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Abstract

AIM: To demonstrate the potential of using 2-aminothi-
azoline-4-carboxylic acid (ATCA) as a novel biomarker/
forensic biomarker for cyanide poisoning.

METHODS: A sensitive method was developed and
employed for the identification and quantification of
ATCA in biological samples, where the sample extraction
and clean up were achieved by solid phase extraction
(SPE). After optimization of SPE procedures, ATCA was
analyzed by high performance liquid chromatography-
tandem mass spectrometry. ATCA levels following the
administration of different doses of potassium cyanide
(KCN) to mice were measured and compared to endog-
enous ATCA levels in order to study the significance of
using ATCA as a biomarker for cyanide poisoning.
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RESULTS: A custom made analytical method was es-
tablished for a new (mice) model when animals were
exposed to increasing KCN doses. The application of
this method provided important new information on
ATCA as a potential cyanide biomarker. ATCA concen-
tration in mice plasma samples were increased from
189 + 28 ng/mL (7 = 3) to 413 £+ 66 ng/mL (7 = 3)
following a 10 mg/kg body weight dose of KCN intro-
duced subcutaneously. The sensitivity of this analytical
method proved to be a tool for measuring endogenous
level of ATCA in mice organs as follows: 1.2 + 0.1 ug/g
for kidney samples, 1.6 £ 0.1 ug/g for brain samples,
1.8 £ 0.2 pg/g for lung samples, 2.9 + 0.1 ng/g for
heart samples, and 3.6 £ 0.9 ug/g for liver samples.

CONCLUSION: This finding suggests that ATCA has
the potential to serve as a plasma biomarker / forensic
biomarker for cyanide poisoning.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Cyanide is a swift and powerful poison. Suicidal, acciden-
tal, or homicidal death involving the determination of
cyanide is encountered frequently in forensic toxicologi-
cal practice!’!. In crime scene investigations, two indica-
tors of acute cyanide poisoning are (1) a “bitter almond”
odor emanating from the victim; and (2) the presence
of pink lividity in the post mortem examination”. The
presence of cyanide can be confirmed chemically using
a colorimetric test at the scene of the crime, followed by
a laboratory analysis using a gas chromatography-mass
spectrometry (GC-MS). Samples, such as stomach con-
tents and whole blood ate usually collected from victims
and analyzed in order to confirm the cause of death”.
The determination of the presence of cyanide involves
extraction of hydrogen cyanide (HCN) from samples and
the measurement of cyanide from the extracts™. Bio-
logical fluids, such as blood or urine can be taken from
the subject for analysis'”. Due to the relatively short
half-life of cyanide (from minutes to hours depending on
the matrix), direct analysis of cyanide to confirm cyanide

poisoning may only be feasible within the first few hours
[10-12]

following exposure

Natural dietary and pulmonary intake of cyanide
from the environment provides a nonzero cyanide back-
ground level in the body. Smoke inhalation in fires greatly
increases background cyanide levels”. The volatility and
reactivity of cyanide leaves direct measurements highly
susceptible to errors introduced during the sample col-
lection and separation step'”. An alternative approach
that can help to minimize false positive (no cyanide is
involved but cyanide is detected) and false negative (cya-
nide is involved but cyanide is not detected) results, is to
detect stable biomatkers of cyanide, rather than cyanide
itself. Thiocyanate (SCN'), 2-aminothiazoline-4-carboxylic
acid (ATCA), and cyanide-protein adducts in biological
fluids and tissues have been reported as alternative bio-
markers for cyanide exposure and poisoning ™", SCN" is
the major cyanide metabolite found in blood" . However,
SCN'is also a natural metabolite of non-cyanide medi-
ated pathways and thus is not a good marker for cyanide
exposure!'?,

Detoxification of cyanide by cystine to produce
ATCA in vivo was first reported by Wood and Cooley"”.
They found that the pathway producing ATCA repre-
sents approximately 20% of cyanide metabolism, that the
quantity of ATCA produced is directly proportional to
the amount of cyanide metabolized, and that harvested
ATCA is stable for months in the freezer™. Therefore,
ATCA has been considered a promising candidate as a
chemically stable biomarker for cyanide poisoning. More
details of human metabolism of cyanide and detection
of its biomarkers can be found in a recent review pub-
lished by Logue ez a/”". Aside from the -cyanide mediated
pathway, there ate currently no other known pathway for
endogenous ATCA production in the human body.

Thete are numerous analytical techniques to detet-
mine cyanide®™ and thiocyanate® or both™*” in biologi-
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cal samples, but only a few techniques are available to
measure ATCA. Quantitative analysis of ATCA begins
with extraction from biological samples followed by
derivatization to produce a sample that is suitable for
quantitative analysis with liquid chromatography or gas
chromatography. Cation exchange solid-phase extraction
(SPE) columns and individual pre-treatment steps for the
extraction and analysis of AT'CA from biological samples
have been reported[26’27]. Derivatization steps were needed
in those studies due to the use of either fluorometric
detection or gas chromatography. Molecularly imprinted
stir bar sorption extraction (MISBSE) of ATCA was re-
ported by Jackson ez al®™. The MISBSE technique enables
the selective extraction of AT'CA from utine samples fol-
lowed by direct detection of ATCA (without derivatiza-
tion) by a tandem mass spectrometer. This technique
may in the future provide rapid analytical method for the
direct detection of ATCA for forensic urine analysis, but
at the moment, MISBSE is not competitive with stan-
dard SPE methods due to the low binding capacities and
sample recoveries.

