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INTRODUCTION

Tissue long chain fatty acyl-coenzyme a esters 
(lcfa-coa) are high-energy amphipathic molecules. 

Besides being used as fuel intermediates by β-oxidation for 
energy production, they are also substrates in triglyceride, cho-
lesterol ester, phospholipid, wax ester, and ceramide biosynthe-
sis. moreover, some lcfa-coas are substrate precursors in 
lipid signaling molecule production and in the maintenance of 
membrane fluidity. in addition to dietary influence, lcfa-coa 
composition in humans is also regulated by multiple lcfa-coa 
elongases and desaturases. there are 3 classes of mammalian 
desaturases—namely, delta-5 desaturase (Δ5D), delta-6 desatu-
rase (Δ6D), and delta-9 desaturase (Δ9D), each catalyzing the 
formation of a cis-double bond at the carbon-5, -6, and -9 posi-
tion of lcfa-coa, respectively. the Δ5D and Δ6D are required 
in polyunsaturated fatty acid (Pufa) production from dietary 
essential fatty acids linoleic acid (c18:2 n-6) and α-linolenic acid 

(c18:3 n-3).1-3 the Δ9D, also called stearoyl-coa desaturase 
(scD), is encoded by 2 genes (scD1, scD5) in humans. they 
are the key enzymes involved in oleoyl-coa production, the 
major lcfa-coa component and an essential substrate in de 
novo lipid synthesis.4 sequence alignment analysis suggests 
these desaturases share a common catalytic machinery with a 
putative “di-iron-oxo” catalytic center for the position-specific 
abstraction of the h-atom to form the cis-double bond.5

Deregulation of lcfa-coa metabolism has been impli-
cated in a number of chronic disorders, including obesity, car-
diovascular diseases, type 2 diabetes, and several forms of 
cancer. correcting the lcfa-coa composition imbalance via 
pharmacological modulation of Δ5D, Δ6D, Δ9D, or elongase 
activities may have diverse therapeutic potentials. for exam-
ple, overproduction of arachidonic acid–derived eicosanoids 
from Δ5D- and Δ6D-mediated desaturation and elongation  
of linoleic acid appears to play a detrimental role in the  
development of inflammatory and autoimmune disorders. 
Polymorphisms of Δ5D and Δ6D are associated with an altered 
arachidonic acid–mediated signaling, with some single-nucleotide 
polymorphism (snP) carriers having a lower prevalence of 
allergic rhinitis and atopic eczema.6,7 some diabetic patients 
have a reduced Δ5 desaturase activity, and this is normally  
corrected by insulin treatment.8 elevated scD activity is 
associated with insulin resistance, hypertriglyceridemia, liver 
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steatosis, atherosclerosis from hypoxia in sleep apnea, and 
increased cancer risk in obese subjects.9-11 model studies have 
revealed that reducing the arachidonic acid oversupply via Δ5D 
or Δ6D inhibition mitigates the excessive airway inflammation 
and impedes intestinal tumor genesis.12,13 it has been shown 
that scD1 deficiency from treatment with antisense oligonu-
cleotide, sterculic acid, or other scD1 inhibitors attenuates 
hypoxia-induced dyslipidemia and atherosclerosis, decreases 
carcinoma development,14 reduces diet-induced obesity and 
steatosis, and improves insulin sensitivity.11,15-17 furthermore, 
elongase deficiency from elov16 deletion protects mice from 
fatty liver–induced insulin resistance.18

to facilitate the identification of desaturase and elongase 
inhibitors for therapeutic evaluation, we have optimized a mul-
tiplexed cellular assay using 14c-tracers to measure the desatu-
rase and elongase activity simultaneously. the human hepatoma 
hepg2 cell line was chosen because of its known high desatu-
rase and elongase activities, as well as resemblance to many 
features of primary hepatocytes, including lipid synthesis, lipo-
protein synthesis, assembly, and secretion.19 this multiplexed 
cellular assay provides a convenient platform for the study of 
lipid metabolism.

