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research letter

Effects of dextromethorphan as add-on to sitagliptin on blood
glucose and serum insulin concentrations in individuals with
type 2 diabetes mellitus: a randomized, placebo-controlled,
double-blinded, multiple crossover, single-dose clinical trial

In this clinical trial, we investigated the blood glucose (BG)-lowering effects of 30, 60 and 90 mg dextromethorphan (DXM) as well as 100 mg sitagliptin
alone versus combinations of DXM and sitagliptin during an oral glucose tolerance test (OGTT) in 20 men with T2DM. The combination of 60 mg DXM plus
100 mg sitagliptin was observed to have the strongest effect in the OGTT. It lowered maximum BG concentrations and increased the baseline-adjusted
area under the curve for serum insulin concentrations in the first 30 min of the OGTT (mean + standard deviation 240 + 47 mg/dl and 8.1 + 6.1 mU/I/h,
respectively) to a significantly larger extent than did 100 mg sitagliptin alone (254 + 50 mg/dl and 5.8 + 2.5 mU/I/h, respectively; p < 0.05) and placebo
(272 + 49 mg/dl and 3.9+ 3.0 mU/I/h, respectively; p < 0.001). All study drugs were well tolerated, alone and in combination, without serious adverse
events or hypoglycaemia. Long-term clinical trials are now warranted to investigate the potential of the combination of 30 or 60 mg DXM and dipeptidyl
peptidase-4 inhibitors in the treatment of individuals with T2DM, in particular as preclinical studies have identified the f-cell protective properties of

DXM.
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Introduction

Recently, we reported that inhibition of N-Methyl-D-Aspartate
receptors (NMDARs) in mouse and human pancreatic islets
enhanced glucose-stimulated insulin secretion and islet cell
survival [1]. Furthermore, we observed that, in vivo, the
NMDAR antagonist and over-the-counter antitussive agent
dextromethorphan (DXM) enhanced glucose tolerance in
mice, and that in vitro dextrorphan, the main metabolite of the
pro-drug DXM, amplified the stimulatory effect of exendin-4,
a peptide agonist of the glucagon-like peptide-1 receptor, on
glucose-stimulated insulin secretion [1]. Moreover, a ran-
domized clinical trial showed that DXM selectively increased
postprandial serum insulin concentrations and lowered blood
glucose (BG) excursions in individuals with type 2 diabetes
mellitus (T2DM) [1].

Like NMDAR antagonists, dipeptidyl peptidase-4 (DPP-4)
inhibitors, such as sitagliptin, enhance postprandial serum
insulin concentrations and improve BG control, but through
another mechanism of action [1-5]. The primary objective of
the present study was to investigate whether the combination of
a low dose of DXM and sitagliptin exerts additive BG-lowering
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effects after an oral glucose load compared with sitagliptin alone
and DXM alone.

Methods

Eligible subjects were men aged 45-70 years, with a diagnosis
of T2DM according to American Diabetes Association criteria
at least 4 months before screening, who were on a stable regi-
men of metformin monotherapy for at least 3 months, and who
had a medical history without major pathology, a body mass
index of 25-35kg/m? and a glycated haemoglobin concentra-
tion >6.5 and <8.0% (Table S1). The study was conducted at
Profil, Neuss, Germany. The Ethics committee of the Arztekam-
mer Nordrhein, Diisseldorf, Germany, approved the trial proto-
col. The trial was conducted in accordance with the Declaration
of Helsinki (2008) and International Conference on Harmon-
isation Good Clinical Practice (1996), and written informed
consent was obtained from all patients. The trial was registered
at ClinicalTrials.gov (NCT01936025).

Study participants received either 30, 60 or 90 mg DXM,
100 mg sitagliptin, 30, 60 or 90 mg DXM plus 100 mg sitagliptin,
or placebo in the morning after an overnight fast on a total of
eight treatment days. One hour after study drug administration
an oral glucose tolerance test (OGTT) with 75 g glucose was
started. The primary objectives of the present clinical trial
were to (i) find the lowest dose of DXM that, compared with
placebo, exerted a BG-lowering effect related to the OGTT, and
(ii) investigate whether the combination of DXM and sitagliptin
had additive BG-lowering effects compared with each drug
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plus sitagliptin and 60 mg DXM plus sitagliptin (95% CI 0.46,

A 350 O Placebo 4.73; p=0.017, and 95% CI 0.11, 4.38; p =0.039, respectively)
B Sitagliptin when compared with sitagliptin alone (Figure 1C, Table 1).
300 The combination of 30 mg DXM plus sitagliptin and 60 mg