The purpose of this study was to determine the opti-
mal conditions for the quantification of ATCA in vatious
biological fluids and organs using SPE, and high perfor-
mance liquid chromatography coupled to tandem mass
spectrometry (LC-MS/MS). Conditions associated with
SPE sample loading, washing and final elution, were stud-
ied and refined. The effect of ATCA signal fluctuations
arising from electrospray ionization (ESI) suppression
was minimized by using a structural analogue of ATCA
(2-aminothiazole-4-carboxylic acid, ATZA) as an internal
standard. Similar LC-MS/MS analysis was previously re-
ported and employed for different purposes with different
experimental setups on different animal (rat) models™™":
Determining ATCA levels in plasma and various organs
after a constant dose of cyanide exposure [4 mg/kg po-
tassium cyanide (IKCN)] indicated that the plasma ATCA
level following cyanide exposure was not significantly el-
evated from the endogenous AT'CA level. This suggested
that ATCA might not be a good biomarker for cyanide
intoxication””; however, this study also demonstrated
that ATCA is a valuable forensic biomarker, since the
ATCA level significantly increased in certain organs after
a constant dose (4 mg/kg) of KCN administration. To
determine how long ATCA persists in the circulation,
ATCA was injected to the bloodstream, and samples
were taken at periodic time intervals, and analyzed by the
LC-MS/MS method"™. Results suggested that ATCA is
a chemically stable metabolite, suitable as a forensic bio-
marker. This study also compared the two sample prepa-
ration methods of SPE and MISBSE suggesting the pri-
ority of SPE over MISBSE. Present studies are reporting
ATCA levels after exposing mice to higher, increasing (6,
6, 8 and 10 mg/kg) KCN doses. Exogenously elevated
levels of ATCA were compared to endogenous levels of
ATCA present in the biological fluids and organs prior
to challenge. This new method can be extended to future
toxicokinetic studies of ATCA in other animal models
in order to confirm the significance of using ATCA as a

October 26,2012 | Volume 2 | Issue5 |
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biomarker from different biological matrices for human
cyanide poisoning,

MATERIALS AND METHODS
Ethics

All animal procedures were conducted in accordance
with the guidelines in The Guide for the Care and Use
of Laboratory Animals (National Academic Press, 19906).
The research facility was accredited by AAALAC (Ameri-
can Association for the Assessment and Accreditation of
Laboratory Animal Care, International) and this animal
study was approved by the IACUC (Institutional Animal
Care and Use Committee) at Sam Houston State Univer-

sity.

Chemicals and samples

Trifluoroacetic acid (TFA) was obtained from EMD
Chemicals (Gibbstown, NJ, USA) and used to prepare
0.5% (v/v) TFA in methanol (0.5% TFA/MeOH) as the
mobile phase. All solvents were at least HPLC grade.
ATCA was obtained from Chem-Impex International
(Wood Dale, IL, USA). ATZA was obtained from Syn-
thonix (Wake Forest, NC, USA). Molecular structures
of ATCA and ATZA are shown in Figure 1. KCN was
purchased from Sigma-Aldrich (St. Louis, MO, USA).
For in vivo study, serial dilutions were used to produce
aqueous KCN solutions of systematically decreasing con-
centration. KCN is acutely toxic. Ingestion of KCN or
exposure to its salt or its aqueous solutions by eye or skin
contact can be fatal. Exposure to as little as 50-150 mg can
cause immediate collapse and death. Working with cyanide-
containing compounds requites special care. Oasis® mixed
mode cation exchange (MCX) cartridges were obtained
from Waters Corporation (Milford, MA, USA). A 5%
aqueous ammonium hydroxide/methanol solution (v/v)
was prepared and used as the final elution solution. Mice
liver, plasma, brain, heart and lung were used to evaluate

the applicability of the analytical method.

Instrumentation

SPE was performed in a glass manifold equipped with
Teflon needle inserts and evacuated with a Buchi V-700
Vacuum Pump (Mallinckrodt Baker, Inc., Phillipsburg,
NJ, USA). Homogenization was performed with ready-
to-use Precellys® lysing kits on a Precellys-24 tissue ho-
mogenizer (Bertin Technologies, France). Pierce Reacti-
Therm II Heating Module was used to stream air to
borosilicate glass disposable culture tubes (13 mm X
100 mm). A Shimadzu liquid chromatograph (LC-20AT,
Shimadzu, Columbia, MD) coupled to a tandem mass
spectrometer (API 3200 ESI/MS/MS system, Applied
Biosystems, Foster City, CA) was employed for the LC-
MS/MS separation, detection and quantification of
ATCA. A Luna CN column (3 micron, 100 mm X 2 mm;
Phenomenx; Torrance, CA, USA) was used for the separa-
don. A 5 pL aliquot was injected to the LC-MS/MS by an
auto-samplet, and eluted isocratically at 2 0.5 mL/min flow

K
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ATCA ATZA

Figure 1 Molecular structures of 2-aminothiazoline-4-carboxylic acid and
2-aminothiazole-4-carboxylic acid. 2-aminothiazole-4-carboxylic acid (ATZA)
served as an internal standard. ATCA: 2-aminothiazoline-4-carboxylic acid.

rate. Transition ions of ATCA in positive mode (m/z 147
— 101) and ATZA (m/z 145 — 127) were generated us-
ing ESI and detected using multiple reaction monitoring
(MRM). The source dependent conditions of ESI were as
follows: ionspray voltage: +5500 V, temperature: 450 C,
curtain gas 350 kPa, gas 1: 480 kPa, gas 2: 140 kPa. The
compound dependent parameters were as follows: colli-
sion gas (CAD): 41 kPa, collision cell entrance potential:
14 V, and the collision cell exit potential: 4 V. More in-
strumentation details of ESI/MS/MS for the detection
of ATCA can be found in our previous reportw.

Sample preparation and SPE procedure

ATCA standard solutions with concentrations ranging
from 0-1000 ng/mL, were prepared from 330 pg/mL
ATCA standard stock solutions by serial dilutions. Inter-
nal standard, 10 pg/mL of ATZA, was prepared from a
282 pg/ ml. ATZA standard stock solution. Both ATCA
and ATZA stock solutions were prepared in mobile
phase (0.5% TFA/MeOH). To construct the calibration
curve, 200 pl. of each standard solution was mixed with
20 pl. of internal standard. The standard solutions were
sonicated for 5 min and then dried. They were recon-
stituted with 220 pl. of mobile phase, and then a 5 plL
aliquot was injected to the LC-MS/MS for analysis.

