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Introduction

Analysis of drugs and/or poisons in biological samples 
is an important routine task in clinical and forensic toxi-
cology. Simple and rapid systematic toxicological analy-
sis (STA), which can cover hundreds of relevant drugs, 
poisons, and/or their metabolites, is most desirable for 
such purpose. Many chromatographic techniques have 
been used for STA, such as gas chromatography (GC) 
with different detectors, GC coupled with mass spec-
trometry (GC-MS), liquid chromatography (LC) with 
diode-array detection, LC with single-stage mass spec-
trometry (LC-MS), LC-MS-MS, or LC-time-of-fl ight 
MS (LC-TOFMS) [1–6]. Of these methods, LC-TOFMS 
is considered to be the most powerful tool, because this 
technique may detect most of the drugs/poisons and 
their metabolites without using standard compounds [4]. 
However, this approach is limited by the high cost of the 
instrumentation. A dual-column GC with two nitrogen/
phosphorus detectors has been used for quantitative 
screening of basic drugs in whole blood [7]. The system 
is simple and economical, and also gives quantitative 
information, but requires all reference standards to set 
up the system in each laboratory. The mass spectral 
libraries obtained by LC-MS or LC-MS-MS systems can 
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Abstract Unique calibration-locking databases were 
constructed for rapid and semiquantitative drug screen-
ing by gas chromatography-mass spectrometry (GC-
MS). In addition to the free-drug database of 127 drugs, 
a drug database with acetylating reagents was con-
structed to increase the number of detectable compounds 
in the analysis by GC-MS; 156 drugs, including 30 drugs 
of abuse, 42 hypnotics and their metabolites, 18 antipsy-
chotic drugs, 15 antidepressants, and 12 antipyretic anal-
gesic agents, were registered with parameters, such as the 
mass spectrum, retention time, qualifi er ion/target ion 
percentage, and calibration curve using the novel GC-
MS software NAGINATA. Diazepam-d5 was used as 
internal standard for construction of each calibration 
curve in the range of 0.01–5.0 μg/ml for most drugs. We 
examined the applicability of the constructed database 
to analyzing whole blood samples spiked with 40 drugs 
most commonly encountered in toxicological cases in 
Japan. The drugs in blood were extracted using enhanced 
polymer columns (Focus), subjected to GC-MS after 
incubation with acetylating reagents, and screened by 
the drug database. Among the 40 drugs examined, 38 
and 30 drugs were successfully identifi ed at the level of 
1 and 0.1 μg/ml, respectively, without using standard 
compounds. The time required for data analysis was less 
than 1 min, and semiquantitative data were also obtained 
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be used only in each instrument due to the difference in 
mass spectra from individual instruments [5]. Therefore, 
GC-MS analysis using the commercially available mass 
spectral libraries, such as Wiley, NIST, and PMW_TOX 
is still the gold standard for STA in most small labora-
tories. However, this kind of approach requires consid-
erable time and an experienced analyst for data analysis, 
because these libraries mainly give information only for 
mass spectra. Therefore, a rapid screening method that 
gives reliable qualitative and quantitative information 
without using standard compounds is needed.

New GC-MS software named “NAGINATA” was 
recently developed by Nishikawa Keisoku (Tokyo, 
Japan) on the basis of the concept of Kadokami et al. [8] 
with several modifi cations. This software is designed for 
GC-MS system quality control and data analysis support 
as an add-on software of Chemistation (Agilent, Santa 
Clara, CA, USA) to operate an Agilent 6890GC/5973 
or 5975MSD instrument. A system performance check 
using a criterion sample mix solution can compensate 
for instrument-to-instrument and day-to-day condition 
variations before sample measurements. Automatic com-
pound search based on the calibration-locking database 
including the retention time, calibration curve, and elec-
tron impact ionization (EI) mass spectrum of each com-
pound can be performed after sample recording. Then, 
confi rmation and tentative quantitation values of all 
compounds are quickly obtained as analytical results 
without preparing respective standard compounds. This 
software was originally on the market as a preset data-
base for about 600 compounds, such as pesticides, for 
environmental analyses, but no application to toxicologi-
cal screening had been carried out.

We, therefore, constructed a preliminary database for 
30 drugs of abuse using this software, and examined the 
usefulness of this approach by analyzing urine samples 
in forensic autopsy cases [9]. In this study, we have 
extended this line of experiments to screening 156 drugs 
or their metabolites, which will prove very useful in 
forensic and clinical toxicology.

