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RESEARCH ARTICLE
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Jinmiao Lua,b , Yicong Bianc, Hua Zhangc, Dong Tangb, Xusheng Tianb, Xinyi Zhoub, Zengyan Xub,
Yating Xiongd, Zheming Gud, Zhenwen Yud, Tong Wangb, Juping Dingb, Qiang Yub and Jinsong Dinga

aXiangya School of Pharmaceutical Sciences, Central South University, Hunan, China; bCGeneTech (Suzhou, China) Co., Ltd, Jiangsu, China;
cDepartment of Clinical Pharmacology, the First Affiliated Hospital of Soochow University, Suzhou, China; dValue Pharmaceutical Services
Co., Ltd, Jiangsu, China

ABSTRACT

1. The metabolism and excretion of cetagliptin were investigated in healthy male subjects after a
single oral dose of 100mg/50lCi [14C] cetagliptin.

2. The mean concentration-time profile of cetagliptin was similar to that of total radioactivity in
plasma after oral administration of [14C] cetagliptin in healthy male subjects. Cetagliptin was rap-
idly absorbed after oral administration. Unchanged cetagliptin was the most abundant radioactive
component in all matrices investigated. Approximately 53.13% of plasma AUC of total radioactiv-
ity was accounted for by cetagliptin. Each metabolite plasma AUC was not higher than 2.93% of
plasma AUC of total radioactivity. By 336h after administration, 91.68% of the administered radio-
activity was excreted, and the cumulative excretion in the urine and faeces was 72.88% and
18.81%, respectively. The primary route of excretion of radioactivity was via the kidneys.

3. Four metabolites were detected at trace levels, and it involved hydroxylated (M436-1 and M436-
3), N- sulphate (M500), and N-carbamoyl glucuronic acid conjugates (M640B) of cetagliptin. These
metabolites were detected also in plasma, urine, and faeces at low levels, except that metabolite
M640B was not detected in faeces. All metabolites were observed with <10% of parent com-
pound systemic exposure after oral administration.
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Introduction

Type-2 diabetes mellitus (T2DM) is a complex and chronic
disease caused by insulin resistance in the peripheral tissues.
The high frequency of complications associated with the dis-
ease leads to a significant reduction in life expectancy
(DeFronzo 1988). Dipeptidyl peptidase-4 (DPP-4) inhibitors
represent a therapeutic option for the treatment of type-2
diabetes (Deacon 2004; Ahren and Schmitz 2004). The
incretin hormones glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic polypeptide stimulates
meal-induced insulin secretion and contributes to glucose
homoeostasis (Kieffer and Habener 1999). They can be rap-
idly degraded and inactivated by DPP-4 (Gorrell 2005). DPP-4
inhibitors augments endogenous GLP-1 activity, which leads
to a clinically significant lowering of diabetic glycaemia
(Drucker 2002). They exhibit several properties, including glu-
cose-dependent stimulation of insulin secretion, suppression
of glucagon secretion and slowing of gastric emptying,
which result in improvements in glycaemic control in
patients with type-2 diabetes (Rajput 2009). Several pharma-
ceutical companies have been developed DPP-4 inhibitors
(such as sitagliptin, vildagliptin, linagliptin, teneligliptin) with
different chemical structures for the treatment of type-2

diabetes. Although DPP-4 inhibitors share a common mode
of action, they differ in terms of their chemical structure,
pharmacokinetic, pharmacodynamic and safety profiles, and
clinical characteristics (Deacon 2011). The metabolism and
excretion of these DPP-4 inhibitors have been investigated in
humans, and the biotransformation pathways were clear
(Vincent et al. 2007; He et al. 2009; Blech et al. 2010;
Nakamaru et al. 2014).

Cetagliptin a novel, orally active, highly specific, and
potent inhibitor of DPP-4 that is currently in clinical develop-
ment for the treatment of patients with type-2 diabetes. It
was developed by CGeneTech (Suzhou, China) Co., Ltd. Both
rapid absorption and prolonged duration of cetagliptin dem-
onstrate the potential value of cetagliptin for diabetes treat-
ment (Bai et al. 2020). Based on in vitro study results,
cetagliptin did not inhibit CYP1A2, CYP2C8, CYP2B6, CYP2C9,
CYP2C19, and CYP3A4, only has a moderate inhibitory effec-
tion CYP2D6, and did not induce CYP1A2, CYP2B6, and
CYP3A4. Plasma protein binding of cetagliptin did not
have species differences or concentration dependence. (Lu
et al. 2021).

