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ABSTRACT

This review article presents the pharmacology of combined Metformin hydrochloride and Teneligliptin
hydrobromide hydrate is effective on type 2 Diabetes Mellitus. Metformin is an antihyperglycemic agent which
improves glucose tolerance in patients with type 2 diabetes, lowering both basal and postprandial plasma
glucose. Teneligliptin, a third generation Dipeptidyl Peptidase-4 (DPP-4) inhibitor exhibits unique “J shaped”

structure with “anchor-lock domain” mechanism which provides potent & long duration of action. The addition
of teneligliptin once daily to Metformin was effective and generally well tolerated in Korean patients with type 2
diabetes. The mechanism of Metformin hydrochloride and teneligliptin hydrobromide hydrate is quite different.
The main objective of this review article is to provide pharmacological and Analytical information of
combination of Metformin hydrochloride and Teneligliptin hydrobromide hydrate to researcher in development
of combined dosage form.

Keywords: Metformin hydrochloride, Teneligliptin hydrobromide hydrate, Pharmacology, Dipeptidyl Peptidase-4
(DPP-4) inhibitor, Type 2 Diabetes Mellitus, Analytical chemistry.

INTRODUCTION

Type 2 diabetes mellitus:

It a medical condition characterized by an elevation
of blood glucose level, this metabolic disorder will
taken place as a result of either insulin resistance
and/or insulin deficiency. This medical condition
consider as one of the most predominant type of
diabetes since it represent 90% of diabetic cases.
Moreover, this medical condition required a chronic
monitoring and treatment throughout patient life;
the treatment will involve several aspects like self-
care  measures, lifestyle changes (dietary
modification) and in some cases medications
(metformin and/or insulin). It has been observed
during the past 50 years, the rate of incidence of this
type of diabetes has markedly increased in parallel
with obesity.

This medical problem i.e., high blood sugar when
remain for long time this will mainly cause heart
disease, strokes, diabetic retinopathy all these will
lead to kidney damage.

Main Causes for its Incidence of Type 2 Diabetes
Mellitus

Many factors play critical role in the incidence of this
medical problem, like gender (female), age
(increasing age), diet, obesity, lack of sleep,
nutritional supplement received by the mother
during pregnancy. But the main critical factors that
play role are: lifestyle, genetic factors and other
medical problems and also avoidance of medical
checkup (periodically).

Lifestyle

This part will include many factors which are:
obesity, stress, poor diet, high waist-hip ratio, high
consumption of sweets (drinks and carbohydrate
containing mainly glucose food) and lack of
motivation and exercises.

Genetic

It has been found that several genes responsible for
or related with incidence of type 2 diabetes, even so
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these genes still not consider as the main critical
factor in incidence of this type of diabetes.

Other medical problems

This part include two subdivisions i.e., two factors
associated with incidence of type 2 diabetes the first
one include the use of some medications like
[diuretics (thiazides), antihypertensive treatment
(beta-blockers) and antipsychotic treatments. The
second division include patients who sufferance from
other diseases like gestational diabetes, Cushing’s
syndrome, hyperthyroidism.

Dipeptidyl Peptidase-4 (DPP-4) inhibitor

Dipeptidyl peptidase IV inhibitors are a class of oral
anti hyperglycemic agents for the treatment of type
2 diabetes. The anti glycemic effect of DPP-4
inhibitors is mediated by inhibiting the degradation
of the incretin hormone glucagon-like peptide-1
(GLP-1) and stimulating insulin release in response to
increased blood glucose levels. Among all DPP-4
inhibitors, vildagliptin, saxagliptin and teneligliptin
are peptide mimetic compounds, which have been
discovered by replacing segments of peptide-based
substrates. Whereas, sitagliptin, alogliptin and
linagliptin are non-peptide mimetic compounds,
which have been discovered by optimization of the
initial lead compounds identified by random
screening. Therefore, their chemical structures are
diverse, suggesting that each of their binding modes
in DPP-4 would be unique.

