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Abstract

Background and Objective Tylerdipine hydrochloride (KBP-5660) is a novel L/T-type dual calcium channel blocker devel-
oped for the treatment of hypertension. We aimed to study the pharmacokinetics, safety and tolerability of tylerdipine in
healthy Chinese subjects.

Methods Two double-blind, randomized, dose-escalation studies were conducted that included a total of 88 healthy subjects:
(1) a single-ascending dose (SAD) study; and (2) a multiple-ascending dose (MAD) study. In the SAD study, 64 subjects
were randomly assigned to receive a single dose of 0.5, 2.5, 5, 10, 15, 20, 25, or 30 mg of tylerdipine or placebo. In the MAD
study, 24 subjects were randomly assigned to receive 10 or 20 mg of tylerdipine or placebo once daily for 9 days. Blood
samples were collected at the designated time points for pharmacokinetic analyses. Safety assessments were conducted
throughout the study.

Results Following a single oral dose of tylerdipine of 5-30 mg, the mean maximum plasma concentration (C,,,,) increased
from 0.9993 to 10.11 ng/ml; mean area under the plasma-concentration curve (AUC) from time zero to 72 h increased from
4.332 to 73.95 h-ng/ml. AUC increased in a greater than dose-proportional manner, whereas C,,,, exhibited a rough but non-
typical dose-proportionality increase. In the MAD study, steady-state conditions were achieved after 1 week of daily dosing
in both dose groups. Accumulation of tylerdipine was low, with accumulation ratios (R,yc) of less than 1.65. All adverse
events were assessed as mild or moderate.

Conclusion Tylerdipine hydrochloride was safe and well tolerated. The exposure (AUC) of tylerdipine over the dose range
of 5-30 mg increased in a greater than dose-proportional manner, while C,,, exhibited a rough but non-typical dose pro-
portionality increase. A slight accumulation of tylerdipine was observed following multiple dosing.

Study registrations CTR20140862 and CTR20150660.

Tylerdipine hydrochloride was safe and well tolerated in
healthy Chinese subjects.

The exposure (AUC) of tylerdipine over the dose range
of 5-30 mg increased in a greater than dose-proportional
manner, while the C,,,, exhibited an approximately dose
proportionality increase.
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lation following multiple dosing in healthy Chinese
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1 Introduction

Hypertension is a common medical and social problem
leading to cardiovascular disease, stroke, and kidney dis-
ease [1]. The prevalence of hypertension is very high,
ranging from 15 to 37% of the total population in different
areas of the world [2]. It also has been estimated that 1.56
billion people will suffer from hypertension by 2025 [3].
Reducing blood pressure using antihypertensive drugs is
an effective way to decrease the morbidity and mortality
induced by hypertension, as well as its complications [4].

The most representative antihypertensive drugs are
classified as: angiotensin-converting enzyme inhibitors
(ACE inhibitors), beta-adrenergic blockers (-blockers),
calcium (Ca®*) channel blockers (CCBs), and diuretics
[5]. Since 2014, CCBs, especially dihydropyridine (DHP)
CCBs, have been officially recommended by the Eighth
Joint National Committee (JNC 8) as initial monotherapy
for hypertension treatment. DHP CCBs, which were intro-
duced in the 1960 s, have undergone several changes to
optimize their efficacy and safety [6].

Conventional DHP CCBs, including nifedipine and
amlodipine, exert their clinical effects predominantly by
blocking L-type Ca* channels, and they are more likely
to be associated with peripheral edema, headache, tachy-
cardia, facial flush, and reflex tachycardia. Although these
adverse effects are not considered life threatening, they
can contribute to poor patient compliance, particularly in
the cases of peripheral edema [7]. Clinical use of these
drugs is significantly limited due to the aforementioned
reactions.

Some novel DHP CCBs, such as efonidipine [8], benidi-
pine [9], and nilvadipine [10], have recently been devel-
oped and demonstrated to possess blocking activity on
T-type, as well as L-type Ca®* channels in certain spe-
cific tissues or organs. In randomized trials, efonidipine
and benidipine have been demonstrated to exert similar
or superior efficacy to L-type CCBs, with lower rates of
peripheral edema and negligible reflex tachycardia [9, 11].
Efonidipine has also been reported to exert vasodilator
activity on both afferent and efferent arterioles, subse-
quently reducing proteinuria and retarding the subsequent
progression of chronic kidney disease (CKD) [12, 13].
Accordingly, dual blockade of L- and T-type Ca>* chan-
nels may offer beneficial effects on high blood pressure,
confer better cardiovascular or renal protection, and reduce
edema formation compared with blockade of L-type Ca**
channels alone [14]. This factor may account for the dif-
ferentiated pattern of expression of T-type versus L-type
Ca”* channels in arterioles and venules.

