the study; all costs were borne by
Ahwaz Jundishapur University of Medical
Sciences.

Randomization and Masking

The placebo for this study was produced by the
Faculty of Pharmacy of Ahvaz Jundishapur
University of Medical Sciences. The placebo had
a similar shape, size and color as verapamil and
was in identical packaging. Different lot num-
bers were assigned to the drug and placebo.
During the study, the researchers and partici-
pants could not access the codes assigned to the
drug and placebo. This information was not
released until after the data analysis was
completed.

Procedures

A total of 44 patients were randomly divided
into two groups, and either the drug or the
placebo was added to each patient’s treatment
regimen. The baseline characteristics of the two
treatment groups were well-balanced, with no
significant differences in any of the character-
istics. In addition, the average HbAlc value was
similar in the verapamil and placebo groups.
Laboratory tests, including fasting blood sugar
(FBS), HbA1c, and lipid profile tests, were mea-
sured at the beginning of the study and after
90 days (end of intervention). Glucose and lipid
profiles were measured using a Pars Azmun test
kit (Pars Azmun Co., Tehran, Iran), and HbAlc
was measured using high-performance liquid
chromatography. Genetic tests were performed
to determine the frequency of TXNIP gene
expression and GLP1R mRNA on blood samples
collected before the start of the study, at 15 and
30 days, respectively, into the study, and at the
end of the intervention (90 days after first
administration of verapamil or placebo).
Peripheral blood samples were collected by
venipuncture into sodium citrate tubes, and
peripheral blood mononuclear cells (PBMC)
were prepared by Ficoll-Hypaque density cen-
trifugation. After PBMC separation, total RNA
was isolated using TRIzol reagent. UV-Vis

spectrophotometry was used to quantify and
assess purity of the RNA at 260/280 nm (Nano-
Drop™ One Microvolume UV-Vis spectropho-
tometer; Thermo Fisher Scientific, Waltham,
MA, USA). A 1-ug aliquot of total RNA was
reverse-transcribed using a ¢cDNA synthesis kit
(YTA, Tehran, Iran) according to the supplier’s
instructions. Complementary DNA copy
(cDNA) was stored at — 20 °C until required for
the PCR. Real-time PCR was performed using
SYBR Green (YTA SYBR Green qPCR MasterMix
2x; YTA) on a high-performance LightCycler®
96 Instrument real-time PCR system (Hoff-
mann-La Roche, Basel, Switzerland). The beta-
actin (ACTB), TXNIP, and GLP1R genes were
quantified, and these values were compared
against standard curves for cycle threshold (Ct).
Relative amounts of the TXNIP gene and the
GLP1R mRNA were normalized to that of the
ACTB using the 274*“* method as reported by
Livak and Schmittgen [39].

Statistical Analysis

The SPSS version 16 software package (SPSS IBM
Corp., Armonk, NY, USA) was used to analyze
the FBS, HbAlc, and lipid profile (including
total triglyceride [TG], low-density lipoprotein
[LDL] cholesterol, and high-density lipoprotein
[HDL] cholesterol levels) measurements made at
the beginning and end (90 days after interven-
tion) of the trial. Statistical summaries were
expressed as the mean =+ standard deviation,
and the Kolmogorov-Smirnov test was used to
check normality before data analysis. Indepen-
dent samples t tests were used to compare
patients’ demographic data and general char-
acteristics, as well as results of the FBS, HbAlc,
and lipid profile laboratory tests before the
study, as well as to compare the effects of ver-
apamil and placebo on laboratory test results at
the end of the study. Paired-samples t tests were
utilized to compare the effects of verapamil and
placebo before and after the study within each
group. Non-parametric equivalent methods
were used when the data were not normal.
TXNIP gene expression and GLP1R mRNA
were measured at baseline (prior to interven-
tion), after 15 and 30 days, and at the end of the
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Table 1 Baseline demographic and general characteristics of participants who completed the study