When drugs are administered to living organisms, they
undergo a series of events such as absorption, distribution,
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metabolism and excretion (ADME) and these events modu-
late the efficacy and toxicity of drugs. Understanding the
clearance mechanism, distribution and the metabolic fate of
a drug candidate in humans is a key factor in new drug
development, registration and ultimate use. in addition to
good pharmacological activity, ADME properties are crucial
determinants of the ultimate clinical success of a drug candi-
date. Labelling compounds with carbon-14 or H-3 (tritium) is
by far the most widely used technique and the choice is usu-
ally between these two isotopes when planning a human
mass balance study (Penner et al. 2009). However, the pros
of the tritium use are outweighed by the cons, notably, the
lack of biological stability and isotopic effect (switching bio-
transformation pathway due to reaction kinetics) (Shaffer
et al. 2006). In a drug development setting, 14C-labelling is
used in the majority of ADME studies (Penner et al. 2009).

However, we lack of the biotransformation pathways of
cetagliptin in humans. In order to find out the metabolic
pathway for cetagliptin in humans, we report here this study
was to investigate the metabolism and excretion of cetaglip-
tin in healthy male volunteers after oral administration
of 100mg/50lCi [14C] cetagliptin ((8 R)-7-[(3R)-3-Amino-1-
oxo-4-(2,4,5-trifluorophenyl)butyl]-5,6,7,8-tetrahydro-8-methyl-
3-(trifluoromethyl)-imidazo[1,5-a]pyrazine phosphate mono-
hydrate). This study was performed to further establish the
pharmacokinetics and metabolism of cetagliptin in humans
after oral administration.

Materials and methods

Study drug and dose preparation

[14C] cetagliptin was synthesised as the phosphate salt (spe-
cific activity 47.0mCi/mmol, radiochemical purity 100%) by
WuXi AppTec (Shanghai) Co., Ltd. The chemical structure of
cetagliptin and the position of the radiolabel are shown in
Figure 1. For oral administration, it was blended with nonla-
beled cetagliptin for human use (specific radioactivity
0.500lCi/mg, radiochemical purity �95%) by Value
Pharmacetical Services Co., Ltd. Nonradioactive cetagliptin
and reference compound were synthesised and analysed at
by CGeneTech (Suzhou, China) Co., Ltd. The dose was pre-
pared as solid powder contained in a vial with 100mg/50lCi
[14C] cetagliptin.

Clinical study design

This was a single centre, open label, and non-randomized
study (Bian et al. 2021). The study was conducted at the First
Affiliated Hospital of Soochow University (Suzhou, China), the
study protocol and its amendments were approved by the
ethics committee (chinadrugtrials.org registry number:
CTR20200163). The written informed consent was obtained
from all the subjects before enrolment. Six healthy, male vol-
unteers, age 18 to 45 years, with weights ranging from 60 to
77 kg, participated in the study. All subjects fulfilled inclusion
criteria and did not meet exclusion criteria. Subjects were
admitted to the clinical research unit the evening the day
before dosing and remained in the unit until the completion
of all laboratory collections for the duration of the study.
Subjects abstained from food at least 10 h, and abstained
from drink at least 1 h before dosing. Subjects were given a
single p.o. 100mg/50lCi dose of [14C] cetagliptin as a 240ml
drinking solution. After administration, the subjects contin-
ued to abstain from food for 4 h and water for 1 h. A stand-
ardised diet was given to each subject.