Tylerdipine hydrochloride (KBP-5660) is a novel dual
L- and T-type CCB developed by Xuan Zhu Pharma
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Co., Ltd. for the treatment of hypertension. The chemi-
cal structures are shown in Fig. 1 (patent number: CN
201110109496.2). Tylerdipine is primarily metabolized
by carboxylesterase and cytochrome P450 (CYP) isoen-
zymes 3A [15], and both M2 and M4 are the main metabo-
lites of tylerdipine and exhibit no antihypertensive effects.
In vitro studies have demonstrated that tylerdipine exhib-
its potent inhibition on both L- and T-type Ca®* chan-
nels. The compound has shown superior antihyperten-
sive effects to barnidipine and lercanidipine, and similar
effects to amlodipine in spontaneously hypertensive rats
(SHR) and renovascular hypertensive dogs (data not pub-
lished). Additionally, significant reductions in heart rate
and decreases in proteinuria were observed after admin-
istration of tylerdipine to deoxycorticosterone acetate
(DOCA)-salt rats. These pre-clinical results support the
hypothesis that tylerdipine may be a better antihyperten-
sive agent with organ-protective effects and a lower inci-
dence of peripheral edema. However, the pharmacokinetic
profile of tylerdipine after single or multiple oral adminis-
tration has yet to be reported in humans.

Therefore, the present study was conducted to inves-
tigate the safety, tolerability, and pharmacokinetics of
tylerdipine after oral administration of single ascending
doses of 0.5-30 mg and multiple doses of 10 or 20 mg
every 24 h for 9 days in healthy Chinese subjects. These
results will facilitate the understanding of the pharma-
cokinetic properties of tylerdipine and provide a scientific
basis for the design of further clinical trials.
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Fig.1 Chemical structures of tylerdipine hydrochloride and its
metabolites, M2 and M4
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2 Subjects and Methods
2.1 Chemicals and Materials

Reference standards for tylerdipine (purity 99.6%), M2
(purity 89.9%), M4 (purity 96.5%), D5-tylerdipine (purity
93.0%, IS1) and D6-M4 (purity 99.4%, 1S2) were all
provided by Xuan Zhu Pharma Co., Ltd (Jinan, China).
HPLC-grade acetonitrile and formic acid were purchased
from Merck (Darmstadt, Germany) and ROE Scientific
Inc. (Newmark, USA), respectively. Deionized water was
obtained by a Millipore water purification system (Mil-
lipore, Milford, MA). All other reagents were of reagent
grade or better and obtained from commercial sources.
The test drug (tylerdipine hydrochloride) and corre-
sponding placebo were supplied by Xuan Zhu Pharma
Co., Ltd. (Jinan, China). Subjects were given the required
doses of test drug or placebo for each different treatment.

2.2 Subjects

This study was conducted in compliance with the ethical
principles set forth in the Declaration of Helsinki (1989) as
well as with local applicable laws and regulations. The study
protocol and informed consent were approved by the Eth-
ics Committee of the First Affiliated Hospital with Nanjing
Medical University (Nanjing, China). All subjects provided
written informed consent prior to enrollment in the study.

Male and female healthy Chinese subjects aged 18—45 years
with a body mass index (BMI) of 18-25 kg/m* and weight
> 50 kg were enrolled in this study. They were judged to be in
good health according to a medical history, physical examina-
tion, vital signs measurement, electrocardiogram (ECG), and
standard clinical laboratory tests. Meanwhile, female subjects
were required to have a negative serum pregnancy test and be
using appropriate contraception throughout the study. Exclu-
sion criteria included: history of drug allergy; systemic dis-
ease; low blood pressure with systolic blood pressure (SBP)
< 95 mmHg and diastolic BP (DBP) < 65 mmHg; partici-
pation in another clinical trial or blood donation (> 400 ml)
within 3 months of study enrollment; administration of pre-
scription or herbal products within 2 weeks before the study;
and history of alcohol or tobacco abuse.

2.3 Study Design

Two double-blind, randomized, dose-escalation, placebo-
controlled studies were conducted to investigate the phar-
macokinetics, safety, and tolerability of tylerdipine after
administration of single and multiple doses in healthy
Chinese subjects.

2.3.1 Single-Ascending Dose (SAD) Study

In this study, 64 healthy subjects were randomly assigned
to eight groups to receive single doses of 0.5, 2.5, 5, 10,
15, 20, 25, or 30 mg of tylerdipine or matching placebo.
Details were as follows: No placebo treatment was set in
the 0.5- and 30-mg dose groups, which comprised four
subjects. The 2.5- and 25-mg dose groups comprised eight
subjects, two of whom received the placebo. Other dose
groups comprised ten subjects, two of whom received
placebo. They were admitted to the Phase I Clinical Unit
before the study and fasted for at least 10 h before drug
administration, subsequently receiving a single oral dose
at 8:00 a.m. with 250 ml of water. Drinking water was not
allowed for 2 h before or after dosing. A standard lunch
was provided 4 h after morning dosing, and an evening
meal was served 10 h after dosing. Dose escalation was
based on the available safety and tolerability results in the
preceding group.