MATERIALS AND METHODS

hepg2 cells were obtained from american type culture 
collection (atcc, rockville, mD). [1-14c] stearic acid (56 
mci/mmole, c18:0), [1-14c]-eicosatrienoic acid (56 mci/
mmole, c20:3, cis-8,11,14), and [1-14c] α-linolenic acid (56 
mci/mmole, c18:3, cis-9,12,15) were from american 
radiolabeled chemicals, inc. (st. louis, mo). the Δ5D inhib-
itor cP-74006 and Δ6D inhibitor sc-26196 were prepared 
according to published procedures.12 sterculic acid (8-(2-octyl-
1-cyclopropenyl) octanoic acid) was purchased from Qschem 
(www.qschem.com). compound a is an orally active scD 
inhibitor with potent antiobesity efficacy in the high-fat diet-
induced obese mouse model.20 other chemicals were of ana-
lytical grade from sigma/aldrich.

Cell culture, lipid extraction, and analysis

hepg2 cells were maintained as monolayer culture in mini-
mum essential medium (mem) supplemented with 10% fetal 
bovine serum, 1% sodium pyruvate, 1% nonessential amino 
acids, penicillin (10,000 units/ml), and streptomycin (10,000 
μg/ml) under a humidified atmosphere of 95% o2/5% co2 at 
37 °c. the medium was replaced every third day. fresh cul-
tures were initiated twice per week by trypsinization after the 
cells reached ~80% confluency with a 3 to 1 dilution ratio.

the assay was initially developed in the 48-well plate for 
increased sensitivity at characterizing minor metabolites and 
further adapted to the 96-well plate format for higher capacity. 
in the 96-well plate-based screening mode, hepg2 cells at 0.3 

million/ml were plated at 0.2 ml per well. after 2 days, the 
near-confluent cells were incubated with compounds (via 1 μl 
Dmso as vehicle) and 90 μl of fresh medium for 15 min. 
[1-14c]-stearic acid, [1-14c]-eicosatrienoic acid, or [1-14c]-α-
linolenic acid was added via 10 μl of medium to a final con-
centration of 0.1 μci/ml either separately or in combination. 
after 4 h, the radioactive medium was removed by placing the 
well plate upside down on a paper towel. cells were washed 3 
times with 0.2 ml phosphate-buffered saline (PBs) following 
the same procedure to remove residual medium and saponified 
with 0.1 ml of sodium hydroxide (2 n) at 65 °c for 1 h. to 
ensure the recovery of minor metabolites from [1-14c]-α-
linolenic acid, we added 10 μg of l-α-phosphatidylcholine as 
the cold carrier. after acidification with phosphoric acid (20 
μl), the suspension was solubilized with 130 μl acetonitrile 
and centrifuged at 4000 g for 15 min at 4 °c. the resulting 
supernatant was analyzed on a high-performance liquid chro-
matography (hPlc) system equipped with a radioactivity 
detector (Packard, Pangbourne, uK) and a reverse-phase col-
umn (zobax extend-c18, agilent, santa clara, ca) using a 
10% water (0.1% formic acid)/90% acetonitrile (0.1% formic 
acid) to 100% acetonitrile (0.1% formic acid) gradient. to 
detect the minor metabolites from [1-14c]-α-linolenic acid, we 
carried out the assay in the 48-well plate by plating 0.8 ml of 
hepg2 cells at 0.3 million/ml into each well. the incubation 
medium was increased to 500 μl/well. the labeled cells were 
washed 3 times with 1 ml of PBs and hydrolyzed using 200 
μl of naoh (2n). the resulting sample after transferring into 
a 96-well plate was processed accordingly as in the 96-well 
plate condition.

RNA extraction and quantitative real-time PCR analysis

rna was extracted from hepg2 cells using trizol reagent from 
invitrogen (carlsbad, ca). human scD1 and scD5 transcript 
levels were measured via quantitative Pcr analysis and nor-
malized against human scD1 and scD5 plasmid Dna standards. 
the forward and reverse primers were 5′-gtcctgcagaatg-
gaggagataag-3′ and 5′-cgaatgtcgtcttccaagtaga-3′ 
for scD1 and 5′- cgctataccatctcactcaacatca-3′ and 
5′-ggccggtttccatacatgtg-3′ for scD5. the probes 
were 5′-fam-tggagacgatgccc-BhQ1-3′ for scD1 and 
5′-fam-ctggtcaacagcgcc-BhQ1-3′ for scD5. the 
transcript levels in hepg2 cells were at 0.65 ± 0.15 (n = 4) 
ng/μg of total rna for scD1 and below detection for scD5 
(<0.0003 ng/μg total rna).

