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ABSTRACT

A potent tetrahydrothiazolopyridine derivative TR-018A that acts as an inhibitor of 113-Hydroxysteroid
dehydrogenase isoform 1 was investigated for its metabolic stability in mouse, rat and human liver
microsome. The study were carried out in two parts, one is to develop a method in high-performance
liquid chromatography for TR-018A and the other is to investigate its metabolic stability in rat, human
and mouse liver microsome. The chromatograms and retention time for TR-018A were analyzed at
different time points; control, 0, 5, 15, 30 and 60 minutes by using Betasil C18 column (5 ym particle
size, 150mm X 4.6mm by Thermo Scientific.) at column temperature 40°C with an isocratic mobile
phase containing acetonitrile and 0.2% formic acid of 0.7mL/min flow with 15 minutes run time. TR-
018A chromatograms were detected and recorded at A = 283nm with the injection volume of 20uL.
Under the provided experimental conditions, it was observed that Tetrahydrothiazolopyridine
compound TR-018A was stable in mouse, rat and human liver microsomes and stable up to ~80% at
30 min of incubation. This study shows that the compound is a metabolically stable and the results
indicated that 11p-HSD1 inhibition by TR-018A may serve as a potential novel treatment for Type 2
diabetes and worth conducting further preclinical evaluations.
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INTRODUCTION

The worldwide surge in prevalence of obesity and
associated type 2 diabetes mellitus increases the need
for novel preventive and therapeutic strategies as stated
by the World Health Organization1. The metabolic
disorders are no longer confined to residents of affluent
industrialized Western countries (i.e. United States,
where about 30% of adults are overweight and another
30% are obese)z, but became more widespread in the
developing world, including Malaysia, where 30% and
15% of adults are overweight and obese,
respectivelys.High levels of circulating glucocorticoids,
as seen in Cushing syndrome, promote hyperphagia,
central obesity, and insulin resistance®. In the majority of
obese human  subjects, however, circulating
glucocorticoids do not correlate with obesity, blood
glucose or insulin levels due to increased cortisol
clearance® and tissue-specific metabolism by 11p-
hydroxysteroid dehydrogenases (11 B-HSDS)G.
Intracellular regeneration of active steroids cortisol from
cortisone (in humans) and corticosterone from 11-
dehydrocorticosterone (in rodents) is achieved through
11B8-HSD type 1 (118-HSD1), a lower-affinity NADP(H)-
dependent enzyme that acts as oxoreductase mainly in
tissues with high sensitivity to glucocorticoids including
liver, fat, and brain’. The opposing dehydrogenase
activity of 113-HSD1 (conversion of cortisol to cortisone)
becomes evident only in cell culture and tissue
homogenates or upon purification due to decrease of
ER luminal cofactor NADP(H) generated by hexose-6-
phosphate dehydrogenases.Several studies have
highlighted 11B-HSD1 as a novel therapeutic target in
metabolic syndrome. 11B3-HSD1 knockout mice have
low intracellular glucocorticoid levels, and are protected
from obesity, diabetes, and dyslipidemiag’

Conversely, transgenic overexpression of 11-HSD1 in
white adipose tissue results in mice with elevated
intracellular glucocorticoid levels, central obesity, insulin
resistance, hyperglycemia, and dyslipidemia'’. A
number of structural classes of 11p-HSD1 inhibitors
have been described in the literature', including the
natural triterpenoid glycyrrhetinic acid™. In preclinical
studies with C57BL/6J mice fed high fat diet, the
beneficial effects of 11-HSD1 inhibition were observed,
including reduced body weight, food intake, and fasting
glucose and insulin levels'*. However, phase Ilb clinical
trials with existing 11B8-HSD1 inhibitors resulted in
modest improvements of glucose homeostasis in type 2
diabetic subjects and onlg if high doses of 11B3-HSD1
inhibitor were used'™ ™. Given the public health
significance of metabolic disorders and the observation
that past therapeutic approaches have not met with
success in addressing this issue, new strategies are
clearly needed. We therefore explored a novel class of

11B8-HSD1 inhibitors based on the
tetrahydrothiazolopyridine skeleton. Our study
demonstrated a potent inhibition of 11B-HSD1

oxoreductase activity (conversion of inactive cortisone to
active cortisol) by novel tetrahydrothiazolopyridine
derivative (Figure 1) in the 3T3-L1 adipocyte cell culture.
As expected, undifferentiated 3T3-L1 preadipocytes
showed low levels of both 113-HSD1 oxoreductase and
dehydrogenase activity due to bidirectional nature of the
11B-HSD1 enzyme. Mature 3T3-L1 adipocytes exhibited