For determining concentrations of tylerdipine and its
metabolites (M2 and M4) in plasma, blood samples (4 ml)
were collected into tubes, which were anticoagulated with
K,EDTA before each dose (0 h) and at 0.5, 1, 1.5, 2, 3, 4,
8, 12,24, 48,72, 96, and 120 h after administration. Sam-
ples were centrifuged at 4,000 rpm for 5 min, and plasma
samples were separated and stored at -80 °C until analysis.

2.3.2 Multiple-Ascending Dose (MAD) Study

Tenty-four healthy Chinese subjects were enrolled in the
multiple-ascending dose study. They were orally admin-
istered 10 or 20 mg of tylerdipine or placebo once daily
for 9 consecutive days; each group comprised 12 subjects,
two of whom received the placebo. Intake of water or food
was permitted in the same way as that in the SAD study.
Serial blood samples (4 ml) were collected at O (pre-
dose), 0.25,0.5,0.75, 1, 1.5, 2, 3, 4, 8, 12, and 24 h on Day
1. On Days 6, 7, 8, and 9, blood samples were collected
before drug administration to determine the trough con-
centration (C,;,). On the last day (Day 9), blood samples
were collected at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 8, 12, 24,
48,72, 96, and 120 h after drug administration. Plasma was
separated and stored the same way as that in the SAD study.

2.4 Pharmacokinetic Assessments

2.4.1 Determination of Tylerdipine and Its Metabolites (M2
and M4)

Plasma drug concentrations of tylerdipine and its metabo-
lites (M2 and M4) at each time point were determined using
two different validated LC-MS/MS assay methods.
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Briefly, for determination of tylerdipine and its metabo-
lites (M2 and M4) in plasma, plasma samples (100 pl) were
spiked with 100 ul of IS (IS1/1S2: 0.5/10 ng-mlI~"), and
300 pl of acetonitrile, followed by vortex mixing for 5 min
and centrifugation at 16,000 rpm at 4 °C for 10 min. 400 uL
of supernatant was transferred to another tube and evapo-
rated to dryness. Dry extracts were re-dissolved in 200 pl
of 50% acetonitrile, a 5-pl aliquot of which was injected to
determine the concentration of tylerdipine. Meanwhile, 80 pl
was spiked with an equal volume of deionized water, mixing
by vortex for 30 s, followed by 5 pl of the resulting solution
being injected into the liquid chromatography-tandem mass
spectrometry (LC-MS/MS) system to determine the concen-
tration of the metabolites M2 and M4.

Compounds were chromatographed on an Agilent
Poroshell 120 column (2.7 um, 50 x 2.1 mm) (Agilent, CA,
USA) with acetonitrile: 2 mM ammonium formate (0.1%
formic acid) (55:45, v/v for KBP-5660; 25:75, v/v for M2
and M4) at a flow rate of 0.3 ml/min.

Detection was performed by MS/MS using an AB
QTRAP5500 mass spectrometer (Applied Biosystems/
Sciex, Foster City, CA, USA) in MRM mode. Tylerdipine
and IS1 were operated in positive ionization mode, with the
strongest transitions at m/z 610.3/278.3 and m/z 615.2/283.3,
respectively, while M2, M4, and IS2 were operated in
negative ionization mode with the strongest transitions at
miz 329.0/252.8, m/z 331.0/207.7, and m/z 337.0/213.9,
respectively.

Methods were validated in terms of specificity, calibra-
tion curve, matrix effect, accuracy, precision, stability, and
dilution effect. Linear calibration curves were obtained in
the concentration range of 0.02-20 ng/ml for tylerdipine,
and 0.25-250 ng/ml for its metabolites (M2 and M4),
respectively.

2.4.2 Pharmacokinetic Analysis

Pharmacokinetic parameters were estimated by non-com-
partmental methods with Phoenix WinNonlin (version 6.4,
Certara, L.P., Princeton, NJ, USA) using the actual
recorded sampling times. Parameters are presented as fol-
lows: peak plasma concentration after administration
(Cpay)» time to reach C,,, (T,,,,), area under the concen-
tration-time curve from zero to 24 h (AUC_,,,) or t (AUC
o Where ¢ is the time of last measurable sample), AUC
from zero to infinity (AUC,,_,,), elimination half-life (T',,,),
effective half-life (T, .¢) [16], apparent clearance (CL/F),
and apparent volume of distribution during the terminal
phase (Vz/F). C,, and T,,,, were obtained directly from
the observed plasma concentration-time values. AUC,_, or
AUC,_,, , was calculated using the linear up log down
rule. AUC,,__ was calculated as AUC,_, + C/A,, where C,

is the last detected concentration and 4, is the slope of the
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log-linear regression of the terminal declining phase. T,
was calculated as In2/1, using the best fit mode. T ), . Was
estimated based on drug accumulation at steady state and
calculated according to the following equa-
tion:T'y 5 o = —ﬁ, where T was the dosing interval
Ra

and Ra was the AUC accumulation ratio at steady state
[16]. CL/F and Vz/F were estimated as Dose/AUC,,_,, and
CL/A,, respectively. Accumulation ratio (R,..) was calcu-
lated as AUC( 54 y (pay 9/ AUC( 04 1 (Day 1) OF
Cmax (Day 9)/Cmax (Day 1)» respectively.

