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a b s t r a c t

The stearoyl-CoA desaturase (SCD) activity is involved in regulation of metabolism, energy storage, and
membrane fluidity. However, only few cellular assays have been developed. We describe a simple and
robust method to quantitate SCD activity and its inhibition in primary rat hepatocytes. Hepatocytes
assimilate stearic acid, with or without modification by SCD, into its lipid pool. To measure the extent
of this conversion primary rat hepatocytes were cultivated 4 h or overnight with [1-14C]18:0 and extra-
eywords:
PLC
tearoyl-CoA desaturase
rimary rat hepatocyte
esaturation index
tearic acid

cellular fatty acids were washed out. Total cell lipids were then hydrolyzed and extracted. Recoveries of
18:0 were secured with a modified Folch method by addition of 0.1% Triton X-114 to the samples. The
extracted fatty acids were dissolved in 85% ethanol and separated by reverse phase HPLC, which took
10 min including column recovery time. [1-14C]18:0 and [1-14C]18:1(n9) were detected and quantified
by on-line flow scintillation analysis. Incubation of the cells with SCD inhibitors resulted in decreased
ratios of 18:1/18:0 in dose-dependent manners. The improvements enabled us to establish a novel robust

C an
olch method assay based solely on HPL

. Introduction

Stearoyl-CoA desaturase-1 (SCD1) has become a potential ther-
peutic target for metabolic disorders including obesity, diabetes,
yslipidemia and hepatic steatosis [1–4]. SCD1, also known as a �9
esaturase, is an integral membrane protein anchored in the endo-
lasmic reticulum [5], which is necessary for de novo formation of
onounsaturated fatty acids. The substrates are mainly stearoyl-

oA (C18:0) and palmitoyl-CoA (C16:0), which are desaturated
o oleoyl-CoA (C18:1) and palmitoleoyl-CoA (C16:1), respectively.
CD1 prefers to convert stearate (18:0) to oleate (18:1) rather than
almitate (16:0) to palmitoleate (16:1) [6], both of which make
p the primary storage unsaturated fatty acids in human adipose
issue [7]. The ratio of monounsaturated to saturated fatty acids

ffects phospholipid composition and membrane fluidity. Changes
n this ratio are implicated in numerous diseases [6]. Human SCD1
s ubiquitously expressed in most tissues, whereas rodent SCD1 is
xpressed in lipogenic tissues, such as the liver and adipose tis-

Abbreviations: SCD, stearoyl-CoA desaturase; C18:0, stearoyl-CoA; C16:0,
almitoyl-CoA; C18:1, oleoyl-CoA; C16:1, palmitoleoyl-CoA; LCFA, long-chain fatty
cid; HTS, high-throughput screening; DAG, diacylglycerides; SPE, solid-phase
xtraction; PEST, penicillin streptomycin solution; FBS, fetal bovine serum; PBS,
hosphate-buffered saline solution; BSA, bovine serum albumin.
∗ Corresponding author. Tel.: +46 8 6973482; fax: +46 8 6972330.

E-mail addresses: chao.su@biovitrum.com, chaosu1858@yahoo.se (C. Su).
1 Present address: Karolinska Institute, SE-171 77, Stockholm, Sweden.

570-0232/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2010.08.002
alysis of cellular SCD activity, which was developed in 12-well format.
© 2010 Elsevier B.V. All rights reserved.

sue [3,4]. SCD1 has been regarded as a switch between fatty acid
storage and consumption, promoting or preventing lipid-induced
disorders [4,8].

In vitro assays for measuring long-chain fatty acid (LCFA) desat-
uration activities conventionally involve several steps, such as
lipid saponification, extraction and chromatography. Thin-layer
chromatography (TLC) with AgNO3-impregnated silica-gel-plates
is widely used for SCD activity assays [8–10] due to its simplicity.
However, this type of TLC is often semi-quantitative and scrap-
ing the peak area from the plate for further quantification can
be a bottleneck for accuracy and throughput, unless a scanner
(time consuming) or an image facility (often expensive) are imple-
mented [11]. Gas chromatography (GC) or TLC coupled with GC
is classically used in desaturation index measurement [11–13],
whereas GC/mass spectrometry (MS) usually provides more deci-
sive determination, but GC requires derivatization and is often time
consuming. On the other hand, HPLC offers the advantages of speed,
resolution, sensitivity and specificity for quantitation of LCFAs [14]
and also a direct separation of long-chain acyl-CoA species [15].
Liquid chromatography (LC)/MS is yet another well-suited power-
ful technology for quantitative analysis of multiple lipid mixtures
[16] and it was recently developed as a robotic high-throughput

screening (HTS) platform [17]. Besides chromatographic method-
ology, a filter assay based on detection of tritiated water released
from tritium-labeled C18:0 was established by Talamo and Bloch
[18] and has been preferably adapted as an HTS-compatible format
for drug screening [19,20].

