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Review Article

ABSTRACT

The gut enzymes are released in response to intake of meal, those are GLP-I (glucagon link
peptide-I) & GIP (glucose-dependent insulin tropic polypeptide) along with DPP-4(Dipeptidyl
peptidase-4). GLP-I has vital role in control of glucose levels and it may also has capacity reduce
body weight and it can manage some micro & macro-vascular complications. Unfortunately it has
very shorter half-life 1-2 min, and eventually it was degraded by DPP-4 enzyme. Therefore GLP-I
has ineffective to perform its tasks. To overcome this incidence essential to inhibit DPP-4 enzyme
is benefited in diabetics and in non diabetics suffering with micro, macro vascular complications.
Ubiquitous Dipeptidyl peptidase (DPP) - 4 has pleiotropic effects because it is widely distributed
other than intestine. DPP-4 enzyme inhibition has a promising effect on glycemic control. DPP-4
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inhibition is also involved in the improvement of non-glycemic effects as directly or indirectly the
DPP-4 enzyme is linked with some pathological conditions of particular organs, such as DPP-4 is
linked with the intestinal secretion of triglycerides, and DPP-4 is expressed in the glomerulus in
uncontrolled diabetics which in turn leads to nephritis. DPP-4 release strongly correlates with
adipocyte size, potentially representing an important source of DPP-4 in obesity. DPP-4 inhibition
produces an anti-inflammatory activity because the activity of DPP-4 results in reduced production
of cytokines including interleukins and interferon-G. All these anti-inflammatory agents are inhibited
by the DPP-4 enzyme which can lead to pathogenesis of cardiovascular diseases and provokes
atherosclerosis & psoriasis. Serum sodium and brain natriuretic peptide (BNP) levels are also
regulated by inhibition of the DPP-4 enzyme and which can produce vascular protection &
regulates blood pressure. Teneligliptin is a recently developed oral DPP-4 inhibitor indicated for the
management of T2DM in adults along with diet and exercise. Teneligliptin is recently available in
India and is also available in combination with other oral hypoglycemic agents at affordable prices.
This review is aimed at exploring the status of teneligliptin with emphasis on its glycemic effects
and non-glycemic clinical benefits associated with increasing GLP-1 & GIP.

Keywords: Teneligliptin; dipeptidyl peptidase-4; pleiotropic effects.

1. INTRODUCTION

Inhibition of DPP-4 enzyme is essential and
GLP-I should be reached to systemic circulation
and distribute to various organs from small
intestine. Through this mechanism could be
succeeded by a novel DPP-4 inhibitor
teneligliptin. A PubMed search was made on
Teneligliptin using MeSH word “TNG”, “glycemic
effects”, “non-glycemic effects” and DPP-4
inhibitors. All the clinical trials on Teneligliptin
published till the date was retrieved. Dipeptidyl
peptidase — 4 (DPP-4) is a widely distributed
enzyme and highly expressed transmembrane
protein that removes NH2 - terminal peptide
from various substrate hormones, Chemokines,
neuropeptides and growth factors. The two
known substrates of DPP-4 are incretin
hormones glucagon-like peptide-1 (GLP-1) and
gastric inhibitory peptide (GIP). These incretins
are secreted by entero-endocrine cells in
response to the ingestion of meal and which
produce 60% - 70% of postprandial insulin
secretion. Incretin hormones (GLP-1 & GIP) have
a very shorter half-life (1 to 2 minutes) in plasma
and are rapidly degraded by ubiquitous enzyme
DPP-4 [1]. Therefore incretins are unable to
produce insulin and hence DPP-4 inhibitors are

developed to increase the GLP-1 levels in
plasma and improve glycemic  control.
Teneligliptin =~ (Tenelia) is chemically  3-