2.5 Tolerability Assessments

Safety and tolerability assessments included monitoring
and recording all adverse events (AEs) and serious AEs.
Additional safety assessments included monitoring of vital
signs, 12-lead electrocardiograms (ECGs), as well as study
of blood chemistry, urinalysis, and hematology. All subjects
remained in the study unit and were continuously observed
throughout the study. Physicians evaluated all the adverse
events according to the intensity (mild, moderate, or seri-
ous), duration, outcome, or potential relationship to the test
drug. All the information after administration was summa-
rized descriptively for each treatment group.

2.6 Statistical Analysis

All the pharmacokinetic parameters are expressed with the
coefficient of variation, with any geometric means indicated,
or as the median and range of values. Descriptive statis-
tics are provided for pharmacokinetic concentrations and
derived pharmacokinetic parameters. Dose proportionality
of tylerdipine in the dose range of 5-30 mg was assessed
using the power model [17]: Ln(pharmacokinetic param-
eters) = ffy+ f,Ln(Dose), where pharmacokinetic parameters
were the AUC or C,,,, f, was the intercept, and §, was the
dose proportionality coefficient. The 90% confidence inter-
val (CI) for the 3, was calculated. Furthermore, the prede-
fined criterion intervals for AUC and C,,, were 0.80-1.25
and 0.70-1.43, respectively. According to the doses and pre-
defined criterion intervals, the expected range for AUC,,_
or AUC,_, was (0.88-1.12), and for C,,,, it was (0.80-1.20).

3 Results
3.1 Demographic Characteristics

Baseline demographics of the enrolled subjects for the SAD
and MAD studies are summarized in Table 1. A total of 64
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Table 1 Baseline demographic characteristics for single-dose (SAD) and multiple-dose (MAD) studies of tylerdipine hydrochloride

Multiple dose

Single dose

Characteristic

2.5 mg 5 mg 10 mg 15 mg 20 mg 25 mg 30 mg Placebo 10 mg 20 mg Placebo

0.5 mg

10
5/5

10
5/5

12
6/6

4

No. of subjects

FIM, n

212

2/2

3/3

4/4

4/4

4/4

4/4

3/3

2/2

252+2.0
162 +2

255+20
163 +7

224 +2.5
168 + 8

243 +29
166 + 10

257+52
159 + 10

553+63
219+0.5

26.3 +2.6
164 +7

23.1+34
166 + 8

235+2.7
164 + 4

28.0+4.5
166 + 3

289 +5.6
166 + 6

255+2.5
165 +6

247 + 1.5
166 + 10

Age (y)

62.7 + 3.6

584 +9.2

63.3+£9.7
22.1+£23

60.5 +9.5

60.1 +£5.2
223+23

57.0+£9.0

20.7 +2.0

554 +3.0

574 +6.0

589+ 6.6
214 +25

59.0 £ 6.3

61.0+10.4

220+14

Height (cm)

23.1£2.0

21.5+1.9

21.8+£2.0

20.7 £ 1.7

209 +1.9

215+1.1

Weight (kg)

BMI (kg/m?)

Values are expressed as mean =+ SD unless specified otherwise

BMI body mass index, F female, M male

healthy Chinese subjects were enrolled in the SAD study.
Fifty-two of those subjects were administered the test drug
and 12 received the corresponding placebo treatment. All
the subjects completed and were included in the safety and
tolerability analysis. The 0.5-mg dose group was only for
the assessment of tolerability without collecting pharma-
cokinetic samples, the 2.5-mg dose group was the pre-test
study for pharmacokinetic analysis, and the plasma samples
were determined before the method validation. Therefore,
subjects from these two dose groups were not included in the
pharmacokinetic analysis. Forty-one subjects who received
the test drug (one subject discontinued collecting pharma-
cokinetic samples after receiving the test drug for personal
reasons) were included in the pharmacokinetic analysis.

Twenty-four subjects were enrolled in the MAD study,
20 of whom were administered the test drug. All the sub-
jects completed the study as planned and were included in
the safety and tolerability analysis. Meanwhile, all study
participants who received the test drug (20 subjects) were
included in the pharmacokinetic analysis.

3.2 Single-Dose Pharmacokinetics

The mean plasma concentration-time profiles of tylerdipine
and its metabolites (M2 and M4) following oral administra-
tion of 5- to 30-mg doses of tylerdipine hydrochloride are
shown in Fig. 2, while the main corresponding pharmacoki-
netic parameters are summarized in Table 2. After admin-
istration, tylerdipine was absorbed with a median 7T,,, of
1.75-3.00 h, decreasing in a biphasic manner for all doses,
with a mean T, 7,1, of 19.46 h except in the 5-mg dose
group (range 18.32-20.66 h). Mean C,,,, increased from
0.9993 (5-mg dose group) to 10.11 ng/ml (30-mg dose
group); mean AUC,, ;,, increased from 4.332 (5-mg dose
group) to 73.95 h-ng/ml (30-mg dose group). The apparent
volume of distribution (Vz/F) was high (9489 to 40,236 L)
suggesting that tylerdipine may be widely distributed in vivo.