Sample collection, storage, and shipping conditions

Blood was collected at 0 (1 h before dosing), 0.5, 1, 2, 3, 4, 5,
6, 8, 12, 24, 48, 72, 96, 120, 144, 192, 240, 288, and 336 h
post-dose by either direct venipuncture or an indwelling
cannula inserted in a forearm vein using K2EDTA as anti-
coagulant. Seven millilitres of venous blood were collected
at each time point. Plasma was separated from whole blood
by centrifugation for pharmacokinetic analysis. Blood sam-
pling time points for metabolic study after oral dosing was
as follows: 1, 4, 8, 24, and 48 h. Eight millilitres of venous
blood was collected at each time point. Blood was collected
at 0, 1, 4, 8, 24, and 48 h post-dose for the study of total
radioactivity distribution ratio of whole blood and plasma.
Two millilitres of venous blood were collected at each time
point. Urine samples were collected at �2 4� 0 h pre-dose,
and at 0 to 4, 4 to 8, 8 to 12, 12 to 24, 24 to 48, 48 to 72,
72 to 96, 96 to 120, 120 to 144, 144 to 168, 168 to 192, 192
to 216, 216 to 240, 240 to 264, 264 to 288, 288 to 312, and
312 to 336 h post-dose. Faeces were collected at �2 4� 0 h
pre-dose, and at 0 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to
120, 120 to 144, 144 to 168, 168 to 192, 192 to 216, 216 to
240, 240 to 264, 264 to 288, 288 to 312, and 312 to 336 h
post-dose. The criteria for termination of sample collection
as follows: The total radioactivity of urine and faeces col-
lected from each volunteer exceeded 80% of the adminis-
tered radioactivity, and radioactivity collected for two
consecutive days was less than 1% of the administered
radioactivity; radioactivity concentration in blood or plasma
was three times less than background at two consecutive
time points.

Plasma was stored at �60 �C to �90 �C, whole blood,
urine samples and faeces were stored at �10 �C to �30 �C
until analysis. All of the samples were shipped on dry ice.

F

F
N

O

N
N

F
F

F

NH2
*

F

Figure 1. Chemical structure of [14C] cetagliptin, $ indicates position of C-
14 label.
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Radioactivity analysis of blood, plasma, urine, and
faeces samples

Radioactivity in plasma and urine was analysed by liquid
scintillation counting (LSC) on a liquid scintillation analyser
(Tri-Carb 4910TR, PerkinElmer Life and Analytical Sciences,
Downers Grove, IL). Plasma and urine were mixed with scin-
tillant and counted directly. Radioactivity in whole blood and
faeces was also assessed by LSC. Whole blood samples and
faecal homogenates were combusted in a biological oxidiser
(HTC-501, Hualida Laboratory Equipment Co., Ltd.). The [14C]-
labelled carbon dioxide released was trapped in scintillation
fluid. Radioactivity was determined by liquid scintillation
counting as specified above. Lower limits of quantification
(LOQ) of total radioactivity were expressed as nanogram
equivalent [14C] cetagliptin per gram of blank matrix. They
accounted for 306 ng Eq./g (faeces), 91.8 ng Eq./g (urine),
184 ng Eq./g (whole blood) and 46.8 ng Eq./g (plasma).

Analysis of unchanged cetagliptin

Amounts of unchanged cetagliptin in plasma were measured
quantitatively using a validated high-performance liquid
chromatography/tandem mass spectrometry (HPLC/MS/MS)
assay. Plasma was pre-treated by protein precipitation.
Samples were analysed on a HPLC system (HPLC 20-AD,
Shimadzu, Kyoto, Japan) with series quadrupole mass spec-
trometer (5500 QTRAP, Applied Biosystems, Darmstadt,
Germany). Cetagliptin and Internal standard (IS) were sepa-
rated on a column (ZORBAX Eclipse XDB-C18, 2.1� 50mm,
3.5lm). The mobile phase of A/B was used, where A was
aqueous solution with 0.1% methanol and 1mmol/l ammo-
nium acetate, and B was Acetonitrile solution. The flow rate
was maintained at 0.50ml/min with an injection volume
of 7.0 ll.

Data were acquired using AnalystTM 1.6.2 software (SCIEX,
USA). The calibration ranges for cetagliptin were linear from
2.50 to 5000 ng/ml. Assay accuracy ranges were �5.50 to
5.00 and precision (coefficient of variation (%)) was 3.32 of
quality control samples.