Mass spectrometry analysis

the metabolites after incubating [u-13c]-α-linolenate with 
hepg2 cells for 4 h in a 48-well plate were analyzed by liquid 
chromatography/mass spectrometry (lc/ms). the hPlc–esi 
(electrospray ionization)–ms/ms system consisted of a 
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Waters-2790 alliance ht coupled with a Quattro ultima triple 
quadrupole mass spectrometer (manchester, england) equipped 
with an electrospray source. the column was an X-terra® ms 
c8 (2.5 μm, 4.6 × 50 mm) from Waters (Watford, uK). the 
mobile phase at a flow rate of 0.1 ml/min was composed of 
acetonitrile in 0.1% formic acid (eluant a) and water in 0.1% 
formic acid (eluant B) with a gradient from 50% to 95% eluant 
a in 25 min, followed by a 3-min equilibration period at 95% 
eluant a. the injection volume was 10 μl. the Quattro was 
operated in esi negative mode with the capillary voltage at 
–3.35 kV, the cone at –50 V, the extractor at –1 V, the source 
temperature at 120 °c, the desolvatation temperature at 350 °c, 
the desolvatation flow at 458 l/h, and the nebulizer at 21 l/h, 
and data were acquired in sim mode.

Data analysis

the 14c-labeled product/substrate-precursor tracer ratio 
from each sample was used as the respective desaturase or 
elongase activity indice to minimize the impact of cell number 
variation among wells. Data are reported as the mean ± stand-
ard error from 3 to 5 independent measurements. ic50 values 
were estimated by fitting the dose-response curve with a 
4-parameter nonlinear regression analysis routine.

RESULTS

to establish a robust whole-cell assay capable of monitoring 
multiple desaturase and elongase activities simultaneously for 
compound screening, we took advantage of the known high 
desaturase expression in hepg2 cells, the noninvasive method, 
and the high sensitivity of radioactive tracer–based methodol-
ogy for metabolite mapping. to simplify the metabolite spec-
trum, the 14c-isotope tag was positioned at carbon 1 for all 
tracers that silence chain-shortened metabolites generated from 
the loss of this carbon. Prior studies have identified the pres-
ence of abundant Δ5, Δ6, and Δ9 desaturase and elongase 
activities in hepg2 cells.1,21,22 of the two Δ9-specific desatu-
rase isoforms in humans,23 our quantitative Pcr analysis 
uncovered that only hscD1 was expressed at ~0.6 ng/μg of the 
total rna. the other isoform, hscD5, was below the detection 
limit of <0.0003 ng/μg total rna, demonstrating hscD1 is the 
sole contributor to the Δ9 desaturase activity in hepg2 cells.

to monitor the scD1 activity, we followed the desaturation 
of [1-14c]-stearic acid (c18:0) to 14c-oleic acid (c18:1, 
cis-9).1,24 14c-stearoyl-coa, formed via activation and thio-
acylation of the tracer, is the preferred substrate of scD1 in 
oleoyl-coa formation and its subsequent esterification into 
lipids, as outlined in figure 1.22,25 Briefly, cells after feeding 
with 14c-stearic acid up to 24 h were saponified with a sodium 
hydroxide solution, and the resulting 14c-metabolites from the 
cellular lipid pool were quantified by hPlc. time course 
analysis revealed that 14c-stearic acid uptake into cells is nearly 
linear up to 6 h and dose proportional from 0.05 to 0.2 μci/ml 