dx.doi.org/10.1016/j.jchromb.2010.08.002
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:chao.su@biovitrum.com
mailto:chaosu1858@yahoo.se
dx.doi.org/10.1016/j.jchromb.2010.08.002
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ig. 1. Cellular assimilation of stearic acid and cellular inhibition of SCD. In this m
adiolabeled 18:0 and 18:1, and the formation of the latter is blocked by the SCD
eadout of oleate (left panel) and of stearate (right panel), respectively. The rati
tearoyl-CoA desaturase.

Cell-based assays often become more complex in nature
ompared to straightforward enzymatic assays. When cells are cul-
ivated in a medium supplemented with an LCFA, they assimilate
he fatty acid into their lipid pool and part of this assimilation
aturally goes through desaturation pathways. The extent of this

nvolvement can be defined by extracting the total lipids of the
ells and analyze the identities and quantities of the assimilated
roducts. If the desaturation is perturbed by desaturase antago-
ists, the LCFAs of the lipid pool will be more saturated. A term
eferred to as the “fatty acid desaturation index” is employed to
escribe the ratio of products over substrates for the SCD enzyme
ctivity and also as a predictor of metabolic disease [21]. With
rowing interests for targeting SCD1, LC/MS-based methods to ana-
yze SCD1 inhibition in HepG2 cells emerged recently from Liu
t al. [19] and Dillon et al. [22], respectively. The first paper [19]
as on chemistry and the assay was just a part of the experimen-

al results. In the second paper [22], the cells are scraped from
he plates to allow for a saponification step and thereafter free
CFA species are extracted for LC/MC analysis. Sterculic acid, a sub-
trate mimic inhibitor, is used to validate the assay for measuring
CD inhibition, giving an EC50 at 247 nM under the test conditions
22].

A simple and robust cellular SCD assay directly based on HPLC
ethods could not be found in the literature. To establish such an

ssay we chose rat primary hepatocytes and [1-14C]18:0 as the fatty
cid substrate in an effort to evaluate the potency of SCD antag-
nists in cells. Fig. 1 shows a schematic illustration of the setup,
ocused here on the assimilation of 18:0 into storage triglycerides.
1-14C]18:0 is taken up by the cells and subsequently becomes
ssimilated into the cell pool of lipids. In the absence of intra-
ellularly available SCD inhibitors (left cycle), C18:0 can be either
esaturated to C18:1 by SCD or esterified directly into diacylglyc-

rides (DAG) and subsequently triglycerides. The C18:1 formed by
CD can also be esterified and incorporated into triglycerides. In
he presence of a SCD inhibitor (right cycle), the amount of 18:1
n the triglycerides is attenuated. After treatment with controls or
nhibitors, the total cell lipids are saponified and the total free fatty
, cells are incubated with [1-14C]18:0. Hydrolysis of total lipids will include both
tor in the right panel. The extra structure in the rectangle highlights an increased
/(18:0 + 18:1) was used as an index of SDC activity. DAG, diacylglycerides; SCD,

acids are subjected to radiometric HPLC analysis of [1-14C]18:0 and
[1-14C]18:1.

The goal of this paper was to develop of a simple cellular SCD
assay in terms of improved sample preparation and subsequent
robust HPLC analysis of cellular desaturation. We found that the
recovery of the saturated LCFA from cellular samples was low and
irreproducible, both by solid-phase extraction (SPE) and conven-
tional liquid–liquid partition. A reliable lipid extraction procedure
based on Folch extraction [23] with 0.1% Triton X-114 in the sam-
ples was established. This enabled us to develop a novel cellular
assay based on radiometric HPLC analysis for the measurement of
SCD activity and inhibition.