[(2S,4S)-4-[4-(3-methyl-1-phenyl-1H-pyrazol-5-yl)
piperazin-1-yl [pyrrolidin-2-ylcarbonyl].
Teneligliptin (Tenelia) is chemically thiazolidine,
which was developed by Mitsubishi Tanabe
Pharma (Osaka, Japan) and was approved by
the Pharmaceuticals and Medical Devices
Agency (PMDA) of Japan on 10" September
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2012. Teneligliptin and other oral hypoglycemic
agent combinations came into the market in
Japan, Argentina, and India in 2017. DPP-4
enzyme is structurally diverse among different
gliptins based on the binding (Fig. 1) sites of the
DPP-4 enzyme. Vildagliptin and saxagliptin are
Class-1, Alogliptin and Linagliptin are Class- 2
and Sitagliptin and Teneligliptin are Class-3
DPP-4 inhibitors. Structurally Teneligliptin and
sitagliptin are Class-3 DPP-4 inhibitors with
triazole piperidine and piperidine moiety having
high affinity and inhibitory activity on DPP-4
enzyme (Fig. 2). The X-Ray co-crystallographic
studies show that Teneligliptin has 5 fold higher
activity than sitagliptin, it tightly binds to S2
extensive subsite of DPP-4 enzyme (Fig. 1),
because it has an anchor (Fig. 3) like structure
(J-shaped) and it consists of consecutive cyclic
rings which can lead to small loss of energy
during binding with  hydrogen bonding.
Teneligliptin has higher lipophilicity and greater
distribution to the kidney than the other DPP-4
inhibitors, sitagliptin, alogliptin, saxagliptin,
anagliptin, and vildagliptin. The reduction of
HbA1C is 0.8%-0.9% following 12 weeks of
therapy with Teneligliptin [2].

1.1 Pharmacodynamics

Teneligliptin suppresses the enzymatic activity of
DPP-4, leading to an increase in the incretin
levels (GLP-1 and GIP), which subsequently
inhibit glucagon release and glucose production
in the liver (Fig. 5) and increase insulin secretion
and glucose uptake in skeletal muscle.
Consequently, it leads to a decrease in blood
glucose level [3] and can improve beta cell
function and proliferation [4].
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Fig. 5. Mechanism of action of Teneligliptin

1.2 Pharmacokinetics

Orally administered teneligliptin’s absorption
takes place in the gastrointestinal tract and
distributed  throughout the  body. Oral
administration of 10 mg or 20 mg of teneligliptin
once daily for 4 weeks shows the maximum
concentration (Cmax) in one hour in both groups
and the mean t1/2 was found to be 20.8 and 18.9
hours and the IC5 value of 0.37 moll/Lt. [5]. The
maximum percentage of the inhibition in plasma
DPP-4 activity was achieved within 2 hours after
administration and was 81.3% and 89.7% in the
10 and 20 mg teneligliptin groups, respectively.
About 34.4% of teneligliptin is excreted
unchanged via kidney and the remaining 65.5%
is metabolized and eliminated via renal and
hepatic excretion. CYP3A4, a cytochrome P450
isozyme and flavin-containing monooxygenases
(FMO1 and FMO3) play a major role in the
metabolism of teneligliptin. In vitro, teneligliptin
exhibits a weak inhibitory effect for CYP2D6,
CYP3A4, and FMO; however, it demonstrates no
inhibitory effect for CYP1A2, CYP2A6, CYP2B6,
CYP2C8, CYP2C8/9, CYP2C19, and CYP2E1.
Besides, teneligliptin does not induce the
expression of CYP1A2 or CYP3A4. Therefore it
does not require dosage adjustment in renal
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failures, but it should be cautiously administered
in subjects with hepatic impairment. The major
metabolite of teneligliptin is thiazolidine-1-oxide
[6,7]. The plasma concentrations of teneligliptin
after the administration at dosages of 10 or 20
mg once daily for 4 weeks, in two groups
revealed a median time to maximum
concentration (Cmax) of 1.0 hour in both groups
and a mean t1/2 of 20.8 and 18.9 hours,
respectively. The maximum percentage of
inhibition of plasma DPP-4 activity was achieved
within 2 hours after administration and was
81.3% and 89.7% in the 10 and 20 mg
teneligliptin groups, respectively. The active
GLP-1 concentration in the plasma in the 10 mg
and 20 mg teneligliptin groups was higher than
that in the placebo group throughout the day,
even at 24 hours after administration. Nabeno et
al. [2] demonstrated that the percentage
inhibition of plasma DPP-4 activity 24 h after
administration of 20 and 40 mg dose of
teneligliptin was varying between 53.9-66.9%
and 59.8% respectively. Besides, only 80 mg
doses of teneligliptin exhibited >80% (72-85%)
plasma DPP-4 inhibiton at 24h after
administration. The AUCO0-2h values for the
active GLP-1 concentration after breakfast,
lunch, and dinner were 8.0, 8.4, and 7.8 pmol