To prepare the ATCA spiked samples, known amounts
of ATCA were air-dried in the test tubes. Two hundred
microliters of sample (urine, plasma, and organ homog-
enates) and 20 plL internal standard were added to these
test tubes and diluted with 800 pL of 10 mmol/L phos-
phate buffer (pH 7.4) before SPE. For organ homogeni-
zation, samples were thawed, chopped, and weighed in
homogenizing tubes, and 0.1 mol/L. HCl was added to
make a concentration of 0.6 g organ mass/mL in each
tube. The samples were homogenized for 3 min, 1 min
pet cycle with 3 cycles at 6000 t/min using the Precellys
24. Homogenized mixtures of samples were diluted with
10 mmol/L phosphate buffer (pH 7.4) to obtain a final
concentration of organ homogenate of 0.15 g organ
mass/mL buffer. The solution was vortexed and centri-
fuged for 10 min at 10 000 t/min and the supernatant
was removed for the SPE extraction.

SPE was performed on a MCX cartridge prior to the
LC-MS/MS analysis. The MCX cartridges were conditioned
with 1 mL of methanol and then 1 mL of distilled water.
The samples (1 mL total) were loaded into the conditioned

October 26,2012 | Volume 2 | Issue5 |
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cartridges employing vacuum as needed. After sample load-
ing, the cartridges were washed with 1 mL of 0.1 mol/L
HClI first and then washed with 1 mL methanol. The
cartridges were finally eluted with 1 mL of 5% (v/v) am-
monium hydroxide in methanol (5% NH+OH/MeOH).
Note that teflon inserts and waste test tubes were re-
placed with clean inserts and glass test tubes before final
elution. The eluates were air dried first, then reconstituted
with 220 pL. of mobile phase. After sonication for 5 min,
the reconstituted samples were transferred to LC-MS/
MS auto-sampler vials containing 250 pL glass inserts.

Quantitative analysis of ATCA

Detection of ATCA by ESI/MS/MS has been previ-
ously reported™. Briefly, 5 pg/ml. ATCA and ATZA
standard solutions wete infused separately to the MS/MS
at 10 HL/ min in order to observe certain compound-de-
pendent parameters for MRM transitions. When ATCA
standard solution was infused to the ESI source under
optimal EST conditions, the ATCA molecular ion at m/z
147, corresponding to (M + H)", was detected. ATCA
product ion at m/z 101 was the most abundant product
ion after the optimization of compound-dependent pa-
rameters of MRM, hence the transition ion m/z 147 —
101 was selected for identification and quantification of
ATCA. Similarly, ATZA molecular ion at m/z 145 was
generated under the optimal ESI condition. Its product
ion m/z 127 was the most abundant product ions after
optimization of compound-dependent parameters of
MRM, hence the transition ion m/z 145 — 127 was
selected for detection of the internal standard (ATZA).
An internal standard corrected calibration curve was
constructed by plotting the ratio of ATCA peak area to
ATZA peak area »s ATCA concentrations. External cali-
bration curves were also constructed to examine matrix
and ionization suppression effects.

Quality control

The quality control (QC) sample was a 200 pL, 500 ng/mL
ATCA standard with 20 pL of 10 ug/mL internal stan-
dard. The QC was analyzed prior to each sample to
ensure that the instrumentation was working properly.
Additionally, a blank sample (mobile phase with the in-
ternal standard only) was also run between samples to
check for any potential carryovers. The peak shape for
the QC was confirmed first, and any deviation from the
known peak shape was interpreted as an instrumentation
error. Conditioning of separation column and tubing was
performed when high backpressure was noticed. Once
QC was passed, samples were analyzed using LC-MS/MS
with good confidence.

Animal studies

For animal studies, Chatles River provided the 18 CD-1
mice, all of which were male and weighed about 20 g. The
experimental animals were housed in room temperature
and light controlled rooms (22 °C *+ 2 °C, 12-h light/dark
cycle). They were furnished with water and Teklad Rodent
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Diet (W) 8604 (Teklad HSD, Inc., W1, USA) ad libitum.
Plasma and organs (brain, lungs, heart, liver, and kidneys)
of the mice were collected after subcutaneous injection of
KCN at different doses. Three sublethal doses (6, 8, and
10 mg/kg-body-weight) wete applied (3 mice/dose), and
the injection solutions were prepared from a 4-mg/mL
KCN stock solution. Each dose was injected with a 25 G
X 1 1/2 needle. Mice wete terminated 15 min after cya-
nide exposure and organs were collected. Blood samples
were taken by pipetting. The average volume of blood
obtained was 0.25 mL, and the blood was placed into
Eppendotf tubes with 40 L of 10 mg/mL of heparin in
water. The Eppendorf tubes were vortexed, then centri-
fuged at 13 000 r/min for 5 min. Plasma was collected,
and organs were collected as well. Plasma and organ
samples were placed into plastic 3 mL tubes and stored in
the freezer until they were thawed for analysis. Note that
longer exposure of cyanide was not performed in this
work. The toxicokinetic and half-life studies of ATCA
are separate research projects in our laboratory.