Sample preparation for metabolite investigation

Plasma samples were treated using the following procedure:
(1) extracted with acetonitrile (3x, v/v), vortexed 5min, and
ultrasonic treatment 5min; (2) incubated 30min at 4 �C; (3)
vortexed 2min, centrifuged 10min (10000 g, 4 �C); (4) the
residues were reconstituted in 0.5ml pure water; (5) two
washes with methanol (2x, v/v); (6) extraction was combined,
and then evaporated to near dryness under a stream of
nitrogen; (7) reconstituted in methanol and pure water (1:1,
v/v), centrifuged 10min (10000 g, 4 �C). Supernatants were
used for metabolite profiling.

For urine analysis, a pool of equal percent volume from
the 0 to 168 h fractions was prepared for each subject (1001,
1002, 1003, 1004, 1005 and 1006). The resulting pools were
centrifuged 10min (10000 g, 4 �C). Supernatants were used
for metabolite profiling.

Faeces homogenates were pooled from 0 to 168 h at
equal percent weight for each subject, and extracted with
acetonitrile (3x, v/v) by vortexing (5min) and centrifugation
(10min, 10000 g, 4 �C). The residues were reconstituted in
pure water (1x, v/v), extracted twice with methanol (2x, v/v).
Extraction was combined, then evaporated to near dryness
under a stream of nitrogen, and reconstituted in methanol/
20mM ammonium acetate, pH 5.50 (1:1, v/v). Reconstitution
was centrifuged 10min (10000 g, 4 �C). Supernatants were
used for metabolite profiling.

Metabolite pattern analysis

All samples were analysed by reverse-phase HPLC coupled to
online radioactivity detection. HPLC/online radioactivity
detection systems consisted HPLC system (Shimadzu LC-
20AD, Shimadzu, Kyoto, Japan), chromatographic column
(ACE Excel 3 C18, 150� 4.6mm id), maintained at 40 �C,
guard column (ACE, Guard Cartridge, 4.0� 4.6mm), radio-
activity detector (vARC Radio-Assay System, Model 3). The
mobile phase A was aqueous solution with 0.4% methanol,
pH 3.2. The mobile phase A was acetonitrile. A gradient
method was used. Samples were separated by HPLC column.
The HPLC effluent was fractionated into a 96-deepwell
LumaplateTM (PerkinElmer Life and Analytical Sciences) using
a fraction collector. Effluent radioactivity was detected by the
radioactivity detector. The results were converted using
ARCVR Convert (ARC Data System 3, Version: 3.0.2.379) and
Evaluation software to obtain off-line radioactivity metabolite
profiles. Radiochromatograms of each sample were inte-
grated to obtain each radioactive metabolite peak areas, and
the percentage of each radioactivity peak in the radiochro-
matogram (%HPLC). Percentage of major metabolites in total
plasma radiation exposure (%AUC) (or in dosage (%Dose))
was calculated from the percentage of major metabolites in
the total radioactivity of the sample.

Structural characterization of major metabolites

Major metabolite characterisation was conducted with HPLC/
radioactivity detection system and mass spectrometer
(Thermo Fisher Scientific, Waltham, MA) equipped with an
electrospray ionisation (Turbo Ion Spray). The electrospray
interface was operated at 3800 V. and the mass spectrometer
was operated in the positive-ion mode. The capillary tem-
perature was set to 320 �C and the collision energy was set
to 35 eV. Scan model was Q1MS and MS/MS. The systems
were operated by XcaliburTM Software (version 4.3).

Pharmacokinetic analysis

The percentage of radioactivity urine and faces in dosage,
mean value and standard deviation were calculated using
Microsoft Office Excel (version 2010). Radioactivity concentra-
tions of plasma and whole blood were converted into nano-
gram (ng) cetagliptin in gram (g) plasma and gram (g) whole
blood (ng Eq./g). Plasma concentrations of cetagliptin and
radioactivity were calculated using WinNonlin software
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(version 8.3; Pharsight Corporation, Mountain View, CA). The
following pharmacokinetic parameters were determined by
fitting the concentration-time profiles to a noncompartmen-
tal model with an iterative nonlinear regression program
(WinNonlin software version 8.3; Pharsight, Mountain View,
CA): time to highest observed drug concentration (Tmax);
highest observed blood or plasma drug concentration (Cmax);
area under the blood or plasma drug concentration-time
curve between time 0 and time t (AUC0-t); AUC until time
infinity (AUC0-1); elimination half-life (t1/2); apparent clear-
ance (CL/F); apparent volume of distribution of parent drug
(Vz/F).

