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Abstract

Background and objectives: This study aimed to summarize the clinical pharmacokinetics and bioequivalence of
generic and branded linagliptin tablets during fasting and fed conditions, and the influence of food on the phar-
macokinetics (PK) of linagliptin tablets was also explored in healthy Chinese subjects.

Methods: An open-label, randomized, single-center, two-period, and single-dose crossover bioequivalence study
was performed in this research. Healthy subjects in fasting (n = 32) and fed (n = 32) conditions received 5 mg of ge-
neric (test) linagliptin or a commercial (reference) capsule, respectively. Blood sample collection was conducted
at the baseline and post-dose. Plasma concentrations of linagliptin were detected by a a high-performance liquid
chromatography with tandem mass spectrometry method. A non-compartmental method was performed to ana-
lyze pharmacokinetic parameters, and safety was monitored.

Results: A total of 64 subjects completed the study, 32 for the fasting and 32 for the fed study. The major PK
parameters of linagliptin, including C__, and area under the concentration-time curve from time 0 to 72 hours
(AUC0-72), were similar between the preparations under fasting and fed conditions. Under fasting conditions,
the 90% confidence intervals (Cl) of the test/reference ratios (T/R) of C__, and AUC,_,, were 95.9~110.9% and
96.8~101.9%, respectively. Under fed conditions, the 90% CI of T/R of C__, and AUC,_,, were 98.2~103.4% and
97.7~103.5%, respectively. None of the volunteers had a severe adverse event.

Conclusions: Generic linagliptin tablet is bioequivalent to the reference drug under both fasting and feeding con-
ditions. Food delays the absorption of linagliptin. Chinese subjects taking a single dose of linagliptin of 5 mg have
good tolerance to the drug.
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Diabetes mellitus (DM) is a metabolic disorder characterized by an
abnormal glucose and lipid metabolism causing persistent hypergly-
cemia.!? About 95 percent of diabetes cases belong to type 2 diabetes
mellitus (DM2), characterized by insulin resistance (IR).* Diabetes,
an epidemic connected with the combination of social, behavioral,
fetal, and genetic factors, is one of the greatest health problems of the
21st century.* Recent statistics from the International Diabetes Fed-
eration show that 425 million adults worldwide had diabetes in 2017.
A total of 629 million people are expected to suffer from diabetes by
2045.5 There have been many advances in treating DM2; however,
reaching optimal glycemic goals remains a question.
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The incretins such as glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic peptide (GIP) secreted from en-
teroendocrine K and L cells could stimulate pancreatic beta cells
to secrete insulin,®’ both incretins are rapidly degraded by the
enzyme dipeptidyl peptidase-4 (DPP4). Early studies have shown
DPP4 revolved in the pathogenesis of IR,® hyperglycemia,’ dyslip-
idemia,!%!! obesity,'>!3 oxidative stress,'* inflammation,'5-17 and
malignant tumors.!® Inhibition of DPP4 enzymes and prolonged
endogenous GLP-1 and GIP concentrations in the blood has be-
come a new target for managing DM2." A clinical study?’ showed
that linagliptin was involved in significantly fewer cardiovascular
events. Like a placebo, linagliptin did not affect the risk for the
secondary kidney outcome in participants with DM2 and CKD
and/or CV disease.?! Up until now, over ten DPP4 inhibitory drugs
classified as gliptins have been approved by the FDA:?? sitaglip-
tin, linagliptin, vildagliptin, teneligliptin, saxagliptin, omariglip-
tin, gemigliptin, alogliptin, anagliptin, trelagliptin, evogliptin, and
gosogliptin.2? Unlike other DPP4 inhibitors, linagliptin is almost
wholly bound (99%) to plasma proteins (mostly the DPP-4 en-
zyme) in the early animal study.?* Human studies have indicated
that hepatobiliary clearance is the predominant mechanism of
clearance of linagliptin, which is perhaps connected with its ex-
tensive binding characteristics.2#?> Such characteristics suggested
that kidney excretion is a non-primary way of eliminating lina-
gliptin. Linagliptin administration does not require dosage adjust-
ment in clinic patients with declining renal function.?® Pharma-
cokinetics (PK) and pharmacodynamics of linagliptin are unique
in that they are described by target-mediated non-linear PK and
a comprehensive safety window.?”?8 Another, linagliptin signifi-
cantly improved glycemic control in type 2 diabetes inadequately
controlled on basal insulin.? At present, a generic linagliptin tablet
is being developed by Chengdu Brilliant Pharmaceutical Co., Ltd.
According to China National Medical Products Administration, a
bioequivalence study was required to support registration.