2. Materials and methods

2.1. Reagents and chemicals

Stearic acid (> 99%) was obtained from Aldrich (Steinheim,
Germany). [1-14C]Stearic acid (57 Ci mol−1) and [1-14C]oleic acid
(53 Ci mol−1) were purchased from Amersham (Buckinghamshire,
UK). Williams’ medium E with Glutamax I, penicillin streptomycin
solution (PEST), fetal bovine serum (FBS) and phosphate-buffered
saline solution (PBS) were purchased from Gibco (Paisley, UK).
Insulin, fatty acid free bovine serum albumin (BSA) and Triton
X-114 (polyethylene glycol tert-octylphenyl ether) were from
Sigma (St. Louis, MO). Ultima-Flo M was from Perkin Elmer
(Shelton, CT). Other chemicals and solvents of analytical or HPLC
or higher quality were acquired from Fluka (Buchs, Switzerland)
or Merck KGaA (Darmstadt, Germany). Sterculic acid [8-(2-
octylcyclopropenyl)octanoic acid] and BVT168149 (a property
compound of Biovitrum) were prepared in-house; BVT168149 has
been optimized from a lead series of an in-house HTS with a tritium-

release method (18, 20), with an apparent IC50 value of 15 nM
against human SCD1. The SCD1 inhibitor N-(2-phenylethyl)-6-(4-
{[2-(trifluoromethyl)phenyl]carbonyl}piperazin-1-yl)pyridazine-
3-carboxamide [19] was also synthesized in-house, designated
BVT153212, and found to inhibit rat SCD1 with an apparent IC50
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alue of 6 nM in our hands. All internally synthesized compounds
ere controlled for their structural authenticity by LC/MS and had
purity >95% by HPLC.

.2. Isolation of rat primary hepatocytes

Experiments were carried out in accordance to national and
nternational guidelines for the care and use of laboratory animals,
pproved by the Local Committee on Ethics of Animal Experimenta-
ion. One male Sprague–Dawley rat (200–300 g) was anaesthetized
y inhalation of isoflurane and perfused with collagenase prior to
emoval of the liver. The isolation was described by Neufeld [24].

.3. Cell cultivation and treatment

Cells with viability not less than 70% as determined by the try-
an blue exclusion method were typically used for the experiments.
number of 0.5 × 106 cells, suspended in 1 mL Williams medium
with Glutamax I containing 20 nM insulin, 1% PEST and 2% FBS

medium B), were added into each well of 12-well collagen I coated
lates (BD Biosciences, Bedford, MA). The plates were incubated in
he presence of 5% CO2 at 37 ◦C for 2 h for cell attachment. Before
ddition of 0.90 mL medium B to each well, the cells were washed
wice with medium A. Thereafter, 50 �L test compound solution
diluted in medium B containing 4% dimethyl sulfoxide) was added
o each well and the plates were incubated in the presence of
% CO2 at 37 ◦C for 1 h. Next, 50 �L substrate solution (0.15 �Ci
1-14C]18:0 at 0.257 �Ci �mol−1, 2.3 mM BSA and 3% ethanol in

edium B) was added. The incubation was continued for 4 h or
vernight (18–22 h). Finally, the cells were washed three times
ith PBS (1–1.5 mL well−1), and the remaining liquid was carefully

spirated. In the end, 300 �L alkaline alcohol solution (1 M KOH
n 50% ethanol) was added to each well. The plates were stored
t 2–8 ◦C overnight and thereafter the lysate from each well was
ransferred into a 1.5-mL screw-cap tube. The tubes were stored at
20 ◦C before analysis.

.4. Saponification and total lipid extraction

Portions of 300 �L samples, in tubes with the cap tightly
crewed, were heated for 20 min at 98 ◦C in the heating block of
n Eppendorf Thermomixer with 500 rpm stirring and thereafter
ooled down to room temperature. To each sample the following
as added: 80 �L of 5 M HCl, 40 �L of 1% Triton X-114 and 0.8 mL

olch reagent (CHCl3/methanol, 2:1, by vol)2. The resulting solu-
ion was vigorously vortexed for 30 s. The lower organic phase was
ransferred into a conic glass tube and evaporated to dryness at
0 ◦C under a flow of nitrogen. The residues in the tube were recon-
tituted with 50 �L sample phase (85% ethanol, 14% water and 1%
cetic acid) and the sample tubes were placed on ice. A brief cen-
rifuge (∼200 g, 3 min) at 4 ◦C was performed before transferring
he supernatant into a 96-well round bottom plate. The plate with
amples was sealed with a cap pad and loaded in the thermostat
ample tray for HPLC analysis or temporarily stored in a refrigerator
efore loading.