Results

Pharmacokinetics of cetagliptin and total radioactivity

The mean plasma radioactivity concentration versus time
profiles and plasma pharmacokinetic parameters of total
radioactivity and unchanged cetagliptin in healthy male vol-
unteers after a single oral dose of [14C] cetagliptin are shown
in Figure 2 and Table 1. The highest concentrations in
plasma (Cmax) were achieved at 0.75 h postdose with the
mean value 415 ng Eq./ml (total radioactivity), and at 0.50 h
with the mean value 245 ng/ml (cetagliptin). The terminal
elimination half-life (t1/2) of radioactivity (28.0 h) and

cetagliptin (23.4 h) were similar. Plasma AUC0-t in six healthy
volunteers subjects with a mean value of 5960 h�ng Eq./ml
for total radioactivity and 2890 h�ng/ml for cetagliptin. The
mean Cmax and AUC0-t of cetagliptin were 59.04% and
48.49% of the Cmax and AUC0-t of total radioactivity, respect-
ively. Cetagliptin was the major radioactive component in
plasma. All blood radioactivity at 24 h was below the limit of
quantification. In addition, mean blood-to-plasma ratios of
radioactivity calculated at specific time points (between 1
and 8 h) was 0.689 to1.50, indicating that cetagliptin gener-
ally distributed almost equally between blood cells and
plasma as the main circulating component was the parent
drug at the early time points and there was no significant
binding between cetagliptin and blood cells.

Excretion and mass balance in urine and faeces

The cumulative excretion of total radioactivity in urine and
faeces after a single dose of 100mg/50lCi [14C] cetagliptin
to healthy male volunteers are shown in Figure 3 and Table
2. Total recovery of the administered radioactivity in urine
and faeces was 91.68% by 336 h post-dose with 72.88% and
18.81% in urine and faeces, respectively. 89.97% of the
administered radioactivity was excreted in the urine and fae-
ces by 192 h after administration.

Metabolite profiles in plasma, urine and faeces

Metabolite profiles of a pooled sample of in plasma, urine
and faeces are shown in Table 3. Figure 4 shows representa-
tive HPLC radiochromatograms of plasma, urine and faeces.
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Figure 2. Mean concentration-time profiles of cetagliptin and total radioactivity
in plasma after oral administration of [14C] cetagliptin in healthy
male volunteers.

Table 1. Plasma pharmacokinetic parameters (mean ± S.D.) of cetagliptin and
radioactivity after administration of a single oral 100mg/50lCi [14C] cetaglip-
tin to healthy volunteers.

Pharmacokinetic Parametersa Total Radioactivity Cetagliptin

Tmax (h) 0.750 (0.500, 1.00)b 0.500 (0.500, 1.00)b

Cmax (ng Eq./mlc) 415 ± 84.4 245 ± 74.7
AUC0-t (h�ng Eq./mld) 5960 ± 1110 2890 ± 204
AUC0-1 (h�ng Eq./mld) 8480 ± 2660 3000 ± 209
MRT0-t (h) 17.6 ± 3.59 22.4 ± 2.71
t1/2 (h) 28.0 ± 10.9 23.4 ± 2.99
Vz/F (L) 465 ± 72.2 1130 ± 163
CL/F (L/h) 13.0 ± 5.01 33.5 ± 2.29
aThe abbreviation definitions for pharmacokinetic parameters, e.g., Cmax, Tmax,
AUC, t1/2, CL/F, and Vz/F are denoted in the Pharmacokinetic Analysis.
bMedian and range.
cUnit for cetagliptin¼ ng/ml.
dUnit for cetagliptin¼ h�ng/ml.

Table 2. Cumulative excretion of 14C radioactivity in urine and faeces after a
single dose of 100mg/50lCi [14C] cetagliptin.