(0.9-3.6 μm) tested, judging from the radioactivity remained in 
culture medium (Fig. 2A). more than 85% of the 14c-radioactivity 
in cells was distributed between the Δ9D-derived oleic acid and 
stearic acid. the 14c-oleic acid/(14c-stearic acid + 14c-oleic 
acid) ratio, a Δ9D activity index, reached the plateau value of 
~45% by 30 min independent of the tracer concentration (Fig. 
2B). this kinetic feature implies that the desaturation of 
14c-stearoly-coa to oleoyl-coa by scD1 is not the rate- 
limiting step in route of the 14c-oleoyl-containing lipid forma-
tion from 14c-stearic acid. Within 6 h, less than 5% of the 
14c-metabolites in culture medium or in cells comigrated with 
acetate-, palmitate-, or palmitoleate-like species, suggesting a 
minimal occurrence of β-oxidation or 14c-carbon-1 recycling 
events from tracer breakdown. the cellular radioactivity starts 
to decline post 8 h, yielding a complex metabolite profile by 24 
h. hPlc analysis suggested that they were from further metab-
olism of 14c-stearate and 14c-oleate. therefore, for compound 
testing, the 14c-stearic acid tracing time was limited to 4 h at 
the concentration of 0.1 μci/ml. to increase the robustness of 
data analysis, we used the internal 14c-oleate/(stearate + oleic 
acid) ratio of each sample as the Δ9D activity index to mini-
mize the impact of cell number variations amongst wells. 
Figure 3A shows the dose titration of the scD activity index by 
compound a, a novel scD inhibitor with an intrinsic potency 
of 0.1 μm at inhibiting the scD activity of rat liver microsome 
(Table 1). compound a potently inhibited the cellular scD 
activity of hepg2 cells with an ic50 value of 0.3 μm. Figure 3B 
compares the scD activity indices of Dmso-treated 8 samples 
on the same 96-well plate with compound a–treated 8 samples 
located on 4 separate plates (at the dose of 20 μm with dupli-
cate on each plate). the illustrated reproducibility within and 
across plates leads to a high z′ factor of 0.8. a similar z′ factor 
of 0.7 was obtained among samples located on the same 
96-well plate. this assay is highly reproducible, and the ic50 
values of compounds typically varied within 25% when they 
were retested on different days. sterculic acid, a cyclopropenoid-
based Δ9D inhibitor from the cotton seed,26,27 dose-dependently 
inhibited the cellular Δ9D activity with an ic50 value of 0.9 
μm, which is comparable to its ec50 of 0.25 μm by following 
D3-stearic acid metabolism via lc/ms detection in hepg2 
cells.28

to monitor the Δ5D activity in hepg2 cells, we traced the 
metabolism of [1-14c]-eicosatrienoic acid (c20:3, cis-8,11,14) 
as in aBmc-7 cells.29 comparable to that traced from 14c-stearic 
acid, the cellular uptake of 14c-eicosatrienoic acid was linear 
up to 6 h within 0.05 to 0.2 μci/ml (0.9-3.6 μm) tested, with 
the Δ5D-derived 14c-arachidonic acid (c20:4, cis-5,8,11,14) 
being the dominant metabolite (>80%) in cell lipids within this 
duration. the resulting 14c-arachidonic acid/(14c-eicosatrienoic 
acid + 14c-arachidonic acid) ratio, a Δ5D-activity index, rapidly 
reached a plateau value of 20% to 25% within 30 min, consist-
ent with the observation that Δ5D-catalyzed desaturation is not 
the rate-limiting step in the formation of arachidonyl-lipid from 
the tracer. a complex 14c-metabolites spectrum emerged post 8 
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h, with their elution patterns on hPlc resembling those known 
metabolites from further elongation and desaturation in hepg2 
cells.1 thus, the tracing time for monitoring Δ5D activity was 
also limited to 4 h for compound testing. Because 14c-stearic 
acid, eicosatrienoic acid, oleic acid, and arachidonic acid were 
well separated on hPlc, the Δ5D and Δ9D activity assays 
were typically conducted in combination with the use of both 
tracers, as illustrated in Figure 4. cP-74006, a Δ5D inhibitor 
with an in vitro ic50 of 40 nm,12 inhibited the formation of 
14c-arachidonic acid in hepg2 cells with an ic50 value of 20 
nm without affecting the Δ9D-derived oleic acid formation, 
confirming its Δ5D specificity. a similar ic50 value of 0.9 μm 
was obtained for sterculic acid at inhibiting the scD activity 
under the dual tracing condition, indicating that the fatty acid 
metabolism circuits were minimally perturbed by the presence 
of both tracers.

to monitor the cellular Δ6D activity, we traced the metabo-
lism of [1-14c] α-linolenic acid (ala, c18:3, cis-9,12,15) to 
docosahexaenoic acid (Dha, c22:6, cis-4,7,10,13,16,19). a 