Variables Verapamil group (2 = 22) Placebo group (z = 20) p value
Age (years) 529 £ 73 522 + 84 0.77
Gender (male/female) 11/11 7/13 0.32
Body weight (kg) 77.7 £ 12.2 765 £ 14.8 0.76
Body height (m) 1.68 & 0.86 1.65 &+ 0.97 0.19
BMI (kg/m?) 274+ 53 281 +5 0.66
Sulfonylurea (—/+) 13/9 12/8 0.21
SGLT?2 inhibitor (—/+) 17/5 18/2 0.26
Thiazolidinedione (—/+) 19/3 18/2 0.71
Meglitinide (—/+) 19/3 19/1 0.34
Statin (—/+) 6/16 7/13 0.58
Fibrate (—/+) 21/1 19/1 0.94
Hypertension (—/+) 17/5 17/3 0.54

Data are shown as the mean £ standard deviation (SD) or as number of patients among those who were tested
BMT Body mass index, SGLT2 sodium-glucose co-transporter 2

study. Independent samples ¢t tests were carried
out to compare the genetic data of the two
groups at each of the studied time-points (i.e.,
on days 15, 30, and 90). The Mann-Whitney
statistical method was used when the data were
not normal. The repeated measures statistical
method was used to compare genetic data dur-
ing the study and within each group.

In this study, a 95% confidence interval and
average SD of the two groups of 100 were con-
sidered. Also, the intention-to-treat approach
was used to modify the data because five par-
ticipants did not complete the trial.

Compliance with Ethical Guidelines

The trial protocol was approved by the Ahvaz
Jundishapur University of Medical Sciences and
complied with all ethical regulations (IR.A-
JUMS.REC.1394.284). All patients provided
written consent. This study was officially regis-
tered on the Iranian Registry of Clinical Trials
website  (IRCT20180417039339N1,  07/08/
2018). The study was performed in accordance

with the Declaration of Helsinki 1964 and its
later amendments.

RESULTS

Patient Demographic Characteristics
and Laboratory Test Data at Baseline

A total of 44 patients with T2DM aged between
40 and 67 years participated in this study. These
patients were randomly divided into two
groups: an intervention group which received
oral verapamil, and a group which received oral
placebo. Among those patients receiving vera-
pamil, nine were currently taking sulfonylurea,
five were taking a sodium/glucose cotransporter
2 (SGLT2) inhibitor (empagliflozin), three were
taking a thiazolidinedione (pioglitazone), and
three were taking a meglitinide (repaglinide).
Among patients receiving placebo, eight were
taking a sulfonylurea, two were taking SGLT2
inhibitors, two were taking a thiazolidinedione
and one was taking a meglitinide. The antihy-
perlipidemic drugs used by patients in both
groups are listed in Table 1. There was no
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Fig. 1 CONSORT flow diagram of screening, randomization, and treatment of participants enrolled the study

significant difference in the use of these drugs
between the two groups (Table 1). All patients
receiving verapamil and placebo also received
metformin and sitagliptin. Two people with-
drew early in the study; five others did not
participate in the end-of-study tests due to the
outbreak of the SARS-CoV-2 disease (Fig. 1).

Table 1 also presents the demographic and
general characteristics of the 42 patients who
completed the study. Mean age, proportion of
men and women in each group, mean blood
pressure (not shown), body weight, and body
mass index were similar between the two
groups. The two groups also presented no sta-
tistically significant differences regarding use of
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Table 2 Laboratory test results at baseline of participants who completed the study

Variables Verapamil group Placebo group p value
HbAlc (%) 75+ 1 83+ 1.9 0.141
FBS (mg/dl) 1317 + 39 1253 + 36 0.586
Triglycerides (mg/dl) 153.9 + 845 1437 + 49.5 0.640
Total cholesterol (mg/dl) 1235 + 348 130.6 & 324 0.505
LDL-cholesterol (mg/dI) 542 + 246 62.1 % 26 0.320
HDL-cholesterol (mg/dl) 384 % 6.6 393 £ 6.8 0.669

Data are shown as the mean = SD

FBS Fasting blood sugar (glucose), HbA1c hemoglobin Alc, HDL high-density lipoprotein, LDL low-density lipoprotein

Table 3 Effect of verapamil on HbAlc, FBS, and lipid profile in patients with T2DM at end of intervention (90 days)