Metformin Hydrochloride

Metformin hydrochloride is an oral
antihyperglycemic drug used in the management of
type 2 diabetes. Metformin hydrochloride (Biguanide
hypoglycemic agent) (N, N-
dimethylimidodicarbonimidic diamide hydrochloride)
is not chemically or pharmacologically related to any
other classes of oral antihyperglycemic agents.
Metformin hydrochloride is a white to off-white
crystalline compound with a molecular formula of
C4H1:N5-HCL and a molecular weight of 165.63 g/mol.
Metformin hydrochloride is freely soluble in water
and is practically insoluble in acetone, ether and
chloroform. The pK, of metformin is 12.4. The pH of
a 1% aqueous solution of metformin hydrochloride is
6.68. The structural formula is as shown:
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PHARMACOKINETIC AND
PROFILE

Absorption and Bioavailability
The absolute bioavailability of a metformin
hydrochloride 500 mg tablet given under fasting
conditions is approximately 50-60%. Studies using
single oral doses of metformin tablets of 500 mg and
1500 mg, and 850 mg to 2550 mg, indicate that there
is a lack of dose proportionality with increasing
doses, which is due to decreased absorption rather
than an alteration in elimination. Food decreases the
extent of and slightly delays the absorption of
metformin, as shown by approximately a 40% lower
mean peak concentration (C,,,) and 25% lower area
under the plasma concentration versus time curve
(AUC), and a 35 minute prolongation of time to peak
plasma concentration (Tmax) following
administration of a single 850 mg tablet of
metformin with food, compared to the same tablet
strength administered fasting. The clinical relevance
of these decreases is unknown.

PHARMACODYNAMIC

Distribution

The apparent volume of distribution (V/F) of
metformin following single oral doses of 850 mg
averaged 654 + 358 L. Metformin is negligibly bound
to plasma proteins in contrast to sulfonylureas which
are more than 90% protein bound, Metformin
partitions into erythrocytes, most likely as a function
of time. At usual clinical doses and dosing schedules
of metformin hydrochloride tablets, steady state
plasma concentrations of metformin are reached
within 24-48 hours and are generally ¢ 1 pg/mL.
During controlled clinical trials, maximum metformin
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plasma levels did not exceed 5 ug/mL, even at
maximum doses.

Metabolism and Elimination

Intravenous single-dose studies in normal subjects
demonstrate that metformin is excreted unchanged
in the wurine and does not undergo hepatic
metabolism (no metabolites have been identified in
humans) nor biliary excretion. Renal clearance (see
Table 1) is approximately 3.5 times greater than
creatinine clearance which indicates that tubular
secretion is the major route of metformin
elimination. Following oral administration,
approximately 90% of the absorbed drug is
eliminated via the renal route within the first 24
hours, with a plasma elimination half life of
approximately 6.2 hours. In blood, the elimination
half-life is approximately 17.6 hours, suggesting that
the erythrocyte mass may be a compartment of
distribution.

Teneligliptin Hydrobromide Hydrate:

Teneligliptin, is chemically known as a {(2S,4S)-4-[4-
(3-Methyl-1-phenyl-1H-pyrazol-5-yl)-1-piperazinyl]-2-
pyrrolidinyl} (1,3  thiazolidin-3-yl) methanone
hemipentahydrobromide hydrate thiazolidine
hemipentahydrobromide hydrate and is
peptidomimetic with the molecular formula of
CH3oNgOS.2%HBr.xH,0 and molecular weight of
628.86 g/mol g/mol for hemipentahydrobromide.
The hydrate can be from mono to dihydrate.

e
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Photostability:
Long term: 25°C / 60° RH, 8 month (30 month at RT)
Accelerated Stability Studies 40°C /175° RH

PHARMACOKINETICS

Plasma concentration

1. Single — dose administration:

The plasma concentration changes and the
pharmacokinetic parameters of teneligliptin after a
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single oral dose of 20 mg and 40 mg of teneligliptin
given empty stomach to the healthy adults are
shown below.