Subject Urine (% of dose) Faeces (% of dose) Total

1001a 74.21 16.72 90.93
1002a 71.12 22.80 93.92
1003b 74.25 18.78 93.03
1004b 71.10 18.90 90.00
1005b 76.09 13.45 89.54
1006b 70.49 22.19 92.68
mean 72.88 18.81 91.68
S.D. 2.28 3.48 1.78
a1001 and 1002 urine and faeces samples were collected from 0 to 336 h.
b1003, 1004, 1005, 1006 urine and faeces samples were collected from 0
to 288 h.
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Four known metabolites (M436-1, M436-3, M500, M640B)
were detected by HPLC-MS/MS. The metabolism of cetaglip-
tin is presented in Figure 5. In plasma, major circulating com-
ponent was cetagliptin, accounting for 53.13% of the total
plasma exposure. No major metabolite was found in plasma,
and each metabolite accounting for <2.93%. Cetagliptin was
the major radioactive component, comprising 37.53% of the
urinary radioactivity. M436-1 represented the major metabol-
ite (4.77% of the administered dose) in urine, and all the
other metabolites were minor. In the faeces, total recovery of
the administered radioactivity of solid residue after extraction
was 6.65% of the administered dose. Cetagliptin was the
most abundant component in faeces (3.21% of the adminis-
tered dose), followed by M436-1. M640B was not detected
in faeces.

Structure identification of metabolites

Metabolite structures were characterised by HPLC-MS/MS.
The structure of major metabolites, where possible, was sup-
ported by comparisons of their retention times on HPLC and
mass spectra with reference compounds ([14C] cetagliptin).

HPLC retention time from 34.8min to 34.9min was refer-
ence compound ([14C] cetagliptin). Cetagliptin displayed a
protonated molecular ion [MþH]þ at m/z 421.1445. The
product ion spectrum of m/z 421.1445 showed major frag-
ment ions at m/z 174 and 248 by degradation of the C-C
bond. Fragment ion m/z 206 were formed by direct loss of
C2H2O from fragment ion m/z 248. The subsequent degrad-
ation of the C-C bond resulted in m/z 86. The product ion
mass spectrum of m/z 421.1445 produced piperazine ring
degradation to give fragment ion m/z 259. Full-scan analysis
of cetagliptin gave [MþH]þ at m/z 421.1438. HPLC retention
time from 35.4 to 35.9min. All fragments ions and retention
time were consistent with the structure of refer-
ence compound.

Metabolite M436-1 was found in plasma, urine and faeces.
HPLC retention time from 30.1min to 30.6min. M436-1 dis-
played an [MþH]þ of m/z 437.1388. The fragment ion m/z
248, 206 and 86 showed product ions identical to those of
reference compound. Due to piperazine ring degradation
and dehydrogenation, the fragment ion m/z 488 gave m/z
257, followed by C-C bond degradation (m/z 190). the frag-
ment ion (m/z 172) was formed from m/z 190 dehydration.
All fragments ions were consistent with the structure of

M436-1, and it was identified as the hydroxylated of
cetagliptin.

Metabolite M436-3 was found in plasma, urine and faeces.
HPLC retention time from 32.6min to 33.6min. M436-3 dis-
played an [MþH]þ of m/z 437.1389. The fragmentation path-
way of M436-3 was the same as that of M436-1. All
fragments ions were consistent with the structure of M436-3.

Metabolite M500 was found in plasma and urine. HPLC
retention time from 39.1min to 39.6min. Full-scan analysis of
M500 gave [MþH]þ at m/z 501.1004. The fragment ion was
formed by the loss of fragment 80 of M500. Subsequent
fragmentation pathway was the same as that of parent drug.
All fragments ions were consistent with the structure of
M500, and it was identified as the N- sulphate of cetagliptin.

Metabolite M640B was found in plasma and urine. HPLC
retention time from 39.1 to 39.6min. M640B displayed an
[MþH]þ of m/z 641.1647. The product ion mass spectrum of
m/z 641.1647 produced loss of acyl - glucuronic acid (220) to
give m/z 421. Subsequent fragmentation pathway was the
same as that of parent drug. All fragments ions were consist-
ent with the structure of M640B, and it was identified as the
N-carbamoyl glucuronic acid conjugates of cetagliptin.

Safety evaluation

There were no safety concerns related to the single oral
administration of 100mg/50mCi [14C] cetagliptin in six
healthy male subjects. One subject reported a total of two
clinical AEs in this study. All AEs were mild, transient, and
resolved at end of the study. There were no apparent treat-
ment-related clinically relevant changes in vital signs and
clinical laboratory tests. No SAE happened, and no subject
dropped out because of AE.