comparison of 2 substrate precursors showed that the metabo-
lism of 14c-α-linolenic acid was 2- to 3-fold higher in hepg2 
cells, as opposed to that of 14c-linoleic acid (c18:2, cis-9,12; 
results not shown). even within 6 h, complex metabolites were 
formed, including stearidonic acid (sDa, c18:4, cis-6,9,12,15) 
and eicosatrienoic acid (c20:3, cis-11,14,17) from Δ6 desatura-
tion and elongation of the c18:3 tracer, respectively; eicosa-
tetraenoic acid (eta, c20:4, cis-8,11,14,17) from stearidonic 
acid elongation; eicosapentaenoic acid (ePa, c20:5, cis-
5,8,11,14,17) from Δ5 desaturation of eta (c20:4); and some 
docosatetraenoic acid (c22:4) and docosahexaenoic acid (Dha, 
c22:6) from multiple desaturation and elongation, as outlined 
in Figure 1. among them, the Δ6D/elongase/Δ5D-derived ePa 
(c20:5 n-3) was the most abundant species (~20%). this com-
plex spectrum plus the weak signal of each species severely 
compromised the quantification ability in delineating the spe-
cific desaturation and elongation steps. to simplify the metabo-
lite spectrum and enhance the indexing of the Δ6D-mediated 
steps, we inhibited the extensive Δ5D-catalyzed desaturation of 
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FIG. 1. tracer-based Δ5D, Δ6D, Δ9D (scD), and elongase activity detection in hepg2 cells. the major 14c-metabolites from [1-14c]-substrate 
precursor tracers in hepg2 cells under the optimized conditions are shown here. arachidonic acid (c20:4, cis-5,8,11,14) is the main metabolite 
of 14c-eicosatrienoic acid (c20:3, cis-8,11,14, dihomo-γ-linolenic acid) via Δ5D-catalyzed desaturation. oleic acid (c18:1, cis-9) is the main 
metabolite of 14c-stearic acid (c18:0) via Δ9D-catalyzed desaturation. Depleting the Δ5D activity by cP-74006 simplifies the metabolism of 
14c-α-linolenic acid (ala, c18:3, cis-9,12,15), leading to the accumulation of eicosatrienoic acid (c20:3n-3, minor), eicosatetraenoic acid 
(c20:4n-3, major), and docosatetraenoic acid (c22:4n-3, minor), with the Δ6D-derived metabolite stearidonic acid (c18:4n-3) being a negligible 
component (<5%). the assay robustness is increased by the ratiometric analysis of the metabolites/tracer ratio within each sample.
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FIG. 2. time course of 14c-stearic acid uptake and metabolism in hepg2 cells. [1-14c]-stearic acid (0.1 μci/ml, 0.9 μm) was incubated with 
hepg2 cells at 37 °c in a 48-well plate. (A) the uptake of total 14c-radioactivity was nearly linear with over 50% incorporated into cells by 6 h. 
14c-oleic acid was the major metabolite, with the remaining 14c-stearic acid being the other species detected. (B) the formation of 14c-oleic acid 
plateaued rapidly within 30 min and remained constant throughout the 6-h incorporation duration. mean ± se, n = 3.
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c20:4 to c20:5 by the addition of cP-74006 (20 μm). under 
the Δ5D-depleted condition at 4 h, the Δ6 desaturation plus 
elongation-derived 14c-eta (c20:4) accumulated to become 
the major species (~50% of the total) with ~40% 14c-c18:3 
remaining. two elongation-derived metabolites, 14c-c20:3 

from the tracer and 14c-c22:4 from the major c20:4 metabo-
lite, also accumulated to 4% to 5% under the present condition. 
this simplified α-linolenate metabolism allowed the compari-
son of the combined Δ6D/elongase index (14c-c20:4/c18:3 
ratio) with the corresponding elongation index (14c-c20:3/
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c18:3), thus enabling the delineation of the Δ6D activity index 
alone following compound treatment.

this mixed Δ6D/elongase assay is readily combined with the 
Δ9D activity assay with the use of both tracers. Figure 5 (trace 

Table 1. comparison of cell Potencies with enzyme Potencies of Desaturase inhibitors

Enzyme Potency (IC50, μM)      Whole-Cell Potency (IC50, μM)