Variables Verapamil Placcbo 7 value
HbAlc (%) 71 £ 1 82+ 15 0.012*
EBS (mg/dI) 1265 + 34.1 1349 + 434 0.448
Triglycerides (mg/dl) 1497 + 773 1616 + 614 0.587
Total cholesterol (mg/dI) 1265 + 29.7 1362 + 332 0.327
LDL-cholesterol (mg/dl) 583 + 22.6 637 + 228 0.448
HDL-cholesterol (mg/dl) 405 + 79 40 + 8.8 0.850

Comparison of change between verapamil and placebo values 90 days after initiation of intervention. Data are shown as the

mean &+ ST
*Significant difference at p < 0.05

oral antihyperglycemic agents and antihyper-
lipidemic drugs at the start of the study, and
there were no significant between-group differ-
ences in baseline HbAlc, FBS, or lipid profiles
(Table 2).

Effect of Verapamil on HbAlc and FBS

Hemoglobin A1C and FBS levels were measured
at baseline and at the end of the study (Table 3).
At the end of the study, the mean HbAlc was
significantly lower in the verapamil group than
in the placebo group (p = 0.012; Table 3).
Although FBS was also lower in the verapamil
group than in the placebo group, this difference
was not statistically significant (Table 3).

There was no significant difference between
FBS at end of the intervention and that at
baseline within either treatment group
(Table 4). FBS decreased by > 5 units on average
in the verapamil group and increased by > 7
units in the placebo group, but this difference
was not significant. HbAlc significantly
increased in the verapamil group at the end of
the intervention compared to baseline (p =
0.047; Table 4). The decrease in mean hemo-
globin A1C in the verapamil group was about
0.5%.

Effect of Verapamil on Lipid Profile

Comparisons of lipid profiles (including TG,
cholesterol, LDL, and HDL) at the end of the
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Table 4 Comparison of change in HbAlc, FBS and lipid profile in patients with T2DM after 90 days versus baseline in the

verapamil and placebo group

Variables Verapamil group Placebo group p value®
Before After Before After Verapamil Placebod
group group
HbAlc (%) 75 1 71 %1 83+ 19 82+ 15 0.047* 0.855
FBS (mg/dl) 131.7 £ 39 1265 £ 341 1253 £ 36 1349 + 434 0493 0.241
Triglycerides (mg/dl) 1539 + 845 149.7 £ 77.3 143.7 £ 49.5 161.6 + 614 0.844 0.105
Total cholesterol (mg/ 123.5 £ 34.8 126.5 £ 29.7 130.6 + 324 1362 £ 332 0.686 0.388
dD)
LDL-cholesterol (mg/ 542 + 246 583 226 621 +26 63.7 £ 22.8 0495 0.778
dD)
HDL-cholesterol (mg/  38.4 + 6.6 405 £ 79 393 £ 6.8 40 + 8.8 0.100 0.468
dD)

Data are shown as mean & SD
*Significant difference at p < 0.05

* Significance is shown for each treatment group regarding the difference between baseline and end of intervention

study revealed no significant differences
between the two groups (Table 3). Decreased TG
and cholesterol levels were detected in the ver-
apamil group at the end of the study compared
to the baseline level, although this decrease was
not statistically significant (Table 4). Also, HDL
levels slightly increased in the verapamil group
at the end of the study compared to the baseline
data, but again the difference was not statisti-
cally significant (Table 4). In the placebo group,
TG, cholesterol, and LDL had increased by the
end of the study compared to baseline levels,
but the differences were not significant
(Table 4); HDL also showed a slight, but non-
significant increase.

Effect of Verapamil on TXNIP Gene
Expression

Expression of the TXNIP gene throughout the
study (measured on days 15, 30, and 90) was
lower in the verapamil group than in the pla-
cebo group. In the first month of the study
(days 15 and 30), TXNIP gene expression was
lower in the verapamil group than in the pla-
cebo group, but the difference at both time-

points was not statistically significant (p = 0.104
and p = 0.475, respectively). By the end of the
study, TXNIP gene expression had increased in
both groups, but the difference was not statis-
tically significant (Table 5). Comparisons of
TXNIP gene expression within verapamil group
showed that the expression of this gene
increased by the end of the study despite an
initial decrease during the first month. How-
ever, no significant within-group differences
were observed between any given measurement
and the following one (i.e., baseline vs. day 15,
day 15 vs. day 30, and day 30 vs. day 90).