After oral administration, tylerdipine was metabo-
lized to M2 and M4. As shown in Table 2, the T, ,, for
M2 and M4 was 2.00-3.50 h (20- to 30-mg groups) and
1.25-3.00 h (5-to 30-mg groups), respectively. Meanwhile,
the T,,, values for M2 and M4 were 7.78-12.57 h (20-
to 30-mg groups) and 2.79-5.71 h (5- to 30-mg groups),
respectively. The plasma exposure values for M2 and M4
were significantly higher than the parent drug tylerdipine,
and the mean fractions of M2 and M4 (calculated as AUC
0-t, metabolite/ AUC_;. parent) Were 29.3- to 39.2-fold (20-
to 30-mg groups) and 13.0- to 20.9-fold (10- to 30-mg
groups, 57.1 in the 5-mg group), respectively.

A dose-proportionality analysis of tylerdipine was per-
formed using the power model by WinNonlin software (6.4).
The results (Table 3) show that the point estimate and 90%
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Fig.2 Mean (SD) plasma concentration-time profiles of tylerdipine
(a) and its metabolites M2 (b) and M4 (c) following oral administra-
tion of single ascending doses of tylerdipine hydrochloride in healthy
Chinese subjects (5-mg group, n=8; 10-mg group, n=28; 15-mg

CI for the ratio of AUC,,__, AUC,,,, and C,,, were 1.70
(1.47-1.94), 1.71 (1.47-1.95), and 1.28 (1.03-1.52), respec-
tively. The results indicated that the increase in AUC,,__, or
AUC,_, was greater than in a dose-proportional manner over
the dose range of 5-30 mg, while C,,,, exhibited a rough but
non-typical dose-proportionality increase.

3.3 Multiple-Dose Pharmacokinetics

Following multiple oral doses of 10 or 20 mg once daily of
tylerdipine hydrochloride for 9 consecutive days, the mean
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Time (h)

group, n=38; 20-mg group, n=8; 25-mg group, n=>5; 30-mg group,
n=4). Inset shows expanded profile of 24 h. LLOQ lower limit of
quantification

plasma concentration-time profiles of tylerdipine and its two
metabolites M2 and M4 are depicted in Figs. 3 and 4. The
descriptive pharmacokinetic parameters are summarized
in Table 4. There were no significant differences in trough
plasma concentrations between days 6, 7, and 8 (Fig. 5), indi-
cating that steady-state conditions were achieved after 1 week
of daily dosing. Under steady-state conditions, tylerdipine was
absorbed with a T, ranging from 0.75 to 4.00 on day 9.
For the 10-mg dose, the C,,, values (mean + SD) for
tylerdipine on days 1 and 9 were 2.872 + 1.180 and 3.031
+ 1.419 ng/ml, respectively. AUC, ,,,, values (mean + SD)
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Table 2 Pharmacokinetic parameters following oral administration of a single dose of tylerdipine hydrochloride in healthy Chinese subjects

Parameters Analyte Dose
5mg (n=8) 10 mg (n=28) 15 mg (n=8) 20 mg (n=8) 25 mg (n=5) 30 mg (n=4)

Cax (ng/ml) Tylerdipine 0.9993 + 0.3468 3.307 + 1.229  4.789 +2.828  7.250 + 4.057 10.31 +5.81 10.11 + 6.09

M2 - - - 109.3 +£27.5 164.7 +48.0 155.9 +49.4

M4 22.33 +5.55 3793 +10.25 4927 +14.74 7295 +35.72  84.50 +36.53  95.28 + 34.71
Tax () Tylerdipine 1.00 (1.00-3.00) 1.75 (1.00-2.00) 1.75 (1.00-4.00) 3.00 (1.50-4.00) 1.50 (1.00-4.00) 2.00 (1.00-8.00)

M2 - - - 3.00 (3.00-4.00) 2.00 (2.00-4.00) 3.50 (1.50-8.00)

M4 1.25(1.00-3.00)  1.75(1.00-3.00) 2.50(1.50-4.00) 3.00 (1.50-4.00) 1.50(1.50-4.00) 2.00 (1.00-8.00)
AUC,_, (h-ng/ml) Tylerdipine 4.332 +2.216 19.36 +9.78 3462 +£1822 6126 +28.10 6696 +2575  78.10 + 38.61

M2 - - - 771.2 +206.4 1194 + 312 1115 + 262

M4 98.65 + 44.76 170.9 +77.3 271.6 £ 108.8  436.2 +241.8  424.1 £170.7  586.1 +242.1
AUC, , (hng/ml)  Tylerdipine 4.648 +2.298  21.19+11.38  32.16 + 14.01 67.92 +3245 7257 +27.56  83.60 +41.81