Materials and methods

Reagents

The drug standards were either provided from various 
pharmaceutical companies or purchased from Wako 
(Osaka, Japan), Cerilliant (Round Rock, TX, USA), 
and Sigma-Aldrich (St. Louis, MO, USA). Some drugs 
of abuse were synthesized in our laboratory or provided 
from the Ministry of Health, Labour, and Welfare, 
Japan. Diazepam-d5 used as internal standard (IS) was 

purchased from Lipomed (Cambridge, MA, USA); tri-
fl uoroacetic acid (TFA) and ethyl acetate from Wako; 
acetic anhydride from Sigma-Aldrich; pyridine (silylation 
grade) from Pierce of ThermoFisher Scientifi c (Milwau-
kee, WI, USA); Focus columns from Varian (Lake 
Forest, CA, USA). Other chemicals were of analytical 
reagent grade.

Standard solutions

Most drugs (5 mg in a free form) were dissolved in meth-
anol and the volume was adjusted to 5 ml to obtain a 
concentration of 1000 ng/μl. These solutions were further 
diluted in methanol to 100 and 10 ng/μl.

Biological samples

Drug-free human whole blood was obtained from 
healthy volunteers and used as control samples. Whole 
blood and urine samples obtained at autopsies were 
stored at −20°C until analysis.

Construction of calibration curves

A total of 210 drugs, including 33 drugs of abuse, 54 
hypnotics and their metabolites, 27 antipsychotic drugs, 
17 antidepressants, and 19 antipyretic analgesic agents, 
were tested with and without acetylating reagents at 
the level of 1 μg/ml (20 ng on column); 127 and 156 
drugs listed in Table 1 were selected for constructing 
drug databases with and without acetylating reagents, 
respectively.

Known amounts of 127 drugs (0.01, 0.05, 0.1, 0.5, 1, 
or 5 μg) were dissolved in 100 μl ethyl acetate containing 
1 μg of IS, and a 2-μl aliquot of each solution was sub-
jected to GC-MS, with which the performance of the 
tool “System Performance Check” in NAGINATA soft-
ware had been evaluated. The calibration curves for the 
“free-drug database” were thus constructed. The same 
amounts of 156 drugs (0.01, 0.05, 0.1, 0.5, 1, or 5 μg) 
were mixed with 50 μl each of pyridine and acetic anhy-
dride. The mixture was incubated at 60°C for 30 min, 
and was evaporated to dryness at room temperature 
under a stream of nitrogen. The residue was dissolved in 
100 μl of ethyl acetate containing 1 μg of IS. A 2-μl 
aliquot of the solution was subjected to GC-MS to con-
struct calibration curves for the “drug database with 
acetylating reagents.”

GC-MS conditions

The apparatus used was an Agilent 6890 GC combined 
with an Agilent 5973 MS. NAGINATA software was 
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provided by Nishikawa Keisoku. An HP-5ms fused-
silica capillary column (30 m × 0.25 mm i.d., 0.25 μm 
fi lm thickness, Agilent) coated with 5% phenylmethyl-
silicone stationary phase was used. The splitless injection 
mode was selected with a valve-off time of 2 min. The 
GC-MS conditions were as follows. The oven tempera-
ture was initially 60°C, held at the temperature for 2 min, 
programmed to 300°C at 20°C/min and held at 300°C 
for 10 min. The total run time was 24 min. The injection 
port and transfer line temperatures were 250°C and 
280°C, respectively. The carrier gas was helium and 
the constant pressure mode was used. Decafl uorotriphe-
nylphosphine (DFTPP) tuning was carried out to obtain 
a uniform mass spectrum. The retention times were fi xed 
using the retention-time locking (RTL) technique with 
diazepam-d5 as the locking compound. We set the reten-
tion time of diazepam-d5 at 13.923 min. The full-scan 
mode (scanning range 50–550 amu) was used.

Registration of each data for the “free-drug database” 
and “drug database with acetylating reagents”

One quantifi er (target) ion and one qualifi er ion were 
selected for each drug and a calibration curve was 
obtained by plotting the peak area ratio of the drug to 
the IS versus the amount of drug using MSD ChemSta-
tion D.02.00.275 (Agilent). The retention time and mass 
spectrum of each drug were obtained at the level of 
1 μg/ml (20 ng on column). The data obtained for each 
drug, such as retention time, qualifi er ion/target ion (QT) 
percentage, mass spectrum, and calibration curve (a 
and b for a linear curve, and a, b, and c for a quadratic 
curve), were registered using the NAGINATA software 
as “free-drug database” and “drug database with acety-
lating reagents.”