h/L, respectively, in the 10 mg teneligliptin group,
and 8.3, 7.9, and 8.6 pmol- h/L, respectively, in
the 20 mg teneligliptin group. Thus, the increase
in AUCO0-2h for the active GLP-1 concentration
after dinner was slightly greater in the 20 mg
teneligliptin group than in the 10 mg teneligliptin
group. Differences in the AUC0-2h for the active
GLP-1  concentration between both the
teneligliptin treated groups and the placebo
group were statistically significant [6]. The main
differences between the eight gliptins include

their  potency, target  selectivity, oral
bioavailability, elimination half-life, binding to
plasma proteins, metabolic pathways, the

formation of the active metabolite(s), excretion
routes, dosage adjustment for renal and liver
insufficiency, and potential drug-drug interactions
(3]

1.3 Plasma DPP-4 Activity of Gliptins

A study stated that the treatment with sitagliptin
200 mg twice daily had led to a mean inhibition
on day 28 from baseline (predose day 1) in
plasma DPP-4 of approximately 90.0%
throughout the 24-hour sampling period. The
mean difference in the weighted average
inhibition of plasma DPP-4 activity over 24 hours
between sitagliptin and placebo was 90.0% (P
<.001) with the 95% ClI of (81.5%, 99.3%) [8]. The
study also revealed that treatment with sitagliptin
led to an approximately 2- to 3-fold increase in
active GLP-1 levels following an OGTT at 2
hours post-dose on day 28 compared to placebo
and compared to pretreatment baseline levels
relative to placebo. The geometric mean ratio
(GMR; sitagliptin/placebo) of the post-OGTT
time-weighted average active GLP-1 level on day
28 was 2.74 (P < .001) with the 95% CI of (1.87,
4.00). There was also significant fold increase on
day 28 over baseline to post-OGTT time-weighted
average active GLP-1 levels in sitagliptin group
relative to placebo, with the GMR of sitagliptin/
placebo and corresponding 95% CI estimated to
be 2.18 and (1.54, 3.10); (P < .001) [8].

2. GLYCEMIC EFFECTS
TENELIGLIPTIN

OF

2.1 Effects on Insulin

The area under the curve (AUC)0-2h values for
the postprandial insulin levels significantly
increased after dinner in the teneligliptin 10 mg
group (P < 0.05), in comparison with the
corresponding values in the placebo group, but
not at other times in either group. The relative
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insulin concentrations were higher in the
teneligliptin-treated groups because of the
decreased blood glucose concentrations of the
patients in these groups [9].

2.2 Effects on Glucagon

The postprandial glucagon levels significantly
decreased after breakfast and lunch as well as
after dinner in the 20 mg teneligliptin group
compared to the corresponding values in the
placebo group. Besides, there were no significant
differences in the insulin or glucagon
concentrations between the two teneligliptin-
dosage groups, although glucagon secretion was
lower with teneligliptin treatment at 20 mg,
particularly after dinner. Thus, the study
concluded that teneligliptin effectively suppressed
postprandial glucagon secretion after meals and
improved postprandial hyperglycemia [9].