Inhibitor Name Structure Δ5Da Δ6Da Δ9D Δ5D Δ6D Δ9D Elongase

sc-26196 >200 0.2 >200 >100 0.1 >100 >100

cP-74006 0.04 >100 >100 0.02 >100 >100 >100

sterculic acid nD nD 0.14 >200 >100 0.9 >100

compound a (mf-152) nD nD 0.1 >100 >100 0.3 >100

nD, not determined.
a enzyme potency against Δ5D and Δ6D activities was from obukowicz et al.12 enzyme potency against the Δ9D activity was measured using carbohydrate diet-induced rat liver 
microsome as previously described.25
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a) illustrates the levels of corresponding metabolites from both 
tracers in this combination format. Depleting the Δ6D activity 
with 100 μm sc-26196, a Δ6D inhibitor that blocked Pufa 
metabolism in several human cells30 completely inhibited the 
formation of 14c-c20:4 and its elongated c22:4 from 14c-
c18:3, without affecting oleic acid formation or the elongation 
of 14c-c18:3 to c20:3, demonstrating its specificity on Δ6D 
over Δ9D or elongase (Fig. 5, trace B). sterculic acid (100 μm) 
completely suppressed oleic acid formation without altering the 
multiple metabolite formation from 14c-α-linolenate (Fig. 5, 
trace c), demonstrating its specificity against Δ9D over Δ6D 
and elongase. it is unclear if the elongase elov15 is a major 
contributor in hepg2 cells as in liver.31

to verify the identities of these 14c-metabolites under the 
Δ5D-depleted condition, we analyzed the corresponding 
[u-13c]-metabolites formed from [u-13c]-α-linolenate (c18:3) 
by lc/ms (Fig. 6). the expected [u-13c]-eta (c20:4), eico-
satrienoic acid (c20:3), and docosatetraenoic acid (c22:4) 
were indeed identified as the major and minor metabolites from 
[u-13c]-α-linolenate in the presence of cP-74006 (trace a). 
treatment with sc-26196 inhibited the formation of 
[u-13c]-c20:4 and c22:4 as expected (trace B).

Table 1 summarizes the potency and specificity of these 
exemplified inhibitors against the 3 desaturases in hepg2 cells. 
cP-74006, sc-26196, sterculic acid, and compound a are spe-
cific Δ5D, Δ6D, and Δ9D inhibitors with no cross-reactivity 
toward the other desaturases, respectively. their whole-cell 
potency correlated well with their in vitro enzyme potency 

against the Δ5D, Δ6D, and Δ9D activities of rat liver micro-
some, illustrating the effectiveness of this cell assay. the 
results also reveal that these compounds are cell permeable and 
stable under the assay condition. With the rate-limiting metabo-
lite separation procedure conducted overnight, this assay has a 
capacity of four to six 96-well plates per hPlc instrument.

DISCUSSION AND SUMMARY

specific fatty acyl-coa desaturase and elongase inhibi-
tors are valuable tools in the study of fatty acid metabolism 
imbalance in disease states. the present study reports a mul-
tiplexed screening condition to measure the cellular Δ5D, 
Δ6D, Δ9D, and elongase activities by tracing the metabolism of 
14c-labeled eicosatrienoic acid, α-linolenate, and stearic 
acid in hepg2 cells. in addition to an improved efficiency, 
this multiplexed format minimizes the need to counterscreen 
against the shared electron-supplying machinery of these 
desaturases for compounds that exhibit differential desatu-
rase sensitivity. the assay can tolerate up to 50% serum for 
protein-shift indexing and can be readily extended into other 
cell lines, including the primary hepatocytes (data not 
shown). this multiplexed cell assay provides an efficient 
platform in the identification of specific desaturase and 
elongase inhibitors.

ACKNOWLEDGMENTS

We thank Brian Kennedy, Joseph mancini, Deena Waddleton, 
Kathryn skorey, chun sing li, and renata oballa for many 
discussions and assistance during the course of this work.

a portion of this study was presented as a poster at the 
“Keystone symposium on Diabetes: molecular genetics, 
signaling Pathways and integrated Physiology,” in January 
2007, Keystone, colorado.

REFERENCES

1. angeletti c, de alaniz mJ: fatty acid uptake and metabolism in hep g2 
human-hepatoma cells. Mol Cell Biochem 1995;143:99-105.

2. montanaro ma, rimoldi oJ, igal ra, montenegro s, tarrés mc, 
martínez sm, et al: hepatic delta9, delta6, and delta5 desaturations  
in non-insulin-dependent diabetes mellitus ess rats. Lipids 2003;38: 
827-832.

3. Bernert Jt Jr, sprecher h: studies to determine the role rates of chain 
elongation and desaturation play in regulating the unsaturated fatty acid 
composition of rat liver lipids. Biochim Biophys Acta 1975;398:354-363.