.5. Chromatographic and instrumental methods
HPLC was performed with the column XBridge 2.5 C18
2.1 mm × 50 mm, Waters) and a guard column 2.5 C18
2.1 mm × 10 mm, Waters), which were held at 20 ◦C in a thermo-
tat column compartment (Agilent G1316A). The solvent system

2 Be aware of the hazard of CHCl3 vapour and when uncovered, handle it in a
uming hood.
878 (2010) 2427–2432 2429

consisted of 0.1% trifluoric acid in water (solvent A) and acetoni-
trile (solvent B). The HPLC effluent at a rate of 0.3 mL min−1 was
mixed with a scintillant Ultima-Flo M (Perkin Elmer) at a rate of
1 mL min−1 before entering a Flo-One/Beta detector (Radiomatic
500TR Series, Packard) for radioactivity determination. The elution
was performed by a binary HPLC pump (Agilent G1312A) and
the column was equilibrated with 85% solvent B at a flow rate of
0.3 mL min−1. The elution gradient started at 85% solvent B, and
then solvent B was increased to 95% over a time period of 5 min,
and thereafter solvent B was decreased to 85% in 0.1 min. The
gradient cycle time was 10 min. Samples (10 �L) were injected by a
well plate autosampler (Agilent G1367A) equipped with a sample
thermostat (Agilent G1330A) that kept the sample chamber at 4 ◦C.
All the related parts of the chromatographic system were operated
via the on-line Agilent ChemStation software (GC ChemStation
Rev. B.01.03, Agilent). To confirm the authenticity of the analytes,
the effluent was collected directly after the XBridge column for
mass determination.

LC/MS was carried out with a gradient mobile phase consisted
of water/methanol, 95:5, containing 20 mM ammonium acetate
(solvent C) and methanol/isopropanol, 80:20, containing 5 mM
ammonium acetate (solvent D), at 0.2 mL min−1. A column Dis-
covery BIO Wide Pore C5 (5 �m, 2.1 mm × 100 mm, Supelco) was
connected to a triple quadrupole mass spectrometer (TQD, Waters)
with electrospray ionization in negative ion mode and unit mass
resolution. The elution gradient started at 50% solvent D and
increased to 100% solvent D over 5 min.

2.6. Data processing and analysis

The amount of each fatty acid was calculated based on the peak
areas. An off-line Agilent ChemStation software (GC ChemStation
Rev. B.01.03, Agilent) was used to both capture the raw data and for
analysis of peak areas. The peak areas were used to calculate how
many percent of oleic acid that had been formed according to the
following equation:

Oleic formation (%) = 100 × A18:1/(A18:0 + A18:1)

Herein A18:1 is the peak area of [1-14C]18:1 and A18:0 the peak
area of [1-14C]18:0. Dose–response curve fitting and EC50 calcula-
tion were made by using Prism (Graph Pad Software) or XLfit (ID
Business Solutions) programs. Apart from the standard deviation
(SD) and coefficient of variation (CV) that reflect data precision,
the Hill coefficient (h), correlation coefficient squared (r2) and Z′

parameter [25] were also determined to evaluate the quality of the
data and the assay system whenever possible.

3. Results

3.1. HPLC method development

Two narrow bore reverse phase columns (2.1 mm × 50 mm,
Waters), XBridge 2.5 Phenyl and XBridge 2.5 C18 were tested for
their ability to separate [1-14C]18:0 and [1-14C]18:1. The latter
showed superior ability to separate the two peaks of interest and
the chromatographic conditions were thus optimized as described
in the method. The retention times were typically 4.8 min and
7.2 min for 18:1 and 18:0, respectively. The resolution (Rs) was
beyond baseline-separation (Rs > 1). Increasing the column temper-
ature from 20 to 45 ◦C did not shorten the cycle time in a useful

way.