2.3 Effect on Glycated Hemoglobin
(HbA1C) Levels

A recent systematic review and meta-analysis
from xiaouan Li et al.,, (2018) on different
randomized control trials of teneligliptin revealed
that effects of teneligliptin vs. placebo on the
HbA1c change from baseline and had shown a
significant reduction of HbA1c (weighted mean
difference (WMD) -0.82%, 95% CI [-0.91 to
-0.72], p < 0.00001) as monotherapy (WMD
-0.86%, 95% CI [-0.95 to —0.76], p < 0.00001),
or add-on treatment (WMD -0.79%, 95% CI
[-0.93 to —0.66], p < 0.00001) when compared to
placebo [9].

2.4 Effect on Fasting and Postprandial
Blood Glucose (FBG & PPG) Levels

The study by xiaouan Li et al., also identified that
Teneligliptin decreased the fasting blood glucose
(FPG) level (vs. placebo, WMD-18.32%, 95% ClI
[-21.05 to — 15.60] and p. value < 0.00001), and
also a significant reduction of the 2 h
postprandial plasma glucose (2 h PPG) (WMD
-46.94%, 95% CI [-51.58 to -42.30], p <
0.00001) and area under the glucose plasma
concentration-time curve from 0 to 2 h
(AUCO0-2h) for PPG (WMD -71.50%, 95% CI
[-78.09 to -64.91], p < 0.00001) compared with
placebo [9,10].

2.5 Effect on (HOMA-B) and HOMA-IR

Homeostasis model assessment of [ cell
function (HOMA-B) was increased with 9.31



(WMD, 95% CI [7.78-10.85], p < 0.00001) with
teneligliptin and there was no significant
difference in overall adverse effects between
teneligliptin and placebo group (0.96 risk ratio
(RR), 95% CI [0.87, 1.06], p = 0.06). The risks of
hypoglycemia was not significantly different
between teneligliptin & placebo (1.16 RR, 95%
Cl [0.59, 2.26], p = 0.66) & only combined
treatment showed statistical significance, with a
decrease in HOMA-IR by -0.25 (WMD, 95% CI
[-0.47 to -0.03], p = 0.03) [7].

3. NON-GLYCEMIC
TENELIGLIPTIN

EFFECTS OF

3.1 Pleiotropic Effects

DPP-4 is a ubiquitous enzyme, which has widely
distributed in the body and it contributes a
pleiotropic effect. Therefore, there is a need for
drugs that are effective not only for controlling,
glycemia but also for improving CVD outcomes
independently of glycemic control. Gross
evidence suggests that the modulation of incretin
signaling by glucagon-like peptide-1 (GLP-1)
agonists is beneficial in both glycemic control, as
well as CV protection. In this regard, dipeptidyl
peptidase-4 (DPP-4) inhibitors (DPP-4i), which
have been developed specifically as incretin-
based oral antihyperglycemic therapies, are
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now emerging as novel agents that have the
potential to reduce the progression to CVD and
CKD. DPP-4i exhibit multiple protective effects
such as neuroprotection, nephroprotection,
vasculoprotection,  hepatoprotection, reduce
overweight/obesity, which collectively contributes
to improvement in vascular function which can
reduce the risk for development of the vascular
disease, heart failure (HF), and CKD (Fig. 6).
The beneficial effects of these drugs, beyond
glycemic control, occur by both GLP-1-
dependent and -independent mechanisms [2-4].

3.2 Effect on Lipid Levels

Animal studies demonstrated that DPP-4i
(sitagliptin and linagliptin) or GLP-1R agonism
(exendin-4) significantly reduced intestinal
secretion of Triglycerides (TG), cholesterol, and
apolipoprotein B-48, suggesting that GLP-1
might directly regulate lipoprotein assembly and
secretion in enterocytes.[11,12]. A recent study
showed that the DPP-4i alogliptin ameliorates
postprandial elevation of TG-rich lipoproteins
(lipemia) and endothelial dysfunction in
nondiabetic humans following an oral fat load
[13], suggesting a potential antiatherogenic role
for DPP-4i in humans. Recent clinical studies
have reported that DPP-4i such as vildagliptin
[14] and sitagliptin [15] improve postprandial