Table 1. Pharmacokinetic parameters at the time of
single dose oral drug administration in healthy adults

Strengt cmax AUcO-inf tmax T1/2 (hr)
h (ng/ml) (ng.hr/ml) | (hr)
20mg 187.20 2028.9+459 | 1.8 | 24.215
+44.70 .5 (1.0 0
2.0)
40mg | 382.40+89. | 3705.0+787 | 1.0 | 20.8+3
83 .0 (0.5 2
3.0)

n=6, Mean Value+SD, t.,,=Central value (minimum
value -maximum value)

2. Repeated — dose administration:

The pharmacokinetic parameters of teneligliptin
after a repeated dose of 20 mg of teneligliptin once
daily for seven days given 30 minutes before
breakfast to the healthy adults are shown below. The
state of equilibrium will be attained within seven
days.

Table 2. Pharmacokinetic parameters at the time of
repeated dose oral drug administration in healthy
adults

cmax AUC0-24 AUCO-inf tmax T1/2

(ng/ml | (ng.hr/ | (ng.hr/ | (hr) | (hr)

) ml) ml)
After 160.60 | 1057.2 | 1627.9 | 1.0(0 | 25.
first +47.26 | £283.9 | +427.8 | .4- 8+
dose 2.0) 4.9
7 days 220.14 | 1514.6 | 2641.4 | 1.0(1 | 30.
after +59.86 | +370.5 | £594.7 | .0- 2+
administ 1.0) 6.9
ration

n=7, Mean ValuetSD, t.,,=Central value (minimum
value - maximum value)

3. Food effect:

Cmax decreased after a single dose of 20 mg of
teneligliptin given post meal to the healthy adults as
compared to empty stomach and t,., prolonged
from 1.1 hr to 2.6 hr; however, no difference
observed in AUC
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Table 3. Pharmacokinetic parameters at the time of
fasting and after food intake in healthy adults

Cmax | AUCo72 | AUCqing | tmax | Tas2(hr)
(ng/ | (ng.hr/ | (ng.hr/ | (hr)
ml) ml) ml)

Empty | 232.2 | 1855.5 | 2090.3 | 1.1t 26.5
Stoma | (236. | (1861.1 | (2094.6 | 0.4 | (27.8%9
ch 2 x +138.5) | 26.5 .3)

+43.7 | 148.1)
7)
Post | 184.9 | 1806.0 | 2044.0 | 2.6% 26.9
meal | (187. | (1814.6 | (2056.1 1.1 (28.319
5 +183.3) | 230.9) 26.9 .5)
+33.5
5)

n=14, Geometric mean (Arithmetic mean
valuexStandard Deviation)
tmax=Arithmetic mean valuetStandard Deviation

Rate of protein binding

The protein binding ratio was 77.6%-82.2% when the
label teneligliptin (20, 100, and 500 ng/ml) was
added to the human plasma (in vitro)

Metabolism:

Following a single oral administration the 20mg label
teneligliptin to the healthy adults, the unaltered
substance and the metabolites M1, M2, M3, M4, and
M5 were observed in the blood plasma.
Furthermore, the ratio of AUC of teneligliptin, M1,
M2, M3, M4, and M5 with respect to AUC calculated
from the plasma radioactive concentration up to 72
hours after administration was 71.1%, 14.7%, 1.3%,
1.3%, 0.3%, and 1.1%. Mainly CYP3A4 flavin
containing monooxygenases participate in the
metabolism of teneligliptin. Furthermore, although it
showed a weak inhibitory action towards CYP2D6,
CYP3A4, and FMO (IC50 value: 489.4, 197.5, and
467.2umol/L), it did not showed inhibitory action
towards  CYP1A2,  CYP2A6,CYP2B6, CYP2CS,
CYP2C8/9, CYP2C19, and CYP2E1, and CY P1A2 and
CYP3A4 were not introduced (in vitro).