M2 - - - 777.1 £ 208.9 1198 + 312 1120 + 261

M4 101.8 +48.1 176.5 + 83.9 2744 +108.8 4419 £2425 4299 +169.8  589.4 +2419
Ty 2:0-120m) (1) Tylerdipine 5.24 + 1.67 42.54 + 32.61 73.47 £5823  61.15+34.64  68.14 +1836  50.68 + 12.03

M2 - - - 1257 £13.66  7.78 +2.82 8.83 +0.29

M4 2.96 + 1.55 277+ 1.73 3.79 + 1.58 5.64 +1.89 4.14 £ 0.79 571+ +2091
CL/F (L/h) Tylerdipine 1385 + 750 608.0 £342.0  558.6 +268.6  409.9 +297.1 378.7 £ 1152  466.2 +303.0
Vz/F (L) Tylerdipine 9489 + 3722 27229 + 17222 40236 + 28081 26726 + 8772 36936 + 14411 30163 + 10530
AUC,) 7, (h-ng/ml) Tylerdipine 4.332 +2.216 18.42 + 8.93 3276 £16.65 5772 +£26.60  63.50 +24.41 73.95 + 36.95
T12:0-72n) (1) Tylerdipine 5.24 + 1.67 18.32 + 8.55 20.66 + 3.44 20.26 + 5.97 19.64 + 6.74 18.41 +2.99
AUC_, netabolite’ M2 - - - 293 +11.6 39.2 + 149 326+ 113

AUC)_ parent M4 57.1+352 20.9 + 12.4 174 6.1 15374 13.0 £ 4.1 164 +63

Values are expressed as mean + SD, except for T, ., which are median (range)

Crax time to reach C

maximum plasma concentration, 7, maxe

max

AUC area under the concentration-time curve, AUC,,_, AUC from zero to t (where

t was the time of last measurable sample), AUC,, ;,;, AUC from zero to 72 h, AUC,,_,, AUC from zero to infinity, 7, terminal elimination half-
life, CL/F apparent oral clearance, Vz/F apparent volume of distribution, — no detected M2 in these dose groups

Table 3 Dose proportionality of tylerdipine following single oral
doses of 5-30 mg in healthy Chinese subjects

Parameters Point estimate 90% Confi- Expected range
dence interval

AUC,_* 1.70 (1.47-1.94) (0.88-1.12)

AUC,,*? 1.71 (1.47-1.95) (0.88-1.12)

Coax’ 1.28 (1.03-1.52) (0.80-1.20)

AUC area under the concentration-time curve, AUC,_, AUC from zero
to t (where t was the time of last measurable sample), AUC,,_,, AUC

from zero to infinity, C,,,, maximum plasma concentration

4Criterion (90% confidence interval; 0.80-1.25)
bCriterion (90% confidence interval; 0.70-1.43)

were 13.96 + 3.96 and 23.04 + 9.94 h-ng/ml, respectively.
The accumulation index (mean + SD) was 1.641 + 0.511
based on AUC,, ,, 1, and 1.163 + 0.543 based on C,,,,,, indi-

cating that there was a slight accumulation of tylerdipine
after multiple administrations. Meanwhile, the accumulation
indexes (mean + SD) based on AUC, ,,, and C,,,, for M2

max

were 1.082 + 0.157 and 0.9622 + 0.1862, respectively, while

corresponding values for M4 were 1.074 + 0.197 and 0.9505
+ 0.2053, respectively.

For the 20-mg dose, the mean C

max

values (+ SD) of

tylerdipine on days 1 and 9 were 8.286 + 5.092 and 11.77 =
5.65 ng/ml, respectively. Mean AUC,, ,,, values (+ SD) was
55.90 + 23.81 and 80.01 + 34.87 h-ng/ml, respectively. The
accumulation index (mean + SD) was 1.600 + 0.561 based
on AUC ,,, and 1.629 + 0.667 based on C,

max-*
the accumulation indexes based on AUC,_,,, and C

Meanwhile,

max fOT

M2 were 1.125 + 0.282 and 1.174 + 0.343, respectively,
while the corresponding values for M4 were 1.117 + 0.325
and 1.221 + 0.410, respectively.

Based on the AUC accumulation index, the T, . of
tylerdipine was calculated for the 10- and 20-mg dose
groups as 18.83 + 8.52 and 18.37 + 8.98 h, respectively.
After 9 days of once-daily dosing, the mean T,,, values were
87.23 and 76.26 h, respectively.

3.4 Safety and Tolerability

Tylerdipine hydrochloride appeared to be well tolerated
throughout the study, and no serious AEs occurred during
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Fig.3 Mean (SD) plasma concentration-time profiles of tylerdipine
(a) and its metabolites M2 (b) and M4 (c¢) on Day 1 and Day 9 fol-
lowing oral administration of multiple doses of 10 mg of tylerdi-

the study following administration of single or multiple
doses of tylerdipine hydrochloride.