Analysis of spiked samples using the “drug database 
with acetylating reagents”

Forty drugs most commonly encountered in toxicologi-
cal cases in Japan were selected on the basis of statistical 
data of fatal poisoning [10], and the applicability of the 
constructed database was examined by analyzing whole 
blood samples spiked with these drugs. Forty drugs 
shown in Table 2 were divided into four groups (each 
containing ten drugs) and a standard mixture solution 
of each group was made by dissolving these drugs in 
methanol. We prepared whole blood samples (n = 2) 
spiked with ten drugs for each group at low (0.1 μg/ml) 
and high (1 μg/ml) concentrations. The samples were 
extracted with the Focus columns and incubated with 
the acetylating reagents according to our method [11] 
with slight modifi cation. To 1.0 ml of a whole blood 

sample, 300 μl of 1 M acetate buffer (pH 5.0) and 2 ml 
of distilled water were added. The mixture was vortex-
mixed for 30 s, sonicated for 5 min and centrifuged at 
850 g for 15 min. The supernatant was applied to a 
Focus column previously conditioned sequentially with 
1 ml of methanol and 1 ml of distilled water. The column 
was rinsed with 1 ml of distilled water and 1 ml of 10% 
acetonitrile (ACN). The analytes were eluted with 0.75 ml 
of 0.1% trifl uoroacetic acid in ACN solution and then 
0.75 ml of 0.2% ammonia in ACN solution. The eluate 
was evaporated to dryness under a stream of nitrogen at 
60°C. The residue was dissolved in 50 μl of pyridine, and 
50 μl of acetic anhydride was added to the solution to 
carry out the acetylation. The mixture was incubated at 
60°C for 30 min, and then the solvent was evaporated to 
dryness at room temperature. The residue was dissolved 
in 100 μl of ethyl acetate containing 1 μg of IS, and a 2-μl 
aliquot of the solution was injected into the GC-MS 
apparatus. Then, the NAGINATA screening was carried 
out using our newly developed “drug database with 
acetylating reagents.” The scheme of the screening 
method using NAGINATA software was previously 
mentioned [9].

The recovery of each drug at the level of 1 μg/ml was 
also obtained by comparing the peak area of each drug 
in a whole blood extract with that in the standard solu-
tion (Table 2).

Practical application

The established screening method using the “drug data-
base with acetylating reagents” was applied for whole 
blood and urine samples in forensic autopsy cases carried 
out at our department. The whole blood samples were 
extracted as described above. The urine sample was 
extracted as follows; 1 ml of urine sample was mixed 
with 100 μl of 1 M acetate buffer (pH 5) and was hydro-
lyzed by 50 μl of β-glucuronidase (Type HP-2, Sigma-
Aldrich) at 37°C for 2 h. To this solution, 1 ml of distilled 
water was added, and the mixture was vortex-mixed 
for 30 s, sonicated for 5 min, and centrifuged at 850 g 
for 15 min. The supernatant was applied to the Focus 
column, incubated with the acetylating reagents, and 
subjected to GC-MS as described for the spiked whole 
blood samples. The NAGINATA screening was also 
carried out by our “drug database with acetylating 
reagents,” comparing with the conventional screening 
using NIST and PMW_TOX mass spectra libraries.
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Results and discussion

Construction of drug databases

When we injected 210 drugs into the GC-MS in their free 
forms at the level of 1 μg/ml, only 133 drugs were detect-
able. In our previous study for analyzing drugs of abuse, 
acetylation was found to be most suitable for derivatiza-
tion in their analysis by GC-MS [12]. Thus, we tried to 
analyze the 210 drugs after incubation with acetylating 

reagents, and a signifi cant improvement was observed in 
the number of drugs detected; 166 compounds became 
detectable with acetylation or only with addition of the 
acetylating reagents. In the 166 drugs, 72 drugs were 
acetylated; 36 drugs such as morphine and benzodiaze-
pine metabolites became detectable only by acetylation, 
and the other 36 drugs such as maprotiline and pentazo-
cine showed signifi cant increases in sensitivity (>ten 
times) as compared with the free drugs. Furthermore, 
the addition of the reagents improved the stability of 26 

Table 2 Results of NAGINATA screening using “drug database with acetylating reagents” for whole blood samples spiked with 40 
drugs

Drug name Therapeutic 
category

Retention 
time 
(min)

0.1 μg/ml 1 μg/ml

Drug 
confi rmation

Tentative 
quantifi cation 
value (μg/ml)