Excretion:

1. When a single oral dose of 20 mg and 40 mg
teneligliptin was given to the healthy adults
on empty stomach, about 21.0 to 22.1% of
dose was excreted as unaltered substance in
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urine, and the renal clearance was 37 to 39
mL/hr/kg.

2. When a single 20mg dose given to healthy
adults, 45.4% of dosage radioactivity was
excreted in urine and 46.5% was excreted in
faeces up to 216 hours after administration.
Furthermore, with respect to the dosage up
to 120 hours after administration, the
accumulated urinary excretion rate of
unaltered substance, M1,M2, and M3 was
14.8%, 17.7%, 1.4%, and 1.9%, respectively
and the accumulated faeces excretion rate of
unaltered substance, M1, M3, M4, and M5
was 26.1%, 4.0%, 1.6%,0.3%, and 1.3%,
respectively.

3. Teneligliptin is a substrate of P-glycoprotein
that inhibited the transportation of digoxin
up to 42.5% through P-glycoprotein in the
concentration of 99umol/L. Furthermore, it
showed a weak inhibitory action towards the
organic anion transporter OAT 3 appeared in
kidney, (IC50 value: 99.2umol/L); however, it
did not showed inhibitory action towards
OAT 1 and organic cation transporter OCT2
(in vitro).

PHARMACODYNAMICS

DPP-4 INHIBITORY ACTION AND GLP-1
DEGREDATION INHIBITORY ACTION

1. Teneligliptin inhibits concentration-dependent
human plasma DPP 4 activity, and its IC50 value (95%
Cl) was 1.75 (1.62 - 1.89) nmol/L (in vitro).

2. Teneligliptin concentration-dependently
suppressed the degradation of GLP-1 in rat plasma,
with IC50 values and its 95% Cl beings 292nM.

3. In the glucose tolerance test using Zucker Fatty
rat, an obesity model showing insulin resistance and
abnormal glucose tolerance, teneligliptin increased
plasma active form GLP-1 concentration and plasma
insulin concentration by its single-dose
administration.

4. In patients having type 2 diabetes mellitus, the
administration of 20 mg teneligliptin once daily
inhibited the plasma DPP-4 activity and increased the
plasma active form GLP-1 concentration.

GLUCOSE TOLERENCE IMPROVEMENT ACTION

1. In the glucose tolerance test using Zucker Fatty
rat, an obesity model showing insulin resistance and
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abnormal glucose tolerance, teneligliptin controlled
an increase in the blood sugar level by its single-dose
administration

2. In patients having type 2 diabetes mellitus, the
administration of 20 mg teneligliptin once daily
improved the blood sugar after breakfast, lunch, and
dinner and the fasting blood sugar.

Combination Therapy of Metformin Hydrochloride
and Teneligliptin Hydrobromide Hydrate

A total of 204 patients with type 2 diabetes
participated in a 16-week, randomized, double-blind,
placebo controlled study design to assess the
efficiency of teneligliptin in combination with
metformin. Patients with type 2 diabetes were
eligible to participate if they had inadequate
glycemic control ((HbAlc)levels 7.0-10.0% on stable
dose of metformin monotherapy (>1000mg/day) for
at least 8weeks). After the 2-week run-in period,
eligible patients were assigned 2:1 to a 20mg
teneligliptin once daily (N=136) or a placebo once
daily (N=68) group, respectively. The metformin dose
was kept constant throughout the study period. In
combination with metformin, teneligliptin provide
significant improvement in A1C and 2 hr PPF
compared to placebo with metformin.

MECHANISM OF ACTION
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Metformin

Metformin is an antihyperglycemic agent which
improves glucose tolerance in patients with type 2
diabetes, lowering both basal and postprandial
plasma glucose. Its pharmacologic mechanisms of
action are different from other classes of oral
antihyperglycemic agents. Metformin decreases
hepatic glucose production, decreases intestinal
absorption of glucose, and improves insulin
sensitivity by increasing peripheral glucose uptake
and utilization. Unlike sulfonylureas, metformin does
not produce hypoglycemia in either patients with
type 2 diabetes or normal subjects and does not
cause hyperinsulinemia. With metformin therapy,
insulin secretion remains unchanged while fasting
insulin levels and day-long plasma insulin response
may actually decrease.