RESULTS

SPE procedure
The use of MCX cartridge for the extraction of ATCA
from acidified urine samples has been previously re-
ported®.. The ACTA was eluted from the cartridge by
concentrated NH+OH and converted to the trimethyl-
silyl derivative through reaction with 30% N-methyl-
N-trimethylsilyltrifluoroacetamide (MSTFA) in hexane
before analysis by GC-MS. In our work, we have modi-
fied and optimized the SPE procedure for LC-MS/MS
instrumentation. ATCA was detected by ESI-MS/MS
without chemical derivatization. The impact of solvent
composition on ATCA and ATZA ionization at the ESI
source was tested first. Solvents of three ATCA standard
solutions (500 ng/mL with ATZA) were evaporated by
air (air-dry) and argon (argon-dry) gases and the residues
were reconstituted with a freshly prepared mobile phase.
As shown in Figure 2, the MS/MS signals of ATCA and
ATZA were compared with and without air drying. The
decreased peak areas of ATCA and ATZA in reconsti-
tuted solutions following air or argon drying were attrib-
uted to the variations of TFA concentration in the stock
solution and the freshly prepared mobile phase. Solvent
evaporation with argon had similar effects to that with
air. Therefore, the use of an inert gas was not needed
for solvent evaporation. It has been known that TFA is
a good organic additive in chromatography, but a poor
reagent for MS/MS signal. In our method development,
it was unfortunate that we could not avoid the need for
evaporation of samples and calibration standards.
Concentrated (28%-30%) aqueous ammonium hy-
droxide, 5% NH+sOH/MeOH, 0.5% TFA/MeOH, and
1% TFA/MeOH were next tested to determine the op-
timal final elution solution. Triplicates of each solution
were petformed through SPE. The optimal final elution
solution was also determined by using 2 different elution
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Figure 2 Comparison of 2-aminothiazoline-4-carboxylic acid and 2-amino-
thiazole-4-carboxylic acid signals detected by LC-MS/MS before and after
evaporation of solvents by air or argon stream. The decreased peak areas
of 2-aminothiazoline-4-carboxylic acid (ATCA) and 2-aminothiazole-4-carboxylic
acid (ATZA) in reconstituted solutions following air or argon drying were attrib-
uted to the variations of trifluoroacetic acid concentration in the stock solution
and the freshly prepared mobile phase. Solvent evaporation with argon had
similar effects to that with air. Therefore, the use of an inert gas was not needed
for solvent evaporation.

volumes (1 and 2 mL) of 5% NHsOH/MeOH. Trip-
licates of each volume were performed through SPE.
These solutions yielded similar recoveries of ATCA and
ATZA. Because 5% NH+sOH/MeOH was relative easy
to air-dry, it was selected as the final elution solution for
SPE.

Optimal SPE procedure for ATCA extraction

Various SPE procedures were tested and the best recov-
ery was obtained using the procedure below. Mice plasma
or homogenized mice organs (200 pl.) mixed with
20 pL of internal standard (ATZA) was diluted with
800 uL of 10 mmol/L phosphate buffer (pH 7.4). ATCA
and ATZA were then extracted with and eluted from
the MCX cartridge. The samples eluted by the final elu-
tion solution were dried under gentle air streams. After
air drying, the residues were reconstituted with 220 plL
of mobile phase. Standard solutions and samples were
then sonicated for 5 min prior to LC-MS/MS analysis.
With a volatile organic additive, such as TFA, in the mo-
bile phase, it is challenging to keep its concentration a
constant from batch to batch. A precise control of TFA
concentration, or elimination of matrix components
could be investigated for method development, however,
it is more applicable to just use an internal standard for
calibration in our method.

Use of TFA as an additive in mobile phase

In our previous studies using ESI/MS/MS, a mobile
phase of 0.5% acetic acid gave a good yield of the MRM
transition ion of m/z 147 — 101 for the detection of
ATCA. This mobile phase was found to be a poor elu-
ent of ATZA. However, as shown in Figure 3, when
TFA was added to the mobile phase a good sharp ATZA
peak was detected. This result suggested that TFA was a
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Figure 3 Comparison of chromatograms of 2-aminothiazoline-4-carboxylic
acid and 2-aminothiazole-4-carboxylic acid obtained by using 0.5% acetic
acid/MeOH as mobile phase (A and C) and 0.5% trifluoroacetic acid/MeOH
as mobile phases (B and D). When trifluoroacetic acid (TFA) was added to the
mobile phase a good sharp 2-aminothiazole-4-carboxylic acid (ATZA) peak was
detected. This result suggested that TFA was a more effective ion-paring re-
agent than acetic acid during the chromatography. Therefore, 0.5% TFA/MeOH
was selected as the mobile phase, replacing the 0.5% acetic acid/MeOH mobile
phase used in our prior work. ATCA: 2-aminothiazoline-4-carboxylic acid.

more effective ion-paring reagent than acetic acid during
the chromatography. Therefore, 0.5% TFA/MeOH was
selected as the mobile phase, replacing the 0.5% acetic
acid/MeOH mobile phase used in our ptior work.

Use of ATZA as the internal standard

ATCA standard solutions, ranging from 0-1000 ng/mlL,
wete analyzed by LC-MS/MS with ATZA as the internal
standard. External calibration curves were first con-
structed to show the relationship between ATCA con-
centrations and integrated ATCA LC-MS/MS peak areas.
As shown in Figure 4A, the external standard calibration
curves showed good linearity over the tested ATCA con-
centration range with average R = 0.999 in a between-
days experiment. The dashed lines show linear regression
of calibration in each day. These linear regression lines
yielded an average calibration equation y = (199 * 60) X
(n = 4), relative standard deviation (RSD) of calibration
slopes = 30%. The high %RSD of the slopes indicated a
typical ionization suppression effect of ESI. Internal cali-
bration curves wetre next prepared by plotting the ratio
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Figure 4 External calibration curves, without using 2-aminothiazole-4-car-
boxylic acid as the internal standard (A) and internal standard calibration
curves constructed using 2-aminothiazole-4-carboxylic acid as the inter-
nal standard (B). A: The external standard calibration curves showed good lin-
earity over the tested 2-aminothiazoline-4-carboxylic acid (ATCA) concentration
range with average R” = 0.999 in a between-days experiment. The dashed lines
show linear regression of calibration in each day. These linear regression lines
yielded an average calibration equation y = (199 + 60) x (n = 4), relative stan-
dard deviation (RSD) of calibration slopes = 30%. The high %RSD of the slopes
indicated a typical ionization suppression effect of electrospray ionization.
Internal calibration curves were next prepared by plotting the ratio of ATCA to
2-aminothiazole-4-carboxylic acid (ATZA) peak areas vs ATCA concentration; B:
Ratioing to the internal standard peak area improved the reproducibility of the
calibration curves. The dashed lines show calibration curves obtained on differ-
ent days. These internal standard compensated calibration curves yielded an
average calibration equation y = (0.018 + 0.00007) x (n = 4), RSD = 4%. The
decrease of the RSD from 30% (external calibration) to 4% (internal standard
calibration) demonstrated that the internal standard, ATZA, enables effective
compensation for ionization suppression and matrix effects, and substantially
improves the precision with which ATCA can be quantified.