Drug 
confi rmation

Tentative 
quantifi cation 
value (μg/ml)

Recovery 
(%)

Bromisovalum Hypnotic 6.111 − + 0.045 4.8
Zolpidem Hypnotic 15.786 +++++ 0.005 +++++ 0.395 27.6
Amobarbital Hypnotic 10.008 +++++ 0.065 +++++ 0.81 76.1
Pentobarbital Hypnotic 10.168 +++++ 0.105 +++++ 0.935 59.9
Phenobarbital Hypnotic 11.485 +++++ 0.5 +++++ 0.83 78.7
Alprazolam Hypnotic 16.87 +++++ 0.075 +++++ 0.195 28.7
Brotizolam Hypnotic 18.011 + 0.09 +++++ 0.275 20.8
Diazepam Hypnotic 13.927 + 0.06 +++++ 0.54 62.4
Estazolam Hypnotic 16.554 + 0.08 +++++ 0.345 52.7
Etizolam Hypnotic 17.623 ++++ 0.05 +++++ 0.165 20.4
Flunitrazepam Hypnotic 14.754 + 0.13 +++++ 0.27 25.5
Flurazepam Hypnotic 15.548 +++++ 0.07 +++++ 0.505 60.5
Midazolam Hypnotic 14.638 ++++ 0.07 +++++ 0.305 37.2
N-Desmethyldiazepam Hypnotic 14.227 + +++++ 0.64 23.7
Triazolam Hypnotic 17.721 ++++ 0.14 +++++ 0.385 28.8
Amitriptyline Antidepressant 12.739 ++++ 0.065 +++++ 0.5 56.8
Amoxapinea Antidepressant 17.873 +++++ 0.065 +++++ 0.355 36.0
Clomipramine Antidepressant 13.76 +++++ −0.02 +++++ 0.68 69.0
Fluvoxaminea Antidepressant 12.819 +++++ 0.055 +++++ 0.215 21.0
Imipramine Antidepressant 12.879 +++++ 0.02 +++++ 0.555 63.4
Paroxetinea Antidepressant 16.983 +++++ 0.045 +++++ 0.285 34.8
Chlorpromazine Antipsychotic 14.183 +++++ 0.035 +++++ 0.285 28.6
Haloperidol Antipsychotic 16.8 − + 0.125 7.5
Levomepromazine Antipsychotic 14.293 +++++ 0.04 +++++ 0.35 37.6
Olanzapinea Antipsychotic 15.602 + 0.05 +++++ 0.06 12.2
Promethazine Antipsychotic 13.175 +++++ 0.07 +++++ 0.4 38.1
Carbamazepine Antiepileptic 13.386 +++++ 0.08 +++++ 0.73 69.5
Biperiden Antiparkinson 13.179 +++++ 0.06 +++++ 0.665 60.7
Chlorpheniramine Antihistamine 11.744 +++++ 0.07 +++++ 0.665 70.7
Diphenhydramine Antihistamine 10.958 ++++ 0.12 +++++ 0.94 93.1
Lidocaine Local anesthetic 11.034 ++++ 0.085 +++++ 0.775 84.2
Acetaminophena Antipyretic analgesic 10.344 + 0.04 +++++ 0.045 8.8
Caffeine Antipyretic analgesic 10.75 + 0.035 +++++ 0.075 6.7
Ibuprofen Antipyretic analgesic 9.303 +++++ 0.53 +++++ 0.565 146.8
Dihydrocodeinea Antitussive 14.1 +++++ 0.075 +++++ 0.74 79.1
Ephedrinea Antitussive 10.565 ++++ 0.055 +++++ 0.405 55.1
Amphetaminea Abused drug 8.66 +++++ 0.1 +++++ 1.01 112.2
Methamphetaminea Abused drug 9.223 +++++ 0.19 +++++ 1.38 103.4
MDMAa Abused drug 11.35 +++++ 0.085 +++++ 0.735 76.6
β-Phenethylaminea Putrefi ed amine 8.625 +++++ 0.155 +++++ 1.065 88.4

Average 0.096 Average 0.51 51.7
a Analyzed as the acetylated form
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drugs such as antipsychotics and antidepressant drugs, 
and gave twofold to fi vefold increase in sensitivity, 
although the drugs were not acetylated. Saka et al. [13] 
found that the addition of acetic acid to the solvent 
improved the sensitivity of theophylline by preventing 
the drug from adsorbing onto the glass wool packed in 
the inlet liner. A similar mechanism may take place by 
using pyridine and acetic anhydride in our procedure.