Meuroprotection &
decraase stroke

Atharosclarosis,
CV diseases

Adipocyts hvpertrophy,
ATM (Adipose tissus
macrophages) Accurnulation

Inhibitors

Diiabatic
Mephropathy
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Fig. 6. Non glycemic effect of Teneligliptin



atherogenic TG-rich lipoprotein levels in patients
with T2DM. Previous studies have shown that
DPP-4i such as vildagliptin and sitagliptin
decreased postprandial TG, remnant lipoprotein
cholesterol and apolipoprotein B-48 levels after a
fat loading test in patients with T2DM and non-
obese subjects without diabetes [14]. However,
the effects of other DPP-4i on postprandial lipid
elevation-induced endothelial dysfunction have
not been fully evaluated. Kusunoki M, et al.
investigated the effect of 14-weeks treatment
with teneligliptin (20 mg/day) on the homeostasis
model assessment ratio (HOMA-R), an indicator
of insulin resistance and serum lipid profile in 9
patients with type 2 diabetes. DPP4i produced a
significant decrease of blood glucose, HbA1C &
improved HOMA-R (p=0.008, p=0.038 and
p=0.039). Furthermore, the patients showed
elevation of the serum HDL-cholesterol level
(p=0.032) and a tendency towards reduction of
the serum triglyceride level. Teneligliptin not only
improved glycemic effects but also improved
serum lipid profile in Japanese type 2 diabetes
patients [16]. Vyshnavi V, et al also conducted a
comparative  study of Teneligliptin  and
Atorvastatin on Lipid Profile in Patients with Type
2 Diabetes Mellitus and stated that Teneligliptin
20 mg and Atorvastatin 20 mg have proved to
have similar efficacy on the lipid profiles. Hence,
they concluded that Teneligliptin is an efficacious
drug for T2 DM patients in the management of
glycemic control and lowering lipid profiles [17].

3.3 Renoprotective Activity

In humans, histochemical analysis of DPP-4
expression and enzyme activity was observed
primarily in glomerulus under pathological
conditions (not in the healthy kidney). Tumor
Necrosis Factor (TNF)-a is also responsible for
the expression of DPP-4 in individuals with
glomerular endothelial cells exposed to high
glucose concentrations (hyperglycemia) [18,19]
Gliptins involve alleviation of renal oxidative
stress and inflammation by blocking advanced
glycation end product (AGE) signaling pathways.
Per-Henric Grop, et al. stated that the blocked
AGE is responsible for the decrease of the
nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase-dependent reactive oxygen
species generation. A recent pooled analysis of
randomized double-blind, placebo-controlled
clinical trials had demonstrated that linagliptin
administered group showed enhanced RAAS
inhibition, thereby significantly reduced
albuminuria by 28% (95% CI -47 to -2; p < 0.05)
after 24 weeks of treatment in T2DM patients
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with hyper albuminuria, along with there is no risk
of development or progression of
microalbuminuria in follow-up period 2.1 years of
trial with saxagliptin in the patients of T2DM with
TIMI (thrombolysis in myocardial infarction) of the
phase-4 clinical trial [20,21].

3.4 Effect on Heart

Kishimoto et al. evaluated the cardiovascular
effects of Teneligliptin especially the QT/QTc
evaluation. There was no QT prolongation with
less than 40 mg daily dose of teneligliptin treated
subjects but a mild QTC prolongation was
observed with supratherapeutic doses of more
than 40 mg per day teneligliptin treated patients.
Teneligliptin also improved the left ventricular
function, particularly diastolic and endothelial
functions, as well as an increase in serum
adiponectin levels [1,22].

3.5 Effect on Body Weight,
Adipoprotection, and Anti-Obesity
Activity

Studies on the effect of DPP-4 inhibitors on body
weight demonstrated variable results; however,
these results were generally considered to be
neutral [23,24]. The mean body weight change of
the diabetic patients at week 52 (mean + SD)
was +0.18 * 214 kg (P 0.3254), which
indicated that the effect of teneligliptin on body
weight was neutral. However, no studies were
conducted on obese and overweight subjects
without diabetes and it needs to be addressed
[25]. DPP4 is a novel adipokine that may impair
insulin sensitivity in an autocrine and paracrine
fashion. Furthermore, DPP4 release strongly
correlates with adipocyte size, potentially
representing an important source of DPP4 in
obesity. Therefore DPP4 may be involved in
linking adipose tissue and metabolic syndrome
[26]. The elevated levels of DPP-4 reported in
obesity/T2DM may be related to the
consequences of insulin resistance (e.g.,
elevated insulin and/or glucose), hyperglycemia,
and adipose tissue inflammation (elevated tumor
necrosis factor-a), which promote DPP-4
shedding from adipose tissue. Insulin resistance
is associated with increased expression and
release of DPP-4 [27].