of ATCA to ATZA peak areas s ATCA concentration.
As shown in Figure 4B, ratioing to the internal standard
peak area improved the reproducibility of the calibra-
tion curves. The dashed lines show calibration curves
obtained on different days. These internal standard com-
pensated calibration curves yielded an average calibration
equation y = (0.018 = 0.00007) X (» = 4), RSD = 4%.
The decrease of the RSD from 30% (external calibration)
to 4% (internal standard calibration) demonstrated that
the internal standard, ATZA, enables effective compen-
sation for ionization suppression and matrix effects, and
substantially improves the precision with which ATCA
can be quantified. The effect of matrix components on
MS/MS signals could be determined by comparing the
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Figure 5 Endogenous level of 2-aminothiazoline-4-carboxylic acid in mice
organs. The endogenous levels of 2-aminothiazoline-4-carboxylic acid (ATCA) in
different organs of mice were measured using the solid phase extraction proce-
dure and LC-MS/MS conditions outlined above. Triplicate samples from healthy
mice showed endogenous ATCA concentrations as follows: 1.2 £ 0.1 pg/g for kid-
ney samples, 1.6 + 0.1 ug/g for brain samples, 1.8 + 0.2 ug/g for lung samples, 2.9
+ 0.1 ng/g for heart samples, and 3.6 + 0.9 ug/g for liver samples.

slope of internal standard calibration curves and matrix
added calibration curves (e.g, standard addition). How-
evet, it could not eliminate matrix effect for the different
biological samples. Note that the use of an internal stan-
dard does not mean that the method is interference-free.

Endogenous level of ATCA in mice organs

The endogenous levels of ATCA in different organs of
mice wete measured using the SPE procedure and LC-
MS/MS conditions outlined above. As showed in Figure 5,
triplicate samples from healthy mice showed endogenous
ATCA concentrations as follows: 1.2 £ 0.1 pg/g for kid-
ney samples, 1.6 + 0.1 pug/g for brain samples, 1.8 + 0.2
ug/g for lung samples, 2.9 £ 0.1 pg/g for heart samples,
and 3.6 + 0.9 ng/g for liver samples.

DISCUSSION

Mobile phase composition can impact the ESI ioniza-
tion of analytes””, The responses of positive ions may
be varied by changes in the electrolyte concentration, pH,
and percent methanol at the ESI ionization source™.
TFA has been known to suppress ESI®. For quantitative
analysis, it is important to air-dry the ATCA and ATZA
standard solutions so that all solutions can be redissolved
in the same batch of mobile phase (freshly prepare mo-
bile phase is recommended). This ensures reproducible
ionization suppression from sample to sample. We found
that this solvent reconstitution step increased the preci-
sion of signal from replicate standard solutions (%oRSD
of ATCA < 5% and %RSD of ATZA < 8%). Note that
the ring in ATCA may open under heat and basic condi-
tions™". The evaporation of solvent should be performed
under ambient temperature.

Matrix components in the sample could interfere with
the detection of ATCA in LC-MS/MS. SPE was used
to isolate the analyte from the complex sample matrices.
However, while SPE generally reduces matrix effects, it
can under certain circumstances also magnify matrix ef-
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Figure 6 2-aminothiazoline-4-carboxylic acid concentration in mice plas-
ma after different doses of potassium cyanide (endogenous level = 0 mg/
kg body weight dose of potassium cyanide). Mice received three different
sublethal doses (6, 8 and 10 mg/kg) of cyanide subcutaneously (3 mice/doses)
and were terminated 15 min after cyanide exposure. A significant correlation of
cyanide dose vs 2-aminothiazoline-4-carboxylic acid (ATCA) concentration in
plasma samples was observed. ATCA concentration in mice plasma samples
was increased from 189 + 28 ng/mL (n = 3 mice) for endogenous level [0 mg/kg
body weight dose of potassium cyanide (KCN)] to 413 + 66 ng/mL (n = 3 mice)
for 10 mg/kg body weight dose of KCN.

30; : e .
fects™ an internal standard was needed to minimize this

deviation of calibration. Ideally, the choice of deuterated
ATCA as the internal standard has advantages chromato-
graphically and can eliminate limitations of chemical
properties in separation and detection method develop-
ment. Unfortunately, deuterated ATCA was not commet-
cially available. From this work, ATZA was selected and
proved as to be a good alternative as an internal standard.
The use of ATZA as an internal standard successfully
mitigated ESI suppression and matrix effects. Note that
the difference in the chemical properties of ATZA and
ATCA has been shown by the difference in MS/MS frag-
mentation and the pKa of ATZA is different from ATCA
which potentially can be a problem in separation. Fortu-
nately, ATZA co-eluted with ATCA in our method. This
is advantageous because ion suppression at the ESI source
should then be more uniform for both ATCA and ATZA.