Oral drug absorption is an intricate process and can be influ-
enced by numerous factors. Food plays a primary role in the bio-
availability of drugs orally administered. By affecting the solubil-
ity and intestinal permeability,® food may alter the absorption,
metabolism, excretion, and other processes of the drug in the gas-
trointestinal tract via numerous food-drug interactions.’! Ahmad
Y Abuhelwa’s study®? has demonstrated that drug dissolution or
solubility, drug stability, drug release, and intestinal permeability
all was significantly affected by food intake. Following a meal,
gastric emptying rate, dissolution, GI luminal metabolism, pH, and
bile flow were reconfigured, contributing to delayed drug absorp-
tion.3? Christina S Won’s study?* about mechanisms underlying
food-drug interactions also manifested that fruit juices, teas, and
other commonly consumed could inhibit the activity of intestinal
cytochrome P450 or phase II conjugation enzymes, decrease the
expression of uptake and efflux transport proteins, which caused
the changed in bioavailability of drugs.

This study aimed to assess the bioequivalence between generic
linagliptin tablets and branded preparation under fasting and fed
conditions. In addition, the food effect on PK of linagliptin tablet
was also evaluated in healthy Chinese volunteers.

Materials and methods
Subjects
Healthy Chinese volunteers aged over 18 years with a body mass

index of 19-26 kg/m? were qualified for inclusion. All volunteers
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were evaluated during screening visits, including physical exami-
nations, vital signs, electrocardiogram (12-lead), laboratory tests
(coagulation function, hematology, blood chemistry, urinalysis),
serologic tests (HBV surface antigen, antibodies including HCV,
HIV, and syphilis) and a history of medication. Participants agreed
to use effective contraception from two weeks before screening
through 3 months after the end of the trial. Primary exclusion cri-
teria included (a) clinically meaningful abnormality in vital signs,
electrocardiogram, physical examinations, or laboratory results ac-
cording to the physician’s judgment; (b) the presence or history of
endocrine, cardiovascular, metabolic, psychiatric, and neurologi-
cal diseases; (¢) allergy to any drugs or food; (d) Over 400 mL of
blood lost; (e) surgery operated within four weeks before entry into
the study or scheduled during this study; (f) pregnancy or lactation
; (g) consume plenty of tea, coffee, or caffeinated beverages; (h)
heavy smokers >5 cigarettes per day or alcoholics weekly alcohol
>14 units; (1) Substance abuse and positive substance abuse screen-
ing tests including morphine, 3,4-methylenedioxyamphetamine,
ketamine, methamphetamine, tetrahydrocannabinol, and cocaine.

Study drugs and reagents

The generic (or test) preparation, a linagliptin tablet, 5 mg (batch
no: 200401, Exp: April 2023), was provided by Chengdu Brilliant
Pharmaceutical Co., Ltd., and the branded (or reference) prepa-
ration, linagliptin tablet 5 mg (batch no: AA6924A, Exp: Janu-
ary 2022) was obtained from Boehringer Ingelheim International
GmbH, Germany.

Study design

This randomized, open-label, single-center, single-dose, and two-
sequence crossover study to evaluate the bioequivalence of test
and reference linagliptin under fed and fasting conditions was
conducted in healthy volunteers (Fig. 1). This clinical trial strictly
adheres to the ethical guidelines of The Declaration of Helsinki
on human medical research (as revised in 2013). The protocol and
informed consent of the clinical trial were approved by the Eth-
ics Committee of the Third Hospital of Changsha (Approval No.
2020EC-007). Written informed consent was obtained from the
patient. This study was registered at www.chinadrugtrials.org.cn
(registration number: CTR20201729).