an expected switch to predominantly 11B3-HSD1
oxoreductase activity'’ by day 8 of differentiation (Figure
2)'®. Compound selectivity for inhibiting 11B-HSD1
oxoreductase activity was determined by the incubation
with 0.1-10 uM compound (Figure 3)*'. The results
showed that the NCE has moderate efficacy at inhibiting
11B-HSD1 dehydrogenase enzyme activity. In this
study, we focus the method development and the
metabolic stability study of Tetrahydrothiazolopyridine
derivative, -butyl 2-(3-chloro-2-
methylphenylsulfonamido)-6,7-dihydrothiazolo[5,4-
c]pyridine-5(4H)-carboxylate (18A) in mouse, rat and
human liver microsomes. Prior to analyzing the
incubation samples from the metabolic stability
experiment, the method of the HPLC system was
developed. There are several considerations that have
to be accounted in developing the method such as the
nature of analyte, method of preparing sample from the
metabolic stability assay which includes centrifugation,
filtration as well as the sonication of the mobile phase. In
metabolic stability analysis, pH controller like the
phosphate buffer'®?' is used to maintain the neutrality of
the incubation mixture as a mean of mimicking the pH of
the blood.

MATERIALS AND METHODS

Tetrahydrothiazolopyridine derivative (TR-018A) was
synthesized and purified (99.9%) in International
Medical University. The structure of the
Tetrahydrothiazolop}/ridine derivatives was further
confirmed by 'H & "®C NMR spectra. All solvents used
were of HPLC grade. Formic acid was obtained from
Mallinckrodt Baker Inc. (Phillipsburg, NJ, USA).
Analytical-graded dimethyl sulfoxide (DMSO) and
HPLC-graded B-NADPH were procured from Sigma-
Aldrich, USA. HPLC-graded acetonitriie (ACN),
analytical-graded K,;HPO,4 and KH,PO, were purchased
from Fisher Chemical, UK. Rat, Mouse and Human liver
microsomes (20mg/mL, Catalog #HMMCPL, Gibco) was
procured from Life Technologies, Singapore.

! H# $ %

The instrument used in HPLC method development was
Agilent technologies 1200 series (Agilent Technologies,
Boeblingen, Germany) with automation done using
Agilent ChemStation. The brand of the mobile phase
acetonitrile used was Fisher Chemical of HPLC Grade
and 0.2% Formic acid was prepared in house using a
UV water purifier. The method developed for compound
TR-018A was done through a systematic targeted
method based on earlier methods established during the
development of the derivatives of the same parent
compound that was tested in mouse microsomal stability
in the International medical university laboratory. The
method was developed through 50:50 to 30:70 of 0.2%
formic acid to acetonitrile with flow rate of 0.5ml/min
using 150mm Betasil column by Thermo Scientific with
packing size of 5um. The maximum wavelength, A«
used to detect this compound was 283nm and the
optimized method for the analysis of this compound was
30:70 of 0.2% formic acid to acetonitrile with a flow rate
of 0.7ml/min.
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The target compound was synthesized and tested for
118-HSD1 activity”®. The purity of the compound was
confirmed by TLC using CHCI;/CH;OH [(95:5); Rf =
0.64] and the structure of the compound was confirmed
by spectral data. ESI-MS: (m/z) 443.88 [M + H] and
NMR spectra; 'H NMR (400 MHz, CDCI3) & = 1.45 (s,
9H), 2.64 (s, 3H), 2.76 (t, 2H, J = 5.2 Hz), 3.67 (1, 2H, J
= 5.6 Hz), 4.32 (s, 2H), 7.26 (t, 1H, J = 8.0 Hz), 7.55 (d,

1H, J = 6.8 Hz), 8.00 (dd, 1H, J = 6.8, 1.2 Hz); °C NMR
(100 MHz, CDCl,) & = 17,1, 23.7, 28.3, 40.8, 41.4, 80.8,
126.1, 127.8, 131.2, 133.4, 135.0, 136.9, 140.5, 154.1,
169.2

! / #
Prior to the metabolic stability experiment, stock
solutions of the NCE, TR-018A standard and control
compound of concentration 20 mM were prepared in
Dimethyl Sulfoxide (DMSOQ,) solution. The required
volume of the DMSQO, to be added was calculated using
the formula below.

Volume (pL) = [(weight (mg) = 1000) / (molecular weight {g/mol) = 20mM)] = 1000

The amount of buffer, cofactor NADPH needed for the 6
incubation mixtures designated for different time points
which is at 0, 5, 15, 30, 60 minutes and a control (60
minutes) were also prepared.

Oo#!!