It has been suggested in an iz vivo study that the reac-
tion of an oxidized disulfide with a sulfur nucleophile
from glutathione could be a plausible origin for ATCA®".
It is likely that endogenous levels of ATCA in each organ
reflect the availability of disulfide and the concentration
of glutathione in those organs. Thus, endogenous ATCA
levels may give an estimate of each organs capacity for
cyanide detoxification. For example, the preliminary
results showing lower endogenous ATCA levels in the
kidneys and brain may be consistent with lower capacity
for cyanide detoxification in those organs. This lower ca-
pacity might be partially due to the absence of rhodanese
enzymes in the kidney and brain.

Mice received three different sublethal doses (6, 8 and
10 mg/kg) of cyanide subcutaneously (3 mice/doses)
and were terminated 15 min after cyanide exposure. As
shown in Figure 6, a significant correlation of cyanide
dose ss ATCA concentration in plasma samples was ob-
served. ATCA concentration in mice plasma samples was
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increased from 189 * 28 ng/ml. (#» = 3 mice) for endog-
enous level (0 mg/kg body weight dose of KCN) to 413
+ 66 ng/mL (7 = 3 mice) for 10 mg/kg body weight dose
of KCN. This data represents the first iz vivo study of
ATCA concentration levels in plasma samples following
administration of various controlled doses of cyanide.
Present 7z vivo study confirmed that ATCA concentra-
tion in plasma samples rose significantly with increasing
cyanide dose levels in a mice model. This finding sug-
gests that ATCA has the potential to serve as a plasma
biomarker for cyanide poisoning. However, further
studies for detecting ATCA in biological samples after
exposure of various cyanide doses employing various
animal models are necessary to teaffirm that ATCA can
be established as a suitable cyanide biomarker/forensic
biomarker. Since it is previously proven that ATCA is a
persistent, chemically stable metabolite™ mote over the
formed ATCA concentrations are significantly enhanced
in certain organs even after a lower dose of cyanide ex-
posurCIZSJ, This method can also be readily applied to actual
autopsy materials. It is important to develop this method
into a complementary method to extend the detection
time window for cyanide poisoning cases, especially for
those autopsy samples that have been stored for a long
time where cyanide poisoning was suspected. These stud-
ies are superior to the previously reported studies with a
different animal model (rat)*: While the previous experi-
mental setup of applying one single KCN dose (4 mg/kg)
did not prove the potential importance of ATCA as a
plasma biomatker, present studies confirm that at higher
doses of KCN administration the plasma ATCA level is
proportionally and significantly increasing with increasing
KCN doses. Earlier studies indicated enhanced ATCA
levels in the urine and plasmalzo] of smokers »s non smok-
ers, suggesting that ATCA has potential as a cyanide bio-
marker in human. Different cyanide metabolite baseline
levels in smokers »s nonsmokers is a factor that needs to
be accounted for in all methods, including ATCA based
methods, that seek to differentiate between chronic and
acute cyanide exposure. Present findings provide ad-
ditional evidence to the study by Logue ez al™ for the
potential of ATCA to serve as a plasma biomarker in
mice and human, and confirm its utility as a forensic bio-
marker what was in agreement with the earlier investiga-

tion using a single lower dose of KCN in a rat model™.
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Background

Cyanide (CN) is a potent poison, which people can be exposed to in a various
ways. It has been widely recognized as a chemical warfare agent and is con-
sidered as a possible terrorist threat. It is important to determine cyanide itself,
or its metabolites in biological matrices for forensic, clinical, military, research
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and veterinary purposes. Common metabolites of cyanide include 2-aminothia-
zoline-4-carboxylic acid (ATCA) and thiocyanate. ATCA is formed when cyanide
reacts with cysteine.

Research frontiers

One of the most important frontiers in cyanide research to develop effective
methods for forensic analysis of cyanide exposure, based on detection of CN
and its metabolites (thiocyanate and ATCA). Since cyanide is present in the
body in the volatile hydrogen cyanide form, it is rapidly depleted from blood
(generally within the first 20 min of exposure) following exposure, leaving only
metabolites as biomarkers. Important criteria for a biomarker include chemical
stability, and biomarker concentration levels in biological matrices that correlate
with the doses of exposure. Earlier studies proved that ATCA is a chemically
stable cyanide metabolite. The present study indicates the cyanide dose vs
ATCA blood concentration relation, therefore it suggests that ATCA might be
established as a cyanide biomarker.

Innovations and breakthroughs

Logue et al (2005 and 2010) reported an analytical method gas chromatogra-
phy-mass spectrometry (GC-MS) to measure ATCA in biological matrices. Since
ATCA is not volatile, it requires derivatization prior to measurement via GC-MS.
The authors’ HPLC method detects ATCA without derivatization. For sample
preparation before injecting the samples to the chromatography column (LC-MS/
MS method), Yu's group at SHSU (Jackson et al, 2010) developed and reported
a molecularly imprinted polymer stir bar sorption extraction for determining
ATCA. The present study employs the LC-MS/MS method, and it compared the
two extraction methods (molecularly imprinted polymer stir bar sorption extrac-
tion and SPE), and for further analysis it recommends the SPE extraction when
determining ATCA by LC/MS/MS method. Employing the HPLC/MS/MS method
with SPE extraction, this study confirmed that ATCA can serve as a biomarker
for cyanide exposure. In an earlier study (Petrikovics et al, 2011) reported the
possible establishment of ATCA as a forensic biomarker, since the post expo-
sure concentration of ATCA in organs was significantly elevated relative to the
endogenous ATCA levels, especially in the liver in a rat model. Further inves-
tigations are being pursuedto determine endogenous cysteine/cystine levels
in order to understand why certain organs contain more ATCA after a constant
cyanide exposure. When a constant low dose of cyanide was administered, the
plasma ATCA level was not elevated relative to the endogenous plasma ATCA.
In the present study the authors report that when cyanide doses are higher, and
more representative of acute exposure, the ATCA levels in the plasma are cor-
related with CN dose in a mice model.