To further verify the HPLC analysis, the effluent peaks for 18:1
(4.0–5.5 min) and 18:0 (6.5–8.0 min) from the column were col-
lected and analyzed by MS respectively. The mass spectrum of the
first eluting material yielded a strong anion signal at m/z 281 (100%)
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Fig. 2. Recovery of the fatty acids using Folch extraction supplemented with 0.1%
Triton X-114 in the samples. The study was conducted with rat primary hepato-
cytes supplied with a medium without [1-14C]18:0. A known amount of [1-14C]18:1
(15 nCi) and [1-14C]18:0 (15 nCi) was subsequently added into 300 �L (equal to
one well sample in 12-well format) of the cell lysate and heated to achieve alkaline
hydrolysis. Total lipids were extracted and residues were reconstituted in 50 �L
sample phase (85% ACN, 14% H2O, and 1% HAc). All samples were applied in 10 �L
in duplicate and only one of the duplicate was shown. Chart A, sample (3 nCi each
of the 14C fatty acids) injected to column directly without extraction as 100% con-
trol (A18:1 1242 ± 30, CV 2.4%; A18:0 818 ± 3, CV 0.4%); Chart B, sample loaded from

18:1
430 C. Su et al. / J. Chromat

nd the expected weaker signals at m/z 282 (20%) and m/z 283 (4%)
haracteristic of 18:1, whereas the mass spectrum of the second
luting material was characteristic of 18:0 [m/z 283 (100%); m/z
84 (20%); m/z 285 (4%)]. The 14C-label could not be detected due
o the low specific activity.

.2. Optimization of cell lysis and lipid saponification

These procedures were optimized as follows. The hepatocytes
ere scraped off from the bottom of the wells of the culture plate

nd collected by centrifugation for lipid saponification. We used
M KOH in 50% ethanol to digest the cells and to saponify the
sters of the cellular lipids, which were transferred into screw-cap
ubes and allowed to react under nitrogen or normal atmosphere.
or nitrogen controls, the sample tubes were purged under N2 flow
min and sealed. For non-nitrogen controls, the sample tubes were

ealed directly by screwing the caps. We found that alkaline hydrol-
sis could be completed at 98 ◦C with vortexing at 500 rpm by
0 min (data not shown). We also found that no significant differ-
nce could be observed when heating the samples with or without
itrogen saturation. Oxidized or incompletely hydrolytic species, if
ny, would be expected to elute before 18:1 because of increased
olarity. These species appeared as two small peaks at 1.3 min and
.9 min. The total areas of the two peaks were 0.58% with and 0.88%
ithout nitrogen protection, respectively. The difference was 0.3%

nd below the assay precision limit. The nitrogen treatment step
ould thus be omitted to simplify the procedure.

Cell harvest by scraping was laborious, and we studied an alter-
ative. The cells, which were confluent and attached to the bottom

n the medium with BSA (0.76%) and FBS (2%), were thoroughly
ashed with PBS to remove fatty acids; this was not improved

y including 0.1% BSA in the PBS wash. As controls, cells were
arvested by conventional scraping, and transferred to tubes for
igestion in the alkaline alcohol solution. In parallel samples, the
ells were lysed in situ by adding the alkaline alcohol solution
irectly in the wells and the plates were covered and incubated in
refrigerator overnight. We found that this in situ alkaline digest
revented sample loss and largely simplified the procedure and the
ample could be stored at −20 ◦C for a few weeks without visible
hange in the fatty acid profile (data not shown).

.3. Optimization of the lipid extraction method

In the early stages of assay development, a
ydrophilic–lipophilic balance cartridge (Oasis HLB, Waters)
as chosen. However, when cellular materials were extracted

he recovery of added [1-14C]18:0 was significantly decreased
nd varied between cartridges. This in turn affected the assay CV
ignificantly. We next evaluated liquid–liquid extraction.

Three extraction reagents were screened, namely chloro-
orm/methanol (Folch reagent [23]), hexane/isopropanol and
eptane/isopropanol. Folch reagent was chosen because of higher
ecovery and convenience than the other reagents. It was found that
xtraction of the cellular samples after addition of 0.1% Triton X-114
ielded a near complete recovery of both 18:0 and 18:1, as illus-
rated in Fig. 2. Extractions with vigorous vortexing or ultrasonic
reatment were compared, and the former yielded the best recov-
ry. However, the recovery of 18:0 sometimes varied. This variation
ikely resulted from co-precipitation of the 18:0 with other com-
onents of the extracts. Tiny white particles were observed when
he sample in 85% acetonitrile stayed on ice and this sample was