Sixty-four volunteers who satisfied all the criteria for inclusion
were included in this study, and 32 participants were assigned to
the fasting and fed groups, respectively. Subjects were randomly
divided into two sequence groups (T-R, R-T). Statistical Analysis
System (SAS) 9.4 software randomly assigned participants into two
groups. The washout period was 36 days between treatment periods.
After an overnight fast of at least 10 hours, subjects in the fasting
cohort received 240 mL of water after oral administration of tablets
of the test or reference linagliptin. A restriction was placed on water
consumption one hour before and after administration. The subjects
in the fed cohort ingested a standard high-fat meal (800—1,000 kcal)
30 minutes prior to the administration. All subjects were checked in
real-time to confirm the drug was entirely swallowed.

Blood Sample

Fasting blood samples (4 mL) were obtained predose and at 15,
30, 45, 60, 75, 90, and 105 min and 2, 2.25,2.5,3,3.5,4, 5,6, 8,
12, 24, 48, and 72 h after dosing. Fed blood samples (4 mL) were
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a
Fasting cohort
First period I washout period—"i Second period —
Subjects  Administration: (5-34 days) Subjects  Administration:
admission T-R, R-T T admission T-R, R-T T
Blood samples collection: - Blood samples collection: "
¢1d) (1d) op (pre-dose) and 15, 30, (4d) G5d) God) gy (pre-dose) and 15, 30, (39°d)
45, 60, 75, 90, 105min 45, 60, 75, 90, 105min
and 2,2.25,2.5,3,3.5, 4, and 2,2.25,2.5,3,3.5, 4,
5, 6, 8, 12, 24, 48, 72h S5, 6, 8, 12, 24, 48, 72h
after dosing after dosing
b
Fed cohort
————————— First period 4|—washout period —"7 Second period ——
Subjects  Administration: (5~34 days) Subjects  Administration:
admission T-R, R-T T admission T-R, R-T T
Blood samples collection: - Blood samples collection: _I
(-1d) (1 d) op (pre-dose) and 15, 30, (35d) (64d) Oh (pre-dose) and 15, 30, G394

45, 60, 80, 100min and 2,
2.5,3,3.5,4,45,5,6,8,
12, 24, 48, 72h after
dosing

45, 60, 80, 100min and 2,
2.5,3,3.5,4,45,5,6,8,
12, 24, 48, 72h after
dosing

Fig. 1. The flowchart of the clinical trial design in fasting cohort (a) and fed cohort (b).

obtained predose and at 15, 30, 45, 60, 80, and 100 min and 2, 2.5,
3,3.5,4,45,5,6,8,12, 24,48, and 72 h after dosing. Immediately
after collecting blood samples, plasma was centrifuged at 1,700
g (2-8°C, 10 minutes) and stored at —60°C until further analysis.