4. Dobrzyn a, ntambi Jm: the role of stearoyl-coa desaturase in the control 
of metabolism. Prostaglandins Leukot Essent Fatty Acids 2005;73:35-41.

5. shanklin J, Whittle e, fox Bg: eight histidine residues are catalytically 
essential in a membrane-associated iron enzyme, stearoyl-coa desatu-
rase, and are conserved in alkane hydroxylase and xylene monooxygen-
ase. Biochemistry 1994;33:12787-12794.

 

13C-C18:313C-C18:3

13C-C20:4
13C-C22:4

13C-C20:4
13C-C22:4

13C-C20:3
13C-C18:4

13C-C20:3
13C-C18:4

B (dashed)
(min)

B (dashed)
(min)

A (solid)

FIG. 6. [u-13c]-α-linolenic acid metabolism under Δ5D-depleted 
condition in hepg2 cells analyzed by liquid chromatography/mass 
spectrometry (lc/ms) analysis. [u-13c]-metabolites formed at 4 h 
from using [u-13c]-α-linolenic acid (10 μm) as the tracer under Δ5D-
depleted condition (20 μm cP-74006) in a 48-well plate. the metabo-
lites were analyzed by lc/ms. trace a (solid line) shows that 
[u-13c]-c20:4, [u-13c]-c20:3, and [u-13c]-c22:4 were the major 
metabolites detected from [u-13c]-α-linolenic acid (c18:3) under the 
condition. trace B (dashed line) shows that the presence of sc-26196 
(100 μm) selectively inhibited the formation of Δ6D-derived 
[u-13c]-c20:4, c22:4, and c18:4, without affecting the elongation-
specific product [u-13c]-c20:3.



Zhang et al.

176  www.sbsonline.org Journal of Biomolecular Screening 15(2); 2010

6. yu g, Bjorksten B: Polyunsaturated fatty acids in school children in relation 
to allergy and serum ige levels. Pediatr Allergy Immunol 1998;9:133-138.

7. manku ms, horrobin Df, morse n, et al. reduced levels of prostaglan-
din precursors in the blood of atopic patients: defective delta-6-desaturase 
function as a biochemical basis for atopy. Prostaglandins Leukot Med 
1982;9:615-628.

8. el Boustani s, causse Je, Descomps B, monnier l, mendy f, crastes dP: 
Direct in vivo characterization of delta 5 desaturase activity in humans by 
deuterium labeling: effect of insulin. Metabolism 1989;38:315-321.

9. attie aD, Krauss rm, gray-Keller mP, Brownlie a, miyazaki m, 
Kastelein JJ, et al: relationship between stearoyl-coa desaturase activity 
and plasma triglycerides in human and mouse hypertriglyceridemia. J 
Lipid Res 2002;43:1899-1907.

10. mamalakis g, Kafatos a, Kalogeropoulos n, andrikopoulos n, 
Daskalopulos g, Kranidis a: Prostate cancer vs hyperplasia: relationships 
with prostatic and adipose tissue fatty acid composition. Prostaglandins 
Leukot Essent Fatty Acids 2002;66:467-477.

11. savransky V, Jun J, li J, nanayakkara a, fonti s, moser aB, et al: 
Dyslipidemia Dyslipidemia and atherosclerosis induced by chronic inter-
mittent hypoxia are attenuated by deficiency of stearoyl coenzyme a 
desaturase. Circ Res 2008;103:1173-1180.

12. obukowicz mg, Welsch DJ, salsgiver WJ, martin-Berger c, chinn Ks, 
Duffin Kl, et al: novel, selective delta6 or delta5 fatty acid desaturase 
inhibitors as antiinflammatory agents in mice. J Pharmacol Exp Ther 
1998;287:157-166.

13. hansen-Petrik mB, mcentee mf, Johnson Bt, obukowicz mg, 
masferrer J, zweifel B, et al: selective inhibition of Delta-6 desaturase 
impedes intestinal tumorigenesis. Cancer Lett 2002;175:157-163.

14. Khoo De, fermor B, miller J, Wood cB, apostolov K, Barker W, et al: 
manipulation of body fat composition with sterculic acid can inhibit 
mammary carcinomas in vivo. Br J Cancer 1991;63:97-101.

15. liu g, lynch JK, freeman J, liu B, Xin z, zhao h, et al: Discovery of 
potent, selective, orally bioavailable stearoyl-coa desaturase 1 inhibi-
tors. J Med Chem 2007;50:3086-3100.