3.6 Anti-Inflammatory Effect

Feuerer M and Flegal KM et al. demonstrated the
anti-inflammatory effects of DPP4 inhibition and
the integral role of inflammation in the
pathogenesis of the cardiovascular disease [28].



Molecules and cells of both innate and adaptive
immune systems are involved in the
development not only of atherosclerosis but also
risk factors that facilitate atherosclerosis such as
hypertension [29]. For example, in the
development of atherosclerosis, TLRs and
scavenger receptors on macrophages play a
critical role in foam cell and atherosclerotic
plaque formation. In addition to innate immunity,
adaptive immune cells such as Th1 and Th17
cells have also been proposed to be implicated in
the pathogenesis of atherosclerosis [30].
Therefore, anti-inflammatory therapy that targets
either one or both of these pathways has been
considered as promising therapeutic strategies
for the prevention and treatment of
cardiovascular disease [31,32] Suppression of
enzymatic activity of DPP4 results in reduced
production of cytokines including interleukin (IL)-
2, IL-10, IL-12, and interferon-g (IFN-g) by
peripheral blood mononuclear cells and T cells.
TGF-b1, an immunosuppressive cytokine, was
shown to be up-regulated by DPP4 inhibition
[33,34]. DPP4 also exerts effects on numerous
chemokines via  enzymatic  degradation.
Cleavage of chemokines such as CXCL11, SDF-
1, and eotaxin by DPP4 reduces the ability of
these proteins to serve as chemoattractants to T
cells and monocytes. N-terminal cleavage of
CXCL11 has an 8-fold reduced potential to bind
to its receptor, CXCR3 and competes with
intact CXCL11 in preventing T-cell migration
[35,36].

3.7 Dpp-4 and Hypertension

Approximately 70% of patients with diabetes
have high BP, meaning they are twice as likely to
have hypertension compared with individuals
without diabetes [37]. BP responses to DPP-4i
therapy have been reported to be either neutral
with saxagliptin and linagliptin [38] or modestly
reduced with sitagliptin [39-41]. Most relevant
clinical trials were of a short and medium-term;
results of long-term trials are not yet available, so
it cannot be concluded definitively that DPP-4i
therapy is BP neutral in hypertensive diabetic
humans.

3.8 Natriuretic & Diuretic Effects of
Teneligliptin

There is a significant association between
diuretic effect & DPP-4 inhibition. GLP-1R &
DPP- 4 are expressed in the renal proximal
tubular brush border, where they regulate Na+
reabsorption [42]. DPP-4 exists in physical
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complexes with Na+-H+ exchanger isoform
NHES3 in the brush border membranes of renal
proximal tubule cells. The NHE3-DPP-4 complex
exists predominantly in the microvilli of renal
tubules [43]. DPP-4 inhibition reduces NHE3
activity and consequently induces natriuresis
[44]. In addition to this, GLP-1 activation induces
diuresis. DPP-4 inhibitors are antidiabetic agents
that have diuretic & natriuretic effects, which
might contribute to reducing blood pressure. A
major proportion of diabetic patients are often
diagnosed with hypertension. Furthermore, DPP-
4 inhibitors have recently been shown to
enhance nitric oxide release in hypertensive or
diabetic models [45-47]. Thus, the action of DPP-
4 inhibitors might be favorable for diabetic
patients with hypertension. DPP-4 converts intact
B-type natriuretic peptide [BNP (1 - 32)] into its
des-SerPro form [BNP (3 - 32)] [48].