ccompanied with a lower recovery of 18:0 (HPLC analysis) after a
ew hours in the cooling tray. A further study showed that the sam-
le leftover, when reconstituted in 85% ethanol and loaded into the
olumn, gave a burst of 18:0 signal (data not shown). Extract dis-
olved in 85% ethanol rather than 85% acetonitrile prevented the
the extraction with Triton X-114 (A = 1324 ± 13, CV 1.0%, oleic acid recovery
107%; A18:0 = 750 ± 50, CV 6.7%, stearic acid recovery 92%); Chart C, sample from
the extraction without Triton X-114 (A18:1 = 1332 ± 39, CV 2.9%, oleic acid recovery
107%; A18:0 = 345 ± 35, CV 10.3%, stearic acid recovery 42%).

loss of 18:0 due to co-precipitation. Although white precipitates
were also formed in 85% ethanol when stored in cold, they did not
affect the yield of 18:0. Ethanol (85%) secured 97–102% recovery of
18:1 and 93–97% of 18:0 (CV < 5% in triplicate). With these improve-
ments, we found that the assay was reliable with at least in a cell
count of 0.1–3 × 106 cells per well of the 12-well plates.

3.4. Incubation time with stearic acid for the intracellular
assimilation

Preliminary experiments showed that rat primary hepatocytes
incubated with [1-14C]18:0 at 0.6 mM (0.257 �Ci �mol−1) for 2 h
yielded significant signals for both 18:0 and 18:1 in vehicle con-
trols. Sterculic acid blocked the18:1 signal in a dose–response
manner and down to a minimal level at concentrations of 20 �M
and above (data not shown). In order to optimize the incubation
time for stearate with the cells, three different co-incubation times
(2 h, 4 h, and overnight) were tested, as illustrated in Fig. 3. This
study indicates that the 4 h incubation gave the most significant
assay window, while the overnight incubation ranked second. The
overnight incubation with substrate was routinely used due to the
convenience in terms of working hours. The data also indicate that
BVT168149 at 0.2 �M suppressed the SCD1 activity even below the
activity with 20 �M sterculic acid.

The blockage of SCD1 results in a significant attenuation of the
intracellular assimilation or lipid accumulation, compared the total

signal areas of the vehicle controls with that of the sterculic con-
trols and the BVT1688149 tests, as shown in Fig. 3. This observation
agrees well with the lipogenic role of SCD1 [8]. To reduce the animal
consumption for preparation of hepatocytes, we studied cells culti-



C. Su et al. / J. Chromatogr. B

Fig. 3. Co-incubation time with substrate and cells in the hepatocyte assay. The
study was performed in 6-well format and each incubation was made in duplicate
with the samples from separate plates. The cells were preincubated with a com-
pound for 1 h before receiving the substrate as described in Section 2.3. Peak area
counting plot for both oleic and stearic acids. Blank (vehicle only control), Sterculic
(20 �M sterculic acid) and BVT168149 (0.2 �M) were the three compound groups.
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ach group contains four substrate feeding experiments, 2 h, 4 h, O/a (overnight
eeding) and O/b (4-h feeding, but prior to the experiment the cells were cultured
vernight) respectively. The columns show the mean values with SD bars for the
wo fatty acids.

ated overnight before treatment with radiolabeled fatty acids, but
hese cells were less sensitive to changes in the 18:1/18:0 ratios
O/b, Fig. 3).

.5. Dose–response characterization of inhibitors

Given the progress of the assay development a stable and
obust assay window had now been established in a 12-well assay
ormat. We subsequently characterized BVT168149 for the dose-
ependent inhibition of SCD1 in primary rat hepatocytes as shown

n Fig. 4. Since the primary rat hepatocytes are metabolically active,
t is worthwhile to point out that the actual contact time between
ompound and cell will also depend on the metabolic stability of
he tested compounds. BVT168149 was found to be stable under

hese conditions and its potency was consistent with a 4 h or an
vernight incubation. To confirm this prediction, a less metaboli-
ally stable compound BVT153212 was assayed for SCD1 inhibition
n the hepatocytes. The EC50 values were 51 nM using a contact

ig. 4. Dose–response characterization of BVT168149 for SCD1 inhibition in rat
rimary hepatocytes. The cells received the stearic acid overnight. The oleic acid
ormation was calculated and used for the curve fitting. Each value was given as