Analytical method and method validation

A liquid-liquid extraction method was applied to extract linaglip-
tin from plasma. A validated liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method was used to analyze plasma
levels of linagliptin. Briefly, linagliptin from the plasma was ex-
tracted using a liquid-liquid extraction technique and separated
on a 2.0x50 mm, 5 um CAPCELL PAK C18 column (Shiseido
Co Ltd). Water containing salt solution: formic acid LC: ultrapure
water (5:1:1,000, V/V/V) (solvent A) and acetonitrile (solvent B)
made up the mobile phase. With a flow rate of 0.400 mL/min, elu-
tion was performed as follows: 0.01-0.5 min, linearly increase B
from 20% to 90%; 0.5—1.5 min, isocratic A: B = 10:90; 1.51-2.5
min, the system was switched back to the initial proportion (20%
B), the column was equilibrated for 3 min with a column heater
at 40°C. An electrospray mass spectrometer operated in multiple
reaction monitoring modes with positive ionization. The optimal
parameters for the tandem mass spectrometer were as follows:
curtain gas, ion spray voltage, temperature, ion source gas 1, and
ion source gas 2 were instrumented in the following settings: 30
psi, 5,500 V, 550°C, 50 psi, and 60 psi, respectively. Potentials for
declustering, entrance, and collision cell exits were set to 90 V, 12
V, and 11V for linagliptin, 110 V, 8 V, and 8V for linagliptin-13C-
d3, respectively. The collision energy was set at 35 eV. In using
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electrospray ionization to monitor multiple reactions, the transi-
tion m/z was 473.4 to 420.4 for linagliptin and 477.4 to 420.5 for
linagliptin-13C-d3. Software Analyst 1.6.3 was used to analyze
the mass spectrum data (AB SCIEX, Foster City, California). The
linear range, intra-day precision, inter-day precision and accuracy
were 0.20 to 12.0 ng/mL, 2.9% to 8.1%, 2.5% to 6.9%, and within
97.6% to 101.0%, respectively. Seven calibration plasma samples
for linagliptin were prepared by spiking standard solutions (at the
concentrations of 4.0, 8.0, 20.0, 60.0, 120.0, 200.0, and 240.0 ng/
mL, respectively) into drug-free blank plasma with appropriate
volume ratio. The concentrations of quality control (QC) samples
were 4.0, 12.0, 80.0, 160.0 ng/mL. The method was validated in
light of the guideline on Bioanalytical Method Validation from the
EMA,'S including specificity, linearity, the lower limit of quan-
tification, accuracy, precision, matrix effect, extraction recovery,
stability, and the QC during the subject sample analysis.

Pharmacokinetic Parameters and Statistical Analyses

Major PK parameters, including maximum plasma drug con-
centration (C_, ), time to reach maximum plasma concentration
(T,,.)> and area under the plasma concentration-time curve (AUC)
from zero to time 72 h (AUC,,_,,), were calculated based on plasma
concentration-time data. PK parameters were analyzed with Win-
Nonlin 8.0 (Pharsight Corporation, Sunnyvale, California) using
noncompartmental models. A linear mixed ANOVA model was
used to analyze the log-transformed C_, and AUC, ,,, with sub-
jects within the series as a random effect and period, series, and
formula as fixed effects. The Mann-Whitney U test was used to
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Table 1. Demographic characteristics of subjects

Demographics Fasting (n = 32) Fed (n =32)
Male/female, n 24/8 24/8

Age,y 26.0+5.8 249+6.1
Height, cm 168 £ 8.0 167+7.0
Weight, kg 62.4+7.8 62.9+7.6
BMI, kg/m? 21.8+1.6 223+138

BMI, body mass index. Age, height, weight, and BMI data are expressed as mean +
SD.

compare the PK profile between the fasting and fed groups. SPSS
(version 22.0) was used to conduct statistical analysis. The ratios
of geometric least square mean and the corresponding 90% confi-
dence intervals (CI) of the C_,, and AUC, ., were computed, and
bioequivalence was demonstrated between the test and reference
formulations if the 90% CI of C_, and AUC, ., fell within the
predetermined range 80.00-125.00%. A nonparametric test was
applied to analyze T_, . Statistical analyses were carried out using
SAS version 9.4 (SAS Institute, Inc., Cary, North Carolina), and
p-values of <0.05 were considered statistically significant.
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Safety Assessment

A safety assessment was conducted by vital sign measurements, physi-
cal examinations, electrocardiograms, and laboratory tests at baseline,
at the indicated time points following drug administration, and the
next day after study completion. Every adverse event was recorded.

Result
Demographic Characteristics

In total, 64 healthy subjects participated in the study, with 32 indi-
viduals in the fasting cohort and 32 in the fed cohort, respectively.
Of the 64 subjects who completed the study, one subject withdrew
from the fed cohort. Detailed demographic information about all
patients is presented in Table 1.