16. Jiang g, li z, liu f, ellsworth K, Dallas-yang Q, Wu m, et al: Prevention 
of obesity in mice by antisense oligonucleotide inhibitors of stearoyl-coa 
desaturase-1. J Clin Invest 2005;115:1030-1038.

17. gutiérrez-Juárez r, Pocai a, mulas c, ono h, Bhanot s, monia BP, et al: 
critical role of stearoyl-coa desaturase-1 (scD1) in the onset of diet-
induced hepatic insulin resistance. J Clin Invest 2006;116:1686-1695.

18. matsuzaka t, shimano h, yahagi n, Kato t, atsumi a, yamamoto t, 
inoue n, et al: crucial role of a long-chain fatty acid elongase, elov16, in 
obesity-induced insulin resistance. Nat Med 2007;13:1193-1202.

19. Dixon Jl, ginsberg hn: regulation of hepatic secretion of apolipopro-
tein B-containing lipoproteins: information obtained from cultured liver 
cells. J Lipid Res 1993;34:167-179.

20. li cs, Belair  l, guay J, murgasva r, sturkenboom W, ramtohul yK, 
et al. thiazole analog as stearoyl-coa desaturase 1 inhibitor. Bioorg Med 
Chem Lett 2009; 19:5214-5217.

21. rise P, ghezzi s, Priori i, galli c: Differential modulation by simvastatin of the 
metabolic pathways in the n-9, n-6 and n-3 fatty acid series, in human mono-
cytic and hepatocytic cell lines. Biochem Pharmacol 2005; 69:1095-1100.

22. choi y, Park y, Pariza mW, ntambi Jm: regulation of stearoyl-coa 
desaturase activity by the trans-10,cis-12 isomer of conjugated linoleic 
acid in hepg2 cells. Biochem Biophys Res Commun 2001;284:689-693.

23. Wang J, yu l, schmidt re, su c, huang X, gould K, et al: characterization 
of hscD5, a novel human stearoyl-coa desaturase unique to primates. 
Biochem Biophys Res Commun 2005;332:735-742.

24. elovson J: immediate fate of albumin-bound [i-14c]stearic acid following its 
intraportal injection into carbohydrate refed rats: early course of desaturation 
and esterification in the liver. Biochim Biophys Acta 1965;106:480-494.

25. enoch hg, catala a, strittmatter P: mechanism of rat liver microsomal 
stearyl-coa desaturase: studies of the substrate specificity, enzyme-substrate 
interactions, and the function of lipid. J Biol Chem 1976;251:5095-5103.

26. Jeffcoat r, Pollard mr: studies on the inhibition of the desaturases by 
cyclopropenoid fatty acids. Lipids 1977;12:480-485.

27. gomez fe, Bauman De, ntambi Jm, fox Bg: effects of sterculic acid 
on stearoyl-coa desaturase in differentiating 3t3-l1 adipocytes. 
Biochem Biophys Res Commun 2003;300:316-326.

28. Dillon r, greig mJ, Bhat Bg: Development of a novel lc/ms method 
to quantitate cellular stearoyl-coa desaturase activity. Anal Chim Acta 
2008;627:99-104.

29. obukowicz mg, raz a, Pyla PD, rico Jg, Wendling Jm, needleman P: 
identification and characterization of a novel delta6/delta5 fatty acid 
desaturase inhibitor as a potential anti-inflammatory agent. Biochem 
Pharmacol 1998;55:1045-1058.

30. harmon sD, Kaduce tl, manuel tD, spector aa: effect of the delta6-
desaturase inhibitor sc-26196 on Pufa metabolism in human cells. 
Lipids 2003;38:469-476.

31. Wang y, Botolin D, christian B, Busik J, Xu J, Jump DB: tissue-specific, 
nutritional, and developmental regulation of rat fatty acid elongases. J 
Lipid Res 2005;46:706-715.

32. zhang Jh, chung tD, oldenburg Kr: a simple statistical parameter for 
use in evaluation and validation of high throughput screening assays. J 
Biomol Screen 1999;4:67-73.

address correspondence to:
Zheng Huang

Merck Frosst Center for Therapeutic Research
PO Box 1005, Pointe Claire-Dorval, QC H9R 4P8, Canada 

E-mail: zhenghuang78@gmail.com