Applications

This results of this study suggest that ATCA holds promise as a forensic bio-
marker for CN.

Peer review

The results of this study show that ATCA levels are strongly correlated with CN
exposure levels in a mice model. These results are consistent with the hypothesis
that ATCA might serve as a biomarker/ forensic biomarker for cyanide exposure.
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153 Gyodong, Chunchonsi, Kangwondo 200-704, South Korea

Wen-Hsiung Chan, PhD, Professor, Department of Bioscience
Technology, Chung Yuan Christian University, No. 200, Chung Pei
Road, Chung Li 32023, Taiwan, China

Andras Komoécsi, MD, PhD, Heart Centre, University of Pécs, 13.
Ifjusag, Pécs H-7621, Hungary

Rodolfo G Wuilloud, PhD, Analytical Chemistry Research and De-
velopment Group, LISAMEN — CCT — CONICET — Mendoza, Aw.
Ruiz Leal S/N Parque General San Martin, M 5502 IRA Mendoza,
Argentina

(49

Boichidengs  WIM | www.wjgnet.com

Mariana de Andrea Hacker, PhD, Laboratory of Leprosy, Os-
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Richard WJ Neufeld, PhD, Professor, Department of Psychol-
ogy, University of Western Ontatio, Westminster Hall, London, On-
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William CS Cho, PhD, FHKIMLS, Chartered Scientist (UK),
FHKSMDS, FIBMS (UK), Consultant of Registered Chinese
Medicine Practitioner Association, Department of Clinical On-
cology, Queen Elizabeth Hospital, Room 1305, 13/F, Block R, 30
Gascoigne Road, Kowloon, Hong Kong, China

Hong-Xiang Sun, PhD, Associate Professor, College of Animal
Sciences, Zhejiang University, Yuhangtang Road 866, Hangzhou
310053, Zhejiang Province, China

Marijeta Kralj, PhD, Senior Scientist, Head of Laboratory of
Experimental Therapy, Division of Molecular Medicine, Rudjer Bos-
kovic Institute, Zagreb 10000, Croatia

Peter J Quesenberry, MD, Division of Hematology, Oncology,
Rhode Island Hospital, 593 Eddy Street, Providence, RI 02903,
United States

Thomas TH Wan, PhD, MHS, Professor and Associate Dean

for Research, College of Health and Public Affairs, PO Box 163680,
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Events Calendar 2012

January 20-21, 2012

AGA Clinical Congress of Gastroen-
terology and Hepatology: Practice,
Evidence and Quality in 2012
Miami, FL, United States

January 26, 2012

Symposium of the Swiss Society
of Pharmacology and Toxicology,
Advances in Pharmacology - Car-
diovascular Pharmacology

Bern, Switzerland

January 28 - February 1, 2012
LabAutomation2012

Palm Springs Convention Center,
Palm Springs, CA, United States

February 1-4, 2012

3rd International Workshop on Med-
ical Image Analysis and Description
for Diagnosis System

Hotel Tivoli Victoria, Algarve, Por-
tugal

February 24, 2012

State Stem Cell Agency Governance
Subcommittee

San Francisco, CA, United States

March 11-14, 2012

Thoracic Imaging 2012

Hyatt Regency, Huntington Beach
Resort and Spa, Huntington Beach,
CA, United States

March 25-30, 2012
44th International Diagnostic Course

(49

Davos (IDKD)
Davos, Switzerland

April 26-29, 2012

75th Anniversary of the Canadian
Association of Radiologists Annual
Scientific Meeting

Le Centre Sheraton, Montreal, Que-
bec, Canada

April 29 - May 4, 2012

EUCHEM Conference on Stereo-
chemistry

Brunnen, Switzerland

May 4-6, 2012
World Congress on Biotechnology
Hyderabad, India

June 7-9, 2012

ASCI 2012 - 6th Congress of Asian
Society of Cardiovascular Imaging
Bangkok, Thailand

June 9-13, 2012

2012 Annual Meeting of the Society
of Nuclear Medicine

Miami Beach, FL, United States

August 15-19, 2012

ICE 2012 - International Congress of
Endoscopy

Daegu, South Korea

October 28-30, 2012

EANM 2012 - Annual Congress of
the European Association of Nuclear
Medicine

Milan, Italy
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INSTRUCTIONS TO AUTHORS

GENERAL INFORMATION

World Journal of Methodology (World | Methodol, W]M, online ISSN
2222-0682, DOI: 10.5662) is a bimonthly peer-reviewed, online,
open-access (OA), journal supported by an editorial board consist-
ing of 238 experts in methodology from 41 countries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of the publica-
tion of scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the "priority" and "copyright" of in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes
of WJM and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of others. (1) Maximization
of the benefits of editorial board members: The primary task of
editorial board members is to give a peer review of an unpublished
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should
be published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first hand.
As leaders in their field, they have priority to be invited to write
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization of
the benefits of authors: Since WJM is an open-access journal, read-
ers around the wotld can immediately download and read, free of
charge, high-quality, peer-reviewed articles from WJM official web-
site, thereby realizing the goals and significance of the communica-
tion between authors and peers as well as public reading; (3) Maxi-
mization of the benefits of readers: Readers can read or use, free of
charge, high-quality peer-reviewed articles without any limits, and
cite the arguments, viewpoints, concepts, theories, methods, results,
conclusion or facts and data of pertinent literature so as to vali-
date the innovativeness, scientific and practical values of their own
research achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion;
and (4) Maximization of the benefits of employees: It is an iron law
that a first-class journal is unable to exist without first-class editors,
and only first-class editors can create a first-class academic journal.
We insist on strengthening our team cultivation and construction so
that every employee, in an open, fair and transparent environment,
could contribute their wisdom to edit and publish high-quality ar-
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ticles, thereby realizing the maximization of the personal benefits
of editorial board members, authors and readers, and yielding the
greatest social and economic benefits.