66.7 mM of pH 7.4 phosphate buffer was prepared by
diluting 66.7 ml of 0.1 M potassium phosphate buffer
obtained from the combination of 8.02 ml K,HPO, and
1.98 ml KH,PO,4 which was diluted up to 100 ml. For 6
samples, 1080 ul (6 samples x 180 pl for each tube) of
66.7 mM phosphate buffer aliquot was taken from the
incubation mixture in the metabolic stability test but for
contingency purpose 1250 pl was used in calculation
instead. As per the protocol, 945 ul of the buffer is
needed to suspend 55 pl of rat liver microsomes for 1 mi
of incubation mixture. For 1.25 ml/1250 ul of incubation
mixture which contains about 68.75 = 68.8 ul of the
microsomes (for practical use), 1182 ul of the buffer
would be prepared.

12 $&3 %

To prepare 20 mM of NADPH, 16.66 mg of the cofactor
has to be dissolved in 1 ml of water. Since 20 ul of
NADP must be added to each of the 6 samples, only
120 pl of the cofactor reagent needed to be prepared.
As a precautionary step and to avoid wastage, 2.499 mg
of the cofactor was dissolved in 150 pl of purified water
to prepare the NADPH reagent.

#

The vial containing microsomes was removed from -
80x10°C deep freezer and was thawed on the surface of
ice bath. 81.5uL of microsomes were suspended in
approximately 1440uL of 66.7mM potassium phosphate
buffer of pH 7.4 (prepared earlier) in the propylene tube.
180uL of aliquot from the mixture of microsome and
buffer was added into each microcentrifuge tube and
labelled as T¢, Ty, Ts, Tqs, T3g and Tgo. TuL of 20mM test
compound was then added into each respective labelled
tube. All the tubes were pre-incubated at 37+1°C for 5
minutes in Julaba model SW22 shaking water bath
along with NADPH (separate tube). 20uL of NADPH
was added into all the tubes except the control tube (T¢)
after pre-incubation and were incubated according to
their respective time. 20uL of potassium phosphate
buffer was added into the control tube (T¢) after pre-
incubation and was incubated for 60 minutes. 200uL of
quenching solution was added into each tube to stop the
reaction at the end of the incubation period of respective
tubes. Each tube was vortexed for about 2 minutes
using a vortex mixer. The tubes were centrifuged at
5000rpm for 10 minutes at 10°C after vortex. The
supernatant from each tube was transferred into another
set of labelled microcentrifuge tubes and was then
injected into HPLC. The peaks and retention time of
each sample was analysed and interpreted to determine
metabolic stability.

The elimination half-life (T,,) was calculated as:

Tiz=-0693/k

Where k is the slope of the line obtained by plotting natural

logarithmic percentage (Ln %) of

Tetrahydrothiazolopyridine derivatives remaining in the reaction mixture versus incubation time (minutes). Intrinsic
clearance (Cl;,;, mL/min/kg) was calculated from the following equation.

Clint = (0.693/in vitro T4z) x [(ml incubation) / (mg microsomes)] x [43mg microsomes [ (g liver)] x [(45mg liver) / (kg bw)]

RESULTS

The aim of the present study was to develop a rapid,
selective and sensitive analytical method including an
efficient and reproducible method for the analysis of
metabolic stability samples. The optimum mobile phase
composition for HPLC analysis is developed after many
trials and was found to be 70:30 of acetonitrile to 02%

formic acid and the trial details are presented in Table 1.
Based on this HPLC conditions of using Betasil C18
column (5 pum particle size, 150mm X 4.6mm by Thermo
Scientific.) at column temperature 40°C was used with
an isocratic mobile phase containing of acetonitrile and
0.2% formic acid of 0.7mL/min flow with 15 minutes run
time the metabolic stability study samples were
analyzed and the result is obtained (Table 2). Under the
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provided experimental conditions it was observed that
HLM was stable after 60 mins of incubation and it shows
62% stability. TR-018A was metabolized in a predictable
manner by HLM; contrarily all our experimental drug
leads were metabolically stable and only 38% was
metabolized for HLM and for RLM and MLM, TR-018A
was metabolized 71% and 89% respectively. The trend
was overall the same for HLM, RLM and MLM, which
shows more than 60% stability. The remaining
metabolized drug i.e. the metabolite was not our interest
to determine as the percentage is low. The percentage
remaining of TR-018A in each incubated samples was
calculated (Table 3) and plotted (Figure 4) showing the
amount at different time points. Among the three

different microsomes, the percentage of TR-018A
remaining incubated in MLM remained unchanged until
the 15th minute, T15 but the same pattern was
observed at the start of the 5th minute in HLM. In RLM,
the fall off pattern appeared to be more gradual
compare to the other. Of the three assays, HLM
recorded the lowest percentage of TR-018A remaining.
The representation chromatograms for the compound
TR-018A is provided from Figure 5(a — h) Using the
slopes of the curve plotted earlier (Figure 4) which
represents the elimination rate constant, k the half-life
was obtained which determined the microsomal intrinsic
clearance as per shown in Table 4.
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VWD1 A, Wavelength=293 nm (TR-18A\18A_B_S5MIN00897 D)