Discussion

The determination of metabolic pathways of a drug candi-
date through the identification of circulating and excreted
metabolites is vitally important to understanding its physical
and biological effects (Penner et al. 2009). Human metabo-
lites that can raise a safety concern are those present at
greater than 10 percent of total drug-related exposure at
steady state (US Food and Drug Administration 2020). The
ADME studies with radiolabelled drug are considered to be
able to provide more detailed metabolism data (Ministry of

Table 3. Metabolite pattern in plasma, urine, and faeces after a single oral dose of 100mg/50lCi [14C] cetagliptin.

Compound Metabolite type

Plasma Urine Faeces

%AUC
%Dose
(72.88%)

%Dose
(18.81%)

Mean S.D. Mean S.D. Mean S.D.

Cetagliptin Parent drug 53.13 10.23 37.53 5.14 3.21 0.896
M436-1 Monooxide of parent drug 1.42 2.45 4.77 1.28 1.27 0.336
M436-3 Monooxide of parent drug 1.71 1.76 2.15 0.918 0.64 0.140
M500 Sulphate conjugate of parent drug 2.46 1.53 0.53 0.821 NDa

M640B Carbamoyl glucuronic acid conjugate of parent drug
Solid residue after extraction NAb NAb 6.65 1.25
aNot detected.
bNot applicable.
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Health labour and Welfare 2001; US Food and Drug
Administration 2018)．

In this study, we investigated the absorption, metabolism
and excretion of cetagliptin after oral administration of
100mg/50mCi [14C] cetagliptin to healthy volunteers. The
radioactivity pharmacokinetic data indicate that total plasma
radioactivity concentrations reached Cmax rapidly (Tmax:

0.75 h) postdose. Cetagliptin makes up the majority of the
radioactivity in plasma (as determined by the ratio of ceta-
gliptin AUC and total radioactivity AUC), and the remaining
radioactivity accounted for by the metabolites. Due to their
low levels in plasma, these metabolites would not be
expected to contribute to the pharmacological activity of
cetagliptin. According to the ratio (0.689-1.50) of total

Figure 4. Representative HPLC-LSC radiochromatograms of plasma, urine (0-168 h) and faeces (48-96 h) after oral administration of [14C] cetagliptin. Plasma, urine
and faecal homogenate extracts pooled across subjects.
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radioactivity of whole blood to plasma, there was no signifi-
cant binding between cetagliptin and blood cells.

Total recovery of radioactivity accounted for 91.68% of the
dose. The primary recovered dose was eliminated via the urine
with 72.88% of the dose. The results indicated that cetagliptin
was well absorbed after oral administration and most of the
radioactive dose was excreted via the kidney. The primary route
of elimination of cetagliptin in healthy subjects is via renal
excretion of cetagliptin. Unchanged cetagliptin was the majority
of the recovered dose in urine and faeces, accounted for
37.53% and 3.21% of the dose, respectively. The unchanged
cetagliptin found in faeces may represent unabsorbed material.
Metabolism of cetagliptin was minimal. Four major metabolites
were identified, and it involved hydroxylated (M436-1 and
M436-3), N-sulphate (M500), and N-carbamoyl glucuronic acid
conjugates (M640B) of cetagliptin. Results from the metabolites
profiling studies of plasma, urinary and faecal indicate that no
metabolite was accounting for >10% of the AUC0-1of the total
radioactivity found in plasma, and metabolites were minor in
urine and faeces. As described above, cetagliptin is significantly
cleared through multiple pathways including renal excretion
and metabolism from the human body.

Conclusions

In healthy male subjects, cetagliptin was rapidly absorbed
after oral administration. Cetagliptin was the major

radioactive component in plasma, urine, and faeces. The
administered cetagliptin was eliminated primarily by renal
excretion. Four major metabolites were detected, each repre-
senting 1.42� 2.46% of the radioactivity in plasma. These
metabolites were the hydroxylated, N-sulphate and N-carba-
moyl glucuronic acid conjugates of cetagliptin, and were
detected in urine and faeces at low levels.
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