BE Studies and Effect of Food on PK

The mean serum concentration-time curves of two formulations of
linagliptin products, each administered as a single 5 mg oral dose

—— Reference
PN

0.1

0.014

Linagliptin Concentration (ng/mL)

0.001

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
Time (h)

—— Reference

14

0.1

0.01+

Linagliptin Concentration (ng/mL)

0.001

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
Time (h)

Fig. 2. Mean (SEM) plasma concentration-time curves (a) and semilogarithmic curves (b) of the test and the reference products of Linagliptin in healthy
subjects under fasting conditions. Mean (+SEM) plasma concentration-time curves (c) and semilogarithmic curves (d) of the test and the reference products

of Linagliptin in healthy subjects under fed conditions.
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Table 2. Bioavailability parameters of the test and reference formulations under fasting and fed conditions

Fasting Fed
Parameter
Test (n = 32) Reference (n = 32) Test (n=32) Reference (n = 31)2
T () 1.9(0.5, 8.0) 1.5(0.5,12.0) 2.0 (0.8, 24.0) 3.0 (0.8, 4.5)
C,.ox (nE/ML) 55+2.6 5.2+2.1 3.5£0.7 3.5£06
AUC,_,, (h*ng/mL) 159.3 £+ 25.2 160.9 +27.7 145.1 £ 28.0 1449 +28.7

Tmax’
as mean * SD, except for L
and withdrew from the second period without taking a reference drug.

to 64 healthy Chinese volunteers, are shown in Figure 2. Table 2
shows the values of the primary PK parameters for linagliptin fol-
lowing administration under fasting or fed conditions. There were
no significant differences between the test drug and the reference
drug, whether in the fasting or the fed group. As to the effect of
food on the PK, we found the concurrent intake of food increased
the time to reach maximum plasma concentration by approximately
1 hour and decreased C by about 30%, the AUC, ,, in the fed
condition was also decreased compared to the fasting condition.
The results from the Mann-Whitney U test (Table 3) indicated that
Changes among C_ (p < 0.05) and AUC, -, (p < 0.05) were sta-
tistically significant in test drug and reference drug when compar-
ing fed condition with fasting condition, T, ,, was increased in the
fed state, but not statistically significant. As shown in Table 4, the
90% CIs for the ratio (test/reference) of log-transformed C,,, and
AUC, ,, were 95.9-110.9% and 96.8-101.9% in the fasting group,
and 98.2-103.4% and 97.7-103.5% in the fed group, respectively.
These were within the acceptance range of 80—125%, indicating that
the test preparation was equivalent to the reference preparation in
healthy Chinese subjects under both the fasting and fed conditions.

Safety Assessment

From Table 5, there were six AEs (Adverse Events) reported in
four (6.3%) of 64 subjects in the fasting group. These AEs were
mild (Grade I) and thought to be associated with the administration
of the drug. Especially five AEs occurred in the test drug period,
whereas one AE was reported in the reference drug period. Finally,
one AE was improved when five AEs had completely recovered at
the last scheduled visit.

Also, six AEs (Adverse Events) were reported in five (7.9%) of 63
subjects in the fed group. These AEs were mild (Grade I) and thought
to be associated with the administration of the drug. Among these,
three AEs occurred in the test drug period, whereas in the reference
drug period, two AEs were reported. Finally, three AEs completely
recovered at the last scheduled visit. No serious adverse events oc-
curred in the fasting or the fed cohorts, nor were any AEs leading to

Table 3. Effects of food on the PK parameters of linagliptin

Mann-Whitney U test

Parameter

Test Reference
Toax () 0.831 0.069
Coax (Ng/mL) <0.01* <0.01*
AUC,_,, (h*ng/mL) 0.003* 0.01*

*p < 0.05. AUC, _,,, area under the concentration curve from time zero to 72h; C
maximum plasma concentration; PK, pharmacokinetics; T
ma concentration.

‘max’

maw time to maximum plas-
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time to maximum plasma concentration; C_ ., maximum plasma concentration; AUC, ,,, area under the concentration curve from time zero to 72h. All data are expressed
, which is expressed as median (range). 20One subject experienced carried “Skin expert antibacterial ointment” during the second period of check-up

withdrawal. There was no statistically significant difference between
the test and reference products in the incidence of adverse events.
No severe AEs or AEs were leading to withdrawal in the fasting
and fed cohorts. The difference in the incidence of AEs between
the test and reference products was not statistically significant.

Discussion

The bioequivalence of generic linagliptin to the branded tablet in
healthy Chinese subjects was established on fasting and fed Chi-
nese subjects through the two-period, crossover, phase I study. Of
course, the 5 mg dose was safe and well tolerated, consistent with
previous clinical studies.?33¢ No adverse events or clinically sig-
nificant changes in the study were reported.