This article can be downloaded from www.ijpbs.net
P-126

mAU
500
400
200
: ;
100
0
1 2 3 4 5 H 1 8 H |
145 62 # I+ # 9 # / #
I +&" #
VWD1 A, Wavelength=293 nm (TR-18A\18A_B_15MIN0898 D)
may |
500 -
400 -
300 -
] R
wl
100
04— X
1 2 3 4 H 8 1 8 9 me|
145 62 # ! + # 9 # / #
I+&" #
VWD1 A, Wavelength=293 nm (TR-18A\18A_B_30MIN0899 D)
mAU
500 -
400 -
300 -
200 x
b
100
0
1 2 3 1 5 1 7 8 9 mir
145 62 # I =3 # 9
# / # I+ & #



Int J Pharm Bio Sci 2017 July ; 8(3): (P) 120 - 130

VWD1 A, Wavelength=293 nm (TR-18A\18A_B_60MIN0901.0)
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DISCUSSION

As TR-018A is a new chemical entity, the HPLC method
being developed is based on trial and error. The
structure of TR-018A contains 3 heteroatoms in a fused
ring system; one nitrogen, N and a sulphur, S atom in
the thiazole ring whereas another nitrogen, N atom from
the tetrahydropyridine ring. The presence the 2 N atoms
from the fused ring system plus with another amino
group attached to the thiazole ring may contribute to the
basicity. Due to this, a 0.2% formic acid was chosen as
the mobile-phase A to protonate the column silanols that
may potentially interact with the analyte apart from its
UV cut-off point (210 nm) which is lower than that of TR-
018A (283 nm). Acetonitrile was chosen for mobile
phase B because its low viscosity in nature compare to
methanol and desirable UV transmittance as well as its
low UV cut-off point (190 nm)23 and intermediate
polarity. Today, many potential biologically active

compounds failed to make it through the developmental
stages though successfully passed the drug discovery
stage. Much of these cases were due to undesirable
pharmacokinetic characteristics especially unpredictable
nature of human metabolism and toxicityw’ 22 Thus it
is a must to incorporate an early measurement of
metabolic stability to avoid any wastage of resources
and increase the rate of success and it will be useful
during the optimization stage. One mean of assessing
metabolic stability is by using liver microsomes. This
assay primarily assess the metabolism of the chemical
entity by the cytochrome P450 system (phase |
enzymes). The resulting data is then translated into
pharmacokinetic parameters which are half-life
and intrinsic clearance such as what have been
obtained in this study. The following formula was used
to calculate the microsomal intrinsic clearance using the
half-life obtained earlier.

Microsomal intrinsic clearance, m.Clint = (Ln2=1000){T1z(min)=protein concentration (mg/mil))

where,

For TR-018A, the half-life was more than 100 minutes
and it showed low microsomal clearance of less than 12
ml/mg/min in all the microsomes. This implies the
advantageous nature of its metabolic stability and in fact
proves that it is worth to be explored further in the

intrinsic clearance prediction in the future®. The
trend of the curves as shown (Figure 4) further implies
the stability of this compound. The most worthy to note
is the curve from the MLM incubation because the rate
of metabolism was desirable as it is obvious that very
highly cleared compounds are usually unfavorable.
Compounds of this nature will possess higher risk to be
cleared rapidly resulting in a short duration of
action. Besides that, oral bioavailability of the samples
can be determined using pharmacokinetic equations.
The present study showed that over and above for the
first time the metabolic stability of
Tetrahydrothiazolopyridine specifically TR-018A in HLM,
RLM and MLM. Importance of a developed method lies
in its universal application in quantifying versatile
matrices. The data from this this metabolic stability
study projects Tetrahydrothiazolopyridine as one of the
standards for assessing activity of liver microsomes and
thus, the methodologies can be extended for assessing
the metabolic stability of other NCEs.

CONCLUSION

The HPLC method confirmed for analysis of compound

Twz=Ln2/ (-slope)

TR-018A was noted as 70:30 Acetonitrile:0.2% formic
Acid with flow rate of 0.7 ml/min using Betasil© column
of length 150mm, internal diameter 4.6mm, and particle
size 5uym. The compound TR-018A was found to be
stable based on its half-life of more than 100 minutes
and microsomal intrinsic clearance of less than 12
ml/mg/min in all the microsomes. Therefore, the newly
developed TR-018A is metabolically stable and it is
worth conducting further evaluations with the
available findings that serve as a guidance in the drug
development process while seeking of new treatment
options for obesity and type 2 diabetes mellitus.
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