DXM plus sitagliptin compared with placebo increased the

g 20 Start OGTT baseline-adjusted AUC;, jin 1-1.51n Dy ~110% versus an increase
% 200 of only ~50% for sitagliptin alone compared with placebo
g l (Figure 1C, Table 1). Notably, within the setting of the present
2 150 trial, 100 mg sitagliptin alone failed to significantly increase
8 the baseline-adjusted AUC,qin1_15n (95% CI —0.22, 4.05;
@ 100 p=0.078). Sitagliptin versus placebo, and sitagliptin plus all
T DXM combinations versus placebo, however, led to significant
Intake study increases in the baseline-adjusted AUC, i, 133, after starting
0 medication the OGTT, with higher significance noted for the combinations
-30 0 60 120 180 240 300 360 of sitagliptin plus DXM (Table 1). By contrast, the addition
Time (min) of DXM to sitagliptin did not increase the baseline-adjusted
550 o Placebo AUC, cuiin3-5n compared with sitagliptin alone (Table 1). All
B A Sitagliptin + DXM 60 mg DXM dosages plus sitagliptin versus placebo were observed
300 to result in small increases in fasting serum insulin concen-
trations before starting the OGTT, whereas no significant
S 250 changes in fasting BG concentrations were observed (Table
2 S3). As compared with placebo, plasma glucagon concentra-
g 200 tions remained virtually unchanged after administration of the
g study medications, both before and after starting the OGTT
g 150 (Tables 1 and S3).
2 100 All dosages of study medication were well tolerated, and
few adverse events were observed after administration of
50 DXM alone or none after the combination of 30 mg DXM plus
sitagliptin. With regard to the combinations of 60 mg or 90 mg
%0 o 60 120 180 240 300 360 DXM plus sitagliptin, only one mild adverse event (fatigue)
. . was observed each.
Time (min)
C *
16 —— Discussion
14 In this single-dose, double-blinded clinical trial, we provided a

proof of concept that addition of low doses of DXM, includ-
ing 30mg (a dose used as over-the-counter medication for
10 cough suppression), to sitagliptin substantially increased early
postprandial serum insulin concentrations and reduced BG

12

0-30 min after starting the OGTT

Baseline adjusted AUC Insulin 1-1.5h (mU/I/h)

s excursions during an OGTT without inducing hypoglycaemia.
6 108% More specifically, the postprandial serum insulin concentra-
4 49%{ tions during the first 30 min of the OGTT were strongly
increased by the addition of DXM to sitagliptin, whereas post-

2 prandial serum insulin concentrations during the last 2h of
0 the OGTT were not increased at all. This points to the pos-
Placebo  Sita Sita + sibility that the combination of DXM and sitagliptin prefer-

DXM 60 mg

entially restores the early phase of insulin release in individu-
als with T2DM, with BG-lowering effects lasting throughout
Figure 1. Oral glucose tolerance test and serum insulin concentrations in the entire OGTT; however, the question of whether a normal
individuals with type 2 diabetes (T2DM). Blood glucose concentrations p-cell physiology could be restored in individuals with T2DM
in 20 men with T2DM before and during an oral glucose tolerance test by this combination requires further clinical tests, more directly

(OGTT) shown for (A) placebo versus 100 mg sitagliptin and (B) placebo . . S .
versus 100 mg sitagliptin plus 60 mg dextromethorphan (DXM). (C) Serum addressmg insulin secretion in these patients [6]. The find-

insulin concentrations during the first 30 min after starting the OGTT after NS of the present trial highlight an additive action of DXM
administration of placebo, 100 mg sitaglipin and 100 mg sitagliptin plus and sitagliptin (Figure 1), most likely because they target pan-
60 mg DXM. Significance (*p <0.05) was determined by a linear mixed creatic ffi-cell NMDARs and incretin receptors, respectively,
model, with treatment as a fixed factor and subject as a random factor using which enhance glucose-stimulated insulin release from human
untransformed endpoints. All values are means + standard deviation. pancreatic islets via different glutamate-dependent molecular

mechanisms [1,2,7,8].
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The present study shows for the first time that addition of
DXM increases the BG-lowering effects of the DPP-4 inhibitor
sitagliptin, which is a popular oral antidiabetic medication,
but only reduces BG levels in patients with T2DM to a mod-
erate extent compared with incretin-based peptides requiring
regular injections [9]. Consistently, sitagliptin only lowered
AUCjycose 131 Y ~7% in the present study, whereas the com-
binations of a low dose of DXM with sitagliptin reduced this
primary endpoint by ~12%. Our findings now warrant further
and long-term clinical trials on the combined action of DXM
and incretin-based diabetes therapies so as to draw conclusions
on the clinical relevance of this combination, in particular con-
cerning the preservation of f-cell function and mass that has
been described for DXM in preclinical studies [1,10].
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ing the entire oral glucose tolerance test.

Table S3. Glucose, insulin and glucagon concentrations after
study drug administration, but before starting the OGTT. Data
are presented as means + SD. Statistical analyses for BG con-
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using a linear mixed model with treatment as fixed factors
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Wilcoxon Signed Rank test based on a two-sided alpha of 5%
and calculation of Hodges and Lehman estimates and corre-
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sented as means + SD. *p < 0.05 versus placebo; Tp < 0.05 versus
DXM alone at same dose; $p < 0.05 versus Sita alone.
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