In the SAD study, five AEs were reported in five subjects
who received the test drug, including one (in the 20-mg dose
group, who experienced toothache) that was considered pos-
sibly to be not drug-related and four (one subject in the 5-mg
dose group experienced elevated white blood cell count, two
subjects in the 15-mg dose group experienced decreased
fibrinogen, and one subject in the 20-mg dose group expe-
rienced nodal tachycardia) considered to be possibly drug-
related by the study investigator. Two subjects in the pla-
cebo treatment group reported two AEs, one was toothache
considered not to be drug-related and another was elevated
white blood cell count in urine considered possibly to be not
drug-related. The aforementioned AEs were assessed as mild
or moderate in intensity, and subjects recovered without any

A\ Adis

Time (h)

pine hydrochloride in healthy Chinese subjects (n=10). Inset shows
expanded profile of 12 h

medical treatment, except for the subjects who experienced
toothache, who received concomitant medications for the
treatment of the AE. However, none of the subjects were
withdrawn from the study due to AEs. Furthermore, there
were no clinically significant changes in other subjects, as
shown by physical examination, laboratory tests, and ECG
reports, before or after the administration of tylerdipine
hydrochloride.

In the MAD study, two subjects who received the test
drug experienced AEs that were considered to be possibly
drug-related by the investigator in the 20-mg dose group.
Elevation of creatine kinase (CK), CK-MB, and aspartate
transaminase (AST) was observed in one subject after the
sixth dose of tylerdipine hydrochloride, which returned
to normal with treatment (oral administration of vitamin
B1, vitamin C1, and coenzyme Q for 6 days). The other
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Fig.4 Mean (SD) plasma concentration-time profiles of tylerdipine
(a) and its metabolites M2 (b) and M4 (c) on Day 1 and Day 9 fol-
lowing oral administration of multiple doses of 20 mg of tylerdi-

subject experienced elevation of transaminase activities
(AST and ALT), recovering without intervention. Except
for the two AEs, no clinically significant changes were
observed, as shown by physical examination, laboratory
tests, and ECG parameters during this study.

4 Discussion

Tylerdipine hydrochloride is a novel dual L/T-type CCB
developed for the treatment of hypertension. Here, we
report two phase I studies that describe the safety, tol-
erability, and pharmacokinetics of tylerdipine after oral

pine hydrochloride in healthy Chinese subjects (n=10). Inset shows
expanded profile of 12 h

administration of single and multiple doses in healthy Chi-
nese subjects. These two studies provide the first clinical
data for tylerdipine. In both clinical studies, we used two
validated LC-MS/MS methods to evaluate the pharma-
cokinetic properties of tylerdipine and its two metabolites
(M2 and M4).

In the SAD study, tylerdipine was absorbed with peak
plasma concentrations at approximately 1.75-3.00 h, and
the C,,,, and AUC increased with rising dose levels from
5 mg to 30 mg. The interindividual variability in C,,, and
AUC,_, values was considerable, with the coefficients of
variation (CVs) ranging from 34.7 to 60.2% and 20.7 to
53.7%, respectively. Tylerdipine was found to be primarily
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Table 4 Pharmacokinetic parameters following oral administration of multiple doses of tylerdipine hydrochloride in healthy Chinese subjects

Day Parameters Unit 10 mg 20 mg
Tylerdipine M2 M4 Tylerdipine M2 M4
Day 1 (n=10) AUC;,,, hng/ml 13.96 +3.96 403.1 +£94.9 194.5 +6091 5590 +23.81 866.6 +253.7 3849+ 154.2
Crax ng/ml  2.872+1.180 70.55+16.71 4142+10.27 8.286+5.092 133.6 +50.3 72.68 +31.10
T ax H 1.50 (0.75- 3.00 (1.50- 2.00 (0.75- 1.75 (1.50- 2.50 (2.00- 1.75 (0.75-4.00)
4.00) 4.00) 3.00) 8.00) 4.00)
Day 9 (n=10) AUC;,,, hng/ml 23.04 +9.94 442.1 £ 1520 2109 + 86.6 80.01 +34.87 948.4+292.6 411.0x161.1
Crax ng/ml  3.031 +1.419 6891 2531 39.12+ 1340 11.77 +5.65 1479 +41.1 81.52 +24.88
Trax h 1.50 (0.75- 3.00 (2.00- 1.75 (0.75- 2.00 (1.00- 2.00 (2.00- 1.50 (0.75-4.00)
4.00) 4.00) 4.00) 4.00) 4.00)
T h 87.23 £33.72 2736 +32.96 1455+ 18.13 76.26 +20.54 77.85+31.16 48.92 +38.49
Tipoam h 45.70 £9.03 - - 38.97 +9.07 -
T et h 18.83 + 8.52 - - 18.37 + 8.98 - -
Rauc - 1.641 +0.511 1.082+0.157 1.074+0.197 1.600 +0.561 1.125+0.282 1.117 +0.325
Remax - 1.163 £ 0.543  0.9622 + 0.9505 + 1.629 £ 0.667 1.174 £0.343  1.221 £ 0.410
0.1862 0.2053