Compared with some of the standard therapies for DM2, DPP4
inhibitors showed fewer limitations.’” Compared with other DPP4
inhibitors, linagliptin showed more obvious advantages. Firstly,
linagliptin is considered safe in renal failure.’® Linagliptin under-
goes enterohepatic cycling and is excreted primarily (85%) in the
bile, while the elimination of other DPP-4 inhibitors is performed
mainly through renal excretion, with 60~85% of each dose elimi-
nated as an unchanged parent compound in the urine.?® Secondly,
as a weak competitive inhibitor of CYP3A4, linagliptin just result-
ed in a little decrease in the clearance of other drugs metabolized
by CYP3A4. As a substrate for CYP3A4, linagliptin has a similar
exposure regardless of whether CYP3A4 inhibition or induction is
present. Thus, linagliptin is considered to have a low potential for
clinically relevant interactions. Moreover, a study*’ suggested that
compared with other DPP-4 inhibitors, linagliptin possessed the
best overall balance between potency and the clinical pharmacoki-
netic characteristics of distribution, metabolism, and elimination.

With a high-fat meal, we observed that the T, of linagliptin
was delayed about 1 h, and C,,, was decreased by about 30% in the
study. Meanwhile, linagliptin concentrations in plasma were slightly
higher in a fed condition beyond 12 hours after dosing. Food-induced
increase in AUC[(‘th was consistent with the observation in Graefe-
Mody U’s study.*! Food delayed the absorption rate of linagliptin but
did not affect the extent of absorption. Food was involved in drug ab-
sorption and distribution via various mechanisms, including a direct
drug-food interaction or a change in physiological conditions. Con-
sidering linagliptin is a substrate for CYP3A4, food may affect the
absorption rate by regulating the activity of CYP3A4. Also, the solu-
bility of the drug in vivo was different in fasting and fed conditions,*?
food increased viscosity of the stomach contents and slowed down
gastric emptying rate, which may be the reason for the decreased
C,.x and prolonged T, of linagliptin in the fed group.

Considering the presentation of DM2 was different between
patients of Asian and Caucasian origin,**#¢ whether these differ-
ences based on ethnicity affect the PK characteristics of linaglip-
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Table 4. Bioequivalence between the Test (T) and Reference (R) linagliptin tablets in healthy Chinese subjects under fasting and fed conditions

Fasting Fed
Parameter Intraindividual Intraindividual
10, 0, 10, 0,
(T/R) GMR  90% CI (%) Variability (%) power (T/R)GMR 90% CI (%) Variability (%) power
Crnax (ng/mL) 103.1 95.9-110.9 17.3 99.5 100.7 98.2-103.4 5.8 100.0
AUC, -, (h*ng/mL) 99.3 96.8-101.9 6.1 100.0 100.5 97.7-103.5 6.5 100.0

C...» the maximum plasma concentration; AUC,_,,, area under the curve to time 72h; GMR, geometric mean ratio; Cl, confidential interval.

tin? From a review published in 2017,37 we acknowledged that
small changes in PK parameters were observed when linagliptin
was given to Caucasian, Japanese, and Chinese patients, but this is
not considered clinically relevant.

Further directions

Of course, the study also existed a shortcoming. Blood DPP-4 lev-
els could be measured to assess trends in DPP-4 levels over time
before and after drug administration. Therefore, we could evaluate
the influence of drugs on DPP-4 levels in vivo by determining the
DPP-4 level in the blood samples of each subject. Meanwhile, we
could evaluate linagliptin’s action mode and characteristics in vivo
more comprehensively by combining them with the PK results.

Conclusions

In the study, two formulations were well-tolerated in healthy Chi-
nese volunteers. All AEs were mild. Linagliptin showed a clean
safety profile in this study with an AE rate similar to that of the pla-
cebo of the reference drug. Our data recommended that the generic
linagliptin capsule is safe and may be a cost-effective alternative to
the branded linagliptin for DM2 patients in China, especially those
with kidney insufficiency.
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