For the analysis of pesticide and environmental 
compounds using the preset “pesticide database” in the 
NAGINATA software, fi ve deuterated aromatic com-
pounds were added to the extract as ISs at the fi nal step 
before GC-MS analysis. These ISs are useful to some 
extent to estimate the concentration of the above com-
pounds in the materials, but are not suitable for fi nal 
quantitation because they are not added at the initial 
step, and have completely different structures from 
the target compounds. To overcome such a problem, a 
deuterated benzodiazepine drug, diazepam-d5, was 
selected as IS in our procedure. We could successfully 
determine the concentration of a drug detected by our 
NAGINATA screening using the same diazepam-d5 as 
IS by adding it again at the initial step of extraction (data 
not shown).

After careful examination of sensitivity and correla-
tion coeffi cient of calibration curve for each compound, 
127 drugs and 156 drugs were selected to construct a 
“free-drug database” and a “drug database with acety-
lating reagents,” respectively. Table 1 shows the list of 
drugs in the constructed databases with each retention 
time, target ion, qualifi er ion, and calibration range. 
Because the “drug database with acetylating reagents” 
contains more drugs and can cover lower ranges of con-
centration in many drugs than the “free-drug database,” 
the former database is considered to be superior for drug 
screening in forensic cases. The “free-drug database” 
may be useful for quick screening in emergency cases, 
because no derivatization step is required.

Analysis of spiked samples using the “drug database 
with acetylating reagents”

Table 2 shows the results of our NAGINATA screening 
for whole blood samples spiked with 40 drugs most 
commonly encountered in toxicological cases in Japan. 
Among the 40 drugs examined, 38 were successfully 
identifi ed showing ++++  or +++++  marks at 1.0 μg/ml 
and 30 drugs were similarly identifi ed at 0.1 μg/ml. The 
absolute recoveries of drugs using the Focus column at 
the concentration of 1 μg/ml was more than 70% in 11 
drugs, 50%–70% in 10 drugs, 20%–50% in 14 drugs, and 
less than 20% in 5 drugs. Because the drugs such as caf-
feine and acetaminophen showed poor recoveries by the 

Focus column, another extraction procedure should 
be explored for identifying these drugs at lower 
concentrations.

Practical application

Figure 1 shows a typical Quant Screener Report (QSR) 
by our NAGINATA screening method using the “data-
base with acetylating reagents” for a whole blood sample 
in an autopsy case. This report includes: (1) the actual 
and expected retention times in the database and their 
difference, (2) the target ion abundance, (3) the actual 
and expected QT percentages, (4) the agreement between 
the actual and expected mass spectra, (5) the tentative 
quantitation values, and (6) the drug confi rmation 
degrees (from no mark to +++++  mark). Therefore, the 
probability of drug existence in a sample was quickly 
estimated by looking at this QSR report. Another merit 
of using this software is that the presence of a drug can 
be manually confi rmed using the NAGINATA browser 
as explained in the previous report [9]. By clicking the 
name of drug on the screen, all data corresponding to the 
drug such as mass chromatograms and a total ion chro-
matogram, actual and expected mass spectra of the peak, 
and a calibration curve can be presented on one screen. 
Therefore, an analyst can conveniently make a judgment 
of the analysis with the NAGINATA browser.

Because each drug always gives the same retention 
time by the RTL technique, further screening using com-
mercially available mass spectral libraries is much easier, 
and useful information on other drugs and metabolites 
can be obtained especially for urine samples by the 
PMW_TOX library. If the recovery of each drug is 
known in advance, semiquantitative data obtained by 
our NAGINATA screening become very useful to set 
the calibration range for the next quantitation step. The 
constructed databases have been used in three different 
laboratories so far, and given the same reliable data in 
each laboratory, which will be presented elsewhere. 
Therefore, our software-assisted toxicological screening 
has proven to be very useful in toxicological analysis.

Conclusions

We have constructed unique calibration-locking data-
bases for rapid and semiquantitative drug screening by 
GC-MS using NAGINATA, a novel GC-MS software 
package. The time for data analysis was less than 1 min, 
and semiquantitative data could be obtained without 
preparing standard compounds. Because the constructed 
databases can be used in any laboratory, and the drug 
items can be easily added, the present screening proce-
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Fig. 1 An example of a Quant 
Screener Report by the 
NAGINATA screening

dure using the databases seems to be very useful in clini-
cal and forensic toxicological analyses.
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