3.9 DPP-4 and Vasucloprotection

DPP-4 specifically cleaves dipeptides from
incretin as well as some non-incretin peptide
substrates containing a penultimate proline or
alanine residue at the NH2-terminus [49].
Importantly, some of these peptides, including
stromal-cell derived factor-1a (SDF-1a), brain
natriuretic peptide (BNP), neuropeptide Y (NPY),
and peptide YY (PYY), have direct or indirect
effects in the vasculature. The effects of these
substrates add considerable complexity to the
potential mechanisms by which DPP-4i mediate
effects on  vascular/endothelial  function.
However, most of these peptides mediate a wide
range of beneficial pleiotropic effects in the
vasculature that are not imparted by GLP-1
agonists  alone, although some DPP-4
substrates, such as NPY, exert vasoconstrictor
effects in the setting of hypertension [50]. Since
DPP-4 activity is increased in obesity and T2DM,
inhibition of DPP-4 may not only increase GLP-1
but also enhance the activities of several
beneficial substrates.

3.10 DPP-4 and Hyperuricemia

Chihiro Moriya and Hiroaki Satoh demonstrated
the effect of Teneligliptin on decreasing uric acid
levels by reducing xanthine dehydrogenase
expression in white adipose tissue of male Wistar
rats. A central finding of their study is that
teneligliptin, one of the DPP-4 inhibitors, reduced
plasma uric acid levels in high-fat diet (HFD)-fed
rats by downregulation of xanthine
dehydrogenase (Xdh) expression in adipose
tissue. This observation is strongly associated



with the up-regulation of DPP-4 expression and
release in adipose tissue of obese subjects;
hence teneligliptin decreases DPP-4-induced
Xdh expression in 3T3-L1 adipocytes. DPP-4
stimulates Xdh expression, and then Xdh
expression promotes the production of uric acid
[51]. Elevation of serum uric acid levels is one of
the culprit for the development of gout, renal
dysfunction, hypertension, dyslipidemia,
diabetes, and obesity. Till now there are no data
on humans, therefore this preliminary evidence
needs to be explored in humans with
hyperuricemia.

3.11 DPP-4 linked to Psoriasis

The first report of anti-psoriatic effects of DPP-4
inhibitors was published in 2012 and showed
remission of psoriatic lesions following sitagliptin
therapy for 3 months [52]. Since then, several
other reports have similarly described
improvement in psoriasis after treatment with
sitagliptin or teneligliptin [53,54]. A large-scale
population-based retrospective study found that
DPP-4 inhibitor therapy led to a reduced
incidence of autoimmune disorders including
psoriasis [55]. DPP-4 is a ubiquitously expressed
transmembrane glycoprotein, also known as
CD26, which has a multitude of functions besides
GLP-1 degradation. DPP-4 is expressed in
keratinocytes [56,57]. DPP-4 expression and
activity are upregulated in psoriatic lesions
compared to uninvolved skin and healthy
volunteer skin. It was additionally shown that
DPP-4 expression is elevated before the
development of an overt psoriatic lesion and
concentrated primarily towards the basal layers
of a psoriatic lesion, suggesting its involvement
in the pathogenesis of a psoriatic lesion [58].
DPP-4 inhibitor treatment decreased keratinocyte
proliferation in vitro and partially restored
keratinocyte differentiation in vivo [59]. Thus,
DPP-4 inhibitors may alleviate psoriasis by
inhibiting keratinocyte proliferation.