Values are expressed as mean + SD, except for T,

C

'nax Maximum plasma concentration,

ax>

T\ time to reach C ., AUC,_,, 1, area under the concentration-time curve from zero to 24 h, T,,, termi-

max

which are median (range)

nal elimination half-life, T/, . the effective half-life, R, accumulation ratio of AUC, RC,,,, accumulation ratio of C,,,

(B)

Concentration (ng/mL)

@A) -

0.54

Concentration (ng/mL)

0.0

= 10mg
-+ 20mg

11

A S S .
7 8 9 10
Day
(©)
5-
=)
E 4
[=1)]
g
= 3-
2
£ -
=
3
2 1
(=]
O
T , 0
10 11 5

10 11

Fig.5 Mean (SD) trough plasma concentrations of tylerdipine (a) and its metabolites M2 (b) and M4 (c) after multiple-dose administration (10
and 20 mg) (n=10)
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metabolized by CYP3A in in vitro experiments (data not
published). Therefore, the high variability observed may
be due to the phenotype of isozymes CYP3A4 or CYP3AS.
Further investigations of CYP3A4*1G and CYP3A5%3
polymorphisms on the pharmacokinetics of tylerdipine
that we analysed indicated that the CYP3A4*1G carriers
had a much lower exposure of tylerdipine than those with
CYP3A4*1*1 [15]. The results of the dose-proportional-
ity analysis demonstrated that the 90% CIs of AUC,_, or
AUC,_, for tylerdipine were much higher than the expected
0.88-1.12 interval, indicating that the AUC increased in
a greater than dose-proportional manner. Meanwhile, the
90% CI of C,,,, was not completely contained within the
expected interval, indicating a rough but non-typical dose-
proportionality increase. Since the plasma concentrations
of tylerdipine were undetectable beyond the 24-h time point
in the 5-mg dose group and were up to 1/10 or 1/20 of
C...x at 72 h in other dose groups, the elimination half-life
interval of 0-72 h (t,/, (_7,1,) Was further estimated over the
dose range of 10-30 mg. Additionally, the mean calculated
Ty, 0_721, Of tylerdipine was 19.46 h, which was shorter than
amlodipine (38 h) in plasma [18]. Even so, in vitro studies
have demonstrated that tylerdipine exhibits similar or supe-
rior antihypertensive effects to amlodipine at the same dose
level and also shows organ-protective effects in different
animal models (such as SHR, DOCA-salt rats, hemody-
namics test in anaesthetized dogs). The pharmacokinetics
of tylerdipine may differ in different patient populations.
Therefore, future studies are needed to investigate the tol-
erability, efficacy, and pharmacokinetics in patients with
hypertension.

Over the course of the SAD study, in addition to the M4
metabolite, we identified another metabolite, M2, in the 20-mg
group. We also determined the concentration of M2 in the
following dose groups: After oral administration, tylerdipine
was metabolized to M2 and M4. The ratios of the AUC of M2
and M4 to that of tylerdipine were 29.3-39.2 (in the 20- to
30-mg groups) and 13.0-20.9 (in the 10- to 30-mg groups;
57.1 in the 5-mg group), respectively. The results showed that
plasma exposure of M2 and M4 was significantly higher than
the exposure of tylerdipine. According to the US Food and
Drug Administration Guidance for Industry: Safety Testing
of Drug Metabolites [19], human metabolites that can raise a
safety concern are those formed at greater than 10% of total
drug-related exposure at steady state (based on area under
the curve). Therefore, the safety of M2 or M4 should be of
concern.

In the MAD study, steady-state conditions were achieved
after 1 week of daily dosing. In both dose groups, slight accu-
mulation of tylerdipine was observed with a mean R, of
1.6 based on AUC,,_,,,, while the metabolites of M2 and
M4 exhibited no accumulation. The concept of an effective

half-life (T, o) of the drug accumulation was applied to
the pharmacokinetic data [16]. In principle, Ty, .¢ reflects
the actual observed drug accumulation rather than one or
more aspects of exponential drug disposition, and is calcu-
lated based on the AUC accumulation index and the dosing
interval [20]. The T, . (Mean + SD) for KBP-5660 in the
10- and 20-mg dose groups on Day 9 were 18.83 + 8.52 and
18.37 + 8.98 h, respectively. Additionally, mean + SD values
of T, were 87.23 + 33.72 and 76.26 + 20.54 h, respec-
tively. Meanwhile, the mean tylerdipine values of T/, ¢ 751,
after multiple doses were longer than those in the single-dose
group.

Oral administration of single and multiple doses of
tylerdipine hydrochloride was generally well tolerated in
healthy Chinese subjects based on the assessment of clini-
cal and laboratory adverse experiences. No serious AEs
occurred during the study, and no subject withdrew from
study due to AFEs.

5 Conclusions

Tylerdipine hydrochloride is generally well tolerated in
healthy Chinese subjects. The single ascending-dose study
demonstrated that the exposure (AUC) of tylerdipine over
the dose range of 5-30 mg increased in a greater than dose-
proportional manner, while the C,,, exhibited an approxi-
mately dose-proportional increase. Tylerdipine exhibited
a slight accumulation following multiple doses in healthy

Chinese subjects.
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