mean of three independent experiments in separate 12-well plates. Each plate
ontained 10 dilutions of BVT168149 and a pair of vehicle control and full inhi-
ition control wells. The means of the vehicle controls and the full inhibition
ontrols were 49.48 ± 1.25% (fully active SCD1) and 4.68 ± 1.26% (fully inhibited
CD1), respectively. The insert legend shows the apparent EC50 value with 95% con-
dence intervals (25.2 ∼ 35.5 nM) and the data quality parameters as described in
ection 2.6. The Z′ parameter calculation was based on the 3 pairs of the independent
ontrol data. The vertical bars illustrate the standard deviations.
878 (2010) 2427–2432 2431

time of 2 h and this shifted to 120 nM with an overnight incuba-
tion.

4. Discussion

Using [1-14C]18:0 as the substrate for rat primary hepatocytes
we have shown that radiolabeled 18:0 and 18:1 in the cells could
be completely separated within a few minutes with reversed phase
HPLC. We chose to use 18:0 rather than 16:0 for two important
reasons. Firstly, 18:0 is not elongated in the cell and only two ana-
lytes, 18:0 and 18:1, need to be separated. With 16:0 four products
(16:0, 16:1, 18:0 and 18:1) would have to be analyzed. The presence
of one double bond reduces the retention time by the equivalent
of two carbon atoms in the chain length [14], which means 18:1
and 16:0 may not be separated. Secondly, SCD1 prefers 18:0 over
16:0 as a substrate for the desaturation reaction [6]. In addition,
palmitate is commonly used to induce cellular insulin resistance
[26] and an excess leads to subsequent apoptosis [27], which may
affect the cell physiology and thereby entangle the measured SCD1
activity.

We have simplified the cell harvesting and lipid saponification
procedures because the strong alkali ethanol solution is also an
ideal solution for cell lysis, digestion in situ and de-assembling
fats from triglyceride-rich lipoproteins that would be produced by
the hepatocytes. We have demonstrated that the 20-min heating
at 98 ◦C without nitrogen purge for saponification did not affect
the quantification. We have placed a significant effort in optimiz-
ing the lipid extraction procedures. SPE with modern cartridges
prevails over the liquid–liquid extraction due to its throughput.
However, the problem of the cartridges for extraction of 18:0 from
cellular materials was unexpected. The Folch extraction yielded
poor recovery of 18:0 until 0.1% Triton X-114 was added to the
samples. This finding allowed us to assure the 18:0 recovery
from the cell materials. Furthermore, 85% ethanol prevents 18:0
loss from precipitate. Because of the reliable extraction proce-
dure, an additional internal standard for 18:0 was not required,
which simplified the analysis. With the improved sample prepa-
ration approach, the signals became robust and stable, and the
assay was highly reproducible and sensitive. As a consequence
the amount of the cells required for each data point could be
reduced dramatically. We used the assay in a 12-well format, but
it seems fully feasible to adopt the method to 24- or 48-well
microplates.

Saturated fat strongly induces Scd1 gene expression and the
cellular SCD1 enzyme is rapidly degraded via the ubiquitin-
proteasome-dependent mechanism with a half-life of ∼3 h [28].
We have examined the incubation time for 18:0 assimilation.
Under the investigated conditions the rat primary hepatocytes
were able to assimilate the substrate rather quickly. Already
after 2 h the cells gave a well detectable signal of SCD1 activ-
ity as shown in Fig. 3. The study of the assimilation showed
that the best assay window for the desaturation index was after
4 h co-incubation of the substrate and the cells, a window that
remained pronounced for measuring after overnight cultivation
(Fig. 3, panel O/a). This long lasting span of a reading window
is especially advantageous to capturing a metabolically stable
inhibitor, which is the interest in a lead optimization phase of
drug discovery. An overnight feeding was also due to a practi-
cal reason in our lab. However, if a more sensitive performance
is desired, 3–5 h co-incubation is shown here to result in most

robust window and in addition will likely be more suitable for
testing less stable compounds in the presence of the metabolically
active hepatocytes. A right shift of the dose–response curve was
seen with overnight incubation, when the less stable compound
BVT153212 was assayed. However, some caution should be exer-
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The rat primary hepatocytes primarily express the SCD1 iso-
orm and thus represent an excellent source of the specific enzyme.
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