Effect of Verapamil on GLP1R mRNA

The amount of GLP1R mRNA in the first month
of the intervention was higher in the verapamil
group than in the placebo group, but the dif-
ference was not significant (p = 0.809 and p =
0.860, respectively). At end of the study, GLP1R
mRNA levels had decreased in both groups, but
the difference was not significant (p = 0.236). A
comparison of GLP1R mRNA values within each
group showed that after the initial increase in
the first month, the values had decreased at the
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Table 5 Effect of verapamil on thioredoxin interacting protein gene expression in patients with T2DM after 15, 30, and

90 days

Variables Verapamil group Placebo group p value
TXNIP gene expression at baseline 1 1

TXNIP gene expression after 15 days 0.977 £ 0.88 1.64 = 1.29 0.104
TXNIP gene expression after 30 days 0.960 £ 0.74 1.204 £ 1.18 0.475
TXNIP gene expression after 90 days 1.206 £ 0.68 1.280 £ 1.16 0.823

Data are shown as mean £ SD. All quantities are expressed as fold differences relative to cDNA (complementary DNA) of

housekeeping gene (beta-actin; ACTB)

Relative quantification was calculated for the TXNIP gene using the 2

TXNIP Thioredoxin interacting protein

end of the study. In the placebo group, there
were no significant differences between any
given measurement and the following one (day
15 vs. baseline, day 30 vs. day 15, and the end of
the study vs. day 30). In the verapamil group,
after an initial increase in the first month, a
significant decrease was observed at the end of
the intervention compared to day 30 (p =
0.040).

DISCUSSION

In this study, verapamil was well-tolerated in
patients who received the drug. Although some
mild side effects were observed in a few patients,
no significant side effects were reported.
Therefore, no discontinuation of treatment or
dose reductions were necessary.

Pancreatic beta cells have a weak antioxidant
system and are highly sensitive to oxidative
stress reactions that occur within the cell [3].
TXNIP reduces the antioxidant capacity of cells
and induces oxidative stress and apoptosis in
pancreatic beta cells. Verapamil is a non-dihy-
dropyridine calcium channel blocker thas has
recently been shown in cell culture medium
and in an animal model to improve beta cell
survival and glucose homeostasis by reducing
TXNIP expression [33].

The benefits of verapamil, in addition to
those observed in preclinical studies, include
positive effects on patients with T2DM, as
observed in several retrospective studies. These

—AACE Hethod

studies included an analysis of Taiwan's
National Health Insurance Research Database,
the INVEST study, and the REGAREDS cohort
study [37]. In addition to these studies, a clini-
cal trial in patients with newly diagnosed type 1
diabetes showed that verapamil can improve
beta cell mass function and reduce insulin
requirements [38].

The present study was the first double-blind
prospective clinical trial performed on patients
with T2DM. The results showed that adding
verapamil to the treatment regimen of these
patients could help to control blood sugar
levels. This finding was represented as a
decrease in HbAlc. In this study, the decrease in
mean HbAlc in patients receiving 120 mg ver-
apamil per day was about 0.5% after 3 months.
In the verapamil group, FBS decreased by an
average of 7 mg/dl (not statistically significant)
by the end of the study when compared to the
baseline.

The efficacy of verapamil in this study is
consistent with the confirmed effects of this
drug in preclinical studies on human isolated
islet cells and animal models [33]. These earlier
studies showed that verapamil reduced oxida-
tive stress in Langerhans beta cells by reducing
TXNIP gene expression and improving glucose
homeostasis [33]. Based on these results, we
expected that TXNIP gene expression would
decrease in our patients with T2DM who
received verapamil. As expected, TXNIP gene
expression did decrease in the patient group
that received verapamil in the first month of
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GLP1R MRNA VS TXNIP
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<

15th day
—&— hTXNIP 1 0/978
#— GLP-1R mRNA 1 1/421
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0/961 1/207
1/312 0/673
AXISTITLE