3.12 Safety and Tolerability

Teneligliptin as monotherapy or add-on therapy
to other agents such as glimepiride, metformin,
and pioglitazone, was generally well tolerated in
patients with T2DM participating in clinical trials.
In monotherapy study, adverse drug reactions
(ADRs) and AEs occurred in 25% of patients in
any group were nasopharyngitis, a positive urine
ketone body, urine glucose, and urinary protein
[60]. The incidence of ADRs was not significantly
different among the four groups although the
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adverse rate tended to be higher in the
teneligliptin 40 mg group. All ADRs were
categorized as mild in intensity by the

investigator. In Phase 3 add-on to glimepiride
study, the incidence rates of serious AEs were
similar in both groups at 12 weeks [61]. In Phase
3 add-on to pioglitazone, specific AEs occurred
in >5% & included nasopharyngitis and
peripheral edema [62]. Hypoglycemia was
reported in two patients (1.9%) in the teneligliptin
group at week twelve. In the pooled 52 weeks of
safety analysis, treatment-related hypoglycemia
occurred with an overall incidence of 3.4% in
teneligliptin recipients, with all episodes of mild
intensity. The incidence of hypoglycemia was
numerically higher in the teneligliptin plus
sulphonylurea (10.1%) and teneligliptin plus
meglitinide (5.0%) groups than in the teneligliptin
monotherapy (2.5%), teneligliptin plus biguanide
(1.1%), or teneligliptin plus a-glucosidase
inhibitor (1.3%) groups [63]. Thyroid cancer was
observed in one patient in the teneligliptin
monotherapy group [64]. Xiao Wu Chen et al,
conducted a review on gliptins and stated that
the safety profile of teneligliptin was similar to
those of other available DPP-4 inhibitors [1]. The
incidence of adverse drug reactions was ~10% in
all clinical studies of patients (n = 1183) with
T2DM. These mainly included abnormalities in
clinical examination values such as levels of liver
and kidney function, blood cell count, creatinine
phosphokinase, and electrolytes. The main
adverse effects included hypoglycaemia (35
patients: 3.0%) and constipation (11 patients:
0.9%). No adverse effects related to QT
prolongation were detected with 40 mg/day of
teneligliptin, which is the maximal dosage used in
clinical practice. The pharmaceutical company
warned of serious adverse effects such as
hypoglycemia, which could occur when other
antidiabetic drugs were co-administered. Also,
they cautioned that intestinal obstruction could
occur with an unknown frequency. GLP-1 is
involved in gastrointestinal motility [65,66] and
the patients with intestinal obstruction had a past
medical history of intestinal obstruction or
abdominal surgery. Therefore, it should be
cautious when T2DM patients with a history of
these conditions are treated with DPP-4
inhibitors. Continued evaluation of adverse
effects and post-market monitoring is warranted
to define the benefit/risk ratio.

4. CONCLUSION

The novel teneligliptin offers fruitful advantages
along with controlling glycemic and non-glycemic



effects, because of inhibition of ubiquitous DPP-4
enzyme. Teneligliptin structure has a unique "J-
shaped anchor-lock domain" which provides
potent and long duration of action and hence it is
most efficacious than other gliptins. Incretins
(GLP-l & GIP) are released in response to a
meal, which is responsible for reducing blood
glucose levels and reduces insulin resistance.
GLP-1 & GIP have a very shorter half-life (1-2
min) in plasma, are rapidly degraded by
ubiquitous enzyme DPP-4. Therefore incretins
are unable to produce insulin and hence
teneligliptin inhibits 78-90% of DPP-4 enzyme at
the IC50 value 0.37 nmol/Lt to increase the GLP-
| levels in plasma & improve glycemic control.
The kinetic properties of teneligliptin have their
maximum serum concentration (Cmax) of one
hour, t %2 nearly 19 hours & 65.5% of teneligliptin
is metabolized & eliminated via renal and hepatic
clearance. Therefore it does not require dosage
adjustment. Teneligliptin has recently emerged
as a new class of antidiabetic agents that shows
the favorable result in improving postprandial
insulin levels, reduction of postprandial glucagon
levels & improvement of glycated hemoglobin
levels (HbA1C) & decrease of fasting plasma
glucose levels with minimal risk of hypoglycemia
& weight gain. Apart from glycemic control, an
improvement of non-glycemic effects is also
observed with inhibition of the ubiquitous DPP-4
enzyme. Therefore, patients with T2DM may
have some other co-morbidities such as
hypertension, dyslipidemia, and inflammatory
disorders. All these comorbidities are well
controlled by inhibiting the ubiquitous enzyme
DPP-4 with teneligliptin.
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