Teneligliptin

The glucagon-like peptide-1 (GLP-1) is secreted from
alimentary canal in response to meal that promotes
insulin secretion from pancreas and regulates blood
sugar post meal by controlling glucagon secretion.
Teneligliptin exhibits a hypoglycemic effect by
controlling the degradation of GLP 1 by inhibiting
dipeptidyl peptidase-4 (DPP-4) activity and thereby
increasing blood concentration of active GLP-1.

Drug Profile:
Sr. Parameter Description
No. Name of Drug Metformin Hydrochloride Teneligliptin Hydrobromide Hydrate
HaC L
\ ja
= JoR
1 Chemical Structure /N -G -NH-GC-NHy*HCI . O L
\ “““ r
HiC NH  NH N .
S0
{(25,4S)-4-[4-(3-Methyl-1-phenyl-1H-
o . pyrazol-5-yl)-1-piperazinyl]-2-
2 IUPAC Names 1 carbamlmldarTno!o N'!\l pyrrolidinyl}(1,3-thiazolidin-3-yl)
dimethylmethanimidamide . .
methanone hemipentahydrobromide
hydrate
3 Chemical Formula C4H11N5. HCL C22H30N605. 2.5 HBr. HZO

Vol. 5, Issue 3 | magazine.pharmatutor.org




I Fharmatutor PRINT ISSN: 2394-6679 | E-ISSN: 2347-7881

4 Molecular Weight 129.16 g/mol 628.86 g/mol

5 Appearance White powered White to Light Tan Solid
6 Solubility Freely soluble as HCl salt in water DMSO, Methanol, Water
7 Melting Range 223-226 °C 188-190 °C

8 th;zzzt::lic Hypoglycemic Agent (Biguanide) H{ngglly\;?::‘iicbﬁi?)nt

9 Pka 12.4 8.7

10 LogP -0.5 2.59

11 Storage Room Temperature Refrigerator

Available Brands in market

Brand Name Content Company Name
Zita Met Plus 20/500 Tablet 10s Teneligliptin hydrobromide hydrate-20mg Glenmark
Metformin HCI-500mg
Totaglipt 10 tablet 10s Teneligliptin hydrobromide hydrate-20mg Mankind Pharma
Metformin HCI-500mg
Afoglip M 500 Tablet 10s Teneligliptin hydrobromide hydrate-20mg Torrent Pharma
Metformin HCI-500mg
Glytrin Met 20/500tmg Tablet 10s | Teneligliptin hydrobromide hydrate-20mg Medley Pharma
Metformin HCI-500mg
Teniva 10 Tablet 10s Teneligliptin hydrobromide hydrate-20mg Intas
Metformin HCI-500mg
Ziten M 20/500mg Tablet 10s Teneligliptin hydrobromide hydrate-20mg Glenmark
Metformin HCI-500mg
Tendia M 500mg Tablet 10s Teneligliptin hydrobromide hydrate-20mg Eris Life sciences
Metformin HCI-500mg
Tenglyn M 500mg Tablet 10s Teneligliptin hydrobromide hydrate-20mg Zydus Cadila
Metformin HCI-500mg
Eternex M 500mg Tablet 10s Teneligliptin hydrobromide hydrate-20mg Alembic Pharma
Metformin HCI-500mg

CONCLUSION

By reviewing the all literatures, the combination therapy was found to be effective in treatment of Diabetes
mellitus. This review represents individual pharmacology and pharmacokinetic of Metformin hydrochloride and
Teneligliptin hydrobromide hydrate as well as mechanism of action of combination of Metformin hydrochloride
and Teneligliptin hydrobromide hydrate in treatment of diabetes mellitus. This review will helpful for researcher
in future study and also for development of combined formulation.
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