Fig. 2 Comparison of thioredoxin interacting protein (7XNIP) gene expression and glucagon like peptide-1 receptor
(GLP-IR) mRNA in patients with T2DM randomized to the verapamil group

Table 6 Effect of verapamil on glucagon-like peptide-1 receptor mRNA in patients with T2DM after 15, 30 and 90 days

Variables Verapamil Placebo p value
GLP1R mRNA at baseline 1 1

GLPIR mRNA after 15 days 1420 + 1.52 1.284 + 1.66 0.809
GLP1R mRNA after 30 days 1.311 £ 1.21 1.245 + 0.86 0.860
GLP1R mRNA after 90 days 0.673 £ 0.70 0.992 £ 0.813 0.236

Data are shown as mean = SD. All quantities are expressed as fold differences relative to cDNA of housckeeping gene
(ACTB). Relative quantification was calculated for GLPIR mRNA using the 2 ~AACT ethod

GLPIR Glucagon like peptide-1 receptor

intervention. Within the verapamil group,
TXNIP expression decreased, although not sta-
tistically significant, after 15 and 30 days
(Table 5).

Also, compared to the placebo group, the
verapamil group experienced a greater GLP1R
mRNA increase following the decrease in TXNIP
gene expression after 15 and 30 days. However,
these differences were not significant (Table 6).
The inverse relationship between TXNIP gene
expression and GLP1R mRNA levels in our
T2DM patients (see Fig. 2) is an important issue
identified in this study.

At the end of the study, the effects of both
genetic factors were the opposite of the pre-
dicted effects. The increase in TXNIP gene

expression and decrease in GLP1R mRNA at the
end of the study is likely due to the resistance of
the TXNIP gene to verapamil and its switching
behavior. Higher doses of verapamil should be
tested in future studies in an attempt to prevent
this switching, which may lead to a difference
in gene expression between the verapamil and
placebo groups.

The decreases in TXNIP gene expression in
preclinical studies were dose-dependent.
Therefore, it can be expected that a two- to
three-fold increase in the dose of verapamil
would further decrease TXNIP gene expression
and, consequently, increase GLP1R mRNA.
Verapamil doses that are two- to threefold
higher than those used in the present study are
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still within the therapeutic range. A dose of
120 mg per day was used in this study because
this dose reflects the standard dose prescribed
by the country’s physicians (as extracted from
the Rational Use of Drug Committee of
Khuzestan, Iran). Also, the Ethics Committee of
Ahvaz Jundishapur University of Medical Sci-
ences deemed higher doses unacceptable since
this study represents the first administration of
verapamil in patients with T2DM.

In addition to increasing the dose, we rec-
ommend that a sustained release (SR) formula-
tion of verapamil be used in order to better
evaluate its effect on TXNIP gene expression.
A SR formulation would reduce fluctuations in
verapamil plasma concentration and, conse-
quently, effectively control increases in TXNIP
gene expression after the initial decrease. This is
an area for future investigations. However, ver-
apamil’s possible mechanism of action in
patients with T2DM is as yet not well under-
stood, and other possible positive effects of the
drug (e.g., improved insulin sensitivity and
gluconeogenesis inhibition) cannot be ignored.

The most notable limitation of the present
work is the small number of patients [38].
Therefore, the effectiveness of verapamil should
be confirmed in future studies with more
patients and a longer study period.

Since a decrease in TXNIP can be associated
with an increase in GLP1Rs [28], using vera-
pamil in combination with other drugs that act
through this receptor (such as GLP1 agonists
and DPP-4 inhibitors) may yield promising
outcomes. This issue should be investigated in
future studies. Also, verapamil use might
improve blood glucose control and reduce the
need for insulin in patients with T2DM who use
insulin; thus research on the use of verapamil in
this patient group is recommended.

CONCLUSION

Verapamil can lead to better control of T2DM
by reducing TXNIP gene expression and
increasing beta cell survival and, possibly, by
other mechanisms. Due to the safety and effi-
cacy of verapamil, its suitability for being added
to common drug treatments, at least in some

T2DM patients, can be confirmed by conduct-
ing additional studies.
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