Aims and scope

WJM aims to rapidly report the most recent results in medical di-
agnostics, therapeutic techniques and equipment, clinical medical
research, clinical and experimental techniques and methodology. It
provides a platform to facilitate the integration of clinical medicine
and experimental techniques and methodology to help clinicians
improve diagnostic accuracy and therapeutic efficacy. The journal
publishes original articles and reviews on the following topics: (1)
Clinical medical techniques, including but not limited to those for
pharmaceutical medicine, laboratory medicine, radioactive medicine,
medical imaging, nuclear medicine, physical therapy, pathology,
surgery, disinfection, nutritional therapy, transfusion and medical
equipment; (2) Clinical medical research on etiology, epidemiology,
pathogenesis, morphology and function, signs and symptoms, clini-
cal trials, and evidence-based medicine; and (3) Laboratory meth-
odology, including but not limited to techniques in DNA/RNA
sequencing, preparation and transformation of competent cells,
PCR, protein biochemistry, cell biology, genetics and epigenetics,
immunology, microbiology, animal models of human pathologies,
bioinformatics, and laboratory equipment manipulation and control.

Columns

The columns in the issues of WJM will include: (1) Editorial: To
introduce and comment on major advances and developments in the
field; (2) Frontier: To review representative achievements, comment
on the state of current research, and propose directions for future
research; (3) Topic Highlight: This column consists of three formats,
including (A) 10 invited review articles on a hot topic, (B) a commen-
tary on common issues of this hot topic, and (C) a commentary on
the 10 individual articles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and provide
strategies on how to solve the questions; (5) Guidelines for Basic
Research: To provide Guidelines for basic research; (6) Guidelines for
Clinical Practice: To provide guidelines for clinical diagnosis and treat-
ment; (7) Review: To review systemically progress and untesolved
problems in the field, comment on the state of current research, and
make suggestions for future work; (8) Original Articles: To report
innovative and original findings in basic and clinical medical research
methodology; (9) Brief Articles: To briefly report the novel and in-
novative findings in basic and clinical medical research methodology;
(10) Case Report: To report a rare or typical case; (11) Letters to the
Editor: To discuss and make reply to the contributions published in
W]JM, or to introduce and comment on a controversial issue of gen-
eral interest; (12) Book Reviews: To introduce and comment on qual-
ity monographs of basic and clinical medical research methodology;
(13) Guidelines: To introduce Consensuses and Guidelines reached
by international and national academic authorities wotldwide on the
research basic and clinical medical research methodology; and (14)
Voices: to publicize methodology-related communications that have
been tejected or impossible for publication elsewhere due to evident
prejudice and/or unreasonable reasons. Similarly, your experiences
of the proven mistreatment during the past grant applications can be
narrated or documented in this corner. The corresponding responses
and echoes from readets are also welcome here.
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Name of journal
World Journal of Methodology

ISSN
ISSN 2222-0682 (online)

Editor-in-Chief

Yicheng Ni, MD, PhD, Professor, Department of Radiology,
University Hospitals, KU, Leuven, Herestraat 49, B-3000, Leuven,
Belgium

Editorial Office

World Journal of Methodology

Editorial Department: Room 903, Building D,
Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China
E-mail: wjm@wignet.com

http:/ /www.wjgnet.com

Telephone: +86-10-85381891

Fax: +86-10-85381893

Indexed and Abstracted in
Digital Object Identifier.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects (7).
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, IWJM requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors (ICMJE), which is available at: http://wwwicmje.
otg/cthical_4conflicts.html.

Sample wording: [Name of individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations], and has received research funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization|. [Name of individual] owns stocks and shates in [name of
organization]. [Name of individual] owns patent [patent identification
and brief description].
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Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated cleatly in the text that all persons gave their informed
consent prior to their inclusion in the study. Details that might disclose
the identity of the subjects under study should be omitted. Authors
should also draw attention to the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from expetiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the World Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional teview boatd.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/esps/. Authors are highly recom-
mended to consult the ONLINE INSTRUCTIONS TO AUTHORS
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(http://www.wignet.com/2222-0682/g_info_20100722180909.
htm) before attempting to submit online. For assistance, authors en-
countering problems with the Online Submission System may send
an email describing the problem to wim@wjgnet.com, ot by tele-
phone: +86-10-85381892. If you submit your manuscript online, do
not make a postal contribution. Repeated online submission for the
same manusctipt is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mat-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
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were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJM, reviewers
of accepted manuscripts will be announced by publishing the name,
title/position and institution of the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of
Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements
for structured abstracts are as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 + 3.86 »s 3.61 £ 1.67, P < 0.001; CONCLUSION (no
mote than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http://www.wignet.com/2222-0682/¢_info_20100725072755.htm.

Hlustrations

Figures should be numbered as 1, 2, 3, ez., and mentioned clearly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all clements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ;B 5 Gy De g Bl Bl GrLlete Tt is our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
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footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P <
0.05, °P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, °P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as “P < 0.05 and ‘P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °E, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ® o, m, O, A, /\, ez, in a certain se-
quence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!””, Tf references are cited directly
in the text, they should be put together within the text, for example,
“From references””*Y, we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same

citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748 /wjg:13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg:13.
6350]

Chinese journal article (list all anthors and include the PMID where applicable)
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v

2 Lin GZ, Wang XZ, Wang P, Lin ], Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zaghi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson ], Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Nat/ Acad Sci USA
2006; In press

Organization as anthor

4  Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal authors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01.ju.
0000067940.76090.73]

No author given

6 2lst century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI1:10.1046/
j.1526-4610.42.52.7 X]

Issue with no volume
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Statistical data
Wirite as mean £ SD or mean £ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as F (in italics), chi square test as
x (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).
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blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/1L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ef. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2222-0682/
g info_20100725073806.htm.
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Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbteviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BanHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli ete.
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073015.htm
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